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Abstract

Background Immune checkpoint inhibitors (ICls) have become the recommended first-line treatment for advanced
non-small cell lung cancer (NSCLC) without driver gene mutations. However, data on the failure patterns of first-line
ICls monotherapy is limited, and the optimal strategy for subsequent treatment remains controversial.

Methods Advanced NSCLC patients receiving first-line ICls monotherapy at Guangdong Lung Cancer Institute
between December 2017 and October 2021 were identified. The progressive sites were recorded to analyze failure
patterns. Post-progression survival (PPS) was compared between different treatment regimens.

Results A total of 121 patients receiving first-line ICls monotherapy were identified, with a median progression-

free survival of 8.6 months. Sixty-five patients had available imaging at diagnosis as well as progressive disease, with
56.9% showing oligoprogression. For those with progression in existing lesions, the most common sites were the liver
(77.8%) and lung parenchyma (62.5%), while progression with new lesions frequently occurred in the liver (32.0%).
Fifty patients with recorded subsequent treatment were included in the analysis of subsequent treatment patterns.
Patients treated with anti-angiogenesis therapy could get better PPS (HR: 0.275, P=0.013). Isolated oligoprogression
occurred most often in the lung parenchyma and intracranial lesions. More than half of these patients continued
immunotherapy after local treatment, with a 2.5-year PPS rate of 51.4%.

Conclusion The liver was the most common site of progression on first-line ICls monotherapy. Anti-angiogenesis-
based therapy might be an optimal regimen at the time of progression. Patients with isolated oligoprogressive could
still benefit from immunotherapy after local treatment.
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Introduction

Since pembrolizumab was first approved for first-line
treatment in advanced non-squamous non-small cell
lung cancer (NSCLC) by the Food and Drug Administra-
tion in 2016, the administration of immune checkpoint
inhibitors (ICIs) either alone or combined with che-
motherapy has become the recommended therapy for
advanced NSCLC without driver gene mutations [1, 2].
The increasing application of ICIs in first-line treatment
has extended both progression-free survival (PFS) and
overall survival (OS) in patients with advanced NSCLC
[3].

Despite these advances, almost all patients will inevi-
tably experience disease progression (PD) and require
additional therapeutic options after progression [4, 5].
PD could be categorized as polyprogression or oligopro-
gression based on the number of progressive sites in any
organ [6]. A few studies have explored the frequency of
different failure patterns and their correlation with OS. It
has been reported that oligoprogression is more common
in NSCLC treated with ICIs, with an incidence rang-
ing from 40 to 62% [7-9]. Since previous studies always
included mixed treatment lines or various ICIs-based
regimens, more data specifically on first-line ICIs mono-
therapy is needed.

For those with oligoprogression, where PD is confined
to a limited number of disease sites, local treatment
may be a viable option to eliminate tumor cell popula-
tions resistant to previous systemic therapy and allow
the continuation of treatment [6, 7]. Local therapy has
been shown to prolong survival in NSCLC patients with
oligoprogression to first-line pembrolizumab. As oli-
goprogression seems to benefit from the continuation
of ICIs as resistance was limited to a limited number of
lesions, the benefit for those with polyprogression from
the original ICIs remains unclear. Switching to second-
line systemic therapy is still the standard approach for PD
according to guidelines. For those progressing on first-
line immunotherapy monotherapy, optional second-line
systemic therapies include chemotherapy, anti-angio-
genesis therapy, other ICIs, and combinations of initial
ICIs with chemotherapy or anti-angiogenesis therapy [10,
11]. Since the efficacy data for these regimens is largely
derived from clinical trials conducted before the intro-
duction of ICIs, evidence to guide treatment selection for
these patients is limited, and the optimal strategy after
progression on first-line ICIs remains controversial.

Given this unmet need, we report data on failure pat-
terns in advanced NSCLC receiving first-line immuno-
therapy alone and the subsequent treatment patterns to
explore the optimal therapeutic strategy related to differ-
ent failure patterns.
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Materials and methods

Study population

Consecutive patients with advanced NSCLC receiving
first-line ICIs monotherapy at Guangdong Provincial
People’s Hospital between December 2017 and Octo-
ber 2021 were identified in a database approved by the
Ethics and Scientific Committees of Guangdong Pro-
vincial People’s Hospital. The inclusion criteria were: (I)
biopsy-proven NSCLC; (II) diagnosis of treatment-naive
advanced NSCLC; (III) receiving at least one course of
ICIs monotherapy in a first-line setting. The exclusion
criteria were: (I) patients without metastatic sites; (II)
patients with SCLC; (III) targetable actionable muta-
tions treated with first-line small molecule inhibitors. All
patients meeting these criteria were included in the real-
world clinical outcomes analysis. Among them, those
with available imaging at diagnosis and PD were included
in the patterns of failure analysis. Those with recorded
subsequent treatment received at the time of progres-
sion were included in the subsequent treatment patterns
analysis.

Clinical characteristics data including age, sex, East-
ern Cooperative Oncology Group Performance Status
(ECOG PS), smoking history, pathology, PD-L1 expres-
sion, and sites of disease at diagnosis were retrieved
from the patients’ medical records. The study was con-
ducted in accordance with the Declaration of Helsinki
(as revised in 2013) and was approved by the Ethics and
Scientific Committees of Guangdong Provincial People’s
Hospital [approval number: GDREC2019304H(R1)]. The
ethics committee waived individual consent due to the
retrospective nature of the study.

Real-world clinical outcomes analysis

All patients eligible for the criteria were included in the
real-world clinical outcomes analysis. At the initial diag-
nosis, enhanced computed tomography (CT) of the chest
and abdomen, enhanced magnetic resonance imaging
(MRI) of the head, and whole-body bone scan by emis-
sion computed tomography (ECT) imaging, or whole-
body positron emission tomography (PET)/CT plus
head-enhanced MRI were required to determine staging.
Sites of disease at diagnosis were recorded in the medi-
cal records. Radiographic PD was identified based on the
RECIST 1.1 by the reviewing physician [12]. The final
follow-up date was January 31, 2024. PFS was defined as
the time from the first ICIs prescription date to the day
of physician assessment of PD or death from any cause.
OS was defined as the time from the first ICIs prescrip-
tion date to either the date of death or the final follow-up
date. The data of patients who survived were censored.
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Patterns of failure analysis

Enrolled patients with available imaging materials at
diagnosis as well as radiographic PD were included in
the patterns of failure analysis. At the time of PD, patient
imaging was reviewed by physicians, and the progressive
sites were recorded. To understand the failure patterns
among these patients, new lesions of failure were defined
as tumors not present before ICIs treatment, while exist-
ing lesions were sites that responded to treatment but
then progressed. Combination refers to disease growth in
both existing and new lesions simultaneously at the time
of PD. The number of progression sites after ICIs therapy
was also recorded. Patients were classified as oligopro-
gressive (<3 distinct sites of progression in any organs) or
polyprogressive (>3 sites of progression, including malig-
nant pleural or pericardial effusion/studding, leptomen-
ingeal spread, or lymphangitic parenchymal disease) [7].

Subsequent treatment patterns analysis

Enrolled patients with recorded subsequent treatments
received at the time of progression were included in the
subsequent treatment patterns analysis. Based on the
drugs used, patients were divided into groups with or
without anti-angiogenesis therapy, chemotherapy, and

Table 1 Baseline patient and tumor characteristics
Characteristics

Total population (n=121)

Age, years, median (range) 66 (39, 86)
Gender, No. (%)

Male 105 (86.8)

Female 16 (13.2)
Smoking history, No. (%)

Current/ Former 88(72.7)

Never 33(27.3)
ECOG PS, No. (%)

0-1 107 (92.6)

2 9(74)
Pathologic subtypes, No. (%)

Adenocarcinoma 75 (62.0)

Squamous 30 (24.8)

Others 16 (13.2)
Sites of disease at diagnosis, No. (%)

Lung 115 (95.0)

LNs 101 (83.5)

Bone 51(42.1)

Pleura 35(28.9)

Adrenal 28(23.1)

Brain 28 (23.1)

Others 21(174)

Liver 18 (14.9)
PD-L1, No. (%)

TPS>50% 100 (82.6)

TPS<50%, >1% 10 (8.3)

TPS<1%

Unknow
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immunotherapy. The frequency of anti-angiogenesis
therapy, chemotherapy, and immunotherapy used at the
time of progression was calculated. Post-progression sur-
vival (PPS) was evaluated for those receiving treatment
beyond progression on first-line ICIs (calculated from the
date of progression on ICIs to death from any cause, with
surviving patients censored at the time of the last fol-
low-up). The differences in PPS between those receiving
anti-angiogenesis therapy, chemotherapy, and immuno-
therapy were analyzed. We The effect of local treatment
at progression on first-line ICIs monotherapy was also
evaluated.

Statistical analysis

Statistical analyses were performed using the Statistical
Package for Social Science (SPSS) software (version 23)
and GraphPad Prism software (Version 8). The Kaplan-
Meier method was used to analyze the survival prob-
ability, and the log-rank test was used to calculate the
significance of differences. The Cox proportional haz-
ard model was applied for the univariate and multivari-
ate analyses to calculate the hazard ratios (HRs) and 95%
confidence intervals (95% Cls). Two-sided Pvalues<0.05
were considered statistically significant.

Results

Baseline patient characteristics

A total of 121 patients with advanced NSCLC meeting
the criteria were enrolled to assess the clinical outcomes
of first-line ICIs monotherapy in a real-world setting.
The patients’ clinical characteristics are summarized in
Table 1 in detail. All of them received anti-PD-1 inhibi-
tors (including pembrolizumab and sintilimab) mono-
therapy (Supplementary Table 1). The median age was
66 years (range, 39-86), 86.8% (n=105) were male, 72.7%
(n=88) had a smoking history, and 92.6% (2=107) had an
ECOG PS of 0 to 1. Most tumors were adenocarcinomas
(n=75, 62.0%) with PD-L1 TPS>50% (n=100, 82.6%).
The majority had disease lesions in the lung parenchyma
(n=115, 95.0%), including primary or metastatic sites.
The most common distant metastases were bone metas-
tases (n=51, 42.1%), followed by adrenal metastases
(=28, 23.1%) and brain metastases (#=28, 23.1%).

Real-world clinical outcomes in advanced NSCLC receiving
first-line immunotherapy monotherapy

After a follow-up of 31.8 months, the median PFS was 8.6
months and the median OS was 21.4 months for those
receiving first-line immunotherapy monotherapy(Fig. 1A
and B). Univariate and multivariate analyses identi-
fied factors associated with the efficacy of first-line ICIs
monotherapy. Patients without liver metastases had sig-
nificantly longer PFS (univariate: HR 0.614, P=0.001;
multivariate: HR 0.697, P=0.001) and OS (univariate: HR



Deng et al. BMC Cancer (2024) 24:1190

Page 4 of 11

~ 100 100 .
x Median PFS: 8.6 months Median OS: 21.4 months
>
8 =1
z 5 L
gn o
g | T
G L l v | L) | LJ | T | G T | L) l T I T I L) l L} '
0 12 24 36 48 60 0 12 24 36 48 60 72
No. at risk Months No. at risk Months
121 44 21 7 5 0 121 76 53 19 6 1 0
C PFS (0]
Univariate Multivariate Univariate Multivariate
Gender (Female vs. Male)
Age (<65 vs. > 65) E
Smoking (Never vs. Ever)
Pathology (Squamous vs. Adenocarcinoma) —H— H-—
(Others vs. Adenocarcinoma) T i
ECOG PS (0-1 vs. 2) HEH
PD-L1 (TPS > 50% vs. TPS < 50%) - HE— HE— HB—H
Brain Mets (Without vs. With) Hil
Liver Mets (Without vs. With) [ | HEH| [ HH
Bone Mets (Without vs. With) i HH HEH
Adrenal Mets (Without vs. With) HEH
0.00 1.00 2.00 0.00 1.00 2.00 0.00 1.00 2.00 0.00 1.00 2.00

Fig. 1 Real-world clinical outcomes in advanced NSCLC receiving first-line immunotherapy monotherapy. (A) Kaplan-Meier curves for PFS. (B) Kaplan-
Meier curves for OS. (C) Forest plots of the effects of clinical factors on PFS and OS. Mets: metastases

0.588, P=0.001; multivariate: HR 0.359, P=0.001) com-
pared to those with liver metastases. Bone metastases
showed a similar pattern, indicating that liver and bone
metastases were independent factors associated with
poor survival in NSCLC patients treated with first-line
ICIs monotherapy Patients with high PD-L1 expression
(TPS=50%) could get better PFS (univariate: HR 0.313,
P=0.017; multivariate: HR 0.363, P=0.024), but not OS
(univariate: HR 0.462, P=0.027; multivariate: HR 0.572,
P=0.125) benefits in our analysis. No significant differ-
ences were observed concerning other clinical param-
eters including age, gender, smoking history, pathological
types, or the presence of brain metastases or adrenal
metastases in our cohort (Fig. 1C, Supplementary Tables
2 and 3).

Patterns of failure of first-line immunotherapy
monotherapy in advanced NSCLC

To understand the patterns of failure in those receiving
first-line immunotherapy monotherapy, we collected data
on patients with available imaging at diagnosis as well as
PD. Of the 121 enrolled patients, 83 (68.6%) had recorded

PFES events, among which 65 (78.3%) had radiological evi-
dence of PD, 1 (1.2%) had clinical deterioration of disease,
and the other 17 (20.5%) had documented death record
(Supplementary Table 4). Finally, sixty-five patients were
included in the patterns of failure analysis. Among them,
most failures occurred in existing lesions alone (n=42,
66.7%), followed by a combination of new and existing
lesions (n=17, 23.3%), and in new lesions alone (n=6,
10.0%) (Fig. 2A). For those with new lesions, progression
frequently occurred in the liver (n=8, 32.0%), LNs (n=4,
16.0%), and bone (n=4, 16.0%) (Fig. 2B). As for those with
failure in existing lesions, the most common progression
sites were liver (77.8%), lung parenchyma (62.5%), and
pleura (50.0%) (Fig. 2C). Additionally, 56.9% (n=37) of
these patients showed oligoprogression, while the oth-
ers had progression in more than three sites (Fig. 2D),
suggesting that oligoprogression was more common.
Those with oligoprogression had longer OS than those
with polyprogression (median OS: 40.1 vs. 13.2 months,
P=0.007) (Fig. 2E). Isolated oligoprogression occurred
in 35.5% (n=22) of these patients, and most often in the
lung parenchyma (#=9) and intracranial lesions (#=5).
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Fig. 2 Patterns of failure of first-line immunotherapy monotherapy in advanced NSCLC. (A) Pie chart showing the distribution of failure in existing lesions
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Subsequent treatment patterns after progression on first-
line immunotherapy monotherapy
We then analyzed the subsequent treatment patterns
after progression on first-line immunotherapy mono-
therapy. Fifty patients with recorded treatments received
at the time of progression were included in this part of
the analysis. In these patients, the median OS was 34.7
months (Supplementary Fig. 1). Based on the drugs used,
patients were divided into groups with or without anti-
angiogenesis therapy, chemotherapy, and immunother-
apy. The clinical characteristics including ECOG PS and
pathological types among participants between groups
were similar (Table 2). The frequency of anti-angiogen-
esis therapy (including bevacizumab and anlotinib),
chemotherapy (including pemetrexed*platinum, pacli-
taxel + platinum, and gemcitabine + platinum), and immu-
notherapy used at the time of progression was 38.0%,
56%, and 64%, respectively (Supplementary Table 1). Half
of the patients (n=27, 54.0%) were treated with a com-
bination of local treatment, other anti-tumor agents, or
both, based on the original ICIs. Local treatment, includ-
ing palliative surgical resection or radiotherapy, was most
common for intracranial lesions (n=4), followed by lung
parenchyma (#=3), bone (1=2), and adrenal (n=2).
Univariate and multivariate analyses were then per-
formed to determine the factors associated with PPS.
As shown in Table 3, patients with a good performance
status had significantly better PPS (univariate: HR 0.187,
P<0.001; multivariate: HR 0.162, P<0.001). In terms of
different treatment strategies, patients treated with anti-
angiogenesis therapy could get better PPS (univariate:
HR 0.315, P=0.024; multivariate: HR 0.275, P=0.013)
compared to those without anti-angiogenesis therapy.
In contrast, no significant differences were observed
based on whether chemotherapy or immunotherapy was
used, nor were there differences in other clinical param-
eters including age, gender, smoking history, pathological
types, PD-L1 expression, metastatic sites, or patterns of
failure in our cohort. Interestingly, although the P-value
was not significant, the Kaplan-Meier survival curve
stratified by liver metastases showed a tendency to sepa-
rate (median: 15.9 vs. 21.6 months, P=0.374, Supplemen-
tary Fig. 2).

Optimal therapeutic strategies according to different
patterns of failure

We showed the sites of progression and the treatments
received at the time of progression for each case in
Fig. 3A. As mentioned above, oligoprogression was more
common. In the subsequent treatment patterns analysis
cohort, thirty-one patients exhibited oligoprogression.
These patients could still benefit from immunotherapy
with a median PPS of 32.1 months, which was signifi-
cantly longer than those without immunotherapy after
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failure to first-line ICIs monotherapy (10.3 months,
P=0.021, Fig. 3B). For those with polyprogression, no
significant difference was observed between those who
received second-line immunotherapy and those who did
not (P=0.979). Among patients with isolated oligopro-
gression, more than half (n=11) received local treatment
along with the original ICIs as the subsequent treatment
at the time of progression on first-line ICIs monother-
apy. Local treatment significantly prolonged PPS, with a
2.5-year PPS of 51.4%, compared to those without local
treatment (P=0.007) in patients with isolated oligopro-
gression (Fig. 3C).

The application of anti-angiogenesis therapy sig-
nificantly prolonged PPS (median: not reached vs. 15.9
months, P=0.017, Fig. 3D). Given the high frequency of
progression in the liver and the positive impact of anti-
angiogenesis therapy on ICIs efficacy in NSCLC patients
with liver metastases as reported, we analyzed the effi-
cacy of anti-angiogenesis therapy in a subgroup analysis.
It was shown that those with liver progression benefited
from anti-angiogenesis therapy, with a 1-year-PPS of
75.0%, while the median PPS for those without anti-
angiogenesis therapy was 6.5 months (Supplementary
Fig. 3).

Discussion
In this analysis, we focused on the patterns of failure and
subsequent treatments after progression on first-line ICIs
in advanced NSCLC patients. A relatively homogeneous
population of patients receiving first-line ICIs alone was
included. This is also the first study analyzing optimal
therapeutic strategies according to different patterns of
failure. We found that the liver was the most common
site of progression, both in patients with failure in exist-
ing lesions and those with new lesions. Anti-angiogen-
esis-based therapy might be an optimal regimen at the
time of progression, even for those with progression in
liver. Oligoprogression was more common, and patients
with oligoprogression rather than polyprogression could
benefit from the subsequent immunotherapy. Isolated
oligoprogression most often occurred in the lung paren-
chyma and intracranial lesions, and these patients could
still benefit from the original ICIs after local treatment.
ICIs monotherapy has been widely used in real-world
clinical practice for those with PD-L1 TPS>1%. Accord-
ing to the KEYNOTE-024 and KEYNOTE-042 trials, the
median OS of first-line pembrolizumab monotherapy
was 26.3 months and 16.4 months, respectively [13, 14].
In our clinical cohort, the OS was 21.4 months, and base-
line liver metastases and bone metastases were correlated
with poor OS via Cox proportional hazards modeling.
These findings align with published data [15-18]. PD-L1
expression is recommended as a predictive biomarker
for selecting patients who derive the most benefit from
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Table 2 Clinical characteristics between groups in PPS

Anti-angiogenesis therapy Chemotherapy Immunotherapy
With Without P With Without P With Without P
Gender
Female 1 4 0.382 4 1 0.254 4 1 0432
(5.3%) (12.9%) (14.3%) (4.5%) (12.5%) (5.6%)
Male 18 27 24 21 28 17
(94.7%) (87.1%) (85.7%) (95.5%) (87.5%) (94.4%)
Age
<65 7 17 0216 17 7 0.052 15 9 0.832
(36.8%) (54.8%) (60.7%) (31.8%) (46.9%) (50.0%)
>65 12 14 " 15 17 9
(63.2%) (45.2%) (39.3%) (68.2%) (53.1%) (50.0%)
Smoking
Never 4 6 0.884 8 2 0.154 5 5 0.302
(21.1%) (19.4%) (28.6%) (9.1%) (15.6%) (27.8%)
Ever 15 25 20 20 27 13
(78.9%) (80.6%) (71.4%) (90.9%) (84.4%) (72.2%)
Pathology
Squamous 4 14 0219 9 9 0496 13 5 0.656
(21.0%) (45.2%) (32.1%) (40.9%) (40.6%) (27.8%)
Adeno-carcinoma 12 13 16 9 15 10
(63.2%) (41.9%) (57.1%) (40.9%) (46.9%) (55.6%)
Others 3 4 3 4 4 3
(15.8%) (12.9%) (10.7%) (18.2%) (12.5%) (16.6%)
ECOG PS
0-1 17 27 0.802 24 20 0.575 30 14 0.095
(89.5%) (87.1%) (85.7%) (90.9%) (93.8%) (77.8%)
2 2 4 4 2 2 4
(10.5%) (12.9%) (14.3%) (9.1%) (6.2%) (22.2%)
PD-L1, TPS
>50% 14 27 0.465 23 18 0.955 25 16 0.629
(73.7%) (87.1%) (82.1%) (81.8%) (78.1%) (88.8%)
<50% 3 2 3 2 4 1
(15.8%) (6.5%) (10.7%) (9.1%) (12.5%) (5.6%)
Unknow 2 2 2 2 3 1
(10.5%) (6.5%) (7.1%) (9.1%) (9.4%) (5.6%)
Brain Metastases
With 5 9 0.836 5 9 0.113 8 6 0.529
(26.3%) (29.0%) (17.9%) (40.9%) (25.0%) (33.3%)
Without 14 22 23 13 24 12
(73.7%) (71.0%) (82.1%) (59.1%) (75.0%) (66.7%)
Liver Metastases
With 4 6 0.884 6 4 0.776 7 3 0.659
(21.1%) (19.4%) (21.4%) (18.2%) (21.9%) (16.7%)
Without 15 25 22 18 25 15
(78.9%) (80.6%) (78.6%) (81.8%) (78.1%) (83.3%)
Bone Metastases
With 8 15 0.665 12 1 0.615 15 8 0.869
(42.1%) (48.4%) (42.9%) (50.0%) (46.9%) (44.4%)
Without M 16 16 M 17 10
(57.9%) (51.6%) (57.1%) (50.0%) (53.1%) (55.6%)
Adrenal Metastases
With 4 13 0.130 8 9 0361 13 4 0.187
(21.1%) (41.9%) (28.6%) (40.9%) (40.6%) (22.2%)
Without 15 18 20 13 19 14

(78.9%) (58.1%) (71.4%) (59.1%) (59.4%) (77.8%)
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Table 3 Univariate and multivariate analyses of clinical parameters on PPS in NSCLC patients after progression on first-line ICls

monotherapy
Factor Univariate analysis Multivariate analysis
HR 95% Cl P HR 95% Cl P
Gender
Female vs. Male 0.780 0.181-3.364 0.739
Age
<65vs. =65 1.092 0.480-2.487 0.834
Smoking
Never vs. Ever 0.868 0.293-2.573 0.798
Pathology
Squamous vs. Adenocarcinoma 1.115 0470-2.643 0.805
Others vs. Adenocarcinoma 0.871 0.242-3.131 0.832
ECOG PS
0-1vs.2-3 0.187 0.089-0.396 <0.001 0.162 0.072-0.364 <0.001
PD-L1,TPS
>50% vs. < 50% 0.959 0.284-3.238 0.946
Brain Metastases
Without vs. With 0.824 0.529-1.282 0.390
Liver Metastases
Without vs. With 0.794 0.475-1.327 0379
Bone Metastases
Without vs. With 1.007 0.670-1.513 0974
Adrenal Metastases
Without vs. With 0.852 0.559-1.298 0455
Anti- angiogenesis therapy
With vs. Without 0315 0.116-0.856 0.024 0.275 0.099-0.762 0.013
Chemotherapy
With vs. Without 1.893 0.808-4.437 0.142
Immunotherapy
With vs. Without 0.508 0.223-1.160 0.108
Failure patterns
Polyprogression vs. Oligoprogression 1.956 0.858-4.460 0.110

ICIs monotherapy [19]. Here PD-L1 expression was cor-
related with PFS rather than OS in multivariate analysis,
which might be due to the small sample of patients with
PD-L1<50% in our cohort.

Several studies have described the patterns of failure
of ICIs, but these often included mixed treatment lines
or different regimens (including monotherapy and che-
moimmunotherapy) [7, 9, 20]. In our study, we limited
the analysis to patients receiving first-line ICIs mono-
therapy. It was found that 66.7% of failures occurred in
existing lesions alone, which was relatively higher than
the incidence reported in patients receiving first-line
pembrolizumab alone or chemoimmunotherapy (33%)
[7], but similar to those receiving first or second-line
ICIs alone (58%) [9]. Since the natural history of disease
responsive to the addition of cytotoxic chemotherapy on
the basis of ICIs may differ from ICIs alone, patterns of
failure could vary between different ICIs-based regimens.
Additionally, the treatment line might also influence the
patterns of failure, as previous treatments may affect
the efficacy of subsequent therapies [21]. Therefore, we

described the patterns of failure in a relatively homoge-
neous population of patients receiving only first-line ICIs
monotherapy.

The liver was identified as the most common site of
progression on first-line ICIs alone, in both existing and
new lesions. Previous studies compared the counts of
different progressing sites and reported that the lung
parenchyma had the highest number of patients with
progression, especially in those with progression in exist-
ing lesions [7, 9]. However, it is important to note that the
number of patients with lung parenchyma lesions at diag-
nosis was also higher than at other sites in lung cancer.
Here, we reported the proportion of progressive lesions
in a specific site, highlighting the high proportion of pro-
gressive liver lesions. The management of metastatic liver
lesions during immunotherapy should be taken seriously.
Studies have shown that liver metastases might get lim-
ited benefit from immunotherapy monotherapy, indicat-
ing the need for more aggressive combination strategies
[16, 22]. Liver metastases are associated with shorter
OS. In this study, liver metastases were not significantly
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Fig. 3 Subsequent treatment after progression on first-line immunotherapy monotherapy. (A) Treatment courses received at the time of progression on
first-line ICls monotherapy and clinical outcomes of the subsequent treatment patterns analysis subset. (B) Kaplan-Meier curves for PPS in patients with
oligoprogression stratified by with or without second-line immunotherapy. (C) Kaplan-Meier curves for PPS in patients with isolated oligoprogression
stratified by with or without local treatment. (D) Kaplan-Meier curves for PPS stratified by with or without anti-angiogenesis agents received at time of

progression

associated with PPS in univariate and multivariate anal-
yses, but the Kaplan-Meier survival curve stratified by
liver metastases showed a tendency to separate, which
might be due to the limited sample size. The Impower150
trial showed the numerical improvement in OS with the

addition of an anti-angiogenesis drug to immunother-
apy in the liver metastases subgroup, suggesting anti-
angiogenesis-based therapy for these patients in clinical
practice [23]. Here, we reported that anti-angiogenesis
therapy after progression on first-line ICIs alone could
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improve PPS, even in those with liver progression. Anti-
angiogenesis agents, such as bevacizumab and anlotinib,
play an important role treating advanced NSCLC [24].
Previous studies have demonstrated that the abnormal
angiogenesis state of tumors can suppress the anti-tumor
immune response through multiple mechanisms and is
related to immunotherapy resistance. Anti-angiogenesis
treatment can inhibit tumor growth and promote the
normalization of tumor blood vessels to reconstitute the
tumor microenvironment [25]. Clinical effects of ICIs
and anti-angiogenesis treatment were observed when
anti-angiogenesis treatment was administered concomi-
tantly and immediately after ICIs, supporting its applica-
tion after progression on ICIs [21].

The frequency of oligoprogression was relatively higher
than polyprogression in our study. Consistent with our
findings, oligoprogression is more common in NSCLC
treated with ICIs in several studies, with incidence rates
varying from 40 to 62% [7-9]. However, it should be
noted that there might be a potential overestimation of
oligoprogression because patients who progressed sys-
temically may omit radiological evaluation. Previous
studies have reported that patients with oligoprogression
treated with local treatments, such as palliative surgical
resection or radiotherapy, showed significant improve-
ment in survival [7, 8, 26]. Importantly, eliminating
tumor cell populations resistant to prior systemic therapy
through local treatment can allow the continuation of the
original immunotherapy [27]. Our study also indicated
that patients with oligoprogression rather than polypro-
gression could benefit from subsequent immunotherapy.
These findings support considering patterns of failure
when making decisions on subsequent treatment in clini-
cal practice.

This study has several limitations. Given the nature of
a single-center retrospective study, there might be poten-
tial bias. We compared patients’ characteristics between
groups to ensure inter-group comparability. We catego-
rized patients into groups with or without anti-angiogen-
esis therapy, chemotherapy, and immunotherapy in the
subsequent treatment setting, though multiple regimens
might be combined in clinical practice. We did not ana-
lyze which combination was optimal due to the limited
sample size. In addition, we included only those receiv-
ing first-line ICIs monotherapy to improve population
homogeneity, but a large proportion of patients receive
ICIs-based combination therapy in the real world. It
should be noted that patterns of failure might differ
between monotherapy and combination therapy. Further
studies are needed to compare the differences between
various ICIs treatment strategies.
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Conclusions

In conclusion, our findings summarize the patterns of
failure and the optimal subsequent therapeutic strate-
gies after progression on first-line ICIs monotherapy in
advanced NSCLC patients. It increases the focus on the
liver for the high proportion of progressive liver lesions
on first-line ICIs monotherapy. In addition, patterns of
failure should be considered when making decisions
on subsequent treatment in clinical practice. Our study
provides valuable insights into treatment decisions after
immunotherapy resistance in clinical practice.
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