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Abstract

Introduction—Programmed death ligand 1 (PD-L1) testing of non-small cell lung cancer 

(NSCLC) specimens helps select patients most likely to respond to immune checkpoint inhibitors. 

PD-L1 immunohistochemical testing is approved for formalin-fixed, paraffin-embedded (FFPE) 

surgical pathology specimens; however, the testing performance on FFPE cytology cell block 

specimens is unknown.

Materials and Methods—The study is a retrospective cohort analysis of advanced stage 

NSCLC patients treated at our institution where tumor PD-L1 expression using the clone 22C3 

pharmDx kit on the Dako Automated Link 48 platform was performed on either cytology cell 

block or surgical pathology specimens. Concomitant tumor mutation biomarkers were also 

collected, as well as tumor clinicopathologic characteristics and clinical outcome data following 

pembrolizumab treatment.

Results—232 patient tumor specimens were tested for PD-L1 expression (94 on cytology cell 

block and 138 on surgical pathology specimens). No significant differences in PD-L1 tumor 

proportion score (TPS) were observed between cytology and surgical pathology groups, with both 
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patient cohorts containing ~35% of tumors showing TPS ≥50%. Although few in number, patients 

with PD-L1 TPS ≥50% based on cytology vs. surgical pathology who received treatment with 

pembrolizumab demonstrated similar response and disease control rates.

Conclusions—In this cohort of advanced NSCLC patients with standard of care PD-L1 testing 

performed on either FFPE cytology cell blocks or FFPE surgical pathology specimens, similar 

patterns were observed in population tumor PD-L1 expression patterns, concomitant driver 

mutations, and clinical response to palliative pembrolizumab in selected patients with TPS ≥50%.
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Introduction

The treatment and management of patients with advanced non-small-cell lung cancer 

(NSCLC) has seen dramatic advances over the past decade, with the development of 

precision systemic therapies directed towards somatic mutations and rearrangements in 

epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase (ALK), ROS proto-
oncogene 1 (ROS1), and B-Raf proto-oncogene, serine/threonine kinase (BRAF), thus 

providing patients in these molecularly defined subsets significant benefits from treatment 

with oral tyrosine kinase inhibitors (TKIs) [1]. More recently, immune checkpoint inhibitor 

therapy in NSCLC through programmed death 1 (PD-1)/programmed death-ligand 1 (PD-

L1) blockade using agents such as pembrolizumab has also led to significant improvements 

in response rate and progression free survival [2, 3].

In 2016, the U.S. Food and Drug Administration (FDA) approved pembrolizumab as first-

line palliative systemic therapy in advanced NSCLC patients whose tumors demonstrate 

high PD-L1 expression (tumor proportion score [TPS] ≥50%) and with no actionable EGFR 
or ALK aberrations [4]. This was on the basis of a phase III clinical trial showing superior 

response rates, survival, and toxicity profile in this selected group of patients when 

compared with conventional platinum doublet chemotherapy [3]. In platinum-refractory 

advanced NSCLC, pembrolizumab has similarly demonstrated superior survival, response 

rate, and toxicity profile as compared to docetaxel in tumors with any PD-L1 expression 

(TPS ≥ 1%) [5]. Further, pembrolizumab is now approved for use in combination with 

platinum-pemetrexed in all advanced non-squamous NSCLCs with any level of PD-L1 

expression. Accordingly, the most recent National Comprehensive Cancer Network (NCCN) 

guidelines now recommend that PD-L1 testing be performed on tumor samples in all 

patients with advanced NSCLC to facilitate optimal therapeutic stratification [6].

Currently, PD-L1 testing takes the form of immunohistochemical (IHC) staining of tumor 

samples, with the TPS reported as the percentage of tumor cells demonstrating any 

membranous or cytoplasmic staining. There are currently multiple different PD-L1 IHC 

assays that have been developed as companion or complementary diagnostic assays for 

various immunotherapy agents, each with varying antibody clones, IHC detection systems, 

scoring cutoffs, testing of tumor cells vs. tumor-infiltrating immune cells, and performance 

metrics. This has led to ongoing uncertainties regarding the ability to interchange and cross-
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compare results between different testing platforms [1, 7]. Notably, to date all of the large 

scale clinical trial data used to justify approval of immune checkpoint inhibitors in this 

setting has been on the basis of PD-L1 IHC performed on formalin-fixed, paraffin-embedded 

(FFPE) surgical pathology tissue specimens.

In routine clinical practice, the reality is that the tumor specimen available for initial 

diagnostic evaluation and subsequent ancillary testing may often be a cytology specimen. 

This reflects the growing importance of minimally invasive tissue acquisition modalities 

(e.g. bronchoscopy or thoracentesis) in the day-to-day care of patients presenting with 

advanced lung cancers. Cytologic specimens with high quality cell block preparations have 

proven more than adequate substrates both initial diagnostic evaluation as well as 

downstream molecular testing in this clinical setting [8, 9]. Given the strong interventional 

pulmonology and cytopathology programs at our own institution, high quality cytology cell 

blocks represent over half of all diagnostic NSCLC specimens undergoing molecular testing 

[10, 11].

As a result of potential limitations in tumor specimen availability for testing, PD-L1 IHC 

testing is now increasingly being performed on FFPE cytology cell blocks in routine clinical 

practice. At this time, only a few studies have been published on PD-L1 expression on 

cytology cell block vs. surgical pathology biopsy material, generally showing good 

concordance between paired cytologic and histologic specimens [12–14]. To provide a 

different but complementary line of evidence that PD-L1 testing could be successfully and 

reliably performed on cytology cell block preparations in clinical practice, we report our 

real-world experience with PD-L1 IHC testing using the FDA-approved companion 

diagnostic clone 22C3 pharmDx kit (Agilent Technologies, Santa Clara, CA) performed on 

either FFPE cytology cell block or FFPE surgical pathology specimens from a large cohort 

of patients with advanced NSCLC treated at our institution. We further present clinical 

outcome data for patients treated with pembrolizumab on the basis of high tumor PD-L1 

expression as assayed on cytology cell block vs. surgical pathology specimens.

Materials and Methods

Patient and Clinical Characteristics

Consecutive patients with a diagnosis of lung cancer followed at Beth Israel Deaconess 

Medical Center whose tumors underwent evidence-based PD-L1 testing and genotyping 

were recorded through an ongoing institutional review board-approved study, as previously 

described [10, 11, 15]. Clinical characteristics, pathologic data, tumor genotype, and PD-L1 

TPS information was collected from retrospective chart extraction. The site of sampling 

(lung, lymph node, pleura, brain, bone/soft tissue, liver, or other) and type of specimen were 

extracted from the pathology reports. Surgical pathology specimens included core needle 

biopsies, transbronchial biopsies, and large resection specimens; cytology specimens 

included endobronchial ultrasound guided transbronchial needle aspirates (EBUS-TBNA), 

fine needle aspirates (FNA), pleural fluid, and bronchial washing/lavage specimens. 

Molecular/PD-L1 testing requests were initiated by the treating oncologist, and were 

performed on the best available clinical specimen at the time of the request. There was no a 
priori preference for testing of a surgical pathology specimen or cytology cell block 
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specimen. The specimen selection was based on either qualitative tumor cellularity 

statements included in the pathology/cytology report, or by comparative review by a 

pathologist when the tumor cellularity was not clear from the report and multiple specimens 

were available to choose from.

Tissue processing

As previously described, surgical pathology and cytology cell block specimens were 

generated and processed per standard pathology protocols [15, 16]. Briefly, surgical 

pathology specimens were fixed in 10% neutral buffered formalin (range 3–30 hours based 

on specimen size and when the specimen arrived in grossing room) prior to automated tissue 

processing and paraffin embedding. Cytology aspirates from EBUS-TBNA or FNA 

specimens were collected directly into a methanol–water fixative (CytoLyt; Hologic Corp., 

Marlborough, MA), with residual material remaining after preparing a ThinPrep slide used 

to create a cell block via either a plasma-thrombin method or Histogel method (Thermo 

Scientific Richard-Allan Scientific, Waltham, MA) before formalin-fixation (range 3–6 

hours) and paraffin embedding using standard laboratory techniques [17]. Cell concentrates 

from fresh centrifuged pleural fluid specimens had cell blocks prepared using either a 

plasma-thrombin or Histogel method before formalin-fixation (range 3–6 hours) and paraffin 

embedding. All surgical pathology specimens and cytology cell block specimens were 

processed on automated tissue processors using standard laboratory tissue processing 

programs based on tissue size. Resulting hematoxylin/eosin and unstained slides were cut at 

4 micron thick sections.

Tumor PD-L1 Analysis

PD-L1 IHC testing with proper controls using the PD-L1 clone 22C3 pharmDx kit on the 

Dako Automated Link 48 platform (Dako, Carpenteria, CA) was performed at Integrated 

Oncology/LabCorp (New York, NY). The PD-L1 TPS was calculated as the percentage of at 

least 100 viable tumor cells with complete or partial membrane staining, with tumor cells 

assessed morphologically by comparison to a serially cut Hematoxylin and Eosin stained 

slide. Tumor PD-L1 expression was divided into three clinically relevant TPS groups: <1% 

(no expression), 1–49% (low expression), and ≥50% (high expression). The TPS 

interpretations that were provided by the commercial vendor’s pathologists were the values 

used in this study, with verification by slide review by a board certified cytopathologist and 

surgical pathologist with subspecialty expertise in pulmonary pathology (PVL).

Tumor Genetic Analyses

Tumor genotype was determined by analyzing EGFR (Sanger sequencing or SNaPShot 

multiplex PCR of exons 18–21), ALK (florescence in situ hybridization [FISH] using the 

Vysis ALK Break Apart Probe kit), ROS1 (FISH break-apart probe), and KRAS (Sanger 

sequencing or SNaPshot multiplex PCR of codons 12–13) in tumor samples, as previously 

described [11, 15, 18]. These tests were outsourced to a commercial vendor (Integrated 

Oncology/LabCorp, New York, NY) by our hospital bundled within the rapid tumor 

genotype panel.
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Patient therapy with pembrolizumab based on PD-L1 IHC TPS and assessment of response

Patients whose tumors demonstrated high PD-L1 tumor expression (PD-L1 TPS ≥50%) and 

were selected by the treating oncologist to receive first-line pembrolizumab monotherapy 

were identified retrospectively from our cohort. The response to therapy was assessed 

according to Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 [19] from 

archived radiographic computed tomography (CT) scan data obtained during routine clinical 

care. The overall response rate (ORR) by RECIST and disease control rate (DCR) at 6 

weeks were obtained in evaluable cases. Pembrolizumab was administered at the FDA-

approved dose of 200mg given intravenously every 21 days as per the institutional 

standardized treatment template.

Statistical Methods

Statistics were performed using Microsoft Excel (Microsoft, Redmond, WA), the online 

statistical program vassarstats.net, and SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). 

Student’s t-test was used to compare means, and the Chi-squared test or Fischer’s exact test, 

depending on sample size, were used to compare categorical variables. Results were 

considered statistically significant if the p-value was less than 0.05.

Results

A total of 232 consecutive lung tumor specimens underwent PD-L1 testing at our institution 

during the study time period (November 2015 to May 2017). This patient cohort had a mean 

age of 67.5 years, 55% were women, 78% were current or former smokers, 78% were white, 

and 68% had advanced stage disease (Table 1). The majority of tested specimens were 

adenocarcinoma (72%), with tissue sampling originating most commonly from the lung 

(41%), lymph nodes (24%) or pleura (13%). PD-L1 IHC testing was performed on these 

clinically derived samples: 94 (40.5%) patients had their tumor tested using cytology cell 

block specimens and 138 (59.5%) patients with testing performed on surgical pathology 

biopsy or resection specimens (Table 1).

The diagnostic cytology specimens included FFPE cell blocks from EBUS-TBNA (54/94; 

57.4%), pleural fluid (26/94; 27.7%), fine needle aspirates (12/94; 12.8%), and bronchial 

lavage or bronchial brushing specimens (2/94; 2.1%). The diagnostic surgical pathology 

specimens included core needle biopsies (83/138; 60.1%), large resections (39/138; 28.3%), 

and transbronchial biopsies (16/138; 11.6%). As shown in Table 1, there were no statistically 

significant differences in patient age, gender, smoking history, ethnicity, clinical stage, or 

tumor type between the cytology and surgical pathology specimens in this cohort. However, 

cytology specimens were more frequently derived from lymph node aspirates (49%) or 

pleural effusions (27%), whereas surgical pathology specimens were more commonly 

derived from the primary lung mass (52%), or from extrathoracic metastases (bone/soft 

tissue, 19%; brain, 8%; or liver, 7%).

The results of PD-L1 immunohistochemical testing are summarized in Table 2. Overall, PD-

L1 testing yielded an interpretable result in over 96% (223/232) of specimens. Of the 232 

total cases, 87 (37.5%) showed no PD-L1 expression (TPS <1%), 55 (23.7%) showed low 
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expression (TPS 1–49%), and 81 (34.9%) showed high expression (TPS ≥50%). When 

analyzed by specimen type, there was no statistically significant difference observed in the 

proportions of the clinically relevant groups of negative, low, or high PD-L1 TPS for tumors 

tested on cytology cell block specimens compared to tumors tested on surgical pathology 

specimens (Table 2). A finer breakdown of the cytology cell block vs. surgical pathology 

specimens with successful PD-L1 testing (n=223, 88 cytology cell block specimens, 135 

surgical pathology specimens) into bins of increasing 10% expression increments also 

demonstrated a very similar overall distribution of PD-L1 expression, with no statistically 

significant difference noted in the distribution of values between groups (p=0.57, ns) (Figure 

1). Figure 2 provides examples of high PD-L1 expressing tumors (TPS ≥50%) as assessed 

on a cytology cell block as compared to a surgical pathology specimen; both patients went 

on to receive pembrolizumab therapy (Figure 3).

The presence of oncogenic driver mutations identified in this cohort of patients was stratified 

both by PD-L1 TPS as well as by specimen type (Table 3). Of the 223 specimens with 

successfully completed molecular and PD-L1 testing, 30 (14%) had EGFR mutations, 60 

(27%) had KRAS mutations, 7 (3%) had an ALK rearrangement, and 2 (1%) had a ROS1 
rearrangement. Stratifying on the basis of specimen type, there was no statistically 

significant difference observed in either the overall distribution of EGFR/KRAS/ALK/ROS1 
alterations or the distribution of genomic alterations according to negative, low, or high PD-

L1 TPS (Table 3).

A total of 20 patients from the testing cohort whose tumors demonstrated high PD-L1 

expression (TPS ≥50%) were selected for first-line treatment with evidence-based 

pembrolizumab during the study period: 11 with high tumor PD-L1 expression obtained 

from cytology specimens and 9 with high tumor PD-L1 expression obtained from surgical 

pathology specimens. As shown in Figure 3A and 3B, 19 were evaluable using RECIST with 

an ORR (confirmed and unconfirmed) of 2/10 (20%, 95%CI: 0–49%) in the cytology-

obtained PD-L1 cohort and 2/9 (22%, 95%CI: 0–54%) in the surgical pathology-obtained 

PD-L1 cohort (p=1.0). The DCR at 6 weeks was 6/10 (60%, 95%CI: 25–95%) in the 

cytology-obtained PD-L1 cohort and 5/9 (56%, 95%CI: 18–94%) in the surgical pathology 

specimen-obtained PD-L1 cohort (p=1.0). Importantly, the cytology-obtained PD-L1 cohort 

included cases with sustained partial response or stable disease for over 12 months (Figure 

3C). By chance, the follow-up of response duration for the surgical pathology specimen-

obtained PD-L1 cohort has been of shorter duration relative to the cytology cell block testing 

cohort, though many patients continue to receive pembrolizumab (Figure 3D).

Discussion

Immune checkpoint inhibitors are now integral to the care of treatment-naïve and previously 

treated patients with advanced NSCLC, with notable and durable improvements in clinical 

outcomes and toxicity profiles as compared with conventional cytotoxic chemotherapy in 

defined subsets of patients. At present, tumor PD-L1 IHC remains the best vetted biomarker 

for prediction of therapeutic response to PD-1/PD-L1 blockade, with most published 

experience describing use of FFPE surgical pathology specimens with less known about the 

use of cytology specimens. Here, we provide a new line of evidence exploring use of the 
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FDA-approved 22C3 pharmDx IHC platform for assessment of tumor PD-L1 expression on 

lung cancer specimens using FFPE cytology cell block specimens obtained in routine 

clinical practice. Our population-based data indicates that results of PD-L1 IHC testing and 

clinical outcomes with pembrolizumab use on the basis of immunologic profiling obtained 

from FFPE cytology cell block specimens is similar to those seen with FFPE surgical 

pathology specimens.

To date, very few studies have compared PD-L1 IHC performance on cytologic vs. surgical 

pathology specimens. A recent study of 86 paired cytology-surgical pathology specimens 

obtained from the same tumor/patient showed a very high correlation coefficient (R2 

between 0.87 and 0.95) between cytology and surgical pathology specimens, assayed with 

both the 28-8pharmDx and 22C3pharmDx antibody clones/kits [12]. A published abstract 

investigating 40 paired cytology-surgical pathology specimens similarly described a strong 

correlation coefficient (R2 of 0.70) of PD-L1 tumor staining using the E1L3N antibody 

clone with excellent intraobserver agreement [13]. PD-L1 in clinical practice is being 

performed on cell blocks derived from EBUS-TBNA procedures [14], and a high 

concordance of PD-L1 tumor expression by IHC has been reported in in paired EBUS-

TBNA cytology and transbronchial biopsy specimens [20]. All these studies incorporate 

paired samples for PD-L1 testing, with both cytology and surgical pathology specimens 

obtained from the same patient tumor for parallel testing. As such, these paired biopsy 

studies provide good direct evidence that the technical performance of PD-L1 testing via 

IHC is similar if using surgical pathology or cytology specimens derived from the same 

tumor/patient.

In this study, we approached the question from a different angle, aiming to provide an 

additional line of indirect evidence that cytology cell block and surgical pathology 

specimens behave similarly as substrates for 22C3 pharmDx PD-L1 testing in advanced 

NSCLC as it pertains to prediction of response to therapy with pembrolizumab. This large 

cohort of patients represents the real-world experience of therapeutic stratification and 

management of patients with advanced stage NSCLC on the basis of diagnostic and 

ancillary testing performed on available tumor samples: either cytology cell block or surgical 

pathology specimens. Importantly, each case reported here had PD-L1 testing performed on 

either cytology cell block or surgical pathology specimens; no paired sample testing was 

done. As such, one would hypothesize that if cytology FFPE cell block preparations for 

technical, sampling, or interpretative reasons behaved in a significantly different manner 

than FFPE surgical pathology specimens, then this bias would be reflected in differences in 

PD-L1 TPS staining patterns or distribution between cytology cell block and surgical 

pathology tested cohorts. However, we show in a sufficiently large cohort of patients with 

PD-L1 testing performed on either cytology cell blocks (n=94) or surgical pathology 

specimens (n=138) that there were no differences in overall clinical characteristics (Table 1), 

tumor PD-L1 expression on the basis of TPS of <1%/1–49%/≥50% (Table 2), overall 

distribution of PD-L1 expression when examined in 10% increments (Figure 1), and 

concomitant oncogenic driver mutations (Table 3). Although the numbers of treated patients 

are relatively small, we for the first time provide early evidence that there was also a similar 

clinical response to pembrolizumab in selected patients with TPS ≥50% based on either a 

cytology cell block testing or surgical pathology specimen testing (Figure 3). Admittedly, 
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because the non-paired cytology cell block and surgical pathology specimens in these 

cohorts are from different patient-tumors and have no direct relationship to one another, we 

are unable to draw direct conclusions on specimen comparability. However, in aggregate the 

findings presented here support the notion that from a clinical utility standpoint, FFPE 

cytology cell block specimens may be equivalent to FFPE surgical pathology specimens for 

PD-L1 biomarker testing.

Currently, PD-L1 expression serves as the best biomarker for the selection of patients whose 

tumors may most likely respond to immune checkpoint inhibitor therapy. Spatial and 

temporal heterogeneity of tumor PD-L1 expression, PD-L1 expression on tumor-infiltrating 

lymphocytes vs. tumor cells, differences in PD-L1 expression between primary and 

metastatic foci, and different antibody clones and IHC platforms all contribute to the 

complexity in accurately and reproducibly assessing this biomarker, especially when basing 

treatment decisions on small biopsy specimens. While the results from the BLUEPRINT 

project [7] and others will help clarify many of these biomarker testing issues, the clinician 

currently must make treatment decisions with the best data available. It remains to be seen 

whether tumor mutation burden, either in conjunction with or in lieu of PD-L1 TPS, may be 

a better biomarker for the selection of patients who may respond to immune checkpoint 

inhibitory therapy [21].

In our series, although the number of patients receiving pembrolizumab therapy is relatively 

low, the observed ORR of approximately 20% (in both the cytology and surgical pathology 

cohorts) is lower than the approximately 40% ORR reported in clinical trials of NSCLC in 

tumors with PD-L1 TPS ≥50%. This warrants further exploration in a larger, prospective 

manner and might be explained by the clinical reality of selecting patients with poorer 

performance status and greater co-morbidities who are often excluded from clinical trials. 

However, the confidence intervals for ORR and DCR at 6 weeks are concordant with data 

previously reported in the KEYNOTE studies [2, 3]. Further, multiple PD-L1 high 

expression cases identified on the basis of cytology specimens had durable partial response/

disease control in excess of one year – a hallmark of PD-1/PD-L1 blockade in selected cases 

of advanced NSCLC.

In clinical practice, PD-L1 testing of NSCLC specimens is now a mandatory component of 

the therapeutic stratification schema to best pair patient and disease characteristics with 

optimal therapies, particularly for advanced/recurrent disease. As such, testing must be 

performed on a specimen that is both adequate and readily available. In many circumstances, 

the most accessible option may be a cytologic specimen, either from the primary tumor or a 

metastatic site. Although we report overall comparable performance and outcome metrics 

when comparing PD-L1 testing on FFPE cytology cell blocks to FFPE surgical pathology 

specimens, one should not necessarily infer that all cytology specimens are adequate 

substrates for testing [22]. Alcohol-fixed direct smears, cytospin preparations, or cell blocks 

prepared by other methods are all cytology-type specimens that might also serve as adequate 

testing substrates, pending adequate validation studies. As with any immunohistochemical 

test, a laboratory should perform adequate validation for cytology cell block specimens, as a 

number of pre-analytic factors could potentially contribute to false negative results as 
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compared to the gold standard of FFPE surgical pathology specimens on which most IHC 

protocols were initially developed [23].

In conclusion, immune checkpoint inhibitor therapy has shown great promise in providing 

robust and durable responses in some patients with NSCLC. Much work is ongoing to 

determine how to best select these patients, both with respect to the proper biomarker to test 

as well as what substrates the testing should be performed on. Cytology cell block 

specimens have proven utility for diagnostic and ancillary testing in NSCLC, with further 

studies needed to identify how best to use these specimens for PD-L1 testing in the setting of 

lung cancer.
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Highlights

• PD-L1 immunohistochemical testing is the best current biomarker test for 

selecting patients with non-small cell lung cancer for immune checkpoint 

inhibitor therapy.

• It is not known if cytology specimens can be used as testing substrates for 

PD-L1.

• In a large cohort of lung cancer patients, cytology cell block specimens show 

similar testing characteristics to surgical pathology biopsy specimens.

Torous et al. Page 11

J Am Soc Cytopathol. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
PD-L1 expression stratified by specimen type and increasing 10%-increments of tumor 

proportion score (TPS).
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Figure 2. 
PD-L1 immunohistochemical staining of lung adenocarcinoma specimens with a TPS ≥50%. 

A) Formalin fixed, paraffin embedded cell block preparation from a malignant pleural 

effusion showing clusters of malignant cells, positive for TTF-1 and Napsin-A (not shown), 

consistent with metastatic lung adenocarcinoma (H&E stain, 400× original magnification). 

C) Formalin fixed, paraffin embedded core biopsy of a lung mass showing an infiltrative 

poorly differentiated NSCLC, positive for TTF-1 and Napsin-A (not shown), consistent with 

a solid variant lung adenocarcinoma (H&E stain, 400× original magnification). PD-L1 IHC 

using the 22C3 pharmDx showing strong membranous staining in the majority of tumor 

cells in the cytology cell block (B) and surgical pathology core biopsy (D) specimens.
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Figure 3. 
Clinical outcomes with pembrolizumab in cytology cell block and surgical pathology tested 

specimens displaying PD-L1 TPS ≥50%. A) Patients with cytology cell block or B) surgical 

pathology specimens with high PD-L1 expression; Waterfall plots demonstrating best 

response of target lesions as a percentage decreased/increase from baseline as determined by 

RECIST to pembrolizumab. In tumors with progression only in non-target lesions, an 

asterisks (*) with no bar is used. C) Patients with cytology cell blocks or D) surgical 

pathology specimens with high PD-L1 expression; Swimmers plots of type/duration of 

response to pembrolizumab monotherapy (duration of pembrolizumab to progression or 

death was rounded to the nearest half month). Ongoing disease control is indicated by a plus 

(+) sign, disease-related death is indicated with a dagger (†). Red bars, progressive disease 

(PD); green bars, stable disease (SD); blue bars, partial response/complete response (PR/

CR); black bar, no follow-up scan. PFS, progression free survival; ORR, overall response 

rate; DCR, disease control rate.
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Table 1

Clinical and pathologic characteristics of non-small cell lung carcinomas tested for PD-L1 

immunohistochemistry (IHC) using the clone 22C3 pharmDx kit

Characteristic Overall (n=232) Cytology Cell-block Specimen 
(n=94)

Surgical Pathology Specimen 
(n=138)

p-value

Age

Average 67.5 67.5 67.8 0.82

Gender (n, %)

Women 128 (55.2%) 52 (55.3%) 76 (55.1%) 0.97

Men 104 (44.8%) 42 (44.7%) 62 (44.9%)

Smoking history (n, %)

Never smoker 51 (22.0%) 22 (23.4%) 29 (21.0%) 0.70

Smoker 181 (78.0%) 72 (76.6%) 109 (79.0%)

Ethnicity (n, %)

White 181 (78.0%) 74 (78.7%) 107 (77.5%) 0.57

Asian 24 (10.3%) 10 (10.6%) 14 (10.1%)

Black 20 (8.6%) 8 (8.5%) 12 (8.7%)

Hispanic 6 (2.6%) 1 (1.1%) 5 (3.6%)

Native American 1 (0.4%) 1 (1.1%) 0 (0%)

Stage (n, %)

I–III 75 (32.3%) 25 (26.6%) 50 (36.2%) 0.12

IV/recurrent 157 (67.7%) 69 (73.4%) 88 (63.8%)

Sample site (n, %)

Lung 94 (40.5%) 22 (23.4%) 72 (52.2%) <0.0001

Lymph node 56 (24.1%) 46 (48.9%) 10 (7.2%)

Pleura 31 (13.4%) 25 (26.6%) 6 (4.3%)

Bone/soft tissue 26 (11.2%) 0 (0%) 26 (18.8%)

Brain 11 (4.7%) 0 (0%) 11 (8.0%)

Liver 10 (4.3%) 0 (0%) 10 (7.2%)

Other 4 (1.7%) 1 (1.1%) 3 (2.2%)

Tumor type (n, %)

Adenocarcinoma 166 (71.6%) 67 (71.3%) 99 (71.7%) 0.92

Squamous cell carcinoma 41 (17.7%) 16 (17.0%) 25 (18.1%)

Non-small cell carcinoma-NOS/other 25 (10.8%) 11 (11.7%) 14 (10.1%)

P values provided for cytology cell block vs. surgical pathology for each variable. Age category means using t-test, and all other categories using 
chi-squared test.
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Table 2

PD-L1 expression stratified by specimen type and clinically relevant tumor proportion score (TPS) cutoff 

values

PD-L1 TPS Overall (n=232) Cytology Cell-block Specimen (n=94) Surgical Pathology Specimen (n=138) p-value

<1% PD-L1 TPS 87 (37.5%) 35 (37.2%) 52 (37.7%) 0.4

1–49% PD-L1 TPS 55 (23.7%) 20 (21.3%) 35 (25.3%)

≥50% PD-L1 TPS 81 (34.9%) 33 (35.1%) 48 (34.8%)

Failed analysis 9 (3.9%) 6 (6.4%) 3 (2.2%)

P-value via Fisher’s exact test.
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Table 3

Driver oncogene mutations stratified by PD-L1 Tumor Proportion Score (TPS) and by specimen type

Oncogene mutation (overall 
cohort)

Total (n=223) <1% PD-L1 TPS (n=87) 1–49% PD-L1 TPS (n=55) ≥50% PD-L1 TPS (n=81)

EGFR 30 (13.5%) 14 (16.1%) 10 (18.2%) 6 (7.4%)

ALK 7 (3.1%) 2 (2.3%) 0 (0%) 5 (6.2%)

ROS1 2 (0.9%) 1 (1.1%) 1 (1.8%) 0 (0%)

KRAS 60 (27.0%) 19 (21.8%) 13 (23.6%) 28 (34.6%)

Oncogene mutation (cytology 
cell block)

Total (n=88) <1% PD-L1 TPS (n=35) 1–49% PD-L1 TPS (n=20) ≥50% PD-L1 TPS (n=33)

EGFR 12 (13.6%) 6 (17.1%) 5 (25.0%) 1 (3.0%)

ALK 4 (4.5%) 1 (2.9%) 0 (0%) 3 (9.1%)

ROS1 0 (0%) 0 (0%) 0 (0%) 0 (0%)

KRAS 24 (27.3%) 9 (25.7%) 4 (20.0%) 11 (33.3%)

Oncogene mutation (surgical 
pathology)

Total (n=135) <1% PD-L1 TPS (n=52) 1–49% PD-L1 TPS (n=35) ≥50% PD-L1 TPS (n=48)

EGFR 18 (13.3%) 8 (15.4%) 5 (14.3%) 5 (10.4%)

ALK 3 (2.2%) 1 (1.9%) 0 (0%) 2 (4.2%)

ROS1 2 (1.5%) 1 (1.9%) 1 (2.9%) 0 (0%)

KRAS 36 (26.7%) 10 (19.2%) 9 (25.7%) 17 (35.4%)

Statistical comparisons for cytology cell block vs. surgical pathology specimens: total, p = 0.62; <1% PD-L1 TPS, p = 1.0; 1–49% PD-L1 TPS, 
p=0.64; ≥50% PD-L1 TPS, p=0.39; Fisher exact test.
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