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Background: Immune checkpoint inhibitors (ICIs) represent a great breakthrough in the treatment of 
advanced non-small cell lung cancer (aNSCLC). However, whether immunotherapy beyond progression 
(IBP) is effective for aNSCLC has yet to be established. Therefore, a retrospective clinical study was 
conducted to investigate the efficacy of IBP in patients with aNSCLC under real-world conditions.
Methods: A total of 125 Chinese patients with aNSCLC who experienced progressive disease (PD) after 
receiving monotherapy or combination therapy (combined with chemotherapy or/and antiangiogenic 
therapy) with programmed cell death-1 (PD-1)/programmed cell death ligand-1 (PD-L1) inhibitors between 
January 2015 and March 2019 were enrolled. Patients who were treated with ICIs for more than 6 weeks 
after PD were defined as IBP (n=39), while those who received ICI treatment for less than 6 weeks or 
discontinued it due to PD were defined as non-IBP (n=86). Patient clinical characteristics were evaluated. 
An optimization-based method was applied to balance the clinical baseline characteristics between the two 
groups.
Results: In total population, the IBP group had longer overall survival (median OS, 26.6 vs. 9.5 months; 
HR, 0.40; 95% CI: 0.23–0.69; P<0.001) and progression-free survival (median PFS, 8.9 vs. 4.1 months; HR, 
0.41; 95% CI: 0.26–0.65; P<0.001), compared with the non-IBP group. Despite no significant difference 
in objective response rate (ORR, 15.4% vs. 11.6%, P=0.560), disease control rate (DCR) was significantly 
higher in the IBP group (89.7% vs. 61.6%, P<0.001). After balancing baseline covariates, the IBP group also 
had longer OS (median: 26.6 vs. 10.7 months; HR, 0.40; 95% CI: 0.19–0.84; P=0.015) and PFS (median: 9.7 
vs. 4.3 months; HR, 0.28; 95% CI: 0.15–0.51; P<0.001), with a benefit in either of patients previously treated 
with ICI monotherapy or in combination therapy and with non-response to the previously ICI.
Conclusions: IBP is associated with longer OS and PFS in patients with aNSCLC. Our findings may 
suggest new therapeutic options for patients with aNSCLC who experienced disease progression after initial 
immunotherapy.
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Introduction

Lung cancer is one of the most common malignancies 
in the world. In 2018, lung cancer was responsible for 
approximately 1.8 million deaths globally, with 2.1 million 
new cases diagnosed (1). There are two main subtypes of 
lung cancer: non-small cell lung cancer (NSCLC) and small 
cell lung cancer. NSCLC is the most common histological 
type, accounting for more than 85% of lung cancer, and has 
a 5-year survival rate of less than 16% (2). Therefore, there 
is an urgent need for improving the survival of patients with 
advanced non-small cell lung cancer (aNSCLC).

Immune checkpoint inhibitors (ICIs), including anti-
programmed cell death-1 (PD-1) and anti-programmed 
cell death ligand-1 (PD-L1) antibodies, have made a 
major impact on the treatment landscape for patients with 
aNSCLC in recent years (3-6). In a series of clinical trials, 
some ICIs were confirmed to achieve a better clinical 
response than standard chemotherapy in patients with 
aNSCLC (7-9). However, only a limited number of patients 
obtain sustained benefit from ICI therapy (10). For patients 
with disease progression to treatment with ICIs, the 
continuation of immunotherapy with subsequent treatment 
regimens is still investigational.

Immunotherapy beyond progression (IBP) has been 
reported as possibly effective for advanced melanoma and 
renal cell carcinoma patients (11-13). In the subgroup 
analysis of Checkmate 025 study, for instance, the tumor 
burden was reduced by 30% or more in 13% (20/153) of 
patients with advanced renal cell carcinoma in the IBP  
group (14). Moreover, in a retrospective melanoma  
study (15), the median overall survival (mOS) of patients 
who received IBP with anti-PD-1 antibody was significantly 
longer than that of patients in the non-IBP group. 
Conversely, research on IBP with ICIs in NSCLC is still in 
its infancy. In the long-term analysis of Keynote-010, 7 of 
14 patients who received IBP with pembrolizumab achieved 
a partial response (PR) or stable disease (SD) as their best 
response, suggesting that IBP may hold potential for the 
treatment of patients with aNSCLC (16). While in a real-
world European series of 60 aNSCLC patients with PD-L1 

≥50% progressed to first-line pembrolizumab and treated 
with salvage chemotherapy (42/60, 70%) or pembrolizumab 
and possible local ablative radiotherapies (18/60, 30%), 
the post-progression median survival between these two 
groups was not significantly different (6.9 vs. 8.1 months,  
P=0.08) (17). Therefore, further research on IBP is necessary.

In this context, we conducted a retrospective clinical 
study under real-world conditions to investigate whether 
IBP was effective for patients with aNSCLC and to further 
identify those subgroups of patients that could potentially 
benefit more from this treatment. We present the following 
article in accordance with the STROBE reporting checklist 
(available at http://dx.doi.org/10.21037/tlcr-20-1252).

Methods

Study design and patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Ethics Committee of PLA General 
Hospital (S2018-141-01) and individual consent for this 
retrospective analysis was waived.

Between January 2015 and March 2019, patients 
wi th  aNSCLC whose  response  was  eva luated  as 
progressive disease (PD) after receiving monotherapy 
or combination therapy (combined with chemotherapy 
or/and antiangiogenic therapy) with PD-1/PD-L1 
checkpoint inhibitors at the Chinese PLA general hospital 
were screened. The inclusion criteria were: (I) NSCLC 
confirmed by pathological diagnosis; (II) stage IIIB or IV or 
recurrent disease; (III) at least one cycle of ICI treatment. 
Patients without disease reassessment to ICI treatment were 
excluded.

Patients’ electronic medical records were reviewed, and 
125 patients were eligible for this analysis. Patients who 
were treated with ICIs for more than 6 weeks after PD were 
defined as IBP, while those who received ICI treatment for 
less than 6 weeks or discontinued it due to the PD were 
defined as non-IBP.

The clinical data of the patients were collected, including 
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age, gender, tumor histology, smoking history, Eastern 
Cooperative Oncology Group (ECOG) performance 
status, tumor stage, liver/brain metastases, previous lines 
of therapy, best response to the previous line, initial 
immunotherapy regimen (monotherapy/combination 
therapy). ICIs used included nivolumab, pembrolizumab, 
atezolizumab, and durvalumab. Tumor response, including 
complete response (CR), PR, SD and PD, were assessed 
by referring to the Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria version 1.1 (18).

The primary study objective was overall survival 
(OS), defined as the time from the initiation of the post-
PD treatment to death from any cause. The secondary 
objectives were progression-free survival (PFS), objective 
response rate (ORR), and disease control rate (DCR). PFS 
was defined as the time from the initiation of the post-PD 
treatment to disease progression or death from any cause, 
whichever came first. The ORR was defined as the sum of 
CR and PR, while the DCR was the sum of CR, PR, and 
SD. The date of the last follow-up was May 1, 2020. 

Statistical analysis

An optimization-based method was used to eliminate the 
standardized mean difference in an attempt to balance the 
distribution of covariates between the IBP and non-IBP 
groups (19). A weight was assigned to patients according 
to the following criteria: (I) the variance ratio was between 
0.67 and 2.0; (II) the absolute value of the standardized 

mean difference was less than 0.15. Kish’s approximate 
formula was used to calculate the effective size for the 
weighted sample. Chi-square or Fisher’s exact test was 
used to compare categorical variables. Continuous or 
ordinal variables were compared using the Student’s t-test 
or Mann-Whitney U test. Kaplan-Meier curves were used 
to analyze OS and PFS, and the log-rank test was used to 
compare the survival curves. Cox proportional-hazards 
regression was performed to calculate the hazard ratios 
(HRs). P-values were calculated based on a two-sided 
assumption, and P<0.05 was considered to be statistically 
significant. Statistical analyses were performed using R for 
the optimization-based method and survey for the weighted 
sample (R packages WeightIt version 0.5.1, https://cran.
r-project.org/web/packages/WeightIt/index.html; survey 
version 3.36, https://cran.r-project.org/web/packages/
survey/index.html).

Results

Patient clinical characteristics

A total of 125 patients with aNSCLC who experienced PD 
after treatment with PD-1/PD-L1 inhibitors were enrolled 
in this study. There were 39 and 86 patients in the IBP group 
and the non-IBP group, respectively. Table 1 summarized 
the patients’ baseline clinical characteristics. The median 
age for all participants was 59 (range, 33–82) years;  
91 (72.8%) patients were male and 34 (27.2%) were female. 

Table 1 Baseline characteristics of the patients

Characteristics
No. of patients (%)

All patients (n=125) IBP group (n=39) Non-IBP group (n=86)

Median age (range), years 59 (33–82) 56 (33–82) 59 (33–79)

Sex

Male 91 (72.8) 29 (74.4) 62 (72.1)

Female 34 (27.2) 10 (25.6) 24 (27.9)

ECOG performance status

0–1 105 (84.0) 36 (92.3) 69 (80.2)

≥2 20 (16.0) 3 (7.7) 17 (19.8)

Smoking history

Ever 75 (60.0) 23 (59.0) 52 (60.5)

Never 50 (40.0) 16 (41.0) 34 (39.5)

Table 1 (continued)

https://cran.r-project.org/web/packages/WeightIt/index.html
https://cran.r-project.org/web/packages/WeightIt/index.html
https://cran.r-project.org/web/packages/survey/index.html
https://cran.r-project.org/web/packages/survey/index.html
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Table 1 (continued)

Characteristics
No. of patients (%)

All patients (n=125) IBP group (n=39) Non-IBP group (n=86)

Histology

Squamous 47 (37.6) 17 (43.6) 30 (34.9)

Non-squamous 78 (62.4) 22 (56.4) 56 (65.1)

Liver metastases

Yes 23 (18.4) 5 (12.8) 18 (20.9)

No 102 (81.6) 34 (87.2) 68 (79.1)

Brain metastases

Yes 38 (30.4) 10 (25.6) 28 (32.6)

No 87 (69.6) 29 (74.3) 58 (67.4)

Tumor stage

IIIB 21 (16.8) 4 (10.3) 17 (19.8)

IV 104 (83.2) 35 (89.7) 69 (80.2)

EGFR mutation status

Positive 25 (20.0) 6 (15.4) 19 (22.1)

Negative 58 (46.4) 24 (61.5) 34 (39.5)

Unknown 42 (33.6) 9 (23.1) 33 (38.4)

ALK fusion status

Positive 6 (4.8) 2 (5.1) 4 (4.6)

Negative 87 (69.6) 30 (76.9) 57 (66.3)

Unknown 32 (25.6) 7 (18.0) 25 (29.1)

Previous lines of therapy

1 33 (26.4) 12 (30.8) 21 (24.4)

2 38 (30.4) 8 (20.5) 30 (34.9)

≥3 54 (43.2) 19 (48.7) 35 (40.7)

Best response to previous line

PR 24 (19.2) 12 (30.8) 12 (14.0)

SD 49 (39.2) 14 (35.9) 35 (40.7)

PD 52 (41.6) 13 (33.3) 39 (45.3)

Initial immunotherapy regimen

Monotherapy 55 (44.0) 12 (30.8) 43 (50.0)

Combination therapy 70 (56.0) 27 (69.2) 43 (50.0)

Chemotherapy 43 (34.4) 16 (41.0) 27 (31.4)

Antiangiogenic therapy 16 (12.8) 7 (17.9) 9 (10.5)

Chemotherapy and antiangiogenic therapy 11 (8.8) 4 (10.3) 7 (8.1)

ECOG, Eastern Cooperative Oncology Group; IBP, immunotherapy beyond progression; PR, partial response; SD, stable disease; PD,  
progressive disease.
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75 (60.0%) patients had a smoking history. 47 (37.6%) 
patients had squamous cell carcinoma and 78 (62.4%) 
patients had non-squamous cell carcinoma. Liver and brain 
metastases were presented in 23 (18.4%) and 38 (30.4%) 
patients, respectively. 25 (20%) patients had positive EGFR 
mutations status, and 6 (4.8%) patients had positive ALK 
fusion status. Of the initial immunotherapy regimens, 
combination therapy was found to be more common than 
monotherapy (56.0% vs. 44.0%). 

Treatment efficacy beyond immunotherapy PD

The IBP group had a median OS of 26.6 months (95% CI: 
13.3–NA), compared with 9.5 months (95% CI: 7.7–12.8) 
in the non-IBP group (HR, 0.40; 95% CI: 0.23–0.69; 
P<0.001). The 1-year OS rates were 67% (95% CI: 0.53–
0.84) and 39% (95% CI: 0.29–0.52) in the IBP and non-
IBP groups, respectively. The median PFS was 8.9 months 
(95% CI: 7.4–13.6) in the IBP group and 4.1 months (95% 
CI: 3.1–5.2) in the non-IBP group (HR, 0.41; 95% CI: 
0.26–0.65; P<0.001). The ORR in the IBP group was not 
statistically different from that in the non-IBP group (15.4% 
vs. 11.6%, P=0.560). The DCR was significantly higher 
in the IBP group than in the non-IBP group (89.7% vs. 
61.6%, P<0.001; Table 2). 

By the exploratory subgroup analysis, unweighted for 
covariates between the IBP and the non-IBP groups, IBP 
showed a significant benefit in terms of OS and PFS in 
the overall population and particularly for OS in males, 
squamous histology, no brain or liver metastases, any age, 
not beyond ≥ the third treatment line, with PR to the 
previous ICI and monotherapy as previous ICI (Figure S1).

After optimization-based weighting (Table S1), OS was 

longer for patients in the IBP group than for those in the 
non-IBP group (mOS: 26.6 vs. 10.7 months; HR, 0.40; 95% 
CI: 0.19–0.84; P=0.015) and PFS showed similar results 
(mPFS: 9.7 vs. 4.3 months; HR, 0.28; 95% CI: 0.15–0.51; 
P<0.001). The Kaplan-Meier curves of OS and PFS in both 
original and weighted data were presented in Figure 1.

Subgroup analysis by the initial immunotherapy regimens

A subgroup analysis was performed to explore the efficacy 
of IBP based on patients’ initial immunotherapy regimens 
(monotherapy or combination therapy). Optimization-
based weighting was conducted to balance the distribution 
of covariates by minimizing the standardized mean 
difference in the ICI monotherapy and combination therapy 
subgroups (Tables S2 and S3). 

In the ICI monotherapy subgroup, the median OS was 
statistically significantly different between the IBP and the 
non-IBP groups (26.6 vs. 10.9 months; HR, 0.31; 95% CI: 
0.11–0.84; P=0.021). The median PFS in the IBP group was 
10.6 months (95% CI: 4.8–28.0) compared with 2.1 months 
(95% CI: 1.9–4.1) in the non-IBP group (HR, 0.16; 95% 
CI: 0.05–0.47; P<0.001). 

In the combination therapy subgroup, the IBP had 
longer OS than the non-IBP patients’ group (mOS, 28.8 vs. 
11.2 months; HR, 0.42; 95% CI: 0.18–0.97; P=0.042). The 
median PFS in the IBP group was longer than that in the 
non-IBP group (mPFS, 8.5 vs. 4.6 months; HR, 0.55; 95% 
CI: 0.27–1.16), although the difference was not statistically 
significant (P=0.115). The Kaplan-Meier curves of the ICI 
monotherapy and combination therapy subgroups were 
shown in Figures 2 and 3.

Subgroup analysis by the best response to initial 
immunotherapy

The patients whose best response to initial immunotherapy 
was CR/PR were defined as the response group, while those 
with SD/PD as the non-response group. 

For the limited sample size of the response subgroup, 
the covariate distribution could not be balanced. OS and 
PFS curves for this subgroup from original unweighted data 
were shown in Figure S2: the median OS was 28.8 months 
in IBP compared with 12.4 months in the non-IBP group 
(HR, 0.08; 95% CI: 0.01–0.67; P=0.019); the median PFS 
was 17.0 months in the IBP compared with 2.5 months 
in the non-IBP group (HR, 0.26; 95% CI: 0.09–0.79; 
P=0.017). 

Table 2 Tumor response in all patients

Best response IBP group Non-IBP group P value

CR, n (%) 0 (0) 0 (0)

PR, n (%) 6 (15.4) 10 (11.6)

SD, n (%) 29 (74.3) 43 (50.0)

PD, n (%) 4 (10.3) 33 (38.4)

ORR, n (%) 6 (15.4) 10 (11.6) 0.560

DCR, n (%) 35 (89.7) 53 (61.6) 0.001

CR, complete response; PR, partial response; SD, stable  
disease; PD, progressive disease; ORR, objective response 
rate; DCR, disease control rate; IBP, immunotherapy beyond 
progression.

https://cdn.amegroups.cn/static/public/TLCR-20-1252-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1252-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1252-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1252-supplementary.pdf
https://cdn.amegroups.cn/static/public/TLCR-20-1252-supplementary.pdf
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Figure 1 Kaplan-Meier curves of OS (A,B) and PFS (C,D) from original data and weighted data in the total study population. IBP, 
immunotherapy beyond progression; non-IBP, non-immunotherapy beyond progression; mOS, median overall survival; mPFS, median 
progression-free survival; HR, hazard ratio; CI, confidence interval.

Figure 2 Kaplan-Meier curves of OS (A,B) and PFS (C,D) from original data and weighted data in the initial immune monotherapy 
subgroup. IBP, immunotherapy beyond progression; non-IBP, non-immunotherapy beyond progression; mOS, median overall survival; 
mPFS, median progression-free survival; HR, hazard ratio; CI, confidence interval.
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Total population

OS OS

PFS PFS

mOS: 26.6 vs. 9.5 months
HR=0.4 (95%CI 0.23-0.69)
P<0.001

mOS: 26.6 vs. 10.7 months
HR=0.4 (95%CI 0.19-0.84)
P=0.015

mPFS: 9.7 vs. 4.3 months
HR=0.28 (95%CI 0.15-0.51)
P<0.001

mPFS: 8.9 vs. 4.1 months
HR=0.41 (95%CI 0.26-0.65)
P<0.001

Monotherapy

A

C

B

D

mOS: 26.6 vs. 7.7 months
HR=0.27 (95%CI 0.1-0.7)
P=0.007

mOS: 26.6 vs. 10.9 months
HR=0.31 (95%CI 0.11-0.84)
P=0.021

mPFS: 10.6 vs. 2.1 months
HR=0.16 (95%CI 0.05-0.47)
P<0.001

mPFS: 10.6 vs. 4.1 months
HR=0.27 (95%CI 0.12-0.65)
P=0.003

OS OS

PFS PFS
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After balancing the distribution of covariates in the non-
response subgroup (Table S4), patients in the IBP group had 
longer OS (mOS: 26.6 vs. 10.5 months; HR, 0.41; 95% CI: 
0.19–0.87; P=0.020) and PFS (mPFS: 9.7 vs. 4.6 months; 
HR, 0.35; 95% CI: 0.19–0.64; P<0.001) than those in the 
non-IBP group (Figure 4).

Discussion

With the continuous development of immunotherapy for 
cancer, the treatment choice for patients who experience 
disease progression to immunotherapy has become a new of 
unmet need (20). Previous studies have reported that IBP 
might be effective for patients with aNSCLC (21-25).

In the retrospective OAK study,  322 aNSCLC 
patients in the atezolizumab group experienced disease 
progression (26). Among them, patients who continued 
atezolizumab had a longer OS than those who received 
other or no further treatments. Similarly, in a retrospective 
study of more than 4,000 patients with aNSCLC from 
USA, Stinchcombe et al. (24) reported that IBP patients 
had a longer OS (11.5 vs. 5.1 months) compared with 
non-IBP patients. As above mentioned, in a real-world 

European series of 60 aNSCLC patients with PD-L1 
≥50% progressed to first-line pembrolizumab, IBP with 
pembrolizumab and possible local ablative radiotherapies (in 
18/60 patients, 30%) showed a non-significant difference in 
post-PD median OS as compared to salvage chemotherapy 
(in 42/60 patients, 70%) (8.1 vs. 6.9 months, P=0.08) (17). 
However, there is little real-world data on IBP for NSCLC 
patients in China.

In this study, we observed that patients who received 
IBP showed a survival benefit as compared to those who 
did not receive this, with longer PFS and OS confirmed 
after balancing the clinical baseline characteristics between 
these two groups. To the best of our knowledge, this is the 
first study using real-world data on IBP for NSCLC in a 
Chinese population.

According to a  subgroup analys is  of  IBP with 
nivolumab, Ricciuti et al. (27) reported a survival benefit 
for patients in the IBP group as compared to non-IBP 
patients, independently by the best response to the initial 
immunotherapy, whether disease control or PD. Similarly, 
our results demonstrated a longer OS and PFS in the IBP 
than in the non-IBP patients’ group, either in the subgroup 
of patients who responded to the initial immunotherapy or 

Figure 3 Kaplan-Meier curves of OS (A,B) and PFS (C,D) from original data and weighted data in the initial immune combination therapy 
subgroup. IBP, immunotherapy beyond progression; non-IBP, non-immunotherapy beyond progression; mOS, median overall survival; 
mPFS, median progression-free survival; HR, hazard ratio; CI, confidence interval.

mOS: 22.6 vs. 11.2 months
HR=0.57 (95%CI 0.28-1.16)
P=0.122

mOS: 28.8 vs. 11.2 months
HR=0.42 (95%CI 0.18-0.97)
P=0.042

mPFS: 8.5 vs. 4 months
HR=0.5 (95%CI 0.28-0.91)
P=0.023

mPFS: 8.5 vs. 4.6 months
HR=0.55 (95%CI 0.27-1.16)
P=0.115

PFS PFS

OS OS

Combinatin therapy

A

C

B

D

https://cdn.amegroups.cn/static/public/TLCR-20-1252-supplementary.pdf
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Figure 4 Kaplan-Meier curves of OS (A,B) and PFS (C,D) from original data and weighted data in the subgroup of patients who had SD/
PD as their best response to previous line of therapy. IBP, immunotherapy beyond progression; non-IBP, non-immunotherapy beyond 
progression; mOS, median overall survival; mPFS, median progression-free survival; HR, hazard ratio; CI, confidence interval.

in those who showed no response.
Furthermore,  we explored whether  the ini t ia l 

immunotherapy regimen (monotherapy or combination 
therapy) affected the outcome of post-progression 
immunotherapy. By the subgroup analysis, weighted for 
possible differences in covariates, the benefit from IBP was 
observed in either the monotherapy or combination ICI 
therapy subgroups; whilst by the unweighted subgroup 
analysis, it seemed related to the previous ICI monotherapy 
only. This possible difference could be explained by 
the proper weighting of patient characteristics, but the 
small number of patients in the two subgroups should 
also be considered. Therefore, the curative effect of 
immunotherapy remains to be determined and further 
research on predictive biomarkers is needed.

The mechanism by which some patients who experience 
progression after initial immunotherapy may benefit from 
subsequent immunotherapy is still unclear. One reason for this 
may rely on differences between PD-1/PD-L1 inhibitors (28).  
And it may take time for the immune system to activate. 
The interaction between immune system and tumor may 
lead to fluctuations in clinical efficacy (29). Moreover, to 
reflect the continuous effect of immunotherapy after the first 

immunotherapy for PD, and in reference to Ricciuti’s study 
mentioned above (27), we defined whether the duration of 
immunotherapy after PD exceeded 6 weeks as the boundary 
between the two groups. Of course, it’s not necessarily the 
best cut-off point in this study. What’s more, the current 
efficacy evaluation criteria for disease response, RECIST 
v1.1, might not completely applicable to immunotherapy (29).  
Atypical responses of NSCLC to ICI therapy could, for 
instance, explain why few patients who achieve a curative 
effect are mistakenly considered to have disease progression; 
therefore, the effectiveness of ICIs may be underestimated by 
RECIST v1.1 (30).

The present study has some limitations. Firstly, although 
we used an optimization-based method to balance the 
differences in main baseline clinical characteristics between 
the groups, other potential factors we might have not 
considered could have interfered with the conclusions. 
Secondly, this study was based on the medical records of a 
single center and the sample size was relatively small; this 
may undermine the reliability of the results, particularly of 
those from the subgroup analyses, which should therefore 
be considered as hypothesis-generating. Thirdly, the 
retrospective nature of this study has inherent disadvantages 

mOS: 13.6 vs. 9.5 months
HR=0.57 (95%CI 0.32-1.00)
P=0.049

mOS: 26.6 vs. 10.5 months
HR=0.41 (95%CI 0.19-0.87)
P=0.020

mPFS: 8.9 vs. 4.1 months
HR=0.52 (95%CI 0.31-0.88)
P=0.015

mPFS: 9.7 vs. 4.6 months
HR=0.35 (95%CI 0.19-0.64)
P<0.001

PFSPFS

OS OS

A

C

B

D
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that may result in recall bias and selection bias. Finally, 
we cannot adequately estimate the real contribution of 
salvage chemotherapy following ICIs, although in recent a 
retrospective series of 342 aNSCLC patients, the reported 
mOS of 6.8 months and mPFS of 4.1 months seem quite 
similar to those observed in our non-IBP group (31). 
Therefore, our findings warrant further validation in multi-
center prospective clinical trials with large cohorts.

Conclusions

IBP may enable patients with aNSCLC to achieve 
prolonged OS and PFS. Our findings may suggest 
new treatment options for patients with aNSCLC who 
experience disease progression after initial immunotherapy.
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Supplementary

Table S1 Summary of baseline characteristics of all patients

Characteristics Type
Before weighting After weighting

Standard Mean Diff. Variance Ratio Standard Mean Diff. Variance Ratio

Age Contin 0.184 1.246 0.000 1.247

Sex 

Male Binary -0.023 0.000

Female Binary 0.023 0.000

Histology 

Squamous Binary -0.087 0.000

Non-squamous Binary 0.087 0.000

Smoking history 

Yes Binary 0.015 0.000

No Binary -0.015 0.000

ECOG PS

0-1 Binary -0.121 0.000

≥2 Binary 0.121 0.000

Liver metastases

Yes Binary 0.081 0.000

No Binary -0.081 0.000

Brain metastases

Yes Binary 0.069 0.000

No Binary -0.069 0.000

Gene mutation

Yes Binary 0.062 0.000

No Binary -0.215 0.000

Unknown Binary 0.153 0.000

Tumor stage

IIIB Binary 0.095 0.000

IV Binary -0.095 0.000

Previous lines of therapy

1 Binary -0.064 0.00

2 Binary 0.144 0.00

≥3 Binary -0.080 0.000

Best response to previous line 

PR Binary -0.168 0.000

SD Binary 0.048 0.000

PD Binary 0.120 0.000

Initial immunotherapy regimen

Monotherapy Binary 0.192 0.000

Combination Binary -0.192 0.000

Contin: continuous variable; Binary: binary variable; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PR, partial  
response; SD, stable disease; PD, progressive disease.
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Table S2 Summary of the baseline characteristics of patients in the initial immune monotherapy subgroup

Characteristics Type
Before balancing After balancing

Standard Mean Diff. Variance Ratio Standard Mean Diff. Variance Ratio

Age Contin -0.287 1.812 -0.094 1.607

Sex 

Male Binary 0.019 0.006

Female Binary -0.019 -0.006

Histology 

Squamous Binary -0.285 -0.094

Non-squamous Binary 0.285 0.094

Smoking history 

Yes Binary -0.198 -0.065

No Binary 0.198 0.065

ECOG PS

0-1 Binary 0.172 0.056

≥ 2 Binary -0.172 -0.056

Liver metastases

Yes Binary 0.004 0.002

No Binary -0.004 -0.002

Brain metastases

Yes Binary -0.182 -0.059

No Binary 0182 0.059

Gene mutation

Yes Binary -0.019 -0.006

No Binary 0.411 0.133

Unknown Binary -0.391 -0.127

Tumor stages

IIIB Binary -0.279 -0.092

IV Binary 0.279 0.092

Previous lines of therapy

1 Binary -0.033 -0.010

2 Binary -0.072 -0.024

≥3 Binary 0.105 0.034

Best response to previous line 

PR Binary 0.157 0.050

SD Binary -0.112 -0.038

PD Binary -0.045 -0.013

Contin: continuous variable; Binary: binary variable; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PR, partial  
response; SD, stable disease; PD, progressive disease.
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Table S3 Summary of the baseline characteristics of patients in the initial immune combination therapy subgroup

Characteristics Type
Before balancing After balancing

Standard Mean Diff. Variance Ratio Standard Mean Diff. Variance Ratio

Age Contin 0.073 0.997 0.031 0.765

Sex 

Male Binary -0.076 -0.030

Female Binary 0.076 0.030

Histology 

Squamous Binary -0.356 -0.143

Non-squamous Binary 0.356 0.143

Smoking history 

Yes Binary -0.118 -0.046

No Binary 0.118 0.046

ECOG PS

0-1 Binary -0.065 -0.026

≥2 Binary 0.065 0.026

Liver metastases

Yes Binary 0.145 0.057

No Binary -0.145 -0.057

Brain metastases

Yes Binary 0.006 0.002

No Binary -0.006 -0.002

Gene mutation

Yes Binary 0.127 0.050

No Binary -0.077 -0.031

Unknown Binary -0.050 -0.019

Tumor stages

IIIB Binary -0.032 -0.012

IV Binary 0.032 0.012

Previous lines of therapy

1 Binary -0.035 -0.012

2 Binary 0.098 0.039

≥3 Binary -0.063 -0.027

Best response to previous line

PR Binary -0.147 -0.059

SD Binary 0.090 0.036

PD Binary 0.057 0.023

Contin: continuous variable; Binary: binary variable; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PR, partial  
response; SD, stable disease; PD, progressive disease.
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Table S4 Summary of the baseline characteristics of patients who had non-PR (SD/PD) as their best response to previous line

Characteristics Type
Before balancing After balancing

Standard Mean Diff. Variance Ratio Standard Mean Diff. Variance Ratio

Age Contin 0.148 1.569 0.032 1.409

Sex 

Male Binary -0.048 -0.009

Female Binary 0.048 0.009

Histology 

Squamous Binary -0.029 -0.006

Non-squamous Binary 0.029 0.006

Smoking history 

Yes Binary -0.022 -0.004

No Binary 0.022 0.004

ECOG PS

0-1 Binary -0.115 -0.024

≥2 Binary 0.115 0.024

Liver metastases

Yes Binary 0.092 0.018

No Binary -0.092 -0.018

Brain metastases

Yes Binary -0.023 -0.005

No Binary 0.023 0.005

Gene mutation

Yes Binary 0.021 0.006

No Binary 0.197 0.041

Unknown Binary -0.218 -0.047

Tumor stages

IIIB Binary 0.156 0.032

IV Binary -0.156 -0.032

Previous lines of therapy

1 Binary 0.058 0.013

2 Binary 0.193 0.040

≥3 Binary -0.251 -0.053

Initial immunotherapy regimen 

Monotherapy Binary 0.194 0.040

Combination Binary -0.194 -0.040

Contin: continuous variable; Binary: binary variable; ECOG PS, Eastern Cooperative Oncology Group Performance Status; PR, partial  
response; SD, stable disease; PD, progressive disease.
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Figure S1 Forest plots of OS (A) and PFS (B) in the IBP and non-IBP groups.
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Figure S2 Kaplan-Meier curves of OS (A) and PFS (B) from original data in the subgroup of patients who had PR as their best response to 
previous line.
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