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Objective: Programmed death-ligand 1 (PD-L1) expression status is a crucial index for
identifying patients who will benefit from anti-programmed cell death protein 1 (PD-1)/PD-
L1 therapy for non-small cell lung cancer (NSCLC). However, the concordance of Tumor
Proportion Score (TPS) between biopsies and matched surgical specimens remains
controversial. This study aims to evaluate the concordance of PD-L1 expression between
image-guided percutaneous biopsies and matched surgical specimens.

Method: We evaluated 157 patients diagnosed with operable NSCLC on both surgical
tissue sections and matched lung biopsies retrospectively. The patients underwent either
regular computed tomography (CT)-guided biopsy (n = 82) or positron emission tomography
(PET)/CT-guided biopsy (n = 75). The concordance between surgical specimens and lung
biopsies for PD-L1 TPS was evaluated using Cohen’s kappa (k) coefficient.

Results: Immunohistochemical expression of PD-L1 was evaluated in both surgical
resected specimens and matched biopsies in the eligible 138 patients. The concordance
rate of PD-L1 expression between surgical tissue sections and matched biopsies was
fairly high at 84.1% (116/138), and the k value was 0.73 (95% CI: 0.63–0.83, P < 0.001).
The concordance rate was higher for tissue sections from PET/CT-guided biopsy than for
tissue sections from CT-guided biopsy [88.6% (62/70, k value: 0.81) vs 79.4% (54/68,
k value: 0.66)].

Conclusion: PD-L1 TPS was strongly concordant between surgical specimens and
matched lung biopsies. Thus, the routine evaluation of PD-L1 expression in diagnostic
percutaneous biopsies could be reliable for identifying patients who will benefit from anti-
PD-1/PD-L1 immunotherapy.

Keywords: programmed death-ligand 1 (PD-L1), biopsy, surgical resected specimen, PET/CT, non-small cell
lung cancer
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death
worldwide, and it is projected to account for over 22% of deaths
in 2020 in the United States (1). Non-small cell lung cancer
(NSCLC) accounts for about 80% of lung cancers. NSCLC has
poor prognosis, but immunotherapy has markedly improved
survival in patients with advanced NSCLC without driver
alterations. In the KEYNOTE-024 and KEYNOTE-042 phase III
clinical trials, programmed cell death protein 1 (PD-1)-targeted
immunotherapy significantly improved the overall survival (OS)
rate compared with standard therapy in advanced NSCLC (2, 3).
Based on these studies, the FDA approved pembrolizumab as the
first-line treatment for advanced NSCLC patients with a Tumor
Proportion Score (TPS) of ≥50% (based on KEYNOTE-024) and
1% (based on KEYNOTE-042), respectively.

Other immunotherapies targeted against PD-1 or programmed
death-ligand 1 (PD-L1), such as nivolumab, atezolizumab, and
durvalumab (Supplemental Table 1), also showed OS benefit
with similar PD-L1 cut-off values (4, 5). Thus, determining PD-L1
expression status may help select patients who will optimally
benefit from immunotherapy. Immunohistochemistry (IHC) has
been widely used to evaluate PD-L1 status in both clinical trials
and routine clinical practice. Currently, PD-L1 testing is mainly
performed on biopsy samples, which may not be representative of
the whole tumor. Thus, the concordance of TPS between lung
biopsies and matched surgical specimens remains controversial
(6), which may result in decreased confidence on the reliability of
biopsies for PD-L1 testing.

Image-guided percutaneous biopsy is currently widely used as
it is minimally invasive and is associated with fewer complications.
CT-guided biopsy is the most common approach for sampling of
lung lesions, but it has varying diagnostic performance depending
upon the target organ and type of needle used (7, 8). Meanwhile,
18F-FDG PET/CT provides both anatomic structures and
metabolic features and has therefore been suggested to improve
the diagnostic accuracy of image-guided biopsy (9–12). We have
previously reported the importance of PET/CT-guided biopsy for
patient evaluation at various stages of cancers (9, 13, 14). Applying
PET/CT information to image-guided biopsy may facilitate
accurate histopathological diagnosis and help with staging.
However, only few studies to date have compared the reliability
and reproducibility of PET/CT-guided biopsy with corresponding
resected surgical specimens. Moreover, the use of PD-L1 as a
biomarker for determining sensitivity to PD-1/PD-L1 checkpoint
blockades has raised concerns on the reliability of biopsy samples
compared with surgical specimens. Thus, the present study aimed
to evaluate the concordance of immunohistochemical expression
of PD-L1 between image-guided biopsies and matched
surgical specimens.
MATERIALS AND METHODS

Patient Population
The study protocol was discussed and approved by the
institutional review board of the First Affiliated Hospital of
Frontiers in Oncology | www.frontiersin.org 2
Xiamen University (ID, KY2017-001), and written informed
consent was obtained from all patients.

We retrospectively evaluated 157 patients with operable
NSCLC who underwent both diagnostic percutaneous lung
biopsy and surgical resection at the First Affiliated Hospital of
Xiamen University, between December 2016 and October 2019.
The exclusion criteria were as follows: (i) history of
chemotherapy or radiotherapy before biopsy and surgery and
(ii) incomplete preoperative clinical record, including data on
body mass index, smoking history, blood routine examination,
and blood biochemistry examination. Of the 157 patients, 82
underwent CT-guided biopsy, while the other 75 patients
underwent 18F-FDG PET/CT-guided biopsy. Eventually, 138
matched biopsy and surgical resection specimens were
obtained for further IHC analysis of PD-L1 expression. There
were 72 men and 66 women in the derivation cohort, and the
median patient age was 63 years (range: 25–81 years). In total, 53
(38.4%) patients were current or former smokers. All patients
were staged or restaged according to the 8th International
Association for the Study of Lung Cancer staging system based
on postoperative pathological result. Overall, 61 (44.2%) patients
had stages II–III disease, and majority (n = 116, 84.1%) had non-
squamous histology. The clinicodemographic characteristics of
the 138 patients are summarized in Table 1.

Image-Guided Percutaneous Biopsy
Diagnostic percutaneous lung biopsy was performed under
either CT guidance or 18F-FDG PET/CT guidance. 18F-FDG
PET/CT protocol and imaging analysis were performed as
previously described (15). The imaging modality was
determined based on discussions with the referring oncologists.
The biopsy target was decided by the referring oncologists and
interventional radiologists based on the results of 18F-FDG PET/
CT or CT scan.

Image-guided biopsy was performed with an 18G or 20G
semiautomatic core needle (Coaxial Achieve, Bard, IL, USA)
with coaxial guide needle. The percutaneous biopsy was
performed by a board-certified interventional radiologist
following a step-by-step technique as previously described (8,
13). Briefly, the patients were positioned in a supine or prone
position in accordance with factors such as the location of FDG-
avid lesion, shortest skin-to-target distance, and optimal needle
path. Interventions were conducted under aseptic conditions
after administration of local anesthesia using 2.0% lidocaine. The
needle was introduced in a stepwise manner under fused PET/
CT and CT imaging guidance. Three or four specimens were
obtained from each patient, after which histopathological
examination and immunohistochemical staining were
performed on each specimen. After the biopsy, the patients
were observed by referring oncologists for at least 24 h, and
the patients were asked to report any abnormality.

Immunohistochemistry
The samples were prepared and stained as previously described
(15). In brief, formalin-fixed, paraffin-embedded tumor tissues
were sliced into 4 mm-thick sections. For IHC detection of PD-
L1, we used the BenchMark GX automated slide stainer (SP263,
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Ventana, Oro Valley, AZ, USA) to stain the sections with the PD-
L1 antibody according to the manufacturer’s recommended
protocol. Positive control (placenta) and negative control
samples were run simultaneously.

The immunostained tissue sections were scored according to
the PD-L1 scoring algorithm (16, 17) by three independent
experienced pathologists who were blinded to the clinical data.
Discrepancies in the PD-L1 score were resolved by reviewing the
Frontiers in Oncology | www.frontiersin.org 3
slides again. The cut-off values for PD-L1 expression were set to 1
and 50%.

Statistical Analysis
All statistical analyses were conducted using the SPSS 22.0
statistical analysis software (IBM, Armonk, NY, USA). For
continuous data, we used the t-test or the Wilcoxon test for
analyses, as appropriate. The concordance of PD-L1 TPS
between surgical specimens and lung biopsies was evaluated
using Cohen’s kappa (k) coefficient (18, 19). The relative
strength of agreement was interpreted as follows: k <0, poor;
0.01–0.20, slight; 0.21–0.40, fair; 0.41–0.60, moderate; 0.61–0.80,
substantial; and 0.81–1.00, almost perfect (18, 19). Between group
comparisons were performed using the chi-squared test, Yates’
correction of chi-squared test, or Fisher’s exact test. The correlation
between different variables was analyzed using the non-parametric
Spearman’s rank test. All tests were two-sided, and a P value lower
than 0.05 was considered statistically significant.
RESULTS

The diagnostic success rates of CT- and PET/CT-guided biopsy
were 82.9% (68/82) and 93.3% (70/75), respectively. There were
11 central and 146 peripheral NSCLCs. Fourteen (8.9%) patients
underwent pneumothorax, while 10 (6.4%) patients happened
hemoptysis. PD-L1 TPS was <1, 1–49, and ≥50% in 72, 51, and
15 percutaneous biopsy specimens, respectively, and in 58, 63,
and 17 surgical resection specimens, respectively (Figure 1A).
Compared with the whole tumor section, 19 biopsy specimens
underestimated the PD-L1 TPS, while only three biopsy section
overestimated the TPS. Regarding the concern that biopsy
specimens may underestimate the PD-L1 expression, four cases
(one with PET/CT-guided biopsy, and three with CT-guided
biopsy) in our study showed lower PD-L1 TPS in diagnostic
biopsies (1–49%) as compared to the surgical samples (> 50%).
A B C

FIGURE 1 | Distribution of PD-L1 Tumor Proportion Score (TPS) for both biopsy specimens and matched surgical specimens in the overall patient population (A),
in the CT-guided biopsy group (B), and in the PET/CT-guided biopsy group (C).
TABLE 1 | Clinicodemographic characteristics of the study patients.

Characteristic Number %

Age (years)
<65 79 57.2%
≥65 59 42.8%
Median (range) 63 (25–81)

Sex
Male 72 52.2%
Female 66 47.8%

Smoking history
Nonsmoker 85 61.6%
Smoker 53 38.4%

Histology
Squamous cell carcinoma 22 15.9%
Adenocarcinoma 116 84.1%

Clinical stage (International Association
for the Study of Lung Cancer 8th)
I 77 55.8%
II/III 61 44.2%

Tumor size (cm)
≤3 94 68.1%
>3 44 31.9%

Derived neutrophil–lymphocyte ratio
<3 133 96.4%
≥3 5 3.6%

Lactate dehydrogenase (U/L)
<240 129 93.5%
≥240 9 6.5%

Body mass index
<25 102 73.9%
≥25 36 26.1%
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The tissue sections from the biopsy and surgical resection in the
four cases were further cautiously analyzed by our experienced
pathologists, and a highly heterogenous expression of PD-L1 in
the surgical specimen was observed in two out of four cases.
There was no significant difference in PD-L1 TPS between biopsy
and surgical tissue sections (P = 0.24).

The overall concordance rate for PD-L1 TPS between
percutaneous biopsy specimens and matched surgical specimens
was 84.1% (116/138). The Cohen’s k value was equal to 0.73 (95%
CI: 0.63–0.83, P < 0.001), indicating substantial agreement. The
concordance rate at a cut-off value of 1% PD-L1 TPS was 88.4%,
and the k value was equal to 0.77. The concordance rate at a cut-off
value of PD-L1 TPS 50% also indicated substantial agreement (k =
0.79). Representative images of concordant and discordant PD-L1
between biopsy and matched surgical specimens are shown in
Figures 2 and 3, respectively. The Cohen’s k value according to
histological subtypes was 0.79 (95% CI: 0.57–1, P < 0.001) for
squamous cell carcinoma and 0.71 (95% CI: 0.59–0.83, P < 0.001)
for lung adenocarcinoma.

There was no statistical difference in the distribution of PD-
L1 TPS between biopsy and surgical specimens (Figures 1B, C).
The concordance rate for PD-L1 TPS between CT-guided biopsy
and matched surgical tissue was 79.4% (54/68), and the Cohen’s
Frontiers in Oncology | www.frontiersin.org 4
k value was 0.66 (95% CI: 0.50–0.82, P < 0.001), which indicated
substantial agreement. Meanwhile, the concordance rate between
PET/CT-guided biopsy specimen and matched surgical resection
specimen was higher at 88.6% (62/70), and the Cohen’s k value
was 0.81 (95% CI: 0.68–0.94, P < 0.001), which indicated almost
perfect agreement (Table 2). PD-L1 TPS was significantly
associated with SUVmax on Spearman correction analysis (P =
0.048, Supplemental Table 2). Representative 18F-FDG PET/CT
images for lung biopsy are shown in Figure 4.

As the CT and PET/CT groups had different concordance
between percutaneous biopsy and matched surgical specimens,
between-group comparisons were performed. The results
showed no signifcant difference in the measured PD-L1 TPS
between CT-guided biopsies and PET/CT-guided biopsies (P =
0.47). There was no significant difference in the primary
clinicodemographic characteristics between the two cohorts
(Supplemental Table 3).
DISCUSSION

Anti-PD-1/PD-L1 immunotherapy has improved the prognosis
of NSCLC. In particular, nivolumab and pembrolizumab have
FIGURE 2 | Representative images of concordant cases between biopsy specimens (left panel) and matched surgical resection specimens (right panel). The PD-L1
Tumor Proportion Score (TPS) in the biopsy tumor specimen (A) and the corresponding resected tumor (B) were both ≥50%. PD-L1 TPS in the biopsy tumor (C)
and the matched resected specimen (D) were both <1%. All images are at ×40 magnification.
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significantly improved the long-term survival of patients with
NSCLC (20, 21). Compared to the usual OS rate of 5% with
standard chemotherapy, the 5-year OS rate of pembrolizumab
treatment was 29.6% in NSCLC patients with a PD-L1 TPS of
over 50% in the KEYNOTE-001 study (21). Therefore,
determining the PD-L1 TPS may help identify patients who
will benefit from PD-1/PD-L1 blockade therapy, allowing for a
more individualized treatment approach and avoiding
unnecessary treatment. In this study, the percentage of
NSCLCs with PD-L1 TPS <1, 1–49, and ≥50% were 42.0, 45.7,
and 12.3%, respectively, which was in agreement with the
previous publication (22). Accordingly, our study evaluated the
Frontiers in Oncology | www.frontiersin.org 5
concordance of tumor PD-L1 expression between image-guided
percutaneous biopsies and matched surgical specimens in
patients with NSCLC. Our results indicated substantial
agreement of the PD-L1 TPS between surgical specimens and
matched lung biopsies. Notably, samples from PET/CT-guided
biopsy demonstrated higher success rate and concordance with
surgical tissue sections than those from CT-guided biopsy.

PD-L1 testing using surgical specimens is rarely feasible in
patients with NSCLC because of diagnosis at the advanced stage.
Our results support the reliability of PD-L1 TPS determined
using image-guided percutaneous biopsy specimens. These
results can help establish PD-L1 expression assessed using
image-guided biopsy specimen as a reliable biomarker for
predicting benefit from anti-PD-1/PD-L1 immunotherapy.

Previous investigations have shown that intratumoral
heterogeneity of PD-L1 expression exists within the entire
surgical specimen (23), which may result in low concordance
with the results obtained on diagnostic biopsies. As such, the
concordance of PD-L1 status between biopsy samples and
matched resected specimens varied across previous studies. For
example, Tsunoda et al. and Kitazono et al. showed good
concordance (24, 25), whereas Ilie et al. and Erik et al.
demonstrated poor concordance (6, 26). It is worth noting that
FIGURE 3 | Representative images of discordant cases between biopsy specimens (left panel) and matched resected specimens (right panel). The PD-L1 Tumor
Proportion Score (TPS) was 10% in the biopsy tumor specimen (A) and was ≥50% in the corresponding resected tumor (B). PD-L1 TPS in the biopsy specimen
was <1% (C) and was 20% in the matched surgical specimen (D). All images are at ×40 magnification.
TABLE 2 | Cohen’s k for concordance between percutaneous biopsy and
matched surgical specimens based on TPS.

PD-L1 cutoff Cohen’s kappa (k)

Overall population
(N = 138)

CT group
(N = 68)

PET/CT group
(N = 70)

Tumor Proportion
Score (TPS) ≥1%

0.77 0.7 0.83

TPS ≥50% 0.79 0.72 0.86
Overall 0.73 0.66 0.81
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the biopsy samples in all of these studies were mainly obtained
from bronchoscopic biopsy (includes EBUS-TBNA,
transbronchial or endobronchial biopsy), and part of the
specimen were metastatic lymph nodes instead of primary lung
tumors (6, 24–26). Despite being minimally invasive, a tissue
core usually is not obtained with bronchoscopic biopsy, limiting
a detailed morphologic examination and therefore (27), may
affect the observation on PD-L1 expression of tumor cell
membrane. In our study, all biopsy specimens were obtained
percutaneously using image guidance, which allowed sufficient
tissues (generally 3–4 biopsy fragments were obtained for each
patient, 8–12 mm * 0.5 mm for each fragment) than
bronchoscopic biopsy and tissue microarrays. Although
previous study reported a significant difference regarding the
number of biopsy tissues between concordant and discordant
case (6), we still cannot conclude that more sufficient tissues
obtained via percutaneous biopsy is the reason for the high PD-
L1 concordance observed in our study relative to studies wherein
most tissue was obtained with bronchoscopy. Further
investigation that comparing percutaneous to bronchoscopic
biopsy with respect to PD-L1 testing, is in of itself an
important subject matter, but not one addressed in this study.

A successful biopsy procedure must provide a diagnostic sample
of tissue, which means the sample of tissue must adequately show
the presence of malignancy and specific histopathologic features.
Although, PET/CT-guided percutaneously obtained biopsy is not
the universal standard of care for image guided biopsies, PET/CT
guidance has been widely used to improve the biopsy success rate
(9–12). In our study, PET/CT-guided biopsy samples
demonstrated a higher success rate (93.3%) than did CT-guided
Frontiers in Oncology | www.frontiersin.org 6
biopsy samples (82.9%), and no significant difference regarding
patients’ characteristics was observed between those who
underwent PET/CT-guided biopsy and CT-guided biopsy.
According to our experience, PET/CT-guided biopsy
demonstrates the following advantages: First, reducing the
frequency of sampling failure can improve biopsy results and
patient experiences. Second, resulting in a higher percentage of
malignant lesions than did CT-guided biopsy, which could be
explained by better identification of the lesion site based on the
integration of anatomic structure with metabolic features. For
example, we found that 18F-FDG PET/CT-guided biopsy has
better accuracy in NSCLC with pulmonary atelectasis in this
study (Figure 4). Moreover, PET/CT allows identification of
FDG-avid lesions that are most accessible to biopsy from among
multiple lesions with similar uptake (9–11). Biopsy of the most
accessible lesion could simultaneously reduce the risk of
complications and minimize the sampling error.

Another important finding of this study is that samples from
PET/CT-guided biopsy showed stronger concordance with
surgical tissue sections than those from CT-guided biopsy,
despite that, there was no significant between-group difference
in patient characteristics. Considering the possibility of intra-
tumor heterogeneity of PD-L1 expression in NSCLC, sampling
the specimen that accurately reflects the PD-L1 status is important
(28). Increasing evidence show 18F-FDG uptake in NSCLC
samples was positively correlated with PD-L1 expression (29–
32), which has been further confirmed in our study. This might be
one of the reasons that the FDG uptake of the primary lesion was
able to predict the immunotherapy response (33, 34). In some
cases, 18F-FDG PET/CT can show the heterogeneity of
FIGURE 4 | A 58-year-old man with suspected lung carcinoma underwent 18F-FDG PET/CT for tumor staging before treatment. The maximum intensity projection
image (A) shows intense activity in the left upper lobe of the lung (arrow). Axial view of PET/CT (B) CT scan, (C) PET image, (D), combined PET/CT image, shows
the metabolic active mass (arrow) with atelectasis in its caudal part. Axial view of CT image (E) shows biopsy needle positioned into the metabolic active area (arrow).
Histological examination confirmed the lung lesion as primary adenocarcinoma.
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metabolism in lesions, which are of equal density in CT. Puncture
sampling of areas with 18F-FDG-avid focus may help obtain
representative specimens for measuring PD-L1 expression.

Compared with previous investigations, our study has the
following advantages. First, we compared PD-L1 expression
between surgical t issue sect ions and image-guided
percutaneous biopsies in the same group of patients. In the
ATLANTIC study that included over 1500 NSCLC patients, PD-
L1 expression status was not significantly different between
biopsy and surgical samples (35). However, the samples (1,365
samples were obtained by biopsy and 180 by surgical resection)
were not matched from the same patients. Second, we used
relatively new samples for PD-L1 staining; the specimen in our
cohort was less than 3 years old. A previous study showed that
samples older than 3 years may show lower PD-L1 TPS on IHC
(35). Third, we used SP263 as the antibody for PD-L1
measurement, and the cut-off value was clinically relevant (2–
5). SP263 antibody in PD-L1 assay has been reported to have
high reliability and reproducibility for NSCLC tumor samples
(16, 36, 37). Blueprint PD-L1 IHC Assay Comparability Project
Phase 2 conso l ida tes the ana ly t i ca l ev idence for
interchangeability of the 22C3, SP263, and 28-8 assays because
of the similar analytical performance (38).

Despite its advantages, our study also has some notable
limitations that need to be addressed. First, our cohort did not
include patients with stage IV NSCLC, and all patients had
resectable disease. Consequently, the concordant between biopsy
samples and matched surgical specimens was mostly applied to
early stage NSCLCs, rather than advanced disease. Second, anti-
PD-1/PD-L1 immunotherapy to date was mainly used in
unresectable NSCLC patients, but the patients in our cohort
were treated with surgery rather than immunotherapy. However,
the apparent survival benefit of immunotherapy has transformed
it from being an alternative modality to being the recommended
first-line treatment in the real world. Anti-PD-1/PD-L1
immunotherapy in the neoadjuvant setting also showed
encouraging results in patients with resectable lung cancer (39,
40). Third, we did not examine multiple areas of the surgical
specimens to evaluate the PD-L1 expression. Since the PD-L1
protein levels in NSCLC reveals heterogeneity within tumors, the
PD-L1 expression of the whole tumor in this study may not be
fully evaluated. Additionally, this was a retrospective, single-
center study with a moderate number of patients. Prospective,
multicenter studies with a larger patient population are needed.
Frontiers in Oncology | www.frontiersin.org 7
In conclusion, PD-L1 expression is concordant between
diagnostic percutaneous biopsy samples and matched surgical
specimens. Thus, PD-L1 expression in image-guided
percutaneous biopsies could be a reliable biomarker for
screening patients who will benefit from anti-PD-1/PD-
L1 immunotherapy.
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