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(57) Abstract: The present disclosure provides methods of treating or inhibiting cancer pain i1n a patient in need thereof, including

selecting a patient with cancer, and administer
inhibitor. The present disclosure also provides
patient with cancer, and administer
treated with background analgesic

ing to the patient a therapeutically effective amount of a programmed death 1 (PD-1)

methods of reducing analgesic use 1n a patient 1in need thereof, including selecting a

ing to the patient a therapeutically effective amount of a PD-1 inhibitor, wherein the patient 1s being
therapy prior to administration of the PD-1 inhibitor. In some embodiments, the disclosed methods

concurrently lead to tumor regression, pain reduction, and reduced use of analgesic therapy.
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METHODS OF TREATING CANCER PAIN BY ADMINISTERING A PD-1 INHIBITOR

FIELD

[0001] The present disclosure generally relates to methods of treating or inhibiting cancer pain
IN a patient in need thereof, including selecting a patient with cancer and administering to the
patient a therapeutically effective amount of a programmed death 1 (PD-1) inhibitor. The present
disclosure also relates to methods of reducing opioid use In a patient in need thereof, including
selecting a patient with cancer, wherein the patient is being treated with analgesic therapy, and

administering to the patient a therapeutically effective amount of a PD-1 inhibitor.

BACKGROUND

[0002] Pain is an important symptom Iin the management of cancers from both patient and
clinician perspectives. Cancer pain, which can be caused by the disease itself or by treatments,
IS very common In people with cancer. Many cancer patients experience pain while undergoing
treatment, and almost all patients experience pain in the advanced stages of cancer. Cancer pain
may depend on many different factors, such as the stage of the disease and a patient's tolerance
for pain. Cancer pain can originate from the primary cancer itself or from other areas in the body
where the cancer has spread (metastases). As a tumor grows, it may put pressure on nerves,
bones or other organs, causing pain. Pain may also result from fracturing of bones, infection or
iInflammation associated with the disease. Cancer pain may not just arise from the physical effect
of the cancer on a region of the body, but also may be caused by the chemicals that may be
secreted from cancerous cells and/or tissues. The type of cancer pain may vary as well, including,
for example, acute, chronic, or breakthrough pain. Cancer pain may also vary in the duration of

each pain episode, its severity and its frequency of occurrence.

[0003] Cancer pain is commonly treated with analgesics, such as opioids (e.g., fentanyl,
oxycodone, hydrocodone, codeine, morphine), non-steroidal anti-inflammatory drugs (NSAIDs),
acetaminophen, and the like. Opioids are known to cause side effects, such as sedation,
dizziness, nausea, vomiting, constipation, physical dependence, tolerance and respiratory
depression. Additionally, long term negative consequences of opioids may Include
psychological addiction and abuse (Benyamin et al., 2008, Pain Physician, 11:5105-5120). Thus,
repeated use of opioids for relief of cancer pain can lead to opiate abuse, tolerance, and

dependence, among other risks and unwanted side effects. Accordingly, there Is a need for safe
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and effective therapies for treating or Inhibiting cancer pain in patients with cancer, and for

reducing analgesic use (e.qg., opioid use) In the treatment of such pain.

SUMMARY

[0004] In one aspect, the disclosed technology relates to a method of treating or inhibiting
cancer pain, Including: (a) selecting a patient with cancer; and (b) administering to the patient a
therapeutically effective amount of a programmed death 1 (PD-1) inhibitor. In some embodiments,
the cancer Is selected from anal cancer, bladder cancer, bone cancer, breast cancer, brain
cancer, cervical cancer, colon cancer, colorectal cancer, endometrial cancer, esophageal cancer,
head and neck cancer, kidney cancer, liver cancer, lung cancer, myeloma, ovarian cancer,
pancreatic cancer, prostate cancer, salivary gland cancer, skin cancer, stomach cancer, testicular
cancer, and uterine cancer. In some embodiments, the cancer Is skin cancer. In some
embodiments, the skin cancer is a non-melanoma skin cancer. In some embodiments, the skin
cancer is cutaneous squamous cell carcinoma (CSCCQC) or basal cell carcinoma (BCC). In some
embodiments, the CSCC is metastatic CSCC or unresectable locally advanced CSCC. In some
embodiments, the BCC is locally advanced BCC (IaBCC) or metastatic BCC. In some
embodiments, the BCC has progressed on, or the BCC patient was intolerant to, hedgehog
iInhibitor (HHI) therapy. In some embodiments, functioning and quality of life of the patient Is
improved or maintained from baseline, as measured by EORTC QLQ-C30 and SKINDEX-16. In
some embodiments, the patient is recelving analgesic therapy as a background medication prior
to administration of the PD-1 inhibitor. In some embodiments, the analgesic therapy Is selected
from an opioid, a non-steroid anti-inflammatory drug (NSAID), a steroid, acetaminophen, and

combinations thereof. In some embodiments, the analgesic therapy includes an opioid.

[0005] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
administration of the PD-1 inhibitor leads to reduced use of analgesic therapy by the patient. In
some embodiments, the method further includes reducing the amount of the analgesic therapy
received by the patient by 20% or more within 1 year after administration of the PD-1 inhibitor. In
some embodiments, the pain is reduced by about 20% or more within 1 year after administration
of the PD-1 inhibitor. In some embodiments, the administration of the PD-1 inhibitor concurrently
leads to reduced cancer pain and at least 30% decrease In tumor cells or tumor size. In some
embodiments, the administration of the PD-1 inhibitor concurrently leads to reduced analgesic
use and at least 30% decrease In tumor cells or tumor size. In some embodiments, the

administration of the PD-1 inhibitor concurrently leads to reduced opioid use and at least 30%
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decrease In tumor cells or tumor size. In some embodiments, the administration of the PD-1
iINhibitor reduces pain, reduces the need for analgesic therapy, promotes tumor regression,
reduces tumor cell load, reduces tumor burden, prevents tumor recurrence In the patient, and/or

INcreases patient survival.

[0006] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
PD-1 inhibitor 1s administered in combination with a second therapeutic agent or therapy selected
from an analgesic, a non-steroid anti-inflammatory drug (NSAID), radiation, surgery, a cancer
vaccine, imiguimod, an anti-viral agent, photodynamic therapy, HHI therapy, a PD-L1 inhibitor, a
LAG3 inhibitor, a CTLA-4 inhibitor, a GITR agonist, a TIM3 inhibitor, a BTLA inhibitor, a TIGIT
inhibitor, a CD38 inhibitor, a CD47 inhibitor, an IDO inhibitor, a CD28 activator, a VEGF
antagonist, an Ang2 inhibitor, a TGFR inhibitor, an EGFR inhibitor, an antibody to a tumor-specific
antigen, a cancer vaccine, a GM-CSF, an oncolytic virus, a cytotoxin, a chemotherapeutic agent,
an [L-6R inhibitor, an |IL-4R inhibitor, an [L-10 inhibitor, a cytokine, an antibody drug conjugate,

an anti-inflammatory drug, and a dietary supplement.

[0007] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
PD-1 inhibitor is selected from an anti-PD-1 antibody or antigen-binding fragment thereof, an anti-
PD-L1 antibody or antigen-binding fragment thereof, and an anti-PD-L2 antibody or antigen-
binding fragment thereof. In some embodiments, the PD-1 inhibitor is an anti-PD-1 antibody or

antigen-binding fragment thereof.

[0008] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
PD-1 inhibitor i1s an anti-PD-1 antibody or antigen-binding fragment thereof that includes a heavy
chain variable region (HCVR) including three heavy chain complementarity determining regions
(CDRs) (HCDR1, HCDR2 and HCDR3) and a light chain variable region (LCVR) including three
light chain CDRs (LCDR1, LCDR2 and LCDR3), wherein: HCDR1 has an amino acid sequence
of SEQ ID NO: 3; HCDR2 has an amino acid sequence of SEQ ID NO: 4; HCDR3 has an amino
acid sequence of SEQ ID NO: 5; LCDR1 has an amino acid sequence of SEQ ID NO: 6; LCDR2
has an amino acid sequence of SEQ ID NO: 7; and LCDR3 has an amino acid sequence of SEQ
ID NO: 8. In some embodiments, the HCVR includes an amino acid sequence of SEQ ID NO: 1.
In some embodiments, the LCVR includes an amino acid sequence of SEQ ID NO: 2. In some
embodiments, the anti-PD-1 antibody or antigen-binding fragment thereof Iincludes an
HCVR/LCVR amino acid sequence pair of SEQ ID NOs: 1/2. In some embodiments, the anti-PD-
1 antibody or antigen-binding fragment thereof includes a heavy chain and a light chain, wherein

the heavy chain has an amino acid sequence of SEQ ID NO: 9. In some embodiments, the anti-
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PD-1 antibody includes a heavy chain and a light chain, wherein the light chain has an amino acid
sequence of SEQ ID NO: 10. In some embodiments, the anti-PD-1 antibody includes a heavy
chain and a light chain, wherein the heavy chain has an amino acid sequence of SEQ ID NO: 9

and the light chain has an amino acid sequence of SEQ ID NO: 10.

[0009] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
PD-1 inhibitor is an anti-PD-1 antibody or antigen-binding fragment thereof including a HCVR with
90%, 95%, 97% or 98% sequence identity to SEQ ID NO: 1. In some embodiments, the PD-1
inhibitor is an anti-PD-1 antibody or antigen-binding fragment thereof including a LCVR with 90%,
95%, 97% or 98% sequence identity to SEQ ID NO: 2. In some embodiments, the PD-1 inhibitor
IS an anti-PD-1 antibody or antigen-binding fragment thereof including a HCVR with 90%,95%,
97% or 98% sequence identity to SEQ ID NO: 1, and a LCVR with 90%,95%, 97% or 98%
sequence identity to SEQ ID NO: 2.

[0010] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
PD-1 inhibitor is cemiplimab or a bioequivalent thereof. In some embodiments, the PD-1 inhibitor
IS an anti-PD-1 antibody selected from the group consisting of cemiplimab, nivolumab,
pembrolizumab, pidilizumab, MEDIO608, Bl 754091, PF-06801591, spartalizumab,
camrelizumab, JNJ-63723283, and MCLA-134. In some embodiments, the PD-1 inhibitor is an
anti-PD-L1 antibody selected from the group consisting of REGN3504, avelumab, atezolizumab,
durvalumab, MDX-1105, LY3300054, FAZ053, STI-1014, CX-072, KN0O35, and CK-301.

[0011] In some embodiments of the disclosed methods of treating or inhibiting cancer pain, the
PD-1 inhibitor 1s administered at a dose of 5mg to 1500mg. In some embodiments, the PD-1
Inhibitor iIs administered at a dose of 200mg, 250mg, 350mg, 600mg, 7/00mg, or 1050mg. In some
embodiments, the PD-1 inhibitor iIs administered at a dose of 1 mg/kg to 20 mg/kg of the patient’'s
pbody weight. In some embodiments, the PD-1 inhibitor is administered at a dose of 1 mg/kg, 3
mg/kg or 10 mg/kg of the patient's body weight. In some embodiments, the PD-1 Inhibitor Is
administered as one or more doses, wherein each dose I1s administered two weeks, three weeks,
four weeks, flve weeks or six weeks after the immediately preceding dose. In some embodiments,

the PD-1 Iinhibitor is administered intravenously, subcutaneously, or intraperitoneally.

[0012] In another aspect, the disclosed technology relates to a kit including a programmed
death 1 (PD-1) inhibitor in combination with written instructions for use of a therapeutically
effective amount of the PD-1 inhibitor for treating or inhibiting cancer pain in a patient with cancer.
In some embodiments, the kit further includes instructions for use of a therapeutically effective

amount of the PD-1 inhibitor for treating or inhibiting the growth of a tumor. In some embodiments,
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the cancer I1s selected from anal cancer, bladder cancer, bone cancer, breast cancer, brain
cancer, cervical cancer, colon cancer, colorectal cancer, endometrial cancer, esophageal cancer,
head and neck cancer, kidney cancer, liver cancer, lung cancer, myeloma, ovarian cancer,
pancreatic cancer, prostate cancer, salivary gland cancer, skin cancer, stomach cancer, testicular

cancer, and uterine cancer.

[0013] In another aspect the disclosed technology relates to a method of reducing use of
analgesic therapy by a cancer patient, including: (a) selecting a patient with cancer; and (b)
administering to the patient a therapeutically effective amount of a programmed death 1 (PD-1)
INhibitor, wherein the patient is receiving analgesic therapy as a background medication prior to
the administration of the PD-1 inhibitor. In some embodiments, the cancer is selected from anal
cancer, bladder cancer, bone cancer, breast cancer, brain cancer, cervical cancer, colon cancer,
colorectal cancer, endometrial cancer, esophageal cancer, head and neck cancer, kidney cancer,
liver cancer, lung cancer, myeloma, ovarian cancer, pancreatic cancer, prostate cancer, salivary
gland cancer, skin cancer, stomach cancer, testicular cancer, and uterine cancer. In some
embodiments, the cancer IS skin cancer. In some embodiments, the cancer Is metastatic

cutaneous squamous cell carcinoma (CSCC) or unresectable locally advanced CSCC.

[0014] In some embodiments of the disclosed methods of reducing use of analgesic therapy by
a cancer patient, the analgesic therapy Is selected from an opioid, a non-steroid anti-inflammatory
drug (NSAID), a steroid, acetaminophen, and combinations thereof. In some embodiments, the
analgesic therapy includes an opioid. In some embodiments, the amount of analgesic therapy
received by the patient is reduced by at least 20% within 1 year after administration of the PD-1
INhibitor as compared to the amount of analgesic therapy received by the patient before
administration of the PD-1 inhibitor. In some embodiments, the administration of the PD-1 inhibitor
concurrently leads to reduced analgesic use and at least 30% decrease In tumor cells or tumor
size. In some embodiments, the administration of the PD-1 inhibitor concurrently leads to reduced
opioid use and at least 30% decrease In tumor cells or tumor size. In some embodiments, the
administration of the PD-1 inhibitor concurrently leads to reduced cancer pain and at least 30%
decrease In tumor cells or tumor size. In some embodiments, the administration of the PD-1
INhibitor concurrently leads to reduced cancer pain, reduced opioid use and a tumor response
selected from the group consisting of stable disease (SD), partial response (PR) and complete

response (CR), as determined using RECIST criteria.

[0015] In some embodiments of the disclosed methods of reducing use of analgesic therapy by

a cancer patient, the PD-1 inhibitor i1s administered in combination with a second therapeutic
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agent or therapy selected from an analgesic, a non-steroid anti-inflammatory drug (NSAID),
radiation, surgery, a cancer vaccine, imiguimod, an anti-viral agent, photodynamic therapy, HHI
therapy, a PD-L1 inhibitor, a LAG3 inhibitor, a CTLA-4 inhibitor, a GITR agonist, a TIM3 inhibitor,
a BTLA inhibitor, a TIGIT inhibitor, a CD40 inhibitor, a CD47 inhibitor, an IDO inhibitor, a CD28
activator, a VEGF antagonist, an Ang2 inhibitor, a TGFB inhibitor, an EGFR inhibitor, an antibody
to a tumor-specific antigen, a cancer vaccine, a GM-CSF, an oncolytic virus, a cytotoxin, a
chemotherapeutic agent, an |L-6R inhibitor, an [L-4R inhibitor, an IL-10 inhibitor, a cytokine, an

antibody drug conjugate, an anti-inflammatory drug, and a dietary supplement.

[0016] In some embodiments of the disclosed methods of reducing use of analgesic therapy by
a cancer patient, the PD-1 inhibitor is selected from an anti-PD-1 antibody or antigen-binding
fragment thereof, an anti-PD-L1 antibody or antigen-binding fragment thereof, and an anti-PD-L2
antibody or antigen-binding fragment thereof. In some embodiments, the PD-1 inhibitor is an anti-
PD-1 antibody or antigen-binding fragment thereof. In some embodiments, the PD-1 inhibitor is
an anti-PD-1 antibody or antigen-binding fragment thereof that includes a heavy chain variable
region (HCVR) including three heavy chain complementarity determining regions (CDRSs)
(HCDR1, HCDR2 and HCDR3) and a light chain variable region (LCVR) including three light chain
CDRs (LCDR1, LCDR2 and LCDR3), wherein: HCDR1 has an amino acid sequence of SEQ ID
NO: 3; HCDR2 has an amino acid sequence of SEQ ID NO: 4, HCDR3 has an amino acid
sequence of SEQ ID NO: 5; LCDR1 has an amino acid sequence of SEQ ID NO: 6; LCDRZ2 has
an amino acid sequence of SEQ ID NO: 7; and LCDR3 has an amino acid sequence of SEQ D
NO: 8.

[0017] In some embodiments of the disclosed methods of reducing use of analgesic therapy by
a cancer patient, the PD-1 inhibitor 1s administered at a dose of 5mg to 1500mg. In some
embodiments, the PD-1 inhibitor is administered at a dose of 200mg, 250mg, 350mg, 600mg,
/700mg, or 1050mg. In some embodiments, the PD-1 inhibitor is administered at a dose of 1 mg/kg
to 20 mg/kg of the patient’s body weight. In some embodiments, the PD-1 inhibitor is administered
at a dose of 1 mg/kg, 3 mg/kg or 10 mg/kg of the patient’'s body weight. In some embodiments,
the PD-1 inhibitor is administered as one or more doses, wherein each dose I1s administered two
weeks, three weeks, four weeks, five weeks or six weeks after the immediately preceding dose.
In some embodiments, the PD-1 inhibitor Is administered intravenously, subcutaneously, or

Intraperitoneally.

[0018] Other embodiments of the present disclosure will become apparent from the detailed

description below.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Figure 1 shows the change from baseline in QLQ-C30 pain score by cycle among
patients who had baseline and post-baseline assessment of the QLQ-C30 pain scale, In

connection with the study described in Example 1 herein.

[0020] Figure 2 shows cumulative number of days on opioids over time among patients who
had baseline and post-baseline assessment of the QLQ-C30 pain scale, in connection with the

study described in Example 1 herein.

[0021] Figure 3A shows Kaplan—Meier (KM) survival analysis of time to first clinically
meaningful improvement in pain score in patients assessed In the study described in Example 1
herein. Figure 3B shows KM survival analysis of time to first tumor response In patients assessed

IN the study described in Example 1 herein.

[0022] Figure 4A shows KM survival analysis of time to first clinically meaningful deterioration
IN pain score In patients assessed In the study described in Example 1 herein. Figure 4B shows
KM survival analysis of time to progression-free survival (PFS) in patients assessed in the study

described In Example 1 herein.

[0023] Figure 5 shows the proportion of patients reporting clinically meaningful change in global

health status/HRQoL, functional scales, and symptom in the study described in Example 1 herein.

[0024] Figures 6A-6D show baseline scores and overall change from baseline (MMRM) on the
QLQ-C30 in patients in the full analysis set who had baseline and at least one post-baseline value
iINn the study described in Example 2 herein. Figure 6A shows baseline score on QLQ-C30
functioning scales. Figure 6B shows baseline score on QLQ-C30 symptom scales. Figure 6C
shows overall least squares (LS) mean change on QLQ-C30 functioning scales. Figure 6D shows
overall least squares (LS) mean change on QLQ-C30 symptom scales. *P<0.05 vs baseline;

TClinically meaningful change. Cl, confidence interval; SD, standard deviation.

[0025] Figure 7 shows MMRM analysis of change from baseline by treatment cycle in patients
IN the full analysis set who had baseline and at least one-post baseline value In the study

described In Example 2 herein.

[0026] Figure 8 shows the proportion of patients reporting clinically meaningful improvement,
clinically meaningful deterioration, or maintenance on the QLQ-C30 at cycles 2 and 9 in the study

described In Example 2 herein.
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[0027] Figure 9A shows baseline scores and Figure 9B shows overall change from baseline
(MMRM) In patients In the full analysis set who had baseline and at least one post-baseline
assessment on SKINDEX-16 subscales in the study described in Example 2 herein. *P<0.05 vs

baseline; TClinically meaningful change.

[0028] Figure 10 shows proportion of patients reporting clinically meaningful improvement,
clinically meaningful deterioration, or maintenance on the SKINDEX-16 at cycles 2 and 9 in the

study described In Example 2 herein.

[0029] Figure 11 is a graph showing CR rates over time compared to primary analyses, as
described in Example 3. At the time of the Group 1 primary analysis, a pre-specified Group 2
interim analysis was performed. Among the 23 [aCSCC patients included in this pre-specified

Interim analysis, there were no complete responses.

[0030] Figure 12A shows KM curves for duration of response (DOR) of patients included in the
study described in Example 3. Figure 12B shows KM curves for progression free survival (PFS)
of patients included in the study described in Example 3. Figure 12C shows KM curves for overall

survival (OS) of patients included in the study described in Example 3.

[0031] Figure 13A is a graph showing change from baseline in Global Health Status / Quality
of Life scores for patients included in the study described in Example 3. Figure 13B is a graph
showing change from baseline in Pain scores for patients included in the study described In
Example 3. *p<0.0001. An Increase of =10 points from baseline is considered a clinically
meaningful improvement, while a decrease of 210 points from baseline is considered a clinically
meaningful deterioration. Data are shown for day 1 of each cycle. The questionnaire was
administered on day 1 of each treatment cycle (treatment cycle defined as 8 weeks for Groups 1

and 2 and 9 weeks for Group 3). Equivalent months are shown.

[0032] Figure 14 shows the proportion of responding patients reporting clinically meaningful
change (=10-point change) at cycle 6 and cycle 12, as described in Example 3. The questionnaire
was administered on day 1 of each treatment cycle (treatment cycle defined as 8 weeks for

Groups 1 and 2 and 9 weeks for Group 3).

DETAILED DESCRIPTION

[0033] Itis to be understood that the present disclosure is not limited to the particular methods

and experimental conditions described, as such methods and conditions may vary. It is also to be
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understood that the terminology used herein Is for the purpose of describing particular
embodiments only, and i1s not intended to be limiting, and that the scope of the present disclosure
will be limited only by the appended claims. Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood by one of ordinary skill In
the art to which this disclosure belongs. Although any methods and materials similar or equivalent
to those described herein can be used in the practice or testing of the present disclosure, preferred
methods and materials are now described. All publications mentioned herein are hereby

iIncorporated by reference In their entirety unless otherwise stated.

[0034] The present disclosure generally relates to methods of treating or inhibiting cancer pain
IN a cancer patient, including selecting a patient suffering from cancer and pain, and administering
to the patient a therapeutically effective amount of a programmed death 1 (PD-1) inhibitor. The
present disclosure also relates to methods of treating or inhibiting the growth of a tumor and
treating or Inhibiting cancer pain, including selecting a patient suffering from cancer and pain, and
administering to the patient a therapeutically effective amount of a PD-1 inhibitor. In some
embodiments, the methods of the present disclosure lead to tumor regression and pain reduction
concurrently —1.e., wherein such benefits are achieved in approximately the same amount of time.
Throughout the present disclosure, references to particular anti-PD-1 antibodies are provided to

llustrate a representative PD-1 inhibitor, and do not limit the scope of the disclosure.

Methods of Treating or Inhibiting Cancer Pain

[0035] The present disclosure includes methods of treating or inhibiting cancer pain, comprising
selecting a patient with cancer and in need thereof; and administering to the patient an antibody
or antigen-binding fragment thereof that specifically binds PD-1, PD-L1, and/or PD-L2, or any

other "PD-1 inhibitor” as described herein.

1) 1

[0036] As used herein, the terms “treating”, “treat”, or the like with respect to pain, mean to
alleviate or reduce the severity of at least one symptom or indication, to eliminate the causation
of symptoms either on a temporary or permanent basis, to inhibit pain, to reduce pain, and/or to
reduce the need for opioids or other analgesics. The pain (sometimes referred to herein as
‘cancer pain’) can originate from the patient’'s primary cancer itself or from other areas In the
patient’'s body where the cancer has spread (metastases). Cancer pain may arise from injuries,
infection or inflammation associated with the cancer. Cancer pain may arise from the physical
effect of the cancer on a region of the patient’'s body or may be caused by chemicals secreted

from cancerous cells and/or tissues due to the cancer itself and/or a cancer treatment. Cancer



WO 2022/051448 PCT/US2021/048785

pain may Include acute, chronic, and/or breakthrough pain. In related embodiments, the terms
“treating’, “treat’, or the like with respect to tumor growth, mean to alleviate or reduce the severity
of at least one symptom or indication, to eliminate the causation of symptoms either on a
temporary or permanent basis, to delay or inhibit tumor growth, to reduce tumor cell load or tumor
burden, to promote tumor regression, to cause tumor shrinkage, necrosis and/or disappearance,
to prevent tumor recurrence, to prevent or inhibit metastasis, to inhibit metastatic tumor growth,
to eliminate the need for radiation or surgery, to increase duration of survival of the subject, and/or
lead to stable disease (SD), partial response (PR) or complete response (CR) (as determined

)] ki

using RECIST criteria). In many embodiments, the terms “tumor”, “lesion,” “tumor lesion,’

‘cancer,” and "malignancy” are used interchangeably and refer to one or more cancerous growths.

[0037] As used herein, the expression “a subject in need thereof” with respect to treating or
INhibiting cancer pain means a human or non-human mammal that has cancer and exhibits one
or more symptoms or indications of pain, and who needs treatment for the same. The term
‘'subject” may be Iinterchangeably used with the term “patient”. In some embodiments, the
expression Includes human subjects that have and/or need treatment for pain and also have
and/or need treatment for a solid tumor, e.q., anal cancer, bladder cancer, bone cancer, breast
cancer, brain cancer, cervical cancer, colon cancer, colorectal cancer, endometrial cancer,
esophageal cancer, head and neck cancer, kidney cancer, liver cancer, lung cancer, myeloma,
ovarian cancer, pancreatic cancer, prostate cancer, salivary gland cancer, skin cancer (CSCC

and BCC), stomach cancer, testicular cancer, and uterine cancer.

[0038] In related embodiments, the expression Includes subjects with primary or metastatic
tumors (advanced malignancies). For example, a human subject may be diagnosed with a primary
or a metastatic tumor and/or with one or more symptoms or indications including, but not limited
to, pain, unexplained weight loss, general weakness, persistent fatigue, loss of appetite, fever,
night sweats, bone or muscle pain, shortness of breath, swollen abdomen, chest pain/pressure,

enlargement of spleen, and elevation in the level of a cancer-related biomarker.

[0039] The severity of a patient’'s pain may be assessed using standard methods known to
those skilled in the art, such as the European Organization for Research and Treatment of Cancer
(EORTC) cancer specific 30-item questionnaire (QLQ-C30) quality of life scale (Osoba et al., J
Clin Oncol. 1998; 16:139-144), the Pain Intensity Numerical Rating Scale (NRS) score, the
Roland Morris Disability Questionnaire (RMDQ) total score, or the Patient Global Assessment
(PGA) of pain score (Mannion et al., Nat. Clin. Pract. Rheumatol., 2007, 3:610-618). Other

methods that may be used to measure pain intensity include: visual analogue scales (VASS),
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verbal rating scales (VRSs), and numerical rating scales (NRSs) (Von Korff et al., 2000, Spine,
25:3140-51; Zanoli et al., 2000, Spine 25:3178-85; Haefeli et al., 2006, Eur Spine J, 15 (Suppl 1):
S17-S24; McGuire, 1999, INSTRUMENTS FOR HEALTH-CARE RESEARCH, 528-561 (Eds. Frank-
Stromborg and Olsen); Ogon et al., 1996, Pain, 64:425-428; Hagg et al., 2003, Eur Spine J, 12:12-
20; Jensen et al., 1986, Pain, 27:117-126).

[0040] The EORTC QLQ-C30 is one of the standard instruments used in oncology for the
evaluation of new cancer therapies and provides a comprehensive assessment of the principal
health-related QoL dimensions identified as relevant by cancer patients (physical functioning,
emotional, cognitive, role, and social functioning, global Qol), and the impact of symptoms and
toxicities. Scores range from 0 to 100; higher scores on functional domains and lower scores on

symptoms reflect better outcomes. A change of at least 10 points absolute value from baseline Is
considered clinically meaningful (Osoba et al., J Clin Oncol, 1998; 16:139—-144).

[0041] The SKINDEX-16 assesses the impact of skin disease on patients’ health-related QoL
over the past week with results reported on three subscales (symptom, emotional, and functional).
SKINDEX-16 is a dermatology-specific measure that focuses on specific domains of disease
burden as they relate to skin disease. Scores on the subscales range from 0 to 100; lower scores

reflect lower impact of disease. A change =10 points is considered clinically meaningful (Hansson
et al., Eur J Dermatol., 2018;28.775—783).

[0042] In some embodiments, the disclosed methods of treating or inhibiting cancer pain lead
to one or more of the following effects: reduction of pain, improvement in quality of life, reduction
IN the use of analgesics such as opioids (including concomitant or background analgesic therapy),

and reduction of tumor cells.

[0043] In certain embodiments, the methods of the present disclosure are used in a subject with
a solid tumor. As used herein, the term “solid tumor” refers to an abnormal mass of tissue that
usually does not contain cysts or liquid areas. Solid tumors may be benign (not cancer) or
malignant (cancer). For the purposes of the present disclosure, the term “solid tumor’ means
malignant solid tumor. The term includes different types of solid tumors named for the cell types
that form them, viz. sarcomas, carcinomas and lymphomas. However, the term does not include
leukemias. In various embodiments, the term ‘solid tumor” includes cancers arising from
connective or supporting tissue (e.q., bone or muscle) (referred to as sarcomas), cancers arising
from the body’'s glandular cells and epithelial cells which line body tissues (referred to as
carcinomas), and cancers of the lymphoid organs such as lymph nodes, spleen and thymus

(referred to as lymphomas). Lymphoid cells occur in almost all tissues of the body and therefore,
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lymphomas may develop In a wide variety of organs. In certain embodiments, the term “solid
tumor” includes cancers including, but not limited to, BCC, CSCC, colorectal cancer, ovarian
cancer, prostate cancer, breast cancer, brain cancer, cervical cancer, bladder cancer, anal
cancer, uterine cancer, colon cancer, liver cancer, pancreatic cancer, lung cancer, endometrial
cancer, bone cancer, testicular cancer, skin cancer, kidney cancer, stomach cancer, esophageal
cancer, head and neck cancer, salivary gland cancer, and myeloma. In certain embodiments, the
term “solid tumor” includes cancers including, but not limited to, hepatocellular carcinoma, non-
small cell lung cancer, head and neck squamous cell cancer, basal cell carcinoma, breast
carcinoma, cutaneous squamous cell carcinoma, chondrosarcoma, angiosarcoma,
cholangiocarcinoma, soft tissue sarcoma, colorectal cancer, melanoma, Merkel cell carcinoma,
and glioblastoma multiforme. In certain embodiments, the term “solid tumor’ comprises more than
one solid tumor lesions located separate from one another, e.g., 2, more than 2, more than 5,
more than 10, more than 15, more than 20, or more than 25 lesions In a subject in need of
treatment. In certain embodiments, the more than one lesions are located distally from one
another in the same organ. In certain other embodiments, the tumor lesions may be located In

different organs.

[0044] According to certain embodiments, the present disclosure includes methods for treating
or Inhibiting pain In a cancer patient. In some embodiments, the disclosed methods reduce opioid
use by the patient. In some embodiments, the disclosed methods treat or inhibit tumor growth

concurrently with reducing pain in the patient.

[0045] In certain embodiments, the methods comprise administering a therapeutically effective
amount of a PD-1 inhibitor in combination with an analgesic therapy. Analgesic therapies include,
pbut are not limited to, opioids (e.q., fentanyl, oxycodone, hydrocodone, hydromorphone, codeine,
morphine, meperidine, methadone), non-steroidal anti-inflammatory drugs (NSAIDs),
acetaminophen, steroids, and combinations thereof. In one embodiment, the analgesic therapy

comprises an opioid.

[0046] In certain embodiments, the methods comprise administering a therapeutically effective
amount of a PD-1 inhibitor in combination with an analgesic therapy and an anti-tumor therapy.
Anti-tumor therapies include, but are not limited to, conventional anti-tumor therapies such as

chemotherapy, radiation, surgery, and other anti-tumor therapies.

[0047] The methods of the present disclosure, according to certain embodiments, include
administering to a subject a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-PD-

1 antibody or antigen-binding fragment thereof) in combination with an additional therapeutic
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agent or therapy. The additional therapeutic agent or therapy may be administered for reducing
pain, for increasing anti-tumor efficacy, for reducing toxic effects of one or more therapies and/or
for reducing the dosage of one or more therapies. In various embodiments, the additional
therapeutic agent or therapy may include one or more of. radiation, surgery, a cancer vaccine,
Imiquimod, an anti-viral agent (e.q., cidofovir), photodynamic therapy, HHI therapy (e.q.,
vismodegib, sonedegqib), a programmed death ligand 1 (PD-L1) inhibitor (e.q., an anti-PD-L1
antibody), a lymphocyte activation gene 3 (LAG3) inhibitor (e.g., an anti-LAG3 antibody), a
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitor (e.g., Ipillimumab), a
glucocorticoid-induced tumor necrosis factor receptor (GITR) agonist (e.g., an anti-GITR
antibody), a T-cell immunoglobulin and mucin containing-3 (TIM3) Inhibitor, a B- and T-
lymphocyte attenuator (BTLA) inhibitor, a T-cell i mmunoreceptor with |g and ITIM domains (TIGIT)
inhibitor, a CD38 inhibitor, a CD47 inhibitor, an indoleamine-2,3-dioxygenase (IDO) inhibitor, a
CD28 activator, a vascular endothelial growth factor (VEGF) antagonist [e.q., a “VEGF-Trap” such
as aflibercept, or an anti-VEGF antibody or antigen binding fragment thereof (e.qg., bevacizumab,
or ranibizumab) or a small molecule kinase inhibitor of VEGF receptor (e.qg., sunitinib, sorafenib,
or pazopanib)], an angiopoietin-2 (Ang2) inhibitor, a transforming growth factor beta (TGF[)
inhibitor, an epidermal growth factor receptor (EGFR) inhibitor, an antibody to a tumor-specific
antigen [e.q., CA9, CA125, melanoma-associated antigen 3 (MAGE3), carcinoembryonic antigen
(CEA), vimentin, tumor-M2-PK, prostate-specific antigen (PSA), mucin-1, MART-1, and CA19-9],
a vaccine (e.q., Bacillus Calmette-Guerin), granulocyte-macrophage colony-stimulating factor
(GM-CSF), an oncolytic virus, a cytotoxin, a chemotherapeutic agent (e.g., pemetrexed,
dacarbazine, temozolomide, cyclophosphamide, docetaxel, doxorubicin, daunorubicin, cisplatin,
carboplatin, gemcitabine, methotrexate, mitoxantrone, oxaliplatin, paclitaxel, topotecan,
Irnotecan, vinorelbine, and vincristine), vismodegib, sonedegib, an [L-6R Inhibitor, an |L-4R
iInhibitor, an IL-10 inhibitor, a cytokine such as [L-2, [L-7, IL-12, IL-21, and |L-15, an antibody drug
conjugate, an oncolytic virus, an anti-inflammatory drug such as a corticosteroid, an analgesic, a
non-steroidal anti-inflammatory drug (NSAID), an opioid, and a dietary supplement such as an

antioxidant, and combinations thereof.

[0048] As used herein, the expression “Iin combination with” refers to the co-administration of a
PD-1 Iinhibitor disclosed herein (e.q., an anti-PD-1 antibody) and a second therapeutic agent or
therapy to a subject. In some embodiments, the co-administration is concurrent. In other
embodiments, the PD-1 Inhibitor i1s administered prior to the additional therapeutic agent or
therapy. In other embodiments, the PD-1 inhibitor is administered after the additional therapeutic

agent or therapy.
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[0049] In certain embodiments, the present disclosure includes methods to treat or inhibit pain,
the methods comprising: (a) selecting a cancer patient suffering from pain, wherein the patient is
selected based on one or more of the following attributes: (i) the patient has CSCC,; (ii) the patient
has one or more tumor lesions; (i) the tumor is unresectable; (iv) the patient Is not a suitable
candidate for surgery and/or radiation therapy; (v) the patient has metastatic or locally advanced
CSCC; (vi) the patient has an Eastern Cooperative Oncology Group (ECOG) performance status
of less than or equal to 1; (vii) the patient is on a standard of care pain medication (such as an
opioid); (viil) the patient exhibits a high score for pain on a Quality of Life (QoL) questionnaire;
and (ix) the tumor comprises UV-induced DNA damage; and (b) administering a therapeutically
effective amount of a PD-1 Inhibitor (e.g., an anti-PD-1 antibody or antigen-binding fragment

thereof) to the patient in need thereof.

[0050] In certain embodiments, the methods of the present disclosure comprise administering
to a subject in need thereof a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-
PD-1 antibody or antigen-binding fragment thereof), wherein administration of the PD-1 inhibitor
leads to reduced cancer pain. In certain embodiments, pain Is reduced by at least about 10%,
about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, about 80% or more as
compared to the baseline level of pain experienced by the patient prior to administration of the
PD-1 inhibitor. In certain embodiments, pain is reduced by at least 50% within 2 months, 4 months,
6 months, 8 months, 10 months, or 1 year after administration of the PD-1 inhibitor. In certain
embodiments, pain is reduced by at least 60% within 2 months, 4 months, 6 months, 8 months,
10 months, or 1 year after administration of the PD-1 inhibitor. In certain embodiments, pain is
reduced by at least /0% within 2 months, 4 months, 6 months, 8 months, 10 months, or 1 year
after administration of the PD-1 inhibitor. In certain embodiments, pain is reduced by at least 80%
within 2 months, 4 months, 6 months, 8 months, 10 months, or 1 year after administration of the
PD-1 inhibitor. In certain embodiments, pain is reduced by at least 90% within 2 months, 4 months,
6 months, 8 months, 10 months, or 1 year after administration of the PD-1 inhibitor. As used
herein, “administration of the PD-1 inhibitor” may refer to the initiation of an administration regimen

(e.g., one or more doses or cycles, as described herein) of the PD-1 inhibitor.

[0051] In certain embodiments, the methods of the present disclosure comprise administering
to a subject in need thereof a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-
PD-1 antibody or antigen-binding fragment thereof), wherein administration of the PD-1 inhibitor
leads to one or more of the following: (i) treats, or inhibits the growth of a tumor; (i) promotes

tumor regression; (i) reduces tumor cell load or tumor burden; (iv) prevents tumor recurrence;
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(v) partial response (PR) or complete response (CR) as determined using RECIST criteria; (vi)
Increased overall survival or progression-free survival; (vil) reduces pain Iin the patient by about
20%, 30%, 40%, 50% or more as compared to the baseline; (viii) leads to reduced use of
analgesic therapy by the patient; and/or (ix) increases quality of life, as determined by QoL

guestionnaire analysis.

[0052] In certain embodiments, the methods of the present disclosure comprise administering
to a subject in need thereof a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-
PD-1 antibody or antigen-binding fragment thereof), wherein administration of the PD-1 inhibitor
concurrently leads to reduced cancer pain (e.q., reduced by at least about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about /0%, or about 80%) and complete disappearance
of all evidence of tumor cells ("“complete response”). In certain embodiments, administration of
the anti-PD-1 antibody concurrently leads to reduced cancer pain (e.q., reduced by at least about
10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, or about 80%) and
at least 30% decrease In tumor cells or tumor size (“partial response”). Tumor reduction can be
measured by any methods known In the art, e.qg., X-rays, positron emission tomography (PET),
computed tomography (CT), magnetic resonance imaging (MRI), cytology, histology, or molecular
genetic analyses. As used herein, the term “concurrently” refers to the benefits of treatment or
INhibition of pain coinciding with the benefits of treatment or inhibition of tumor growth, wherein
both types of benefits are achieved at approximately the same time — e.qg., within 1 week, 2 weeks,

3 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, or 6 months of each other.

[0053] In certain embodiments, the methods of the present disclosure comprise selecting a
cancer patient with pain, and administering to the patient a therapeutically effective amount of a
PD-1 nhibitor (e.g., an anti-PD-1 antibody or antigen-binding fragment thereof), wherein
administration of the PD-1 inhibitor leads to increased overall survival (OS) or progression-free
survival (PFS) of the patient as compared to a patient administered with a ‘standard-of-care’
(SOC) analgesic therapy (e.g., opioid or NSAID). In certain embodiments, the PFS is increased
by at least one month, at least 2 months, at least 3 months, at least 4 months, at least 5 months,
at least 6 months, at least 7 months, at least 8 months, at least 9 months, at least 10 months, at
least 11 months, at least 1 year, at least 2 years, or at least 3 years as compared to a patient
administered with any one or more SOC therapies. In certain embodiments, the OS is increased
by at least one month, at least 2 months, at least 3 months, at least 4 months, at least 5 months,

at least 6 months, at least 7 months, at least 8 months, at least 9 months, at least 10 months, at
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least 11 months, at least 1 year, at least 2 years, or at least 3 years as compared to a patient

administered with any one or more SOC therapies.

[0054] In certain embodiments, the methods of the present disclosure comprise administering
to a subject in need thereof a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-
PD-1 antibody or antigen-binding fragment thereof), wherein the subject is a cancer patient and
the administration of the PD-1 Inhibitor leads to reduced opioid use by the cancer patient. In
certain embodiments, opioid use Is reduced by at least about 10%, about 20%, about 30%, about
40%, or about 50% as compared to an untreated subject or a subject administered another anti-
tumor therapy. In certain embodiments, opioid use Is reduced by at least 20% within 4 months, ©
months, 8 months, 10 months, or 1 year after administration of a first dose of the PD-1 inhibitor.
In certain embodiments, opioid use Is reduced by at least 30% within 4 months, 6 months, 8
months, 10 months, or 1 year after administration of a first dose of the PD-1 inhibitor. In certain
embodiments, opioid use Is reduced by at least 40% within 4 months, 6 months, 8 months, 10
months, or 1 year after administration of a first dose of the PD-1 inhibitor. In certain embodiments,
opioid use Is reduced by at least 50% within 4 months, 6 months, 8 months, 10 months, or 1 year

after administration of a first dose of the PD-1 inhibitor.

[0055] The present disclosure also provides kits comprising a PD-1 inhibitor (e.q., an anti-PD-"1
antibody or antigen-binding fragment thereof) for therapeutic uses as described herein. Kits
typically include a label indicating the intended use of the contents of the kit and instructions for
use. As used herein, the term “label” includes any writing, or recorded material supplied on, In or
with the kit, or which otherwise accompanies the kit. Accordingly, this disclosure provides a kit for
treating a subject afflicted with a cancer and suffering from pain, the kit comprising: (a) a
therapeutically effective dosage of a PD-1 inhibitor antibody; and (b) instructions for using the PD-
1 inhibitor In any of the methods disclosed herein. In certain embodiments for treating human
patients, the kit comprises a PD-1 Inhibitor disclosed herein, e.g., cemiplimab, nivolumab, or
pembrolizumab. In some embodiments, the instructions include instructions for administering the

PD-1 inhibitor to treat or inhibit pain.

Methods of Reducing Analgesic Use

[0056] The present disclosure includes methods of reducing analgesic (e.q., opioid) use,
comprising selecting a cancer patient suffering from pain wherein the patient is being treated with
analgesic therapy (i.e., as a background medication) to manage the patient's pain; and

administering to the patient an antibody or antigen-binding fragment thereof that specifically binds
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PD-1, PD-L1, and/or PD-L2, or any other "PD-1 Inhibitor® as described herein. In some
embodiments, the method reduces the patient's use of the analgesic, or reduces the need for
analgesic therapy, by reducing the patient's pain. In general, the reduction of analgesic use is
measured as a comparison from the initial baseline use before administration of the PD-1 inhibitor,
and at a time point after administration of the PD-1 Inhibitor (e.qg., after initiation of an
administration regimen (e.g., one or more doses or cycles, as described herein). In some
embodiments, the amount of analgesic therapy received by the cancer patient being treated with

a PD-1 inhibitor Is less than the amount of analgesic therapy received by a cancer patient not
treated with a PD-1 inhibitor.

[0057] In some embodiments, the disclosed methods of reducing analgesic use comprise
selecting a patient with cancer wherein the patient is receiving analgesic therapy as a concomitant
or background medication to manage pain; and administering a therapeutically effective amount
of a PD-1 inhibitor to the patient. In general, the analgesic therapy is administered to manage the
patient’'s pain, e.q., prior to administration of the PD-1 inhibitor. In some embodiments, the
analgesic therapy Is an opioid. In some embodiments, the disclosed methods reduce the amount
of analgesic therapy received by the patient by 20%, 30%, 40%, 50% or more as compared to
the baseline amount of analgesic therapy received by the patient prior to administration of the
PD-1 inhibitor. As used herein, "administration of the PD-1 inhibitor” may refer to the initiation of
an administration regimen (e.g., one or more doses or cycles, as described herein) of the PD-1
iINhibitor. In some embodiments, the amount of analgesic therapy is reduced by 20%, 30%, 40%,
50% or more within 4 months, 6 months, 8 months, 10 months, or 1 year after administration of
the PD-1 inhibitor while maintaining a continuing regimen of administration of the PD-1 inhibitor.
In some embodiments, the disclosed methods of reducing analgesic use lead to reduced cancer
pain as the patient is receiving less analgesic therapy while maintaining a continuing regimen of
administration of the PD-1 inhibitor. In one embodiment, the use of analgesic therapy Is eliminated

or withdrawn upon administration of one or more doses of the PD-1 inhibitor.

[0058] In some embodiments, the disclosed methods include reducing the use of an analgesic
selected from one or more of an opioid, NSAID, acetaminophen, a steroid, and combinations
thereof. In some embodiments, the analgesic comprises an opioid. In some embodiments, the
opioid Is selected from fentanyl, oxycodone, hydrocodone, hydromorphone, codeine, morphine,

meperidine, and methadone.

[0059] In certain embodiments, the methods of the present disclosure comprise administering

to a subject in need thereof a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-
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PD-1 antibody or antigen-binding fragment thereof), wherein the subject is a cancer patient and
the administration of the PD-1 Inhibitor leads to reduced opioid use by the cancer patient. In
certain embodiments, opioid use Is reduced by at least about 10%, about 20%, about 30%, about
40%, or about 50% as compared to an untreated subject or a subject administered another anti-
tumor therapy. In certain embodiments, opioid use Is reduced by at least 20% within 4 months, ©
months, 8 months, 10 months, or 1 year after administration of a first dose of the PD-1 inhibitor.
In certain embodiments, opioid use Is reduced by at least 30% within 4 months, 6 months, 8
months, 10 months, or 1 year after administration of a first dose of the PD-1 inhibitor. In certain
embodiments, opioid use Is reduced by at least 40% within 4 months, 6 months, 8 months, 10
months, or 1 year after administration of a first dose of the PD-1 inhibitor. In certain embodiments,
opioid use Is reduced by at least 50% within 4 months, 6 months, 8 months, 10 months, or 1 year

after administration of a first dose of the PD-1 inhibitor.

[0060] In certain embodiments, the methods of the present disclosure comprise administering
to a subject in need thereof a therapeutically effective amount of a PD-1 inhibitor (e.g., an anti-
PD-1 antibody or antigen-binding fragment thereof), wherein administration of the PD-1 inhibitor
concurrently leads to reduced cancer pain (e.q., reduced by at least about 10%, about 20%, about
30%, about 40%, about 50%, about 60%, about /0%, or about 80%) and complete disappearance
of all evidence of tumor cells ("“complete response”). In certain embodiments, administration of
the anti-PD-1 antibody concurrently leads to reduced cancer pain (e.q., reduced by at least about
10%, about 20%, about 30%, about 40%, about 50%, about 60%, about 70%, or about 80%) and
at least 30% decrease In tumor cells or tumor size (“partial response”). Tumor reduction can be
measured by any methods known In the art, e.qg., X-rays, positron emission tomography (PET),
computed tomography (CT), magnetic resonance imaging (MRI), cytology, histology, or molecular
genetic analyses. As used herein, the term “concurrently” refers to the benefits of treatment or
INhibition of pain coinciding with the benefits of treatment or inhibition of tumor growth, wherein
both types of benefits are achieved at approximately the same time — e.g., within 1 week, 2 weeks,

3 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, or 6 months of each other.

[0061] The present disclosure also provides kits comprising a PD-1 inhibitor (e.q., an anti-PD-"1
antibody or antigen-binding fragment thereof) for therapeutic uses as described herein. Kits
typically include a label indicating the intended use of the contents of the kit and instructions for
use. As used herein, the term “label” includes any writing, or recorded material supplied on, In or
with the kit, or which otherwise accompanies the kit. Accordingly, this disclosure provides a kit for

treating a subject afflicted with a cancer and pain, the kit comprising: (a) a therapeutically effective
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dosage of a PD-1 inhibitor antibody; and (b) instructions for using the PD-1 inhibitor in any of the
methods disclosed herein. In certain embodiments for treating human patients, the kit comprises
a PD-1 inhibitor disclosed herein, e.qg., cemiplimab, nivolumab, or pembrolizumab. In some
embodiments, the instructions include instructions for administering the PD-1 inhibitor to treat or

iINhibit pain and to treat or inhibit the growth of a tumor.

PD-1 Inhibitors

[0062] The methods disclosed herein include administering a therapeutically effective amount
of a PD-1 inhibitor. As used herein, a "PD-1 inhibitor” refers to any molecule capable of inhibiting,
blocking, abrogating or interfering with the activity or expression of PD-1. In some embodiments,
the PD-1 inhibitor can be an antibody, a small molecule compound, a nucleic acid, a polypeptide,
or a functional fragment or variant thereof. Non-limiting examples of suitable PD-1 inhibitor
antibodies Include anti-PD-1 antibodies and antigen-binding fragments thereof, anti-PD-L"1
antibodies and antigen-binding fragments thereof, and anti-PD-L2 antibodies and antigen-binding
fragments thereof. Other non-limiting examples of suitable PD-1 inhibitors include RNAI
molecules such as anti-PD-1 RNAI molecules, anti-PD-L1 RNAI, and an anti-PD-L2 RNALI,
antisense molecules such as anti-PD-1 antisense RNA, anti-PD-L1 antisense RNA, and anti-PD-
L2 antisense RNA, and dominant negative proteins such as a dominant negative PD-1 protein, a
dominant negative PD-L1 protein, and a dominant negative PD-L2 protein. Some examples of the
foregoing PD-1 inhibitors are described in e.g., US 9308236, US 10011656, and US
20170290808, the portions of which that identify PD-1 Inhibitors are hereby incorporated by

reference.

[0063] The term "antibody,” as used herein, Is intended to refer to Immunoglobulin molecules
comprised of four polypeptide chains, two heavy (H) chains and two light (L) chains inter-
connected by disulfide bonds (i.e., "full antibody molecules”), as well as multimers thereof (e.q.
IgM) or antigen-binding fragments thereof. Each heavy chain is comprised of a heavy chain
variable region ("HCVR” or “Vy”) and a heavy chain constant region (comprised of domains CH1,
CH2 and CH3). Each light chain is comprised of a light chain variable region (“LCVR or “V.") and
a light chain constant region (C.). The Vyand V. regions can be further subdivided into regions of
hypervariability, termed complementarity determining regions (CDR), interspersed with regions
that are more conserved, termed framework regions (FR). Each Vy and V| Is composed of three
CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the following order:
FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. In certain embodiments, the FRs of the antibody (or

antigen binding fragment thereof) may be identical to the human germline sequences or may be
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naturally or artificially modified. An amino acid consensus sequence may be defined based on a
side-by-side analysis of two or more CDRs. The term “antibody,” as used herein, also includes

antigen-binding fragments of full antibody molecules.

[0064] As used herein, the terms “antigen-binding fragment” of an antibody, "antigen-binding
portion” of an antibody, and the like, include any naturally occurring, enzymatically obtainable,
synthetic, or genetically engineered polypeptide or glycoprotein that specifically binds an antigen
to form a complex. Antigen-binding fragments of an antibody may be derived, e.q., from full
antibody molecules using any suitable standard techniques such as proteolytic digestion or
recombinant genetic engineering techniques involving the manipulation and expression of DNA
encoding antibody variable and optionally constant domains. Such DNA is known and/or is readily
available from, e.q., commercial sources, DNA libraries (including, e.q., phage-antibody libraries),
or can be synthesized. The DNA may be sequenced and manipulated chemically or by using
molecular biology techniques, for example, to arrange one or more variable and/or constant
domains into a suitable configuration, or to introduce codons, create cysteine residues, modify,

add or delete amino acids, etc.

[0065] Non-limiting examples of antigen-binding fragments include: (1) Fab fragments; (i)
F(ab')2 fragments; (i) Fd fragments; (1v) Fv fragments; (v) single-chain Fv (scFv) molecules; (vi)
dAb fragments; and (vii) minimal recognition units consisting of the amino acid residues that mimic
the hypervariable region of an antibody (e.g., an isolated complementarity determining region
(CDR) such as a CDR3 peptide), or a constrained FR3-CDR3-FR4 peptide. Other engineered
molecules, such as domain-specific antibodies, single domain antibodies, domain-deleted
antibodies, chimeric antibodies, CDR-grafted antibodies, diabodies, triabodies, tetrabodies,
minibodies, nanobodies (e.g. monovalent nanobodies, bivalent nanobodies, etc.), small modular
immunopharmaceuticals (SMIPs), and shark variable IgNAR domains, are also encompassed

within the expression "antigen-binding fragment,” as used herein.

[0066] An antigen-binding fragment of an antibody will typically comprise at least one variable
domain. The variable domain may be of any size or amino acid composition and will generally
comprise at least one CDR which is adjacent to or in frame with one or more framework
sequences. In antigen-binding fragments having a V4 domain associated with a V. domain, the
Vu and Vi domains may be situated relative to one another in any suitable arrangement. For
example, the variable region may be dimeric and contain Vy-Vh, Vi-VL or V-V dimers.
Alternatively, the antigen-binding fragment of an antibody may contain a monomeric Vy or V.

domain.
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[0067] In certain embodiments, an antigen-binding fragment of an antibody may contain at least
one variable domain covalently linked to at least one constant domain. Non-limiting, exemplary
configurations of variable and constant domains that may be found within an antigen-binding
fragment of an antibody of the present disclosure include: (i) Vy-Cu1; (i1) Vu-Cn2; (iil) Vu-Cr3; (iv)
Vu-Cu1-Chu2; (v) Vu-Cu1-Cu2-C3; (Vi) Vu-Cu2-Ch3; (vil) Vu-Cyr; (viil) V-Cu1; (iX) VI-Ch2; (X) V-
Ch3; (xi) VL -Cy1-Cn2; (xii) VL-Cr1-Cr2-Cr3; (xiii) V-Cx2-CH3; and (xiv) V. -C.. In any configuration
of variable and constant domains, including any of the exemplary configurations listed above, the
variable and constant domains may be either directly linked to one another or may be linked by a
full or partial hinge or linker region. A hinge region may consist of at least 2 (e.qg., 5, 10, 15, 20,
40, 60 or more) amino acids which result in a flexible or semi-flexible linkage between adjacent
variable and/or constant domains in a single polypeptide molecule. Moreover, an antigen-binding
fragment of an antibody of the present disclosure may comprise a homo-dimer or hetero-dimer
(or other multimer) of any of the variable and constant domain configurations listed above in non-

covalent association with one another and/or with one or more monomeric Vy or V. domain (e.q.,
by disulfide bond(s)).

[0068] The antibodies used in the methods disclosed herein may be human antibodies. As used
herein, the term "human antibody” refers to antibodies having variable and constant regions
derived from human germline immunoglobulin sequences. The human antibodies of the present
disclosure may nonetheless include amino acid residues not encoded by human germline
Immunoglobulin sequences (e.q., mutations introduced by random or site-specific mutagenesis in
vitro or by somatic mutation /in vivo), for example in the CDRs and in particular CDR3. However,
the term “human antibody,” as used herein, is not intended to include antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse, have

been grafted onto human framework sequences.

[0069] The antibodies used In the methods disclosed herein may be recombinant human
antibodies. As used herein, the term “recombinant human antibody” includes all human antibodies
that are prepared, expressed, created or isolated by recombinant means, such as antibodies
expressed using a recombinant expression vector transfected into a host cell (described further
below), antibodies isolated from a recombinant, combinatorial human antibody library (described
further below), antibodies Isolated from an animal (e.g., a mouse) that Is transgenic for human
Immunoglobulin genes (see e.q., Taylor et al., 1992, Nucl. Acids Res., 20:628/7-6295) or
antibodies prepared, expressed, created or isolated by any other means that involves splicing of

human immunoglobulin gene sequences to other DNA sequences. Such recombinant human
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antibodies have variable and constant regions derived from human germline immunoglobulin
sequences. In certain embodiments, however, such recombinant human antibodies are subjected
to in vitro mutagenesis (or, when an animal transgenic for human |Ig sequences Is used, in vivo
somatic mutagenesis) and thus the amino acid sequences of the Vy and V. regions of the
recombinant antibodies are sequences that, while derived from and related to human germline
Vy and V. sequences, may not naturally exist within the human antibody germline repertoire in

VIVO.

Anti-PD-1 Antibodies and Antigen-Binding Fragments Thereof

[0070] In some embodiments, PD-1 inhibitors used In the methods disclosed herein are
antibodies or antigen-binding fragments thereof that specifically bind PD-1. The term “specifically
binds,” or the like, means that an antibody or antigen-binding fragment thereof forms a complex
with an antigen that is relatively stable under physiologic conditions. Methods for determining
whether an antibody specifically binds to an antigen are well known In the art and include, for
example, equilibrium dialysis, surface plasmon resonance, and the like. For example, an antibody
that "specifically binds” PD-1, as used in the context of the present disclosure, includes antibodies
that bind PD-1 or a portion thereof with a Kp of less than about 500 nM, less than about 300 nM,
less than about 200 nM, less than about 100 nM, less than about 90 nM, less than about 80 nM,
less than about 70 nM, less than about 60 nM, less than about 50 nM, less than about 40 nM,
less than about 30 nM, less than about 20 nM, less than about 10 nM, less than about 5 nM, less
than about 4 nM, less than about 3 nM, less than about 2 nM, less than about 1 nM or less than
about 0.5 nM, as measured In a surface plasmon resonance assay. An Isolated antibody that
specifically binds human PD-1 may, however, have cross-reactivity to other antigens, such as

PD-1 molecules from other (non-human) species.

[0071] According to certain exemplary embodiments, the anti-PD-1 antibody, or antigen-
binding fragment thereof comprises a heavy chain variable region (HCVR), light chain variable
region (LCVR), and/or complementarity determining regions (CDRs) comprising the amino acid
sequences of any of the anti-PD-1 antibodies set forth in US 9987500, which is hereby
iIncorporated by reference In its entirety. In certain exemplary embodiments, the anti-PD-1
antibody or antigen-binding fragment thereof that can be used Iin the context of the present
disclosure comprises the heavy chain complementarity determining regions (HCDRS) of a heavy
chain variable region (HCVR) comprising the amino acid sequence of SEQ ID NO: 1 and the light
chain complementarity determining regions (LCDRs) of a light chain variable region (LCVR)

comprising the amino acid sequence of SEQ |ID NO: 2. According to certain embodiments, the
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anti-PD-1 antibody or antigen-binding fragment thereof comprises three HCDRs (HCDRA1,
HCDR2 and HCDR3) and three LCDRs (LCDR1, LCDR2 and LCDR3), wherein the HCDR1
comprises the amino acid sequence of SEQ ID NO: 3; the HCDR2 comprises the amino acid
sequence of SEQ ID NO: 4; the HCDR3 comprises the amino acid sequence of SEQ ID NO: 5;
the LCDR1 comprises the amino acid sequence of SEQ ID NO: 6; the LCDR2 comprises the
amino acid sequence of SEQ ID NO: 7; and the LCDR3 comprises the amino acid sequence of
SEQ ID NO: 8. In yet other embodiments, the anti-PD-1 antibody or antigen-binding fragment
thereof comprises an HCVR comprising SEQ ID NO: 1 and an LCVR comprising SEQ ID NO: 2.
In certain embodiments, the methods of the present disclosure comprise the use of an anti-PD-1
antibody, wherein the antibody comprises a heavy chain comprising the amino acid sequence of
SEQ ID NO: 9. In some embodiments, the anti-PD-1 antibody comprises a light chain comprising
the amino acid sequence of SEQ ID NO: 10. An exemplary antibody comprising a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 1 and a light chain variable

region comprising the amino acid sequence of SEQ ID NO: 2 is the fully human anti-PD-1 antibody
known as cemiplimab (also known as REGN2810; LIBTAYO®).

[0072] According to certain exemplary embodiments, the methods of the present disclosure
comprise the use of cemiplimab or a bioequivalent thereof. As used herein, the term
‘bloequivalent” refers to anti-PD-1 antibodies or PD-1-binding proteins or fragments thereof that
are pharmaceutical equivalents or pharmaceutical alternatives whose rate and/or extent of
absorption do not show a significant difference with that of a reference antibody (e.qg., cemiplimab)
when administered at the same molar dose under similar experimental conditions, either single
dose or multiple dose. In the context of the present disclosure, the term “bioequivalent” includes
antigen-binding proteins that bind to PD-1 and do not have clinically meaningful differences with

cemiplimab with respect to safety, purity and/or potency.

[0073] According to certain embodiments of the present disclosure, the anti-numan PD-1, or
antigen-binding fragment thereof, comprises a HCVR having 90%, 95%, 98% or 99% sequence
identity to SEQ ID NO: 1.

[0074] According to certain embodiments of the present disclosure, the anti-numan PD-1, or
antigen-binding fragment thereof, comprises a LCVR having 90%, 95%, 98% or 99% sequence
identity to SEQ ID NO: 2.

[0075] According to certain embodiments of the present disclosure, the anti-hnuman PD-1, or
antigen-binding fragment thereof, comprises a HCVR comprising an amino acid sequence of SEQ

ID NO: 1 having no more than 5 amino acid substitutions. According to certain embodiments of
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the present disclosure, the anti-human PD-1, or antigen-binding fragment thereof, comprises a
LCVR comprising an amino acid sequence of SEQ ID NO: 2 having no more than 2 amino acid

substitutions.

[0076] Sequence identity may be measured by methods known in the art (e.g., GAP,
BESTFIT, and BLAST).

[0077] The present disclosure also includes use of anti-PD-1 antibodies or antigen-binding
fragments thereof in methods to treat cancer, wherein the anti-PD-1 antibodies or antigen-binding
fragments thereof comprise variants of any of the HCVR, LCVR and/or CDR amino acid
sequences disclosed herein having one or more conservative amino acid substitutions. For
example, the present disclosure Includes use of anti-PD-1 antibodies or antigen-binding
fragments thereof having HCVR, LCVR and/or CDR amino acid sequences with, e.q., 10 or fewer,
8 or fewer, © or fewer, 4 or fewer, etc. conservative amino acid substitutions relative to any of the

HCVR, LCVR and/or CDR amino acid sequences disclosed herein.

[0078] Other anti-PD-1 antibodies or antigen-binding fragments thereof that can be used in
the context of the methods of the present disclosure include, e.q., the antibodies referred to and
known In the art as nivolumab, pembrolizumab, MEDIOG08, pidilizumab, Bl 754091,
spartalizumab (also known as PDRO001), camrelizumab (also known as SHR-1210), JNJ-
63723283, MCLA-134, or any of the anti-PD-1 antibodies set forth in US Patent Nos. 6808710,
7488802, 8008449, 8168757, 8354509, 8609089, 8686119, 8779105, 8900587, and 9987500,
and in WO 2006121168 and WO 2009114335. The portions of all of the aforementioned

publications that identify anti-PD-1 antibodies are hereby incorporated by reference.

[0079] The anti-PD-1 antibodies used in the context of the methods of the present disclosure
may have pH-dependent binding characteristics. For example, an anti-PD-1 antibody for use In
the methods of the present disclosure may exhibit reduced binding to PD-1 at acidic pH as
compared to neutral pH. Alternatively, an anti-PD-1 antibody of the invention may exhibit
enhanced binding to its antigen at acidic pH as compared to neutral pH. The expression "acidic
pH" Includes pH values less than about 6.2, e.qg., about 6.0, 5.95, 5.9, 5§.85, 5.8, 5.75, 5.7, 5.65,
5.6, 5.55, 5.5, 545, 54, 535, 5.3, 5.25, 5.2, 515, 5.1, 5.05, 5.0, or less. As used herein, the
expression "neutral pH" means a pH of about 7.0 to about 7.4. The expression "neutral pH"
iINncludes pH values of about 7.0, 7.05, 7.1, 7.15, 7.2, /.25, 7.3, /.35, and 7.4

[0080] In certain instances, "reduced binding to PD-1 at acidic pH as compared to neutral pH”

IS expressed In terms of a ratio of the Kp value of the antibody binding to PD-1 at acidic pH to the
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Kp value of the antibody binding to PD-1 at neutral pH (or vice versa). For example, an antibody
or antigen-binding fragment thereof may be regarded as exhibiting "reduced binding to PD-1 at
acidic pH as compared to neutral pH" for purposes of the present disclosure If the antibody or
antigen-binding fragment thereof exhibits an acidic/neutral Kp ratio of about 3.0 or greater. In
certain exemplary embodiments, the acidic/neutral Kp ratio for an antibody or antigen-binding
fragment of the present disclosure can be about 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0,
8.5, 9.0,9.5,10.0, 10.5, 11.0, 11.5, 12.0, 12.5, 13.0, 13.5, 14.0, 14.5, 15.0, 20.0, 25.0, 30.0, 40.0,
50.0, 60.0, 70.0, 100.0, or greater.

[0081] Antibodies with pH-dependent binding characteristics may be obtained, e.g., by
screening a population of antibodies for reduced (or enhanced) binding to a particular antigen at
acidic pH as compared to neutral pH. Additionally, modifications of the antigen-binding domain at
the amino acid level may yield antibodies with pH-dependent characteristics. For example, by
substituting one or more amino acids of an antigen-binding domain (e.qg., within a CDR) with a
histidine residue, an antibody with reduced antigen-binding at acidic pH relative to neutral pH may

be obtained. As used herein, the expression "acidic pH" means a pH of 6.0 or less.

Anti-PD-L1 Antibodies and Antigen-Binding Fragments Thereof

[0082] In some embodiments, PD-1 Inhibitors used In the methods disclosed herein are
antibodies or antigen-binding fragments thereof that specifically bind PD-L1. For example, an
antibody that “specifically binds™ PD-L1, as used in the context of the present disclosure, includes
antibodies that bind PD-L1 or a portion thereof with a Kp of about 1x10° M or less (e.g., a smaller
Kp denotes a tighter binding). A "high affinity” anti-PD-L1 antibody refers to those mAbs having a
binding affinity to PD-L1, expressed as Kp of at least 10<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>