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1. Introduction

Programmed death ligand 1 (PD-L1) is a membrane protein that
serves as a ligand of programmed cell death 1 (PD-1) inhibitory re-
ceptor, that is present on immune system cells such as T-lymphocytes.
PD-L1 normally prevents activation of cellular autoimmune response
via its inhibitory mechanism, however the same mechanism is one of
the ways cancer cells of various types can evade the immune response
[1]. Immune checkpoint blockade is emerging as an effective type of
non-small cell lung cancer (NSCLC) immunotherapy. In 2015 United
States Food and Drug Administration (FDA) approved pembrolizumab
for treatment of metastatic NSCLC in cases with positive PD-L1 ex-
pression in at least 1% tumor cells and failed chemotherapy with other
agents [2]. Pembrolizumab use was extended to first-line therapy in
advanced NSCLC cases with no EGFR and/or ALK mutation and PD-L1
expression of 50% or more [3]. PD-L1 IHC clone 22C3 pharmDx qua-
litative assay (Agilent, Santa Clara, CA) is approved by FDA as the
companion diagnostic test to determine eligibility of advanced NSCLC
patients for pembrolizumab treatment [4]. Tumor Proportion Score
(TPS) is used to evaluate PD-L1 status in NSCLC patients, which is the
percentage of viable tumor cells showing partial or complete mem-
branous staining of any intensity. Other PD-L1 antibody clones are
being developed such as Ventana SP263, however studies showed
conflicting results in comparison with 22C3 clone with discrepancies at
clinically relevant cutoffs [5]. Minimally invasive approaches such as
endobronchial ultrasound-guided (EBUS) fine-needle aspiration are
increasingly used for tissue diagnosis of lung cancer. Although cytology
preparations provide valuable material for PD-L1 assessment in lung
cancer, the literature on this topic is limited. Our aim was to review PD-
L1 performed on cytology specimens at our institution to evaluate
adequacy and interobserver reproducibility of PD-L1 reporting.

2. Materials and methods

A retrospective database search was performed for all cases of

NSCLC that had PD-L1 immunohistochemical stain performed on cy-
tological preparations from January 2015 to August 2018. The PD-L1
IHC 22C3 pharmDx kit (Agilent, Santa Clara, CA) with 22C3 clone of
anti-PD-L1 antibody was used on Dako Link 48 platform by our la-
boratory according to the manufacturer's instructions throughout the
entire testing period. Cytology aspirates were collected into methanol-
based fixative (CytoLyt; Hologic Corp., Marlborough, MA). Cell blocks
were prepared via plasma-thrombin method with consecutive formalin
fixation, paraffin embedding and microtomy using standard laboratory
procedures. Fifty cytology cases were randomly selected and re-eval-
uated by 3 cytopathologists with experience in the evaluation and re-
porting of PD-L1 stains to study interobserver reproducibility. All 3
graders were blinded to the previously reported PD-L1 status. Partial or
complete membranous staining of any intensity was considered for
positive for the purpose of Tumor Proportion Score (TPS) calculation.
The cases with < 100 tumor cells were considered insufficient for PD-
L1 evaluation. < 1%, 1-50%, and > 50% TPS cutoffs were used cor-
responding to negative, low positive, and high positive results respec-
tively. Interobserver variation was compared across TPS categories via
the Fleiss kappa statistic. Interobserver agreement was analyzed for low
positive, high positive, negative and unsatisfactory categories and se-
parately analyzed for positive (combined low positive and high positive
into a single category), negative and unsatisfactory categories. Kappa
values were interpreted as follows: O indicates less than a chance
agreement, 0.01-0.20 indicates slight agreement, 0.21-0.40 indicates
fair agreement, 0.41-0.60 indicates moderate agreement, 0.61-0.80
indicates substantial agreement, and 0.81-0.99 indicates almost perfect
agreement.

3. Results
3.1. Clinicopathological data and adequacy assessment

NSCLC cytology cases (#75), including 47 adenocarcinomas and 28
squamous cell carcinomas were identified (see Table 1). PD-L1 stains
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Table 1

PD-L1 results on cytology specimens.
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Table 3
Interobserver variability with combined low positive and high positive results
into the single positive category (50 cases, 3 independent graders).

Result category  TPS cutoff Kappa value p-Value Variability interpretation
Positive =1% 0.69 < 0.01 Substantial agreement
Negative <1% 0.71 < 0.01 Substantial agreement
Unsatisfactory N/A 0.83 < 0.01 Almost perfect agreement
All categories N/A 0.72 < 0.01 Substantial agreement

Diagnosis Negative, n Low High Insufficient
(%) positive positive n (%)
n (%) n (%)
Adenocarcinoma 12 (16) 7 (9) 19 (25) 9(12)
Squamous cell 6 (8) 8 (11) 11 (15) 34
carcinoma
Total 18 (24) 15 (20) 30 (40) 12 (16)
Table 2
Interobserver variability across all TPS categories (50 cases, 3 independent
graders).
Result category ~ TPS cutoff  Kappavalue P-value Variability interpretation
High positive =50% 0.71 < 0.01 Substantial agreement
Low positive =1%-49% 0.45 < 0.01 Moderate agreement
Negative <1% 0.71 < 0.01 Substantial agreement
Unsatisfactory ~ N/A 0.83 < 0.01 Almost perfect agreement
All categories N/A 0.66 < 0.01 Substantial agreement

TPS — Tumor Proportion Score.

performed on cytology preparations were adequate for evaluation
(> 100 tumor cells present) in 84% of all cases. Overall, 60% of NSCLC
cases showed positive PD-L1 results (20% low positive or 1%-49% TPS
and 40% high positive or =50% TPS) and 24% were negative or < 1%
TPS. Upon review of clinical data 27 patients were found to be deceased
at the time of database search. The distribution of PD-L1 results in
deceased patients showed no significant differences with the overall
distribution (Fisher's exact test, p = 0.63).

3.2. Interobserver variability

Interobserver variability analysis with the Fleiss kappa methodology
across all TPS categories (see Table 2) showed overall substantial
agreement among the three independent observers (Kappa value 0.66,
p < 0.01). 33 of 50 samples (66%) had perfect concordance among all
three observers. Almost perfect agreement was achieved within un-
satisfactory category (Kappa value 0.83, p < 0.01). The lowest kappa
value was obtained within low positive category (Kappa value 0.45,
moderate agreement, p < 0.01). Substantial agreement was achieved
within high positive and negative categories (Kappa values 0.71 in

TPS — Tumor Proportion Score.

both, p < 0.01 in both). See Fig. 1 for paired comparisons of PD-L1
results by observer and TPS category.

Overall, slightly better interobserver agreement is seen if low po-
sitive and high positive results are combined into a single positive ca-
tegory (see Table 3) using =1% TPS cutoff (Kappa value 0.72, sub-
stantial agreement, p < 0.01). 39 of 50 samples (78%) had perfect
concordance among all three observers. See Fig. 2 for paired compar-
isons of PD-L1 results by observer and category.

Different TPS category was assigned in 17 of 50 (34%) cases by at
least 1 observer (see Table 4). 3 of 17 cases (6% from total 50 cases) had
different TPS category assigned by all 3 independent graders. Diagnosis
of squamous cell carcinoma was made in 6 of 17 tumors with discrepant
PD-L1 results and 11 of 17 cases were diagnosed as adenocarcinoma.

11 of 50 (22%) cases with interobserver discrepancies of PD-L1
interpretation are identified if low positive and high positive results are
combined into a single positive category using =1% TPS cutoff.

8 of 50 (16%) cases had discrepancies in negative versus positive
PD-L1 results. 3 of 50 (6%) had discrepancies in unsatisfactory versus
positive PD-L1 results (2 cases with unsatisfactory versus low positive
results and 1 case with unsatisfactory versus high-positive result).

4. Discussion

Validation of feasibility of cytological preparations such as cell
blocks for accurate and reliable assessment of PD-L1 is of great clinical
importance for NSCLC patients as fine-needle aspiration cytology is
being increasingly used as the primary source for tissue diagnosis.
There are countries where most of the patients have only cytological
material available for diagnosis, however, none of the major clinical
trials have validated the use of cytological specimens for PD-L1 status
assessment [6,7].

Interpretation of PD-L1 immunohistochemistry on cytological
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Fig. 1. Paired comparisons of PD-L1 results by observer and TPS category (1% and 50% cutoffs, all TPS categories).
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Fig. 2. Paired comparisons of PD-L1 results by observer and category (1% cutoff only, low positive and high positive results are combined into the single positive

category).

Table 4
PD-L1 results with discrepant interobserver interpretation by case and by
grader.

Case PD-L1 results Diagnosis
Grader 1 Grader 2 Grader 3

1 LOW POS NEG LOW POS Adenocarcinoma
2 NEG HIGH POS LOW POS SCC

3 LOW POS HIGH POS LOW POS SCC

4 HIGH POS NEG LOW POS Adenocarcinoma
5 LOW POS HIGH POS HIGH POS SCC

6 NEG NEG LOW POS Adenocarcinoma
7 UNSAT LOW POS UNSAT Adenocarcinoma
8 LOW POS HIGH POS LOW POS SCC

9 NEG NEG LOW POS SCC

10 HIGH POS LOW POS LOW POS SCC

11 NEG NEG LOW POS Adenocarcinoma
12 NEG NEG LOW POS Adenocarcinoma
13 UNSAT LOW POS LOW POS Adenocarcinoma
14 LOW POS HIGH POS HIGH POS Adenocarcinoma
15 UNSAT HIGH POS UNSAT Adenocarcinoma
16 LOW POS NEG HIGH POS Adenocarcinoma
17 HIGH POS HIGH POS LOW POS Adenocarcinoma

Bolded are outlying results in cases with concordant results of 2 graders, NEG —
negative, LOW POS — low positive, HIGH POS — high positive, UNSAT —
unsatisfactory, SCC — squamous cell carcinoma.

preparation is by its nature more challenging than on biopsies or sur-
gical resection specimens. The main concern is having limited amounts
of tumor tissue available for both establishing the diagnosis and as-
sessment of PD-L1 status. Rapid on-site evaluations (ROSE) are of ut-
most importance for obtaining adequate FNA samples for the diagnosis
and all ancillary studies. Pathologists, cytotechnologists and cyto-
pathology fellows in our practice that are performing ROSE have been
instructed to request additional FNA passes for cell block preparations
since we started PD-L1 testing. Our data showed that cell block pre-
parations had more than 100 tumor cells in most cases (84%) and,
therefore, were feasible for assessment of PD-L1 status. This conclusion
is in keeping with prior published research, including the study by
Heymann et al., that showed that PD-L1 assessment is feasible in cy-
tological preparations, and the results are concordant with biopsy and
surgical resection specimens [8].

The question of accuracy and reliability of PD-L1 im-
munohistochemistry interpretation in cell block preparations is a
complex issue as it can be influenced by many factors including, but not
limited to, interpreter background and experience, preanalytical issues
such as type of fixative used in cytology preparation, heterogeneity of
PD-L1 expression in tumor and problems with reliable differentiation of
tumor cells from benign epithelial (see Fig. 3A) and inflammatory cells
on the PD-L1 stained cell block preparations, especially in cases with
dispersed tumor cells not forming easily identifiable and discreet clus-
ters. PD-L1 expression in macrophages (see Fig. 3B) is another im-
portant pitfall that is especially relevant in PD-L1 assessment of well-
differentiated pulmonary adenocarcinomas, as macrophages and ade-
nocarcinoma cells share some morphologic features such as large cel-
lular size and sometimes require correlation with tumor morphology on
H&E-stained biopsy sampling and immunohistochemical assessment of
CD68 and TTF1 expression for definitive distinction. Only PD-L1 ex-
pression in tumor cells should be counted towards TPS calculation,
unlike Combined Positive Score (CPS), that includes positive staining in
tumor cells, lymphocytes and macrophages and is used for PD-L1 as-
sessment in esophageal squamous cell carcinoma, gastric or gastro-
esophageal adenocarcinoma, cervical carcinoma and other cancer sites
[9].

It is unclear how the usage of different fixative solutions affects the
concordance of staining results as PD-L1 IHC kits were initially vali-
dated only for formalin-fixed paraffin-embedded tissue samples. Our
group has performed clinical and technical validation of PD-L1 status
assessment using cell block preparation fixed by methanol-based solu-
tion (CytoLyt). Several studies were performed comparing the con-
cordance of PD-L1 results on cytological preparation using different
types of fixatives and showed conflicting results [10,11]. Canadian
Association of Pathologists has issued comprehensive guidelines for PD-
L1 biomarker testing that in one of its points recommends immediate
fixation of cytology specimens in 10% neutral buffered formalin with
subsequent spinning into a cell pellet for the purpose of the result
compatibility with validated biopsy samples [12]. PD-L1
munohistochemistry analysis of direct cytology smears have been sug-
gested by Lozano et al. [13]

We investigated interobserver variability among 3 board certified
cytopathologists in our institution, that routinely report PD-L1 status on
cytological preparations and showed overall substantial agreement

im-
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Fig. 3. Common pitfalls in PD-L1 status assessment on cell block preparations.
A. Low positive PD-L1 expression in squamous cell carcinoma of the lung
(upper right) and negative expression in benign bronchial epithelium (bottom),
cell block, 200 x magnification. B. PD-L1 expression in macrophages, cell
block, 200 X magnification. Adenocarcinoma cells with negative PD-L1 ex-
pression not shown in this photograph.
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(Kappa value: 0.66) across all TPS categories using 1% and 50% cutoffs.
Those results are comparable with previously published studies on in-
terobserver variability of PD-L1 assessment on cytology specimens [14-
16]. We did not include any recent cases in our evaluation to avoid the
possibility of recall bias. PD-L1 status assessment was the most reliable
in highly cellular specimens with PD-L1 expression close to 100%,
highly cellular specimens with PD-L1 expression of 0% and acellular
specimens. Upon review of cases with interobserver discrepancies (see
Table 4) we found that majority of such cases had PD-L1 expression
close to 1 and 50% cutoffs, prevalent expression of PD-L1 in macro-
phages or borderline tumor cellularity (see Fig. 4). Most of the dis-
crepant cases were interpreted as low positive by at least one of the
independent observers. With this data and the fact that in our inter-
observer variability study low positive TPS category had the lowest
kappa value (0.45) across all TPS categories we suggest that results in
low positive TPS category are the least reliable PD-L1 status assessment
results on cell block preparations. Adenocarcinoma diagnosis was more
prevalent than SCC among cases with interobserver discrepancies. This
can be explained by the fact that adenocarcinoma cells tend to be more
dispersed in the cytological preparations and, therefore can be harder to
recognize on immunohistochemically stained slides. Comparing the
morphology and distribution of PD-L1 positive cells with that of tumor
cells identified on the cell block preparations with H&E or im-
munohistochemical stains (TTF-1, p40, p63, cytokeratins) may be
helpful in these cases. The routine practice at our institution is to re-
view equivocal or borderline PD-L1 interpretations at a cytopathology
consensus conference.

Although interobserver agreement is statistically good, the clinical
impact of result discrepancy can be very significant as the patient may
or may not get immune checkpoint inhibitor therapy based on the re-
sult. Therefore, we recommend achieving a group consensus among
multiple pathologists with experience in PD-L1 assessment in cases with
borderline tumor cellularity or cases with PD-L1 expression close to 1%
and 50% cutoffs and/or recommend repeat tissue sampling if achieving
consensus is problematic.
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Fig. 4. Selected clinical cases with interobserver discrepancies of PD-L1 status assessment. A. Case 2 (consensus result: negative). Squamous cell carcinoma cluster
with negative PD-L1 expression (left) and macrophages staining with PD-L1 (right), cell block, 100 X magnification. B. Case 2 (consensus result: negative). Small
cluster of squamous cell carcinoma with positive PD-L1 expression, representing overall less than 1% of tumor cells, cell block, 200 X magnification. C. Case 15
(consensus result: unsatisfactory). Adenocarcinoma with borderline tumor cellul'irity (~90 cells), cell block, 200 x magnification.
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