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Abstract
Little is known about prevalence of PD-L1 expression in tumor cells of unselected patients with all stages of non-small cell
lung cancer. The objective of this study is to assess the prevalence of PD-L1 positivity in patients with non-small cell lung
cancer, to analyze the association between PD-L1 positivity and patients’ clinicopathological characteristics, and to assess
the use of immune-oncologic treatment in eligible patients. All non-small cell lung cancer patients diagnosed in a 10-month
period in an unselected population of 1.7 million Caucasian inhabitants were evaluated with the PD-L1 IHC 22C3 pharmDx
kit. A total of 819 patients were diagnosed with non-small cell lung cancer. Samples analyzable for PD-L1 expression were
obtained from 97% of patients. In a multivariate analysis with cut-off at tumor proportion score ≥50%, lower stage was
associated with lower prevalence of PD-L1 positivity with an odds ratio of 0.31 for stage I vs. stage IV. A significant
difference in PD-L1 expression between squamous-cell carcinoma and adenocarcinoma was observed with odds ratio for
adenocarcinoma 1.8. With cut-off tumor proportion score ≥1%, attenuated effects of the same direction were seen. For
neither cut-off did type and location of material used for PD-L1 analysis, age, sex, smoking history, or performance status
have statistically significant impact on the PD-L1 expression. Fifty four percent of the patients who were eligible for
immune-oncologic treatment were actually treated in first-line with pembrolizumab monotherapy. In conclusion, 97% of the
patients had material analyzable for PD-L1. If a patient in need of immuno-oncologic treatment has shifted stage, a negative
or low positive PD-L1 test performed on a biopsy taken in a lower stage might not mirror the PD-L1 expression in the new
metastatic lesion. Therefore, a re-biopsy should be considered.

Introduction

Drugs targeting the programmed cell death 1 (PD-1)
receptor-ligand (PD-L1) interaction such as pem-
brolizumab, nivolumab, atezolizumab, and durvalumab
have efficacy in advanced non-small cell lung cancer. These
drugs are selective humanized monoclonal antibodies
designed to block the interaction between PD-1 and its
ligands and hijack a major pathway used by tumors to
suppress immune control. In clinical trials with pem-
brolizumab [1–3], tumor expression of PD-L1 as measured

by PD-L1 IHC 22C3 pharmDx assay (Agilent, Santa Clara,
CA, USA), a companion diagnostic approved by the US
Food and Drug Administration, has been utilized as a pre-
dictive biomarker to identify patients likely to benefit from
pembrolizumab either as monotherapy in first line [1],
second line [3], or combination therapy with pem-
brolizumab and standard chemotherapy [4, 5]. The assess-
ment of PD-L1 expression prior to first line treatment with
pembrolizumab as monotherapy is now mandatory.

The prevalence of PD-L1 expression has largely been
evaluated in clinical trial populations [1–5] or in selected
populations (e.g., only histology specimens included or
non-consecutive patient populations) [6, 7], and/or the data
has been collected from test centers rather than from con-
secutive and population-based series [8, 9]. Little is known
about prevalence of PD-L1 expression in tumor cells of
unselected patients with all stages of non-small cell lung
cancer, and the relationship between PD-L1 expression and
baseline clinicopathological features are largely unknown.
Furthermore, the evidence about the feasibility of evaluation
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of PD-L1 on cytological specimens is still not as extensive
as on histological specimens and no consecutive studies of
unselected patients have been reported. The extent to which
patients with advanced disease who are tested PD-L1 highly
positive receive first line immunotherapy is largely
unknown.

We conducted a study in a strictly consecutive, unselected
population from a well-defined region in the greater Copen-
hagen area, Denmark, covering 1.7 million Caucasian people
to evaluate the prevalence of PD-L1 expression in patients
with all stages of non-small cell lung cancer as assessed by
the PD-L1 IHC 22C3 pharmDx kit. The PD-L1 expression
was correlated to baseline clinicopathological parameters. We
also assessed the proportion of eligible patients who actually
were treated with immunotherapy first line.

Materials and methods

Patient cohort

This is a prospective, consecutive study including all
patients with a new diagnosis of non-small cell lung cancer
in a well-defined region in Denmark (RegionH) covering
1.7 million Caucasian people. The inclusion period was
from 1st February 2018 to 30th November 2018. The data
cutoff date for this analysis was 31st December 2018.

The completeness of the cohort is judged to be 100%.
Most cases of non-small cell lung cancer in the region are
diagnosed at two departments of pulmonology and one
department of thoracic surgery. Patients referred to other
departments with unclear signs of lung cancer (typically with
metastases to the liver, bone, brain or neck) were also inclu-
ded. All cases had the primary pathology diagnosis in our
department, diagnosed by one of three pathologists (BGS, SR,
TJ), or were referred to our department for PD-L1 testing. To
be sure that all cases were included, a SNOMED search in the
electronic pathology record system (Patobanken) was done by
the end of the inclusion period, including T codes for lung
and mediastinum, and M codes for malignancies. Metastases
outside the thorax were identified by T and M codes com-
bined with Æ codes for origin in the lung of metastases. No
cases can be signed out without SNOMED coding. Patients
living outside the region were excluded by their place of
residence as registered in the patient file.

The data collection criteria for this cohort were almost
identical to the cohort collected to evaluate the prevalence
of EGFR mutations [10].

Diagnostic material

Patients had a treatment-naive histologically and/or cyto-
logically confirmed primary non-small cell lung cancer (all

stages as classified by 8th American Joint Committee on
Cancer Staging System).

Biopsy specimens and clots from cytological material
were formalin fixed and paraffin embedded, and 9 slides
were initially cut. Slide one and two were stained by
Hematoxylin and Eosin (H&E) and mucin stains (option-
ally). The following 6 unstained slides were reserved for
immunohistochemistry including PD-L1 staining. The last
slide was stained by H&E to evaluate the amount of tissue
available in the block after cutting. The clot material from
the cytological specimens was handled in the same way as
conventional histological biopsy specimens [11]. From
resected specimens, slides were cut and stained by immu-
nohistochemistry (if necessary for subclassification) and by
PD-L1. Thus, all PD-L1 tests were performed on newly
obtained (fresh) material and no archival specimens were
included.

Diagnosis was done according to guidelines [12, 13]. In
the absence of definitive conventional criteria for either
squamous cell carcinoma or adenocarcinoma on histology,
as well as on cytology, immunohistochemistry (primarily
CK7, P40, and TTF1) was applied. The reaction was
recorded as positive and negative according to normal
practice.

All immunohistochemistry was done on formalin fixed
and paraffin-embedded material. No immunohistochemistry
(including PD-L1 staining) was performed on smears. If a
patient had both histology and cytological cell block(s)
available, the specimen judged as the optimal for PD-L1 test
was chosen.

PD-L1 staining and evaluation

PD-L1 staining was performed at the time of the diagnosis
of non-small cell lung cancer (reflex/up front testing). The
assay PD-L1 IHC 22C3pharmDx, was used according to the
manufacturer’s instructions with the DAKO Autostainer
Link-48 system. This assay is developed for detection of
PD-L1 protein in formalin fixed and paraffin embedded
non-small cell lung cancer tissue in combination with the
EnVision FLEX visualization system.

Each PD-L1 run included positive and negative cell line
slides provided by the manufacturer. Furthermore, positive
controls including placenta (must exhibit strong staining of
the trophoblast) and tonsil (must exhibit strong staining in
portions of the crypt epithelium and weak to moderate
staining of the follicular macrophages in the germinal cen-
ters) were included on every PD-L1 test slide. A negative
antibody control, in which the primary antibody was
replaced by negative control reagent, was done on each run.

The staining was evaluated according to instructions in
the kit from the manufacturer (and thus, the same criteria
were used as in the clinical trials with pembrolizumab
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[1–3]): The partial or complete membrane staining on vital
malignant cells regardless of intensity was considered as a
positive staining. Any cytoplasmic staining was ignored.
Staining of immune cells and necrotic areas was not
included in the evaluation. The percentage of stained
malignant cells (tumor proportion score) was quantified on
the whole section as <1, 1–49, and ≥50% positive cells. The
primary investigator pathologist (BGS) was trained in a
Merck-sponsored program (Merck & Co., Inc., Kenilworth,
NJ, USA) to guide correct scoring and interpretation of PD-
L1 tumor proportion score. The two other pathologists who
evaluated the PD-L1 tests (SR, TJ) were pulmonary
pathologists, they were trained by BGS and had nearly 2
years of experience in reading PD-L1 test, before the
initiation of the present study. In cases of uncertain PD-L1
evaluation judged by one of the pathologists, one of the
other pathologists did an evaluation and a consensus value
was determined.

Clinicopathological data

The following demographic, pathological, and clinical data
were obtained: age and date at diagnosis, sex, type of tumor
sample on which the malignant diagnosis was made, diag-
nosis including information regarding immunohistochem-
istry for diagnosis, type, and location of material for PD-L1
analysis, tumor stage (cTNM, as classified by the American
Joint Committee on Cancer staging system, 8th edition),
information about lung surgery or no surgery, EGFR (pri-
marily on adenocarcinoma) as measured by Cobas® EGFR
mutation Test v2 on either May-Grünwald-Giemsa stained
smears or on biopsy material and ALK rearrangement
(primarily on adenocarcinoma) as measured by immuno-
histochemistry 5A4 assay (Novocastra, Leica) if available
(EGFR and ALK as up-front analyses), ECOG performance
score and comorbidity (obtained by the pulmonary physi-
cian during the clinical interview prior to biopsy and
registered in the electronic medical record, SP/EPIC),
smoking status, including information on pack-years (never
smoking was defined as less than 100 cigarettes consumed
in a lifetime), previous malignant diseases (excluding non-
melanoma skin cancer, superficial bladder cancer, and
in situ cervical cancer). This information was obtained from
the Nationwide Pathology Databank (Patobanken), in which
all pathological specimens in Denmark are registered since
1980 (a case cannot be signed out without SNOMED
coding). The definition of a new non-small cell lung cancer
in the study was (1) more than 3 years since the previous
primary lung cancer, or (2) the new lung cancer was of
different histological type than the previous lung cancer, or
(3) the new lung cancer was dominated by lepidic growth.

In addition, information was obtained on whether
immuno-oncologic treatment had been given for patients

with tumors expressing PD-L1 ≥50%, and, if no immune-
oncologic treatment had been given, the reason for this.

Approval for the study was obtained from the local ethics
committee, Rigshospitalet.

Statistical analyses

The prevalence of baseline characteristics and PD-L1
scorings were summarized using counts and proportions.
Multivariate logistic regression was used to describe PD-L1
positivity related to baseline factors and type of material
used for the PD-L1 analysis. Tumor tissue samples that
were non-evaluable for PD-L1 analysis were described
using counts and proportions.

Results

Clinicopathological parameters

In the 10-month inclusion period 819 patients were diag-
nosed with non-small cell lung cancer. Twenty eight
patients (3%) did not have a sample with enough material
for PD-L1 analysis. Twenty of these had cytology only for
diagnosis, and 20 patients were in a stage where immuno-
oncologic treatment could potentially be an option. Seven
hundred and ninety one patients were successfully tested
and were included in the analyses.

Baseline characteristics of the 791 included patients are
shown in Table 1. Slightly more women than men were
diagnosed with non-small cell lung cancer. The median
age of the population was 71.6 years. The distribution
between adenocarcinoma (68%) and squamous-cell carci-
noma (26%) was as expected. The proportion of patients
with non-small cell lung cancer, other and not otherwise
specified (5%) was acceptable. Immunohistochemical mar-
kers, including CK7, TTF1, P40, and CK5, were used to aid
78% of the diagnoses. “Other” non-small cell lung cancer
included 3 patients with sarcomatoid carcinoma, 1 patient
with large cell carcinoma, and 5 patients with combined
small cell carcinoma (3 with component of adenocarcinoma
and 2 with component of squamous-cell carcinoma).

The proportion of patients who had cytology only was
28%. All except one of these had a cell block (clot) that
could be used for ancillary studies including immunohis-
tochemistry. Fifteen out of the 791 patients were re-biopsied
to get enough material for PD-L1 analysis (data not shown).

For 83% of the patients whose PD-L1 was analyzed on a
histologic sample, the material was from a biopsy (core
needle, bronchial biopsy or transbronchial biopsy), 17%
were from resected specimens. Ninety one percent of the
histological material used for PD-L1 analyses was from the
primary tumor. In contrast, less than 1/3 of the PD-L1
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analyses performed on cytology was from the primary
tumor. About 2/3 of the cytological material used for the
PD-L1 analyses was obtained by endoscopic ultrasound and
endobronchial ultrasound. Twelve percent of the cytological
material was from pleura/pericardial effusion.

Alk status was evaluated primarily in adenocarcinoma
and most of the adenocarcinoma patients were tested (98%).
In the whole population 11 patients (2%) had an ALK
translocation, 10 of these had also material for PD-L1
analysis.

EGFR status was evaluated primarily in adenocarcinoma
and most adenocarcinoma patients were tested (95%). The
EGFR mutation rate was 8.3%. Activating mutations were
seen in 7.2% of the tested patients.

The proportion of never smokers was 7%. In the smok-
ing population, 83% had >15 packyears. Twenty eight
percent of all patients had a previous cancer. Fifty six
patients previously had lung cancer (data not shown). In
almost all patients, staging included PET-CT. Forty

Table 1 Baseline characteristic for the included 791 with enough
material for PD-L1 analysis

N (%)

Age (median, years)

Male 70.7

Female 73.1

Sex

Male 376 (48)

Female 415 (52)

Diagnosis

Adenocarcinoma 539 (68)

Squamous cell carcinoma 209 (26)

Non-small cell lung cancer, not otherwise specified 34 (4)

Non-small cell lung cancer, others 9 (1)

Type of material for diagnosis

Histology only 227 (29)

Cytology with cell block only 218 (28)

Histology and cytology with cell block 156 (20)

Histology and cytology with smears only 190 (24)

Location of material used for PD-L1 analysis

Primary tumor in the lung 558 (71)

Metastases N1-N3 lymph nodes 155 (20)

Metastases pleura/pericardium 35 (4)

Metastases outside the thorax 43 (5)

Location of histological material used for PD-L1 analysis

Primary tumor in the lung 476 (91)

Metastases N1-N3 lymph nodes 8 (2)

Metastases pleura/pericardium 4 (1)

Metastases outside the thorax 35 (7)

Type of histological material used for PD-L1 analysis

Biopsies (bronchial/transbronchial, core needle) 432 (83)

Resections 91 (17)

Location of cytological material used for PD-L1 analysis

Primary tumor in the lung 82 (31)

Metastases N1-N3 lymph nodes 147 (55)

Metastases pleura/pericardium 31 (12)

Metastases outside the thorax 8 (3)

Type of cytological material used for PD-L1 analysis

Endoscopic ultrasound/endobronchial ultrasound 168 (63)

Bronchial brush 1 (0)

Fine needle aspiration 67 (25)

Pleura/pericardial effusion 31 (12)

ALK status

Positive 10 (2)

Negative 542 (98)

Adenocarcinomas not tested 3 (0)

EGFR mutation status

Wild type 474 (88)

Del 19 15 (3)

Table 1 (continued)

N (%)

Ex 21 L858R 16 (3)

Ex 21 L861Q 1 (0)

Ex 20 6 (1)

G719X 4 (1)

Adenocarcinomas not tested 22 (4)

Smoking history

Never smoker 55 (7)

Ex-smoker and current smoker 736 (93)

Median pack years women 30

Median pack years men 43

Any previous cancer

Yes 222 (28)

No 569 (72)

Stage

I 191 (24)

II 64 (8)

III 160 (20)

IV 376 (48)

ECOG performance status

0 416 (53)

1 242 (31)

2 101 (13)

3 29 (4)

4 3 (0)

Charlson comorbidity

0 440 (56)

1 193 (24)

2+ 158 (20)
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eight percent were diagnosed in stage IV, 20% were diag-
nosed in locally advanced stage. Five patients could not be
given a detailed cTNM stage because they were Tx or Nx
and M0.

Performance status and comorbidity was judged by the
pulmonary physician at the initial contact with the hospital.
Seventeen percent were performance status 2 or higher.
Forty four percent of included patients had comorbidity.

PD-L1 expression

Four hundred and ninety nine patients (63% (95% con-
fidence interval 60–67%)) had PD-L1 ≥1% positive cells.
Two hundred and forty patients (30% (95% confidence
interval 27–34%)) had PD-L1 ≥50% positive cells.

Table 2 show the relation between PD-L1 expression and
baseline characteristics. Since many of these variables are
correlated, the associations should be interpreted with cau-
tion and no statistical tests are provided. A multivariate
analysis is included below which disentangles these
associations.

Slightly more women than men had PD-L1 ≥50%.
Slightly more men than women had PD-L1 between 1% and
49%. Among cases of adenocarcinoma and non-small cell
lung cancer, other and not otherwise specified, more had
PD-L1 ≥50% compared to squamous-cell carcinoma. More
cases of squamous-cell carcinoma had PD-L1 between 1%
and 49% compared to adenocarcinoma and non-small cell
lung cancer, other and not otherwise specified. TTF1 posi-
tive adenocarcinoma had ≥50% PD-L1 expression in 38%
vs. 16% in TTF1 negatives (data not shown). PD-L1
expression was higher in higher TNM stages than in lower
stages. The higher expression is seen especially in the ≥50%
column and the lower expression in the <1% column,
whereas the intermediate column is largely unchanged
over stage.

Regarding ALK translocation, the numbers in each
category are too small for interpretation. Cases with acti-
vating EGFR mutations express PD-L1 to a lower extent
than the EGFR wild type cases, but the numbers are
very small.

More tumors tested on cytology expressed PD-L1 ≥50%
than tumors tested on histology (36% vs. 27%). No con-
sistent pattern of PD-L1 expression was seen in cytology vs.
histology in stages III and IV. In stages I and II there was a
trend towards higher PD-L1 in cytology than in histology,
but the numbers are small.

More tumors tested from smokers expressed PD-L1
≥50% than tumors tested from never smokers.

Fifty four percent of the patients with a PD-L1 score of at
least 50% and stage IIIA, IIIB/IIIC, and stage IV were
treated in first-line with pembrolizumab. More than 90%
were in stage IV. Among the reasons for not giving

immuno-oncologic treatment were performance status 2 or
higher, brain metastases, and irradiation often in combina-
tion with prednisolone treatment. More patients with no
comorbidity (N= 71 (70%)) received immuno-oncologic
therapy than patients with 1 or more comorbidities (N= 23
(32%)) and the difference was clearly significant. Although
comorbidity was likely to have influenced for example
performance status, it was not given as the primary reason
for not treating with immuno-oncologic therapy.

The multivariate analysis showed that at tumor propor-
tion score ≥50%, cTNM stage and diagnosis were statisti-
cally significant at the 5% level while controlling for age,
sex, type of material used, location of material used,
smoking, and performance status which were not statisti-
cally significant (Table 3). There was less PD-L1 positivity

Table 2 PD-L1 staining by baseline characteristics

PD-L1 staining

<1% N (%) 1–49%
N (%)

≥50%
N (%)

Total N (%)

Sex

Male 137 (36) 132 (35) 107 (28) 376 (100)

Female 155 (37) 127 (31) 133 (32) 415 (100)

ALK status*

Positive 6 (60) 2 (20) 2 (20) 10 (100)

Negative 204 (38) 158 (29) 180 (33) 542 (100)

EGFR mutation status**

Activating
mutation

17 (47) 13 (36) 6 (17) 36 (100)

Ex 20 non-
activating
mutation

4 (67) 0 2 (33) 6 (100)

Wild type 172 (36) 137 (30) 165 (35) 474 (100)

Material used for PD-L1 analysis

Cytology 88 (33) 83 (31) 97 (36) 268 (100)

Histology 204 (39) 176 (34) 143 (27) 523 (100)

Location of used material for PD-L1 analysis

Primary tumor in
the lung

217 (39) 196 (35) 145 (26) 558 (100)

Metastasis 75 (32) 63 (27) 95 (41) 233 (100)

Stage

I 87 (46) 74 (39) 30 (16) 191 (100)

II 26 (41) 22 (34) 16 (25) 64 (100)

III 56 (35) 59 (37) 45 (28) 160 (100)

IV 123 (33) 104 (27) 149 (40) 376 (100)

Diagnosis

Adenocarcinomas 202 (37) 160 (30) 177 (33) 44 539 (100)

Squamous cell
carcinomas

75 (36) 90 (43) (21) 209 (100)

Non-small cell
lung cancer, not
otherwise
specified

10 (29) 8 (24) 16 (47) 34 (100)

Non-small cell
lung cancer, other

5 (56) 1 (11) 3 (33) 9 (100)

*Four patients had no material for PD-L1 analysis and for ALK test

**There are 44 EGFR mutated in the full analysis set but only 42 in
the PD-L1 analysis set. Twenty two patients in the PD-L1 analysis set
had no material for EGFR analysis
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in lower stages with an odds ratio of 0.31 for stage I vs.
stage IV. Adenocarcinoma had odds ratio around 1.8, and
non-small cell lung cancer, not otherwise specified had odds
ratio 3. For tumor proportion score ≥1%, the effects of
diagnosis and stage were attenuated and not statistically
significant in the full model shown in Table 3. When only
stage and diagnosis were included in the model, stage had a
p-value of 0.03 and diagnosis had a p-value of 0.75.

For neither cut-off, did type and location of material used
for PD-L1 analysis, age, sex, smoking history, or perfor-
mance status have statistically significant impact on the PD-
L1 expression.

Discussion

This is the largest study of PD-L1 prevalence in an unse-
lected, consecutive cohort of non-small cell lung cancer
Caucasian patients. Samples that could be analyzed for PD-
L1 expression were obtained from 97% of all lung cancer
patients in the cohort.

With cut-off at tumor proportion score ≥50%, lower stage
was associated with lower prevalence of PD-L1 positivity
with an odds ratio of 0.31 for stage I vs. stage IV. A sig-
nificant difference in PD-L1 expression between squamous-
cell carcinoma and adenocarcinoma was observed with odds
ratio for adenocarcinoma around 1.8. With cut-off tumor
proportion score ≥1%, attenuated effects of the same direction
were seen. For neither cut-off, did type and location of
material used for PD-L1 analysis, age, sex, smoking status,
and performance status have statistically significant impact on
the PD-L1 expression level. In other words, our data indicate
that the PD-L1 analysis can be performed on the primary
tumor or on the metastasis, on a histological biopsy or a
cytological cell block. The clinical implication seems to be
that if a patient in need of immuno-oncologic treatment has

shifted stage, a negative or low positive PD-L1 test performed
on a biopsy taken in a lower stage might not mirror the PD-L1
expression in the new metastatic lesion. Therefore, a re-biopsy
should be considered.

Using PD-L1 IHC 22C3 pharmDx, Wang et al. [8]
showed that for tumor proportion score ≥50%, a statisti-
cally significant 2.3-fold higher prevalence of PD-L1
positivity was seen in patients with metastatic disease
compared to early/locally advanced disease. Evans et al.
[14] found that tumor samples taken from the primary
tumor in the lung showed significantly lower rates of PD-
L1 positivity (using PD-L1 IHC 22C3 pharmDx) than
samples from pleura and lymph nodes. In two large
cohorts of resected patients, higher PD-L1 positivity was
detected in higher stages with PD-L1 IHC 28–8 pharmDx
[15] or PD-L1 IHC 22C3 pharmDx and PD-L1 SP263 [7].
A trend toward higher PD-L1 expression in higher stages
(PD-L1 IHC 22C3 pharmDx) [6] or no correlation to stage
(PD-L1 antibody E1L3N) have also been noted [16]. In
the later using PD-L1 ≥50% a discrepancy between pri-
mary tumor and N2 nodes was observed in 3 out of 32
cases (9.4%). In one of these cases the primary tumor was
positive and the N2 metastasis was negative. Hetero-
geneity of the PD-L1 expression may be the explanation
for this discrepancy.

In an updated analysis of the Keynote-010 trial Herbst
et al. [17] compared the outcome in patients based on PD-
L1 test performed on archival vs. newly tumor samples.
Regarding overall survival, a newly acquired biopsy was
somewhat more predictive compared to an archival biopsy
(for tumor proportion score ≥50%, the overall survival
hazard ratios were 0.64 (95% confidence interval: 0.45,
0.91) and 0.40 (95% confidence interval: 0.28, 0.56) for
archival and newly collected samples, respectively). No
information was provided about the tumor stage of the
material used for PD-L1 analysis.

Table 3 Multivariate analysis of
PD-L1 positivity defined as ≥50
and ≥1% positive tumor cells

>50% positive >1% positive

Odds ratio (95%
confidence interval)

P-value Odds ratio (95%
confidence interval)

P-value

Diagnosis

Adenocarcinoma vs. squamous-cell
carcinoma

1.81 (1.20–2.73) 0.003 0.92 (0.64–1.31) 0.66

Non-small cell lung cancer, not
otherwise specified vs. squamous-
cell carcinoma

3.02 (1.39–6.58) 1.29 (0.57–2.88)

Stage

I vs. IV 0.31 (0.19–0.51) 0.59 (0.39–0.89)

II vs. IV 0.58 (0.30–1.12) <.0001 0.74 (0.41–1.34) 0.08

III vs. IV 0.67 (0.44–1.03) 0.92 (0.61–1.39)

The models included diagnosis, stage, age, sex, type of material used, location of material used, smoking,
and performance status
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In the present study more than 25% of the patients had
cytology only for diagnosis and thus also for PD-L1 testing.
In the clinical trials that have led to approval of immuno-
oncologic therapy including pembrolizumab, only histolo-
gic specimens were allowed and for this reason the assay
has been approved for histological specimens only. In the
literature it is debated whether the result of a PD-L1 test
preformed on cytology is accurate. If PD-L1 testing on
cytology were to be deemed unacceptable, a large propor-
tion of non-small cell lung cancer patients would need
either a new (histologic) biopsy (with risk of complications)
or would be deprived of immuno-oncologic therapy. We
reported in 2017 that a high agreement (R2=0.87–0.89) was
found for PD-L1 IHC 22C3 pharmDX and PD-L1 IHC
28–8 pharmDX whether applied to histologic or cytologic
cell blocks with an overall agreement between 85% and
95% [11]. Cases with disagreement of PD-L1 expression
between cytology and histology were largely cases with a
heterogeneous expression of PD-L1 in the histological
material. Since then more studies have come to the same
conclusion [18–20]. Thus, on the analytical level PD-L1
testing on cytology seems trustable, although there is no
consensus about the clinically acceptable degree of statis-
tical agreement.

We demonstrated that more PD-L1 was observed in
cytological specimens compared to histological specimens.
The multivariate analysis indicated that this was due to
cytological specimens being sampled from higher stages
than histological specimens. In two recent studies the same
difference in PD-L1 expression between cytology and his-
tology was reported. Wang et al. [8] demonstrated that for
surgical resections, small biopsies, and cytology the per-
centages of specimens with tumor proportion score ≥50
were 29%, 36%, and 42%, respectively. The numbers
reported by Evans et al. were 22.5%, 29%, and 39.2%,
respectively [14]. Both studies used PD-L1 IHC
22C3pharmDX.

One way to examine if PD-L1 testing on cytology is
trustable on the same level as PD-L1 testing on histology is
to evaluate response rate and survival for patients tested on
either material. Only very sparse data on this topic is
available. Torous et al. [21] showed that in 20 patients with
PD-L1 tumor proportion score ≥50%, 11 were tested on
cytology and the clinical outcome for these patients was
comparable with patients tested on histology. In a study of
38 patients no significant difference regarding progressive
disease and disease control after immuno-oncologic treat-
ment first line for tumor proportion score ≥50% was
observed between patients PD-L1 tested on small biopsies
(N= 25) and cytology (N= 13) [22].

In the majority of studies in which the agreement of PD-
L1 expression on cytology and histology has been eval-
uated, the PD-L1 22C3 pharmDX on cell block material has

been used [11, 18–20, 23]. Given suitable cell block
material (with at least a H&E stained slides and also likely
immunohistochemistry) stained by PD-L1 22C3 pharmDX
used according to the manufacturer’s instructions and an
experienced pathologist, the PD-L1 test on cell blocks
seems to be applicable. Fewer publications have evaluated
other PD-L1 assays on cytology [24, 25], and for these
antibodies more data is needed. The impact of preanalytical
factors including fixative must also be further evaluated and
the same is true for PD-L1 staining on liquid-based cytol-
ogy and smeared material [26].

We found significant differences in PD-L1 expression
between adenocarcinoma and squamous-cell carcinoma, the
former having the highest expression. Other studies have
reported similar findings [27, 28], whereas some have
demonstrated higher expression in squamous-cell carci-
noma [6] or no difference [14, 29]. Our study included
nearly 800 consecutive patients and was controlled for
confounders including sex, smoking habits, type and loca-
tion of material for PD-L1 analysis and stage.

In our institution, (small) biopsies and cytological cell
blocks are initially cut in serial sections with blank slides for
ancillary studies including PD-L1 testing. This procedure is
most likely the reason for the very high proportion of
patients having material for ancillary studies including PD-
L1 (and ALK and EGFR analyses).

The percentages of EGFR mutations and the ALK
positive rate were identical to a similar population some
years ago [10, 30]. The reproducibility of these numbers
indicate that they mirror the true rates of these genetic
abnormalities. Due to small numbers, no conclusion could
be drawn about the association between PD-L1 expression
and EGFR and ALK status.

Fifty four percent (93 patients) of the patients with a PD-
L1 score of at least 50% and stage IIIB/IIIC and stage IV
were treated in first-line with pembrolizumab. Forty two of
these patients were PD-L1 tested on cytological cell block
material. A follow up of the outcome of all these patients is
planned.

In conclusion, in this large, consecutive study of PD-L1
expression in all stages of non-small cell lung cancer, it was
demonstrated that 97% of the patients had material for PD-
L1 analysis. Stage was the most important predictor of PD-
L1 expression with higher stages having higher prevalence
of positive tumors. For tumor proportion score ≥50% more
adenocarcinoma than squamous-cell carcinoma were PD-L1
positive. Type and location of material used for PD-L1
analysis, age, sex, smoking history, or performance status
had no statistically significant impact on the PD-L1
expression.
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