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Abstract
The goal of this study is to evaluate PD-L1 prevalence and its association with major clinical characteristics in Chinese non-
small cell lung cancer (NSCLC) patients to inform the clinical development of anti-PD1/PD-L1 agents in this population. 
We used phosphatase and tensin homolog (PTEN) expression through IHC as a surrogate tissue quality marker to screen 
surgical NSCLC samples in tissue microarray (TMA; 172 cases) or whole-section (268 cases) format. The samples were 
then analyzed with a clinically validated PD-L1 IHC assay. The results were correlated with baseline characteristics and 
clinical outcomes. PTEN IHC showed that 108 TMA samples and 105 whole-section samples qualified for PD-L1 IHC. 
With a clinically relevant cutoff, 41.7% of the TMA samples were PD-L1 positive. PD-L1 level was much lower in EGFR-
mutant patients and seemed to be a favorable prognostic factor for both overall survival (OS) and recurrence-free survival 
(RFS). These findings were confirmed in the whole-section samples except that their survival data were not mature enough 
for correlation analysis. In summary, PD-L1 expression was detected in approximately 40% of PTEN-qualified Chinese 
NSCLC samples, negatively correlated with EGFR mutation and seemed to be a favorable prognostic factor for both OS 
and RFS. Notably, the different results from PTEN-qualified and PTEN-disqualified samples underscore the importance of 
tissue quality control prior to biomarker testing.
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CI	� Confidence interval
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IC	� Immune cell
NSCLC	� Non-small cell lung cancer
PTEN	� Phosphatase and tensin homolog
RFS	� Recurrence-free survival
TC	� Tumor cell
TMA	� Tissue microarray

Introduction

Lung cancer has been the most common cancer in the 
world for several decades. Worldwide, there were approx-
imately 1.8  million new cases and 1.6  million deaths 
in 2012 [2]. Recent data from national cancer statistics 
showed that in 2015, there would be 221,200 new cases 
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and 158,040 deaths in the United States [3] and 733,300 
new cases and 610,200 deaths in China [4].

Non-small cell lung cancer (NSCLC) is one of the two 
major types of lung cancer, accounting for approximately 
85% of all lung cancer cases [5]. The two predominant 
histologic types of NSCLC are adenocarcinoma, which 
accounts for more than half of cases, and squamous cell 
carcinoma, which accounts for approximately 25% of 
cases [6, 7]. The overall 5-year survival rate for stage 3b/4 
NSCLC is 2–4% [8]. More than half of the patients with 
NSCLC present with distant metastatic disease at the time 
of initial diagnosis, which directly contributes to poor sur-
vival prospects.

Management of patients with advanced NSCLC is indi-
vidualized based upon molecular and histologic features of 
the tumor. The presence of somatic activating mutations in 
the EGFR gene or re-arrangements in the anaplastic lym-
phoma kinase gene are strongly predictive of sensitivity to 
EGFR tyrosine kinase inhibitors or to anaplastic lymphoma 
kinase inhibitors, respectively [9, 10]. For patients who do 
not harbor these activating genetic abnormalities, plati-
num-based regimens remain the standard first-line option. 
Virtually, all patients progress following first-line chemo-
therapies, with median progression-free survival ranging 
from 3.1 to 6.5 months [11, 12]. As a result, most NSCLC 
patients will continue to need more effective second-line 
treatment options. Patients with a good performance status 
in second-line studies have a median survival duration of 
approximately 8–10 months.

Encouraging clinical data emerging in the field of can-
cer immunotherapy have demonstrated that such therapies 
can result in significant survival benefits in patients with 
advanced malignancies, including NSCLC [13–16]. The 
programed death 1 receptor (PD-1; also known as CD279) is 
a negative costimulatory receptor expressed mainly on acti-
vated T cells [17]. The binding of PD-1 to its ligands, PD-L1 
and PD-L2, down-regulates excessive immune responses 
by inhibiting effector T-cell function [18]. Over-expression 
of PD-L1 in several tumor types, including NSCLC, leads 
to the suppression of anti-tumor immune response and 
is believed to be a major mechanism of immune surveil-
lance evasion [19]. Clinical studies of anti-PD-1 antibodies 
(e.g., Nivolumab or Pembrolizumab) have established the 
therapeutic value of targeting the PD-1/PD-L1 pathway in 
NSCLC in both second-line [20, 21] and first-line [22] set-
tings. Atezolizumab (MPDL3280A; F Hoffmann-La Roche/
Genentech) is an engineered, humanized IgG1 monoclonal 
anti-PD-L1 antibody that blocks the binding between PD-L1 
and its receptors, PD-1 and B7.1 (also known as CD80) [23, 
24]. In addition to demonstrating clinical utilities similar 
to those of the PD-1 antibodies in second-line treatment of 
NSCLC [14, 25], Atezolizumab might inhibit down-regula-
tion of immune responses by additionally blocking PD-L1/

B7.1 binding on T cells and antigen-presenting cells [26, 
27].

The clinical utility of Atezolizumab and other PD1/
PD-L1 inhibitors in Chinese NSCLC patients remains to 
be verified in large-scale clinical trials. Rational design of 
such trials requires reliable data on the prevalence of PD-L1 
expression in Chinese NSCLC patients as well as its correla-
tion with important clinical parameters such as age, gender, 
tumor stage, tumor molecular sub-type, and prognosis. The 
objective of this study was to collect such biomarker data 
from Chinese NSCLC samples, whose tissue quality was 
assessed with a method that first determined the expression 
of phosphatase and tensin homolog (PTEN) on non-tumoral 
cells as an internal control and a surrogate for tissue quality, 
thereby ensuring the reliability of the subsequently obtained 
PD-L1 expression data.

Materials and methods

Patient populations

Patients included in this study were those who underwent 
surgical resection at Guangdong General Hospital in Guang-
zhou, China between 2006 and 2014, had histologically 
confirmed NSCLC with sufficient tissue for PTEN IHC and 
PD-L1 IHC staining and also had complete clinical records.

The tissue microarray (TMA) and the whole-section 
cohorts contained 268 and 172 formalin-fixed paraffin-
embedded samples, respectively. Clinical parameters includ-
ing age, gender, tumor histology, smoking status, tumor 
stage, treatment type (“Surgery only” or “Surgery plus oth-
ers”, where “others” include neo/adjuvant chemotherapy and 
radiation therapy), tumor differentiation level, and EGFR 
mutation status were collected from the hospital’s medi-
cal records. Pathologic tumor stage was defined using the 
American Joint Committee on Cancer Staging Manual, sev-
enth edition. Stage was assigned retrospectively for patients, 
whose tumors were staged before publication of the sev-
enth edition. Smoking status was defined as never (< 100 
lifetime cigarettes), former (≥ 100 lifetime cigarettes and 
quit ≥ 1 year before diagnosis), or current (≥ 100 lifetime 
cigarettes and quit < 1 year before diagnosis).

PTEN IHC for tissue quality assessment

All samples were provided as 3–4 μm formalin-fixed par-
affin-embedded sections. To assess tissue quality, one sec-
tion from each sample was stained for PTEN expression for 
which the primary antibody was clone 138G6 from Cell 
Signaling Technology (Massachusetts, USA). As a tumor 
suppressor gene, PTEN is usually expressed at least moder-
ately on stromal cells (e.g., stromal and epithelial cells) in 



473Cancer Immunology, Immunotherapy (2018) 67:471–481	

1 3

various tissues [28], making it a surrogate biomarker for tis-
sue quality: if most stromal cells demonstrate at least mod-
erate PTEN staining intensity, the sample is considered to 
have acceptable tissue quality; if there are no or only a few 
stromal cells demonstrating at least moderate PTEN stain-
ing intensity, the sample is considered of poor tissue quality 
(presumably caused by pre-analytical factors and/or storage 
conditions) [29] and should thus be excluded from the sub-
sequent PD-L1 IHC assessment (Fig. 1).

PD‑L1 IHC

PD-L1 expression on tumor cells (TC) and tumor-infiltrating 
immune cells (IC) was assessed with the Ventana SP142 
PD-L1 IHC assay (Ventana Medical Systems, Tucson, AZ, 
USA). PD-L1 expression was as previously described [30]:

•	 For TCs, the score is the percentage of TCs showing any 
discernible membrane PD-L1 staining of any intensity 
among the total number of TCs. The cutoffs are TC3: ≥ 
50%, TC2: ≥ 5 and < 50%, TC1: ≥ 1 and < 5%, and TC0: 
< 1%.

•	 For ICs, the score is the proportion of tumor area covered 
with ICs with any PD-L1 staining of any intensity. The 
cutoffs are IC3: ≥ 10%, IC2: ≥ 5 and < 10%, IC1: ≥ 1 
and < 5%, and IC0: < 1%.

Typical PD-L1 staining and scoring results with this assay 
are shown in Fig. 2. It should be noted that according to two 
recent reports, staining intensity with this Ventana SP142 
assay is relatively weaker than with four other PD-L1 IHC 
assays including 22C3 (approved by FDA), 28-8 (approved 
by FDA), SP263 (investigational use only), and E1L3N (lab-
oratory-developed test) [31, 32]. Therefore, results from this 
study were compared only to those from the previous studies 
that used the same SP142 assay.

EGFR mutation

Patients’ EGFR mutation status was obtained from Guang-
dong General Hospital’s patient record database. At the time 
of the test, genomic DNA was extracted from patient sam-
ples using DNeasy Blood and Tissue Kit (No. 69504; Qia-
gen, Valencia, CA, USA), and exons 18–21 were amplified 
with four pairs of primers. Polymerase chain reaction (PCR) 
products were purified and labeled using BigDye Termina-
tor v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster 
City, CA, USA), followed by sequencing in an ABI 3100 
Genetic Analyzer (Applied Biosystems).

Some patient samples were also tested for EGFR muta-
tions using ARMS, according to the protocol of the DxS 
EGFR mutation test kit (DxS). A total of 29 mutations in the 
EGFR gene can be detected using this kit. All quantitative 
PCR reactions were performed using the LightCycler 480 
instrument (Roche Applied Science, Indianapolis, IN, USA).

Patients whose tumor samples were not analyzed for 
EGFR mutation status were categorized as “Unknown” for 
this clinical characteristic.

Statistical analysis

The statistical analyses were conducted by cohort. The prev-
alence of PD-L1 was estimated as a proportion of patients 
who are PD-L1-positive or PD-L1-negative for the pre-
specified cutoffs. To assess the correlation between PD-L1 
level and patient characteristics, descriptive statistics were 
provided for each PD-L1 category. The corresponding p 
values were calculated using Fisher’s exact test. To assess 
the prognostic effect of PD-L1 level with OS and RFS, Cox 
regression model was performed to estimate the hazard ratio 
(HR) and 95% confidence interval (CI). The corresponding 
p values were calculated using log-rank test. The p values 

Fig. 1   Examples of PTEN stain-
ing observed in patient samples 
analyzed in this study. a PTEN-
qualified sample. b PTEN-dis-
qualified sample. PTEN staining 
is evident in a from the presence 
of the chromogen (brown), but 
is absent in b. The counterstain 
is hematoxylin (blue)
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reported are for descriptive purpose, and no multiple testing 
adjustments have been done.

Results

Patient characteristics and tissue quality

After tissue quality assessment with PTEN IHC, 108 out 
of 268 TMA samples (40.3%) and 105 out of 172 whole-
section samples (61.0%) were found qualified for PD-L1 
IHC. Patient characteristics for these samples are shown in 
Table 1. For the TMA cohort and the whole-section cohort, 
respectively: the median age of the patients was 59 years 
and 64.8 years; male patients accounted for 73.1 and 
61.0%; majority of the patients were non-squamous (64.8 
and 73.3%); the combined fractions of current and previous 
smokers were 57.0 and 34.7%; 94.4 and 89.5% patients had 
1/2/3a stage NSCLC; and 55.6 and 33.3% patients had the 
other types of treatment besides surgery. In terms of EGFR 
mutation, mutant patients accounted for 14.8 and 35.2% in 
the TMA cohort and the whole-section cohort, respectively. 
The relatively lower value in the TMA cohort is likely due 
to the fact that some of those samples were collected before 
EGFR mutation test became part of the routine clinical 

diagnosis of NSCLC in China. As a result, there is a higher 
fraction of patients with “Unknown” EGFR mutation status 
in the TMA cohort than in whole-section cohort (38.9 vs. 
18.1%).

PD‑L1 prevalence

Our results showed that PD-L1 prevalence in the PTEN-
qualified samples of the TMA cohort was 58.3, 41.7, 18.5, 
and 10.2% for the “TC0 and IC0”, “TC1/2/3 or IC1/2/3”, 
“TC2/3 or IC2/3”, and “TC3/IC3” categories, respectively 
(Table 2). Because we have noticed before that for some 
types of cancer, the physical size of tumor tissue sections 
used for PD-L1 IHC seemed to affect the subsequent readout 
(data not published), and we carried out the same analysis 
in a separate cohort of whole-section samples. The results 
from the whole-section cohort are fairly comparable to those 
from the TMA cohort, with 60.0, 40.0, 19.0, and 4.8% for 
the corresponding categories, respectively (Table 2).

The PTEN-disqualified samples in both cohorts showed 
lower PD-L1 prevalence than the PTEN-qualified ones 
(Table 2). For the “TC1/2/3 or IC1/2/3” category in par-
ticular, the value was 12.5 vs. 41.7 and 4.5 vs. 40.0% for 
the TMA cohort and the whole-section cohort, respec-
tively. Similar differences were observed for the “TC2/3 

Fig. 2   Examples of the range 
of PD-L1 staining observed 
in patient samples analyzed in 
this study. a TC0/IC0 sample. 
b TC2/IC2 sample. c TC3/IC0 
sample. d TC0/IC3 sample. 
PD-L1 staining is shown by 
the presence of the chromogen 
(brown). The counterstain is 
hematoxylin (blue)
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or IC2/3” and “TC3/IC3” categories. As a result, the frac-
tion of “TC0 and IC0” samples was significantly higher for 
the PTEN-disqualified samples in both cohorts (87.5 vs. 
58.3% and 95.5 vs. 60.0%, respectively; Table 2).

Association between PD‑L1 expression and patient 
characteristics

With TC1/IC1 as the cutoff for PD-L1 positivity, we then 
examined the association between PD-L1 positivity and 
patient characteristics in both cohorts, but found none with 
gender, tumor histology, smoking status, tumor stage, treat-
ment type, or tumor differentiation level in the TMA cohort 
(Supplementary Table 1). In the whole-section cohort, how-
ever, patients who were male, had squamous histology, were 
current or previous smokers, or had poorly differentiated 
tumors appeared to show higher PD-L1 positivity rates (Sup-
plementary Table 2).

Interestingly, we found in both cohorts that EGFR-mutant 
patients had lower fractions of PD-L1 positivity than EGFR 
wild-type patients (Table 3). With the TC1/IC1 cutoff, the 
proportions of PD-L1 positivity are 18.8 vs. 44.0% in the 
EGFR-mutant (n = 16) and wild-type (n = 50) sub-groups, 
respectively, in the TMA cohort (p = 0.083) and 18.9% 
(n = 37) vs. 51.0% (n = 49) in the whole-section cohort 
(p = 0.003). This trend persisted with more stringent cutoffs 
for PD-L1 expression. In the PTEN-disqualified samples 
of the TMA cohort, the fraction of TC0/IC0 samples was 
higher for both EGFR-mutant (95.0 vs. 81.2%) and EGFR 
wild-type (83.8 vs. 56.0%) sub-groups, thus resulting in a 
less pronounced correlation between EGFR mutation status 
and PD-L1 expression level. Similar results were seen in the 
whole-section cohort.

Association between PD‑L1 expression 
and prognosis

In the PTEN-qualified sub-group of the TMA cohort, out of 
108 patients, 54 deaths (50.0%) and 62 RFS events (57.4%) 
occurred during a median follow-up of 6.24 years after 
resection. We found that RFS appeared to be longer in the 
PD-L1-positive sub-group than in the PD-L1-negative sub-
group (HR 0.55, 95% CI [0.32, 0.93], p = 0.024; Fig. 3a). 
A similar trend was observed on the association between 
PD-L1 expression and OS (HR 0.58, 95% CI [0.33, 1.03], 
p = 0.056; Fig. 3b). In the PTEN-disqualified sub-group of 

Table 1   Patient characteristics

TMA cohort Whole-section cohort

Gender
 n 108 105
 Female 29 (26.9%) 41 (39%)
 Male 79 (73.1%) 64 (61%)

Tumor histology
 n 108 105
 Non-squamous 70 (64.8%) 77 (73.3%)
 Squamous 38 (35.2%) 28 (26.7%)

Smoking status
 n 100 104
 Current 40 (40%) 35 (33.7%)
 Never 43 (43%) 68 (65.4%)
 Previous 17 (17%) 1 (1%)

Tumor stage
 n 108 105
 1, 2, 3a 102 (94.4%) 94 (89.5%)
 3b, 4 6 (5.6%) 11 (10.5%)

Treatment type
 n 108 105
 Surgery only 48 (44.4%) 70 (66.7%)
 Surgery + others 60 (55.6%) 35 (33.3%)

Differentiation level
 n 93 98
 Moderately differentiated 56 (60.2%) 57 (58.2%)
 Poorly differentiated 29 (31.2%) 39 (39.8%)
 Well differentiated 8 (8.6%) 2 (2%)

EGFR
 n 108 105
 Mutation 16 (14.8%) 37 (35.2%)
 Unknown 42 (38.9%) 19 (18.1%)
 Wild type 50 (46.3%) 49 (46.7%)

Table 2   PD-L1 prevalence PD-L1 score Cohort PTEN-qualified PTEN-disqualified All

TC3 or IC3 TMA 11/108 (10.2%) 7/160 (4.4%) 18/268 (6.7%)
Whole-section 5/105 (4.8%) 0/67 (0%) 5/172 (2.9%)

TC2/3 or IC2/3 TMA 20/108 (18.5%) 11/160 (6.9%) 31/268 (11.6%)
Whole-section 20/105 (19%) 2/67 (3%) 22/172 (12.8%)

TC1/2/3 or IC1/2/3 TMA 45/108 (41.7%) 20/160 (12.5%) 65/268 (24.3%)
Whole-section 42/105 (40%) 3/67 (4.5%) 45/172 (26.2%)

TC0 or IC0 TMA 63/108 (58.3%) 140/160 (87.5%) 203/268 (75.7%)
Whole-section 63/105 (60%) 64/67 (95.5%) 127/172 (73.8%)
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the TMA cohort, the difference between PD-L1-positive and 
PD-L1-negative sub-groups was significantly reduced (HR 
0.75, 95% CI [0.4, 1.4], p = 0.36 for RFS and HR 0.81, 95% 
CI [0.42, 1.56], p = 0.53 for OS; Fig. 3c, d).

In the PTEN-qualified sub-group of the whole-section 
cohort, out of 105 patients, 18 OS events (17.1%) and 25 
RFS events (23.8%) had been observed during a median 
follow-up of 2.6 years after resection. Such low event rates 
did not allow for deriving the association between PD-L1 
expression and patient prognosis.

Discussion

The objective of this study is to understand the prevalence of 
PD-L1 expression in Chinese NSCLC patients and its asso-
ciation with major clinical characteristics such as age, gen-
der, tumor stage, tumor molecular sub-type, and prognosis.

The patient population in this study, which included a 
TMA cohort and a whole-section cohort, was fairly repre-
sentative of the general Chinese NSCLC population except 
for a lower proportion of female patients (26.9%, Table 1) 
and EGFR-mutant patients (14.8%, Table 1) in the TMA 
cohort. For example, smoking is believed to induce higher 
neo-antigen burden in NSCLC [33], which may require 
a higher level of PD-L1 expression by the tumor cells to 

maintain immune surveillance evasion. The fraction of male 
current smokers in the TMA cohort is very close to that in 
the general patient population (53.3 vs. 53% [34, 35]).

To exclude the potential influence of tissue quality on 
our results, we employed PTEN IHC as a tissue quality 
assessment method. Samples whose internal positive con-
trol cells did not exhibit at least moderate staining intensity 
were considered disqualified for the PD-L1 IHC. We found 
that 40.3% of the TMA samples and 61.0% of the surgical 
samples were qualified. The reason for the higher fraction 
of disqualified samples in the TMA cohort needs further 
investigation. We suspect that it could be due to the longer 
time that the TMA samples have been in storage than the 
whole-section samples.

PD-L1 prevalence results vary with the method used to 
evaluate it, including the antibody clone, the staining proce-
dure, and the scoring algorithm. Until recently, many meth-
ods that have not been validated in prospective clinical trials 
have been used in this field, which may have contributed 
to the very different results that have been reported in the 
literature (Supplementary Table 3). We used a method that 
has been validated in recent phase II and phase III clinical 
trials with the anti-PD-L1 drug Atezolizumab [14, 25]. The 
PD-L1 prevalence from this study is lower than what has 
been reported in an Atezolizumab phase II clinical trial with 
second-line NSCLC patients who were mostly Caucasian 

Table 3   PD-L1 expression and 
EGFR mutation status

Samples PTEN-qualified PTEN-disqualified All

EGFR status Mutation Wild type Mutation Wild type Mutation Wild type

The TMA cohort
 n 16 50 40 68 56 118
 TC1/IC1 as cutoff p = 0.083 p = 0.126 p = 0.005
 TC0 and IC0 13 (81.2%) 28 (56%) 38 (95%) 57 (83.8%) 51 (91.1%) 85 (72%)
 TC1/2/3 or IC1/2/3 3 (18.8%) 22 (44%) 2 (5%) 11 (16.2%) 5 (8.9%) 33 (28%)
 TC2/IC2 as cutoff p = 0.271 p = 0.025 p = 0.004
 TC0/1 and IC0/1 15 (93.8%) 40 (80%) 40 (100%) 59 (86.8%) 55 (98.2%) 99 (83.9%)
 TC2/3 or IC2/3 1 (6.2%) 10 (20%) 0 (0%) 9 (13.2%) 1 (1.8%) 19 (16.1%)
 TC3/IC3 as cutoff p = 0.323 p = 0.083 p = 0.01
 TC0/1/2 and IC0/1/2 16 (100%) 44 (88%) 40 (100%) 62 (91.2%) 56 (100%) 106 (89.8%)
 TC3 or IC3 0 (0%) 6 (12%) 0 (0%) 6 (8.8%) 0 (0%) 12 (10.2%)

The whole-section cohort
 n 37 49 28 26 65 75
 TC1/IC1 as cutoff p = 0.003 p = 0.604 p = 0.002
 TC0 and IC0 30 (81.1%) 24 (49%) 27 (96.4%) 24 (92.3%) 57 (87.7%) 48 (64%)
 TC1/2/3 or IC1/2/3 7 (18.9%) 25 (51%) 1 (3.6%) 2 (7.7%) 8 (12.3%) 27 (36%)
 TC2/IC2 as cutoff p = 0.083 p = 0.227 p = 0.017
 TC0/1 and IC0/1 34 (91.9%) 37 (75.5%) 28 (100%) 24 (92.3%) 62 (95.4%) 61 (81.3%)
 TC2/3 or IC2/3 3 (8.1%) 12 (24.5%) 0 (0%) 2 (7.7%) 3 (4.6%) 14 (18.7%)
 TC3/IC3 as cutoff p = 0.131 – p = 0.123
 TC0/1/2 and IC0/1/2 37 (100%) 45 (91.8%) 28 (100%) 26 (100%) 65 (100%) 71 (94.7%)
 TC3 or IC3 0 (0%) 4 (8.2%) 0 (0%) 0 (0%) 0 (0%) 4 (5.3%)
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[14] (TC1/2/3 or IC1/2/3: 40.0 and 41.7 vs. 68%; TC2/3 or 
IC2/3: 18.5 and 19.0 vs. 37%; TC3 or IC3: 10.2 and 4.8 vs. 
16%). A recent study conducted with a cohort of 1,070 surgi-
cally resected NSCLC samples from South Korean reported 
PD-L1 prevalence of 44% (strongly positive + weakly posi-
tive) [36], but the authors used a different clinically validated 
IHC assay (clone 22C3, Merck), so it is difficult to make 
a direct comparison to our data. Nonetheless, these results 
may reflect potential ethnic difference in PD-L1 expression 
and certainly warrant further investigation.

PD-L1 expression in the PTEN-disqualified sub-groups 
of both cohorts was much lower than that from the PTEN-
qualified sub-groups (Table 2), which clearly underscores 
the importance of tissue quality control in similar PD-L1 
IHC assays.

The association between PD-L1 expression and vari-
ous clinical characteristics has been very controversial. For 
example, Pan et al. did not find any significant correlation 
between gender, smoking status, or histological type with 
PD-L1 expression [37]. However, two other studies found 

that higher PD-L1 expression was associated with poorer 
tumor differentiation [37, 38]. D’Incecco et al. reported that 
PD-1 expression was significantly associated with current 
smoking status [39]. Sun et al. found a significantly higher 
prevalence of PD-L1 in older, male, smoker, squamous 
or later-stage Korean NSCLC patients [36]. Cooper et al. 
reported a higher, though statistically insignificant, PD-L1 
expression in squamous cell carcinomas and large cell car-
cinomas than in adenocarcinomas [40]. Azuma et al. found 
that PD-L1 expression was significantly higher for women 
than for men, for never smokers than for smokers, and for 
patients with adenocarcinoma than for those with squamous 
cell carcinoma. These and other relevant reports are sum-
marized in Supplementary Table 3. As mentioned earlier, 
the different IHC methods used in different studies as well 
as various patient characteristics may have contributed to 
such varying results.

While we saw a lack of correlation between PD-L1 
expression and any clinical characteristics except EGFR 
mutation status in the TMA cohort, the whole-section cohort 

Fig. 3   Prognostic effect of PD-L1 level in the TMA cohort and the 
impact of tissue quality. a RFS in PTEN-qualified samples, HR 0.55, 
95% CI [0.32, 0.93], p = 0.024. b OS in PTEN-qualified samples, HR 

0.58, 95% CI [0.33, 1.02], p = 0.056. c RFS in PTEN-disqualified 
samples, HR 0.75, 95% CI [0.4, 1.4], p = 0.36. d OS in PTEN-dis-
qualified samples, HR 0.81, 95% CI [0.42, 1.56], p = 0.53
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results indicated that patients who were males or smokers 
or had squamous or poorly differentiated tumors tended to 
demonstrate higher levels of PD-L1 expression. The fact 
that these two cohorts were from the same hospital and were 
evaluated with the same assays/methods clearly shows the 
complexity of the correlation between PD-L1 expression and 
patients’ clinical characteristics. Future studies with much 
large sample sizes are needed to verify our results.

In terms of EGFR mutation, several previous studies have 
reported either a lack of correlation [40] or a positive cor-
relation [39, 41–44] with PD-L1 expression, which is con-
tradictory to the negative correlation observed in this study. 
Though verification in future studies is obviously needed, 
our finding may help explain the more inferior efficacy 
of Atezolizumab in EGFR-mutant vs. wild-type NSCLC 
patients in a recent phase III trial on second-line NSCLC 
(OAK study; HR 1.24 [85 patients] vs. 0.69 [628 patients]; 
p value was not available) [25]. For the PTEN-disqualified 
samples, many of them have false-negative results for PD-L1 
expression due to poor tissue quality, which likely led to a 
significantly diminished correlation between PD-L1 expres-
sion and EGFR mutation status.

The prognostic value of PD-L1 expression in NSCLC 
has been equally controversial. Two previous meta-analyses, 
each with more than 1,000 patients from multiple studies, 
found that PD-L1 expression was associated with poorer 
OS (pooled HR 1.75, 95% CI [1.40, 2.20], p < 0.001 [38] 
and pooled HR 1.47, 95% CI [1.19, 1.83], p = 0.0004 [37]). 
This has been shown in many individual studies in the last 
3 years [37, 38, 41, 44–52]. However, a more recent study 
with 1070 Korean NSCLC samples reported that that cor-
relation only existed for patients without post-operative 
therapies or with adenocarcinoma sub-type [36]. Another 
study showed that PD-L1 is not a strong prognostic marker 
in advanced NSCLC patients treated with chemotherapies 
[53]. However, several other studies found PD-L1 expression 
to be a favorable prognostic factor in defined sub-groups of 
NSCLC patients [39, 40, 44, 54–60]. More details on these 
reports are summarized in Supplementary Table 3.

In the TMA cohort, we found PD-L1 expression to be a 
favorable factor for both RFS and OS (Fig. 3). This trend 
seemed to persist when the patients were divided into dif-
ferent sub-groups according to different clinical param-
eters (Supplementary Table 4). Interestingly, the Atezoli-
zumab phase III trial in second-line NSCLC (OAK study) 
showed that for patients treated with docetaxel, those with 
TC1/2/3 or IC1/2/3 had a longer OS than those with TC0/
IC0 (median OS: 10.3 months in 222 patients, 95% CI [8.8, 
12.0] vs. 8.9 months in 199 patients, 95% CI [7.7, 11.5]; p 
value was not available) [25].

In conclusion, we used a clinically validated compan-
ion/complementary diagnostic assay to evaluate PD-L1 
prevalence in Chinese NSCLC patients treated in the same 

hospital and then analyzed its correlation with various clini-
cal characteristics and treatment outcome. Importantly, we 
employed PTEN IHC as a means to exclude samples with 
poor tissue quality, so that their influence on the results 
could be excluded. We found that in PTEN-qualified sam-
ples, PD-L1 prevalence is lower than what has been reported 
for Caucasian patients, but is comparable to that from other 
Asian patients. Moreover, we found that EGFR-mutant 
patients had lower PD-L1 expression compared with wild-
type patients and that PD-L1-positive patients had longer 
RFS and OS compared with PD-L1-negative patients. In 
PTEN-disqualified samples, PD-L1 level was lower and the 
aforementioned correlations were less pronounced or absent, 
potentially due to a much higher likelihood of false-negative 
PD-L1 expression data from such samples.
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