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| COMBINATION THERAPY WITH A HYALURONAN-DEGRADING
ENZYME AND AN IMMUNE CHECKPOINT INHIBITOR

RELATED APPLICATIONS

Benefit of priority is claimed to U.S. Provisional Application Serial No.
62/043,351, filed August 28, 2014, to Sanna Rosengren, .H. Michael Shepard and
Curtis B. Thompson, and enﬁtled “COMBINATION THERAPY WITH A
HYALURONAN-DEGRADING ENZYME AND AN IMMUNE CHECKPOINT

* INHIBITOR." The subject matter of the above-noted application is incorporated by

reference in its entirety. _ ‘
INCORPORATION BY REFERENCE OF SEQUENCE 'LISTING PROVIDED
ELECTRONICALLY -

An electronic version of the Sequence Listing is filed herewith, the contents of ‘
which are incorporated by reference in their entirety. The electronic file was created |
on August 28, 2015, is 904 kilobytes in size, and titled 3122SEQPC1..txt. "

FIELD OF THE INVENTION

Provided herein are combinations of a hyaluronan-degrading enzyme, such as

a hyaluronidase, and an immune checkpoint inhibitor. The combinations can be used

in combination therapy to improve any therapy that includes administration of ‘

~ immune checkpoint inhibitors. The combination therapy can be used in methods of

freating cancers, including solid and non-solid tﬁmors.
BACKGROUND | |
Hyaluronan-degrading enzymes, such as PH20, are used in methods of treating -
hyaluronan-associated diseases or conditions, including cancers and in particular
hyaluronan-associated cancers or tumors. Hyaluronan (hyaluronic acid; HA) is a
glycoéamino glycan that exists predominantly in connective tissues, skin, cartilage,
and in synovial fluid in mammals. In cohnective tissue, the water of hydration
associated with hyaluronan creates hydrated matrices between tissues. HA is found in

the extracellular matrix of many cells, especially in soft connective tissues. Certain

* discases are associated with expression and/or production of hyaluronan, including

solid tumors. Hyaluronidases are enzymes that degrade hyaluronan. By catalyzing
the breakdown of HA, hyaluronidases can be used to treat diseases or disorders

associated with accumulation of HA or other glycosaminoglycans, including cancers
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and tumors. For the treatment of cancers, and in particular solid tumor cancers, there
is a need for improved or alternative therapeutic treatments.
SUMMARY

Provided are methods, combinations and uses thereof for treating cancers.
The combinations and combination therapy include a first composition comprising a
hyaluronan-degrading enzyme or hyaluronan synthesis inhibitor; and
a second composition comprising an immune checkpoint inhibitor or other inhibitor
of immune suppression. The compositions can be administered separately or together
or sequentially or intermittently. The compositions can be formulated as a single
composition. The cancers include solid tumors and also non-solid tumors, such as
hematological cancers. As is known to those of skill in the art, cancers can be
immunosuppressive. Treatment modalities have been developed that reverse or
inhibit or decrease the immunosuppressive effects of cancers to thereby enhance or
restore the immune response against tumors and tumor cells. The combinations, uses
and methods herein combine these treatments with agents that reduce the amount of
hyaluronan associated with tumors and tumor cells. Such agents include hyaluronan
degrading enzymes and hyaluronan synthesis inhibitors. The hyaluronan degrading
enzymes are formulated or modified or produced so that they have sufficient serum
half-life to effect treatment.

Provided herein are combinations, uses of the combinations and methods for
treating cancer and any other disorder treated with immune checkpoint inhibitors.
The combinations contain a first agent that decreases the amount of hyaluronan
present in tumor/cancer cells and a second agent that mitigates the
Immunosuppressive cancer microenvironment, such as indoleamine 2,3-dioxygenase
(IDO) inhibitors and other inhibitors of immune suppressive enzymes and immune
suppressive factors, inhibitors of T cell checkpoints (immune checkpoint inhibitors),
agonists of selected TNF receptor family members, and inhibitors of undesirable
cytokines. Thus, the combinations can include, for example, an inhibitor of
hyaluronan (HA), such as a 4-methylumbelliferone (4-MU) (see, e.g., Edward et al.,
(2010) British Journal of Dermatology 162:1224—1232), or a hyaluronan degrading
enzyme, such as a hyaluronidase, and an immune checkpoint inhibitor. The first and

second agent can be in separate compositions or formulated in the same composition;
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the first and second agent can be administered simultancously, sequentially,
intermittently or in any order.

In particular embodiments, provided are combinations for use in combination
therapy of cancers including solid and other tumors. The combinations contain a first
composition containing a hyaluronan-degrading enzyme, such as a hyaluronidase, that
is conjugated to a polymer or formulated or provided in a manner that increases the
serum half-life thereof, and a second composition containing an immune checkpoint
inhibitor. The compositions can be formulated together, but typically are provided
separately and administered separately. They can be administered sequentially or
intermittently or simultaneously or in any order. The hyaluronan degrading enzyme
(or HA synthesis inhibitor), such as a hyaluronidase, (or HA synthesis inhibitor) is
administered sequentially, before or after the checkpoint inhibitor, such as before the
checkpoint inhibitor. In such embodiments, generally the hyaluronan degrading
enzyme, such as a hyaluronidase, is administered less than 1 or 2 days before, such as
48 hours or fewer, such as less than 40, 35, 30, 25, 24, 20, 18, 15, 12, 10, 8, 5 or fewer
hours before the checkpoint inhibitor. Exemplary of checkpoint inhibitors are
molecules that inhibit programmed death-ligand 1 (PD-L1), programmed cell death
protein 1 (PD-1) or cytotoxic T-lymphocyte-associated protein 4( CTLA4; also known
as CD152), such as antibodies thereto, including antigen binding fragments thereof,
and other inhibitors that mitigate the immunosuppressive tumor environment, such as
inhibitors of immune suppressive enzymes, such as indoleamine 2,3-dioxygenase
inhibitors (IDOI; see, e.g., Melief et al., (2015) J Clin Invest.27:1-12). Inhibition of
proteins and other factors that suppress the immune system prevents or decreases
down regulation of the immune system, so that the immune system continues to
recognize and attack tumor cells.

It is shown herein, for example, that administration of a hyaluronan degrading
enzyme, such as a soluble hyaluronidase, or a hyaluronan synthesis inhibitor, and an
immune checkpoint inhibitor, can increase the response of a tumor cell or cancer cell
to treatment with the inhibitor. For example, in one exemplary embodiment,
administration of a hyaluronan degrading enzyme or inhibitor of hyaluronan
synthesis, prior to administration of an inhibitor of CTLA4 or PD-L1 improves

treatment of tumors compared to the inhibitor alone.
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Provided herein are methods for treating cancers, including solid tumors and
other cancers, and uses of the combinations of the hyaluronan degrading enzyme,
such as a soluble hyaluronidase, and checkpoint inhibitors for treatment of the
cancers. To effect treatment or use the compositions in the combinations, the methods
and uses include administering a first composition containing a hyaluronan-degrading
enzyme, particularly a hyaluronan-degrading enzyme conjugated to a polymer,
followed by administering a second composition containing an immune checkpoint
inhibitor. In any of such methods and uses, the hyaluronan-degrading enzyme
composition and the immune checkpoint inhibitor composition can be administered
either by the same route of administration or by different routes of administration. In
some methods the hyaluronan-degrading enzyme composition and the immune
checkpoint inhibitor composition are administered by the same route of
administration. In any of the provided methods and uses, the hyaluronan-degrading
enzyme composition and the immune checkpoint inhibitor composition can be
administered systemically, for example by intravenous administration.

In certain embodiments of the methods and uses, the composition containing
the hyaluronan-degrading enzyme is administered prior to administration of the
checkpoint inhibitor. In such methods, the immune checkpoint inhibitor can be
administered within 48 hours of administration of the hyaluronan-degrading enzyme,
such as within at least or at least about or about or 5 minutes, 15 minutes, 30 minutes,
1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12 hours, 16 hours, 18 hours, 20
hours, 22 hours, 24 hours, 30 hours, 36 hours, 40 hours or 48 hours of administration
of the hyaluronan-degrading enzyme. In some methods and uses, the hyaluronan-
degrading enzyme is administered 6 hours to 30 hours or 12 hours to 24 hours, each
inclusive, prior to administration of the immune checkpoint inhibitor. The timing and
order of administration can be empirically determined, if necessary, for particular
immune checkpoint inhibitors.

Any of the provided methods can be used to treat a cancer that is a tumor, such
as a tumor that is a solid tumor. In some examples, the tumor is characterized as
having a moderate to high hyaluronan content, such as a high hyaluronan content.

Exemplary cancers that can be treated by the provided methods include, but are not
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limited to, pancreatic cancer, breast cancer, prostate cancer, bladder éancer, gastric
cancer, mesbthelioma, non-small cell lung cancer (NSCLC), and colon cancer.

The h}ialuronan-degrading enzymes. used in the provided methods and uses
can be soluble hyaluronidases, which are formulated or modified to increase serum
half-life. For example, the hyaluronidase can be a soluble PH20, such as ovine or
bovine PH20 or a C-terminal truncated fohn_ of human PH20 that lacks a C-termiri:a:lb
glyéosylphdsphatidylinositol (GPD) attéchment site or a portion of the GPI at’tachﬁ{eni »
site, whereby the truncated form exhibits hyaluronidase activity and is soluble.. ‘
Included among hﬁman PH20 hyaluronan-degrading enzymes are enzymes that are
soluble, retain hyalurohidase activity, and have a contiguous sequence of amino acids

set forth in SEQ ID NO: 217 that contains amino acid residues 36-464 of SEQ ID

'NO: 217, and residues up to a C-terminal amino acid residue, whereby the

- polypéptide is C-termihally truncated so that it does not include the full-length of the

polypeptide whose sequence is set forth as amino acids 1-509 or 36-509 of SEQ ID

NO: 217 or have a sequence of amino acids that has at least about 85% sequence

‘i'dentity thereto. In some ~exéiinples, PH20 has a sequence of amino acids that has at

-~ least about 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%

or 99% sequence identity to a polypeptide that has a contiguous sequence of amino
acids in SEQ ID NO: 217 that contains amino acid residues 36-464 of SEQ ID

NO: 217, and residues up to a C-terminal amino acid residue, whereby the
polypeptide is C-terminally truncated so that it does not include the full-length of the
polypeptide whose sequence ié set forth as amino acids 1-509 or 36-509 of SEQ ID
NO: 217, that is solﬁble and retains hyaluronidase éctivity. Exemplary PH20

| polypeptides have the sequence of amino acids set forth in any of SEQ ID NOS: 123-

158, or a sequence of amino acids that exhibits at least 85%, such as at least about

86%, 87%, 88%, 89%_; 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98% or 99%,

sequence identity thereto and retains hyaluronidase activity.
The hyaluronan-degrading enzyme for the methods and uses herein is

modified by a polymer. In some examples, the polymer is a polyalkylene glycol,

~ dextran, pullulan or cellulose. Polyalkylene glycol polymers, which can modify the

| hyaluronan-degrading enzyme include polyethyleﬁe glycol (PEG) and

methoxypquethylcné glycol (mPEG). In examples where the hyaluroanan-degrading
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enzyme is modified by PEG, the"PEG can be branched or linear. In any of the
examples,ﬁ the polymer‘ can be produced by reaction with methoxy-poly(ethylene
glycol)-succinimidyl bufarioate (mPEG-SBA) (5 kDa); methoxy-poly(ethylene
glycol)-suécinimidyl"butano:ate (mPEG-SBA) (20 kDa); methoxy-poly(ethylene
glycol)-succinimidyl butanoate (MPEG-SBA) (30 kDa); methoxy-poly(ethylene

| glycol)-succinimidyl a—methylbutanoate (mPEG-SMB) (20 kDa); methoxy-

poly(ethylene glycol)-succinimile a-methylvbutanoate (mPEG-SMB) (30 kDa);
methoxy-poly(éthylene glycol)-buiyraldehyde (mPEG-butyraldehyde) (30 kDa), .
methoxy-poly(ethylené glycol)-succinimidyl propionate (nPEG-SPA) (20 kDa);
methoxy-poly(ethylene g.lycol)-SUC.ciﬁimidyl propionate (mPEG-SPA) (30 kDa);
(methoxy-poly(ethylene glycol)) .-N-hydroxysuccinimide ester (mPEG,-NHS) (10
kDa branched); (methoxy-poly(ethylene glycol)) -N-hydroxysuccinimide ester
(mPEG,-NHS) (20 kDa branched); (méthoxy-poly(ethylene glycol)) ,-N-
hydroxysuccinimide ester (mPEGz-NHS) (40 kDa branched); (met'ho.xy-poly(cthylene
glycol)) -N-hydroxysuccinimide ester (imPEG,-NHS) (60 kDa branched); biotin-
poly(ethylene glycol)-N.-hydroxysucciﬁvimide'ester (biotin-PEG-NHS) (5 kDa -
biotinyiated); poly(ethylene glycol)-p-nitrophe'nyl carbonate (PEG-p-riitrophenyl-
carbonafté) (30 kDa); or poly(ethylene glycol)-propionaldehyde (PEG-
propionaldehyde) (30 kDa). In any of the examples, the polymér can be a PEG that .
has a molecular weight of 30 or about 30 kilodaltons.

In any of the methods of treating cancer provided herein, the hyaluronan- |
degrading enzyme can be ad_fninistered_ in a dosage range amount of between or about
between 0.01 pg/kg to 100 pg/kg (body weight (BW) of the subject), 0.01 ug/kg to 50
ng/kg, 0.01 pg/kgto 15 ug/kg, 0.05 pgrkg to 10 ug/kg, 0.75 pg/kg to 7.5 ug/kg, 1.0 |
ug/kgto 5.00or 1.0 ug/kg to 3.0 pg/kg or in a dosage range amount of between or
about between 0.1 to 5,000 Units’kg BW of the subject, 0.5 to 4,000 Units/kg, 1 to -
1,000 Units/kg, 1 to 500 Units/kg, 5 to 500 Units/kg, 10 to 500 Units/kg or 20 to 400

- Units/kg body weight (BW) of the subject.

Alternatively, the above-described hyaluronan-degrading enzymes can be
formulated for sustained release, such as in lipid vesicles, including liposomes and
other such vehicles. The vesicles can be targeted for delivery to selected cells, such as

lymphocytes and/or tumor cells, depending upon the checkpoint inhibitor used in
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| combination therewith. The checkpoint inhibitor can be formulated wth the

hyaluronan-degrading enzyme. The hyaluronan-degrading enzyme, such as a soluble
hyaluronidase, as described herein, can be encoded in a vector, such as an oncolytie
vector for deli\}ery to tumors and expression therein or targeted for delivery to other
cells and tissues; the checkpomt 1nh1b1tor ifa protein, also can be encoded in the
vector for expressmn _

In any of the uses and methods of treatmg cancer provided herein, the

administered immune- checkpomt inhibitor blocks activity of an immune checkpomt

" protein. Non-limiting examples of i immune checkpomt proteins include CTLA4, PD-

1, and PD-L1. The ’immune checkpoint inhibitor can be an antibody, a fusion pfotein, :

“an aptamer, a small molecule inhibitor, or an immune checkpoint protein-binding

fragment thereof or other 1nh1b1tors that mitigate the i 1mmunosuppresswe
effect/environment of cancers, such as IDO inhibitors (IDOI). In any of the pr0V1ded
methods, the immune checkpomt inhibitor can be an anti-immune checkpoint pro_t_em
antibody or antigen-bihdihg fragment thereof or a small molecule inhibitor. Sueh |
inhibitors are known to those of skill in the art. ‘

Another exemplary anti-imhluneeheckpoiht protein antibody is an anti-PD-L1
antibody, derivatives thereof, and antigen;binding fragments thereof. Exemplary PD-
L1 antibodies include BMS-936559, derivatives thereof, and antigen-binding

.fragments thereof, that have a heavy chain variable domain that has the sequence of

ammo acids set forth in SEQ ID NO: 92 and a 11ght chain variable domain that has the
sequence of amino acids set forth in SEQ ID NO: 94, or a variable heavy chain that
has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the.heavy chain set forth in SEQ ID NO: 92 |
and a variable light chain that has'a sequence identity ofat least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%., 98%, or 99% to thelight
chain set forth in SEQ ID NO: 94. _
Exemplary anti-PD-L1 antibodies also include MED14736;.derivatives
thereof, and an antigen-binding fragments thereof, that have a heavy chain variable

domain that has the sequence of amino acids set.forth in SEQ ID NO: 102 and a light

chain variable domain that has the sequence of”amino acids set forth in SEQ ID-

NO: 104, or a variable heavy chainthat has a sequence identity of at least 85%, 86%,

(
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87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the
heavy chain set forth in SEQ ID NO: 102 and a variable light chain that has a
sequence identity of at least 85%, 86%, 87%, 88%, _89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%; or 99% to the light chain set forth in SEQ ID NO: 104; and

. . ‘Exemplary PD-L1 antibodies also inciude MPDL3280A, deriy__étives ’Fhereof, o

a'.ndléntigen-binding fragmgnf; thereof, that have a heavy chain Variable domain that

~has the sequencé of amino acids set forth in SEQ ID NO: 114 and a light chain

variable domain that has the sequence of amino acids set forth in SEQ ID NO: 115, or
a variable heavy chain-that has a sequence identity of at least 85%, 86%, 87%, 88%,

.89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain

set forth in SEQ ID NO: 114 and a variable light chain that has a sequence identity of

" at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, ot 99% to the light chain set forth in SEQ ID NO: 115.

An eﬁeniplary anti-immune checkpoinjt protein antibody is an anti-CTLA4
antibody, derivatives thereof, and antigen-binding fragments thereof. Exemplary anti-
‘CTLA4.antibodies inchide, for éxafnple, Ipilimumab, derivatives thereof, and an

antigen-binding fragments thereof, that have a heavy chain variable domain with a

- sequence of amino acids set forth in SEQ ID NO: 22 and a light chain variable

20

25°

30

d‘omaivn with a sequencé of amino acids set forth in SEQ ID NO: 24; or a variable
heavy chain that has a sequence of amino acid_s«_that has a sequence identity of at least

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or

- 99% to the heavy chain set forth in SEQ ID NO: 22 and a variable light chain that has

a sequence of amino acids that has a sequence identity of at least 85%, 86%, 8§7%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light
chain set forth in SEQ ID NO: 24,

Exemplary anti-CTLA4 antibodies also include Tremelimumab, derivatives

“ thereof, and anti gen-biﬁding fragments thereof, that have a heavy chain variable

| domain with a sequence of amino acids set forth in SEQ ID NO: 34 and a light chain

variable domain with a sequence of amino acids set forth in SEQ ID NO: 36 or a
variable heavy chain that has a sequence of amino acids that has a sequence identity

of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

-~ .98%, or 99% to the heavy chain set forth in SEQ ID NO: 34 and a variable light chain .
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that has a se_quence-'of amino acids that has a sequence identity of at least 85%, 86%,

87%, 88%, 89%, 90%,‘91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the

light chain set forth in SEQ ID NO: 36.

Another exemplary anti-immune checkpoint protein antibody is an anti- PD 1

antibody, derivatives thereof, and antigen-binding fragments thereof. Exemplary anti-

. PD-1 antibodies include Nivolumab, derivatives thereof, and an antigen-binding

fragments thereof, that have a heavy chain variable domain with a sequence of amino ~
acids set forth in SEQ ID NO: 54 and a light chain variable domain with a sequence
of amlno acids set forth in SEQ ID NO: 56 or a variable heavy cham consisting-of a
sequence of amino acids that has a sequence 1dent1ty of at least 85% 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain
set forth in SEQ ID NO: 54 and'a variable light chain consisting of a sequence of
amino acids that has a sequence identityv of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set forth in
SEQ ID NO: 56. " .
Exemplary anti- PD- 1 antibodies also 1nclude MK-3475, derivatives thereof or

antigen- blndlng fragments thereof that have a heavy chain variable domain with a

" sequence of amino acids set forth in SEQ ID NO: 68 and a light chain Varlable

‘domain w1th a sequence of amino acids set forth in SEQ ID NO: 70, or a Varlable

heavy chain that has a sequence 1dent1ty of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93% 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ IDNO: 68 and a varlable 11ght chain that has a sequence identity of at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to
the hght:cham' set forth in SEQ ID NO: 70.

Exemplary anti-PD-1 ‘antibodies also include Pidilizumab, derivatives thereof,

* and antigen-binding fragments thereof that have a heavy chain variable domain that

has a'sequence of amino acids set forth in SEQ ID NO: 82 and a 1ight chain variable

‘domain that has a sequence of amino acids set forth in SEQ ID NO: 84, or a variable

heavy chain that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 82 and a variable light chain that has a sequence identity of at least 85%,
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86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to
the light chain set forth in SEQ'ID NO: 84. |

Dosage ranges for the immune checkpoint inhibitors and any other inhibitors
of the immune suppressive effects of turﬁors can be those known to those of skill in
the art or they can be empirically determined for combination therapy. By virtue of
any increase in effebtiveness of the immﬁné checkpoint inhibitors and other i_nh'ibitors' ‘
of immune suppression, the dosage can be lower. Similarly dosages of the hyaluropar;
degrading eﬁzyme énd hyaluronan inhibitors can be those dosages known to those .'of
skill in the art. Exemplary dosages in animal models are described in the examples.
Those of skill in the art can extrapolate or predict human dosages from animal models
(sée, e.g., Huang et al. (2014) The application of allometric scaling principles to-
predict pharmacokinetic pafam‘eters across species, Expett Opin Dfug Metab

Toxicol.10:1241-53). For example, a human equivalent dosage of PEGPH20 used in

~the examples herein in the rodent model is 37.5 ug/kg. The human dosage is

3 ng/kg. Thus, in some ‘embodime_nts, where the hyaluronan degrading enzyme is
PEGPH20, the dosage for human for administration with an immune checkpoint

inhibitor, such as an anti-PD-L1 anti‘body, is or is about 1-10 pg/kg, such as 2-4 -

 ng/kg, and particularly 3 pg/kg. Itis understodd that the dosage will depend upon the

subject, the treatment regimen, the particular agent, the amount of side-effects

tdlerated, additional agents administered that counter the side effects and other such
paraiﬁeters. The skilled person in view of the disclosure herein can select appropriate
dosages of each agent. ‘

For example, in any of the provided methods, the immune checkpoint inhibitor
can be administered in a dosage range that is befween or between about 0.1 mg per kg
body weight (mg/kg BW) to about 50 mg/kg BW, about 0.1 mg/kg to about 20 mg/kg
BW, about 0.1 to about ’10 mg/kg BW, about 0.3 to about 10 mg/kg BW, about 0.5
mg/kg to 5 mg/kg BW or 0.5 mg/kg to 1 mg/kg BW. Exemplary doses of an immune
checkpoint inhibitor for use in any of the prbvided methods include a dosage that is at
least or is at least about 0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg, 0.25 mg/kg, 0.30 mg/kg,
0.35 mg/kg, 0.40 mg/kg, 0.45 mg/kg, 0.5 mg/kg, 0.55 mg.kg, 0.6 mg/kg, 0.7 mg/kg,
0.8 mg/kg, 0.9 mg/kg,‘ 1.0 mg/kg, 1.1 mg/kg, 1.2 mg/kg, 1.3 mgrkg, 1.4 mg/kg, 1.5
mg/kg, 1.6 mg/kg, 1.7 mg/kg, 1.8 mg/kg, 1.9 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mg/kg,

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-11-

3.5 mg/kg, 4 mg/kg, 4.5 mg/kg, 5 mg/kg, 5.5 mg/kg, 6 mg/kg, 6.5 mg/kg, 7 mg/kg,
7.5 mg/kg, 8 mg/kg, 8.5 mg/kg, 9 mg/kg, 9.5 mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg,
13 mg/kg, 14 mg/kg, 15 mg/kg, 16 mg/kg, 17 mg/kg, 18 mg/kg, 19 mg/kg, 20 mg/kg,
21 mg/kg, 22 mg/kg, 23 mg/kg, 24 mg/kg, 25 mg/kg, 30 mg/kg, 40 mg/kg, or 50
mg/kg body weight (BW) of the subject to be treated.

In any of the methods of combination treatment provided herein, the
hyaluronan-degrading enzyme or hyaluronan synthesis inhibitor can be administered
at any suitable frequency, such as, for example, frequency of once a day, every other
day, twice weekly, once weekly, once every 2 weeks, once every 3 weeks or once
every 4 weeks; and the immune checkpoint inhibitor can be administered at the same
frequency as the hyaluronan-degrading enzyme or at a different frequency, wherein
cach administration of the immune checkpoint inhibitor is preceded by an
administration of hyaluronan-degrading enzyme by not more than 48 hours. For
example, the immune checkpoint inhibitor can be administered twice weekly, once
weekly, once every 2 weeks, once every 3 weeks, once every 4 weeks, once every 6
weeks, once every 2 months, once every 3 months, once every 4 months, once every 5
months, or once every 6 months; wherein each administration of the immune
checkpoint inhibitor is preceded by an administration of hyaluronan-degrading
enzyme by not more than 48 hours.

An exemplary dosage regimen which can be employed by any of the methods
provided herein involves administration of the hyaluronan degrading enzyme twice
weekly, while the immune checkpoint inhibitor is administered no more than once a
week, where each administration of the immune checkpoint inhibitor is preceded by
an administration of hyaluronan-degrading enzyme by not more than 48 hours. For
example, the immune checkpoint inhibition can be administered no more than once
every three weeks or once every four weeks, while the hyaluronan-degrading enzyme
is administered twice weekly. In other examples, the hyaluronan degrading enzyme is
administered twice weekly and the immune checkpoint inhibitor is administered twice
weekly, wherein each administration of the immune checkpoint inhibitor is preceded
by an administration of hyaluronan-degrading enzyme by not more than 48 hours. In
some examples, each administration of the immune checkpoint inhibitor is preceded

by an administration of the hyaluronan-degrading enzyme by not more than 24 hours.
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~Also proi/ided‘:herein'are methods of a hyaluronan-degrading enzyme and
immune checkpoiﬁt inhibitor combination therapy for treating a cancer that further
mclude admmlsterlng a corticosteroid, such as a glucocorticoid. The glucocortlcmd
can be selected from among cortisones, dexamethasones, hydrocortlsones

methylprednisolones, prednisolones and prednisones. In any of the provided

- methods, the corticbsteroid can be administered prior to, concurrent with,

-intermittently with or subsequent to administration of the hyaluronan-degrading

enzyme. Insomé examples, the corticosteroid is administered prior to administration
of the hyaluronan-degrading enzyme and subsequent to administration of the

hyéluronan-degrading enzyme. In other examples, the corticosteroid is co-

) administered with the hyaluronan-degrading eoZyme.' In some examples the

corticosteroid, such as a glucocorticoid, can be administered, for exa‘r'nple,‘at least or
about at least 1 hour prior to administration of the hyaluronaﬁ-degrading enzyme, or -

at least 8 hours to 12 hours after 'admihi'strétion of the anti-hyaluronan agent. In any .

‘of the prov1ded methods and combinations,-the cortlcoster01d can be admmlstered in .

an amount that is between at or about 0.1 to 20 mg, 0.1 to 15 mg, 0.1 to 10 mg, 0.1to"
5 mg, 0.2 t0 20 mg, 0.2to 15 mg, 0.2to 10mg, 0.2 to 5 mg, 0.4 t0 20 ‘mg, 0.4to 15
mg,04to lOmg,04t05mg,04to4mg,1t020mg, 1to 15mgorlto 10mg. In
any of the provided methods, ‘the corticosteroid can be administered orally. .

Also provided herein are combinations that include a first composition
containing a hyaluronan -degrading enzyme forrnulated or modiﬁed to have increased
serum half- hfe compared to the hyaluronan- degradmg enzyme alone or containing a
hyaluronan synthesis inhibitor (or mixtures thereof) and a second composition
containing an immune checkpoint inhibitor or other inhibitor of immune suppression. | .
The combinations include any described as used in the methods provided herein. The
hyaluronan-degrading enzyme can be polymer conjugated or can be formulated for
extended release such as in or associated with a vesicle, such as a liposome or micelle
or multlaminer vesicle or multivesicular vesicle, or encoded in'a vector, such as a
gene therapy vector or oncolytic vector for delivery to a tumor cell.

Provided herein are combinations that include a first composition containing a

polymer-conjugated hyaluronan-degrading enzyme and a second composition

containing an immune checkpoint inhibitor. In any of the provided combinations, the
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~ hyaluronan-degrading enzyme can be a hyaluronidase, such as a PH20 or truncated

form Ather‘eo’f that lacks a C-tenninal glycosylphosphatidylinositol (GPI) attachment
site or a portion of the GPI attachment site. In any of the provided combinations, the
hyalurohan—degrading enzyme can be a human or non-human PH20. Included among
human PH20 hyaluronan-degrading enzymes are enzymes that are soluble, retain |

hyaluromdase activity, and have a contlguous sequence of amino acids in SEQ ID

- NO: 217 that contains amino acid residues 36- 464 of SEQID NO: 217, and r651dues

. up to a C-terminal ammo acid re51due whereby the polypeptide is C- termmally

truncated so that it does not include the full-length of the polypeptide whose sequence
is set forth as amino acids 1-509 or 36-509 of SEQ ID NO: 217 or have a sequence of

" amino acids that has at least about 85% sequence identity thereto. In some examples,

PH20 has a sequence of amino acids that has-af least about 86%, 87%, 88%,v 89%,
00%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity to a
polypeptide that has a contiguous sequence of amino acids in SEQ ID NO: 217 tﬁat
contains amino acid residues 36{464 of SEQ ID NO: 217, and residues up to a‘C- .
terminal amino acid residue, whereby the pblypeptide is C-terminally truncated ‘s,o
that it does not include the full-lengih of the polypeptide whose sequence is set forth
as amino acids 1-509 or 36-509 of SEQ ID NO: 217, that is soluble and retains '
hyaluronidase activity. Exemplary PH20 polypeptides have the sequence of amino

‘acids set forth in any of SEQ ID NOS: 123-158, or a sequence of amino acids that

exhibits at least 85%, suéh as at least about §6%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98% or 99%, sequence identity thereto and retains

_ hyaluronldase act1v1ty

The hyaluronan -degrading enzyme provided in the combinations herein is

: modlﬁed by a polymer. In some examples the polymer is a polyalkylene glycol,

dextran, pullulan or cellulose. Polyalkylene glycol polymers, which can modlfy the
hyaluronan-degrading enzyme include polyethylene glycol (PEG) and
mejthokypolyethylene glycol (mPEG). In examples where the hyaluroanan-degrading
enzyme is modified by PEG, the PEG can by branched or linear. In any of the

__exarnples, the polymer can be produced by reaction with methoxy-poly(ethylene -

glyéol)-succinimidyl butanoate (nPEG-SBA) (5 kDa); methoxy-poly(ethylene

' glyc’ol)-succinimidyl butanoate (_mPEG-SBA) (20 kDa); methoxy-poly(ethylene -
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glycol)-succinimidyl butanoate (mPEG-SBA) (30 kDa); methoxy-poly(ethylene
glycol)-succinimidyl a-methylbutanoate (mPEG-SMB) (20 kDa); methoxy-
poly(ethylene glycol)-succinimidyl a-methylbutanoate (mPEG-SMB) (30 kDa);
methoxy-poly(ethylene glycol)-butyraldehyde (mPEG-butyraldehyde) (30 kDa),
methoxy-poly(ethylene glycol)-succinimidyl propionate (mPEG-SPA) (20 kDa);
methoxy-poly(ethylene glycol)-succinimidyl propionate (mPEG-SPA) (30 kDa);
(methoxy-poly(ethylene glycol)) ,-N-hydroxysuccinimide ester (mPEG,-NHS) (10
kDa branched); (methoxy-poly(ethylene glycol)) ,-N-hydroxysuccinimide ester
(mPEG,-NHS) (20 kDa branched); (methoxy-poly(ethylene glycol)) ,-N-
hydroxysuccinimide ester (mPEG,-NHS) (40 kDa branched); (methoxy-poly(ethylene
glycol)) ,-N-hydroxysuccinimide ester (mPEG,-NHS) (60 kDa branched); biotin-
poly(ethylene glycol)-N-hydroxysuccinimide ester (biotin-PEG-NHS) (5 kDa
biotinylated); poly(ethylene glycol)-p-nitrophenyl carbonate (PEG-p-nitrophenyl-
carbonate) (30 kDa); or poly(ethylene glycol)-propionaldehyde (PEG-
propionaldehyde) (30 kDa). In any of the examples, the polymer can be a PEG that
has a molecular weight of 30 or about 30 kilodaltons.

The polymer-conjugated hyaluronan-degrading enzyme composition, in any of
the combinations provided herein, can contain an amount of hyaluronan-degrading
enzyme that is in an amount within the range of between or between about 0.1 ug/mL
to 100 ug/mL, 1 pg/mL to 50 pg/mL or 1 pg/mL to 20 ug/mL hyaluronan-degrading
enzyme conjugated to a polymer or an amount of hyaluronan-degrading enzyme
within the range of between or about between 10 U/mL to 5000 U/mL, 50 U/mL to
4000 U/mL, 100 U/mL to 2000 U/mL, 300 U/mL to 2000 U/mL, 600 U/mL to 2000
U/mL, or 100 U/mL to 1000 U/mL hyaluronan-degrading enzyme conjugated to a
polymer. Non-limiting volumes of the hyaluronan-degrading enzyme composition in
the provided method include ranges from or from about 0.5 mL to 50 mL, 1 mL to 10
mL, or 1 mL to 5 mL.

The provided combinations also include a composition containing an immune
checkpoint inhibitor. The target of the immune checkpoint inhibitor is an immune
checkpoint protein. Exemplary targets of the immune checkpoint inhibitor, in the
provided compositions, include, but are not limited to CTLA4, PD-1, and PD-L1. In

any of the provided combinations, the immune checkpoint protein inhibitor can be an
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antibody, a fusion protein, an aptamer, or an immune checkpoint protein-binding
fragment of an antibody, fusion protein or aptamer. The immune checkpoint protein
inhibitor, in the provided combinations can be an anti-immune checkpoint protein
antibody or antigen-binding fragment thereof.

An exemplary anti-immune checkpoint protein antibody, in the provided
combinations, is an anti-CTLA4 antibody, derivatives thereof, and antigen-binding
fragments thereof. Exemplary anti-CTLA4 antibodies include Ipilimumab,
derivatives thereof, and antigen-binding fragments thereof, that have a heavy chain
with a sequence of amino acids set forth in SEQ ID NO: 22 and a light chain variable
domain with a sequence of amino acids set forth in SEQ ID NO: 24; or a variable
heavy chain that has a sequence of amino acids that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% to the heavy chain set forth in SEQ ID NO: 22 and a variable light chain that has
a sequence of amino acids that has a sequernice identity of at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% td the light
chain set forth in SEQ ID NO: 24.

Exemplary anti-CTLA4 antibodies, in the provided combinations, also include
Tremelimumab, derivatives thereof, and antigen-binding fragments .thereof, that have
a heavy chain variable domain with a sequence of amino acids set forth in SEQ ID
NO: 34 and a light chain with a sequence of amino acids set forth in SEQ ID NO: 36
or a variable heavy chain that has a sequence of amino acids that has a sequence
identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 34 and a variable
light chain that has a sequence of amino acids that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% to the light chain set forth in SEQ ID NO: 36. '

Another exemplary anti-immune checkpoint protein antibody, in the provided
combinations, is an anti-PD-1 antibody, derivatives thereof, and antigen-binding
fragments thereof. Exemplary PD-1 antibodies include Nivolumab, derivatives
thereof, and antigen-binding fragments thereof, that have a heavy chain variable
domain with a sequence of amino acids set forth in SEQ ID NO: 54 and a light chain

with a sequence of amino acids set forth in SEQ ID NO: 56 or a variable heavy chain
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consisting of a sequence of.amino acids that has a sequence identity of at least 85%,
86%, 87%, 88%,1-89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to
the heavy chain set forth in SEQ ID NO: 54 and a variable light chain consisting ofa
sequence of amino acids thét has a sequence iAdentity of at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 56. - |

Exemplary anti4PD-1 antibodies, in the prévided combinations, also include
MK-3475, derivatives‘thereof, or anti'gen-bindiri‘g fragments thereof, that have a
heavy chain variable domain with a seqlienée of amino acids set forth in SEQ ID
NO: 68 and a light chain Variable domain wi'th a sequence of amino acids set forth in

SEQ ID NO: 70, or a variable heavy chain that has a sequence identity of at least -

8%, 86%, 87%, 8%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or

99% to the 'heavy chain set forth in SEQ ID NO: 68 and a variable light phain that has
a sequenqe identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, '
94%, 95%, 96%, 97%, 98%, or 99% to the light chain set forth in SEQ ID NO: 70.

Exemplaty anti-PD-1 antibodies, in the provided combinations, also include

Pidilizumab, derivatives thereof, and antigen-binding fragments thereof that have a -

_:heai/y chain variable domain that has a sequence of amino acids set forth in SEQ ID

NO: 82 and a light chain variable domain that has a sequence of amino acids set forth
in SEQ ID NO: 84, or a variable heavy chaih that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95‘%, 96"/2, 97%, 98%, or
99% to the heavy chain set forth in SEQ ID NO: 82 and a variable light chain that has
a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the light chain set forth in SEQ ID NO: 84.

Another exemplary anti-immune checkpoint prdtein antibody is an anti-PD-L1

~ antibody, derivatives thereof, and antigen-binding fragments thereof. Exemplary PD-

L1 antibodies include BMS-936559, derivatives thereof, and antigen-binding
fragments thereof, that have a heavy chain variable domain that has the sequence of
ar'r;ino acids set forth in SEQ ID NO: 92 and a light chain variable domain that has the
sequence of amino acids set forth in SEQ ID NO: 94, or a variable heavy chain that
has a sequence identity of at least 85%, 86%, 87%,'88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%,‘97%, 98%, or 99% to the.heavy chain set forth in SEQ ID NO: 92
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and a variable light chain that has a sequence identity of at least 85%, 86%, 87%,

: 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light

cham set forth in SEQ ID NO: 94.

‘ Exemplary anti-PD-L1 antibodies, in the provided combmatlons also include

* MEDI4736, derivatives thereof and antigen-binding fragments thereof, comprrsmg

that have a heavy chain variable domain that has the sequence of amino acids set forth

in SEQ ID NO: 102 and a hght chain variable domain that has the sequence of amino.

- acids set forth in SEQ ID NO: 104 or a variable heavy chain that has a sequence
“identity of at least 85%,. 86%, 87%, . 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%

96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 102 and a )
variable light chain that has a sequence identity of at least 85%, 86%, 87%, 88%,

" 89%, 90%, 91%, 92%, 93%; 94%, 95%, 96%, 97%, 98%, or 99% 10 the light chain set

forth in SEQ ID NO: 104.
Exemplary anti- PD- Ll antibodies, in the provided combinations, also include

MPDL3280A, derrvatlves thereof and antigen- blndlng fragments thereof, that have a

~ heavy chain variable domain that has the sequence of amino acids set forth in SEQ ID

NO: 114 and a light chain variable domain that has the sequence of amirlo acids set

forth i m SEQ ID NO: 115 or a variable heavy chain that has a sequence 1dent1ty ofat .

least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, .
- or' 99% to the heavy chain set forth in SEQ ID NO: 114 and a variable light chain that

has a sequence 1dent1ty of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the hght chain set forth in SEQ ID NO: 115.

In any of the combinations provided herein, the immune checkpoint inhibitor
in the composrtion can be provided in an amount that is selected from between or
about between 0.5 mg/mL to 50 mg/mL, 1 'mg/rrrL to 10 mg/mL or2 mg/mL to 6
mg/mL. The immune checkpoint inhibitor also can be provided in the combination in ‘
an amount that is at least or about at least 0.5 mg/mL, 1 mg/mL, 2 mg/mL, 3 mg/mL, |
4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL, 8 mg/mL, 9 mg/mL or 10 mg/mL. The
composition containing the immune checkpoint inhibitor can be provided in a volume
tha.lttis from or from about 0.5 m‘L to 500 mL, 1 mL to 50 mL, or 10 mL to 40 mL. In

some examples, the immune checkpoint inhibitor composition is provided in a volume
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of at. least or at least about 1 mL, 5 mL, 10 mL, 20 mL, 30 mL, 40 mL, 50 mL, 60 mL,

v 70 mL, 80 mL, 90 mLor 100 mL.

" Any of the combinations provided herein can further contain a corticosteroid
in addition to the p’olymer-cohj'ugated hyaluronan-degrading enzyme and immune
checkpoint inhibitor compositions. Anexemplary corticosteroid that can be included
in the provided combinations iﬁcludes a glucocorticoid. Exemplary glucocorticoids |
include, but are not limited to, cortisones, dexamethasones, hydrocortisones,
methylpre'dn_isolones, prednisolones and prednisones.

Also pfovided herein are combinations, such as pharmaceutical combinations, '
for use in treating a cancer and uses of combinations for treating a cancer. For

example; provided herein are combinations for use in treating a cancer in an animal,

‘wherein the animal is first exposed to the hyaluronan-degrading enzyme conjugated to

a polymer and then contacted with the immune checkpoint inhibitor. Also provided:

aré uses of any of the provided combinations for the preparation of a medicament to

- treat cancer in an animal, wherein the immune checkpoint inhibitor and hyaluronan-
- degrading enzyme each are in a pharmaceutically acceptable form, and the animal,

| such as a human, is exposed to the hyaluronan-degrading enzyme conjugated to a

polymer or other form of hyaluronan-degrading enzyme that has increased serum

half-life, and also contacted with the immune checkpoint inhibitor. The hyaluronan-

‘degrading enzyme, such as a soluble hyaiur’onidase, can be administered with the

checkpoint iﬁhibitor, before the checkpoint inhibitor, intermittently therewith or
sequen‘tially In some embodiménts the animal, such as a human, is first exposed to
the hyaluronan -degrading enzyme conj jugated to a polymer and then contacted with
the i immune checkpomt inhibitor.’ 4

 In any of the provided combinations or uses the hyaluronan-degrading enzyme v

and immune checkpoint inhibitor can be formulated for administration by the same

'-‘route of administration or by different routes of administration. In some examples of

’the-prowded combinations and uses, the hyaluronan—degradlng enzyme and immune

" checkpoint inhibitor are administered by the same route of administration. For
-.example, in any of the provided combinations or uses, the hyaluronan-degrading
'enzyrne and i immune checkpomt inhibitor are formulated for oral, intravenous (IV),

'subcutaneous, 1ntramuscular, intra-tumoral, intradermal, topical, transdermal, rectal,
¥ .
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intrathecal or sub-epidermal administration. In particular examples, the hyaluronan-
degrading enzyme and immune checkpoint inhibitor are formulated for systemic
administration, such as intra\r_enous administration. ‘

In any of the provided combinations or uses, the hyaluronan-degrading
enzyme can be exposed to the animal up to 48 hours before the immune checkpomt

1nh1b1tor is exposed to the animal, such as at least or at least about or 5 minutes, 15

. mlnntes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours, 8 hours, 12 hours, 16

Lours, 18 honr's,"20 hours, 22 }rours, 24 hours, 30 hours, 36 hours, 40 hours, or 48

- hours before the immune checkpoin’t inhibitor is exposed to the animal, whereby the

hyaluronan degrading enzyme is formulated for administration at least 5 mmutes 15

minutes, 30 mmutes 1 hour 2 hours, 3 hours 4 hours, 6 hours, 8 hours, 12 hours, 16

~hours 18 hours 20 hours 22 hours, 24 hours, 30 houirs, 36 hours, 40 hours, or 48 »

_ hous: pI‘lOI‘ to the immune checkpoint inhibitor.

Any of the combinations or-uses for treating a cancer provided herein can be

for treatlng'a cancer that is'a tumor, such as solid tumor. The methods also can be

hyaluronan (HA),-an 1mportant component of cancer progressmn is synthe51zed by

hyaluronan synthases (HASs) In cancer cells, hyaluronan synthase 1 (HASI) pre-

mRNA is abnormally spliced to generate a family of aberrant splice variants
(HASIVS), which almost exclusively-occur in malignant cells, and which synthesize

extracellular and intracellular HA. Expression of aberrant HAS1Vs predicts poor

~ survival, for eXam’ple, in multiple myeloma (see e.g., Adamia et al. (2014) Adv.

Cancer Res. 123 :67-94). Extracellular HA can participate in malignant spread; and

" intracellular HA can play arole in oncogenesis (see e.g., Adamia et al. (2014) Adv.

Cancer Res. 123 :67-9:4’)._ In particiilar exanﬁples the tumor is characterized as having
a moderate to high hyaluronan content, such as a high hyaluronan content. Non-
limiting examples of cancers to be treated by the combinations and uses provided
herein inelude pancreatic cancer, breast cancer, prostate cancer, bladder cancer, gastric
cancer, mesothelioma, NSCLC, and colon cancer.

Also provided herein are immune checkpomt inhibitors for use in treating a

: ‘cancer in a subject, and uses of an immune checkpoint inhibitor for treating a cancer

in a subj ect, wherein the subject has been treated with a hyaluronan-degrading
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enzyme, and the hyaluronan-degrading enzyme is conjugated to a polymer. In such
immune checkpoint inhibitors or uses, the immune checkpoint inhibitor can block
activity of an immune checkpoint protein. Exemplary targets of the immune

checkpoint inhibitor, for the provided immune checkpoint inhibitors and uses, include,

but are not limited to CTLA4, PD-1, and PD-L1. The provided immune checkpoint

inhibitors and uses for treating cancer include immune checkpoint protein inhibitors

selected from among antibodies, fusion proteins, aptamers, and immune checkpoint

~ protein-binding fragments thereof. In particular examples, the provided immune

checkpoint protein inhibitor or use includes an immune checkpoint inhibitor that is an
anti-immune checkpoint protein antibody or antigen-binding fragment thereof.
The provided immune checkpoint inhibitors and uses include an anti-immune

checkpoint protein antibody that is an anti-CTLA4 antibody, a derivative thereof, or -

antigen-binding fragment thereof. Exemplary anti-CTLA4 antibodies include

Ipilimumab, derivatives thereof, and antigen-binding fragments thereof, that have a ‘
heavy ch_ain variable domain with a sequenée of amino acids set forth in SEQ ID '
NO: 22 and a light chain variable domain with a sequence of amino acids set forth'in
SEQ ID NO: 24; or a variable heavy chain that has a sequence of amino acids that has
a sequence identity of at least 85%, 86%, 87%., 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth m SEQ ID NO: 22
and a va;iable light chain that has a sequence of amino acids that has a sequence

identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,.95%,

- 96%, 97%, 98%, or 99% to the light chain set forth in SEQID N‘O:‘24.

Exemplary anti-CTLA4 antibodies also include Tremelimumab, derivatives
thereof, and antigen-binding fragments thereof, that have a heavy chain variable
domain with a sequence of amino acids set forth in SEQ ID NO: 34 and a light chain

variable domain with a sequence of amino acids set forth in SEQ IDNO: 360ra

variable heavy chain that has a sequence of amino acids that has a sequence identity

of at least 85%, 86%, 87%, 88%, 89%, 90%,'91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% to the heavy chain set forth in SEQ ID NO: 34 and a variable light chain

that has a sequence of amino acids that has a sequence identity of at least 85%, 86%,

. 87%, 88%, 89%, 90%, 91%, 92%, 93%; 94%, 95%, 96%, 97%, 98%, or 99% to the

light chain set forth in SEQ ID NO: 36.-
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' The provided immune checkpoint inhibitors and uses also include an anti-
immune chéckpoint protein anﬁbbdy that is an anti-PD-L1 antibody, a derivative
thereof, or antigen-binding fragment thereof. Exemplary PD-L1 antibodies include
BMS-936559, derivatives thereof, and antigen-binding fragments thereof, that have a
heavy chain variable domain that has the sequence of amino acids set forth in SEQ ID
NO: 92 and a light chain variable domain that has the sequence of anﬁno acids set' .
forth in SEQ ID NO: 94, or a variable heavy chain that has a sequence identity of at ,
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 9v8%,
or 99% to the heavy chain set forth in SEQ ID NO: 92 and a variable light chain that
has a sequence identit}_{_of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the light chain set forth in SEQ ID'NO: 94. »
Exemplary PD-L1 antibodies also include MEDI4736, den'yéﬁives vthe‘reof, and

antigen- binding fragrﬁeﬁts thereof, that have a heavy chain variable domain that has
the sequence of amino acids set forth in SEQ ID NO: 102 and a light chain variable
domain that has the sequence of amino ac1ds set forth in SEQID NO: 104, 0ra . |
variable heavy chain that has a sequence 1dent1ty of at least 85%, 86%, 87%, 88%,
89%, 90%,' 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain -
set forth in SEQ ID NO: 102 and a variable light chain that has a sequence identity of
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,93%, 94%, 95%, 96%, 97%,
98%, or 99% to the light chain set forth in SEQ ID NO: 104.

| Exemplary PD-L1 antibodies also include MPDL3280A, derivatives thereof
and antigen- bmdl‘ng fragments thereof, that have a heavy chain variable domain that _
has the sequence of amlno acids set forth in SEQ ID NO: 114 and a light chain
Varlable domain that has the sequence of amino acids set forth in SEQ ID NO: 115 or
a variable heavy chain that has a sequence identity of at least 85%, 86%, 87%, 88%,
89%, 90%, 91% 92% 93%, 94%, 95%, 96%, 97% 98%, or 99% to the heavy cham
set forth in SEQ ID NO: 114 and a variable hght chain that has a sequence identity of '
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% to the light chain set forth in SEQ ID NO: 115.

~ The provided imfnune'checkboint irthibitors and uses also inch}.ﬁde an anti-
immune checkpoint protein antibody thaf is an anti-PD-1 antibody, a derivative

thereof, or antigen—bin&ing fragment thereof. Exemplary anti-PD-1 antibodies include |
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Nivolumab, derivatives thereof, aﬁd antigen-binding fragments therec;f, that have a
heavy chain variable domain With a sequence of amino acids set forth in SEQ ID

NO: 54 and a light chaln variable domain with a sequence of amino acids set forth i in
SEQ ID NO: 56 or a variable heavy chain cons1st1ng ofa sequence of amino acids that
has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 54
and a variable light chain cons_ifsﬁng of a sequence of amirio acids that has a sequence
identity. of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%‘,v 97%, 98%, or 99% to the light chain _set'.-'forth in SEQ 1D NO: 56.

Exemplary anti-PD-1 antibodies also include MK-3475, derivatives thereof, or
antigen-binding fragments thereof, that have a heavy chain variable domam with a
sequence of amino acids set forth in SEQ ID NO: 68 and a light chain variable - ‘
domam with a sequence of amino acids set forth in SEQ ID NO 70, or a variable
heavy chain that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90.%,
91%, 92%, 93%,_94%,"95%, 96%, 97%, 98%, or 99% to the heavy chain set forth. in .

'S.EQ ID NO: 68 and a variable light chain that has a sequence identity of at least 85%,
- 86%,. 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to
‘the' hght chain set forth in 'SEQ ID NO: 70. '

Exemplary anti-PD-1 antibodies also include P1d1hzumab derivatives thereof,
and antigen-binding fragments thereof that have a heavy chaln variable domain that
has a sequence of amino acids set forth in SEQ ID NO: 82 and a light chain variable
domain that has a sequence of amino acids set fefth in SEQ ID NO: 84, or a variable.
heavy chain that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 82 and a variable light chain that has a sequence identity of at least :85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to
the light chain set forth in SEQ 1D NO: 84. |

The provided immune checkpoint inhibitoré_ and uses include an immune
checkpoint protein inhibitor that is formulated for administration at a concentration
selected. from among Between or about between 0.5 mg/mL to 50 mg/mL, 1 mg/mL to

10'mg/mL or 2 mg/mL to 6 mg/mL; and at least 0.5 mg/mL, 1 mg/mL, 2 mg/mL, 3
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mg/mL, 4 mg/mL, 5 mg/mL, 6 mg/mL, 7 mg/mL, 8 mg/mL, 9 mg/mL or 10 mg/mL.
Such formulations can include the immune checkpoint inhibitor in a volume that is
from or from about 0.5 mL to 500 mL, 1 mL to 50 mL, or 10 mL to 40 mL; or at least
1mL, 5mL, 10 mL, 20 mL, 30 mL, 40 mL, 50 mL, 60 mL, 70 mL, 80 mL, 90 mL or
100 mL.

In any of the provided immune checkpoint inhibitors and uses, the subject is
exposed to a hyaluronan-degrading enzyme. The hyaluronan-degrading enzyme can
be a hyaluronidase, such as a PH20 or truncated form thereof that lacks a C-terminal
glycosylphosphatidylinositol (GPI) attachment site or a portion of the GPI attachment
site. Such a PH20 can be a human or non-human PH20. For example, the
hyaluronan-degrading enzyme can be a C-terminal truncated PH20 that has a
contiguous sequence of amino acids in SEQ ID NO: 217 that contains amino acids 36-
464 of SEQ ID NO: 217 and residues up to a C-terminal amino acid residue, whereby
the polypeptide is C-terminally truncated so that it does not include the full-length of
the polypeptide whose sequence is set forth as amino acids 1-509 or 36-509 of SEQ
ID NO: 217 or a variant thereof that has at least 85% sequence identity thereto that is
soluble and retains hyaluronidase activity. In some examples, the variant PH20 can
have a sequence of amino acids that has at least 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity to the sequence of
amino acids in SEQ ID NO: 217 that contains amino acids 36-464 of SEQ ID
NO: 217 and residues up to a C-terminal amino acid residue, whereby the polypeptide
is C-terminally truncated so that it does not include the full-length of the polypeptide
whose sequence is set forth as amino acids 1-509 or 36-509 of SEQ ID NO: 217, as
long as it is soluble and retains hyaluronidase activity. Examples of such PH20
enzymes include any PH20 that has a sequence of amino acids set forth in any of SEQ
ID NOS: 123-158, or a sequence of amino acids that exhibits at least 85% sequence
identity, such as at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98% or 99% sequence identity, to a sequence of amino acids set forth in
any of SEQ ID NOS: 123-158 and retains hyaluronidase activity.

The provided immune checkpoint inhibitors and uses for treating cancer
includes a polymer-conjugated hyaluronan-degrading enzyme. Non-limiting

exemplary polymers which can be conjugated to the enzyme polyalkylene glycol,
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dextran, pullulan and cellulose. In some examples, the polymer is a polyalkylene"
glyéol, selected from anﬁo'ng polyethy_lene: élycol (PEG) and methoxypolyethylene
glycol (mPEG), whefein the PEG is a branched or linear PEG. The polymer that is
conjugated to the "hyalu‘rqnvan degrading enzyme can be produced by reaction with

methoxy-poly(ethylene gl_);col)-suécinimidyl butanoate (mPEG-SBA) (5 kDa);

‘metbh'(‘)xy poly(ethylene glycol)- Succinimidyl“butanoate (mPEG- 'S'BA)' (20 kDa);

methoxy- poly(ethylene glycol)- succm1m1dyl butanoate (mPEG-SBA) (30 kDa);
methoxy- poly(ethylene glycol) succ1n1m1dyl a- rnethylbutanoate (mPEG-SMB) (20
kDa); methoxy-poly(ethylene glycol)-succinimidyl a-methylbutanoate (mPEG- SMB)
(30 kDa); methoxy-poly(ethylené"élycol)-butyraldehyde (mPEG_—butyraldehyde) (30 .

kDa), methoxy-poly(ethylene giycol)-SUCcinimidyl propionate (mPEG-SPA) (20

kDa); methoxy-pdly(ethylene glycol)-succinimidyl propionate (MPEG-SPA) (30
kDa); (methoxy-poly(ethylene glycol)),-N- hydroxysuccinimide ester (mPEGz-NHS)"

"+ (10 kDa branched); (methoxy-poly(ethylene glycol)) »-N- hydroxysucc1n1m1de ester

(mPEG,-NHS) (20 kDa branched); (methoxy-poly(ethylene glycol)) 2-N-

-hydroxysuccmlmlde ester (MPEG,-NHS) (40 kDa branched); (methoxy-poly(ethylene

glycol)) 2-N- hydroxysucc1n1m1de ester (mPEG,-NHS) (60 kDa branched); biotin-
poly(ethylene glycol)-N-hydroxysuccinimide ester (biotin-PEG-NHS) (5 kDa
biotinylated); poly(ethylene glycol)-p-nitrophenyl carbonate (PEG-p-nitrophenyl-
carbonate) (30 kDa); or poly(ethylene glycol)-propionaldehyde (PEG- '
propionaldehyde) (30 kDa). In particular examples, the polymer is a PEG that has a
molecular weight of 30 or about 30 kilodaltons.

The provided immune checkpoint iﬁhibitor or use for treating cancer can be
formulated for oral, intravenous (IV), subcutaneous, intramuscular, intra-tumotal,

intradermal, topical, transdermal, rectal, intrathecal or sub-epidermal administration.

“In parﬁcular examples, the immune checkpoint inhibitor or use ,is‘forrnulated for

systemic administration, such as intravenous administration. The provided immune
checkpoint inhibitor can be formulated for use up to 48 hours after the subjecf is
treated with the hyaluronan-degrading enzyme, such as at least or at least about or 5
minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 .hdurs, 6 hours, 8 hours,
1A2 hours, 16 hours, 18 hours, 20 hours;,22,h0urs, 24 hours, 30 hours, 36 hours, 40

hours, or 48 hours after the subject is treated with the hyaluronan-degrading enzyme.
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The cancer treated by any of the provided immune checkpoint inhibitors or
uses can be a tumor, such as a solid tumor. In particular examples, the tumor is
characterized as having a moderate to high hyaluronan content, such as a high
hyaluronan content. Exemplary cancers treated by the provided immune checkpoint
inhibitors and use ihclude, but are not limited to, pancreatic cancer, breast cancer, .
prostate cancer, bladder cancer, gastric cancer, mesothelioma, NSCLC, and colon |

cancer.

DETAILED DESCRIPTION
Outline
A. Definitions

B. Immune Checkpoint and Hyaluronan-Degrading Enzyme
Combination Therapy

1. Solid Tumors and Immune Response

2. Immune Checkpoint Modulation of T-Cell Activity in Tumors
a. CTLA-4 and T-Cell Priming
b. PD-1 and T-Cell Effector Phase
¢. Other Inmunomodulatory Agents (e.g., LAG-3)

3. Polymer-Conjugated Hyaluronan-Degrading Enzyme in
Combination Therapy With An Immune Checkpoint Inhibitor

C. Combination Therapy Agents
1. Immune Checkpoint Inhibitors and Formulations Thereof
a. Anti- CTLA-4 Therapies
(i) Ipilimumab and Derivatives Thereof
(ii) Tremelimumab and Derivatives Thereof
b. Anti-PD-1 and Anti PD-1-L Therapies
(i) Anti-PD-1 antibodies
(a) Nivolumab and Derivatives Thereof
(b) MK-3475 and Derivatives Thereof
(¢) Pidilizumab and Derivatives Thereof
(ii) Anti-PD-L1 antibodies
(a) BMS-936559 and Derivatives Thereof
(b) MPDL3280A and Derivatives Thereof
(¢) MEDI4736 and Derivatives Thereof
¢. Other Immunomodulatory Therapies

2. Hyaluronan-Degrading Enzymes and Polymer-Conjugated
Hyaluronan-Degrading Enzymes

a. Hyaluronidases

i. Mammalian-Type Hyaluronidases
PH20
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ii. Bacterial Hyaluronidase

iii. Hyaluromdases from Leeches, Other Parasites
and Crustaceans

b. .Othe,r Hyaluronan Degrading Enzymes
5 c. Soluble Hyaluronan Degrading Enzymes
i. Soluble Human PH20
i rHuPH20
d. leycosv;y"latid‘n of Hyalui‘onan Degradir;g:Enzyn}es

e. Sustained or, Controlle& Release Formulations and
Vectors encoding Soluble Hyaluronidases

: i. Modified (Polym,er-Conjugated)' hyaluronah
degradmg enzymes

" PEGylated ; Soluble hyaluronan degradmg enzymes

ii. Sustalned or Controlled Release Formulatlons
and Vectors encodmg Soluble Hyaluronidases o

E)) Mult1ves1cular Llposomes (MVL)
b) MVL Co- Formulatmns -

D Methods of Producmg Nucleic Aclds and Encoded Polypeptides of
~ Hyaluronan Degrading Enzymes and Immune Checkpoint Inhibitors.

(e.g., Antlbodles) »
1. Isolatlon or Preparatlon of Nucleic Acid Encoding Polypeptldes
a. Hyaluronan Degrading Enzyme
b. Immune Checkpomt Inhibitor (e g ” antlbodles)
2. Vectors ' o
3. Céll’ls.. and Expression
a. Pl'.okal;yotic' Cellg
b. Yeéast Cells
c. Insect Cells
d. Mar'nzmalian cells
€. | Plants
4. Purification Techniques

5. PEGylation of Hyaluronan Degrading Enzyme Polypeptides
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E. PhafmaceUtical Compositions and Formulations
| 1. Formulations
~a. Injectables, Solutions and Emulsions
b. Lyophilized Powders |
_ ¢. Compositions for Other Routes of Admihi‘st'ratipn
2. Forml:ilation Amounts
a. Hyalurohan-Degradihg Enzyme Formuiations
b. Checkpoint Inhihifor Formulations
3. Packaging and Articles of Manufacture

F. Methods of Monitoring and Assessmg Activity, Bloavallablllty and
Pharmacokmetlc

1. Hyaluronldase Act1v1ty
' '2. Immune Checkpoint InhlbitorActivity
3. Anticancer Activity o‘f Combination Therapy
a. Tumor Grow.th and Volume |
'b. Presence of Tumor Markers
. Immunologlcal Momtormg ‘

(i) Frequency of Specnfic Cell Types in Perlpheral
Blood :

(ii) Detecting Immune Cell Markers
(iii) Antigen-Specific Immune Responses

4. Pharmacokinetics and Pharmacodynamic Assays
G Methods and Uses of Combmatlon Therapy
1. Cancers |
2. Selectlon of SubjectS>for Treatment
a. Measuring hyaluronan content of tumors
(i) Hyaluronan Binding Protein (HABP)

(ii) Histochemical and Immunohistochemical
Methods

~ (iii) Solid Phase Binding Assays °
' (i\;) In vivo Imaging Assays

Ry
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b. Pre-treatment Lymphocyte Count
2. Dosage and Administration
3. Dosage Regimen: Frequency and Cycle of Administration
4. A&ditional Combination Therapy
a. Corticosteroid | '
b. Anti-Cancer Agents and Other Treétments
H. Examplés |
A. ‘Definitions )
Unless defined otherwise, all technical and scientific terms used herein ha{/e

the same meaning as is commonly understood by one of skill in the art to which thé;» :

invention(s) belong. All patents, patent applications, published applications ; and

_publications, GenBank sequences, databases, web51tes and other published materlals

referred to throughout the entire disclosure herein, unless noted otherwise, are -
incorporated by reference in their entirety. In the event that there are a plurahty of .
deﬁhitions for terms herein, those in this section prevail. Where reference is made to

a URL or other such identifier or-address, it understood that s'uch identifiers can

- change and particular information on the internet can come and go, but equivalent,. -

information can be found by searching the internet. Reference thereto evidences the
avallablhty and public dissemination of such information.
As used herein, “combination therapy refers to a treatment in which a subJ ect

is given two or more thérapeutic agents, such as at least two or at least three

therapeutic agents, for treating a single disease. For purposes herein, combination

therapy includes therapy with a polymer-conjugated hyaluronan degrading enzyme
and an immune chéckpoint protéih blocking agent.

As used herein, "immune checkpoints” refer to inhibitory pathways of the
immune system that are responsible for maintaining self-tolerance and modulating the
duration and amplitude of physiological immune responses in peripheral tissues in
order to minimize collateral tissue damage. Immune checkpoints are regulated by
immune checkpoint proteins.

As used herein, an "immune checkpoint protein” is a protein, typically a

receptor (e.g., CTLA4 or PD-1) or a ligand (e.g., PD-L1) that regulates or modulates
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“ the extent of an immune response. The immune checkpoint proteins can be inhibitory

or stimulatory. In particular, the immune checkpoint proteins are inhib'itory'to the
activation of the immune response. Thus, inhibition of an inhibitory immune
checkpoint protein acts to stimulate or activate an immune response, such as T cell
activation and proliferation.

| As used herein, an "immune checkpoint inhibitor" or 1mmune checkpomt
inhibiting agent," or "immune checkpomt blocking agent" refers to an agent that blnds
an inhibitory immune checkpoint protein and blocks its activity. The inhibition can
be competi‘tivev or non-competitive inhibition that can be steric or allosteric. In cases
where an immune checkpoint protein is an immune stimulating protein, an immune
checkpoiﬁt ‘inhilbitor acts to promote the activity of the immune stimulating protein,
such as by binding and activéting the stimulatory immune checkpoint protein or By
inhibiting by interfering with, such as by binding or deactivating, inhibitors of the
stimulatory immune checkpoint protein. An example of an immune checkpoint
inhibitor is an anti-imhuuhe checkpoint protein antibody.

A "target" of an-immune checkpoint inhibitor is the immune checkpoint

protein to which the immune checkpoint inhibitor or immune checkpoint inhibiting

-agent binds to block activity. Typically, the immune checkpoint inhibitor specifically

binds to the target. For example, the target of the exemplary antl CTLA4 antlbody
demgnated 1p111mumab is CTLA4. |

As used herein, “antibody” refers to immunoglobulins and immunoglobulin
fragments, whether natural or partially or wholly synthetically, such as recombinantly,
produced, including any fragment thereof containing at least a portion of the variable
heavy chain and light chain region of the immunoglobulin molecule that is sufficient
to form an antigen binding site and, when assembled, to specifically bind antigen.
Hence, an antibody includes any protein having a binding domain that is homologous
or substantially homologous to an immunoglobulin antigen-binding domain (antibody

combmmg site). For example, an antibody refers to an antibody that contalns two

- heavy chains (which can be denoted H and H’) and two light chains (which can be

denoted L and L), where each heavy chain can be a full-length immunoglobulin
heavy chain or a portion thereof sufficient to form an antigen binding site (e.g., heavy

cheiir}s include, but are not limited 10, Vu chairis, Vu-Cul chains and Vyu-Cyl-Cy2-
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Cu3 chains), and eacﬁ light chain can be a full-length light chain or a portion thereof
sufﬁcient to form an antigen binding site‘ (e.g., light chains include, but are not limited
to, Vi chains arrd V-Cy chains). Each heavy chain (H and H’) pairs with one light
chain (L and L, respectively). Typically, antibodies minimally include all or at least a
portion of the variable heavy (Vi) chain and/or the variable hght (VL) chain. The
antibody also can include all or a portion of the constant region. :

For purposes herein, the term antibody includes full-length antibodies and
portions thereof includirlg antrbody fragments. -Antibody fragments, include, but are

not limited to, Fab fragments, Fab' fragrrlents, F(ab’), fragments, Fv fragments, '

_ disulfide-linked Tvs (dsFv), Fd fragments, Fd’ fragments, single—chain Fvs (sckv),

single-chain Fabs (scFab), diabodies; anti-idiotypic (anti-Id) antibodies, or antigen-
binding»fragments of any of the above. Antibody also includes synthetic antibodies,
recombinantiy produced antibodies, multispecific antrbodies (e.g., bispecific |
antibodies), human antrbodies non-human antibodies, humanized ahtibodies
'chlmerlc antibodies, and intrabodies. Antlbodles provided herein 1nclude members of
any 1mmunoglobu11n type (e.g., IgG IgM IgD IgE, IgA and IgY), any class (e g,
1gG1, 1gG2, 1gG3, 1gG4, IgAl and IgA2) or subclass (e.g., 1gG2a and IgG2b).

As used herein, a form of an antibody refers to a particular structure of an

- antibody. Antibodies herein include full length antibodies and portions thereof, sdch.

as, for exampie- an Fab fragment or other antibody fragment. Thus, an Fabisa

As used herein, reference to a “corresponding form” of an antibody means that
when comparing a property or activity of two antibodies, the property is compared
using the same. form of the antibody For example, if it’s stated that an antibody has
less activity: compared to the act1v1ty of the corresponding form of a first antibody,
that means that a particular form, such as an Fab of that antlbody, has less activity
compared to the Fab form of the first antibody.

' 4As used herein, a ﬁJll—leogth antibody'.is an antibody having two full-length
heavy chalns (e.g:, Vu-Cyl-Cu2-Cy3 or Vy-Cyl-Cy2-Cy3-Cy4) and two full- length

light chains (V-Cy) and hinge regions, such as human antibodies produced by

antibody secreting B cells and ant1bod1es with the same domains that are produced

synthetically.
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As used herein, antibody fragment or antibody portion refers to any portion of
a full-length antibody that is less than full length but contains at least a portion of the
variable region of the antibody sufficient to form an antigen binding site (e.g., one or
more CDRs) and thus retains the binding specificity and/or an activity of the full-
length antibody; antibody fragments include antibody derivatives produced by
enzymatic treatment of full-length antibodies, as well as synthetically, e.g.,
recombinantly produced derivatives. Examples of antibody fragments include, but are
not limited to, Fab, Fab', F(ab),, single-chain Fvs (scFv), Fv, dsFv, diabody, Fd and Fd
fragments (see, for example, Methods in Molecular Biology, Vol 207: Recombinant
Antibodies for Cancer Therapy Methods and Protocols (2003); Chapter 1; p 3-25,
Kipriyanov). The fragment can include multiple chains linked together, such as by
disulfide bridges and/or by peptide linkers. An antibody fragment generally contains
at least about 50 amino acids and typically at least 200 amino acids.

As used herein, an Fv antibody fragment is composed of one variable heavy
domain (Vy) and one variable light (V1) domain linked by noncovalent interactions.

As used herein, a dsFv refers to an Fv with an engineered intermolecular
disulfide bond, which stabilizes the V-V pair.

As used herein, an Fd fragment is a fragment of an antibody containing a
variable domain (Vy) and one constant region domain (Cyl) of an antibody heavy
chain.

As used herein, a Fab fragment is an antibody fragment that results from
digestion of a full-length immunoglobulin with papain, or a fragment having the same
structure that is produced synthetically, e.g., by recombinant methods. A Fab
fragment contains a light chain (containing a V1, and C;) and another chain containing
a variable domain of a heavy chain (V) and one constant region domain of the heavy
chain (Cyl).

As used herein, a F(ab’), fragment is an antibody fragment that results from
digestion of an immunoglobulin with pepsin at pH 4.0-4.5, or a fragment having the
same structure that is produced synthetically, e.g., by recombinant methods. The
F(ab’), fragment essentially contains two Fab fragments where each heavy chain
portion contains an additional few amino acids, including cysteine residues that form

disulfide linkages joining the two fragments.
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As used herein, a Fab’ fragment is a fragment containing one half (one heavy
chain and one light chain) of the F(ab’), fragment.

As used herein, an Fd’ fragment is a fragment of an antibody containing one
heavy chain portion of a F(ab’), fragment.

As used herein, an Fv’ fragment is a fragment containing only the Vi and Vi,
domains of an antibody molecule.

As used herein, hsFv refers to antibody fragments in which the constant
domains normally present in a Fab fragment have been substituted with a
heterodimeric coiled-coil domain (see, e.g., Arndt ef al. (2001) J Mol Biol. 7:312:221-
228).

As used herein, an scFv fragment refers to an antibody fragment that contains
a variable light chain (V1) and variable heavy chain (Vg), covalently connected by a
polypeptide linker in any order. The linker is of a length such that the two variable
domains are bridged without substantial interference. Exemplary linkers are (Gly-
Ser), residues with some Glu or Lys residues dispersed throughout to increase
solubility.

As used herein, diabodies are dimeric scFv; diabodies typically have shorter
peptide linkers than scFvs, and preferentially dimerize.

As used herein, a polypeptide “domain” is a part of a polypeptide (a sequence
of three or more, generally 5, 10 or more amino acids) that is structurally and/or
functionally distinguishable or definable. An exemplary polypeptide domain is a part
of the polypeptide that can form an independently folded structure within a
polypeptide made up of one or more structural motifs (e.g., combinations of alpha
helices and/or beta strands connected by loop regions) and/or that is recognized by a
particular functional activity, such as enzymatic activity, dimerization or antigen-
binding. A polypeptide can have one or more, typically more than one, distinct
domains. For example, the polypeptide can have one or more structural domains and
one or more functional domains. A single polypeptide domain can be distinguished
based on structure and function. A domain can encompass a contiguous linear
sequence of amino acids. Alternatively, a domain can encompass a plurality of non-
contiguous amino acid portions, which are non-contiguous along the linear sequence

of amino acids of the polypeptide. Typically, a polypeptide contains a plurality of



10

15

20

25

30

WO 2016/033555 PCT/US2015/047588

-33-

- dofnains. For example, each heavy chain and each light chain of an antibody

molecule contains a plurality of immunoglobulin (Ig) domains, each about 110 amino
acids in length.\ Those of skill in the art are familiar with polypeptide domains and
can identify them by virtue of structural and/or functional homology with other such -
domains. For exemplification herein, definitions are provided;v but it is understood
that it is well within the skill in the art to reccgnize particular domains by narhe. If
needed, appropriate software can be employed to 1dent1fy domains. -
As used herein, a variable domain with reference to an antibody is a speclﬁc Ig
domain of an antlbody heavy or hght chain that contains a sequence of amino acids
thaf varies among different antibodies. Each light chain and each heavy chain has one

variable regicn domain (VL and Vy). The variable domains provide antigen

* specificity, and thus are responsible for antigen recognition. Each variable region

contains CDRs that are part of the antigen bindiﬁg site domain and framework regions
(FRs). ‘

As used herein, “hypewariable region,” “HV,” “complementarity-determining

region,” “CDR” and “antibody CDR” are used_iriterchangcably to refer to one of a

plurality of portions within each variable region that together form an antigen binding:

siteof an antibody. Each variable region domain contains three CDRs, narnAedeI:DRl‘

" CDR2, and CDR3. The three CDRs are non-contiguous along the linear ammo a01d
' sequence but are prox1mate in the folded polypeptide. The CDRs are located within

the loops that join the parallel strands of the beta sheets of the variable domain.

CAs used herein, “antigen-binding domain,” “antigen-binding site,” “antigen

combining site” and “antibody combining- site” are used synonymously to refer to a

domain within an antibody that recognizes and physically interacts with cognate

_antigen. A native conventional full-length antibody molecule has two conventional

antigen-binding sites, cach containing poftio‘ns" of a heavy chain variable region and
portions of a light- cham var1able reglon A conventional antigen-binding site contains
the loops that connect the ant1-parallel beta strands within the variable region
domains. The antigen combining sites can contain other portions of the variable

reglon domains. Each convent10nal antlgen-bmdmg site contains three hypervariable

regions from the heavy cham and three hypervarlable regions from the light chain.
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The hypervariable regions also are called complementarity-determining regions
(CDRs). _

As used herein, “portion thereof” with reference to an antibody heavy or light
chain or variable heavy or hght chain refers to a contiguous portion thereof that is
sufficient to form an antigen b1nd1ng site such that, when assembled into an ant1b0dy
containing a heavy and light chain, it contains at least 1 or 2, typically 3,4, 5 or all 6
CDRs of the Variable. heavy (V) and variable light (V) chains sufficient to retain at
least a portion of the binding specificity of the correspondmg full-length antlbody
containing all 6 CDRs. Generally, a sufﬁ01ent antigen binding site requ1res CDR3 of
the heavy chain (CDRy3). It typically further requires the CDR3 of the light chain
(CDRy3). As described herein, one of skill in the art knows and can identify the
CDRs based on Kabat or Chothia numbering (see e.g., Kabat, E.A. et al. (1991)

Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of

Health and Human Services, NIH Publication No. 91-3242, and Chothia, C. et al.
(1987) J. Mol. Biol. 196:901-917). '
As used herein, framework regions (FRs) are the domains within'the antibody

variable region domains that are located within the beta sheets; the FR regions are

comparatively more conserved, in terms of their amino acid sequences, than the

hypervariable regions.

As used herein, a constant region domain is a domain in an antibody heavy or
light chain that contains a sequence of amino acids that is comparatively more
conserved among antibodies than the variable region domain. Each light chain has a
single light chain constant region (Cr) domain and each heavy chain contains one or
more heavy chain constant region (Cy) domains, which include, Cyul, Cu2.- -Cn3 and

CH4 Full-length IgA, IgD and IgG isotypes contain Cyl, Cu2, Cy3 and a hinge

. region, while IgE and IgM contain Cyl, Cy2, Cy3 and Cud. Cyl and Cy domains

extend the Fab arm of the antibody molecule, thus contributing to the interaction with

antigen and rotation of the antibody arms. Antibody constant regions can serve
effector functions, such as, but not limited to, clearance of ﬂantigens, pathogens and
toxins to which the antibody speciﬁcally binds, e.g., through interactions with various

cells, biomglecules and tissues.

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-35-

As used herein, the phrase “derived from” or "derivative" when referring to
antibody fragments derived from another antibody, such as a monoclonal antibody,
refers to the engineering of antibody fragments (e.g., Fab, F(ab"), F(ab"),, single-chain
Fv (scFv), Fv, dsFv, diabody, Fd and Fd' fragments) that retain the binding specificity
of the original or parent antibody. Such fragments can be derived by a variety of
methods known in the art, including, but not limited to, enzymatic cleavage, chemical
crosslinking, recombinant means or combinations thereof. Generally, the derived
antibody fragment shares the identical or substantially identical heavy chain variable
region (V) and light chain variable region (V1) of the parent antibody, such that the
antibody fragment and the parent antibody bind the same epitope.

As used herein, a “parent antibody” or “source antibody” refers the to an
antibody from which an antibody fragment (e.g., Fab, F(ab'), F(ab),, single-chain Fv
(scFv), Fv, dsFv, diabody, Fd and Fd' fragments) is derived.

As used herein, an anti-immune checkpoint protein antibody, refers to any
antibody that specifically binds to an immune checkpoint protein or a soluble
fragment thereof and blocks its activity or inhibits or reduces its activity. An anti-
immune checkpoint protein antibody typically binds an immune checkpoint ligand
protein or an immune checkpoint receptor protein and blocks the binding of a receptor
to the target immune checkpoint ligand protein or a ligand to the target immune
checkpoint receptor protein, thereby preventing the inhibitory signal transduction that
suppresses an immune response. Hence, anti-immune checkpoint protein antibodies
are immune checkpoint inhibitors. Reference to anti-immune checkpoint protein
antibodies herein include full-length antibodies and antigen-binding fragments thereof
that specifically bind to an immune checkpoint ligand or receptor protein. Exemplary
anti-immune checkpoint protein antibodies include, but are not limited to, anti-
cytotoxic T-lymphocyte-associated protein 4 (CTLA4) antibodies and anti-
programmed cell death protein 1 (PD-1) antibodies.

As used herein, an antigen-binding fragment of an anti-immune checkpoint
protein antibody refers to an antibody derived from an anti-immune checkpoint
protein antibody but that is less than the full length sequence of the anti-immune
checkpoint protein antibody but contains at least a portion of the variable regions

(heavy and light) of the antibody sufficient to form an antigen binding site (e.g., one
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or more CDRs, and generally all CDRs) and thus retains the binding specificity and/or
activity of the anti-immune checkpoint protein antibody.

As used herein, anti-CTLA4 antibody refers to any antibody that specifically
binds to cytotoxic T-lymphocyte-associated protein 4 (CTLA4) or a soluble fragment
thereof and blocks the binding of ligands to CTLA4, thereby resulting in competitive
inhibition of CTLA4 and inhibition of CTLA4-mediated inhibition of T cell
activation. Hence, anti-CTLA4 antibodies are CTLA4 inhibitors. Reference to anti-
CTLAA4 antibodies herein include a full-length antibody and derivatives thereof, such
as antigen-binding fragments thereof that specifically bind to CTLA4. Exemplary
anti-CTLA4 antibodies include, but are not limited to, Ipilimumab or Tremelimumab,
or a derivative or antigen-binding fragment thereof.

As used herein, a cytotoxic T-lymphocyte-associated protein 4 (CTLA4; also
known as CD152) antigen refers to an inhibitory receptor of the immunoglobulin
superfamily, that is bound by ligands such as CDS80 (also called B7-1) and CD86,
(also called B7-2). CTLA4 includes human and non-human proteins. In particular,
CTLAA4 antigen includes human CTLA4, which has the sequence of amino acids set
forth in SEQ ID NO: 10 (see e.g., GenBank Accession No. AAL07473.1).

As used herein, anti-PD-1 antibody refers to any antibody that specifically
binds to programmed cell death protein 1 (PD-1) or a soluble fragment thereof and
blocks the binding of ligands to PD-1, thereby resulting in competitive inhibition of
PD-1 and inhibition of PD-1-mediated inhibition of T cell activation. Hence, anti-PD-
1 antibodies are PD-1 inhibitors. Reference to anti-PD-1 antibodies herein include a
full-length antibody and derivatives thereof, such as antigen-binding fragments
thereof that specifically bind to PD-1. Exemplary anti-PD-1 antibodies include, but
are not limited to, Nivolumab, MK-3475, Pidilizumab, or a derivative or antigen-
binding fragment thereof.

As used herein, a programmed cell death protein 1 (PD-1) antigen refers to an
inhibitory receptor, that is a type 1 membrane protein and is bound by ligands such as
PD-L1 and PD-L2, which are members of the B7 family. PD-1 includes human and
non-human proteins. In particular, PD-1 antigen includes human PD-1, which has the
sequence of amino acids set forth in SEQ ID NO: 299 (see e.g., UniProt Accession
No. Q15116.3).
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As used herein, anti-PD-L1 antibody refers to an antibody that specifically
binds to programed death-ligand 1 (PD-L1) or a soluble fragment thereof and
blocking the binding of the ligand to PD-1, thereby resulting in competitive inhibition
of PD-1 and inhibition of PD-1 -me_:diated inhibition of T cell activity. Hence, anti-PD-
L1 antibodies are PD-1 inhibitors. Reference to anti-PD-L1 antibodies herein include
a -full-length antibody and derivatives thereof, such as antigen-binding fragments
thereof that specifically bind to PD-L1. Exemplary anti-PD-L1 antibodies include,
but are not limited to, BMS-936559, MPDL3280A, MEDI4736 or a derivative or
antigen-binding fragment thereof..

As used herein, “bind,” “bound” or grammatical variations thereof refers to
the participation of a molecule in any attractive interaction with another molecule,
resulting in a stable association in which the two molecules are in close proximity to
one another. Binding includes, but is not limited to, non-covalent bonds, covalent
bonds (such as reversible and irreversible covalent bonds), and includes interactions
between molecules such as, but not limited to, proteins, nucleic acids, carbohydrates,
lipids, and small molecules, such as chemical compounds including drugs.

Exemplary bonds are antibody-antigen interactions and receptor-ligand interactions.

‘When an antibody “binds” a particular antigen, bind refers to the specific recognition

of the antigen by the antibody, through cognate antibody-antigen interaction, at
antibody combining sites. Binding also can include association of multiple chains of
a polypeptide, such as antibody chains which interact through disulfide bonds.

As used herein, binding activity refers to characteristics of a molecule, e.g., a
polypeptide, relating to whether or not, and how, it binds one or more binding partners.
Binding activities include the ability to bind the binding partner(s), the affinity with
which it binds to the binding partner (e.g., high affinity), the avidity with which it
binds to the binding partner, the strength of the bond with the binding partner and/or
specificity for binding with the binding partner.

As used herein, “affinity” or “binding affinity” describes the strength of the
interaction between two or more molecules, such as binding partners, typically the
strength of the noncovalent interactions between two binding partners. The affinity of
an antibody.or antigen-binding fragment thereof for an antigen epitope is the measure

of the strength of the total noncovalent interactions between a single antibody
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combining site and the epitope. Low-affinity antibody-antigen interaction is weak, and
the molecules tend to dissociate rapidly, while high affinity antibody-antigen-binding is
strong and the molecules remain bound for a longer amount of time. Methods for
calculating affinity are well-known, such as methods for determining
association/dissociation constants. For example, a high antibody affinity means that
the antibody specifically binds to a target protein with an equilibrium association
constant (K ») of greater than or equal to about 10° M, greater than or equal to about
10" M, greater than or equal to about 10° M, or greater than or equal to about 10° M-
1, 10" M'l, 10" M or 10> M. Antibodies also can be characterized by an
equilibrium dissociation constant (Kp) 10 M, 10° M to 107 M, or 10® M, 10710 M,
10" M or 102 M or lower. Affinity can be estimated empirically or affinities can be
determined comparatively, e.g., by comparing the affinity of one antibody and another
antibody for a particular antigen. For example, such affinities can be readily
determined using conventional techniques, such as by equilibrium dialysis; by using
the BIAcore 2000 instrument, using general procedures outlined by the manufacturer;
by radioimmunoassay using radiolabeled target antigen; or by another method known
to the skilled artisan. The affinity data can be analyzed, for example, by the method of
Scatchard et al., Ann N.Y. Acad. Sci., 51:660 (1949).

As used herein, antibody avidity refers to the strength of multiple interactions
between a multivalent antibody and its cognate antigen, such as with antibodies
containing multiple binding sites associated with an antigen with repeating epitopes or
an epitope array. A high avidity antibody has a higher strength of such interactions
compared with a low avidity antibody.

As used herein, “affinity constant” refers to an association constant (Ka) used
to measure the affinity of an antibody for an antigen. The higher the affinity constant
the greater the affinity of the antibody for the antigen. Affinity constants are
expressed in units of reciprocal molarity (i.e., M™') and can be calculated from the rate
constant for the association-dissociation reaction as measured by standard kinetic
methodology for antibody reactions (e.g., immunoassays, surface plasmon resonance,
or other kinetic interaction assays known in the art). The binding affinity of an

antibody also can be expressed as a dissociation constant, or Kd. The dissociation
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constant is the reciprocal of the association constant, Kd = 1/Ka. Hence, an affinity
constant also can be represented by the Kd. _

As used herein, the term “the same,” when used in reference to antibod.y
binding afﬁnit};, means that the association constant (Ka) or dissociation constant
(Kd) is within about 1 to 100 fold or 1 to 10 fold of the reference antibody (1-100 fold
greater affinity or 1-100 fold less afﬁnrty, or any numerical value or range or Value
within such ranges, than the reference antibody). .

 As used herein, “substantially the same” when used in reference to association
constant (Ka) or dissociation constant (Kd), means that the association constant is
within about 5 to 5000 fold greater or less than the association constant, Ka, of the
reference antibody (5-5000 fold greater or 5-5000 fold less than the reference
antlbody) | ' '

As used herein, ¢ spe01ﬁcally bind” or 1mmunospecrﬁcally bind” with respect
to an antlbody or antigen-bmdmg fragment thereof are used mterchangeably herem
and refer to the abrhty of the antibody or antigen-binding fragment to form one or-
more noncovalent bonds w1th a cognate dntigen, by noncovalent interactions between'
the antibody combining site(s) of the antibody -and the antig‘en Typically,‘ an antibody
that 1mmunospec1ﬁcally binds (or that spemﬁcally binds) is one that binds to a target |
with an afﬁnity constant Ka of about or 1x10’ M or 1x 103 M or greater (or a
d15$001at10n constant (Kq) of 1x 107 M or 1% 10® M or less). Affinity constants can be

determined by standard kinetic methodology for antibody reactions, for example,

immunoassays, surface plasmon resonance (Si)R) (Rich and Myszka (2000) Curr.

Opin. Biotechnol 11:54; Englebienne (1998) Analyst. 123:1599), isothermal titration
calorimetry (ITC) o‘r other kinetic interaction assays known in the art (see, e.g., Paul;
ed.; Fundamental Immunology, 2nd ed., Raven Press, New York, pages 332-336
(1989); see also U.S. Pat. No. 7,229,619 for a description of exemplary SPR and ITC
methods for calculating the binding afﬁnity of antibodies). Instrumentation and
methods for real time detection and monitoring of binding rates are known and are
commer'eially available (e.g., BlAcore 2000, BlAcore AB, Upsaia, Sweden and GE
Healthcare Life "Sciences;' Malmqvist (1999) Biochem. Soc. T vans. 27:335).
Antihodies or antigen-binding fragments.‘that immunospecifically bind to a particular

antigen (eg, EG_FR) can be identified, for example, by immunoassays, such as
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radioimmunoassays (RIA), enzyme-linked immunosorbent assays (ELISAs), surface
plasmon resonance, or other techniques known to those of skill in the art.

As used herein, an immune response is a response generated by an animal
subject when lymphocytes identify an antigenic molecule as foreign and induce the
formation of antibodies and lymphocytes capable of reacting with the foreign antigen
and acting to remove the antigen. In particular, the antigenic molecule is an antigen
associated with a tumor cell and the immune response is directed against the tumor
cell.

As used herein, an enhanced immune response is an increase in activity
associated with an immune response. Enhanced or increased immune activity can be
measured by a variety of methods, including, but not limited to, an increase in
circulating immune cells (e.g., lymphocytes) and an increase in lymphocytes that
specifically recognize tumor antigens.

As used herein, an anti-tumor immune response is an immune response
specifically directed against a tumor cell or tumor antigen.

As used herein, an anti-hyaluronan agent refers to any agent that modulates
hyaluronan (HA) synthesis or degradation, thereby altering hyaluronan levels in a
tissue or cell. For purposes herein, anti-hyaluronan agents reduce hyaluronan levels
in a tissue or cell compared to the absence of the agent. Such agents include
compounds that modulate the expression of genetic material encoding HA synthase
(HAS) and other enzymes or receptors involved in hyaluronan metabolism, or that
modulate the proteins that synthesize or degrade hyaluronan including HAS function
or activity. The agents include small-molecules, nucleic acids, peptides, proteins or
other compounds. For example, anti-hyaluronan agents include, but are not limited to,
antisense or sense molecules, antibodies, enzymes, small molecule inhibitors and
HAS substrate analogs.

As used herein, a hyaluronan degrading enzyme refers to an enzyme that
catalyzes the cleavage of a hyaluronan polymer (also referred to as hyaluronic acid or
HA) into smaller molecular weight fragments. Exemplary hyaluronan degrading
enzymes are hyaluronidases, and particular chondroitinases and lyases that have the
ability to depolymerize hyaluronan. Exemplary chondroitinases that are hyaluronan

degrading enzymes include, but are not limited to, chondroitin ABC lyase (also
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known as chondroitinase ABC), chondroitin AC lyase (also known as chondroitin
sulfate lyase or chondroitin sulfate eliminase) and chondroitin C lyase. Chondroitin
ABC lyase includes two enzymies, chondroitin-sulfate-ABC endolyase (EC 4.2.2.20)
and chondroitin-sulfatefABC eixolyasé (EC 4.2.2.21). Exemplary chondroitin-sulfate-

ABC eridolyaseé and chondroitin-sulfate-ABC exolyases include, but are not limited

to, those frd‘rn-:P_roteu,{ igu.lgaris ana F lavcbacterium heparinum (the Proteus vulgaris
chondroitin-sulfate-ABC endolyase is set fortH in SEQ ID NO: 253; Sato ef al. (1994)
Appl Microbiol. Biotechhdl 4v1(1)'39—46) Exemplary chondroitinase AC eﬁzymeg V
from the bacterla include, but are not limited to, those from F lavobacterzum
heparinum, set forth in SEQ ID NO: 254, Victivallis vadensis, set forth in SEQ ID
NO: 255, and Arthrobacter aurescens (Tkalec et al. (2000) Applied and
Envirormental Microbiology 66(1):29-35; Emst et al. (1995) Critical Reviews in |
Biacherhistry and Molecular Biology::30(5):387—444). Exemplary chondroitinasé C
enzymes from the bacteria include, but aré: not limited to, those from Streptococcus
and Flavobacterium (Hibi et al.“(l 989) FEMS-Microbiol-Lett. 48(2):121-4;
Michelacci et al. (1976) J. Biol. Chem. 251:11 54-8; Tsuda ef al. (1999) Eur. J.
Biochem. 262:127-133). A

As used herein, hyaluronidase refers to a class of hyaluronan degrading

enzymes. Hyaluronidases include bacterial hyaluronidases (EC 4.2.2.1 or EC

- 4.2.99.1), hyaluronidases from leeches, other parasites, and crustaceans (EC 3.2.1.36),

and mammalian-type hyaluronidases (EC 3.2.1.35). Hyaluronidases include any of
non-human ori gin including, but not limited to, murine, canine, feline, leporirie, avian,
bovine, Ovine, porcine, equine, piscine, ranine, bacterial, and any from leeches, other
parasités and crustaceans. Exemplary non-human hyaluronidases include,
hyaluronldases from cows (SEQID NOS: 176-178 and BH55 (U.S. Pat. Nos.
5,747,027 and 5,827,721)), yellow Jacket wasp (SEQ ID NOS: 171 and 172), honey
bee (SEQ ID NO: 173), white-face hornet (SEQ ID NO: 174), paper wasp (SEQ ID
NO: 175), mouse (SEQ ID NOS: 193-196), pig (SEQ ID NOS: 191, 192), rat (SEQ
ID NOS: 198-201), rabbit (SEQ ID NO: 203), sheep (SEQ ID NOS: 184-187),
chimpanzee (SEQ ID NO: 204), Rhesus monkey (SEQ ID NO: 202), orangutan (SEQ
ID NO:205), cynomolgus monkey (SEQ ID NO: 206), guinea pig (SEQ ID NO: 197),

- Arthrobacter sp. (strain FB24) (SEQ ID NO: 222), Bdellovibrio bacteriovorus (SEQ
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ID NO: 223), Propionibacterium acnes (SEQ ID NO: 224), Streptococcus agalactiae
((SEQ ID NO: 225); 18RS21 (SEQ ID NO: 226); serotype Ia (SEQ ID NO: 227); and
serotype III (SEQ ID NO: 228)), Staphylococcus aureus (strain COL (SEQ ID

NO: 229); strain MRSA252 (SEQ ID NOS: 230, 231); strain MSSA476 (SEQ ID
NO: 232); strain NCTC 8325 (SEQ ID NO: 233); strain bovine RF122 (SEQ ID
NOS: 234, 235); and strain USA300 (SEQ ID NO: 236)), Streptococcus pneumoniae
((SEQ ID NO: 237); strain ATCC BAA-255/R6 (SEQ ID NO: 238); and serotype 2,
strain D39 / NCTC 7466 (SEQ ID NO: 239)), Streptococcus pyogenes (serotype M1
(SEQ ID NO: 240); serotype M2, strain MGAS10270 (SEQ ID NO: 241); serotype
M4, strain MGAS10750 (SEQ ID NO: 242); serotype M6 (SEQ ID NO: 243);
serotype M 12, strain MGAS2096 (SEQ ID NOS: 244, 245); serotype M 12, strain
MGAS9429 (SEQ ID NO: 246); and serotype M28 (SEQ ID NO: 247));
Streptococcus suis (SEQ ID NOS: 248-250); Vibrio fischeri (strain ATCC 700601/
ES114 (SEQ ID NO: 251)), and the Streptomyces hyaluronolyticus hyaluronidase
enzyme, which is specific for hyaluronic acid and does not cleave chondroitin or
chondroitin sulfate (Ohya, T. and Kaneko, Y. (1970) Biochim. Biophys. Acta 198:607).
Hyaluronidases also include those of human origin. Exemplary human
hyaluronidases include HYAL1 (SEQ ID NO: 218), HYAL2 (SEQ ID NO: 219),
HYALS3 (SEQ ID NO: 220), HYAL4 (SEQ ID NO: 221), and PH20 (SEQ ID

NO: 217). Also included amongst hyaluronidases are soluble hyaluronidases,
including, ovine and bovine PH20, soluble human PH20 and soluble rHuPH20.
Examples of commercially available bovine or ovine soluble hyaluronidases include
Vitrase® (ovine hyaluronidase), Amphadase® (bovine hyaluronidase) and Hydase™
(bovine hyaluronidase).

As used herein, “purified bovine testicular hyaluronidase” refers to a bovine
hyaluronidase purified from bovine testicular extracts (see U.S. Patent Nos.
2,488,564, 2,488,565, 2,806,815, 2,808,362, 2,676,139, 2,795,529, 5,747,027 and
5,827,721). Examples of commercially available purified bovine testicular
hyaluronidases include Amphadase® and Hydase™, and bovine hyaluronidases,
including, but not limited to, those available from Sigma Aldrich, Abnova, EMD
Chemicals, GenWay Biotech, Inc., Raybiotech, Inc., and Calzyme. Also included are

recombinantly produced bovine hyaluronidases, such as but not limited to, those



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

43-

generated by expression of a nucleic acid molecule set forth in any of SEQ ID
NOS: 181-183.

As used herein, “purified ovine testicular hyaluronidase” refers to an ovine
hyaluronidase purified from ovine testicular extracts (see U.S. Patent Nos. 2,488,564,
2,488,565 and 2,806,815 and International PCT Publication No. W0O2005/118799).
Examples of commercially available purified ovine testicular extract include
Vitrase®, and ovine hyaluronidases, including, but not limited to, those available from
Sigma Aldrich, Cell Sciences, EMD Chemicals, GenWay Biotech, Inc.,
Mybiosource.com and Raybiotech, Inc. Also included are recombinantly produced
ovine hyaluronidases, such as, but not limited to, those generated by expression of a
nucleic acid molecule set forth in any of SEQ ID NOS: 188-190.

As used herein, “PH20” refers to a type of hyaluronidase that occurs in sperm
and is neutral-active. PH-20 occurs on the sperm surface, and in the lysosome-
derived acrosome, where it is bound to the inner acrosomal membrane. PH20
includes those of any origin including, but not limited to, human, chimpanzee,
Cynomolgus monkey, Rhesus monkey, murine, bovine, ovine, guinea pig, rabbit and
rat origin. Exemplary PH20 polypeptides include those from human (SEQ ID
NO: 217), chimpanzee (SEQ ID NO: 204), Rhesus monkey (SEQ ID NO: 202),
Cynomolgus monkey (SEQ ID NO: 206), cow (e.g., SEQ ID NOS: 177, 178), mouse
(SEQ ID NO: 196), rat (SEQ ID NO: 201), rabbit (SEQ ID NO: 203), sheep (SEQ ID
NOS: 185-187) and guinea pig (SEQ ID NO: 197).

Reference to hyaluronan degrading enzymes includes precursor hyaluronan
degrading enzyme polypeptides and mature hyaluronan degrading enzyme
polypeptides (such as those in which a signal sequence has been removed), truncated
forms thereof that have activity, and includes allelic variants and species variants,
variants encoded by splice variants, and other variants, including polypeptides that
have at least 40%, 45%, 50%, 55%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%,
97%, 98%, 99% or more sequence identity to the precursor polypeptides set forth in
SEQ ID NOS: 217 and 129, 130, 171-178, 184-187, 191-206 218-255, 258, 268-272,
274, 300, and 301, or the mature forms thereof. For example, reference to hyaluronan
degrading enzyme also includes the human PH20 precursor polypeptide variants set

forth in SEQ ID NOS: 179, 180. Hyaluronan degrading enzymes also include those
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that contain chemical or posttranslational modifications and those that do not contain
chemical or posttranslational modifications. Such modifications include, but are not
limited to, PEGylation, albumination, glycosylation, farnesylation, carboxylation,
hydroxylation, phosphorylation, and other polypeptide modifications known in the art.
A truncated PH20 hyaluronidase is any C-terminal shortened form thereof,
particularly forms that are truncated and neutral active when N-glycosylated.

As used herein, a “soluble PH20” refers to any form of PH20 that is soluble
under physiologic conditions. A soluble PH20 can be identified, for example, by its
partitioning into the aqueous phase of a Triton® X-114 solution at 37 °C (Bordier et
al., (1981) J. Biol. Chem., 256:1604-7). Membrane-anchored PH20, such as lipid-
anchored PH20, including GPI-anchored PH20, will partition into the detergent-rich
phase, but will partition into the detergent-poor or aqueous phase following treatment
with Phospholipase-C. Included among soluble PH20 are membrane-anchored PH20
in which one or more regions associated with anchoring of the PH20 to the membrane
has been removed or modified, where the soluble form retains hyaluronidase activity.
Soluble PH20 also includes recombinant soluble PH20 and those contained in or
purified from natural sources, such as, for example, testes extracts from sheep or
cows. An example of such soluble PH20 is soluble human PH20.

As used herein, soluble human PH20 or sHuPH20 includes PH20 polypeptides
lacking all or a portion of the glycosylphosphatidylinositol (GPI) anchor sequence at
the C-terminus such that upon expression, the polypeptides are soluble under
physiological conditions. Solubility can be assessed by any suitable method that
demonstrates solubility under physiologic conditions. An example of such methods is
the Triton® X-114 assay, that assesses partitioning into the aqueous phase and that is
described above and in the examples. In addition, a soluble human PH20 polypeptide
is, if produced in CHO cells, such as CHO-S cells, a polypeptide that is expressed and
is secreted into the cell culture medium. Soluble human PH20 polypeptides, however,
are not limited to those produced in CHO cells, but can be produced in any cell or by
any method, including recombinant expression and polypeptide synthesis. Reference
to secretion by CHO cells is definitional. Hence, if a polypeptide could be expressed
and secreted by CHO cells and is soluble, i.e., partitions into the aqueous phase when

extracted with Triton® X-114, it is a soluble PH20 polypeptide whether or not it is so-
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produced. The precursor polypeptides for sHuPH20 polypeptides can irlclude asignal -
sequence, such as a heterelogous or non-heterologous (7.e., native) signal s'eqﬁence.
Exemplary precursors are those th'at include a signal sequence, such as the native 35
amino a01d signal sequence at amino acid posmons 1-35 (see, e.g., amino acids 1-35.
of SEQ ID NO: 217). Exemplary soluble human PH20 polypeptides include a PH2O
leypept1de that has the sequence-of amino acids set forth in any of SEQ ID NOS:
123-158, or a sequence of amino acids that exhibits at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence idenrity to
a sequence of amino acids set forth in any o‘f‘ SEQ ID NOS: 123-158 and retains
hyaluronidase activity _ _ '

As used herein, “soluble recornbinaht human PHA2OV('rVI-’IuPH20)” refers to a
composition—'containing sdlubles form of ‘human PH20 as recombinantly expressed _‘
and secreted in Chirlese ‘Hamster Ovary (CHOY) cells. Soluble rHuPH20 is enco‘-'ded' by
nucleic acid molecule that includes the signal sequence and-is set'forth in'SEQ ID -
NO: 111. The nucleic acid encodmg soluble rHuPH20 is expressed m CHO cells
which secrete the mature polypeptlde As produced in the culture medrum there i is
heterogenelty at the C-terminus so that the product includes a mixture of ; spe01es that
can.include any one or mere of SEQ ID NO: 123-128 in vari:(')us abundance, .

As used herein,. a “conjugate” refers to a pblypeptide linked direerly or “

indirectly to one or more other po-lypeptides or chemical moieties. Such conjugates

include fusion proteins, those produced by chemical conjugates and those produce'd

by any other methods. For example, a conjugate refers to hyaluronan-degrading

eniyme, such as a hyaluroriidase or soluble PH20 polypeptide, linked directly or

- indirectly to one or more other polypeptides or chemical moieties, whereby at least

one soluble PH20 polypeptide is linked, directly or indirectly to another polypeptide

~or chemical moiety so long as the conjugate retains-hyaluronidase act1v1ty

As used herein, a “polymer-conjugated hyaluronan- degradlng enzyme’ refers
toa hyaluronan-degradmg enzyme that is linked directly or indirectly to a polymer.

The linkage can be any type of linkage, including, but not limited to, ionic and

covalent bonds, and any other sufficiently stable associated interaction. For example,

a polymer-conjugated hyaluronan-degrading enzyme, includes a hyaluronidase or

" soluble PH20 polypeptide conjugated to a polymer. Reference to a polymer-
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conjugated hyaluronan-degrading enzyme means that the conjugate exhibits
hyaluronidase activity. Typically, the polymer-conjugate exhibits at least 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90% or more of the hyaluronidase activity compared to
the hyaluronan-degrading enzyme that is not conjugated to a polymer.

As used herein, an “N-linked moiety” refers to an asparagine (N) amino acid
residue of a polypeptide that is capable of being glycosylated by post-translational
modification of a polypeptide. Exemplary N-linked moieties of human PH20 include
amino acids N82, N166, N235, N254, N368 and N393 of human PH20 set forth in
SEQ ID NO: 217.

As used herein, a “polymer” refers to any high molecular weight natural or
synthetic moiety that is made up of repeating unites. Polymers include, but are not
limited to, polyethylene glycol moieties, dextran, cellulose and sialic acid. These and
other exemplary polymers are described herein, and many are known in the art. For
purposes herein, the polymer can be conjugated to, i.e., stably linked directly or
indirectly via a linker, to a polypeptide. Such polymer conjugates, typically increase
serum half-life, and include, but are not limited to sialic moieties, PEGylation
moieties, dextran, and sugar and other moieties, such as glycosylation. For example,
hyaluronidases, such as a soluble PH20 or rHuPH20, can be conjugated to a polymer.

As used herein, “PEGylated* refers to covalent or other stable attachment of
polymeric molecules, such as polyethylene glycol (PEGylation moiety PEG) to
proteins, including hyaluronan degrading enzymes, such as hyaluronidases, typically
to increase half-life of the hyaluronan degrading enzyme.

As used herein, an anti-cancer agent or chemotherapeutic agent refers to an
agent that is capable of killing cells that divide rapidly, such as cancer cells. One of
skill in the art is familiar with anti-cancer agents, including chemotherapeutic agents.
Exemplary agents are described herein.

As used herein, a prodrug is a compound which exhibits pharmacologic
activity after biotransformation. For example, nucleoside analogs such as gemcitabine
are prodrugs, whereby activity occurs as a result of intracellular conversion to two
active metabolites, gemcitabine diphosphate and gemcitabine triphosphate by

deoxycytidine kinase. The triphosphate (diflurorodeoxycytidine triphosphate)
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competes with endogenous deoxynucleoside triphosphates for incorporation into
DNA.

As used herein, a derivative with reference to a drug refers to a form of a drug
that has undergone change or modification from a reference drug or agent, but still
retains activity (e.g., exhibits increased or decreased activity) compared to the
reference drug or agent. Typically a derivative form of a compound means that a side
chain of the compound has been modified or changed.

As used herein, an analogue or analog of a drug or agent is a drug or agent that
is related to a reference drug, but whose chemical and biological activities can be
different. Typically, analogues exhibit similar activities to a reference drug or agent,
but the activity can be increased or decreased or otherwise improved. Typically, an
analogue form of a compound or drug means that the backbone core of the structure is
modified or changed compared to a reference drug.

As used herein, “activity” refers to a functional activity or activities of a
polypeptide or portion thereof associated with a full-length (complete) protein. For
example, active fragments of a polypeptide can exhibit an activity of a full-length
protein. Functional activities include, but are not limited to, biological activity,
catalytic or enzymatic activity, antigenicity (ability to bind or compete with a
polypeptide for binding to an anti-polypeptide antibody), immunogenicity, ability to
form multimers, and the ability to specifically bind to a receptor, ligand or antigen.

As used herein, “hyaluronidase activity” refers to the ability to enzymatically
catalyze the cleavage of hyaluronic acid. The United States Pharmacopeia (USP)
XXII assay for hyaluronidase determines hyaluronidase activity indirectly by
measuring the amount of higher molecular weight hyaluronic acid, or hyaluronan,
(HA) substrate remaining after the enzyme is allowed to react with the HA for 30 min
at 37 °C (USP XXII-NF XVII (1990) 644-645 United States Pharmacopeia
Convention, Inc., Rockville, MD). A Reference Standard solution can be used in an
assay to ascertain the relative activity, in units, of any hyaluronidase. Ir vitro assays
to determine the hyaluronidase activity of hyaluronidases, such as PH20, including
soluble PH20 and esPH20, are known in the art and described herein. Exemplary
assays include the microturbidity assay that measures cleavage of hyaluronic acid by

hyaluronidase indirectly by detecting the insoluble precipitate formed when the
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uncleaved hyaluronic acid binds with serum albumin and the biotinylated-hyaluronic
acid assay that measures the cleavage of hyaluronic acid indirectly by detecting the
remaining biotinylated-hyaluronic acid non-covalently bound to microtiter plate wells
with a streptavidin-horseradish peroxidase conjugate and a chromogenic substrate.
Reference Standards can be used, for example, to generate a standard curve to
determine the activity in Units of the hyaluronidase being tested.

As used herein, specific activity refers to Units of activity per mg protein. The
milligrams of hyaluronidase is defined by the absorption of a solution of at 280 nm
assuming a molar extinction coefficient of approximately 1.7, in units of M~ cm™.

As used herein, “neutral active” refers to the ability of a PH20 polypeptide to
enzymatically catalyze the cleavage of hyaluronic acid at neutral pH (e.g., at or about
pH 7.0).

As used herein, a “GPI-anchor attachment signal sequence” is a C-terminal
sequence of amino acids that directs addition of a preformed GPI-anchor to the
polypeptide within the lumen of the ER. GPI-anchor attachment signal sequences are
present in the precursor polypeptides of GPI-anchored polypeptides, such as GPI-
anchored PH20 polypeptides. The C-terminal GPI-anchor attachment signal sequence
typically contains a predominantly hydrophobic region of 8-20 amino acids, preceded
by a hydrophilic spacer region of 8-12 amino acids, immediately downstream of the
w-site, or site of GPIl-anchor attachment. GPI-anchor attachment signal sequences can
be identified using methods well-known in the art. These include, but are not limited
to, in silico methods and algorithms (see, e.g., Udenfriend ez al. (1995) Methods
Enzymol. 250:571-582, Eisenhaber et al., (1999) J. Biol. Chem. 292: 741-758,
Fankhauser et al., (2005) Bioinformatics 21:1846-1852, Omaetxebarria et al., (2007)
Proteomics 7:1951-1960, Pierleoni et al., (2008) BMC Bioinformatics 9:392),
including those that are readily available on bioinformatic websites, such as the
ExPASy Proteomics tools site (e.g., the World Wide Web site expasy.ch/tools/).

As used herein, “nucleic acids” include DNA, RNA and analogs thereof,
including peptide nucleic acids (PNA) and mixtures thereof. Nucleic acids can be
single or double-stranded. When referring to probes or primers, which are optionally
labeled, such as with a detectable label, such as a fluorescent or radiolabel, single-

stranded molecules are contemplated. Such molecules are typically of a length such
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that their target is statistically unique or of low copy number (typically less than 5,
generally less than 3}):for probing or priming a library. Generally a probe or primer
contains at least 14, 16 or 30 coritiguous nucleotides of sequence complementary to or
identical to a gene of interest. Probes and primers can be 1A0, 20, 30, 50, 100 or more
nucleotides long. | v

As used her{ein, a peptide refers to a polypeptide that is greater than or equall'ti'o
2 amino acids in 'léhgth, and less than or equal to 40 amino acids in length.

As used herein, the amino acids which occur in the various sequences of.

- amino acids provided herein are identified according to their known, three-lettqr o_rA :

one-letter abbreviations (Table 1). The nucleotides which occur in the various nucleic
acid fragments are designated with the standard single-letter designations used
routinely in the art.

As used herein, an “amino acid” is an organic compound containing an amino
grohp and a carboxylic acid group. A polypeptide contains two or more amino acids.

For purposes herein, amino acids include the twenty naturally-occurring amino acids,

~ non-natural amino acids and amino acid analogs (i.e., amino acids wherein the o-

~carbon has a side chain).

As used herein, “amino acid residue” refers to an amino acid formed upon

chemical digestion (hydrOleis) ofa polypeptidé at its peptide linkages. The amino

_ acid residues described herein are presumed to be in the “L” isomeric form. Residues

in the “D” isomeric form, which are so designated, can be substituted for any L-amino
acid residue as long as the desired functional property is retained by the polypeptide.
NH?2 refers to the free amino group present at the amino terminus of a polypeptide.

COOH refers to the free carboxy group present at the carboxyl terminus of a

‘polypeptide. In keeping with standard polypeptide nomenclature described in J. Biol.

Chem., 243: 3557-3559 (1968), and adopted 37 C.F.R. §§ 1.821-1.822, abbreviations

for amino acid residues are shown in Table 1:

‘Table 1. Table of Correspondence
SYMBOL
1-Letter 3-Letter AMINO ACID
Y : Tyr , Tyrosine
G Gly Glycine
F Phe ~ | Phenylalanine
M Met | Methionine

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/033555 PCT/US2015/047588

10

15

-50-
Table 1. Table of Correspondence
SYMBOL

1-Letter 3-Letter AMINO ACID
A Ala Alanine
S Ser Serine
1 1le Isoleucine
L Leu Leucine
T Thr Threonine
\% Val Valine
P Pro Proline
K Lys Lysine
H His Histidine
Q Gln Glutamine
E Glu Glutamic acid
Z Glx Glu and/or Gln
N Trp Tryptophan
R Arg Arginine
D Asp Aspartic acid
N Asn Asparagine
B Asx Asn and/or Asp
C Cys Cysteine
X Xaa Unknown or other

All amino acid residue sequences represented herein by formulae have a left to
right orientation in the conventional direction of amino-terminus to carboxyl-
terminus. In addition, the phrase “amino acid residue” is defined to include the amino
acids listed in the Table of Correspondence (Table 1) and modified and unusual amino
acids, such as those referred to in 37 C.F.R. §§ 1.821-1.822, and incorporated herein
by reference. Furthermore, it should be noted that a dash at the beginning or end of
an amino acid residue sequence indicates a peptide bond to a further sequence of one
or more amino acid residues, to an amino-terminal group such as NH; or to a
carboxyl-terminal group such as COOH.

As used herein, the "naturally occurring a-amino acids" are the residues of
those 20 a-amino acids found in nature which are incorporated into protein by the
specific recognition of the charged tRNA molecule with its cognate mRNA codon in
humans. Non-naturally occurring amino acids thus include, for example, amino acids
or analogs of amino acids other than the 20 naturally-occurring amino acids and
include, but are not limited to, the D-stereoisomers of amino acids. Exemplary non-

natural amino acids are described herein and are known to those of skill in the art.
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As used herein, a DNA construct is a single- or double-stranded, linear or
circular DNA molecule that contains segments of DNA combined and juxtaposed in a
manner not found in nature. DNA constructs exist as a result of human manipulation,
and include clones and other copies of manipulated molecules.

As used herein, a DNA segment is a portion of a larger DNA molecule having
specified attributes. For example, a DNA segment encoding a specified polypeptide is
a portion of a longer DNA molecule, such as a plasmid or plasmid fragment, which,
when read from the 5’ to 3’ direction, encodes the sequence of amino acids of the
specified polypeptide.

As used herein, the term polynucleotide means a single- or double-stranded
polymer of deoxyribonucleotides or ribonucleotide bases read from the 5’ to the 3’
end. Polynucleotides include RNA and DNA, and can be isolated from natural
sources, synthesized in vitro, or prepared from a combination of natural and synthetic
molecules. The length of a polynucleotide molecule is given herein in terms of
nucleotides (abbreviated “nt”) or base pairs (abbreviated “bp”). The term nucleotides
is used for single- and double-stranded molecules where the context permits. When
the term is applied to double-stranded molecules it is used to denote overall length
and will be understood to be equivalent to the term base pairs. It will be recognized
by those skilled in the art that the two strands of a double-stranded polynucleotide can
differ slightly in length and that the ends thereof can be staggered; thus all nucleotides
within a double-stranded polynucleotide molecule may not be paired. Such unpaired
ends will, in general, not exceed 20 nucleotides in length.

As used herein, “similarity” between two proteins or nucleic acids refers to the
relatedness between the sequence of amino acids of the proteins or the nucleotide
sequences of the nucleic acids. Similarity can be based on the degree of identity
and/or homology of sequences of residues and the residues contained therein.
Methods for assessing the degree of similarity between proteins or nucleic acids are
known to those of skill in the art. For example, in one method of assessing sequence
similarity, two amino acid or nucleotide sequences are aligned in a manner that yields
a maximal level of identity between the sequences. “Identity” refers to the extent to
which the amino acid or nucleotide sequences are invariant. Alignment of amino acid

sequences, and to some extent nucleotide sequences, also can take into account
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conservative differences and/or frequent substitutions in amino acids (or nucleotides).
Conservative differences are those that preserve the physico-chemical properties of
the residues involved. Alignments can be global (alignment of the compared
sequences over the entire length of the sequences and including all residues) or local
(the alignment of a portion of the sequences that includes only the most similar region
or regions).

“Identity” per se has an art-recognized meaning and can be calculated using
published techniques. (See, e.g., Computational Molecular Biology, Lesk, A.M., ed.,
Oxford University Press, New York, 1988; Biocomputing: Informatics and Genome
Projects, Smith, D.W., ed., Academic Press, New York, 1993; Computer Analysis of
Sequence Data, Part 1, Griffin, A.M., and Griffin, H.G,, eds., Humana Press, New
Jersey, 1994; Sequence Analysis in Molecular Biology, von Heinje, G., Academic
Press, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M
Stockton Press, New York, 1991). While there exists a number of methods to measure
identity between two polynucleotide or polypeptides, the term “identity” is well-
known to skilled artisans (Carrillo, H. & Lipman, D., SIAM J Applied Math 48:1073
(1988)).

As used herein, homologous (with respect to nucleic acid and/or amino acid
sequences) means about greater than or equal to 25% sequence homology, typically
greater than or equal to 25%, 40%, 50%, 60%, 70%, 80%, 85%, 90% or 95%
sequence homology; the precise percentage can be specified if necessary. For
purposes herein the terms “homology” and “identity” are often used interchangeably,
unless otherwise indicated. In general, for determination of the percentage homology
or identity, sequences are aligned so that the highest order match is obtained (see, e.g.:
Computational Molecular Biology, Lesk, A.M., ed., Oxford University Press, New
York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D.W,, ed.,
Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part I,
Griffin, A.M., and Griffin, H.G,, eds., Humana Press, New Jersey, 1994; Sequence
Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987; and Sequence
Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton Press, New York,
1991; Carrillo et al. (1988) SIAM J Applied Math 48:1073). By sequence homology,

the number of conserved amino acids is determined by standard alignment algorithms
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programs, and can be used with default gap penalties established by each supplier.
Substantially homologous nucleic acid molecules would hybridize typically at
moderate stringency or at high stringency all along the length of the nucleic acid of
interest. Also contemplated are nucleic acid molecules that contain degenerate codons
in place of codons in the hybridizing nucleic acid molecule.

Whether any two molecules have nucleotide sequences or amino acid
sequences that are at least 60%, 70%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
“identical” or “homologous” can be determined using known computer algorithms
such as the “FASTA” program, using for example, the default parameters as in
Pearson et al. (1988) Proc. Natl. Acad. Sci. USA 85:2444 (other programs include the
GCG program package (Devereux, J., ef al., Nucleic Acids Research 12(1):387
(1984)), BLASTP, BLASTN, FASTA (Altschul, S.F., et al., J Mol Biol 215:403
(1990)); Guide to Huge Computers, Martin J. Bishop, ed., Academic Press, San
Diego, 1994, and Carrillo et al. (1988) SIAM J Applied Math 48:1073). For example,
the BLAST function of the National Center for Biotechnology Information database
can be used to determine identity. Other commercially or publicly available programs
include, DNAStar “MegAlign” program (Madison, WI) and the University of
Wisconsin Genetics Computer Group (UWG) “Gap” program (Madison WI). Percent
homology or identity of proteins and/or nucleic acid molecules can be determined, for
example, by comparing sequence information using a GAP computer program (e.g.,
Needleman ef al. (1970) J. Mol. Biol. 48:443, as revised by Smith and Waterman
((1981) Adv. Appl. Math. 2:482). Briefly, the GAP program defines similarity as the
number of aligned symbols (i.e., nucleotides or amino acids), which are similar,
divided by the total number of symbols in the shorter of the two sequences. Default
parameters for the GAP program can include: (1) a unary comparison matrix
(containing a value of 1 for identities and 0 for non-identities) and the weighted
comparison matrix of Gribskov et al. (1986) Nucl. Acids Res. 14:6745, as described
by Schwartz and Dayhoff, eds., ATLAS OF PROTEIN SEQUENCE AND
STRUCTURE, National Biomedical Research Foundation, pp. 353-358 (1979); (2) a
penalty of 3.0 for each gap and an additional 0.10 penalty for each symbol in each
gap; and (3) no penalty for end gaps.
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Therefore, as used herein, the term “identity” or “homology” represents a
comparison between a test and a reference polypeptide or polynucleotide. As used
herein, the term at least “90% identical to” refers to percent identities from 90 to
99.99 relative to the reference nucleic acid or amino acid sequence of the polypeptide.
Identity at a level of 90% or more is indicative of the fact that, assuming for
exemplification purposes a test and reference polypeptide length of 100 amino acids
are compared. No more than 10% (i.e., 10 out of 100) of the amino acids in the test
polypeptide differs from that of the reference polypeptide. Similar comparisons can
be made between test and reference polynucleotides. Such differences can be
represented as point mutations randomly distributed over the entire length of a
polypeptide or they can be clustered in one or more locations of varying length up to
the maximum allowable, e.g., 10/100 amino acid difference (approximately 90%
identity). Differences are defined as nucleic acid or amino acid substitutions,
insertions or deletions. At the level of homologies or identities above about 85-90%,
the result should be independent of the program and gap parameters set; such high
levels of identity can be assessed readily, often by manual alignment without relying
on software.

As used herein, an aligned sequence refers to the use of homology (similarity
and/or identity) to align corresponding positions in a sequence of nucleotides or
amino acids. Typically, two or more sequences that are related by 50% or more
identity are aligned. An aligned set of sequences refers to 2 or more sequences that
are aligned at corresponding positions and can include aligning sequences derived
from RNAs, such as ESTs and other cDNAs, aligned with genomic DNA sequence.

As used herein, “primer” refers to a nucleic acid molecule that can act as a
point of initiation of template-directed DNA synthesis under appropriate conditions
(e.g., in the presence of four different nucleoside triphosphates and a polymerization
agent, such as DNA polymerase, RNA polymerase or reverse transcriptase) in an
appropriate buffer and at a suitable temperature. It will be appreciated that certain
nucleic acid molecules can serve as a “probe” and as a “primer.” A primer, however,
has a 3’ hydroxyl group for extension. A primer can be used in a variety of methods,
including, for example, polymerase chain reaction (PCR), reverse-transcriptase (RT)-

PCR, RNA PCR, LCR, multiplex PCR, panhandle PCR, capture PCR, expression
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PCR, 3' and 5' RACE, in situ PCR, ligation-mediated PCR and other amplification
protocols.

As used herein, “primer pair” refers to a set of primers that includes a 5’
(upstream) primer that hybridizes with the 5' end of a sequence to be amplified (e.g.,
by PCR) and a 3' (downstream) primer that hybridizes with the complement of the 3'
end of the sequence to be amplified.

As used herein, “specifically hybridizes” refers to annealing, by
complementary base-pairing, of a nucleic acid molecule (e.g., an oligonucleotide) to a
target nucleic acid molecule. Those of skill in the art are familiar with in vitro and in
vivo parameters that affect specific hybridization, such as length and composition of
the particular molecule. Parameters particularly relevant to in vitro hybridization
further include annealing and washing temperature, buffer composition and salt
concentration. Exemplary washing conditions for removing non-specifically bound
nucleic acid molecules at high stringency are 0.1 x SSPE, 0.1% SDS, 65 °C, and at
medium stringency are 0.2 x SSPE, 0.1% SDS, 50 °C. Equivalent stringency
conditions are known in the art. The skilled person can readily adjust these
parameters to achieve specific hybridization of a nucleic acid molecule to a target
nucleic acid molecule appropriate for a particular application. Complementary, when
referring to two nucleotide sequences, means that the two sequences of nucleotides
are capable of hybridizing, typically with less than 25%, 15% or 5% mismatches
between opposed nucleotides. If necessary, the percentage of complementarity will
be specified. Typically the two molecules are selected such that they will hybridize
under conditions of high stringency.

As used herein, substantially identical to a product means sufficiently similar
so that the property of interest is sufficiently unchanged so that the substantially
identical product can be used in place of the product.

As used herein, it also is understood that the terms “substantially identical” or
“similar” varies with the context as understood by those skilled in the relevant art.

As used herein, an allelic variant or allelic variation references any of two or
more alternative forms of a gene occupying the same chromosomal locus. Allelic
variation arises naturally through mutation, and can result in phenotypic

polymorphism within populations. Gene mutations can be silent (no change in the



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-56-

encoded polypeptide) or can encode polypeptides having altered amino acid sequence.
The term “allelic variant” also is used herein to denote a protein encoded by an allelic
variant of a gene. Typically the reference form of the gene encodes a wildtype form
and/or predominant form of a polypeptide from a population or single reference
member of a species. Typically, allelic variants, which include variants between and
among species typically have at least 80%, 90% or greater amino acid identity with a
wildtype and/or predominant form from the same species; the degree of identity
depends upon the gene and whether comparison is interspecies or intraspecies.
Generally, intraspecies allelic variants have at least about 80%, 85%, 90%, 95% or
greater identity with a wildtype and/or predominant form, including 96%, 97%, 98%,
99% or greater identity with a wildtype and/or predominant form of a polypeptide.
Reference to an allelic variant herein generally refers to variations in proteins among
members of the same species.

As used herein, “allele,” which is used interchangeably herein with “allelic
variant” refers to alternative forms of a gene or portions thereof. Alleles occupy the
same locus or position on homologous chromosomes. When a subject has two
identical alleles of a gene, the subject is said to be homozygous for that gene or allele.
When a subject has two different alleles of a gene, the subject is said to be
heterozygous for the gene. Alleles of a specific gene can differ from each other in a
single nucleotide or several nucleotides, and can include modifications such as
substitutions, deletions and insertions of nucleotides. An allele of a gene also can be a
form of a gene containing a mutation.

As used herein, species variants refer to variants in polypeptides among
different species, including different mammalian species, such as mouse and human.
For example for PH20, exemplary species variants provided herein are primate PH20,
such as, but not limited to, human, chimpanzee, macaque and cynomolgus monkey.
Generally, species variants have 70%, 75%, 80%, 85%, 90%, 91%, 92%., 93%, 94%,
95%, 96%, 97%, 98% or more sequence identity. Corresponding residues between
and among species variants can be determined by comparing and aligning sequences
to maximize the number of matching nucleotides or residues, for example, such that
identity between the sequences is equal to or greater than 95%, equal to or greater

than 96%, equal to or greater than 97%, equal to or greater than 98%, or equal to or
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greater than 99%. The position of interest is then given the number assigned in the
reference nucleic acid molecule. Alignment can be effected manually or by eye,
particularly, where sequence identity is greater than 80%.

As used herein, a human protein is one encoded by a nucleic acid molecule,
such as DNA, present in the genome of a human, including all allelic variants and
conservative variations thereof. A variant or modification of a protein is a human
protein if the modification is based on the wildtype or prominent sequence of a human
protein.

As used herein, a splice variant refers to a variant produced by differential
processing of a primary transcript of genomic DNA that results in more than one type
of mRNA.

As used herein, modification is in reference to modification of a sequence of
amino acids of a polypeptide or a sequence of nucleotides in a nucleic acid molecule
and includes deletions, insertions, and replacements (e.g., substitutions) of amino
acids and nucleotides, respectively. Exemplary modifications are amino acid
substitutions. An amino-acid substituted polypeptide can exhibit 65%, 70%, 80%,
85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or more sequence identity to
a polypeptide not containing the amino acid substitutions. Amino acid substitutions
can be conservative or non-conservative. Generally, any modification to a
polypeptide retains an activity of the polypeptide. Methods of modifying a
polypeptide are routine to those of skill in the art, such as by using recombinant DNA
methodologies.

As used herein, suitable conservative substitutions of amino acids are known
to those of skill in the art and can be made generally without altering the biological
activity of the resulting molecule. Those of skill in the art recognize that, in general,
single amino acid substitutions in non-essential regions of a polypeptide do not
substantially alter biological activity (see, e.g., Watson et al. Molecular Biology of the
Gene, 4th Edition, 1987, The Benjamin/Cummings Pub. co., p.224). Such

substitutions can be made in accordance with those set forth in Table 2 as follows:
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Table 2. Conservative Amino Acid Substitutions
Original residue Exemplary conservative substitution

Ala (A) Gly; Ser
Arg (R) Lys

Asn (N) Gln; His
Cys (C) Ser

Gln (Q) Asn

Glu (E) Asp

Gly (G) Ala; Pro
His (H) Asn; Gln
Ile () Leu; Val
Leu (L) Ile; Val
Lys (K) Arg; Gln; Glu

Met (M) Leu; Tyr; lle
Phe (F) Met; Leu; Tyr
Ser (S) Thr

Thr (T) Ser

Trp (W) Tyr

Tyr (Y) Trp; Phe
Val (V) Ile; Leu

Other substitutions also are permissible and can be determined empirically or in
accord with known conservative substitutions.

As used herein, the term promoter means a portion of a gene containing DNA
sequences that provide for the binding of RNA polymerase and initiation of
transcription. Promoter sequences are commonly, but not always, found in the 5’ non-
coding region of genes.

As used herein, isolated or purified polypeptide or protein or biologically-
active portion thereof is substantially free of cellular material or other contaminating
proteins from the cell or tissue from which the protein is derived, or substantially free
from chemical precursors or other chemicals when chemically synthesized.
Preparations can be determined to be substantially free if they appear free of readily
detectable impurities as determined by standard methods of analysis, such as thin
layer chromatography (TLC), gel electrophoresis and high performance liquid
chromatography (HPLC), used by those of skill in the art to assess such purity, or
sufficiently pure such that further purification would not detectably alter the physical
and chemical properties, such as enzymatic and biological activities, of the substance.
Methods for purification of the compounds to produce substantially chemically pure

compounds are known to those of skill in the art. A substantially chemically pure
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compound, however, can be a mixture of stereoisomers. In such instances, further
purification might increase the specific activity of the compound.

Hence, reference to a substantially puriﬁed pdlypeptide, such as a substantially
purified soluble PH20, refers to preparations of pfoteins that are substantially free of
cellular material and includes preparations of proteins in which the protein is |
separated from cellular components of the cells from which it is isolated or
recombiqantly-produced._ In one embodiment, the term substantially free of cellular.
mateﬁal includes preparations of enzyme proteins having less than about 30% (by dry
weight) of non-enzyme proteins (also referred to herein as a cdntaminating prote‘in), "
generally less than about 20% of .non-enzyme‘proteins or 10% of non-enzyme
proteins or less than about 5% of non-enzyme proteins. When the enzyme protein is

recombinantly produced, it also is substantially free of culture medium, i.e., culture '

‘medium représents less than about or at 20%, 10% or 5% of the volume ofthe “

enzyme protein preparation. _ _

As used herein, the term substantially free of chemical Precursors or other
cheérnicals includes preparations of enzyme proteins in which the protein is separated
from chemical precursors or other chemicals that are involved in the synthesis' of the

protein. The term includes preparations of enzyme proteins having less than about

~ 30% (by dry weight), 20%, 10%, 5% or less of chemical precursors or non-enzyme

chemicals or components.
As used herein, synthetic, with reference to, for example, a synthetic nucleic
acid molecule or a synthetic gene or a synthetic peptide refers to a nucleic acid

molecule or polypeptide molecule that is produced by recombinant methods and/or by

-chemical synthesis methods.

As used herein, production by recombinant means or using recombinant DNA
methods means the use of the well-known methods of molecular biology for
expressing proteins encoded by cloned DNA.

As used herein, vector (or plasmid) refers to discrete elements that afe used to
introduce a heterologous nucleic acid into cells for either expression or replication

thereof. The vectors typically remain episomal, but can be designed to effect

integration of a gene or portion thereof into a chromosome of the genome. Also

- contemplated are vectors that are artificial chromosomes, such as yeast artificial
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chromosomes and mammalian artificial chrémosomes. Selection and use of such
vehicles are well-known to those of skill in the art.

As used herein, an expression vector includes vectors capable of expressing:
DNA that is operatively linked with regulatory sequences, such as promoter regions,
that are eapable of effecting expression of such DNA fragments. Such additional
segments can include promoter and terminator sequences, and optionally can include
one or more origins of replication, one or more selectable markers, an enhancef,. and a
polyadenylation signal. Expression vectors are generally derived from plasmid or
viral DNA, or can contain elements of both. Thus, an expression vector refers to a
recombinant DNA or RNA construct, such as a plasmid, a phage, recombinant virus or
other vector that, upon introduction into an appropriate host cell, results in expression
of the cloned DNA. Appropriate expression vectors are well-known tovthose of skill
in the art and include those that are replicable in eukaryotic cells and/or prokaryotic
cells and those that remain episomal or those which integrate inte‘ the host cell
genome. ' '

" As used herein, vector also includes “virus vectors” or “viral vecfors.” Virél
vectors are engineered viruses that are operatively linked to exogenous genes to
transfer (as vehicles or shuttles) the exogenous genes into cells. .'

As used herein, “operably” or “eperatively .liﬁked” when referring to DNA
segments means that the segments are arranged so that they function in concert for -
their intended purposes, e.g., transcrlptlon initiates downstream of the promoter and
upstream of any transcribed sequences. The promoter is usually the domain to which
the transeriptional maehinery‘binds to initiate transcription and proceeds through the
coding segment to the terminator.

As used herein the term “assessing” is intended to include quantitative and

qualitative determination in the sense of obtalnmg an absolute value for the activity of

a protein, such as an enzyme, or a domaln thereof, present in the sample and also of

obtaining an index, ratio, percentage, visual or other value indicative of the level of

the activity. Assessment can be direct or indirect. For example, the chemical species
aetual‘ly detected need not of course be the enzymatically cleaved product itself but

can for example be a derivative thereof or some further substance. For example,
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detection of a cleavage product can be a detectable moiety such as a fluorescent
moiety.
As used herein, biological activity refers to the in vivo activities of a

compound or physiological responses that result upon irn vivo administration of a

. compound composmon or other mixture. Blologlcal act1v1ty, thus, encompasses

_ therapeutlc effects and pharmaceutical activity of such compounds compositions and

< - mlxtures Blologlcal activities can be observed in in vitro systeins demgned to test or
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" use such act1v1t1es Thus for purposes herein a biological act1v1ty ofa hyaluromdase

- enzyme is its degradatlon of hyaluromc acid. Biological activity of an immune

checkpoint inhibitor can 1nclude but is not limited to, binding an immune checkpomt
protein, inhibiting or stimulating activity of the i immune checkpoint protein, induction
of an incréased immune response, and/or induction of a tumor-specific immune
response. » o ‘

As used herein equivaient, when referring to two sequences of nucleic acids,
means that the two séqUences in question encode the same sequehce_ of amino acids er

equivalent proteins. When equivalent is used in referring to two proteins or peptides,

it means that the two proteins or peptides have substantially the same amino acid "

seqoence with only amino acid substitutions that do not substantially alter the activity
or function of the protein or peptide. When equivalent refers to a property, the
property does not need to be present to the same extent (e.g., two peptides can exhibit
different rates of the same type of enzymatic activity), but the activities are usually
substantially the same. | |

As used herein, “modulate” and “modulation” or “alter” refer to a change of

an activity of a molecule such as a protein. Exemplary activities include, but are not

~ limited to, biological activities, such as signal transduction. Modulation can 1nclude

an increase in the act1v1ty (z e., up-regulation or agonlst activity), a decrease in
activity (i.e., down—regulatlon or inhibition) or any other alteration in an activity (such
as a change in periodicity, frequency, duration, kinetics or other parameter).
Modulation can be context dependent and typically modulation is compared toa
designated state, for example, the wildtype protein, the protein in a constitutive state,

or the protein as expressed in a designated cell type or condition.

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-62-

As used herein, direct administration refers to a composition that is
administered without dilution.

As used herein, a single dosage formulation refers to a formulation for use
only once. Typically, a single dosage formulation is for direct administration.

As used herein, a multiple dosage formulation refers to a formulation for use
in repeat administrations.

As used herein, a composition refers to any mixture. It can be a solution,
suspension, liquid, powder, paste, aqueous, non-aqueous or any combination thereof.

As used herein, a combination refers to any association between or among two
or more items. The combination can be two or more separate items, such as two
compositions or two collections, can be a mixture thereof, such as a single mixture of
the two or more items, or any variation thereof. The elements of a combination are
generally functionally associated or related.

As used herein, “disease or disorder” refers to a pathological condition in an
organism resulting from cause or condition including, but not limited to, infections,
acquired conditions, genetic conditions, and characterized by identifiable symptoms.
Diseases and disorders of interest herein are hyaluronan-associated diseases and
disorders.

As used herein, “intravenous administration” refers to delivery of a therapeutic
directly into a vein.

As used herein, a “hyaluronan-associated cancer” or “hyaluronan rich cancers”
include cancers in which hyaluronan levels are elevated as cause, consequence or
otherwise observed in the disease or condition. Hyaluronan-associated cancers or
tumors are associated with elevated hyaluronan levels in a tissue or cell, increased
interstitial fluid pressure, decreased vascular volume, and/or increased water content
in a tissue. Such cancers include, for example, tumors, including solid tumors such as
late-stage cancers, metastatic cancers, undifferentiated cancers, ovarian cancer, in situ
carcinoma (ISC), squamous cell carcinoma (SCC), prostate cancer, pancreatic cancer,
non-small cell lung cancer, breast cancer, colon cancer and other cancers.

As used herein, hyaluronan (HA; also known as hyaluronic acid or

hyaluronate) refers to a naturally occurring polymer of repeated disaccharide units of
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N-acetylglucosamine and D-glucuronic acid. Hyaluronan is produced by certain
tumors.

As used herein, elevated hyaluronan levels refers to amounts of hyaluronan in
particular tissue, body fluid or cell, dependent upon the disease or condition,
consequence or otherwise observed in the disease. For example, as a consequence of
the presence of a hyaluronan-rich tumor, hyaluronan (HA) levels can be elevated in
body fluids, such as blood, urine, saliva and serum, and/or in the tumorous tissue or
cell. The level can be compared to a standard or other suitable control, such as a
comparable sample from a subject who does not have the HA-associated disease.

As used herein, an HA score refers to a semi-quantitative score of HA
positivity levels on cell members and stroma of tumors. The score can be determined
by detection of HA in tumor tissue, such as formalin-fixed and paraffin-embedded
tissue, by histochemistry methods, such as immunohistochemistry or pseudo
immunohistochemistry methods, for HA using a hyaluronan binding protein (HABP),
(also referred to as hyaladherins) . The degree of stain on cells and stroma can be
determined visually under a microscope or by available computer algorithm programs
and software. For example, images can be quantitatively analyzed using a pixel count
algorithm for HA stain (e.g., Aperio Spectrum Software and other standard methods
that measure or quantitate or semi-quantitate the degree of staining). In such an
example, a ratio of strong positive stain (such as brown stain) to the sum of total
stained area can be calculated and scored, where if the ratio is more than 25% strong
positive stain to total stain the tumor tissue is scored as HA ", if the ratio is 10-25% of
strong positive stain to total stain the tumor tissue is scored as HA "2, if the ratio is
less than 10% of strong positive stain to total stain the tumor tissue is scored as HA ",
and if the ratio of strong positive stain to total stain is 0 the tumor tissue is scored as 0.
The Aperio method, as well as software therefor, are known to those of skill in the art
(see, e.g.,U.S. Patent No. 8,023,714; U.S. Patent No.7,257,268). A tumor is graded or
scored as HA™E" (HA ™) at strong HA staining over 25% of tumor section; as
HAM ™ (HA"2) at strong HA staining between 10 and 25% of tumor section; and as
HA"HA") at strong HA staining under 10% of tumor section.

As used herein, "moderate HA" with reference to the amount or level of HA in

a tissue or body fluid sample refers to the degree or extent of HA in the tissue or body
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fluid sample as compared to a normal or healthy tissue or body fluid sample. The
amount of HA is moderate if the amount is at about 1.3-fold to 2-fold or higher than
the amount or level of HA in a corresponding normal, control or healthy tissue. It is
understood that the amount of HA can be determined and quantitated or semi-
quantitated using methods such as solid-phase binding assays or histochemistry. For
example, the amount can be based on comparison of plasma levels or comparison of
staining intensity (e.g., percent positive pixels) as determined by histochemistry. For
example, moderate HA exists if the HA score by histochemistry or other method is
HA % and/or if there is HA staining over 10-25% of tumor section. For example,
moderate HA exists if there is a ratio of strong positive stain (such as brown stain) to
the sum of total stained area that is more than 25% strong positive stain to total stain
the tumor tissue.

As used herein, “high HA” with reference to the amount or level of HA in a
tissue or body fluid sample refers to the degree or extent of HA in the tissue or body
fluid sample as compared to a normal or healthy tissue or body fluid sample. The
amount of HA is high if the amount is at least or at least about 2.5-fold, 3-fold, 4-fold,
5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 60-
fold, 70-fold or higher than the amount or level of HA in a corresponding normal,
control or healthy tissue. It is understood that the amount of HA can be determined
and quantitated or semi-quantitated using methods such as solid-phase binding assays
or histochemistry. For example, the amount can be based on comparison of plasma
levels or comparison of staining intensity (e.g., percent positive pixels) as determined
by histochemistry. For example, high HA exists if the HA score by histochemistry or
other method is HA™ and/or if there is HA staining over 25% of tumor section. For
example, high HA exists if there is a ratio of strong positive stain (such as brown
stain) to the sum of total stained area that is more than 25% strong positive stain to
total stain the tumor tissue.

As used herein, a "hyaluronan binding protein" (HA binding protein; HABP or
or hyaladherin) refers to any protein that specifically binds to HA to permit detection
of the HA. The binding affinity is one that has as an association constant Ka that is at
least about or is at least 10’ M™. The HA binding protein can be recombinantly

produced or synthetic protein(s), or can be a protein derived from a biological source
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or physiologic source, such as cartilage. HA binding proteins include HA binding
domains, including link modules that bind to HA and sufficient portions thereof that
specifically binds to HA to permit detection thereof. Hence, HABPs include any
protein that contains a hyaluronan binding region or domain or a sufficient portion
thereof to specifically bind HA. Exemplary hyaluronan binding regions are link
modules (link domains) or G1 domains. A sufficient portion includes at least 10, 20,
30, 40, 50, 60, 70, 80, 90, 95 or more contiguous amino acids of a binding domain or
link module. HA binding proteins also include fusion proteins containing an HA
binding protein and one or more additional polypeptides, including multimerization
domains. Exemplary HA binding proteins include but are not limited to aggrecan,
versican, neurocan, brevican, phosphacan, TSG-6, TSG-6 mutants, such aS those
provided herein, including polypeptides containing HA binding domains and link
modules thereof that bind to HA. _

‘As used herein, "hyaluronan-binding domain" or "HA-binding domain" refers
to a region or domain of an HABP polypeptide that specifically binds to hyaluronan
with a binding affinity that has as an association constant Ka that is at least about or is
at least 10°M™ or 10’ M™! or greater or a dissociation constant Kd that is less than 10°
M or 107 M or less. Exemplary hyaluronan-binding domains include, for example,
link modules (also called link domains herein) or G1 domains, or sufficient portions
of a link module or G1 domain that spéciﬁcally binds to HA.

As used herein, “multimer” with reference to a hyaluronan binding pfotein
refers to an HABP that contains multiple HA binding sites, for example,. at least 2, 3,
or 4 HA binding sites. For example, an HABP multimer refers to a HABP that
contains at least 2 link modules that are each capable of binding to HA. For example,
a multimer can be generated by linking, directly or indirectly, two or more link
modules (e.g., TSG-6 link module). The linkage can be facilitated using a
multimerization domain, such as an Fc protein.

As used herein, a "multimerization domain" refers to a sequence of amino
acids that promotes a stable interaction of a polypeptide molecule with another
polypeptide molecule containing a complementary multimerization domain, which
can be the same or a different multimerization domain to form a stable multimer with

the first domain. Generally, a polypeptide is joined directly or indirectly to the (
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multlmerlzatlon domain. Exemplary- multlmerlzatlon domains include the

1mmunoglobul1n sequences or portlons thereof leucine zippers, hydrophobic reglons

- hydrophilic regions, compatible protein-protein interaction domains such as, but not

limited to an R subunit of PKA and an anchoring domain (AD), a free thiol that forms
an intermolecular disulfide bond between two molecules, and a protuberénce-into-

cavity (i.e., knob into hole) and a compensatory cavity of identical or similar size that

~ form stable multimers. The multimerization domain, for example, can be an .

"immunoglobulin constant region. The immunoglobulin sequence can be an

immunoglobulin constant domain, such as the Fc domain or portioris thereof from
IgG1, IgG2, 1gG3 or 1gG4 subtypes IgA, IgE IgD and IgM. A |

As used herem “F¢” or “Fc region” or “Fc domain” refers toa polypeptlde '
_contamlng the constant region of an antibody heavy chain, excluding the first constant‘
regiﬁon immunoglobulin domaiﬁ. Thus, Fc refers to the last two constant region
immunoglobulin domains of IgA, IgD, and IgE, or the last three constant region
immunoglobulin domains of IgE and IgM. Optionally, an Fc domain can in’c'lude.gll or
part of the flexible hinge N-terminal to these domains. For IgA and IgM, Fc can '

include the J chain. An exemplary Fc domain of IgG contains immunoglobulin

.domains Cy2 and Cy3, and optionally all or part of the hinge between Cyl and Cyi-.

The bouhdairjes of the Fc region can vary, but typically include at least part of the

hinge region. In addition, Fc also includes any allelic or species variant or any variant

 or modified form, such as any variant or modified form that alters the binding to an

FcR or alters an Fe-mediated effector function. Exemplary sequences of other Fc

- domains, including modified Fc¢ domains, are known.

7 As used herein, normal levels or values can be defined in a variety of ways
known to one of skill in the art. Typically, normal levels refer to the expression levels
of a HA across a healthy population. The normal levels (or reference levels) are based

on measurements of healthy subjects, such as from a specified source (i.e., blood,

serum, tissue, or other source). Often, a normal level will be specified as a “normal

range”, which typically refers to the range of values of the median 95% of the healthy
population. Reference value is used interchangeably herein with normal level but can
be different from gbrfnal levels depending on the subjects or the source. Reference

levels are t}?pieally dependent on the nprhdal levels of a partieular segment of the
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population. Thus, for purposes herein, a normal or reference level is a predetermined
standard or control by which a test patient can be compared.

As used herein, "elevated level” refers to any level of amount or
expression of HA above a recited or normal threshold.

As used herein, "biological sample" refers to any sample obtained from a
living or viral source or other source of macromolecules and biomolecules, and
includes any cell type or tissue of a subject from which nucleic acid or protein or
other macromolecule can be obtained. The biological sample can be a sample
obtained directly from a biological source or a sample that is processed. For example,
isolated nucleic acids that are amplified constitute a biological sample. Biological
samples include, but are not limited to, body fluids, such as blood, plasma, serum,
cerebrospinal fluid, synoviél fluid, urine and sweat, tissue and organ samples from
animals, including biopsied tumor samples.

As used herein, "detection” includes methods that permit visualization (by eye
or equipment) of a protein. A protein can be visualized using an antibody specific to
the protein. Detection of a protein can also be facilitated by fusion of a protein with a
tag including an epitope tag or label.

As used herein, “treating” a subject with a disease or condition means that the
subject’s symptéms are partially or totally alleviated, or remain static following
treatment. Hence treatment encompasses prophylaxis, therapy and/or cure.
Prophylaxis refers to prevention of a potential disease and/or a prevention of
worsening of symptoms or progression of a disease.

As used herein, a "pharmaceutically effective agent," includes any therapeutic
agent or bioactive agents, including, but not limited to, for example,
chemotherapeutics, anesthetics, vasoconstrictors, dispersing agents, conventional
therapeutic drugs, including small molecule drugs and therapeutic proteins.

As used herein, "treatment” means any manner in which the symptoms of a
condition, disorder or disease or other indication, are ameliorated or otherwise
beneficially altered.

As used herein, "therapeutic effect” means an effect resulting from treatment
of a subject that alters, typically improves or ameliorates the symptoms of a disease or

condition or that cures a disease or condition. A therapeutically effective amount
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refers to the amount of a composition, molecule or compound which results in a
therapeutic effect following administratfon to a subject. |

As used herein, the term ‘:‘>subj(e_ct”‘ refers to an animal, including a mammal,
such as a human being. |

As used herein, a "patieht" refers to a human subject exhibiting symptoms of a

disease or disorder.

As used herein, "about the same" rneéns within an amount that one of skill in
the art would consider to be the same or to be within an acceptablé range of érror. For
example, typically, for pharmaceutical compositions, within at least 1%, 2%, 3%, 4%,
5% or 10% is considered about the same. Such"amo_unt can vary depending upon the.
tolerance for variation in the particular compb.sition by subjects. '

As used herein, "dosing regimen" refers to the amount of agent, for ex‘arrnplé:,‘.

the composition containing an anti-hyaluronan agent, for example a soluble

‘hyaluronidase or other agent, administered; and the frequency of administration. The

dosing regimen is a function of the disease or condition to be treated; and thus can’

- vary.

As used herein, "frequency" of administration refers to the time between

successive administrations of treatment. For example, frequency can be days, weeks

. or months. For example, frequency can be more than once weekly, for example, twice

a-‘week, three times a week, four times a week, five times a week, six times a week or

+daily. Frequency also can be one, two, three or four weeks. The particular frequency

is a function of the particular disease or condition treated. Generally, frequency is

more than once weekly, and generally is twice weeklly.

* A’s used herein, a “cycle of administration” refers to the repeated schedule of
the dosing regimen of administration of the enzyme and/or a second agent that is
repeated over successive administrations. For example, an exemplary cycle of
adrriiriistraftion is a 28 day cy_cle‘with administration twice weekly for ‘three weeks,
folloWed by one-week of discontinued dosing.

As used herein, when referencing dosage based on mg/kg of the subject, an
average human subject is considered.to have a mass of about 70 kg-75 kg, such as 70

kg and a body surface area (BSA) of 1.73 m-.
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As used herein, amelioration of the symptoms of a particular disease or
disorder by a treatment, such as by administration of a pharmaceutical composition or
other therapeutic, refers to any lessening, whether permanent or temporary, lasting or
transient, of the symptoms or, adverse effects of a condition, such as, for example,
reduction of adverse effects associated with or that occur upon administration of an
anti-hyaluronan agent, such as a PEGylated hyaluronidase.

As used herein, "prevention" or "prophylaxis" refers to reduction in the risk of
developing a disease or condition.

As used herein, a “therapeutically effective amount” or a “therapeutically
effective dose” refers to the quantity of an agent, compound, material, or composition
containing a compound that is at least sufficient to produce a therapeutic effect.
Hence, it is the quantity necessary for preventing, curing, ameliorating, arresting or
partially arresting a symptom of a disease or disorder.

As used herein, "unit dose form" refers to physically discrete units suitable for
human and animal subjects and packaged individually as is known in the art.

As used herein, a single dosage formulation refers to a formulation as a single
dose.

As used herein, formulation for direct administration means that the
composition does not require further dilution for administration.

As used herein, an “article of manufacture” is a product that is made and sold.
As used throughout this application, the term is intended to encompass anti-
hyaluronan agents, for example hyaluronan degrading enzyme, such as hyaluronidase,
and immune checkpoint inhibitor compositions contained in articles of packaging.

As used herein, "fluid" refers to any composition that can flow. Fluids thus
encompass compositions that are in the form of semi-solids, pastes, solutions, aqueous
mixtures, gels, lotions, creams and other such compositions.

As used herein, a "kit" refers to a combination of components, such as a
combination of the compositions herein and another item for a purpose including, but
not limited to, reconstitution, activation, and instruments/devices for delivery,
administration, diagnosis, and assessment of a biological activity or property. Kits

optionally include instructions for use.
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As used herein, a cellular extract or lysate refers to a preparation or fraction
which is made from a lysed or disrupted cell.

As used herein, peripheral blood is blood that can be collected from the a vein
and/or artery. Collection of peripheral blood can be distal or proximal to a region of
interest, such as a tumor.

As used herein, animal includes any animal, such as, but are not limited to
primates including humans, gorillas and monkeys; rodents, such as mice and rats;
fowl, such as chickens; ruminants, such as goats, cows, deer, sheep; pigs and other
animals. Non-human animals exclude humans as the contemplated animal. The
hyaluronidases provided herein are from any source, animal, plant, prokaryotic and
fungal. Most hyaluronidases are of animal origin, including mammalian origin.
Generally hyaluronidases are of human origin.

As used herein, anti-cancer treatments include administration of drugs and
other agents for treating cancer, and also treatment protocols, such as surgery and
radiation. Anti-cancer treatments include administration of anti-cancer agents.

As used herein, an anti-cancer agent refers to any agents, or compounds, used
in anti-cancer treatment. These include any agents, when used alone or in
combination with other compounds, that can alleviate, reduce, ameliorate, prevent, or
place or maintain in a state of remission of clinical symptoms or diagnostic markers
associated with tumors and cancer, and can be used in combinations and compositions
provided herein. Exemplary anti-cancer agents include, but are not limited to,
hyaluronan-degrading enzymes, such as the PEGylated hyaluronan degrading
enzymes provided herein used singly or in combination with other anti-cancer agents,
such as chemotherapeutics, polypeptides, antibodies, peptides, small molecules or
gene therapy vectors, viruses or DNA.

As used herein, a control refers to a sample that is substantially identical to the
test sample, except that it is not treated with a test parameter, or, if it is a plasma
sample, it can be from a normal volunteer not affected with the condition of interest.
A control also can be an internal control.

(13 2% ¢
a

As used herein, the singular forms an” and “the” include plural referents

unless the context clearly dictates otherwise. Thus, for example, reference to a
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compound comprlsmg or conta1n1ng ‘an extracellular domain™ 1ncludes compounds
with one or a plurality of extracellular domains. | '
As used herein, ranges and amounts can ‘be expressed as “about” a particular

value or range. About also includes the exact amount. Hence “about 5 bases” means

“about S bases” and also “5 bases.”

As used herein, ‘;optionalf’. or “optionally” means that the subsequently
deecribed event or circumstance does or does not occur, and that the deseflption
includes instances Where‘said event or circumstance occurs_ and instances where it -
does not. For example, an optiohally substituted group means that the group is
unsubstituted or is substituted.

As used herein, the abbreviations for any protective groups, amino acids and
other compounds, are, unless indicated otherwise, in accord with their common usage,
recognized abbreviations, or the JUPAC-IUB Commission on Biochemical
Nomenclature (see, (1972) Biochem. 11:1726).

B. Immune Checkpoint Inhibiter and Hyaluronan-Degrading Enzyme
Combination 'Therapy |

Provided herein are combination theraples for use in the treatment of cancers

* that:include an anti-hyaluronan agent such as a hyaluronan degradmg enzyme (e.g., a

soluble hyaluromdase, such as a PH20), and an agent that increases the immune

response by blocking an immune checkpoint protein (i.e., immune checkpoint

" inhibitor). The anti-hyaluronan agent, such as a hyaluronan-degrading enzyme (e. g,a

soluble hyaluronidase, such as PH20) is modified or formulated or provided to exhibit.

‘an increased half-life in the plasma. Generally the hyaluronan degrading enzyme is

modified by conjugation to a polymer. As described herein, the hyaluronan degrading
ehzyme can be formulated for sustained release or local release or delivery such as in
a vector that encodes it. | v
For example, provided herein are combination therapies for use in the

treatment of cancers. The combinations include a polymer-conjugated hyaluronan- .
degrading enzyme, for example a hyaluronidase, such as PEGPH20, and an agent that
increases the immune respionse by blocking an immune checkpoint protein (i.e., .
immune ‘.checkpoint inhibitor). In the combination therapies provided herein, the

immune checkpoint inhibitor can be an antibody directed against an immune
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checkpoint protein, such as an antibody directed against cytotoxicT-lymplrocyte-
antigen 4 (CTLA-4 or CD152) or programmed cell death ligand-1 (PDL-1)or
programmed cell death protein 1 (PD-1). | 'A

" In particular, the combination therapy provided herein is used in the treatment

of any cancers characterlzed by solid tumors that have a phenotype of at least

‘moderate to high hyaluronan (HA), and also to stromal solid tumors.” Exemplary‘

cancers include solid tumor cancers, such as but not limited to, pancreatic cancer,
breast cancer, lung cancer, such as non- squamous cell lung cancer (N SCLC) prostate
cancer, gastric cancer, colon cancer, ovarian cancer, head and neck cancer and others.

The combination therapy can further include a further cytotoxic chemotherapeut1c

1. Solid Tumors and Immune Response -

Many cancers develop mechanisms to evade anti-tumor immune respoﬂses‘."
These mechanisms can be 1ntr1nsm to tumor cells or mediated by other cells. )
Mechamsms intrinsic to tumor cells include loss of expression of ant1gens that elicit
immune responses. For example the high mitotic rate and genetic 1nstab111ty of tumor
cells in the presence of a functioning host immune system, can lead to selection of |
mutatlons or deleuons of genes that encode tumor-. ant1gens that are not requ1red for
growth of the tumors or maintenance of the transformed phenotype. For example,
some tumor cells do not express co-stimtilaltOr_s,’ such as CD80 and CD86, required 'for.'
T cell responses or class I major histocompatibility c'omplex (MHC) molecules,
which are required for the activation of helper T cells. By eliminating untigehs, or
preventing the expression of ligands which are required for immune activation, tumor
cells can evade T cell-mediated immune responses. |

Tumor cells also can suppress anti-tumor responses by secretion of
immunosuppressive cytokines such as transforming growth factor beta (TGF-B), that
can inhibit the prol1ferat10n and effector funct1ons of lymphocytes and macrophages.

Tumors also can evade the immune response by 1nh1b1t1ng access of immune .
cell§ to the tumor antigens. For example, tumor antigens can be masked from the
immune system by expressmn of glycocalyx molecules such as sialic ac1d—conta1n1ng :
mucopolysaccharrdes on the tumor cell surface. In addition, tumors such as solid

tumors, are made up of cancer cells and stroma cells (e.g., fibroblasts and
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inflammatory cells) that are surrounded by an extracellular matrix and vascular
network. The stromal cells, extracellular matrix components and/or vasculature
generally are abnormal compared to those present in normal tissues. For example,
many solid tumors have an increased number of fibroblasts compared to normal
tissues. Also, the vasculature in solid tumors can exhibit a branched or convoluted
structure compared to normal vasculature, and exhibit structural aberrations
characterized by dilated vessels, reduction in endothelial lining and/or compressed
vessels. Finally, the tumor and stromal cells produce and assemble a complex
network of extracellular matrix components, such as collagens, proteoglycans,
glycosaminoglycans (e.g., hyaluronan) and other molecules that form a dense mass
and can contribute to high tumor interstitial pressure. The high interstitial fluid
pressure above the intravascular pressure in the terminal arterioles and capillaries can
impair perfusion of fluids and solutes into the interstitium and prevent access of cells
of the immune response, such as tumor infiltrating lymphocytes, to the tumor surface.

2. Immune checkpoint modulation of T cell activity in tumors

Under normal physiological conditions, the T cell-mediated immune response
is initiated by antigen recognition by the T cell receptor (TCR) and is regulated by a
balance of co-stimulatory and inhibitory signals (i.e., immune checkpoint proteins).
The immune system relies on immune checkpoints to prevent autoimmunity (i.e., self-
tolerance) and to protect tissues from excessive damage during an immune response,
for example during an attack against a pathogenic infection. In some cases, however,
immune-checkpoint proteins can be dysregulated in tumors as a mechanism for
evading the immune system.

Therapies for treating cancers include immunotherapies (e.g., inhibitory
checkpoint protein antagonists or agonists) that inhibit immunosupprressive signaling
or enhance immunostimulant signaling. Instead of directly targeting the tumor itself,
such therapies use the host’s endogenous defenses to combat the tumor. For example,
inhibitory checkpoint protein antagonists and/or agonists of co-stimulatory receptors
can stimulate a host’s endogenous anti-tumor immune response by amplifying
antigen-specific T cell responses. Enhancing the host's immune response offers the

advantage over cytotoxic therapies in that the effects can be long lasting, such that the
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subject can develop a durable anti-tumor response that can persist for months to years

after cessation of treatment.

In particular examples, the combination therapies provided herein employ an

agent (e.g., antibody) that targets an inhibitory checkpoint protein. Exemplary

inhibitory immune checkpoint target proteins and therapeutic antibodies for the

targets are provided in Table 3.

Table 3. Exemplary inhibitory immune checkpoint target proteins and inhibitors
Antibody/fusion
Target | Target Function protein Synonyms and Code Names
CTLA4 | Inhibitory receptor | Ipilimumab (MDX-CTLA-4; BMS-734016; MDX-010)
Tremelimumab (ticilimumab; CP-675,206)
PD-1 Inhibitory receptor | MK-3475 (Pembrolizumab; Lambrolizumab; SCH 900475)
AMP-224 (anti-PD-1 fusion protein AMP-224)
Nivolumab (BMS-936558; MDX-1106; ONO-4538)
Pidilizumab (CT-011)
PD-L1 | Ligand for PD-1 MDX-1105
BMS-936559 (RG7446)
MED14736
MPDL33280A
LAG3 | Inhibitory receptor | IMP321 ImmuFact
B7-H3 | Inhibitory ligand MGA271
B7-H4 | Inhibitory ligand
TIM3 Inhibitory receptor
CD25 inhibitory receptor
subunit
CD137 | stimulatory
receptor
0X40 stimulatory
receptor
4-1BB | co-stimulatory Aptamer ligand
receptor
IDO immunosuppressive
enzyme

In particular, inhibitors of the immunologic inhibitory molecules CTLA4 and

PD-1 are contemplated for the combinations and methods provided herein. While
CTLA4 and PD-1 function as negative regulators, each plays a non-redundant role in
modulating immune responses: CTLA-4 is involved in attenuating the early activation
of naive and memory (resting) T cells; whereas PD-1 plays a role in modulating T cell
activity in peripheral tissues (see, e.g., Keir et al. (2008) Annu Rev Immunol. 26:677—
704; Pardoll, (2012) Nat Rev Cancer. 12(4):252-264; Quezada et al., (2013) BrJ
Cancer. 108(8):1560-1565; Callahan et al., (2010) Semin Oncol. 37(5):473-84).
These activities, and inhibition of these targets in tumor immunotherapy, are described

in further detail below.
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a. CTLA-4 and T cell priming

T cell-mediated immunity involves the steps of priming, which is initiated by
clonal selection of antigen-specific T cells followed by activation and proliferation of
selected T cells in lymphoid tissues, trafficking of activated T cells to sites of antigen
and inflammation, and the execution of direct effector functions to target cells. Each
of these steps is regulated by counterbalancing stimulatory and inhibitory signals that
fine-tune the amplitude of the immune response.

T cell priming, which includes the consecutive steps of selection of antigen-
specific T cells and activation and proliferation of the selected T cells, occurs in the
lymph nodes. Naive and resting T cells express T cell receptor (TCR) and high levels
of the co-stimulatory receptor, CD28 on the cell surface. TCRs bind antigen peptides
bound to major histocompatibility complex (MHC) molecules on the surface of an
antigen presenting cell (APC), such as a dendritic cell or macrophage. APCs also
express CD80 (also called B7.1) or CD86 (also called B7.2), the ligands for CD28.
Upon TCR binding its peptide: MHC antigen and recognition of CD80 or CD86 by
the co-stimulating T cell receptor, CD28, expressed on the T-cell, signal transduction
occurs within the T cell to initiate T cell activation.

Cytotoxic T-lymphocyte-associated antigen 4 (CTLA4; also called CD152) is
a co-inhibitory receptor that is packaged in vesicles that are maintained in the
cytoplasm of naive or resting T cells. When CD28-initiated signal transduction
initiate T cell activation, it also triggers transportation of the vesicles containing
CTLAA4 to the surface of the T cell. CTLA4 competes with CD28 for binding CD80
and CD86 on the APC, and CTLA4 has a higher binding affinity for the antigens than
CD28. The inhibitory activity of CTLA4 acts to dampen the amplitude of the
stimulatory CD28 signal. Thus, T cell activation and proliferation depends on the
ratio of CD28 (stimulatory) to CTLA4 (inhibitory) signals. In this role, CTLA4
functions to reduce T-cell activity and thereby limit autoimmunity. CTLA4 also plays
a role in down-modulation of helper T cell activity and in enhancing regulatory T
(Treg) cell activity.

Tumors eradication can occur by killing of tumor cells by cytotoxic T
lymphocytes (CTL) specific for tumor antigens. CD4+ T helper cells also can play a

role in the immune response to tumors by activating antigen-specific effector cells and
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recruiting cells of the innate immune system to the tumor, such as macrophages. Most
tumors, however, can evade the immune system. This can occur by the failure of
tumors to express antigens that can be recognized by the immune system. Also, many
tumors can aberrantly express costimulatory and inhibitory molecules so that, on
balance, there is a reduced activation of CTLs and helper T cells. For example,
tumors can express low levels of the CD80 or CD86 costimulatory molecule,,thereby
resulting in preferen‘tial engagement of the inhibitory receptor CTLA-4 rather than the

stimulatory receptor CD28. Also, some tumors can induce regulatory T cells, which

-also suppress antitumor immune responses.

Inh1b1t1on of CTLAA4, for example by administering ant1 CTLA4 antibodies,
can enhance the immune response by i 1ncreasmg the activity of CTLs, 1ncrea51ng the
presence of effector and helper T cells and/or by inhibiting the suppressive functions
of Tieg cells. Inhibition of CTLA4 allows full activation of the T cells during the
priming phase of the immune response.

" As listed in Table 3 above two antibodies that block CTLA4 Ipilimumab and
Tremelimumab, have been used for the effective treatment of some cancers, such.as
melanoma,' pancreatic cancer, ovarian cancer, pro'state cancer, renal cell cancer (RCC),
colorectal. cancer (CRC), gastric cancer, and NSCLC (see'Kyi et al., (2014) FEBS
Letters 588:368-376 for a review). Therapeutic CTLA4 blockade can effect tumor
régression months to Years after completion of therapy (Prieto et al., (2012) Clin
Cancer Res. 18(7):2039-2047; Kirkwood et al., (2010) Clin Cancef Res. 16(3):1042-
1048), but also can reduce tolerance to otlier host tissues, leading to adverse events,
such as immune-related adverse events (irAEs).»

b. PD-1 and T-Cell Effector Phase

Following activation in the lymph node, activated T cells enter the blood
stream and travel to peripheral tissues to carry out T cell effector functions.
Expression of programmed cell death protein 1 (PD-1), a receptor that inhibits T cell
activation, is induced upon T cell activation. PD-1 also is present on reguldtory T
(Treg).Cells, exhausted T cells, activated B cells, natural killer (NK) cells, dendritic
cells (DCs) and activated monocytes.

PD-1 has two principal ligands, PD-1 ligand 1 (PD-L1; also called B7-H1 or
CD274) and PD-L2 (also called B7-DC or CD273). Inﬂammatory_signals in tissues
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induce the expressibn of PD-L1 and PD-L2. Upon binding one of its ligands, PD-1
acts to attenuate T cell activity, by inhibiting signaling of the T cell receptor (TCR),
downregulating the secretion of immﬁhostimqlatory cytokines and expression of
survival proteins, and increasing T cell production of the immunosuppressive cytokine
IL-10. These activities serve to limit collateral }issue damag'e and limit autoimmunity
during an imfnune response under normal :‘édhditions. |

Multiple tumors and cells in the tumor microenvironment of cancers such as

wurothelial ovarian, breast, cervical, colon, pancreatic, gastric, melanoma, glioblastoma

and NSCL cancers, expréss PD-L1 and/or PD-L2 (Zou and Chen, (2008) Nat. Rev.
Immunol. 8(6):467-477; Rozali et al., (2012) Clin:Dev Immunol. 2012: 656340).
When PD;l binds to its ligand on tumor cells, T cell activity is attenuated which
prevents turhor rejection and thus contributes t‘o tumor immune evasion. Expression
of PD-L1 by tumors has been linked to poor prognosis in several cancers (Hamid and
CarvaJal (2013) Expert Opin Biol Ther. 13(6):847-861).

Blocking the PD-1 51gnahng pathway results in restoration of T cell effector

functions, such as tumor-specific T cell effector functions, such as k1-ll1ng tumor cells

and 'secretion of immunostimulatory cytokines, such as interferon-gamma (IFNy),

interleukin-2 (IL-2) and tumor necrosis factor alpha (TNF-a). Therapies, including

tnefapies employing monoclonal antibodies, such as those set forth above in Table 3,

can be used to block the interaction between PD-1 and PD-L1 or PD-1.2 as a strategy‘

“to augment the antitumor immune response. Anti-PD-1 antibodies that disrupt PD-1

signaling include Nivolumab, MK-3745, and Pidilizumab.
c. Other Immunomodulatory Agents
Other immune checkpoint ligands and réceptors are involved in modulating
the‘immune response and can be targets for therapies aimed at eﬁhancing antitumor

immunity. Further, blockade of two or more of coordinately expressed receptors or

| ligands can produce additive or synergistic antitumor activities.

Targets include B7 inhibitory ligands, other than PD-L1 and PD-L2, such as v
B7-H3 and B7-H4, which are upregulated on tumor cells or tumor infiltrating cells.
Other targets, which are associated with inhibition of lymphocyte activity, include
lympocyte activaﬁon gene 3 (LAG3; also called CD223), 2B4 (also called'CD244), B
and T lymphocyte attenuator (BTLA; or CD272), T cell membrane protein 3 (TiM3;
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or HAVcr2), Adenosine A2a receptor (A2aR), and the family of killer inhibitory
receptors. Many of these immune checkpoint receptors regulate the activity of
effector T cells and T, cells. For example, LAG3 is highly expressed on T, cells
(which help prevent autoimmunity), where it is thought to be important for amplifying
immunosuppressive activity. LAG3 also is associated with inhibition of effector T-
cell activity and may induce T-cell anergy (Pardoll, (2012) Nat Rev Cancer.
12(4):252-264. Antibody targeting of these proteins alone or in combination can
enhance antitumor immunity in animal cancer models. Because many tumor cells
express multiple inhibitory ligands, and tumor infiltrating lymphocytes express
multiple inhibitory receptors, a combinatorial approach to inhibiting these proteins
can be effective in enhancing antitumor immunity (see Pardoll, (2012) Nat Rev
Cancer. 12(4):252-264 for a review).

In addition to secreted or membrane-bound inhibitory ligands, metabolic
enzymes such as indoleamine 2,3 dioxygenase (IDO) and arginase, which are
expressed by inhibitory myeloid-derived suppressor cells that commonly infiltrate
tumors, can locally inhibit immune responses by depleting amino acids essential for
anabolic metabolism of T cells. These enzymes can be inhibited by small molecule
drugs.

3. Polymer-Conjugated Hyaluronan-Degrading Enzyme in Combination
Therapy With An Immune Checkpoint Inhibitor

Hyaluronan (HA) is a major component of the extracellular matrix of solid
tumors. HA is a high molecular weight linear glycosaminoglycan that contains
repeating disaccharide units, B-1,3 N-acetyl-D-glucosamine-linked B-1,4 to D-
glucuronic acid. HA occurs naturally in the body and is secreted at extremely high
levels in some cancer cells, including pancreatic, lung (e.g., NSCL), and breast cancer
cells. Local aberrations of HA metabolism have been reported in many solid tumor
malignancies, where elevated levels of HA frequently correlate with poor prognosis in
tumors such as breast, gastric, colorectal, ovarian, prostate and lung carcinoma. In
particular, HA is involved in increased water uptake and interstitial fluid pressure
(IFP) in disease tissues, such as tumors, thereby resulting in compressed tumor
vasculature. For example, at sites of inflammation or in a tumor focus, there is rapid

accumulation of hyaluronan, other matrix components and water. Because of this
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rapid accumulation, the diseased site cannot come to equilibrium with its environment
and therefore has a higher IFP than normal tissues.

As discussed above, the IFP of most solid tumors and other diseased tissues
associated with accumulated HA is elevated, acting as a barrier to efficient drug
delivery (Heldin ef al. (2004) Nat Rev Cancer 4(10):806-813). HA accumulation also
reduces contact inhibition between and among tumor cells (see, e.g., Itano et al.
(2002) Proc. Natl. Acad. Sci. U.S.A. 99:3609-3614). In addition to creating a
physical barrier, tumor-derived hyaluronan also can induce immunosuppressive
macrophages through transient early activation of monocytes (Kuang et al., (2007)
Blood 110(2):587-595) thereby allowing the tumor cells to avoid immune response
and creating conditions for tumor progression.

Hyaluronan-degrading enzymes, such as hyaluronidase enzymes, are enzymes
that interfere with and degrade hyaluronic acid. Hyaluronan-degrading enzymes, e.g.,
hyaluronidases (e.g., PH20), can reduce hyaluronan such that the tissue deflates, the
blood vessels expand, and more blood can flow through the site. This results in a
diminishment of the interstitial fluid pressure at the tissue site and an associated
increase in vascular perfusion. In addition, hyaluronan-degrading enzymes (e.g.,
soluble hyaluronidase, for example PH20) can deplete the stroma surrounding cancer
cells by degrading HA. By virtue of effects to degrade hyaluronan, hyaluronan-
degrading enzymes (e.g., soluble hyaluronidase, for example PH20) have been used
for the treatment of tumors and cancers in single treatment therapy or in combination
therapy with other agents (see e.g., U.S. published application No. US2006/0104968
and US20100003238; and International published PCT Appl. No WO 2009/128917).

Treatment of tumors generally requires systemic administration. The use of
hyaluronidase, such as a PH20 enzyme, as a systemic treatment suffers from problems
associated with short half-life of the enzyme. For example, unmodified hyaluronidase
typically has a short half-life of enzymatic activity in blood of minutes, generally less
than 5 minutes. This means that such enzymes are generally unsuitable for use in
intravenous administrations, and other administrations, where their duration of action
is short-lived. This is because following degradation, the HA substrate is replaced
with a half-life of approximately 5 h. In contrast, methods that increase the delivery

and/or prolong the association of a hyaluronidase with cell-associated hyaluronan
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(e.g., tumor-associated pericellular hyaluronan) allows for treatment of tumors rich in
HA (e.g., HAM®" tumors). Such methods can include, but are not limited to,
conjugation of the enzyme to a polymer, the use of an enzyme that is aglycosylated or
that is modified to have reduced glycosylation, continuous infusion of the enzyme
and/or localized delivery of the enzyme. For example, polymer-modification of
hyaluronidase, such as by PEGylation, increases the half-life of the enzyme to
approximately 48 to 72 hours and allows for the systemic treatment of tumors rich in
HA (see e.g., U.S. published application No. 20100003238 and International
published PCT Appl. No. WO 2009/128917). The increased half-life relative to
unmodified hyaluronidase permits continued removal of HA, and thereby reduces or
decreases the extent of regeneration of HA within diseased tissues, such as the tumor.
Thus, maintenance of plasma enzyme levels by polymer conjugation can remove HA,
such as tumor HA, and also counteract HA resynthesis.

It is found herein that combination therapy of a hyaluronan-degrading enzyme,
such as a polymer-conjugated hyaluronan-degrading enzyme, for example a
PEGylated soluble hyaluronidase (e.g., PEGPH20) and an immune checkpoint
inhibitor exhibit a substantial increase in efficacy for treating tumors (particularly
HA™" tumors) than cither agent alone. In particular, such results are evident when
the enzyme is pre-administered to the subject prior to administering the immune
checkpoint inhibitor.

Since immune checkpoint inhibitors act on immune cells to enhance immune
responses, the increased response when provided in combination with a hyaluronan-
degrading enzyme, such as a polymer-conjugated hyaluronan-degrading enzyme, can
be due to effects on increasing access of immune cells (e.g., CTLs) to the tumor. For
example, as described above, tumor and stromal cells produce and assemble a
complex network of extracellular matrix components, such as collagens,
proteoglycans, glycosaminoglycans (e.g., hyaluronan) and other molecules that form a
dense mass that can inhibit infiltration of lymphocytes and other immune cells. By
degrading hyaluronan, there can be an increased access of circulating immune cells
into the tumors, thereby increasing the number of cytotoxic and other immune cells
available to kill tumor cells. The penetration of anti-tumor agents or drugs, such as

immune checkpoint inhibitors (e.g., anti-CTLA4 antibody), also can be increased. It
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is also possible that hyaluronan degradation improves the surface contact between
immune cells, such as cytotoxic T cells, and tumor cells, which also results in an
enhanced tumor cell killing when combined in combination with an immune
checkpoint inhibitor.

Hence, the use of a hyaluronan-degrading enzyme, such as a polymer-
conjugated hyaluronan-degrading enzyme, for example a PEGylated soluble
hyaluronidase (e.g., PEGPH20), such as by pre-administration, can sensitize a tumor
to immune-mediated responses, which can be further increased in the presence of an
immune checkpoint inhibitor (e.g., anti-CTLA4 antibody). Enhancing the
accessibility of immune cells to the tumor by a polymer-conjugated hyaluronan-
degrading enzyme, for example as achieved by pre-administration of the enzyme, can
allow for reduced dosage of the immune checkpoint inhibitor, while maintaining
therapeutic efficacy. The ability to more effectively fine tune the antibody dosage can
result in a reduction in adverse events that can be associated with the antibody
therapy. Thus, the combination therapy provided herein can facilitate an enhanced
anti-tumor immune response for the eradication of tumors and tumor treatment.

C. Combination Therapy Agents

Provided herein are combination therapies of anti-hyaluronan agents, such as
polymer-conjugated hyaluronan-degrading enzymes and other forms thereof, such as
vesicles containing an hyaluronan degrading enzyme and vector encoding it, and an
immune checkpoint inhibitor, such as inhibitors of immune checkpoint proteins, such
as anti-CTLA4 and anti-PD-1 agents, for use in the treatment of cancers. In
particular, provided herein are combination therapies of a polymer-conjugated
hyaluronan-degrading enzyme, for example a hyaluronidase, such as PEGPH20, and
immune checkpoint inhibitors, such as anti-CTLA4 and anti-PD-1 agents, for use in
the treatment of cancers. For purposes of embodiments herein, reference to a
hyaluronan-degrading enzyme (e.g., a soluble hyaluronidase, such as PH20), includes
polymer-conjugated hyaluronan-degrading enzymes (e.g., polymer-conjugated soluble
hyaluronidase polypeptides, such as PEGPH20). In particular, the combination
therapy provided herein is used in the treatment of any cancers characterized by solid
tumors that are characterized by having moderate to high levels of HA in the

extracellular matrix (i.e., HA™™ to HAM®" tumors). Examples of such cancers
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include solid tumor cancers, such as but not limited to, pancreatic cancer, breast

cancer, prostate cancer, gastric cancer, colon cancer, ovarian cancer, head and neck

“cancer, lung cancer and others. The combination therapy can further include a further

immune targeting agent, cytotoxic chemotherapeutic drug, radiotherapy, or surgical
treatment.

Non-limiting, examples of immune checkpoint inhibitors and anti-hyaluronan
agents, including polymer-conjugated hjfaluronan-degrading enzymes, for use in the
combination therapy are provided in the following subsections.

1. Immune Checkpoint inhibitors and Formulations Thereof

The combination therapy, including compositions, combinations and methods
and use thereof, provided herein contains inhibitors of immune checkpoint proteins

that block an immune checkpoint protein to stimulate an anti-tumor immune response.

Such immune checkpoint inhibitors are known in the art. Examples of such inhibitors

are described in Section B, and include any inhibitory agent that targets an inhibitory
checkpoint protein described in Table 3. For example, the immune checkpoint protein
or agent is an inhibitor of CTLA4 and PD-1. In particular examples, the immune
checkpoint inhibitor is an antibody or an aptamer. Table 3 in Section B provides non-
limiting examples of immune checkpoint inhibitors. Exemplary inhibitors of CTLA4
and PD-1 include anti-CTLA4 and anti-PD-1 antibodies and aptamers.

An inhibitor that is an aptamer can be employed in the combination therapy
priovided herein. An aptamer includes oligonucleotide (DNA, RNA, or XNA) or
peptide aptamers. An aptamer can be monovalent or multivalent, such as bivalent or
tetravalent. In some cases, the aptamer can be modified by polymers, such as
cholesterol or polyethylene glycol (PEG) to extend the half-life of circulating
aptamers. '

In particular examples, the immune checkpoint inhibitor is an antibody that
blocks an immune checkpoint molecule (e.g., anti-CTLA4 or anti-PD-1). The
antibody can be a full-length antibody or an antigen-binding fragrhent thereof that
immunospecifically binds to the immune checkpoint molecule (e.g., CTLA4 or PD-1).
A full-length antibody contains four polypeptide chains, two identical heavy (H)
chains (each usually containing about 440 amino acids) and two identical light (L)

chains (each gontaining about 220 amirio acids). The full-length antibody chains are
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organized into variable (V) and constant (C) region domains. Light chains have two
domains, corresponding to the C region (Cy) and the V region (V). Heavy chains
have fbur domains, the V region (VH) and three or four domains in the C region (Cul1,
Cu2, Cu3 and Cy4), and, in some cases, a hinge region. Each heavy chain is linked to
a light chain by a disulfide bond, and the two heavy chains are linked to each other by
disulfide bonds. Linkage of the heavy' chains is mediated by a flexible region of the
heavy chain, known as the hinge region.

The variable domains confer anti gen-specificity to the antibody through three
portions called complementarity determining regions (CDRs) or hypervariable (HV)
regions. The CDR regions are precisely defined and universally numbered in
antibodies (see e.g., Kabat, E.A. et al. (1991) Sequences of Proteins of Immunological
Interest, Fifth Edition, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242, and Chothia, C. et al. (1987) J. Mol. Biol. 196:901-917,;
AbM (Martin et al. (1989) Proc Natl Acad Sci USA 86:9268-9272; Martin et al.
(1991) Methods Enzymol 203:121-153; Pedersen er al. (1992) Immunomethods 1:126-~
136). Together, the three heavy chain CDRs and the three light chain CDRs make up
an anfigen-binding site (antibody combining site) of the antibody, which physically
interacts with cognate antigen and provides the specificity of the antibody.

The constant region promotes activation of complement and effector cells.
Like CDR regions, constant regions are precisely defined and universally numbered in
antibodies using EU index and Kabat numbering schemes (see e.g., Kabat, E.A. et al
(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.
Department of Health and Human Services, NIH Publication No. 91-3242). The
constant region can be any immunoglobulin class (e.g., IgG, IgM, 1gD, IgE, IgA and
IgY), any subclass (e.g., IgG1, [gG2, IgG3, IgG4, IgAl and IgA2) or sub-subclass
(e.g., 1gG2a and IgG2b). In particular examples, the antibodies in the combination
therapy provided herein are full-length antibodies containing an IgG1 heavy chain
constant region set forth in any of SEQ ID NOS: 288-292. an IgG2 constant region set
forth in SEQ ID NO: 293, an IgG3 constant region set forth in SEQ ID NO: 294. or an
IgG4 constant region set forth in SEQ ID NO: 295. The antibodies in the combination
therapy provided herein also can contain a kappa (x) or lambda (A) light chain

constant region, such as a human lambda light chain constant region set forth in SEQ
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ID NO: 297, or a kappa light chain constant region set forth in SEQ ID NO: 296 or
298. |

For purposes of the combination fherapies provided herein, any antigen-
binding fragment of a full-length antibody inhibitor, such as derivatives of full-length
antibodies that confain less than the full sequence of the full-length antibodies but
retain at least a portion of the specific binding abilities of the full-length antibody
(e.g., the variable portions of the heavy and light chain) can be employed in the
combination therapy provided herein. The antibody fragments also can include
antigeﬁ-binding portions of an antibody that can be inserted into an antibody
framework (e.g., chimeric antibodies) in order to retain the binding affinity of the
parent antibody. Examples of antibody fragments include, but are not limited to, Fab,
Fab', F(ab’),, single-chain Fv (scFv), Fv, dsFv, diabody, Fd and Fd’ fragments, and
other fragments, including modified fragments (see, for example, Methods in
Molecular Biology, Vol. 207: Recombinant Antibodies for Cancer Therapy Methods
and Protocols (2003); Chapter 1; p 3-25, Kipriyanov). Antibody fragments can

include multiple chains linked together, such as by disulfide bridges and can be

produced recombinantly. Antibody fragments also can contain synthetic linkers, such

as peptide linkers, to link two or more domains. Methods for generating antigen-
binding fragments are well-known known in the art and can be used to modify any
antibody provided herein. Fragments of antibody molecules can be generated, such as
for example, by enzymatic cleavage. For example, upon protease cleavage by papain,
a dimer of the heavy chain constant regions, the Fc domain, is cleaved from the two
Fab regtons (i.e., fhe portions containing the variable regions).

Non-limiting examples of antibody and other immune checkpoint inhibitor
therapies are provided below.

a. Anti-CTLA4 therapies

' The combination therapies provided herein, including compositions and
methods and uses thereof, include therapeutic agents that inhibit CTLA4. Inhibitors
include antibodies and aptamers. Antibody and aptamer inhibitors that bind to
CTLA4 and inhibit CTLA4 signaling are known. Exemplary aptamers which bind
CTLAA4, inhibit CTLA4 function, and enhance tumor immunity have been described
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and.are set foirth in SEQ ID NOS: 11-18 (Santulli-Marotto (2003) Cancer Res.
63(21):7483-7489; Gilboa et al., (2013) Clin Cancer Res 19(5):1054-106-2).

Several antibbd_ies, which bind and inhibit CTLA4 activity, have been
described which have been used in anti-tumor immunotherapy. Anti-CTLA4
antibodies include, but are not limited to, any of those described in U.S. Patent

" Nos. 6,682,736, 6,984,720; U.S. Publ. Nos. 2002/0086014; 2009/0074787; European
Patent No. EP 1262193; and International Patent Publication No. WO 2000/037504.
In particular, anti-CTLA4 antibodies include Ipilimumab (also called MDS-010 or
10D1) and Tremelimumab (alsb called Ticilimumab or CP-675,206). These anti-
CTLA4 antibodies have been involved in numerous clinical trials for the treétment of
cancers. Ipilimumab is FDA approved for the treatment of melanoma and has been in
clinical t_riéls for other cancers, such as prostate cancer, lung cancer, and RCC.
‘Tremelimumab has been investigated in clinical trials for the treatment of CRC,
gastric cancer, melanoma and NSCLC. }

| (i) - Ipilimumab and Derivatives Thereof

An anti-CTLA4 antibody for use in the combination therapy provided herein

~ . can include Ipﬂimumab (also called MDX-010, MDX-101, 10D1; Drug Bank

** Accession No. DB061 86) or derivatives thereof, such as variants or antigen-bindihg _
fragments of Ipilimumab. Ipilimumab isa fully human IgGlx monoclonal antibody
that specifically binds human CTLA4 (see, e.g., antibody designated 10D1 in US
Patent Publication No. 2002/0086014 and US Patent No. 6,984,720). The heavy
chain of Ipilimumab has a variable domain (Vy) with the sequence of amino acids set
forth in SEQ ID NO: 22, éncoded by the sequence of nucleotides set forth in SEQ» ID
‘NO:; 21. Thefc_,omplémentarity determining regions (CDRs) of the h_eavy chain
-include Vi CDR 1 (set forth in SEQ ID NO: 25); Vi CDR 2 (set forth iﬁ SEQID -
NO: 26); and Vy CDR 3 (set forth in SEQ ID NO: 27). The light chain of Ipil,ir_nﬁmab
has a'variable ‘domain (VL) with the sequence of amino acids set forth in SEQ ID
NO: 24; encoded by the sequence of nucleotides set forth in SEQ ID NO: 23. The
CDRs of the light chain include, VL CDR 1 (sét forth in SEQ ID NO: 28); Vi CDR 2
(set.forth in SEQ ID NO: 29); and Vi, CDR 3 (set forth in SEQ ID NO: 30). When
recombinantly'produced, Ipilimuméb is made up of four polypeptide chains; two

identical heavy chains of 447 amino acids each and two identical kappa light chains of
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215 amino acids each. Each heavy and light chain pair is linked through an interchain
disulfide bond.

The anti-CTLA4 antibody in the combination therapy provided herein also
include antigen-binding fragments of full-length Ipilimumab or variants thereof. An
antigen-binding fragment minimally contains a variable heavy chain and/or variable
light chain of Ipilimumab, or a sufficient portion thereof to form an antigen-binding
site sufficient to bind CTLA4. Hence, the antibody can be any form of an antibody as
long as, when it is produced or assembled into an antibody, it minimally contains a
sufficient portion of the variable heavy chain and a sufficient portion of the variable
light chain to immunospecifically bind CTLA4. For example, anti-CTLA4 antibodies
for use in the combination therapy provided herein include antigen-binding fragments
of Ipilimumab that minimally contain a variable heavy chain (Vi) with a sequence of
amino acids set forth in SEQ ID NO: 22 and a variable light chain (V) with a
sequence of amino acids set forth in SEQ ID NO: 24, or a sufficient portion of SEQ
ID NO: 22 and SEQ ID NO: 24 to form an antigen-binding site to immunospecifically
bind CTLA4. For example, examples of antibody fragments include, but are not
limited to, Fab, Fab', F(ab"),, single-chain Fv (scFv), Fv, dsFv, diabody, Fd and Fd'
fragments.

The anti-CTLA4 antibody in the combination therapy provided herein also can
include variants of Ipilimumab, or antigen-binding fragments thereof that include the
variations. For example, an anti-CTLA4 antibody can include an antibody containing
a variable heavy chain that has a sequence of amino acids that has a sequence identity
of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% to the heavy chain set forth in SEQ ID NO: 22 and a variable light chain
that has a sequence of amino acids that has a sequence identity of at least 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% to the light
chain set forth in SEQ ID NO: 24, where the variant antibody immunospecifically
binds CTLA-4. The variation can be an amino acid replacement, insertion or deletion
of amino acids. In some cases, only the heavy chain is varied. In other cases, only
the light chain is varied. In still other cases, both the heavy chain and light chain are
varied compared to the parental Ipilimumab antibody.

(ii) Tremelimumab and Derivatives Thereof
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An anti-CTLA4 antibody for use inthe combination therapy prOyided herein
can include; Tremelimumab (also called Ticilimumab, CP-675,206 or 11.2.1) or
derivatives thereof, such as variants or antigen-binding fragments of Tremelimumab.
Tremelimumab is a fully human IgG2 monoclonal antibody that specifically binds
human CTLAA4 (see e.g., antibody designated 11.2.1 of International Patent Pub. No.
WQ 00/37504). The heavy chain o_f Tremelimumab has a variai)le domain (Vy) with
the sequencé of amino acids set forth in SEQ ID NO: 34, encoded by the sequence of

. nucleotides set forth in SEQ ID NO: 33. The complementarity determining regions

(CDRs) of the heavy chain include Vg CDR 1 (set forth in SEQ ID NO: 282); Vi
CDR 2 (set forth in SEQ ID NO: 283); and Vy CDR 3 (set forth in SEQ ID NO: 284).

The light chain of Tremelimumab has a variable domain (V) with the sequence of

‘amino aéids set forth in SEQ ID NO: 36, encoded by the sequence of nucleotides set

forth in SEQ ID NO: 35. The .CDRs of the light chain include, Vi, CDR 1 (set forth in

SEQ ID NO: 285); Vi CDR 2 (set forth in SEQ ID NO: 286); and VL CDR 3 (set
. forth in SEQ ID NO: 287). When recombinantly produced, Tremelimumab is made

" up of four polypeptide chains; two identical heavy chains and two identical kappa

light chains. Each heavy and light chain pair is linked fhrough an interchain disulfide
bond. " _ _ “ . ‘ ‘

The anti-CTLA4 antibody in the combination therapy provided herein also
include antigen-binding fragments of full-length Tremelimumab or Ve_lriants thereof.
An antigen-binding fragment minimélly contains a variable heavy chain and/or |
variable light chain of Tremelimumab, or a sufficient portion thereof to form an
antigen-binding site sufficient to bind CTLA4. Hence, the antibody cén be any form
ofan antibody as long as, when it is produced or assembled into an éntibody, it
minimally contains a sufficient portion of the variable heavy chain and a sufficient - |
portion of the variable light chain to immunospecifically bind CTLA4. For example,
antiQCTLA4 antibodies for use in the combination therapy provided herein include
antigen;binding fragments of Tremeljmumab that minimally contain a variable heavy
chain (Vy) with a sequence of amino acids set forth in SEQ ID NO: 34 and a variable
light chain (V) with a sequence of amino acids set.forth in SEQ ID NO: 36,»or a
sufficient portion of SEQ ID NO: 34 and SEQ ID NO: 36 to form an antigen-binding

site to immunospecifically bind CTLA4. For example, examples of antibody
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fragments include, but are not limited to, Fab, Fab', F(ab'),, single-chain Fv (scFv),
Fv, dsFv, diabody, Fd and Fd' fragments.

The anti-CTLA4 antibody in the combination therapy provided herein also can
include variants of Tremelimumab, or antigen-binding fragments thereof that include
the variations. For example, an anti-CTLA4 antibody can include an antibody
containing a variable heavy chain that has a sequence of amino acids that has a
seqﬁence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% to the heavy chéin set forth in SEQ ID NO: 34 and a
variable light chain that has a sequence of amino acids that has a sequence identity of
at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99% to the light chain set forth in.SEQ ID NO: 36, where the variant antibody
immunospecifically binds CTLA-4. The variation can be an amino acid replacement,
insertion or deletion of amino acids. In some cases, only the heavy chain is varied. In
other cases, only the light chain is varied. In still other cases, both the heavy chain
and light chain are varied compared to the parental Tremelimumab antibody.

Variants of Tremelimumab are known in the art (see e.g., N294 in International .
Patent Publication No. WO 00/37504). In some examples, the antibody, purified from
non-human sources, is modified to eliminate a glycosylation site, for example, to prevent
changes in either the immunogenicity, pharmacokinetic, and/or effector functions
resulting from non-human glycosylation. For example, in some variants, an asparagine
can be replaced with glutamine (Q) (e.g., N294Q) to prevent glycosylation.

b. Anti-PD-1 and Anti-PD-L1 Therapies‘

The combination therapies provided herein, including compositions and
methods and uses thereof, include vtherapeutic agents that inhibit PD-1 or PD-L1.
Inhibitors include antibodies and fusion proteins, aptamers. Antibody, aptamer and |
fusion protein inhibitors that bind to PD-1 or PD-L1 and inhibit PD-1 inhibitory
signaling are known. Exemplary fusion proteins include AMP-224 (also known as
B7-DClg), which is a PD-L2- Fc fusion solﬁble receptor described in International
Patent Pub. Nos. W02010/027827 and WO201 1/066342.

Several antibodies, which bind PD-1 or PD-L1 and inhibit PD-1-inhibitory
activity, have been described which have been used in anti-tumor immunotherapy.

Anti-PD-1 antibodies include, but are not limited to, any of those described in U.S.
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Patent No. 7,943,7__43, 8,008,449, 8,779,105, 8,735,553; U.S. Publication Nos.

2005/0180969; 2007/0166281; International Patent Pub. No. WO 2008/156712: Anti-PD-

L1 antibodies include, but are not limited to, any of those described in U.S. Publ. Nos.

2013/0034559 and 2013/0045202; U.S. Patent Nos. 7,943,743, 8,217,149, 8,679,767,

and 8,779,108; and Intl. Publ. Nos. WO 2010/077634 and WO 2013/019906.

. (i) Anti-PD-1 antibodies

In particular, anti-PD-1 antibodies include Nivolumab (also called BMS-
936558; MDX-1106; or ONO-4538), MK-3475 (also known as Pembrolizumab or
Lambrolizumab), Pidilizumab (or éT—Ol 1), and AMP-224. These anti-PD-1
antibodies have been involved in numerous clinical trials for the treatment of cancers,
such as melanoma, NSCLC, RCC, hematologic malignancies, lyrnphomas, leukemias,
pancreatic cancer, prostate cancer, lung cancer, and multiple myeloma.

(a) vaolumab and Derivatives Thereof.

An anti-PD-1 antibody for use in the comblnatlon therapy prov1ded hereln can

yl_inc_lude Nivolumab (also known as BMS-936558, MDX-1106, ONO-4538 or 5C4) Qr .

defivatives thereof, such as variants or antigen-binding fragments of Nivolumab. -
Nivolumab is a fullyhuman IgG4 monoclonal antibody that speciﬁcally binds human
PD-1 (see, e.g., antibody designated 5C4 in U. S. Patent No. 8,008,449). The heavy '
cham of Nivolumab has a variable domain (Vi) with the sequence of amino acids set _
forth in SEQ ID NO: 54, encoded by the _sequence of nucleotides set forth in SEQ ID
NO: 53. The conlplementarify determining regions (CDRs) of the heavy chain '
include Vi CDR 1 (set forth in SEQ ID NO: 57); Vit CDR 2 (set forth in SEQID
NO: 58); and VH CDR 3 (set forth in SEQ ID NO: 59) The light chain of Nivolumab
has a variable domam (VL) with the sequence of amino acids set forth in SEQ ID
NO: 56, encoded by the sequence of nucleotides set forth in SEQ ID NO: 55 The
CDRs of the light chain include, VL CDR 1 (set forth in SEQ ID NO: 60); VL CDR 2
(set forth in SEQ ID NO 61) and V. CDR 3 (set forth in SEQ ID NO: 62). When
recomblnantly produced Nivolumab is made up of four polypeptlde chains; two
identical heavy chains and two identical kappa light chains. Each heavy and light
chain pair is linked through an interchain disulfide bond.

The anti-PD-1 antibody in the cornbination therapy provided herein also

include antigen-binding fragments of full-length Nivolumab or variants thereof. An
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antigen-binding fragment minimally contains a variable heavy chain and/or variable
lighf chain of Nivolumabz-;'dr a sufficient poﬁion thereof to form an antigen-binding
site sufficient to bind PD-1. Hence, the antibody can be any form of an antibody as

long as, when it is produced or assembled into an antibody, it minimally contains a

-~ sufficient portion of the variable heavy chain and a sufficient portion of the variable

light chain to immunospecifically bind PD-1. For example, aﬁti-PD-i anﬁbodi’es for -
use in the combination tﬁerapy provided herein include antigen-binding fr.é'ghlenfts._ of
Nivolumab that minirﬂally contain a variable heavy chain (V) with a sequence of
amino acids set forth in SEQ ID NO: 54 and a variable light chain (V1) with.a |
sequéhce_ of amino acids set fofth in SEQ ID NO: 56, or a sufficient portion of SEQ
ID NO: 54 and SEQ ID NO: 56 to fofm an éntigen-binding site to irhmunosp,eciﬁéally
Biﬁd PD-1. For éX_iample, examples of antibody fragments include, but are not limited

t6, Fab, Fab', F(ab"),, single-chain Fv (scFv), Fv, dsFv, diabody, Fd and Fd' -

- fragments.

The anti-PD-1 antibody in the combinatjon therapy provided herein also can

include variants of Nivolumab, or antigen-binding fragments thereof that include the :

‘variations. For example, an anti-PD-1 antibody can include an antibody containing a

variable heavy chain that has a sequence of amino acids that has a sequence identity

~ of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, or 99% to the variable h'éavy cha_ih set forth in SEQ ID NO: 54 and a variable .
light chain thét has a sebquence of amino acids that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
to the variable light chain. set forth in SEQ ID NO: 56, where the variant antibody
immﬁnOSpeciﬁcally binds PD-1. The variation can be an amino acid replacement,
insertion or deletion of amino acids. In éom?: cases, only the heavy chain is varied. In
other cases, only the light che}in is varied. In still other éases, both the heavy chain.
and light chain are varied compared to the parental Nivolumab antibody. |
(b) MK-3475 and ‘Derivatives‘Thereof

An anti-PD-1 antibody for use in the combination therapy provided herein can
include MK-3475 (also called Pembrolizumab, Lambrolizumab or h409A11) or |
derivatives thereof, such as variants or antigen-binding fragments of MK‘-3';475‘.‘ MK-

34'7:5 “is_. a humanized IgG4x monoclonal antibody that specifically binds human PD-1
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(see, e.g., antibody designated h409A11 in International Patent Pub. No. WO
2008/156712). The complete heavy chain of MK-3475 has the sequence of amino acids
set forth in SEQ ID NO: 64, encoded by a sequence of nucleotides set forth in SEQ ID
NO: 63, and the complete light chain has the sequence of amino acids set forth in SEQ 1D
NO: 66, encoded by a sequence of nucleotides set forth in SEQ ID NO: 65. The heaVy
chain is composed of a variable domain (Vy), with an amino acid sequence set forth in
SEQ ID NO: 68, encoded by a sequence of nucleotides set forth in SEQ ID NO: 67). The
light chain is composed of a variable domain.(VL) with an amino acid sequence set forth
in SEQ ID NO: 70, encoded by a sequence of nucleotides set forth in SEQ 1D NO: 69
and a humanized kappa light constant region. When recombinantly produced, MK-3475
is made up of four polypeptide chains; two identical heavy chains of 447 amino acids
each and two identical kappa light chains of 218 amino acids each. Each heavy and light
chain pair is linked through an interchain disulfide bond.

The CDRs of MK-3475 include, Vi CDR 1 (SEQ ID NO: 71); V3 CDR 2
(SEQ ID NO: 72); Vu CDR 3 (SEQ ID NO: 73); V|, CDR 1 (SEQ ID NO: 74); V|,
CDR 2 (SEQ ID NO: 75); and Vi, CDR 3 (SEQ ID NO: 76).

The anti-PD-1 antibody in the combination therapy provided herein also can
include variants of MK-3475. For example, an anti-PD-1 antibody can include an
antibody containing a heavy chain that has a sequence of amino acids that has a
sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 64 and a
light chain that has a sequence of amino acids that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
to the light chain set forth in SEQ ID NO: 66. The variation can be an amino acid
replacement, insertion or deletion of amino acids. In some eases, only the heavy
chain is varied. In other cases, only the light chain is varied. In still other cases, both
the heavy chain and light chain are varied compared to the parehtal MK-3475
antibody. '

The anti-PD-1 antibody in the combination therapy provided herein also
includes antigen-binding fragments of full-length MK-3475 or variants thereof. An
antigen-binding fragment minimally contains a variable heavy chain and/or variable

light chain of MK-3475, or a sufficient portion thereof to form an antigen-binding site
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sufficient to bind PD-1. Hence, the antibody can be-any form of an antibody as long
as, when it is produced or'assembled into an antibody, it minimally .contains a
sufficient portion of the variable heavy chain and a sufficient portion of the variable
light chain to 1mmunospe01ﬁcally bind PD-1. For example, anti-PD-1 ant1bod1es for
Use in the combination therapy prox{1ded_ herein minimally contain a variable heavy
chain (Vy) with a seqnence of amine‘aci‘dsv set forth in SEQ ID NO: 68 and a Variabie
light chain (VL) with a seqiience of amino acids set forth in SEQ ID-NO: 70, or a
sufficient portion of SEQ ID NO: 68 and SEQ ID NO: 70 to form an antigen-binding
site to immunospeciﬁcally bind PD-1. For example, examples of antibody fragments
1nclude but are not limited to, Fab, Fab', F(ab'),, single-chain Fv (scFv), Fv, dsFv,
diabody, Fd and Fd' fragments
(¢) Pidilizumab and Derivatives Thereof

© An anti-PD-1 antibody for use in the combination therapy provided herein can
include Pidilizumab (also called hBAT-1 or CT-011) or derivatives thereof, such as
variants or antigen-binding fragments of Pidilizumab. Pidilizumab isa humanized

IgGIK monoclonal antlbody that was generated from a murine antibody (BAT), which

"was ralsed against B lymphoid cell membranes, and has been shown to elicit T-cell-
: and NK-cell-based activities.- P1d1hzurnab bmds human PD-1 (see eg., antlbody
- designated BAT-1 RKD/RHC in US 2005/0180969). The complete heavy chain of

P1d1hzumab has the sequence of amlno acids set forth in SEQ ID NO: 7 8, encoded by il
a sequence of nucleotides set forth in SEQ ID NO: 77, and the complete light chain
has the sequence of amino acids set forth in SEQ ID NO: 80, encoded by a sequence
of nucleotides set forth in SEQ ID NO: 79. The heavy chain is cornposed ofa
variable domain (VH), with an amino acid sequence set forth in SEQ ID NO: 82,

: e‘ncodedvby a sequence of nucleotides set forth in SEQ ID NO: 81. The light chain is

composed of a variable domain (VL,) with an amino acid sequence set forth in SEQ
ID NO: 84, encoded by a sequence of nucleic acids set forth-in SEQ ID NO: 83, and a
humanized kappa light constant region. When recombinantly produced, Pidilizumab
is made up of four polypeptide chains; two identical heavy chains and two identical
kappa hght chains. Each heavy and light chain pair is hnked through an interchain
disulfide bond.

RECTIFIED SHEET (RULE 91) ISA/EP



10

15

20

25

30

WO 2016/033555 PCT/US2015/047588

-93-

The CDRs of Pidilizumab include, Vi CDR 1 (amino acid sequence set forth
in SEQ ID NO: 85); Vy CDR 2 (amino acid sequence set forth in SEQ ID NO: 86);

E Vi CDR 3 (amino acid sequence set forth in SEQ ID NO: 87); V,, CDR 1 (amino acid
~ sequence set forth 1n SEQ ID NO: 88); VL CDR 2 (amino acid sequence set forth in

SEQ-ID NO: 89); and Vi, CDR 3 (amino acid sequence set forth in SEQ ID NO: 90).
The .antr—PD-l antibody in'the combination therapy provided herein also can
include vatiants of Pidilizumab. For example, an anti-PD-1 'antigody can include an
antibody contamlng aheavy chain that has a sequence of amino acids that has a
sequence 1dent1ty of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 78 and a.

. light chain that has a sequence of amino acids that has a sequence identity of at least

85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or
99% to the light chain set forth in SEQ ID NO: 80. The variation can be an ammo
acid replacement insertion or deletion of amino acids. In some cases, only the heavy
chain is varied. In other cases, only the hght chain is varied. In still other cases both
the: heavy chain and light cham are varied compared to the parental Pldrhzumab
antibody. _ , , '

The anti-PD-1 antibody in the combination therapy provided herein also .
includes antigen-binding fra'gments of full-length Pidilizumab or variants thereovf. An

antigen-binding fragment minimally contains a variable heavy chain and/or variable

“light chain of Pidilizumab, or a sufficient portion thereof to form an antigen-binding

site sufﬁerent to bind PD-1. Hence, the antibody can be any form of an antibody as

long as, when it is produced or assembled into an antibody, it minimally contains a
sufficient portion of the. varrable heavy chain and a sufficient portion of the variable
light chain to immunospecifically bind PD-1. For example, anti-PD-1 antibodies for
use in the combination therapy provided herein minimally contain a variable heavy
chain (Vy) with a sequence of amino acids set forth in SEQ ID NO: 82 and a variable
light chai_n (V1) with a sequence of amino acids set forth in SEQ ID NO: 84, or a
sufficient portion of SEQ ID NO: 82 and SEQ ID NO: 84 to form an antigen-binding |
site to imrnunospeciﬁeally bind PD-1. For example, examples of antibody fragments
include, but are not limited to, Fab, Fab', F(ab"),, single-chain Fv (scFv), Fv, dsFv,
diabedy, Fd and Fd’ »fragrhents.
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(ii). Anti-PD-L1 antibodies

In particular, anti-PD-L1 (or anti-B7H1) antibodics inchude, but are not liratted
to, the antibodies called BMS-936559 (or MDX-1105), MPDL3280A (or RG7446),
and MEDI4736. These anti-PD-L1 antibodies have been involved in numerous
clinical trials for the treatment of cancers, such as melanoma, NSCLC, ovarian cancer,
RCC, and lung cancer.

(a) BMS-936559 and Derivatives Thereof

An anti-PD-L1 antibody for use in the combination therapy provided herein
can include BMS-936559 (also known as MDX-1105 or 12A4) or derivatives thereof,
such as variants or antigen-binding fragments of BMS-936559. BMS-936559 is a
fully human IgG4 monoclonal antibody that specifically binds human PD-L1 (see,
e.g., antibody designated 12A4 in U.S. Patent No. 7,943,743). The heavy chain of
BMS-936559 has a variable domain (Vy) with the sequence of amino acids set forth
in SEQ ID NO: 92, encoded by the sequence of nucleotides set forth in SEQ ID NO:
91. The complementarity determining regions (CDRs) of the heavy chain include Vi
CDR 1 (set forth in SEQ ID NO: 95); Vi CDR 2 (set forth in SEQ ID NO: 96); and
Vi CDR 3 (set forth in SEQ ID NO: 97). The light chain of BMS-936559 has a
variable domain (V1) with the sequence of amino acids set forth in SEQ ID NO: 94,
encoded by the sequence of nucleotides set forth in SEQ ID NO: 93. The CDRs of
the light chain include, Vi, CDR 1 (set forth in SEQ ID NO: 98); Vi, CDR 2 (set forth
in SEQ ID NO: 99); and Vi CDR 3 (set forth in SEQ ID NO: 100). When
recombinantly produced, BMS-936559 is made up of four polypeptide chains; two
identical heavy chains and two identical kappa light chains. Each heavy and light
chain pair is linked through an interchain disulfide bond.

The anti-PD-L1 antibody in the combination therapy provided herein also
include antigen-binding fragments of full-length BMS-936559 or variants thereof. An
antigen-binding fragment minimally contains a variable heavy chain and/or variable
light chain of BMS-936559, or a sufficient portion thereof to form an antigen-binding
site sufficient to bind PD-L1. Hence, the antibody can be any form of an antibody as
long as, when it is produced or assembled into an antibody, it minimally contains a
sufficient portion of the variable heavy chain and a sufficient portion of the variable

light chain to immunospecifically bind PD-L1. For example, anti-PD-L1 antibodies
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for use in the combination therapy provided herein include antigen-ﬁinding fragments |
of BMS-936559 that minimally contain a variable heavy chain (V) with a sequence |
of émino acids set forth in SEQ ID NO 92 and a variable light cﬁain Vo) with a
sequence of amino acids set forth in SEQ ID NO: 94, or a sufficient pdrtion of SEQ
ID NO: 92 and SEQ ID NO: 94 to form an antigen-binding site to immunosﬁeciﬁcally
bind PD-L1. For example, eXampl'es of antibody fragments include, but are hof
lirhitcd to, Fab, Fab', F(ab'),, single-chain Fv (scFv), Fv, dsFv, diabody, Fd and Fd'
fragments. o

" The anti-PD-L1 antibody in the combination therapy prbvided herein also can -
include variants of BMS-936559, or antigen-binding fragments thereof that include
the variations. For exafnple, an anti-PD-L1 antibody can include an antibody -
cohtaining a variable heavy chain that has a sequence of amino acids that has a
sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% to the variable heavy chain set forth in SEQ ID NO:J92
and a variable light chain that has a sequence of amino acids that has a sequence ‘
identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% to the variable ligk_}t chain sét forth in SEQ ID NO: 94, where

the wariant antibody immuhospeciﬁcally binds PD-L1. The variation can be an amino

~ acid replacement, insertion or deletion of amino acids. In some cases, only the heavy

chain is variéd. In other cases, only the light chain is varied. In still other cases, both
the heavy chain and light chain are varied compared to the parental BMS-936559 antibody.
' -(b) MPDL3280A and Derivatives Thereof
An anti-PD-L1 antibf%dy for use in the combination therapy provided herein

can include MPDL3280A (also knowﬁ‘.as RG7446) or derivatives thereof, such as

| variants or aﬁﬁ'gen-bi_riding frégments of MPDL3280A. MPDL3280A is a fully

human IgG4 monoclonal 'antibody that speéiﬁcally binds human PD-L1 (see, e.g.,

‘US. Patent No. 8,217,149 and International Patent Pub. No. WO 2013/019906).
'MPDL3280A contains a heavy chain variable domain (Vy) with the sequence of
‘amino acids set forth in SEQ ID NO: 114 and a light chain variable domain (Vi) with

the sequence of amino acids set forth in SEQ ID NO: 115. The full-length antibody

contains a he,aVy chain sequence of amino acids set forth in SEQ ID NO: 318 or 320

and'a ki ght chain séquence of
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amino acids set forth in SEQ ID NO: 319. The full-length antibody also is reported to

- contain a heavy chain s;quehc:;‘e of amino acids set forth in SEQ ID NO: 112 and light

chain sequence set forth in SEQ ID NO: 113 (see International Patent Pub. No. WO
201 3019906). The complerﬁentarity determining regions (CDRs) of the heavy chain
include Vg CDR 1 (set forth in SEQ ID NO: 116); Vg CDR 2 (set forth in SEQ ID
NO: 117); and Vy CDR 3 (set forth b-in SEQ ID NO: 118). The CDRs of the light
chain includé, VL CDR 1 (se;,t forth in SEQ ID NO: 119); Vi CDR 2 (sct'forth in SEQ

~ ID NO: 120); and Vi CDR 3 (set forth in SEQ ID NO: 121). When recombinantly’

produced, MPDL3280A is made up of four polypeptide chains; two identical heavy
chains and two identical kappa light chains. Each heavy and light chain pair is linked
through an interchain disulfide bond. ‘ '

' The anti-PD-L1 antibody in the combination therapy provided herein also can
include variants of MPDL3280A, or antigen-binding fragments thereof that include

the variations. For example, an anti-PD-L1 antibody can include an antibody

containing a heavy chain that has a sequence of amino acids that has a sequence

identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 112,318 or 320 and a
light chain that has a sequence of amino acids that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% to the 1ight chain set forth in SEQ ID NO: 113 or 319, where the variant antibody
immunospecifically binds PD-L1. The variation can be an amino acid replacement,

insertion or deletion of amino acids. In some cases, only the heavy chain is varied. In

other casés, only the light chain is varied. In still other cases, both the heavy chain

.and light chain are varied compared to the parental MPDL3280A antibody.

The anti-PD-L1 antibody in the combination therapy provided herein also
include antigén-binding fragments of full-length MPDL3280A or variants thereof. An

 antigen-binding fragment minimally contains a variable heavy chain and/or variable

lighﬁ chain of MPDL3280A, or a sufficient portion thereof to form an antigen-binding
site su}‘ﬁciént to bind PD-L1. Hence, the antibody can be any form of an antibody as
long as, when it is produced or assembled into an ’aﬁtibody, it minimally contains a
sufficient portidnv of the variable heavy chain and a sufficient portion of the variable

light chain to immunospecifically bind PD-LI. For example, anti-PD-L1 antibodies
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for use in the combination therapy provided herein include anti gen-binding fragments
of MPDL3280A that.minim.ali‘y contain a variable heavy chain (Vy) with a sequence
of amino acids ‘sc;t forth in SEQ ID NO: 114 and a variable light chain (V) with a
sequence of amino acids set forth in SEQ ID NO: 115, or a sufficient portion of SEQ

"ID NO: 114 and SEQ ID NO: 115 to form an antigen-binding site to
- immunospecifically bind PD-L1. For example, examples of antibody fragménts

_include, but are not lim-itpd to, Fab, Fab', F(ab'),, single-chain Fv (scFv), Fv, dsFv;

diabody, Fd-and Fd' fragments.’ o
(c) MEDI4736 and Derivatives Theéreof

An anti-PD-L1 antibody for use in the (_:ombination therapy provided herein
can include MEDI4736 or derivatives thereof, such as variants or antigen-binding
fraigments of MEDI4736. MEDI4736 is a fully humaﬁ IgGl monoclonal antibody
that sp'eciﬁcally bindvs human PD-L1 (see, é. g., antibody designated 2.7A40PT in
U.S. Patent Publ. No. 2013/0034559). The heavy chain of MEDI4736 has a variable
domain (Vy) with the sequence of amino acids set forth in SEQ ID NO: 102, encoded

~ by:the sequence of nucleotides set forth in SEQ ID NO: 101. The complementarity
detérmining regions (CDRs) of the heavy chain include Vi CDR 1'(set forth in SEQ
IDNO: 105); Vi CDR 2 (set forth in SEQ ID NO: 106); and Vy CDR 3 (set forth in

SEQID NO: 107). The light chain of MEDI4736 has a variable domain (V1)) with the "
sequence of amino acids sct forth in SEQ ID NO: 104, encoded by the sequence of
nucleotides set forth in SEQ ID NO: 103. The CDRs of the light chain include, Vi,

. CDR 1 (set forth in SEQ ID NO: 108); VL. CDR 2 (set forth in SEQ ID NO: 109); and

V|, CDR 3 (set forth in SEQ ID NO: 110). When recombinantly produced,
MEDI4736 is made up of four poiypeptide chains; two identical heavy chains and two
identical kappa light chains. Each heavy and light chain pair is linked through an

_interchain disulfide bond.

The ariti-PDle antibody in the combination therapy provided herein also
includes antigen-binding fragments of ‘full-len'gth MEDI4736 or variants thereof. An

antigen-binding fragment-niinimal‘ly contains a variable heavy chain and/or variable

light chain of MEDI4736, or a sufficient portion thereof to form an antigen-binding
site sufficient to bind PD-L1. Hence, the antibody can be any form of an antibody as

long as, when it is produced or.assembled into an antibody, it minimally contains a
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sufficient portion of the variable heavy chain and a sufficient portion of the variable
light chain to immunospecifically bind PD-L1. For example, anti-PD-L1 antibodies
for use in the combination therapy provided herein include antigen-binding fragments
of MEDI4736 that minimally contain a variable heavy chain (Vi) with a sequence of
amino acids set forth in SEQ ID NO: 102 and a.Variable light chain (V) with a B .
sequence of amino acids set forth ih SEQ ID NO: 104, or a sufficient p_ofcio.rll):(v)fi SEQ
ID NO: 102 and SEQ ID NO: 104 to form an antigen-binding site to
immunospecifically bind PD-L1. For example, examples of antibody fragmerits _ 7
include, but are not limifed to, Fab, Fab',‘F(ab')z, single-chain Fv (scFv), Fv, déFv, .
diabody, Fd and Fd' fragments. ,

The anti=PD-L1 antibody in the combination therapy provided herein also'can
include variants.of MEDI4736, or antigen-binding fragments thereof that include the -
variations. For éxample, an anti-PD-Li antibody can include an antibody containing

a variable heavy chain that has a sequénce of amino acids that has a sequence identity

.,

of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
- 98%, or 99% to the variable heavy chain set forth in SEQ ID NO: 102 and a variable

light chain that has a‘.seque_vnce of amino acids that has a sequence identity of at least
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
to the variable light chain set forth in SEQ'ID NO: 104, where the variant antibody
immunospecifically binds PD-L1. The variation can be an amino acid replacement,
insertion or deletion of amino aéids.- In some cases, only the heavy chain is varied. In
other cases, only the light chain is Varied. In still other céses, both the heavy chain
and light chain are varied compared to the parental MEDI4736 antibody.
h ¢. Other imm;ll'n(imodulatory therapies '

vO'gher immunomodulatory agents which are contemplated for use in the
combinations‘,. methods, and uses provided herein include inhibitory agents targcted
against the iﬁhibitory receptors ljmphocyte-aétiyation gene 3 (LAG3) and T cell
membrane protein 3 (TIM3), inhibitory ligands such as PD-L2 (or B7-H2), B7-H3,
B7-H4, and CD25, and the immunosuppressive enzyme Indoleamine 2;3-dioxygenase
(IDO). 'Ag:ents directed against LAG3 (e.g, fusion pfotein IMP321 and multiple
mAbs) and anti B7-H3 /antib,o‘;dies (e.y g., MGA271) have been characterized and are in
use in clinical trials. Antibodies or inhibitory agents of B7-H4 and TIM3 are in
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preclinical development (Pardoll, Nat Rev Cancer. 2012 Mar 22;12(4):252-264). Any
one of more of these agents can be included in any of the combinations provided
herein.

In addition to inhibitory antibodies that target and inhibit immune checkpoint
proteins, agonistic antibodies, which are capable of stimulating an immune response
by binding its target protein/receptor, are contemplated for use in the combinations,
methods, and uses provided herein. For example, Urelumab (also known as BMS-
663513 and anti-4-1BB) is an agonistic humanized monoclonal antibody targeting the
CD137 co-receptor, that is a member of the tumor necrosis factor (TNF)/nerve growth
factor (NGF) family of receptors and is expressed on dendritic cells, follicular
dendritic cells, natural killer cells, granulocytes and cells of blood vessel walls at sites
of inflammation, with immunostimulatory properties. Urelumab specifically binds to
and activates CD137-expressing immune cells, stimulating an immune response, in
particular a cytotoxic T cell response, which can be mounted against tumor cells when
administered as a part of a combination therapy provided herein (see, e.g., Vinay et
al., (2012) Mol Cancer Ther. 11(5):1062-1070). Other 4-1BB agonists also can be
included in the combinations provided herein, such as any described by Snell et al. In
Immunol Rev. 244:197-217 (2011). OX40 (also known as CD134) is another
immunostimulatory receptor, of the TNF family, which can be targeted by
incorporating OX40 agonists, such as those described by Weinberg ef al. In Immunol
Rev. 244(1):218-231 (2011), into the combinations provided herein. Aptamer ligands
which bind and stimulate 4-1BB or OX40 signaling also have been described (Gilboa
et al., Clin Cancer Res. 19(5):1054-1062) and are contemplated for inclusion in the
combination therapies provided herein.

2. Hyaluronan-Degrading Enzymes and Polymer-Conjugated
Hyaluronan-Degrading Enzymes

The combination therapy, including combinations and methods and use
thereof, provided herein contains a hyaluronan degrading enzyme, such as a polymer-
conjugated hyaluronan-degrading enzyme. The hyaluronan degrading enzyme is one
that can be administered so that it reaches its target, and in particular reaches a tumor
cell containing elevated pericellular HA. For example, the hyaluronan-degrading

enzyme can be administered by continuous infusion or injected locally, can be
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modified with a polymer, or is one that is aglycosylated or is modified such that it is
aglycosylated or has decreased glycosylation. In one example, the provided
compositions and combinations contain a hyaluronan-degrading enzyme, in particular
a hyaluronidase, such as a soluble hyaluronidase (e.g., a PH20 or truncated PH20),
that has been modified by conjugation to one or more polymeric molecules (polymer),
typically to increase the half-life of the hyaluronan-degrading enzyme, for example, to
promote prolonged/sustained treatment effects in a subject.

Hyaluronan is a component of the extracellular matrix and a major constituent
of the interstitial barrier. By catalyzing the hydrolysis of hyaluronan, hyaluronan
degrading enzymes lower the viscosity of hyaluronan, thereby increasing tissue
permeability and increasing the absorption rate of fluids administered parenterally.
Hyaluronan degrading enzymes, such as hyaluronidase, interfere with and degrade
hyaluronic acid (HA). Treatment with hyaluronan degrading enzymes reduces the
hyaluronan such that the tissue deflates, the blood vessels expand, and more blood can
flow through the site. As such, hyaluronan degrading enzymes, such as
hyaluronidases, have been used, for example, as spreading or dispersing agents in
conjunction with other agents, drugs and proteins to enhance their dispersion and
delivery.

Hyaluronan degrading enzymes act to degrade hyaluronan by cleaving
hyaluronan polymers, which are composed of repeating disaccharides units, D-
glucuronic acid (GlcA) and N-acetyl-D-glucosamine (GlcNAc), linked together via
alternating f-1—4 and p-1—3 glycosidic bonds. Hyaluronan chains can reach about
25,000 disaccharide repeats or more in length and polymers of hyaluronan can range
in size from about 5,000 to 20,000,000 Da in vivo. By catalyzing the hydrolysis of
hyaluronan, a major constituent of the interstitial barrier, hyaluronan degrading
enzymes lower the viscosity of hyaluronan, thereby increasing tissue permeability.

Accordingly, hyaluronan degrading enzymes for the combinations, uses and
methods provided include any enzyme having the ability to catalyze the cleavage of a
hyaluronan disaccharide chain or polymer. In some examples the hyaluronan
degrading enzyme cleaves the -1—4 glycosidic bond in the hyaluronan chain or
polymer. In other examples, the hyaluronan degrading enzyme catalyze the cleavage
of the f-1—3 glycosidic bond in the hyaluronan chain or polymer.
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Hyaluronan-degrading enzymes include hyaluronidases, as well as other
enzymes such as chondroitinases and lyases that have the ability to cleave hyaluronan.
Further, hyaluronan-degrading enzymes also include soluble forms thereof that can be
expressed and secreted from cells. As described below, hyaluronan-degrading
enzymes exist in membrane-bound or soluble forms that are secreted from cells. For
purposes herein, soluble hyaluronan-degrading enzymes are provided for use in the
combinations, methods and uses herein. Thus, where hyaluronan-degrading enzymes
include a glycosylphosphatidylinositol (GPI) anchor and/or are otherwise membrane-
anchored or insoluble, such hyaluronan-degrading enzymes can be provided in
soluble form by truncation or deletion of all or a portion of the GPI anchor to render
the enzyme secreted and soluble. Thus, hyaluronan-degrading enzymes include
truncated variants, e.g., truncated to remove all or a portion of a GPI anchor.
Examples of such soluble hyaluronidases include soluble PH20 hyaluronidases, such
as any set forth in U.S. Patent No. 7,767,429; U.S. Publication Nos. US20040268425
or US20100143457, see also exemplary soluble human PH20 hyaluronidases set forth
in any of SEQ ID NOS: 123-158).

Hyaluronan-degrading enzymes provided herein also include variants of any
hyaluronan-degrading enzyme, such as any hyaluronidase or soluble hyaluronidase,
for example a PH20, that is known to one of skill in the art or described herein. For
example, hyaluronan degrading enzymes can contain one or more variations in its
primary sequence, such as amino acid substitutions, additions and/or deletions. A
variant of a hyaluronan-degrading enzyme generally exhibits at least or about 60%,
70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity compared to the hyaluronan-degrading enzyme not containing the
variation. Any variation can be included in the hyaluronan degrading enzyme for the
purposes herein provided the enzyme retains hyaluronidase activity, such as at least or
about 5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%., 50%, 55%., 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95% or more of the activity of a hyaluronan degrading enzyme
not containing the variation (as measured by in vitro and/or in vivo assays well-
known in the art and described herein). For example, exemplary hyaluronan-
degrading enzymes, including those that can be conjugated to a polymer, are any that
exhibit at least or about 60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
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97%, 98%, 99% or more sequence identity to any of SEQ ID NOS: 122-170. As

- discussed below, examples of such PH20 variants are known and are described in U.S.

Publ. No. US2013-0302275.

‘Various forms of hyaluronan degrading enzymes, including hyaluronidases
have been prepared.and approved for therapeutic use in subjects, .including_ humans.
For example, animal-derived hyaluronidase pr’ep'arations. include Vitrase® (ISTA
Pharmaceut_i'cais), a purified ovine testicular hyaluronidase, Amphadase® ,(Amph'astar_

Pharmaceuticals), a bovine testicular hyaluronidase and Hydase™ (Prima Phann o

| Inc.), a bovine testicular hyaluronidase. Hylenex® (Halozyme Therapeutics) isa

human recombinant hyaluronidase produced by genetically engineered Chinese
Hamster Ovary (CHO) cells containing nucleic acid encodlng soluble forms of PH2O
des1gnated rHuPH20 (see e.g., U.S. Publication Nos. US20040268425 ; U.S. Patent -
No. 7,767,429). It is understood that any hyaluronldase prepgranon can be used in the
combinations, methods and uses provided herein (see, e.g., U.S. Patent Nos:
2,488,564, 2,488,565, 2,676,139, 2,795,529, 2,806,815, 2,808,362; 5,747,027 ana

, 5,827,7‘21'and International PCT Publication No. W02005/118799; U.S. Publ;ic'ation

Nos. US20040268425 : U.S. Patent No. 7,767,429; or any provided herein). -
A non-limiting description of exemplary hyaluronan-degrading enzymes, such
as hyaluronidase enzymes or soluble hyaluronidase enzyme, for example PH?20, for

use in the combinations and methods provided herein are described below. Generally,

'such hyaluronan-degrading enzymes include those that are conjugated to a polyfner.

a. Hyaluronidases
Hyaluronidases are members of a large family of hyaluronan degrading,

enzymes. There are three general classes of hyaluronidases: mammalian-type

_ hyaluromdases bacterial hyaluromdases and hyaluromdases from leeches, other

parasites and crustaceans. Other hyaluronidases are known such as yellow jacket _
wasp (SEQ ID NOS: 171 and 172), honey bee (SEQ ID NO: 173), white-face hornet-

- (SEQ ID NO: 174) and paper wasp (SEQ ID NO: 175). "Any of such enzymes can be

used in the compositions, combinations and methods provided herein.
. v i. Mammalian-type hyaluronidases
Mammalian-type hyalufonidases (EC 3.2.1.35) are endo-f3-N-acetyl-

hexosarhinidases that hi/drolyze the B-1—>4' glycosidic bond of hyaluronan into
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varipué oligosaccharide lengths such as t.etrasaccharides and hexasaccharidés. These
enzymes have both hydrolytic and transglycosidase activities, and caﬁ degfade
hyaluronan and chondroitin sulfates (CS), generally C4-S and C6-S. Hyaluronidases
of this type inclu_éle,,b_ut are not limited to, from cows (bovine) (SEQ ID NOS: 163,
164, and 176-178, and nucleic acid molecules set forth in SEQ ID NOS: 181-183),
shegp (Ovis aries) (SEQ ID'NO: 184-187, nucleic acid molecules set forth in SEQ D -
NOS: 188-190), pig (SEQ ID NOS: 191-192), mouse (SEQ ID NOS: 165, 193‘-196);"
rat (SEQ ID NOS: 166, 198-201), rabbit (SEQ ID NO: 167, 203); orangutan (SEQ ID
NO: 205), cynomolgus mdnkey (SEQ ID NO: 162, 206), guinea pig (SEQ ID

NO: 168, 197), chimpanzee (SEQ ID NO: 159, 160, and 2‘04) rhesus monkey (SEQ

IDNO: 161 , 202), fox (SEQ ID NO: 169, 170) and human hyaluronldases (SEQID

NOS: 122,217-221). The above hyaluromdases include PH20 hyaluromdases Also,
BHS5 hyaluromdase is of this type as described in U.S. Pat. Nos. 5,747,027 and
5,827,721. Exemplary hyaluronldases in the compositions, comblnatlons and .
methods provided herem are soluble hyaluromdases '

Mammalian hyaluronidases can be further subdivided into those thatare
neutral active, predomlnantly found in testes extracts, and acid active, predomlnantly
found in organs such as the liver. Exemplary neutral active hyaluronldases include
PH20, including, but not limited to, PH20 derived from different species such as ‘
ovine (SEQ ID NOS: 185-187), bovine (SEQ ID NO: 177, 178) and human (SEQ ID
NO:217). Human PH20 (also known as SPAM1 or sperm surface protein PH20), is, - -
generally attached to the plasma membrane via a glycosylphosphatidyl inositol (GPI)
anchor. It is naturally involved in sperm-egg adhesion and aids penetration by sperm
of the layer of cumulus cells by digesting hyaluronic acid. ,

Besides human PH20 (or SPAM1), five hyaluronidase-like genes have been
identified in the human genome, HYALL, HYALz, HYAL3, HYAL4 and HYALPI.

- HYALP1 is a pseudogene, and HYAL3 (SEQ ID NO: 220) has not been shown to

possess enzyme activity toward any known substrates. HYAL4 (precursor
polypeptide set forth in SEQ ID NO: 221) is a chondroitinase and exhibits little
activity towards hyaluronan. HYAL1 (precursor polypeptide set forth in SEQ ID
NO: 218) is the prototypical acid-active enzyme and PH20 (precursor polypeptide set
forth in SEQ ID NO: 217) is the prototypical neutral-active enzyme. Acid-active .
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hyaluronidases, such as HYAL! and HYAL2 (precursor polypeptide set forth in SEQ
ID NO: 219) generally lack catalytic activity at neutral pH (i.e., pH 7). For example,
HYAL] has little catalytic activity in vitro over pH 4.5 (Frost et al. (1 997) Anal.
Biochem. 251 :263-269). HYAL?2 is an acid-active enzyme with a very low specific
activity in vitro. The hyaluronidase-like enzymes also can be characterized by those
which are generally attached to the plasma membrane via a glycosylphosphatidyl
inositol (GPI) anchor such as human HYAL2 and human PH20 (Danilkovitch-
Miagkova et al. (2003) Proc Nail Acad Sci USA 100(8):4580-4585), and those which
are generally soluble such as human HYAL1 (Frost et al. (1997) Biochem Biophys Res
Commun. 236(1):10-15). |
PH20

PH20, like other mammalian hyaluronidases, is an endo-B-N-acetyl-
hexosaminidase that hydrolyzes the $1—4 glycosidic bond of hyaluronic acid into
various oligosaccharide lengths such as tetrasaccharides and hexasaccharides. It has
both hydrolytic and transglycosidase activities and can degrade hyaluronic acid and
chondroitin sulfates, such as C4-S and C6-S. PH20 is naturally involved in spefm-
egg adhesion and aids penetration by sperm of the layer of cumulus cells by digesting
hyaluronic acid. PH20 is located on the sperm surface, and in the lysosome-derived
acrosome, where it is bound to the inner acrosomal membrane. Plasma membrane
PH20 has hyaluronidase activity only at neutral pH, while inner acrosomal membrane
PH20 has activity at both neutral and acid pH. In addition to being a hyaluronidase,
PH20 also éppeérs to be a receptor for HA-induced cell signaling, and a receptor for
the zona pellucida surrounding the oocyte.

Exemplary PH20 proteins, including precursor and mature forms, include, but
are not limited to, human (precursor polypeptide set forth in SEQ ID NO: 217, mature
polypeptide set forth in SEQ ID NO: 122), chimpanzee (SEQ ID NO: 159, 160, and
204), Rhesus monkey (SEQ ID NO: 161, 202) bovine (SEQ ID NOS: 164,163,177,
178), rabbit (SEQ ID NO: 167, 203), ovine PH20 (SEQ ID NOS: 185-187),
Cynomolgus monkey (SEQ ID NO: 162, 206), guinea pig (SEQ ID NO: 168, 197), rat
(SEQ ID NO: 166,201), mouse (SEQ ID NO: 165, 196) and fox (SEQ ID NO: 169,
170) PH20 polypeptides.
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Bovine PH20 is a 553 amino acid precursor polypeptide (SEQ ID NO: 177).
Alignment of bovine PH20 with the human PH20 shows only weak homology, with
multiple gaps existing from amino acid 470 through to the respective carboxy termini
due to the absence of a GPI anchor in the bovine polypeptide (see e.g., Frost (2007)
Expert Opin. Drug. Deliv. 4:427-440). In fact, clear GPI anchors are not predicted in
many other PH20 species besides humans. Thus, PH20 polypeptides produced from
ovine and bovine naturally exist as soluble forms. Though bovine PH20 exists very
loosely attached to the plasma membrane, it is not anchored via a phospholipase
sensitive anchor (Lalancette et al. (2001) Biol Reprod. 65(2):628-636). This unique
feature of bovine hyaluronidase has permitted the use of the soluble bovine testes
hyaluronidase enzyme as an extract for clinical use (Wydase®, Hyalase®).

The human PH20 mRNA transcript is normally translated to generate a 509
amino acid precursor polypeptide (SEQ ID NO: 217) containing a 35 amino acid
signal sequence at the N-terminus (amino acid residue positions 1-35) and a 19 amino
acid glycosylphosphatidylinositol (GPI) anchor attachment signal sequence at the C-
terminus (amino acid residue positions 491-509). The mature PH20 therefore, is a
474 amino acid polypeptide set forth in SEQ ID NO: 122. Following transport of the
precursor polypeptide to the ER and removal of the signal peptide, the C-terminal
GPI-attachment signal peptide is cleaved to facilitate covalent attachment of a GPI
anchor to the newly-formed C-terminal amino acid at the amino acid position
corresponding to position 490 of the precursor polypeptide set forth in SEQ ID
NO: 217. Thus, a 474 amino acid GPI-anchored mature polypeptide with an amino
acid sequence, set forth in SEQ ID NO: 122, is produced.

Human PH20 exhibits hyaluronidase activity at neutral and acid pH. In one
aspect, human PH20 is the prototypical neutral-active hyaluronidase that is generally
locked to the plasma membrane via a GPI anchor. In another aspect, PH20 is
expressed on the inner acrosomal membrane where it has hyaluronidase activity at
neutral and acid pH. It appears that PH20 contains two catalytic sites at distinct
regions of the polypeptide: the Peptide 1 and Peptide 3 regions (Cherr et al., (2001)
Matrix Biology 20:515-525). Evidence indicates that the Peptide 1 region of PH20,
which corresponds to amino acid positions 107-137 of the mature polypeptide set

forth in SEQ ID NO: 122 and positions 142-172 of the precursor polypeptide set forth
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in SEQ ID NO: 217, is requlred for enzyme act1v1ty at neutral pH. Amino acids at

positions 111 and 113 (correspondmg to the mature PH20 polypeptide set forth in
SEQ ID NO: 122) within thls region appear to be important for activity, as
mutagene51s by ammo acid replacement results in PH20 polypeptides with 3%
hyaluromdase activity or undetectable hyaluronidase activity, respectively, compared
to the wild-type PH20 (Armmg et al (1997) Eur. J. Biochem. 247:810-814).

The Peptide 3 region, whlch corresponds to amino acid positions 242-262 of |
the mature polypeptide set'forth in SEQ ID NO: 122, and positions 277-297 of the
precursor polypeptide set forth in SEQ ID NO: 217, appears't'o be"impoftaﬁt for
enzyme activity at acidic pH. Within this region, amino acids at positions 249 and
252 of the mature PH20 polypeptide appear to be essential for activity, and
mutagenesis of ei‘dier one results in a polypeptide essentially devoid of activity
(Arming et al., (1997) Eur. J.' Biochem. 247:810-814).

In addition to the catalytic sites, PH20 also contains a hyal‘uronan-binding site.
Expenmental evidence indicates that this site is located in the Peptide 2 region, which
corresponds to amino acid posmons 205-235 of the precursor polypeptide set forth in
SEQID NO: 217 and positions 170-200 of the mature polypeptide set forth in SEQ
ID:NO: 122. This region is highly conserved among hyaluronidases and is similar to
the heparin binding motif. Mutation of the arginine residue at position 176
(corresponding to the mature PH20 polypeptide set forth in SEQ ID NO: 122) to a
glycine results in ’a polypeptide with only about 1% of the hyaluronidase activity of
the wild type polypeptide (Arming ef al., (1997) Eur. J. Biochem. 247:810-814).

There are seven potential glydosylaﬁon sites, including N- and O-linked |

glycosylation sites, in human. PH20 at N82, N166, N235, N254, N368, N393 and

8490 of the polypeptide exemplified in SEQ ID NO: 217. Because amino acids 36 to '

464 of SEQ ID NO: 217 appear to contain the minimally active human PH20
hyaluronidase domain, the glycosylation site at S490 is not required for proper -
hyaluronidase activity. There ate six disulfide bonds in human PH20. Two disulfide
bonds between the cysteine residues C60 and C351 and between C224 and C238 of
the polypeptlde exemphﬁed in'SEQ ID NO: 217 (corresponding to residues C25 and
C316, and C189 and C203 of the mature polypeptide set forth in SEQ ID NO: 122,

respectively). A further four disulfide bonds are formed between the cysteine residues
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C376 and C387; between C381 and C435; between C437 and C443; and between
C458 and C464 of the polypeptide exemplified in SEQ ID NO: 217 (corresponding to
residues C341 and C352; between C346 and C400; between C402 and C408; and
between C423 and C429 of the mature polypeptide set forth in SEQ ID NO: 122,
respectively).

ii. Bacterial Hyaluronidase

Bacterial hyaluronidases (EC 4.2.2.1 or EC 4.2.99.1) degrade hyaluronan and,
to various extents, chondroitin sulfates and dermatan sulfates. Hyaluronan lyases
isolated from bacteria differ from hyaluronidases (from other sources, e.g.,
hyaluronoglucosaminidases, EC 3.2.1.35) by their mode of action. They are endo-f-
N-acetylhexosaminidases that catalyze an elimination reaction, rather than hydrolysis,
of the B1—4-glycosidic linkage between N-acetyl-beta-D-glucosamine and D-
glucuronic acid residues in hyaluronan, yielding 3-(4-deoxy-B-D-gluc-4-enuronosyl)-
N-acetyl-D-glucosamine tetra- and hexasaccharides, and disaccharide end products.
The reaction results in the formation of oligosaccharides with unsaturated hexuronic
acid residues at their nonreducing ends.

Exemplary hyaluronidases from bacteria for use in the compositions,
combinations and methods provided include, but are not limited to, hyaluronan
degrading enzymes in microorganisms, including strains of Arthrobacter,
Bdellovibrio, Clostridium, Micrococcus, Streptococcus, Peptococcus,
Propionibacterium, Bacteroides, and Streptomyces. Particular examples of such
strains and enzymes include, but are not limited to Arthrobacter sp. (strain FB24)
(SEQ ID NO: 222), Bdellovibrio bacteriovorus (SEQ ID NO: 223),
Propionibacterium acnes (SEQ ID NO: 224), Streptococcus agalactiae ((SEQ 1D
NO: 225); 18RS21 (SEQ ID NO: 226); serotype Ia (SEQ ID NO: 227); and serotype
I (SEQ ID NO: 228)), Staphylococcus aureus (strain COL (SEQ ID NO: 229); strain
MRSA252 (SEQ ID NOS: 230, 231); strain MSSA476 (SEQ ID NO: 232); strain
NCTC 8325 (SEQ ID NO: 233); strain bovine RF122 (SEQ ID NOS: 234, 235); and
strain USA300 (SEQ ID NO: 236)), Streptococcus pneumoniae ((SEQ ID NO: 237);
strain ATCC BAA-255/ R6 (SEQ ID NO: 238); and serotype 2, strain D39 / NCTC
7466 (SEQ ID NO: 239)), Streptococcus pyogenes (serotype M1 (SEQ ID NO: 240);
serotype M2, strain MGAS10270 (SEQ ID NO: 241); serotype M4, strain
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MGAS10750 (SEQ ID NO: 242); serotype M6 (SEQ ID NO: 243); serotype M12,
strain MGAS2096 (SEQ ID NOS: 244, 245); serotype M12, strain MGAS9429 (SEQ
ID NO: 246); and serotype M28 (SEQ ID NO: 247)); Streptococcus suis (SEQ ID
NOS: 248-250); Vibrio fischeri (strain ATCC 700601/ ES114 (SEQ ID NO: 251)), and
the Streptomyces hyaluronolyticus hyaluronidase enzyme, which is specific for
hyaluronic acid and does not cleave chondroitin or chondroitin sulfate (Ohya, T. and
Kaneko, Y. (1970) Biochim. Biophys. Acta 198:607).
iii. Hyaluronidases from leeches, other parasites and

crustaceans

Hyaluronidases from leeches, other parasites, and crustaceans (EC 3.2.1.36)
are endo-f-glucuronidases that generate tetra- and hexasaccharide end-products.
These enzymes catalyze hydrolysis of 1—3-linkages between -D-glucuronate and N-
acetyl-D-glucosamine residues in hyaluronate. Exemplary hyaluronidases from
leeches include, but are not limited to, hyaluronidase from Hirudinidae (e.g., Hirudo
medicinalis), Erpobdellidac (e.g., Nephelopsis obscura and Erpobdella punctata,),
Glossiphoniidae (e.g., Desserobdella picta, Helobdella stagnalis, Glossiphonia
complanata, Placobdella ornata and Theromyzon sp.) and Haemopidae (Haemopis
marmorata) (Hovingh et al. (1999) Comp Biochem Physiol B Biochem Mol Biol.
124(3):319-26). An exemplary hyaluronidase from bacteria that has the same
mechanism of action as the leech hyaluronidase is that from the cyanobacteria,
Synechococcus sp.; strain RCC307 (SEQ ID NO: 252).

b. Other hyaluronan degrading enzymes

In addition to the hyaluronidase family, other hyaluronan degrading enzymes
can be used in the compositions, combinations and methods provided. For example,
enzymes, including particular chondroitinases and lyases, that have the ability to
cleave hyaluronan can be employed. Exemplary chondroitinases that can degrade
hyaluronan include, but are not limited to, chondroitin ABC lyase (also known as
chondroitinase ABC), chondroitin AC lyase (also known as chondroitin sulfate lyase
or chondroitin sulfate eliminase) and chondroitin C lyase. Methods for production
and purification of such enzymes for use in the compositions, combinations, and

methods provided are known in the art (e.g., U.S. Patent No. 6,054,569; Yamagata, et
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al. (1968) J. Biol. Chem. 243(7):1523-1535; Yang et al. (1985) J. Biol. Chem.
160(30):1849-1857).

Chondroitin ABC lyase contains two enzymes, chondroitin-sulfate-ABC
endolyase (EC 4.2.2.20) and chondroitin-sulfate-ABC exolyase (EC 4.2.2.21) (Hamai
et al. (1997) J Biol Chem. 272(14):9123-30), which degrade a variety of
glycosaminoglycans of the chondroitin-sulfate- and dermatan-sulfate type.
Chondroitin sulfate, chondroitin-sulfate proteoglycan and dermatan sulfate are the
preferred substrates for chondroitin-sulfate-ABC endolyase, but the enzyme also can
act on hyaluronan at a lower rate. Chondroitin-sulfate-ABC endolyase degrades a
variety of glycosaminoglycans of the chondroitin-sulfate- and dermatan-sulfate type,
producing a mixture of A4-unsaturated oligosaccharides of different sizes that are
ultimately degraded to A4-unsaturated tetra- and disaccharides. Chondroitin-sulfate-
ABC exolyase has the same substrate specificity but removes disaccharide residues
from the non-reducing ends of both polymeric chondroitin sulfates and their
oligosaccharide fragments produced by chondroitin-sulfate-ABC endolyase (Hamai,
A. etal (1997) J. Biol. Chem. 272:9123-9130). Exemplary chondroitin-sulfate-ABC
endolyases and chondroitin-sulfate-ABC exolyases include, but are not limited to,
those from Proteus vulgaris and Flavobacterium heparinum (the Proteus vulgaris
chondroitin-sulfate-ABC endolyase is set forth in SEQ ID NO: 253 (Sato ef al. (1994)
Appl. Microbiol. Biotechnol. 41(1):39-46).

Chondroitin AC lyase (EC 4.2.2.5) is active on chondroitin sulfates A and C,
chondroitin and hyaluronic acid, but is not active on dermatan sulfate (chondroitin
sulfate B). Exemplary chondroitinase AC enzymes from the bacteria include, but are
not limited to, those from Flavobacterium heparinum and Victivallis vadensis, sct
forth in SEQ ID NOS: 254 and 255, respectively, and Arthrobacter aurescens (Tkalec
et al. (2000) Applied and Environmental Microbiology 66(1):29-35; Ernst et al.
(1995) Critical Reviews in Biochemistry and Molecular Biology 30(5):387-444).

Chondroitinase C cleaves chondroitin sulfate C producing tetrasaccharide plus
an unsaturated 6-sulfated disaccharide (delta Di-6S). It also cleaves hyaluronic acid
producing unsaturated non-sulfated disaccharide (delta Di-OS). Exemplary
chondroitinase C enzymes from the bacteria include, but are not limited to, those from

Streptococcus and Flavobacterium (Hibi et al. (1989) FEMS-Microbiol-Lett.
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48(2): 121-4; Michelacci et al. (,,1 976) J. Biol. Chem. 251:1154-8; Tsuda et al. (1999)
Eur. J. Biochem. 262:127-133).
c. Soluble hyaluronan degrading enzymes (e.g., soluble PH20)

- Provided in the compositions, combinations, uses and methods herein are

soluble hydlufonan degrading enzymes, including soluble hyaluronidases. Soluble

r.hyaluronan degradmg enzymes include any hyaluronan degrading enzymes that are

secreted from cells (e.g, CHO cell) upon expressmn and exist in soluble form Such
enzymes include, but are not limited to, soluble hyaluronidases, including non- human'
animal soluble hyaluronidases, and human-hyaluromdases, such as Hyall, bovine
PH20, ovine PH20, and any hyaluronan degrading enzymes that have been modified
to be soluble, and allelic variants thereof and other Varlants thereof. For example
hyaluronan degrading enzymes that contain a GPI anchor can be made soluble by C-
terminal truncation of and removal of all or a portion of the GPI anchor. In one

example, a soluble hyaluronidase is a C-térfninally truncated human PH20 in which

the human hyaluronidase PH20, which is normally membrane anchored via a GPI

anchor, is truncated and lacks all or a portlon of the GPI anchor at the C-termmus o

Soluble hyaluronan degradmg enzymes also include neutral actlve and acid -+ -

_active hyaluronidases. Depending on factors, such as, but not limited to, the desired

level of activity of the enzyme following administration and/or site of administration,

neutral active and acid activehyaluronidases can be selected. In a particular example,

the hyaluronan degrading enzyme for use in the compositions, combinations and

methods herein is a soluble neutral active hyaluronidase.

Such soluble forms include truncated forms thereof lacking all or a portion of

the C-terminal GPI anchor, so long as the hyaluronidase is soluble (secreted upon

| expression) and retainshyaluronidase activity (see, e.g., also U.S. Patent Nos.‘

8,431,380 and 7,767,429). Such_ forms also typically are rha'ture forms that, when' "
expressed ina cell, lack the signal peptide. Exemplary hyaluronidases include soluble
fofms of a PH20 from any species, such as a soluble form of a PH20 of any of SEQ
ID NOS: 122, 159, 160, 161-170, 177, 178, 185-187, 196, 197, 203, 206, 201, 202, 204,
and 217. Also included among soluble hyaluronidases are soluble forms of variants of
any of the PH20s from any species set forth in SEQ 1D‘ NOS: 122, 159, 160, 161-170,
177, 178, 185-187, 196, 197,:’203, 206, 201, 202, 204, 217, or truncated forms
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thereof, that exhibit hyaluronidase activity. Variants include polypeptides having
60%, 70%, 80%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
seque.nc_e identity to any of SEQ ID NOS: 122, 159, 160, 161-170, 177, 178, 185-187,
196, 197, 203, 206, 201, 202, 204, or 217, and mature (e.g., lacking the signal

sequence) or soluble truncated forms thereof. Amino acid variants include

. conservative and non-conservative mutations. It is understood that residues that are

important or otherwise required for'the activity of a hyahtfonidase, such as any
described'above or known to skill in'the art, are generally invariant and cannot be
changed These include, for example, active site residues. Thus, for example amino -
acid re51dues 111, 113 and 176 (corresponding to residues in the mature PH20

polypeptlde set forth in SEQ ID NO 122) of a human PH20 polypeptide, or soluble

" form thereof are generally invariant and are not altered. Other residues that confer

glycosylatlon and formation of disulfide bonds required for proper folding also can be -

invariant. Modlﬁed forms of the soluble PH2O enzymes also are known (see,

'.Publlcatlon No. US 2013- 0302275), which include PH20 enzymes that have improved

stability- under denaturing conditions, such as those that include replacement of the
residue coresponding to 204 (of the full-length human PH20) with proline (P).

In some instances, the soluble hyaluronan degrading enzyme is normally GPI-

: ahchored (suchas, for example, human PH20) and is rendered soluble by truncation at

“the C-terminus. Such truncation can remove all of the GPI anchor attachment signal

sequence, or can remove only some of the GPI anchor attachment signal sequence.
The resolting polypeptide, however, is soluble. In instances where the soluble
hyaluronan degradihg enzyme retains a port'ion of the GPI anchor attachment signal
sequence, 1,2,3,4,5,6,7 or more amino acid residues in the GPI-anchor ‘_attachment

signal sequence can be retained, provided the polypeptide is soluble. Polypeptides

_containing one or more amino acids of the GPI anchor are termed extended sohible

hyaluronan degrading enzymes. One of skill in the art can determine whether a
polypeptide is GPl-anchored using methods well-known in the art. Such methods

include, but are not limited to, using known algorithms to predict the presence and

location of the GPI-anchor attachment signal sequence and w-site, and performing

solub111ty analyses before and after dlgestlon with phosphat1dy11n051tol -specific

phospholipase C (PI-PLC) or D (PI- PLD)
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Extended soluble hyaluronan degrading enzymes can be produced by making
C-terminal truncations to any naturally GPI-anchored hyaluronan degrading enzyme
such that the resulting polypeptide is soluble and contains one or more amino acid
residues from the GPI-anchor attachment signal sequence (see, e.g., U.S. Published
Pat. Appl. No. US20100143457). Exemplary extended soluble hyaluronan degrading
enzymes that are C-terminally truncated but retain a portion of the GPI anchor
attachment signal sequence include, but are not limited to, extended soluble PH20
(esPH20) polypeptides of primate origin, such as, for example, human and
chimpanzee esPH20 polypeptides. For example, the esPH20 polypeptides can be
made by C-terminal truncation of any of the mature or precursor polypeptides set
forth in SEQ ID NOS: 122, 179, 180, or 204, or 217, or other variants thereof,
including active fragment thereof, wherein the resulting polypeptide is soluble and
retains one or more amino acid residues from the GPI-anchor attachment signal
sequence. Variants include polypeptides having 60%, 70%, 80%, 90%, 91%, 92%,
93%, 94%, 95% or more sequence identity to any of SEQ ID NOS: 122, 179, 180, or
204, or 217 that retain hyaluronidase activity. The esPH20 polypeptides provided
herein can be C-terminally truncated by 1, 2, 3, 4, 5, 6, 7, 8,9, 10 or more amino acids
compared to the wild type polypeptide, such as a polypeptide with a sequence set
forth in SEQ ID NOS: 122, 179, 180, or 204, or 217, provided the resulting esPH20
polypeptide is soluble and retains 1 or more amino acid residues from the GPI-anchor
attachment signal sequence.

Typically, for use in the compositions, combinations and methods herein, a
soluble human hyaluronan degrading enzyme, such as a soluble human PH20, is used.
Although hyaluronan degrading enzymes, such as PH20, from other animals can be
utilized, such preparations are potentially immunogenic, since they are animal
proteins. For example, a significant proportion of patients demonstrate prior
sensitization secondary to ingested foods, and since these are animal proteins, all
patients have a risk of subsequent sensitization. Thus, non-human preparations may
not be suitable for chronic use. If non-human preparations are desired, it is
contemplated herein that such polypeptides can be prepared to have reduced

immunogenicity. Such modifications are within the level of one of skill in the art and
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can include, for example, removal and/or replacement of one or more antigenic
epitopes on the molecule.

Hyaluronan degrading enzymes, including hyaluronidases (e.g., PH20), used
in the methods herein can be recombinantly produced or can be purified or partially-
purified from natural sources, such as, for example, from testes extracts. Methods for
production of recombinant proteins, including recombinant hyaluronan degrading
enzymes, are provided elsewhere herein and are well-known in the art.

i. Soluble Human PH20

Soluble human PH20 is an example of a soluble hyaluronidase. Soluble forms
of recombinant human PH20 have been produced and can be used in the
compositions, combinations and methods described herein. The production of such
soluble forms of PH20 is described in U.S. Published Patent Application Nos.
US20040268425; US20050260186, US20060104968, US20100143457 and
International PCT Publication No. W02009111066. For example, soluble PH20
polypeptides, include C-terminally truncated variant polypeptides that include a
sequence of amino acids in SEQ ID NO: 217 or 122, or have at least 91%, 92%, 93%,
94%, 95%, 96%, 97%, or 98% sequence identity to a sequence of amino acids
included in SEQ ID NO: 217 or 122, retain hyaluronidase activity and are soluble.
Included among these polypeptides are soluble PH20 polypeptides that completely
lack all or a portion of the GPI-anchor attachment signal sequence.

Also included are extended soluble PH20 (esPH20) polypeptides that contain
at least one amino acid of the GPI anchor. Thus, instead of having a GPI-anchor
covalently attached to the C-terminus of the protein in the ER and being anchored to
the extracellular leaflet of the plasma membrane, these polypeptides are secreted and
are soluble. C-terminally truncated PH20 polypeptides can be C-terminally truncated
byl1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 35, 40, 45,
50, 55, 60 or more amino acids compared to the full length wild type polypeptide,
such as a full length wild type polypeptide with a sequence set forth in SEQ ID
NO: 217 or 122, or allelic or species variants or other variants thereof.

Soluble forms of human PH20 generally include those that contain amino
acids 36-464 set forth in SEQ ID NO: 217. For example, soluble forms include, but
are not limited to, C-terminal truncated polypeptides of human PH20 set forth in SEQ
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ID NO: 217 having a C-terminal amino acid residue 467, 468, 469, 47(5, 471,472,
473, 474, 475, 476, 477, 478, 479,.4801 481, 482, 483, 484, 485, 486, 487, 488, 489,
490, 491, 492,‘ 493, 494, 495, 496, 497, 498, 499 or 500 of the sequen_ée of amino
acids set forth-in SEQ ID NO: 217, mature forms thereof, or polypeptides that exhibit

at least 85% identity thereto. For example, when expressed in mammalian cells, the

" 35 amino acid N-terminal signal sequence is cleaved during processing, and the |

mature form of the protein is produced and can be secreted. Thus, the mature soluble -
polypeptides contain amino acids 36 toi»467, 468, 469: 470, 471,472,473, 474, 475; '
476,477, 478, 479, 480, 481,.482 and 483 of SEQ ID NO: 217. Table 4 provides -
non-limiting examples of exemplary C-terminally truncated soluble PH20 o
polypeptides, including precursor and mature forms thereof. In Table 4 below, the
length (in amino acids) of the precursor and mature polypeptides, and the sequence .
identifier (SEQ ID NO) in which exemplary amino acid sequences of the precursor
and mature polypeptides of the C-term-inally truncated PH20 proteins are set forth, are
provided. The wild-type PH20 polypeptide also is included in Table 4 for comparison. |
In particular, exemplary soluble hyaluronidases are soluble human PH20 polypeptides
that are 442, 443, 444, 445, 446 or 447 amino acids in length, such as those set forth in

~ any of SEQ ID NOS: 123-v1'28,'0r allelic ‘or speciesvvariants-or other variants thereof.

Table 4. Exemplary C-terminally truncated PH20 polypeptides
Precursor : ) Mature
amino acids | length SEQID amino length (aa)
of SEQID | ~(aa) NO acids of SEQID
NO: 217 |- SEQ ID NO
) . NO: 217

1-509* 509 217 36-509** 474 122
1-500 [ 500 216 36-500 465 152
1-499 499 215 - 36-499 464 131
1-498 498 214 T 36-498 463 153
1-497 497 213 - 36-497 462 132
1-496 496 212 36-496 461 154
1-495 495 211 36-495 460 133
1-494 494 © 210 . 36-494 459 . 155
1-493 493 209 36-493 458 134
1-492 492 208 36-492 457 156
1-491 491 207 36-491 456 135
1-490 490 281 36-490 455 137
1-489 489 . 280 36-489 454 136
1-488 488 279 36-488 453 157
1-487 487 278 | 36-487 452 138
1-486 486 277 36-486 451 158
1-485 485 - 276 36-485 450 . 139
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Table 4. Exemplary C-terminally truncated PH20 polypeptides
" Precursor , Mature
amino acids length SEQID amino length (aa)
of SEQ ID (aa) NO acids of SEQ ID
NO: 217 SEQID NO
NO: 217 .
1-484 484 275 36-484 449 140
1-483 483 274 36-483 - 448 130
1-482 482 1, 273 36-482 447 123
1-481 481 272 36-481 446 124
1-480 .480 271 36-480 445 125
1-479 479 270 36-479 - 444 126
~ 1-478 478 269 36-478 - 443 127
1-477 . 477 268 36-477 442 128
1-476 476 267 - 36-476 441 141
. 1-475 475 266 36-475 440 142
1-474 474 265 36-474 | 439 143
1-473 - 473 . 264 36-473 438 C 144
1-472 472 263 36-472 437 145
© 11471 471 . 262 36-471 436 146
1-470 470 261 36-470 435 147
1-469 469 260 36-469 434 148
1-468 - 468 259 36-468 433 . 149
1-467 467 258 36-467 432 129
1-466 466 257 36-466 431 150
1-465 465 256 36-465 430 151
* Wild-type precursor PH20
** Wild-type mature PH20

For example, soluble forms of PH20 include, for exémplc, polypeptides that
have the sequence of amino acids set forth in any of SEQ ID NOS: 123-158, or a
sequence of amino acids that exhibits at least 85%, 86%, 87%, 88%, 89%, 90%, 91%.,.
92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity to a sequence of
aminp acids set forth in any of SEQ ID NOS: 123-158 and are soluble and retain |
hyaluronidase activity.

Variants of PH20, such as a human PH20 (e.g., a soluble human PH20) are
known and are described in U.S. published appl. No. US2013/0302275. Any PH20
variant described in U.S. published appl. No. US2013/0302275 can be incdfporated
into a soluble PH20 polypeptide for use in the combination therapy provided herein.
Such variants include those that exhibit increased resistance to a denaturation
condition (e.g., a ph‘eholic preservative) or increased activity. An example of sucha
polypeptide is a squble human PH-ZO containing the arrﬁno acid replacement F204P,

V58K or VS8R with reference to the sequence of amino acids set forth in full length
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human PH20 set forth in SEQ ID NO: 122 or in a soluble human PH20 set forth in
any of SEQ ID NOS: 123-158.

Generally soluble forms of PH20 are produced using protein expression
systems that facilitate correct N-glycosylation to ensure the polypeptide retains
activity, since glycosylation is important for the catalytic activity and stability of
hyaluronidases. Such cells include, for example Chinese Hamster Ovary (CHO) cells
(e.g., DG44 CHO cells).

ii. rHuPH20

Recombinant soluble forms of human PH20 have been generated and can be
used in the compositions, combinations and methods provided herein. The generation
of such soluble forms of recombinant human PH20 are described, for example, in
U.S. Published Patent Application Nos. US20040268425; US 20050260186;
US20060104968; US20100143457; and International PCT Appl. No.
WO02009111066. Examples of such polypeptides are those generated by expression
of a nucleic acid molecule encoding amino acids 1-482 (set forth in SEQ ID
NO: 273). Such an exemplary nucleic acid molecule is set forth in SEQ ID NO: 5.
Post translational processing removes the 35 amino acid signal sequence, leaving a
447 amino acid soluble recombinant human PH20 (SEQ ID NO: 123). As produced
in the culture medium there is heterogeneity at the C-terminus such that the product,
designated rHuPH20, includes a mixture of species that can include any one or more
of SEQ ID NOS. 123-128 in various abundance. Typically, tHuPH20 is produced in
cells that facilitate correct N-glycosylation to retain activity, such as CHO cells (e.g.,
DG44 CHO cells).

d. Glycosylation of hyaluronan degrading enzymes

Glycosylation, including N- and O-linked glycosylation, of some hyaluronan
degrading enzymes, including hyaluronidases, can be important for their catalytic
activity and stability. While altering the type of glycan modifying a glycoprotein can
have dramatic affects on a protein's antigenicity, structural folding, solubility, and
stability, most enzymes are not thought to require glycosylation for optimal enzyme
activity. For some hyaluronidases, removal of N-linked glycosylation can result in

near complete inactivation of the hyaluronidase activity. Thus, for such
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hyaluronidases, the presence of N-linked glycans is critical for generating an active
enzyme.

N-linked oligosaccharides fall into several major types (oligomannose,
complex, hybrid, sulfated), all of which have (Man) 3-GIcNAc-GIcNAc- cores
attached via the amide nitrogen of Asn residues that fall within -Asn-Xaa-Thr/Ser-
sequences (where Xaa is not Pro). Glycosylation at an -Asn-Xaa-Cys-site has been
reported for coagulation protein C. In some instances, a hyaluronan degrading
enzyme, such as a hyaluronidase, can contain both N-glycosidic and O-glycosidic
linkages. For example, PH20 has O-linked oligosaccharides as well as N-linked
oligosaccharides. There are six potential N-linked glycosylation sites at N82, N166,
N235, N254, N368, N393 of human PH20 exemplified in SEQ ID NO: 217. Amino
acid residues N82, N166 and N254 are occupied by complex type glycans whereas
amino acid residues N368 and N393 are occupied by high mannose type glycans.
Amino acid residue N235 is occupied by approximately 80% high mannose type
glycans and 20% complex type glycans. As noted above, O-linked glycosylation at
S490 is not required for hyaluronidase activity.

In some examples, the hyaluronan degrading enzymes for use in the

compositions, combinations and/or methods provided are glycosylated at one or all of
the glycosylation sites. For example, for human PH20, or a soluble form thereof, 2, 3,
20 4,5, or 6 of the N-glycosylation sites corresponding to amino acids N82, N166, N235,
N254, N368, and N393 of SEQ ID NO: 217 are glycosylated. In other examples, 3, 4,
5, or 6 of the N-glycosylation sites corresponding to amino acids N82, N166, N235,
N254, N368, and N393 of SEQ ID NO: 217 are glycosylated. Typically, at least
residues 235, 368 and 393 are glycosylated. Glycosylated amino acid residues

25  minimally contain an N-acetylglucosamine moiety.

In some examples the hyaluronan degrading enzymes are glycosylated at one
or more native glycosylation sites. In other examples, the hyaluronan degrading
enzymes are modified at one or more non-native glycosylation sites to confer
glycosylation of the polypeptide at one or more additional site. In such examples,

30  attachment of additional sugar moieties can enhance the pharmacokinetic properties

of the molecule, such as improved half-life and/or improved activity.
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¢. Sustained or Controlled Release Formulations and Vectors
encoding Soluble Hyaluronidases
Various strategies are know to those of skill in the art for increasing serum
half-life of hyaluronan degrading enzymes, such as hyaluronidases, which is
advantageous for systemic administration of hyaluronidases. Generally the

hyaluronan degrading enzyme is modified, such as by Pegylation or sialation. Other

- strategies also can be employed. These include formulating hyaluronan degrading

enzymes for sustained release, such as in vesicles, including liposomes, which can
provide for time release or delayed release of the hyaluronan degrading enzyme,
and/or can be targeted to the tumor for release in the tumor. Exemplary of such
formulations of hyaluronan degrading enzymes, such as soluble hyaluronidases, are
those described in US Publication US-2013-0251786-A1 and International PCT
application Publication No. WO 2012/109387. Hyalufonan degrading enzymes also
can be encoded in expression vectors for in vivo expression, particulaly tumor targeted
or oncolytic vectors for expression in tumor cells (see, e.g., U.S. Patent No..
8,450,470, and Publication No.US-ZOl 1-0152359-A1; see, also U.S. Publication No.
US- 2012-0148535). The methods and uses herein can be practiced with the vesicular
formuiations and/or expression vectors encoding a soluble hyaluronidases, which can
be administered to a subject for combination therapy with a checkpoint inhibitor. The
sustained release formulations also can be formulated to contain the checkpoint
inhibitor, including any described herein, partiuclarly the checkpoint inhibitor
antibodies, such as anti-PD-L1 and anti-CTLA4.

i. Modified (Polymer-Conjugated) Hyaluronan Degrading
Enzymes v '

Covalent or other stable attachment (conjugation) of polymeric molecules,
such as polyethylene glycol (PEGylation moiety (PEG)), to the hyaluronan degrading
enzymes, such as hyaluronidases, impart beneficial properties to the resulting
hyaluronan degrading enzyme-polymer composition. Such properties include
improved biocompatibility, extension of protein (and enzymatic activity) half-life in

the blood, cells and/or in other tissues within a subject, effective shielding of the

_protein from proteases and hydrolysis, improved biodistribution, enhanced

pharmaéokinetics and/or pharmacbdynamics, and increased water solubility.
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Exemplary polymers that can be conjugated to the hyaluronan degrading
enzyme, such as the hyaluronidase, include natural and synthetic homopolymers, such
as polyols (i.e., poly-OH), polyamines (i.e., poly-NH;) and polycarboxyl acids (i.e.,
poly-COOH), and further heteropolymers i.e., polymers comprising one or more
different coupling groups e.g., a hydroxyl group and amine groups. Examples of
suitable polymeric molecules include polymeric molecules selected from among
polyalkylene oxides (PAO), such as polyalkylene glycols (PAG), including
polyethylene glycols (PEG), methoxypolyethylene glycols (mPEG) and
polypropylene glycols, PEG-glycidyl ethers (Epox-PEG), PEG-oxycarbonylimidazole
(CDI-PEG) branched polyethylene glycols (PEGs), polyvinyl alcohol (PVA),
poly(ethyleneimine) (PEI), linear polyamidoamines, polyacrylamide (PAAm),
polydimethylacrylamide (PDAAm), polyvinyl alchol (PVA), polycarboxylates,
polyvinylpyrrolidone (PVP), poly-D,L-amino acids, polyethylene-co-maleic acid
anhydride, polystyrene-co-maleic acid anhydride, dextrans including carboxymethyl-
chitosan, dextrin, dextrans, heparin, homologous albumin, celluloses, including
methylcellulose, carboxymethylcellulose, ethylcellulose, hydroxyethylcellulose
carboxyethylcellulose and hydroxypropylcellulose, hydrolysates of chitosan, starches
such as hydroxyethyl-starches and hydroxypropyl-starches, glycogen, agaroses and
derivatives thereof, guar gum, pullulan, inulin, xanthan gum, carrageenan, pectin,
alginic acid hydrolysates and bio-polymers.

Typically, the polymers are polyalkylene oxides (PAO), such as polyethylene
oxides, such as PEG, typically mPEG, which, in comparison to polysaccharides such
as dextran and pullulan, have few reactive groups capable of cross-linking. Typically,
the polymers are non-toxic polymeric molecules such as (m)polyethylene glycol
(mPEG) which can be covalently conjugated to the hyaluronan degrading enzyme,
such as the hyaluronidase (e.g., to attachment groups on the protein’s surface) using a
relatively simple chemistry.

PEGylation of therapeutics has been reported to increase resistance to
proteolysis, increase plasma half-life, and decrease antigenicity and immunogenicity.
Examples of PEGylation methodologies are known in the art (see for example, Lu and
Felix, Int. J. Peptide Protein Res., 43:127-138, 1994; Lu and Felix, Peptide Res.,
6:140-6, 1993; Felix et al., Int. J. Peptide Res., 46:253-64, 1995; Benhar et al., J.
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Biol. Chem., 269: 13398-404, 1994; Brumeanu et al., J Immunol., 154:3088-95, 1995;
see also, Caliceti et al. (2003) Adv. Drug Deliv. Rev. 55(10):1261-77 and Molineux
(2003) Pharmacotherapy 23 (8 Pt 2):35-8S). PEGylation also can be used in the
delivery of nucleic acid molecules in vivo. For example, PEGylation of adenovirus
can increase stability and gene transfer (see, e.g., Cheng ef al. (2003) Pharm. Res.
20(9):1444-51).

Suitable polymeric molecules for attachment to the hyaluronan degrading
enzymes, including hyaluronidases, include, but are not limited to, polyethylene
glycol (PEG) and PEG derivatives such as methoxy-polyethylene glycols (mPEG),
PEG-glycidyl ethers (Epox-PEG), PEG-oxycarbonylimidazole (CDI-PEG), branched
PEGs, and polyethylene oxide (PEO) (see e.g., Roberts et al., Advanced Drug
Delivery Review (2002) 54: 459-476; Harris and Zalipsky, S (eds.) "Poly(ethylene
glycol), Chemistry and Biological Applications” ACS Symposium Series 680, 1997,
Mehvar et al., J. Pharm. Pharmaceut. Sci., 3(1):125-136, 2000; Harris, (2003) Nature
Reviews Drug Discovery 2:214-221; and Tsubery, (2004) J Biol. Chem
279(37):38118-24). The polymeric molecule can be of a molecular weight typically
ranging from about 3 kDa to about 60 kDa. In some embodiments the polymeric
molecule that is conjugated to a protein, such as a hyaluronidase, for example a PH20,
has a molecular weight of between or about between 5 to 60 kDa, such as at least or
about at least or 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60 or more than 60 kDa.

PEGylated Soluble hyaluronan degrading enzymes

The hyaluronan degrading enzyme used in the combinations and methods
herein can be a PEGylated hyaluronan degrading enzyme, such as a PEGylated
soluble hyaluronan degrading enzyme. In one example, it is a PEGylated soluble
hyaluronidase, e.g., PEGylated PH20. Various methods of modifying polypeptides by
covalently attaching (conjugating) a PEG or PEG derivative (i.e., “PEGylation”) are
known in the art (see e.g., U.S. 2006/0104968; U.S. 5,672,662; U.S. 6,737,505; and
U.S. 2004/0235734). Techniques for PEGylation include, but are not limited to,
specialized linkers and coupling chemistries (see e.g., Roberts et al., Adv. Drug Deliv.
Rev. 54:459-476, 2002), attachment of multiple PEG moieties to a single conjugation
site (such as via use of branched PEGs; see e.g., Guiotto et al., Bioorg. Med. Chem.
Lett. 12:177-180, 2002), site-specific PEGylation and/or mono-PEGylation (see e.g.,
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Chapman et al., Nature Biotech. 17:780-783, 1999), and site-directed enzymatic
PEGylation (see e.g., Sato, Adv. Drug Deliv. Rev., 54:487-504, 2002). Methods and
techniques described in the art can produce proteins having 1, 2, 3,4, 5,6, 7, 8,9, 10
or more than 10 PEG or PEG derivatives attached to a single protein molecule (see
e.g., US. 2006/0104968).

Numerous reagents for PEGylation have been described in the art. Such
reagents include, but are not limited to, N-hydroxysuccinimidyl (NHS) activated PEG,
succinimidyl mPEG, mPEG;-N-hydroxysuccinimide, mPEG succinimidyl alpha-
methylbutanoate, mPEG succinimidyl propionate, mPEG succinimidyl butanoate,
mPEG carboxymethyl 3-hydroxybutanoic acid succinimidyl ester, homobifunctional
PEG-succinimidyl propionate, homobifunctional PEG propionaldehyde,
homobifunctional PEG butyraldehyde, PEG maleimide, PEG hydrazide, p-
nitrophenyl-carbonate PEG, mPEG-benzotriazole carbonate, propionaldehyde PEG,
mPEG butryaldehyde, branched mPEG, butyraldehyde, mPEG acetyl, mPEG
piperidone, mPEG methylketone, mPEG “linkerless” maleimide, mPEG vinyl
sulfone, mPEG thiol, mPEG orthopyridylthioester, mPEG orthopyridyl disulfide,
Fmoc-PEG-NHS, Boc-PEG-NHS, vinylsulfone PEG-NHS, acrylate PEG-NHS,
fluorescein PEG-NHS, and biotin PEG-NHS (see e.g., Monfardini et al., Bioconjugate
Chem. 6:62-69, 1995; Veronese et al., J. Bioactive Compatible Polymers 12:197-207,
1997; U.S. 5,672,662; U.S. 5,932,462; U.S. 6,495,659; U.S. 6,737,505; U.S.
4,002,531; U.S. 4,179,337, U.S. 5,122,614; U.S. 5,324, 844; U.S. 5,446,090; U.S.
5,612,460; U.S. 5,643,575; U.S. 5,766,581; U.S. 5,795, 569; U.S. 5,808,096; U.S.
5,900,461; U.S. 5,919,455; U.S. 5,985,263; U.S. 5,990, 237; U.S. 6,113,906; U.S.
6,214,966; U.S. 6,258,351; U.S. 6,340,742, U.S. 6,413,507; U.S. 6,420,339; U.S.
6,437,025; U.S. 6,448,369; U.S. 6,461,802; U.S. 6,828,401; U.S. 6,858,736; U.S.
2001/0021763; U.S. 2001/0044526; U.S. 2001/0046481; U.S. 2002/0052430; U.S.
2002/0072573; U.S. 2002/0156047; U.S. 2003/0114647; U.S. 2003/0143596; U.S.
2003/0158333; U.S. 2003/0220447; U.S. 2004/0013637; U.S. 2004/0235734;
W00500360; U.S. 2005/0114037; U.S. 2005/0171328; U.S. 2005/0209416; EP
1064951; EP 0822199; WO 01076640; WO 0002017; WO 0249673; WO 9428024;
and WO 0187925).



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-122-

il. Sustained or Controlled Release Formulations and
Vectors encoding Soluble Hyaluronidases
ii. Sustained Release Formulations

The hyaluronan-degrading enzyme compositions can be provided in sustained
or controlled release formulations. They can be co--formulated with the checkpoint
inhibitor and/or other anti-tumor agent. In some examples, the sustained or controlled
release formulations also contain another therapeutic agent(s), for example, the
checkpoint inhibitor and/or an additional anti-tumor agent. The hyaluronan degrading
enzyme, such as the soluble hyaluronidases, can be provided in vectors for
administration. Vectors include oncolytic viral vectors, such adenovirus oncolytic
vectors and vaccinia viruses that encode and express the hyaluronan degrading
enzyme. The also can encode other anti-cancer protein therapeutics, such as the
checkpoint inhibitor, including any described herein.

The formulations can be formulated for local or systemic injection Exemplary
sustained release formulations include, but are not limited to, lipid vesicles including
unilamellar vesicles (LUV) and multilamellar vesicles (MVL), drug-resin complexes
(resinates), and depot formulations. Such sustained or controlled release formulations
are known to one of skill in the art. For example, a hyaluronan-degrading enzyme can
be encapsulated in a colloidal dispersion system or in polymer stabilized crystals.
Colloidal dispersion systems include nanocapsules, microspheres, beads, and lipid
based systems, including oil-in-water emulsions, micelles, mixed micelles, and
liposomes (see, e.g., U.S. Patent No. 5,631.018) Examples of processes to make
multilamellar and unilamellar liposomes are known in the art (see e.g. U.S. Patent No.
4,522,803, 4,310,506, 4,235,871, 4,224,179, 4,078,052, 4,394,372, 4,308,166,
4,485,054 and 4,508,703). Other examples of slow release delivery vehicles are
biodegradable hydrogel matrices (U.S. Patent No. 5,041,292), dendritic polymer
conjugates (U.S. Pat. No. 5,714,166), and multivesicular liposomes (DepoFoam®,
DepoTech, San Diego, Calif.) (U.S. Patent Nos. 5,723,147 and 5,766,627). One type
of microspheres suitable for encapsulating the compositions for local injection, is
poly(D,L-lactide) microspheres, as described in Fletcher, D. Anesth. Analg. 84:90-94
(1997).
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In particular, the sustained release formulations provided can be designed such
that the enzyme (or other agent(s)) is released at a predetermined rate or such that a
constant level of drug is maintained for a specific period of time. In particular, the
formulations permit a controlled release of the hyaluronan-degrading enzyme (or
other agent(s)) to the local tissue, such as tumor tissue. The rate of release is
sufficiently slow such that the resulting effect of the enzyme on HA degradation in the
tissue (e.g. stroma) is extended over many hours, days, weeks or months. The
optimum release rate and duration for the sustained release formulations of a
hyaluronan-degrading enzyme can be determined by those of skill in the art based on
the pharmacological properties of the specific agents.

If needed, the activity of hyaluronan degrading enzyme released into the blood
or serum can be measured. Any assay known to one of skill in the art to measure the
hyaluronidase in the plasma can be performed. For example, a microturbidity assay
or enzymatic assay can be performed on protein in plasma. It is understood that
plasma normally contains hyaluronidase enzymes. Such plasma hyaluronidase
enzymes typically have activity at an acidic pH (U.S. Patent No. 7,105,330). Hence,
before treatment with a sustained release formulation as described herein, the plasma
levels of hyaluronidase should be determined and used as a baseline. Subsequent
measurements of plasma hyaluronidase levels after treatment can be compared to the
levels before treatments. Alternatively, the assay can be performed under pH
conditions that suppress endogenous lysosomal hyaluronidase activity in plasma,
which normally exhibits activity at acidic pH. Thus, where the hyaluronan-degrading
enzyme is active at neutral pH (e.g. human PH20), only the level of the neutral-active
enzyme is measured.

Further, the sustained release formulations provided herein can be designed
such that the hyaluronan-degrading enzyme is relatively stable and active. For
example, the sustained release formulations are provided such that the total
hyaluronan degrading enzyme activity of the formulation is at or between 25,000
U/mg to 200,000 U/mg, for example 40,000 U/mg to 150,000 U/mg such as 75,000
U/mg to 120,000 U/mg and in particular at least or 40,000 U/mg, 50, 000 U/mg,
60,000 U/mg, 70,000 U/mg, 80,000 U/mg, 90,000 U/mg, 100,000 U/mg, 110,000
U/mg, 120,000 U/mg, 130,000 U/mg, 140,000 U/mg, 150,000 U/mg or more.
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Nén-limitihg examples of sustained release formulations and exemplary
formulations are provided in the examples below. See, also published PCT,
application WO 2012/109387.

a) Multivesicular Liposomes (MVL)

A Provided herein are synthetic membrane vesicles, such as multivesicular
liposomes (MVL) formulations, that include the hyaluronan-degrading enzy:mfa, and -
in particular a hyaluronidase such as PH20 or soluble or_recombinant PH20. Iﬂ some
examples,'MVL—co-formulations are provided that additionally contain another
therapeutic drug, such as the checkpoint inhibitor and/or other anti-tumor or anti-
cancer agent. Multivesicular liposome formulations contaih microscopic, spherical
particlés composed of numerous non-concentric aquéous chambers encapsulating a
drug or agent to be delivered'. The individual chambers are separated by-lipid bilayer
merﬂbraﬁes compased of syntheﬁc duplicatas or naturally occurring lipids, resulting

in a delivery vehicle tfiat is both biocompatible and biodegradable. In examples

" herein, hyaluroﬁan-degrading enzymés or other therapeutic agents that are hydrophilic

can.be’ encapsulated in the aqueous phase In other examples herein, an MVL co-
formulatlon is provided by co-encapsulation of a hydrophilic drug and a hydrophoblc
drug in the same formulation. For cxample, in such MVL co-formulations, the
hyaluronan-dégrading érizyme is encapsulated in the aqueous phase and a
hydrophobic drug, for example finasteride or dutasteride, are intercalated into the
lipid phase.

The membrane vesicles can be used in methods for delivering a hyaluronan-

" degrading enzyme, and if desired also another agent, to a subject to be used as an

adjuvant, spreading agent ot therapeutic. In particular, the membrane vesicles are

provided in pharmaceutical compositions for use as a therapeutic agent.

. Multivesicular liposomes (MVL) are made based on processes known to one
of skill in the art (see e.g. U.S. Patent No. 5, 723,147, 5,766,627; 6,106,858, '
6,306,432; 5,962,016; 6,241,999; published U.S. Patent Appl. No. US2007/0235889

“and US2QIO/030550; and published International Appl. No. WO02/096368). In

" generating such liposomes, any of the hyaluronan-degrading enzyme compositions .

described herein, or known to one of skill in the art, can be prepared- as part of

multivesicular liposomes. Briefly, a “water-in-oil” emulsion containing a hyaluronan-
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degrading enzyme first is made by dissolving amphipathic lipids and neutral lipids in
a volatile organic solvent for the lipid component, adding to the lipid component an
immiscible first aqueous component containing the enzyme and/or other agent to be
included, and one or more helpervmolecules, i.e. osmotic excipients, that provide
useful and beneficial properties to the MVLs. The mixture is emulsified by mixture,
for example, mechanically as by mixing, shaking, sonication, by ultrasonic energy,
nozzle atomization, or combinations thereof. The hyaluronan-degrading enzyme can
be contained in the first aqueous component or the lipid component or both. The
whole water-in-oil emulsion is then mixed with the second aq‘ueous component and
then agitated mechanically, as above, to form solvent spherules suspended in the
second aqueous component. The solvent spherules contain muitiple aqueous droplets
with the substance to be encapsulated dissolved therein. The volatile organic solvent
is removed, for instance by evaporation, from the spherules. When the solvent is
completely evaporated, multivesicular liposomes are formed. The MVLs are
resuspended, washed and stored in a third aqueous solution such as saline or suitable
buffer that allows particle stability at storage temperatures. Representaﬁve gases
satisfactory for use in evaporating the solvent include nitrogen, helium, argon,
oxygen, hydrogen and carbon dioxide. Alternatively, the organic solvent can be
removed by sparging, rotary evaporation or.solvent selective membranes.

As described in the published PCT application WO 2012/109387,
hydrophobic molecules can be incorporated into the lipid bilayer by dissolving the
lipids and the hydrophobic drug into an organic solvent prior to mixing with a first
aqueous component containing the hydrophilic drug (e.g. a hyaluronan-degrading
enzyme). Hence, the methods can be used to also generate MVL co-formulations of a
hydrophobic and hydrophilic drug.

Many different types of volatile hydrophobic solvents, such as ethers,
halogenated ethers, hydrocarbons, estérs, halogenated hydrocarbons, or Freons can be
used as the lipid-phase solvent. For example, diethyl ether, isopropyl and other
ethers, chloroform, methylene chloride, tetrahydrofuran, ethyl acetate, Forane and
combinations thereof can be used in making multivesicular liposomes.

Various types of lipids can be used to make multivesicular liposomes, so long.

as the lipid component contains one neutral lipid and one amphipathic lipid. Examples
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of neutral lipids include diglycerides, such as diolefin, dipalmitolein; propylene glycol
esters such as mixed diesters of caprylic/capric acids on propylene glycol;
triglycerides such as triolein, tripalmitolein, trilinolein, tricaprylin and trilaurin;
vegetable oils, such as soybean oil; lard or beef fat; squalene; tocopherol; and
combinations thereof. In particular examples, slow release neutral lipids include, for
example, triolein, tripalmitolein, trimyristolein, trilaurin, and tricaprin. Fast release
neutral lipids include, for example, tricaprylin and tricaproin and mixtures thereof.
Examples of amphipathic lipids include those with net negative charge, zero net
charge, and net positive charge at pH 7.4. These include zwitterionic, acidic or
cationic lipids. Such exemplary amphipathic lipids include, but are not limited to,
phosphatidylglycerol (PG), cardiolipin (CL), phosphatidylserine (PS), phosphatidic
acid (PA), phosphatidylinositol, phosphatidylcholine (PC), phosphatidylethanolamine
(PE), sphingomyelin, diacyl trimethylammonium propane (DITAP) and combinations
thereof. Additionally, cholesterol or plant sterols can be used to make multivesicular
liposomes. The lipid component chosen also can be one that has a melting point
below the temperature at which the MVL is to be stored and/or used (see e.g. U.S.
Patent No. 5,962,016).

In examples of the synthetic membrane vesicles, the hyaluronan-degrading
enzyme, and in particular a hyaluronidase such as PH20 or recombinant PH20, can be
prepared in the presence of one or more excipients that preserve or enhance the
stability of the enzyme and/or increase the rate of formation of the vesicles. In
particular examples, the excipient is hyaluronic acid (also called hyaluronan; HA).

The particle size of the resulting MVL can vary. It is within the level of one of
skill in the art to determine the size of a membrane vesicle and to select a vesicle
based on a desired application. For example, particle size analysis can be performed,
for example using a laser diffraction particle size analyzer. In some examples,
membrane vesicles provided herein have an average diameter that is from about or
between 0.5 um to 100 um, for example at least or about or 0.5 um, 1 um, 5 um, 10
um, 15 um, 20 uM, 50 um or 100 um.

The resulting MVL formulations or co-formulations can be further diluted or
suspended by addition of suspending medium or other biologically acceptable carrier

to obtain injectable or implantable slow release depot formulations. Common suitable
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carriers include aqueous or non-aqueous solutions, suspensions and emulsions.
Examples of non-aqueous solutions are propylene glycol, polyethylene glycol,
vegetable oils, such as olive oil, and injectable organic esters such as ethyl oleate.
Aqueous carriers include water, alcoholic aqueous solutions, emulsions or
suspensions, including saline and buffered media. Parenteral vehicles include sodium
chloride solutions, Ringer’s dextrose, dextrose, and lactated Ringer’s solution.
Intravenous vehicles include fluid and nutrient replenishers, electrolyte replenishers
(such as those based on Ringer’s dextrose). Preservatives and other additives can also
be present, such as antimicrobials, anti-oxidants, chelating agents, and inert gases
(see, Remingtons Pharmaceutical Sciences, 16™ Ed., A. Oslo, ed., Mack, Easton, Pa.
1980). Further details for preparation of the vesicles are described, for example, in
published PCT application WO 2012/109387, and, thus are known to those of skill in
the art.
b) MVL Co-Formulations

Provided herein are vesicles that contain another therapeutic agent or
agent with the hyaluronan-degrading enzyme. The other therapeutic agent can be any
drug or agent known to one of skill in the art, and particularly include a checkpoint
inhibitor and/or other anti-cancer agent. The other agent can be hydrophilic or
hydrophobic. In some examples, the MVL co-formulations are prepared by mixing of
a first aqueous component containing the hyaluronan-degrading enzyme and other
agent with the lipid component in organic solvent. In other examples, the other agent
is a hydrophobic drug and the MVL co-formulations are prepared by mixing of a first
aqueous component containing the hyaluronan-degrading enzyme and with the lipid
component in organic solvent that also contains the hydrophobic drug. It is found
herein that inclusion of the hydrophobic drug with the lipid component in organic
solvent results in encapsulation or intercalation of the hydrophobic drug into the lipid
phase of the MVL. Hence, when generated in combination with a hyaluronan-
degrading enzyme, the MVL formulations contain a hydrophilic and hydrophobic
drug co-encapsulated in the same formulation, whereby the hyaluronan-degrading
enzyme is in the aqueous phase and the hydrophobic drug is in the lipid phase.
Exemplary hydrophobic drugs include, but are not limited to, docetaxel, gemcitabine,

glucocorticoids. With respect to generation of MVL co-formulations containing a
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hydrophobic drug, it is found herein that the morphology of the lipid co-formulation
particles can be affected by the drug concentration and lipid concentration. It is
within the level of one of skill in the art to determine the optimal concentrations of
drug and lipids in order to obtain a particle of sufficient morphology for therapeutic
applications while retaining activity of the active encapsulated drugs. The Examples
exemplify procedures to assess and monitor morphology and activities
D. Methods of Producing Nucleic Acids and Encoded Polypeptides of
Hyaluronan Degrading Enzymes and Immune Checkpoint Inhibitors (e.g.,
Antibodies)

Polypeptides for use in the methods and compositions provided herein,
including polypeptides of a hyaluronan degrading enzyme (e.g., soluble
hyaluronidase, such as a PH20) or an immune checkpoint inhibitor (e.g., antibody),
can be obtained by methods well-known in the art for protein purification and
recombinant protein expression. Recombinant DNA methods are within the purview
of those skilled in the art. DNA encoding a polypeptide of interest, such as any
described herein, can be synthetically produced or can be readily isolated and
sequenced using conventional procedures (e.g., by using oligonucleotide probes that
are capable of binding specifically to genes). For example, any cell or tissue source
known to produce or express a polypeptide of interest can serve as a source of such
DNA. Polypeptides can be cloned or isolated using any available methods known in
the art for cloning and isolating nucleic acid molecules. Such methods include PCR
amplification of nucleic acids and screening of libraries, including nucleic acid
hybridization screening, antibody-based screening and activity-based screening. In
another example, if the sequence of the DNA is known or determined, nucleic acid
sequences can be constructed using gene synthesis techniques.

Methods for amplification of nucleic acids can be used to isolate nucleic acid
molecules encoding a desired polypeptide, including for example, polymerase chain
reaction (PCR) methods. A nucleic acid containing material can be used as a starting
material from which a desired polypeptide-encoding nucleic acid molecule can be
isolated. For example, DNA and mRNA preparations, cell extracts, tissue extracts,
fluid samples (e.g., blood, serum, saliva) or other samples from healthy and/or

diseased subjects can be used in amplification methods. Nucleic acid libraries also
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can be used as a source of starting material. Primers can be designed to amplify a
desired polypeptide. For example, primers can be designed based on expressed
sequences from which a desired polypeptide is generated. Primers can be designed
based on back-translation of a polypeptide amino acid sequence. Nucleic acid
molecules generated by amplification can be sequenced and confirmed to encode a
desired polypeptide.

Further, mutagenesis techniques also can be employed to generate modified
forms of a protein of interest. The DNA also can be modified. For example, gene
synthesis or routine molecular biology techniques can be used to effect insertion,
deletion, addition or replacement of nucleotides, for example, to alter the properties of
the protein, such as the binding properties or stability of the antibody or the enzymatic
activity of the hyaluronan-degrading enzyme.

Additional nucleotide sequences can be joined to a polypeptide-encoding
nucleic acid molecule. In one example linker sequences can be added, such as
sequences containing restriction endonuclease sites for the purpose of cloning the
synthetic gene into a vector, for example, a protein expression vector or a vector
designed for the amplification of the core protein coding DNA sequences.
Furthermore, additional nucleotide sequences specifying functional DNA elements
can be operatively linked to a polypeptide-encoding nucleic acid molecule. Examples
of such sequences include, but are not limited to, promoter sequences designed to
facilitate intracellular protein expression, and secretion sequences, for example
heterologous signal sequences, designed to facilitate protein secretion. Such
sequences are known to those of skill in the art. Additional nucleotide residues, such
as sequences of bases specifying protein binding regions, also can be linked to
polypeptide-encoding nucleic acid molecules. Such regions include, but are not
limited to, sequences of residues that facilitate or encode proteins that facilitate uptake
of the polypeptide into specific target cells, or otherwise alter pharmacokinetics of the
product of the synthetic gene.

In addition, tags or other moieties can be added, for example, to aid in
detection or affinity purification of the polypeptide. For example, additional
nucleotide residue sequences such as sequences of bases specifying an epitope tag or

other detectable marker also can be linked to enzyme-encoding nucleic acid
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molecules. Examples of such sequences include nucleic acid sequences encoding a
His tag (e.g., 6xHis, HHHHHH; SEQ ID NO: 31) or Flag Tag (DYKDDDDK; SEQ
ID NO: 20).

The identified and isolated nucleic acids can then be inserted into an
appropriate cloning vector. A large number of vector-host systems known in the art
can be used. Possible vectors include, but are not limited to, plasmids or modified
viruses, but the vector system must be compatible with the host cell used. Choice of
vector can depend on the desired application. The insertion into a cloning vector can,
for example, be accomplished by ligating the DNA fragment into a cloning vector
which has complementary cohesive termini. Insertion can be effected using TOPO
cloning vectors (Invitrogen, Carlsbad, CA). If the complementary restriction sites
used to fragment the DNA are not present in the cloning vector, the ends of the DNA
molecules can be enzymatically modified. Alternatively, any site desired can be
produced by ligating nucleotide sequences (linkers) onto the DNA termini; these
ligated linkers can contain specific chemically synthesized oligonucleotides encoding
restriction endonuclease recognition sequences. In an alternative method, the cleaved
vector and protein gene can be modified by homopolymeric tailing.

After insertion of the nucleic acid, the vectors typically are introduced into
host cells, for example, to amplify the protein genes for replication and/or expression
thereof. Recombinant molecules can be introduced into host cells via, for example,
transformation, transfection, infection, electroporation and sonoporation, so that many
copies of the gene sequence are generated. In specific embodiments, transformation
of host cells with recombinant DNA molecules that incorporate the isolated protein
gene, cDNA, or synthesized DNA sequence enables generation of multiple copies of
the gene. Thus, the gene can be obtained in large quantities by growing
transformants, isolating the recombinant DNA molecules from the transformants and,
when necessary, retrieving the inserted gene from the isolated recombinant DNA. In
such examples, a vector suitable for high level expression is used. Exemplary vectors
are described below. The polypeptides can be expressed using standard cell culture
and other expression systems known in the art. The proteins can be purified.

1. Isolation or Preparation of Nucleic Acid Encoding Polypeptides

a. Hyaluronan-Degrading Enzyme
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Provided herein are nucleic acid molecules encoding any of the hyaluronan-
degrading enzymes described herein, such as any described in Section C above. For
example, provided herein are nucleic acids encoding any of the soluble PH20
polypeptides that has the sequence of amino acids set forth in any of SEQ ID
NOS: 123-158, or a sequence of amino acids that exhibits at least 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence
identity to a sequence of amino acids set forth in any of SEQ ID NOS: 123-158. As
described above, the DNA encoding a hyaluronan-degrading enzyme can be
synthetically produced or can be readily isolated using conventional procedures. Any
method available in the art can be used to obtain a full length cDNA (i.e.,
encompassing the entire coding region), or genomic DNA clone, encoding a
hyaluronidase, such as from a cell or tissue source. Modified, such as truncated or
variant soluble, hyaluronidases can be engineered from a wildtype polypeptide using
recombinant DNA techniques, including site-directed mutagenesis.

The nucleic acid molecule can be inserted into a vector for expression. Such
vectors include, but are not limited to, bacteriophages such as lambda derivatives, or
plasmids such as pCMV4, pBR322 or pUC plasmid derivatives or the Bluescript
vector (Stratagene, La Jolla, CA). Other expression vectors include the HZ24
expression vector exemplified herein. Other exemplary vectors are described below.

b. Immune Checkpoint Inhibitors (e.g., Antibodies)

Provided herein are nucleic acid molecules encoding any of the immune
checkpoint inhibitors described herein, such as any described in Section C above. For
example, provided herein are nucleic acid molecules encoding an anti-immune
checkpoint protein antibody, such as an anti-CTLA4 or anti-PD-1 antibody, such as
any described in Section C above. As described above, nucleic acid molecules and
proteins provided herein can be made by any method known to one of skill in the art.
Such procedures are routine and are well-known to the skill artisan. They include
routine molecular biology techniques including gene synthesis, PCR, ligation,
cloning, transfection and purification techniques.

Anti-immune checkpoint protein antibodies, such as anti-CTLA4 or anti-PD-1
antibodies, can be generated or expressed as full-length antibodies or as antibodies

that are less than full-length, including, but not limited to antigen-binding fragments
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thereof, such as, for example, Fab, Fab', Fab hinge, F(ab'),, single-chain Fv (scFv),
scFv tandem, Fv, dsFv, scFv hinge, scFv hinge(AE) diabody, Fd and Fd' fragments.
Generally, an antibody fragment contains a variable heavy chain and a variable light
chain of an antibody, such as any described herein.

Various techniques have been developed for the production of antibodies and
antibody fragrﬁents (see, for example, Harlow & Lane, 1988, "Antibodies: A
Laboratory‘Manual", Cold Spring Harbor Laboratory, New York). For example,
antibody fragments can be prepared by proteolytic hydrolysis of intact antibodies (see
e.g., Morimoto et al. (1992) Journal of Biochemical and Biophysical Methods,
24:107-117; Brennan ef al. (1985) Science, 229:81). For example, fragments of

antibody molecules can be generated by enzymatic cleavage, such as by pepsin or

* papain cleavage using conventional methods. For example, upon protease cleavage

by papain, a. dimer of the heavy chain constant regions, the Fc domain, is cleaved

from the two Fab regions (i.e., the portions containing the variable regions).
Fragments also can be produced directly by recombinant host cells. For

example, Fab, Fv and scFv antibody fragments can all be expressed in and secreted

from host cells, such as E. coli, thereby facilitating produbtion of large amounts of

‘these fragments. Also, Fab'-SH fragments can be chemically coupled to form F(ab')

fragments (Carter ef al. (1992) Bio/Technology, 10:163-167). According to another
approach, F(ab'), fragments can be isolated directly from recombinant host cell
culture. In some examples, the antibody is a single chain Fv fragment (scFv) (see,
e.g., International Patent Pub. No. W093/16185; and U.S. Patent Nos. 5,571,894 and
5,587,458). Fv and scFv are the only species with intact combining sites that are
devoid of constant regions; thus, they are suitable for reduced nonspecific binding
during in vivo use. scFv fusion proteins can be constructed to yield fusion of an
effector protein at either the amino or the carboxy terminus of an scFv. The antibody
fragment can also be a linear antibody (see, e.g., U.S. Patent No. 5,641,870). Such
linear antibody fragments can be monospecific or bispecific. Other techniques for the
production of antibody fragments are known to one of skill in the art.

In some examples, the antibody in the provided combinations, methods and
uses, is a 'singl_e chain antibody. A single chain antibody can be generated from the

antigen-binding domain of an antibody. Methods for generating single chain
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antibodies using recombinant techniques are known in the art, such as those described
in, for example, Marasco et al. (1993) Proc. Natl. Acad. Sci. USA 90:7889-7893;
Whitlow and Filpula (1991) Methods, 2: 97-105; Bird et al. (1988) Science 242:423-

426; Pack et al. (1993) Bio/Technology 11:1271-77; and U.S. Patent Nos. 4,946,778,

5,840,300, 5,667,988, and 5,658,727.

Single chain antibodies can be recombinantly engineered by joining a heavy
chain variable region (V) and light chain variable region (VL) of a specific antibody.
The particular nucleic acid sequences for the variable regions can be cloned by
standard molecular biology methods, such as, for example, by polymerase chain
reaction (PCR) and other recombination nucleic acid technologies. Methods for
producing scFvs are described, for example, by Whitlow and Filpula (1991) Methodss;
2:97-105; Bird et al. (1988) Science 242:423-426; Pack et al. (1993) Bio/Technology
11:1271-77; and U.S. Patent Nos. 4,946,778, 5,840,300, 5,667,988, 5,658,727, and
5,258,498.

The antibodies included in the combinations, methods and uses herein can be
humanized. Humanized forms of non-human (e.g., murine) antibodies are genetically
engineered chimeric antibodies or antibody fragments having minimal-portions
derived from non-human antibodies. Humanized antibodies include antibodies in
which complementary determining regions of a human antibody (recipient antibody)
are replaced by residues from a complementary detefmining region of a non-human
species (donor antibody) such as mouse, rat or rabbit, having the desired functionality.
In some instahces, Fv framework residues of the human antibody are replaced by
corresponding non-human residues. Humanized antibodies can also contain residues
which are found neither in the recipient antibody nor in the imported complementarity
detérmining region or framework sequences. In general, the humanized antibody
contains substantially all of at least one, and typically two, variable domains, in which
all, or substantial]y all, of the complementarity determining regions correspond to
those of a non-human antibody and all, or substantially all, of the framework regions
correspond to those of a relevant human consensus sequence. Humanized antibodies
also can include at least a portion of an antibody constant region, such as an Fc

region, typically derived from a human antibody (see, for example, Jones ef al., 1986.
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Nature 321:522-525; Riechmann et al., 1988, Nature 332:323-329; Presta, 1992, Curr.
Op. Struct. Biol. 2:593-596).

Methods for humanizing non-human antibodies are well-known in the art.
Generally, the humanized antibody has one or more amino acid residues introduced
into it from a source which is non-human. These non-human amino acid residues,
often referred to as imported residues, are typically taken from an imported variable
domain. Humanization can be performed by substituting human complementarity
determining regions with, for example, corresponding rodent complementarity
determining regions (see, for example, Jones ef al., 1986, Nature 321:522-525;
Reichmann et al., 1988. Nature 332:323-327; Verhoeyen et al., 1988, Science
239:1534-15361; U.S. Pat. No. 4,816,567). Accordingly, such humanized antibodies
are chimeric antibodies, wherein substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a non-human
species. In practice, humanized antibodies can be typically human antibodies in
which some complementarity determining region residues and possibly some
framework residues are substituted by residues from analogous sites in rodent
antibodies.

Methods of identifying antibodies against a target, such as an immune
checkpoint protein, also are known. For example, antibodies can be identified using
various techniques known in the art, including phage display libraries (see, for
example, Hoogenboom & Winter, 1991, J. Mol. Biol. 227:381; Marks et al., 1991, J.
Mol. Biol. 222:581; Cole et al., 1985, In: Monoclonal antibodies and Cancer Therapy,
Alan R. Liss, pp. 77; Boerner et al., 1991. J. Immunol. 147:86-95). Also, antibodies
can be generated via any one of several methods which employ induction of in vivo
production of antibody molecules, screening of immunoglobulin libraries (Orlandi. et
al., 1989. Proc. Natl. Acad. Sci. U.S.4. 86:3833-3837; Winter et al., 1991, Nature
349:293-299) or generation of monoclonal antibody molecules by cell lines in culture.
These include, but are not limited to, the hybridoma technique, the human B-cell
hybridoma technique, and the Epstein-Barr virus (EBV)-hybridoma technique (Kohler
et al., 1975. Nature 256:4950497; Kozbor et al., 1985. J. Immunol. Methods 81:31-
42; Cote et al., 1983. Proc. Natl. Acad. Sci. USA 80:2026-2030; Cole et al., 1984.
Mol. Cell. Biol. 62:109-120).
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Nucleic acid sequences of the variable heavy chain and variable light chain of
an antibody or fragment thereof, such as any described herein, can be inserted into
vectors for expression of whole antibodies and antibody fragments described herein.
For example, nucleic acid encoding the variable heavy chain and variable light chain
sequences of Ipilimumab (SEQ ID NOS: 22 and 24, respectively) or the variable
heavy chain and variable light chain sequences of any antibody as described herein
can be inserted into a suitable expression vector described herein or known.to one of
skill in the art. All or a portion of the constant region of the heavy chain or light chain
also can be inserted or contained in the vector for expression of IgG antibodies or
fragments thereof. In addition, Vg-Cyl and V-Cy, sequences can be inserted into a
suitable expression vector for expression of Fab molecules. Variable heavy chain and
variable light chain domains of an antibody can be expressed in a suitable expression
vector, such as a vector encoding a linker between the variable heavy chain and
variable light chain to produce single chain antibodies. Exemplary linkers include the
glycine rich flexible linkers (-G4S-),, where n is a positive integer, such as 1 (SEQ ID
NO: 37), 2 (SEQ ID NO: 38), 3 (SEQ ID NO: 39), 4 (SEQ ID NO: 40), 5 (SEQ ID
NO: 41), or more.

2. Vecfors

For recombinant expression of one or more of the desired proteins, such as any
hyaluronan-degrading enzyme polypeptide or immune checkpoint inhibitor (e.g., anti-
immune checkpoint protein antibody) described herein, the _nucleic acid containing all
ora porﬁon of the nucleotide sequence encoding the protein can be inserted into an
appropriate expression vector. The sequence of nucleotides that encodes the protein
also is generally coupled to a native or heterologous signal sequence. The vectors can
be selected for expression of the enzyme protein in the cell or such that the protein is
expressed as a secreted protein.

Vector selection can depend on the desired application. Many expression
vectors are available and known to those of skill in the art. The choice of an
expression vector is influenced by the choice of host expression system. Such
selection is well within the level of skill of the skilled artisan. The vector contains the
necessary elements for the transcription and translation of the inserted protein coding

sequence. In general, expression vectors can include transcriptional promoters and
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optionally enhancers, translational signals, and transcriptional and translational
termination signals. The necessary transcriptional and translational signals also can
be supplied by the native promoter for enzyme genes, and/or their flanking regions.

Expression vectors that are used for stable transformation typically have a
selectable marker which allows for selection and maintenance of the transformed
cells. In some cases, an origin of replication can be used to amplify the copy number
of the vectors in the cells. Vectors also generally can contain additional nucleotide
sequences operably linked to the ligated nucleic acid molecule (e.g., His tag, Flag
tag). For applications with antibodies, vectors generally include sequences encoding
the constant region. Thus, antibodies or portions thereof also can be expressed as
protein fusions. A fusion protein can be generated to add additional functionality to a
polypeptide. Examples of fusion proteins include, but are not limited to, fusions of a
signal sequence, an epitope tag used for detection or visualization (e.g., a Hisg tag or a
myc tag), or a tag for purification (e.g., a GST fusion), and a sequence for directing
protein secretion and/or membrane association.

A variety of host-vector systems can be used to express the protein coding
sequence. These include but are not limited to mammalian cell systems infected with
virus (e.g., vaccinia virus, adenovirus and other viruses); insect cell systems infected
with virus (e.g., baculovirus); microorganisms such as yeast containing yeast vectors;
or bacteria transformed with bacteriophage, DNA, plasmid DNA, or cosmid DNA.
The expression elements of vectors vary in their strengths and specificities.
Depending on the host-vector system used, any one of a number of suitable
transcription and translation elements can be used.

Any methods known to those of skill in the art for the insertion of DNA
fragments into a vector can be used to construct expression vectors containing a
chimeric gene containing appropriate transcriptional/translational control signals and
protein coding sequences. These methods can include in vitro recombinant DNA and
synthetic techniques and irn vivo recombinants (genetic recombination). Expression of
nucleic acid sequences encoding protein, or domains, derivatives, fragments or
homologs thereof, can be regulated by a second nucleic acid sequence so that the
genes or fragments thereof are expressed in a host transformed with the recombinant

DNA molecule(s).
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For example, expression of the proteins can be controlled by any
promoter/enhancer known in the art. Suitable bacterial promoters are well-known in
the art, and include promoters for mammalian cells, yeast cells and insect cells, such
as promoters exempliﬁed.-bélow. Selection of the promoter used to direct expression
of a heterologous nucleic acid depends on the particular application. Ina speéiﬁc
embodiment, the promoter is not native té the genes for a desiréd protein. Promoters
which can be used include but are not limited to those for use in eukaryotic expression
vectors, such as the SV40 early -prométer (Bemois’; and Chambon, Nature 290:304-
310 (1981)), the promoter contained in the 3’ long terminal repeat of Rous sarcoma ”
virus (Yamamoto et al. Cell 22:787-797 (1980)), the herpes thymidine kinase

| promoter (Wagner et al., Proc. Natl. Acad. Sci: USA 78:1441-1445 (1981)), the
regulatory sequences of the metallotﬁidnein' gene (Brinster ef al., Nature 296:39-42
(1982)); in ﬁrokaryotic expressioh vectors, sﬁch as the B-lactamase promoter. (Jay et
-al., (1981) Proc. Nat_l.. Acad. Sci. USA 78:5543) or the tac promoter (DeBoer et al.,
Proc. Natl. Acad. Sci. USA 80:21'-‘25l (1983); éee also “Useful Proteins from
Recdmbinant Baéte’ria"ﬁ: in Scientific American 242:74-94 (1980); plant expression
‘vectors, such as the nopaline synthetase promoter (Herrera-Estrella et al., Nature
: 303:209-213 (1984)) or the'cauliﬂqwer mosaic virus 35S RNA promoter (Gardner ef
al., Nucleic Acids Res. 9;2871 (1981)), and the promoter of the photosynthetic -
enzyme ribulose bisphosphate carbOxylase (Herrera—Estrella et al., Nature 310:115-
120 (1984)); promoter elements frbm yeast and .o,ther fungi such as the Gal4 promoter,
the alcohol dehydro;gvenase promoter, the phosphoglycerol kinase promoter, the
alkaline phosphatase promoter, and the following animal transcriptional control
regions that exhibit tissue specificity and have been used in transgenic animals:
elastase I gene control region which is active in pancreatic acinar cells (Swift et al.,
Cell 38:639-646 (1984)V; Ornitz et al.., Cold Spring Harbor Symp. Quant. Biol. 50:399-
409 (1986); MacDonald, Hepatology 7:425-515 (1987)); insulin gene control region
‘which 1s active in pancreatic beta cells (Hanahan ez al., Nature 315:115-122 (1985)),
immunogiobulin- gene control region which is active in lymphoid cells (Grossched! ez
wal., Cell 3‘8:64.7-658 (1984); Adams et al., Nature 318:533-538 (1985); Alexander et
al., Mol. Cell Biol. 7:1436-1444 (1987)), mouse mammary tumor virus cgntfol region

: V’thch is active in testicular, vbreast, lymphoid,and mast cells (Leder et al., Cell

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-138-

45:485-495 (1986)), albumin gene control region which is active in liver (Pinkert et
al., Genes and Devel. 1:268-276 (1987)), alpha-fetoprotein gene control region which
is active in liver (Krumlauf ez al., Mol. Cell. Biol. 5:1639-1648 (1985); Hammer et
al., Science 235:53-58 1987)), alpha-1 antitrypsin gene control region which is active
in liver (Kelsey et al., Genes and Devel. 1:161-171 (1987)), beta globin gene control
region which is active in myeloid cells (Magram et al., Nature 315:338-340 (1985);
Kollias et al., Cell 46:89-94 (1986)), myelin basic protein gene control region which
is active in oligodendrocyte cells of the brain (Readhead et al., Cell 48:703-712
(1987)), myosin light chain-2 gene control region which is active in skeletal muscle
(Shani, Nature 314:283-286 (1985)), and gonadotrophic releasing hormone gene
control region which is active in gonadotrophs of the hypothalamus (Mason et al.,
Science 234:1372-1378 (1986)).

In addition to the promoter, the expression vector typically contains a
transcription unit or expression cassette that contains all the additional elements
required for the expression of the protein in host cells. A typical expression cassette
contains a promoter operably linked to the nucleic acid sequence encoding the protein
and signals required for efficient polyadenylation of the transcript, ribosome binding
sites and translation termination. Additional elements of the cassette can include
enhancers. In addition, the cassette typically contains a transcription termination
region downstream of the structural gene to provide for efficient termination. The
termination region can be obtained from the same gene as the promoter sequence or
can be obtained from different genes.

Some expression systems have markers that provide gene amplification such
as thymidine kinase and dihydrofolate reductase. Alternatively, high yield expression
systems not involving gene amplification are also suitable, such as using a
baculovirus vector in insect cells, with a nucleic acid sequence encoding a protein
under the direction of the polyhedron promoter or other strong baculovirus promoter.
In a specific embodiment, a vector is used that contains a promoter operably linked to
nucleic acids encoding a desired protein, or a domain, fragment, derivative or
homolog, thereof, one or more origins of replication, and optionally, one or more

selectable markers (e.g., an antibiotic resistance gene).
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Many expression vectors are available and known to those of skill in the art
and can be used for expression of proteins. The choice of expression vector will be
influenced by the choice of host expression system. In general, expression vectors
can include transcriptional promoters and optionally enhancers, translational signals,
and transcriptional and translational termination signals. Expression vectors that are
used for stable transformation typically have a selectable marker which allows
selection and maintenance of the transformed cells. In some cases, an origin of
replication can be used to amplify the copy number of the vector.

Exemplary expression vectors include any mammalian expression vector such
as, for example, pCMV. For bacterial expression, such vectors include pBR322, pUC,
pSKF, pET23D, and fusion vectors such as MBP, GST and LacZ. Other eukaryotic
vectors, for example any containing regulatory elements from eukaryotic viruses, can
be used as eukaryotic expression vectors. These include, for example, SV40 vectors,
papilloma virus vectors, and vectors derived from Epstein-Bar virus. Exemplary
eukaryotic vectors include pMSG, pAV009/A+, pMTO010/A+, pMAMneo-5,
baculovirus pDSCE, and any other vector allowing expression of proteins under the
direction of the CMV promoter, SV40 early promoter, SV40 late promoter,
metallothionein promoter, murine mammary tumor virus promoter, Rous sarcoma
virus promoter, polyhedron promoter, or other promoters shown effective for
expression in eukaryotes.

An exemplary vector for mammalian cell expression, such as for a
hyaluronan-degrading enzyme, is the HZ24 expression vector. The HZ24 expression
vector was derived from the pCI vector backbone (Promega). It contains DNA
encoding the Beta-lactamase resistance gene (AmpR), an F1 origin of replication, a
Cytomegalovirus immediate-early enhancer/promoter region (CMV), and an SV40
late polyadenylation signal (SV40). The expression vector also has an internal
ribosome entry site (IRES) from the ECMV virus (Clontech) and the mouse
dihydrofolate reductase (DHFR) gene.

Exemplary plasmid vectors for transformation of E. coli cells, include, for
example, the pQE expression vectors (available from Qiagen, Valencia, CA; see also
literature published by Qiagen describing the system). pQE vectors have a phage TS
promoter (recognized by E. coli RNA polymerase) and a double lac operator
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repression module to provide tightly regulated, high-level expression of recombinant
proteins in E. coli, a synthetic ribosomal binding site (RBS II) for efficient translation,
a 6XHis tag coding sequence, to and T1 transcriptional terminators, ColE1 origin of
replication, and a beta-lactamase gene for conferring ampicillin resistance. The pQE
vectors enable placement of a 6xHis tag at either the N- or C-terminus of the
recombinant protein. Such plasmids include pQE 32, pQE 30, and pQE 31 which
provide multiple cloning sites for all three reading frames and provide for the
expression of N-terminally 6xHis-tagged proteins. Other exemplary plasmid vectors
for transformation of E. coli cells, include, for example, the pET expression vectors
(see, U.S. patent 4,952,496; available from Novagen, Madison, WI; see, also literature
published by Novagen describing the system). Such plasmids include pET 11a, which
contains the T7lac promoter, T7 terminator, the inducible E. coli lac operator, and the
lac repressor gene; pET 12a-c, which contains the T7 promoter, T7 terminator, and the
E. coli ompT secretion signal; and pET 15b and pET19b (Novagen, Madison, W1),
which contain a His-Tag"™ leader sequence for use in purification with a His column
and a thrombin cleavage site that permits cleavage following purification over the
column, the T7-lac promoter region and the T7 terminator.

Any methods known to those of skill in the art for the insertion of DNA
fragments into a vector can be used to construct expression vectors containing a
nucleic acid encoding a protein or an antibody chain. These methods can include in
vitro recombinant DNA and synthetic techniques and iz vivo recombinants (genetic
recombination). The insertion into a cloning vector can, for example, be
accomplished by ligating the DNA fragment into a cloning vector which has
complementary cohesive termini. If the complementary restriction sites used to
fragment the DNA are not present in the cloning vector, the ends of the DNA
molecules can be enzymatically modified. Alternatively, any site desired can be
produced by ligating nucleotide sequences (linkers) onto the DNA termini; these
ligated linkers can contain specific chemically synthesized nucleic acids encoding
restriction endonuclease recognition sequences.

For expression of antibodies, generally, nucleic acid encoding the heavy chain
of an antibody is cloned into a vector and the nucleic acid encoding the light chain of

an antibody is cloned into a vector. The genes can be cloned into a single vector for
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dual expression thereof, or into separate vectors. In one example, nucleic acid
encoding the heavy chain of an antibody, is ligated into a first expression vector and
nucleic acid encoding the light chain of an antibody is ligated into a second
expression vector. The expression vectors can be the same or different, although
generally they are sufficiently compatible to allow comparable expression of proteins
(heavy and light chain) therefrom. If desired, the vectors also can contain further
sequences encoding additional constant region(s) or hinge regions to generate other
antibody forms. Exemplary vectors include, but are not limited to, pylHC and pxLC
(Tiller et al. (2008) J Immunol. Methods, 329:112-24). Other expression vectors
include the light chain expression vector pAG4622 and the heavy chain expression
vector pAH4604 (Coloma et al. (1992) J Immunol. Methods, 152:89-104). The
pAG4622 vector contains the genomic sequence encoding the C-region domain of the
human « L chain and the gpt selectable marker. The pAH4604 vectors contains the
hisD selectable marker and sequences encoding the human H chain y1 C-region
domain. In another example, the heavy and light chain can be cloned into a single
vector that has expression cassettes for both the heavy and light chain.

3. Cells and Expression

Generally, any cell type that can be engineered to express heterologous DNA
and has a secretory pathway is suitable for expression of proteins. Such methods are
known to those of skill in the art, including in vivo and in vitro methods. Desired
proteins can be expressed in any organism suitable to produce the required amounts
and forms of the proteins, such as for example, the amounts and/or forms needed for
administration and treatment.

Expression hosts include prokaryotic and eukaryotic organisms such as
bacterial cells (e.g., E. coli), yeast, fungal cells, Archaea, plant cells, insect cells,
mammalian cells, including human cell lines and transgenic animals. Expression
hosts can differ in their protein production levels as well as the types of post-
translational modifications that are present on the expressed proteins. Further, the
choice of expression host is often related to the choice of vector and transcription and
translation elements used. For example, the choice of expression host is often, but not
always, dependent on the choice of precursor sequence utilized. For example, many

heterologous signal sequences can only be expressed in a host cell of the same species
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(i.e., an insect cell signal sequence is optimally expressed in an insect cell). In
contrast, other signal sequences can be used in heterologous hosts such as, for
example, the human serum albumin (hHSA) signal sequence which works well in
yeast, insect, or mammalian host cells and the tissue plasminogen activator pre/pro
sequence which has been demonstrated to be functional in insect and mammalian cells
(Tan et al., (2002) Protein Eng. 15:337). The choice of expression host can be made
based on these and other factors, such as regulatory and safety considerations,
production costs and the need and methods for purification. Thus, the vector system
must be compatible with the host cell used.

Prokaryotic and eukaryotic cells containing the vectors are provided. Such
cells include bacterial cells, yeast cells, fungal cells, Archaea, plant cells, insect cells
and animal cells. The cells are used to produce a protein thercof by growing the
above-described cells under conditions whereby the encoded protein is expressed by
the cell, and recovering the expressed protein. For example, the protein can be
secreted into the medium.

Expression in eukaryotic hosts can include expression in yeasts such as
Saccharomyces cerevisiae and Pichia pastoris, insect cells such as Drosophila cells
and lepidopteran cells, plants and plant cells such as tobacco, corn, rice, algae, and
Lemna. Eukaryotic cells for expression also include mammalian cells lines such as
Chinese hamster ovary (CHO) cells or baby hamster kidney (BHK) cells. Eukaryotic
expression hosts also include production in transgenic animals, for example, including
production in serum, milk and eggs. Eukaryotic expression, such as mammalian
expression systems, is generally employed when glycosylation of a protein is desired,
such as for expressing or producing a glycosylated hyaluronan-degrading enzyme
(e.g., soluble hyaluronidase, such as PH20).

Prokaryotes, especially E. coli, provide a system for producing large amounts
of proteins, such as reassembled antibodies or portions thereof, and are particularly
desired in applications of expression and purification of proteins. Transformation of
E. coli is a simple and rapid technique well-known to those of skill in the art. E. coli
host strains for high throughput expression include, but are not limited to, BL21

(EMD Biosciences) and LMG194 (ATCC). An exemplary E. coli host strain is BL21.
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Vectors for high throughput expression include, but are not limited to, pPBR322 and
pUC vectors.

Recombinant molecules can be introduced into host cells via, for example,
transformation, transfection, infection, electroporation and sonoporation, so that many
copies of the gene sequence are generated. For example, the vectors can be
transfected and expressed in host cells. Generally, standard transfection methods are
used to produce bacterial, mammalian, yeast, or insect cell lines that express large
quantity of antibody chains, which are then purified using standard techniques (see
e.g., Colley et al. (1989) J. Biol. Chem., 264:17619-17622; Guide to Protein
Purification, in Methods in Enzymology, vol. 182 (Deutscher, ed.), 1990).

Transformation of eukaryotic and prokaryotic cells are performed according to
standard techniques (see, e.g., Morrison (1977) J. Bact. 132:349-351; Clark-Curtiss
and Curtiss (1983) Methods in Enzymology, 101, 347-362). For example, any of the
well-known procedures for introducing foreign nucleotide sequences into host cells
can be used. These include the use of calcium phosphate transfection, polybrene,
protoplast fusion, electroporation, biolistics, liposomes, microinjection, plasma
vectors, viral vectors and any other the other well-known methods for introducing
cloned genomic DNA, cDNA, synthetic DNA or other foreign genetic material into a
host cell.

Generally, for purposes of expressing an antibody, host cells are transfected
with a first vector encoding at least a Vi chain and a second vector encoding at least a
V1 chain. Thus, it is only necessary that the particular genetic engineering procedure
used be capable of successfully introducing at least both genes into the host cell
capable of expressing antibody polypeptide, or modified form thereof. The first and
second expression vectors are generally co-transfected into host cells, typically at a
1:1 ratio. Expression can be in any cell expression system known to one of skill in the
art. For example, host cells include cells that do not otherwise produce
immunoglobulin protein, to obtain the synthesis of antibodies in the recombinant host
cells. For example, host cells include, but are not limited to simian COS cells,
Chinese hamster ovary (CHO) cells, 293FS cells, HEK293-6E cells, NSO cells or

other myeloma cells. Other expression vectors and host cells are described herein.
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Upon expression, antibody heavy and light chains pair by disulfide bond to
form a full-length antibody or fragments thercof. For example, for expression of a
full-length Ig, sequences encoding the Vi-Cyl-hinge-Cy2-Cy3 can be cloned into a
first expression vector and sequences encoding the Vi-Cy, domains can be cloned into
a second expression vector. Upon co-expression of the first expression vector,
encoding the Vy-Cyl-hinge-Cy2-Cy3 domains, and the second expression vector,
encoding the V1 -Cp, domains, a full-length antibody is expressed. In another example,
to generate a Fab, sequences encoding the Vy-Cyl can be cloned into a first
expression vector and sequences encoding the Vi -Cp, domains can be cloned into a
second expression vector. The heavy chain pairs with a light chain and a Fab
monomer is generated. Sequences of Cyl, hinge, Cy2 and/or Cy3 of various IgG sub-
types are known to one of skill in the art (see, e.g., U.S. Publication No.
20080248028). Similarly, sequences of Cy, lambda or kappa, also are known (see,
e.g., U.S. Publication No. 20080248028). Examples of such sequences are provided
herein.

a. Prokaryotic Cells

Prokaryotes, especially E. coli, provide a system for producing large amounts
of proteins. Transformation of E. coli is a simple and rapid technique well-known to
those of skill in the art. Expression vectors for E. coli can contain inducible
promoters, such promoters are useful for inducing high levels of protein expression
and for expressing proteins that exhibit some toxicity to the host cells. Examples of
inducible promoters include the lac promoter, the trp promoter, the hybrid tac
promoter, the T7 and SP6 RNA promoters and the temperature regulated APL
promoter.

Proteins, such as any provided herein, can be expressed in the cytoplasmic
environment of E. coli. The cytoplasm is a reducing environment and for some
molecules, this can result in the formation of insoluble inclusion bodies. Reducing
agents such as dithiothreitol and B-mercaptocthanol and denaturants, such as
guanidine-HCI and urea can be used to resolubilize the proteins. An alternative
approach is the expression of proteins in the periplasmic space of bacteria which
provides an oxidizing environment and chaperonin-like and disulfide isomerases and

can lead to the production of soluble protein. Typically, a leader sequence is fused to



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

_145-

the protein to be expressed which directs the protein to the periplasm. The leader is
then removed by signal peptidases inside the periplasm.

Examples of periplasmic-targeting leader sequences include the pelB leader
from the pectate lyase gene and the leader derived from the alkaline phosphatase
gene. In some cases, periplasmic expression allows leakage of the expressed protein
into the culture medium. The secretion of proteins allows quick and simple
purification from the culture supernatant. Proteins that are not secreted can be
obtained from the periplasm by osmotic lysis. Similar to cytoplasmic expression, in
some cases proteins can become insoluble and denaturants and reducing agents can be
used to facilitate solubilization and refolding. Temperature of induction and growth
also can influence expression levels and solubility, typically temperatures between 25
°C and 37 °C are used. Typically, bacteria produce aglycosylated proteins. Thus, if
proteins require glycosylation for function, glycosylation can be added in vitro after
purification from host cells.

b. Yeast Cells

Yeasts such as Saccharomyces cerevisae, Schizosaccharomyces pombe,
Yarrowia lipolytica, Kluyveromyces lactis and Pichia pastoris are well-known yeast
expression hosts that can be used for production of proteins, such as any described
herein. Yeast can be transformed with episomal replicating vectors or by stable
chromosomal integration by homologous recombination. Typically, inducible
promoters are used to regulate gene expression. Examples of such promoters include
GAL1, GAL7 and GALS5 and metallothionein promoters, such as CUP1, AOXI1 or
other Pichia or other yeast promoter. Expression vectors often include a selectable
marker such as LEU2, TRP1, HIS3 and URA3 for selection and maintenance of the
transformed DNA. Proteins expressed in yeast are often soluble. Co-expression with
chaperonins such as Bip and protein disulfide isomerase can improve expression
levels and solubility. Additionally, proteins expressed in yeast can be directed for
secretion using secretion signal peptide fusions such as the yeast mating type alpha-
factor secretion signal from Saccharomyces cerevisae and fusions with yeast cell
surface proteins such as the Aga2p mating adhesion receptor or the Arxula
adeninivorans glucoamylase. A protease cleavage site such as for the Kex-2 protease,

can be engineered to remove the fused sequences from the expressed polypeptides as
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they exit the secretion pathway. Yeast also is capable of glycosylation at Asn-X-
Ser/Thr motifs.
c. Insect Cells

Insect cells, particularly using baculovirus expression, are useful for
expressing proteins. Insect cells express high levels of protein and are capable of
most of the post-translational modifications used by higher eukaryotes. Baculovirus
have a restrictive host range which improves the safety and reduces regulatory
concerns of eukaryotic expression. Typical expression vectors use a promoter for
high level expression such as the polyhedrin and p10 promoter of baculovirus.
Commonly used baculovirus systems include the baculoviruses such as Autographa
californica nuclear polyhedrosis virus (AcNPV), and the Bombyx mori nuclear
polyhedrosis virus (BmNPV) and an insect cell line such as Sf9 derived from
Spodoptera frugiperda, Pseudaletia unipuncta (A7S) and Danaus plexippus (DpN1).
For high-level expression, the nucleotide sequence of the molecule to be expressed is
fused immediately downstream of the polyhedrin initiation codon of the virus. To
generate baculovirus recombinants capable of expressing human antibodies, a dual-
expression transfer, such as pAcUWS51 (PharMingen) can be utilized. Mammalian
secretion signals are accurately processed in insect cells and can be used to secrete the
expressed protein into the culture medium. In addition, the cell lines Pseudaletia
unipuncta (A7S) and Danaus plexippus (DpN1) produce proteins with glycosylation
patterns similar to mammalian cell systems.

An alternative expression system in insect cells is the use of stably
transformed cells. Cell lines such as the Schneider 2 (S2) and Kc cells (Drosophila
melanogaster) and C7 cells (dedes albopictus) can be used for expression. The
Drosophila metallothionein promoter can be used to induce high levels of expression
in the presence of heavy metal induction with cadmium or copper. Also, cell lines
such as Sf9 derived cells from Spodoptera frugiperda and TN derived cells from
Trichoplusia ni can be used for expression. The baculovirus immediate early gene
promoter IE1 can be used to induce consistent levels of expression. Typical
expression vectors include the pIE1-3 and pI31-4 transfer vectors (Novagen).
Expression vectors are typically maintained by the use of selectable markers such as

neomycin and hygromycin.
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d. Mammalian Cells

Mammalian expression systems can be used to express proteins. Expression
constructs can be transferred to mammalian cells by viral infection such as adenovirus
or by direct DNA transfer such as liposomes, calcium phosphate, DEAE-dextran and
by physical means such as electroporation and microinjection. Expression vectors for
mammalian cells typically include an mRNA cap site, a TATA box, a translational
initiation sequence (Kozak consensus sequence) and polyadenylation elements. IRES
elements also can be added to permit bicistronic expression with another gene, such as
a selectable marker. Such vectors often include transcriptional promoter-enhancers
for high-level expression, for example the SV40 promoter-enhancer, the human
cytomegalovirus (CMV) promoter and the long terminal repeat of Rous sarcoma virus
(RSV). These promoter-enhancers are active in many cell types. Tissue and cell-type
promoters and enhancer regions also can be used for expression. Exemplary
promoter/enhancer regions include, but are not limited to, those from genes such as
elastase I, insulin, immunoglobulin, mouse mammary tumor virus, albumin, alpha
fetoprotein, alpha 1 antitrypsin, beta globin, myelin basic protein, myosin light chain
2, and gonadotropic releasing hormone gene control.

Selectable markers can be used to select for and maintain cells with the
expression construct. Examples of selectable marker genes include, but are not
limited to, hygromycin B phosphotransferase, adenosine deaminase, xanthine-guanine
phosphoribosyl transferase, aminoglycoside phosphotransferase, dihydrofolate
reductase (DHFR) and thymidine kinase. For example, expression can be performed
in the presence of methotrexate to select for only those cells expressing the DHFR
gene. For expressing antibodies, a NEO®/G418 system, a dihydrofolate reductase
(DHFR) system or a glutamine synthetase (GS) system can be used. The GS system
uses joint expression vectors, such as pEE12/pEE6, to express both heavy chain and
light chain. Fusion with cell surface signaling molecules such as TCR-{ and Fc.RI-y
can direct expression of the proteins in an active state on the cell surface.

Many cell lines are available for mammalian expression including mouse, rat
human, monkey, chicken and hamster cells. Exemplary cell lines include but are not
limited to CHO, Balb/3T3, HeLa, MT2, mouse NSO (nonsecreting) and other

myeloma cell lines, hybridoma and heterohybridoma cell lines, lymphocytes,
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fibroblasts, Sp2/0, COS, NIH3T3, HEK293, 2938, 2BS§, and HKB cells. Cell lines
also are available adapted to serum-free media which facilitates purification of
secreted proteins from the cell culture media. Examples include CHO-S cells
(Invitrogen, Carlsbad, CA, cat # 11619-012) and the serum free EBNA-1 cell line
(Pham et al., (2003) Biotechnol. Bioeng. 84:332-342). Cell lines also are available
that are adapted to grow in special media optimized for maximal expression. For
example, DG44 CHO cells are adapted to grow in suspension culture in a chemically
defined, animal product-free medium.

e. Plants

Transgenic plant cells and plants can be used to express proteins such as any
described herein. Expression constructs are typically transferred to plants using direct
DNA transfer such as microprojectile bombardment and PEG-mediated transfer into
protoplasts, and with agrobacterium-mediated transformation. Expression vectors can
include promoter and enhancer sequences, transcriptional termination elements and
translational control elements.

Expression vectors and transformation techniques are usually divided between
dicot hosts, such as Arabidopsis and tobacco, and monocot hosts, such as corn and
rice. Examples of plant promoters used for expression include the cauliflower mosaic
virus promoter, the nopaline synthetase promoter, the ribose bisphosphate carboxylase
promoter and the ubiquitin and UBQ3 promoters.

Selectable markers such as hygromycin, phosphomannose isomerase and
neomycin phosphotransferase are often used to facilitate selection and maintenance of
transformed cells. Transformed plant cells can be maintained in culture as cells,
aggregates (callus tissue) or regenerated into whole plants. Transgenic plant cells also
can include algae engineered to produce proteins. Because plants have different
glycosylation patterns than mammalian cells, this can influence the choice of protein
produced in these hosts.

4. Purification Techniques

Method for purification of proteins from host cells will depend on the chosen
host cells and expression systems. For secreted molecules, proteins are generally
purified from the culture media after removing the cells. For intracellular expression,

cells can be lysed and the proteins purified from the extract. When transgenic
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organisms such as transgenic plants and animals are used for expression, tissues or
organs can be used as starting material to make a lysed cell extract. Additionally,
transgenic animal production can include the production of polypeptides in milk or
eggs, which can be collected, and if necessary, the proteins can be extracted and
further purified using standard methods in the art.

When proteins are expressed by transformed bacteria in large amounts,
typically after promoter induction, although expression can be constitutive, the
polypeptides can form insoluble aggregates. There are several protocols that are
suitable for purification of polypeptide inclusion bodies known to one of skill in the
art. Numerous variations will be apparent to those of skill in the art.

For example, in one method, the cell suspension is generally centrifuged and
the pellet containing the inclusion bodies resuspended in buffer which does not
dissolve but washes the inclusion bodies, e.g., 20 mM Tris-HCI (pH 7.2), 1 mM
EDTA, 150 mM NaCl and 2% Triton-X 100, a non-ionic detergent. It can be
necessary to repeat the wash step to remove as much cellular debris as possible. The
remaining pellet of inclusion bodies can be resuspended in an appropriate buffer (e.g.,
20 mM sodium phosphate, pH 6.8, 150 mM NaCl). Other appropriate buffers are
apparent to those of skill in the art.

Alternatively, proteins can be purified from bacteria periplasm. Where the
protein is exported into the periplasm of the bacteria, the periplasmic fraction of the
bacteria can be isolated by cold osmotic shock in addition to other methods known to
those of skill in the art. For example, in one method, to isolate recombinant
polypeptides from the periplasm, the bacterial cells are centrifuged to form a pellet.
The pellet can be resuspended in a suitable buffer containing 20% sucrose. To lyse
the cells, the bacteria can be centrifuged and the pellet resuspended in ice-cold 5 mM
MgSO;4 and kept in an ice bath for approximately 10 minutes. The cell suspension is
centrifuged and the supernatant decanted and saved. Recombinant proteins present in
the supernatant can be separated from the host proteins by standard separation
techniques well-known to those of skill in the art, such as the separation techniques
described herein. These methods include, but are not limited to, the following steps:

solubility fractionation, size differential filtration, and column chromatography.
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Proteins can be purified using. standafd protein purification techniques known'b
in the art. Such methods include, but.-are nqt limited tq, SDS-PAGE, size fraction and
size exclusion chromatography, ammonium sulfate precipitation and ionic exchange
chromatbgraphy, such as anion exchange chromatography. For example, affinity
punﬁcatlon technlques can be utilized to improve the efficiency and purity of the
preparations. For example antlbodles receptors and other molecules that bind
hyaluronidase enzymes can be used in aﬁimty purlﬁcatlon. Expression constructs
also can be engineered to add an afﬁnity tag to a protein such as a myc epitope, GST -
fusion or Hise and affinity purified with myc antibody, glutathione resin and Ni—__résin‘,‘
respectlvely Such tags can aid in affinity purification methods. |

Affinity purification techniques also can be used for purification of antlbodles
For example, the anti-immune checkpoint protein antibodies provided herein can be
purified by using column éhr‘omatography, wherein a solid support column material is
linked to Protein G, a cell surface-associated protein from Streptococcus, that binds

immunoglobulins with high afﬁnity.l In other examples, the anti-immune checkpoint

protein antibodies can be purified by column chromatography, wherein a solid support
ccolumn material is linked to Protein A, a cell surface-associated protein from

Staphylococcus that binds immunoglobulins, such as IgG antibodies, with high

afﬁnity (see, e.g., Liu et al. (2010) MAbs 2(5):480-499). Other immunoglobulin-
binding bacterial proteins that can be used to purify the anti-immune checkpoint
protein antibodies provided herein inélude Protein A/G, a recombinant fusion protein
that comblnes the IgG ‘binding domains of Protein A and Protein G; and Protein L, a
surface protem from Peptostreptococcus (Bjorck (1988) J. Immunol., 140(4):1194—
1197; Kastern, et al. (199_2) J. Biol. Chem. 267(18):12820-12825; Eliasson et al.
(1988) J. Biol. Chem. 263:4323-4327). ‘ '

' Purity can be assessed by any method known in the art including gel
electrophoresis : and staining and spectrophotometrlc techmques The proteins can be
purlﬁed to 60%, 70%, 80% purlty and typically at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% purity. Purity can be assessed by standard methods
guch as by SDS:PAGE and coomassie staining. Once suitable proteins are obtained,

they may be tested for aéfivity. For example, an antibody can be tested for binding

"act\i"vifzy,by any,'meth'qd known in th_é art, such as, but not limited to, ELISA, Western
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blotting, or surface plasmon resonance. A hyaluronan-degrading enzyme, such as a
soluble hyaluronidase or PH20 can be tested for hyaluronidase activity. A purified
hyaluronan-degrading enzyme typically has a specific activity of at least 70,000 to
100,000 Units/mg, for example, about 120,000 Units/mg. The specific activity can
vary upon modification, such as with a polymer. For example, a polymer-conjugated
hyaluronan-degrading enzyme, such as a polymer-conjugated soluble hyaluronidase
(e.g., PEGPH20) can have a specific activity of 25,000 to 60,000 Units/mg, for
example, about 35,000 Units/mg.

5. PEGylation of Hyaluronan Degrading Enzyme Polypeptides

Polyethylene glycol (PEG) has been widely used in biomaterials,
biotechnology and medicine primarily because PEG is a biocompatible, nontoxic,
water-soluble polymer that is typically nonimmunogenic (Zhao and Harris, ACS
Symposium Series 680: 458-72, 1997). In the area of drug delivery, PEG derivatives
have been widely used in covalent attachment (i.e., "PEGylation") to proteins to
reduce immunogenicity, proteolysis and kidney clearance and to enhance solubility
(Zalipsky, Adv. Drug Del. Rev. 16:157-82, 1995). Similarly, PEG has been attached
to low molecular weight, relatively hydrophobic drugs to enhance solubility, reduce
toxicity and alter biodistribution. Typically, PEGylated drugs are injected as
solutions.

A closely related application is synthesis of crosslinked degradable PEG
networks or formulations for use in drug delivery since much of the same chemistry
used in design of degradable, soluble drug carriers can also be used in design of
degradable gels (Sawhney et al., Macromolecules 26: 581-87, 1993). It also is known
that intermacromolecular complexes can be formed by mixing solutions of two
complementary polymers. Such complexes are generally stabilized by electrostatic
interactions (polyanion-polycation) and/or hydrogen bonds (polyacid-polybase)
between the polymers involved, and/or by hydrophobic interactions between the
polymers in an aqueous surrounding (Krupers et al., Eur. Polym J. 32:785-790, 1996).
For example, mixing solutions of polyacrylic acid (PAAc) and polyethylene oxide
(PEO) under the proper conditions results in the formation of complexes based mostly
on hydrogen bonding. Dissociation of these complexes at physiologic conditions has

been used for delivery of free drugs (i.e., non-PEGylated). In addition, complexes of
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complementary polymers have been formed from both homopolymers and
copolymers.

Numerous reagents for PEGylation have been described in the art. Such

_ reagents include, but are not limited to, N-hydroxysuccinimidyl (NHS) activated PEG,

succinimidyl mPEG, mPEG,-N-hydroxysuccinimide, mPEG succinimidyl alpha-
methylbutanoate, mPEG succinimidy! propionate, mPEG succinimidyl butanoate,
mPEG carboxymethyl 3-hydroxybutanoic acid succinimidyl ester, homobifunctional
PEG-succinimidyl propionate, homobifunctional PEG propionaldehyde,
homobifunctional PEG butyraldehyde, PEG maleimide, PEG hydrazide, p-
nitrophenyl-carbonate PEG, mPEG-benzotriazole carbonate, propionaldehyde PEG,
mPEG butryaldehyde, branched mPEG; butyraldehyde, mPEG acetyl, mPEG
piperidone, mPEG methylketone, mPEG “linkerless” maleimide, mPEG vinyl
sulfone, mPEG thiol, mPEG orthopyridylthioester, mPEG orthopyridyl disulfide,
Fmoc-PEG-NHS, Boc-PEG-NHS, vinylsulfone PEG-NHS, acrylate PEG-NHS,
fluorescein PEG-NHS, and biotin PEG-NHS (see e.g., Monfardini e al., Bioconjugate

Chem. 6:62-69, 1995; Veronese et al.,'J. Bioactive Compatible Polymers 12:197-207,
'1997; U.S. Patent Nos. 5,672,662; U.S. 5,932,462; U.S. 6,495,659; U.S. 6,737,505,
U.S. 4,002,531; U.S.4,179,337; U.S. 5,122,614; U.S. 5,324, 844; U.S. 5,446,090;

U.S. 5,612,460; U.S. 5,643,575; U.S. 5,766,581; U.S. 5,795, 569; U.S. 5,808,096,
U.S. 5,900,461; U.S. 5,919,455, U.S. 5,985,263; U.S. 5,990, 237, U.S. 6,113,906;
U.S. 6,214,966; U.S. 6,258,351; U.S. 6,340,742; U.S. 6,413,507; U.S. 6,420,339; U.S.
6,437,025, U.S. 6,448,369; U.S. 6,461,802; U.S. 6,828,401; U.S. 6,858,736; U.S.
2001/0021763; U.S. 2001/0044526; U.S. 2001/0046481; U.S. 2002/0052430; U.S.
2002/0072573; U.S. 2002/0156047; U.S. 2003/0114647; U.S. 2003/0143596; U.S.
2003/0158333; U.S. 2003/0220447; U.S. 2004/0013637; US 2004/0235734;
WO00500360; U.S. 2005/0114037; U.S. 2005/0171328; U.S. 2005/0209416;
Europeah Patent Nos. EP 1064951; EP 0822199; and International Patent Pub.
Nos. WO 01076640; WO 0002017; WO 0249673; WO 9428024; and WO 0187925).
In one examplé, the polyethylene glycol has a molecular wéight ranging from
about 3 kD to about 50 kD, and typically from about 5 kD to about 30 kD. Covalent
attachment of the PEG to the drug (known as "PEGylation") can be accomplished by

known chemical synthesis techniques. For example, the PEGylation of protein can be
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accomplished by reacting NHS-activated PEG with the protein under suitable reaction
conditions.

While numerous reactions have been described for PEGylation, those that are
most generally applicable confer directionality, utilize mild reaction conditions, and
do not necessitate extensive downstream processing to remove toxic catalysts or bi-
products. For instance, monomethoxy PEG (mPEG) has only one reactive terminal
hydroxyl, and thus its use limits some of the heterogeneity of the resulting PEG-
protein product mixture. Activation of the hydroxyl group at the end of the polymer
opposite to the terminal methoxy group is generally necessary to accomplish efficient
protein PEGylation, with the aim being to make the derivatized PEG more susceptible
to nucleophilic attack. The attacking nucleophile is usually the epsilon-amino group
of a lysyl residue, but other amines also can react (e.g., the N-terminal alpha-amine or
the ring amines of histidine) if local conditions are favorable. A more directed
attachment is possible in proteins containing a single lysine or cysteine. The latter
residue can be targeted by PEG-maleimide for thiol-specific modification.
Alternatively, PEG hydrazide can be reacted with a periodate oxidized hyaluronan
degrading enzyme and reduced in the presence of NaCNBH;. More specifically,
PEGylated CMP sugars can be reacted with a hyaluronan degrading enzyme in the
presence of appropriate glycosyl-transferases. One technique is the “PEGylation”
technique where a number of polymeric molecules are coupled to the polypeptide in
question. When using this technique the immune system has difficulties in
recognizing the epitopes on the polypeptide's surface responsible for the formation of
antibodies, thereby reducing the immune response. For polypeptides introduced
directly into the circulatory system of the human body to give a particular
physiological effect (i.e., pharmaceuticals) the typical potential immune response is an
IgG and/or IgM response, while polypeptides which are inhaled through the
respiratory system (i.e., industrial polypeptide) potentially can cause an IgE response
(i.e., allergic response). One of the theories explaining the reduced immune response
is that the polymeric molecule(s) shield(s) epitope(s) on the surface of the polypeptide
responsible for the immune response leading to antibody formation. Another theory
or at least a partial factor is that the heavier the conjugate is, the more reduced

immune response is obtained.
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Typically, to make the PEGylated hyaluronan degrading enzymes provided -
herein, 1nclud1ng the PEGylated hyaluronidases, PEG moieties are conjugated, via
covalent attachment to the polypeptides. Techmques for PEGylat1on include, but are
not limited to, specialized linkers and coupling chemistries (see e.g., Roberts etal,
Adv. Drug Deliv. Rev. 54:459-476, 2002), attachment of multiple PEG moieties to a
single conjugation site (such as vta use of ‘_branched PEGs; sece.g., Guiotto ef al.,
Bioorg. Med. Chem. Zétt. 12:177-180, 2002), site-specific PEGylation and/or mono-
PEGylation (see-e. g., Chapman et al., Nature Biotech. 17:780-783, 1999:),, and site- -
directed enzymatic PEGylatfon (seee.g.; Sato, Adv. Drug Deliv. Rev., 54:487-504,

2002). Methods and techniques described in the art can produce protems having 1, 2,

3,4,5, 6 7, 8,9, 10 or more than 10 PEG or PEG derivatives attached to a smgle

| proteln molecule (see e.g., U.S. Patent Pub. No. 2006/0104968).

As an exemplary illustration of the PEGylation of an illustrative method for

- making PEGylated hyaluronan degradlng enzymes, such as PEGylated

hyaluronidases, PEG aldchydes, succmlmldes and carbonates have each been apphed

vto conjugate PEG moieties, typically succinimidyl PEGs, to rtHuPH20. For example,

rHuPH20 has been (conjugated with exemplary'éuccinimidyl monoPEG (mPEG)
reagents: including mPEG-Succinimidyl Propionates (mPEG-SPA), mPEG- |
Succinimidyl Butanoates (mPEG-SBA), and (for‘attaching "branched" PEGs)
mPEG2-N-Hydroxylsuccinimide. These PEGylated succinimidyl esters contain
different length carbon backbones between the PEG group and the activated cross-
linker, and either a single or branched PEG group. These differences can be used, for
example, to provide for diﬂ‘erent reaction kinetics and to potentially restrict sites
available for PEG attachment to rHuPH20 during the conjugation process.

Succinimidyl PEGs (as above) comprising either linear or branched PEGs can
be conjugated to rHuPH20. PEGs can used to generate rHuPH20s teproducibly N
containing molecules having, on the average, between about three to six or three to
six PEG molecules per hyaluronidase. Such PEGylated rHuPH20 compositions can
be readily purified to yield compositions having specific activities of approximately
25, OOO or 30,000 Unit/mg protein hyaluronidase activity, and being substantlally free
of non- PEGylated rHuPH20 (less than 5% non-PEGylated).
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Using various PEG reagents, exemplary versions of hyaluronan degrading
enzymes, in particular soluble human recombinant hyaluronidases (e.g., rHuPH20),
can be prepared, for example, using mPEG-SBA (30 kD), mPEG-SMB (30 kD), and
branched versions based on mPEG2-NHS (40 kD) and mPEG2-NHS (60 kD).
PEGylated versions of rHuPH20 have been generated using NHS chemistries, as well
as carbonates, and aldehydes, using each of the following reagents: mPEG2-NHS-
40K branched, mPEG-NHS-10K branched, mPEG-NHS-20K branched, mPEG2-
NHS-60K branched; mPEG-SBA-5K, mPEG-SBA-20K, mPEG-SBA-30K; mPEG-
SMB-20K, mPEG-SMB-30K; mPEG-butyraldehyde; mPEG-SPA-20K, mPEG-SPA-
30K; and PEG-NHS-5K-biotin. PEGylated hyaluronidases have also been prepared
using PEG reagents available from Dowpharma, a division of Dow Chemical
Corporation; including hyaluronidases PEGylated with Dowpharma's p-nitrophenyl-
carbonate PEG (30 kDa) and with propionaldehyde PEG (30 kDa).

In one example, the PEGylation includes conjugation of mPEG-SBA, for
example, mPEG-SBA-30K (having a molecular weight of about 30 kDa) or another
succinimidyl esters of PEG butanoic acid derivative, to a soluble hyaluronidase.
Succinimidyl esters of PEG butanoic acid derivatives, such as mPEG-SBA-30K
readily couple to amino groups of proteins. For example, covalent conjugation of m-
PEG-SBA-30K and rHuPH20 (which is approximately 60 KDa in size) provides
stable amide bonds between rHuPH20 and mPEG, as shown in Scheme 1, below.

Scheme 1

H3CO_€CH2CH20>—CH20H20H200_N + HZN—rHuPHZO
n

mPEG-SBA l

0]

H
H3CO_éoncHzo)'CHchchzc_N_ rHuPH20
n
PEGylated rHuPH20

Typically, the mPEG-SBA-30K or other PEG is added to the hyaluronan

degrading enzyme, in some instances a hyaluronidase, at a PEG:polypeptide molar
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ratio of 10:1 in a suitable buffer, e.g,, 130 mM NaCl /10 mM HEPES at pH 6.8 or 70

" mM phosphate buffer, pH 7, followed by sterilization, e.g., sterile filtration, and

continued conjugation, for example, with stirring, overnight at 4 °C in a cold roonﬁ.
In one example, the conjugated PEG- hyaluronan degrading enzyme is concehtrated
and buffer-exchanged. |
| Other methods of coupling succinimidyl esters of PEG butanoic acid
derivatives, such as mPEG-SBA-30K are known in the art (seé, e.g., U.S. Patent Nos.
5,672,662; 6,737,505; and U.S. Patent Pub. No. 2004/0235734). For example, a | |
polypeptide, such as a hyaluronan degrading enzyme (e.g., a hyaluronidase), can be
coupled to an NHS activated PEG derivative by reaction in a borate bﬁffer (0.1 M, pH
8.0) for one hour at 4 °C. The resulting PEGSIlated protein can be purified by
ultrafiltration. -Alternatively, PEGylation of a bovine alkaline phosphatase can be
accomplished by mixing the phosphatase with mPEG-SBA in a buffer containing 0.2
M sodium phosphate and 0.5 M NaCl (pH 7.5) at 4 °C for 30 minutes. Unreacted
PEG can be removed by ultrafiltration. Another method reacts polypeptide with
mPEG-SBA in deionized water to which triethylamine is added to réise the pH to 7.2-
9. »Thé resulting mixture is stirred at room temperature for several hours to complete
the-‘PEGylati/on. )

Methods for PEGylation of hyaluronah degrading polypeptides, including, for
example, animal-derived hyaluronidases and bacterial hyaluronan degrading enzymes,
are known to one of skill in the art. See, for example, European Patent No. EP

0400472, which describes the PEGylation of bovine testes hyaluronidase and

chondroitin ABC lyase. Also, U.S. Publication No. 2006014968 describes

PEGylation of a human hyaluronidase derived from human PH20. For example, the
PEGylated hyaluronan-deg_radi_ng enzyme generally contains at least 3 PEG moiéties
per molecule.v For example, the hyaluronan-degrading enzyme can have a PEG to
protein molar ratio between 5:1 and 9:1, for example, 7:1. |
E. Pharmaceutical Compositions and Formulations

* Provided herein are compositions or combinations of an anti-hyaluronan agent
and an immunc checkpoint inhibitor agent. For example, provided herein are |
;:ompositi'ons or combinations of a polymer-conjﬁgated hyaluronan-degrading enzyme

and an immune checkpoint inhibitbr agent, such as an anti-immune checkpoint
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protein antibody, sﬁch as an anti-CTLA4 or anti-PD-1 antibody, formulation. The
anti-immune checkpoint protein ag'ent, such aé an anti-immune checkpoint protein
antibody, formulation can be co-formulated-or co-administered with compositions
containing an anﬁ-hyaluronan agent, such as a hyaluronan-degrading énzyme.

Typically, the anti-hyaluronan agent, such as a polymer-conjugated hyaluronan-

- degrading enzyme, can be provided as a combination of separate compositions that -

are administered separately, for example, for pre-administration of the hyaluronan-

degrading enzyme as described herein. The compositions or combination of

~ compositions can be formulated for parenteral delivery (i.e., for systemic delivery).

For example, the compositions or combination of compositions are formulated for -
subcutaneous delivery or for intravenous delivery.

The compositions and combinations can be formulated for single dosage

.administration or for multiple dosage administration. The agents can be formulated

for direct administration. The compositions can be provided as a liquid or lyophilized

formulation.

The compounds can be formulated into suitable pharmaceutical preparations

~such as solutions, suspensions; tablets, dispersible tablets, pills, capsules, powders,

’sustained rélease formulations or elixirs, for oral administrate, as well as transdermal
patch preparation and dry pdwder inhalers. Typically, the compéunds are formulated
intb pharmaceutical compositions using techniques and procedures well-known in the
art. (see e.g., Ansel Introduction to Pharmaceutical Dosage Forms, Fourth Edition,
1985, 126). Generally, the mode of formulation is a function of the route of
aglmini_stration. The compositions can be co-formulated or provided as séparate
compositions. v

Generally, the compositions are formulated in lyophilize& or liquid form.
Where the compositions are provided in lj;ophilized form they can be reconstituted
just prior to use by an appropriate buffer, for example, a sterile saline solution. The

compositions can be-provided together or separately. For purposes herein, such

~ compositions typically are provided separately. The anti-hyaluronan agent, for

" exémpl"e, the hyalurpnan degrading enzyme (e.g., a soluble hyaluronidase, such as a

PH20) and an anti-immtine checkpoint protein agent, such as an anti-immune
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checkpoint protein antibody, can be packaged as separate compositions for administration
together, sequentially or intermittently. The combinations can be packaged as a Kit.

Compositions can be formulated for administration by any route known to
those of skill in the art including intramuscular, intravenous, intradermal,
intralesional, intraperitoneal inj ection, subcutaneous, intratumoral, epidural, nasal,
oral, vaginal, rectal, topical, local, otic, inhalational, buccal (e.g., sublingual), and
transdermal administration or any route. Other modes of administration also are
contemplated. Administration can be local, topical or systemic depending upon the
locus of treatment. Local administration to an area in need of treatment can be
achieved by, for example, but not limited to, local infusion during surgery, topical
application, e.g., in conjunction with a wound dressing after surgery, by injection, by
means of a catheter, by means of a suppository, or by means of an implant.
Compositions also can be administered with other biologically active agents, either
séquentially, intermittently or in the same composition. Administration also can
include controlled release systems including controlled release formulations and
device controlled release, such as by means of a pump.

- ~ The most suitable route in.any given case depends on a Varitety of factors, such
as the nature, progress, and severity of the cancer being treated and the particular
composition which is used. For purposes herein, it is desired that an anti-hyaluronan
agent, such as a hyaluronan degrading enzyme (e.g., a soluble hyaluronidase, such as
a PH20) and an anti-immune checkpoint protein agent (e.g., anti-immune checkpoint
protein antibody) are administered such that a pharmaceutically available amount or
level exists in the plasma. For exémple,_compositions are administered systemically,
for example, via intravenous administration. Subcutaneous methods also can be
employed, although increased absorptio‘n times can be necessary to ensure equivalent
bioavailability compared to intravenous methods. The agents, such as a hyaluronan
degrading enzyme and anti-immune checkpoint protein agent, such as an anti-CTLA4
or anti-PD-1 antibody can be administered by different routes of administration.
Pharmaceutical compositions can be formulated in dosage forms appropriate for each
roufe of administration.

Administration methods can be employed to decrease the exposure of

hyaluronan degrading enzyrﬁes, e.g., soluble hyaluronidases, and other molecules to
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degradative processes, such as proteolytic degradation and immunological
intervention via antigenic and immunogenic responses. Examples of such methods
include local administration at the site of treatment or continuous infusion of the anti-
hyaluronic agent.

1. Formulations

Pharmaceutically acceptable compositions are prepared in view of approvals
for a regulatory agency or other agency prepared in accordance with generally
recognized pharmacopeia for use in animals and in humans. Compositions can take
the form of solutions, suspensions, emulsion, tablets, pills, capsules, powders, and
sustained release formulations. A composition can be formulated as a suppository,
with traditional binders and carriers such as triglycerides. Oral formulation can
include standard carriers such as pharmaceutical grades of mannitol, lactose, starch,
magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, and other
such agents. The formulation should suit the mode of administration.

Pharmaceutical compositions can include carriers such as a diluent, adjuvant,
excipient, or vehicle with which an enzyme or activator is administered. Examples of
suitable pharmaceutical carriers are described in "Remington's Pharmaceutical
Sciences” by E. W. Martin. Such compositions will contain a therapeutically effective
amount of the compound, generally in purified form, together with a suitable amount
of carrier so as to provide the form for proper administration to the patient. Such
pharmaceutical carriers can be sterile liquids, such as water and oils, including those
of petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil,
mineral oil, and sesame oil. Water is a typical carrier when the pharmaceutical
composition is administered intravenously. Saline solutions and aqueous dextrose and
glycerol solutions also can be employed as liquid carriers, particularly for injectable
solutions. Compositions can contain along with an active ingredient: a diluent such as
lactose, sucrose, dicalcium phosphate, or carboxymethylcellulose; a lubricant, such as
magnesium stearate, calcium stearate and talc; and a binder such as starch, natural
gums, such as gum acacia, gelatin, glucose, molasses, polyvinylpyrrolidine, celluloses
and derivatives thereof, povidone, crospovidones and other such binders known to
those of skill in the art. Suitable pharmaceutical excipients include starch, glucose,

lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-160-

monostearate, talc, sodium chloride, dried skim milk, glycerol, propylene, glycol,
water, and ethanol. A composition, if desired, also can contain minor amounts of
wetting or emulsifying agents, or pH buffering agents, for example, acetate, sodium
citrate, cyclodextrin derivatives, sorbitan monolaurate, tricthanolamine sodium
acetate, tricthanolamine oleate, and other such agents.

In one example, pharmaceutical preparation can be in liquid form, for
example, solutions, syrups or suspensions. Such liquid preparations can be prepared
by conventional means with pharmaceutically acceptable additives such as
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible
fats); emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond
oil, oily esters, or fractionated vegetable oils); and preservatives (e.g., methyl or
propyl-p-hydroxybenzoates or sorbic acid). In another example, pharmaceutical
preparations can be presented in lyophilized form for reconstitution with water or
other suitable vehicle before use.

Pharmaceutically and therapeutically active compounds and derivatives
thereof are typically formulated and administered in unit dosage forms or multiple
dosage forms. Each unit dose contains a predetermined quantity of therapeutically
active compound sufficient to produce the desired therapeutic effect, in association
with the required pharmaceutical carrier, vehicle or diluent. Unit dosage forms,
include, but are not limited to, tablets, capsules, pills, powders, granules, sterile
parenteral solutions or suspensions, and oral solutions or suspensions, and oil water
emulsions containing suitable quantities of the compounds or pharmaceutically
acceptable derivatives thereof. Unit dose forms can be contained ampoules and
syringes or individually packaged tablets or capsules. Unit dose forms can be
administered in fractions or multiples thereof. A multiple dose form is a plurality of
identical unit dosage forms packaged in a single container to be administered in
segregated unit dose form. Examples of multiple dose forms include vials, bottles of
tablets or capsules or bottles of pints or gallons. Hence, multiple dose form is a
multiple of unit doses that are not segregated in packaging. Generally, dosage forms
or compositions containing active ingredient in the range of 0.005% to 100% with the

balance made up from non-toxic carrier can be prepared.
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Pharmaceutical composition can be formulated in dosage forms appropriate
for each route of administration.

a. Injectables, solutions and emulsions

Parenteral administration, generally characterized by injection, either
subcutaneously, intramuscularly, intratumorally, intravenously or intradermally is
contemplated herein. Injectables can be prepared in conventional forms, either as
liquid solutions or suspensions, solid forms suitable for solution or suspension in
liquid prior to injection, or as emulsions. Suitable excipients are, for example, water,
saline, dextrose, glycerol or ethanol. In addition, if desired, the pharmaceutical
compositions to be administered may also contain an activator in the form of a solvent
such as pH buffering agents, metal ion salts, or other such buffers. The
pharmaceutical compositions also may contain other minor amounts of non-toxic
auxiliary substances such as wetting or emulsifying agents, pH buffering agents,
stabilizers, solubility enhancers, and other such agents, such as for example, sodium
acetate, sorbitan monolaurate, tricthanolamine oleate and cyclodextrins. Implantation
of a slow-release or sustained-release system, such that a constant level of dosage is
maintained (see, e.g., U. S. Pat. No. 3,710,795) also is contemplated herein. The
percentage of active compound contained in such parenteral compositions is highly
dependent on the specific nature thereof, as well as the activity of the compound and
the needs of the subject.

Injectables are designed for local and systemic administration. For purposes
herein, local administration is desired for direct administration to the affected
interstitium associated with accumulated or excess hyaluronan. Preparations for
parenteral administration include sterile solutions ready for injection, sterile dry
soluble products, such as lyophilized powders, ready to be combined with a solvent
just prior to use, including hypodermic tablets, sterile suspensions ready for injection,
sterile dry insoluble products ready to be combined with a vehicle just prior to use and
sterile emulsions. The solutions may be either aqueous or nonaqueous. If
administered intravenously, suitable carriers include physiological saline or phosphate
buffered saline (PBS), and solutions containing thickening and solubilizing agents,

such as glucose, polyethylene glycol, and polypropylene glycol and mixtures thereof.
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Pharmaceutically acceptable carriers used in parenteral preparations include
aqueous vehicles, nonaqueous vehicles, antimicrobial agents, isotonic agents, buffers,
antioxidants, local anesthetics, suspending and dispersing agents, emulsifying agents,
sequestering or chelating agents and other pharmaceutically acceptable substances.
Examples of aqueous vehicles include Sodium Chloride Injection, Ringers Injection,
Isotonic Dextrose Injection, Sterile Water Injection, Dextrose and Lactated Ringers
Injection. Nonaqueous parenteral vehicles include fixed oils of vegetable origin,
cottonseed oil, corn oil, sesame oil and peanut oil. Antimicrobial agents in
bacteriostatic or fungistatic concentrations can be added to parenteral preparations
packaged in multiple-dose containers, which include phenols or cresols, mercurials,
benzyl alcohol, chlorobutanol, methyl and propyl p-hydroxybenzoic acid esters,
thimerosal, benzalkonium chloride and benzethonium chloride.

Isotonic agents include sodium chloride and dextrose. Buffers include
phosphate and citrate. Antioxidants include sodium bisulfate. Local anesthetics
include procaine hydrochloride. Suspending and dispersing agents include sodium
carboxymethylcellulose, hydroxypropyl methylcellulose and polyvinylpyrrolidone.
Emulsifying agents include Polysorbate 80 (TWEEN 80). A sequestering or chelating
agent of metal ions include EDTA. Pharmaceutical carriers also include ethyl alcohol,
polyethylene glycol and propylene glycol for water miscible vehicles and sodium
hydroxide, hydrochloric acid, citric acid or lactic acid for pH adjustment.

If administered intravenously, suitable carriers include physiological saline or
phosphate buffered saline (PBS), and solutions containing thickening and solubilizing
agents, such as glucose, polyethylene glycol, and polypropylene glycol and mixtures
thereof.

The concentration of the pharmaceutically active compound is adjusted so that
an injection provides an effective amount to produce the desired pharmacological
effect. The exact dose depends on the age, weight and condition of the patient or
animal as is known in the art. The unit-dose parenteral preparations are packaged in
an ampoule, a vial or a syringe with a needle. The volume of liquid solution or
reconstituted powder preparation, containing the pharmaceutically active compound,

is a function of the disease to be treated and the particular article of manufacture
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“chosen for package. All preparations for parenteral administration must be sterile, as

is known and practiced in the art.
b. Lyophilized powders
Compositions provided herein include lyophilized powders, which can be

reconstltuted for administration as solutions, emulsions and other mixtures. They

- may also be reconstltuted and formulated as solids or gels The lyophilized powders

~ can be prepared from any of the solutions described above.

The sterlle lyophilized powder is prepared by dissolving a compound of an
antl—hyaluronan agent that is a hyaluronan- degradmg enzyme, such as a soluble

hyaluronldase and/or anti-immune checkpomt protein agent, such as an antl immune

_checkpomt proteln antrbody (e:g., an anti-CTLA4 or anti-PD-1 antibody) in a buffer

solution. The buffer solution may contain an excipient which improves the stablhty
or other pharmacological cornponent of the powder or reconstituted solution, prepared
from the powder. Subsequent sterile filtration of the solution followed by

lyophilization under standard conditions known to those of skill in the art provides the

~ desired formulation. Briefly, the lyophilized powder is prepared by dissolving an
:excipient, such as dextrose, sorbitol, fructose, corn syrup, xylitol, glycerin, glucose,

.sucrose or other suitable agent, in a suitable buffer, such as citrate, sodium or

potassium phosphate or other such buffer known to those of skill in the art. Then, a

selected enzyme is added to the resulting mixture, and stirred until it dissolves. The

resulting mixture is sterile filtered or treated to remove particulates and to insure
sterlhty, and apportloned into vials for lyophlhzatlon Each vial will contain a smgle

dosage (1 mg-1g, generally 1-100 mg, such as 1-5 mg) or multlple dosages of the

compound. The lyophilized powder can be stored under- appropriate conditions, - such
as at!"ab_out 4 °C to room temperafure.

Reconstitution of this lyophilized powder with a buffer solution provides a
formu}ation for use in parenteralv administration. The precise amount depends upon
the indication treated and selected compound. Such amount can belempirically
determined. _ |

c. Coinpositions for other routes of administration

Depending upon the condition treated other routes of administration, such as

topical application, transdermal patches, oral and rectal administration, also are
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contemplated herein. For example, topical mixtures are prepared as described for the
local and systemic administration. The resulting mixture may be a solution,
suspension, emulsions or the like and are formulated as creams, gels, ointments,
emulsions, solutions, elixirs, lotions, suspensions, tinctures, pastes, foams, acrosols,
irrigations, sprays, suppositories, bandages, dermal patches or any other formulations
suitable for topical administration.

The compounds may be formulated for local or topical application, such as for
topical application to the skin and mucous membranes, such as in the eye, in the form
of gels, creams, and lotions and for application to the eye or for intracisternal or
intraspinal application. Topical administration is contemplated for transdermal
delivery and also for administration to the eyes or mucosa, or for inhalation therapies.
Nasal solutions of the active compound alone or in combination with other
pharmaceutically acceptable excipients also can be administered.

Formulations suitable for transdermal administration are provided. They can
be provided in any suitable format, such as discrete patches adapted to remain in
intimate contact with the epidermis of the recipient for a prolonged period of time.
Such patches contain the active compound in optionally buffered aqueous solution of,
for example, 0.1 to 0.2 M concentration with respect to the active compound.
Formulations suitable for transdermal administration also can be delivered by
iontophoresis (see, e.g., Pharmaceutical Research 3(6), 318 (1986)) and typically take
the form of an optionally buffered aqueous solution of the active compound.

Pharmaceutical dosage forms for rectal administration are rectal suppositories,
capsules and tablets for systemic effect. Rectal suppositories include solid bodies for
insertion into the rectum which melt or soften at body temperature releasing one or
more pharmacologically or therapeutically active ingredients. Pharmaceutically
acceptable substances utilized in rectal suppositories are bases or vehicles and agents
to raise the melting point. Examples of bases include cocoa butter (theobroma oil),
glycerin-gelatin, carbowax (polyoxyethylene glycol) and appropriate mixtures of
mono-, di-and triglycerides of fatty acids. Combinations of the various bases may be
used. Agents to raise the melting point of suppositories include spermaceti and wax.
Rectal suppositories may be prepared either by the compressed method or by

molding. The typical weight of a rectal suppository is about 2 to 3 g. Formulations
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suitable for rectal administration can be provided as unit dose suppositories. These
can be prepared by admixing the active compound with one or more conventional
solid carriers, for example, cocoa butter, and then shaping the resulting mixture.
Tablets and capsules for rectal administration are manufactured using the same
pharmaceutically acceptable substance and by the same methods as for formulations
for oral administration.

For oral administration, pharmaceutical compositions can take the form of, for
example, tablets or capsules prepared by conventional means with pharmaceutically
acceptable excipients such as binding agents (e.g., pregelatinized maize starch,
polyvinyl pyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose,
microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g.,
magnesium stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch
glycolate); or wetting agents (e.g., sodium lauryl sulphate). The tablets can be coated
by methods well-known in the art.

Formulations suitable for buccal (sublingual) administration include, for
example, lozenges containing the active compound in a flavored base, usually sucrose
and acacia or tragacanth; and pastilles containing the compound in an inert base such
as gelatin and glycerin or sucrose and acacia.

Pharmaceutical compositions also can be administered by controlled release
formulations and/or delivery devices (see, e.g., in U.S. Pat. Nos. 3,536,809;
3,598,123; 3,630,200; 3,845,770, 3,847,770; 3,916,899; 4,008,719; 4,687,660;
4,769,027; 5,059,595; 5,073,543; 5,120,548; 5,354,556; 5,591,767, 5,639,476;
5,674,533 and 5,733,566).

Various delivery systems are known and can be used to administer selected
compositions, such as but not limited to, encapsulation in liposomes, microparticles,
microcapsules, recombinant cells capable of expressing the compound, receptor
mediated endocytosis, and delivery of nucleic acid molecules encoding a soluble
hyaluronidase or other agent such as retrovirus delivery systems.

Hence, in certain embodiments, liposomes and/or nanoparticles also can be
employed with administration of compositions herein. Liposomes are formed from
phospholipids that are dispersed in an aqueous medium and spontanecously form

multilamellar concentric bilayer vesicles (also termed multilamellar vesicles (MLVs)).
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MLVs generally have diameters of from 25 nm to 4 um. Sonication of MLV results
in the formation of small unilamellar vesicles (SUVs) with diameters in the range of
200 to 500 angstroms containing an aqueous solution in the core.

Phospholipids can form a variety of structures other than liposomes when
dispersed in water, depending on the molar ratio of lipid to water. At low ratios, the
liposomes form. Physical characteristics of liposomes depend on pH, ionic strength
and the presence of divalent cations. Liposomes can show low permeability to ionic
and polar substances, but at elevated temperatures undergo a phase transition which
markedly alters their permeability. The phase transition involves a change from a
closely packed, ordered structure, known as the gel state, to a loosely packed, less-
ordered structure, known as the fluid state. This occurs at a characteristic phase-
transition temperature and results in an increase in permeability to ions, sugars and
drugs.

Liposomes interact with cells via different mechanisms: endocytosis by
phagocytic cells of the reticuloendothelial system such as macrophages and
neutrophils; adsorption to the cell surface, either by nonspecific weak hydrophobic or
electrostatic forces, or by specific interactions with cell-surface components; fusion
with the plasma cell membrane by insertion of the lipid bilayer of the liposome into
the plasma membrane, with simultancous release of liposomal contents into the
cytoplasm; and by transfer of liposomal lipids to cellular or subcellular membranes, or
vice versa, without any association of the liposome contents. Varying the liposome
formulation can alter which mechanism is operative, although more than one can
operate at the same time. Nanocapsules can generally entrap compounds in a stable
and reproducible way. To avoid side effects due to intracellular polymeric
overloading, such ultrafine particles (sized around 0.1 um) should be designed using
polymers able to be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate
nanoparticles that meet these requirements are contemplated for use herein, and such
particles can be easily made.

2. Formulation Amounts

The compositions can be formulated for single dosage administration or for
multiple dosage administration. In some examples, the agents are formulated for

direct administration.



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-167-

a. Hyaluronan-Degrading Enzyme Formulations

In the compositions or combinations of compositions provided herein wherein
the anti-hyaluronan agent is a hyaluronan-degrading enzyme such as a polymer-
conjugated hyaluronan-degrading enzyme, the polymer-conjugated hyaluronan-
degrading enzyme is formulated in an amount for direct administration in a range
between or about between 0.5 ug to 50 mg, such as 100 ug to 1 mg, 1 mg to 20 mg,
100 ug to S5 mg, 0.5 ngto 1450 ug, 1 pugto 1000 pug, 5 ugto 1250 ug, 10 ug to 750
ug, 50 ugto 500 ug, 0.5 ugto 500 ug or 500 ug to 1450 ug. For example, the
polymer-conjugated hyaluronan-degrading enzyme is formulated in an amount for
direct administration in a range between or about between 15 Units (U) or 150 Units
(U) to 60,000 Units per dose, 300 U to 30,000 U, 500 U to 25,000 U, 500 U to 10,000
U, 150 U to 15,000 U, 150 U to 5000 U, 500 U to 1000 U, 5000 U to 45,000 U 10,000
U to 50,000 U or 20,000 U to 60,000 U, for example at least or about at least or about
or 15U, 50 U, 100 U, 200 U, 300 U; 400 U; 500 U; 600 U; 700 U; 800 U;
900 U; 1,000 U; 1250 U; 1500 U; 2000 U; 3000 U; 4000 U; 5,000 U; 6,000 U; 7,000
U; 8,000 U; 9,000 U; 10,000 U; 20,000 U; 30,000 U; 40,000 U; or 50,000 U.

The polymer-conjugated hyaluronan-degrading enzyme in the composition can
be provided at a concentration of between or between about 10 U/mL to 15,000
U/mL, 10 U/mL to 5000 U/mL, 10 U/mL to 2000 U/mL, 10 U/mL to 1000 U/mL, 10
U/mL to 600 U/mL, 10 U/mL to 500 U/mL, 30 U/mL to 3000 U/mL, 30 U/mL to
1000 U/mL, 50 U/mL to 4000 U/mL, 100 U/mL to 2000 U/mL, 100 U/mL to 1000
U/mL, 300 U/mL to 2000 U/mL, 600 U/mL to 2000 U/mL, 600 U/mL to 1000 U/mL,
1000 U/mL to 15,000 U/mL, 100 U/mL to 5,000 U/mL, 500 U/mL to 5,000 U/mL or
100 U/mL to 400 U/mL, for example at least or at least about or about or 30 U/mL, 35
U/mL, 40 U/mL, 50 U/mL, 100 U/mL, 150 U/mL, 200 U/mL, 300 U/mL, 400 U/mL,
500 U/mL, 600 U/mL, 700 U/mL, 800 U/mL, 900 U/mL, 1000 U/mL, 2000
Units/mL, 3000 U/mL, 4000 U/mL, 5000 U/mL, 6000 U/mL, 7000 U/mL, 8000
U/mL, 9000 U/mL, 10,000 U/mL, 11,000 U/mL, 12,000 U/mL, or 12,800 U/mL.

The polymer-conjugated hyaluronan-degrading enzyme can be provided at a
concentration that is between or between about 0.1 pg/mL to 10 mg/mL, such as 1 pg/mL
to 5 mg/mL or 1 mg/mL to 5 mg/mL. In some examples, the polymer-conjugated

hyaluronan-degrading enzyme in the composition can be provided at a concentration
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of between or between about 0.1 pg/mL to 100 pg/mL, 0.1 pg/mL to 50 ng/mL, 0.1
pg/mL to 20 ug/mL, 1 ug/mL to 100 ug/mL, 1 pg/mL to 50 pg/mL, 1 pg/mL to 20 ug/mL,
20 ug/mL to 100 ug/mL, 20 pg/mL t0 50 pg/mL or 50 ng/mL to 100 pg/mL., for example at
least or at least about or about 0.1 pg/mL, 1 ug/mL, 5 ug/mL, 10 pg/mL, 20 ug/mL, 30
pg/mL, 40 ng/mL, 50 pg/mL, 60 ug/mL, 70 pg/mL, 80 ug/mL, 90 ug/mL, or 100 ug/mL.

The volume of the composition can be 0.5 mL to 1000 mL, such as 0.5 mL to
100 mL, 0.5 mLto 10 mL, 1 mL to 500 mL, 1 mL to 10 mL, such as at least or about
at least or about or 0.5 mL, 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, 6 mL, 7 mL, § mL, 9 mL,
10 mL, 15 mL, 20 mL, 30 mL, 40 mL, 50 mL or more. The composition is generally
formulated so that the polymer-conjugated hyaluronan-degrading enzyme is not
administered in volumes greater than about 50 mL, and typically is administered in a
volume of 5-30 mL, generally in a volume that is not greater than about 10 mL. For
larger volumes, the time of infusion can be adapted to facilitate delivery of the larger
volume. For example, infusion time can be at least 1 minute, 5 minutes, 10 minutes,
20 minutes, 30 minutes, 40 minutes, 50 minutes, 1 hour or more.

For example, a standard stabilized formulation of a polymer-conjugated
hyaluronan-degrading enzyme, such as a polymer-conjugated soluble hyaluronidase
as provided herein, is formulated with one or more of EDTA, NaCl, CaCl,, histidine,
lactose, albumin, Pluronic® F68, TWEEN® and/or other detergent or other similar
agents. For example, compositions provided herein can contain one or more pH
buffers (such as, for example, histidine, phosphate, or other buffers), or acidic buffer
(such as acetate, citrate, pyruvate, Gly-HCI, succinate, lactate, maleate or other
buffers), tonicity modifier (such as, for example, an amino acid, polyalcohol, NaCl,
trehalose, other salts and/or sugars), stabilizer, chelating agent, such as
cthylenediaminetetraacetate (EDTA) or calcium EDTA (CaEDTA), oxygen scavenger,
such as methionine, ascorbic acid/ascorbate, citric acid/citrate, or albumin, and/or a
preservative, such as preservative containing an aromatic ring (e.g., phenol or cresol).

Exemplary stabilizers that are useful for compositions containing a hyaluronan
degrading enzyme include detergents, such as polysorbates and proteins such as
human serum albumin. Exemplary concentrations of serum albumin that are useful in

the compositions herein include 0.1 mg/mL to 1 mg/mL, such as at least or at least
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about or about or 0.1 mg/mL, 0.2 mg/mL, 0.3 mg/mL, 0.4 mg/mL, 0.5 mg/mL, 0.6
mg/mL, 0.7 mg/mL, 0.8 mg/mL, 0.9 mg/mL or 1 mg/mL, but can be more or less.

Polysorbates also can be present in the compositions at, for example,
concentrations of or about between 0.001% to 0.1%, such as at least about or at least
or about or 0.001%, 0.002%, 0.003%, 0.004%, 0.005%, 0.006%, 00.007%, 0.008%,
0.009%, 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08%, 0.09% or 0.1%.

A metal chelating agent, such as calcium EDTA (CaEDTA), also can be
present, such as for example, at concentrations of between approximately 0.02 mM to
20 mM, such as at least about or at least or about or 0.02 mM, 0.04 mM, 0.06 mM,
0.08 mM, 0.1 mM, 0.2 mM, 0.3 mM, 0.4 mM, 0.5 mM, 0.6 mM, 0.7 mM, 0.8 mM,
0.9 mM, 1 mM, 5 mM, 10 mM, 15 mM, 20 mM or more.

The pH and the osmolarity of the compositions can be adjusted by one of skill
in the art to optimize the conditions for the desired activity and stability of the
composition. In some examples, the compositions provided herein have an
osmolarity of between 100 mOsm/kg to 500 mOsm/kg, such as at least or at least
about or at or about 100 mOsm/kg, 120 mOsnm/kg, 140 mOsm/kg, 160 mOsm/kg, 180
mOsm/kg, 200 mOsm/kg, 220 mOsm/kg, 240 mOsm/kg, 260 mOsm/kg, 280
mOsm/kg, 300 mOsm/kg, 320 mOsm/kg, 340 mOsm/kg, 360 mOsm/kg, 380
mOsm/kg, 400 mOsm/kg, 420 mOsm/kg, 440 mOsm/kg, 460 mOsm/kg, 500 or more
mOsm/kg, and a pH of between or between about 6 to 8, such as 6 to 7.4, for example
ator about 6,6.2,64,6.6,68,7,72,7.4,7.6,78 or&.

Generally, NaCl is provided in formulations containing a hyaluronan-
degrading enzyme herein, for example, in an amount that is or is about 100 mM to
150 mM or more. For example, an exemplary formulation can contain at or about 10
mM histidine and/or at or about 130 mM NaCl. Other formulations can contain in
addition or alternatively lactose, for example, at or about 13 mg/mL. Additionally, an
anti-bacterial or anti-fungal agent, including, but not limited to thiomersal, can be
present in the formulation. Formulations can further contain Albumin, Pluronic® F68,
TWEEN® and/or other detergent. The formulations are provided at a pH that is or is
about 6.0 to 7.4, such as at least 6.0, 6.1, 6.2, 6.3, 6.4, 6.5,6.6,6.7,6.8,6.9,7.0,7.1,
7.2,7.3 or 7.4, generally that is or is about pH 6.5. Concentrated formulations of a

modified soluble hyaluronidase for use herein are generally diluted in a saline solution
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or other salt buffered solution prior administration to maintain the appropriate salt
concentration. 7
b. Checkpoint Inhibitor Formulations

In the compositions or combinations of compositions provided herein, the
immune checkpoint inhibitor is formulated in an amount for direct administration in a
range between or between about 7.5 mg to about 5,000 mg, about 7.5 mg to about
1,500 mg, about 7.5 mg to about 750 mg, or about 22.5 to about 750 mg. In some
examples, the immune checkpoint inhibitor can be formulated as a low dose
formulation, for example, for more frequent administration. In such formulations, the
immune checkpoint inhibitor is formulated for single dosage administration in an
amount that is less than or less than about.1 mg, 500 ug, 400 ug, 300 pg, 200 pg, 100
ng, 50 pg, 30 pg, 20 ug, 10 pg, 5 pg or less than 1 pg. Thus, non-limiting amounts of

immune checkpoint inhibitor that is formulated for direct administration include a

“dosage that is or is about 1 pg 5 pg, 10 pg, 20 ug, 30 pg, 50 pg, 100 pg, 200 pg,, 250

ug, 500 pg, 1 mg, 5 mg, 7.5 mg, 10 mg, 20 mg, 22, 5 mg, 30 mg, 35 mg, 37.5 mg, 50
mg, 75 mg, 100 mg, 150 mg, 200 mg, 210 mg, 250 mg, 300 mg, 350 mg, 375 mg, 500
mg, 750 mg, 1000 mg, 1500 mg, 2000 mg, 2500 mg, 3000 mg, 3500 mg, 4000 mg,
4500 mg, or 5000 mg.

Formulations containing an immune checkpoint inhibitor, such as an anti-
immune checkpoint protein antibody can be provided as a percentage of weight per
volume. Such concentrations of an immune checkpoint inhibitor include, but are not
limited to, a concentration that is or is about 0.01% to 99.5% w/v, such as 0.1% to
90% w/v, 0.1% to 70% w/v, 0.1% to 30% w/v, or 5% to 22% w/v. In examples, the
immune checkpoint inhibitor in compositions can be provided at a concentration that
is between or about between 0.5 mg/mL to 500 mg/mL, such as 0.5 mg/mL to 250
mg/mL, 0.5 mg/mL to 100 mg/mL, 0.5 mg/mL to 50 mg/mL, 0.5 mg/mL to 10
mg/mL, 0.5 mg/mL to 6 mg/mL, 0.5 mg/mL to 2 mg/mL, 2 mg/mL to 250 mg/mL, 2
mg/mLto 100 mg/mL, 2 mg/mL to 50 mg/mL, 2 mg/mL to 10 mg/mL, 2 mg/mL to 6
mg/mL, 6 mg/mL to 250 mg/mL, 6 mg/mL to 100 mg/mL, 6 mg/mL to 50 mg/mL, 6

| mg/mL to 10 mg/mL, 10 mg/mL to 250 mg/mL, 10 mg/mL to 100 mg/mL, 10 mg/mL

to 50 mg/mL, 50 mg/mL to 250 mg/mL, 50 mg/mL to 100 mg/mL, or 100 mg/mL to

250 mg/mL. For example, the immune checkpoint inhibitor can be provided in the
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composition at a concentration that is at least 0.5 mg/mL, 1 mg/mL, 2 mg/mL, 5
mg/mL, 6 mg/mL, 7 mg/mL, 8 mg/mL, 9 mg/mL, 10 mg/mL, 20 mg/mL, 30 mg/mL,
40 mg/mL, 50 mg/mL, 60 mg/mL, 70 mg/mL, 80 mg/mL, 90 mg/mL, 100 mg/mL,
120 mg/mL, 150 mg/mL, 180 mg/mL, 200 mg/mL, 220 mg/mL, 250 mg/mL or more.
In some cases, the immune checkpoint inhibitor in the formulation is provided in an
amount that is at least 1% (10 mg/mL) to 30% (300 mg/mL), for example, at least 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,
18%, 19%, 20% 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, or more.

The volume of the composition can be 0.5 mL to 1000 mL, such as 0.5 mL to
100 mL, 0.5 mLto 10 mL, 1 mL to 500 mL, 1 mL to 10 mL, such as at least or about
at least or about or 0.5 mL, 1 mL, 2 mL, 3 mL, 4 mL, 5 mL, 6 mL, 7 mL, § mL, 9 mL,
10 mL, 15 mL, 20 mL, 30 mL, 40 mL, 50 mL, 60 mL, 70 mL, 80 mL, 90 mL or more.
When administered, the composition can be administered by infusion. For larger
volumes, the time of infusion can be adapted to facilitate delivery of the larger
volume. For example, infusion time can be at least 1 minute, 5 minutes, 10 minutes,
20 minutes, 30 minutes, 40 minutes, 50 minutes, 1 hour, 2 hours or more.

The antibody preparations provided herein can be formulated as
pharmaceutical compositions for single or multiple dosage use. Typically, the
antibody is formulated in an amount such that it is ready to use and that no further
dilution is necessary. Depending on whether the formulation is provided as a single
or multiple dosage formulation, one of skill in the art can empirically determine the
exact amount of antibody in the formulation.

It is understood that antibody formulations can contain other components,
including carriers, polymers, lipids and other excipients. The dosages concentrations
above are with respect to the antibody component, which is the active ingredient.

3. Packaging and Articles of Manufacture

Also provided are articles of manufacture containing packaging materials, any
pharmaceutical composition or combination provided herein, and a label that indicates
that the compositions and combinations are to be used for treatment of cancers, such
as cancers characterized by solid tumors that have at least moderate to high HA
phenotype. Exemplary articles of manufacture are containers including single

chamber and dual chamber containers. The containers include, but are not limited to,
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tubes, bottles and syringes. The containers can further include a needle for

subcutaneous administration.

In one example, the article of manufacture contains a pharmaceutical
composition contains the anti-hyaluronan agent, such as the polyrner-conjugated '
hyaluronan-degrading enzyme and immune checkpoint inhibitor (e.g., anti-immune
checkpoint protein antibody), and no further agent or treatment. In another example,
the article of manufacture contains pharmaceutical compositions containing the anti-
hyaiuronan agent (e.g., polymer-conjugated hyaluronan-degrading enzyme, such as
PEGPH20), the immune chéckpoint inhibitor (e.g., anti-irnrﬁune checkpoint protein '
antibody) and a further therapeutic agent (e.g., a chemothefapeutic agent). In this

. example, the agents can be provided together or separately, for packaging as articlés

of manufacture.

The articles of manufécture provided herein contain packaging materials.
Packaging materials for use in packaging pharmaceutical products are well-known to
thbse of skill in the art. See, for example, U.S. Pat. Nos. 5,323,907, 5,'052;558 and
5,033',252, each of w'hi'ch‘is incorporated herein in its entirety. Examples of

pharmaceutical packaging materials include, but are not limited to, blister packs, -

- bottles, tubes, inhalers, pumps, bags, vials, containers, syringes, bottles, and any

~ packaging material suifg}ble for a selected formulation and intended mode of

administration and treatment.
The choice of package depends on the agents, and whether such compositions
will be packaged together or Separately. In general, the packaging is non-reactive

with the composition‘s contained therein. In other examples, some of the components _

~can be packaged as a mixture. In other examples, all compohents are pdckaged '

separately. Thus, for example, the components can be packaged as separate
éompositions that, upon mixing just prior to administration, can be difectly
administered togetfler. Alternatively, the components can be packaged as separate
compositions for administratioﬁ separately. |

- The components can be packaged in a container. The components are

~ separately packaged.in the same container. Generally, examples of such containers

include th(‘)sert'hat have an enclosed, defined space that contains the polymer-

.co;nju'gated hyalurbnén-degrading enzyme, and a separate enclosed, defined space
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containing the other components or component such that the subsequent areas are
separated by a readily removable membrane which, upon removal, permits the
components to mix, or which permits the components to be separately administered.
Any container or other article of manufacture is contemplated, as long as the agents
are separated from the other components prior to administration. For suitable
embodiments see e.g., containers described in U.S. Pat. Nos. 3,539,794 and
5,171,081.

Selected compositions including articles of manufacture thereof also can be
provided as kits. Kits can include a pharmaceutical composition described herein and
an item for administration provided as an article of manufacture. The kit can,
optionally, include instructions for application including dosages, dosing regimens
and instructions for modes of administration. Kits also can include a pharmaceutical
composition described herein and an item for diagnosis.

F. Methods of Monitoring and Assessing Activity, Bioavailability and
Pharmacokinetics

The agents in the compositions herein can be assessed for properties and
activities related to their use in the combination therapy provided herein. The
properties and activities can be related to biological activities, tumorigenic, and/or
immunoresponsive activities. The assays can be performed in vitro or in vivo. The
assays can be used to assess effects of agents, including effects of dose and route of
administration.

1. Hyaluronidase Activity

Hyaluronidase activity can be assessed using methods well-known in the art.
In particular, assays for hyaluronidase can be determined by measuring the amount of
hyaluronic acid (hyaluronan, HA) that is degraded. Assays can include viscosimetric
and turbidimetric methods (Daubenmerkl et al. (1957) Acta Pharmacol. et Toxicol,
13:1-11). Assays also can include ELISA, chromatography and colorimetry methods.
Such assays are known to a skilled artisan. Hyaluronidase Reference Standard (USP),
National Formulary (NF) Standard Hyaluronidase solution or International
hyaluronidase reference standard, in which a unit of each is equivalent, can be used in

an assay to ascertain the activity, in units, of any hyaluronidase.
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A turbidimetric method of assessing hyaluronidase activity can include assay
procedures described in the United States Pharmacopoeia XXIII-National Formulary
by measuring the amount of undegraded hyaluronic acid, or hyaluronan, (HA)
substrate remaining after the enzyme is allowed to react with the HA for 30 min at 37°
C (USP XXII-NF XVII (1990) 644-645 United States Pharmacopeia Convention, Inc.,
Rockville, MD).

For example, activity can be measured using a microturbidity assay. This is
based on the formation of an insoluble precipitate when hyaluronic acid binds with
serum albumin. The activity is measured by incubating hyaluronidase with sodium
hyaluronate (hyaluronic acid) for a set period of time (e.g., 10 minutes) and then
precipitating the undigested sodium hyaluronate with the addition of acidified serum
albumin. The turbidity of the resulting sample is measured at 640 nm after an
additional development period. The decrease in turbidity resulting from
hyaluronidase activity on the sodium hyaluronate substrate is a measure of
hyaluronidase enzymatic activity.

In another example, hyaluronidase activity is measured using a microtiter
assay in which residual biotinylated hyaluronic acid is measured following incubation
with hyaluronidase (see e.g., Frost and Stern (1997) Anal. Biochem. 251:263-269,
U.S. Patent Publication No. 20050260186). The free carboxyl groups on the
glucuronic acid residues of hyaluronic acid are biotinylated, and the biotinylated
hyaluronic acid substrate is covalently couple to a microtiter plate. Following
incubation with hyaluronidase, the residual biotinylated hyaluronic acid substrate is
detected using an avidin-peroxidase reaction, and compared to that obtained following
reaction with hyaluronidase standards of known activity. Other assays to measure
hyaluronidase activity also are known in the art and can be used in the methods herein
(see e.g., Delpech et al., (1995) Anal. Biochem. 229:35-41; Takahashi et al., (2003)
Anal. Biochem. 322:257-263).

The ability of hyaluronidase to act as a spreading or diffusing agent also can
be assessed. For example, trypan blue dye can be injected subcutancously with or
without hyaluronidase into the lateral skin on each side of nude mice. The dye area is
then measured, such as with a microcaliper, to determine the ability of hyaluronidase

to act as a spreading agent (U.S. Patent No. 20060104968).
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2. Immune Checkpoint Inhibitor Activity

The activity of an immune checkpoint inhibitor, such as an antibody, can be
assessed using methods known in the art, including in vitro or in vivo methods. For
example, in vitro assays can be performed to assess the ability of a checkpoint
inhibitor to bind the target checkpoint molecule (e.g., CTLA4 or PD-1). Other in vitro
assays can be utilized to assess other biological activities of immune checkpoint
inhibitors, such as an antibody. For example, the ability of an immune checkpoint
inhibitor (e.g:, an antibody) to block immune checkpoints, and hence stimulate an -
immune response, can be assessed in cultured cells, such as T cell éctivation,
expression of extracellular receptors, or secretion of cytokines. Such activities can be
assessed using any method known in the art, including, but not limited to, ELISA,
Western blot, Northern blot, immunofluorescence, immunohistochemistry, and flow
cytometry to assess marker expression. A

In particular examples, immune checkpoint inhibitors, such as anti-immune

- checkpoint protein antibodies, for example anti-CTLA4 or anti-PD-1 antibodies, can

be assayed for the ability to bind to their immune checkpoint protein antigen, such as
CTLA4 or PD-1. Immune checkpoint inhibitors, such as anti-immune checkpoint
protein antibodies, can be assessed for their ability to bind an immune checkpoint
protein by any method known to one of skill in the art. Assays to assess binding
include, but are not limited to, solid support binding assays, solution bin‘ding assays or
cell-based assays.' Exemplary assays include, but are not limited to, surface plasrhon
resonance; bio-layer interferometry; immunoassays, such as western blots,
radioimmunoassays, ELISA (enzyme linked immunosorbent assay), Meso Scale
Discovery (MSD, Gaithersburg, Maryland), "sandwich" immunoassays,
immunoprecipitation assays, ELISPOT, precipitin reactions, gel diffusion precipitin
reactions, immunodiffusion assays, agglutination assays, complement-fixation assays,
immunoradiometric assays, fluorescent immunoassays, protein A immunoassays,
immunofluorescence, immunohistochemistry, or immuno-electron microscopy;
isothermal titration calorimetry (ITC); spectroscopic assays; and other assays to assess
binding known to a skilled artisan. _

Binding to the corresponding target immune checkpoint protein can be

assessed, such as binding to CTLA4 or PD-1. Several of the immune checkpoint
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proteins described herein are receptors that are membrane bound. Such proteins can
be expressed as a soluble protein, where the membrane-bound region, such as the
transmembrane domain, of the protein is modified or removed, for example by
proteolytic cleavage or by recombinant expression of the encoding nucleic acid, to
remove the membrane association domain and render the protein soluble. Exemplary
soluble forms of immune checkpoint proteins include peptides that correspond to the
extracellular domain of the immune checkpoint protein, or portion thereof that is
soluble and is recognized by the immune checkpoint inhibitor (e.g., anti-immune
checkpoint protein antibody).

Binding assays can be performed in solution, suspension or on a solid support.
For example, the immune checkpoint protein or fragment thereof can be immobilized
to a solid support (e.g., a carbon or plastic surface, a tissue culture dish or chip) and
contacted with the immune checkpoint inhibitor, such as an antibody or other binding
agent. Unbound inhibitor (e.g., antibody) or target protein can be washed away and
bound complexes can then be detected. Binding assays can be performed under
conditions to reduce nonspecific binding, such as by using a high ionic strength buffer
(e.g., 0.3-0.4 M NaCl) with nonionic detergent (e.g., 0.1 % Triton X-100 or Tween 20)
and/or blocking proteins (e.g., bovine serum albumin or gelatin). Negative controls
also can be included in such assays as a measure of background binding. Binding
affinities can be determined using Scatchard analysis (Munson et al., (1980) Anal.
Biochem., 107:220), surface plasmon resonance, isothermal calorimetry, quantitative
ELISA or other methods known to one of skill in the art (e.g., Liliomer al. (1991) J.
Immunol Methods. 143(1):119-25).

In some cases, binding can be assessed using cells that are known to express
the target immune checkpoint protein (e.g., CTLA4 or PD-1). The cells can be cells
that are generated by transient or stable transfection, cell lines or primary cells. For
example, exemplary cell lines that express CTLA4 that can be used in cell based
assays to screen CTLA-binding proteins, such as anti-CTLA4 antibodies, include, but
are not limited to, colorectal adenocarcinoma cell lines HCT-8 (ATCC CCL-244), HT-
29 (ATCC HTB-38), COLO 205 (ATCC CCL-222) and CACO-2 (ATCC HTB-37);
breast carcinoma cell lines, MCF-7 (ATCC HTB-22), MDA-MB-231 (ATCC HTB-
26), T-47D (ATCC HTB-133); lung carcinoma cell lines, CALU-1 (ATCC HTB-54),
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CALU-6 (ATCC HTB-56), A549 (ATCC CCL-185); the ovarian carcinoma cell line,
SKOV-3 (ATCC HTB-77); and the uterine carcinoma cell line, C33A (ATCC HTB-
31). Exemplary cell lines that express PD-1 that can be used in cell based assays to
screen PD-1 inhibiting proteins, such as anti-PD-1 antibodies, include, but are not
limited to, EL4 (ATCC TIB-39) and Jurkat cells (ATCC TIB-152).

Binding can be assessed using fluorescence activated cell sorting (FACS),
immunohistochemistry or immunofluorescence. In addition to cell binding, an assay
that assesses a functional activity of the immune checkpoint inhibitor (e.g., anti-
immune checkpoint protein antibody) can be employed, including, but not limited to,
assays to assess changes in T cell activation, changes in cellular morphology, and/or
changes in transcriptional activation, such as cellular expression of a natural gene or a
reporter gene.

Cells determined to be appropriate for a particular phenotypic assay (i.e., any
cell described herein or known in the art to express a selected immune checkpoint
protein) can be treated with an immune checkpoint inhibitor, such as an anti-immune
checkpoint protein antibody, as well as control. In some examples, the immune
checkpoint protein target is a receptor and the ligand, such as CD80 or CD86 (for
CTLAA4) or PD-L1 or PD-L2 (for PD-1), is included in the assay so that activation of
the receptor is effected. At the end of the treatment period, treated and untreated cells
can be analyzed by one or more methods described herein or known in the art. In
some examples, activity of the immune checkpoint inhibitor provided herein can be
assessed by measuring changes in cell morphology, cell proliferation, or signaling.
Changes in morphology upon T cell activation are described in Wiilfing et al., (1998)
Proc Natl Acad Sci U S A. 95(11):6302-6307.

Proliferation assays can be used to measure the activity of selected immune
checkpoint inhibitors, such as anti-immune checkpoint protein antibodies. The assays
can measure proliferation of cells that express a selected immune checkpoint protein
upon treatment with an immune checkpoint inhibitor, such as an anti-CTLA4 or anti-
PD-1 antibody, in the presence of ligand, such as CD80 or CD86 (for CTLA4) or PD-
L1 or PD-L2 (for PD-1). Cells can be incubated for a sufficient time for cells to
exhibit proliferation (such as, for example, 12 hours, or 1, 2, 3, 4, 5, 6, 7 days or

longer). Cell proliferation can be measured by any method known in the art,
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including *H-thymidine incorporation assay, 5-bromo-2-deoxyuridine (BrdU),
ELISA, tetrazolium microplate assay and acid phosphatase assay (e.g., Maghni et al.
(1999) J. Immunol. Method. 223(2):185-194). Cell proliferation also can be
measured using kits available from Invitrogen (Cyquant NF cell proliferation assay
kit), Cambrex (ViaLight HS (high sensitivity) BioAssay), Promega (CellTiter-Glo
Luminescent Cell Viability Assay, Guava Technologies (CellGrowth assay),
Stratagene (Quantos cell proliferation assay) (e.g., Assays for Cell Proliferation
Studies, Genetic Eng. Biotechnol. News. 26(6)). In some examples, the cell
proliferation can be normalized to proliferation of cells without the immune
checkpoint inhibitor. In exemplary proliferation assays, cells can be added to a well
of a 96-well plate in normal growth medium that includes the immune checkpoint
inhibitor to be assayed.

The immune checkpoint inhibitor, such as anti-immune checkpoint protein
antibodies, for example anti-CTLA4 or anti-PD-1 antibodies, can be labeled so that
the binding activity can be assessed and determined. For example, to detect binding,
the immune checkpoint inhibitor, such as anti-CTLA4 or anti-PD-1 antibodies, can be
labeled with a detectable moiety or tag in order to facilitate detection. The skilled
artisan can select an appropriate detectable moiety or tag for assay conditions. For
example, some secondary reagents, such as anti-Ig antibodies cannot be used to detect
binding of a modified protein that is an antibody in a solution that contains human
serum. In addition, an anti-IgG antibody cannot be used to detect binding of a
biomolecule that is an antibody.

Any detectable moiety or other moiety known to one of skill in the art that is
capable of being detected or identified can be used. The moiety or tag can be linked
to the test molecule, such as a therapeutic protein or antibody, directly or indirectly,
for example using a linker. Linkage can be at the N- or C-terminus of the therapeutic
antibody. Exemplary tags and moieties that can be used, include but are not limited

to, any set forth in Table 5.

Table S. Exemplary tags and moieties

# of Size | SEQ ID

Name Sequence Residues | (Da) NO

c-Myc EQKLISEEDL 10 1200 19

FLAG DYKDDDDK 8 1012 20
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His HHHHHH 6 31
HA YPYDVPDYA 9 1102 32
VSV-G YTDIEMNRLGK 11 1339 42
HSV QPELAPEDPED 11 1239 43
V5 GKPIPNPLLGLDST 14 1421 44
Poly Arg RRRRR 5-6 800 45
Strep-tag-11 WSHPQFEK 8 1200 46
S KETAAAKFERQHMDS 15 1750 47
3x FLAG DYKDHDGDYKDHDIDYKDDDDK 22 2730 48
HAT KDHLIHNVHKEFHAHAHNK 19 2310 49

MDEKTTGWRGGHVVEGLAGELEQLRARL
SBP EHHPOGORED Q 38 4306 | 50

Any linker known to one of skill in the art that is capable of linking the
detectable moiety to the therapeutic antibodies described herein can be used.
Exemplary linkers include the glycine rich flexible linkers (-G4S-)n, where n is a
positive integer, such as 1 (SEQ ID NO: 37), 2 (SEQ ID NO: 38), 3 (SEQ ID NO: 39),
4 (SEQ ID NO: 40), 5 (SEQ ID NO: 41), or more.

3. Anticancer Activity of Combination Therapy

Human or non-human subjects or animal tumor models can be used to
determine the efficacy of the combination treatment, by monitoring the tumor, the
general health of the subject and/or course of disease in the subject. Any of a variety
of monitoring steps can be included to assess efficacy of the combination therapy
provided herein, including, but not limited to, monitoring tumor size, monitoring anti-
(tumor antigen) antibody titer, monitoring the presence and/or size of metastases,
monitoring the subject’s lymph nodes, and monitoring the subject’s weight or other
health indicators including blood or urine markers.

In addition, immune response following administration of the provided
combinations can be assessed. The combinations provided herein activate an immune
response by inhibiting immune checkpoint proteins. Activation of an immune
response elicits clinical activities that are distinct from clinical responses from
cytotoxic therapies traditionally used to treat cancers. For example, clinical
responses, such as a decrease in tumor size or delay in tumor growth, to cytotoxic
therapies are expected to be observed within the first weeks of treatment. In contrast,
subjects administered treatments which activate the immune system to treat a tumor

can exhibit a delayed response, following stable or even progressive tumor growth in
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the initial weeks or months following treatment. Immune checkpoint inhibitors also
can effect an anti-tumor response that lasts for an extended period following cessation
of treatment. For example, durable responses following inhibition of an immune
checkpoint protein can be measured in months or years even after cessation of
treatment.

In vivo studies using animal models or human or non-human subjects can be
performed to assess the therapeutic activity of polymer-conjugated hyaluronan
degrading enzymes, such as PEGPH20, and immune checkpoint inhibitors, such as
anti-immune checkpoint protein antibodies, such as anti-CTLA4 or anti-PD-1
antibodies, as described herein, individually and/or in combination. In particular
examples, the combinatorial activity of the polymer-conjugated hyaluronan degrading
enzyme (e.g., PEGPH20), and immune checkpoint inhibitor (e.g., anti-CTLA4 or anti-
PD-1) is assessed. As described elsewhere herein, typically the agents are
administered separately, whereby the hyaluronan-degrading enzyme (e.g., PEGylated
hyaluronan-degrading enzyme, such as a PEGylated soluble hyaluronidase), is
administered prior to the immune checkpoint inhibitor.

In some examples, animal cancer models are used to assess the combination
treatment of a polymer-conjugated hyaluronan degrading enzyme, such as PEGPH20,
and an immune checkpoint inhibitor, such as an anti-immune checkpoint protein
antibody (e.g., an anti-CTLA4 or anti-PD-1 antibody). Such uses of animal models
can be used to predict efficacy of the combination treatment in cancer patients, by
evaluating the activation of the immune response and/or by measuring inhibition of
tumor formation, tumor regression or metastasis following administration of the
provided combinations. Such animal models can also be used to assess side effects of
the combination therapies antibodies provided herein.

In particular examples, therapeutic efficacy of the combination therapy is
assessed for treating tumors that are characterized as having a moderate to high HA
content, e.g., HA™" (or HA+3) tumors. Methods of determining and grading the HA
content of a tumor are described herein in Section H. Human subjects can be selected
for treatment and therapeutic efficacy of the combination therapy can be assessed or
monitored. In other cases, animal models (e.g., mouse xenograft or allograft models)

can be generated that have an HAM" tumor. In some examples, the cells that are
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injected into to mouse to generate the mouse cancer model are engineered to produce
high levels of hyaluronan, such that the tumor generated by the cell line is an HA™M"
tumor. Such cell lines can be established by stably introducing one or more
exogenous genes encoding one or more hyaluronan synthase enzymes, such as
hyaluronan synthase 1 (HAST1; set forth in SEQ ID NO: 51), hyaluronan synthase 2
(HAS2; set forth in SEQ ID NO: 52), or hyaluronan synthase 3 (HAS3; set forth in
SEQ ID NO: 2).

a. Tumor Growth and Volume

Human or non-human subjects or animal tumor models can be used to
determine the efficacy of the combination treatment, by measuring inhibition of tumor
formation, tumor regression or metastasis following administration of the provided
combinations. Such effects can include monitoring tumor growth and volume to
assess a reduction in growth or volume of a tumor as an indicator of therapeutic
efficacy. For example, the hyaluronan-degrading enzyme (e.g., hyaluronidase), such
as a polymer-conjugated hyaluronan-degrading enzyme (e.g., PEGylated
hyaluronidase, such as PEGPH20) and immune checkpoint inhibitor, such as an anti-
immune checkpoint protein antibody, formulations can be administered to a tumor-
bearing animal, and body weights and tumor volumes monitored. The timing of pre-
administration of the hyaluronan-degrading enzyme can be adjusted to assess the
optimal dosage regimen for the combination therapy.

Activity of the combination therapy provided herein can be assessed by
monitoring anti-tumorigenicity or tumoricidal activity, such as shrinkage of tumor
size and/or delay in tumor progression. Hence, for example, the combination
therapies can be assessed to identify those that decrease the rate of tumor growth or
reduce tumor size. Tumor size can be assessed in vivo in tumor-bearing human or
animal models treated with any of the combinations provided herein. Tumor
shrinkage or tumor size can be assessed by various assays known in art, such as, by
weight, volume or physical measurement.

Tumor-bearing animal models can be generated. /r vivo tumors can be
generated by any known method, including syngenic tumors generated by inoculating
(e.g., by subcutaneous injection) a mouse or rat tumor cell line into the corresponding

immunocompetent mouse or rat strain, metastatic tumors generated by metastasis of a
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primary tumor implanted in the animal model, allograft tumors generated by the
implantation of tumor cells into same species as the origin of the tumor cells,
xenograft tumors by transplanting human cancer cells lines or solid tumors into a
mouse that has an impaired immune system (e.g., nude mice) and spontaneous tumors
generated by genetic manipulation of the animal. The tumor models can be generated

orthotopically by injection of the tumor cells into the tissue or organ of their origin,

for example, implantation of breast tumor cells into a mouse mammary fat pad.

Typically, syngenic or allograft animal models are used. In such models, the

animals are immunocompetent. An intact immune system is required to assess the

10 activation of the immune system in response to the combination therapy employing

immune checkpoint inhibitors. Syngenic or allogenic cells (i.e., cells from the same

genetic background) are used to prevent rejection and induction of an immune

response associated with a xenograft in an immunocompetent animal. Non-limiting

examples of syngenic tumor mouse models are set forth in the Table 6 below.

Table 6: Syngeneic Mouse Tumor Model
Tumor Type Cell Line Name Strain of Mice
Carcinoma CT26.CL25 BALB/c
Carcinoma CT26.WT BALB/c
Carcinoma MTC-M BALB/c
Cervical carcinoma Ul4 ICR
Liver carcinoma H22 ICR
Lung carcinoma Lewis C57BL6
Lung carcinoma K7M2 BALB/c
Melanoma B16F1, BI6F10, B16BL6 C57BL6
Myeloma P3X63Ag8.653 BALB/c
Sarcoma S180 ICR
Sarcoma A20 BALB/c
15 In some examples, tumors can be established by intramuscular injection,

adjacent to the right tibial periosteum, armpit with a tumor cell suspension (e.g., 2 x

10° cells/animal) into any tumor animal model, and typically an immunocompetent

host (syngenic). The animal models include models in any organism described herein

or known in the art, such as, for example, a mammal, including monkeys and mice.

20  In some examples, the testing of the provided combinations can include study of

efficacy in primates (e.g., cynomolgus monkey model) to facilitate assessment of

therapeutic efficacy directed against the tumor. Additional primate models include

but are not limited to those using the rhesus monkey.
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In some examples, the recipient of the tumor can be any suitable murine strain.
Examples of animals in which tumor cells can be transplanted include BALB/c mice,
C57BL/6 mice. Other examples include transgenic mice (including knockins and
knockouts). For example, the combination therapy provided herein can be tested in a
mouse cancer model, for example a syngenic tumor mouse model. In this method, a
syngenic tumor or tumor cell line is grafted onto or injected into a mouse, and
subsequently the mouse is treated with a hyaluronan-degrading enzyme (e.g., a
hyaluronidase, such as a polymer-conjugated hyaluronan degrading agent, for
example a PEGylated soluble hyaluronidase (e.g., PEGPH20), and an immune
checkpoint protein blocking/inhibitory agent, such as an antibody (e.g., an anti-
CTLAA4 or anti-PD-1 antibody) to determine the ability of the combination therapy to
reduce or inhibit tumor growth and/or metastasis.

Tumor size and volume can be monitored based on techniques known to one
of skill in the art. For example, tumor size and volume can be monitored by
radiography, ultrasound imaging, necropsy, by use of calipers, by microCT or by "*F-
FDG-PET. Tumor size also can be assessed visually. In particular examples, tumor
size (diameter) is measured directly using calipers. In other examples, tumor volume
can be measured using an average of measurements of tumor diameter (D) obtained
by caliper or ultrasound assessments. The volume can be determined from the
formulaV=D’x7/6 (for diameter measured using calipers); the formula V =
[length x (width)*]/2 where length is the longest diameter and width is the shortest
diameter perpendicular to length; or V.=D?x d x @/ 6 (for diameter measured using
ultrasound where d is the depth or thickness). For example, caliper measurements can
be made of the tumor length (1) and width (w) and tumor volume calculated as length
x width® x 0.52.

In another example, tumor volumes are measured by ultrasound. In such an
example, the animals can be anesthetized using light isoflurane anesthesia and region
of interest coved in ultrasound gel. The scan head is positioned over the region of
interest and the center of the tumor is located by ultrasound (e.g., using a
VisualSocnics Vevo 2100 ultrasound) in 2D-Mode. An image is then captured in 3D-
mode and the tumor volume is analyzed to calculate the volume in mm® (e.g., using

Vevo 2100 v1.5.0 imaging software).
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In another example, microCT scans can be used to measure tumor volume (see
e.g., Huang ef al. (2009) PNAS, 106:3426-3430). In such an example, mice can be
injected with Optiray Pharmacy ioversol injection 74% contrast medium (e.g., 741 mg
of ioversol/mL), mice anesthetized, and CT scanning done using a MicroCat 1A
scanner or other similar scanner (e.g., IMTek) (40 kV, 600 A, 196 rotation steps,
total angle or rotation = 196). The images can be reconstructed using software (e.g.,
RVA3 software program; ImTek). Tumor volumes can be determined by using
available software (e.g., Amira 3.1 software; Mercury Computer Systems).

Once the implanted tumors reach a predetermined size or volume, the
combination therapy can be administered. Progressing tumors can be visualized and
tumor size and tumor volume can be measured using any technique known to one of
skill in the art. For example, tumor volume or tumor size can be measured using any
of the techniques described herein. Tumor volume and size can be assessed or
measured at periodic intervals over a period of time following administration of the
combination provided herein, such as, for example, at least, or up to, or once every
hour, every 6 hours, every 12 hours, every 24 hours, every 36 hours, every 2 days,
every 3 days, every 4 days, every 5 days, every 6 days, every 7 days, every 2 weeks,
every 3 weeks, every month or more post-infection. A graph of the median change in
tumor volume over time can be made. The total area under the curve (AUC) can be
calculated. A therapeutic index also can be calculated using the formula AUControl
animals — AUC treated animals’ AUC control animals X 100. Control animals can be either
untreated (vehicle-treated) animals, animals treated with a control therapy, such as an
isotype control antibody, or animals treated with the polymer-conjugated hyaluronan
degrading enzyme (e.g., PEGPH20) alone or an immune checkpoint inhibitor (e.g., an
anti-immune checkpoint protein antibody) alone.

Tumor grown inhibition (TGI) can be calculated at a chosen time point using
the average tumor volume of test animals using the formula: 1-(average tumor
volume, test article(ast day)-average tumor volume, test article(paseline measurement))/(average
tumor volume, controlju day)-average tumor volume, controlpaseline measurement)) X 100%,
wherein the test article is the administration of the polymer-conjugated hyaluronan
degrading enzyme, such as PEGPH20, and the immune checkpoint inhibitor, such as

an anti-immune checkpoint protein antibody (e.g., an anti-CTLA4 or anti-PD-1
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antibody), individ-ua‘ll'y or as.a combination therapy, wherein the polymer-conjugated
hyaluronan degrading ehzyme (e.g., PEGPH20) and the immune checkpoint inhibitor

(e.g., anti-immune checkpoint protein antibody) are administered at the same time, or

‘sequentially, as described herein. In particular examples, the immune checkpoint

inhibitor, such as an anti-immune checkpoint protein antibody (e.g., an anti-CTLA4 or
anti-PD-1 antibo'di;), is administered after administration of the polymer-conjugated _

hyaluronan degrading enzyme, such as PEGPH20. The control tumors are those from
either untreated (Vehicle-treated) ammals animals treated with a control therapy, such '

as an isotype control antibody, or anlma]s treated with the polymer-conJ ugated

hyaluronan degradmg enzyme (e.g., PEGPHZO) alone or an immune checkpomt'

inhibitor (e.g., an anti-immune checkpoint protein antibody) alone.
Assessment of the activity of the combination therapies provided herein can

include identifying dosages or dosage regimens that mediate a decrease in tumor size

(e.g., diameter), volume or weight compared to control treated or untreated tumor-

bearing animals. It is understood that a decrease in tumor size, volume or weight

compared to control treated or untreated tumor-bearing animals means that the

combination therapy is mediating the tumor regression or shrinkage observed or that -
the combination therapy is mediating delayed tumor progression compared to control
treated or untreated tumor-bearing animals. Tumo_f shrinkage or delay in tumor |
progression are parameters indicative of anti-tumorigenicity.

Assessment can include identifying a combination therapy that results in

animals exhibiting a ratio of tumor shrinkage, calculated as the ratio of the control

‘tumor: the treated tumor, that is greater than 1.0, for example, that is.greater than 1.1,

1.2,1.3,1.4,1.5,1.6,1.7,1.8,1.9,2, 3, v4, 5,6,7,8,9,10, 20, 30, 40, 50 or more. In
particular examples, the results are presented as a ratio of the total AUC area during
the course of treatment (AUC of tumor size or volume of control animals/AUC tumor
size or volume of treated animals). For example, a combination therapy can result in
a ratio of tumor shrinkage in a subject as measured by AUC that is greater than 1.1,
1.2,1.3,1.4,1.5, 16,1.7,1.8,19,2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50 or more. It
is understood that a ratlo of 1.2 or 5 means that the comb1nat1on therapy effects a
decreased tumor size or volume and results in 120% or 500% anti-tumorigenicity

activity compared to the reference or control.
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In particular examples, the therapeutic index is determined as a measure of
effects of a provided combination therapy on tumor size or volume. A combination
therapy provided herein can have a therapeutic index that is at least or about at least or
120%, 130%, 140%, 150%, 160%, 170%, 180%, 190%, 200%, 250%, 300%, 400%,
500%, 600%, 700%, 800% or more compared to the therapeutic index of a control.

In additional examples, tumors can be harvested from the animals and
weighed. Administration of a combination provided herein can result in a decrease in
tumor weight compared to tumors harvested from control tumor-bearing animals. The
weight also can be compared to tumors harvested from control treated animals at the
same time post-administration. The change in weight can be presented as a ratio of
the tumor weight (tumor weight control animals/tumor weights of treated animals). A
combination therapy provided herein can result in subjects exhibiting a ratio of
control:treated tumor weight that is greater than 1.0, for example, that is greater than
1.1,1.2,1.3,14,15,1.6,1.7,18,19,2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50 or more.
It is understood that a ratio of tumor weight that is 1.2 or 5 means that the
combination therapy effects a decreased tumor weight and results in 120% or 500%
anti-tumorigenicity activity compared to the reference or control.

The efficacy of the combination therapy also can be evaluated according to
guidelines that provide an objective response criteria for evaluating anti-tumor
therapeutics. Such guidelines are known to a skilled artisan. For example, published
guidelines include those published by the World Health Organization (WHO) (see
World Health Organization, "WHO Handbook for Reporting Results of Cancer
Treatment," (1979) WHO Offset Publication No. 48, Geneva pp. 1-45 and Miller et
al., (1981) Cancer. 47:207-214), and those published as Response Evaluation Criteria
in Solid Tumors (RECIST) (Eisenhauer et al., (2009) Eur J Cancer. 45(2):228-247).
These guidelines are provided to define when tumors in cancer patients improve
("respond"), stay the same ("stabilize"), or worsen ("progress") during treatments.
These criteria apply only to the tumor phenotypes and are not a measure of whether a
patient has improved. A treating physician evaluates the treatment of the discase
using a combination of the objective measurements described in guidelines and with

patient symptomatic criteria.
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For example, accordmg to non-limiting guidelines for assessing therapeutlc
efficacy on tumors, evaluation of the tumor response can involve selecting for
measurement up to 5 tumors per organ and up to 10 tumors in total, that are
representative of all affected organs. The tumors can be selected based on their size
(i.e., those with the longest diameter) and their suitability for accurate repeated

measuréments using imaging or clinical techniques. For WHO, the sum of the

. products of the two largest perpendicular diameters (SPD), and for RECIST, a sum of

‘the longest diameter (LD) for each of the tumors, can be calculated and can be '

reported as the baseline SPD or baseline sum LD, respectively. The baseline SPD, or |
baseline sum LD, is the reference to which the tumor response is compared for
evaluation. The presence of other tumors, not selected for measurement, i.e.; "non-
target" tumors, also are rioted under RECIST guidelines. ‘

The tumors can be measured by any reproducible method. For example, CT

. .‘(computed tomography) or MRI (magnetic resonance imaging) with cuts of 10'mm or
less in slice thlckness or spiral CT using a S mm continuous reconstruction algorithm,
" can be used to measure tumor size. In some examples, the tumors can be measured by :

'~ chest X-ray or ultrasound. Tt can also be possible to medsure tumors using endoscopy

or: laparoscopy
At the completion and/or at pre-determined 1ntermed1ate time points of a

clinical study, the SPD or sum LD can be calculated and the response can be

~ evaluated as follows. A Complete Response (CR) is defined as disappearance of all

measured tumors. For WHO, the disappearance must be observed in two consecutive

‘observations not less than 4 weeks apart. The tumors are categorlzed as exhibiting a

Partial Response (PR) When there is at least a 50% decrease in the SPD (WHO) or
30% decrease in the sum of the LD (RECIST) usmg the baseline PSD or baseline
sum LD as the reference, respectively. For WHO, the tumor is categorized as a
Progressive Disease (PD) when there is at leest a'25% increase 1n SPD compared with
the smallest SPD since the start of treatment (i.e., nadir) and/or progression of non- -
target tumors and/or appearance of new tumors at any time point. For RECIST, the.
tumor is categorized as a Progressive Disease (PD) when there is at least a 20%
increase in the'sum of LD taking as reference the smallest sum LD recorded since the

start of treatment (i.e., nadir) or the appearance of new tumors. The tumor is

RECTIFIED SHEET (RULE 91) ISA/EP
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considered to be a Stable Disease (SD) when tumor shrinkage is less than 50%, but
tumor growth does not exceed 25% compared with nadir, as long as there are no new
tumors and the non-target tumors do not increase in size. Similarly, according to
RECIST guidelines, the cancer is considered to be an SD when tumor shrinkage is
less than 30%, but does not exhibit more than a 20% increase in the sum of LD, with
no new tumors and no increase in size of non-target tumors.

The WHO and RECIST guidelines were developed to monitor responses and
to evaluate cytotoxic tumor therapies. As described above, immunotherapy treatments
exhibit some responses that are distinct from those of cytotoxic treatments. For
example, an early increase in tumor burden and/or the appearance of new tumors
signal progressive disease (PD), according to RECIST guidelines, and is considered to
be an indication of drug failure. According to protocols relying on such guidelines,
cessation of treatment is often recommended once a tumor has been characterized as
PD. In the case, of immunotherapies, however, an initial increase in tumor size can
be indicative of infiltration of immune cells or a transient inflammatory response, that
indicates efficacy rather than drug failure. Thus, a set of guidelines, specific to
immunotherapies has been developed, called immune-related response criteria (irRC)

(Wolchok et al., (2009) Clin Cancer Res. 15(23):7412-7420 and Nishino ef al., (2013)

Clin Cancer Res. 19(14):3936-3943). Thus, in examples herein, therapeutic efficacy

can be evaluated according to irRC guidelines, or other similar guidelines known to a

skilled artisan. A comparison of the guidelines is set forth in Table 7 below.

diameter (cm”?)

diameter (cm”?)

Table 7. Comparison of guidelines for evaluating solid tumors
Bidimensional assessment Unidimensional assessment
WHO irRC RECIST irRC
>5 x 5 mm” by >5 x 5 mm” by >10 mm in the >10 mm in the
Measurable - . - . . .
lesions bidimensional bidimensional longest diameter |longest diameter
measurements measurements
The longest The longest The longest The longest
diameter x the diameter x the diameter (cm) diameter (cm)
Measurement
. |longest longest
of each lesion . .
perpendicular perpendicular

The sum of the

(only)

The sum of the

and new lesions if
any

The sum of the

The sum of the

Tumor burden bidimensional bidimensional longest diameters |longest diameters
(sum of the measurements measurements of  [target lesions only |of all target lesions

target lesions all target lesions and new lesions if
measurements)

any
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Table 7. Comparison of guidelines for evaluating solid tumors
Bidimensional assessment Unidimensional assessment
WHO irRC RECIST irRC
Always represent Do not define Always represent |[The presence of
PD progression; PD nmew lesion(s) does
Incorporated into mot define
New, tumor burden progression. The
measurable measurements of
lesions the new lesion(s)
are included in the
sum of the
measurements.
New, Always represent Do not define Always represent (Do not define
monmeasurablelPD progression PD progression
Changes contribute|Contribute to Changes contribute|Contribute to
Non-index to defining CR,  |defining irCR to defining CR,  [defining irCR
lesions PR, SD, and PD  |(complete PR, SD, and PD  [(complete
disappearance disappearance
required) required)
Disappearance of [Disappearance of |Disappearance of |Disappearance of
CR . : : :
all lesions™ all lesions™ all lesions™ all lesions™
>50% decrease in  [>50% decrease in  [>30% decrease >30% decrease
PR SPD of all index  [tumor burden from baseline™ from baseline™
lesions compared [compared with
with baseline* baseline™
<50% decrease in  [<50% decrease in  [<30% decrease in  [<30% decrease in
tumor burden tumor burden tumor burden tumor burden
compared with compared with compared with compared with
baseline and <25% |baseline and <25% |baseline and <20% |baseline and <20%
SD increase from with [increase from with |increase from the |increase from the
nadir, no new nadir nadir, no new nadir
lesions and no lesions and no
progression of non- progression of
target lesions mon-target lesions
>25% from the >25% increase >20% increase >20% increase
nadir®, and/or any |[from the nadir* from the nadir*, [from the nadir*
increase in size of and/or any increase
mon-target lesions in size of non-
PD .
and/or any new target lesions
lesions (at any and/or any new
single time point) lesions (at any
single time point)
*confirmation by 2 consecutive observation no less than 4 weeks apart required

Any or all of the WHO, RECIST and irRC guidelines, or other guidelines

known to a skilled artisan and indicative of a response to treatment of a tumor, can be

used to evaluate efficacy of the combination treatments, methods and uses provided
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herein. Exemplary methods of assessing the anti-tumor activities of the combinations
provided herein are described below in Section G.3.
b. Presence of Tumor Markers

The presence and extent of tumor markers, in the blood, urine or body tissues,
also can be measured and used for response evaluation. Such markers are known to a
skilled artisan to correlate with response to tumor treatment. The presence of the
marker can be compared to a control subject or population of subjects that does not
have a tumor or baseline sample from a subject prior to treatment or prior to the last
dose or interval of therapy. Expression of the marker at levels higher than a control or
normal sample correlates to the existence of a tumor. A decrease in the level or extent
of the marker relative to a baseline sample can indicate response to treatment. In
some examples, for example, when the marker is an intracellular marker, an increase
in the marker in the peripheral blood is indicative of tumor cell lysis and therapeutic
efficacy of the immunotherapy. A database containing T cell-defined tumor
associated antigen peptide sequences has been created (Vigneron et al., (2013) Cancer
Immun. 13:15; see e.g., also databases, such cancer.gov/about-cancer/diagnosis-
staging/diagnosis/tumor-markers-fact-sheet ). Exemplary tumor markers and their

associated tumor types are set forth in Table 8 below:

Table 8. Exemplary tumor markers and associated tumor types

Tumor marker Associated tumor type(s)

Alpha fetoprotein (AFP) germ cell tumor, hepatocellular carcinoma

CA15-3 breast cancer

CA27-29 breast cancer

CA19-9 pancreatic cancer, also colorectal cancer and other types of
gastrointestinal cancer.

CA-125 Ovarian cancer, also endometrial cancer, fallopian tube cancer,
lung cancer, breast cancer and gastrointestinal cancer.

Calcitonin medullary thyroid carcinoma

Calretinin mesothelioma, sex cord-gonadal stromal tumour, adrenocortical

carcinoma, synovial sarcoma

Carcinoembryonic antigen | gastrointestinal cancer, cervix cancer, lung cancer, ovarian

(CEA) cancer, breast cancer, urinary tract cancer

CD34 hemangiopericytoma/solitary fibrous tumor, pleomorphic
lipoma, gastrointestinal stromal tumor, dermatofibrosarcoma
protuberans

CD99 Ewing sarcoma, primitive neuroectodermal tumor,

hemangiopericytoma/solitary fibrous tumor, synovial sarcoma,
lymphoma, leukemia, sex cord-gonadal stromal tumour

CD117 gastrointestinal stromal tumor, mastocytosis, seminoma

Chromogranin neuroendocrine tumor
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Table 8. Exemplary tumor markers and associated tumor types

Tumor marker

Associated tumor type(s)

Chromosomes 3, 7, 17, bladder

and 9p21

Cytokeratin (various Many types of carcinoma, some types of sarcoma

types)

Desmin smooth muscle sarcoma, skeletal muscle sarcoma, endometrial

stromal sarcoma

Epithelial membrane

many types of carcinoma, meningioma, some types of sarcoma

antigen (EMA)

Epithelial tumor antigen breast cancer

(ETA)

Factor VIII, CD31 FL1 vascular sarcoma

Glial fibrillary acidic glioma (astrocytoma, ependymoma)
protein (GFAP)

Gross cystic disease fluid
protein (GCDFP-15)

breast cancer, ovarian cancer, salivary gland cancer

HMB-45

melanoma, PEComa (for example angiomyolipoma), clear cell
carcinoma, adrenocortical carcinoma

Human chorionic

gestational trophoblastic disease, germ cell tumor,

gonadotropin (hCGQG) choriocarcinoma
Immunoglobulin lymphoma, leukemia
Inhibin sex cord-gonadal stromal tumour, adrenocortical carcinoma,

hemangioblastoma

Keratin (various types)

carcinoma, some types of sarcoma

Lymphocyte marker
(various types

lymphoma, leukemia

MART-1 (Melan-A)

melanoma, steroid-producing tumors (adrenocortical carcinoma,
gonadal tumor

Melanoma-associated
antigen (MAGE)

malignant melanoma

MUC-1

breast cancer

Muscle-specific actin
(MSA)

myosarcoma (leiomyosarcoma, rhabdomyosarcoma)

Myo D1 rhabdomyosarcoma, small, round, blue cell tumour
Neurofilament neuroendocrine tumor, small-cell carcinoma of the lung
Neuron-specific enolase neuroendocrine tumor, small-cell carcinoma of the lung, breast
(NSE) cancer

NY-ESO-1 melanoma, ovarian cancer, breast cancer, bladder cancer

prostate cancer hepatocellular carcinoma

Placental alkaline

seminoma, dysgerminoma, embryonal carcinoma

phosphatase (PLAP)

Prostate-specific antigen prostate

PTPRC (CD45) lymphoma, leukemia, histiocytic tumor

S100 protein melanoma, sarcoma (neurosarcoma, lipoma, chondrosarcoma),

astrocytoma, gastrointestinal stromal tumor, salivary gland
cancer, some types of adenocarcinoma, histiocytic tumor
(dendritic cell, macrophage)

Smooth muscle actin
(SMA)

gastrointestinal stromal tumor, leiomyosarcoma, PEComa

Synaptophysin

neuroendocrine tumor
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Table 8. Exemplary tumor markers and associated tumor types

Tumor marker Associated tumor type(s)

Thyroglobulin post-operative marker of thyroid cancer (but not in medullary
thyroid cancer)

Thyroid transcription all types of thyroid cancer, lung cancer

factor-1

Tumor M2-PK colorectal cancer, Breast cancer renal cell carcinoma Lung

cancer, Pancreatic cancer, Esophageal Cancer, Stomach Cancer,
Cervical Cancer, Ovarian Cancer

Tyrosinase malignant melanoma

Vimentin sarcoma, renal cell carcinoma, endometrial cancer, lung
carcinoma, lymphoma, leukemia, melanoma

In some cases, according to various guidelines for assessing therapeutic
efficacy, such as those discussed above, the marker levels in combination with the
sizes of non-target tumors also are taken into account among the response criteria,
with CR referring to the disappearance of all non-target tumors and normal levels of
tumor maker, incomplete response or SD referring to the persistence of one or more
non-target tumors and/or tumor marker levels above normal limits, and PD referring
to the appearance of one or more new tumors and/or progression of existing non-
target tumors.

¢. Immunological Monitoring

The combination therapy provided herein acts to inhibit immune checkpoint
protein activity and thereby reduce inhibition of an immune response or enhance an
immune response so that the subject receiving the combination therapy provided
herein can develop anti-tumor immunity. Several criteria can be used to evaluate
immune therapy in solid tumors to assess an immune response in a subject, such as in
patient or animal models, that correlate with clinical efficacy of a cancer treatment
(see, e.g., Clay et al., (2001) Clin Cancer Res. 7:1127-1135, incorporated herein by
reference). Immunological monitoring can include, but is not limited to, monitoring
the frequency of specific cell types, such as specific immune cells, in peripheral blood
or in tumors, monitoring changes in expression levels of specific markers on immune
cells, quantifying antigen-specific immune responses including antibody and CD4+ or
CD8+ T cell responses, and monitoring changes in peripheral levels of cytokines
produced by specific immune cell populations.

(i) Frequency of specific cell types in peripheral blood
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Counts of specific immune cell types in peripheral blood or tissues, such as
tlssues assoc1ated with' an immune response (e. 8> spleen or lymph nodes) or. tumors,
can be used to correlate cancer treatments with cllmcal efﬁcacy The frequency of
specific cell types in the blood of treated patients or animals can be deterrnmed for
example, using flow cytometric methods. When usmg flow cytometry to derive cell _
type counts, a dual platform approach or a single platform approach can be employed "

In a dual platform_ approach, a flow cytometer is used to determine the cellsof -
interest as a percentage of a reference population, such as the CD4+.T lymphocyte
cellsasa percentage of the total lymphocyte population. The absolute ‘white blood
cell count (WBC) aﬁ& the lymphocyte percentage are then determined using a
hematology analyzet, using standard procedures. The absolute CD4+ T lymphocyte |
count, thus, is the product of the absolute ‘WBC, the lymphocyte percentage and the
CD4+ T lymphocyte percentage. The cell population of i 1nterest can be identified, for
example, using light scatter limitations, such as forward scatter and side-scatter ‘
limitations, to identify the cells of interest based on morphology. In particular
methods, blood samples can be incubated with antibodies that recognize one or more
immunological markers and unidimensional or multidimensional gating strategies catn
be used to identify the population of interest. These methods are routine to those of
skill in the art. Non-limlting exemplary markers, which can be used distlnguish |

particular populations of lymphocytes, are set forth in Table 9.

Table 9. Recognition markers for lymphocytes

Cell Type Phenotypic Marker(s)
NK cells " |CD16 CD56 but not CD3
Helpker Tecells TCRof, CD3 and CD4

- |Cytotoxic T cells TCRof, CD3, CDS§, CD107, IFN
vd T cells TCRyd and CD3

B cells - [MHC class II, CD19 and CD21,

In a single platform epproa'ch, the cell count is derived from the flow

cytometer itself, without the need for a hematology analyzer. For this method, a

preoise_, known volume of sample is-mixed with televant antibodies directed to the
immunological marker(s) to be detected, and a gating strategy is employed to
accurately identify the cell population of interest. The cell population can then be

related back to the volume by a variety of methods known to the skilled artisan.

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

~194-

These include microbead, volumetric, microfluorometric, and flow rate calibration
methods.

The most common method of determining the concentration of the cell
population of interest is through the use of microbeads. For example, a sample and
microbeads (with a diameter of 5-10 um), suspended in a known concentration, are
mixed in equal volumes. The number of cell events and the number of bead events
are counted, and the absolute cell concentration is determined using the formula:
Absolute Cell Count = Number cell events/Number bead events x bead concentration.

In some examples of immunological monitoring, the absolute lymphocyte
count (ALC) is determined, for example in samples collected from blood, spleen or
tumor draining lymph node tissues, or tumor biopsies prior to treatment and at one or
more predetermined times after administration of the provided therapy. The absolute
lymphocyte count is the number of lymphocytes in peripheral blood per unit volume.
The ALC can be determined prior to or on the same day as administration of the
combination therapy provided herein and periodically at various times after
administration, such as after the previous administration or last administration of a
cycle of administration, for example at least or up to or every 1 day, 2 days, 3 days, 4
days, 5 days, 6 days, 7 days, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8
weeks or 12 weeks after administration, such as after the previous administration or
last administration of a cycle of administration, of the combination therapy provided
herein, such as 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or 7 days after
administration. An increase in ALC over time prior to and during immunotherapeutic
treatment, indicates an increase in the proliferation of immune cells and has been
positively correlated with clinical benefit (Berman et al., (2009) J Clin Oncol 27:15s,
(suppl; abstr 3020)). In some examples the ALC at 1 day, 2 days, 3 days, 4 days, 5
days, 6 days, 7 days, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks
or 12 weeks after administration, such as after the previous administration or last
administration in a cycle of administration, is increased 1.1-fold, 1.2, 1.3, 1.4, 1.5, 1.6,
1.7,18,19,2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50, or more, fold compared to the
ALC at prior to or on the same day as administration and is correlated with a

therapeutic effect.
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In other exarnples, absolute counts of natural killer (NK) cells (expressing
CD16 and CD56 but not CD3 markers), Helper T cells _(eXpressing TCRof, CD3 and
CD4 -mar‘kers), cytotoxic T cells (or effector T cells; expressing TCRaff, CD3 and
CD8 markers or CDg, CD107 and IFN markers), or B cells (expressing MHC class
II, CD19 and CD21 markers), can be determined as a method of measurmg _ |
1mmun010g1cal ac‘uvrty in response to administration of the combination therapy

prov1ded herern where an increase in one or more: of these. lymphocyte populations

~ indicates an increase in immune activity. The counts of natural killer (NK) cells,
~ Helper T cells, cytotox1c T cells (or effector T cells), and/or B cells, can be

.determmed prior to or on the same day as administration of the 1mmunomodulatory ‘

combination therapy provided hereln and at 1 day, 2 days, 3 days, 4 days, 5 days, 6

days, 7 days,.2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks or 12,

weeks after administration such as after the previous administration or last

admlmstratron ofa cycle of adm1n1strat1on of the comb1nat1on therapy provided

ii'hereln such as 1 day, 2 days 3 days, 4 days, 5 days 6 days or 7 days after
“administration. An increase in the counts of natural killer (NK) cells, helper T cells
‘cytotoxic T cells (or effector T cells), and/or B cells over time prior to and during
ot immunotllerapentic trearment, indicates an increasevin the proliferation of immune
o cells and may bévpositi:vely co_rrelated with clinical ib_elneﬁt. In some examples, the

2(5 )

counts of natural killer (NK) cells, helper T cells,  cytotoxic T cells (or effector T
cells) and/or B cells at 1 day, 2 days 3 days, 4 days 5 days, 6 days, 7 days, 2 weeks,
3 weeks 4 weeks 5 weeks 6 weeks, 7 weeks 8 weeks or 12 weeks after

adm1mstrat10n, such as after the previous adrnmlstrauon or last administration of a

rcycl‘e ofadrninistration, is increased 1.1-fold, 1.2,1.3,1.4,1.5,1.6,1.7, 1.8, 1.9, 2, 3,
' 4,5,6,7,8,9, 10, 20, 30,V40, 50, or more, fold compared to the counts of natural T
“killer (NK) cells, helper T cells, cytotoxlc T cells (or effector T cells), and/or B cells

prior to or on the same day as administration and is correlated with a therapeutic
effect. | ‘ -
~ Assessing relative numbers of suppressive cell types, such as Ty, cells also
can be measured by ﬂow cytometry, for example by gating for CD25, Foxp2 and CD4

positivity. Samples for determining counts of Treg cells can be taken, for example,

~ from the spleen, lymph nodes, such as tumor draining lymph nodes, or blood. An
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increase in the nﬁfnber to Tre_g cells has been correlated with poor c]inical oﬁtgome ,
(see Callahan et al.,(2010) Sez_nin Oncol. 37(5):473-484). Counts of suppressi'vé
immune celi types, such as Treg cells, can be measured before and at different time
points after administration of the combination therapy provided herein. For example,
counts of suppfessivq immune cell types, such as Ty, cells, can be détermihed on t_};e o
sameiday as adiniﬁistrétio"n of the immunomodulatory combination therapy,proyided '

herein and at 1.day, 2 days, 3 days, 4 days, 5 days, 6 days, 7 days, 2 weeks, 3 weeks, 4

- weeks, 5 weeks, 6 weeks, 7 weeks, 8 weeks or 12 weeks after administration, such as

after the previous administration-or last administration of a cycle of administration, of
the combination therapy provided herein, such és 1 day, 2 days, 3 days, 4 dayé, 5
days, 6 days, or 7 days after administration. In some exzifnples, a maximum
therapeutic dose of the provided combination thérapy can be determined as the
maximum dose that does not induce an increase in the number of suppressive immune
cell types, such as Ty cells, in a patient or animal model at 1 day, 2 days, 3 days, 4

days, 5 days, 6 daj'/s,‘or 7 days after administration, such as after fhe previous

‘administration or last administration of a cycle of administration, compared to the

level of Theg cells prior to administration, wherein an increase in the number of
suppressive immune cell types, such as Ty cells, is determined to be a 1.1-fold, 1.2,
13,1.4,1.5,1.6,1.7,1.8,1.9,2,3,4,5,6,7, 8,9, 10, 20, 30, 40, 50, or more, fold
incIéase in the number of suppressive immune cell types, such as Ty, cells, at the
measured time point compared to the number of such cells prior to or on the same day
as administration of the combination therapy provided herein.

In sorﬁe examples, édmiﬁistration of the provided combination therapy can
effect a change in the absolute amount of the effector and/or suppressor cell number,
and/or the ratio between these subsets. In sbme examples an increase in the anti- -
tumor effect correlates with an increase in the ratio of effector cells to the number of

suppressor cells, wherein the ratio of effector cells to suppressor cells at the measured

‘time point is 1.1-fold, 1.2,1.3,1.4,1.5,1.6,1.7,1.8,1.9,2,3,4, 5,6, 7, 8,9, 10, 20,

30, 40, 50, or more greater than the ratio prior to or on the same day as administration
of the provided combination therapy.

-+ (i) Detecting immune cell Tharkers
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In some examples, detect-io.n of particular markers on immune cells can be
used to correlate cancer tre;atmenfs with therapeutic efficacy. Such markers include,
but are hot limited to inducible costimulator (ICOS), HLA-DR (human MHC II) and
CD45RO. | | |

" In some examples, ICOS is detected on the surface of T cells to monitor the
therapeutic efficacy of the combination therapy provided herein. The ICOS isa :
member of the Ig gené family and is expressed on CD4+ and CD8+. T cells followin_g
activation. An increase in the frequency of CD4+ cells expressing high levgls of
ICOS correlates with activation of the immune system and therapeutié efﬁdac‘y.

'HDLA-DR is expressed on T cells and is upregulated at late time points after

activation, and CD45RO is an established rharke_r for memory T cells. Increases in

- the numbers of immune cells eXpressihé HDLA-DR and/or CD45RO also can be used.

to monitor the efficacy of the combination therapies provided herein.

Samples for detection of immune cell markers can be collected from

peripheral blood or tissues, such as tissues associated with an immune response (e.g.,

spléen or lymph nodes) prior to administration of a combination therapy provided
hefein or on the same day as administration and/or at 1 day, 2 days, 3 days, 4 days, 5
days,-6 days, 7 days, 2 weeks, 3 weeks, 4 weeks, 5 Weeks, 6 Weeks, 7 weeks, 8 weeks
or 12 weeks after administration, such as after the previous administration or last

administration of a cycle of administration, of the combination therapy provided

‘herein, such as 1 day, 2 days, 3 days,'4'days, 5 days; 6 days, or 7 days after

administration. The markers can be determined, for example, using flow cytometric
methods, immunofluorescence and/or Western blot. Such methods are well-known in
the art and described herein.

(iii) Antigen-specific immune responses

In some examples, antigen-specific immune responses can be used to evaluate

.

the therapeutic efficacy of the combination therapy, methods and uses provided

herein. When an immune response is mounted in a tumor-bearing subject, th_e.subj‘ect
will typically exhibit increased levels of immune cells that recognize tumor-specific, 7
or tﬁfnoréassociated antigens (TAAs), subh as tumor antigen-specific T cells. Thus, an
increase in the number of tumor-specific T cells, e.g., cytotoxic T lymphocytes

(CTLs) or CD4+ T cells, that specifically bind one or more tumor associated antigens,
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such as TAAs in the context of major histocompatibility complexes (MHC) (e.g.,
MHC class I or class II complexes), for example, following an immunotherapeutic
treatment, is indicative of an increased anti-tumor response as a result of the
treatment. Thus, binding assays using tumor-associated antigen(s) and collected
circulating or tumor-localized immune cells can be used to determine if the host has
developed an increased response to the tumor-associated antigen(s) in response to an
immunotherapy. For example, Tumor-associated antigens for specific cancer types
are known to the skilled artisan or can be empirically determined. Non-limiting,
exemplary tumor antigens, and their associated cancers, are listed in Table 8 above, in
section G.3.b.

Promotion of the immune response by administering a combination therapy
provided herein can produce, or enhance, an immune response directed to one or more
tumor associated antigen(s), as indicated by an increase in the number of immune
cells in circulation or in the tumor which specifically bind to the tumor-associated
antigen(s). Thus, detection of, or an increase in, an tumor antigen-specific immune
response following administration of a combination therapy provided herein is
indicative of therapeutic efficacy.

A tumor antigen-specific immune response can be measured, for example, ex
vivo, using an MHC tetramer assay, enzyme-linked immunospot (ELISPOT) assay, T
cell stimulation assay and/or ELISA. Such methods are well-known to the skilled
artisan (see e.g., James et al., (2009) J Vis Exp. (25): 1167, Lycke et al., (2001) Curr
Protoc Immunol. Chapter 7:Unit 7.14; Kruisbeek et al., (2004) Curr Protoc Immunol.
Chapter 3:Unit 3.12, and herein). Peripheral blood samples, from tumor-bearing
patients or animal models, are collected prior to or on the same day as administration
of a combination therapy provided herein and at any one or more pre-determined time
point(s) following administration of the provided therapy, such as at 1 day, 2 days, 3
days, 4 days, 5 days, 6 days, 7 days, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7
weeks, 8 weeks or 12 weeks after administration, such as after the previous
administration or last administration of a cycle of administration, of the combination
therapy provided herein, such as 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or 7
days after administration. The blood samples are then fractionated and analyzed using

one or more of an MHC tetramer assay, enzyme-linked immunospot (ELISPOT)
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assay, T cell stimulation assay and/or ELISA to evaluate the induction of an immune
response. An antigen-specific immune response is considered to be effected when the
measured response post-treatment is increased 1.1-fold, 1.2,1.3,1.4,1.5,1.6, 1.7, 1.8,
1.9,2,3,4,5,6,7,8,9, 10, 20, 30, 40, 50, or more, compared to the baseline sample,
measured response prior to treatment or on the day of treatment. Induction of tumor
antigen-specific immune response following administration of the provided
combination therapy is indicative of therapeutic efficacy.

4. Pharmacokinetics and Pharmacodynamics assays

Pharmacokinetic and tolerability studies can be performed using animal
models or can be performed during clinical studies with patients to assess the effect of
the combinations and compositions provided herein. Animal models include, but are
not limited to, mice, rats, rabbits, dogs, guinea pigs and non-human primate models,
such as cynomolgus monkeys or rhesus macaques. In some instances,
pharmacokinetic and tolerability studies are performed using healthy animals. In
other examples, the studies are performed using animal models of a disease for which
therapy with a combination or composition herein is considered, such as animal
models of cancer.

The pharmacokinetic properties of the combinations or compositions provided
herein can be assessed by measuring such parameters as the maximum (peak)
immunotherapeutic agent (or hyaluronan degrading enzyme) concentration (Cpmax), the
peak time (i.e., when maximum immunotherapeutic agent concentration occurs; Ty ),
the minimum immunotherapeutic agent, or hyaluronan degrading enzyme,
concentration (i.e., the minimum concentration between doses of immunotherapeutic
agent; Cmin), the elimination half-life (T2) and area under the curve (i.e., the area
under the curve generated by plotting time versus concentration; AUC), following
administration. Typically, the compositions containing the active agents of the
combination therapy provided herein are administered systemically, such as typically
intravenously. In instances where the immunotherapeutic agent, or hyaluronan
degrading enzyme, is administered subcutancously, the absolute bioavailability of the
agent or enzyme is determined by comparing the area under the curve of
immunotherapeutic agent, or hyaluronan degrading enzyme, following subcutancous

delivery (AUC,) with the AUC of immunotherapeutic agent, or hyaluronan degrading
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enzyme, following intravenous delivery (AUCj,). Absolute bioavailability (F), can be
calculated using the formula: F = ([AUC]. x doses.) / (JAUC];y % dosejy). The
concentration of immunotherapeutic agent, or hyaluronan degrading enzyme, in the
plasma following subcutancous administration can be measured using any method
known in the art suitable for assessing concentrations of an immunotherapeutic agent,
or hyaluronan degrading enzyme, in samples of blood.

A range of doses and different dosing frequency of dosing can be administered
in the pharmacokinetic studies to assess the effect of increasing or decreasing
concentrations of a co-administered therapy (e.g., immunotherapeutic agent and a
hyaluronan degrading enzyme). Pharmacokinetic properties of administered
therapeutics, such as bioavailability, also can be assessed with or without co-
administration of the other agent, i.e., polymer-conjugated hyaluronan-degrading
enzyme and/or immune checkpoint inhibitor. For example, dogs, such as beagles, can
be administered an immune checkpoint inhibitor in combination with polymer-
conjugated hyaluronan-degrading enzyme, such as after administration of the
polymer-conjugated hyaluronan degrading enzyme, or an immune checkpoint
inhibitor or polymer-conjugated hyaluronan-degrading enzyme can be administered
alone, using one or more routes of administration. Such studies can be performed to
assess the effect of co-administration with an anti-hyaluronan agent, such as a
hyaluronidase, on pharmacokinetic properties, such as bioavailability, of the immune
checkpoint inhibitor.

Studies to assess safety and tolerability also are known in the art and can be
used herein. Following administration of the combination and compositions herein,
the development of any adverse reactions can be monitored. Adverse reactions can
include, but are not limited to, injection site reactions, such as edema or swelling,
headache, fever, fatigue, chills, flushing, dizziness, urticaria, wheezing or chest
tightness, nausea, vomiting, rigors, back pain, chest pain, muscle cramps, seizures or
convulsions, changes in blood pressure and anaphylactic or severe hypersensitivity
responses.

The development of immune-related adverse events (irAEs) also can be
monitored. irAEs include rashes, but can in rare cases progress to life-threatening

toxic epidermal necrolysis, and colitis, characterized by a mild to moderate, but
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occasionally also severe and persistent diarrhea. In some examples, Hypophysitis,
hepatitis, pancreatitis, iridocyclitis, lymphadenopathy, neuropathies also can occur in
response to immunotherapy. Side effects also can include musculoskeletal sides
effects (see U.S. Publ. No. 2012/0020951). Typically, a range of doses and different
dosing frequencies can be administered in the safety and tolerability studies to assess
the effect of increasing or decreasing concentrations of immune checkpoint inhibitor,
such as an anti-immune checkpoint protein antibody (e.g., an anti-CTLA4 or anti-PD-
1 antibody) and/or anti-hyaluronan agent, such as a polymer-conjugated hyaluronan-
degrading enzyme, on any observed side effects.
G Methods and Uses of Combination Therapy

The combinations and compositions provided herein can be used in methods
of therapy for treating cancers, and in particular cancers characterized by solid tumors
that have a phenotype of at least moderate to high HA. In the methods, a combination
therapy of a polymer-conjugated hyaluronan-degrading enzyme, such as a
hyaluronidase, such as a PH20, for example PEGPH20 and an immune checkpoint
inhibitor, such as an anti-immune checkpoint protein antibody (e.g., an anti-CTLA4 or
anti-PD-1 antibody) is administered to a subject having a solid tumor that is
characterized as having at least a moderate to high levels of HA. In some examples, a
further antineoplastic agent or therapy, such as a chemotherapeutic agent,
radiotherapy, or surgery can included in the combination therapies provided herein.

As found herein, the anti-tumor effects of an immune checkpoint inhibitor
agent, such as an anti-immune checkpoint protein antibody (e.g., anti-CTLA4 or anti-
PD-1), when administered in a combination regimen with a polymer-conjugated
hyaluronan-degrading enzyme, far exceeds the effects when the anti-immune
checkpoint protein antibody is administered alone. In particular, such results occur
when the polymer-conjugated hyaluronan-degrading enzyme (e.g., polymer-
conjugated soluble hyaluronidase, such as PEGPH20) is administered prior to
administering the immune checkpoint inhibitor, and generally up to 48 hours (e.g., 24
hours) prior. For example, the effects can be synergistic or they can be additive. The
anti-tumor activity observed in the combination therapy provided herein achieves
results that have heretofore not been achieved with existing immunotherapies.

1. Cancers
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The combination therapy of an anti-hyaluronan agent, e.g., polymer-
conjugated hyaluronan-degrading enzyme, and an agent that increases the immune
response by blocking an immune checkpoint protein (i.e., immune checkpoint
inhibitor), such as an anti-immune checkpoint protein antibody (e.g., an anti-CTLA4
or anti-PD-1 antibody), can be used for the treatment of cancerous cells, neoplasms,
tumors and metastases. The combination therapy provided herein activates the host's
immune response, thereby exhibiting antitumor efficacy which results in a slowing or
reduction of tumor growth, a decrease in tumor volume, and in some cases
elimination or eradication of the tumor. For cancers that are characterized by having a
high HA content, such as pancreatic cancer, the combination therapy provides
significant benefits compared to administration of an anti-immune checkpoint protein
alone.

For example, the combination therapy can be used to treat any tumor,
characterized as having a moderate to high HA content, such as tumors of the lung
and bronchus, breast, colon and rectum, kidney, stomach, esophagus, liver and
intrahepatic bile duct, urinary bladder, brain and other nervous system, head and neck,
oral cavity and pharynx, cervix, uterine corpus, thyroid, ovary, testes, prostate,
malignant melanoma, cholangiocarcinoma, thymoma, non-melanoma skin cancers, as
well as hematologic tumors and/or malignancies, such as childhood leukemia and
lymphomas, multiple myeloma, Hodgkin's disease, lymphomas of lymphocytic and
cutaneous origin, acute and chronic leukemia such as acute lymphoblastic, acute
myelocytic or chronic myelocytic leukemia, plasma cell neoplasm, lymphoid
neoplasm and cancers associated with AIDS, wherein the tumor has a moderate to
high HA content. Typically, the combination therapy is used for the treatment of solid
tumors having a moderate HA (HA™*™* or HA'?) to high HA (HA"" or HA")
content, for example, solid tumor HA"" stromal cancers. Exemplary HA™" tumors
include, for example, pancreatic tumors, ovarian tumors, lung tumors, colon tumors,
prostate tumors, cervical tumors and breast tumors.

In particular, hyaluronan-rich cancers targeted by the provided combination
therapy are suited for targeting by an anti-hyaluronan agent, such as a hyaluronan-
degrading enzyme. Several hyaluronan-rich cancers have been identified.

Hyaluronan-rich tumors include, but are not limited to, prostate, breast, colon,
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ovarian, stomach, head and neck and other tumors and cancers. In some cases,

hyaluronan levels correlate with poor prognosis, for example, decreased survival rate

* and/or recurrence-free survival rate, metastases, angiogenesis, cancer cell invasion

into other tissues/areas, and other indicators of poor prognosis. Such correlation has
been observed, for example, in hyaluronan-rich tumors including ovarian cancer,
SCC, ISC, prostate cancer, lung cancer, including non-small-cell lung cancer

(NSCLC), breast cancer, colon cancer and pancreatic cancer (see, for example, -

- Anttilaer al, (2000) Cancer Research,' 60:150-155; Karvinen et al., (2003) Britzfsh> '

Jbur_nal-‘of Derrﬁdtology, 148:86-94; Lipponen et al., (2001) Eur. Journal of Cancer,
849-856; Pirinen et al., (2001)Int. J. Cancer: .95: 12-17; Auvinen et al., (2000) -
A-ﬁie_rican Journal of Pathology, 156(2):529-536; Ropponen et al., (1998) Cancer
Research, 58: 342-347). Thus, hyaluronan-rich cancers can be treated by
adminiStratioh of an anti-hyaluronan agent, such as a hyaliuronidase, to treat one or
more symptoms of the cancer.

In the methods provided herein, anti-hyaluronan agents, such as hyaluronan
de'grading enzymeé, including hyaluronidases, can be used to enhance immune

system-based anti-tumor activities promoted by immune system-activating therapeutic

| agents. For example, hyaluronan degrading enzymes can enhance a host's anti-tumor

immune response by facilitating access of immune system checkpoint inhibitors, such
as anti-immune checkpoint protein antibodies, to the tumor site, facilitating
infiltration of immune cells; and/or by improving the surface contact between

cytotoxic immune cells and the target tumor cells. For example, hyaluronan

degrading enzymes, including hyaturonidases, such as rHuPH20, can be administered

to a patient in an amount effective to increase diffusion around the tumor site (e.g., to
facilitate circulation and/or concentrations of immuno therapeutic agents and/or .
immune cells in -and around the tumor site), inhibit tumor cell motility, such as by
hyaluronic acid degradation, and/or to lower the tumor cell apoptosis thresﬁold. This
can bring the tumor cell(s) to a state of anoikis, which renders the tumor cell more
susceptible to the lymphocytic lysis and/or action of therapeutic agents, including
additional therapeutic agents.

In some example's,-. thé administered hyaluronan degrading enzyme increases

delivery of therapeutic agents (e.g., immune checkpoiht inhibitors) to tumors by

RECTIFIED SHEET (RULE 91) ISA/EP
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increasing diffusion around and within the tumor site (e.g., facilitating circulation).
(U.S. Patent No. 7,767,429, 8,202,517, U.S. Publ. No. 2010-0003238). Thus, a
hyaluronan-degrading enzyme, such as PH20, can be administered to a patient in an
amount effective to increase diffusion around the tumor site to improve access of an
immune checkpoint inhibitor, such as an anti-immune checkpoint protein antibody,
administered in combination with (e.g., after) the hyaluronan-degrading enzyme, into
the tumor site, where it can activate immune cells, such as lymphocytes, residing in
the tumor.

In other examples, hyaluronan degrading enzyme-mediated increases in
circulation around and through the tumor site also can facilitate infiltration of immune
cells, such as tumor infiltrating lymphocytes (TILs), into the tumor (Singh et al.,
(2012) Clin Cancer Res. 18:B6; Singh et al., (2013) Cancer Res. 73(8
Supplement):4999). Thus, immune checkpoint protein inhibiting agent(s), when
administered with the hyaluronan degrading enzyme, and generally after the
hyaluronan-degrading enzyme, can activate immune cells that have infiltrated to the
tumor following hyaluronan degradation by the hyaluronan degrading enzyme, to
effect an anti-tumor immune response.

In other examples, hyaluronan degradation, by hyaluronan degrading enzymes,
can facilitate lymphocytic cytotoxic lysis of cancer cells by improving the surface
contact between immune cells and the target tumor cells (McBride & Bard (1979) J
Exp Med. 149(2):507-515). Such activity further promotes an anti-tumor response as
a result of administering a combination therapy provided herein.

2. Selection of Subjects for Treatment

The methods of administering a combination therapy provided herein to treat
cancer include steps for selecting subjects for treatment that have a tumor or cancer
that is characterized as having a moderate to high content of HA. Such methods
include methods for detecting levels of HA in the tumors of potential subjects to
identify subjects, with tumors characterized by a moderate to high HA content that are
likely to respond to treatment of combinatorial administration of an anti-hyaluronan
agent, such as a hyaluronan degrading enzyme, and an immune checkpoint inhibitor,
such as an anti-immune checkpoint protein antibody. Any sample or tissue from a

subject can be tested and compared to a normal sample or tissue. Hyaluronan levels
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can be measured from any source such as from a tissue (e.g., by biopsy), tumor, cells,
or from blood, serum, urine or other body fluids. The choice of sample is within the
level of one of skill in the art.

In other examples, subjects selected for treatment in the methods provided
herein exhibit markers of an existing elevated immune response. In some examples
the elevated immune response is indicated by an increase in the absolute lymphocyte
count (ALC).

a. Measuring hyaluronan content of tumors

It is within the level of one of skill in the art to assess, quantify, determine
and/or detect hyaluronan levels in a sample. Hyaluronan content can be measured, for
example in a tissue, cell or fluid sample collected from a potential subject. In
particular examples, hyaluronan content is measured in tumor tissues, for example in
tumor biopsies. For example, such methods include immunostaining by
immunohistochemistry or immunofluorescence or solid phase binding assays.

Methods of selecting subjects based on the degree of hyaluronan accumulation
(e.g., moderate to high) are known in the art (see e.g., U.S. Patent Publ. No.
2013/0202583; Jiang et al. (2012) Anticancer Res., 32:1203-1212; Kultti et al. (2012)
Cancers, 4:873-903; and Jacobetz et al. (2012) Gut, 62:112-120). In such methods, a
hyaluronan binding protein (HABP) can be employed to detect hyaluronan.

In a further example, hyaluronan expression and production in tumor cells in
vitro can be determined by assessing hyaluronan synthase production (e.g., HASI,
HAS2 or HAS3) and/or expression by cells in vitro, ex vivo or in vivo also can be
assayed by, for example, ELISA, SDS-PAGE, Western Blot, PCR, RT-PCR,
immunohistochemistry, histology or flow cytometry.

Assays include in vitro or in vivo assays. Exemplary binding assays that can
be used to assess, evaluate, determine, quantify and/or otherwise specifically detect
hyaluronan expression or levels in a sample include, but are not limited to, solid phase
binding assays (e.g., enzyme linked immunosorbent assay (ELISA)),
radioimmunoassay (RIA), immunoradiometric assay, fluorescence assay,
chemiluminescent assay, bioluminescent assay, western blot and histochemistry
methods, such as immunohistochemistry (IHC) or pseudo immunohistochemistry

using a non-antibody binding agent. In solid phase binding assay methods, such as
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ELISA methods, for example, the assay can be a sandwich format or a competitive
inhibition format. In other examples, in vivo imaging methods can be used.

It is understood that the particular change, e.g., increase in or decrease in HA,
is dependent on the assay used. For example, in an ELISA, the fold increase or
decrease in absorbance at a particular wavelength or in quantity of protein (e.g., as
determined by using a standard curve) can be expressed relative to a control. Ina
PCR assay, such as RT-PCR, the change can be compared to control expression levels
(e.g., expressed as fold change) using methods known to those in the art, such as
using standards.

For example, when the amount of hyaluronan in a sample from a subject is
being tested, detection of the marker can be determining that the amount of HA in the
sample (e.g., cancerous cell, tissue or fluid) from the subject is elevated compared to a
control sample, such as a control sample described in the previous paragraph. In one
example, the cancer is determined to be a hyaluronan-rich cancer if the amount of HA

in the tissue, cell or fluid is elevated at or about 0.5-fold, 1-fold, 2-fold, 3-fold, 4-fold,

-5-fold, 6—fold, 7-fold, 8-fold, 9-fold, 10-fold, 11-fold, 12-fold, 13-fold, 14-fold, 15-

fold, 20-fold, or more, compared to the control sample. For example,‘ HA high tumors
generally exhibit at least 2-fold or more increased HA than a control sample (e.g., .
tumor). The control sample can be the sample treated with a hyaluronidase to digest
the HA and confirm the specificity of staining. In other cases, the control sample can
include, but is not limited to, a fluid, tissue, extract (e.g., cellular or nuclear extract),
nucleic acid or peptide preparation, cell line, biopsy, standard or other sample, with a
known amount or relative amount of HA, such as a sample, fof example a tumor cell
line, known to express relatively low levels of HA, such as exemplary tumor cell lines
described herein that express low levels of HA, for example, the HCT 116 cell line,
the HT29 cell line, the NCI H460 cell line, the DU145 cell line, the Capan-1 cell line,
and tumors from tumor models generated using such cell lines.

i. Hyaluronan Binding Proteins (HABP)

Subjects can be selected by detecting binding of an HABP (also referred to as
hyaladherins) to a sample. The HABP can be a hyaluronic acid binding protein from
bovine nasal cartilage (e.g., the commercially available HABP from EMD Millipore,
Billerica, MA as Cat. No. 385911). The HABP also can be any protein that contains a

RECTIFIED SHEET (RULE 91) ISA/EP
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link module or G1 domains, which are domains known to bind to hyaluronan, or
multimers thereof containing two or more of such domains. Such proteins are known
and are described in U.S. Patent Publ. No. 2013/0202583. An example of such an
protein is TSG-6 or TSG-6 link module (TSG-6-LM), or variants thereof that exhibit
reduced binding to heparin, or multimers thereof. For detection, the HABP can be
detectably labeled. For example, the HABP can be biotinylated.

In particular examples, the HABP is a multimer as described in U.S. Patent
Publ. No. 2013/0202583. An HABP multimer is a binding molecule that contains at
least two HA binding sites or domains (e.g., at least two link modules) that are each
capable of binding to HA. Hence, a multimer typically has a binding affinity, when
represented as the dissociation constant (Kd), that is generally less than or less than or
1x10°Mto1x 10" M, such as less than or less than or 9 x 10° M, 8 x 10° M, 7x
10°M, 6x 10°M, 5x 10°M,4x 10°M,3x 10°M,2x 10°M, 1 x 10°M, 9 x 10™°
M,8x 10""M,7x10""M, 6 x 10"°M, 5x 10"°M, 4x 10"°M, 3x 10"°M, 2 x 10™°
M, 1 x 10" M or lower Kd.

The multimer can be formed from a fusion protein containing an HA binding
site (e.g., G1 domain or link module) linked directly or indirectly to a multimerization
domain. The multimerization domain provides for the formation of a stable protein-
protein interaction between the multimerization domain of a first HABP polypeptide
and the multimerization domain of a second HABP polypeptide. The first and second
HABP polypeptide (e.g., containing a link domain or G1 domain) can be the same or
different. For example, the multimer can be formed by expression of the fusion
protein in a cell. The resulting HABP-multimerization domain chimeric proteins can
be expressed in host cells transformed with the recombinant expression vector, and
allowed to assemble into multimers, where the multimerization domains interact to
form multivalent polypeptides. Chemical linkage of multimerization domains to
HABP polypeptides can be effected using heterobifunctional linkers as discussed
above.

The resulting chimeric polypeptides, and multimers formed therefrom, can be
purified by any suitable method such as, for example, by affinity chromatography
over Protein A or Protein G columns. Where two nucleic acid molecules encoding

different HABP chimeric polypeptides are transformed into cells, formation of homo-
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and heterodimers will occur. Conditions for expression can be adjusted so that
heterodimer formation is favored over homodimer formation.

An exemplary HABP is TSG-6, or a polypeptide containing a link module of
TSG-6 (i.e., TSG-6-LM), a sufficient portion of a link module to bind to HA, variants
thereof or a multimer therecof. Tumor necrosis factor-Stimulated Gene-6 (TSG-6,
tumor necrosis factor alpha-induced protein 6, TNFAIP6; SEQ ID NO: 303) is a ~35
kDa secreted glycoprotein composed of a single N-terminal link module and C-
terminal CUB domain. Expression of TSG-6 is induced in many cell types by
inflammatory mediators, including cytokines and growths factors. Via its link
module, TSG-6 is a potent inhibitor of polymorphonuclear leukocyte migration.
TSG-6 forms a stable complex with the serine protease inhibitor Inter-alpha-Inhibitor
(Ial) and potentiates the anti-plasmin activity of lal. TSG-6 also is important for the
formation and remodeling of HA-rich pericellular coats and extracellular matrices.

The human TSG-6 transcript (SEQ ID NO: 302) is normally translated to form
a 277 amino acid precursor peptide (SEQ ID NO: 303) containing a 17 amino acid
signal sequence at the N-terminal. The mature TSG-6 (set forth in SEQ ID NO: 304),
therefore, is a 260 amino acid protein containing amino acids 18-277 of SEQ ID
NO: 303 (Lee et al. (1992) J Cell Biol 116:545-557). TSG-6 is composed of two
main domains, the link module and the CUB domain. The link module of TSG-6 is
variously reported in the literature to be located at amino acids 35-129, 36-128, 36-
129 or 36-132 of SEQ ID NO: 303 (set forth as SEQ ID NOS: 305, 306, 307 or 308,
respectively). It is understood that reference to loci of a domain can vary by several
amino acids due to differences in alignments. Hence, for purposes herein, a TSG-6-
LM is one set forth in any of SEQ ID NOS: 305-308 or that varies from such
sequence by one, two or three amino acids. The CUB domain is located at amino
acids 135-246 of SEQ ID NO: 303. Human TSG-6 has two potential N-linked
glycans at residues N118 and N258 of SEQ ID NO: 303. In addition, residues T259
and T262 of SEQ ID NO: 303 are phosphorylated (Molina et al. (2007) Proc Natl
Acad Sci USA 104:2199-2204). Human TSG-6 has eight native cysteines which form
four disulfide bonds at residues C58-C127, C82-C103, C135-C161 and C188-C210 of
preprotein TSG-6 (SEQ ID NO: 303).
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TSG-6 link module (e.g., SEQ ID NO: 305-308) has a relatively small size and
a well-characterized structure. The three dimensional structure of the TSG-6 link
domain was determined and found to have the same fold as other known link
modules, containing two alpha helices and two antiparallel beta sheets arranged
around a large hydrophobic core (Kohda et al. (1996) Cell 86:767-775). In addition,
the interaction of the link module of TSG-6 and HA has been studied revealing that
the aromatic rings of Tyr12, Tyr59, Phe70, Tyr78, Trp88 and basic residues Lys11,
Lys72, Asp77, Arg 81, and Glu86 of the link domain of TSG-6 (SEQ ID NO: 305)
are important for binding to HA (see, e.g., Kahmann et al. (2000) Structure 15:763-
774; Mahoney et al. (2001) J Biol Chem 276:22764-22771; Kohda et al. (1996) Cell,
88:767-775; Blundell ef al. (2003) J Biol Chem 278:49261-49270; Lesley et al.
(2004) J Biol Chem 279:25745-25754; Blundell et al. (2005) J Biol Chem 280:18189-
18201). Structural studies also show that there is only a single HA-binding site
contained in the link module, which is localized to one region of the molecule based
on the structural map of residues Lys11, Tyr12, Tyr59, Phe70 and Tyr78 that are most
directly implicated in HA binding (see e.g., Mahoney et al. (2001) J Biol Chem
276:22764-22771).

The link module of TSG-6 exhibits binding activity to several
glycosaminoglycans. For example, studies have revealed binding of the link module
to HA, chondroitin-4-sulphate (C4S), G1-domain of the protecoglycan aggrecan,
heparin and the bikunin chain of lal (see e.g., Milner et al. (2003) Journal of Cell
Science, 116:1863-1873; Mahoney et al. (2005) Journal of Biological Chemistry,
280:27044-27055). The binding of TSG-6 to heparin and HA is mediated by a
distinct binding site in the LM of TSG-6. The residues involved in TSG-6-LM
binding to hyaluronan are Lys11, Tyr12, Tyr59, Phe70 and Tyr78, whereby the
mutants K11Q, Y12F, Y59F, F70V and Y78F have between 10-and 100-fold lower
HA-binding affinity compared to wildtype; the residues in the TSG-6- LM involved in
binding to heparin are Lys20, Lys34, Lys41, Lys54, Arg56 and Arg84, whereby the
mutants K20A, K34A, K41A and K54 A exhibit impaired heparin binding properties;
and the residues involved in TSG-6-LM binding to bikunin is overlapping with but
not identical to the HA binding site (Mahoney et al. (2005) Journal of Biological
Chemistry, 280:27044-27055).
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Binding of TSG-6 to hyaluronan is pH dependent, with binding activity
exhibited at acidic pH of about or pH 5.6 to 6.4, such as or about pH 5.8 to pH 6.0.

TSG-6 polypeptides, HA binding domains thereof, e.g., TSG-6 link modules,
or fragments thereof sufficient to bind to HA provided herein for use as a companion
diagnostic can include any of SEQ ID NOS: 303-308, or variants thereof such as
variants that exhibit at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%., 99% or more sequence identity to any one of SEQ ID NOS:
303-308. Exemplary variants include, for example, species variants, allelic variants
and variants that contain conservative and non-conservative amino acid mutations.
Natural allelic variants of human TSG-6 include, for example, TSG-6 containing the
amino acid replacement Q144R (Nentwich et al. (2002) J Biol Chem 277:15354-
15362). TSG-6 is highly conserved among species with mouse and human protein
being >94% identical.

Variants of TSG-6 or HA binding fragments thereof for use in the provided
methods include variants with an amino acid modification that is an amino acid
replacement (substitution), deletion or insertion. Exemplary modifications are amino
acid replacements such as an amino acid replacement at any of amino acid residues 4,
6, 8, 13, 20, 29, 34, 41, 45, 54, 67, 72 or 96 corresponding to residues in the TSG-6
set forth in SEQ ID NO: 305. The replacement amino acid can be to any other amino
acid residue. Exemplary amino acid replacements of a TSG-6 polypeptides or HA
binding fragments thereof provided herein for use as a companion diagnostic reagent
include modified TSG-6 polypeptides or HA-binding fragments thereof that contain at
least one amino acid replacement corresponding to H4K, H4S, E6A, E6K, R8A,
K13A, K20A, H29K, K34A, K41A, H45S, K54A, N67L, N67S, K72A, H96K,
K34A/K54A or K20A/K34A/K41A corresponding to residues in the TSG-6 set forth
in SEQ ID NO: 305 (see, e.g., Mahoney et al. (2005) J Biol Chem 280:27044-27055,
Blundell et al. (2007) J Biol Chem 282:12976-12988, Lesley et al. (2004) J Biol
Chem 279:25745-25754, Kahmann et al. (2000) Structure 15:763-774). 1t is
understood that residues important or otherwise required for the binding of TSG-6 to
HA, such as any described above or known to one of skill in the art, are generally
invariant and cannot be changed. Thus, for example, amino acid residues 11, 12, 59,

70, 78 and 81 of SEQ ID NO: 305 in the link module of TSG-6 are generally invariant
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and are not altered. Further, it is understood that amino acid modifications that result
in improper folding or perturbation of the folding of the link module are generally
invariant. Thus, for example, a modified TSG-6 will not contain any one or more of
the amino acid modifications H4S, H29A, H45A, H45K, R56A, D77A, R84A and
D89A of SEQ ID NO: 305 (Mahoney et al. (2005) J Biol Chem 280:27044-27055,
Blundell et al. (2007) J Biol Chem 282:12976-12988, Lesley et al. (2004) J Biol
Chem 279:25745-25754).

In particular, the modification, for example amino acid replacement or
replacements, is one that confers an altered, such as improved, activity compared to a
TSG-6 not containing the modification. Such variants include those that contain
amino acid modifications that enhance the binding affinity of TSG-6 to HA, increase
the specificity of TSG-6 for HA, and/or increase the solubility of TSG-6. For
example provided herein for use in the methods herein are TSG-6 variants, HA
binding domains, or portions thereof sufficient to bind to HA that increase the
specificity of TSG-6 for HA by decreasing the binding of TSG-6 to other
glycosaminoglycans, including heparin, chondroitin-4-sulfate, heparan sulfate and
dermatan sulfate. Binding to the other glycosaminoglycan that is not hyaluronan can
be reduced at least 1.2-fold, 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-
fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 100-fold or more compared to
binding of TSG-6-LM not containing the modification. For example, provided herein
is a mutant TSG-6-LM containing amino acid replacement(s) at amino acid residues
20, 34, 41, 54, 56, 72 and/or 84, and in particular at amino acid residues 20, 34, 41,
and/or 54 (corresponding to amino acid residues set forth in SEQ ID NO: 303). The
replacement amino acid can be to any other amino acid residue, and generally is to a
non-basic amino acid residue. For example, amino acid replacement can be to Asp
(D), Glu (E), Ser (S), Thr (T), Asn (N), Gln (Q), Ala (A), Val (V), Ile (I), Leu (L), Met
(M), Phe (F), Tyr (Y) or Trp (W). The amino acid replacement or replacements confer
decreased binding to heparin. For example, variants that decrease the ability of TSG-
6 to bind to heparin are known to one of skill in the art. Such variants are those that
include at least one mutation corresponding to K20A, K34A, K41 A and K54A,
including variants K34A/K54A or K20A/K34A/K41A (Mahoney et al. (2005) J Biol
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Chem 280:27044-27055). Exemplary variants that decrease or reduce binding to
heparin are variant TSG-6-LM set forth in SEQ ID NO: 309 or 310.

An exemplary TSG-6 polypeptide as a companion diagnostic is a TSG-6
polypeptide that contains at least an HA binding domain, for example, a TSG-6 link
module. Thus, provided herein is a TSG-6 link module, or variant thereof, for use in
the provided methods. An example of such a polypeptide reagent is one that has a
sequence of amino acids set forth in SEQ ID NO: 305-310, or has a sequence of
amino acids that exhibits at least 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%.,
94%, 95%, 96%, 97%, 95%, 99% or more sequence identity to any of SEQ ID NOS:
305-310. For example, the TSG-6 link module can be modified to alter its specificity,
affinity or solubility, as long as it retains its ability to bind to HA.

In yet another example, the affinity of the TSG-6 link module is increased by
dimerization or multimerization, such as, for example, by fusion to a multimerization
domain, such as an Fc domain. Hence, the TSG-6 link module can be modified to
produce a multimer containing two or more link modules that are linked directly or
indirectly via a multimerization domain to effect the formation of dimer or trimer
molecules and the generation of multiple HA binding sites. For example, a companion
diagnostic is one that is generated by expression of a nucleic acid molecule encoding
the link module set forth in any one of SEQ ID NOS: 305-310 or a nucleic acid
encoding a link module having a sequence of amino acids that exhibits at least 65%,
70%, 75%, 80%, 84%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity to a sequence set forth in any of SEQ ID NOS: 305-310 linked
directly or indirectly to a nucleic acid encoding a multimerization domain, such as an
Fc portion of an immunoglobulin. Hence, the resulting TSG-6-LM multimer contains
a first polypeptide set forth in any one of SEQ ID NOS: 305-310 or a sequence of
amino acids that exhibits at least 65%, 70%, 75%, 80%, 84%, 90%, 91%, 92%, 93%.,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity to a sequence set forth in any
of SEQ ID NOS: 305-310 linked directly or indirectly to a multimerization domain;
and a second polypeptide set forth in any one of SEQ ID NOS: 305-310 or a
sequence of amino acids that exhibits at least 65%, 70%, 75%, 80%, 84%., 90%, 91%,
92%, 93%, 94%, 95%., 96%, 97%, 98%, or 99% sequence identity to a sequence set
forth in any of SEQ ID NOS: 305-310 linked directly or indirectly to a
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multimerization domain. Generally, the LM or sufficient portion thereof to effect HA
binding is the only TSG-6 portion of the multimer.

Exemplary HABP-Fc chimeric polypeptides include fusion protein of the
TSG-6 link module (TSG-6-LM) and Fc. For example, the TSG-6-LM:Fc molecule
can be one set forth in SEQ ID NO: 312 or 313. An exemplary TSG-6-LM-Fc is set
forth in SEQ ID NO: 312, and encoded by a sequence of nucleotides set forth in SEQ
ID NO: 314 or 316. An exemplary TSG-6-LM-Fc is set forth in SEQ ID NO: 313,
and encoded by a sequence of nucleotides set forth in SEQ ID NO: 315. In addition,
HABP-Fc molecules, including for example the exemplary TSG-6-Fc molecules, can
optionally contain an epitope tag or a signal for expression and secretion. For
example, the exemplary TSG-6-LM-Fc chimeric polypeptide set forth as SEQ ID
NO: 312 contains human immunoglobulin light chain kappa () leader signal peptide
sequence, an Fc fragment of the human IgG1 heavy chain (SEQ ID NO: 311) and a
human TSG-6 link module (SEQ ID NO: 306). The cDNA sequence encoding the
TSG-6-LM-Fc chimeric polypeptide is set forth in SEQ ID NO: 314.

il Histochemical and Immunohistochemical Methods

Hyaluronan levels in a collected sample, such as a sample from a tumor, can
be measured based on the ability of an HABP to bind to HA in a sample and detecting
the HABP, such that the amount of the HABP companion diagnostic detected
correlates with amount of HA in the sample. Any HABP companion diagnostic can
be used to detect HA using tissue staining methods known to one of skill in the art,
including but not limited to, cytochemical or histochemical methods, such as
immunohistochemistry (IHC) or histochemistry using a non-antibody binding agent
(e.g., pseudo immunohistochemistry). Such histochemical methods permit
quantitative or semi-quantitative detection of the amount of HABP that binds to HA in
a sample, such as a tumor tissue sample. In such methods, a tissue sample can be
contacted with an HABP reagent provided herein, and in particular one that is
detectably labeled or capable of detection, under conditions that permit binding to
tissue- or cell-associated HA.

A sample for determining HA levels by histochemistry can be any biological
sample that can be analyzed for its HA levels, such as a tissue, such as a tumor tissue,

or cellular sample. For example, a tissue sample can be solid tissue, including a fresh,
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frozen and/or preserved organ or tissue sample or biopsy or aspirate, or cells. In some
examples, the tissue sample is tissue or cells obtained from a solid tumor, such as
primary and metastatic tumors, including but not limited to, breast, colon, rectum,
lung, stomach, ovary, cervix, uterus, testes, bladder, prostate, thyroid and lung cancer
tumors. In particular examples, the sample is a tissue sample from a cancer that is a
late-stage cancer, a metastatic cancer, undifferentiated cancer, ovarian cancer, in situ
carcinoma (ISC), squamous cell carcinoma (SCC), prostate cancer, pancreatic cancet,
non-small cell lung cancer, breast cancer, colon cancer. In other examples, the tissue
sample contains cells from primary or cultured cells or cell lines. Cells may be have
various states of differentiation, and may be normal, pre-cancerous or cancerous, may
be fresh tissues, dispersed cells, immature cells, including stem cells, cells of
intermediate maturity and fully matured cells. Typically, the cells selected for use in
the methods provided herein are cancer cells.

When the tumor is a solid tumor, isolation of tumor cells is typically achieved
by surgical biopsy. Biopsy techniques that can be used to harvest tumor cells from a
subject include, but are not limited to, needle biopsy, CT-guided needle biopsy,
aspiration biopsy, endoscopic biopsy, bronchoscopic biopsy, bronchial lavage,
incisional biopsy, excisional biopsy, punch biopsy, shave biopsy, skin biopsy, bone
marrow biopsy, and the Loop Electrosurgical Excision Procedure (LEEP). Typically,
a non-necrotic, sterile biopsy or specimen is obtained that is greater than 100 mg, but
which can be smaller, such as less than 100 mg, 50 mg or less, 10 mg or less or 5 mg
or less; or larger, such as more than 100 mg, 200 mg or more, or 500 mg or more, 1 g
or more, 2 g or more, 3 g or more, 4 g or more or 5 g or more. The sample size to be
extracted for the assay can depend on a number of factors including, but not limited
to, the number of assays to be performed, the health of the tissue sample, the type of
cancer, and the condition of the subject. The tumor tissue is placed in a sterile vessel,
such as a sterile tube or culture plate, and can be optionally immersed in an
appropriate medium.

Tissue obtained from the patient after biopsy is often fixed, usually by
formalin (formaldehyde) or glutaraldehyde, for example, or by alcohol immersion.
For histochemical methods, the tumor sample can be processed using known

techniques, such as dehydration and embedding the tumor tissue in a paraffin wax or
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other solid supports known to those of skill in the art (see Plenat et al., (2001) Ann
Pathol January 21(1):29-47), slicing the tissue into sections suitable for staining, and
processing the sections for staining according to the histochemical staining method
selected, including removal of solid supports for embedding by organic solvents, for
example, and rehydration of preserved tissue. Thus, samples for use in the methods
herein can contain compounds that are not naturally present in a tissue or cellular
sample, including for example, preservatives, anticoagulants, buffers, fixatives,
nutrients and antibiotics.

In exemplary methods to select a subject for treatment with a hyaluronan-
degrading enzyme, harvesting of the tumor tissue is generally performed prior to
treatment of the subject with a hyaluronan-degrading enzyme. In exemplary methods
of monitoring therapy of a tumor with a hyaluronan-degrading enzyme, harvesting of
the tumor tissue from the subject can be performed before, during or after the subject
has received one or more treatments with a hyaluronan-degrading enzyme.

Assays for measuring HA present in a sample is detected using histochemistry
or immunohistochemistry. Histochemistry (HC) is a staining method based on
enzymatic reactions using a binding partner, such as an antibody (e.g., monoclonal or
polyclonal antibodies) or other binding partner, to detect cells or specific proteins
such as tissue antigens, or biomarkers, for example, HA. For example, histochemistry
assays include those where an HABP is used as a binding partner to detect HA
associated with cells or tissues, particularly cancer tissues. Typically, histochemistry
protocols include detection systems that make the presence of the markers visible, to
either the human eye or an automated scanning system, for qualitative or quantitative
analyses. In a direct HC assay, binding is determined directly upon binding of the
binding partner (e.g., first antibody) to the tissue or biomarker due to the use of a
labeled reagent. In an indirect HC assay, a secondary antibody or second binding
partner is necessary to detect the binding of the first binding partner, as it is not
labeled.

In such methods, generally a slide-mounted tissue sample is stained with a
labeled binding reagent (e.g., labeled HABP) using common histochemistry
techniques. Thus, in some HC assays, the HABP or anti-HA antibody is modified to

contain a detectable moiety, such as a fluorescent protein, bioluminescent protein or
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enzyme. In some examples, the HABP or anti-HA antibody is conjugated to a small
molecule, e.g., biotin, that is detected via a labeled binding partner or antibody. In
some examples, the IHC method is based on staining with an HABP or antibody that
is detected by enzymatic staining with horseradish peroxidase. For example, the
HABP or anti-HA antibody can be biotinylated and detected with avidin or
streptavidin conjugated to detectable protein, such as streptavidin-horseradish
peroxidase. In other examples, the HABP or anti-HA antibody is conjugated to
detectable proteins which permit direct detection, such as, for example, HABP
companion diagnostics conjugated to a fluorescent protein, bioluminescent protein or
enzyme. Various enzymatic staining methods are known in the art for detecting a
protein of interest. For example, enzymatic interactions can be visualized using
different enzymes such as peroxidase, alkaline phosphatase, or different chromogens
such as DAB, AEC or Fast Red. In other examples, the HABP companion diagnostics
are conjugated to peptides or proteins that can be detected via a labeled binding
partner or antibody.

The resulting stained specimens are each imaged using a system for viewing
the detectable signal and acquiring an image, such as a digital image of the staining.
Methods for image acquisition are well-known to one of skill in the art. For example,
once the sample has been stained, any optical or non-optical imaging device can be
used to detect the stain or biomarker label, such as, for example, upright or inverted
optical microscopes, scanning confocal microscopes, cameras, scanning or tunneling
electron microscopes, canning probe microscopes and imaging infrared detectors.

In some examples, the image can be captured digitally. The obtained images
can then be used for quantitatively or semi-quantitatively determining the amount of
HA in the sample. Various automated sample processing, scanning and analysis
systems suitable for use with immunohistochemistry are available in the art. Such
systems can include automated staining and microscopic scanning, computerized
image analysis, serial section comparison (to control for variation in the orientation
and size of a sample), digital report generation, and archiving and tracking of samples
(such as slides on which tissue sections are placed).

Cellular imaging systems are commercially available that combine

conventional light microscopes with digital image processing systems to perform
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quantitative analysis on cells and tissues, including immunostained samples. See, e.g.,
the CAS-200 system (Becton, Dickinson & Co.). In particular, detection can be made
manually or by image processing techniques involving computer processors and
software. Using such software, for example, the images can be configured, calibrated,
standardized and/or validated based on factors including, for example, stain quality or
stain intensity, using procedures known to one of skill in the art (see e.g., published
U.S. patent Appl. No. US20100136549).

The image can be quantitatively or semi-quantitatively analyzed and scored
based on staining intensity of the sample. Quantitative or semi-quantitative
histochemistry refers to method of scanning and scoring samples that have undergone
histochemistry, to identify and quantitate the presence of a specified biomarker, such
as an antigen or other protein (e.g., HA). Quantitative or semi-quantitative methods
can employ imaging software to detect staining densities or amount of staining or
methods of detecting staining by the human eye, where a trained operator ranks
results numerically. For example, images can be quantitatively analyzed using a pixel
count algorithms (e.g., Aperio Spectrum Software, Automated QUantitatative
Analysis platform (AQUA® platform), and other standard methods that measure or
quantitate or semi-quantitate the degree of staining; see e.g., U.S. Patent No.
8,023,714; U.S. Patent No. 7,257,268; U.S. Pat No. 7,219,016; U.S. Patent No.
7,646,905; published U.S. Pat. Appl. Nos. US20100136549 and 20110111435; Camp
et al. (2002) Nature Medicine, 8:1323-1327; Bacus, et al.(1997) Analyt Quant Cytol
Histol, 19:316-328). A ratio of strong positive stain (such as brown stain) to the sum
of total stained area can be calculated and scored.

Using histochemical, such as immunohistochemical or pseudo
immunohistochemical methods, the amount of HA detected is quantified and given as
a percentage of HA positive pixels and/or a score. The particular score to select a
tumor that expresses moderate to high hyaluronan can be empirically determined,
such as based on published or known criteria for scoring tumors for HA. Generally, a
tumor cell line known to overexpress HA (such as PC3 xenograft tumor tissue or
tumors generated to overexpress HA by expression of HAS2 or HAS3 genes) can

serve as a positive control tissue to determine the intensity threshold for positive pixel
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quantity. HA staining also can be confirmed by digesting a subset of sections with a
hyaluronidase before addition of the HABP.

For example, the amount of HA detected in the sample can be quantified as a
percentage of HA positive pixels. In some examples, the amount of HA present in a
sample is quantified as the percentage of area stained, e.g., the percentage of HA
positive pixels. For example, a sample can have at least or about at least or about 0,
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%,
17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%,
31%, 32%, 33%, 34%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95% or more HA positive pixels as compared to the total staining area.

In some examples, a score is given to the sample that is a numerical
representation of the intensity or amount of the histochemical staining of the sample,
and represents the amount of target biomarker (e.g., HA) present in the sample.
Optical density or percentage area values can be given a scaled score, for example on
an integer scale, for example, 0-10, 0-5, or 0-3. In particular examples, the amount of
hyaluronan in a sample is classified on a scale of 0-3, e.g., 0, HA+1 (low), HA+
(moderate), and HA+3 (high). The amount of HA present is relative to the percentage
of HA pixels, that is, low percentages of HA pixels indicates a low level of HA
whereas high percentages of HA pixels indicate high levels of HA. Scores can be
correlated with percentages of HA positive pixels, such that the percentage area that is
stained is scored as 0, HA+1, HA+2, and HA+3, representing no staining, less than
10% staining, 10-25% staining or more than 25% staining respectively. For example,
if the ratio (e.g., strong pixel stain to total stained area) is more than 25% the tumor
tissue is scored as HA+3, if the ratio is 10-25% of strong positive stain to total stain
the tumor tissue is scored as HA+2, if the ratio less than 10% of strong positive stain
to total stain the tumor tissue is scored as HA+1, and if the ratio of strong positive
stain to total stain is 0 the tumor tissue is scored as 0. A score of 0 or HA+1 indicates
low levels of HA in the tested sample, whereas a score of HA+2 or HA+3 indicates
moderate to high levels of HA in the tested samples.

iii. Solid Phase Binding Assays
Solid-phase binding assays also can be used to quantitatively or semi-

quantitatively determine the amount of HA in a sample can be used. Exemplary solid
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phase binding assays that can be used to assess, evaluate, determine, quantify and/or
otherwise specifically detect hyaluronan expression or levels in a sample include, but
are not limited to, enzyme linked immunosorbent assay (ELISA), radioimmunoassay
(RIA), immunoradiometric assay, fluorometric assay, chemiluminescent assay,
bioluminescent assay. For example, an HABP or anti-HA antibody can be employed
to detect HA using any solid phase binding assay known to one of skill in the art,
including but not limited to, enzyme-linked immunosorbent assay (ELISA) or other
similar immunoassay, including a sandwich ELISA or competitive ELISA assay.
Exemplary methods provided herein include ELISA based methods for quantitative or
semi-quantitative detection of the amount of HABP that binds to HA in a sample, such
as a tumor tissue sample or fluid sample from a subject having a tumor or suspected
of having a tumor. The use of solid phase binding assays can be used when HA is
detected in a bodily fluid.

Patients that exhibit high levels of hyaluronan production in the tumor tissue
also exhibit high levels of hyaluronan in blood and other fluid samples. Fluid samples
for analysis of HA production in an HA-associated disease, such as cancer, include
but are not limited to serum, urine, plasma, cerebrospinal fluid, and lymph. The
subject can have or be suspected of having a cancer, such as a primary and metastatic
tumors, in breast, colon, rectum, lung, stomach, ovary, cervix, uterus, testes, bladder,
prostate, thyroid, lung cancer. In particular examples, the cancer is a late-stage
cancer, a metastatic cancer, undifferentiated cancer, ovarian cancer, in situ carcinoma
(ISC), squamous cell carcinoma (SCC), prostate cancer, pancreatic cancer, non-small
cell lung cancer, breast cancer, or colon cancer.

In exemplary methods to select subjects for treatment, collection of a fluid
sample from a subject is generally performed prior to treatment of the subject as
provided herein. In exemplary methods of monitoring therapy of a tumor with a
hyaluronan-degrading enzyme, collection of the fluid sample from a subject can be
performed before, during or after the subject has received one or more treatments with
a hyaluronan-degrading enzyme. Harvesting of the fluid sample also can be
performed before, during, or after the subject has undergone one or more rounds of

anti-cancer therapy, such as radiation and/or chemotherapy treatment.
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The fluid sample then can be assessed for the presence or amount of HA using
a solid-phase binding assay. So_lid-phase binding assays can detect a substrate (e.g.,
HA) in a fluid sampleby binding of the substrate to a binding agent that is fixed or
immobilized to a solid surface. A substrate-specific antibody or binding protein (e.g.,
an HABPprovided herein), coupled to detectable label (e.g., an enzyme); is appii'e_d
and aﬂowed to bind to the substrate. Presence of the antibody or bound.protein is -
then detected and quantitated. Detection and 'quantitatioﬁ methods iﬁclude, but are
not limited to, colorimetric, fluorescent, luminescent or radioactive methods. The
choice of detection method is dependent on the detectable label used. In soine
examples, a colorimetric reaction employs the enzyme coupled to the antibedy.‘ For
example, enzymes commonly employed in this method include horseradish
peroxidase and alkaline phosphatase. The amount of substrate present in the sample -
is proportional to the amount of color produced. A substrate standardi is generally

employed ut‘o improve quantitative accuracy. The concentration of HA in a sample can:

“be calculated by interpolating the data to a standard curve. The amount of HA can be .

- expressed as a concentratlon of fluid sample.

Known methods for detectlon of hyaluronan expressmn in cancer include
known assays, including, but not limited to, the ELISA-like assay described in
Lokeshwar et al., (1997) Cancer Res 57:773-777 (see, also, Veiseh et al., (2014)
Proc. Natl. Acad. Sci. U.S.4. 29:111(17):E1731-9, which describes a fluorescence-
based assay using flurorescently labeled HA; and Published International PCT
application No. W02009/128917) for measuring HA levels in urine or bladder tissue

extracts of subjects having bladder cancer. For the assay, urine or extracts are coated

~ on microwell plates (umbilical cord HA used‘as a standard also is coated), followed

by 1ncubat10n (e.g., 16 hours, room temperature) with a labeled (e.g, blotlnylated) HA
binding protem such as those described herein, washed and the HA- binding protein

bound to the wells quantified using an avidin-biotin detection agent substrate. Such

‘methods are well-known in the art. In one example, the urine from a subject with an

HA-associated bladder cancer contained HA levels that were elevated 2-9 fold

- compared to'urine/extracts from normal p'ati'ents (healthy subjects or subjects with

other gastrourinary diseases or conditions); thus the marker would be detected if the

HA levels in the urine was elevated compared to normal subjects, e.g., elevated from

RECTIFIED SHEET (RULE 91) ISA/EP
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between at or about 2-fold and at or about 9-fold, e.g., at or about 2, 3, 4, 5, 6, 7, 8 or
9-fold elevation compared to normal subject.
iv. In vivo Imaging Assays

In some examples herein, the amount of HA is detected using in vivo imaging
methods. In such methods, an HABP, such as TSG-6 or a variant thereof, such as a
multimer thereof, or an anti-HA antibody is conjugated to a detectable moiety or
moiety that is capable of detection by an imaging method. Exemplary imaging
methods include, but are not limited to, fluorescence imaging, X-rays, magnetic
resonance methods, such as magnetic resonance imaging (MRI) and magnetic
resonance spectroscopy (MRS), and tomographic methods, including computed
tomography (CT), computed axial tomography (CAT), electron beam computed
tomography (EBCT), high resolution computed tomography (HRCT), hypocycloidal
tomography, positron emission tomography (PET), single-photon emission computed
tomography (SPECT), spiral computed tomography and ultrasonic tomography. For
example, for fluorescence imaging, fluorescent signals can be analyzed using a
fluorescent microscope or fluorescence stereomicroscope. Also, a low light imaging
camera also can be used.

In particular, the HABP or antibody is labeled or conjugated with a moiety that
provides a signal or induces a signal that is detectable in vivo, when imaged, such as,
but not limited to, magnetic resonance imaging (MRI), single-photon emission
computed tomography (SPECT), positron emission tomography (PET), scintigraphy,
gamma camera, a B+ detector, a y detector, fluorescence imaging and bioluminescence
imaging. Exemplary imaging/monitoring methods include any of a variety magnetic
resonance methods such as magnetic resonance imaging (MRI) and magnetic
resonance spectroscopy (MRS), and also include any of a variety of tomographic
methods including computed tomography (CT), computed axial tomography (CAT),
electron beam computed tomography (EBCT), high resolution computed tomography
(HRCT), hypocycloidal tomography, positron emission tomography (PET), gamma
rays (after annihilation of a positron and an electron in PET scanning), single-photon
emission computed tomography (SPECT), spiral computed tomography and
ultrasonic tomography. Other exemplary imaging methods include low-light imaging,

X-rays, ultrasound signal, fluorescence absorption and bioluminescence. In addition,



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-222-

the proteins can be labeled with light-emitting or other electromagnetic spectrum-
emitting compounds, such as fluorescent compounds or molecules. Detection can be
effected by detecting emitted light or other emitted electromagnetic radiation.

Detectable labels include reagents with directly detectable elements (e.g.,
radiolabels) and reagents with indirectly detectable elements (e.g., a reaction product).
Examples of detectable labels include radioisotopes, bioluminescent compounds,
chemiluminescent compounds, fluorescent compounds, metal chelates and enzymes.
A detectable label can be incorporated into an HABP by chemical or recombinant
methods.

Labels appropriate for X-ray imaging are known in the art, and include, for

example, Bismuth (I1I), Gold (III), Lanthanum (III) or Lead (I1); a radioactive ion,

113 123 125

such as 67Coppelr, 67Galliurn, 68Galliurn, 111Indiurn, Indium, “lodine, “lodine,

131 197

lodine, ~'Mercury, 203Melrculry, 186Rheniurn, 18SRheniurn, 97Rubidiurn, 103Rubidiurn,
P Technetium or *Yttrium; a nuclear magnetic spin-resonance isotope, such as Cobalt
(II), Copper (II), Chromium (III), Dysprosium (III), Erbium (I1I), Gadolinium (III),
Holmium (III), Iron (II), Iron (11I), Manganese (II), Neodymium (I1I), Nickel (II),
Samarium (III), Terbium (III), Vanadium (II) or Ytterbium (III); or rhodamine or
fluorescein.

Contrast agents are used for magnetic resonance imaging. Exemplary contrast
agents include iron, gold, gadolinium and gallium. Labels appropriate for magnetic
resonance imaging are known in the art, and include, for example, fluorine,
gadolinium chelates, metals and metal oxides, such as for example, iron, gallium,
gold, gadolinium, magnesium, IH, 19F, 13 C, and 15N labeled compounds. Use of
chelates in contrast agents is known in the art. Labels appropriate for tomographic
imaging methods are known in the art, and include, for example, B-emitters such as
c, BN, 1°0 or *Cu or (b) y-emitters such as 1231. Other exemplary radionuclides
that can, be used, for example, as tracers for PET include 55Co, 67Ga, 68Ga, 60Cu(H),
7Cu(1n), *Te, °'Ni, **Fe and "°F. The antibody or HABP can be conjugated to a
suitable label and/or the protein can include a radiolabel in its constituent molecules.

An exemplary list of nuclides useful for the imaging methods provided herein
includes, for example, 11Calrbon, 11Fluorine, 13Calrbon, 13Nitlrogen, 15Nitlrogen,

. 24 g EY) 2 . 51 .
15Oxygen, 18Floulrlne, 19Floulrlne, Sodium, ““Phosphate, ““Potassium, * Chromium,
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>>Tron, 5911‘011, TCobalt, 60Cobalt, 64Coppelr, 67Galliurn, 68Galliurn, Selenium,

81Krypton, 82Rubidiurn, 89Stlrontiurn, 92Stlrontiurn, 90Yttilrurn, 99Technetiurn,

103 106 111 117 123 125 131

Palladium, ~Ruthenium, "~ Indium, — 'Lutetium, “lodine, “lodine, ~ lodine,

133 137~ s 153 . 153 . 165 . 166 .

Xenon, ~'Cesium, ~~Samarium, ~~Gadolinium, ~~Dysprosium, — Holmium,

169 . 177 . 186 . 188 . 19270 1 198 201 .
Ytterbium, ' 'Leutium, ~ Rhenium, — Rhenium, ~“Iridium, ~ Gold, © Thallium,

22Bismuth and 2"

21 Atatine, Bismuth. One of skill in the art can alter the parameters
used in different imaging methods (MRI, for example) in order to visualize different
nuclides/metals.

Fluorescent labels also can be used. These include fluorescent proteins,
fluorescent probes or fluorescent substrate. For example, fluorescent proteins can
include, but are not limited to, fluorescent proteins such as green fluorescent protein
(GFP) or homologs thereof or RFP; fluorescent dyes (e.g., fluorescein and derivatives
such as fluorescein isothiocyanate (FITC) and Oregon Green®, rhodamine and
derivatives (e.g., Texas red and tetramethyl rhodamine isothiocyanate (TRITC)),
biotin, phycoerythrin, AMCA, Alexa Fluor®, Li-COR®, CyDyes® or DyLight®
Fluors); tdTomato, mCherry, mPlum, Neptune, TagRFP, mKate2, TurboRFP and
TurboFP635 (Katushka). The fluorescent reagent can be chosen based on user desired
excitation and emission spectra. Fluorescent substrates also can be used that result in
fluorescent cleavage products.

The in vivo imaging methods can be used in the diagnosis of HA-associated
tumors or cancers. Such a technique permits diagnosis without the use of biopsy. In
vivo imaging methods based on the extent or level of binding of an HABP to a tumor
also can be used for prognoses to cancer patients. The in vivo imaging methods also
can be used to detect metastatic cancers in other parts of the body or circulating tumor
cells (CTCs). It is within the level of one of skill in the art to ascertain background
levels of hyaluronan in tissues other than tumors. Hyaluronan-expressing tumors will
have higher levels of signal than background tissues. In some examples, threshold
criteria can be determined by comparisons to signal detected in normal or healthy
subjects.

b. Pre-treatment Lymphocyte Count

The combination therapy provided herein initiates an immune response, at

least in part, by blocking immune checkpoint proteins to treat cancers, in particular,
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cancers characterized by having a moderate to high HA content. Because the immune
response activation relies on lymphocytes, absolute lymphocyte count (ALC) can be
used among the selection criteria for subjects to receive the combination therapy
provided herein. The ALC and methods for determining ALC are described elsewhere
herein (for monitoring response to the combination therapies provided herein). A
normal ALC, in a non-diseased individual, ranges from 800/mL to 3,500/mL.
Subjects selected for treatment using the provided combination therapy typically
exhibit within or approximately within the normal range of ALC prior to selection.
For example, a subject selected for the combination therapy provided herein typically
have an ALC of at least 800/mL, such as 800/mL, 900/mL, 1,000/mL, 1,250/mL,
1,500/mL, 2,000/mL, 2,500/mL, 3,000/mL or 3,500/mL. In particular examples,
subjects selected for the combination therapy provided herein have an ALC of at least
1,000/mL.

2, Dosage and Administration

The combination therapy provided herein, containing a polymer-conjugated
anti-hyaluronan agent, such as a hyaluronan-degrading enzyme, and an immune
checkpoint inhibitor, such as an anti-immune checkpoint protein antibody (e.g., an
anti-CTLA4 or anti-PD-1 antibody), is administered in an amount sufficient to exert a
therapeutically useful effect. Typically, the active agents are administered in an
amount that does not result in undesirable side effects of the patient being treated, or
that minimizes or reduces the observed side effects as compared to dosages and
amounts required for single treatment with one of the above agents. For example, as
described elsewhere herein, it is found herein that the combination therapy with a
polymer-conjugated hyaluronan-degrading enzyme and an immune checkpoint
inhibitor, such an anti-immune checkpoint protein antibody results in decreased tumor
progression compared to administration of vehicle or either agent alone. Thus, it is
possible, the amount of an immune checkpoint inhibitor, such as an anti-immune
checkpoint protein antibody, that can be administered in the combination therapy
provided herein, compared to the amounts of the immune checkpoint inhibitor (e.g.,
anti-immune checkpoint protein antibody) administered using prior art methods is
reduced, while achieving substantially the same or improved therapeutic efficacy. By

virtue of the decreased dosage that can be administered, side effects associated with
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anti-immune checkpoint protein antibody administration, such as immune-related
adverse events, described elsewhere herein, are reduced, minimized or avoided.

It is within the level of one of skill in the art to determine the precise amounts
of active agents, including anti-hyaluronan agent, e.g., polymer-conjugated
hyaluronan-degrading enzyme and immune checkpoint inhibitor to be administered to
a subject. For example, such agents and uses for treating cancers and solid tumors,
are well-known in the art. Thus, dosages of such agents in a composition or
combination therapy can be chosen based on standard dosing regimens for that agent
under a given route of administration.

It is understood that the precise dosage and duration of treatment is a function
of the tissue or tumor being treated and may be determined empirically using known
testing protocols or by extrapolation from ir vivo or in vitro test data and/or can be
determined from known dosing regimens of the particular agent. It is to be noted that
concentrations and dosage values may also vary with the age of the individual treated,
the weight of the individual, the route of administration and/or the extent or severity
of the disease and other factors that are within the level of a skilled medical
practitioner to consider. Generally, dosage regimens are chosen to limit toxicity. It
should be noted that the attending physician would know how to and when to
terminate, interrupt or adjust therapy to lower dosage due to toxicity, or bone marrow,
liver or kidney or other tissue dysfunctions. Conversely, the attending physician
would also know how to and when to adjust treatment to higher levels if the clinical
response 1S not adequate (precluding toxic side effects). It is to be further understood
that for any particular subject, specific dosage regimens should be adjusted over time
according to the individual need and the professional judgment of the person
administering or supervising the administration of the formulations, and that the
concentration ranges set forth herein are exemplary only and are not intended to limit
the scope thereof.

For example, the polymer-conjugated hyaluronan-degrading enzyme, such as a
hyaluronidase for example a PH20 (e.g., PEGPH20), is administered in a
therapeutically effective amount to degrade or cleave tumor-associated hyaluronan.
The amount of a hyaluronan degrading enzyme, such as a soluble hyaluronidase, to be

administered for the treatment of a disease or condition, for example a cancer or solid
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tumor such as an HA-rich tumor, can be determined by standard clinical techniques.
In addition, in vitro assays and animal models can be employed to help identify
optimal dosage ranges. The precise dosage, which can be determined empirically, can
depend on the particular enzyme, the route of administration, the type of disease to be
treated and the seriousness of the disease. Exemplary dosage range is at or about 50
Units to 50,000,000 Units of a hyaluronan-degrading enzyme conjugated to a
polymer, or a functionally equivalent amount of another hyaluronan degrading
enzyme conjugated to a polymer. It is understood herein that a unit of activity is
normalized to a standard activity, for example, an activity as measured in a
microturbidity assay assaying hyaluronidase activity.

Thus, for example, a hyaluronan-degrading enzyme, such as a hyaluronidase
for example a PH20, conjugated to polymer, for example, a PEG, can be administered
at or about 10 to 50,000,000 Units, 10 to 40,000,000 Units, 10 to 36,000,000 Units, 10
to 12,000,000 Units, 10 to 1,200,000 Units, 10 to 1,000,000 Units, 10 to 500,000
Units, 100 to 100,000 Units, 500 to 50,000 Units, 1000 to 10,000 Units, 5000 to 7500
Units, 5000 Units to 50,000 Units, or 1,000 to 10,000 Units. Generally, a polymer-
conjugated hyaluronan-degrading enzyme is administered to a subject in an amount
that is between or about between 0.01 pg/kg to 25 mg/kg, such as 0.0005 mg/kg (0.5
ng’kg) to 25 mg/kg, 0.5 ug /kg to 10 mg/kg, 0.02 mg/kg to 1.5 mg/kg,

0.01 pg/kg to 15 ng/kg, 0.05 ng/kg to 10 pg/kg, 0.75 ng/kg to 7.5 ng/kg or 1.0 ug/kg
to 3.0 ug/kg. For example, the dosage range amount can be between or about
between 0.01 pg/kg to 100 ug/kg (of the subject), 0.01 ug/kg to 50 ug/kg, 0.01
ng/kg to 15 ng/kg, 0.05 ug/kg to 10 ug/kg, 0.75 ngkg to 7.5 ug/kg, 1.0 ug/kgto 5.0
or 1.0 ug/kg to 3.0 ug/kg of th subject. The polymer-conjugated hyaluronan-
degrading enzyme can be administered, for example, at a dosage of at least or about at
least 0.00001 mg/kg (0.01 ng/kg) of the subject, such as 0.0005 mg/kg, 0.0006 mg/kg,
0.0007 mg/kg, 0.0008 mg/kg, 0.0009 mg/kg, 0.001 mg/kg, 0.0016 mg/kg, 0.002
mg/kg, 0.003 mg/kg, 0.004 mg/kg, 0.005 mg/kg, 0.006 mg/kg, 0.007 mg/kg, 0.008
mg/kg, 0.009 mg/kg, 0.01 mg/kg, 0.016 mg/kg, 0.02 mg/kg, 0.03 mg/kg, 0.04 mg/kg,
0.05 mg/kg, 0.06 mg/kg, 0.07 mg/kg, 0.08 mg/kg, 0.09 mg/kg, 0.1 mg/kg, 0.15
mg/kg, 0.2 mg/kg, 0.25 mg/kg, 0.30 mg/kg, 0.35 mg/kg, 0.40 mg/kg, 0.45 mg/kg, 0.5
mg/kg, 0.55 mg.kg, 0.6 mg/kg, 0.7 mg/kg, 0.8 mg/kg, 0.9 mg/kg, 1.0 mg/kg, 1.1
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mg/kg, 1.2 mg/kg, 1.3 mg/kg, 1.4 mg/kg, 1.5 mg/kg, 1.6 mg/kg, 1.7 mg/kg, 1.8
mg/kg, 1.9 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mg/kg, 3.5 mg/kg, 4 mg/kg, 4.5 mg/kg, 5
mg/kg, 5.5 mg/kg, 6 mg/kg, 6.5 mg/kg, 7 mg/kg, 7.5 mg/kg, 8 mg/kg, 8.5 mg/kg, 9
mg/kg, 9.5 mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg, 13 mg/kg, 14 mg/kg, 15 mg/kg, 16
mg/kg, 17 mg/kg, 18 mg/kg, 19 mg/kg, 20 mg/kg, 21 mg/kg, 22 mg/kg, 23 mg/kg, 24
mg/kg, 25 mg/kg, or more is administered, to an average adult human subject,
typically weighing about 70 kg to 75 kg.

A polymer-conjugated hyaluronan-degrading enzyme, such as a PEGylated
hyaluronidase (e.g., PEGPH20), provided herein is administered at greater than 0.5
Units/kg, such as between or about between 1 Unit/kg to 800,000 Units/kg, such as 10
to 800,000 Units/kg, 10 to 750,000 Units/kg, 10 to 700,000 Units/kg, 10 to 650,000
Units/kg, 10 to 600,000 Units/kg, 10 to 550,000 Units/kg, 10 to 500,000 Units/kg, 10
to 450,000 Units/kg, 10 to 400,000 Units/kg, 10 to 350,000 Units/kg, 10 to 320,000
Units/kg, 10 to 300,000 Units/kg, 10 to 280,000 Units/kg, 10 to 260,000 Units/kg, 10
to 240,000 Units/kg, 10 to 220,000 Units/kg, 10 to 200,000 Units/kg, 10 to 180,000
Units/kg, 10 to 160,000 Units/kg, 10 to 140,000 Units/kg, 10 to 120,000 Units/kg, 10
to 100,000 Units/kg, 10 to 80,000 Units/kg, 10 to 70,000 Units/kg, 10 to 60,000
Units/kg, 10 to 50,000 Units/kg, 10 to 40,000 Units/kg, 10 to 30,000 Units/kg, 10 to
20,000 Units/kg, 10 to 15,000 Units/kg, 10 to 12,800 Units/kg, 10 to 10,000 Units/kg,
10 to 9,000 Units/kg, 10 to 8,000 Units/kg, 10 to 7,000 Units/kg, 10 to 6,000
Units/kg, 10 to 5,000 Units/kg, 10 to 4,000 Units/kg, 10 to 3,000 Units/kg, 10 to
2,000 Units/kg, 10 to 1,000 Units/kg, 10 to 900 Units/kg, 10 to 800 Units/kg, 10 to
700 Units/kg, 10 to 500 Units/kg, 10 to 400 Units/kg, 10 to 300 Units/kg, 10 to 200
Units/kg, 10 to 100 Units/kg, 16 to 600,000 Units/kg, 16 to 500,000 Units/kg, 16 to
400,000 Units/kg, 16 to 350,000 Units/kg, 16 to 320,000 Units/kg, 16 to 160,000
Units/kg, 16 to 80,000 Units/kg, 16 to 40,000 Units/kg, 16 to 20,000 Units/kg, 16 to
16,000 Units/kg, 16 to 12,800 Units/kg, 16 to 10,000 Units/kg, 16 to 5,000 Units/kg,
16 to 4,000 Units/kg, 16 to 3,000 Units/kg, 16 to 2,000 Units/kg, 16 to 1,000
Units/kg, 16 to 900 Units/kg, 16 to 800 Units/kg, 16 to 700 Units/kg, 16 to 500
Units/kg, 16 to 400 Units/kg, 16 to 300 Units/kg, 16 to 200 Units/kg, 16 to 100
Units/kg, 160 to 12,800 Units/kg, 160 to 8,000 Units/kg, 160 to 6,000 Units/kg, 160
to 4,000 Units/kg, 160 to 2,000 Units/kg, 160 to 1,000 Units/kg, 160 to 500 Units/kg,
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500 to 5000 Units/kg, 1000 to 100,000 Units/kg or 1000 to 10,000 Units/kg, of the
mass of the subject to whom it is administered. In some examples, a hyaluronan-
degrading enzyme, such as a polymer-conjugated hyaluronan-degrading enzyme, such
as a PEGylated hyaluronidase (e.g., PEGPH20) can be administered at or about
between 0.5 Units/kg to 4,000 Units/kg, 1 Unit/kg to 1000 Units/kg, 1 Units/kg to 500
Units/kg. 5 Units/kg to 500 Units/kg, 10 Units/kg to 500 Units/kg, 20 Units/kg to 400
Units/kg or 10 Units/kg to 50 Units/kg.

Generally, where the specific activity of the PEGylated hyaluronidase is or is
about 10,000 U/mg to 80,000 U/mg, such as 20,000 U/mg to 60,000 U/mg or 18,000
U/mg to 45,000 U/mg, generally at least or at least about 1 Units/kg (U/kg), 2 U/kg, 3
U/kg, 4 U/kg, 5 U/kg, 6 U/kg, 7 U/kg, 8 U/kg, 8 U/kg 10 U/kg, 16 U/kg, 32 U/kg, 64
U/kg, 100 U/kg, 200 U/kg, 300 U/kg, 400 U/kg, 500 U/kg, 600 U/kg, 700 U/kg, 800
U/kg, 900 U/kg, 1,000 U/kg, 2,000 U/kg, 3,000 U/kg, 4,000 U/kg, 5,000 U/kg, 6,000
U/kg, 7,000 U/kg, 8,000 U/kg, 9,000 U/kg, 10,000 U/kg, 12,800 U/kg, 20,000 U/kg,
32,000 U/kg, 40,000 U/kg, 50,000 U/kg, 60,000 U/kg, 70,000 U/kg, 80,000 U/kg,
90,000 U/kg, 100,000 U/kg, 120,000 U/kg, 140,000 U/kg, 160,000 U/kg, 180,000
U/kg, 200,000 U/kg, 220,000 U/kg, 240,000 U/kg, 260,000 U/kg, 280,000 U/kg,
300,000 U/kg, 320,000 U/kg, 350,000 U/kg, 400,000 U/kg, 450,000 U/kg, 500,000
U/kg, 550,000 U/kg, 600,000 U/kg, 650,000 U/kg, 700,000 U/kg, 750,000 U/kg,
800,000 U/kg or more, per mass of the subject, is administered. For example, at least
1,000 Units (U); 2000 U; 3,000 U; 4,000 U; 5,000 U; 6,000 U; 7,000 U; 8,000 U;
9,000 U; 10,000 U; 20,000 U; 30,000 U; 40,000 U; 50,000 U; 60,000 U; 70,000 U;
80,000 U; 90,000 U; 100,000 U; 200,000 U; 300,000 U; 400,000 U; 500,000 U;
600,000 U; 700,000 U; 800,000 U; 900,000 U; 1,000,000 U; 1,500,000 U; 2,000,000
U; 2,500,000 U; 3,000,000 U; 3,500,000 U; 4,000,000 U or more is administered.

In examples herein, the immune checkpoint inhibitor, such as an anti-immune
checkpoint protein antibody is provided in a therapeutically effective amount for the
particular dosage regimen. Therapeutically effective concentrations can be
determined empirically by testing the compounds in known in vitro and in vivo
systems, such as the assays provided herein. The concentration of a selected immune
checkpoint inhibitor in the composition depends on absorption, inactivation and

excretion rates of the complex, the physicochemical characteristics of the complex,
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the dosage schedule, and amount administered as well as other factors known to those
of skill in the art.

For example, it is understood that the precise dosage and duration of treatment
is a function of the type of cancer being treated and may be determined empirically
using known testing protocols or by extrapolation from in vivo or in vitro test data. It
is to be noted that concentrations and dosage values also may vary with the age of the
individual treated. It is to be further understood that for any particular subject,
specific dosage regimens should be adjusted over time according to the individual
need and the professional judgment of the person administering or supervising the
administration of the formulations, and that the concentration ranges set forth herein
are exemplary only and are not intended to limit the scope thereof.

The amount of a selected immune checkpoint inhibitor to be administered for
the treatment of cancers can be determined by standard clinical techniques or other
methods as described herein. In addition, in vitro assays and animal models can be
employed to help identify optimal dosage ranges. Hence, the precise dosage, which
can be determined empirically, can depend on the particular immunoglobulin
preparation, the regimen and dosing schedule with the soluble hyaluronidase, the
route of administration, the type of cancer to be treated and the progression of the
disecase. Exemplary dosage regimens (doses and frequencies) of immune checkpoint
inhibitor formulations for treating cancers are provide below. Other dosage regimens
are well-known to those of skill in the art. If necessary, a particular dosage and
duration and treatment protocol can be empirically determined or extrapolated.

In some examples, the dose of an immune checkpoint inhibitor is a function of
immune cell populations. For example, the dose of the immune checkpoint inhibitor
can be modulated to minimize the increase in the number of T, cells in response to
the administered agent. For example a maximum dose can be determined to be the
maximum dose that does not result in an increase in the number of circulating Tieg
cells. In another example, the dose of an immune checkpoint inhibitor can be
modulated to maximize the increase in the number of effector cells in the tumor-
bearing subject. In a further example, the dose of an immune checkpoint inhibitor is
selected that minimizes or prevents and increase in the number of Ty, cells, but

maximizes the increase in the number of effector cells. Methods for determining such
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doses are known in the art and described herein. For example, the number(s) of T,ee
cells and/or effector cells can be measured by flow cytometry (described herein
above) at one or more different time points after administration of the immune
checkpoint inhibitor. For examples the number(s) of Ty, cells and/or effector cells
can be determined on the same day as administration and/or 1 day, 2 days, 3 days, 4
days, 5 days, 6 days, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 7 weeks,
8 weeks, 9 weeks, 10 weeks, 11 weeks, 12 weeks or more after administration of the
immune checkpoint inhibitor, such as 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, or
1 week after administration of the immune checkpoint inhibitor. The following dose
can be modulated to achieve the desired affects with respect to the levels of Ty, cells
and/or effector cells detected.

In some examples, exemplary doses of intravenously administered immune
checkpoint inhibitor, such as an anti-immune checkpoint protein antibody, can be used
as a starting point to determine appropriate dosages. Dosage levels can be determined
based on a variety of factors, such as body weight of the individual, general health,
age, the activity of the specific compound employed, sex, diet, time of administration,
rate of excretion, drug combination, the severity and course of the disease, and the
patient's disposition to the disease and the judgment of the treating physician. Non-
limiting exemplary dosages of the provided immune checkpoint inhibitors are from or
about 0.1 mg per kg body weight (mg/kg BW) to about 50 mg/kg BW, such as about
0.1 mg/kg to about 20 mg/kg BW, about 0.1 to about 10 mg/kg BW, about 0.3 to
about 10 mg/kg, about 0.5 mg/kg to 5 mg/kg or 0.5 mg/kg to 1 mg/kg. For example,
the immune checkpoint inhibitor can be administered to tumor-bearing animals in
doses of, for example, at least about 0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg, 0.25 mg/kg,
0.30 mg/kg, 0.35 mg/kg, 0.40 mg/kg, 0.45 mg/kg, 0.5 mg/kg, 0.55 mg.kg, 0.6 mg/kg,
0.7 mg/kg, 0.8 mg/kg, 0.9 mg/kg, 1.0 mg/kg, 1.1 mg/kg, 1.2 mg/kg, 1.3 mg/kg, 1.4
mg/kg, 1.5 mg/kg, 1.6 mg/kg, 1.7 mg/kg, 1.8 mg/kg, 1.9 mg/kg, 2 mg/kg, 2.5 mg/kg,
3 mg/kg, 3.5 mg/kg, 4 mg/kg, 4.5 mg/kg, 5 mg/kg, 5.5 mg/kg, 6 mg/kg, 6.5 mg/kg, 7
mg/kg, 7.5 mg/kg, 8 mg/kg, 8.5 mg/kg, 9 mg/kg, 9.5 mg/kg, 10 mg/kg, 11 mg/kg, 12
mg/kg, 13 mg/kg, 14 mg/kg, 15 mg/kg, 16 mg/kg, 17 mg/kg, 18 mg/kg, 19 mg/kg, 20
mg/kg, 21 mg/kg, 22 mg/kg, 23 mg/kg, 24 mg/kg, 25 mg/kg, 30 mg/kg, 40 mg/kg, 50

mg/kg, or more. In particular, the immune checkpoint inhibitor is administered at a
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dose of at least 0.1 mg/kg, 0:3 mg/kg, 1 mg/kg, 3, mg/kg, 5 mg/kg, 7.5 mg/kg, 10
mg/kg, or 15 mg/kg. In some examples, exemplary dosages include, but are not
limited to, about or 0.01 mg/m? to about or 500 mg/m?, such as for example, about or -

0.01 mg/m?, about or 0.1 mg/mz, about or 0.5 mg/mz, about or 1 mg/mz, about or 5

A mg/mz, about or 10 mg/mz; about or 15'mg/m2, about or 20 mg/mz, about or 25

mg/ﬁqz, about or 30 mg/m?, about or 35 mg/fnz, about or 40 mg/m?, about or 45

mg/mz, about or 50 mg/mz, about or 100 mg/mz, about or 150 mg/mz, a,bout"“’o”r 200

_ mg/m?, about or 250 mg/mz, about dr 300 mg/mz, about or 400 mg/ m?, about or 500

mg/ m’. It is understood that one of skill in the art can recognize and convert dosé‘ges
between units. of mg/kg and mg/m2 (see, e.g, MichaeI J. Derelanko,
TOXICOLOGIST’S POCKET HANDBOOK, CRC Press, p.16 (2000)).

It is understood that the amount to administer will be a function of the type of
cancer being treated, the route of administration, and the tolerability of possibie side
effects. If necessary, do_sageban be e_mpiricaﬂy determined. To achieve such
dosages, volumes of immune checkpoint i_nhibitor-‘containing formulations o
administered subqutaneo_usly can be. at or about 1 mL to 700 mL, for example, 10 mL
to 500 mL, such as 100 mL to 400 mL. For example, volumes of immune checkpoint
inhibitor-containing formulationé admi_nistered subcutaneously can be at least or about
atleast 1 mL,2mL,3mL, 4 mL, 5 mL, 1(5 mL, 20 mL, 30 mL, 40 mL, 50 mL, 100-
mL, 200 mL, 300 mL, 400 mL, 500 mL, 600 mL, 700 mL or more for single d(‘)sage
administration. |

In other examples, the dose of the immune checkpoint inhibitor is a low dose,
su.ch,as'less than or equal to 1 mg per administration, for example, less than or equal

t0'500 pg, 400 pg, 300 pg, 200 pg, 100 pg, 50 ug, 30 ug, 20 pg, 10 ug, 5 pgor 1 ug

'Aper administration; It will be appréciated that such low doses can be administered in a

“suitable volume repeatedly to the patient over time, for example twice daily, once -

daily, once every other day, twice weekly, once weekly, bimonthly, monthly, etc.
The hyaluron‘an'degrading enzyme and immune checkpoint inhibitor -
formulations provided herein can be administered intravenously, subcutaneously,

intratumorally, intradermally, orally or by other routes of administration.. The

vparticuvlar' route can differﬁ.fbétwee'n the administered agents or can be the same. For

" example, one or more, ot all agents, can be administered intravenously. In some

RECTIFIED SHEET (RULE 91) ISA/EP
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examples, it is contemplated herein that a polymer—conjugated hyaluronan-degrading
enzyme is administered intravenously and the immune checkpoint inhibitor is
administered intravenously. |

For intravenous administration, one or more, or all, of the agents can be _
administered by push or bolus, by infusion, or by a combination thereof. The infusion
tlme can be about 1 mlnute to three hours 'such as about 1 ‘minute to about two hours

or about 1 mmute to about 60 minutes, and generally at least 10 minutes, 40 minutes,

~or 60 minutes. The agents can be administered by concurrent infusion or by

subsequent infusion. For example, the administered agents are administered
separately and are provided in separate bags for separate infusions. In partlcular
examples, the hyaluronan-degrading enzyme composmon and the immune checkpomt
inhibitor composmon are formulated and administered separately.

3.  Dosage Regimen: Frequency and Cycle of Administration

The anti-hyaluronan agent, such as the polymer—conj_'ug‘ated hyaluronan-
degrading enzyme, can be administered prior to, simtlltaneously with or near
simultaneously with, sequentially with or intermittently with the immune checkpéint
inhibitor. For example, the hyaluronan degrading enzyme, e.g., PEGPH20, and the
immune checkpoint inhibitor, e.g., an anti-immune checkpoint protein antibody (e.jg.",
an anti-CTLA4or anti-PD-1 antibody)-can be co- -administered together or separately.

Generally, the anti-hyaluronan agent, such as a hyaluronan- degradlng enzyme,
is admmlstered prior to the immune checkpoint inhibitor. For example, the polymer-
conjugated hyaluronan-degradmg enzyme is admmlstered up to 48 hours prior to
administering the immune checkpoint inhibitor. For example the anti-hyaluronan
agent, or hyaluronan-degrading enzyme, is administered at least or at least about or

about or 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours,

| 8 hours: 12 hours, 16 hours, 18 hours, 20 hours, 22 hours, 24 hours, 30 hours, 36

Hours, 4.0‘ hours, up to 48 hours prior to administration of the immune checkpoint
inhibitor. o -

The _frequency.jand timing of administration, and the dosage amount.s, can be
administered periodic“ally over'a cycle of -administration to maintain a continuous

and/or long term effect of the active agents for a desired length of time and need not -

be the same for the hyaluronan degradmg enzyme and immune checkpoint inhibitor.

RECTIFIED SHEET (RULE 91) ISA/JEP
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The provided combinations or compositions can be administered hourly, daily,
weekly, monthly, yearly or once. The length of time of the cycle of administration
can be empirically determined, and is dependent on the discase to be treated, the
severity of the disease, the particular patient, and other considerations within the level
of skill of the treating physician. The length of time of treatment with a combination
therapy provided herein can be one week, two weeks, one months, several months,
one year, several years or more.

For example, the frequency of administration of the hyaluronan-degrading
enzyme is once a day, every other day, twice weekly, once weekly, once every 2
weeks, once every 3 weeks or once every 4 weeks. The dosages can be divided into a
plurality of cycles of administration during the course of treatment. For example, a
hyaluronidase enzyme can be administered at the frequency over a period of about a
month, 2 months, 3 months, 4 months, 5 months, 6 months, a year or more. The
frequency of administration can be the same throughout the period of the cycle or can
differ. For example, an exemplary dosage frequency is two times a week at least for a
first week of a cycle of administration. After the first week, the frequency can
continue at twice a week, can increase to more than twice a week, or can be reduced
to no more than once a week. It is within the level of a skilled person to determine the
particular dosage frequency and cycle of administration based on the particular
dosage being administered, the disease or condition being treated, the severity of the
disease or condition, the age of the subject and other similar factors.

The immune checkpoint inhibitor can be administered at the same frequency
or at a different frequency, but each administration of the immune checkpoint
inhibitor is preceded by an administration of hyaluronan-degrading enzyme by not
more than 48 hours. For example, in some examples each dose of hyaluronan
degrading enzyme is followed 24 to 48 hr later by a dose of immune checkpoint
inhibitor. In particular examples, the immune checkpoint inhibitor is administered
less frequently than the hyaluronan degrading enzyme, but each dose of immune
checkpoint inhibitor is preceded by a dose of hyaluronan degrading enzyme. For
example, the immune checkpoint inhibitor is administered twice weekly, once weekly,
once every 2 weeks, once every 3 weeks, once every 4 weeks, once every 6 weeks,

once every 2 months, once every 3 months, once every 4 months, once every 5
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months, or once every 6 months, and in a manner that is preceded by administration
of a hyaluronan-degrading enzyme. In such examples, the dose of hyaluronan-
degrading enzyme that precedes the immune checkpoint inhibitor is in sync with the
dosage schedule of the hyaluronan degrading enzyme. Generally, the immune
checkpoint inhibitor is administered no more than once a month, such as once every
three weeks or once every four weeks.

If disease symptoms persist in the absence of discontinued treatment,
treatment can be continued for an additional length of time. Over the course of
treatment, evidence of disease and/or treatment-related toxicity or side effects can be
monitored.

The cycle of administration, of the hyaluronan degrading enzyme and/or
immune checkpoint inhibitor, can be tailored to add periods of discontinued treatment
in order to provide a rest period from exposure to the agents. The length of time for
the discontinuation of treatment can be for a predetermined time or can be empirically
determined depending on how the patient is responding or depending on observed
side effects. For example, the treatment can be discontinued for one week, two
weeks, one month or several months. Generally, the period of discontinued treatment
is built into a cycle of dosing regimen for a patient.

For example, an exemplary dosing regimen is a treatment cycle or cycle of
administration of 28 days. The agent, such as the anti-hyaluronan agent, e.g., a
polymer-conjugated hyaluronan-degrading enzyme, can be administered on day 1,
followed by administration of the immune checkpoint inhibitor, such as an immune
checkpoint protein antibody on day 2, followed by 26 days without dosing. In another
example the hyaluronan-degrading enzyme can be administered twice weekly, on
days 1,4, 8, 11, 15, 18, 22 and 25, and the immune checkpoint inhibitor is
administered once on day 2. In another example the hyaluronan-degrading enzyme is
administered twice weekly, on days 1, 4, §, 11, 15, 18, 22 and 25 and the immune
checkpoint inhibitor also is administered twice weekly on days 2, 5, 9, 12, 16, 19, 23,
and 26. It is understood that the above description is for exemplification purposes
only and that variations of the above can be employed. Further, similar cycles of

administration can be applied to all administered agents, or each administered agent
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can be employed in its own dosing regimen in the combination therapy provided
herein.

It is within the level of one of skill in the art to determine the precise cycle of
administration and dosing schedule. As noted above, the cycle of administration can
be for any desired length of time. Hence, the 28-day cycle of administration can be
repeated for any length of time. It is within the level of skill of the treating physician
to adopt a cycle of administration and dosing regimen that meets the needs of the
patient depending on personal considerations specific to the patient and disease to be
treated.

The provided methods also can include administration of a corticosteroid
prior to, concurrent with, intermittently with or subsequent to administration of the
anti-hyaluronan agent. The cycle of administration can be for any time period, and is
within the level of the treating physician or clinician. Typically, the predetermined
number of weeks is 3 weeks or 4 weeks, but can be longer. The cycle of
administration can be repeated a plurality of times depending on the disease status and
response of the subject.

4. Additional Combination Treatments

The combination therapy provided herein can be used alone and in further
combination with other therapies or treatments. The combinations or compositions
provided herein can be further co-formulated or co-administered together with, prior
to, intermittently with, or subsequent to, other therapeutic or pharmacologic agents or
treatments, such as procedures. For example, such agents include, but are not limited
to, other biologics, anti-cancer agents, small molecule compounds, dispersing agents,
anesthetics, vasoconstrictors and surgery, and combinations thereof. Such agents also
can include one or more agents to ameliorate, reduce or prevent side effects. In some
cases, the combination therapy can be used in combination with one or more cancer
treatments that remove the primary tumor prior to treatment. For example, additional
chemotherapy or radiation therapy and combinations thereof can be used in addition
to the combination therapy provided herein. In other examples, surgical removal may
not be necessary. Exemplary other methods that can be combined include
administering a compound that decreases the rate of proliferation of the tumor or

neoplastic cells without weakening the immune system (e.g., by administering tumor
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suppressor compounds or by administering tumor cell-specific compounds) or
administering an angiogenesis-inhibiting compound. In a further example, a vaccine

can be administeredas a part of the c_orribination therapy provided herein. In some

_ examples, the vaccine can be a cytokine—expressing tumor vaccine, such as a GM-

CSF—expressing tumor vaccine (se¢ e.g., Jinushi ez al., (2007) J Clin Invest 117:1902-

* 1913), or a tumor antigen vaccine to further promote an anti-tumor immune response.

A preparation of a second lage_nt or agents or treatment or treatmehts can be
administered af once, or can be divided into a number of smaller doses to be
administered at intervals of time. Se!écted agent/treatment preparations can be
administered in one or more doses over the course of a treatment time for éxample
over severg__il hours, days, wéeks, or months. In some cases, continuous administration

is useful. It is understood that the precise dosage and course of admihistr_ation

.depends on the indication and patient’s tolerability. Generally, dosing -regimeﬁs for

second agents/treatments herein are known to one of skill in the art.
a. Corticosteroids | ,

The combinatidn therapy provided herein can be used alone or in further
combiriaftion with one or more corticosteroids. A corticosteroid is administered in an
amount that is thérapeuﬁcally effective to ameliorate or reduce one or more adverse
effects of administration ofa polymerecorij ugated hyaluronan degrading enzymes or
other agent, in particular, adverse musculoskeletal efféects that can occur upon
systemic administration of a hyaluronah degrading enzyme, such as a hyaluronidase,
and particularly a polymer-mbdiﬁed hyaluronidase, such as a PEGPH20 . A l‘
therapeutically effecti\}e amount is the dosage sufficient to ameliorate, prevent,

eliminate or reduce one or more symptoms or adverse effects. Indicators of

improvement or successful pretregltment include determination of the failure to

manifest a relevant score on the CTCAE scale or a change in grading or severity OY_I‘I
the CTCAE scale.

Corticosteroids are a class of steroid hormones that are produced in the adrenal
cortex. Corticosteroids are involved in a wide range of physiologic systems such as
stress response, immune response and regulation of inflammation, carbohydrate
metabolism, ‘p’ereih catabolism, blood electrolyte levels, and behavior. These include

glucocorticoids, which are anti-inflammatory agents with a lafge number of other
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functions and mineralocorticoids, which control salt and water balance primarily
through action on the kidneys.

Glucocorticoids are a class of steroid hormones, e.g., corticosteroids, that bind
to the glucocorticoid receptor. Glucocorticoids cause their effects by binding to the
glucocorticoid receptor. Among other activities, the activated glucocorticoid complex
in turn up-regulates the expression of anti-inflammatory proteins in the nucleus and
represses the expression of pro-inflammatory proteins in the cytosol by preventing the
translocation of other transcription factors from the cytosol into the nucleus.

Generally, any corticosteroid, e.g., glucocorticoid, can be used in the methods
or combinations provided herein. The glucocorticoids include synthetic and non-
synthetic glucocorticoids. Exemplary glucocorticoids include, but are not limited to:
alclometasones, algestones, beclomethasones (e.g., beclomethasone dipropionate),
betamethasones (e.g., betamethasone 17-valerate, betamethasone sodium acetate,
betamethasone sodium phosphate, betamethasone valerate), budesonides, clobetasols
(e.g., clobetasol propionate), clobetasones, clocortolones (e.g., clocortolone pivalate),
cloprednols, corticosterones, cortisones and hydrocortisones (e.g., hydrocortisone
acetate), cortivazols, deflazacorts, desonides, desoximetasones, dexamethasones (e.g.,
dexamethasone 21-phosphate, dexamethasone acetate, dexamethasone sodium
phosphate), diflorasones (e.g., diflorasone diacetate), diflucortolones, difluprednates,
enoxolones, fluazacorts, flucloronides, fludrocortisones (e.g., fludrocortisone acetate),
flumethasones (e.g., flumethasone pivalate), flunisolides, fluocinolones (e.g.,
fluocinolone acetonide), fluocinonides, fluocortins, fluocortolones, fluorometholones
(e.g., fluorometholone acetate), fluperolones (e.g., fluperolone acetate),
fluprednidenes, fluprednisolones, flurandrenolides, fluticasones (e.g., fluticasone
propionate), formocortals, halcinonides, halobetasols, halometasones, halopredones,
hydrocortamates, hydrocortisones (e.g., hydrocortisone 21-butyrate, hydrocortisone
aceponate, hydrocortisone acetate, hydrocortisone buteprate, hydrocortisone butyrate,
hydrocortisone cypionate, hydrocortisone hemisuccinate, hydrocortisone probutate,
hydrocortisone sodium phosphate, hydrocortisone sodium succinate, hydrocortisone
valerate), loteprednol etabonate, mazipredones, medrysones, meprednisones,
methylprednisolones (methylprednisolone aceponate, methylprednisolone acetate,

methylprednisolone hemisuccinate, methylprednisolone sodium succinate),
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mometasones (e.g., mometasone furoate), paramethasones (e.g., paramethasone
acetate), prednicarbates, prednisolones (e.g., prednisolone 25-diethylaminoacetate,
prednisolone sodium phosphate, prednisolone 21-hemisuccinate, prednisolone acetate;
prednisolone farnesylate, prednisolone hemisuccinate, prednisolone-21 (beta-D-
glucuronide), prednisolone metasulphobenzoate, prednisolone steaglate, prednisolone
tebutate, prednisolone tetrahydrophthalate), prednisones, prednivals, prednylidenes,
rimexolones, tixocortols, triamcinolones (e.g., triamcinolone acetonide, triamcinolone
benetonide, triamcinolone hexacetonide, triamcinolone acetonide 21-palmitate,
triamcinolone diacetate). These glucocorticoids and the salts thereof are discussed in
detail, for example, in Remington's Pharmaceutical Sciences, A. Osol, ed., Mack Pub.
Co., Easton, Pa. (16th ed. 1980).

In some examples, the glucocorticoid is selected from among cortisones,
dexamethasones, hydrocortisones, methylprednisolones, prednisolones and
prednisones. In a particular example, the glucocorticoid is dexamethasone.

The corticosteroid is provided in a therapeutically effective dose.
Therapeutically effective concentration can be determined empirically by testing in
known in vitro or in vivo (e.g., animal model) systems. For example, the amount of a
selected corticosteroid to be administered to ameliorate the adverse effects can be
determined by standard clinical techniques. In addition, animal models can be
employed to help identify optimal dosage ranges. The precise dosage, which can be
determined empirically, can depend on the particular therapeutic preparation, the
regimen and dosing schedule, the route of administration and the seriousness of the
disease.

The concentration of a selected therapeutic agent in the composition depends
on absorption, inactivation and excretion rates, the physicochemical characteristics,
the dosage schedule, and amount administered as well as other factors known to those
of skill in the art. For example, it is understood that the precise dosage and duration
of treatment is a function of the disease or condition, the tissue being treated, the
patient or subject and the anti-hyaluronan agent, including amount and dosage
regimen. The dose of the corticosteroid also can vary depending on the age and
health of the patient, the polymer-conjugated hyaluronan-degrading enzyme dosing
(e.g., PEGylated hyaluronan degrading enzyme dosing), potency of the corticosteroid,
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and the route of administration. For example, it is to be noted that concentrations and
dosage values will vary with the therapeutic dose and dosage regimen of the
hyaluronan degrading enzyme. Additionally, the corticosteroid can be administered
daily, weekly, or monthly or over longer periods of time in order to achieve the
desired results. The particular dosage volume can vary and is dependent on the
dosage regimen, frequency of administration and the desired rate of administration. It
is to be noted that concentrations and dosage values can also vary with the age of the
individual treated.

The precise dosage and duration of treatment can be determined empirically
using known testing protocols or by extrapolation from in vivo or in vitro test data. It
is to be further understood that for any particular subject, specific dosage regimens
should be adjusted over time according to the individual need and the professional
judgment of the person administering or supervising the administration of the
formulations, and that the concentration ranges set forth herein are exemplary only
and are not intended to limit the scope therecof. Generally, dosage regimens are
chosen to limit toxicity, and herein are chosen to ameliorate adverse side effects. It
should be noted that the attending physician would know how to and when to
terminate, interrupt or adjust therapy to lower dosage due to toxicity, or bone marrow,
liver or kidney or other tissue dysfunctions. Conversely, the attending physician
would also know how to and when to adjust treatment to higher levels if the clinical
response is not adequate (precluding toxic side effects). Administration of a
therapeutic agent should not exceed the maximum dosage levels established by the
United States Food and Drug Administration or published in the Physician’s Desk
Reference.

Generally, the dose of corticosteroid administered is dependent upon the
specific corticosteroid, as a difference in potency exists between different
corticosteroids (see Table 10 below). The corticosteroid, or glucocorticoid, for
example dexamethasone, can be given orally (tablets, liquid or liquid concentrate) PO,
intravenously (IV) or intramuscularly. The corticosteroid is typically administered as
a bolus, but many be administered over a period of time, as long as the dose is
effective to ameliorate one or more side effects associated with administration of the

anti-hyaluronan agent, for example, a PEGylated hyaluronidase.
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Table 10.. Glucocorticoid administration ,
Glucocorticoid (route) - ' __Equivalent Potency (mg)
Hydrocottisone (IV or PO) . 20
Prednisone . ' 5
-Prédnisolone (IV or PO) 5
Methylprednisolone sodlum succinate (IV) 4
Dexamethasone (IV or PO) : , 0.5-0.75.

- The cortlcostermd can be admlmstered in any . amount that is effectlve to
amehorate one or more side effects associated with administration of the hyaluronan
degrading enzyme. Thus, the corticosteroid, e.g., glucocorticoid, can be administered,
for example, at an amount between at or'about 0.1 aﬁd 100 mgs, per dose, 0.1 to 80
mgs, 0.1 to 60 mgs, 0.1 to 40hmgS‘, 0.1 to 30 mgs, 0.1 to 20 mgs, 0.1 to 15 mgs, 0.1 tb
10 mgs, 0.1 to 5 mgs, 0.2 to 40 fﬁgs, 0.2 to 30 mgs, 0.2 to 20 mgs, 0.2 to 15 mgs, 0.2
to 10 fngs, 02t05 mgs, 0:4 to 40 mgs, 0.4 to 30 mgs, 0.4 to 20 mgs, 0.4 to 15 mgs,
0.4 to 10 mgs; 0.4 to 5 mgs, 0.4 to 4 mgs, 1 to 20 mgs, 1 to 15 mgsor 1 to. 10 mgs, to |
a 70 kg adult human subject. Typically, the corticosteroid, such as a glucocorticoid is
administered at an amount betweeﬁ at'or about 0.4 and 20 mgs, for example, at or
vabout04mgs OSmgs O6mgs 07mgs 075mgs 0.8 mgs, 0.9 mgs, 1 mg,2mgs 3
mgs, 4 mgs, 5 mgs, 6 mgs, 7 mgs, 8 mgs, 9 mgs 10 mgs 11 mgs, 12 mgs, 13 mgs, 14
mgs, 15 mgs, 16 mgs, 17 mgs, 18 mgs, 19 mgs or 20 mgs, per dose, to an average

~adult human subject. , _
" The corticosteroid can be administered, for example, at a dosage of at or about
0.001 vrr:lg/kg (of the subject), 0.002 mg/kg, 0.003 mg/kg, 0.004 mg/kg, 0.005 mg/kg,
0.006 mg/kg, 0.007 mg/kg, 0.008 mg/kg, 0.009 mg/kg, 0.01 mg/kg, 0.015 mg/kg, 0.02
- mg/kg, 0.025 mg/kg, 0.03 mg/kg, 0.035 mg/kg, 0.04 mg/kg, 0.045 mg/kg, 0.05

| v’r‘ng/kg, 0.055 mg/kg, 0.06 mg/kg, 0.065 mg/kg, 0.07 mg/kg, 0.075 mg/kg, 0.08
20

rhg/kg, 0.085 mg/kg, 0.09 mg/kg, 0.095 mg/kg, 0.1 mg/kg, 0.15 mg/kg, 0.2 mg/kg,
"'(_)‘.25 mg/kg, 0.30 mg/kg, 0.35 mg/kg, 0.40 mg/kg, 0.45 mg/kg, 0.50 mg/kg, 0.55
. mg/kg;‘0.60 mg/kg, 0.65 mg/kg, 0.70 mg/‘kg,,O.75 mg/kg, 0.80 mg/kg, 0.85 mg/kg, -
0.90. mg/kg, 0.95>mg/kg, 1 mg/kg, 1.05 mg/kg, 1.1 mg/kg, 1.15 mg/kg, 1.20 mg/kg, |
1.25 mg/kg, 1.3 mg/kg, 1.35 r;,lg/kg or 1.4 mg/kg, to an average adult human subject,
typically weighing about 70 kg to 75 kg. |

The dosage administered can vary as long as administration of the

“corticosteroid ameliorates one or more adverse side effects associated with
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administration of the hyaluronan-degrading enzyme. In one example, the dosage of
glucocorticoid, for example, dexamethasone, is administered in successively lower
dosages per treatment cycle. Hence, in such treatment regimes, the dose of
corticosteroid is tapered. For example, dexamethasone is administered prior to
administration of an hyaluronan-degrading enzyme, at an initial dose of 4 mg, and
upon each successive administration of the hyaluronan-degrading enzyme, the
dexamethasone dose is lowered, such that the dose is 3 mg for the next administration
of the hyaluronan-degrading enzyme, e.g., PEGylated hyaluronidase, then 2 mg per
administration of anti-hyaluronan agent, e.g., PEGylated hyaluronidase, and then 1
mg per administration of anti-hyaluronan agent, e.g., PEGylated hyaluronidase. Any
dose is contemplated as long as the dose of the corticosteroid is effective to reduce
one or more side effects associated with administration of the hyaluronan-degrading
enzyme, e.g., a PEGylated hyaluronidase.

Time of administration can vary as long as administration of the corticosteroid
ameliorates one or more adverse side effects associated with administration of the
hyaluronan-degrading enzyme, such as a PEGylated hyaluronidase. The
corticosteroid can be administered sequentially, intermittently, at the same time or in
the same composition as hyaluronan-degrading enzyme, e.g., PEGylated hyaluronan
degrading enzyme. For example, the corticosteroid can be administered before,
during, simultaneously with, or after administration of the hyaluronan-degrading
enzyme, e.g., PEGylated hyaluronidase. In another example, the corticosteroid and
hyaluronan-degrading enzyme, e.g., PEGylated hyaluronidase are administered
intermittently. Generally, the corticosteroid is administered prior to administration of
the hyaluronan-degrading enzyme, e.g., PEGylated hyaluronidase. For example, the
corticosteroid, e.g., glucocorticoid, such as dexamethasone, can be administered at or
about 0.5 minutes, 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 6 minutes, 7
minutes, 8 minutes, 9 minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, 30
minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7 hours, 8
hours, 9 hours, 10 hours, 11 hours, 12 hours, 18 hours, 24 hours, 36 hours or more
prior to administration of the anti-hyaluronan agent, for example a PEGylated

hyaluronan degrading enzyme.
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In some examples, the corticosteroid is administered at the same time as
administration of the hyaluronan-degrading enzyme, for example a PEGylated
hyaluronan degrading enzyme. In this example, the corticosteroid can be
administered together with, or separately from, the hyaluronan-degrading enzyme,
e.g., a PEGylated hyaluronidase. Typically, the corticosteroid is administered
separately from the hyaluronan-degrading enzyme, for example a PEGylated
hyaluronan degrading enzyme. In other examples, the corticosteroid is administered
at or about 0.5 minutes, 1 minute, 2 minutes, 3 minutes, 4 minutes, 5 minutes, 6
minutes, 7 minutes, 8 minutes, 9 minutes, 10 minutes, 15 minutes, 20 minutes, 25
minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 7
hours, 8 hours, 9 hours, 10 hours, 11 hours, 12 hours, 18 hours, 24 hours, 36 hours or
more after administration of the hyaluronan-degrading enzyme, for example a
PEGylated hyaluronan degrading enzyme.

In one example, the corticosteroid is administered prior to administration of
hyaluronan-degrading enzyme, for example a PEGylated hyaluronidase. For
example, the corticosteroid, e.g., glucocorticoid, for example, dexamethasone, is
administered 1 hour prior to the administration of the hyaluronan-degrading enzyme,
e.g., a PEGylated hyaluronidase. In another example, the corticosteroid is
administered 5 minutes before the administration of the hyaluronan-degrading
enzyme, e.g., a PEGylated hyaluronan degrading enzyme. In another example, the
corticosteroid is administered both prior to and after the administration of hyaluronan-
degrading enzyme, e.g., a PEGylated hyaluronidase. In this example, the
corticosteroid, such as dexamethasone, is administered one to five minutes
immediately before administration of the hyaluronan-degrading enzyme, e.g., a
PEGylated hyaluronan degrading enzyme and eight hours after administration of the
anti-hyaluronan agent, e.g., a PEGylated hyaluronan degrading enzyme. In another
example, a corticosteroid, such as dexamethasone, is administered one hour before
administration of the hyaluronan-degrading enzyme, e.g., a PEGylated hyaluronan
degrading enzyme and eight to twelve hours after administration of the anti-
hyaluronan agent, e.g., a PEGylated hyaluronan degrading enzyme.

Any dosing regimen is contemplated as long as the time of dosing of the

corticosteroid ameliorates the one or more side effects associated with administration
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of the hyaluronan-degrading enzyme, for example a PEGylated hyaluronidase. In
addition, the dose or dosing regimen of corticosteroid is one that does not interfere or
reduce the therapeutic effect of the hyaluronan-degrading enzyme or other agent in
the compositions and combinations provided herein, including in treating a cancer or
solid tumor.

As described and shown in the examples, administration of a corticosteroid,
such as a glucocorticoid, such as dexamethasone, does not decrease the effectiveness
of the checkpoint inhibitor therapy, such as the anti-CTLA4 and anti-PD-L1
antibodies, whose effectiveness is enhanced by administration with an hyaluronan
degrading enzyme, such as a hyaluronidase, such as PEGPH20, particularly if the
hyaluronan degrading enzyme, is administered about or at 8-24 hours before

administration of the antibody:.

b. Anti-Cancer Agents and Other Treatments

The combination therapy provided herein can be used alone or in further
combination with other anti-cancer agents. The anti-cancer agent(s) or treatment(s)
can be surgery, radiation, drugs, chemotherapeutics, polypeptides, antibodies,
peptides, small molecules or gene therapy vectors, viruses, DNA, vaccines, tumor-
associated antigens, such as dendritic cells expressing any one or more of the tumor
associated antigens described herein (Section G) or known in the art.
Exemplary anti-cancer agents that can be administered after, coincident with or before
administration of the combination therapy herein, include, but are not limited to
Acivicins; Avicins; Aclarubicins; Acodazoles; Acronines; Adozelesins; Aldesleukins;
Alemtuzumabs; Alitretinoins (9-Cis-Retinoic Acids); Allopurinols; Altretamines;
Alvocidibs; Ambazones; Ambomycins; Ametantrones; Amifostines;
Aminoglutethimides; Amsacrines; Anastrozoles; Anaxirones; Ancitabines;
Anthramycins; Apaziquones; Argimesnas; Arsenic Trioxides; Asparaginases;
Asperlins; Atrimustines; Azacitidines; Azetepas; Azotomycins; Banoxantrones;
Batabulins; Batimastats; BCG Live; Benaxibines; Bendamustines; Benzodepas;
Bexarotenes; Bevacizumab; Bicalutamides; Bictaserpines; Biricodars; Bisantrenes;
Bisnafide Dimesylates; Bizelesins; Bleomycins; Bortezomibs; Brequinars;

Bropirimines; Budotitanes; Busulfans; Cactinomycins; Calusterones; Canertinibs;
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Capecitabines; Caracemides; Carbetimers; Carboplatins; Carboquones; Carmofurs;
Carmustines with Polifeprosans; Carmustines; Carubicins; Carzelesins; Cedefingols;
Celecoxibs; Cemadotins; Chlorambucils; Cioteronels; Ciplatins; Cirolemycins;
Cisplatins; Cladribines; Clanfenurs; Clofarabines; Crisnatols; Cyclophosphamides;
Cytarabine liposomals; Cytarabines; Dacarbazines; Dactinomycins; Darbepoetin
Alfas; Daunorubicin liposomals; Daunorubicins/Daunomycins; Daunorubicins;
Decitabines; Denileukin Diftitoxes; Dexniguldipines; Dexonas; Dexrazoxanes;
Dezaguanines; Diaziquones; Dibrospidiums; Dienogests; Dinalins; Disermolides;
Docetaxels; Dofequidars; Doxifluridines; Doxorubicin liposomals; Doxorubicin HCL;
Doxorubicin HCL liposome injection; Doxorubicins; Droloxifenes; Dromostanolone
Propionates; Duazomycins; Ecomustines; Edatrexates; Edotecarins; Eflornithines;
Elacridars; Elinafides; Elliott's B Solutions; Elsamitrucins; Emitefurs; Enloplatins;
Enpromates; Enzastaurins; Epipropidines; Epirubicins; Epoetin alfas; Eptaloprosts;
Erbulozoles; Esorubicins; Estramustines; Etanidazoles; Etoglucids; Etoposide
phosphates; Etoposide VP-16s; Etoposides; Etoprines; Exemestanes; Exisulinds;
Fadrozoles; Fazarabines; Fenretinides; Filgrastims; Floxuridines; Fludarabines;
Fluorouracils; 5-fluorouracils; Fluoxymesterones; Flurocitabines; Fosquidones;
Fostriccins; Fostriecins; Fotretamines; Fulvestrants; Galarubicins; Galocitabines;
Gemcitabines; Gemtuzumabs/Ozogamicins; Geroquinols; Gimatecans; Gimeracils;
Gloxazones; Glufosfamides; Goserelin acetates; Hydroxyureas; Ibritumomabs/
Tiuxetans; Idarubicins; Ifosfamides; llmofosines; Ilomastats; Imatinib mesylates;
Imexons; Improsulfans; Indisulams; Inproquones; Interferon alfa-2as; Interferon alfa-
2bs; Interferon Alfas; Interferon Betas; Interferon Gammas; Interferons; Interleukin-
2s and other Interleukins (including recombinant Interleukins); Intoplicines;
Iobenguanes [131-1]; Iproplatins; Irinotecans; Irsogladines; Ixabepilones;
Ketotrexates; L-Alanosines; Lanreotides; Lapatinibs; Ledoxantrones; Letrozoles;
Leucovorins; Leuprolides; Leuprorelins (Leuprolides); Levamisoles; Lexacalcitols;
Liarozoles; Lobaplatins; Lometrexols; Lomustines/CCNUSs; Lomustines; Lonafarnibs;
Losoxantrones; Lurtotecans; Mafosfamides; Mannosulfans; Marimastats;
Masoprocols; Maytansines; Mechlorethamines; Mechlorethamines/Nitrogen
mustards; Megestrol acetates; Megestrols; Melengestrols; Melphalans; Menogarils;

Mepitiostanes; Mercaptopurines; 6-Mercaptopurine; Mesnas; Metesinds;
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Methotrexates; Methoxsalens; Metomidates; Metoprines; Meturedepas; Miboplatins;
Miproxifenes; Misonidazoles; Mitindomides; Mitocarcins; Mitocromins;
Mitoflaxones; Mitogillins; Mitoguazones; Mitomalcins; Mitomycin Cs; Mitomycins;
Mitonafides; Mitoquidones; Mitospers; Mitotanes; Mitoxantrones; Mitozolomides;
Mivobulins; Mizoribines; Mofarotenes; Mopidamols; Mubritinibs; Mycophenolic
Acids; Nandrolone Phenpropionates; Nedaplatins; Nelarabines; Nemorubicins;
Nitracrines; Nocodazoles; Nofetumomabs; Nogalamycins; Nolatrexeds;
Nortopixantrones; Octreotides; Oprelvekins; Ormaplatins; Ortataxels; Oteracils;
Oxaliplatins; Oxisurans; Oxophenarsines; Paclitaxels; Pamidronates; Patupilones;
Pegademases; Pegaspargases; Pegfilgrastims; Peldesines; Peliomycins; Pelitrexols;
Pemetrexeds; Pentamustines; Pentostatins; Peplomycins; Perfosfamides; Perifosines;
Picoplatins; Pinafides; Pipobromans; Piposulfans; Pirfenidones; Piroxantrones;
Pixantrones; Plevitrexeds; Plicamycins; Plomestanes; Plomestanes; Porfimer sodiums;
Porfimers; Porfiromycins; Prednimustines; Procarbazines; Propamidines;
Prospidiums; Pumitepas; Puromycins; Pyrazofurins; Quinacrines; Ranimustines;
Rasburicases; Riboprines; Ritrosulfans; Rituximabs; Rogletimides; Roquinimexs;
Rufocromomycins; Sabarubicins; Safingols; Sargramostims; Satraplatins;
Sebriplatins; Semustines; Simtrazenes; Sizofirans; Sobuzoxanes; Sorafenibs;
Sparfosates; Sparfosic Acids; Sparsomycins; Spirogermaniums; Spiromustines;
Spiroplatins; Spiroplatins; Squalamines; Streptonigrins; Streptovarycins;
Streptozocins; Sufosfamides; Sulofenurs; Sunitinib Malate; 6-thioguanine (6-TG);
Tacedinalines; Talcs; Talisomycins; Tallimustines; Tamoxifens; Tariquidars;
Tauromustines; Tecogalans; Tegafurs; Teloxantrones; Temoporfins; Temozolomides;
Teniposides/VM-26s; Teniposides; Teroxirones; Testolactones; Thiamiprines;
Thioguanines; Thiotepas; Tiamiprines; Tiazofurins; Tilomisoles; Tilorones;
Timcodars; Timonacics; Tirapazamines; Topixantrones; Topotecans; Toremifenes;
Tositumomabs; Trabectedins (Ecteinascidin 743); Trastuzumabs; Trestolones;
Tretinoins/ATRA; Triciribines; Trilostanes; Trimetrexates; Triplatin Tetranitrates;
Triptorelins; Trofosfamides; Tubulozoles; Ubenimexs; Uracil Mustards; Uredepas;
Valrubicins; Valspodars; Vapreotides; Verteporfins; Vinblastines; Vincristines;
Vindesines; Vinepidines; Vinflunines; Vinformides; Vinglycinates; Vinleucinols;

Vinleurosines; Vinorelbines; Vinrosidines; Vintriptols; Vinzolidines; Vorozoles;
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Xanthomycin As (Guamecyclines); Zeniplatins; Zilascorbs [2-H]; Zinostatins;
Zoledronate; Zorubicins; and Zosuquidars, for example:

Aldesleukins (e.g., PROLEUKIN®); Alemtuzumabs (e.g., CAMPATH®);
Alitretinoins (e.g., PANRETIN®); Allopurinols (e.g., ZY LOPRIM®); Altretamines
(e.g., HEXALEN®); Amifostines (e.g., ETHYOL®); Anastrozoles (e.g.,
ARIMIDEX®); Arsenic Trioxides (e.g., TRISENOX®); Asparaginases (e.g.,
ELSPAR®); BCG Live (e.g., TICE® BCG); Bexarotenes (e.g., TARGRETIN®);
Bevacizumab (AVASTIN®); Bleomycins (e.g., BLENOXANE®); Busulfan
intravenous (e.g., BUSULFEX®); Busulfan orals (e.g., MYLERAN®); Calusterones
(e.g., METHOSARB®); Capecitabines (e.g., XELODA®); Carboplatins (e.g.,
PARAPLATIN®); Carmustines (e.g., BCNU®, BiCNU®); Carmustines with
Polifeprosans (e.g., GLIADEL® Wafer); Celecoxibs (e.g., CELEBREX®);
Chlorambucils (e.g., LEUKERAN®); Cisplatins (e.g., PLATINOL®); Cladribines
(e.g., LEUSTATIN®, 2-CdA®); Cyclophosphamides (e.g., CYTOXAN®,
NEOSAR®); Cytarabines (e.g., CYTOSAR-U®); Cytarabine liposomals (e.g.,
DepoCyt®); Dacarbazines (e.g., DTIC-Dome): Dactinomycins (e.g., COSMEGEN®);
Darbepoctin Alfas (e.g., ARANESP®); Daunorubicin liposomals (e. g.
DAUNOXOME®); Daunorubicins/Daunomycins (e.g., CERUBIDINE®); Denileukin
Diftitoxes (e.g., ONTAK®); Dexrazoxanes (e.g., ZINECARD®); Docetaxels (e.g.,
TAXOTERE®); Doxorubicins (e.g., ADRIAMY CIN®, RUBEX®); Doxorubicin
liposomals, including Doxorubicin HCL liposome injections (e.g., DOXIL®);
Dromostanolone propionates (e.g., DROMOSTANOLONE® and MASTERONE®
Injection); Elliott's B Solutions (e.g., Elliott's B Solution®); Epirubicins (e.g.,
ELLENCE®); Epoctin alfas (e.g.,, EPOGEN®); Estramustines (e.g., EMCYT®);
Etoposide phosphates (e.g., ETOPOPHOS®); Etoposide VP-16s (e.g., VEPESID®);
Exemestanes (e.g., AROMASIN®); Filgrastims (e.g., NEUPOGEN®); Floxuridines
(e.g., FUDR®); Fludarabines (e.g., FLUDARA®); Fluorouracils incl. 5-FUs (e.g.,
ADRUCIL®); Fulvestrants (e.g., FASLODEX®); Gemcitabines (e.g., GEMZAR®);
Gemtuzumabs/Ozogamicins (e.g., MYLOTARG®); Goserelin acetates (e.g.,
ZOLADEX®); Hydroxyureas (e.g., HYDREA®); Ibritumomabs/Tiuxetans (e.g.,
ZEVALIN®); Idarubicins (e.g., IDAMYCIN®); Ifosfamides (e.g., IFEX®); Imatinib
mesylates (e.g., GLEEVEC®); Interferon alfa-2as (e.g., ROFERON-A®); Interferon
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alfa-2bs (e.g., INTRON A®); Irinotecans (e.g., CAMPTOSAR®); Letrozoles (e.g.,
FEMARA®); Leucovorins (e.g., WELLCOVORIN®, LEUCOVORIN®);
Levamisoles (e.g.,, ERGAMISOL®); Lomustines/CCNUSs (e.g., CeeBU®);
Mechlorethamines/Nitrogen mustards (e.g.,, MUSTARGEN®); Megestrol acetates
(e.g., MEGACE®); Melphalans/L-PAMs (e.g., ALKERAN®); Mercaptopurine,
including 6-mercaptopurines (6-MPs; e.g., PURINETHOL®); Mesnas (e.g.,
MESNEX®); Methotrexates; Methoxsalens (e.g., UVADEX®); Mitomycin Cs (e.g.,
MUTAMY CIN®, MITOZYTREX®); Mitotanes (e.g., LYSODREN®);
Mitoxantrones (e.g., NOVANTRONE®); Nandrolone Phenpropionates (e.g.,
DURABOLIN-50®); Nofetumomabs (e.g., VERLUMA®); Oprelvekins (e.g.,
NEUMEGA®); Oxaliplatins (e.g., ELOXATIN®); Paclitaxels (e.g., PAXENE®,
TAXOL®); Pamidronates (e.g., AREDIA®); Pegademases (e.g., ADAGEN®);
Pegaspargases (e.g., ONCASPAR®); Pegfilgrastims (e.g., NEULASTA®);
Pentostatins (e.g., NIPENT®); Pipobromans (e.g., VERCYTE®);
Plicamycin/Mithramycins (e.g., MITHRACIN®); Porfimer sodiums (e.g.,
PHOTOFRIN®); Procarbazines (e.g., MATULANE®); Quinacrines (e.g.,
ATABRINE®); Rasburicases (e.g., ELITEK®); Rituximabs (e.g., RITUXAN®);
Sargramostims (e.g., PROKINE®); Streptozocins (e.g., ZANOSAR®); Sunitinib
Malates (e.g., SUTENT®); Talcs (e.g., SCLEROSOL®); Tamoxifens (e.g.,
NOLVADEX®); Temozolomides (e.g., TEMODAR®); Teniposides/VM-26s (e.g.,
VUMON®); Testolactones (e.g., TESLAC®); Thioguanines including, 6-thioguanine
(6-TG); Thiotepas (e.g., THIOPLEX®); Topotecans (e.g., HY CAMTIN®);
Toremifenes (e.g., FARESTON®); Tositumomabs (e.g., BEXXAR®); Trastuzumabs
(e.g., HERCEPTIN®); Tretinoins/ATRA (e.g., VESANOID®); Uracil Mustards;
Valrubicins (e.g., VALSTAR®); Vinblastines (e.g., VELBAN®); Vincristines (e.g.,
ONCOVIN®); Vinorelbines (e.g., NAVELBINE®); and Zoledronates (e.g.,
ZOMETA®).
H. Examples

The following examples are included for illustrative purposes only and are not

intended to limit the scope of the invention.
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o Examvple 1
Generating a Hyaluronan (HA)-High Syngenelc Tumor Mouse Models
A. Generating Hyaluronan (HA)-High Syngeneic Colon Tumor Mouse
Model | |
| | 1. Generatmg Hyaluronan (HA)-High CT26/HAS3 Cell Line
CT26 Balb/c mouse colon carcinoma cells (ATCC, cat # CRL-2638) were
engineered to constitutively express human hyaluronan synthase 3 (HAS3). A
lentivirus vector, designated pLV-EF1a-hHAS3-IRES-Hyg (SEQ ID NO: 1), was
generated by inserting HAS3 ¢cDNA (SEQ ID NO: 2) between the Xbal and Mlul
restriction sites within the multiple cloning site of pLV-EF1a-MCS-IRES-Hyg
(BioSettia, Inc.; SEQ ID NO: 3). CT26 cells were infected wlth the resultant pLV-
EFla-hHAS3-IRES-Hyg Veetor (SEQ ID NO: 1), and stably transdueed cells,
designated CT26/HAS3 cells, were selected by hygromycin treatment. CT26/HAS3
cells were maintained in tissue culture as an adherent monolayer in RPMI 1640

medium supplemented with 2 mM L-glutamine and 10% fetal bovine serum at 37 °C

- and 5% CO,.

2. Generating Syngenelc CT26/HAS3 Tumor Model .-
CT26/HAS3 or CT26 parental cells as described in part 1 above were trypsm—

harvested at 80-90% confluency, washed tw1ce with sterile Hanks Balanced Salt

Solution (HBSS), and diluted with HBSS to a concentration of 4 x 10° cells/mL.

Male Balb/c mice were obtained at 46 weeks from Taconic Farms and housed v

4/cage. For tumor inoculations, mice were injected with 50 uL of cell suspension (2 x o

© 10° cells total) intramuscularly; adjacent to the right tibial periosteum.

Tumor volumes were measured by ultrasound using VisualSonics Vevo 2100
ultrasound (Toronto, Candda) and Vevo 2100 v1.5.0 imaging software Anlmals were
anesthetized us1ng light isoflurane anesthesia while the tumor volumes were.

measured. For tumor measurement, the reg1on of interest was covered in ultrasound

- gel (Parker Laboratories, Fairfield, NJ), and the RMV-716 (focal depth=17.5 mm)

scan head was positioned directly over the region of interest. While in 2D-Mode, the

approximate center of the tumor was located, and subsequently an image (~150 - 200

frames) was captured us1ng 3D-mode. Approximately 15-30 frames out of 150-200

‘frames were analyzed and a tumor volume calculated and expressed in mm3

RECTIFIED SHEET (RULE 91) ISA/EP
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3. Measurement of HA Levels in Tumor Tissue
At the conclusion of tumor growth experiments, tumors were excised and
portions stored frozen at <-60°C. To obtain extracts for HA quantitation, tumor tissue
was digested 24 h at 55°C on a tube rocker using 40 uL per mg tissue of a solution
containing proteinase K (Sigma, Cat. No. P4850) at 1 mg/mL in 50 mM Tris-HCI pH
8.0, 10 mM MgCl,, and 2 mM CaCl,. The proteinase K was then heat-inactivated at
100°C for 30 min, the resulting solution was centrifuged at 10,000g for 20 min at 4-
10°C, and the supernatant used for HA quantitation by Hyaluronan Duo Set ELISA
(R&D Systems, Cat. No. DY3614) according to the manufacturer’s instructions. The
standard curve was obtained using a three-fold dilution series of six total dilutions
starting at 90 ng/mL, and all samples were diluted such that their resulting
concentrations fell within the range of 0.37 — 20 ng/mL. Using this procedure, tumors
grown from low-HA CT26 parental cells contained 73 + 8 ng HA/mg tissue, whereas
tumors grown from high-HA CT26/HAS3 cells contained 1087 £ 126 ng HA/mg
tissue.
B. Generating a Hyaluronan (HA)-High Syngeneic Pancreatic Tumor
Mouse Model
1. Generating Hyaluronan (HA)-High MH194/HAS3 Cell Line
MH194 mouse pancreatic carcinoma cells (derived from the
KrasLSL.G12D/+p53R172H/+PdxCretg/+ genetically engineered mouse model)
were engineered to constitutively express human hyaluronan synthase 3 (HAS3) as in
Example 1A. Stably transduced cells, designated MH194/HAS3 cells, were selected
by hygromycin treatment. MH194/HAS3 and parental MH194 cells were maintained
in tissue culture as an adherent monolayer in DMEM medium supplemented with 2
mM L-glutamine and 10% fetal bovine serum at 37 °C and 5% CO,.
2. Pancreatic Stellate Cell Isolation and Immortalization
Pancreas from C57BL/6 mice were minced with razor blades and placed in 2
mL of a digestion buffer containing 0.05% collagenase P, 0.1% DNAse, and 0.02%
Pronase in Gey’s balanced salt solution (GBSS). Following two 15 min digestion
incubations at 37°C with thorough mixing after each incubation, the resulting cell
suspension was filtered through a 100 um nylon mesh, washed twice in GBSS with

0.3% bovine serum albumin (BSA), and resuspended in 10 mL GBSS/BSA. Eight
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mL of Histodenz (Sigma, Cat. No. D2158) was added to the cell suspension, and the
entire volume was pipetted under 6 mL GBSS/BSA in order to generate a
discontinuous density gradient. Following centrifugation for 20 min at 1,400g with
the brake set at zero, the desired cells were harvested from the interface between the
two density volumes and washed once with PBS and once with DMEM medium
supplemented with 2 mM L-glutamine, 10% fetal bovine serum, and 1%
amphotericin-B (complete DMEM). Cells were immortalized using Lenti-SV40
(Capital Biosciences, Cat. No. CIP-0011) using manufacturer’s protocol. The
resulting cell line, designated PSC4, were maintained in tissue culture as an adherent
monolayer in complete DMEM at 37 °C and 5% CO,.

3. Generating Syngeneic MH194/HAS3 Tumor Model

MH194/HAS3 cells as described in part A above were trypsin-harvested at 80—
90% confluency, washed twice with sterile Hanks Balanced Salt Solution (HBSS),
and diluted with HBSS to a concentration of 4 x 10° cells/mL. Male C57BL/6 mice
were obtained at 4-6 weeks from Taconic Farms and housed 4/cage. For tumor
inoculations, mice were injected with 50 uL of cell suspension containing 2 x 10’
MH194/HASS3 cells or parental MH194 cells along with 5 x 10° PSC4 (7 x 10° cells
total) intramuscularly, adjacent to the right tibial periosteum.

Tumor volumes were measured by ultrasound as in Example 1A2.
Approximately 15-30 frames out of 150-200 frames were analyzed and a tumor
volume calculated and expressed in mm®. When using the HA quantitation procedure
described in Example 1A3, tumors grown from parental MH194+PSC4 cells
contained 263 £+ 16 ng HA/mg tissue, whereas tumors grown from
MH194/HAS3+PSC4 cells contained 1783 + 99 ng HA/mg tissue.

Example 2
Generating HA-high Human Xenograft Tumor Mouse Model

A. Generating Hyaluronan (HA)-High SKOV3/HAS2 Cell Line

SKOV3 human ovarian cancer cells (ATCC, cat # HTB-77) were engineered
to constitutively express human hyaluronan synthase 2 (HAS2). HAS2 cDNA (SEQ
ID NO: 317) was inserted between the Xbal and Mlul restriction sites within the
multiple cloning site of the lentivirus vector pLV-EF1a-MCS-IRES-Hyg (BioSettia,
Inc.; SEQ ID NO: 3) to generate pLV-EF1a-hHAS2-IRES-Hyg vector. SKOV3 cells
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were infected with the resultant vector. Stably transduced cells, designated
SKOV3/HAS?2 cells, were selected by Hygromycin treatment. SKOV3/HAS?2 cells
were maintained in tissue culture as an adherent monolayer in McCoy’s 5SA medium
supplemented with 2 mM L-glutamine and 10% fetal bovine serum at 37 °C and 5%
CO,.
B. SKOV3/HAS2 Xenograft Tumor Mouse Model

SKOV3/HAS?2 cells, described in part A above, were trypsin-harvested at 80—
90% confluency, washed twice with sterile Hanks Balanced Salt Solution (HBSS),
and diluted with HBSS to a concentration of 100x 10° cells/mL. Female nude mice
(nu/nu) were obtained at 4—6 weeks from Taconic Farms and housed 4/cage. For
tumor inoculations, mice were injected with 50 uL of cell suspension (5x 10° cells
total) intramuscularly, adjacent to the right tibial periosteum. Tumor volumes were
measured as described in Example 1B above.

Using the HA quantitation procedure described in Example 1A3, tumors
grown from SKOV3/HAS?2 cells contained 2343 £+ 199 ng HA/mg tissue.

Example 3
Production and Purification of Recombinant Human PH20 (rHuPH20)

A. Generation of an Initial Soluble rHuPH20-Expressing Cell Line

Chinese Hamster Ovary (CHO) cells were transfected with the HZ24 plasmid
(set forth in SEQ ID NO: 4). The HZ24 plasmid vector for expression of soluble
rHuPH20 contains a pCI vector backbone (Promega), DNA encoding amino acids 1-
482 of human PH20 hyaluronidase (SEQ ID NO: 5), an internal ribosomal entry site
(IRES) from the ECMYV virus (Clontech), and the mouse dihydrofolate reductase
(DHFR) gene. The pCI vector backbone also includes the ampicillin resistance gene
(AmpR), an f1 origin of replication, a Cytomegalovirus immediate-carly
enhancer/promoter region (CMV), a chimeric intron, and an SV40 late
polyadenylation signal (SV40). The DNA encoding the soluble rHuPH20 construct
contains an Nhel site and a Kozak consensus sequence prior to the DNA encoding the
methionine at amino acid position 1 of the native 35 amino acid signal sequence of
human PH20, and a stop codon following the DNA encoding the tyrosine
corresponding to amino acid position 482 of the human PH20 hyaluronidase set forth

in SEQ ID NO: 6), followed by a BamHI restriction site. The construct pCI-PH20-
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IRES-DHFR-SV40pa (HZ24), therefore, results in a single mRNA species driven by
the CMV promoter that encodes amino acids 1-482 of human PH20 (set forth in SEQ
ID NO: 7) and amino acids 1-186 of mouse dihydrofolate reductase (set forth in SEQ
ID NO: 8) separated by the internal ribosomal entry site (IRES).

Non-transfected CHO cells growing in GIBCO Modified CD-CHO media for
DHFR(-) cells, supplemented with 4 mM Glutamine and 18 mL/L Pluronic F68/L
(Gibco), were seeded at 0.5 x 10° cells/mL in a shaker flask in preparation for
transfection. Cells were grown at 37° C in 5% CO; in a humidified incubator, shaking
at 120 rpm. Exponentially growing non-transfected CHO cells were tested for
viability prior to transfection.

Sixty million viable cells of the non-transfected CHO cell culture were
pelleted and resuspended to a density of 2 x107 cells in 0.7 mL of 2x transfection
buffer (2x HeBS: 40 mM HEPES, pH 7.0, 274 mM NaCl, 10 mM KCI, 1.4 mM
NaHPOy4, 12 mM dextrose). To each aliquot of resuspended cells, 0.09 mL (250 pg)
of the linear HZ24 plasmid (linearized by overnight digestion with Clal (New
England Biolabs)) were added, and the cell/DNA solutions were transferred into
0.4 cm gap BTX (Gentronics) electroporation cuvettes at room temperature. A
negative control electroporation was performed with no plasmid DNA mixed with the
cells. The cell/plasmid mixes were electroporated with a capacitor discharge of 330 V
and 960 uF or at 350 V and 960 pF.

The cells were removed from the cuvettes after electroporation and transferred
into 5 mL of Modified CD-CHO media for DHFR(-) cells, supplemented with 4 mM
Glutamine and 18 mL/L Pluronic F68/L (Gibco), and allowed to grow in a well of a 6-
well tissue culture plate without selection for 2 days at 37 °C in 5% CO; in a
humidified incubator.

Two days post-electroporation, 0.5 mL of tissue culture media were removed
from each well and tested for the presence of hyaluronidase activity using the
microturbidity assay described in Example 4. Cells expressing the highest levels of
hyaluronidase activity were collected from the tissue culture well, counted and diluted
to 1 x10* to 2 x10* viable cells per mL. A 0.1 mL aliquot of the cell suspension was
transferred to each well of five, 96 well round bottom tissue culture plates. One

hundred microliters of CD-CHO media (GIBCO) containing 4 mM GlutaMAX™-]
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supplement (GIBCO™, Invitrogen Corporation) and without hypoxanthine and
thymidine supplements were added to the wells containing cells (final volume:
0.2 mL).

Ten clones were identified from the 5 plates grown without methotrexate. Six
of these HZ24 clones were expanded in culture and transferred into shaker flasks as
single cell suspensions. Clones 3D3, 3ES, 2GS, 2D9, 1E11, and 4D10 were plated into
96-well round bottom tissue culture plates using a two-dimensional infinite dilution
strategy in which cells were diluted 1:2 down the plate, and 1:3 across the plate,
starting at 5000 cells in the top left hand well. Diluted clones were grown in a
background of 500 non-transfected DG44 CHO cells per well, to provide necessary
growth factors for the initial days in culture. Ten plates were made per subclone, with
5 plates containing 50 nM methotrexate and 5 plates without methotrexate.

Clone 3D3 produced 24 visual subclones (13 from the no methotrexate
treatment, and 11 from the 50 nM methotrexate treatment). Significant hyaluronidase
activity was measured in the supernatants from 8 of the 24 subclones (>50 Units/mL),
and these 8 subclones were expanded into T-25 tissue culture flasks. Clones isolated
from the methotrexate treatment protocol were expanded in the presence of 50 nM
methotrexate. Clone 3D35M was further expanded in 500 nM methotrexate in shaker
flasks and gave rise to clones producing in excess of 1,000 Units/mL hyaluronidase
activity (clone 3D35M; or Genl 3D35M). A master cell bank (MCB) of the 3D35M
cells was then prepared.

B. Generation of a Second Generation Cell Line Expressing Soluble
rHuPH20

The Genl 3D35M cell line, described in part A above, was adapted to higher
methotrexate levels to produce generation 2 (Gen2) clones. 3D35M cells were seeded
from established methotrexate-containing cultures into CD CHO medium containing
4 mM GlutaMAX-1™ and 1.0 uM methotrexate. The cells were adapted to a higher
methotrexate level by growing and passaging them 9 times over a period of 46 days in
a 37 °C, 7% CO; humidified incubator. The amplified population of cells was cloned
out by limiting dilution in 96-well tissue culture plates containing medium with
2.0 uM methotrexate. After approximately 4 weeks, clones were identified and clone

3E10B was selected for expansion. 3E10B cells were grown in CD CHO medium
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containing 4 mM GlutaMAX-1™ and 2.0 uM methotrexate for 20 passages. A master
cell bank (MCB) of the 3E10B cell line was created and frozen and used for
subsequent studies.

Amplification of the cell line continued by culturing 3E10B cells in CD CHO
medium containing 4 mM GlutaMAX-1™ and 4.0 uM methotrexate. After the 12
passage, cells were frozen in vials as a research cell bank (RCB). One vial of the
RCB was thawed and cultured in medium containing 8.0 uM methotrexate. After
5 days, the methotrexate concentration in the medium was increased to 16.0 uM, then
increased to 20.0 uM 18 days later. Cells from the 8" passage in medium containing
20.0 uM methotrexate were cloned out by limiting dilution in 96-well tissue culture
plates containing CD CHO medium containing 4 mM GlutaMAX-1™ and 20.0 uM
methotrexate. Clones were identified 5-6 weeks later and clone 2B2 was selected for
expansion in medium containing 20.0 uM methotrexate. After the 11th passage, 2B2
cells were frozen in vials as a research cell bank (RCB).

The resultant 2B2 cells are dihydrofolate reductase deficient (dhfr-) DG44
CHO cells that express soluble recombinant human PH20 (rHuPH20). The soluble
PH20 is present in 2B2 cells at a copy number of approximately 206 copies/cell.
Southern blot analysis of Spel-, Xbal- and BamHI/HindIII-digested genomic 2B2 cell
DNA using a rHuPH20-specific probe revealed the following restriction digest
profile: one major hybridizing band of ~7.7 kb and four minor hybridizing bands
(~13.9, ~6.6, ~5.7 and ~4.6 kb) with DNA digested with Spel; one major hybridizing
band of ~5.0 kb and two minor hybridizing bands (~13.9 and ~6.5 kb) with DNA
digested with Xbal; and one single hybridizing band of ~1.4 kb observed using 2B2
DNA digested with BamHI/HindIll. Sequence analysis of the mRNA transcript
indicated that the derived cDNA (SEQ ID NO: 9) was identical to the reference
sequence (SEQ ID NO: 5) except for one base pair difference at position 1131, which
was observed to be a thymidine (T) instead of the expected cytosine (C). This is a
silent mutation, with no effect on the amino acid sequence.

C. Production of Gen2 soluble rHuPH20 in 300 L Bioreactor Cell
Culture

A vial of HZ24-2B2 cells (described in part B above) was thawed and
expanded from shaker flasks through 36 L spinner flasks in CD-CHO media



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-255-

(Invitrogen, Carlsbad, CA) supplemented with 20 uM methotrexate and GlutaMAX-
1™ (Invitrogen). Briefly, a vial of cells was thawed in a 37 °C water bath, medium
was added and the cells were centrifuged. The cells were re-suspended in a 125 mL
shake flask with 20 mL of fresh media and placed in a 37 °C, 7% CO; incubator. The
volume was increased to 40 mL in the 125 mL shake flask. When the cell density
reached greater than 1.5 x 10° cells/mL, the culture was expanded into a 125 mL
spinner flask in a 100 mL culture volume. The flask was incubated at 37 °C, 7% COa.
When the cell density reached greater than 1.5 x 10° cells/mL, the culture was
expanded into a 250 mL spinner flask in 200 mL culture volume, and the flask was
incubated at 37 °C, 7% CO,. When the cell density reached greater than 1.5 x 10°
cells/mL, the culture was expanded into a 1 L spinner flask in 800 mL culture volume
and incubated at 37 °C, 7% CO,. When the cell density reached greater than 1.5 x 10°
cells/mL the culture was expanded into a 6 L spinner flask in 5000 mL culture volume
and incubated at 37 °C, 7% CO,. When the cell density reached greater than 1.5 x 10°
cells/mL the culture was expanded into a 36 L spinner flask in 32 L culture volume
and incubated at 37 °C, 7% CO,.

A 400 L reactor was sterilized and 230 mL of CD-CHO media were added.
Before use, the reactor was checked for contamination. Approximately 30 L cells
were transferred from the 36 L spinner flasks to the 400 L bioreactor (Braun) at an
inoculation density of 4.0 x 10° viable cells per mL and a total volume of 260 L.
Parameters were temperature set point, 37 °C; Impeller Speed 40-55 RPM; Vessel
Pressure: 3 psi; Air Sparge 0.5-1.5 L/Min.; Air Overlay: 3 L/ min. The reactor was
sampled daily for cell counts, pH verification, media analysis, protein production and
retention. Also, during the run, nutrient feeds were added. At 120 hrs (day 5), 10.4 L
of Feed #1 Medium (4x CD-CHO + 33 g/L glucose + 160 mL/L GlutaMAX-1™ +
83 mL/L Yeastolate + 33 mg/L rHu insulin) were added. At 168 hours (day 7), 10.8 L
of Feed #2 (2x CD-CHO + 33 g/L glucose + 80 mL/L GlutaMAX-1™ + 167 mL/L
Yeastolate + 0.92 g/L. sodium butyrate) were added, and culture temperature was
reduced to 36.5 °C. At 216 hours (day 9), 10.8 L of Feed #3 (1x CD-CHO + 50 g/L
glucose + 50 mL/L GlutaMAX-1™ + 250 mL/L Yeastolate + 1.80 g/L sodium
butyrate) were added, and culture temperature was reduced to 36 °C. At 264 hours
(day 11), 10.8 L of Feed #4 (1x CD-CHO + 33 g/L glucose + 33 mL/L GlutaMAX-
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1™ + 250 mL/L Yeastolate + 0.92 g/L sodium butyrate) were added, and the culture
temperature was reduced to 35.5 °C. The addition of the feed media was observed to
dramatically enhance the production of soluble rHuPH20 in the final stages of
production. The reactor was harvested at 14 or 15 days or when the viability of the
cells dropped below 40%. The process resulted in a final productivity of 17,000 Units
per mL with a maximal cell density of 12 million cells/mL. At harvest, the culture
was sampled for mycoplasma, bioburden, endotoxin and virus in vitro and in vivo,
Transmission Electron Microscopy (TEM) and enzyme activity.

The culture was pumped by a peristaltic pump through four Millistak filtration
system modules (Millipore) in parallel, each containing a layer of diatomaceous carth
graded to 4-8 um and a layer of diatomaceous earth graded to 1.4-1.1 um, followed by
a cellulose membrane, then through a second single Millistak filtration system
(Millipore) containing a layer of diatomaceous earth graded to 0.4-0.11 pm and a
layer of diatomaceous earth graded to <0.1 um, followed by a cellulose membrane,
and then through a 0.22 um final filter into a sterile single use flexible bag with a
350 L capacity. The harvested cell culture fluid was supplemented with 10 mM
EDTA and 10 mM Tris to a pH of 7.5. The culture was concentrated 10x with a
tangential flow filtration (TFF) apparatus using four 30 kDa molecular weight cut-off
(MWCO) polyether sulfone (PES) filters (Sartorius), followed by a 10x buffer
exchange with 10 mM Tris, 20 mM Na;SOy, pH 7.5 into a 0.22 pum final filter into a
50 L sterile storage bag.

The concentrated, diafiltered harvest was inactivated for virus. Prior to viral
inactivation, a solution of 10% Triton X-100, 3% tri (n-butyl) phosphate (TNBP) was
prepared. The concentrated, diafiltered harvest was exposed to 1% Triton X-100,
0.3% TNBP for 1 hour in a 36 L glass reaction vessel immediately prior to
purification on the Q column.

D. Purification of Gen2 soluble rHuPH20

A Q Sepharose (Pharmacia) ion exchange column (9 L resin, H=29 cm, D= 20
cm) was prepared. Wash samples were collected for a determination of pH,
conductivity and endotoxin (LAL) assay. The column was equilibrated with 5 column
volumes of 10 mM Tris, 20 mM Na,SO4, pH 7.5. Following viral inactivation, the

concentrated, diafiltered harvest (described in part C above) was loaded onto the Q



WO 2016/033555 PCT/US2015/047588

10

15

20

25

30

-257-

column at a flow rate of 100 c/hr. The column was washed with 5 column volumes
of 10 mM Tris, 20 mM Na,SOy4, pH 7.5 and 10 mM HEPES, 50 mM NaCl, pH 7.0.
The protein was eluted with 10 mM HEPES, 400 mM NaCl, pH 7.0 into a 0.22 um
final filter into sterile bag. The eluate sample was tested for bioburden, protein
concentration and hyaluronidase activity. Ajgy absorbance readings were taken at the
beginning and end of the exchange.

Phenyl-Sepharose (Pharmacia) hydrophobic interaction chromatography was
next performed. A Phenyl-Sepharose (PS) column (19-21 L resin, H=29 cm, D=
30 cm) was prepared. The wash was collected and sampled for pH, conductivity and
endotoxin (LAL assay). The column was equilibrated with 5 column volumes of
5 mM potassium phosphate, 0.5 M ammonium sulfate, 0.1 mM CaCl,, pH 7.0. The
protein cluate from the Q sepharose column was supplemented with 2 M ammonium
sulfate, 1 M potassium phosphate and 1 M CaCl, stock solutions to yield final
concentrations of 5 mM, 0.5 M and 0.1 mM, respectively. The protein was loaded
onto the PS column at a flow rate of 100 cm/hr and the column flow thru collected.
The column was washed with 5 mM potassium phosphate, 0.5 M ammonium sulfate
and 0.1 mM CaCl, pH 7.0 at 100 cm/hr and the wash was added to the collected flow
thru. Combined with the column wash, the flow through was passed through a
0.22 um final filter into a sterile bag. The flow through was sampled for bioburden,
protein concentration and enzyme activity.

An aminophenyl boronate column (ProMedics) was prepared. The wash was
collected and sampled for pH, conductivity and endotoxin (LAL assay). The column
was equilibrated with 5 column volumes of 5 mM potassium phosphate, 0.5 M
ammonium sulfate. The PS flow through containing purified protein was loaded onto
the aminophenyl boronate column at a flow rate of 100 cn/hr. The column was
washed with 5 mM potassium phosphate, 0.5 M ammonium sulfate, pH 7.0. The
column was washed with 20 mM bicine, 0.5 M ammonium sulfate, pH 9.0. The
column was washed with 20 mM bicine, 100 mM sodium chloride, pH 9.0. The
protein was eluted with 50 mM HEPES, 100 mM NaCl, pH 6.9 and passed through a
sterile filter into a sterile bag. The eluted sample was tested for bioburden, protein

concentration and enzyme activity.
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The hydroxyapatite (HAP) column (Bio-Rad) was prepared. The wash was
collected and tested for pH, conductivity and endotoxin (LAL assay). The column
was equilibrated with 5 mM potassium phosphate, 100 mM NacCl, 0.1 mM CaCl,, pH
7.0. The aminophenyl boronate purified protein was supplemented to final
concentrations of 5 mM potassium phosphate and 0.1 mM CaCl, and loaded onto the
HAP column at a flow rate of 100 cm/hr. The column was washed with 5 mM
potassium phosphate, pH 7, 100 mM NaCl, 0.1 mM CaCl,. The column was next
washed with 10 mM potassium phosphate, pH 7, 100 mM NaCl, 0.1 mM CaCl,. The
protein was eluted with 70 mM potassium phosphate, pH 7.0 and passed through a
0.22 um sterile filter into a sterile bag. The eluted sample was tested for bioburden,
protein concentration and enzyme activity.

The HAP purified protein was then passed through a viral removal filter. The
sterilized Virosart® filter (Sartorius) was first prepared by washing with 2 L of
70 mM potassium phosphate, pH 7.0. Before use, the filtered buffer was sampled for
pH and conductivity. The HAP purified protein was pumped via a peristaltic pump
through the 20 nM viral removal filter. The filtered protein in 70 mM potassium
phosphate, pH 7.0 was passed through a 0.22 um final filter into a sterile bag. The
viral filtered sample was tested for protein concentration, enzyme activity,
oligosaccharide, monosaccharide and sialic acid profiling. The sample also was tested
for process related impurities.

Example 4
Determination of Hyaluronidase Activity of Soluble rHuPH20

Hyaluronidase activity of soluble rHuPH20 in samples such as cell cultures,
plasma, purification fractions and purified solutions was determined using either a
turbidimetric assay, which is based on the formation of an insoluble precipitate when
hyaluronic acid binds with serum albumin, or a biotinylated-hyaluronic acid substrate
assay, which measures the amount of enzymatically active tHuPH20 or PEGPH20 by
the digestion of biotinylated hyaluronic acid (b-HA) substrate non-covalently bound
to plastic multi-well microtiter plates.

A. Microturbidity Assay

Hyaluronidase activity of soluble rHuPH20 is measured by incubating soluble

rHuPH20 with sodium hyaluronate (hyaluronic acid) for a set period of time
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(10 minutes) and then precipitating the undigested sodium hyaluronate with the
addition of acidified serum albumin. The turbidity of the resulting sample is
measured at 640 nm after a 30-minute development period. The decrease in turbidity
resulting from enzyme activity on the sodium hyaluronate substrate is a measure of
the soluble rHuPH20 hyaluronidase activity. The method is performed using a
calibration curve generated with dilutions of a soluble rHuPH20 assay working
reference standard, and sample activity measurements are made relative to this
calibration curve.

Dilutions of the sample were prepared in Enzyme Diluent Solutions. The
Enzyme Diluent Solution was prepared by dissolving 33.0 = 0.05 mg of hydrolyzed
gelatin in 25.0 mL of the 50 mM PIPES Reaction Buffer (140 mM NaCl, 50 mM
PIPES, pH 5.5) and 25.0 mL of sterile water for injection (SWFI), and diluting 0.2 mL
of 25% Buminate solution into the mixture and vortexing for 30 seconds. This was
performed within 2 hours of use and stored on ice until needed. The samples were
diluted to an estimated 1-2 U/mL. Generally, the maximum dilution per step did not
exceed 1:100 and the initial sample size for the first dilution was not less than 20 pL.
The minimum sample volumes needed to perform the assay were as follows: In-
process Samples, FPLC Fractions: 80 pL; Tissue Culture Supernatants: 1 mL;
Concentrated Material: 80 uL; Purified or Final Step Material: 80 pL.. The dilutions
were made in triplicate in a Low Protein Binding 96-well plate, and 30 pL of each
dilution was transferred to Optilux black/clear bottom plates (BD BioSciences).

Dilutions of known soluble rHuPH20 with a concentration of 2.5 U/mL were
prepared in Enzyme Diluent Solution to generate a standard curve and added to the
Optilux plate in triplicate. The dilutions included 0 U/mL, 0.25 U/mL, 0.5 U/mL,

1.0 U/mL, 1.5 U/mL, 2.0 U/mL, and 2.5 U/mL. “Reagent blank™ wells that contained
60 uL of Enzyme Diluent Solution were included in the plate as a negative control.
The plate was then covered and warmed on a heat block for 5 minutes at 37 °C. The
cover was removed and the plate was shaken for 10 seconds. After shaking, the plate
was returned to the heat block and the MULTIDROP 384 Liquid Handling Device
was primed with the warm 0.25 mg/mL sodium hyaluronate solution (prepared by
dissolving 100 mg of sodium hyaluronate (LifeCore Biomedical) in 20.0 mL of
SWFI. This was mixed by gently rotating and/or rocking at 2-8 °C for 2-4 hours, or
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until completely dissolved). The reaction plate was transferred to the MULTIDROP
384 and the reaction was initiated by pressing the start key to dispense 30 uL sodium
hyaluronate into each well. The plate was then removed from the MULTIDROP 384
and shaken for 10 seconds before being transferred to a heat block with the plate
cover replaced. The plate was incubated at 37 °C for 10 minutes.

The MULTIDROP 384 was prepared to stop the reaction by priming the
machine with Serum Working Solution and changing the volume setting to 240 puL(25
mL of Serum Stock Solution [1 volume of Horse Serum (Sigma) was diluted with 9
volumes of 500 mM Acetate Buffer Solution and the pH was adjusted to 3.1 with
hydrochloric acid] in 75 mL of 500 mM Acetate Buffer Solution). The plate was
removed from the heat block and placed onto the MULTIDROP 384, and 240 pL of
serum Working Solution was dispensed into the wells. The plate was removed and
shaken on a plate reader for 10 seconds. After a further 15 minutes, the turbidity of
the samples was measured at 640 nm and the hyaluronidase activity (in U/mL) of each
sample was determined by fitting to the standard curve.

Specific activity (Units/mg) was calculated by dividing the hyaluronidase
activity (U/mL) by the protein concentration (mg/mL).

B. Biotinylated Hyaluronan Assay

The biotinylated-hyaluronic acid assay measures the amount of enzymatically
active rHuPH20 or PEGPH20 in biological samples by the digestion of a large
molecular weight (~ 1.2 megadaltons) biotinylated hyaluronic acid (b-HA) substrate
non-covalently bound to plastic multi-well microtiter plates. The rtHuPH20 or
PEGPH20 in standards and samples are allowed to incubate in a plate coated with b-
HA at 37 °C. After a series of washes, remaining uncleaved/bound b-HA is treated
with Streptavidin Horseradish Peroxidase conjugate (SA-HRP). Reaction between
immobilized SA-HRP and the chromogenic substrate, 3,3°,5,5 -tetramethylbenzidine
(TMB), produces a blue colored solution. After stopping the reaction with acid,
formation of the soluble yellow reaction product is determined by reading the
absorbance at 450 nm using a microtiter plate spectrophotometer. The decrease in
absorbance at 450 nm resulting from enzyme activity on the biotinylated hyaluronic
acid (b-HA) substrate is a measure of the soluble rHuPH20 hyaluronidase activity.

The method is performed using a calibration curve generated with dilutions of a
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soluble rtHuPH20 or PEGPH20 reference standard, and sample activity measurements
are made relative to this calibration curve.

Dilutions of the sample and calibrator were prepared in Assay Diluent. The
Assay Diluent was prepared by adding 1% v/v pooled plasma (from the appropriate
species) to 0.1% (w/v) BSA in HEPES, pH 7.4. This was prepared daily and stored at
2-8 °C. Depending upon the species type as well as the anticipated hyaluronidase
level, single or multiple dilutions were prepared to ensure at least one sample dilution
would fall within the range of the calibration curve. To guide the selection of test
sample dilution(s), information known about the dose of hyaluronidase administered,
the route of administration, approximate plasma volume of the species and the time
point were used to estimate the hyaluronidase activity levels. Each sample dilution
was mixed as it was prepared by brief pulse-vortexing and pipet tips were changed in
between each dilution. In general, the dilutions began with an initial 50 or 100-fold
dilution followed by additional serial dilutions. A seven-point calibration curve of
rHuPH20 or PEGPH20 (depending upon the treatment administered) was prepared
ranging in concentration from 0.004 to 3.0 U/mL for rHuPH20 and from 0.037 to
27 U/mL for PEGPH20. One-hundred microliters (100 uL) of each test sample
dilution and calibration curve point was applied to triplicate wells of a 96-well
microtiter plate (Immulon 4HBX, Thermo) that had been previously coated with
100 uL per well of b-HA at 0.1 mg/mL and blocked with 250 uL of 1.0% (w/v)
bovine serum albumin in PBS. Plate(s) were covered with an adhesive plate seal and
incubated at 37 °C for approximately 90 minutes. At the end of the incubation period,
the adhesive seal was removed from the plate, samples were aspirated and the plate
washed five (5) times with 300 uL per well Wash Buffer (10 mM phosphate buffer,
2.7 mM potassium chloride, 137 mM sodium chloride, pH 7.4, with 0.05% (v/v)
Tween 20, PBST) using an automated plate washer (BioTek ELx405 Select CW,
Program ‘4HBX1’). One hundred microliters of Streptavidin-HRP Conjugate
Working Solution [Streptavidin-HRP conjugate (1:5,000 v/v) in 20 mM Tris-HCI,
137 mM sodium chloride, 0.025% (v/v) Tween 20, 0.1% (w/v) bovine serum albumin]
was added per well. The plate was sealed and allowed to incubate at ambient
temperature for approximately 60 minutes without shaking and protected from light.

At the end of the incubation period, the adhesive seal was removed from the plate,
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samples were aspirated and the plate washed five (5) times with 300 uL per well
Wash Buffer as described above. TMB solution (at ambient temperature) was added
to cach well and allowed to incubate protected from light for approximately five (5)
minutes at room temperature. TMB Stop Solution (KPL, Catalog # 50-85-06) was
5  then added as 100 uL per well. The absorbance of each well at 450 nm was
determined using a microtiter plate spectrophotometer. The response of the
Calibration Curve on each plate was modeled using a 4-parameter logistic curve fit.
The hyaluronidase activity of each unknown was calculated by interpolation from the
calibration curve, corrected for sample dilution factor, and reported in U/mL.
10 Example §
PEGylation of rHuPH20
rHuPH20 was PEGylated (PEGPH20) by reaction of the enzyme with linear
N-hydroxysuccinimidyl ester of methoxy poly(ethylene glycol) butanoic acid (mPEG-
SBA-30K).
15 A. Conjugation of mPEG-SBA-30K to rHuPH20
rHuPH20 (which is approximately 60 kDa in size), generated as described in
Example 3, was covalently conjugated to a linear N-hydroxysuccinimidyl ester of
methoxy poly(ethylene glycol) butanoic acid (mPEG-SBA-30K), having an
approximate molecular weight of 30 kDa. The structure of mPEG-SBA is shown in
20  scheme 2, below:

Scheme 2

HSCO%CHZCHZO)'CHZCHZCHZCO—N
n

mPEG-SBA d

Methods used to prepare the mPEG-SBA-30K that was used to PEGylate
rHuPH20 are described, for example, in U.S. 5,672,662. Briefly, the mPEG-SBA-
25 30K is made according to the following procedure:
A solution of ethylmalonate (2 equivalents) dissolved in dioxane is added drop

by drop to sodium hydride (2 equivalents) and toluene under a nitrogen atmosphere.
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mPEG methane sulfonate (1 equivalent, MW 30 kDa, Shearwater) is dissolved in
toluene and added to the above mixture. The resulting mixture is refluxed for
approximately 18 hours. The reaction mixture is concentrated to half its original
volume, extracted with 10% aqueous NaCl solution, extracted with 1% aqueous
hydrochloric acid, and the aqueous extracts are combined. The collected aqueous
layers are extracted with dichloromethane (3x) and the organic layer is dried with
magnesium sulfate, filtered and evaporated to dryness. The resulting residue is
dissolved in 1 N sodium hydroxide containing sodium chloride and the mixture is
stirred for 1 hour. The pH of the mixture is adjusted to approximately 3 by addition of
6 N hydrochloric acid. The mixture is extracted with dichloromethane (2x).

The organic layer is dried over magnesium sulfate, filtered, concentrated, and
poured into cold diethyl ether. The precipitate is collected by filtration and dried
under vacuum. The resulting compound is dissolved in dioxane and refluxed for
8 hours and then concentrated to dryness. The resulting residue is dissolved in water
and extracted with dichloromethane (2x), dried over magnesium sulfate, and the
solution is concentrated by rotary evaporation and then poured into cold diethyl ether.
The precipitate is collected by filtration and dried under vacuum. The resulting
compound (1 equivalent) is dissolved in dichloromethane and N-hydroxysuccinimide
(2.1 equivalents) is added. The solution is cooled to 0 °C and a solution of
dicyclohexylcarbodiimide (2.1 equivalents) in dichloromethane is added dropwise.
The solution is stirred at room temperature for approximately 18 hours. The reaction
mixture is filtered, concentrated and precipitated in diethyl ether. The precipitate is
collected by filtration and dried under vacuum to afford mPEG-SBA-30K.

To make the PEGylated rHuPH20, mPEG-SBA-30K was coupled to the amino
group(s) of rtHuPH20 by covalent conjugation, providing stable amide bonds between
rHuPH20 and mPEG, as shown in Scheme 3.

Scheme 3:
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H3CO—€CHZCH20>'CH20H20H2CO—-N +  H,N—rHuPH20
n

mPEG-SBA l

H
H3co—€CHZCHZO)—CHZCHZCHZC—N— rHuPH20
n

PEGylated rHuPH20
For the conjugation, the mPEG-SBA-30K was added in powder form to
rHuPH20 (at a concentration of 10 mg/mL in 130 mM NaCl /10 mM HEPES; pH 7).
The PEG:rHuPH20 ratio was 10:1 (molar ratio). After the PEG had dissolved in the
5  Dbuffer, the solution was sterile-filtered (Corning 50 mL Tube top filter, polystyrene,
cellulose acetate 0.22 pm membrane). The conjugation was carried out overnight,
with stirring, at 4 °C in a cold room.
Following conjugation, the solution was concentrated, using a 100,000
MWCO TFF membrane, and buffer exchanged against 130 mM NaCl/10 mM HEPES
10 atpH 6.8. The resulting material, which was tested for enzyme activity, as described
in Example 4, above, was diluted using 130 mM NaCl/10 mM HEPES at pH 6.8 to
obtain a final enzyme activity of 100,000 U/mL (corresponding to approximately
2.5 mg peptide/mL). This PEGylated rHuPH20 material was filled, in 1 mL volumes,
into a 13-mm Type-1 glass vial with brombutyl seal, and stored frozen (frozen
15  overnight in a -20 °C freezer, then put in a -80 °C freezer for longer storage).
B. Analysis of PEGylated rHuPH20
The PEGylated rHuPH20 material was assayed by gel electrophoresis. Three
batches of PEGylated rHuPH20, made as in part A above, revealed an identical
pattern of multiple bands, representing unreacted PEG and multiple species of mPEG-
20  rHuPH20 conjugates, which migrated at different distances. Based on comparison
with migration of a molecular weight marker, the bands representing the species
ranged from approximately 90 kDa to 300 kDa, with three dark bands migrating
above the 240 kDa marker. These data indicated that the PEGylated rHuPH20,

generated by covalent conjugation of mPEG-SBA-30K, contained a heterogencous
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mixture of PEGylated rHuPH20 species, likely including mono-, di- and tri-
PEGylated proteins. The lack of a visible band at 60 kDa indicates that all the protein
had reacted with the PEG, and that no detectable native rHuPH20 was present in the

mixture.
» Example 6
Effect of anti-CTLA4 antibody and Hyaluronidase in HA-high Syngeneic CT26
Tumor Mouse Model

Mice containing HA-high CT26 syngeneic tumors were generated as
described in Example 1A2, and were treated with PEGPH20 described in Example 5
alone or in combination with anti-CTLA4 or appropriate controls as follows:

A. Co-Administration of PEGPH20 and Anti-CTLA4

Mice containing HA-high CT26 syngeneic tumors, with a mean tumor volume
of 185+ 24 mm?>, were randomized into treatment groups, each containing 7 mice,
such that the mean tumor volume of each group was substantially the same.
Treatments were administered twice weekly on days 1, 4, 8, and 11, as set forth in
Table 11 below. PEGPH20 as described in Example 5 or Active Pharmaceutical
Ingredient (API) buffer (10 mM histidine, 130 mM NaCl, pH 6.5) were administered

‘intravenously (IV), and anti-CTLA4 (BioXCell Inc, Cat. No. BE0164), mouse 1gG2b

(BioXCell Inc, Cat. No. BE0Q086) isotype control, or saline were administered
intraperitoneally (IP), all at the dose levels indicated. Tumor volumes were measured
ondays 0, 3, 7, 10 and 14. When tumor volumes reached 2000 mm?>, animals were

sacrificed by carbon dioxide overdose.

Table 11. PEGPH20 and anti- CTLA4 Treatment Condltlons

: ‘ . PEGPH20 dose SEER o 1G dose - )

Group -;5 ,;n“ Treatment1 | - .. (mg/kg). Treatment 2 - (mg/kg)- v
1 7 API buffer 0 Saline 0
2 7 API buffer 0 Mouse 1gG2b 4
3 7 PEGPH20 1,0.0375* Saline 0
4 7 API buffer 0 anti-CTLA4 2
5 7 API buffer 0 anti-CTLA4 4
6 7 API buffer 0 anti-CTLA4 8
7 7 PEGPH20 1,0.0375* anti-CTLA4 4

* Dose of PEGPH20 was 1 mg/kg on day 1 and 0.0375 mg/kg on days 4, 8 and 11

The results are presented in Table 12. Tumor growth inhibition (TGI) was
calculated using the following formula: 1-(tumor volume, test article(gt day)-tumor

volume, test article(paseline measurement))/ (tumor volume, vehicle(ag day)-tumor volume,

RECTIFIED SHEET (RULE 91) ISA/EP
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vehiclepaseline measurement)) X 100%. The results show that tumors in control animals,
administered saline alone (Group 1) or control antibody (Group 2) exhibited
progressive growth over the course of the study. The tumors in animals administered
PEGPH20 alone (Group 3) were reduced to about half the size of the untreated tumors
at the completion of the study. The tumors in animals treated with anti-CTLA4 at any
of the tested doses (Groups 4-6) also were reduced and to a somewhat greater extent
than with PEGPH20 treatment. Administration of 2 mg/kg (Group 4) and 4 mg/kg
(Group 5) anti-CTLAA4 resulted in a similar reduction in tumor growth, with a greater
reduction in tumor volume observed in the group administered 8 mg/kg anti-CTLA4
(Group 6). Compared to animals treated with either agent alone, co-administration of
PEGPH20 and 4 mg/kg anti-CTLA4 resulted in an increased reduction in tumor
volume. This reduction was greater than observed for any other treatment group at
carlier times post-administration, but by day 14, as the tumor volume began to
increase, the tumor size was substantially the same as observed in animals

administered the maximum dose of anti-CTLA4 (8 mg/kg) (Group 6).

Table 12. Results

saline control 18611 | 385+17 | 630+41 | 1030+ 87 | 2243 £ 203 -
4 mg/kg 1gG2b 187+9 | 336+14 | 612+43 | 866+94 | 1773 £231 -
PEGPH20 18610 | 231 +26 | 453 +45 | 743 +84 | 1427199 | 40%

2mg/kg o-CTLA4 | 186+10 | 364+ 15 | 57644 | 607+35 | 1114+ 103 | 55%

4 mg/kg 0-CTLA4 186+9 | 367+31 | 527+£37 | 540+83 | 1157£223 | 53%

8 mg/kg a-CTLA4 185+9 | 338422 | 530+53 [ 466+57 | 952+£129 | 63%

~ | NN R WN | —

PEGPH20 +
+ + 9
4 mg/kg 4-CTLA4 185+9 | 216+£27 | 352+£39 | 412+£55 | 982+206 | 61%

B. Comparison of Co-Administration Versus Pre-Administration of
PEGPH20

To assess the effects of pre-administering PEGPH20 prior to treatment with
anti-CTLA4 compared to co-administering PEGPH20 with anti-CTLA4, mice
containing CT26/HAS3 tumors, with a mean tumor volume of 215 + 32 mm’, were
randomized into treatment groups. Each group contained 9 mice, such that the mean
tumor volume of each group was substantially the same. The treatments administered
for each group are set forth in Table 13 below. For all treatments groups, PEGPH20
or API buffer was administered intravenously (IV) twice weekly on days 1, 4, 8 and

11. The mice also were administered saline, mouse IgG2b isotype control, or anti-
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CTLAA4, which were administered intraperitoneally (IP), at the dose levels indicated
in Table 13. Mice in Groups 4 and 5 were co-administered anti-CTLA4 antibody on
the same day as the PEGPH20 treatment. For Group 6, mice were pre-administered
PEGPH20 on the day before anti-CTLA4 treatment (days 0, 3, 7, and 10) as indicated,
and administered anti-CTLA4 24 hours later (on days 1, 4, 8 and 11).

Tumor volumes were measured on days 0, 3, 7, 10 and 14. When tumor

3 . . ..
volumes reached 2000 mm~, animals were sacrificed by carbon dioxide overdose.

Table 13. PEGPH20 and anti-CTLA4 Treatment Conditions

1 9 API buffer 0 Saline 0
2 9 API buffer 0 Mouse IgG2b 4
3 9 PEGPH20 0.0375 Saline 0
4 9 API buffer 0 anti-CTLA4 4
5 9 PEGPH20 0.0375 anti-CTLA4 4
6 9 PEGPH20* 0.0375* anti-CTLA4 4

* Dose of PEGPH20 for group 6 was administered 24 hours prior to dose of anti-CTLA4

The results are presented in Table 14. Tumor growth inhibition (TGI) was
calculated using the following formula: 1-(tumor volume, test article(ast day)-tumor
volume, test article paseline measurement))/ (ftumor volume, vehicle(ag day)-tumor volume,

vehiclepaseline measurement)) X 100%. Similar to the results in the previous study, the
tumors in control animals, administered saline alone (Group 1) or control antibody
(Group 2) exhibited progressive growth over the course of the study. The tumors in
animals administered PEGPH20 alone (Group 3) were reduced to about half the size
of the untreated tumors at the completion of the study (p < 0.05 to vehicle). The
average tumor size in animals administered only anti-CTLA4 (Group 4) also was
reduced compared to those in control animals (p < 0.05 to vehicle). The average
tumor size in animals receiving PEGPH20 and anti-CTLA4 (Groups 5 and 6) were
further reduced in volume compared to the individual treatments. The greatest
reduction in tumor volume was observed in animals receiving PEGPH20 and anti-
CTLAA4, where the PEGPH20 was administered 24 hr prior to the anti-CTLA4
administration (Group 6) (p = 0.0152 to anti-CTLA4 alone). The results of this study
show there is a greater reduction in tumor growth when PEGPH20 and anti-CTLA4
are both administered, which is enhanced by administering PEGPH20 prior to
administering anti-CTLA4.
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Table 14. Results

1 | saline control 218412 | 381420 | 672+£54 | 1004495 | 1938 + 154 | -

2 | 1gG2b control 206412 | 37713 | 670442 | 107272 | 2210 £203 | -

3 | PEGPI20 215212 | 25315 | 420244 | 658281 | 1196 183 | 43%

4 | 4mg/ke o-CTLAG | 215= 11 | 367<22 | 545+36 | 574=64 | 904 =117 | 60%
PEGPH20 + )

S| dmkeaCTLAG | 213510 | 25849 | 423423 | 479220 | T84%56 | 67%
PEGPH20* + )

6 | imkeacTLAs | 214%11 [ 242210 | 351224 | 378249 | 57377 | 79%

* Dose of PEGPH20 for group 6 was administered 24 hours prior to dose of anti-CTLA4

C. Dose-Dependent Effect of Anti-CTLA4 Pre-, Post- and Co-
Administered with PEGPH20

To assess the effect of pre-, post- or co-administration of PEGPH20 with anti-
CTLAA4, mice containing CT26/HAS3 tumors, with a mean tumor volume of 201 +
27 mm’, were randomized into treatment groups, each containing 9 mice, such that
the mean tumor volume of each group was substantially the same. The dosage regime
is set forth in Table 15. For all treatment groups except Group 9, PEGPH20 or API
buffer control were administered intravenously (IV) twice weekly on days 1, 4, 8 and
11. Groups 4, 5 and 7 also were administered anti-CTLA4 at days 1, 4, 8 and 11, with
Groups 5 and 7 receiving a co-administration of 0.0375 mg PEGPH20 and either 1
mg/kg anti-CTLA4 (Group 5) or 4 mg/kg anti-CTLA4 (Group 7). Groups 6 and 8
mice were pre-administered PEGPH20 on the day before anti-CTLA4 treatment (days
0, 3,7, and 10), and 24 hours later (on days 1, 4, 8 and 11) were administered 1 mg/kg
or 4 mg/kg anti-CTLA4, respectively. For Group 9, PEGPH20 was given as a post-
administration where mice were administered anti-CTLA4 on days 0, 3, 7 and 10 and,
24 hours later, PEGPH20 was administered on days 1, 4, 8 and 11.

PEGPH20 or API buffer were administered intravenously (IV), and anti-
CTLAA4, mouse I1gG2b isotype control, or saline were administered intraperitoneally
(IP), all at the dose levels indicated. Tumor volumes were measured on days 0, 3, 7,

10 and 14.

Table 15. PEGPH20 and anti-CTLA4 Treatment Conditions

1 9 API buffer 0 Saline 0
2 9 API buffer 0 Mouse IgG2b 4
3 9 PEGPH20 0.0375 Saline 0
4 9 API buffer 0 anti-CTLA4 1
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5 9 API buffer 0 anti-CTLA4 4
6 9 PEGPH20* 0.0375* anti-CTLA4 1
7 9 PEGPH20 0.0375 anti-CTLA4 4
8 9 PEGPH20* 0.0375* anti-CTLA4 4
9 9 PEGPH20** 0.0375%* anti-CTLA4 4

* Dose of PEGPH20 was administered 24 hours prior to dose of anti-CTLA4.
** Dose of PEGPH20 was administered 24 hours after dose of anti-CTLA4.

The results are presented in Table 16. Tumor growth inhibition (TGI) was
calculated using the following formula: 1-(tumor volume, test article(ast day)-tumor
volume, test article paseline measurement))/ (ftumor volume, vehicle(ag day)-tumor volume,
vehiclepaseline measurement)) X 100%. Similar to the results of the previously presented
experiments, the tumors in control animals, administered saline alone (Group 1) or
control antibody (Group 2) exhibited progressive growth over the course of the study.
The animals administered PEGPH20 alone (Group 3) exhibited a final 41% tumor
growth inhibition (TGI), compared to control animals. Administration of anti-CTLA4
alone, at 1 mg/kg (Group 4) or 4 mg/kg (Group 5), resulted in TGI of 49% and 57%
TGI, respectively.

Co-administration of PEGPH20 and anti-CTLA4 at 1 mg/kg and 4 mg/kg gave
a TGI of 57% and a 65%, respectively. Consistent with the results described above,
co-administration of PEGPH20 increased TGI compared to administration of either
agent alone. The results show that pre-administering PEGPH20 further increases the
observed TGI, while post-administration of PEGPH20 after treating with anti-CTLA4
did not further increase the TGI. For example, pre-administering PEGPH20 prior to
administering 4 mg/kg anti-CTLA4 resulted in an increase in TGI from 65% when the
agents were co-administered to 79% when the PEGPH20 was administered 24 h prior
to administration of the antibody (p = 0.0011 to anti-CTLA4 alone). A lesser effect
was observed when PEGPH20 was pre-administered 24 h before treatment with 1
mg/kg anti-CTLA4 (p = 0.0641 to anti-CTLA4 alone). When PEGPH20 was given
post-administration of the 4 mg/kg anti-CTLA4, there was no benefit of PEGPH20 (p
= (.35 to anti-CTLA4 alone). The results show that a dosage regime in which
PEGPH20 is pre-administered prior to administration of the anti-CTLA4 antibody

results in a substantial increase in TGI.
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saline control 202+10 | 339+ 14 | 589+£40 | 100599 | 1960 £212 -

1gG2b control 202+10 | 331+6 | 556+39 | 998+78 | 2117+114

PEGPH20 201+10 | 243+ 15 | 387+36 | 648+73 1245+ 167 | 41%

4 mg/kg 0-CTLA4 201+£9 | 328+£10 | 448 £22 | 559+45 965+ 126 | 57%

1
2
3
4 1 mg/kg 0-CTLA4 201+£9 | 335+£17 | 479£41 | 679+£98 | 1090178 | 49%
5
6

PEGPH20* + :
| meks -CTLA4 | 2019 | 249£11 | 351213 | 531446 | 929103 | 59%
PEGPH20 + 0
7| 4 mgke 0-CTLAG | 20259 | 249217 | 353512 | 492524 | 822£62 | 65%
%
I B 202+£9 | 24517 | 292+ 14 | 37734 | 579£56 | 79%

4 mg/kg 0-CTLA4

PEGPH20** + ,
9 | 4 makg 0.CTLAG | 20110 | 26529 | 375+25 | 538450 | 990101 | 55%

* Dose of PEGPH20 was administered 24 hours prior to dose of anti-CTLA4.
** Dose of PEGPH20 was administered 24 hours after dose of anti-CTLA4.

D. Dose-Dependent Effect of Pre-Administered PEGPH20

To assess if the effects of pre-administering PEGPH20 were dose-dependent,
mice containing CT26/HAS3 tumors, with a mean tumor volume of 211 £ 33 rnrn3,
were randomized into treatment groups. Each treatment group contained 10 mice,
such that the mean tumor volume of each group was substantially the same. The
dosage regime for the treated groups is set forth in Table 17. For all treatment groups,
0 (API buffer control) or 0.0375 mg/kg or 1 mg/kg PEGPH20 were administered
intravenously (IV) twice weekly on days 1, 4, 8 and 11. Group 4 also was
administered 4 mg/kg anti-CTLA4 on days 1, 4, 8 and 11. For groups 5 and 6, mice
were pre-administered PEGPH20 on days 0, 3, 7 and 10 at 1 mg/kg or 0.0375 mg/kg,
respectively, as indicated in Table 17 and, 24 hours later, were administered anti-
CTLA4 on days 1,4, 8 and 11. The anti-CTLA4 or saline treatments were

administered intraperitoneally (IP). Tumor volumes were measured on days 0, 3, 7,

10 and 14.

Table 17. PEGPH20 and anti-CTLA4 Treatment Condition

1 10 API buffer 0 Saline 0
2 10 PEGPH20 0.0375 Saline 0
3 10 PEGPH20 1 Saline 0
4 10 API buffer 0 anti-CTLA4 4
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5 10 PEGPH20 1 anti-CTLA4 4

6 10 PEGPH20* 0.0375* anti-CTLA4 4

* Dose of PEGPH20 for groups 5 and 6 was administered 24 hours prior to dose of anti-CTLA4.

The results are presented in Table 18. Tumor growth inhibition (TGI) was

calculated using the following formula: 1-(tumor volume, test article(jas day)-tumor
volume, test article paseline measurement))/(tumor volume, vehicle(ast day)-tumor volume,

vehiclepaseline measurement)) X 100%. Similar to the results described above, the tumors
in control animals, administered saline alone (Group 1) exhibited progressive growth
over the course of the study. he animals administered PEGPH20 alone, at 0.0375
mg/kg (Group 2) or 1 mg/kg (Group 3), exhibited slightly reduced average tumor
volumes compared to control animals. It is possible the reduced efficacy of
PEGPH20 observed in this experiment is due to the presence of less tumoral HA in
the animals used in these experiments. Administration of anti-CTLA4 (4 mg/kg)
alone (Group 4), resulted in a slightly greater than a 50% reduction in tumor volume
compared to vehicle control. Animals receiving anti-CTLA4 in combination with pre-
administered PEGPH20 at 0.0375 or 1 mg/kg, exhibited a further reduced tumor
volume compared to animals treated with only anti-CTLA4, with little difference

between the different doses of PEGPH?20.

Table 18. Results

1 saline control 212412 | 359+18 | 610£26 | 94676 | 1908+ 196 -

2 37.5 pg/kg PEGPH20 211+ 11 | 262+£10 | 527+19 | 904 +48 | 1820+ 106 | 5%

3 1 mg/kg PEGPH20 212+ 11 | 238+10 | 497+27 | 878 +74 | 1735+ 137 | 10%

4 4 mg/kg 0-CTLA4 212+ 11 | 358417 | 509+35 | 5394+£66 | 972+ 117 | 55%
1 mg/kg PEGPH20* o

5 1 4 mo/ke 0-CTLA4 210+10 | 230+20 | 315+£21 | 518+43 816 £87 | 64%
37.5 pg/kg PEGPH20* o

6 + 4 me/ke a-CTLA% 21110 | 258+ 13 | 326+£23 | 460 +41 758+82 | 68%

Example 7
Effect of anti-PD-L1 antibody and Pre-administered Hyaluronidase in HA-high
Syngeneic MH194+PSC4 Tumor Mouse Model
Mice containing HA-high MH194+PSC4 syngeneic tumors generated as
described in Example 1, with a mean tumor volume of 168+ 24 mm?®, were

randomized into treatment groups, cach containing 8 mice, such that the mean tumor
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volume of each group were substantially the same. PEGPH20 as described in
Example 5 or Active Pharmaceutical Ingredient (API) buffer (10 mM histidine, 130
mM NacCl, pH 6.5) were administered intravenously (IV) on days 0, 3, 7, 10, 14, and
17, and anti-PD-L1 (BioXCell Inc, clone 10F.9G2, Cat. No.BE0101) or rat IgG2b
(BioXCell Inc, Cat. No. BE0090) isotype control were administered intraperitoneally
(IP)on days 1, 4, 8, 11, 15, and 18, all at the dose levels indicated in Table 19. Tumor

volumes were measured on days 0, 3, 7, 10, 14, 17, and 21.

2 8 PEGPH20 1* Rat IgG2b 4
3 8 API buffer 0* anti-PD-L1 1
4 8 PEGPH20 1* anti-PD-L1 1
5 8 API buffer 0* anti-PD-L1 2
6 8 PEGPH20 1* anti-PD-L1 2
7 8 API buffer 0* anti-PD-L1 4
8 8 PEGPH20 1* anti-PD-L1 4

* PEGPH20 or API buffer was administered 24 hours prior to dose of anti-PD-L1.

The results are presented in Table 20. Tumor growth inhibition (TGI) was
calculated using the following formula: 1-(tumor volume, test article(ast day)-tumor
volume, test article paseline measurement))/ (ftumor volume, vehicle(ag day)-tumor volume,

vehiclepaseline measurement)) X 100%. The results showed that high-HA MH194+PSC4
tumors in control animals, administered API buffer and isotype control alone (Group
1) exhibited progressive growth over the course of the study. The growth of tumors in
animals administered PEGPH20 alone (Group 2) was reduced significantly (p = 0.004
to Group 1) to about 2/3 of the size of the vehicle/isotype-treated tumors at the
completion of the study. The growth of tumors in animals treated with anti-PD-L1 at
any of the tested doses (Groups 3, 5, and 7) also was reduced significantly (p =
0.0015, 0.0008, and <0.0001, respectively, for anti-PD-L1 at 1, 2, and 4 mg/kg).
Administration of PEGPH20 at 1 mg/kg 24 h prior to 2 mg/kg of anti-PD-L1 (Group
6) resulted in an significantly increased reduction in tumor volume compared to 2
mg/kg of anti-PD-L1 alone (p = 0.005) or 1 mg/kg of PEGPH20 alone (p = 0.007).
The results show that the combination treatment with PEGPH20 and anti-PD-L1
reduces tumor growth better than PEGPH20 or anti-PD-L1 individually.
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Table 20. Results

1 ﬁlrglgj/kfgrrat IgG2b 172£38 217=17 e M=
I N N s
3 ﬁlrgggzz-m-u 170 +9 315+ 17 506 = 33 587 +32
[T me T e [ men | wen | s
X f}; rﬁ;iegrz i 171+8 294 £ 16 427 £ 44 553 +47
[T ret T wen | e | e | e
7 ﬁlrgggzz-m-u 169 + 12 294 %19 321 %23 309 = 32
T e | e [ aen |

: ﬁl rgggzr;t eG2b 852 £ 70 1182 + 86 2145 + 140 -

) }rznfnﬂ;%( I;g;gég; 647 + 64 937 + 86 1468 + 112 34%
3 f‘; Irgggz’;_PD_L X 739 + 56 1016 + 100 1626 + 109 26%
4 }rflflfnﬂ;‘/%ki(_fgiol* 578 + 65 774 + 101 1300 + 211 43%
s[4 Irgggz’;_PD_L L |oe13Em 909+ 136 | 1761226 19%
6 Jlrfznfnﬂ;‘/%ki(_fgiol* 398 = 46 578 = 72 1029 + 139 57%
N Irgggz’;_PD_L L 332460 384 £ 78 667+ 158 75%
] 1 mg/kg PEGPH20* 343 + 40 421 + 65 664 + 88 75%

+ 4 mg/kg a-PD-L1
* API buffer or PEGPH20 was administered 24 hours prior to dose of anti-PD-L1 or isotype control.

Example 8
Effect of anti-PD-L1 antibody and Lower Dose of Pre-administered
Hyaluronidase in HA-high Syngeneic MH194+PSC4 Tumor Mouse Model
5 Mice containing HA-high MH194+PSC4 syngeneic tumors generated as
described in Example 1, with a mean tumor volume of 131 + 20 mm®, were
randomized into treatment groups, cach containing 8 mice, such that the mean tumor
volume of each group were substantially the same. PEGPH20 as described in
Example 5 or Active Pharmaceutical Ingredient (API) buffer (10 mM histidine, 130
10 mM NaCl, pH 6.5) were administered intravenously (IV) on days 0, 3, 6, 8, 12, 15,
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and 19, and anti-PD-L1 (BioXCell Inc, clone 10F.9G2, Cat. No.BE0101) or rat IgG2b
(BioXCell Inc, Cat. No. BE0090) isotype control were administered intraperitoneally
(IP)ondays 1,4, 7,9, 13, 16, and 20, all at the dose levels indicated in Table 21.

Tumor volumes were measured on days 0, 2, 6,9, 13, 16, and 20.

1 8 API buffer 0* Rat IgG2b 2
2 8 API buffer 0* anti-PD-L1 2
3 8 PEGPH20 1* Rat IgG2b 2
4 8 PEGPH20 1* anti-PD-L1 2
5 8 PEGPH20 0.0375* Rat IgG2b 2
6 8 PEGPH20 0.0375* anti-PD-L1 2

* PEGPH20 or API buffer was administered 24 hours prior to dose of IgG2b or anti-PD-L1.

37.5 ng/kg is a human equivalent dose of the PEGPH20, where the human
dose is 3 pg/kg. The results are presented in Table 22. Tumor growth inhibition
(TGI) was calculated using the following formula: 1-(tumor volume, test articleq,g
day)-tumor volume, test article(paseline measurement))/(tumor volume, vehicleast day)-tumor
volume, vehicle(paseline measurement)) X 100%. The results showed that high-HA
MH194+PSC4 tumors in control animals, administered API buffer and isotype control
alone (Group 1) exhibited progressive growth over the course of the study. The
growth of tumors in animals administered anti-PD-L1 alone (Group 2) was reduced
significantly (p = 0.049 to Group 1) to about 2/3 of the size of the vehicle/isotype-
treated tumors at the completion of the study. Administration of PEGPH20 at 37.5
ug/kg 24 h prior to 2 mg/kg of anti-PD-L1 (Group 6) resulted in a significantly
increased reduction in tumor volume compared to 2 mg/kg of anti-PD-L1 alone (p <
0.0001) or 37.5 ug/kg of PEGPH20 alone (p < 0.0001), and also resulted in an
significantly enhanced tumor growth inhibition when compared to PEGPH20 at 1
mg/kg 24 h prior to 2 mg/kg of anti-PD-L1 (Group 4) (p < 0.0001).

The results show that the combination treatment with 37.5 ng/kg of PEGPH20
and anti-PD-L1 reduces tumor growth better than the combination of 1 mg/kg of
PEGPH20 and anti-PD-L1. This dosage is the rodent dosage that corresponds to
dosages used in human. Hence, the dosage of the hyaluronan degrading enzyme can

be titrated or selected.
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Table 22. Re

API buffer
U]+ 2 mg/ke rat TeG2b 129 +8 272+ 13 399 20 52335
sk
o | APIbufter 134+8 240 +27 323433 317 +50

+ 2 mg/kg o-PD-L1

1 mg/kg PEGPH20* +

3 > me/ke rat 1eGob 130 £ 8 262 + 30 330+ 30 428 + 47
1 mg/kg PEGPH20* +

4 > me/ke 0-PD-L1 131 £8 178 £ 10 208 +£21 252 + 54
37.5 pg/kg PEGPH20*

5 +2 me/ke rat TeG2b 129+ 5 192+ 15 331 +40 441 £ 42
*

6 37.5 pg/kg PEGPH20 134 +7 233424 225+35 146 + 28

+ 2 mg/kg o-PD-L1

1 fgﬂggfg; 16G2b 777 £75 1064 + 113 1362 + 135 -

2 fglrlr’lggegrz_m_u 606 + 90 834 + 154 982 £217 31%
3 é Egig fﬁ?;cl}{zio* - 717 £83 943 + 128 1420 + 227 5%
4 é Egig iigilflzo* - 388 = 77 582491 701 £ 167 54%
5 iéﬂg%ﬁ‘;rfgggﬁo* 715 + 64 1013 + 54 1493 + 91 11%
6 |37 nelke PEGPH20% | 0y 3¢ 259 + 59 270 + 76 89%

+ 2 mg/kg o-PD-L1

* API buffer or PEGPH20 was administered 24 hours prior to dose of anti-PD-L1 or isotype control.

Example 9
Effect of anti-PD-1 antibody and Pre-administered Hyaluronidase in HA-high
Syngeneic MH194+PSC4 Tumor Mouse Model

Mice containing HA-high MH194+PSC4 syngeneic tumors were generated as
described in Example 1, and were treated with PEGPH20 described in Example 5
alone and in combination with anti-PD-1 or appropriate controls as follows:

A. PEGPH20 Pre-Administration and High Dose of anti-PD-1

Mice containing HA-high MH194+PSC4 syngeneic tumors with a mean tumor
volume of 128+ 24 mm’, were randomized into treatment groups, each containing 8
mice, such that the mean tumor volume of each group were substantially the same.
PEGPH20 as described in Example 5 or Active Pharmaceutical Ingredient (API)
buffer (10 mM histidine, 130 mM NaCl, pH 6.5) were administered intravenously
(IV) on days 0, 3, 7, 10, 14, 17, and 21, and anti-PD-1 (BioXCell Inc, clone RMP1-
14, Cat. No. BE0146) or saline were administered intraperitoneally (IP) on days 1, 4,
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8, 11, 15, and 18, all at the dose levels indicated in Table 23. Tumor volumes were
measured on days 0, 3, 7, 10, 14, 17, and 21.

Table 23. PEGPH2(0 and anti-PD-1 Treatment Conditions

1 8 API buffer 0* Saling 0
2 8 PEGPH20 1* Saline 0
3 8 API buffer 0* anti-PD-1 4
4 8 PEGPH20 1* anti-PD-1 4

* PEGPH20 or API buffer was administered 24 hours prior to dose of anti-PD-1.

The results are presented in Table 24. Tumor growth inhibition (TGI) was
calculated using the following formula: 1-(tumor volume, test article(ag day)-tumor
volume, test article paseline measurement))/(tumor volume, vehicleqagt day)-tumor volume,
vehiclepaseline measurement)) X 100%. The results showed that the growth of tumors in
animals administered PEGPH20 alone (Group 2) was reduced significantly (p <
0.0001 to Group 1) to about half of the size of the vehicle-treated tumors (Group 1) at
the completion of the study. The growth of tumors in animals treated with anti-PD-1
at 4 mg/kg (Group 3) was almost completely inhibited (p < 0.0001), and
administration of PEGPH20 at 1 mg/kg 24 h prior to 4 mg/kg of anti-PD-1 (Group 4)

did not result in any additional reduction in tumor volume compared to 4 mg/kg of

anti-PD-1 alone (p = 0.63).

Table 24. Result
uIer

1 ~ 129 + 11 242 £ 13 353 +23 435+ 33

+ saline
%

2 | mg/kg PEGPH20 124+7 179 £ 17 275+ 16 320+ 25
+ saline
API buffer*

3 + 4 mg/kg a-PD-1 130+ 8 198 +17 262 +32 223+22
1 mg/kg PEGPH20*

* | + 4 mg/kg 0-PD-1 128 +9 153 + 14 188 + 23 205+ 19

API buffer*

1 : 688 + 65 1068 £ 116 1930 £ 215 -
+ saline
*
o | 1 mgkg PEGPH20 493 + 40 784 + 58 1168 + 102 42%
+ saline
*
3 API buffer 181 £27 211452 222 £75 95%

+ 4 mg/kg a-PD-1

1 mg/kg PEGPH20*

0,
4 + 4 mg/kg a-PD-1 233+ 34 27290 422 + 142 84%

* API buffer or PEGPH20 was administered 24 hours prior to dose of anti-PD-1 or saline.
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B. PEGPH20 Pre-Administration and Lower Dose of anti-PD-1,
Treatment Begun at Different Tumor Sizes

Mice containing HA-high MH194+PSC4 syngeneic tumors with a mean tumor
volume of 138+ 24 mm’, were randomized into treatment groups, each containing 8
mice, such that the mean tumor volume of each group were substantially the same.
PEGPH20 as described in Example 5 or Active Pharmaceutical Ingredient (API)
buffer (10 mM histidine, 130 mM NaCl, pH 6.5) were administered intravenously
(IV) on days 0 (groups 1-4 only), 3 (groups 1-7 only), 7, 10, 14, 17, and 21, and anti-
PD-1 (BioXCell Inc, clone RMP1-14, Cat. No. BE0146) or rat [gG2a (BioXCell Inc,
Cat. No. BE0089) isotype control were administered intraperitoneally (IP) on days 1
(groups 1-4 only), 4 (groups 1-7 only), 8, 11, 15, and 18, all at the dose levels
indicated in Table 23. Tumor volumes were measured on days 0, 3, 7, 10, 14, 17, and

21, except as indicated for groups 8-10 in Table 25.

Table 25. PEGPH2(0 and anti-PD-1 Treatment Conditions

| 8 API buffer 0 Rat lgG2a 2
2 8 PEGPH20 1* Rat IgG2a 2

3 8 API buffer 0* anti-PD-1 2

4 8 PEGPH20 1* anti-PD-1 2
Sk 8 PEGPH20 1* Rat IgG2a 2
6** 8 API buffer 0* anti-PD-1 2
7% 8 PEGPH20 1* anti-PD-1 2
gk 8 PEGPH20 1* Rat IgG2a 2
QFkk 8 API buffer 0* anti-PD-1 2
1 Qs 8 PEGPH20 1* anti-PD-1 2

* PEGPH20 or API buffer was administered 24 hours prior to dose of anti-PD-1.

** Treatment delayed until tumor size average was approximately 300 mm’ (day 3 of study).

*+* Treatment delayed until tumor size average was approximately 400 mm® (day 7 of study).

The results are presented in Table 26. Tumor growth inhibition (TGI) was

calculated using the following formula: 1-(tumor volume, test article(ag day)-tumor
volume, test articlepaseline measurement))/(tumor volume, vehicleqagt day)-tumor volume,

vehiclepaseline measurement)) X 100%. When treatment started on study day 0, the results

showed that the growth of tumors in animals administered PEGPH20 alone (Group 2)
or anti-PD-1 alone (Group 3) was reduced significantly (p = 0.0021 and <0.0001,
respectively, to Group 1) to about half of the size of the vehicle-treated tumors (Group
1) at the completion of the study. Administration of PEGPH20 at 1 mg/kg 24 h prior
to 2 mg/kg of anti-PD-1 (Group 4) did not result in any additional reduction in tumor
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volume compared to 2 mg/kg of anti-PD-1 alone (p = 0.07). When treatment was
instead begun on study day 3 (Groups 5-7), anti-PD-1 still had a significant inhibitory
effect on tumor growth (p <0.0001), and again no additional effect was observed in
the presence of PEGPH20. Finally, when treatment was begun on study day 7

5  (Groups 8-10), the effect of anti-PD-1 alone or PEGPH20 alone was no longer
significant (p = 0.70), and the effect of the combination was not significantly different

from that of PEGPH20 alone (p = 0.45). Hence, PEGPH20 did not enhance the

effectiveness of anti-PD-1 in this tumor model.

! glrgggfgrrat IgG2a 1377 0819 HEE36 e
) ifznfnﬂ;%(gligfigégz 138 + 4 225+ 14 336 + 24 447 £29
3 fg ITEEE(ZZ_PD_ X 140 % 10 265 + 26 384 + 56 437+ 78
G I N B
. ifznfnﬂ;%(gligfigégz 1358 245424 332 £ 20 389+ 31
. giﬁﬁz’;_m_l 13749 278 + 14 335+ 20 310+ 20
- Jlrfznfnﬂ;‘/%kfg’i(_fgzlo* 136 4 11 291+ 16 280 20 379 + 34
- ifznfnﬂ;%(gligfigégz 138 = 10 418 + 44 424+ 53
gk gIrEIgIgZZ-PD-I 138£9 not measured 429 +27 570 + 52

API buffer*

U et toGa | S68ET8 1209+ 147 | 2196+215 .
) ifznfnﬂ;%(gligfigégz 538 & 45 716 + 44 1317275 43%
3 g Irgggz’;_m_ | 471 +£77 554 £ 97 1063 + 249 55%
4 }rr;fnﬂ;%kic_fgzlo* 309 + 33 407 + 59 775 + 133 69%
. ifzngnﬂ;%(gligfigégz 617+ 59 819 + 74 1589 + 158 29%
g flz’lrgggegf ’;_PD_l 345 + 40 442 £78 797 + 148 68%
. Jlrfznfn/l;‘/%ki(_fgzlo* 458 +37 574+ 64 1033 % 129 57%
8%%% | 1 mg/kg PEGPI20* | 648 % 63 867+ 164 | 1349+ 224 41%
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+ 2 mg/kg rat [gG2a
%
. glrgggza-m-l 817 + 74 1150+ 132 | 1875+221 16%
%
10 }rr;fn/l;kic_};)gzlo 566 + 61 772 + 108 1132 + 158 52%

* API buffer or PEGPH20 was administered 24 hours prior to dose of anti-PD-1 or isotype control.

** Treatment delayed until tumor size average was approximately 300 mm’ (day 3 of study).

*+* Treatment delayed until tumor size average was approximately 400 mm® (day 7 of study).

Example 10
Effect of anti-PD-1 antibody and Pre-administered Dexamethasone in Syngeneic
MH194+PSC4 Tumor Mouse Model

Mice containing parental MH194+PSC4 syngeneic tumors generated as
described in Example 1C, with a mean tumor volume of 131 + 26 mm?, were
randomized into treatment groups, cach containing 6 mice, such that the mean tumor
volume of each group were substantially the same. Dexamethasone or saline (0.9%
sodium chloride for injection) were administered intraperitoneally (IP) on days 0, 3, 7,
10, 14, and 17, and anti-PD-1 (BioXCell Inc, clone RMP1-14, Cat. No. BE0146) or
saline were administered intraperitoneally (IP) on days 1, 4, 8, 11, 15, and 18, all at
the dose levels indicated in Table 27. Tumor volumes were measured on days 0, 3, 7,
10, 14, 17, and 21. The middle dexamethasone dose level (3 mg/kg) was selected to
approximate the human dose equivalent for clinical trials in which PEGPH20 is

administered with dexamethasone to alleviate musculoskeletal discomfort.

Table 27. Dexamethasone and anti-PD-1 Treatment Condition
1 6 Saline 0* Saline 0
2 6 Saline 0* anti-PD-1 4
3 6 Dexamethasone 1* Saline 0
4 6 Dexamethasone 3* Saline 0
5 6 Dexamethasone 5* Saline 0
6 6 Dexamethasone 1* anti-PD-1 4
7 6 Dexamethasone 3* anti-PD-1 4
8 6 Dexamethasone 5* anti-PD-1 4

* Dexamethasone or saline control was administered 24 hours prior to dose of anti-PD-1.

The results are presented in Table 28 Tumor growth inhibition (TGI) was
calculated using the following formula: 1-(tumor volume, test article(ast day)-tumor
volume, test articleaseline measurement))/(tumor volume, vehicleast day)-tumor volume,
vehicle paseline measurement)) X 100%. The results showed that the growth of tumors in
animals treated with anti-PD-1 at 4 mg/kg (Group 2) was inhibited by roughly 2/3 (p
<0.0001), whereas dexamethasone significantly inhibited tumor growth only at the
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highest dose tested, 5 mg/kg (p = 0.0009). Administration of dexamethasone at doses
ranging from 1 to 5 mg/kg 24 h prior to 4 mg/kg of anti-PD-1 (Group 4) did not alter
the effect of anti-PD-1 (p = 0.12, 0.65, and 0.70, respectively, for dexamethasone at 1,
3, and 5 mg/kg plus anti-PD-1 vs. anti-PD-1 alone).

Table 28. Results

Saline*

1 ; 135+ 17 307 + 36 449 + 63 596 + 72
+ Saline
Saline*
2 + 4 me/kg 0-PD-1 132+ 10 340 + 41 361 + 56 316+ 54
*
3 1 mg/kg Dex 133+8 240 + 19 374 + 39 581 + 50
+ Saline
*
4 3 mg/kg Dex 133+9 253+ 17 436 +23 553+ 63
+ Saline
*
5 | dmekgDex 125 + 10 251 £22 390 + 46 462 = 46
+ Saline
1 mg/kg Dex*
6 + 4 mg/kg o-PD-1 126 £ 10 253 + 38 283 £ 51 203 + 45
3 mg/kg Dex*
7 + 4 me/ke 0-PD-1 134 £ 10 218 £26 342 + 59 350 + 86
5 mg/kg Dex*
8 + 4 mg/kg o.PD-1 135+ 13 277 +36 345+ 41 320+ 75
5
3 *
1 Saline 981 + 169 1431 + 135 2316 + 247 ;
+ Saline
Saline* 0
2 + 4 me/kg 0-PD-1 384 + 80 574+ 159 840 + 270 68%
*
3 | 1 mekgDex 904 + 81 1354147 | 1899 155 19%
+ Saline
*
4 3 mg/kg Dex 759 + 81 1346 + 109 1867 + 130 21%
+ Saline
*
5 5 mg/kg Dex 729 + 77 1202 + 118 1630 + 126 31%
+ Saline
1 mg/kg Dex* 0
6 + 4 mg/kg o-PD-1 231459 271 £ 127 319+ 155 91%
3 mg/kg Dex* 0
7 + 4 merke 0-PD-1 348 £ 90 468 + 196 642 +277 77%
5 mg/kg Dex*

8 364 £107 493 +£197 659 +247 76%

+ 4 mg/kg a-PD-1
* Dexamethasone (Dex) or saline was administered 24 hours prior to dose of anti-PD-1 or saline.

Example 11
Generation of Alexa Fluor 488 (AF488)-Labeled Anti-Human CTLA4, PD-1, and
PD-L1 Antibodies
Alexa Fluor 488 (AF488) protein labeling kit (Life Technologies, Cat # A-
10 10235) was used for labeling anti-human PD-L1 antibody (G&P Biosciences, Cat.
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No. MAB0199), anti-human PD-1 antibody (G&P Biosciences, Cat. No. MAB1732),
and anti-human CTLA4 antibody (G&P Biosciences, Cat. No. MAB1718).

Labeling was performed according to the manufacturer's instructions. A1 M
solution of sodium bicarbonate was prepared, and 100 uL of the prepared solution
were added to 1 mL of 1 mg/mL antibody (total 1 mg antibody). This mixture was
added to one tube of AF488 reactive dye, supplied by the manufacture. The reaction
mixture was incubated for 1 hour at room temperature with gentle rocking.

AF488 labeled anti-human antibodies, designated as AF488-anti-PD-L1,
AF488-anti-PD-1, and AF488-anti-CTLA4, and as a group designated as AF488-
antibody, was separated using Bio-Rad micro Bio-spin 6 columns (Bio-Rad, Cat#
732-6621). Total protein concentration was determined by Pierce BCA protein assay
kit (Pierce, Cat # 23227).

Example 12
Effect of Hyaluronidase on anti-human PD-L1, anti-human CTLA4, and anti-
human PD-1: Accessibility to HA-high Xenograft Tumor Mouse Model

Mice bearing HA-high SKOV3/HAS?2 xenograft tumors were generated as
described in Example 2, and were treated with PEGPH20 described in Example 5
alone and in combination with AF488-anti-PD-L1, -PD-1, or -CTLA4 (described in
Example 9) as follows:

Mice containing HA-high xenograft tumors, with a mean tumor volume of
500 mm’, were randomized into treatment groups, each containing 4 mice, such that
the mean tumor volume of each group was substantially the same. Treatments were
administered once as set forth in Table 29 below. AF488-antibody as described in
Example 7 or Active Pharmaceutical Ingredient (API) buffer (10 mM histidine, 130
mM NaCl, pH 6.5) or PEGPH20 (described in Example 5) and AF488-antibody were
administered intravenously (IV), all at the dose levels indicated. Tumors were
harvested 48 h post treatment and imaged using a Bio-Rad Chemidoc MP Imaging
System (Bio-Rad).

Table 29. PEGPH2(0 and anti-human PD-L1 Treatment Conditions

0 Saline
API buffer 0 AF488-anti-PD-L1 1
3 PEGPH20 0.0375 AF488-anti-PD-L1 1
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Table 29. PEGPH2(0 and anti-human PD-L1 Treatment Conditions

uiler -anti- 1
5 5 PEGPH20 0.0375 AF488-anti-PD-1 1
6 5 API buffer 0 AF488-anti-CTLA4 1
7 5 PEGPH20 0.0375 AF488-anti-CTLA4 1

The results are presented in Table 30 (positive pixel count) and Table 31
(mean fluorescence intensity). Pixel counts and fluorescence intensity means were
obtained using Image Pro (MediaCybernetics Image Pro Analyzer 7.0) software, and
the average background from tumors in animals not injected with AF488-antibody
was subtracted. Results showed that fluorescence was detectable in the tumors in
animals administered either AF488-antibody alone (Groups 2, 4, and 6). Fluorescence
intensity increased significantly in the tumors in animals treated with the combination
of PEGPH20 and AF488-anti-PD-L1 (Group 3). On the other hand, no increase in
fluorescence intensity was observed in animals treated with PEGPH20 and AF488-
anti-PD-1 or AF488-anti-CTLA4, when compared to the animals treated only with
AF488-PD-1 or —-CTLAA4, in the absence of PEGPH20 (Groups 5 and 7). Thus, the
results show that the combinatorial treatment of PEGPH20 and anti-human PD-L1
increased anti-PD-L1 accessibility to the HA-high tumors in a manner specific to anti-

PD-LI1.

Table 30. Results: Positive Pixel Count

1 API buffer 0

2 AF488-anti-PD-L1 320+ 44
3 PEGPH20 + AF488-anti-PD-L1 884+ 123
4 AF488-anti-PD-1 1014 + 80
5 PEGPH20 + AF488-anti-PD-1 877 +73
6 AF488-anti-CTLA4 607 £ 86
7 PEGPH20 + AF488-anti-CTLA4 719+ 121

Table 31. Results — Mean Fluorescence Intensit

1 API buffer 0

2 AF488-anti-PD-L1 5,847 £ 1,306
3 PEGPH20 + AF488-anti-PD-L1 15,074 £ 1,817
4 AF488-anti-PD-1 5,128 £ 797
5 PEGPH20 + AF488-anti-PD-1 4,177 £ 981
6 AF488-anti-CTLA4 7,384 £1,019
7 PEGPH20 + AF488-anti-CTLA4 7,645 £ 1,847
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Example 13
Multivesicular Liposome (MVL) PH20 Formulations

For systemic administration, hyaluronidases, including soluble hyaluronidases,
can be prepared in lipids vesicles, such as liposomes. Exemplary of these are
multivesicular liposomes (MVL). Various extended release multivesicular liposome
PH20 (MVL-PH20) formulations were prepared using the following general
procedure, also see published International PCT Application No. WO 2012/109387
and US Publication US-2013-0251786-A1. The lipid solutions contained mixtures of
various neutral lipids, including triglycerides (TG) triolein (Cjs.1), tricaprylin (Cg.)
and cholesterol, and lipids with both positive and negative charges, including
phosphatidylcholines (PC), dioleoylphosphatidylcholine (DOPC, Cis.1), dierucoyl
phosphatidylcholine (DEPC, Cy,.1) and dipalmitoyl phosphorylglycerol (DPPG, Cig.1).
Total PC concentration was up to 19.8 mM, cholesterol concentration was 30 mM, TG
concentration was up to 3.9 mM and DPPG concentration was 4.2 mM.

A. Generation of MVL-PH20 Formulations

MVL formulations containing varying mole percent of DEPC and DOPC (0-
100%) and varying mole percent of triolein and tricaprylin (0-100%), DPPG, choles-
terol, and 0.1, 0.25, 0.5, 1 or 2 mg/mL PH20 were prepared. In the first step, the
lipids in chloroform (oil phase) and PH20 in a first aqueous solution (water phase)
were combined and emulsified to form a water-in-oil emulsion, whereby the PH20
was encapsulated by the phospholipid monolayer. In the second step, a second aque-
ous solution was added and emulsified, whereby a water-in-oil-in-water emulsion was
formed. After addition of a second aliquot of the second aqueous solution, the
chloroform solvent was evaporated and the resulting product containing multivesic-
ular liposomes was washed multiple times in a third aqueous solution and resus-
pended to approximately 50% lipocrit (packed particle volume) and stored at 2-8 °C.

Exemplary formulations were prepared using either a mini vortex or were
prepared on a larger scale using an Omni mixer (Omni Macro ES, Omni International,
Kennesaw, GA). In the latter Omni mixer method, the lipid solution in chloroform (6
mL) was emulsified at 7,000 rpm for 8 min with an Omni Mixer with 6 mL of the first
aqueous solution (10 mM His-HCI, pH 6.5 with 5% sucrose containing varying

concentrations of PH20) producing a water-in-oil emulsion. A subsequent
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emulsification at 4500 rpm for 1-3 min with 20 mL of a second aqueous solution of
3.2% glucose containing 40 mM lysine, pH 10.0, resulted in a water-in-oil-in-water
second emulsion. The second emulsion was transferred equally into two Erlenmeyer
flasks and another 50 mL aliquot of the second aqueous solution was added to both
flasks. Chloroform was removed by flushing nitrogen over the surface of the
emulsion at 35 °C. The MVL particles containing PH20 were washed three times
with 50 mL third aqueous solution (25 mM His-HCI buffer, pH 6.0 containing 120
mM NaCl) by adding the solution, mixing the centrifuge tube by inversion, and
centrifugation at 3500 rpm for 10 min at 4 °C in a refrigerated table top centrifuge.
Finally, the MVL particles were resuspended in the third aqueous solution to form an
approximately 50% lipocrit formulation and stored refrigerated at 2-8 °C. The mini
vortex procedure was similar, using the parameters set forth in Table 30.

Table 32 below summarizes the first, second and third aqueous solutions.
Table 32 also summarizes the volumes, reagent concentrations and other parameters

of each step of the MVL process.

Table 32. MVL-PH20 formulation and process parameters

1st Aqueous Solution 10 mM His-HCI, pH 6.5 with 5% sucrose
2nd Aqueous Solution 3.2% glucose containing 40 mM lysine, pH 10.0
3rd Aqueous Solution 25 mM His-HCI buffer, pH 6.0 containing 120 mM NaCl
1" Emulsion Mixing Vortex Mixer Omni Mixer
PH20 in 1st aqueous 600 pL 6 mL
solution
Lipid Solution in 600 pL 6 mL
chloroform
Total Volume 1.2 mL 12 mL.
1** Emulsification Speed Maximum RPM 7000 RPM
Time 8 min 8 min
Starting PH20 protein 0.25 mg/mL 0.5 0.5 1.0 2.0
concentration (activity) (30,000 mg/mL mg/mL | mg/mL mg/mL
U/mL) (60,000 (60,000 | (120,000 | (240,000
U/mL) U/mL) U/mL) U/mL)
PC 15.8-19.8 mM 15.8-19.8 mM
Cholesterol 30 mM 30 mM
TG 3.75-3.9 mM 3.75-3.9 mM
DPPG 4.2 mM 4.2 mM
Blade Type 1 Not applicable Sharp on the sides
. Sharp on the sides and on the
Blade Type 2 Not applicable inside
Blade Type 3 Not applicable Flat all over, not sharp
2"! Emulsion Mixing Vortex Mixer Omni Mixer
2nd Aqueous Solution 2.5mL 20 mL
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Total Volume 3.7mL 32 mL
Speed Maximum RPM 4500 RPM
Time 15 sec 1-3 min
Solvent Evaporation Vortex Mixer Omni Mixer
2nd Aqueous Solution 10 mL 100 mL
Total Volume 13.7 mL 132 mL
Shaking Water Bath Speed 100-130 RPM 100-130 RPM
Time 11 min 15 min
Temperature 35°C 35°C

10

15

Washing, buffer exchange
and resuspension

Vortex Mixer

Omni Mixer

Sample Entire Sample 17 mL
3rd Aqueous Solution 50 mL 50 mL
Total Volume 50 mL 200 mL
Centrifugation Speed 3500 RPM 3500 RPM
Time 10 min 10 min
Number of Washes 3 3
Resuspension Volume 0.3-0.5 mL. 3-5mL
LIPOCRIT Vortex Mixer Omni Mixer
Pellet volume Varies Varies
3rd Aqueous Solution Varies Varies
Speed 3500 rpm 3500 rpm
Time (min) 10 min 10 min
Solution + Pellet Volume Varies Varies
% Lipocrit Adjusted to ~50% ~50%

B. Summary of Exemplary MVL-PH20 Formulations

Several MVL-PH20 formulations containing varying molar ratios of lipids,

PH20 and other additives were prepared using the same general procedures as des-

cribed above. The various additional additives were included in the 1% aqueous solu-

tion to enhance and preserve the stability of encapsulated PH20. For example, formu-

lations F68 and F69 contained calcium chloride. Formulation F82 contained 150 uL

glycerol as an interphase separating the 600 pL chloroform phase and 600 pL first

aqueous solution phase. Formulation F83 contained 0.1% dextran 40,000 and 0.1%

PEG-6000. Formulations F85-F87 contained hyaluronic acid (HA) oligomers.

Several formulations varied in their mixing/emulsification procedures. For example,

for formulation F66, the first emulsification step was carried out for 4 minutes,

instead of 8 minutes, resulting in smaller liposomal pellets. Formulation F67 was

mixed with a rotor wheel, instead of a mini vortex to generate lesser shear during

mixing.

Table 33 below sets forth various MVL-PH20 formulations, including the

formulation number, the formulation PC (phosphatidylcholine) and TG (triglyceride)
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molar % ratios, the starting concentration of PH20 in mg/mL, the mixer used for

making the emulsions, and any additives that were included in the first aqueous

solution.
Table 33 MVL Formulations with PH20
Starting
Formula- Formulation PC & TG PH20 Mixer Additives in First
tion mol % ratio concentration Aqueous Solution
mg/mL
F40 DEPC with Triolein 0.25 Mim NA
Vortex
F41 DEPC with Triolein 0 Mini NA
Vortex
0.25 Mini AlexaFluor 488
F42 DEPC with Triolein fluorescent Vortex labeled PH20
labeled
25/75 DEPC/DOPC; Mini
F53 25/75 Triolein/Tricap 0.25 Vortex NA
50/50 DEPC/DOPC; Mini
F54 50/50 Triolein/Tricap 0.25 Vortex NA
75/25 DEPC/DOPC; Mini
F35 75/25 Triolein/Tricap 0.25 Vortex NA
90/10 DEPC/DOPC; Mini
F36 90/10 Triolein/Tricap 0.25 Vortex NA
50/50 DEPC/DOPC; .
kol 50/50 Triolein/Tricap 0.25 Omni NA
50/50 DEPC/DOPC; Mini
F66 50/50 Triolein/Tricap 0.25 Vortex' NA
50/50 DEPC/DOPC; Rotor
k67 50/50 Triolein/Tricap 0.25 Wheel NA
50/50 DEPC/DOPC; Mini
k68 50/50 Triolein/Tricap 0.25 Vortex 20 mM CaCl,
50/50 DEPC/DOPC; Mini
F69 50/50 Triolein/Tricap 0.25 Vortex 10 mM CaCl,
50/50 DEPC/DOPC; .
F70 50/50 Triolein/Tricap 0.0 Omni NA
50/50 DEPC/DOPC; .
k71 50/50 Triolein/Tricap 0.25 Omni NA
50/50 DEPC/DOPC; .
k72 50/50 Triolein/Tricap 0.5 Omni NA
50/50 DEPC/DOPC; .
F73 50/50 Triolein/Tricap 0.5 Omni NA
50/50 DEPC/DOPC; .
F74 50/50 Triolein/Tricap 1.0 Omni NA
50/50 DEPC/DOPC; .
F75 50/50 Triolein/Tricap 2.0 Omni N/A
2 50/50 DEPC/DOPC; .
F77 50/50 Triolein/Tricap 1.0 Omni
F78 DEPC with Triolein 1.0 Omni N/A
F79 DEPC with Triolein 1.0 Omni N/A
50/50 DEPC/DOPC; .
F80 50/50 Triolein/Tricap 1.0 Omni NA
F81 DEPC with Triolein 0.5 Omni N/A
FR2 50/50 DEPC/DOPC; 05 Mini 150 pL Glycerol as
50/50 Triolein/Tricap ) Vortex interphase
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287-
83 50/50 DEPC/DOPC; o oni 0.1‘1001’?)%1(?%
50/50 Triolein/Tricap 0.1% PEG-6000
Fue 30120 Triolem/ Tive 10 Omni’ N/A
F85 558// 558 g gecﬁgigp 1.0 Omni | 15 mg/mL HA 74,000
F85R1 ;8;;8 T’iggg?gi% 1.0 Omni | 15 mg/mL HA 74,000
F86 558// 558 g gecﬁgigp 1.0 Omni | 50 mg/mL HA 74,000
F87 55(()) //55(()) giﬁgg?gigl’) 1.0 Omni 100 mM Proline
| DO | | oy | T
e 30150 Trolgin/Teisay 10 Omni 6% Sorbitol
F0 gggg ggg{q?ﬁi% 1.0 Omni 6% Trehalose

'Shorter first emulsion mixing time (4 min)

? Animal derived cholesterol used instead of plant derived cholesterol in the lipid

solution

*Shorter first emulsion mixing time (4 min) and shorter second emulsion mixing time
5 (30sec)

Since modifications will be apparent to those of skill in this art, it is intended

that this invention be limited only by the scope of the appended claims.
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WHAT IS CLAIMED:

1. A method for treating a cancer, comprising;:

administering a first composition comprising a hyaluronan-degrading enzyme,
wherein the hyaluronan-degrading enzyme is conjugated to a polymer, is formulated
for slow release or is encoded in an oncolytic vector; and

then, administering a second composition comprising an immune checkpoint
inhibitor, wherein the hyaluronan degrading enzyme is administered simultancously,
sequentially or intermittently with the immune checkpoint inhibitor or in the same
composition.

2. The method of claim 1, wherein the hyaluronan-degrading enzyme is
administered prior to the immune checkpoint inhibitor.

3. The method of claim 1 or claim 2, wherein the hyaluronan degrading
enzyme is conjugated to a polymer,.

4. The method of any of claims 1-3, wherein the compositions are
administered by the same route of administration or a different route of
administration.

5. The method of any of claims 1-4, wherein the compositions are
administered by the same route of administration.

6. The method of any of claims 1-5, wherein the compositions are
administered systemically.

7. The method of any of claims 1-5, wherein the compositions are
administered intravenously.

8. The method of any of claims 1-7, wherein the hyaluronan-degrading
enzyme is administered up to 48 hours prior to administration of the immune
checkpoint inhibitor.

9. A method for treating a cancer, comprising:

intravenously administering a first composition comprising a hyaluronan-
degrading enzyme, wherein the hyaluronan-degrading enzyme is conjugated to a
polymer or is formulated for slow release or is encoded in a viral vector; and

then, within 48 hours after administering the hyaluronan-degrading enzyme,

intravenously administering a second composition comprising an immune checkpoint
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inhihitor, whereby the hyalur_onariQdegradirlg enzyme conjugated to a polymer is
administered prior to the immune checkpoint inhibitor. -
| 10.  The method of claim 9 wherein the hyaluronan degrading enzyme is
conj ugated to a polymer.
11. - The method of any of clalms 1- 10 wherein the hyaluronan degradmg
enzyme is administered at least or at least about or about or 5 minutes, 15 minutes, 30

minutes, 1 hour, 2 hours, 3 hours 4 hours 6 hours 8 hours 12 hours 16 hours, 18

“hours, 20-hours, 22 hours, 24 hours, 30 hours, 36 hours, 40 hours or 48 hours prior to

admmrstratron of the i 1mmune checkpornt inhibitor.

12. The method of any of claims 1-11 wherein the hyaluronan-degrading
enzyme is administered-6 hours to 30 hours or 12 hours to 24 hours, each inclusive,
prior to adrninistration of the immune oheckpoint inhibitor.

13.  The method of any of claims 1-12, wherein the cancer is a tumor-and

 the tumor is a solid tumor.

14. Thé'm'ethod of claim 13, wherein the tumor is characterized as having
a._rnOderate to high _hyaiuronan content. | ,

15. The method of claim 13 or claim 14, wherein the tumor is
characterized has having a high hyaluronan content.

- 16. The method of any of claims 1- 15, wherein the cancer is selected from :

among pancreatic cancer, breast cancer, prostate cancer, bladder cancer, gastric
cancer, mesothelioma, NSCLC, and colon cancer.

17. The method of clalm 12, wherein the cancer is a hematological cancer.

18. The method of any of claims.1-17, wherein the hyaluronan-degrading
enzyme is a soluble hyaluronidase.

) 19.  The method of claim 18, wherein the soluble hyaluronidase is a PH20
or a C-terminal truncated form thereof that lacks a C-terminal glycosylphosphatidyl-
nositol (GPI) attachment site or a portion of the GPI attachment site, whereby the
truncated form exhibits hyaluronidase activity.

20. The method of claim 18 or claim 19, wherein the soluble hyaluronidase
is a PH20 that is a human or non-human PH20.

21. The'method of claim 19 or claim 20, wherein:

RECTIFIED SHEET (RULE 91) ISA/EP
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the hyaluronan-degrading enzyme is a C-terminal truncated human PH20
selected from among:

a) a contiguous sequence of amino acids in SEQ ID NO: 217 that contains
amino acid residues 36-464 of SEQ ID NO: 217, and residues up to a C-terminal
amino acid residue, whereby the polypeptide is C-terminally truncated so that it does
not include the full-length of the polypeptide whose sequence is set forth as amino
acids 1-509 or 36-509 of SEQ ID NO: 217; and

b) a sequence of amino acids that has at least about 85% sequence identity to a
sequence of amino acids of a) that is soluble and retains hyaluronidase activity.

| 22, The method of claim 21, wherein the PH20 comprises a sequence of
amino acids that has at least about 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% sequence identity to a sequence of amino acids of
a) that is soluble and retains hyaluronidase activity.

23, The method of claim 21 or claim 22, wherein the PH20 comprises the
sequence of amino acids set forth in any of SEQ ID NOS: 123-158, or a sequence of
amino acids that exhibits at least 85% sequence identity to a sequence of amino acids
set forth in any of SEQ ID NOS: 123-158 and retains hyaluronidase activity.

24.  The method of claim 23, wherein the PH20 comprises a sequence of
amino acids that has at least about 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% sequence identity to the sequence of amino acids
set forth in any of SEQ ID NOS: 123-158 and retains hyaluronidase activity.

25. The method of any of claims 1-23, wherein:

the hyalurohan degrading enzyme is conjugated to a polymer; and

the polymer is a polyalkylene glycol, dextran, pullulan or cellulose.

26.  The method of claim 25, wherein the polyalkylene glycol polyethylene
glycol (PEG) or methoxypolyethylene glycol (mPEG).

27.  The method of claim 25 or claim 26, wherein the polymer is a PEG,
and the PEG is a branched or linear PEG.

28. The method of any of claims 25-27, wherein the polymer is produced
by reaction with methoxy-poly(ethylene glycol)-succinimidyl butanoate (mPEG-
SBA) (5 kDa); methoxy-poly(ethylene glycol)-succinimidyl butanoate (mPEG-SBA)
(20 kDa); methoxy—poly(ethylené glycol)-succinimidyl butanoate (mPEG-SBA) (30

RECTIFIED SHEET (RULE 91) ISA/EP
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kDa); methoxy-poly(ethylene glycol)-succinimidyl a-methylbutanoate (mPEG-SMB)
(20 kDa); methoxy-poly(ethylene glycol)-succinimidyl a-methylbutanoate (mPEG-
SMB) (30 kDa); methoxy-poly(ethylene glycol)-butyraldehyde (mPEG-
butyraldehyde) (30 kDa), methoxy-poly(ethylene glycol)-succinimidyl propionate
(mPEG-SPA) (20 kDa); methoxy-poly(ethylene glycol)-succinimidyl propionate
(mPEG-SPA) (30 kDa); (methoxy-poly(ethylene glycol)) ,-N-hydroxysuccinimide
ester (mPEG,-NHS) (10 kDa branched); (methoxy-poly(ethylene glycol)) ,-N-
hydroxysuccinimide ester (mPEG,-NHS) (20 kDa branched); (methoxy-poly(ethylene
glycol)) »-N-hydroxysuccinimide ester (mPEG,-NHS) (40 kDa branched); (methoxy-
poly(ethylene glycol)) ,-N-hydroxysuccinimide ester (mPEG,-NHS) (60 kDa
branched); biotin-poly(ethylene glycol)-N-hydroxysuccinimide ester (biotin-PEG-
NHS) (5 kDa biotinylated); poly(ethylene glycol)-p-nitrophenyl carbonate (PEG-p-
nitrophenyl-carbonate) (30 kDa); or poly(ethylene glycol)-propionaldehyde (PEG-
propionaldehyde) (30 kDa).

29.  The method of any of claims 25-28, wherein the polymer is a PEG that
has a molecular weight of 30 or about 30 kilodaltons.

30.  The method of any of claims 1-29, wherein:

the hyaluronan-degrading enzyme is administered in a dosage range
amount of between or about between 0.01 pg/kg to 100 ug/kg (of the subject), 0.01
ng/kg to 50 ug/kg, 0.01 ug/kg to 15 ng/kg, 0.05 ng/kg to 10 ng/kg, 0.75 ng/kg to 7.5
ugkg, 1.0 ug/kgto 5.0 or 1.0 ug/kg to 3.0 ug/kg; or
the hyaluronan-degrading enzyme is administered in a dosage range

amount of between or about between 0.1 to 5,000 Units/kg body weight (BW) of the
subject, 0.5 to 4,000 Units/kg, 1 to 1,000 Units/kg, 1 to 500 Units/kg, 5 to 500
Units/kg, 10 to 500 Units/kg or 20 to 400 Units/kg body weight (BW) of the subject.

31.  The method of any of claims 1-30, wherein the immune checkpoint
inhibitor blocks activity of an immune checkpoint protein.

32.  The method of claim 31, wherein the target of the immune checkpoint
protein is selected from among CTLA4, PD-1 and PD-L1.

33.  The method of claim 31 or claim 32, wherein the immune checkpoint
inhibitor is selected from among an antibody, a fusion protein, an aptamer, and

immune checkpoint protein-binding fragments thereof.
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.v 34, The method of any of claims 1-33, wherein the immune checkpoint

inhibitor is an anti-immune checkpoint pr(")'teinv antibody or antigen-binding fragment

thereof.

- 35 The method of any of claims 1-34, wherein the immune checkpoint
inhibitor is an anti-CTLA4, anti-PD-1 or anti-PD-L1 antibody or antigen binding
fragment thereof. ' ' |

36: Thé method of claim 35, wherein the antibody is a monoclonal
antlbody or antigen binding fragment thereof ‘
37. The method of claim 35 or cla1m 36, wherem the antibody or antigen

binding fragment thereof i is an anti-PD-L1 antibody or antigen binding fragment

38, The method of claim 35, wherein the anti-immune checkpoint protein
antibody is an anti-CTLA4 antibody, derivative thereof, or ahtigen—binding frégment
thereof, selected from among: :

a) Ipilimumab, a derivative thereof, or an antigen-binding fragment

thereof, comprising:

‘a heavy chain Vériable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 22 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 24; or

a variable heavy‘c’hain consisting of a sequence of amihq acids
that has a sequence identity of at leastv85%, 86%, 87%, 88%, 89%, 90%,’ 91%, .
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in-
_.SEQ IDNO: 22 and a variable light chain consisting of a sequencé of amiho
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%,90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light cham set o |
forth'in SEQ ID NO: 24; and ‘

b) Trcmehmumab,fa derivative thereof, or an antigen-binding
fragment thereof, comprising: |

a heavy chain variable dorhain consisting of the sequence of
amino ac1ds set forth in SEQ ID NO: 34 and a light chain variable domaln
con51st1ng of the sequence of amino a01ds set forth in SEQ ID NO: 36; and
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a variable heavy chaih*'con.sisting of a sequence of amino acids
that has a sequence 'identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 34 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least 85%, 86%; 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 36. | |

- 39. The method of claim 35, wherein the anti-immune checkpoint pretein
antibody is an ant1 PD-1 antlbody, derivative thereof or antlgen -binding fragment

thereof selected from among:

‘a) Nivolumab, a derivative thereof, or an antlgen -binding fragment

thereof; comprising:

a heavy cham variable domain con51st1ng of the sequence of

amino acids set forth in SEQ ID NO: 54 and a light chain variable domain

‘consisting of the sequence of amino acids-set forth in SEQ ID'NO: 56; or

a Variable heavy chain consisting of a sequence of amino acids
that has a sequence identityvof at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in

SEQ ID NO: 54 and a Varieble light chain consisting of a sequence of amino

'écids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%; 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 56; '
b) MK;3475, a derivative thereof, or an antigen-binding fragment

thereof, comprising:

a heavy chain variable domain consisting of the éequence of :
amino acids set forth in SEQ ID NO: 68 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 70; or

a variable heavy chain consisting of a sequence of amino acids

that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

292%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in

SEQ ID NO: 68 and a. variable light chain consisting of a sequence of amino

acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,

RECTIFIED SHEET (RULE 91) ISA/EP



10

15

20

25

30

WO 2016/033555 PCT/US2015/047588

294-

91%, 92%; 93% ;.94%, 95%, 96%, 97%, 98%, or 99% to the light chain set

forth in SEQ ID NO: 70; and | )

c) Pldlhzumab a der1vat1ve thereof or an antigen-binding fragment
thereof, comprlslng. '
" aheavy chain varlable domain con51st1ng of the sequence of

‘amino acids set forth in SEQ ID NO: 82 and a light chain varlable domam

consisting of the sequence of amino acids set forth in SEQ ID NO: 84 or

a variable heavy chain consisting of a sequence of amino ac1ds
that has a sequence 1dent1ty of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy cham set forth in
SEQID NO: 82 and a var_lable light chain consisting of a sequence of amino

 acids that'has_ a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 9_4%, 95%, 96%, 97%, 98%, or 99% to the light chain set

forth in SEQ ID NO: 84.

40. - The method of claim 35,. wherein the anti—immﬁne checkpoint proteinI
antibody is an anti-PD-L1 antibody, a derivative thereof, or an antigen-binding
fragment thereof, selected from among;

a) BMS-936559, a derlvatlve thereof, or an ant1gen—b1nd1ng fragment
thereof, comprising:

a heavy chaiﬁ variable domain consisting of the sequence of
amino acids set forth in SEQ ID NOV: 92 and a light chain Variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 94; or

a variable heavy chain consisting of a sequence of amino aeids
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%,‘ 96%,,97%, 98%, or 99% to the heavy chain set forth in’
SEQ ID NO: 92 and a variable light chain consisting of a sequence of amino |

“acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%; 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 94, |
b) MEDI4736, a d‘erivative thereof, or an antigen-binding fragment

thereof, comprising:

RECTIFIED SHEET (RULE 91) ISA/EP



10

15

20

25

30

WO 2016/033555 PCT/US2015/047588

-295-

a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 102 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 104; or

a variable heavy chain consisting of a sequence of amino acids
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 102 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 104; and
c) MPDL3280A, a derivative thereof, or an antigen-binding fragment thereof,

comprising: '

a heavy chain variable domain consisting of the sequence of amino
acids set forth in SEQ ID NO: 114 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 115; or

* avariable heavy chain consisting of a sequence of amino acids that has

a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,

93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ

ID NO: 114 and a variable light chain consisting of a sequence of amino acids

that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set forth in

SEQ ID NO: 115.

41. The method of any of claims 1-40, wherein the immune checkpoint
inhibitor is administered in a dosage range that is between or between about 0.1 mg
per kg body weight (mg/kg BW) to about 50 mg/kg BW, about 0.1 mg/kg BW to about
20 mg/kg BW, about 0.1 to about 10 mg/kg BW, about 0.3 mg/kg BW to about 10
mg/kg BW, about 0.5 mg/kg BW to 5 mg/kg BW or E).S mg/kg BW to 1 mg/kg BW.

42. The method of any of claims 1-41, wherein the immune checkpoint
inhibitor is administered in a aosage that is at least or is at least about 0.1 mg/kg, 0.15
mg/kg, 0.2 mg/kg, 0.25 mg/kg, 0.30 mg/kg, 0.35 mg/kg, 0.40 mg/kg, 0.45 mg/kg, 0.5
mg/kg, 0.55 mg.kg, 0.6 mg/kg, 0.7 mg/kg, 0.8 mg/kg, 0.9 mg/kg, 1.0 mg/kg, 1.1

" mg/kg, 1.2 mg/kg, 1.3 mg/kg, 1.4 mg/kg, 1.5 mg/kg, 1.6 mg/kg, 1.7 mg/kg, 1.8
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mg/kg, 1.9 mg/kg, 2 mg/kg, 2.5 mg/kg, 3 mg/kg, 3.5 mg/kg, 4 mg/kg, 4.5 mg/kg, 5
mg/kg, 5.5 mg/kg, 6 mg/kg, 6.5 mg/kg, 7 mg/kg, 7.5 mg/kg, 8 mg/kg, 8.5 mg/kg, 9
mg/kg, 9.5 mg/kg, 10 mg/kg, 11 mg/kg, 12 mg/kg, 13 mg/kg, 14 mg/kg, 15 mg/kg, 16
mg/kg, 17 mg/kg, 18 mg/kg, 19 mg/kg, 20 mg/kg, 21 mg/kg, 22 mg/kg, 23 mg/kg, 24
mg/kg, 25 mg/kg, 30 mg/kg, 40 mg/kg, or 50 mg/kg body weight (BW) of the subject.

43.  The method of any of claims 1-42, wherein:

the frequency of administration of the hyaluronan-degrading enzyme is once a
day, every other day, twice weekly, once weekly, once every 2 weeks, once every 3
weeks or once every 4 weeks; and

the immune checkpoint inhibitor is administered at the same frequency as the
hyaluronan-degrading enzyme or at a different frequency, wherein each
administration of the immune checkpoint inhibitor is preceded by an administration of
hyaluronan-degrading enzyme by not more than 48 hours.

44.  The method of claim 43, wherein the immune checkpoint inhibitor is
administered twice weekly, once weekly, once every 2 weeks, once every 3 weeks,
once every 4 weeks, once every 6 weeks, once every 2 months, once every 3 months,
once every 4 months, once every 5 months, or once every 6 months; wherein each
administration of the immune checkpoint inhibitor is preceded by an administration of
hyaluronan-degrading enzyme by not more than 48 hours.

45.  The method of any of claims 1-44, wherein:

the hyaluronan degrading enzyme is administered twice weekly; and

the immune checkpoint inhibitor is administered no more than once a week, is
administered no more than once every three weeks or is administered no more than
once every four weeks, wherein each administration of the immune checkpoint
inhibitor is preceded by an administration of hyaluronan-degrading enzyme by not
more than 48 hours.

46.  The method of any of claims 1-42, wherein:

the hyaluronan degrading enzyme is administered twice weekly; and

the immune checkpoint inhibitor is administered twice weekly, wherein each

administration of the immune checkpoint inhibitor is preceded by an administration of

hyaluronan-degrading enzyme by not more than 48 hours.
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47. The method of any of claims 1-46, wherein each administration of the
immune checkpoint inhibitor is preceded by an administration of the hyaluronan-
degrading enzyme by not more than 24 hours.

48. The method of any of claims 1-46, wherein:

the hyaluronan degrading enzyme is a soluble PH20 that is conjugated to a
polymer; and each dose of the PH20 is between 1 ug/kg (of the subject) and 5 ug/kg
(of the subject), inclusive.

49.  The method of claim 48, wherein the immune checkpoint inhibitor is

an anti-PD-L1 antibody.

50.  The method of any of claims 1-49, further comprising administering a
corticosteroid.

51.  The method of claim 50, wherein the corticosteroid is a glucocorticoid.

52.  The method of claim 51, wherein the glucocorticoid is selected from

among cortisones, dexamethasones, hydrocortisones, methylprednisolones,
prednisolones and prednisones.

53.  The method of any of claims 50-52, wherein the corticosteroid is
administered prior to, concurrent with, intermittently with or subsequent to
administration of the hyaluronan degrading enzyme.

54.  The method of any of claims 50-53, wherein the corticosteroid is
administered prior to administration of the hyaluronan degrading enzyme and
subsequent to administration of the hyaluronan degrading enzyme.

55.  The method of any of claims 50-53, wherein the corticosteroid is co-
administered with the hyaluronan degrading enzyme.

56.  The method of any of claims 50-53, wherein the corticosteroid is
administered at least or about at least 1 hour prior to administration of the hyaluronan
degrading enzyme.

57.  The method of any of claims 50-53, wherein the corticosteroid is
administered at least 8 hours to 12 hours after administration of the anti-hyaluronan
degrading enzyme.

58.  The method of any of claims 50-57, wherein the amount of
corticosteroid administered is between at or about 0.1 to 20 mg, 0.1 to 15 mg, 0.1 to

10 mg, 0.1 to 5 mg, 0.2 to 20 mg, 0.2 to 15 mg, 0.2 to 10 mg, 0.2 to 5 mg, 0.4 to
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20 mg, 0.4 to 15 mg, 0.4 to 10 mg, 0.4 to 5 mg, 0.4 to 4 mg, 1 to0 20 nig, 1to15mgor
1to 10 mg. |

59.  The method of any of claims 50-58, wherein the corticosteroid is
administered orally. - ' |

60. A combination, comprising: ‘

) a first composition comprising a hyaluronan-degrading enzyme, wherein the
hyaluronan-degrading-enzyme is ccnjugat'ed to a polymer or is formulated for slow
release or 1s encoded in a vector for delivery to a tumor; and

a second compositlon comprising an immune checkpoint inhibitor.

61. The combination of claim 60, wherein the hyaluronan-degrading
enzyme is conjugated‘ to a polymer. '

62. The combination of cla1m 61, whereln the hyaluronan degrading
enzyme is a hyaluromdase

63. The comblnatlon of claim 62 wherein the hyaluronidase is a PH20 or
truncated form thereof that lacks a C-terminal glycosylphosphat1dyl1nos1tol (GPI)
attachmient site or a portion of the GPI attachment site, whereby the PH20 is soluble.

64. The combination of claim 62 or claim- 63, wherem the hyaluronidase is
a PH20 that is a human PH20.
6S. The combination of any of claims 61-64, wherem

the hyaluronan-degrading enzyme is a C-terminal truncated PH20 selected
from among: . ’

- a) acontiguous sequence of amino acids in SEQ ID'NO: 217 that contains
amino acids 36-464 of SEQ ID NO: 217 and residues up to a C-tcrmlnal amino acid
residue, uvhereby the polypeptide is C- terrnlnally truncated so thut it does not include
the full- length of the polypeptlde whose sequence is set forth as amino acids 1-509 or
36-509 of SEQ ID NO: 217; and- ‘ |

b) a sequence of amino acids that has at least 85% sequence identity to the
sequence of amino acids of a) that is soluble and retains hyaluronidase activity.
y _6'6.. - The combination of claim 65, wherein the PH20 comprises a sequence
of amino acids that has at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%
95%, 96%, 97%, 98% or 99% sequence 1dent1ty to the sequence of a) and is soluble

and retams hyaluromdase activity.
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67.  The combination of any of claims 64-66, wherein the PH20 comprises
a sequence of amino acids set forth in any of SEQ ID NOS: 123-158, or a sequence of
amino acids that exhibits at least 85% sequence identity to a sequence of amino acids
set forth in any of SEQ ID NOS: 123-158 and retains hyaluronidase activity.

68.  The combination of claim 67, wherein the PH20 comprises a sequence
of amino acids that has at least 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% sequence identity to the sequence of amino acids set
forth in any of SEQ ID NOS: 123-158 and retains hyaluronidase activity.

69.  The combination of any of claims 61-68, wherein the polymer is a
polyalkylene glycol, dextran, pullulan or cellulose.

70.  The combination of claim 69 wherein the polyalkylene glycol is
selected from among polyethylene glycol (PEG) or methoxypolyethylene glycol
(mPEG).

71.  The combination of claim 69 or claim 70, wherein the polymer is a
PEG, and the PEG is a branched or lincar PEG.

72.  The combination of any of claims 69-71, wherein the polymer is
produced by reaction with methoxy-poly(ethylene glycol)-succinimidyl butanoate
(mPEG-SBA) (5 kDa); methoxy-poly(ethylene glycol)-succinimidyl butanoate
(mPEG-SBA) (20 kDa); methoxy-poly(ethylene glycol)-succinimidyl butanoate
(mPEG-SBA) (30 kDa); methoxy-poly(ethylene glycol)-succinimidyl a-
methylbutanoate (mPEG-SMB) (20 kDa); methoxy-poly(ethylene glycol)-
succinimidyl a-methylbutanoate (mPEG-SMB) (30 kDa); methoxy-poly(ethylene
glycol)-butyraldehyde (mPEG-butyraldehyde) (30 kDa), methoxy-poly(ethylene
glycol)-succinimidyl propionate (mPEG-SPA) (20 kDa); methoxy-poly(ethylene
glycol)-succinimidyl propionate (mPEG-SPA) (30 kDa); (methoxy-poly(cthylene
glycol)) »-N-hydroxysuccinimide ester (mPEG,-NHS) (10 kDa branched); (methoxy-
poly(ethylene glycol)) .-N-hydroxysuccinimide ester (mPEG,-NHS) (20 kDa
branched); (methoxy-poly(ethylene glycol)) 2-N-hydroxysuccinimide ester (mPEG;-
NHS) (40 kDa branched); (methoxy-poly(ethylene glycol)) ,-N-hydroxysuccinimide
ester (mPEG,-NHS) (60 kDa branched); biotin-poly(ethylene glycol)-N-
hydroxysuccinimide ester (biotin-PEG-NHS) (5 kDa biotinylated); poly(ethylene
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glycol)-p-nitrophenyl carbonate (PEG-p-nitrophenyl-carbonate) (30 kDa); or
poly(ethylene glycol)-propionaldehyde (PEG-propionaldehyde) (30 kDa).

73.  The combination of any of claims 69-72, wherein the polymer is a
PEG that has a molecular weight of 30 or about 30 kilodaltons.

74.  The combination of any of claims 60-73, wherein:

the hyaluronan-degrading enzyme composition contains between or about
between about 0.1 pg/mL to 100 png/mL, 1 pg/mL to 50 ug/mL or 1 pg/mL to 20 ng/mL
hyaluronan-degrading enzyme conjugated to a polymer; or

the hyaluronan-degrading enzyme composition contains between or about
between 10 U/mL to 5000 U/mL, 50 U/mL to 4000 U/mL, 100 U/mL to 2000 U/mL, 300
U/mL to 2000 U/mL, 600 U/mL to 2000 U/mL, or 100 U/mL to 1000 U/mL hyaluronan-
degrading enzyme conjugated to a polymer.

75. The combination of claim 74, wherein the volume of the composition is
from or from about 0.5 mL to 50 mL, 1 mL to 10 mL, or 1 mL to 5 mL.

76.  The combination of any of claims 60-75, wherein the target of the
immune checkpoint inhibitor is selected from among CTLA4, PD-1, and PD-L1.

77.  The combination of any of claims 60-76, wherein the immune
checkpoint inhibitor is selected from among an antibody, a fusion protein, an aptamer,
and immune checkpoint protein-binding fragments thereof.

78.  The combination of claim 77, wherein the immune checkpoint
inhibitor is an anti-immune checkpoint protein antibody or antigen-binding fragment
thereof.

79.  The combination of any of claims 60-78, wherein the immune
checkpoint inhibitor is an anti-CTLA4, anti-PD-1 or anti-PD-L1 antibody or antigen
binding fragment thereof.

80. The combination of claim 78 or claim 79, wherein the antibody is a
monoclonal antibody or antigen binding fragment thereof.

81.  The combination of claim 80, wherein, the antibody or antigen binding
fragment thereof is an anti-PD-L1 antibody or antigen binding fragment thereof.

82.  The combination of claim 81, wherein the anti-immune checkpoint
protein antibody is an anti-CTLA4 antibody, derivative thereof, or antigen-binding

fragment thereof, selected from among:
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a) Ipilimumab, a derivative thereof, or an antigen-binding fragment thereof,
comprising:

a heavy chain variable domain consisting of the sequence of amino
acids set forth in SEQ ID NO: 22 and a light chain variable domain consisting
of the sequence of amino acids set forth in SEQ ID NO: 24; or

a variable heavy chain consisting of a sequence of amino acids that has
a sequence idenfity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ
ID NO: 22.and a variable light chain consisting of a sequence of amino acids
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set forth in
SEQ ID NO: 24; and
b) Tremelimumab, a derivative thereof, or an antigen-binding fragment

thereof, comprising:

a heavy chain variable domain consisting of the sequence of amino
acids set forth in SEQ ID NO: 34 and a light chain variable domain consisting
of the sequence of amino acids set forth in SEQ ID NO: 36; and

a variable heavy chain consisting of a sequence of amino acids that has

a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 939%,
94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 34
and a variable light chain consisting of a sequence of amino acids that has a sequence
identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% to the light chain set forth in SEQ ID NO: 36.

83. The combination of claim 81, wherein the anti-immune checkpoint
protein antibody is aﬁ anti-PD-1 antibody, derivative thereof, or antigen-binding
fragment thereof, selected from among:

a) Nivolumab, a derivative thereof, or an antigen-binding fragment

thereof] comprising:
a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 54 and a light chain variable domain
consisting of thé sequence of amino acids set forth in SEQ ID NO: 56; or

RECTIFIED SHEET (RULE 91) ISA/EP



10

15

20

25

30

WO 2016/033555 PCT/US2015/047588

-302-

a variable heavy chain consisting of a sequence of amino acids

that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%. 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 54 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least. 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 56;

b) MK-3475, a derivative thereof, or an antigen-binding fragment

thereof, comprising:

a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 68 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 70; or

a variable heavy chain consisting of a sequénce of amino acids
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in

SEQ ID NO: 68 and a variable light chain consisting of a sequence of amino

- acids that has a sequence identity of at léast 85%, 86%, 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 70; and

¢) Pidilizumab, a derivative thereof, or an antigen-binding fragment

thereof, comprising:

a heavy chain variable domain consisting of the sequence of

amino acids set forth in SEQ ID NO: 82 and a light chain variable domain

consisting of the sequence of amino acids set forth in SEQ ID NO: 84; or

a variable heavy chain consisting of a sequence of amino acids

| ‘that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 82 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 84.
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84. The combination of claim 81, wherein the anti-immune checkpoint
brotein antibody is an anti-PD-L1 antibody, a derivative thereof, or an‘antigen-binding
fragment thereof, selected from arhbng:

a) BMS-936559, a derivative thereof, or an antigen-binding fragment
thereof, _'comprising: '
' a heavy chain variable domain consisting of the sequence of
" amino acids set forth in SEQ ID NO: 92 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 94; or
a variable heavy ;:hain consisting of a sequence of amiriq acids

that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in

SEQ ID NO: 92 and a variable light chain consisting of a sequence of amino

acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,

. 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set

forth in SEQ ID NO: 94;

b) MEDI4736, a derivative thereof, or an antigen-binding fragment
thereof, comprising: ' '

; a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID-NO: 102 and a light chain variable domain
consistirig of the sequence of amino acids set forth in SEQ ID NO: 104; or

~ a variable heavy chain consisting of a sequence of amino acids

that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in

SEQ ID NO: 102 and a variable light chain consisting of a sequence of amino

acidé that has a sequence identity of at least 85%, 86%,_ 87%, 88%, 89%, 90%,

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chaih set

forth in SEQ ID NO: 104; and S "

¢) MPDL3280A, a derivative therebf, or an antigen-binding fragment

a heavy chain variable domain consisting of the sequence of

» aminq ac;‘ids set forth in SEQ ID NO: 114 and a light chain variable domain
“ conéisting of the sequence of am_ino acids set forth in SEQ ID NO: 115; or
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a variable heavy chain consisting of a seqlience of amino acids

that has a sequence idéntity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heat;/y chain set forth in

SEQ ID NO: 114 and a variable light chain consisting of a sequence of amino

acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, .

91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the l1ght cham set

forth in SEQ ID NO: 115,

- 85. The comblnatlon of any of claims 60-84, wherein the immune

checkpomt protein 1nh1b1t0r in the composition is in an amount that is selected from:

between or about between 0.5 mg/mL to 50 mg/mL, 1 mg/mL to 10 mg/mL or
2 mg/mL to 6 mg/mL and

at least 0.5 mg/mL, 1 mg/mL 2 mg/mL 3 mg/mL, 4 mg/mL, 5 mg/mL 6
mg/mL 7 mig/mL, 8 mg/mL 9 mg/mL or 10 mg/mlL.

86. The combination of claim 85 wherem

~ the volume of the composmon is from or from about 0.5 mL to 500 °

mL, 1 mL to SOmL orlOmLto40mL or

the volume of the composmon is at least 1 mL, 5 mL, 10 mL, 20 mL,

~30'mL, 40 mL 50 mL, 60 mL., 70 mL, 80 mL, 90 mL or 100 mL.

87. The combination of any of claims 60-86, further comprising a
corticosteroid.’ | |

88. The combination of claim 87, wherein the corticosteroid is a
glucocorticoid. | '

89.  The combination of claim 88, wherein the glucocorticold ie selected
from among cortisones, dexamethasones, hydroeortisones, methylprednisolones,
prednisolones and prednisones.

9. A combination of any of claims 60-89 for use in treating a cancer in an
animal. | v

91. A combination of any of claims 60-89 for use in treating a cancer in an

animal, wherein the animal is first exposed to the hyaluronan-degrading enzyme

- conjugated to. a polymer or formulated for sustained release, and then contacted w1th

the immune checkpomt 1nh1b1tor
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92.  Use of a combination of any of claims 60-89 for the preparation of a
medicament to treat cancer in an animal
93.  Use of a combination of any of claims 60-89 for the preparation of a

medicament to treat cancer in an animal, wherein:

the immune checkpoint inhibitor and hyaluronan-degrading enzyme
cach are in a pharmaceutically acceptable form; and

the animal is first exposed to the hyaluronan-degrading enzyme
conjugated to a polymer and then contacted with the immune checkpoint inhibitor.

94.  The combination or use of any of claims 90-93, wherein the
hyaluronan-degrading enzyme and immune checkpoint inhibitor are formulated for
administration by the same route of administration or a different route of
administration.

95.  The combination or use of claim 94, wherein the hyaluronan-degrading
enzyme and immune checkpoint inhibitor are administered by the same route of
administration.

96.  The combination or use of any of claims 90-95, wherein the
hyaluronan-degrading enzyme and immune checkpoint inhibitor are formulated for
oral, intravenous (IV), subcutaneous, intramuscular, intra-tumoral, intradermal,
topical, transdermal, rectal, intrathecal or sub-epidermal administration.

97.  The combination or use of any of claims 90-96, wherein the
hyaluronan-degrading enzyme and immune checkpoint inhibitor are formulated for
systemic administration.

98.  The combination or use of any of claims 90-97, wherein the
hyaluronan-degrading enzyme and immune checkpoint inhibitor are formulated for
intravenous administration.

99.  The combination or use of any of claims 90-98, wherein the
hyaluronan-degrading enzyme is exposed to the animal up to 48 hours before the
immune checkpoint inhibitor is exposed to the animal.

100. The combination or use of claim 99, wherein:

the hyaluronan-degrading enzyme is exposed to the animal at least or at least
about or 5 minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours, 6 hours,

8 hours, 12 hours, 16 hours, 18 hours, 20 hours, 22 hours, 24 hours, 30 hours, 36
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hours, 40 hours, 48 hours before the immune checkpoint inhibitor is exposed to the
animal; and '
the hyaluronan-degrading enzyme is formulated for administration at least 5

minutes, 15 minutes, 30 minutes, 1 hour, 2 hours, 3 hours, 4 hours 6 hours, 8 hotlrs'

. 12 hours, 16 hours, 18 hours, 20 hours, 22 hours, 24 hours, 30 hours, 36 hours, 40

" hours, or 48 hours prior to the immune checkpoint inhibitor.

101. The combination or use of any of claims 90-100, ‘wllerein the cancer is

a tumor and the tumor is a solid tumor.

102.- The combination or use of claim 101 , wherein the tumor is

" characterized as having a moderate to high hyaluronan content.

103. The combination or use of claim 101 or claim 102, wherein the tumor
is characterized has having a high hyaluronan content. .

104. The combmatlon or use of any of claims 90- 103, wherein the cancer is
selected from among pancreatic cancer, breast cancer prostate cancer, bladder cancer,
gastric cancer, mesothelioma, NSCLC, and col_on cancer. . '

105. An imrrlune checkpoint inhibitor for use in treating a cancer in a
subject, wherein: | _

the subject has been treated with a hyaluronaﬁ-degrading enzyme, and"

the hyaluronan-degrading enzyme is conjugated to a polymer or formulated
for sustained release.

106. Use of an immune checkpoint inhibitor for formulation of a
medicament for use in treating a cancer in a subject who has been pr_e-administered a
hyaluronan-degrading enzyme, wherein the hyaluronan-deg‘rading enzyme is
conjugated to a polymer or formulated for sustained release.

107. The immune checkpomt inhibitor of claim 105 or use of claim 106,

wherein the immune checkpoint inhibitor blocks activity of an immune checkpoint

protein. _ J

108.  The immune checkpoint inhibitor or use of any of claims 105-107,
wherein the target.of the immune'ch,eckpoint inhibitor is selected from among
CTLA4,PD-1,and PD-L1. | |

109. The immune checkpomt inhibitor or use of any of claims 105-108,

wherein the immune checkpoint 1nh1b1tor is selected from among an antibody, a
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 fusion protein, an aptamer, and immune checkpoint protein-binding fragments
thereof. |

" 110.  The immune checkpoint inhibitor or use of claim 109, wherein the
immune checkpoint inhibitor is an anti-immune checkpoint protein antibody or
antigen-binding fragment thereof. .

B 111. The immurie checkpoint inhibitor or use of claim 110, wherein the
‘1mmune checkpoint inhibitor is an anti-CTLA4, anti-PD- 1 or anti-PD-L1 antlbody or
an antigen bmdlng fragment thereof.

112.  The immune checkpoint inhibitor or use of claim 110 or claim 111
wherein the immune checkpomt inhibitor i$ a monoclonal antibody or an antlgen
b1nd1ng fragment thereof |

113.  The immune checkpoint 1nh1b1tor of any of claims 110-112, wherein

the antibody or antigen binding fragment thereof is an anti-PD-L1 antibody or antigen
| ‘bmdmg fragment thereof. | '
-114.  The immune checkpoint inhibitor or use of any of claims 110 112,
f ~wherein the anti-immune checkpomt protcln antibody is an anti-CTLA4 antibody,
dcrivativé thereof, or antigen-binding fragment thereof, selected from among:
a) Ipilimumab, a derivative thereof, or an antigen-binding fragment
thereof, comprising: - . . _ '

a heavy ghain variable domain consisting of the sequence of
amino acids set forfh in SEQ ID NO' 22 and a light chain variable domain
conS1st1ng of the sequence of amino acids set forth in SEQ ID NO: 24; or

a Varlable heavy chain consisting of a sequence.of amino acids’
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQIDNO: 22 and a Variable light chain consisting of a éequence of amino -
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set |
forth in SEQ ID NO: 24; and

| b) Tremelimumab, a derivative thereof, or an antigen-binding

fragment thereof, comprising: .
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a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 34 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 36; and

a variable heavy chain consisting of a sequence of amino acids that has
a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in SEQ ID NO: 34
and a variable light chain consisting of a sequence of amino acids that has a sequence
identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% to the light chain set forth in SEQ ID NO: 36.

115. The immune checkpoint inhibitor or use of any of claims 110-112, -
wherein the anti-immune checkpoint antibody is an anti-PD-1 antibody, derivative
thereof, or antigen-binding fragment thereof, selected from among:

a) Nivolumab, a derivative thereof, or an antigen-binding fragment
thereof, comprising:

a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 54 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 56; or

a variable heavy chain consisting of a sequence of amino acids
that has a sequence i‘dentity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 54 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 56;

b) MK-3475, a derivative thereof, or an antigen-binding fragment
thereof, comprising: |

‘a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 68 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 70; or

a variable heavy chain consisting of a séquence of amino acids

‘ that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
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SEQID NO: 68 and a variable light chain consisting of a sequence of amino

acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to t_hé light chain set
forth in SEQ ID NO: 70; and

c) Pldlllzumab a derivative thereof, or an antigen-binding fragmcnt

thereof, comprlsmg.

a heavy chain variable domain consisting of the sequence of -

amino acids set forth in SEQ ID NO: 82 and a light chain variable domain

- consisting of the sequence of amino acids set forth in SEQ ID NO: 84 or -

a variable heavy chain consisting of a sequence of amino acids
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%., 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 82 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92% 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 84.

116.  The immune checkpoint inhibitor or use of any of claims 110- 113

wherein the anti-immune checkpomt protein antibody is an anti-PD-L1 antibody, a

derivative thereof, or an antigen-binding fragment thereof, selected from among:

a) BMS-936559, a derivative thereof, or an antigen-binding fragment

thereof, comprising:

a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 92 and a light chain variable’domain
cons1st1ng of the sequence of ammo acids set forth in SEQ ID NO: 94 or

a variable heavy chain consisting of a sequence of amino acids

that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91%,

1 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in

SEQ ID NO: 92 and a variable light chain consisting of a sequence of amino
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93% 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 94;
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_ b) MEDI4736, a denvatlve thereof, or an antlgen-blndmg fragment
thereof, comprlsmg _

a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 102 and a light chain variable domain
consisting of the sequence of amino acids set forth in SEQ ID NO: 104;0or

a variable heavy chain éonsisting of a sequence of amino acids. .
that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%, 91’%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
.SEQ ID NO: 102 and a variable light chain consisting of a sequence of aminb
acids that has a sequence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 104; and o |
N ¢) MPDL3280A, a derlvatlve thereof, or an antigen-binding fragment

thereof compr1s1ng
| a heavy chain variable domain consisting of the sequence of
amino acids set forth in SEQ ID NO: 114 and a light chain variable domain
consisting Qﬁthe sequence of amino acids set forth in SEQ ID NO: 115; or
) a variable heavy chain consisting of a sequence of amino acids
- that has a sequence ident’ity of at least §5%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%,.94%, 95%, 96%, 97%, 98%, or 99% to the heavy chain set forth in
SEQ ID NO: 114 and a variable light chain consisﬁng of a sequence of amino
acids that has a seduence identity of at least 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% to the light chain set
forth in SEQ ID NO: 115..

117 The immune checkpomt inhibitor or use of any of claims 105-116,
wherein the immune checkpomt- protein inhibitor is formulated for administration at a
'c.br'icentrat”ibn' selected from among: | |

between or about between 0.5 mg/mL to 50 mg/mL, 1 mg/mL to 10 mg/mL or
- 2 mg/mL to 6 mg/mL; and

at least 0.5 mg/mL, 1 mg/mL, 2 mg/mL 3 mg/mL, 4 mg/mL, 5 rng/mL 6
- mg/mL, 7 mg/mL, 8 mg/mL 9 mg/mL or 10 mg/mL

1158. - The immune checkpomt inhibitor or use of claim 117, wherein:
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fhe ’VolLime of the composition is from or from about 0.5 mL to 500 mL, 1
mkL to 50 mL, or 10 mL to 40 mL or
the volume of the composmon is at least 1 mL, 5 mL, 10 mL, 20 mL, 30 mL,
40 mL, 50 mL, 60 mL, 70 mL, 80 mL, 90 mL or 100 mL.
119. °~ The immune checkpomt 1nh1b1tor or use of any of claims 105-118,
whereln the hyaluronan—degradmg enzyme is & hyaluromdase

120. The immune checkpoint inhibitor or use of claim 119, where_i_n_the

“hyaluronidase is a PH20 or truncated form thereof that lacks a C-terminal

glycosylphosphatidylinositol (GPT) attachment site or a portion of the GPI aﬂacMent :
site. -

121. The immune check}ﬁoint inhibitor or use of claim 119 or claim 120,

. wherein the hyaluromdase is aPH20 that is a human or non-human PH20.

122, The immune checkpoint inhibitor or use of any of clalms 105- 121
wheréi_n: '

the hyaluronan—degrading enzyme is a C-terminal truncated PH20
selected from among: ‘

a) a contiguous sequence of amino acids i in SEQ ID NO: 217 that
coritains amino acids 36-464 of SEQ ID NO: 217 and residues up to a C-terminal
amino acid residue, whereby the polypeptide is C-terminally truncated so that it does
not include the full-length of the polypeptide whose sequence is set forth as amino
acids 1-509 or 36-509 of SEQ ID NO: 217; and | v

b) a sequence of amino acids that has at least 85% sequence identity to
the sequence of a) fhat is soluble and retains hyalurohidase activity.

- 123. The immune checkpoint inhibitor or use of claim 122, wherein the

-PH2’>O comprises a sequence of amino aéids that has at least 86%, 87%, 88%, 89%,

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% sequence identity to the

- sequence of a) that is soluble and retains hyaluronidase activity.

- 124. The immune checkpoint inhibitor or use of any of claims 120-123,
wherein the PH20 comprises a sequence of arﬁino acids set forth in any of SEQ ID
NOS: 123-158, or a sequence of amino acids thé’t exhibits at least 85% seqﬁenceﬁ
identity to a sequence of amino acids set forth in any of SEQ ID NOS: 123-1 58 and

retains hyaluronidase activity.
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