
Variation of Programmed Death Ligand 1 Expression After
Platinum-based Neoadjuvant Chemotherapy in Lung Cancer

Lei Guo,* Peng Song,† Xuemin Xue,* Changyuan Guo,* Liankui Han,†
Qing Fang,* Jianming Ying,* Shugeng Gao,† and Wenbin Li*

Summary: The effect of chemotherapy on programmed cell death-
ligand 1 (PD-L1) expression has been previously studied in lung
cancer, while the results remain controversial. The aim of this study
was to investigate the variation of PD-L1 expression after neo-
adjuvant chemotherapy and explore the association between chemo-
therapy response, prognosis and the variation of PD-L1 expression in
lung cancer patients. A total of 63 lung cancer patients who received
platinum-based neoadjuvant chemotherapy and subsequently under-
went surgical resection were selected. PD-L1 expression on tumor cells
(TC) and tumor-infiltrating immune cells (IC) was assessed by
immunohistochemistry using 22C3 monoclonal antibody in these 63
matched lung cancer specimens before and after neoadjuvant che-
motherapy. The positivity of PD-L1 on TC changed from 17.5% to
39.7% after neoadjuvant chemotherapy and the positivity of PD-L1
on IC changed from 19.0% to 71.4% after neoadjuvant chemotherapy.
The elevation of PD-L1 expression on TC after neoadjuvant che-
motherapy was more frequently observed in patients achieving stable
disease or progressive disease than in patients achieving partial
response (P=0.026). Patients with elevated PD-L1 expression on TC
after neoadjuvant chemotherapy showed a trend to have a shorter
progression-free survival than patients without elevated PD-L1
expression on TC, although the difference was not statistically sig-
nificant in multivariate analysis (hazard ratio= 2.38, 95% confidence
interval=0.99–5.73, P=0.053). PD-L1 expression can be elevated by
chemotherapy in lung cancer. Furthermore, elevation of PD-L1
expression on TC after neoadjuvant chemotherapy was associated
with reduced chemotherapy response and inferior progression-free
survival in patients with lung cancer.
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L ung cancer remains the leading cause of cancer-related
mortality worldwide.1 In the past decades, molecular

targeted therapy had led to a great shift in the treatment

landscape of advanced lung cancer patients harboring
genetic aberrations, such as EGFR mutation and ALK
translocation.2–8 For patients without genetic aberrations,
platinum-based chemotherapy is the most commonly used
therapeutic modality in the treatment of advanced lung
cancer and the prognosis remains poor. Currently, blockade
of programmed cell death-1 (PD-1)/programmed cell death-
ligand 1 (PD-L1) pathway with immune checkpoint inhib-
itors has shown feasibility and efficacy in immunotherapy
for advanced lung cancer and immunohistochemical (IHC)
analysis of PD-L1 expression on tumor cells (TC) has been
demonstrated to be a predictive biomarker in selecting
appropriate patients for immunotherapy.9–13

Today, immunotherapy can be used as first-line treat-
ment for advanced or metastatic patients without gene
abnormality or with progression from prior targeted ther-
apy, especially for non–small cell lung cancer patients with
PD-L1 expression ≥ 50%.13 For patients with low PD-L1
expression, chemotherapy combined with immunotherapy
also achieved better therapeutic effect compared with che-
motherapy alone.14 Recently, several previous studies have
shown that chemotherapy is associated with variation of
PD-L1 expression, but the results remain inconsistent and
inconclusive. For example, Song et al15 and Sun et al16

reported that neoadjuvant chemotherapy upregulated the
expression of PD-L1 on TC in lung cancer patients, whereas
Sheng et al17 and Moldvay et al18 found that chemotherapy
decreased PD-L1 expression on TC in lung cancer patients.

We conducted this study using Dako 22C3 assay to
explore the role of neoadjuvant chemotherapy in variation
of PD-L1 expression on both TC and tumor-infiltrating
immune cells (IC) evaluated by IHC staining, and the
association between chemotherapy response, prognosis and
the variation of PD-L1 expression in lung cancer patients.

MATERIALS AND METHODS

Patients and Samples
A total of 63 lung cancer patients who received

platinum-based neoadjuvant chemotherapy and subsequently
underwent surgical resection between September 2011 and
March 2018 were enrolled in our study. The eligibility criteria
for patients included in this study were as follows: (1) had a
pathologic diagnosis of primary lung cancer by biopsy before
neoadjuvant chemotherapy; (2) received 1–4 cycles of neo-
adjuvant chemotherapy before surgery without other pre-
operative treatments; (3) with sufficient tumor specimens for
assessment of PD-L1 expression by IHC. Formalin-fixed
paraffin-embedded paired lung cancer specimens obtained
before and after neoadjuvant chemotherapy of these 63
patients were collected from the archive of the Department of
Pathology, Cancer Hospital, Chinese Academy of Medical
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Sciences (Beijing, China). This study was approved by The
Ethics Committee of the Cancer Hospital, Chinese Academy
of Medical Sciences.

IHC Analysis of PD-L1 Expression
IHC analysis of PD-L1 expression was performed as

previously reported.19 In brief, tissue sections (4mm thick) were
cut from formalin-fixed, paraffin-embedded blocks containing
representative tumors and processed for PD-L1 IHC. The
presence of at least 100 viable TC was required for the speci-
men to be considered adequate for quantification of PD-L1
expression. The expression of PD-L1 was evaluated by IHC
staining using Dako 22C3 monoclonal antibody. PD-L1 IHC
22C3 pharmDx was performed on the DAKO Autostainer
Link 48. TC showing either partial or complete cell membrane
staining for PD-L1 were evaluated as positive cells. Tumor
proportion score (TPS) was used to evaluate PD-L1 expression
on TC, which was the percentage of PD-L1-positive TC
showing partial or complete membrane staining in the overall
tumor sections. We classified PD-L1 expression on TC into 4
levels: PD-L1 TPS <1%, PD-L1 TPS 1%–49%, and PD-L1
TPS ≥50%. PD-L1 expression on IC was assessed as the
proportion of tumor area occupied by PD-L1-positive immune
cells of any intensity. For 22C3 assay, there are no recom-
mended cutoffs which are appropriate for assessment of PD-L1
expression on IC. Consistent with our previous study,19 PD-L1
expression on IC was classified into 2 levels: PD-L1 on IC <1%
and PD-L1 on IC ≥1%. All slides were assessed by 2 experi-
enced pathologists. In cases of disagreement, the slides were
reviewed by all 2 observers together to achieve consensus.

Statistical Analysis
The Fisher exact test was used for evaluating the rela-

tionship between clinical characteristics and variation of PD-
L1 expression. The variation of PD-L1 positivity status was
analyzed by Wilcoxon signed-rank test. Overall survival (OS)
was defined as the time from first diagnosis of lung cancer to
death or the last follow-up. Disease-free survival (DFS) was
calculated from the date of surgery to recurrence or the last
follow-up. The survival curves were calculated by the Kaplan-
Meier method and differences in survival were tested by the
log-rank test. Univariate and multivariate analysis were per-
formed with a Cox proportional hazard model. Statistics were
performed using SPSS 20.0 software (Chicago, IL) and the
significance level was set at P-value (2-sided) <0.05.

RESULTS

Patient Characteristics
A total of 63 patients who received neoadjuvant che-

motherapy, followed by curative surgery, were enrolled in this
study and their clinicopathologic characteristics were shown in
Table 1. Among them, the majority of patients were male
(87.3%) and smokers (76.2%). More than half of them were
diagnosed with lung squamous cell carcinoma (58.7%). All
patients received neoadjuvant platinum-based chemotherapy
regimens. Pemetrexed/platinum were used in nonsquamous
histologies and paclitaxel/platinum were mainly used in squ-
amous histologies. Regimens included gemcitabine/platinum
(n= 25, 39.7%), paclitaxel/platinum (n= 19, 30.2%), peme-
trexed/platinum (n= 12, 19.0%) and etoposide/platinum
(n= 7, 11.1%). Considering the increased difficulty of oper-
ation and occurrence of surgical complications caused by
more cycles of chemotherapy before surgery, more than half
of patients (58.7%) in our case series received only 2 cycles of

neoadjuvant chemotherapy and the remaining 2 cycles were
administrated after surgery. Seven patients received all 4 cycles
before surgery. Forty-one patient (65.1%) showed a partial
response, 20 (31.7%) a stable disease and 2 (3.2%) a pro-
gressive disease after neoadjuvant chemotherapy.

Variation of PD-L1 Expression on TC and IC
Between Paired Prechemotherapy and
Postchemotherapy Specimens

Among the 63 patients, 11 patients (17.5%) had a
positive expression of PD-L1 on TC in the prechemotherapy
specimens, while 25 patients (39.7%) had a positive expres-
sion of PD-L1 in the surgical specimens (Fig. 1A). Twenty-
one patients (33.3%) showed elevation, 2 patients (3.2%)
showed reduction, and 40 patients (63.5%) showed no var-
iation in the expression of PD-L1 on TC after neoadjuvant
chemotherapy. The positive expression rate of PD-L1 on TC
significantly increased between the prechemotherapy and
postchemotherapy specimens (P< 0.001).

In the whole cohort, 12 patients (19.0%) had a positive
expression of PD-L1 on IC in the prechemotherapy speci-
mens, while 45 patients (71.4%) had a positive expression of
PD-L1 in the surgical specimens (Fig. 1B). Forty-one
patients (65.1%) showed elevation, 1 patient (1.6%) showed
reduction, and 21 patients (33.3%) showed no variation in
the expression of PD-L1 on IC after neoadjuvant chemo-
therapy. The positive expression rate of PD-L1 on IC

TABLE 1. Patient Characteristics (n=63)

Characteristics No. Patients [n (%)]

Sex
Male 55 (87.3)
Female 8 (12.7)

Age (y)
Median 58
Range 29–72

Smoking history
Never 15 (23.8)
Current/former 48 (76.2)

Histology
Squamous cell carcinoma 37 (58.7)
Adenocarcinoma 16 (25.4)
Neuroendocrine carcinoma 9 (14.3)
Lymphoepithelioma-like carcinoma 1 (1.6)

p Differentiation
Well/moderately 20 (31.7)
Poorly 43 (68.3)

p Stage
I 15 (23.8)
II 21 (33.3)
III 27 (42.9)

Cycles of neoadjuvant chemotherapy
1–3 56 (88.9)
4 7 (11.1)

Neoadjuvant chemotherapy regimen
Paclitaxel/platinum 19 (30.2)
Gemcitabine/platinum 25 (39.7)
Pemetrexed/platinum 12 (19.0)
Etoposide/platinum 7 (11.1)

Response to neoadjuvant chemotherapy
PR 41 (65.1)
SD 20 (31.7)
PD 2 (3.2)

PD indicates progressive disease; PR, partial response; SD, stable disease.
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significantly increased between the prechemotherapy and
postchemotherapy specimens (P< 0.001).

Correlation Between Clinicopathologic
Characteristics, Chemotherapy Response, and
Variation of PD-L1 Expression

The correlation between clinicopathologic character-
istics, chemotherapy response and variation of PD-L1
expression was analyzed by Fisher exact test (Table 2). The
elevation of PD-L1 expression on TC after neoadjuvant
chemotherapy was more frequently observed in patients

achieving stable disease or progressive disease than in
patients achieving partial response (P= 0.026). In addition,
the elevation of PD-L1 expression on IC was more common
in advanced-stage patients compared with early-stage
patients (P= 0.032).

Survival Analysis
We investigated the association between clinicopathologic

characteristics, variation of PD-L1 expression and survival time
(Table 3). The median progression-free survival (PFS) and OS
were 15 and 20 months, respectively. The survival times

FIGURE 1. The distribution of programmed cell death-ligand 1 (PD-L1) expression. A, The distribution of PD-L1 expression on tumor cells
(TC) before and after chemotherapy. B, The distribution of PD-L1 expression on tumor-infiltrating immune cells (IC) before and after
chemotherapy.

TABLE 2. Association Between Clinicopathologic Characteristics and Alteration of PD-L1 Expression on TC and IC

PD-L1 Expression on TC [n (%)] PD-L1 Expression on IC [n (%)]

Characteristics Elevated Not Elevated P* Elevated Not Elevated P*

No. patients 21 42 41 22
Sex 0.250 0.434
Male 20 (95.2) 35 (83.3) 37 (90.2) 18 (81.8)
Female 1 (4.8) 7 (16.7) 4 (9.8) 4 (18.2)

Age (y) 1.000 1.000
< 60 12 (57.1) 25 (59.5) 24 (58.5) 13 (59.1)
≥ 60 9 (4.3) 17 (40.5) 17 (41.5) 9 (40.9)

Smoking history 0.347 0.122
Never 3 (14.3) 12 (28.6) 7 (17.1) 8 (36.4)
Current/former 18 (85.7) 30 (71.4) 34 (82.9) 14 (63.6)

Histology 0.424 0.179
SCC 14 (66.7) 23 (54.8) 27 (65.9) 10 (45.5)
Non-SCC 7 (33.3) 19 (45.2) 14 (34.1) 12 (54.5)

p Differentiation 1.000 0.271
Well/moderately 7 (33.3) 13 (31.0) 11 (26.8) 9 (40.9)
Poorly 14 (66.7) 29 (69.0) 30 (73.2) 13 (59.1)

p Stage 1.000 0.032
I+II 12 (57.1) 24 (57.1) 19 (46.3) 17 (77.3)
III 9 (42.9) 18 (42.9) 22 (53.7) 5 (22.7)

Cycles of neoadjuvant chemotherapy 1.000 1.000
1–3 19 (90.5) 37 (88.1) 36 (87.8) 20 (90.9)
4 2 (9.5) 5 (11.9) 5 (12.2) 2 (9.1)

Neoadjuvant chemotherapy regimen 0.157 0.192
Paclitaxel/platinum 9 (42.9) 10 (23.8) 13 (31.7) 6 (27.3)
Gemcitabine/platinum 8 (38.1) 17 (40.5) 18 (43.9) 7 (31.8)
Pemetrexed/platinum 4 (19.0) 8 (19.0) 8 (19.5) 4 (18.2)
Etoposide/platinum 0 7 (16.7) 2 (4.9) 5 (22.7)

Response to neoadjuvant chemotherapy 0.026 0.786
PR 9 (42.9) 31 (73.8) 26 (63.4) 15 (68.2)
SD+PD 12 (57.1) 11 (26.2) 15 (36.6) 7 (31.8)

*By Fischer exact test.
IC indicates tumor-infiltrating immune cells; PD, progressive disease; PD-L1, programmed death-ligand 1; PR, partial response; SCC, squamous cell

carcinoma; SD, stable disease; TC, tumor cells.
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according to the variation of PD-L1 expression on TC and IC
were assessed (Fig. 2). Multivariate Cox regression analysis
revealed that a significantly shorter PFS was observed in
patients with advanced stage [hazard atio (HR)=2.79, 95%
confidence interval (CI)=1.16-6.74, P=0.023]. Patients with
elevated PD-L1 expression on TC after neoadjuvant chemo-
therapy showed a trend to have a shorter PFS than patients
without elevated PD-L1 expression on TC, although the dif-
ference was not statistically significant in multivariate analysis
(HR=2.38, 95% CI=0.99-5.73, P=0.053). Elevated PD-L1
expression on IC after neoadjuvant chemotherapy has no sig-
nificant association with PFS (HR=1.50, 95% CI=0.60-3.75,
P=0.382). Cycles of neoadjuvant chemotherapy and regimens
were also included into the multivariate analysis, whereas these
2 factors showed no significant association with PFS. All
clinicopathologic characteristics and variation of PD-L1
expression had no significant correlation with OS.

DISCUSSION
In the present study, we assessed the variation of PD-L1

expression of TC and IC after platinum-based neoadjuvant
chemotherapy and its association with clinicopathologic char-
acteristics and outcome in a cohort of patients with lung cancer.
Our results showed that chemotherapy might play a role in

upregulating PD-L1 expression on TC and IC and the elevation
of PD-L1 expression on TC was associated with reduced
response to chemotherapy and inferior PFS.

The effect of chemotherapy on PD-L1 expression has
been previously investigated in lung cancer, while the results
remain conflicting and controversial. Sheng et al17 reported
that the positivity of PD-L1 on TC changed from 75% to
37.5% after neoadjuvant chemotherapy in non–small cell lung
cancer, while no significant changes were observed on IC.
Rojkó et al20 revealed that PD-L1 expression showed no
significant changes after neoadjuvant chemotherapy in
patients with lung cancer. Song et al15 demonstrated that the
expression of PD-L1 could be upregulated by neoadjuvant
chemotherapy in lung squamous cell carcinoma patients. In
our case series, PD-L1 expression significantly increased on
both TC and IC after neoadjuvant chemotherapy. The
mechanism underlying the role of chemotherapy in variation
of PD-L1 expression has not been fully elucidated in lung
cancer, but it is already known that several prior studies
demonstrated that chemotherapy could induce PD-L1
expression in ovarian cancer and breast cancer. In the study
by Peng et al,21 chemotherapy could upregulate PD-L1
expression through the nuclear factor-κB to induce local
immune suppression in ovarian cancer. Zhang et al22 revealed
that paclitaxel, etoposide and 5-fluorouracil were able to

TABLE 3. Univariate and Multivariate Analysis of DFS and OS in All Patients

DFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

Factors HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Sex
Male 1.0 (ref) — — 1.0 (ref) — —
Female 0.63 0.15–2.70 0.532 — — 1.21 0.35–4.18 0.768 — — —

Age (y)
< 60 1.0 (ref) — — 1.0 (ref) — —
≥ 60 1.54 0.65–3.65 0.325 — — 1.94 0.76–4.92 0.164 — — —

Smoking history
Never 1.0 (ref) — — 1.0 (ref) — —
Current/former 1.01 0.37–2.76 0.992 — — 0.64 0.24–1.72 0.379 — — —

Histology
SCC 1.0 (ref) — — 1.0 (ref) — —
Non-SCC 0.93 0.38–2.25 0.872 — — 1.64 0.65–4.13 0.297 — — —

p Differentiation
Well/moderately 1.0 (ref) — — 1.0 (ref) — —
Poorly 1.07 0.44–2.61 0.888 — — 0.83 0.32–2.14 0.696 — — —

p Stage
I+II 1.0 (ref) 1.0 (ref) 1.0 (ref) — —
III 2.67 1.11–6.43 0.028 2.79 1.16–6.74 0.023 1.45 0.57–3.70 0.432 — — —

Cycles of neoadjuvant chemotherapy
1–3 1.0 (ref) 1.0 (ref) 1.0 (ref) — —
4 0.35 0.05–2.60 0.304 0.35 0.05–2.71 0.314 0.62 0.18–2.16 0.455 — — —

Neoadjuvant chemotherapy regimens
Paclitaxel/platinum 1.0 (ref) 1.0 (ref) 1.0 (ref) — —
Gemcitabine/platinum 1.10 0.34–3.56 0.871 1.33 0.40–4.39 0.640 0.48 0.14–1.57 0.224 — —
Pemetrexed/platinum 1.23 0.30–5.01 0.772 1.57 0.35–7.04 0.553 1.20 0.32–4.48 0.790 — —
Etoposide/platinum 0.72 0.13–4.10 0.708 1.35 0.21–8.83 0.755 1.08 0.26–4.53 0.919 — — —

Alteration of PD-L1 status on TC
Not elevated 1.0 (ref) 1.0 (ref) 1.0 (ref) — —
Elevated 2.261 0.95–5.40 0.066 2.38 0.99–5.73 0.053 1.11 0.42–2.97 0.829 — — —

Alteration of PD-L1 status on IC
Not elevated 1.0 (ref) — — 1.0 (ref) — —
Elevated 1.50 0.60–3.75 0.382 — — 0.55 0.22–1.39 0.203 — — —

CI indicates confidence interval; DFS, disease-free survival; HR, hazard ratio; IC, tumor-infiltrating immune cells; OS, overall survival; PD-L1, programmed
death-ligand 1; ref, reference category; SCC, squamous cell carcinoma; TC, tumor cells.
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potentiate IFN-γ-induced PD-L1 expression in human breast
cancer cells and increase PD-L1-mediated T-cell apoptosis.
For patients receiving different chemotherapy regimens in this
study, PD-L1 expression on TC elevated in 9 of 19 patients
who received paclitaxel/cisplatin chemotherapy, but none of
the 7 patients who received etoposide/cisplatin chemotherapy
showed elevation of PD-L1 expression on TC, which is not
consistent with Zhang et al’s study.22 The discordance may be
attributable to the heterogeneity among various cancers and
further studies are warranted to validate the impact of che-
motherapy on PD-L1 expression in lung cancer.

The prognostic role of PD-L1 expression has been
extensively investigated among various cancers. Several pre-
vious studies reported that PD-L1-positive expression on TC
was associated with poor prognosis in lung cancers,23–26 but
few studies focused on the relationship between chemotherapy
response, prognosis and the variation of PD-L1 expression after
chemotherapy. The findings of Zhang et al’s27 study suggested
that change of PD-L1 expression was significantly associated
with chemotherapy response, and the upregulation of PD-L1
promoted a resistance response in lung cancer cells. In line with
this prior study, the results of our study confirmed that the
elevation of PD-L1 expression on TC was linked to inferior
response to neoadjuvant chemotherapy and shorter PFS. With
regard to the underlying mechanism of elevated PD-L1

expression increases the chemoresistance, the results of a pre-
vious research28 indicated that the biological interaction
between PD-L1 and chemoresistance occurred through the
microRNA regulatory cascade. MicroRNA-197 is down-
regulated in lung cancer tissues in patients resistant to
platinum-based chemotherapy and the downregulation of
microRNA-197 enhances PD-L1 expression. MicroRNA-197
regulates lung cancer drug resistance and tumor progression by
directly targeting the cyclin-dependent kinase CKS1B as well as
by indirectly targeting the transcription factor STAT3. PD-L1
expression on ICs has been strongly correlated with the density
of CD4 or CD8+ tumor-infiltrating lymphocytes.29 High
expression of PD-L1 on ICs may predict effective host immune
responses in the presence of a favorable immune micro-
environment infiltrated with increased CD4 and CD8+ T cells,
which may restrain tumor growth.30 In our study, although
65.1% of patients showed elevation in the expression of PD-L1
on IC after neoadjuvant chemotherapy, no significant associ-
ation was found between PD-L1 expression changes on IC and
outcomes. Relatively small samples may contribute to this
result and further studies are still needed to investigate the
association between PD-L1 expression changes on IC and
outcomes as well as its underlying mechanisms.

Presently, non–small cell lung cancer patients with low PD-
L1 expression may receive immunotherapy after chemotherapy.

FIGURE 2. Kaplan-Meier curves for disease-free survival (DFS) and overall survival (OS). Comparison of patient DFS (A) and OS (B)
according to variation of programmed cell death-ligand 1 (PD-L1) expression on tumor cells (TC) after chemotherapy. Comparison of
patient DFS (C) and OS (D) according to variation of PD-L1 expression on tumor-infiltrating immune cells (IC) after chemotherapy.
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Because of the variation of PD-L1 expression before and after
chemotherapy, some patients who have elevated PD-L1
expression after chemotherapy may achieve better therapeutic
effect from immunotherapy. Therefore, tumor tissue rebiopsy
and PD-L1 expression reassessment should be performed if
patients want to receive immunotherapy after chemotherapy.

The current study had several limitations. First, it was a
retrospective, single institutional study and the sample size was
relatively small. Second, only one PD-L1 antibody, 22C3, was
used in this study. Third, the PD-L1 positivity in the surgical
specimens was higher than that in the biopsy specimens after
chemotherapy, and the difference in specimens might be a
confounding factor when comparing PD-L1 expression pre-
chemotherapy and postchemotherapy. Hence, future pro-
spective studies are needed to validate our results. Notwith-
standing the limitations as shown above, this study provided
evidence of elevated PD-L1 expression after chemotherapy and
underline the necessity of tumor tissue rebiopsy and PD-L1
expression reassessment after treatment.

In conclusion, chemotherapy significantly increased the
PD-L1 expression in lung cancer. Furthermore, elevation of
PD-L1 expression on TC after neoadjuvant chemotherapy
correlated with reduced response to chemotherapy and infe-
rior PFS in patients with lung cancer.
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