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spatially resolved single cell atlas

The human breast consists of lobules connected to an intricate
network of ducts that are surrounded by fatty tissues, designed to
produce and transport milk to nourish offspring. Histopathology has
identified 10 major cell types based on morphological features but
has provided limited information on cell states—the transcriptional
programs of cell types that reflect different biological functions.

To improve our understanding of these cell types and states, we
performed single cell and spatial gene expression analysis on
healthy breast tissue samples from 24 women, creating a human
breast cell atlas that will be an invaluable tool for understanding this
important tissue in health and disease.
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False-negative programmed death-ligand 1 immunostaining in ethanol-fixed endobronchial
ultrasound-guided transbronchial needle aspiration specimens of non-small-cell lung

cancer patients

Aims: Programmed death-ligand 1 (PD-L1)
immunostaining is used to predict which non-small-
cell lung cancer (NSCLC) patients will respond best to
treatment with programmed cell death protein 1/PD-
L1 inhibitors. PD-L1 immunostaining is sometimes
performed on alcohol-fixed cytological specimens
instead of on formalin-fixed paraffin-embedded (FFPE)
biopsies or resections. We studied whether ethanol
prefixation of clots from endobronchial ultrasound-
guided transbronchial needle aspiration (EBUS-TBNA)
results in diminished PD-L1 immunostaining as com-
pared with formalin fixation.

Methods and results: FFPE cell blocks from EBUS-
TBNA specimens of 54 NSCLC patients were identi-
fied. For each case, paired samples were available,
consisting of clots directly immersed in formalin and
clots prefixed in Fixcyt (50% ethanol). Serial sections
were immunostained for PD-L1 by use of the stan-
dardised SP263 assay and the 22C3 antibody as a

laboratory-developed test (LDT). PD-L1 positivity was
determined with two cut-offs (1% and 50%). Concor-
dance of PD-L1 positivity between the formalin-fixed
(gold standard) and ethanol-prefixed material was
assessed. When the 22C3 LDT was used, 30% and
36% of the ethanol-prefixed specimens showed false-
negative results at the 1% and 50% cut-offs, respec-
tively (kappa 0.64 and 0.68). When SP263 was used,
22% of the ethanol-prefixed specimens showed false-
negative results at the 1% cut-off (kappa 0.67). At
the 50% cut-off, concordance was higher (kappa
0.91), with 12% of the ethanol-prefixed specimens
showing false-negative results.

Conclusion: FEthanol fixation of EBUS-TBNA specimens
prior to formalin fixation can result in a considerable
number of false-negative PD-L.1 immunostaining results
when a 1% cut-off is used and immunostaining is per-
formed with SP263 or the 22C3 LDT. The same applies
to use of the 50% cut-off when immunostaining is per-
formed with the 22C3 LDT.

Keywords: 22C3 antibody, cytology, immunohistochemistry, immunotherapy, non-small-cell lung carcinoma,
programmed cell death-ligand 1, SP263 antibody, tissue fixation
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Introduction

Immunotherapy with checkpoint blockade has
become an integral part of cancer treatment, with
several immune checkpoint inhibitors having been
registered for various forms of cancer.' In patients
with advanced non-small-cell lung cancer (NSCLC),
inhibition of programmed cell death protein 1 (PD-1)
or its ligand programmed death-ligand 1 (PD-L1)
may lead to clinical benefit.>”” Registered drugs are
the PD-1 inhibitors nivolumab and pembrolizumab
and the PD-L1 inhibitors atezolizumab and durval-
umab. Various clinical trials have shown better clini-
cal results or a trend for better efficacy of PD-1 and
PD-L1 inhibitors in patients with higher expression of
PD-L1 on tumour cells, as measured with immuno-
histochemistry (IHC).>>>%%° In clinical practice,
therefore, pathologists determine the percentage of
tumour cells that show PD-L1 expression, also known
as the tumour proportion score (TPS), which is used
to predict which patients might respond best to treat-
ment with PD-1 or PD-L1 inhibitors.

In predicting these chances of response to anti-PD-
1 and anti-PD-L1 therapeutics, two cut-offs for the
PD-L1 TPS are clinically relevant. A cut-off of 50% is
relevant for prescription of pembrolizumab. This drug
may be prescribed as first-line therapy combined with
chemotherapy to patients with stage IV NSCLC (with-
out EGFR or ALK mutations), regardless of PD-L1
expression.”'” However, patients whose tumours
show a TPS of >50% may receive first-line pem-
brolizumab monotherapy,”'® exposing them to far
less treatment toxicity. Second, the 1% cut-off is used
for prescription of durvalumab in various European
countries, as the European Medicines Agency has
advised prescription of this drug as consolidation
treatment to stage III NSCLC patients whose tumours
show a TPS of >1%.'" The PD-1/PD-L1 inhibitors
nivolumab and atezolizumab may be prescribed as
second-line treatment to patients with metastatic
NSCLC regardless of PD-L1 expression.” However,
measurement of PD-L1 expression could aid in pre-
dicting the chances of response to these drugs as well,
and may in that way guide clinicians in their treat-
ment decisions for the individual patient.?

The efficacy of PD-1/PD-L1 inhibitors in relation to
PD-L1 expression was determined in clinical trials
that performed IHC on formalin-fixed paraffin-
embedded (FFPE) surgical biopsies or resections.'’
However, because a large proportion of NSCLC
patients are diagnosed at an advanced stage of dis-
ease, diagnosis and treatment decisions are often
based on cytological specimens from readily accessible

sites.!* Because of their minimally invasive character,
techniques such as endobronchial ultrasound-guided
transbronchial needle aspiration (EBUS-TBNA) and
transthoracic fine needle aspiration are preferable in
this setting.'*!> The material collected during these
procedures can be fixed and processed into cell blocks
in a great variety of ways, which may quite often not
result in FFPE material.'® As the use of PD-L1 anti-
bodies for immunostaining on cytological specimens
fixed and processed in various ways has not been val-
idated in clinical trials, it is unclear whether the
results of PD-L1 immunostaining on these specimens
can adequately predict response to PD-1/PD-L1 inhi-
bitors.

So far, there have been several studies assessing
the concordance of PD-L1 immunostaining between
surgical biopsies or resections and cytological cell
blocks. Most of these have concluded that PD-L1 test-
ing can safely be performed on the latter, on the basis
of high levels of concordance between histology and
cell blocks.'>!72° However, these studies used
formalin-fixed cytological material, whereas, in clini-
cal practice, laboratories may use alcohol (methanol
or ethanol)-based fixatives or transport media.?' A
potential advantage of using alcohols such as ethanol
for fixation is their beneficial effect on nucleic acid
preservation as compared with formalin fixation,
resulting in higher-quality material for molecular
analysis.”* However, it is known from other studies
that alcohol fixation can result in decreased intensity
of immunostaining for various antibodies.?> 2’ Poten-
tially, alcohol fixation could have a similar negative
effect on PD-L1 immunostaining. This could have an
important impact on the selection of NSCLC patients
who are eligible for immunotherapy, potentially lead-
ing to denial of treatment options that these patients
could benefit from. In this study, the effect of ethanol
prefixation followed by delayed formalin fixation on
PD-L1 immunostaining was determined, by the use of
paired formalin-fixed and ethanol-fixed EBUS-TBNA
samples from NSCLC patients.

Materials and methods
PATIENTS AND SPECIMENS

For this study, NSCLC patients who had undergone
EBUS-TBNA on lymph nodes or primary tumours at
the Canisius-Wilhelmina Hospital (CWZ) (Nijmegen,
The Netherlands) between November 2015 and
August 2018 were identified retrospectively. Aspi-
rated material from all patients was split into two
separate fixatives, with approximately two-thirds of

© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology



the material (the yield from sampling the lymph node
or primary tumour twice) being collected in 20 ml of
10% neutral buffered formalin, and one-third of the
material (the yield from sampling once) being col-
lected in 20 ml of Fixcyt (50% ethanol and 2% poly-
ethylene glycol solution). The average prefixation
duration was 1 h, with a maximum of 2 h. Upon
arrival of the EBUS-TBNA material at the pathology
laboratory, visible clots from the material fixed in Fix-
cyt were directly placed into formalin for further fixa-
tion, with postfixation times ranging from 3 h to
24 h. The total fixation duration (formalin fixation
only or Fixcyt fixation followed by formalin fixation)
was equal between the formalin material and Fixcyt
material collected from the same patient. Clots from
both the formalin-fixed and Fixcyt-fixed aspirated
material were then processed into paraffin-embedded
blocks, with the same routine biopsy processing pro-
gramme being used for both specimens. Both the
formalin-fixed and Fixcyt-fixed blocks from each
patient were collected from the pathology archive.
The study was approved by the institutional review
board at CWZ. Data and tissue samples were all han-
dled according to the General Data Protection Regula-
tion. All patient material was used anonymously, and
collection and use of material was in accordance with
the code of conduct for the responsible use of residual
human tissue for research, established by the Federa-
tion of Dutch Medical Scientific Societies.?®

PD-L1 IMMUNOSTAINING

Consecutive 3-um sections were cut from both
formalin-fixed and Fixcyt-fixed blocks of all included
patients. Sections were stained with haematoxylin
and eosin (H&E) and with two PD-L1 antibodies, i.e.
Ventana (Ventana Medical Systems, Inc., Tucson,
Arizona, U.S.A.) SP263 and Dako (Agilent Technolo-
gies, Santa Clara, California, U.S.A.) 22C3. The H&E-
stained sections were used to determine the number
of tumour cells present in each FFPE block, with
exclusion of all patients with one or more blocks con-
taining <100 viable tumour cells. For immunostain-
ing with SP263, a standardised assay was used on
the Ventana Benchmark Ultra platform at Utrecht
University Medical Centre (UMCU) (Utrecht, The
Netherlands), according to the manufacturer’s
instructions. On the basis of retrospective analysis of
pathology reports generated in 2017 and 2018, the
average PD-L1 positivity rates in histological material
of NSCLC patients at UMCU were 57% and 28% at
the 1% cut-off and at the 50% cut-off, respectively.
Similar PD-L1 expression rates have been reported in
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a large series of NSCLC specimens.”’ The 22C3 anti-
body was used at CWZ in a laboratory-developed test
(LDT) on the Dako Omnis platform [dilution 1:25,
30 min of incubation; heat-induced epitope retrieval
(97°C) with low-pH buffer; EnVision FLEX+ (Agilent
Technologies, Santa Clara, California, U.S.A.) mouse
LINKER detection kit; EnVision FLEX DAB Enhancer
(5 min)], validated for use in clinical practice through
comparison of sections from 100 NSCLC patients with
sections from the same patients immunostained for
PD-L1 in an academic referral hospital (all FFPE tis-
sue sections). The 22C3 LDT has shown good to
excellent results in several external quality assess-
ment schemes performed by NordiQC and the Euro-
pean Society of Pathology. The average PD-L1
positivity rates were 69% at the 1% cut-off and 39%
at the 50% cut-off, on the basis of data from 2017
and 2018. The rate at the 50% cut-off is higher than
the positivity rates reported in the Keynote trials that
assessed the efficacy of pembrolizumab,*> but positiv-
ity rates up to 42.7% have been reported by others.*°

ASSESSMENT OF PD-L1 IMMUNOSTAINING

All PD-L1-immunostained slides containing >100
viable tumour cells were scored by an experienced
pathologist, certified for PD-L1 scoring, together with
a pathology resident, under a double-headed micro-
scope. The TPS was established by determining the
percentage of PD-L1-positive tumour cells relative to
the total number of tumour cells. Membranous
immunostaining of any intensity was considered to be
valid, whereas cytoplasmic immunostaining and
immunostaining of necrotic tumour cells were disre-
garded. The TPS was determined with scores of 0%,
1%, 5% or 10% for the TPS ranging from 0% to 10%.
For scores of >10%, a 10% increment was used. Scor-
ing of all slides immunostained with one antibody was
performed within one session. Scoring of all slides
immunostained with the other antibody was per-
formed in a second session, with a period of 3 weeks
between the scoring sessions and rearrangement of
the order of slides before the second session. The scor-
ers were blinded to the fixative that was used, and did
not know which slides belonged to the same patient.

STATISTICAL ANALYSIS

The concordance of PD-L1 immunostaining between
formalin-fixed and Fixcyt-fixed material was assessed
by calculating intraclass correlation coefficients (ICCs)
for continuous PD-L1 scores. These scores were then
dichotomised according to two clinically relevant cut-

© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology
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offs for the TPS, i.e. >1% and >50%. The overall per-
centage agreement (OPA), the positive percentage
agreement (PPA) and the negative percentage agree-
ment were calculated for both cut-offs, with the mate-
rial fixed in formalin being used as a reference
standard. On the basis of the guideline on principles
of analytical validation of immunohistochemical
assays from the College of American Pathologists
(CAP) Pathology and Laboratory Quality Center, an
overall agreement of at least 90% between the
formalin-fixed and Fixcyt-fixed material was regarded
as acceptable.’! Cohen’s kappa (k) values were also
determined. According to McHugh’s suggested inter-
pretation of the kappa statistic for clinical laborato-
ries, values >0.80 were considered to indicate strong
agreement and were deemed to be acceptable for clin-
ical practice.>? Statistical analysis was performed with
RSTUDIO version 1.1.456 and IBM spss STATISTICS version
25.

Results
PATIENT AND SPECIMEN CHARACTERISTICS

Formalin-fixed and Fixcyt-fixed blocks from 67 NSCLC
patients were collected. Of these, 54 cases were eligi-
ble for inclusion. The remaining 13 cases had insuffi-
cient numbers of viable tumour cells (<100) in one
or both blocks, and were therefore excluded. Patient
and specimen characteristics of the included cases are
shown in Table 1.

When a cut-off of >1% was used to determine PD-
L1 positivity, 33 (61%) and 32 (59%) formalin-fixed
specimens, respectively, were PD-L1-positive when
immunostaining was performed with the 22C3 LDT
and with SP263. With the same cut-off, 23 (43%)
and 27 (50%) Fixcyt-fixed specimens were PD-L1-
positive. With a cut-off of >50%, 14 (26%) formalin-
fixed specimens were PD-L1-positive when immunos-
taining was performed with the 22C3 LDT, and 16
(30%) were PD-L1-positive when immunostaining
was performed with SP263. Of the Fixcyt-fixed speci-
mens, 10 (19%) and 14 (26%), respectively, showed
a TPS of >50% when immunostaining was performed
with the 22C3 LDT and with SP263.

COMPARISON OF PD-L1 IMMUNOSTAINING
BETWEEN FORMALIN-FIXED AND FIXCYT-FIXED
SPECIMENS WHEN IMMUNOSTAINING WAS
PERFORMED WITH THE 22C3 LDT

When the concordance of the TPS was assessed on a
continuous scale for material immunostained by use

Table 1. Patient and specimen characteristics

Characteristic n (%)
Diagnosis

Adenocarcinoma 32 (59)

Squamous cell carcinoma 15 (28)

NSCLC NOS 6 (11)

Adenosquamous carcinoma 1)
TBNA source

Lymph node 47 (87)

Primary tumour 7 (13)
PD-L1 expression (TPS) formalin >1%

22C3 LDT 33 (61)

SP263 32 (59)
PD-L1 expression (TPS) formalin >50%

22C3 LDT 14 (26)

SP263 16 (30)
PD-L1 expression (TPS) Fixcyt >1%

22C3 LDT 23 (43)

SP263 27 (50)
PD-L1 expression (TPS) Fixcyt >50%

22C3 LDT 10 (19)

SP263 14 (26)

LDT, laboratory-developed test; NOS, not otherwise specified;
NSCLC, non-small-cell lung cancer; PD-L1, programmed death-
ligand 1; TBNA, transbronchial needle aspiration; TPS, tumour pro-
portion score.

of the 22C3 LDT, the correlation between the
formalin-fixed and Fixcyt-fixed specimens was on the
boundary between moderate and good [ICC 0.76;
95% confidence interval (CI) 0.60-0.86].>* However,
dichotomisation of the TPS at the 1% cut-off and the
50% cut-off resulted in lower concordance levels
(Cohen’s x of 0.64 and 0.68, respectively, and OPAs
of <90%) (Table 2). Differences in categorisation of
the TPS between the two types of material, with both
cut-offs, are shown in Figure 1A. When the 1% cut-
off was used to determine PD-L1 positivity, 10 (30%)
of 33 cases that were PD-L1-positive in the formalin-
fixed specimen showed false-negative results in the
Fixcyt-fixed specimen, resulting in a PPA of only
70%. Figure 2A,B shows a representative example of
a case with a TPS of >1% in the formalin-fixed

© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology
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Table 2. Concordance of programmed death-ligand 1 (PD-L1) positivity between specimens fixed in formalin and speci-
mens fixed in Fixcyt for SP263 and the 22C3 laboratory-developed test (LDT), with two different cut-offs to determine PD-

L1 positivity (>1% and >50%)

Concordance when a 1% cut-off was used

Concordance when a 50% cut-off was used

OPA (%) PPA (%) NPA (%) Cohen's kappa (95% ClI)

OPA (%) PPA (%) NPA (%) Cohen's kappa (95% Cl)

22C3 LDT 81 70 100

0.64 (0.45-0.83)

89 64 98 0.68 (0.44-0.92)

SP263 83 78 91

0.67 (0.47-0.87)

96 88 100 0.91 (0.78-1.00)

Cl, confidence interval; NPA, negative percentage agreement; OPA, overall percentage agreement; PPA, positive percentage agreement.

20 . >50%
A 1%-49%
2‘51 < 1 °/o

Cases
N
~

1 1
Formalin Fixcyt

PD-L1 expression (22C3 LDT)

Cases

PD-L1 expression (SP263)

2 B > s0%
2 1%-49%
: apt

1 1
Formalin Fixcyt

Figure 1. The programmed death-ligand 1 (PD-L1) tumour proportion score (TPS) in three categories for formalin-fixed and Fixcyt-fixed material
per case, determined with the 22C3 laboratory-developed test (LDT) (A) and the SP263 standardised assay (B). Cases for which colours do not cor-
respond showed discordant TPS values between formalin-fixed and Fixcyt-fixed material.

specimen and a TPS of <1% in the Fixcyt-fixed speci-
men. When the 50% cut-off was used, the PPA was
only 64%, owing to five (36%) of 14 cases showing

© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology

false-negative results in the Fixcyt-fixed specimens.
Figure 3A,B shows a representative example of a case
with a TPS of >50% in the formalin-fixed specimen
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22C3 LDT

SP263 A %

Formalin

Fixcyt

Figure 2. Images of the programmed death-ligand 1 (PD-L1) immunostaining pattern of an exemplary case showing a tumour proportion
score (TPS) of >1% in formalin-fixed material when immunostaining was performed with the 22C3 laboratory-developed test (LDT) (A) and
with SP263 (C). The Fixcyt-fixed material showed a TPS of <1% when immunostaining was performed with the 22C3 LDT (B) and with

SP263 (D).

22C3 LDT

Formalin

Figure 3. Images of the programmed death-ligand 1 (PD-L1) immunostaining pattern of an exemplary case showing a tumour proportion
score (TPS) of >50% in formalin-fixed material when immunostaining was performed with the 22C3 laboratory-developed test (LDT) (A) and
with SP263 (C). The Fixcyt-fixed material showed a TPS of <50% when immunostaining was performed with the 22C3 LDT (B) and a TPS

of >50% when immunostaining was performed with SP263 (D).

and a TPS of <50% in the Fixcyt-fixed specimen
when immunostaining for PD-L1 was performed with
the 22C3 LDT.

COMPARISON OF PD-L1 IMMUNOSTAINING
BETWEEN FORMALIN-FIXED AND FIXCYT-FIXED
SPECIMENS WHEN IMMUNOSTAINING WAS
PERFORMED WITH SP263

When immunostaining was performed with SP263,
analysis of the concordance of the TPS on a

continuous scale showed high agreement (ICC 0.92;
95% CI 0.90-0.95). Again, however, dichotomisation
of the TPS at the 1% cut-off resulted in much lower
concordance levels (OPA of <90% and Cohen’s x of
0.67) (Table 2). Figure 1B shows that, when this
cut-off was used, seven (22%) of 32 cases that were
PD-L1-positive in the formalin-fixed specimen showed
false-negative results in the Fixcyt-fixed specimen
(PPA of 78%). A representative example of this phe-
nomenon (lower intensity of PD-L1 immunostaining
in Fixcyt-fixed material than in formalin-fixed

© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd, Histopathology



material when SP263 was used) is shown in Fig-
ure 2C,D. Dichotomisation of the TPS at the 50%
cut-off resulted in much higher concordance levels
than those found when the 1% cut-off was used
(Cohen'’s k of 0.91 versus 0.67 and PPA of 88% ver-
sus 78%) (Table 2). Figure 3C,D shows a representa-
tive example of a case in which the PD-L1
immunostaining was scored as >50% in both the
formalin-fixed and the Fixcyt-fixed material when
SP263 was used.

COMPARISON OF PD-L1 IMMUNOSTAINING
BETWEEN THE 22C3 LDT AND SP263

See Doc. S1 for the results of a comparison of PD-L1
immunostaining between the 22C3 LDT and SP263
for both formalin-fixed and Fixcyt-fixed material.

Discussion

In this retrospective study, the effect of prefixation in
an ethanol-based fixative on PD-L1 immunostaining
was studied with two PD-L1 immunohistochemical
assays (the 22C3 LDT and the SP263 standardised
assay) validated for use on FFPE tissue. It was shown
that fixation of EBUS-TBNA material in Fixcyt
(ethanol-based) prior to formalin fixation resulted in a
considerable number of false-negative PD-L1
immunostaining results when the 1% cut-off was
used to determine PD-L1 positivity. When PD-L1 posi-
tivity was determined with the 50% cut-off,
immunostaining by use of the 22C3 LDT again
resulted in a substantial number of false-negative PD-
L1 immunostaining results in the Fixcyt-fixed mate-
rial, whereas this was not the case for SP263.

Few other studies have assessed the influence of
ethanol (pre)fixation on PD-L1 immunostaining
results in cytology cell blocks. Wang et al.>* con-
cluded that alcohol fixation (methanol or ethanol)
does not affect PD-L1 immunostaining. However, no
comparisons between paired samples of the same
patients were made, and the authors state that it is
possible that most of the cases fixed in both alcohol
and formalin had short alcohol prefixation times. A
study by Gosney et al.,>> which did use paired sam-
ples of aspirates fixed in alcohol-based fixatives and
formalin, also reported no effect of the use of alcohol-
based fixatives on the expression of PD-L1 or its inter-
pretation. Most of the alcohol-fixed samples in the
study, however, were fixed in CytoRich Red, a solu-
tion that also contains formaldehyde. These samples
were therefore exposed to more formalin during the

Ethanol fixation affects PD-L1 immunostaining 7

processing procedure than if they had been fixed in
an ethanol-based fixative such as Fixcyt, which could
potentially explain the differences in results from
those of our own study. A study by Jain et al.>® found
an overall concordance of PD-L1 immunostaining of
88.4% between small biopsies and matched liquid-
based cytology smears, but, similarly to the procedure
of Gosney et al.,>> these smears were fixed in CytoR-
ich Red. Similarly to our findings, Lloyd et al. showed
a negative effect of CytoLyt (a methanol-based fixa-
tive) on PD-L1 immunostaining in PD-L1-expressing
cell lines.>”

The occurrence of false-negative PD-L1 immunos-
taining results is problematic, as it could lead to
denial of potentially beneficial treatment options to
patients with NSCLC. The use of EBUS-TBNA speci-
mens for PD-L1 testing is most often seen in patients
who present with locally advanced or metastatic dis-
ease at diagnosis. These patients are precisely the
ones who could benefit from treatment with PD-1/
PD-L1 inhibitors. It is thus of the utmost importance
that pathologists can accurately determine the PD-L1
TPS for these patients. Hence, pathologists should be
aware of the risks of using an ethanol-based (pre)fixa-
tive. The concordance levels of the PD-L1 TPS were
lowest for both the 22C3 LDT and SP263 with use of
the 1% cut-off, indicating that the use of ethanol-
based fixatives could result in the wrongful denial of
durvalumab as consolidation treatment to stage III
NSCLC patients in clinical practice in various Euro-
pean countries."! The combination of Fixcyt-fixed
material and immunostaining by use of the 22C3
LDT also resulted in disappointing concordance levels
when a 50% cut-off was used. This could result in
stage IV NSCLC patients being prescribed a more
toxic first-line treatment regimen of pembrolizumab
combined with chemotherapy, whereas they could
have been treated with a less toxic treatment option
consisting of pembrolizumab alone.”'°

Interestingly, the use of SP263 resulted in high
concordance of the PD-L1 TPS between formalin-fixed
and Fixcyt-fixed material when the 50% cut-off was
used for dichotomisation. Overall, slightly stronger
immunostaining intensity was seen in sections
immunostained with SP263 than in those immunos-
tained by use of the 22C3 LDT, with discordant cases
more often showing a lower TPS when the 22C3 LDT
was used than when SP263 was used than the other
way around. A decrease in immunostaining intensity
due to ethanol (pre)fixation might therefore be less
problematic when SP263 is used than when the
22C3 IDT is used. It could also be that the
negative effect of ethanol (pre)fixation on PD-L1
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immunoreactivity is smaller with the use of SP263
than with use of the 22C3 LDT. Although these two
antibodies target the same protein, they do target dif-
ferent epitopes of this protein.>® Perhaps the alter-
ation in tertiary structure of the PD-L1 protein
caused by alcohol fixation®' results in one epitope
being more capable of binding with the PD-L1 anti-
body than the other. A study by Munari et al.>® also
showed a high concordance rate between ethanol-
fixed material (cytological smears) and FFPE surgical
resection material at the 50% cut-off, when the
SP263 standardised assay was used. Scoring of PD-L1
positivity with the 50% cut-off thus seems to be feasi-
ble on ethanol-prefixed material when SP263 is used.
However, we would suggest assessing the concor-
dance between formalin-fixed and ethanol-prefixed
material in more ‘critical samples’, i.e. samples that
show a PD-L1 TPS closer to the threshold of PD-L1
positivity,* before drawing a more definitive conclu-
sion on the actual feasibility of using SP263 on
ethanol-prefixed material to determine PD-L1 positiv-
ity at a 50% cut-off in clinical practice.

It has been described previously that alcohol fixation
leads to false-negative immunostaining results when
conventional THC protocols, validated for FFPE tissue,
are used.”>2”*! Nevertheless, in clinical practice, cell
blocks are often seen as ideal for immunostaining,**
even though different fixatives, including alcohol-
based fixatives, may be used in preparing them. Fowler
and Lachar state that it is a common mistake in cytol-
ogy laboratories to not carefully examine the cell block
methodology and its potential negative impact on IHC
interpretation.*> They advise comparison of immunos-
taining results between cytological samples and surgi-
cal pathology samples, prior to the introduction of any
new cell block method.*? This is in line with the guide-
line from the CAP, which states that laboratories
should test a sufficient number of cases to ensure that
IHC assays achieve the expected results, if they are
used on cytological specimens that are not processed in
the same manner as the tissues used for assay valida-
tion.>! Similarly, Rekhtman et al.,** who recently
developed a modified HistoGel-based cell block prepara-
tion method that includes the addition of 95% ethanol,
state that laboratories who adopt their method should
consider revalidation of immunostains. In the litera-
ture, there are some examples demonstrating that
changing an THC protocol can lead to good immunos-
taining results when alcohol-fixed specimens are used,
whereas the standard IHC protocol, validated for FFPE
tissue, showed reduced immunostaining intensity.?>
However, in clinical practice, many laboratories use
standardised PD-L1 assays, such as the standardised

SP263 assay and the 22C3 pharmDx assay, which
received Food and Drug Administration approval and/
or CE-IVD marking for use only with standardised pro-
tocols designed by the manufacturers.*>*” Moreover,
changing an IHC protocol does not always result in
improved imrnunostaining,23 25 leaving it unsure
whether changing PD-L1 IHC protocols would actually
result in fewer false-negative immunostaining results
when they are used on ethanol-(pre)fixed specimens.
This study has some limitations. First, the sample
size is rather small. Because of the retrospective nat-
ure of this study, the availability of patient material
was dependent on the number of NSCLC patients
who had actually undergone EBUS-TBNA in clinical
practice and had their aspirated material fixed in both
Fixcyt and formalin. However, we do believe that the
design of this study, which used paired samples to
compare PD-L1 immunostaining between ethanol-
prefixed and formalin-fixed material, provides a valu-
able contribution to the current literature. Second,
we used the cell blocks fixed in formalin as a refer-
ence standard in our analyses. Ideally, we would
have liked to use true histological specimens as the
gold standard for our comparisons. Unfortunately,
matched histological specimens were not available for
our study cases. Third, we only used two PD-L1 anti-
bodies in our study, whereas, in clinical practice, lab-
oratories may use other PD-L1 antibodies, such as
28-8 in the pharmDx assay or E1L3N. We cannot
draw any conclusions regarding the effect of ethanol-
based fixation on PD-L1 immunostaining with anti-
bodies and protocols other than the ones that we
used. Fourth, the samples in our study were fixed in
ethanol for only a short period of time, with a maxi-
mum of 2 h. In clinical practice, aspirated material
might sometimes rest in a fixative for a longer
amount of time, especially when it is collected just
before or during the weekend. Potentially, a longer
duration of ethanol (pre)fixation could result in even
more detrimental effects on PD-L1 immunostaining.
Also, we cannot draw definitive conclusions on the
effect of formalin postfixation after alcohol fixation on
PD-L1 immunostaining, as we did not know the indi-
vidual fixation times for the samples in our study,
and were therefore unable to determine whether
there was any difference in PD-L1 results between
specimens with shorter and longer formalin postfixa-
tion times. Fifth, the uneven distribution of aspirated
material between formalin and Fixcyt could have
played a role in causing discrepancies between
formalin-fixed and Fixcyt-fixed samples in our study,
as the Fixcyt-fixed material might have contained a
smaller number of tumour cells. We did not,
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however, observe prominent differences in the num-
bers of tumour cells between the two types of speci-
men when scoring PD-L1. Moreover, nearly one-third
of the excluded cases were excluded because the
formalin-fixed cell blocks did not contain enough
tumour cells, whereas the Fixcyt-fixed cell blocks did.
We therefore do not believe that the number of
tumour cells was systematically lower in the Fixcyt-
fixed specimens, diminishing the influence that the
uneven distribution of the aspirated material would
have had on creating discordance in PD-L1 immunos-
taining between the different specimen types. Finally,
both intratumoral heterogeneity and intraobserver
variability could potentially explain part of the discor-
dance seen between formalin-fixed and Fixcyt-fixed
material, which is also indicated by the three cases
that showed higher PD-L1 expression in the Fixcyt-
fixed specimen than in the formalin-fixed specimen
(two cases when immunostaining was performed
with SP263; one case when immunostaining was
performed with the 22C3 LTD). However, as the over-
all discordance that we observed mainly consisted of
false-negative results in Fixcyt-fixed material as com-
pared with formalin-fixed material, rather than a mix
of both false-negative and false-positive results, it
seems highly unlikely that the discordance could be
explained solely by the presence of intratumoral
heterogeneity or intraobserver variability.

To conclude, when SP263 and 22C3 THC protocols,
validated for use on FFPE material, are used on cyto-
logical specimens prefixed in an ethanol-based fixa-
tive, this results in a considerable number of false-
negative PD-L1 immunostaining results. This occurs
when both the 1% and the 50% cut-offs are used to
determine PD-L1 positivity, although the risk of false-
negative results seems to be smallest when the
SP263 standardised assay is used and scoring of PD-
L1 positivity is performed with the 50% cut-off.
Pathologists should be aware that scoring of PD-L1
expression as negative on the basis of standard PD-L1
THC protocols used on specimens (pre)fixed in ethanol
could lead to patients wrongfully being denied treat-
ment options that they could actually benefit from.
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