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Abstract: This prospective observational study investigated the efficacy of pembrolizumab administered as first-line 
therapy and the survival outcomes of continuing or combining it with other agents after disease progression in 
patients with stage IV non-small cell lung cancer (NSCLC). A total of 63 patients who experienced disease progres-
sion following pembrolizumab-based first-line treatment between February 2019 and July 2024 were prospectively 
enrolled. Patients were randomized into two cohorts based on treatment strategy: a treated beyond progression 
(TBP) group (n = 39) to receive continued pembrolizumab monotherapy or pembrolizumab-based combination regi-
mens after disease progression, and a non-TBP (NTBP) group (n = 24), which discontinued pembrolizumab upon 
progression. The primary endpoint was overall survival (OS), and secondary endpoints included progression-free 
survival (PFS), objective response rate (ORR), and disease control rate (DCR). The median PFS during first-line 
therapy (mPFS1) was 6.97 months. In the TBP group, the median PFS from first-line initiation to progression after 
second-line therapy (mPFS2) was 17.6 months, with an ORR of 20.5% and a DCR of 74.4%. OS in the TBP group was 
significantly longer than that in NTBP group (29.4 vs. 12.4 months, P < 0.001). Multivariate Cox regression analysis 
identified continued pembrolizumab use and favorable ECOG performance status as independent predictors of 
prolonged OS. These findings suggest that continued pembrolizumab use or combination therapy after disease pro-
gression significantly enhances survival benefits in advanced NSCLC, underscoring the importance of individualized 
treatment strategies based on clinical characteristics and treatment response.
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Introduction

Lung cancer remains the leading cause of can-
cer-related mortality worldwide and continues 
to impose a considerable burden on public 

health [1]. Non-small cell lung cancer (NSCLC), 
which constitutes nearly 85% of all lung cancer 
cases, has therefore become the focus of most 
clinical and translational research [2-4]. In 
recent years, immune checkpoint inhibitors 
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(ICIs) have reshaped treatment paradigms for 
advanced NSCLC, with pembrolizumab demon-
strating particularly meaningful clinical benefits 
[5-7]. By blocking the PD-1/PD-L1 axis, pem-
brolizumab can enhance antitumor immunity 
and lead to prolonged survival. Landmark trials 
such as KEYNOTE-407 and KEYNOTE-189 have 
demonstrated that combining pembrolizumab 
with chemotherapy as a first-line regimen yields 
significant improvements in overall survival 
(OS) for patients with advanced NSCLC [8, 9].

Nevertheless, disease progression during or 
after immunotherapy remains a critical thera-
peutic dilemma. After progression on ICIs, cyto-
toxic chemotherapy is typically administered, 
but its clinical benefit is modest [3, 10, 11]. 
Against this backdrop, continuation or re-initia-
tion of ICIs has attracted increasing attention. 
Early evidence suggests that re-exposure to 
PD-1 blockade may confer clinical benefit in 
selected patients who previously received im- 
munotherapy [12, 13]. Notably, the phase III 
OAK trial reported that patients who continu- 
ed atezolizumab after radiographic progression 
achieved longer OS compared with those who 
discontinued treatment [14]. However, eviden- 
ce regarding the efficacy and safety of continu-
ing pembrolizumab after progression on first-
line therapy remains limited.

To address this gap, we evaluated the clinical 
outcomes of pembrolizumab re-treatment in 
patients with advanced NSCLC who progressed 
on first-line therapy. Using real-world data, we 
analyzed objective response rate (ORR), dis-
ease control rate (DCR), progression-free sur-
vival (PFS), and overall survival (OS), while 
exploring associations between baseline char-
acteristics and treatment outcomes. These 
findings aim to provide evidence-based guid-
ance for individualized therapeutic strategies 
for advanced NSCLC.

Materials and methods

Participants

This research was approved by the Clini- 
cal Research Ethics Committee of the First 
Affiliated Hospital, College of Medicine, 
Zhejiang University (Approval No.: (2020)IIT-
556). Written informed consent was obtained 
from all participants prior to enrollment. The 
study was also registered at ClinicalTrials.gov 
(NCT04153097).

Inclusion criteria: Patients with untreated stage 
IV NSCLC between February 2019 and July 
2024 who had received at least one cycle of 
pembrolizumab, either as monotherapy or in 
combination with chemotherapy and/or angio-
genesis inhibitors as their first-line treatment; 
Patients who experienced progressive disease 
(PD) after first-line treatment during the subse-
quent follow-up. Exclusion criteria: Patients per-
manently discontinued pembrolizumab due to 
≥ Grade 3 immune-related adverse events, lost 
to follow-up before the first efficacy assess-
ment, or enrolled in other clinical trials after 
disease progression were excluded from this 
study. Follow-up ended on December 31, 2024.

Since this is a real-world prospective observa-
tional study, no formal sample size calculation 
was performed, and the sample size (n = 63) 
was exclusively based on the number of eligi- 
ble patients consecutively enrolled during the 
study period. Patients who continued pembroli-
zumab treatment for at least two cycles after 
first-line treatment progression were classified 
into the treated beyond progression (TBP) 
group (n = 39), consistent with previously pub-
lished TBP studies that used this threshold to 
indicate meaningful continuation of therapy 
[15]. Patients who discontinued pembrolizum-
ab treatment after first-line treatment progres-
sion were categorized into the non-TBP (NTBP) 
group (n = 24).

Covariates and outcome definitions

Patient clinical data were collected via the elec-
tronic medical record system, including age, 
sex, histological type, smoking status, pres-
ence of distant metastases, and Eastern Coo- 
perative Oncology Group performance status 
(ECOG PS). Follow-up treatment and survival 
status after discharge were monitored through 
telephone interviews. The primary endpoint of 
this study was OS, defined as the time from the 
initiation of initial treatment to death from any 
cause. The secondary endpoints included PFS, 
ORR, and DCR. Specifically, PFS1 referred to 
the duration from initiation of first-line treat-
ment to disease progression; and PFS2 was 
defined as the duration from the initiation of 
first-line treatment until disease progression  
on second-line therapy. In this study, partial 
response (PR), stable disease (SD), and PD 
were assessed and classified according to 
Response Evaluation Criteria in Solid Tumors 
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Figure 1. Participant enrollment flow diagram.

(RECIST) version 1.1 criteria. Specifically, ra- 
diologic evaluations were performed every 6 
weeks using CT scans. All imaging data were 
independently reviewed by two experienced 
oncologists who were blinded to the treatment 
allocation and clinical data. In cases of discrep-
ancy, a consensus decision was reached after 
discussion. ORR was defined as the proportion 
of patients achieving PR, and DCR was defined 
as the proportion of patients achieving either 
PR or SD.

Statistical analysis

All statistical analyses were performed using R 
statistical software (version 4.2.2). Continuous 
variables were summarized as medians, while 
categorical variables were presented as co- 
unts and percentages. Comparisons of cate-
gorical variables between groups were per-
formed using the chi-square test or Fisher’s 
exact test, as appropriate. The 95% confidence 
intervals (CI) for OS, PFS1, and PFS2 were cal-
culated using the Kaplan-Meier method, with 
comparisons made using the log-rank test. 

Median follow-up was estimated using the 
reverse Kaplan-Meier method. Best overall 
response (BOR), ORR, and DCR were assessed 
according to RECIST 1.1 criteria. Covariates 
including age, ECOG PS, BOR, sex, histology, 
smoking status, liver metastasis, bone metas-
tasis, and brain metastasis were incorporated 
into Cox proportional hazards models. Hazard 
ratios (HR), along with their 95% CIs and p-val-
ues, were calculated using univariate and mul-
tivariate models to assess the correlation of 
these variables with patient OS. A p-value < 
0.05 was considered statistically significant.

Results

Study population and clinical characteristics

This study enrolled 63 patients with stage IV 
NSCLC who received pembrolizumab as first-
line treatment between February 2019 and July 
2024 and subsequently experienced PD (Figure 
1). At the data cutoff date (December 31, 
2024), the median follow-up duration was 42.3 
months (95% CI: 29.6-NA). The upper limit of 
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Table 1. Baseline demographics and clinical characteristics of enrolled patients
Characteristics All patients (N = 63) TBP (N = 39) NTBP (N = 24) p value
Age, years
    Median 66 67 65
    Range 41-85 41-81 57-85
    < 65 27 (42.9%) 17 (43.6%) 10 (41.7%) 1.000
    ≥ 65 36 (57.1%) 22 (56.4%) 14 (58.3%)
Sex
    Male 56 (88.9%) 33 (84.6%) 23 (95.8%) 0.336
    Female 7 (11.1%) 6 (15.4%) 1 (4.2%)
Histological subtype
    Squamous carcinoma 31 (49.2%) 18 (46.2%) 13 (54.2%) 0.720
    Non-Squamous carcinoma 32 (50.8%) 21 (53.8%) 11 (45.8%)
Smoking status
    Smoker 45 (71.4%) 23 (59.0%) 22 (91.7%) 0.012
    Never 18 (28.6%) 16 (41.0%) 2 (8.3%)
ECOG PS
    0-1 47 (74.6%) 31 (79.5%) 16 (66.7%) 0.402
    2-4 16 (25.4%) 8 (20.5%) 8 (33.3%)
Metastatic site
    Liver 8 (12.7%) 3 (7.7%) 5 (20.8%) 0.440
    Bone 22 (34.9%) 14 (35.9%) 8 (33.3%)
    Brain 11 (17.5%) 6 (15.4%) 5 (20.8%)
ECOG PS, Eastern Cooperative Oncology Group performance status.

the confidence interval could not be estimated 
because most patients were still under follow-
up. The shortest follow-up was 5 months, cor-
responding to patients enrolled most recently. 
Table 1 presents the clinical characteristics of 
all patients, including age, sex, histological sub-
type, smoking history, ECOG PS, and metasta-
sis sites. The median age of enrolled patients 
was 66 years, with males constituting the vast 
majority (88.9%). Most patients (71.4%) had a 
history of smoking, and 74.6% had an ECOG PS 
score of 0 or 1 before treatment. The liver, 
bone, and brain were the most common sites of 
metastasis.

Regarding clinical characteristics, there were  
a higher proportion of smokers in the NTBP 
group (P = 0.012). However, no significant dif-
ferences were observed between the two gr- 
oups in age, sex, histological subtype, ECOG PS 
score, or metastasis sites (p-values: 1.000, 
0.336, 0.720, 0.402, and 0.440, respectively).

Efficacy analysis of first-line and subsequent 
treatment regimens in stage IV NSCLC patients

This study conducted an in-depth analysis of 
63 stage IV NSCLC patients who received pem-

brolizumab as first-line treatment between 
February 2019 and July 2024, focusing on  
evaluating the efficacy of subsequent treat-
ment regimens following disease progression. 
Detailed treatment regimens are shown in 
Supplementary Table 1. Most patients (48 out 
of 63, 76.2%) were treated with a combination 
of pembrolizumab and chemotherapy during 
first-line treatment. The median PFS1 (mPFS1) 
during first-line treatment was 6.97 months 
(95% CI: 5.9-8.5 months) (Figure 2). According 
to RECIST 1.1 criteria, 28 patients achieved PR, 
32 had SD, and 3 experienced PD during first-
line therapy.

Following progression on first-line treatment, 
39 patients continued pembrolizumab for at 
least two additional cycles during the second-
line treatment. All these received pembrolizum-
ab in combination with other systemic thera-
pies. In the NTBP group, 24 patients dis- 
continued pembrolizumab after first-line treat-
ment progression. Among them, 17 received 
only systemic therapy, including 12 with che-
motherapy, 4 with an angiogenesis inhibitor, 
and 1 with a combination of chemotherapy and 
angiogenesis inhibitor. Four patients under-
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Figure 2. Progression-free survival of patients during first-line pembrolizumab treatment. Abbreviations: PFS1, time 
from the initiation of treatment until the progression of the disease during first-line therapy.

went local radiotherapy, three received the 
best supportive care, hoping to resume sy- 
stemic therapy upon disease improvement or 
stabilization.

In summary, this study demonstrates the wide-
spread application of pembrolizumab com-
bined with chemotherapy as a first-line treat-
ment for stage IV NSCLC patients, with diver- 
se subsequent treatment strategies. Although 
some patients continued pembrolizumab after 
progression on first-line therapy, treatment 
selection still require individualized decision-
making based on patient’s specific condition 
and treatment response.

Evaluation of second-line treatment efficacy 
following progression in stage IV NSCLC pa-
tients receiving first-line therapy

This study further analyzed the efficacy and 
survival outcomes of patients in TBP group  
who received pembrolizumab as second-line 
treatment.

The mPFS2 in the TBP group was 17.6 months 
(95% CI: 15.1-21.9 months) (Figure 3). After 

second-line treatment, 8 patients achieved PR, 
21 achieved SD, and 10 experienced PD, with 
an ORR of 20.5% (8/39) and a DCR of 74.4% 
(29/39) (Supplementary Table 2). The PFS1 
was similar between the TBP and NTBP groups 
(mPFS1: 6.97 vs. 6.98 months, P = 0.73). 
Furthermore, no statistically significant differ-
ences were observed among patients recei- 
ving different first-line combination regimens in 
the TBP group (P = 0.1), suggesting that the 
type of combination regimen did not significant-
ly affect PFS1 in this cohort (Supplementary 
Figure 1). The median overall survival (mOS) 
was significantly longer in the TBP group com-
pared to the NTBP group (29.4 vs. 12.4 mon- 
ths, P < 0.001) (Figure 4A, 4B). Multivariate 
analysis, adjusting for other covariates, found 
that continued pembrolizumab used after pro-
gression on first-line therapy (HR, 0.3; 95% CI, 
0.16-0.55, P < 0.001) and a better ECOG PS 
(0-1) were associated with improved OS (HR, 
0.51; 95% CI, 0.26-0.97, P = 0.041). Age, sex, 
histological subtype, and organ metastases  
did not significantly affect OS (Table 2). The 
treatment duration in TBP group is depicted in 
Figure 5.
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Figure 3. Progression-free survival of patients with continued pembrolizumab treatment after progression during 
second-line pembrolizumab treatment. Abbreviations: PFS2, time from the initiation of first-line treatment until the 
progression of the disease during second-line therapy; TBP, patients with pembrolizumab treatment beyond pro-
gression of first-line treatment.

In addition, treatment-related adverse events 
(any grade) were observed in 20.8% of patients 
in the NTBP group and 23.1% in the TBP group. 
No treatment-related deaths were observed in 
either group.

In summary, these findings underscore the sig-
nificant efficacy of continuing pembrolizumab 
as a second-line treatment in improving surviv-
al outcomes for stage IV NSCLC patients who 
progressed after first-line treatment.

Discussion

Previous studies on continuing immunotherapy 
after progression have yielded inconsistent 
findings. A large U.S. real-world analysis involv-
ing over 4,000 patients reported that individu-
als who remained on ICIs after progression 
experienced markedly longer OS than those 
who discontinued treatment (11.5 vs. 5.1 mon- 
ths) [16]. Similar findings were observed in an 
Italian multicenter cohort, which demonstrated 
that nivolumab continuation after progression 
was associated with improved OS (17.8 vs. 3.7 

months) [17]. Several earlier reports have also 
suggested that certain clinical profiles - such as 
oligoprogression or absence of visceral metas-
tases - may predict potential benefit from  
continued immunotherapy [18, 19]. However, 
inconsistencies exist across studies. For in- 
stance, a phase II trial failed to identify survival 
differences between TBP and non-TBP groups 
[20]. Similarly, the EMPOWER-Lung 1 study sim-
ilarly showed no OS advantage for patients con-
tinuing ICIs with chemotherapy compared with 
those who received chemotherapy alone [21]. 
Therefore, existing evidence remains uncer-
tain, and the true benefit of immunotherapy 
after NSCLC progression has not been fully 
established.

Within this context, our study provides prospec-
tive observational data specifically evaluating 
the continued use of pembrolizumab after pro-
gression on first-line therapy. Our findings dem-
onstrate a notable OS advantage in the TBP 
cohort (mOS: 29.4 vs. 12.4 months), especially 
among patients with preserved ECOG PS. 
Variations in treatment settings may partly 
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Figure 4. Progression-free survival during first-line pembrolizumab treatment (A) and overall survival (B). Abbrevia-
tions: PFS1, time from the initiation of treatment until the progression of the disease during first-line therapy; OS, 
overall survival; TBP, patients with pembrolizumab treatment beyond progression of first-line treatment; NTBP, pa-
tients without pembrolizumab treatment beyond progression of first-line treatment.
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Table 2. Univariate and multivariate analyses of clinical characteristics and treatment regimens on 
mOS in patients with advanced NSCLC

Characteristics Group 1 Group 2
Univariate Multivariate

Crude HR 
(95% CI) p-value Crude HR 

(95% CI) p-value

Age, years < 65 ≥ 65 1.51 (0.71-3.22) 0.280
Gender Male Female 0.29 (0.07-1.22) 0.093
Histological subtype Squamous carcinoma Non-squamous carcinoma 0.83 (0.45-1.53) 0.555
Smoking status Smoker Never 0.59 (0.29-1.2) 0.146
ECOG PS 2-4 0-1 0.51 (0.27-0.98) 0.042 0.51 (0.26-0.97) 0.041
Liver metastasis Yes No 0.56 (0.23-1.34) 0.190
Bone metastasis Yes No 0.84 (0.44-1.6) 0.600
Brain metastasis Yes No 0.99 (0.44-2.22) 0.972
Group NTBF TBF 0.3 (0.16-0.55) < 0.001 0.3 (0.16-0.55) < 0.001
ECOG NSCLC, Non-small Cell Lung Cancer; PS, Eastern Cooperative Oncology Group performance status.

Figure 5. Summary of treatment duration of patients who received continued pembrolizumab treatment after pro-
gression on first-line treatment. Abbreviations: FL, first-line treatment; SL, second-line treatment; K, pembrolizum-
ab; Chemo, chemotherapy; A, angiogenesis inhibitors; BOR, best overall response; PD, progressive disease; PR, 
partial response; SD, stable disease.

account for the differences in mOS across stu- 
dies. In the US cohort, patients were treated 
with multiple ICIs and did not receive immuno-
therapy as first-line therapy, whereas in the 
Italian cohort, nivolumab was administered 
post-progression rather than as an initial treat-

ment. In contrast, our study involved patients 
who received pembrolizumab as first-line thera-
py and continued with the same agent after 
progression, potentially contributing to the sig-
nificantly prolonged survival observed. Further- 
more, the ORR in TBP group during second-line 
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treatment reached 20.5% (8/39), significantly 
higher than the ORR of 9%-14% observed with 
second-line docetaxel chemotherapy in earlier 
trials [12, 22-24].

Several biological mechanisms may account 
for the apparent benefit of continued PD-1 
blockades. Chemotherapy can alter tumor im- 
munogenicity and reshape the tumor microen-
vironment, thereby enhancing ICI activity. Prior 
research has demonstrated that chemotherapy 
may enhance the efficacy of immunotherapy by 
increasing the production of tumor-associated 
neoantigens, disrupting stromal architecture  
to promote T-cell infiltration, and reducing the 
number of immunosuppressive cell popula-
tions such as regulatory T cells and myeloid-
derived suppressor cells (MDSCs) [25-29]. Stu- 
dies by Guo et al. and Song et al. revealed that 
neoadjuvant chemotherapy increased PD-L1 
expression on lung cancer cells, potentially 
enhancing the efficacy of ICIs [30, 31].

However, this study has several limitations. 
First, although the mOS in the TBP group was 
29.4 months, interpretation should consider 
that some patients, particularly those enrolled 
most recently, had relatively short follow-up 
durations. Nevertheless, the overall follow-up 
time has covered the majority of observed 
events, and the survival estimates remain infor-
mative for the study cohort. Second, exclusion 
of patients who discontinued pembrolizumab 
due to severe immune-related adverse events 
(grade ≥ 3) precluded comprehensive assess-
ment of the incidence of grade 3-4 or severe 
adverse events, affecting the completeness of 
treatment safety outcomes. Third, the study 
population may not be fully representative due 
to potential selection bias, as participants were 
not randomly selected. The small sample size 
limits our ability to conduct deeper analyses, 
such as subgroup analyses for different NSCLC 
subtypes. Therefore, our findings require fur-
ther validation in larger-scale studies.

Future research should aim to address these 
limitations and further clarify the role of pem-
brolizumab in the management of advanced 
NSCLC. Larger, well-designed prospective stud-
ies are needed to verify our observations and 
to generate more robust evidence supporting 
continued pembrolizumab use after disease 
progression on first-line therapy. In addition, 
future investigations should prioritize the het-

erogeneity of NSCLC by analyzing different 
pathological subtypes, molecular characteris-
tics, and baseline clinical features to identify 
patient populations most likely to benefit from 
continued immunotherapy. Such efforts will 
deepen our understanding of how to optimally 
integrate pembrolizumab into treatment strate-
gies, thereby improving patient outcomes.

Conclusion

In the treatment of stage IV NSCLC, pembroli-
zumab delivers significant clinical benefit both 
as first-line therapy and when continued after 
disease progression. Treatment decisions sh- 
ould comprehensively consider patients’ base-
line clinical characteristics and treatment re- 
sponse. Continuation of pembrolizumab and 
maintenance of good ECOG PS scores are criti-
cal to achieving improved survival outcomes.

Acknowledgements

The authors thank all the patients who partici-
pated in this study and their families. Thanks 
MSD China Holding Co., Ltd. for scientific sup-
port. This work was supported by Key R&D 
Program of Zhejiang Respiratory Disease (Nos. 
2023C03069, 2025C02092, 2025C02094).
Written informed consent was obtained or 
waived according to the recommendation of 
the ethics committee of each participating cen-
ter for the retrospective study.

Disclosure of conflict of interest

None.

Address correspondence to: Jianya Zhou, Depart- 
ment of Respiratory Disease, Thoracic Disease 
Center, The First Affiliated Hospital, College of 
Medicine, Zhejiang University, No. 79, Qingchun 
Road, Shangcheng District, Hangzhou 310003, 
Zhejiang, China. Tel: +86-571-87236876; Fax: +86-
571-87236876; E-mail: zhoujy@zju.edu.cn

References

[1]	 Sung H, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram I, Jemal A and Bray F. Global can-
cer statistics 2020: GLOBOCAN estimates of 
incidence and mortality worldwide for 36 can-
cers in 185 countries. CA Cancer J Clin 2021; 
71: 209-249.

[2]	 Thai AA, Solomon BJ, Sequist LV, Gainor JF and 
Heist RS. Lung cancer. Lancet 2021; 398: 
535-554.

mailto:zhoujy@zju.edu.cn


Continuing pembrolizumab after progression in stage IV NSCLC

4943	 Am J Cancer Res 2025;15(11):4934-4944

[3]	 Chen P, Liu Y, Wen Y and Zhou C. Non-small 
cell lung cancer in China. Cancer Commun 
(Lond) 2022; 42: 937-970.

[4]	 Ettinger DS, Wood DE, Aisner DL, Akerley W, 
Bauman JR, Bharat A, Bruno DS, Chang JY, 
Chirieac LR, D’Amico TA, DeCamp M, Dilling TJ, 
Dowell J, Gettinger S, Grotz TE, Gubens MA, 
Hegde A, Lackner RP, Lanuti M, Lin J, Loo BW, 
Lovly CM, Maldonado F, Massarelli E, Morgen-
sztern D, Ng T, Otterson GA, Pacheco JM, Patel 
SP, Riely GJ, Riess J, Schild SE, Shapiro TA, 
Singh AP, Stevenson J, Tam A, Tanvetyanon T, 
Yanagawa J, Yang SC, Yau E, Gregory K and 
Hughes M. Non-small cell lung cancer, version 
3.2022, NCCN clinical practice guidelines in 
oncology. J Natl Compr Canc Netw 2022; 20: 
497-530.

[5]	 Garassino MC, Gadgeel S, Speranza G, Felip E, 
Esteban E, Domine M, Hochmair MJ, Powell SF, 
Bischoff HG, Peled N, Grossi F, Jennens RR, 
Reck M, Hui R, Garon EB, Kurata T, Gray JE, 
Schwarzenberger P, Jensen E, Pietanza MC 
and Rodriguez-Abreu D. Pembrolizumab plus 
pemetrexed and platinum in nonsquamous 
non-small-cell lung cancer: 5-year outcomes 
from the phase 3 KEYNOTE-189 study. J Clin 
Oncol 2023; 41: 1992-1998.

[6]	 O’Brien M, Paz-Ares L, Marreaud S, Dafni U, 
Oselin K, Havel L, Esteban E, Isla D, Martinez-
Marti A, Faehling M, Tsuboi M, Lee JS, Nakaga-
wa K, Yang J, Samkari A, Keller SM, Mauer M, 
Jha N, Stahel R, Besse B and Peters S; EORTC-
1416-LCG/ETOP 8-15 - PEARLS/KEYNOTE-091 
Investigators. Pembrolizumab versus placebo 
as adjuvant therapy for completely resected 
stage IB-IIIA non-small-cell lung cancer 
(PEARLS/KEYNOTE-091): an interim analysis 
of a randomised, triple-blind, phase 3 trial. 
Lancet Oncol 2022; 23: 1274-1286.

[7]	 Wakelee H, Liberman M, Kato T, Tsuboi M, Lee 
SH, Gao S, Chen KN, Dooms C, Majem M, Ei-
gendorff E, Martinengo GL, Bylicki O, Rodri-
guez-Abreu D, Chaft JE, Novello S, Yang J, 
Keller SM, Samkari A and Spicer JD; KEY-
NOTE-671 Investigators. Perioperative pem-
brolizumab for early-stage non-small-cell lung 
cancer. N Engl J Med 2023; 389: 491-503.

[8]	 Paz-Ares L, Luft A, Vicente D, Tafreshi A, Gu-
mus M, Mazieres J, Hermes B, Cay Senler F, 
Csoszi T, Fulop A, Rodriguez-Cid J, Wilson J, 
Sugawara S, Kato T, Lee KH, Cheng Y, Novello 
S, Halmos B, Li X, Lubiniecki GM, Piperdi B  
and Kowalski DM; KEYNOTE-407 Investigators. 
Pembrolizumab plus chemotherapy for squa-
mous non-small-cell lung cancer. N Engl J Med 
2018; 379: 2040-2051.

[9]	 Gandhi L, Rodriguez-Abreu D, Gadgeel S, Este-
ban E, Felip E, De Angelis F, Domine M, Clingan 
P, Hochmair MJ, Powell SF, Cheng SY, Bischoff 
HG, Peled N, Grossi F, Jennens RR, Reck M, Hui 

R, Garon EB, Boyer M, Rubio-Viqueira B, No-
vello S, Kurata T, Gray JE, Vida J, Wei Z, Yang J, 
Raftopoulos H, Pietanza MC and Garassino 
MC; KEYNOTE-189 Investigators. Pembroli-
zumab plus chemotherapy in metastatic non-
small-cell lung cancer. N Engl J Med 2018; 
378: 2078-2092.

[10]	 Metro G, Addeo A, Signorelli D, Gili A, Econo-
mopoulou P, Roila F, Banna G, De Toma A, Rey 
Cobo J, Camerini A, Christopoulou A, Lo Russo 
G, Banini M, Galetta D, Jimenez B, Collazo-
Lorduy A, Calles A, Baxevanos P, Linardou H, 
Kosmidis P, Garassino MC and Mountzios G. 
Outcomes from salvage chemotherapy or pem-
brolizumab beyond progression with or without 
local ablative therapies for advanced non-
small cell lung cancers with PD-L1 ≥ 50% who 
progress on first-line immunotherapy: real-
world data from a European cohort. J Thorac 
Dis 2019; 11: 4972-4981.

[11]	 Bersanelli M, Buti S, Giannarelli D, Leonetti A, 
Cortellini A, Russo GL, Signorelli D, Toschi L, 
Milella M, Pilotto S, Bria E, Proto C, Marinello A, 
Randon G, Rossi S, Vita E, Sartori G, D’Argento 
E, Qako E, Giaiacopi E, Ghilardi L, Bettini AC, 
Rapacchi E, Mazzoni F, Lavacchi D, Scotti V, 
Ciccone LP, De Tursi M, Di Marino P, Santini D, 
Russano M, Bordi P, Di Maio M, Audisio M, Fi-
letti M, Giusti R, Berardi R, Fiordoliva I, Cerea 
G, Pizzutilo EG, Bearz A, De Carlo E, Cecere F, 
Renna D, Camisa R, Caruso G, Ficorella C, Ban-
na GL, Cortinovis D, Brighenti M, Garassino 
MC and Tiseo M. Chemotherapy in non-small 
cell lung cancer patients after prior immuno-
therapy: the multicenter retrospective CLARITY 
study. Lung Cancer 2020; 150: 123-131.

[12]	 Brahmer J, Reckamp KL, Baas P, Crino L, Eber-
hardt WE, Poddubskaya E, Antonia S, Pluzans-
ki A, Vokes EE, Holgado E, Waterhouse D, 
Ready N, Gainor J, Aren Frontera O, Havel L, 
Steins M, Garassino MC, Aerts JG, Domine M, 
Paz-Ares L, Reck M, Baudelet C, Harbison CT, 
Lestini B and Spigel DR. Nivolumab versus 
docetaxel in advanced squamous-cell non-
small-cell lung cancer. N Engl J Med 2015; 
373: 123-135.

[13]	 Wu YL, Lu S, Cheng Y, Zhou C, Wang J, Mok T, 
Zhang L, Tu HY, Wu L, Feng J, Zhang Y, Luft AV, 
Zhou J, Ma Z, Lu Y, Hu C, Shi Y, Baudelet C, Cai 
J and Chang J. Nivolumab versus docetaxel in 
a predominantly chinese patient population 
with previously treated advanced NSCLC: 
CheckMate 078 randomized phase III clinical 
trial. J Thorac Oncol 2019; 14: 867-875.

[14]	 Gandara DR, von Pawel J, Mazieres J, Sullivan 
R, Helland A, Han JY, Ponce Aix S, Rittmeyer A, 
Barlesi F, Kubo T, Park K, Goldschmidt J, Gan-
dhi M, Yun C, Yu W, Matheny C, He P, Sandler A, 
Ballinger M and Fehrenbacher L. Atezolizumab 
treatment beyond progression in advanced 



Continuing pembrolizumab after progression in stage IV NSCLC

4944	 Am J Cancer Res 2025;15(11):4934-4944

NSCLC: results from the randomized, phase III 
OAK study. J Thorac Oncol 2018; 13: 1906-
1918.

[15]	 Zhang M, Bai L, Chen J, Meng Q, Lu Y and 
Zhang D. Clinical benefit of continuation of 
PD-1 inhibitors after progression on first-line 
chemoimmunotherapy in metastatic gastric 
cancer and biomarker exploration. BMC Can-
cer 2025; 25: 935.

[16]	 Stinchcombe TE, Miksad RA, Gossai A, Griffith 
SD and Torres AZ. Real-world outcomes for ad-
vanced non-small cell lung cancer patients 
treated with a PD-L1 inhibitor beyond progres-
sion. Clin Lung Cancer 2020; 21: 389-394, e3.

[17]	 Ricciuti B, Genova C, Bassanelli M, De Giglio A, 
Brambilla M, Metro G, Baglivo S, Dal Bello MG, 
Ceribelli A, Grossi F and Chiari R. Safety and 
efficacy of nivolumab in patients with ad-
vanced non-small-cell lung cancer treated be-
yond progression. Clin Lung Cancer 2019; 20: 
178-185, e2.

[18]	 Xu Y, Li H and Fan Y. Progression patterns, 
treatment, and prognosis beyond resistance of 
responders to immunotherapy in advanced 
non-small cell lung cancer. Front Oncol 2021; 
11: 642883.

[19]	 Feng J, Chen X, Wei J, Weng Y, Wang J, Wang T, 
Song Q and Min P. Safety and efficacy of im-
mune checkpoint inhibitor rechallenge in ad-
vanced non-small cell lung cancer: a retro-
spective study. Sci Rep 2024; 14: 2315.

[20]	 Jung HA, Park S, Choi YL, Lee SH, Ahn JS, Ahn 
MJ and Sun JM. Continuation of pembrolizum-
ab with additional chemotherapy after pro-
gression with PD-1/PD-L1 inhibitor monother-
apy in patients with advanced NSCLC: a 
randomized, placebo-controlled phase II study. 
Clin Cancer Res 2022; 28: 2321-2328.

[21]	 Ozguroglu M, Kilickap S, Sezer A, Gumus M, 
Bondarenko I, Gogishvili M, Nechaeva M, 
Schenker M, Cicin I, Ho GF, Kulyaba Y, Zyuhal 
K, Scheusan RI, Garassino MC, He X, Kaul M, 
Okoye E, Li Y, Li S, Pouliot JF, Seebach F, Lowy 
I, Gullo G and Rietschel P. First-line cemiplim-
ab monotherapy and continued cemiplimab 
beyond progression plus chemotherapy for ad-
vanced non-small-cell lung cancer with PD-L1 
50% or more (EMPOWER-Lung 1): 35-month 
follow-up from a mutlicentre, open-label, ran-
domised, phase 3 trial. Lancet Oncol 2023; 
24: 989-1001.

[22]	 Borghaei H, Paz-Ares L, Horn L, Spigel DR, 
Steins M, Ready NE, Chow LQ, Vokes EE, Felip 
E, Holgado E, Barlesi F, Kohlhaufl M, Arrieta O, 
Burgio MA, Fayette J, Lena H, Poddubskaya E, 
Gerber DE, Gettinger SN, Rudin CM, Rizvi N, 
Crino L, Blumenschein GR Jr, Antonia SJ, Dor-
ange C, Harbison CT, Graf Finckenstein F and 
Brahmer JR. Nivolumab versus docetaxel in 
advanced nonsquamous non-small-cell lung 
cancer. N Engl J Med 2015; 373: 1627-1639.

[23]	 Herbst RS, Baas P, Kim DW, Felip E, Perez-Gra-
cia JL, Han JY, Molina J, Kim JH, Arvis CD, Ahn 
MJ, Majem M, Fidler MJ, de Castro G Jr, Garrido 
M, Lubiniecki GM, Shentu Y, Im E, Dolled-Fil-
hart M and Garon EB. Pembrolizumab versus 
docetaxel for previously treated, PD-L1-posi-
tive, advanced non-small-cell lung cancer 
(KEYNOTE-010): a randomised controlled trial. 
Lancet 2016; 387: 1540-1550.

[24]	 Rittmeyer A, Barlesi F, Waterkamp D, Park K, 
Ciardiello F, von Pawel J, Gadgeel SM, Hida T, 
Kowalski DM, Dols MC, Cortinovis DL, Leach J, 
Polikoff J, Barrios C, Kabbinavar F, Frontera OA, 
De Marinis F, Turna H, Lee JS, Ballinger M, 
Kowanetz M, He P, Chen DS, Sandler A and 
Gandara DR; OAK Study Group. Atezolizumab 
versus docetaxel in patients with previously 
treated non-small-cell lung cancer (OAK): a 
phase 3, open-label, multicentre randomised 
controlled trial. Lancet 2017; 389: 255-265.

[25]	 Bracci L, Schiavoni G, Sistigu A and Belardelli 
F. Immune-based mechanisms of cytotoxic 
chemotherapy: implications for the design of 
novel and rationale-based combined treat-
ments against cancer. Cell Death Differ 2014; 
21: 15-25.

[26]	 Wang C, Qiao W, Jiang Y, Zhu M, Shao J, Wang 
T, Liu D and Li W. The landscape of immune 
checkpoint inhibitor plus chemotherapy versus 
immunotherapy for advanced non-small-cell 
lung cancer: a systematic review and meta-
analysis. J Cell Physiol 2020; 235: 4913-4927.

[27]	 Kim R, Keam B, Hahn S, Ock CY, Kim M, Kim 
TM, Kim DW and Heo DS. First-line pembroli-
zumab versus pembrolizumab plus chemo-
therapy versus chemotherapy alone in non-
small-cell lung cancer: a systematic review  
and network meta-analysis. Clin Lung Cancer 
2019; 20: 331-338, e4.

[28]	 Ramakrishnan R, Assudani D, Nagaraj S, Hunt-
er T, Cho HI, Antonia S, Altiok S, Celis E and 
Gabrilovich DI. Chemotherapy enhances tumor 
cell susceptibility to CTL-mediated killing dur-
ing cancer immunotherapy in mice. J Clin In-
vest 2010; 120: 1111-1124.

[29]	 Herber DL, Nagaraj S, Djeu JY and Gabrilovich 
DI. Mechanism and therapeutic reversal of  
immune suppression in cancer. Cancer Res 
2007; 67: 5067-5069.

[30]	 Guo L, Song P, Xue X, Guo C, Han L, Fang Q, 
Ying J, Gao S and Li W. Variation of pro-
grammed death ligand 1 expression after  
platinum-based neoadjuvant chemotherapy in 
lung cancer. J Immunother 2019; 42: 215-
220.

[31]	 Song Z, Yu X and Zhang Y. Altered expression 
of programmed death-ligand 1 after neo-adju-
vant chemotherapy in patients with lung squa-
mous cell carcinoma. Lung Cancer 2016; 99: 
166-171.



Continuing pembrolizumab after progression in stage IV NSCLC

1	

Supplementary Table 1. First-line and follow-up treatment regimens
All patients

(N = 63)
TBP

(N = 39)
NTBP

(N = 24)
First-line immunotherapy regimen
    Pembrolizumab monotherapy 15 (23.8%) 10 (25.6%) 5 (20.8%)
    Combined with nab-Pacilitaxel ± carboplatin/cisplatin 25 (39.7%) 14 (35.9%) 11 (45.8%)
    Combined with pemetrexed + carboplatin/cisplatin 20 (31.7%) 13 (33.3%) 7 (29.2%)
    Combined with gemcitabine + carboplatin 1 (1.6%) 1 (2.6%) 0 (0.0%)
    Combined with pemetrexed + carboplatin + Bevacizumab 2 (3.2%) 1 (2.6%) 1 (4.2%)
Follow-up treatment regimen 
    Other systemic treatment 56 (88.9%) 39 (100.0%) 17 (70.8%)
    Local radiation treatment 4 (6.3%) 0 (0.0%) 4 (16.7%)
    Best supportive care* 3 (4.8%) 0 (0.0%) 3 (12.5%)
*Allow and encourage patients to continue systemic treatment after their states improve or symptoms stabilize.

Supplementary Table 2. Summary of efficacy of pembrolizumab in TBP second-line treatment
Best overall response TBP
Partial response 8
Stable disease 21
Progressive disease 10
Objective response rate 8/39 (20.5%)
Disease control rate 29/39 (74.4%)
mPFS2 (95% CI), months 17.6 (15.1-21.9)
mPFS2, the median time between the initiation of first-line treatment until the progression of second-line therapy.
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Supplementary Figure 1. Impact of different first-line combination regimens on PFS1 and the benefits of TBP. Ab-
breviations: PFS1, time from the initiation of treatment until the progression of the disease during first-line therapy; 
TBP, patients with pembrolizumab treatment beyond progression of first-line treatment; K, pembrolizumab; Chemo, 
chemotherapy; A, angiogenesis inhibitors.


