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Background: Immune checkpoint inhibitors (ICls) have changed the treatment
landscape of several cancer types. However, data are lacking with regard to the
clinical responsiveness of ICls in patients with advanced non-small cell lung
cancer (NSCLC) after standard first-line chemotherapy. Therefore, we aimed to
evaluate the clinical efficacy of ICl alone or in combination with chemotherapy
for patients with advanced NSCLC after first-line platinum-based
chemotherapy.

Methods: We retrospectively collected patients with confirmed advanced
NSCLC who underwent IClI monotherapy or ICl plus chemotherapy after
first-line platinum-based chemotherapy between January 2018 and
December 2020. A propensity score matching analysis was used to balance
baseline characteristics between the two treatment groups. Kaplan-Meier
methods and multivariable Cox regressions were used for survival analyses.

Results: Among 832 eligible patients, 222 received ICI monotherapy and 610
received ICl plus chemotherapy. The median overall survival (OS) of patients
who received ICI plus chemotherapy was 16.0 months compared with 13.1
months in patients who received IClI monotherapy (HR: 0.64, 95% Cl: 0.49-
0.85, P = 0.002). After 1:1 propensity score matching, all baseline
characteristics were well-balanced between the two treatment groups.
Patients who received ICl plus chemotherapy had significantly longer OS
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than those who received ICI monotherapy (NR vs. 13.1 months, HR: 0.50, 95%
Cl: 0.34-0.71, P < 0.001). Meanwhile, the median time to treatment
discontinuation was 4.4 months in the ICl-chemo group and 3.5 months in
the ICI-mono group (HR: 0.72, 95% CI: 0.58-0.89, P = 0.002). The multivariate
analysis indicated that treatment regimen was an independent prognostic
factor for OS (HR: 0.488, 95% CI: 0.337-0.707, P < 0.001). Moreover, a
nomogram that integrated both treatment regimens and clinicopathological
factors was created for survival prediction.

Conclusion: Our study indicated that patients with advanced NSCLC who
received ICI plus chemotherapy after first-line platinum-based chemotherapy
tended to have longer OS than those who received IClI monotherapy. The
multivariate analysis showed that treatment regimen was an independent
prognostic factor for OS. Future prospective studies are needed to confirm

these findings.

KEYWORDS

non-small cell lung cancer, immune checkpoint inhibitor, chemotherapy, propensity
score matching, overall survival

Introduction

Lung cancer is the leading cause of cancer-related mortality
worldwide, with non-small cell lung cancer (NSCLC)
comprising 80-85% of lung cancers (1-3). Despite declines in
mortality related to NSCLC in the past few years, it is still a
serious threat to global health (4, 5). Currently, there are
numerous treatment options for patients with NSCLC
including surgery, chemotherapy, radiation therapy, targeted
therapy, and immunotherapy (6-10). However, the prognosis
remains poor for most patients, with a 5-year survival rate of
only 22% (11). First-line treatment for advanced NSCLC
patients without targetable mutations is generally based on
platinum-based combination chemotherapy, with a modest
median progression-free survival (PFS) of 2-4 months and
overall survival (OS) of 8-10 months (12). In the past, limited
effective treatment options existed for patients with progression
of disease or suboptimal tumor response after first-line
platinum-based chemotherapy. With the recent advent of
molecular targeted therapy and immunotherapy, the five-year
survival rate for patients with advanced NSCLC continues to
improve (13, 14). Currently, the use of immune checkpoint
inhibitor (ICI), alone or in combination with chemotherapy, has
become a valid second-line treatment option for advanced
NSCLC patients without targetable mutations after first-line
platinum-based chemotherapy.

Immune checkpoint inhibitors, represented by programmed
death 1 (PD-1) and programmed death ligand 1 (PD-L1)
inhibitors, target the regulatory pathway of T cells to enhance
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antitumor immunity, and these agents showed durable clinical
benefits and long-term remissions in some advanced NSCLC
patients (15-17). The KEYNOTE-189 and KEYNOTE-407
studies showed that pembrolizumab plus chemotherapy
improved OS in squamous and nonsquamous NSCLC (18, 19).
Similarly, nivolumab also has promising efficacy for the
treatment of patients with advanced NSCLC (20, 21).
Therefore, the Food and Drug Administration (FDA)
approved PD-1/PD-L1 inhibitors, such as pembrolizumab,
nivolumab, and atezolizumab, for the treatment of NSCLC
(Table S1). In addition, at least three native PD-1 inhibitors,
including sintilimab, toripalimab, and camrelizumab, are also
available for advanced NSCLC patients in China (22-24). ICIs
have changed the treatment landscape of patients with advanced
NSCLC over the last decade.

Although the results derived from clinical trials are essential
in determining the efficacy and safety of different treatment
regimens, patients enrolled based on restrictive selection criteria
are not representative of the entire population of patients in a
real-world setting (25, 26). In fact, data are lacking with regard to
the clinical responsiveness of patients with advanced NSCLC
who were treated with ICI monotherapy or ICI plus
chemotherapy after first-line platinum-based chemotherapy,
especially in the Chinese population. Therefore, we conducted
a retrospective propensity score-matched (PSM) real-world
study in the Chinese population. We also analyzed subgroups
of patients who may respond differently to the two treatment
regimens, which can help clinicians make better treatment
options. Furthermore, the independent prognostic factors were
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identified based on the univariate and multivariate analyses
using the Cox proportional hazards model, and a nomogram
prognostic model that integrated both the treatment regimens
and clinicopathological factors was established.

Materials and methods
Study design and participants

This retrospective study evaluated clinical outcomes of real-
world patients with confirmed advanced (stage IIIB-IV) NSCLC
who received either second-line PD-1 inhibitor monotherapy or
PD-1 inhibitor plus chemotherapy after platinum-based
chemotherapy. Patient data were extracted from electronic
health records in the National Cancer Center database, a
longitudinal, demographically and geographically diverse
database of approximately 10.0 million patients in China. To
protect the privacy of study subjects, deidentified patient data
were obtained. The National Cancer Center database contains
detailed cancer-related information including basic clinical
characteristics, PD-L1 testing information, status for distant
metastasis, treatment regimen, and survival time of patients. In
this study, patients were excluded if they had positive EGFR or
ALK mutations, NSCLC NOS histology, status for distant
metastasis not available, combined with other drugs, and
incomplete records. The study flow diagram is detailed
in Figure 1.

This study was approved by the Ethics Committee of
Chinese National Cancer Center Hospital, Chinese Academy
of Medical Sciences and Peking Union Medical College (No: 20/
062-2258), and was in accordance with the ethical guidelines of
the Declaration of Helsinki. Written informed consent was
waived because the database contained only deidentified data
to protect patient confidentiality.

Study objectives

As of the data cutoff on May 30, 2021, the median follow-up
time was 9.2 months. The primary and secondary objectives
used for comparison were OS and time to treatment
discontinuation (TTD), respectively. OS was defined as the
time from the start of second-line PD-1 inhibitor
monotherapy or PD-1 inhibitor plus chemotherapy to death
or last follow-up. TTD was defined as the time from the start of
second-line PD-1 inhibitor monotherapy or PD-1 inhibitor plus
chemotherapy to treatment discontinuation for any reason,
including disease progression, treatment toxicity, or death.
Patients who were alive at the end of study period were
censored at the date of last follow-up.
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Statistical analysis

Descriptive statistics were used to describe baseline
characteristics of all included participants. Chi-square tests
were used to examine differences in categorical covariates
between the two treatment groups. To establish that these
findings were not confounded by differences in baseline
characteristics, we performed a propensity score matching
analysis to balance between-group differences. Specifically,
propensity score matching was performed using a 1:1 nearest-
neighbor matching scheme with a caliper size of 0.2, and the
patients in the two treatment groups were matched for age,
gender, histology, TNM stage, ECOG PS, smoking status, brain
metastasis, liver metastasis, and bone metastasis. Survival
analysis was performed by applying the Kaplan-Meier method
and the log-rank tests. Univariate and multivariate analyses for
OS were conducted with Cox proportional hazards regression
models to identify independent prognostic factors. The results
were presented as hazard ratio and 95% confidence interval. The
R package “forestplot” was used to draw forest plots, and the R
package “rma” was used to build the nomogram model for
predicting the OS. All statistical analyses were performed using
the statistical software R (version 4.1.0) and SPSS (version 25). p
values < 0.05 were considered significant.

Results
Patient characteristics

Among 832 eligible advanced NSCLC patients treated with
PD-1 inhibitors after first-line platinum-based chemotherapy,
222 (26.7%) received PD-1 inhibitor monotherapy (ICI-mono
group), and 610 (73.3%) received PD-1 inhibitor plus
chemotherapy (ICI-chemo group). Baseline demographics and
clinical characteristics for patients included in the study were
presented in Table 1. The median age was 61.0 years (range, 27-
83 years), and most patients had adenocarcinoma histology
(59.0%) and stage IV disease at initial diagnosis (81.0%). There
were no significant differences in brain, liver, and bone
metastases between the two treatment groups. The most
frequently administered PD-1 inhibitor was camrelizumab in
261 (31.4%) of patients, followed by sintilimab (n = 251, 30.2%),
pembrolizumab (n = 171, 20.6%), nivolumab (n = 90, 10.8%),
and toripalimab (n = 59, 7.1%). Of the 610 patients who received
PD-1 inhibitor plus chemotherapy, paclitaxel (n = 212, 34.8%)
was the most commonly used chemotherapy drug, followed by
gemcitabine (n = 176, 28.9%) and docetaxel (n = 130, 21.3%).
Overall, use of ICI monotherapy was significantly more common
in patients with age greater than or equal to 65 years, squamous
histology, ECOG PS 0-1, and former smoker, while use of ICI
plus chemotherapy was more frequently in patients with age
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from January 2018 to December 2020
(n=41422)

Patients diagnosed with primary advanced NSCLC

|

inhibitors on or before index date
(n = 5485)

Patients who had received therapy with PD-1

I

Patients with progression after first-line
platinum-based chemotherapy
(n=3483)

l

inhibitor monotherapy or PD-1 inhibitor
combined with chemotherapy
(n=2125)

Patients received second-line treatment of PD-1

|

Patients with age > 18 at initial NSCLC

diagnosis Excluded:
(n=2125) Positive EGFR or ALK mutations (n = 381)
| NSCLC NOS histology (n =251)
Status for brain/liver/bone metastases not
l available (n = 155)
Final patient cohort Combined with other treatment (n = 131)
(n=1832) Patients with incomplete records (n = 375)

’ PD-1 inhibitor monotherapy ‘ ‘ PD-1 inhibitor plus chemotherapy

(n=222)

(n=610) ‘

FIGURE 1

Study flow diagram. NSCLC, non-small-cell lung cancer; PD-1, programmed death 1; EGFR, epidermal growth factor receptor; ALK, anaplastic

lymphoma kinase; NOS, not otherwise specified.

younger than 65 years, adenocarcinoma histology, and
current smoker.

Considering the group imbalances in terms of age, histology,
smoking status, and ECOG PS in the initial cohort (Table 1), a
propensity score matching analysis was performed, and the
patients in the two treatment groups were matched for age,
gender, histology, TNM stage, ECOG PS, smoking status, brain
metastasis, liver metastasis, and bone metastasis. After
propensity score matching, 444 patients, including 222
patients in the ICI-mono group and 222 in the ICI-chemo
group, were enrolled in the study. No significant differences
were observed between the two matched groups in terms of
baseline characteristics.

Propensity score-matched analysis for
OSand TTD

The median follow-up was 9.5 months and 9.1 months in
patients treated with ICI monotherapy and ICI plus
chemotherapy, respectively. In the initial cohort, patients with
advanced NSCLC who received ICI plus chemotherapy had
significantly longer OS (HR: 0.64, 95% CI: 0.49-0.85, P =
0.002), with a median OS of 16.0 months compared with 13.1
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months for patients who received ICI monotherapy (Figure 2A).
Similarly, the median TTD was also longer in the ICI-chemo
group than that of the ICI-mono group (4.2 months vs. 3.5
months, HR: 0.75, 95% CI: 0.63-0.90, P = 0.001, Figure 2B).

To reduce the impact of differences in baseline
characteristics among patients treated with ICI monotherapy
or ICI plus chemotherapy, we performed a propensity score
matching to balance inter-group differences. The results showed
that these findings remained significant after propensity score
matching. Patients who received ICI plus chemotherapy had
significantly longer OS than those who received ICI
monotherapy after propensity score matching (NR vs. 13.1
months, HR: 0.50, 95% CI: 0.34-0.71, P < 0.001, Figure 2C).
Meanwhile, the median TTD was 4.4 months in the ICI-chemo
group and 3.5 months in the ICI-mono group (HR: 0.72, 95% CI:
0.58-0.89, P = 0.002, Figure 2D).

Subgroup analysis of survival stratified by
treatment group

Subsequently, we performed a subgroup analysis to

determine whether patient subgroups can also benefit from the
use of ICIs in combination with chemotherapy. In the subgroup
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TABLE 1 Baseline characteristics of the initial cohort and the matched cohort.

Characteristics Before propensity score matching After propensity score matching
ICI-mono ICI-chemo P value ICI-mono ICI-chemo P value

Number of patients 222 610 222 222

Age <0.001 0.847
<65 129 435 129 131
265 93 175 93 91

Gender 0.460 0.495
Male 175 466 175 169
Female 47 144 47 53

Histology 0.017 0.634
Adenocarcinoma 116 375 116 121
Squamous 106 235 106 101

Disease stage 0.077 0.820
IIIB/IIIC 51 107 51 49
v 171 503 171 173

ECOG PS <0.001 0.859
0-1 102 170 102 104
22 8 23 8 6
Unknown 112 417 112 112

Smoking status 0.024 0.141
Current smoker 13 67 13 22
Former smoker 91 193 91 76
Never smoker 64 179 64 57
Unknown 54 171 54 67

PD-L1 expression 0.236 0.216
<50% 19 63 19 23
>50% 20 36 20 11
Unknown 183 511 183 188

EGFR mutation status 0.507 0.905
Negative 43 106 43 44
Unknown 179 504 179 178

ALK mutation status 0.938 0.440
Negative 33 92 33 39
Unknown 189 518 189 183

Brain metastases 0.838 1.000
Yes 61 172 61 61
No 161 438 161 161

Liver metastases 0.288 0.614
Yes 71 172 71 76
No 151 438 151 146

Bone metastases 0.078 1.000
Yes 131 318 131 131
No 91 292 91 91

ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed death ligand 1; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase.

of patients younger than 65 years, there was no statistically
significant difference in OS between the two treatment groups
(15.3 months vs. 15.3 months, P = 0.058, Figure S1A), whereas in
the subgroup of patients greater than or equal to 65 years, the OS
was significantly prolonged in the ICI-chemo group (18.3
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months vs. 12.8 months, P = 0.009, Figure S1B). Patients who
were treated with ICI plus chemotherapy were associated with
longer OS for both the lung adenocarcinoma (15.3 months vs.
12.8 months, P = 0.029, Figure S1C) and lung squamous
carcinoma (16.0 months vs. 13.6 months, P = 0.013, Figure

frontiersin.org


https://doi.org/10.3389/fonc.2022.974227
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Qiu et al.
A
1.00 == ICl-mono
== ICl-chemo
_ 075
o©
Z
2
5
D050{ -----mmmmmmmmmmmoooo %
® 1
2 H h
¢} Log-Rank P = 0.002 ! !
0251 R 064 (0.49-0.85) : :
mOS = 16.0 vs. 13.1 months ! !
' i
0.00 ' H
0 10 15 20
Time (months)
Number at risk
- 222 125 64 26 4
= 610 303 11 30 4
C
0 == ICl-mono
== ICl-chemo
_ 075
o©
=
2
5
2050{ ------------------o-on -
© '
2 H
3 Log-Rank P < 0.001 !
0251 R 050 (0.34-0.71) :
mOS = NR vs. 13.1 months '
'
0.00 i
0 5 10 15 20
Time (months)
Number at risk
- 222 125 64 26 4
- 222 144 58 20 3
FIGURE 2

10.3389/fonc.2022.974227

== ICI-mono
== ICl-chemo

Log-Rank P =0.001
HR = 0.75 (0.63-0.90)
mTTD =4.2vs. 3.5 months

'

i

I
025 .
I
I
I
I
o

Time to treatment discontinuation
3
3

o
=)
3

0 5 20

10 15
Time (months)
Number at risk

- 222 59 9 4 0
= 610 197 29 3 0

o
3

== ICl-mono
== ICl-chemo

o
N
o

Log-Rank P =0.002
HR = 0.72 (0.58-0.89)
mTTD =44 vs. 3.5 months

025

Time to treatment discontinuation
8

o
=)
3

0 5 10 15 20
Time (months)

Number at risk

- 222 59 9 4 0
- 222 83 18 2 0

Kaplan-Meier curves for overall survival (OS) and time to treatment discontinuation (TTD) in the initial cohort and the matched cohort. (A) ICI-
chemo versus ICI-mono for OS in the initial cohort; (B) ICI-chemo versus ICI-mono for TTD in the initial cohort; (C) ICI-chemo versus ICI-
mono for OS in the matched cohort; (D) ICI-chemo versus ICI-mono for TTD in the matched cohort. HR, hazard ratio; NR, not reached

S1D) subgroups compared with ICI monotherapy. In addition,
we also examined differences in OS between the two treatment
groups based on gender (male: P = 0.003; female: P = 0.375), and
disease stage (stage ITIB/IIIC: P = 0.026; stage IV: P = 0.010,
Figure S2).

We subsequently analyzed whether patients with brain, liver,
bone, and adrenal metastasis could benefit from ICI plus
chemotherapy. Survival analysis of unadjusted cohort
suggested that patients with liver metastasis (14.0 months vs.
9.2 months, HR: 0.55, 95% CI: 0.35-0.85, P = 0.006, Figure 3B)
had longer OS when treated with ICI plus chemotherapy.
However, there were no significant differences between the two
treatment groups in patients with brain metastasis (P = 0.108,
Figure 3A), bone metastasis (P = 0.153, Figure 3C), and adrenal
metastasis (P = 0.249, Figure 3D). Meanwhile, the median TTD
was significantly longer in the ICI-chemo group for patients with
brain (4.1 months vs. 3.5 months, P = 0.004), bone (4.2 months
vs. 3.6 months, P = 0.035), and adrenal metastasis (4.2 months
vs. 3.8 months, P = 0.016, Figure S3).

Lastly, to identify subgroups that responded differently to
the two treatment options, we performed a subgroup analysis
using the initial cohort and the matched cohort. As shown in
Figure S4 and Figure 4, ICI-chemo group tended to be associated
with longer OS in subgroups of patients with older age, male,
adenocarcinoma, squamous carcinoma, stage IV, current
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smoker, former smoker, no brain metastasis, liver metastasis,
and no bone metastasis for both the initial and matched cohorts.

Univariate and multivariate analyses of
overall survival

The results of the univariate and multivariate proportional
hazards regression analyses of factors associated with OS in the
initial cohort and the matched cohort are shown in Table S1 and
Table 2, respectively. Before propensity score matching, the
univariate analysis showed that liver metastasis (P = 0.003),
bone metastasis (P = 0.002), and treatment regimen (P = 0.002)
were significantly associated with OS (Table S2). Subsequently,
multivariate analysis was performed to identify independent
prognostic factors, and the result showed that liver metastasis
(HR: 0.747, 95% CI: 0.559-0.998, P = 0.049), bone metastasis
(HR: 0.664, 95% CI: 0.487-0.906, P = 0.010), and treatment
regimen (HR: 0.674, 95% CI: 0.505-0.900, P = 0.007) were
independently associated with OS. Similarly, the univariate
and multivariate analyses were also performed in patients after
propensity score matching. The results showed that liver
metastasis (HR: 0.647, 95% CI: 0.446-0.939, P = 0.022), and
treatment regimen (HR: 0.488, 95% CI: 0.337-0.707, P < 0.001)
were independent prognostic factors for OS (Table 2).
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In summary, the results presented above indicated that ICI
plus chemotherapy was an independent prognostic factor for
patients with progression of disease or suboptimal tumor
response after first-line platinum-based chemotherapy, and a
significant long-term survival benefit was consistently observed
when comparing patients treated with second-line
ICI monotherapy.

Development of the prognostic
nomogram

To create a quantitative prognostic model, a nomogram that
integrated both the treatment regimens and clinicopathological
factors was established by using patients after propensity score
matching. According to the nomogram illustrated in this study, a
point scale score was assigned to each factor level and the factor
scores were summed to obtain a total point for an individual,
which can help to predict the 6-, 12- and 18-month overall
survival for each patient with advanced NSCLC (Figure 5A). As
shown, treatment regimens were found to contribute the most to
the nomogram model when compared with other
clinicopathological factors. We then assessed the predictive
accuracy of the nomogram using area under the ROC curve,
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and the results showed that AUC at 6, 12, and 18 months were
0.723, 0.705, and 0.699, respectively (Figure 5B). It appeared that
the nomogram calibration curves demonstrated good agreement
between prediction and observation in the matched cohort
(Figure 5C). Moreover, decision curve analyses demonstrated
that the nomogram was clinically useful (Figure 5D).

Discussion

As cancer diagnostic and therapeutic technologies continue
to advance, the survival time for patients with malignant tumors
have been significantly extended (27-30). In recent years, PD-1/
PD-L1 inhibitors have changed the treatment paradigm of
advanced NSCLC patients without driver mutations (31, 32).
However, the optimal timing, dosage and combination of ICI
administration remain major clinical problems to clinicians (33—
35). Currently, platinum-based combination chemotherapy
remains the standard first-line therapy for patients with
advanced NSCLC without targetable mutations. ICIs have
been approved for advanced NSCLC after disease progression
on platinum-based chemotherapy. Indeed, evidence is rapidly
accumulating to support the clinical value of combining
appropriately dosed chemotherapies with ICIs. Therefore, we
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Characteristics ICl-mono__ICI-chemo HR (95% CI) P Value
Overall 222 2 ] 0.50 (0.34-0.71)  <0.001
Age

<65 129 131 —o—i 0.45(0.28-0.74)  0.001

265 93 91 ——| 0.55(0.32-0.95)  0.032
Gender

Male 175 169 —o—i 0.51(0.34-0.77)  0.001

Female 47 53 —— 0.50(0.21-1.17)  0.109
Histology

Adenocarcinoma 116 121 —o—i 0.47 (0.29-0.77)  0.002

Squamous 106 101 —— 0.51(0.30-0.88)  0.016
Disease stage

ns/c 51 49 —— 0.53(0.24-1.17)  0.114

\% 171 173 o— 0.48 (0.32-0.73)  <0.001
ECOG PS

0-1 102 104 —— 0.72(0.44-1.18)  0.196

22 8 6 _—— 0.34 (0.06-1.94)  0.225

Unknown 112 112 Ho—i 0.33(0.18-0.60)  <0.001
Smoking status

Current smoker 13 22 ro——— 0.17 (0.03-0.83)  0.029

Former smoker 91 76 —— 0.50(0.28-0.90)  0.021

Never smoker 64 57 —— 0.48 (0.23-0.99) 0.048

Unknown 54 67 —— 0.62(0.31-1.12)  0.175
PD-L1 expression

<50% 19 23 —_— 0.53(0.17-1.61)  0.258

250% 20 11 L 0.80(0.20-3.19)  0.749

Unknown 183 188 Ho—i 0.49 (0.33-0.73)  <0.001
Brain metastases

Yes 61 61 —_— 0.56 (0.28-1.12)  0.099

No 161 161 =— 0.48 (0.31-0.74)  0.001
Liver metastases

Yes 71 76 ——i 0.43 (0.25-0.74)  0.003

No 151 146 —— 0.55(0.34-0.90) 0.016
Bone metastases

Yes 131 131 —— 0.62 (0.41-0.95) 0.029

No 91 91 o—i 0.27 (0.12-0.59) 0.001

T T T T
0 05 2 3

ICl-chemo better

FIGURE 4

ICI-mono better

Forest plot of hazard ratios for overall survival by prespecified subgroups after propensity score matching. HR, hazard ratio; ECOG PS, Eastern
Cooperative Oncology Group performance status; PD-L1, programmed death ligand 1.

designed this retrospective study to evaluate the clinical efficacy
of PD-1 inhibitor monotherapy or PD-1 inhibitor plus
chemotherapy after first-line platinum-based chemotherapy for
patients with advanced NSCLC.

In this study, a total of 832 eligible patients, including 222
received PD-1 inhibitor monotherapy, and 610 received PD-1
inhibitor plus chemotherapy, were enrolled in the analyses. After
1:1 propensity score matching, 222 pairs of patients were
successfully matched, and all baseline characteristics were well-
balanced. The results showed that patients who received ICI plus
chemotherapy had significantly longer OS than those who
received ICI monotherapy. CheckMate 017 and CheckMate
057 studies explored the efficacy and safety of nivolumab in
second-line or further-line treatments in advanced NSCLC, and
the results showed that nivolumab could reduce the risk of death
compared with chemotherapy. Similarly, KEYNOTE-189 and
KEYNOTE-407 also demonstrated that the addition of
pembrolizumab to standard platinum-based chemotherapy
was superior to chemotherapy, in terms of PFS and OS. In our
study, the median OS of patients in the ICI-chemo and ICI-
mono groups was 16.0 and 13.1 months, respectively. Chen et al.
analyzed immunotherapy as second-line treatment and beyond
for NSCLC patients in China. The median PFS and OS were
5.0 months and 17.9 months, respectively (36). Simeone et al.
enrolled 3290 patients with metastatic NSCLC after first-line
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chemotherapy, and the median OS was significantly longer in
patients who were treated with second-line immunotherapy
compared with chemotherapy (17.5months vs. 14.2 months,
P < 0.05) (37). Overall, our results were similar to those of
previous studies.

Subsequently, we performed multiple subgroup analyses to
identify the appropriate subgroups that would benefit from the
use of ICIs in combination with chemotherapy. The results
indicated that ICI plus chemotherapy was significantly
associated with longer OS in patients with older age, male,
adenocarcinoma, squamous carcinoma, stage IV, current
smoker, and former smoker for both the initial and matched
cohorts. Previous studies have shown that patients with distant
metastases have a less favorable prognosis (38-40). Landi et al.
found that bone metastasis was independently associated with
higher risk of death in advanced NSCLC patients treated with
nivolumab (41). Powell et al. retrospectively evaluated outcomes
in patients with advanced NSCLC to determine whether baseline
brain metastases influenced the efficacy of first-line
pembrolizumab plus chemotherapy versus chemotherapy alone
(42). The results showed that the median OS was 18.8 months
with pembrolizumab plus chemotherapy and 7.6 months with
chemotherapy in patients with brain metastases. These studies
indicated that ICI might improve the survival of patients with
metastatic NSCLC. The results of the survival analysis of the
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TABLE 2 Univariable and multivariable analyses of overall survival in patients after propensity score matching.

Univariate analysis

Characteristics Total (N)
HR (95% CI)

Age

<65 260 Reference

=65 184 1.446 (1.014-2.060)
Gender

Male 344 Reference

Female 100 0.704 (0.448-1.105)
Histology

Adenocarcinoma 237 Reference

Squamous 207 1.005 (0.712-1.416)
Disease stage

1IIB/IIIC 100 Reference

v 344 1.094 (0.716-1.671)
ECOG PS

0-1 206 Reference

> 14 1.667 (0.764-3.638)

Unknown 224 0.790 (0.555-1.126)
Smoking status

Current smoker 35 Reference

Former smoker 167 0.946 (0.465-1.923)

Never smoker 121 0.794 (0.379-1.664)

Unknown 121 0.907 (0.435-1.893)
PD-L1 expression

<50% 42 Reference

>50% 31 1.082 (0.482-2.428)

Unknown 371 0.982 (0.550-1.752)
Brain metastases

Yes 122 Reference

No 326 0.739 (0.509-1.074)
Liver metastases

Yes 147 Reference

No 297 0.636 (0.449-0.900)
Bone metastases

Yes 262 Reference

No 182 0.699 (0.482-1.013)
Therapy

ICI-mono 222 Reference

ICI-chemo 222 0.495 (0.344-0.712)

Multivariate analysis

P value HR (95% CI) P value

Reference

0.041 1.453 (0.998-2.117) 0.051
Reference

0.127 0.884 (0.504-1.550) 0.667
Reference

0.979 1.021 (0.697-1.495) 0.915
Reference

0.679 0.848 (0.533-1.349) 0.486

0.121 0.218
Reference

0.199 1.374 (0.590-3.199) 0.461

0.193 0.756 (0.511-1.118) 0.161

0.860 0.604
Reference

0.878 0.882 (0.424-1.834) 0.736

0.542 0.693 (0.310-1.553) 0.373

0.796 1.021 (0.471-2.215) 0.958

0.954 0.967
Reference

0.849 0.912 (0.397-2.099) 0.829

0.951 0.992 (0.547-1.797) 0.978
Reference

0.113 0.765 (0.511-1.144) 0.192
Reference

0.011 0.647 (0.446-0.939) 0.022
Reference

0.058 0.681 (0.453-1.025) 0.066
Reference

<0.001 0.488 (0.337-0.707) <0.001

ECOG PS, Eastern Cooperative Oncology Group performance status; PD-L1, programmed death ligand 1; HR, hazard ratio.

present study suggested that patients with liver metastasis (mOS:
14.0 months vs. 9.2 months) and pericardial metastasis (mOS:
11.9 months vs. 3.3 months) had longer OS when treated with
ICI plus chemotherapy. While the median OS of patients with
brain, bone, and adrenal metastasis in the ICI-chemo group was
longer than those in the ICI-mono group, the difference was not
statistically significant.

To further explore the role of ICIs among patients with
advanced NSCLC after first-line platinum-based chemotherapy,
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multivariate analyses were performed using Cox proportional
hazards regression models. Results of these analyses showed that
liver metastasis and treatment regimen were independent
prognostic factors for OS in both the initial and matched
cohorts. Indeed, previous studies have shown that
chemotherapy may increase the sensitivity of cancer cells to
ICIs and thus can lead to a synergistic effect between the two (43,
44). These results provide a rationale for combining ICIs and
chemotherapy for patients with advanced NSCLC. In general,
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Construction of the nomogram system in patients after propensity score matching. (A) Nomogram predicting 6-, 12-, and 18-month overall

survival for patients in the matched cohort. A total point was calculated by adding up the scores achieved for each factor. (B) ROC curves of the
nomogram. (C) Calibration curves of the nomogram between predicted and observed 6-, 12-, and 18-month overall survival. The dashed line of
45° represents the perfect prediction of the nomogram. (D) Decision curve analysis for the nomogram. The red line at the bottom of the picture

represents the assumption that no patients died at 6, 12 or 18 months.

the therapeutic effect of ICIs plus chemotherapy is superior to
that of ICI monotherapy, which suggests that ICIs plus
chemotherapy may be a better strategy for patients with
advanced NSCLC after first-line platinum-based chemotherapy.

It is well known that nomograms proposed as prognostic
tools that can assist in predicting the prognosis for each patient
(45). To create a quantitative model for survival prediction, a
nomogram was developed for patients with advanced NSCLC.
According to the nomogram illustrated in this study, the
prognostic score was based on the total points for individuals,
which can help to predict the overall survival. Our nomogram
may thus represent a useful tool, which can facilitate the
clinicians an easy way to predict the prognosis of patients after
first-line platinum-based chemotherapy.

To the best of our knowledge, this is the first study to
evaluate the clinical response to PD-1 inhibitor monotherapy or
PD-1 inhibitor plus chemotherapy after first-line platinum-
based chemotherapy for patients with advanced NSCLC in the
Chinese population. Our results suggest that patients who
received PD-1 inhibitor plus chemotherapy had significantly
longer OS than those who received PD-1 inhibitor monotherapy.
In addition, we also performed multiple subgroup analyses, and
a nomogram was then created to facilitate prediction of survival
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probability. As real-world data can provide instructive
information for clinical practice, the results of this study can
provide a valuable reference for patients with advanced NSCLC.

There were also some limitations in the present study. First,
as this is a retrospective observational study mainly based on
cancer database, we are limited as to how much information can
be obtained. For instance, only less than half of included patients
have clear ECOG PS, PD-L1 expression, and gene mutation
status, which may affect the credibility of subgroup analyses.
Second, we cannot be sure whether patients ever received
radiotherapy during the treatment period, which may affect
patient survival. Third, although all patients enrolled in this
study received ICIs after first-line platinum-based
chemotherapy, different PD-1 inhibitors and chemotherapy
drugs may also have an impact on survival prognosis. More
patients and clinicopathological features from prospective
multicenter trials are needed to further confirm this prognostic
model. Despite the above limitations, our study demonstrated
that ICI plus chemotherapy might improve long-term survival in
patients with advanced NSCLC after first-line platinum-based
chemotherapy compared with ICI monotherapy.

In summary, this study suggests that patients with advanced
NSCLC who received ICI plus chemotherapy after first-line
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platinum-based chemotherapy tended to have longer OS than
those who received ICI monotherapy. The multivariate analysis
indicated that treatment regimen was an independent prognostic
factor for OS. Moreover, a nomogram was created to facilitate
the clinicians an easy way to predict the prognosis of patients.
We hope these findings can provide a reference for the use of
ICIs in patients with advanced NSCLC after platinum-based
chemotherapy. Additional prospective studies are needed to
confirm the results.
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