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Abstract
Background: Programmed cell death ligand-1 (PD-L1) is a useful biomarker in non-
small cell lung cancer (NSCLC) patients who would probably benefit from immuno-
therapy. In most patients with advanced stage NSCLC, only small biopsy specimens
were available for the evaluation of PD-L1 expression. In this study, we evaluated the
feasibility and reliability of PD-L1 testing on small biopsy samples.
Methods: Small specimens of advanced NSCLC patients obtained via endobronchial
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), endobronchial
biopsy (EBB), or computed tomography (CT)-guided core-needle biopsy were col-
lected. Tumor cell count and tissue sufficiency for PD-L1 immunohistochemistry
(IHC) were evaluated and compared. The clinical course of patients who received
immunotherapy in the study population was also examined.
Results: Tissue acquisitions for PD-L1 testing in three groups were all above 90%,
with no statistically significant differences. The PD-L1 expressions levels were concor-
dant in most patients with more than one sample (8/11). In the EBB group, PD-
L1-positive patients had higher objective response rate (ORR) (53.2% vs. 26.9%,
p = 0.048) and longer progression-free survival (PFS) (312 vs. 179 days, p = 0.035)
than PD-L1 negative patients. In the core needle biopsy group, patients with positive
PD-L1 expression also trended to have higher ORR and longer PFS. However, in the
EBUS-TBNA group, both ORR and PFS were similar between patients with positive
or negative PD-L1 expression.
Conclusions: This study showed that EBUS-TBNA, EBB, and core needle biopsy pro-
vides adequate samples for PD-L1 testing. The predictive value of PD-L1 expression
on different small samples still warrants further studies.
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INTRODUCTION

The use of immune checkpoint inhibitors (ICIs) yields high
response rates against many malignancies and has become
the standard-of-care treatment for advanced non-small cell
lung cancer (NSCLC). Programmed death ligand 1 (PD-L1)
expression on cancer cells is useful as both a predictor and a

biomarker for selecting patients who would probably benefit
from immunotherapy.1,2 For example, pembrolizumab has
been approved as a first-line treatment for metastatic
NSCLC with >50% positivity of PD-L1 staining.2

Guidelines recommend performing PD-L1 tests on surgi-
cal or core needle biopsy specimens.3 However, in advanced
NSCLC, small biopsy specimens from endobronchial biopsy
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(EBB) or endobronchial ultrasound-guided transbronchial
needle aspiration (EBUS-TBNA) are often the only available
material from cancer tissue for histological analysis. The util-
ity of EBB and EBUS-TBNA for sample acquisition for
molecular analysis of epidermal growth factor receptor and
anaplastic lymphoma kinase is well documented.4–6 However,
the adequacy of PD-L1 expression determination after com-
prehensive genetic profiling with next-generation sequencing
(NGS) on small biopsy specimens acquired through bron-
choscopy has not been systematically evaluated to date. Fur-
thermore, PD-L1 expression has been found to vary between
different regions within the same tumor, and previous stud-
ies7,8 found that PD-L1 expression in lymph nodes may not
be a biomarker for efficacy. The predictive value of PD-L1
expression on small samples has also not well established.

In this study, our primary goal was to determine the suc-
cess rate of assessing PD-L1 expression after NGS testing of
samples obtained with EBUS-TBNA, EBB, and core needle
biopsy in patients with advanced NSCLC. A secondary aim
was to evaluate the predictive value of PD-L1 expression
tested in small samples.

METHODS

Patients

We searched the database for patients who were diagnosed
with NSCLC in Peking Union Medical College Hospital
between January 2018 and September 2020. Patients whose
tissue specimens were obtained through EBB, EBUS-TBNA,
or CT-guided core needle biopsy were included. Patients with
EGFR positive gene mutations and ALK rearrangements were
not excluded. Demographic information, periprocedural data,
the type of biopsy procedure, biopsy sites, histological diagno-
sis, and NGS results were retrospectively reviewed.

Sampling and histological procedures

Bronchoscopy and EBUS-TBNA were performed by experi-
enced pulmonologists and CT-guided core needle biopsy was
performed by interventional thoracic radiologists following
standard protocols. As per routine standard of practice, after
obtaining informed consent, linear EBUS bronchoscopy (BF-
UC260F, Olympus) and biopsy of mediastinal or hilar lymph
nodes were performed under topical anesthesia using a 21 G
needle (ViZiShot 2, Olympus America Inc). For central
tumors, EBB was performed using forceps under direct vision.
For peripheral tumors, CT-guided core needle biopsy was
performed after local anesthesia with 1% xylocaine. Proce-
dures were guided by 64-slice spiral CT scanner and 18-gauge
biopsy needles were used. Tissues were subjected to hematox-
ylin and eosin (HE) staining and IHC staining for histological
evaluation. NSG was performed in all the nonsquamous and
some of the squamous lung cancer specimens. PD-L1 staining
was performed on archived samples.

PD-L1 immunostaining was performed using the Dako
22C3 antibody clone (mouse monoclonal primary anti–PD-
L1 antibody, prediluted, clone 22C3, Dako) according to a
previously described protocol.9 The level of PD-L1 expres-
sion was based on a tumor proportion score (TPS) which
was defined as the percentage of viable tumor cells showing
partial or complete membrane labeling regardless of inten-
sity or completeness. Nontumor elements such as infiltrating
immune cells, normal cells, necrotic cells, and debris, were
excluded from interpretation. The PD-L1 expression was
scored from 0% to 100%. The score was interpreted as “neg-
ative” when PD-L1 expression was <1%, “low” when PD-L1
expression was ≥1% to <50%, and “high” when PD-L1-
expression was ≥50%.

Ethical considerations

This retrospective study was reviewed and approved by the
Center for Ethics of Peking Union Medical College Hospital.

Statistical analysis

Statistical analysis was performed using SPSS 16.0 (SPSS
Inc.). Continuous variables were summarized as the mean
(� standard deviation) and were compared using the Stu-
dent’s t-test (GraphPad Software Inc). Categorical variables
were expressed as a frequency (percentage) and were com-
pared using the χ2 test or Fisher’s exact test (GraphPad Soft-
ware Inc). A nonparametric test was used to compare tumor
cell numbers between groups. Survival curves were esti-
mated with the Kaplan–Meier method. Statistical signifi-
cance level was defined as a two-sided p value < 0.05.

RESULTS

Clinicopathological characteristics

A total of 245 specimens were analyzed from NSCLC
patients. The median age was 62 years (range: 33–
79 years), with most patients being male (82.9%), at stage
IV (92.7%) of the disease, and with a history of smoking
(72.7%). Fifty-nine specimens (24.1%) were obtained with
EBUS-TBNA procedures, 109 (44.5%) with endobronchial
biopsies, and 77 (31.4%) with CT-guided procedures. For
pathological subtypes, 113 (50.6%) patients had a diagnosis
of adenocarcinoma, 124 (46.1%) of squamous cell carci-
noma, and 8 (3.3%) of other diagnoses (adenosquamous or
not otherwise specified [NOS]). Age, gender, and smoking
history were similar between the groups. Adenocarcinoma
was the main histological type in core needle biopsy speci-
mens whereas squamous cell carcinoma was more frequent
in EBB specimens. NGS of driver mutations including
EGFR, ALK ROS1, RET, and MET had been performed in
179 specimens before IHC of PD-L1. Driver gene
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mutations other than EGFR and ALK tested positive in
seven specimens (including one BRAF, two MET-14 skip-
ping two ROS-1 and two RET rearrangements). The patient
characteristics are shown in Table 1.

Tissue acquisition and PD-L1 assessment in
samples acquired by different biopsy techniques

Most specimens of the three groups contained sufficient
tumor cells (more than 100 tumor cells) for TPS evaluation.
The failure rate among patients diagnosed with EBUS-
TBNA, EBB, and core needle biopsy were 6.8%, 9.2%, and
6.5%, respectively, with no statistically significant difference
among groups. The ratio of high, low, and negative PD-L1
expression was also similar among groups. Table 2 shows
the number of tumor cells and the levels of PD-L1 expres-
sion of the specimens.

Eleven patients had more than one sample obtained via
different biopsy techniques. The PD-L1 expression in differ-
ent samples was tested and compared. The results showed
that PD-L1 expression was concordant in eight patients. The
PD-L1 expression of one patient was negative in the core-
needle biopsy sample but positive in the EBUS-TBNA sam-
ple. Two other patients had different PD-L1 expression levels
between samples. These paired results are shown in Table 3.

Response to immunotherapy

A total of 176 patients received immunotherapy. In first-
line therapy, ICIs were given with platinum-based

doublet combination chemotherapy. The most used
platinum-doublet combinations in patients with non-
squamous histological type were pemetrexed plus carboplatin
or cisplatin. The most used combination chemotherapies in
patients with squamous histological type were albumin-
bound paclitaxel or paclitaxel plus carboplatin. In the
second and above lines therapy, ICIs were used as mon-
otherapy. The objective response rate in ICIs combina-
tion therapy and monotherapy were 47.9% and 20%,
respectively. The median PFS in first- and second-line
therapy was 312 days and 179 days, respectively
(Figure 1).

The predictive value of PD-L1 expression tested on dif-
ferent specimens was also compared. The ORR in positive
and negative PD-L1 expression tested on core needle biopsy,
EBB, and EBUS-TBNA were 47.6% versus 29.4%
(p = 0.252), 53.2% versus 26.9% (p = 0.048), and 33.3% ver-
sus 36.4% (p = 1.000), respectively. The PFS in positive and
negative PD-L1 expression patients in different groups were
354 versus 195 days (p = 0.410), 312 versus 179 days
(p = 0.035), and 213 versus 192 days (p = 0.594), respec-
tively. The survival curves of patients are shown in Figure 2.

DISCUSSION

Use of ICIs and PD-L1 expression monitoring have
improved survival in NSCLC patients. In clinical trials, core-
needle biopsy and surgery specimens have been used to
determine PD-L1 expression.10,11 In patients with end stage
disease, however, EBB and EBUS-TBNA are widely used as
the initial diagnostic procedure. Moreover, biopsy under
bronchoscopy is often the only way to obtain specimens for
the diagnosis of NSCLC in certain circumstances. Therefore,
we conducted this study to assess the reliability of small
samples obtained with bronchoscopy and core-needle biopsy
for PD-L1 testing.

T A B L E 1 Patient characteristics

Sampling method N (%)

EBUS-
TBNA

Endobronchial
biopsy

Core-needle
biopsy p-value

Patients 59 109 77

Age, median (range) 62 (33–79) 63 (34–79) 63 (40–79) 0.409

Gender 0.625

Male 48 (81.4) 93 (85.3) 62 (80.5)

Female 11 (18.6) 16 (14.7) 15 (19.5)

Smoking history 0.280

Never 24 (40.7) 35 (32.1) 33 (42.9)

Ever 35 (59.3) 74 (67.9) 44 (57.1)

Stage 0.338

III 6 (10.2) 9 (8.3) 3 (3.9)

IV 53 (89.8) 100 (91.7) 74 (96.1)

Histology 0.003

Adenocarcinoma 26 (44.1) 38 (34.9) 49 (63.6)

Squamous 31 (52.5) 68 (62.4) 25 (32.5)

Others 2 (3.4) 3 (2.8) 3 (3.9)

NGS performed 39 (66.1) 61 (56.0) 61 (79.2) 0.004

Abbreviation: NGS, next-generation sequencing.

TAB L E 2 Programmed death ligand 1 expression and feasibility of
assessment on different specimens

Sampling method N (%)

EBUS-
TBNA

Endobronchial
biopsy

Core-needle
biopsy p-value

Specimen cellularity 0.897

<100 4 10 5

≤100, <500 14 30 19

≥500 41 69 52

PD-L1 expression 0.879

<1% 26 (44.1) 42 (38.5) 28 (36.4)

1%–49% 19 (32.2) 31 (28.4) 25 (32.5)

≥50% 10 (19.6) 26 (23.9) 19 (24.7)

Unevaluable 4 (6.8) 10 (9.2) 5 (6.5)

Unevaluable after NGS 4 (6.8) 7 (6.4) 4 (5.2) 0.624

Abbreviation: NGS, next-generation sequencing.
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In this study, we demonstrate that the small specimens
from the three biopsy methods were sufficient for PD-L1
testing after cytohistological subtyping and genetic testing
which is consistent with previous reports.12 The satisfactory
rates were all above 90%. Although the cellularity of EBB
samples tended to be lower than those of EBUS and core-
needle biopsy samples, the differences were not statistically
significant.

Previous studies showed that PD-L1 testing on small
biopsies may be highly discordant from testing preformed on
larger specimens because of the heterogeneity of PD-L1
expression.13,14 The discrepancy in PD-L1 expression between
metastatic lymph node and primary tumor has also been
reported.15–17 However, some subsequent studies using
EBUS-TBNA samples showed good concordance with pri-
mary tumor, especially when using dichotomized PD-L1 cut-
offs of 1% and 50%.16,18 In our study, 11 patients had more

than one specimen using different sampling methods. PD-L1
expression was highly concordant between samples using
dichotomized cutoffs, with only three patients having incon-
sistent results. The results are consistent with those of previ-
ous studies.14

To investigate the clinical value of PD-L1 testing on
small samples, we also studied the response to ICIs in
patients with positive expression of PD-L1 on samples
obtained by different methods. We found that patients
with positive PD-L1 tested on EBB specimens had higher
ORR and longer PFS than patients with negative PD-L1
expression. The results were comparable with previous
research.9,19 In patients whose PD-L1 was tested on core
needle biopsy specimens the ORR and PFS were trended to
be higher in the PD-L1 positive group than in the PD-
L1-negative group but owing to the limited cases, the dif-
ferences were not significant.

T A B L E 3 Programmed death ligand 1 expression of patient in different samples

Patient Histology Sampling method PD-L1 (%) Sampling method PD-L1 (%)

1 Squamous EBB Negative (0) EBUS Negative (0)

2 Adenocarcinoma Core-needle Negative (0) EBUS Low (20%)

3 Squamous Core-needle Low (10%) EBB Low (10%)

4 Squamous EBB Negative (0) EBUS Negative (0)

5 Squamous EBB Low (20%) EBUS High (80%)

6 Squamous EBB Low (35%) EBUS High (60%)

7 Adenocarcinoma Core-needle High (50%) EBB High (70%)

8 Adenocarcinoma EBB Negative (0) EBUB Negative (0)

9 Adenocarcinoma Core-needle Negative (0) EBB Negative (0)

10 Adenocarcinoma Core-needle Negative (0) EBUS Negative (0)

11 Adenocarcinoma Core-needle Low (10%) EBUS Low (20%)

F I G U R E 1 Progression-free survival (PFS) of patients. (a) PFS in all the patients receiving first-line immunotherapy. (b) PFS in all the patients receiving
second-line and above immunotherapy
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In this study we also evaluated the predictive value of
PD-L1 expression on EBUS-TBNA samples. Unlike core-
needle and EBB specimens, EBUS-TBNA specimens were
mainly from metastasis lymph nodes instead of the original
tumor. Some studies doubt the predictive value of PD-L1
expression on metastasis lymph nodes,7,8 but the results are
inconsistent.20,21 In our study, the ORR and PFS of patients
with different PD-L1 expression levels tested on EBUS-
TBNA specimens were similar. Despite the limited number
of cases, the predictive value of EBUS-TBNA sample still
needs to be evaluated further.

Our study has some limitations. First, it was performed
at a single institution and the number of cases was limited.
Second, because we did not collect specimens from patients
with positive EGFR and ALK driver gene mutations, the
specimen sufficiency for PD-L1 testing in these patients is
unknown. Moreover, in this study, all the patients were at
an advanced stage and surgical materials were not available.
Therefore, the assessment of concordance between small
samples and in surgical materials were not compared. The
findings of this study should thus be interpreted with cau-
tion. Further studies on larger prospective cohorts are
warranted to evaluate the reliability of PD-L1 expression on
small samples.

In conclusion, this study showed that both EBUS-TBNA,
EBB, and core needle biopsy specimens were adequate to
determine the status of PD-L1 expression in NSCLC after
detection of driver mutations by NGS. Positive PD-L1
expression on EBUS-TBNA sample might not predict bet-
ter efficacy and longer PFS of immunotherapy and still
warrants further studies.
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