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Abstract
Background  The expression of programmed death ligand 1 (PD-L1) is considered a predictive biomarker of anti-programmed 
death 1 (PD-1)/PD-L1 cancer therapies. However, changes in PD-L1 expression of tumor cells during clinical courses have 
not been fully evaluated. We evaluated changes in PD-L1 expression for non-small cell lung cancer (NSCLC) patients who 
received anticancer treatments during clinical courses.
Methods  In 76 NSCLC patients, PD-L1 expression was evaluated before and after anticancer treatment by immunohisto-
chemical (IHC) analysis using an anti-PD-L1 antibody. We defined two cut-off points of PD-L1 expression (1 and 50%) and 
three corresponding IHC groups (A: 0%, B: 1–49%, and C: ≥50%). IHC group B and C were considered to be positive expres-
sion, and we defined the difference of IHC group between pre- and post-treatment as ‘major change’ in PD-L1 expression.
Results  Before anticancer treatment, PD-L1 expression was observed in 38/76 (50%) patients, and was significantly less com-
mon in patients harboring mutations in the epidermal growth factor receptor gene (EGFR) than in those without (P = 0.039). 
After anticancer treatment, PD-L1 expression was observed in 36/76 (47%) patients. Major increases in PD-L1 expression 
were seen in 11 (14%), and major decreases in 18 (24%) patients. Among 13 patients harboring EGFR mutations treated 
with EGFR tyrosine-kinase inhibitor (EGFR-TKI), five (38%) showed major increases.
Conclusion  Major changes of PD-L1 expression in tumor cells were observed in 38% of NSCLC patients who received 
anticancer treatments. And, treatments with EGFR-TKI may increase PD-L1 expression in NSCLC patients harboring EGFR 
mutations.

Keywords  Programmed death ligand 1 (PD-L1) · Non-small cell lung cancer (NSCLC) · Changes in PD-L1 expression · 
Epidermal growth factor receptor (EGFR) · EGFR tyrosine-kinase inhibitor (EGFR-TKI)

Introduction

Cancer chemotherapy is currently undergoing some major 
changes. Although recent advances in targeted therapy 
against oncogenic epidermal growth factor receptor (EGFR) 
and anaplastic lymphoma kinase (ALK) have shown prom-
ising results [1–10], lung cancer remains the leading cause 
of cancer-related mortality worldwide [11]. Immune check-
points are the new targets not only of non-small cell lung 
cancer (NSCLC) but also for many malignant tumors. More-
over, monoclonal antibodies targeting programmed death 
1 (PD-1) or programmed death ligand 1 (PD-L1), such as 
nivolumab, pembrolizumab, atezolizumab, and durvalumab, 
have exerted promising antitumor effects in recent clinical 
trials [12–16].
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The expression of PD-L1 is often detected in many 
malignant tumors, and the results of recent studies suggest 
that this can predict the efficacy of PD-1/PD-L1 antibody 
therapies. In a phase III, randomized trial of nivolumab 
versus docetaxel in advanced non-squamous cell NSCLC, 
nivolumab was shown to improve overall survival (OS) 
compared with docetaxel [12]. Furthermore, nivolumab was 
associated with greater efficacy than docetaxel across all 
end points in subgroups according to prespecified levels of 
PD-L1 expression in tumor cells. In a phase III, randomized 
trial of pembrolizumab versus chemotherapy in advanced 
NSCLC with PD-L1 expression at least 50% of tumor cells, 
pembrolizumab was shown to improve progression-free 
survival (PFS) and OS compared with chemotherapy [14]. 
Based on these results, PD-L1 expression has been sug-
gested as a predictive biomarker of PD-1 /PD-L1 antibody 
therapy. However, although some reports have investigated 
relationships between PD-L1 expression and the survival of 
NSCLC patients [17–23], changes in the PD-L1 expression 
of tumor cells during clinical courses have not been fully 
evaluated. The present study, therefore, examined changes 
in PD-L1 expression for NSCLC patients undergoing anti-
cancer treatments during clinical courses.

Patients and methods

Patients and samples

We retrospectively screened 130 consecutive patients from 
medical records who were histologically diagnosed with 
NSCLC, including those at post-treatment, at Shizuoka Can-
cer Center between November 2002 and December 2014. 
In this study, patients were included if they had sufficient 
formalin-fixed paraffin-embedded tumor tissue samples (≥ 
10 slices) to evaluate PD-L1 expression. Pleural fluid cell 
blocks were admissible to be used as tissue samples. If a 
patient had ≥ 3 samples, we selected two samples, one had 
been taken at diagnosis, and the other was the latest after 
treatment.

Patients were eligible if they had received anticancer 
treatment, including surgery, cytotoxic chemotherapy, 
EGFR tyrosine-kinase inhibitor (EGFR-TKI), ALK inhibi-
tor, and curative thoracic radiotherapy. EGFR mutation was 
examined by commercial clinical laboratories, Cycleave 
method and Scorpion Amplification Refractory Mutation 
System (Scorpion ARMS method) [24, 25]. We evaluated 
changes in PD-L1 expression according to therapeutic inter-
vention. Patients who received immune checkpoint inhibi-
tor or palliative radiotherapy only were excluded. OS was 
defined as the period from histological diagnosis of NSCLC 
until the date of death or last contact. All patients provided 
written informed consent, and this study was conducted in 

accordance with the provisions of the Declaration of Hel-
sinki and was approved by the Institutional Review Board 
of Shizuoka Cancer Center.

Immunohistochemical analysis of PD‑L1 expression

Formalin-fixed paraffin-embedded samples were sectioned 
at a thickness of 4 µm, mounted onto glass slides, then 
incubated with an anti-rabbit monoclonal antibody against 
PD-L1 (E1L3N, Cell Signaling Technology, Danvers, MA) 
for immunohistochemical (IHC) analysis. Briefly, each slide 
was deparaffinized, and rehydrated sections were treated 
with 0.3% hydrogen peroxide in methanol for 30 min to 
block endogenous peroxidase activity. For antigen retrieval, 
sections were autoclaved in Tris–EDTA buffer (pH 9.0) for 
40 min at 95 °C. After rinsing, the sections were incubated 
overnight at 4 °C with a solution containing anti-PD-L1 anti-
body (1: 1000 dilution). Peroxidase-labeled rabbit polymer 
antibody (EnVision, K4002, Dako, Carpineria, CA, USA) 
was added for 30 min at room temperature, followed by incu-
bation for 4 min at room temperature with 3, 3′ diaminoben-
zidine tetrahydrochloride (K3468; Dako) for the peroxidase 
reaction. Finally, nuclear counterstaining was performed 
with Mayer’s hematoxylin.

IHC analysis of PD-L1 expression was evaluated by two 
independent pathologists (R.W. and T.S.) who received no 
clinical information. For eligibility of the specimen, we 
evaluated macrophages in the specimen as inner control of 
PD-L1 immunostaining. Samples in which more than 1% of 
tumor cells had a stained cell membrane were considered 
to be positive for PD-L1 expression. Moreover, samples in 
which more than 50% of tumor cells were stained were con-
sidered to be strongly positive for PD-L1 expression, accord-
ing to previous reports and clinical trials of pembrolizumab 
[14, 26]. We, therefore, defined three IHC groups based on 
the percentage of tumor cells stained for PD-L1 as follows: 
0%, IHC group A (negative); 1–49%, IHC group B (posi-
tive); and 50–100%, IHC group C (positive/high). In the case 
of disagreement, the pathologists reviewed their findings to 
establish a consensus. We defined the difference of IHC 
group between pre- and post-treatment as ‘major change’ 
in PD-L1 expression. For example, a change from group A 
(negative) to B (positive) or from group C (positive/high) to 
B (positive), is defined as ‘major change’. In addition, the 
proportions of a major change in IHC group were calculated 
for each treatment.

Statistical analysis

Correlations between PD-L1 expression and patient char-
acteristics were analyzed using Fisher’s exact test for cat-
egorical variables. We evaluated OS using the Kaplan–Meier 
method and compared OS between patients using the 
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log-rank test. Cox proportional hazards models were used 
to adjust for potential confounding factors. We compared 
the distribution of PD-L1 expression between pre-treatment 
samples and post-treatment samples using Wilcoxon signed 
rank test. Differences in the proportions of major changes 
were considered significant at P < 0.05. All analyses were 
performed using JMP 10 for Windows statistical software 
(SAS Institute Japan Inc., Tokyo, Japan).

Results

Patient characteristics

Of the 130 patients screened from medical records, 76 
were eligible for inclusion in the study. Thirty-five patients 
were excluded because they had an insufficient number 
of samples to evaluate. And, 19 patients were excluded 
because inner macrophages were integrally negative 
PD-L1 immunostaining. Clinical characteristics of eligible 
patients are shown in Table 1. The median age of patients 
at diagnosis was 67 years (range 39–89 years). Thirty 
(39%) of the patients were female, and 22 (29%) were 
never smokers. Sixty (79%) of the patients were diagnosed 

with adenocarcinoma, and 10 (13%) with squamous cell 
carcinoma. Stage distributions were: stage I or II in 43 
patients (57%), and stage III or IV in 33 (43%). A total of 
13 patients had tumors harboring deletions in EGFR exon 
19, 7 carried the L858R mutation in EGFR exon 21.

Samples and treatments

The distribution of pre-treatment samples was as follows: 
54 (71%) surgically resected specimens, 22 (29%) biopsy 
samples. Post-treatment samples included 25 (33%) sur-
gically resected specimens, 38 (50%) biopsy samples, 8 
(11%) pleural fluid cell blocks, and 5 (7%) autopsy sam-
ples. Biopsy samples were more frequently seen at post-
treatment compared with pre-treatment.

Table 2 shows anticancer treatments performed before 
obtaining post-treatment samples. Forty-three patients 
received cytotoxic chemotherapy and 13 received EGFR-
TKI treatment during the clinical course. Thirty patients 
received non-systemic anticancer treatments, including 
radiation therapy alone or surgery in the absence of post-
operative adjuvant chemotherapy.

Table 1   Patients’ demographics 
and pre-treatment samples

*:Fisher’s test between mutant and wild type
PD-L1 programmed death ligand 1, IHC immunohistochemical, EGFR epidermal growth factor receptor

No. of patients PD-L1 expression P value

IHC group A 
(negative)
n = 38

IHC group B, C 
(positive)
n = 38

Age at diagnosis (years)
 < 75 63 31 32 1.000
 ≥ 75 13 7 6

Sex
 Male 46 19 11 0.099
 Female 30 19 27

Smoking status
 Previous/current 54 24 30 0.140
 Never smoker 22 14 8

Histology
 Adenocarcinoma 60 33 27 0.123
 Squamous carcinoma 10 2 8 0.084
 Others 6 3 3

Stage at diagnosis
 I/II 43 19 24 0.354
 III/IV 33 19 14
EGFR mutation status
 Mutant 20 14 6 0.072
 Wild type 27 10 17 (0.039*)
 Unknown 29 14 15
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Immunohistochemical analysis of PD‑L1 expression 
in pre‑treatment tumor specimens

PD-L1 expression was observed in several tumor cells and 
most peripheral macrophages. As noted previously, sam-
ples in which inner macrophages were negative PD-L1 
immunostaining were excluded. PD-L1 staining patterns in 
the membrane of tumor cells are shown in Fig. 1. Thirty-
eight (50%) patients had tumor cells with positive PD-L1 
staining (IHC group B, C) in pre-treatment samples. The 
relationships between PD-L1 expression in pre-treatment 
samples and patient demographics are shown in Table 1. 
PD-L1 expression was significantly more common in wild 
type than those with EGFR mutations (P = 0.039). There 
was no significant correlation between PD-L1 expression 
and smoking status or histology.

Changes in PD‑L1 expression

Thirty-six (36%) patients had tumors with positive PD-L1 
staining (IHC group B, C) in post-treatment samples. The 
distribution of PD-L1 expression in tumor cells at post-
treatment were similar to those at pre-treatment (P = 0.706). 
Defined major increases in PD-L1 expression were seen in 
11 patients (14%) and major decreases in 18 (24%) (Fig. 2). 
Five (38%) of 13 NSCLC patients harboring EGFR muta-
tions who were treated with EGFR-TKI showed major 
increases of PD-L1 expression, and one (8%) showed major 
decreases. Regarding EGFR-TKI therapy, median dura-
tion of EGFR-TKI therapy was 16.2 (95% CI; 8.5–31.6) 
months in five patients who had major increases of PD-L1 
expression after EGFR-TKI therapy, and was 10.7 (95% CI; 
3.0–13.4) months in 8 patients who had no major increases 
of PD-L1 expression after EGFR-TKI therapy. There was 

Table 2   Patient anticancer 
treatments before obtaining 
post-treatment samples

EGFR-TKI epidermal growth factor receptor tyrosine-kinase inhibitor, ALK anaplastic lymphoma kinase

No. of patients

Systemic treatment (n = 46)
 Cytotoxic chemotherapy (including adjuvant chemotherapy) 25
 Chemoradiotherapy 8
 Cytotoxic chemotherapy and EGFR-TKI 10
 EGFR-TKI 3
 ALK inhibitor 0

Non-systemic treatment (n = 30)
 Surgical resection (without adjuvant chemotherapy) 27
 Radiotherapy 2
 Ablation 1

Fig. 1   Major increase in PD-L1 expression after treatment. Negative 
PD-L1 immunohistochemical staining (IHC group A) was observed 
at diagnosis of a non-smoking 73-year-old male with adenocarcinoma 

(a), and positive PD-L1 immunohistochemical staining (IHC group 
C) was observed at postoperative recurrence (b)
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no significant difference in duration of EGFR-TKI therapy 
between two groups (P = 0.110). Eight (19%) of 43 patients 
treated with cytotoxic chemotherapy showed major increases 
in PD-L1 expression, and 8 (19%) showed major decreases. 
Only two (7%) of 30 patients who were not treated with cyto-
toxic chemotherapy or EGFR-TKI showed major increases in 
PD-L1 expression, and nine (30%) showed major decreases. 
In comparison to non-systemic treatment patients, patients 
who were treated by EGFR-TKI had significantly more 
‘major increase’ in PD-L1 expression (P = 0.031).

Survival analysis

In patients with stage I or II cancers, the median follow-up 
time from diagnosis was 45.6 months. Patients with PD-
L1-positive tumors (IHC group B, C) had a tendency for 
worse survival than those with PD-L1-negative expression 
(IHC group A) (median 75.6 months versus 103.1 months, 
P = 0.065; Fig. 3).

Discussion

Recently, monoclonal antibodies targeting PD-1 or PD-L1 
have been shown to have potential as a new therapeutic 
strategy for NSCLC. Several clinical trials have found that 
PD-L1 expression may be a predictive factor of therapeu-
tic response; as such, it is important to determine changes 
in tumor cell PD-L1 expression during clinical courses 
because this may have an impact on treatment strategies, 
including patient selection and treatment sequences. In this 
study, we showed that major changes in PD-L1 expression 
of tumor cells were observed in 38% of NSCLC patients 
receiving anticancer treatments during the clinical course. 
In particular, 38% of NSCLC patients harboring EGFR 
mutations treated with EGFR-TKI showed major increases 

and 8% showed major decreases. And, patients treated with 
EGFR-TKI had significantly more ‘major increase’ in PD-L1 
expression compared to patients with non-systemic treat-
ment (Fig. 2, P = 0.031).

Previous reports have explored the changes occurring in 
PD-L1 expression during the clinical courses of NSCLC 
patients. Gainor et  al. retrospectively compared PD-L1 
expression status using pre- and post-EGFR-TKI treatment 
biopsy samples in NSCLC patients harboring EGFR muta-
tions [27]. Using the same rabbit monoclonal anti-PD-L1 
antibody (Clone E1L3N) as in the present study, nine (15%) 
of 62 patients showed PD-L1 expression in tumor cells 
before EGFR-TKI treatment, compared with 16 (25%) of 64 
after EGFR-TKI treatment (P = 0.040). In individual paired 
specimens, increases in PD-L1 expression were seen in 10 
(17%) of 58 NSCLC patients harboring EGFR mutations 
after EGFR-TKI treatment, and decreases were seen in three 
(5%) of 58. Han et al. also reported that seven (39%) of 18 
gefitinib-resistant patients showed an increase in tumor cell 
PD-L1 expression, while 11 (61%) of 18 gefitinib-resistant 
patients had no change in PD-L1 expression [28]. These 
results are consistent with our own study, and support the 
hypothesis that EGFR-TKI therapy may increase PD-L1 
expression in some NSCLC patients harboring EGFR muta-
tions. However the mechanism of these changes has not been 
evaluated. In melanoma, Jiang et al. reported that activation 
of the MAPK pathway in BRAF-resistant melanoma cells 
promote PD-L1 expression. In NSCLC patients harboring 
non-T790M mutation acquired resistance to EGFR-TKI, 
PI3K/AKT pathway and MEK/ERK pathway are involved 
in resistance to EGFR-TKI [29]. And, some study using 
NSCLC cell lines harboring EGFR mutations suggested 
that PD-L1 expression was mediated by activated PI3K-
AKT and MEK-ERK signaling pathway [28, 30, 31]. We 

EGFR-TKI treatment
(n = 13) 

ALL an	cancer treatment 
(n = 73)

Cytotoxic chemotherapy
(n = 43)

Non-systemic treatment
(n = 30) 

p = 0.031

Fig. 2   Changes of the PD-L1 IHC group in NSCLC patients treated 
with anticancer treatment. Major increases in PD-L1 expression 
were seen in 11 (14%) patients, and major decreases were seen in 18 
(24%). Among 13 patients harboring EGFR mutations treated with 
EGFR-TKI, five (38%) showed major increases, and one (8%) showed 
major decreases

Fig. 3   Overall survival of stage I or II NSCLC patients of PD-L1 
IHC group A (n = 19) and IHC group B, C (n = 24). The survival of 
patients with positive PD-L1 expression (IHC group B, C) tended 
to be worse than those without PD-L1 expression (IHC group B, C) 
(median 75.6 months versus 103.1 months, log-rank test, P = 0.065)
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could not evaluate changes in these proteins in signaling 
pathways due to lack of enough specimens, these changes 
may be related to increased PD-L1 expression in this study 
as reported previously.

Conversely, Akbay et  al. reported that expression of 
PD-L1 was more common in NSCLC patients harboring 
EGFR mutations, and was reduced by EGFR-TKI treatment 
in NSCLC cell lines with activated EGFR mutations [32]. 
Indeed, several studies showed that PD-L1 expression was 
more common in patients with than without EGFR muta-
tions [33–35]. These discrepancies may be explained by 
differences in patient characteristics, such as disease stage 
and the presence or absence of anticancer treatment other 
than EGFR-TKI, which could lead to differences in PD-L1 
expression.

In NSCLC patients harboring EGFR mutations, the effi-
cacy of PD-1 antibody therapy remains unclear. Nivolumab 
previously demonstrated superiority over docetaxel regard-
ing OS in advanced non-squamous NSCLC [12]. However, 
in patients with EGFR mutations, OS and progression-free 
survival tended to be worse following nivolumab compared 
with docetaxel treatment. In a phase II/III trial of pembroli-
zumab versus docetaxel in advanced NSCLC patients with 
PD-L1 expression, pembrolizumab showed superior OS 
compared with docetaxel [36], but progression-free sur-
vival tended to be worse in pembrolizumab-treated patients 
harboring EGFR mutations. And, a meta-analysis of three 
studies showed that immune check inhibitor did not improve 
OS compared to docetaxel in NSCLC harboring EGFR 
mutations [37]. These results suggest that anti-PD-1/PD-L1 
antibody treatment may have a limited effect against NSCLC 
patients harboring EGFR mutations. One of the reasons for 
these low effects of immune checkpoint inhibitors against 
NSCLC harboring EGFR mutations is considered to be 
lower tumor mutation burden (TMB) in tumor cells. TMB in 
lung and other cancers is considered predictive of benefit for 
immune checkpoint inhibitor. Among patients with NSCLC 
treated with pembrolizumab, higher nonsynonymous TMB 
has been associated with greater clinical benefit [38]. Inter-
estingly, EGFR-mutated lung cancer was shown to have low 
TMB in another study using next-generation sequencing 
[39]. Moreover, low TMB is considered to be associated 
with low expression of PD-L1 [40]. PD-L1 expression levels 
may change after anticancer treatment, especially EGFR-TKI 
treatment, and so, further studies are needed to clarify the 
relationship between the efficacy of PD-1/PD-L1 antibody 
in EGFR-mutated patients and PD-L1 expression in tumors 
immediately before PD-1/PD-L1 antibody treatment.

Of the 76 NSCLC patients in the present study, PD-L1 
expression was observed in 50% of samples at pre-treat-
ment. According survival analysis, the OS of stage I or 
II patients with positive PD-L1 expression tended to 
be worse than those without PD-L1 expression. This is 

consistent with the previous findings of NSCLC patients 
[23, 33]. Conversely, some reports suggest that PD-L1 
expression is associated with favorable OS [18, 19]. The 
exact reason for this discrepancy is still unknown.

We used an anti-rabbit monoclonal antibody against 
PD-L 1 (clone E1L3N) for IHC analysis, shown by other 
retrospective studies to have reliable staining properties 
[27, 41, 42], but this antibody clone was not used in clini-
cal trials of nivolumab or pembrolizumab. Recently, some 
studies for evaluating clinical comparability in antibody 
against PD-L1 have been reported [43, 44]. These studies 
show that there are high concordances of PD-L1 stain-
ing between E1L3N and 22C3. Therefore, we think the 
results of this study can be compared with other studies 
using different antibody clone. In PD-L1 (22C3) antibody 
testing, the archival FFPE specimen within five years is 
recommended because antigen degraded with age. While 
there is no clear criterion in PD-L1 (E1L3N) antibody test-
ing. Therefore, for eligibility of the specimen, we evalu-
ated macrophages in the sample as inner control of PD-L1 
immunostaining.

Our study had several limitations. First, the sample size 
was small and it involved patients attending a single institu-
tion. Second, patient characteristics are very heterogeneous. 
This study included patients with all stages and anticancer 
treatments were different for each patient. Development of 
anticancer treatment with immune checkpoint inhibitor is 
ongoing for not only advanced stage but also early stage 
NSCLC. Therefore, it may be meaningful to evaluate PD-L1 
expression in tumor cells including early stage cancer. Third, 
because of spatial heterogeneity in PD-L1 expression within 
different regions of the same tumor tissue, our results may 
not show an accurate distribution of PD-L1 expression, espe-
cially in biopsy samples. Ilie et al. previously reported that 
there is a relatively poor association of PD-L1 expression 
between lung biopsy samples and corresponding resected 
tumors [45]. Conversely, Kitazono et al. reported that the 
PD-L1 status showed a good concordance between biopsy 
samples and surgically resected specimens [46]. They con-
cluded that even small samples derived from transbronchial 
needle aspiration biopsies were adequate for the assessment 
of PD-L1 expression. Forth, we did not evaluate the sta-
tus of tumor-infiltrating lymphocytes (TILs). It is still not 
conclusive whether TILs is a biomarker for PD-1/PD-L1 
antibody therapy or not. Recent studies have reported that 
TILs may be an important predictive biomarker in clinical 
trial of PD-L1 antibody [15, 47]. In our study, we could not 
evaluate TILs accurately, because many biopsy specimens 
were not suitable to evaluate infiltrating lymphocytes for col-
lapsed, and it was difficult to make a decision whether mixed 
lymphocytes are ‘infiltrate’ or not. In the future, it may be 
necessary to evaluate TILs along with PD-L1 expression in 
clinical setting.
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In conclusion, we demonstrated that major changes 
in PD-L1 expression were observed in 38% of NSCLC 
patients undergoing anticancer treatments during the clinical 
course. PD-L1 expression in tumor cells was less common 
in NSCLC patients harboring EGFR mutations than those 
without previous anticancer treatment. Moreover, EGFR-
TKI treatment appeared to increase PD-L1 expression in 
tumor cells harboring EGFR mutations. Further studies are 
warranted to explore why conflicting PD-L1 expression find-
ings have been identified in NSCLC patients with EGFR 
mutations during clinical courses.
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