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PD‑L1 expression as a predictor 
of postoperative recurrence 
and the association 
between the PD‑L1 expression 
and EGFR mutations in NSCLC
Kensuke Kojima1*, Tetsuki Sakamoto1, Takahiko Kasai2, Tomoko Kagawa3, 
Hyungeun Yoon1 & Shinji Atagi4

Although information on the PD‑L1 expression and EGFR mutations in non‑small cell lung cancer 
(NSCLC) is important for therapeutic strategies, the effect of these factors on postoperative 
recurrence and the association between each factor have remained unclear. We retrospectively 
assessed the PD‑L1 expression and EGFR mutations in 280 NSCLC patients, and analyzed the 
associations by multivariate analyses. The hazard ratio (HR) of postoperative recurrence in cases 
with high (≥ 50%) PD‑L1 expression regarding negative expression was 4.83 (95% confidence interval 
[CI] 1.51–15.5). The HR for the PD‑L1 expression, considered a continuous variable, was 1.016 (95% 
CI 1.01–1.03). The HRs in cases with EGFR major and minor mutations were 0.42 (95% CI 0.14–1.25) 
and 0.63 (95% CI 0.18–2.15), respectively. The high PD‑L1 (≥ 50%) expression was significantly 
associated with exon 21 L858R mutation (Ex21) of EGFR (odds ratio, 0.10; 95% CI 0.01–0.87). The risk 
of postoperative recurrence increased 1.016‑fold for every 1% increase in the PD‑L1 expression, and a 
marked increase in risk was observed for expression levels of ≥ 50%. Whereas EGFR mutations were not 
an independent risk factor. The high PD‑L1 (≥ 50%) expression was negatively associated with Ex21. 
These findings may help identify NSCLC patients with an increased risk of postoperative recurrence.

Abbreviations
ADC  Adenocarcinoma
EGFR  Epidermal growth factor receptor gene
Ex19  Exon 19 deletion
Ex21  Exon 21 L858R
NSCLC  Non-small cell lung cancer
PD-L1  Programmed death-ligand 1
RFS  Recurrence free survival
SCC  Squamous cell carcinoma

In recent years, the importance of immune checkpoint inhibitors (ICIs) in the treatment of lung cancer has 
 increased1. Because the use of ICIs has been suggested to be potentially effective in the pre-surgical setting for 
surgically resectable non-small cell lung cancer (NSCLC), the benefits of ICIs in the surgical field have also been 
attracting  attention2. The programmed death-ligand 1 (PD-L1) expression in tumors has already been shown 
to be a predictor of the treatment efficacy of ICIs for  NSCLC3. On the other hand, epidermal growth factor 
receptor gene (EGFR) mutations are important in the pathogenesis of lung adenocarcinoma and EGFR tyrosine 
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kinase inhibitor (EGFR TKI) treatment has been shown to significantly prolong survival of patients with lung 
adenocarcinoma with EGFR  mutations4. Thus, the information on the PD-L1 expression and EGFR mutations 
in NSCLC are extremely important for therapeutic strategies.

The role of the PD-L1 expression and EGFR mutations in the postoperative prognosis of NSCLC and the 
association of the PD-L1 expression with EGFR mutations has been reported in several previous  studies5,6. 
Recently, a large cohort study on postoperative patients with NSCLC suggested that the expression of PD-L1 
might be a poor prognostic factor for recurrence-free survival (RFS)7. In addition, a large cohort study exam-
ining the association between the type of EGFR mutations and postoperative recurrence showed that patients 
with exon 19 deletion (Ex19) had significantly shorter postoperative RFS in comparison to those with exon 21 
L858R mutation (Ex21)8. Regarding the association between the expression of PD-L1 and EGFR mutations in 
NSCLC, it has been reported that NSCLC with EGFR mutation was less likely to express PD-L1 and exhibited a 
poor response to ICIs in comparison to EGFR wild-type9.

However, the previous studies have not been considered simultaneously analyzing the interaction between 
different PD-L1 expression levels and various subtypes of EGFR mutation. Therefore, the details of the influence 
of these two factors on the postoperative prognosis and the understanding of the differential expression of PD-L1 
depending on EGFR mutations remain unknown. By clarifying this association, it may be possible to identify 
NSCLC patients with a high risk of postoperative recurrence based on the information of the PD-L1 expres-
sion and EGFR mutations within the resected tumor. Furthermore, the knowledge on the association between 
PD-L1 expression and EGFR mutations may be useful in predicting the effect of ICIs on NSCLC patients with 
EGFR mutations.

The present study aimed to evaluate the effect of PD-L1 expression and EGFR mutations on postoperative 
recurrence in NSCLC, and their associations.

Results
Patient characteristics. The patient characteristics of each PD-L1 expression group are shown in Table 1. 
Chi-squared tests showed that the high expression of PD-L1 (tumor proportion score [TPS] of ≥ 50%) was more 
common in male patients, smokers, the histological type of SCC and other in NSCLC, pathological stage II 
and IIIA, the presence of adjuvant therapy, and wild-type EGFR mutation status. The PD-L1 expressing group 
tented to include a higher percentage of patients with EGFR mutation wild-type. The characteristics of patients 
categorized according to their EGFR mutation status are shown in Supplementary Table S1. The presence of 
EGFR mutations was associated with female sex, never smoker, ADC, earlier pathological stage, and low PD-L1 
expression status of TPS of < 1% or 1–49%.

Recurrence‑free survival. During a median follow-up period of 788 days after surgery, 39 patients devel-
oped recurrent disease (13.9%). The characteristics of patients with postoperative recurrence and those with-
out recurrence are shown in Supplementary Table S2. Patients with postoperative recurrence showed a male 
predominance, and more commonly showed the following characteristics: smoker, histological type of SCC 
or other NSCLC, pathological stage II or IIIA, lobectomy with combined resection, the presence of adjuvant 
therapy, and their expression of PD-L1 was ≥ 50%. The Kaplan–Meier curves for RFS according to the PD-L1 
expression status are shown in Fig. 1. RFS in the PD-L1-high group was significantly shorter in comparison to 
the PD-L1-negative and PD-L1-low groups, before adjustment for patient background (P < 0.001). The Kaplan–
Meier curves for RFS according to the EGFR mutation status are shown in Fig. 2. Before adjustment for patient 
background, RFS did not differ among the EGFR mutation status groups (P = 0.06).

The multivariate analyses of postoperative RFS according to the expression of PD‑L1 and the 
EGFR mutation status. The results of multivariate Cox proportional hazards analysis of factors associated 
with RFS are shown in Tables 2, 3 and 4. A significant differences in RFS was observed between the PD-L1-high 
group and the PD-L1-negative group (adjusted hazard ratio [HR], 4.83; 95% confidence interval [CI] 1.51–15.5) 
after adjustment for patient background factors including the EGFR mutation status (Table 2). RFS did not dif-
fer to a statistically significant extent in the PD-L1-low expression group (adjusted HR, 1.78; 95% CI 0.59–5.43) 
(Table 2). In the 39 recurrent cases, the numbers of patients in the PD-L1 non-expression, low expression, and 
high expression groups were 4, 15, and 20, respectively, suggesting a linear relationship between the PD-L1 
expression and postoperative recurrence (Supplementary Table S2). The Cox proportional hazards analysis, in 
which PD-L1 expression level was considered a continuous variable rather than a categorical variable, showed 
that the expression of PD-L1 was significantly associated with postoperative recurrence, with or without adjust-
ment for patient background factors (unadjusted HR, 1.025; 95% CI 1.02–1.03, adjusted HR, 1.016; 95% CI 
1.01–1.03) (Table 3). Based on this adjusted HR, the results of plotting the HR toward each TPS value of the 
PD-L1 expression in the range of 0–100% are shown in Fig. 3. With a low TPS in the range of 1–49%, HRs 
ranged from 1.016 to 2.154. On the other hand, at a high expression level of 50–100%, HRs ranged from 2.188 
to 4.788. In contrast, in the multivariate Cox proportional hazards analysis adjusted for patient background 
factors including the PD-L1 expression status, RFS did not differ to a statistically significant extent in the major 
mutation group (adjusted HR, 0.42; 95% CI 0.14–1.25) or the minor mutation group (adjusted HR, 0.63; 95% CI 
0.18–2.15) with reference to the wild-type group of EGFR mutation (Table 4).

The associations between the expression of PD‑L1 and EGFR mutations. A multinomial logistic 
regression analysis was performed to examine the link between the expression of PD-L1 and EGFR mutations 
(Table 5). None of the EGFR mutations were significantly associated with the low expression of PD-L1: Ex21 
(adjusted OR, 0.87; 95% CI 0.41–1.85); Ex19 (adjusted OR, 0.54; 95% CI 0.23–1.30); minor mutation (adjusted 
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OR 1.05; 95% CI 0.35–3.22). The high expression of PD-L1 showed a significant negative association with Ex21 
mutation of EGFR (adjusted OR, 0.10; 95% CI 0.01–0.87). Neither Ex19 nor minor EGFR mutations showed a 
significant association with the high expression of PD-L1: Ex19 (adjusted OR, 0.23; 95% CI 0.04–1.22); minor 
mutation (adjusted OR, 0.38; 95% CI 0.06–2.50).

Discussion
The multivariate Cox proportional hazards analysis adjusted for EGFR mutation status, pathological stage, his-
tological type, and adjuvant chemotherapy revealed that postoperative recurrence of lung cancer was 4.8 times 
as likely to occur with a PD-L1-high expression status in comparison to PD-L1-negative cases. In addition, the 
Cox proportional hazards analysis, in which the PD-L1 expression was considered as a continuous variable, 
showed that a 1% elevation of the TPS in the PD-L1 expression increased the risk for postoperative recurrence 
1.016-fold. The Cox proportional hazards analysis with adjustment for the expression of PD-L1, pathological 
stage, histological type and adjuvant chemotherapy revealed that EGFR mutations were not significantly associ-
ated with postoperative recurrence. A multinomial logistic regression analysis showed a significant negative 
association between the high expression of PD-L1 and the presence of the Ex21 mutation.

Previous studies have not shown consistent results regarding the prognosis associated with the expression 
of PD-L1 and EGFR mutations in NSCLC. One study showed that the low expression of PD-L1 was associated 
with significantly reduced RFS in NSCLC patients with EGFR  mutations10. However, this study did not show a 
significant association between the high expression of PD-L1 and RFS. In addition, this study focused solely on 
the influence of the presence or absence of EGFR mutations, and the interaction between the PD-L1 expression 
and various EGFR mutations was not considered in the analysis. Another study reported that the expression of 
PD-L1 is a favorable prognostic factor for postoperative overall survival (OS) in  NSCLC6. However, in that study, 
only factors that were identified as significant in a univariate analysis were selected as explanatory variables for 
the multivariate analysis, and the effects of important confounding factors that may affect OS, such as histological 
type and the presence of adjuvant chemotherapy, were not taken into a consideration. It should also be noted 
that PD-L1 expression was categorized into < 50% and ≥ 50% as a comparison group. These elements may have 

Table 1.  Association between the PD-L1 expression and patient clinicopathological variables. PD-L1 
programmed cell death-ligand 1, ADC adenocarcinoma, SCC squamous cell carcinoma, EGFR epidermal 
growth factor receptor gene, Ex21 exon 21 L858R mutation, Ex19 exon19 deletion mutation. a Defined as 
histological types of NSCLC with the exclusion of ADC and SCC. Of 18 cases, 2 patients with large cell 
carcinoma, 3 patients with adenosquamous carcinoma, 7 patients with large cell neuroendocrine carcinoma 
and 6 patients with pleomorphic carcinoma. b Defined as all mutations except Ex21 and Ex19.

Variables
Total
(N = 280)

PD-L1 expression

< 1%
(N = 78)

1–49%
(N = 146)

≥ 50%
(N = 56) P

Age: ≥ 70 years—no. (%) 156 (55.7) 39 (50.0) 88 (60.3) 29 (51.8) 0.27

Sex: male—no. (%) 157 (56.1) 30 (38.5) 84 (57.5) 43 (76.8) < 0.001

Current or former smoker—no. (%) 174 (62.1) 40 (51.3) 87 (59.6) 47 (83.9) < 0.001

Histological type—no. (%) < 0.001

ADC 216 (77.1) 76 (97.4) 115 (78.7) 25 (44.6)

SCC 46 (16.4) 1 (1.3) 22 (15.1) 23 (41.1)

Othera 18 (6.4) 1 (1.3) 9 (6.2) 8 (14.3)

Pathological stage—no. (%) < 0.001

I 202 (72.1) 63 (80.8) 109 (74.7) 30 (53.6)

II 50 (17.8) 12 (15.4) 23 (15.8) 15 (26.8)

IIIA 28 (10.0) 3 (3.8) 14 (9.6) 11 (19.6)

Surgical procedure—no. (%) 0.74

Lobectomy 262 (93.6) 76 (97.4) 135 (92.5) 51 (91.1)

Bilobectomy 6 (2.1) 1 (1.3) 3 (2.1) 2 (3.6)

Lobectomy with combined resection 12 (4.3) 1 (1.3) 8 (5.5) 3 (5.4)

Lymph node dissection—no. (%) < 0.001

ND1 25 (8.9) 17 (21.8) 7 (4.8) 1 (1.8)

ND2 255 (91.1) 61 (78.2) 139 (95.2) 55 (98.2)

Adjuvant therapy—no. (%) 0.018

Platinum-based chemotherapy 28 (10.0) 4 (5.1) 13 (8.9) 11 (19.6)

EGFR mutation—no. (%) < 0.001

Wild-type 181 (64.6) 38 (48.7) 92 (63.0) 51 (91.1)

Ex21 48 (17.1) 19 (24.4) 28 (19.2) 1 (1.8)

Ex19 31 (11.1) 15 (19.2) 14 (9.6) 2 (3.6)

Minor  mutationb 20 (7.1) 6 (7.7) 12 (8.2) 2 (3.6)
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had a significant impact on the trend, which was opposite the trend observed in our study. Furthermore, another 
study showed that the patients with Ex21 had a significantly longer RFS in comparison to those with WT or 
 Ex198. However, this study did not evaluate RFS, with the inclusion of the PD-L1 expression as a confounding 
factor in the multivariate analysis.

In the present study, we performed multivariate analyzes considering the interaction of different PD-L1 
expression levels with EGFR mutations in NSCLC and revealed the following three novel points. First, patients 
with the high expression of PD-L1 had significantly shorter postoperative RFS, whereas those with the low 
expression of PD-L1 showed no significant difference. In previous studies, the results were not consistent because 
the cutoff value of PD-L1 was set for each study or the explanatory variables to be included in the multivariate 
analysis were determined based on the results of a univariate analysis. In contrast, we ensured reproducibility 
by adopting the classification of the PD-L1 expression, which is frequently used in general clinical practice, 
and by determining the explanatory variables in advance. As a result, we clearly showed that expression levels 
of ≥ 50% was significantly correlated with postoperative RFS, while expression levels of 1–49% were not sig-
nificantly correlated. On the other hand, in the rough classification of the PD-L1 expression used in clinical 
practice, for example, expression levels of 1–49% and 50–100% were treated as the same respectively; thus, the 
effect of each 1% increase in the expression of PD-L1 on postoperative recurrence has not been studied. In this 
study, we quantitatively evaluated the risk of recurrence for each 1% increase in the PD-L1 expression using the 
PD-L1 expression, which was regarded as a continuous variable, as an explanatory variable in the multivariate 
Cox hazard analysis. We found that, with expression levels in the range of 1–49% expression, the risk varied by 
a factor of 1.5 when the expression was ≤ 30% and by a factor of 2 when it was 40%, but when the expression 
was above 50%, the risk tended to exceed twofold, reaching 4.8-fold at 100% expression. In other words, our 
study showed that the risk varies even within the low expression group (1–49%) and that it may vary even more 
within the high expression group (≥ 50%). To the best of our knowledge, this is the first report to conduct such 
an evaluation of the PD-L1 expression in NSCLC. Second, the presence of EGFR mutations did not contribute 
significantly to postoperative RFS. This report may be the first to show that EGFR mutations are not associated 
with postoperative RFS, regardless of the type of EGFR mutation, considering the interaction with the PD-L1 
expression patterns in the multivariate analysis. Third, the high expression of PD-L1 showed a significant negative 
connection with Ex21. Although there have been many reports of negative association between EGFR mutations 
and PD-L1, most of them identified these associations by univariate analyses, and few studies have reported the 

Figure 1.  Kaplan–Meier curve showing the probability of a recurrence-free survival among patients after lung 
cancer resection according to the expression of PD-L1.
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Figure 2.  Kaplan–Meier curve showing the probability of a recurrence-free survival among patients after lung 
cancer resection according to the EGFR mutation status.

Table 2.  The Cox proportional hazards analysis of RFS according to the PD-L1 expression. RFS recurrence-
free survival, PD-L1 programmed death-ligand 1, HR hazard ratio, CI confidence interval, EGFR epidermal 
growth factor receptor gene. a Adjusted by pathological stage, histological type, adjuvant chemotherapy and 
EGFR mutation status.

PD-L1 expression N
Recurrence
N (%)

Unadjusted HR
(95% CI), P

Adjusted  HRa

(95% CI), P

< 1% 78 4
(5.13) Reference Reference

1–49% 146 15
(10.3)

2.12
(0.70–6.39), 0.18

1.78
(0.59–5.43), 0.31

≥ 50% 56 20
(35.7)

8.96
(3.01–26.3), < 0.001

4.83
(1.51–15.5), 0.008

Table 3.  Cox proportional hazards analysis of RFS according to the PD-L1 expression as a continuous 
variable. RFS recurrence-free survival, PD-L1 programmed death-ligand 1, HR hazard ratio, CI confidence 
interval, EGFR epidermal growth factor receptor gene. a Adjusted by pathological stage, histological type, 
adjuvant chemotherapy, EGFR mutation status and sex. b The tumor proportion score (%) was as a continuous 
variable from 0 to 100.

N
Recurrence
N (%)

Unadjusted HR
(95% CI), P

Adjusted  HRa

(95% CI), P

PD-L1  expressionb 280 39
(13.9)

1.025
(1.02–1.03),    < 0.001

1.016
(1.01–1.03), 0.001



6

Vol:.(1234567890)

Scientific Reports |        (2021) 11:17522  | https://doi.org/10.1038/s41598-021-96938-9

www.nature.com/scientificreports/

Table 4.  The Cox proportional hazards analysis of RFS according to the EGFR mutation status. RFS 
recurrence-free survival, EGFR epidermal growth factor receptor gene, HR hazard ratio, CI confidence interval, 
PD-L1 programmed death-ligand1, Ex21 exon 21 L858R mutation, Ex19 exon19 deletion mutation. a Adjusted 
by PD-L1 expression status, pathological stage, histological type and adjuvant chemotherapy. b Ex21 or Ex19. 
c Defined as all mutations except Ex21 and Ex19.

EGFR mutation N
Recurrence
N (%)

Unadjusted HR
(95% CI), P

Adjusted  HRa

(95% CI), P

Wild-type 181 32
(17.7) Reference Reference

Major  mutationb 79 4
(5.06)

0.26
(0.09–0.74), 0.01

0.42
(0.14–1.25), 0.12

Minor  mutationc 20 3
(15.0)

0.77
(0.23–2.51), 0.66

0.63
(0.18–2.15), 0.46

Figure 3.  Hazard ratios of postoperative recurrence for each TPS value based on 0% TPS. The hazard ratio (y) 
for each TPS value was calculated based on the results of a multivariate Cox hazard proportional model with 
TPS (x)—considered as a continuous variable—as the explanatory variable. Since the regression coefficient (β) 
for this multivariate analysis was calculated to be 0.015662, the hazard ratio was given by the value of  eβ, i.e. 
1.015786 ≈ 1.016. The function y was given by y =  eβx.

Table 5.  The multinomial logistic regression analysis to investigate the association between the expression 
of PD-L1 and EGFR mutations. PD-L1 programmed death-ligand 1, EGFR epidermal growth factor receptor 
gene, OR odds ratio, CI confidence interval, Ex21 exon 21 L858R mutation, Ex19 exon19 deletion mutation. 
a Adjusted by age, sex, smoking status, pathological stage and histological type. b Defined as all mutations except 
Ex21 and Ex19.

EGFR mutation

PD-L1 expression

1–49% versus < 1% ≥ 50% versus < 1%

Unadjusted OR
(95% CI), P

Adjusted  ORa

(95% CI), P
Unadjusted OR
(95% CI), P

Adjusted  ORa

(95% CI), P

Wild-type Reference Reference Reference Reference

Ex21 0.61
(0.30–1.22), 0.16

0.87
(0.41–1.85), 0.72

0.04
(0.01–0.31), < 0.001

0.10
(0.01–0.87), 0.03

Ex19 0.39
(0.17–0.88), 0.02

0.54
(0.23–1.30), 0.17

0.09
(0.02–0.46), < 0.001

0.23
(0.04–1.22), 0.08

Minor  mutationb 0.83
(0.29–2.36), 0.72

1.05
(0.35–3.22), 0.93

0.25
(0.04–1.30), 0.09

0.38
(0.06–2.50), 0.31
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association in multivariate analysis with the removal of confounding factors. The novelty of our study is that 
we showed—based on a multivariate analysis—that the association between the PD-L1 expression and EGFR 
mutation differs depending on the type of EGFR mutation.

These three points may be biologically plausible. First, the high expression of PD-L1 in NSCLC may affect 
the postoperative prognosis. Because cancer cells inactivate T cells via the PD-L1  expression11, the higher the 
expression of PD-L1, the more the immune system is suppressed, which may lead to greater cancer progression 
than expected after surgery. Some studies have reported that the expression of PD-L1 was associated with the 
AKT-mTOR pathway, which has been shown to be necessary for cell  proliferation12. Therefore, the expression 
of PD-L1 may be correlated with oncogenic signal, the high expression of which may be involved in high tumor 
progression. Second, EGFR mutations in NSCLC may not affect postoperative recurrence. An in vitro study 
using cell lines have reported that EGFR mutations promote the expression of PD-L113. However, in vivo, it has 
been reported that various cytokines in the tumor microenvironment affect the PD-L1 expression on cancer 
 cells14. An experiment in which cell lines were stimulated with cytokines, such as interferon-γ due to mimicking 
of the in vivo environment demonstrated that the expression of PD-L1 is higher in cells with wild-type EGFR 
in comparison to those with EGFR  mutations15. In the in vivo tumor microenvironment, EGFR mutation may 
not be an independent risk factor for recurrence because of attenuated immunosuppression in connection with 
the tendency for low PD-L1 expression levels in cells with EGFR mutations. Third, among the EGFR mutation 
subtypes, Ex21 may be negatively associated with the high expression of PD-L1 in NSCLC. The tumor mutation 
burden (TMB) has been known to be an effective predictor of an improved response to ICIs in  NSCLC16. One 
study suggested that there was no relevant association between the expression of PD-L1 and a high TMB in 
 tumors17. In addition, another study examining the association between EGFR mutations and the TMB reported 
that the TMB tended to be higher in cells with Ex21 than in those with  Ex1918. Thus, the high TMB in cancer 
cells with Ex21 may contribute to the suppression of the high expression of PD-L1.

The present study was associated with some limitations. First, because the number of variables that could be 
included in the multivariable Cox proportional hazards analysis was limited due to the small number of post-
operative recurrence cases, it was not possible to incorporate all of other confounding factors into the model at 
once. A larger sample size using a model that simultaneously includes all variables is needed in order to evaluate 
the influence of the PD-L1 expression and EGFR mutation status on the postoperative recurrence with higher 
accuracy. In addition, in the multinomial logistic regression analysis in our cohort the sample size of the high 
PD-L1 expression group was very small (Ex21, n = 1; Ex19, n = 2). In general, small sample sizes have low power, 
which increases the probability of type 2 errors. However, in our multivariate analysis, the relationship between 
the high PD-L1 expression and Ex21 was statistically significant, so the problem of type 2 error was overcome. 
The possibility of a type 1 error was also reduced by the significance level. Therefore, the relationship between 
the high expression of PD-L1 and Ex21, which showed statistical significance, even with our sample size, may be 
robust. On the other hand, Ex19 did not show a significant difference in our multivariate analysis, and we can-
not deny the possibility that a type 2 error may have occurred due to the small sample size. It is known that the 
larger the sample size, the higher the power of detection. Therefore, the association between the high expression 
of PD-L1 and Ex19 should be evaluated and confirmed with a larger sample. Second, our study was limited to 
surgical cases; we did not examine advanced cases that were managed without surgery. EGFR mutation positivity 
was reportedly associated with the expression of PD-L1 in stage  IV19. This result is completely opposite to the 
results of our study. Therefore, the PD-L1 expression in advanced stage may behave differently than other stages. 
A prognostic analysis that analyzed the influence of the PD-L1 expression and EGFR mutation status, including 
patients with advanced stage disease, may also be needed.

In summary, we performed multivariate analyses using a cohort of patients who had undergone complete 
surgical resection for lung cancer to compare postoperative RFS between groups categorized according to their 
PD-L1 expression and EGFR mutation status. We showed that ≥ 50% PD-L1 positivity within the resected tumor 
tissue was an independent risk factor for recurrence after lung cancer surgery, whereas the EGFR mutation status 
was not. We quantitatively assessed the increased risk for each 1% of the PD-L1 expression. We then showed that 
the risk also varies widely within each of the clinically used classifications of the PD-L1 expression. In addition, 
we showed that Ex21 may be not a risk factor for postoperative recurrence due to the difficulty in expressing 
a high level of PD-L1. Our findings may contribute to the selection of patients who are eligible for adjuvant 
chemotherapy using ICIs, regardless of pathological stage.

Methods
Patients. A total of 280 patients with NSCLC who had undergone surgical lung resection at Kinki-Chuo 
Chest Medical Center (KCMC) from April 2017 to January 2020 were included in our study. We selected the 
patients who had undergone complete resection. Those who had received limited resection were excluded 
because a previous report showed that limited resection was associated with a higher rate of locoregional recur-
rence in comparison to  lobectomy20. The histopathological diagnosis according to the current 2015 World Health 
Organization classification was performed by  pathologists21. Adjuvant chemotherapy with a platinum-based 
regimen, according to the guidelines of the Japanese Lung Cancer Association, was administered to patients 
who were eligible and who had given their informed consent. Patients who received neoadjuvant therapy were 
excluded because it was reported that the PD-L1 expression status of cancer cells was altered after neoadju-
vant  chemotherapy22. Patients who had participated in postoperative clinical trials of adjuvant TKIs or adjuvant 
immunotherapy in which KCMC had been participating were also excluded because of the difficulty in assessing 
the efficacy of the study drugs considering the possibility of placebo administration. Other clinicopathological 
features, including age, sex, smoking status, pathologic tumor-node-metastasis (TNM) classification (eighth edi-
tion) and the presence of postoperative recurrence were collected from medical records. The present study was 
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approved by the Institutional Review Board of KCMC (Approval number: 725). Informed consent was obtained 
by an opt-out method using the website of our institution. All methods were performed in accordance with 
relevant guidelines and regulations.

Tumor PD‑L1 immunohistochemistry and the EGFR mutation assay. All viable cancer cells on 
the entire pathological tissue section of each tumor sample were evaluated. We used the PD-L1 clone 22C3 
pharmDx kit and Dako Automated Link 48 platform (Agilent Technologies, Dako, Carpinteria, CA, USA) to 
measure the PD-L1 expression. The PD-L1 tumor proportion score (TPS) was calculated as the percentage of 
complete or partial membrane staining in a sample. The cut-off value for the expression of PD-L1 was set at 
50% and 1% based on a previous clinical  trial23. The tumor samples of each patient were separated into 3 groups 
based on the presence of positivity stained cells in specimen, as follows: < 1% (negative), 1–49% (low expression), 
and ≥ 50% (high expression). All patients were subjected to an EGFR mutation assay by the testing laboratories 
(Cobas EGFR Mutation Test; Roche Molecular Diagnostics, Pleasanton, CA, USA).

Recurrence‑free survival. The primary outcome of this study was recurrence-free survival (RFS), defined 
as the time from the date of curative resection to the date on which disease relapse was diagnosed. The patients 
received blood tests and a chest X-ray after surgery every 3 or 6 months. Additional screenings were performed 
in cases where abnormal findings were observed. The diagnosis of relapse was comprehensively determined 
based on the results of examinations.

Statistical analyses. Chi-squared tests were used to compare the proportions of categorical variables 
between each of the PD-L1 expression groups and EGFR mutation groups. The probability of RFS was assessed 
using the Kaplan–Meier method and log-rank tests. A multivariate Cox proportional hazards analysis was per-
formed to estimate the hazard ratios (HRs) with adjustment by risk factors for recurrence. A multinomial logis-
tic regression analysis was performed to assess the odds ratios (ORs) for each EGFR mutation status in the PD-
L1-high and PD-L1-low groups, with the PD-L1-negative group as a reference. A multivariate Cox proportional 
hazards analysis and a multivariate logistic regression analysis can analyze the covariates of the number of cases 
with an outcome divided by 10 or  524,25. In this study, the number in the Cox proportional hazards analysis was 
39 (i.e., the number of cases with relapse) divided by 10 or 5 (result: 4 or 8). And the number of cases included 
in the logistic regression analysis was 56 (i.e., the number of cases with the high expression of PD-L1) divided 
by 10 or 5 (coming to 5 or 11). We selected the following 8 factors in a multivariate Cox hazards analysis: the 
PD-L1 expression level (low and high [reference: negative]); histological type (squamous cell carcinoma (SCC) 
and other types [reference: adenocarcinoma (ADC)]); pathological stages (stage II–IIIA [reference: stage I]); 
adjuvant chemotherapy (platinum [reference: none]); the EGFR mutation status (major mutation (Ex19 or Ex21) 
and minor mutation (all mutations except Ex21 and Ex19) [reference: wild-type]). We also conducted an evalua-
tion where the PD-L1 expression level was considered as a continuous variable rather than a categorical variable. 
In this case, since the PD-L1 expression level was counted as one factor, a total of eight factors were included in 
the multivariate analysis, including sex as a new factor in addition to the above factors. These factors have been 
reported to evaluate factors associated with postoperative  recurrence26. In addition, we selected the following 
10 factors in the multinomial logistic regression analysis: histological types (SCC and other types [reference: 
ADC]); pathological stages (stage II and stage IIIA [reference: stage I]); the EGFR mutation status (Ex21, Ex19 
and minor mutation [reference: wild-type]); age; sex; and smoking status. All statistical analyses were conducted 
using EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface 
for R (The R Foundation for Statistical Computing, Vienna, Austria). EZR is a modified version of R commander 
with added biostatistical  functions27. P values of < 0.05 were considered to indicate statistical significance.

Received: 16 June 2021; Accepted: 18 August 2021

References
 1. Hellmann, M. D. et al. Nivolumab plus ipilimumab as first-line treatment for advanced non-small-cell lung cancer (CheckMate 

012): Results of an open-label, phase 1, multicohort study. Lancet Oncol. 18, 31–41 (2017).
 2. Topalian, S. L. et al. Safety, activity, and immune correlates of anti-PD-1 antibody in cancer. N. Engl. J. Med. 366, 2443–2454 (2012).
 3. Brahmer, J. R. et al. Safety and activity of anti-PD-L1 antibody in patients with advanced cancer. N. Engl. J. Med. 366, 2455–2465 

(2012).
 4. Maemondo, M. et al. Gefitinib or chemotherapy for non-small-cell lung cancer with mutated EGFR. N. Engl. J. Med. 362, 2380–2388 

(2010).
 5. Azuma, K. et al. Association of PD-L1 overexpression with activating EGFR mutations in surgically resected nonsmall-cell lung 

cancer. Ann. Oncol. 25, 1935–1940 (2014).
 6. Cooper, W. A. et al. PD-L1 expression is a favorable prognostic factor in early stage non-small cell carcinoma. Lung Cancer 89, 

181–188 (2015).
 7. Sun, J. M. et al. Prognostic significance of PD-L1 in patients with non-small cell lung cancer: A large cohort study of surgically 

resected cases. J. Thorac. Oncol. 11, 1003–1011 (2016).
 8. Hayasaka, K. et al. Epidermal growth factor receptor mutation as a risk factor for recurrence in lung adenocarcinoma. Ann. Thorac. 

Surg. 105, 1648–1654 (2018).
 9. Gainor, J. F. et al. EGFR mutations and ALK rearrangements are associated with low response rates to PD-1 pathway blockade in 

non-small cell lung cancer: A retrospective analysis. Clin. Cancer Res. 22, 4585–4593 (2016).



9

Vol.:(0123456789)

Scientific Reports |        (2021) 11:17522  | https://doi.org/10.1038/s41598-021-96938-9

www.nature.com/scientificreports/

 10. Lou, F. et al. Patterns of recurrence and second primary lung cancer in early-stage lung cancer survivors followed with routine 
computed tomography surveillance. J. Thorac. Cardiovasc. Surg. 145, 75–81 (2013).

 11. Pardoll, D. M. The blockade of immune checkpoints in cancer immunotherapy. Nat. Rev. Cancer 12, 252–264 (2012).
 12. Lastwika, K. J. et al. Control of PD-L1 expression by oncogenic activation of the AKT-mTOR pathway in non-small cell lung cancer. 

Cancer Res. 76, 227–238 (2016).
 13. Akbay, E. A. et al. Activation of the PD-1 pathway contributes to immune escape in EGFR-driven lung tumors. Cancer Discov. 3, 

1355–1363 (2013).
 14. Chen, S. et al. Mechanisms regulating PD-L1 expression on tumor and immune cells. J. Immunother. Cancer 7, 305–316 (2019).
 15. Sugiyama, E. et al. Blockade of EGFR improves responsiveness to PD-1 blockade in EGFR-mutated non-small cell lung cancer. 

Sci. Immunol. 5, eaav3937 (2020).
 16. Rizvi, H. et al. Molecular determinants of response to anti-programmed cell death (PD)-1 and anti-programmed death-ligand 1 

(PD-L1) blockade in patients with non-small-cell lung cancer profiled with targeted next-generation sequencing. J. Clin. Oncol. 
36, 633–641 (2018).

 17. Chan, T. A. et al. Development of tumor mutation burden as an immunotherapy biomarker: Utility for the oncology clinic. Ann. 
Oncol. 30, 44–56 (2019).

 18. Hastings, K. et al. EGFR mutation subtypes and response to immune checkpoint blockade treatment in non-small-cell lung cancer. 
Ann. Oncol. 30, 1311–1320 (2019).

 19. D’Incecco, A. et al. PD-1 and PD-L1 expression in molecularly selected non-small-cell lung cancer patients. Br. J. Cancer 112, 
95–102 (2015).

 20. Ginsberg, R. J. & Rubinstein, L. V. Randomized trial of lobectomy versus limited resection for T1 N0 non-small cell lung cancer. 
Ann. Thorac. Surg. 60, 615–622 (1995).

 21. Travis, W. D. et al. The 2015 world health organization classification of lung tumors: Impact of genetic, clinical and radiologic 
advances since the 2004 classification. J. Thorac. Oncol. 10, 1243–1260 (2015).

 22. Sheng, J. et al. Expression of programmed death ligand-1 on tumor cells varies pre and post chemotherapy in non-small cell lung 
cancer. Sci. Rep. 6, 20090 (2016).

 23. Herbst, R. S. et al. Pembrolizumab versus docetaxel for previously treated, PD-L1-positive, advanced non-small-cell lung cancer 
(KEYNOTE-010): A randomised controlled trial. Lancet 387, 1540–1550 (2016).

 24. Peduzzi, P., Concato, J., Feinstein, A. R. & Holford, T. R. Importance of events per independent variable in proportional hazards 
regression analysis II. Accuracy and precision of regression estimates. J. Clin. Epidemiol. 48, 1503–1510 (1995).

 25. Peduzzi, P., Concato, J., Kemper, E., Holford, T. R. & Feinstem, A. R. A simulation study of the number of events per variable in 
logistic regression analysis. J. Clin. Epidemiol. 49, 1373–1379 (1996).

 26. Guerra, J. L. L. et al. Risk factors for local and regional recurrence in patients with resected N0–N1 non-small-cell lung cancer, 
with implications for patient selection for adjuvant radiation therapy. Ann. Oncol. 24, 67–74 (2013).

 27. Kanda, Y. Investigation of the freely available easy-to-use software “EZR” for medical statistics. Bone Marrow Transplant. 48, 
452–458 (2013).

Author contributions
K.K. conceived and designed the study. K.K., T.S. and H.Y. collected clinical specimens. T.K. performed patho-
logical diagnosis. K.K., T.S. and H.Y. collected clinical data. K.K., T.K. and S.A. performed the data analysis. K.K. 
wrote the manuscript. All authors reviewed the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sections.

Competing interests 
S.A. has received research funding from AstraZeneca, MSD, Eli-Lilly, Chugai, Ono, Taiho, Boehringer-Ingelheim, 
Pfizer, Bristol-Myers Squibb, F. Hoffmann-La Roche, Hisamitsu, Kyowa Hakko Kirin, Novartis Pharma and 
Thermo Fisher Scientific. The remaining authors have no conflicts of interest to disclose.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 021- 96938-9.

Correspondence and requests for materials should be addressed to K.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

https://doi.org/10.1038/s41598-021-96938-9
https://doi.org/10.1038/s41598-021-96938-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	PD-L1 expression as a predictor of postoperative recurrence and the association between the PD-L1 expression and EGFR mutations in NSCLC
	Results
	Patient characteristics. 
	Recurrence-free survival. 
	The multivariate analyses of postoperative RFS according to the expression of PD-L1 and the EGFR mutation status. 
	The associations between the expression of PD-L1 and EGFR mutations. 

	Discussion
	Methods
	Patients. 
	Tumor PD-L1 immunohistochemistry and the EGFR mutation assay. 
	Recurrence-free survival. 
	Statistical analyses. 

	References


