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PD-L1 expression in non-small cell lung cancer: heterogeneity by 
pathologic types, tissue sampling and metastasis
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Background: Programmed cell death ligand-1 (PD-L1) is a predictive marker of anti-PD-1/PD-L1 
therapy response. Intra-tumour heterogeneity of PD-L1 expression has been reported in non-small cell lung 
cancer (NSCLC), but comprehensive studies regarding the determination of PD-L1 expression in different 
materials are still lacking. Therefore, we aimed to compare PD-L1 expression in paired tumour samples and 
in different specimen types.
Methods: A total of 1,002 resected NSCLC specimens, 35 biopsy specimens and 54 endobronchial 
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) samples were performed PD-L1 
immunohistochemistry (IHC) testing using the 22C3 assay. PD-L1 expression was evaluated using the 
tumour proportion score (TPS) and categorized into three levels: negative (TPS <1%), low expression (TPS 
1–49%) and high expression (TPS ≥50%).
Results: A total of 1,002 resected NSCLC specimens, including 852 adenocarcinomas (ADCs) and 150 
squamous cell carcinomas (SCCs); 35 paired biopsy and resected samples; 54 paired cell block and biopsy 
samples; 53 paired blocks from the same resected tissue and 49 paired primary and metastatic lesion samples 
were included in this study. Interestingly, high PD-L1 expression was significantly more frequent in poorly 
differentiated subtypes than in well-differentiated subtypes in the ADC subgroup (P<0.001). In the SCC 
subgroup, high PD-L1 expression was significantly more associated with the nonkeratinizing type than the 
keratinizing type (P=0.001). PD-L1 expression differed between cell blocks and matched biopsy specimens 
(discordance rate =11.1%, 6/54) and between biopsy and matched resected specimens (discordance rate 
=31.4%, 11/35). PD-L1 expression differed between different paraffin blocks from the same resected 
specimen (discordance rate =35.8%, 19/53), and the discordance rate of PD-L1 expression between primary 
tumours and matched lymph node metastases was 28.6% (14/49).
Conclusions: Discordant PD-L1 expression is not uncommon in NSCLC and warrants additional studies 
and serious consideration when interpreting PD-L1 test results. Initial negative test results may lead to 
repeat PD-L1 testing in additional samples or the use of a different clone if necessary.
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Introduction

Immunotherapy has rapidly developed for treatment of lung 
cancer. Immune checkpoint inhibitors, specifically, anti-
programmed cell death 1/programmed cell death ligand 
1 (anti-PD-1/PD-L1) therapies, have shown anti-tumour 
effects with marked responses in patients with non-small 
cell lung cancer (NSCLC) (1-3). Some immune checkpoint 
inhibitors (pembrolizumab, nivolumab and atezolizumab) 
have been recommended as standard treatments according 
to the therapeutic algorithm included in the current 
guidelines for lung cancer treatment (4-6). For each 
immune checkpoint inhibitor, PD-L1 expression is assessed 
by using different PD-L1 immunohistochemistry (IHC) 
assays. The PD-L1 IHC assay has become a companion 
diagnostic test (7-9). In certain circumstances, the predictive 
value of PD-L1 as a biomarker has been questioned due to 
observations of an anti-tumour response in patients with 
no evidence of PD-L1 expression. One explanation for this 
observation could be related to the variability of the PD-L1 
IHC assay. Another explanation is that PD-L1 staining may 
show heterogeneity in the same tumour or the same patient.

Heterogeneous PD-L1 expression has been reported 
in NSCLC and may affect clinical decisions regarding 
anti-PD-1/PD-L1 therapy when clinicians are faced with 
discrepant biomarker results (10). Heterogeneity raises 
concern regarding whether PD-L1 expression in one 
specimen is representative of its expression elsewhere. 
Therefore, sampling error may lead to misclassification 
of PD-L1 expression status. Some studies have reported 
on PD-L1 staining regarding intra-tumour heterogeneity 
in the whole section and small biopsy specimens or inter-
tumour heterogeneity between primary and metastatic 
tumours (11-15). However, comprehensive studies on the 
determination of PD-L1 expression between different 
materials are still lacking.

In this study, we comprehensively analysed inter-
tumour and intra-tumour heterogeneity to optimize 
tumour sampling and improve its accuracy. We investigated 
discordant PD-L1 expression between paired paraffin blocks 
from the same surgical resection samples, between paired 
cell block and biopsy samples, between paired biopsy and 
resected specimens and between paired primary and lymph 
node metastatic lesions. We also evaluated correlations 
between PD-L1 expression and histopathological 
characteristics.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.

org/10.21037/jtd-21-388).

Methods

Patient sample selection

A retrospective review of the patient database was 
performed from January 2018 through February 2019 at 
the Fudan University Shanghai Cancer Center to enroll 
NSCLC patients who underwent surgical resection and 
PD-L1 IHC testing. Patients who received neoadjuvant 
chemotherapy were excluded. Large cell neuroendocrine 
carcinoma, adenosquamous carcinoma, large cell carcinoma 
and sarcomatoid carcinoma were excluded. In total, 1,002 
NSCLC patients were selected for this study. Of the 1,002 
patients with surgically resected NSCLC, 35 patients 
underwent a preoperative diagnostic biopsy via flexible 
bronchoscopy or computed tomography (CT)-guided core 
needle biopsy. A total of 49 paired primary and metastatic 
lymph node tumour samples and 53 paired paraffin blocks 
from the same resected samples were randomly selected 
from the 1,002 patients with resected NSCLC. In addition, 
a total of 54 paired cell blocks and histology paraffin blocks 
from the same EBUS-TBNA samples were selected for 
this study. The patients’ clinicopathological characteristics 
are described in Table S1. Our study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013) and approved by the Ethics Committee of Fudan 
University Shanghai Cancer Center (file number 050432–4-
1805C), and informed consent was taken from all the 
patients.

Histologic and cytologic sample processing and PD-L1 IHC 
testing

Cell blocks were prepared using EBUS-TBNA samples 
in phosphate-buffered saline. Effusion samples were 
centrifuged, the supernatant fluid was removed, and the 
precipitate was collected. The precipitate was further fixed 
in 10% neutral buffered formalin for at least 6 hours, 
embedded in paraffin, and sliced into 4-μm sections for 
haematoxylin-eosin (HE) and PD-L1 IHC staining. Each 
sample was blindly assessed by two pathologists. Both 
histologic and cytologic diagnoses were classified according 
to the 2015 World Health Organization classification (16). 
Cases with less than one hundred viable tumour cells were 
excluded. PD-L1 IHC staining was performed on 4-μm 
thick formalin-fixed paraffin-embedded (FFPE) sections 
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using the Dako PD-L1 IHC 22C3 pharmDx assay (Dako/
Agilent, Santa Clara, USA) on the Dako Link 48 automated 
platform according to the manufacturer’s protocol. To avoid 
PD-L1 expression being influenced by the storage time 
of FFPE tissue blocks, the specimens for PD-L1 testing 
were all detected immediately after excision or biopsy. PD-
L1 staining was evaluated using the tumour proportion 
score (TPS), which is defined as the percentage of viable 
tumour cells (at least one hundred) with complete or 
partial membrane staining and classified into three levels: 
negative (TPS <1%), low expression (TPS 1–49%) and high 
expression (TPS ≥50%). Then, we analysed the associations 
of PD-L1 expression with histopathological characteristics 
and assessed the discordance rate of the TPS between 
paired cell block and biopsy samples (n=54), paired biopsy 
and resected samples (n=35), paired paraffin blocks from 
the same resected samples (n=53) and paired primary and 
metastatic lymph node tumours (n=49).

Statistical analysis

Statistical analyses were performed using the SPSS software 
system (version 24.0, Chicago, IL, USA). Chi-square or 
Fisher’s exact tests and logistic regression analysis were 
used to determine if any association was evident between 
PD-L1 expression and histological characteristics. Kappa 
tests were used to analyse the concordance between paired 
specimens, and the strength of concordance was categorized 
as follows: kappa value >0.75, good agreement; 0.4 to 0.75, 
moderate agreement; <0.4, poor agreement. All statistical 
values were determined using two-tailed statistical analyses, 
and a P value <0.05 was considered to indicate a statistically 
significant difference.

Results

PD-L1 expression heterogeneity in NSCLC surgical 
resection specimens

Of the 1,002 resected NSCLC specimens, including 852 
ADCs and 150 SCCs, 305 cases (30.4%) had positive PD-
L1 expression, including 102 (10.2%) with high expression 
and 203 (20.3%) with low expression. Of the 852 ADCs, 
211 (24.8%) were PD-L1 positive, including 61 (7.2%) with 
high expression and 150 (17.6%) with low expression. Of 
the 150 SCCs, 94 (62.7%) were PD-L1 positive, including 
41 (27.3%) with high expression and 53 (35.3%) with 
low expression. High PD-L1 expression was significantly 

more common in SCCs than in ADCs (27.3% vs. 7.2%, 
P<0.001). In the ADC subgroup, high PD-L1 expression 
was observed in 0% (0/72) of lepidic, 2.2% (9/418) of 
acinar, 2.0% (4/196) of papillary, 29.7% (41/138) of solid 
and 25.0% (7/28) of micropapillary predominant variants. 
High PD-L1 expression was significantly more frequent 
in poorly differentiated histological variants, such as solid 
and micropapillary predominant variants, than in well-
differentiated variants, such as papillary, acinar and lepidic 
predominant variants (P<0.001) (Figure 1A,B). Furthermore, 
logistic regression analysis showed that the solid and 
micropapillary subtypes (poorly differentiated variants) had 
significantly more frequent high PD-L1 expression than 
lepidic, acinar and papillary subtypes (well differentiated 
variants) (P<0.01) (Table S2). In the SCC subgroup, high 
PD-L1 expression, low PD-L1 expression and negative 
were observed in 4.8% (1/21), 23.8% (5/21), and 71.4% 
(15/21) of keratinizing types and in 31.0% (40/129), 37.2% 
(48/129), and 31.8% (41/129) of nonkeratinizing types, 
respectively. High PD-L1 expression was significantly 
associated with the nonkeratinizing type (P=0.001) (Table 1).

Discordant expression between paired cytology and 
histology specimens

A total of 54 paired cell block and biopsy samples, 
including 42 ADCs and 12 SCCs, were included in this 
study. The concordance rate was 88.9% (48/54) between 
the paired cytology-histology specimens from the same 
EBUS-TBNA tissue, with a kappa value of 0.804 (good 
agreement, P<0.001). However, 11.1% (6/54) of the cases 
were discordant when comparing the paired samples  
(Figure 1C,D,E,F). The cell block overestimated or 
underestimated PD-L1 status in 7.4% (4/54) and 3.7% 
(2/54) of the matched biopsy specimens (Table 2). Among 
the 6 discrepant cases, 50% (3/6) of cases had a PD-L1 
TPS ranging from 0% to 10%, and the other 50% (3/6) 
had a TPS ranging from 40% to 60%. Furthermore, when 
specimens were stratified by histologic type, the overall 
concordance rate was 90.5% (38/42) in ADCs and 83.3% 
(10/12) in SCCs. The agreement of PD-L1 expression 
between paired cytology and histology specimens was 
slightly lower in SCCs than in ADCs.

Discordant expression between paired biopsy and resected 
specimens

A total of 35 paired biopsy and resected specimens, 

https://cdn.amegroups.cn/static/public/JTD-21-388-supplementary.pdf
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Figure 1 Discordant PD- L1 expression in NSCLC. (A,B) Discordant PD-L1 expression in different areas of the same adenocarcinoma: 
high expression in the solid area (red arrow) and negative in the acinar area (black arrow) (200×). (C,D,E,F) Discordant PD-L1 expression 
between paired biopsies and cell blocks from the same tumour: low expression in biopsies (C,D) and negative in cell blocks (E,F) (400×).  
(G,H,I,J) Discordant PD-L1 expression between paired biopsies and surgically resected specimens: negative in biopsies (G,H) and low 
expression in resected specimens (I,J) (100×).
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Table 1 The heterogeneous PD-L1 expression in different subtype and differentiation of ADC and SCC

Histologic 
type

Subtype
PD-L1 status (%)

Total (n=1,002) P value
TPS <1% TPS 1–49% TPS ≥50%

ADC Subtype predominant

Lepidic 68 (94.4) 4 (5.6) 0 (0) 72

Acinar 351 (84.0) 58 (13.9) 9 (2.2) 418

Papillary 160 (81.6) 32 (16.3) 4 (2.0) 196 <0.001

Micropapillary 11 (39.3) 10 (35.7) 7 (25.0) 28

Solid 51 (37.0) 46 (33.3) 41 (29.7) 138

Total 641 150 61 852

SCC Keratinizing status

Keratinizing 15 (71.4) 5 (23.8) 1 (4.8) 21

Nonkeratinizing 41 (31.8) 48 (37.2) 40 (31.0) 129 0.001

Total 56 53 41 150

PD-L1, programmed cell death ligand-1; ADC, adenocarcinoma; SCC, squamous cell carcinoma; TPS, tumour proportion score.

Table 2 The discrepant PD-L1 expression in the histology and matched cell block of the same biopsy sample

PD-L1 status
Cell blocks

Total (n=54) Kappa value P value
TPS <1% TPS 1–49% TPS ≥50%

Biopsy

TPS <1% 30 2 0 32 0.804 <0.001

TPS 1–49% 1 5 2 8

TPS ≥50% 0 1 13 14

Total 31 8 15 54

PD-L1, programmed cell death ligand-1;  TPS, tumour proportion score.

including 18 ADCs and 17 SCCs, were selected for this 
study. High PD-L1 expression was detected in 31.4% 
(11/35) of biopsy specimens and 28.6% (10/35) of resected 
specimens, and low PD-L1 expression was detected in 
28.6% (10/35) of biopsy specimens and 42.9% (15/35) 
of resected specimens. The overall concordance rate was 
68.6% (24/35) (kappa value =0.533, moderate agreement, 
P<0.001). Between the paired biopsy and resected 
samples, a total of 31.4% (11/35) of the cases were found 
to be discordant (Figure 1G,H,I,J). The biopsy specimen 
overestimated and underestimated PD-L1 status in 11.4% 
(4/35) and 20% (7/35) of matched resected specimens, 
respectively (Table 3). Most discordant cases (8/11) had a 
PD-L1 TPS between 0% and 10%. We also stratified the 
analysis according to histologic type. In ADCs and SCCs, 
the overall discordance rates were 16.7% (3/18) and 47.1% 

(8/17), respectively. The data showed that the concordance 
of PD-L1 expression between biopsy and resected 
specimens was lower in SCCs than in ADCs.

Discordant expression in paired paraffin blocks from the 
same surgically resected samples

A total of 53 paired paraffin blocks from the same surgically 
resected specimens (41 ADCs and 12 SCCs) were evaluated. 
The concordance rate of PD-L1 expression between the 
two paired blocks was 64.2% (34/53), with a kappa value of 
0.455 (moderate agreement, P<0.001). Discordant PD-L1 
expression between the two blocks was detected in 35.8% 
(19/53) of cases. Among them, 47.4% (9/19) and 21.1% 
(4/19) of cases had a PD-L1 TPS ranging from 0% to 
10% and 40% to 60%, respectively. We further stratified 
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Table 3 The heterogeneous PD-L1 expression between biopsy and matched resected specimens

PD-L1 status
Biopsy

Total (n=35) Kappa value P value
TPS <1% TPS 1–49% TPS ≥50%

Resection

TPS <1% 8 2 0 10 0.533 <0.001

TPS 1–49% 6 7 2 15

TPS ≥50% 0 1 9 10

Total 14 10 11 35

PD-L1, programmed cell death ligand-1;  TPS, tumour proportion score.

Table 4 The discrepant PD-L1 expression between different paraffin blocks of the same surgically resected specimens

PD-L1 status
Block A

Total (n=53) Kappa value P value
TPS <1% TPS 1–49% TPS ≥50%

Block B

TPS <1% 9 6 0 15 0.455 <0.001

TPS 1–49% 5 12 5 22

TPS ≥50% 0 3 13 16

Total 14 21 18 53

PD-L1, programmed cell death ligand-1;  TPS, tumour proportion score.

the analysis according to histologic subtype and found that 
the overall disagreement rate was 29.3% (12/41) in ADCs 
and 58.3% (7/12) in SCCs. The concordance of PD-L1 
expression between different blocks was lower in SCCs than 
in ADCs. In addition, among the 19 discordant cases, all 7 
SCCs were nonkeratinizing types, 9 ADCs were solid and 
micropapillary predominant or minor variants, and 3 ADCs 
were acinar and papillary predominant variants. In most 
ADCs (10/12) with discordant PD-L1 expression between 
the two blocks, each block had a different proportion of 
architectural growth patterns (Table 4, Figure 2). 

Discordant expression between paired primary tumour and 
metastatic lymph node lesion samples

Of 49 paired primary and metastatic lymph node tumour 
samples, including 41 ADCs and 8 SCCs, low and high PD-
L1 expression were observed in 36.7% (18/49) and 18.4% 
(9/49) of primary tumours and in 16.3% (8/49) and 24.5% 
(12/49) of lymph node metastatic lesions, respectively. The 
concordance rate was 71.4% (35/49), with a kappa value of 
0.546 (moderate agreement, P<0.001). Between primary 
and matched metastatic lesions, a total of 28.6% (14/49) 
discordant cases were observed. The lymph node metastatic 

lesion overestimated or underestimated PD-L1 status in 
10.2% (5/49) and 18.4% (9/49) of the matched primary 
tumours, respectively (Table 5). Among the 14 discrepant 
cases, 64.3% (9/14) of the cases had a PD-L1 TPS ranging 
from 0% to 10%. Further stratified analysis was performed 
according to the histologic type. The overall discordance 
rate was 24.4% (10/41) in ADCs and 50% (4/8) in SCCs. 
The data showed that the concordance of PD-L1 expression 
between primary and metastatic lymph node tumours was 
lower in SCCs than in ADCs.

Discussion

PD-L1 expression is used as a predictive biomarker to select 
patients for PD-1/PD-L1 inhibitor therapy. Heterogeneous 
expression of PD-L1 is pathophysiologically inducible 
and can be spatially and temporally variable and dynamic 
(11,17-19). Although there are published studies regarding 
heterogeneity, we comprehensively analysed the inter-
tumour and intra-tumour PD-L1 expression in NSCLC. 
Using three-tiered categorization, our study showed that 
PD-L1 expression can be heterogeneous in subtypes of 
ADC, which was consistent with previous studies (18,20-23).  
High PD-L1 expression is significantly more frequent in 
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Figure 2 Heterogeneous expression of PD-L1 in different paraffin blocks of the same surgically resected sample. The left bar graph shows that the 
concordance and discordance rates of the two blocks were 64.2% and 35.8%, respectively. Of the concordant cases (64.2%), PD-L1 expression was 
high, low and negative in 24.5%, 22.7%, and 17.0% of cases, respectively. The right IHC images show that the PD-L1 TPS in block A was 95% 
and in block B was 80% from the same tissue sample of ADC, both block A and B were high PD-L1 expression (200×). However, the discordant 
rate of two blocks was 35.8%, including low expression vs. negative (20.7%) and high expression vs. low expression (15.1%). The right IHC images 
show PD-L1 negative in block A and TPS 10% (low expression) in block B from the same tissue sample of ADC (200×), and PD-L1 TPS 40% (low 
expression) in block A and 55% (high expression) in block B from the same tissue sample of SCC (100×). IHC staining. PD-L1, programmed cell 
death ligand-1; TPS, tumour proportion score; ADC, adenocarcinoma; SCC, squamous cell carcinoma.

Block A Block B
Block A Block B

ADC

ADC

SCC

High PD-L1 expression  
(TPS 95%)

PD-L1 negative 
(TPS <1%)

Low PD-L1 expression 
(TPS 40%)

The concordance rate: 64.2% and the discordance 
rate: 35.8%.

High PD-L1 expression 
(TPS 80%)

Low PD-L1 expression 
(TPS 10%)

High PD-L1 expression 
(TPS 55%)

Rate(%)

24.5%

22.7%

17.0%

20.7%

15.1%

<1%

1–49% 

≥50%

poorly differentiated subtypes than in well-differentiated 
subtypes. Meanwhile, when using two-tiered categorization 
at a cut-off value of 50%, the histologic subtypes of ADC 
were still significantly associated with PD-L1 expression 
status (P<0.001, see Table S3). The histological subtypes of 
ADC may indicate PD-L1 expression status. The poorly 
differentiated subtypes (such as solid and micropapillary 

subtypes) might be more likely of high PD-L1 expression, 
while well-differentiated subtypes (lepidic, acinar and 
papillary subtypes) might be more likely of negative 
or low PD-L1 expression. This suggests that solid and 
micropapillary subtypes might activate PD-1/PD-L1 
pathways, leading to suppression of anti-tumour immunity. 
However, in this study, the prevalence of PD-L1 expression 
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Table 5 The heterogeneity of PD-L1 expression between primary and matched lymph node metastatic lesions

PD-L1 status
Lymph node metastasis

Total (n=49) Kappa value P value
TPS <1% TPS 1–49% TPS ≥50%

Primary lesion

TPS <1% 20 2 0 22 0.546 <0.001

TPS 1–49% 9 6 3 18

TPS ≥50% 0 0 9 9

Total 29 8 12 49

PD-L1, programmed cell death ligand-1;  TPS, tumour proportion score.

in ADC was relatively lower than that reported in previous 
studies. Previous studies have shown that PD-L1-positive 
expression was more frequent in advanced-stage and EGFR 
wild-type ADC (20,24). The resected specimens in our 
cohort were mostly early-stage lung ADC with EGFR 
mutations, which may lead to a low PD-L1 positivity rate. 
Furthermore, we identified that high PD-L1 expression 
is significantly associated with nonkeratinizing SCCs. 
Another significant and promising finding in our work 
was that discordant PD-L1 expression is more frequently 
observed in SCC than in ADC, as indicated by assessment 
of different intra-tumoural areas, paired tumour samples or 
different specimen types.

In advanced-stage NSCLC, physicians might obtain 
information from cytological samples, which are usually 
the only specimens available for diagnosis and biomarker 
testing. To date, PD-L1 expression has traditionally been 
evaluated in surgically excised samples, and the feasibility 
of using cytological samples for PD-L1 evaluation remains 
controversial. Recent studies evaluated PD-L1 expression in 
cell blocks and compared it with expression in paired biopsy 
or resection specimens. Using a three-tiered PD-L1 TPS 
categorization, the overall concordance rate between paired 
cytology and histology specimens was approximately 67–
91.2% (25-31). Our study provides some insights into PD-
L1 testing of paired biopsy and cytology specimens. PD-
L1 expression between the cell blocks and matched biopsy 
specimens had a high agreement rate of 88.9% (48/54) 
using three-tiered categorization, which is similar to the 
findings of previous reports. The PD-L1 TPS of discrepant 
cases mainly ranged from 0% to 10% and 40% to 60%. 
These data indicate that cell blocks can be used in place 
of histology specimens to assess PD-L1 expression. These 
findings are important for clinicians as the cell blocks which 
are usually the only specimen available can be used for PD-
L1 expression testing.

Our study also compared PD-L1 expression in matched 
biopsy and resection samples from the same tumour and 
adds to the limited evidence of the feasibility of PD-
L1 testing in biopsy specimens. In a previous study, a 
major discordance rate of 48% in PD-L1 staining was 
reported between whole surgically resected specimens and 
matched biopsy specimens by using the SP142 assay, and 
these results have an impact on anti-PD-L1 therapeutic 
strategies (11). In our study, an agreement rate of 68.6% 
was found when comparing biopsy and paired resected 
samples by using the 22C3 assay, which was slightly lower 
than the agreement rate of 73–96% found in previous 
studies (32-34). Our data indicated that the PD-L1 status 
evaluated in a small biopsy is usually representative of 
the results in the resected specimen. However, the biopsy 
results could deviate from the PD-L1 expression status in 
resected specimens to a certain degree. A biopsy with high 
PD-L1 expression could be low expression in the resection 
specimen, or vice versa, and a biopsy with low PD-L1 
expression could be negative in the resection specimen, 
or vice versa. The discordant PD-L1 expression between 
resection and biopsy samples could likely be attributed to 
intra-tumoural heterogeneity.

Assessment of intra-tumoural PD-L1 expression is a 
complicated process. Rehman et al. (35) observed that the 
heterogeneity between different blocks of the same tumour 
using the SP142 assay was not substantial. The variance in 
fields of view among each of the three blocks was only 6% 
for tumour areas but 25% for stromal areas. However, our 
data showed a 35.8% discrepancy in PD-L1 expression on 
tumour cells in different paraffin blocks using the 22C3 
assay. Furthermore, our study showed that each block had 
a different proportion of architectural growth patterns in 
most discordant ADC cases. Our data and previous studies 
demonstrated that PD-L1 expression can be heterogeneous 
in different ADC subtypes. PD-L1 expression was more 
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frequent in poorly differentiated subtypes, such as solid 
and micropapillary subtypes. Therefore, intra-tumoural 
histologic variance may play a role in discordant PD-L1 
expression in different blocks, which was also confirmed 
by a previous study (23). More interestingly, in our study, 
20.8% (11/53) of cases were negative in one block and 
positive in another block. These findings of discordant 
PD-L1 expression between different blocks highlight the 
importance of taking histological subtype into consideration 
when selecting a block for PD-L1 testing. If PD-L1 
expression in one block is negative, adding an additional 
block for PD-L1 IHC testing may be useful to improve the 
PD-L1 positivity rate.

Metastatic lymph nodes are often used for diagnosis of 
advanced NSCLC patients. Previous studies have shown 
that the discrepancy in PD-L1 expression between the 
primary tumour and matched lymph node metastases in 
NSCLC is 32.3–71.4% (14,15,36). Our data showed a 
28.6% discordance rate between the primary tumour and 
matched lymph node metastases, which was lower than that 
reported in previous studies. Several factors may influence 
PD-L1 expression, including the tumour hypoxia, the 
tumour microenvironment, and the activation of cellular 
pathways. We hypothesize that the different tumour cells 
from primary and metastatic lesions as well as their different 
tumour microenvironments can result in inconsistencies in 
PD-L1 expression.

In conclusion, we observed significantly discordant 
PD-L1 expression in different subtypes of ADCs and 
SCCs, between primary and metastatic lesions, between 
different paraffin blocks and between different specimen 
types. Specifically, PD-L1 expression in SCCs was more 
heterogeneous than that in ADCs. These discrepancies due 
to intra-tumoural or inter-tumoural heterogeneity may 
not be avoidable. This variability may pose a therapeutic 
dilemma in terms of whether immunotherapy should be 
recommended. 

Our study is relatively comprehensive on assessing 
PD-L1 expression in different histological subtypes 
of NSCLC. But the limitation is that relatively small 
cohort of 4 paired samples were included in this study to 
explore the heterogeneity of NSCLC between different 
samples. We hope that more data will be available in 
future studies to further confirm our results. Secondly, our 
study was limited by the inherent issues of retrospective 
studies, including potential selection bias. This should 
be considered when generalizing our findings to other 
populations.
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Table S1 Clinicopathological characteristics of NSCLC patients in the study

Variables Resection (N=1002)

Small biopsy

Biopsy paired with resection  
(N=35)

EBUS-TBNA (N=54)

Age (years)

Median (range) 62 (17-84) 67 (52-82) 63.5(40-81)

Sex

Male 525 23 36

Female 477 12 18

Smoking habits

Current/former 386 18 33

Never 616 17 21

Histology

Adenocarcinoma 852 18 42

Squamous cell carcinoma 150 17 12

UICC-stage

I 799 11 1

II 115 5 1

III 86 19 39

IV 2 0 13

EGFR mutation status

Yes 472 10 12

No 154 8 13

Not tested 376 17 29

Neoadjuvant therapy

Yes 0 0 0

No 1002 35 54

Supplementary
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Table S3 The heterogeneous PD-L1 expression in different subtype and differentiation of ADC (PD-L1 TPS cut-off value at 50%)

ADC
PD-L1 status

Total (n=852) P value
TPS <50% TPS ≥50%

Subtype predominant

Lepidic 72 0 72

Acinar 409 9 418

Papillary 192 4 196 <0.001

Micropapillary 21 7 28

Solid 97 41 138

Total 791 61 852

Table S2 The Logistic Regression Analysis of PD-L1 expression in different subtypes of ADC (PD-L1 TPS cut-off value at 50%)

Subtype OR 95% CI P value

Lepidic vs. Micropapillary 0.042 0.005-0.358 0.004

Lepidic vs. Solid 0.034 0.012-0.100 <0.001

Acinar vs. Micropapillary 0.066 0.022-0.195 <0.001

Acinar vs. Solid 0.112 0.073-0.173 <0.001

Papillary vs. Micropapillary 0.063 0.017-0.231 <0.001

Papillary vs. Solid 0.132 0.080-0.218 <0.001

Micropapillary vs. Solid 0.906 0.394-2.085 0.816


