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Comparison of PD-L1, EGFR, ALK, and ROS1 Status Between Surgical
Samples and Cytological Samples in Non-Small Cell Lung Carcinoma
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Background: The expression levels of Programmed death ligand-1
(PD-L1), epidermal growth factor receptor (EGFR), anaplastic lym-
phoma tyrosine kinase gene (ALK), and proto-oncogene tyrosine-
protein kinase 1 ROS (ROS1) are important for targeted treatment
selection in advanced lung cancer. Most patients with lung cancer are
diagnosed at an advanced stage and have no chance of surgery. For this
reason, the accuracy and reliability of cytology samples for detecting
those markers is important in patients whose histological sampling can-
not be performed.

Aims: To test the compatibility of histological and cytological sample
analysis results of EGFR, ALK, ROS1 and PDL-1 in patients with
NSCLC and to determine the adequacy of cytological analysis for
PD-L1 expression.

Study Design: Retrospective cross-sectional study.

Methods: The results of 231 patients whose PD-L1 was studied in
2018 were analyzed retrospectively. We excluded 11 inappropri-
ate samples. A total of 220 samples were distributed as follows;
66 (30.0%) cytology specimens, 64 (29.1%) small histology biopsies,

and 90 (40.9%) surgical biopsies. EGFR, ALK, ROS1 and PD-L1 anal-
ysis were performed in 139, 134, 116, and 220 patients, respectively.
Samples containing >400 cells were considered suitable for molecular
cytological study.

Results: A total of 154 (70.0%) histological (surgical biopsy) and 66
(30.0%) cytology samples were analyzed. There was no statistically
significant difference between histological and cytological samples in
terms of cellular adequacy for all molecular markers [EGFR: 93.7%
and 90.9% (P = .556), ALK: 97.8% and 95.3% (P = .436) , ROSI:
89.9% vs. 91.9% (P = .729), PD-L1: 95.5% vs. 92.4% (P = .364)].
There was no statistically significant difference in the expression posi-
tivity rates of all biomarkers between histological and cytological sam-
ples [EGFR: 9.0% vs. 2.5% (P =.018), ALK: 7.9% vs. 9.8% (P =.719),
ROS1 : 1.4% vs. 2.9% (P =.591), PD-L1: 54.4% vs. 41.0% (P =.078)].
Conclusion: The cellular adequacy of cytology specimens for molecu-
lar testing in patients with NSCLC is satisfactory. This study shows
that EGFR, ALK, ROS-1 and PDL-1 expression rates in cytological
samples are not statistically different from histological samples.

INTRODUCTION

Lung cancer (LC) is the most common global cause of cancer
deaths in the 21st century. Despite the development of cancer ther-
apies, the treatment of LC is still challenging. As a class, non-small
cell lung carcinoma (NSCLC) is the most prevalent subtype and
accounts for nearly 75% of LCs."

Although LC screening programs have detected more patients
with NSCLC at an early stage, a significant number of patients
with NSCLC have metastatic disease or are locally advanced
at diagnosis.”> The management and treatment of patients with

advanced-stage NSCLC have shown great improvements. The
development of effective systemic treatments for somatic muta-
tions and rearrangements has revolutionized LC treatment.> The
primary treatment of metastatic NSCLC depends on the detection
of some molecular driver mutations, such as those alterations in
epidermal growth factor receptor (EGFR) and rearrangement of
anaplastic lymphoma tyrosine kinase gene (ALK) and proto-onco-
gene tyrosine-protein kinase 1 ROS (ROS1).* Currently, LC has
become a prototype for solid tumors in regard to the success of
targeted therapies. Testing for the EGFR mutation and the ALK
and ROS1 mutations is required in the pretreatment algorithm in
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cases of advanced-stage LC. Compared with conventional plati-
num-based chemotherapy, patients using tyrosine kinase inhibitors
have been reported to have longer survival, less toxicity, and a bet-
ter quality of life.

Advanced-stage patients with NSCLC without targetable genetic
alterations have been limited to conventional therapies. Blockade of
programmed cell death protein-1 (PD-1) and its ligand (programmed
cell death ligand-1 [PD-L1]) using monoclonal antibodies such as
pembrolizumab has been demonstrated to produce permanent
responses in metastatic and locally advanced NSCLC, including
squamous cell carcinoma.? However, immune checkpoint inhibitors
may trigger immune-related adverse effects, such as autoimmune
disorders and pneumonitis. Therefore, biomarkers capable of identi-
fying patients who are most likely to respond to immune checkpoint
inhibitors are critical for the therapy. Tumors with high PD-L1 expres-
sion show a better response to anti-PD-1 therapy.® More recently,
the use of pembrolizumab was approved for first-line therapy in
advanced NSCLC, immunohistochemically showing a PD-L1(clone
22C3) tumor ratio score (TPS) of 1.0% or more.’

The pathologic diagnosis is mostly made with small biopsies or
cytologic material in patients with advanced-stage LC.* Despite
the challenge constantly posed by the presence of small and lim-
ited histologic samples, genotyping of tumor samples is broadly
accepted on cytologic and small histologic samples.” According to
the guidelines, EGFR and ALK testing on cytologic specimens and
cell blocks is advocated.'®!!

In the current study, the use of PD-L1 quantification was investi-
gated in cytologic samples of NSCLC.

MATERIAL AND METHODS

Patients and Specimens
We performed a retrospective analysis of molecular pathology
reports of patients with PD-L1-stained NSCLC at our center from
January 2018 to December 2018. To obtain more accurate results,
samples that had not undergone mutation analysis were excluded.
Formalin-fixed paraffin-embedded (FFPE) tissues, cell blocks
(CB), and cytologic slides (Figure 1) were used for these molecular
mutation tests. The study was approved by the Ethics Committee
of Ege University (Approval No.: 21-2T/55).

Cytologic slides were obtained using image-guided fine-needle
aspiration (FNA), FNA only, transthoracic aspiration, thoracente-
sis, and pericardiocentesis. Expelled tissues from these aspirates
were processed as smears, and residual samples were prepared for
liquid-based cytology using a ThinPrep5000 automated slide pro-
cessor (Hologic, Marlborough, MA, USA), as described in the kit’s
instructions. All slides were fixed in 90% ethanol and stained using
the Papanicolaou method. Thoracentesis and pericardiocentesis
specimens were prepared for liquid-based cytology.

CBs were prepared as follows: Cytologic specimens were spun
down and the pellets were embedded into paraffin blocks. If the
cytologic specimen was in ThinPrep solution, the CB was prepared
from residual ThinPrep test samples using the plasma thrombin
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FIG. 1. Cytologic findings. Non-small cell lung carcinoma. Clusters of epithe-
lial cells with high nuclear/cytoplasmic ratio are observed (x400).

method."” The histologic samples were embedded into paraffin after
fixation in 10% neutral buffered formalin. The overall fixation time
was determined as 4 hours and 48 hours depending on the speci-
mens (Figure 2). Samples were prepared and stained with hema-
toxylin—eosin (H&E) and assessed under a microscope. Samples
containing >400 cells were considered suitable for molecular study.

We evaluated pathology reports from 231 patients with NSCLC ana-
lyzed for EGFR, ALK, ROS1, and PD-L1 expression in our center
from January 2018 through December 2018. However, we did not
perform mutation analysis in 11 cases because of insufficient and
poor quality DNA. A total of 220 cases were included. One hundred
thirty (59.1%) patients who were tested for EGFR, ALK, ROSI,
and PD-L1 expression were diagnosed in our department and 90
(40.9%) patients were diagnosed in other laboratories and referred
for mutation analysis to our laboratory. One hundred seventy-
nine samples (81.4%, 179/220) were taken from the lung and 41
(18.6%, 41/220) were from other locations. There were 66 (30.0%,

FIG. 2. Cell block findings of non-small cell carcinoma (x400).
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66/220) cytology specimens, 64 (29.1%, 64/220) small histologic
biopsies, and 90 (40.9%, 90/220) surgical biopsies. Small histologic
biopsy specimens were included in 19 (19/64, 29.6%) CT-guided
needle biopsy samples, 35 (35/64, 54.6%) endobronchial forceps
biopsy specimens, and 10 (10/64, 15.8%) other histologic biopsy
samples. Cytology samples were obtained from 27 (27/66, 40.9%)
EBUS-FNA specimens, 3 (3/66, 4.5%) other FNA specimens, 29
(29/66, 43.9%) transthoracic aspiration specimens, and 7 (7/66,
10.7%) thoracentesis or pericardiocentesis specimens. Specimens
were diagnosed as adenocarcinoma (n = 151, 68.6%), NSCLC not
otherwise specified (NSCLC-NOS) (n = 26, 11.8%), squamous cell
carcinoma (n =41, 18.6%), and other carcinomas (n =2, 1.0%). The
detailed clinicopathologic specimens and patient information are
defined in Table 1. EGFR, ALK, ROS1 and PD-L1 analysis were
performed in 139, 134, 116, and 220 patients, respectively.

Epidermal Growth Factor Receptor Analysis
Formalin-fixed paraffin-embedded tissues, CBs, and stained cyto-
logic slides were used for EGFR mutation analysis. The pathologist
chose the tumor or tumor-rich fields for EGFR mutation analysis.

TABLE 1. Clinical and Pathologic Details of the Patients and Specimens

Characteristics
Specimens 220 (100%)
Site
Lung 179 (81.4%)
Regional lymph nodes 24 (10.9%)
Pleura/pericardium/mediastinum 12 (5.5%)
Distant metastasis 5(2.3%)
Brain 2 (0.9%)
Skin 1(0.4%)
Bone 1 (0.4%)
Adrenal gland 1 (0.4%)
Type
Surgical resection 90 (40.9%)
Small histologic biopsy 64 (29.1%)
Cytologic biopsy 66 (30.0%)
Method
Histology 154 (70.0%)
Cytology 66 (30.0%)
Patients 220 (100%)
Sex
Male 167 (75.9%)
Female 53 (24.1%)
Diagnosis

151 (68.6%)

41 (18.6%)

26 (11.8%)
2 (1.0%)

Adenocarcinoma
Squamous cell carcinoma
NSCLC, NOS

Other carcinomas

NSCLC-NOS, non-small lung cancer-not otherwise specified.

FIG. 3. Smear slide is marked on hematoxylin and eosin-stained sections to
select areas rich in tumor or consisting of tumor.

These fields were macrodissected and eliminated as many stromal
or non-tumoral fields (Figure 3). Sterilized scalpels were used to
avoid contamination.

DNA was obtained from CBs and FFPE using a QIAamp DNA
FFPE kit (Qiagen, Germany) based on the kit instructions. For
H&E, Giemsa or Papanicolaou-stained cytologic slides, genomic
DNA was isolated using the phenol-chloroform method. Speci-
mens with >25% tumor cell content were used for the test.

Mutations of exons 18, 19, 20, and 21 were analyzed using the ther-
ascreen EGFR Pyro Kit on an Applied Rotor-Gene Q 2plex real-
time polymerase chain reaction (PCR). All samples were assessed
for mutation analysis according to the manufacturer’s instructions.

ALK and ROS1 Mutation Analysis
FFPE tissues, CBs, and stained cytology slides were used for ALK
and ROS1 mutation testing. On stained cytology slides and H&E-
stained sections, the pathologist marked the tumor or the tumor-
rich areas. Technicians applied ALK and ROS1 by considering
these identified regions. ALK rearrangement was evaluated using a
Vysis ALK Break Apart fluorescence in situ hybridization (FISH)
kit (Abbott Molecular, IL, USA) and the Vysis ROS1 FISH Break
Apart Kit (Abbott Molecular, IL, USA), as described in the instruc-
tions. FFPE specimens were manually processed using the Post
Hybridization Wash Buffer Kit in accordance with the manufac-
turer’s instructions. FISH images were uploaded on the BioView
AllegroPlus system and remotely assessed via BioView SoloWeb.

ALK rearrangement was evaluated based on the package insert
for the Vysis ALK Break Apart FISH Kit. At least 50 tumor cells
were counted. Cells showing break-apart signals (a minimum
of 2 signal diameters apart) or a single orange signal for ALK
and a single green signals for ROS1 were considered positive
(Figure 4). A sample with more than 50% positive nuclei was
considered as positive for ROS1 or ALK rearrangement, and
a sample with less than 10% positive nuclei was considered as
negative for ROS1 or ALK rearrangement. Any sample with 10%
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FIG. 4. ALK FISH of a cell block of good quality. Break-apart signals are
observed (x400).

to 50% positive nuclei was classified as equivocal. If the sample
was equivocal, the slide was evaluated by a second reader who
selected an extra 50 cells to be counted. For these samples, tumor
cells with more than 15% positive nuclei were defined as posi-
tive (Figure 5), and those with less than 15% positive nuclei were
considered negative.

Immunohistochemical PD-L1 Expression Analysis and
Scoring for PD-L1
FFPE tissues and CBs were used for PD-L1 testing. Tissue sec-
tions of 4 pm were cut and mounted on positively charged slides.
PD-L1 staining was performed based on the datasheet instructions
(Dako PD-L1 22C3 PhamDx, Dako North America Inc., Carpin-
teria, CA).

FIG. 5. ROS1 FISH of a conventional cytologic smear with good fluorescent
signals (x400).
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.
FIG. 6. Squamous cell carcinoma with high expression of PD-L1 (x400)

PD-L1 immunostained slides were re-evaluated by 2 experienced
pathologists, independently. Controversial cases were re-analyzed
and resolved through consensus. At least 100 viable and well-
preserved cancer cells were accepted as adequate. PD-L1 expres-
sion was assessed independently both in tumor cells (TCs) and
tumor-infiltrating immune cells (ICs) in both cytologic and surgical
samples. Membranous-stained TCs and ICs were defined as positive.
PD-L1 expressions of tumor cells were evaluated as in the report of
Reck et al.’* According to the recommendations, cancer cells with
weak (1), moderate (2+) or strong (3+) membranous staining were
considered as positive. The Tumor Proportion Score (TPS) was cate-
gorized as <1% (no PD-L1 expression), 1-49% (PD-L1 expression),
and 50% (high PD-L1 expression) cancer cells. At least 100 viable
cancer cells were evaluated as adequate (Figure 6). ICs were assessed
as <10%, no PD-L1 expression; and 10%, PD-L1 expression.

Statistical Analysis

The numerical and categorical variables are summarized as mean
+ standard deviation, frequency, and percentage, respectively. We
compared parametric variables using #-tests and categorical vari-
ables using the chi-square test. The correlation between PD-L1
and other variables was assessed with the Pearson correlation test.
A value of P < .05 was considered statistically significant. When
we performed post-hoc power analysis (based on a rate of PD-L1
accuracy of 99% for histology and 95% for cytology and alpha of
0.05 with a sample size of 220), the power of the study was calcu-
lated as 96.6%. Statistical analyses were performed using the SPSS
version 19.0 for Windows software package (IBM SPSS Corp.;
Armonk, NY, USA).

RESULTS
The median age of the patients was 64 (range, 28-91) years.

EGFR analysis was performed in 139 patients. A total of 40 of 44
(90.9%) cytology samples were adequately cellular for the EGFR
analysis, including 21 of 24 (87.5%) smears and 19 of 20 (95.0%)
CBs. In the study, 35 of 40 (87.5%) small histologic biopsy samples
and 54 of 55 (98.2%) surgical resection specimens were adequately
cellular for EGFR analysis (P =.116). ALK analysis was performed
in 134 cases. A total of 41 of 43 (95.3%) cytology samples were
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TABLE 2. Adequacy Rate According to Specimen Type

No. PD-L1
Specimen No. EGFR No. ALK No. ROS1 Adequate
Type Adequate (%) Adequate (%) Adequate (%) (%)
Cytology 40/44 (90.9%) 41/43 (95.3%) 34/37 (91.9%) 61/66
(92.4%)
Small biopsy 35/40 (87.5%) 36/38 (94.7%) 27/33 (81.8%) 59/64
(92.2%)
Resection 54/55 (98.2%) 53/53 (100%)  44/46 (95.7) 88/90
(97.8%)
Total 129/139 130/134 105/116 208/220
(92.8%) (97.0%) (90.5%) (94.5%)

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma tyrosine kinase gene;
ROSI, proto-oncogene tyrosine-protein kinase 1 ROS; PD-L1, programmed cell death pro-
tein ligand-1.

adequately cellular for ALK analysis, including 21 of 22 smears
(95.4%) and 20 of 21 (95.2%) CBs. A total of 36 0f 38 (94.7%) small
histologic biopsy samples and 53 of 53 (100%) surgical resection
samples were adequate for ALK analysis (P = .256). ROS1 analysis
was performed in 116 cases. A total of 34 of 37 (91.9%) cytology
samples were adequately cellular for ROS1 analysis, including 17 of
19 (89.4%) smears and 17 of 18 (94.4%) CBs. A total of 27 of 33
(81.8%) small histologic biopsy samples and 44 of 46 (95.7%) sur-
gical resection samples were adequately cellular for ROS1 analysis
(P = .111). PD-L1 analysis was performed in 220 cases. Further,
61 of 66 (92.4%) cytology specimens (all CBs), 59 of 64 (92.2%)
small histologic biopsy samples, and 88 of 90 (97.8%) surgical
resection samples were adequate for PD-L1 analysis (P =.213). No
significant difference was found between the specimen types. The
adequacy rate according to specimen type is shown in Table 2.

There was also no difference between histologic and cytologic
specimens; 40 of 44 (90.9%) cytologic specimens and 89 of 95
(93.7%) histologic specimens were adequately cellular for EGFR
analysis (P = .556). A total of of 43 cytology specimens (95.3%)
and 89 of 91 (97.8%) histologic specimens were adequately cellu-
lar for ALK analysis (P = .436); 34 of 37 (91.9%) cytologic speci-
mens and 71 of 79 (89.9%) histologic specimens were adequately
cellular for ROS1 analysis (P = .729); 61 of 66 (92.4%) cytologic
specimens, and 147 of 154 (95.5%) histologic samples were ade-
quately cellular for PD-L1 analysis (P = .364).

EGFR, ALK, ROS and PD-L1 Positivity Rates According to
the Cytologic and Histologic Specimen Subgroups
EGFR mutation was negative in 120 samples (86.3%), posi-
tive in 9 (6.5%), and unsatisfactory for evaluation in 10 samples
(7.2%). EGFR positivity was 9.0% (n = 8) in histologic specimens
compared with 2.5% (n = 1) in cytologic specimens (P = .181).
EGFR positivity was 0.0% (n = 0) in CBs compared with 4.1%
(n = 1) in smear specimens (P = .076). ALK mutation was nega-
tive in 119 samples (88.8%), positive in 11 (8.3%), and unsatisfac-
tory for evaluation in 4 samples (2.9%). ALK positivity was 7.9%
(n = 7) in histologic specimens compared with 9.8% (n = 4) in
cytologic specimens (P = .719). ALK positivity was 9.5% (n = 2)
in CBs compared with 9.0% (n = 2) in smear specimens (P =.197).
ROS1 mutation was negative in 103 samples (88.7%), positive in

TABLE 3. EGFR, ALK, ROS, PD-L1 Positivity Rate According to Cytological
and Histological Specimen Subgroups

Molecular Test No. Histology (%) No. Cytology (%) P

EGEFR positivity 8 (9.0%) 1(2.5%) .181
ALK positivity 7(7.9%) 4 (9.8%) 719
ROSI positivity 1(1.4%) 1(2.9%) 591
PD-L1 positivity 80 (54.4%) 25 (41.0%) .078

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma tyrosine kinase gene;
ROS1, proto-oncogene tyrosine-protein kinase 1 ROS; PD-L, programmed cell death pro-
tein ligand-1.

2 (1.9%), and unsatisfactory for evaluation in 11 samples (9.4%).
ROSI positivity was 1.4% (n = 1) in histologic specimens com-
pared with 2.9% (n = 1) in cytologic specimens (P = .591). ROS1
positivity was 5.5% (n = 1) in CBs compared with 0.0% (n = 0) in
smear specimens (P = .068). There were no differences between all
cytologic and histologic specimens.

Immunohistochemically, of PD-L1 expression (TPS <1%) was
negative (<1%, no PD-L1 expression) in 103 (46.8%) speci-
mens, PD-L1 expression (TPS 1-49%) in 56 (25.4%), high
PD-L1 expression (TPS > 50%) in 49 (22.2%), and unsatisfac-
tory for evaluation in 12 (5.5%) specimens. TPS > 1% was 54.4%
(n =80) in histologic specimens compared with 41.0% (n = 25) in
cytologic specimens However, these relationships did not reach
statistical significance (P = .078). (Table 3). There were also no
statistical differences in the rate of PD-L1 positivity between
other variables.

EGFR, ALK, ROS and PD-L1 Positivity Rates According to
Histology

The positivity rate concordance of EGFR mutations, ALK-ROS1
rearrangement, and PD-L1 expression between tumor tissues and
cytology samples was analyzed according to the histologic diag-
noses. EGFR mutation was positive in 8.1% (n = 8/99) of patients
with adenocarcinoma, and 8.3% (n = 1/12) of patients with
NSCLC-NOS. Other histologic subtypes were negative for EGFR
mutations (P = .814). ALK rearrangement was positive in 6.7%
(n =7/104) of patients with adenocarcinoma, 27.3% (n = 3/11) of
patients with NSCLC-NOS, and 7.7% (n = 1/13) of patients with
squamous cell carcinoma. Other histologic subtypes were negative
for ALK rearrangement (P =.229). ROS1 rearrangement was posi-
tive in 2.2% (n = 2/89) of patients with adenocarcinoma, and other
histologic subtypes were negative for ROS1 rearrangement (P =
.947). PD-L1 expression was positive in 48.3% (n = 70/145) of
patients with adenocarcinoma, 40.9% (n = 9/22) of patients with
NSCLC-NOS, 64.1% (n = 25/39) of patients with squamous cell
carcinoma, and 100% (n = 1/1) of patients with pleomorphic carci-
noma. Other histologic subtypes were negative for PD-L1 expres-
sion (P = .200). The EGFR, ALK, ROSI1, and PD-L1 positivity
rates according to histologic subgroups are shown in Table 4.

PD-L1 Expression According to EGFR, ALK, and ROS1
Subgroups
PD-L1 expression (TPS >1%) was present in 44.4% of the sam-
ples (n = 4/9) with EGFR mutations, 63.6% of the samples (n =

Balkan Med J, Vol. 38, No. 5, 2021



292

Ekin et al. PD-L1, EGFR, ALK, AND ROSI1 Status Between Surgical and Cytological Samples in NSCLC

TABLE 4. EGFR, ALK, ROS, and PD-L1 Positivity Rate According to Histological Subgroups

No. EGFR Positivity (%)

No. ALK Positivity (%)

No. ROS1 Positivity (%) No. PD-L1 Positivity (%)

Adenocarcinoma 8 (8.1%)
Squamous cell carcinoma 0 (0.0%)
NSCLC-NOS 1(8.3%)
Pleomorphic carcinoma 0 (0.0%)
Other carcinoma 0 (0.0%)

7 (6.7%) 2(2.2%) 70 (48.3%)
1 (7.7%) 0 (0.0%) 25 (64.1%)
3(27.3%) 0 (0.0%) 9 (40.9%)
0 (0.0%) 0 (0.0%) 1 (100%)
0 (0.0%) 0 (0.0%) 0 (0.0%)

EGEFR, epidermal growth factor receptor; ALK, anaplastic lymphoma tyrosine kinase gene; ROS1, proto-oncogene tyrosine-protein kinase 1 ROS; PD-L1, programmed cell death protein

ligand-1; NSCLC-NOS, non-small lung cancer-not otherwise specified.

7/11) with ALK rearrangement, and 50.0% of the samples (n = 1/2)
with ROS1 rearrangement. There was no correlation between the
PD-L1 expression scores and EGFR mutations, ALK, and ROS1
rearrangement (correlation coefficient, P = .96, P = 33, and P =
.96, respectively).

PD-L1 Expression Rate of Tumor-Infiltrating Immune Cells
PD-L1 expression of tumor-infiltrating ICs (TPS>10%) was
present in 93.4% of histology samples (n = 57/147) and 6.6% of
cytology samples (n = 4/61). There was a significant difference
between cytologic specimens and histologic specimens (P < .05).
Tumor-infiltrating ICs’ PD-L1 expression (TPS >10%) was pres-
ent in 33.3% of samples (n = 3/9) with EGFR mutations, 18.2% of
samples (n =2/11) with ALK rearrangement, and 0% of samples (n
= 0) with ROS1 rearrangement. There was no correlation between
tumor-infiltrating IC PD-L1 expression scores and EGFR muta-
tions, and ALK and ROS1 rearrangement (Pearson’s correlation
coefficient, P =.680, P =.385, and P = .376). The pathologic char-
acteristics of patients are shown as subdivided PD-L1 expressions
in Table 5.

DISCUSSION

Lung carcinoma can show various histologic findings."* Generally,
it is not easy to determine the histologic type of LC in small biopsy
and cytology samples, and additional ITHC staining is needed for

TABLE 5. Patient Pathologic Characteristics in Relation to PD-L1 Expression

the diagnosis. This often causes tissue loss for further assessment.
In addition, due to recent advances in the molecular mechanism of
LC and the success of targeted therapeutic agents, molecular tests
are required to determine the optimal treatment procedure.'* Unfor-
tunately, patients with NSCLC usually present with advanced-
stage disease." Cytology is a useful diagnostic technique that is
preferred for obtaining biopsy samples in such patients.'* More-
over, patients with advanced-stage LC often have pleural and peri-
cardial effusions, which have to be drained to reduce symptoms,
and using effusion fluids and other cytologic materials will save
unnecessary invasive procedures for IHC and molecular methods
in patients lacking surgical material.'

Recently, anti-PD-1 agents have played a key role in advanced LC.
The determination of PD-L1 expression is important in assessing
the response to PD-1 and PD-L1. In this study, the compatibility of
EGFR, ALK, ROSI, and PD-L between histologic and cytologic
specimens were evaluated and it indicates that cytologic samples
of NSCLC have sufficient cellularity in most cases to quantify
PD-L1 expression.

Previous studies stated that cytologic specimens of NSCLC had
adequate cellularity and were useful for molecular testing.” In a
study by Pang et al.'® including 670 patients with NSCLC, 11.9% of
cytologic samples and 10.9% of histologic samples had insufficient
tumor cells for EGFR testing. We have also found that cytologic

Tumor Cell PD-L1 Tumor Cell PD-L1

Tumor-Infiltrating
Immune Cell PD-L1

Tumor-Infiltrating
Immune Cell PD-L1

Characteristic Expression >1% Expression <1% P Expression >10% Expression <10% P
Sex
Male 49.7% (80) 50.3% (81) .673 27.3% (44) 72.7% (117) 241
Female 53.2% (25) 46.8% (22) 36.2% (17) 63.8% (30)
Histology
Adenocarcinoma 48.3% (70) 51.7% (75) 207 29.7% (43) 70.3% (102) .807
Squamous Cell Carcinoma 64.1% (25) 35.9% (14) 33.3% (13) 66.7% (26)
NSCLC-NOS and Other 41.6% (10) 58.3% (14) 20.8% (5) 79.2% (19)
Molecular Signature
EGFR mutation 44.4% (4) 55.6% (5) .964 33.3%(3) 66.7% (6) .680
ALK rearrangement 63.6% (7) 36.3% (4) 363 18.2% (2) 81.8% (9) 385
ROS1 rearrangement 50% (1) 50% (1) .966 0% (0) 100% (2) 376

EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma tyrosine kinase gene; ROS1, proto-oncogene tyrosine-protein kinase 1 ROS; PD-L1, programmed cell death protein

ligand-1; NSCLC-NOS, non-small lung cancer-not otherwise specified.
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specimens of NSCLC had adequate cellularity for FISH molecular
testing (95.2% for ALK, 97.4% for ROS1). Many studies have used
FISH for ALK on CBs yielding inconsistent data. Bravaccini et al.
published 27(23%) cytologic materials, 3 (2.5%) of which were
cell block and 24(20.5%) of which were conventional smears,
as insufficient for ALK FISH.!" On the other hand, other studies
recorded an unsuccessfully approximate rate of 30% with CBs due
to insufficient tumor cells in cytologic CB samples.'® Those dif-
ferent studies advised a standardization of CB preparation to opti-
mize the use of cytologic specimens and to increase the value of
the samples for molecular tests. It has been shown that the FISH
performed on cytologic samples is more convenient and less prob-
lematic than that performed on histologic samples."” To the best
of our knowledge, there are insufficient data regarding FISH for
ROSI on cytologic samples. There is only one published study
comprising 12 samples which has used FISH for ROS1 on cyto-
logic smears.? In a previous study, Noll et al. have reported that
92% of cytology CB samples had an adequate number of tumor
cells.?’ Sakakibara et al.> have compared PD-L1 expression of
EBUS-FNA and transbronchial biopsy samples of 97 patients with
LC and they have determined that only one cytologic CB contained
<100 tumor cells. Recently, Heymann et al. have shown great sup-
port for the use of cytology specimens for PD-L1 testing using
the United States Food and Drug Administration (FDA)-approved
pharmDx test.?

Numerous studies have demonstrated that conventional cytologic
smears (CCSs) were ideal for EGFR mutation analysis.** CCSs are
compatible for PCR-based assays as they do not need formalin for
fixation. An alcohol-based fixation step provides high-quality DNA
for molecular testing.”* In addition, microdissection of the tumor
area in the smear increases test success, particularly in samples
with low cellularity.>?® In our study, there was no EGFR positivity
among 20 CBs (0%) and there was only one (4.1%) EGFR-positive
case among 24 smear specimens, a finding which did not have any
statistical difference (P = .076). Some studies evaluated the use of
CCSs for FISH for ALK testing. CCSs can be more effective than
CBs for FISH for ALK testing.?*?” Some studies also have found
that CCSs could be more effective for ROS1 testing compared with
histologic samples.'** In the current study, no significant difference
was found in ALK and ROSI1 rearrangements between CBs and
smear specimens (P =.076, P =.197). CCSs are more suitable than
CBs, especially in samples with insufficient cellularity, because
the use of CCSs exceeds some FISH-related limitations in FFPE
samples; one of the major limitations of these samples is the loss of
probe signals due to nuclear truncation.?® Five previous publications
investigated the detection of ALK translocations in CB samples
using FISH, 3 of which compared FISH with IHC. The authors have
showed a significant correlation between FISH and IHC and they
have concluded that the molecular tests applied to CBs had a high
success rate and cytologic material can be an effective alternative
to surgical biopsies in tests using IHC, FISH, or RT-PCR, and there
were minor differences in specificities and sensitivities.”

In the current study, there was no difference in PD-L1 positiv-
ity when using different tissue samples including cytologic and

histologic specimens (Table 3). This result is important because
most patients with LC are diagnosed with cytology specimens. Due
to tumor heterogeneity, there was concern about the comparison
and reliability of PD-L1 test in cytology samples with histologic
samples.’® There are conflicting results in publications where exci-
sional histologic samples are compared with small samples. In a
study involving 160 patients, PD-L1 expression was compared in
paired biopsy and surgical excision specimens? and significant dis-
cordance (48.0%) was found between the 2 specimen types. In a
recent study, no significant difference was found in PD-L1 posi-
tivity between small histologic biopsy samples (25.8%) and sur-
gical resection samples (25.7%), and PD-L1 positivity was lower
in histologic samples (25%) compared with cytologic samples
(39%).% In another study, PD-L1 expression results were compared
in 86 paired cytologic CBs and histologic material using DAKO
28-8 and 22C3 clones, and a high degree of accordance was found
between histologic and cytologic samples.’! These results suggest
that the evaluation of PD-L1 expression in tumor cells could also
be performed using cytologic CB samples, and PD-L1 expression
could be a good alternative in the absence of surgical samples.

In our study, there was a significant difference in the expression of
PD-L1 of ICs in various tissue samples, including cytology sam-
ples and histologic samples. There are several possible explana-
tions for these findings. It is difficult to say that all ICs in cytologic
material are tumor-related immune cells. In addition, there may
be problems with the spatial heterogeneity of ICs and difficulty
in distinguishing ICs from TCs. Rehman et al.** found 94% com-
patibility among pathologists in the evaluation of PD-L1 in TCs,
but only 27% in IC PD-L1 expression. Pathologists showed excel-
lent concordance for PD-L1 tumor scoring, but not for IC scor-
ing. Similarly, Rimm et al.** have reported that pathologists have
shown poor concordance when scoring IC staining. A recent study
found less interobserver agreement in terms of scoring expression
of PD-L1 in ICs in cytology samples, as in previous reports.** All
these findings show that cytology samples are not appropriate for
scoring expression of PD-L1 in ICs. Accordingly, cytology spec-
imens are available for scoring the PD-L1 expression of TCs in
patients with advanced LCs, but the PD-L1 staining of ICs and the
tumor microenvironment need to be further defined.

We have also found PD-L1 expression (TPS >1%) in 44.4%
of samples (» = 4) with EGFR mutations, 63.6% of sam-
ples (n = 7) with ALK rearrangement, and 50.0% of samples
(n = 1) with ROS1 rearrangement; there was no correlation
between the PD-L1 expression scores when compared as ALK,
ROSI1 rearrangement, and EGFR mutation scores (Table 5). In
the KEYNOTE-024 trial for PD-L1 using the 22C3 pharmDx
assay, the frequency of overlap between driver oncogene abnor-
malities (i.e., in ALK or EGFR) and a PD-L1 TPS of at least 50%
was only 6% (30 of 500)." Lee et al. have found that expres-
sion of PD-L1 (TPS >1%) was related to wild-type EGFR, and
ROSI1 rearrangement was significantly related to high expression
of PD-L1.** Conversely, in a previously published study, there
was no high expression of PD-L1 in lung adenocarcinoma with
EGFR, ALK, or ROS1 mutations, and therapeutic grouping as
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EGFR/ALK/ROS1-mutated, high PD-L1-expression, and bio-
marker-negative groups was suggested.”® Another large meta-
analysis revealed that EGFR WT status was significantly related
to PD-L1 expression but without ALK or KRAS mutations.** Fur-
ther studies are needed to establish the real relationship between
PD-L1 expression and driver mutations.

The limitations of the current study are related to its retrospective
design. Molecular analysis of cytologic samples can be compared
with the results of surgical resection samples, and surgical mate-
rial is better for testing. However, in practice, cytologic samples
may limit such a comparison, especially because they represent
single samples from patients with advanced disease. The results of
our study were consistent with the data in the literature. The con-
cordance of our findings with the results of other institutions will
depend on the sample handling methods used and the pathology
facilities available.

In our opinion, the evaluation of EGFR, ALK, ROSI, and
PD-L1 expression in cytologic materials is reliable, with reasonably
good correlation and concordance with histologic specimens, and
should be considered for patients without biopsy or surgical material.
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