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Formalin Fixation for Optimal Concordance   
of Programmed Death-Ligand 1 Immunostaining Between 
Cytologic and Histologic Specimens From Patients With 

Non–small Cell Lung Cancer
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Stefan M. Willems, MD, PhD1,7; Wim Timens, MD, PhD7; and Nils A. ’t Hart, MD, PhD2,7

BACKGROUND: Immunohistochemical staining of programmed death-ligand 1 (PD-L1) is used to determine which patients 

with non–small cell lung cancer (NSCLC) may benefit most from immunotherapy. Therapeutic management of many patients 

with NSCLC is based on cytology instead of histology. In this study, concordance of PD-L1 immunostaining between cytol-

ogy cell blocks and their histologic counterparts was analyzed. Furthermore, the effect of various fixatives and fixation times 

on PD-L1 immunoreactivity was studied. METHODS: Paired histologic and cytologic samples from 67 patients with NSCLC 

were collected by performing fine-needle aspiration on pneumonectomy/lobectomy specimens. Formalin-fixed, agar-based 

or CytoLyt/PreservCyt-fixed Cellient cell blocks were prepared. Sections from cell blocks and tissue blocks were stained 

with SP263 (standardized assay) and 22C3 (laboratory-developed test) antibodies. PD-L1 scores were compared between 

histology and cytology. In addition, immunostaining was compared between PD-L1–expressing human cell lines fixed in 

various fixatives at increasing increments in fixation duration. RESULTS: Agar cell blocks and tissue blocks showed sub-

stantial agreement (κ = 0.70 and κ = 0.67, respectively), whereas fair-to-moderate agreement was found between Cellient 

cell blocks and histology (κ = 0.28 and κ = 0.49, respectively). Cell lines fixed in various alcohol-based fixatives showed 

less PD-L1 immunoreactivity compared with those fixed in formalin. In contrast to SP263, additional formalin fixation after 

alcohol fixation resulted in preserved staining intensity using the 22C3 laboratory-developed test and the 22C3 pharmDx 

assay. CONCLUSIONS: Performing PD-L1 staining on cytologic specimens fixed in alcohol-based fixatives could result in 

false-negative immunostaining results, whereas fixation in formalin leads to higher and more histology-concordant PD-L1 

 immunostaining. The deleterious effect of alcohol fixation could be reversed to some degree by postfixation in formalin. 
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INTRODUCTION

In non–small cell lung cancer (NSCLC), immunohisto-
chemical expression of programmed death-ligand 1 (PD-
L1) on tumor cells is shown to predict the likelihood of 
response to anti-PD1/anti–PD-L1 immunotherapy.1 The 
detection of PD-L1 in tumor tissue by immunohisto-
chemistry (IHC) is required as a companion diagnostic 
for the immune checkpoint inhibitor pembrolizumab, 
which may only be prescribed as first-line monother-
apy to patients with advanced NSCLC when tumor 
cells have ≥50% PD-L1 expression.2,3 For patients with   
locally advanced (stage III) NSCLC whose disease has 
not progressed after treatment with radiation and plat-
inum-based chemotherapy, the anti–PD-L1 checkpoint 
inhibitor durvalumab may be prescribed. This drug, how-
ever, only received approval by the European Medicines 
Agency for patients whose tumors have PD-L1 expression 
in ≥1% tumor cells.4 For the immune checkpoint inhib-
itors nivolumab and atezolizumab, PD-L1 IHC is used 
as a complementary diagnostic, rendering it less import-
ant to gather adequate tissue for PD-L1 immunostaining. 
Nevertheless, it may identify patients who could respond 
better to treatment than others and aid in the assessment 
of risks and benefits for individual patients,5,6 especially 
when the presence of tumor-infiltrating lymphocytes is 
also taken into account.7

Because clinical trials addressing immune checkpoint 
inhibitors included patients with tissue-based diagnoses, 
the use of IHC assays for evaluating PD-L1 expression in 
tumor cells is validated only in histologic specimens.8,9 
In clinical practice, however, the management of many 
patients with advanced NSCLC is based on cytology.10 
Diagnostic cytology by fine-needle aspiration (FNA) is 
less invasive than tissue-based diagnostics through histo-
logic biopsies and thus is preferable.8,11 The sensitivity, 
specificity, and positive predictive values of PD-L1 immu-
nocytochemistry (ICC), however, are unclear, with only 
a limited number of studies focusing on histologic and 
cytologic correlation of PD-L1 immunostaining.8,9,12-16

In addition, routinely used fixatives in cytology are 
often based on methanol or ethanol compared with for-
malin-based fixatives in histology.17 This might negatively 
affect the staining intensity of IHC assays,18-21 resulting 
in false-negative analyses. The effect of different preana-
lytical variables on PD-L1 immunoreactivity in cytologic 
specimens is largely unknown, leaving it unclear whether 

fixatives other than formalin can reliably be used for 
 determining PD-L1 expression through immunostaining.

The objective of the current multicenter study was 
to compare PD-L1 immunostaining in matched histo-
logic specimens and cytologic cell blocks by using FNA 
material and histologic samples from the same resected 
lung tumor. Second, the effects of various fixation solu-
tions as well as different fixation times on PD-L1 immu-
nostaining were studied using PD-L1–expressing human 
cell lines. Preliminary and limited results from the study 
were previously reported in an item of correspondence.22 
Complete, extended results are presented here.

MATERIALS AND METHODS

Collection of Histologic and Cytologic 
Specimens

Five Dutch pathology laboratories collaborated to collect 
material for the comparison of PD-L1 immunostaining 
in histologic and cytologic specimens from patients with 
NSCLC (University Medical Center Groningen, Isala 
Zwolle, Erasmus Medical Center Rotterdam, Netherlands 
Cancer Institute Amsterdam, and Pathology Friesland). In 
each center, paired histologic and cytologic samples were 
collected. To do so, FNAs were performed on pneumo-
nectomy or lobectomy specimens with a palpable or vis-
ible tumor to obtain cytologic samples that were as close 
as possible to routine FNA-derived specimens. The col-
lection of cytologic material was performed before further 
preparation and fixation of the resection specimen. It has 
been demonstrated previously that collecting FNA mate-
rial this way can be done without compromising routine 
histologic evaluation of the tumor, thus it is a safe method 
that can be used within the outlines of the code of conduct 
for responsible use of residual human tissue for research 
established by the Federation of Dutch Medical Scientific 
Societies.23 Histology samples were taken after 18 to 72 
hours following routine protocols used in clinical prac-
tice. The mean estimated fixation time was between 18 
hours (overnight fixation) and 72 hours (resection speci-
mens that remained in formalin over the weekend). All 
patient material was used anonymously and was collected 
and used in accordance with the Federation of Dutch 
Medical Scientific Societies code of conduct and with the 
General Data Protection Regulation.

After obtaining the FNA specimen, each center 
was allowed to use their routine method for fixation and 
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generation of a cell block (see Supporting Table 1). In 
this way, concordance of PD-L1 immunostaining could 
be analyzed between histologic tissue and cell blocks 
that were processed in different ways, reflecting normal,   
everyday practice. Depending on the locally developed 
protocols, either a formalin-fixed, agar-based cell block 
or a CytoLyt/PreservCyt-fixed Cellient cell block was 
prepared. The Cellient Automated Cell Block System 
(Hologic Inc) was used for the latter. From each cell 
block, a slide was cut and stained with hematoxylin and 
eosin to check for the presence of tumor cells. If enough 
viable tumor cells were present (≥100 tumor cells), 
 sequential, 3-µm-thick slices were cut for staining with 2 
separate PD-L1 antibodies, ie, the Ventana SP263 stan-
dardized assay (Ventana Medical Systems Inc) and a Dako 
22C3 laboratory-developed test (LDT). Formalin-fixed, 
paraffin-embedded (FFPE) tissue sections were cut from 
a routinely made histologic tissue block from the same 
tumor. These sections were also stained for PD-L1 with 
both antibodies (SP263 and 22C3) and were used for his-
tologic comparison (for a schematic representation of the 
study design, see Fig. 1).

Preparation of PD-L1–Expressing Cell Lines

To further evaluate the effects of different fixatives on 
PD-L1 immunostaining in cytologic samples, commer-
cially available cell lines with high PD-L1 expression 
were used (T-cell non-Hodgkin lymphoma cell lines from 
HistoCyte Laboratories Ltd24). The cell lines were fixed in 
either 5 mL 10% neutral-buffered formalin (NBF) or 25 
mL CytoLyt, PreservCyt, CytoRich Red, or Carbowax. 
CytoLyt and PreservCyt (Hologic Inc) are methanol-based 
fixatives, while Carbowax (Dow Chemical Company) 
contains ethanol and polyethylene glycol. CytoRich Red 
(Thermo Scientific) is alcohol-based as well (methanol, 

isopropyl alcohol, and ethylene glycol) but also contains 
a small amount of formaldehyde. Each is used as a (pre-)
fixation solution in clinical practice. In addition, cell lines 
were fixed in CytoLyt, PreservCyt, CytoRich Red, or 
Carbowax followed by 30-minute fixation in 10% NBF. 
Various fixation times were used, which allowed us to 
evaluate the effect of different fixation periods on PD-L1 
immunostaining. The fixation periods used were 2 hours 
and 24 hours for all fixatives and 48 hours for the cell 
lines fixed in NBF and CytoLyt only. This design allowed 
for 20 different fixation schemes (see Supporting Table 2). 
Subsequently, agarose pellets were created for each cell 
line and were then processed into paraffin blocks. Cores 
from each block were assembled in paraffin-embedded 
cell microarray (CMA) blocks. These were sent to the 
University Medical Center in Groningen, where slides 
were cut (3-µm thickness) for PD-L1 immunostaining.

PD-L1 IHC Staining and Scoring

Sections cut from each cell block and tissue block were 
stained with the Ventana SP263 antibody and the Dako 
22C3 antibody. All staining of patient material was 
performed within 1 center (University Medical Center 
Groningen). Staining of slides with the SP263 standard-
ized assay was carried out on a Ventana Benchmark Ultra 
platform according to the manufacturer’s instructions. 
The Dako 22C3 was used as the LDT, also using the 
Ventana Benchmark Ultra platform. Previously, this LDT 
was compared with the Dako 22C3 pharmDx assay on 
Dako Link 48, for optimization and validation of its use 
in routine clinical practice. The addition of an amplifica-
tion step led to the best protocol, which was comparable 
to a previously published protocol by Adam et al.25 The 
same SP263 standardized assay and the 22C3 LDT were 
used to stain sections from the CMA blocks containing 

Figure 1. This is a schematic representation of the study design. FFPE indicates formalin-fixed, paraffin-embedded; LDT, laboratory-
developed test (using the 22C3 antibody); PD-L1, programmed death-ligand 1; SP263, antibody used in the standardized assay.
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the cell line cores. In addition, sections from the CMA 
blocks were stained with the Dako 22C3 pharmDx assay, 
used on a Dako Autostainer Link 48 platform according 
to the manufacturer’s instructions (performed in Martini 
Hospital, Groningen, the Netherlands).

Staining patterns were analyzed in cores from each 
cell line and compared visually between the 20 different 
fixation schemes. Differences in PD-L1 expression be-
tween cell lines were quantified by determining PD-L1 
H-scores for each cell core, using an application in 
Visiopharm software (Visiopharm A/S).26 The H-score 
was calculated by determining staining intensity in each 
cell (divided into levels 0, 1+, 2+, and 3+), followed by 
application of the following formula: 1 * (% of cells with 
staining intensity level 1+) + 2 * (% of cells with staining 
intensity level 2+) + 3 * (% of cells with staining inten-
sity level 3+).27,28 All stained slides from the paired cell 
and tissue blocks of included patients were reviewed in-
dependently by 2 trained pathologists. Cases of disagree-
ment were resolved through discussion. PD-L1 expression 
was scored in tumor cells according to the guidelines pro-
vided by Roche/Ventana or Dako as part of the PD-L1 
IHC pharmDx test. For each slide, the pathologists deter-
mined the tumor proportion score (TPS), which is con-
structed by determining the percentage of viable tumor 
cells that show membranous PD-L1 immunostaining rel-
ative to the total amount of tumor cells. This score was 
used to categorize the samples into 3 groups: TPS <1% 
(negative), TPS 1% to 49% (weakly positive), and TPS 
≥50% (strongly positive).

Statistical Analysis

To assess agreement of the PD-L1 TPS between histologic 
and cytologic samples, weighted κ values (linear weights) 
were calculated. Furthermore, the Cohen κ was calcu-
lated using data dichotomized according to the 1% and 
50% cutoffs. Overall percent agreement (OPA), positive 
percent agreement, and negative percent agreement were 
determined for both cutoffs using histology as the refer-
ence standard. In addition, the McNemar-Bowker test of 
symmetry was applied to assess whether the categoriza-
tion of PD-L1 expression differed significantly between 
histologic and cytologic samples. P values <.05 were con-
sidered statistically significant. Both interobserver and 
interassay agreement were assessed using weighted к and 
Cohen к values for the 1% and 50% cutoffs. Statistical 
analysis was performed using RStudio version 1.1.456   

(R Foundation for Statistical Computing) and IBM SPSS 
Statistics version 25 (IBM Corporation).

RESULTS

Sample Selection

Paired histologic and cytologic samples from 85 patients 
were collected. Fifteen were excluded, because these 
patients had a diagnosis other than NSCLC. Three pa-
tients were excluded because 1 or both of their samples 
contained an insufficient number of viable tumor cells 
(<100). The remaining 67 patients all had a diagnosis 
of NSCLC, with various histologic subtypes (adenocar-
cinoma, n = 38; squamous cell carcinoma, n = 25; pleo-
morphic carcinoma, n = 2; adenosquamous carcinoma, 
n = 1; and NSCLC not otherwise specified, n = 1). 
Cytologic material from 33 patients was processed into 
agar-based cell blocks. The cytologic material from the 
other 34 patients was processed into Cellient cell blocks.

Overall Concordance Between 
Histology and Cytology

When the 22C3 LDT was used for determining PD-L1 
expression in histologic samples, 25 samples (37%) had 
a TPS <1%, 20 samples (30%) had a TPS from 1% to 
49%, and 22 samples (33%) had a TPS ≥50%. When we 
used the 22C3 antibody on cytologic samples, 34 sam-
ples (51%) had a TPS <1%, 22 samples (33%) had a 
TPS from 1% to 49%, and 11 samples (16%) had a TPS 
≥50%. Of all 67 samples, 39 (58%) showed concord-
ant results between histology and cytology. A weighted 
к value of 0.49 was identified, which can be described 
as moderate agreement.29 Dichotomizing data accord-
ing to the 1% and 50% cutoffs also resulted in moderate 
agreement levels (к = 0.49 and к = 0.50, respectively) (see 
Supporting Table 3).

When the SP263 antibody was used on histologic 
samples, 25 samples (37%) had a TPS <1%, 24 sam-
ples (36%) had a TPS from 1% to 49%, and 18 samples 
(27%) had a TPS ≥50%. Performing SP263 immunos-
taining on cytologic samples resulted in a TPS <1% in 
37 samples (55%), a TPS from 1% to 49% in 18 sam-
ples (27%), and a TPS ≥50% in 12 samples (18%). Also 
when using the SP263 antibody, 45 of 67 samples (67%) 
showed concordance between histology and cytology. 
The agreement observed can be described as moderate   
(к = 0.59). Dichotomization according to the 1% and 
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50% cutoffs resulted in moderate-to-substantial agree-
ment levels, suggesting a somewhat higher level of agree-
ment between cytologic and histologic material at the 50% 
cutoff (к = 0.66) compared with the 1% cutoff (к = 0.53) 
with use of the SP263 antibody (see Supporting Table 3).

Concordance Between Histology and Agar or 
Cellient Cell Blocks

Separate analyses of agar-based and Cellient-processed 
cell blocks revealed a higher degree of agreement between 
the formalin-fixed agar cell blocks and histology than be-
tween the alcohol-fixed Cellient cell blocks and histology. 
When using the 22C3 LDT, substantial agreement levels 
were found when analyzing concordance between agar 
cell blocks and histology (OPA, 73%; к = 0.70) (Table 1). 
Agreement between Cellient cell blocks and histology can 
be described as fair (OPA, 44%; к = 0.28). In addition, 
a comparison of the categorization of PD-L1 expression 
between histologic samples and alcohol-fixed Cellient 
samples revealed a statistically significant difference   
(P < .01), whereas no statistically significant difference 
was observed between histologic samples and formalin-
fixed, agar-based samples (P = .407) (see Supporting 
Table 4). An overview of concordance and discordance   
between matched samples using the 22C3 LDT is 
 displayed by Figure 2.

Similar results were observed for the SP263 anti-
body (Fig. 2), with substantial agreement (OPA, 73%; 
к = 0.67) observed for formalin-fixed agar cell blocks, 
whereas moderate agreement (OPA, 62%; к = 0.49) 
was observed when analyzing agreement between alco-
hol-fixed Cellient cell blocks and their histologic coun-
terparts (Table 2). A comparison of the categorization of 
PD-L1 expression between histology and both groups of 
cytologic samples showed a statistically significant dif-
ference for the Cellient-processed samples (P < .05). As 
with the 22C3 LDT, no statistically significant difference 
was found between histologic samples and agar cell blocks   
(P = .247) (see Supporting Table 5).

Analyzing the data after dichotomization at the 1% 
and 50% cutoffs again resulted in lower concordance 
values for alcohol-fixed Cellient samples compared with 
formalin-fixed, agar-based samples (Tables 1 and 2). This 
applied to both antibodies, although concordance levels 
for the Cellient samples were lower for the 22C3 LDT 
(κ = 0.28 and κ = 0.26 for the 1% and 50% cutoffs, 
respectively) than for the SP263 antibody (к = 0.38 and T
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Figure 2. The concordance of programmed death-ligand 1 (PD-L1) expression (tumor proportion score) is illustrated between 
matched histologic and cytologic samples from individual patients. (A) Histology and formalin-fixed, agar-based cell blocks stained 
with 22C3 (the laboratory-developed test [LDT]) are compared. Nine of 33 cases (27%) show discordance. (B) Histology and 
alcohol-fixed Cellient cell blocks stained using the 22C3 LDT are compared. Nineteen of 34 cases (56%) show discordance. (C) 
Histology and formalin-fixed, agar-based cell blocks stained with SP263 (the standardized assay) are compared. Nine of 33 cases 
(27%) show discordance. (D) Histology and alcohol-fixed Cellient cell blocks stained with SP263 are compared. Thirteen of 34 cases 
(38%) show discordance.
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κ = 0.65, respectively). The lowest agreement levels were 
observed for Cellient cell blocks at the 50% cutoff and 
using the 22C3 antibody. Figure 3 displays an exemplary 
case in which the surgical resection specimen had a TPS 
≥50% with both antibodies, whereas the Cellient samples 
had a TPS between1% and 49%.

Interpathologist and Interassay Agreement

Agreement of PD-L1 scoring between the 2 patholo-
gists was high for histologic samples with the use of both 
22C3 LDT and SP263. An analysis of concordance of 
PD-L1 staining between both antibodies also showed 
high agreement, especially in histologic material (for 
more detailed results of interpathologist agreement analy-
sis, see Supporting Results A and Supporting Table 6; for 
more detailed results of interassay agreement analysis, see 
Supporting Results B and Supporting Table 7).

PD-L1–Expressing NSCLC Cell Lines

Twenty PD-L1–expressing cell line specimens were cre-
ated using different fixatives and various fixation times. 
Formalin-fixed cell lines, which were used as controls, 
showed clear membranous staining on all cells with 
all staining protocols (SP263, 22C3 LDT, and 22C3 
pharmDx). Fixation in CytoLyt, PreservCyt, or Carbowax 
resulted in lower staining intensity compared with fixa-
tion in formalin with all antibodies. Longer fixation times 
(24 and 48 hours, the latter for CytoLyt only) resulted in 
even less immunoreactivity compared with 2-hour fixa-
tion, which was most clearly visible for SP263; whereas, 
for the 22C3 LDT, this phenomenon was observed in 
cells fixed in Carbowax only. When the 22C3 pharmDx 
assay was used, no apparent difference between the differ-
ent fixation times was discernible. Fixation in CytoRich 
Red did not result in lower staining intensity compared 
with formalin, regardless of the antibody or the fixation 
time used (Fig. 4).

When fixation in CytoLyt, PreservCyt, or Carbowax 
was followed by fixation in formalin, staining intensity 
was preserved using the 22C3 LDT (Fig. 5). This effect 
was apparent irrespective of fixation time. Similarly, using 
the 22C3 pharmDx assay, most of the cell lines that were 
fixed in formalin after alcohol fixation showed a stronger 
staining intensity than was observed in the cell lines with-
out formalin fixation (see Supporting Fig. 1). This effect 
was most prominent in cell lines that were fixed for a total 
duration of 2 hours, although an improvement in staining T
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intensity was also discernible in cell lines fixed in CytoLyt 
or PreservCyt for 23.5 hours followed by formalin fixa-
tion. IHC staining with SP263 showed a similar effect in 
the cell line fixed in Carbowax for 1.5 hours followed by 
0.5 hours of formalin fixation only. SP263 showed no or 
only negligible preserved staining intensity after formalin 
fixation in the other cell lines (Fig. 6). Quantification of 
the difference in PD-L1 staining intensity between the 

cell lines with and without additional formalin fixation 
confirmed the beneficial effect of formalin postfixation 
on the 22C3 LDT (see Supporting Fig. 2).

DISCUSSION

In this multicenter study, concordance of PD-L1 immu-
nostaining between matched cell blocks and histologic 
FFPE tissue was investigated using 2 different PD-L1 

Figure 3. This is an example of a case in which the programmed death-ligand 1 (PD-L1) tumor proportion score (TPS) was ≥50% in the 
resection specimen and ranged from 1% to 49% in the cytologic material (alcohol-fixed Cellient cell block). (A,B) The PD-L1 TPS was 
≥50% in a resection specimen stained with 22C3 (the laboratory-developed test [LDT]), with (A) part of the tumor showing strong 
staining intensity and (B) another part showing somewhat weaker staining intensity. (C) The PD-L1 TPS was between 1% and 49% in 
a Cellient cell block stained with 22C3. (D,E) The PD-L1 TPS was ≥50% in a resection specimen stained with SP263 (the standardized 
assay), with (D) part of the tumor showing strong staining intensity and (E) another part showing somewhat weaker staining intensity. 
(F) The PD-L1 TPS was between 1% and 49% in a Cellient cell block stained with SP263 (original magnification ×10 in A-F).
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IHC antibodies (SP263 and 22C3 LDT). First, differ-
ences were observed between alcohol-fixed Cellient cell 
blocks and formalin-fixed, agar-based cell blocks, with 

the Cellient material showing a clear decrease in mem-
branous PD-L1 staining. Second, the effect of differ-
ent fixatives on PD-L1 immunostaining was studied by 

Figure 4. Immunostaining patterns are illustrated of programmed death-ligand 1 (PD-L1)–expressing cell lines fixed with different 
fixation schemes. Results are shown for cell lines fixed in formalin (control) and in CytoLyt, PreservCyt, Carbowax, and CytoRich Red 
for 2 and 24 hours. PD-L1 immunostaining was performed with (Top) the standardized assay SP263, (Middle) the 22C3 laboratory-
developed test (LDT), and (Bottom) the 22C3 pharmDx assay.
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analyzing PD-L1–expressing cell lines fixed in formalin, 
CytoLyt, PreservCyt, CytoRich Red, and Carbowax.

The overall concordance was moderate to substan-
tial between histologic and cytologic specimens from the 
same tumor. When agar and Cellient cell blocks were an-
alyzed separately, however, concordance levels were much 
higher for agar cell blocks than for Cellient-processed 
material. Therefore, it seems likely that the use of dif-
ferent modes of processing cytology results in variations 

in PD-L1 immunostaining and thus different levels of 
concordance with validated histologic PD-L1 protocols. 
We hypothesized that the observed differences between 
the 2 types of cell blocks could be explained by the use of 
alternative fixatives, resulting in various levels of PD-L1 
immunoreactivity. Notably, the agar-based cytologic 
samples were fixed in formalin, whereas the Cellient 
samples were fixed in CytoLyt and PreservCyt, both of 
which are methanol-based fixatives. Other studies have 

Figure 5. Immunostaining patterns of programmed death-ligand 1 (PD-L1)–expressing cell lines fixed in CytoLyt, PreservCyt, or 
Carbowax, either with or without additional formalin fixation for 0.5 hours, are illustrated using the 22C3 antibody (the laboratory-
developed test [LDT]). Results are shown for a total fixation duration of (Top) 2 hours and (Bottom) 24 hours.
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shown a detrimental effect of CytoLyt fixation on IHC 
detection of some antigens, such as thyroid transcription 
factor-1 (TTF-1)18 and Ki-67.21 A study by Lloyd et al30 
demonstrated a similar effect on PD-L1 staining, with 
CytoLyt fixation showing poor PD-L1 immunostaining 
results. Gosney at al31 observed no effect of alcohol-based 
fixatives, including CytoLyt, on PD-L1 immunostaining 
with the 22C3 pharmDx assay in cytology specimens. 
However, the number of cases that were fixed in CytoLyt 

was low. Most cases were fixed in CytoRich Red, the use 
of which, as discussed below, did not result in diminished 
PD-L1 immunostaining in our PD-L1–expressing cell 
lines either. Furthermore, all specimens had a postfixa-
tion step with 10% NBF for a minimum of 45 minutes, 
likely resulting in the preservation of PD-L1 immuno-
reactivity. As indicated by our results, this preserving 
effect is especially prominent for the extracellular 22C3 
antibody.

Figure 6. Immunostaining patterns of programmed death-ligand 1 (PD-L1)–expressing cell lines fixed in CytoLyt, PreservCyt, or 
Carbowax, either with or without additional formalin fixation for 0.5 hours, are illustrated using the SP263 antibody (the standardized 
assay). Results are shown for a total fixation duration of (Top) 2 hours and (Bottom) 24 hours.
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Diminished PD-L1 immunoreactivity caused by 
alcohol fixation holds significant implications for clini-
cal practice. Although it is desirable to optimize all in-
dividual antibody staining protocols for alcohol-fixed 
material, perfect concordance with staining intensity in 
histology cannot always be achieved. Because pathologists 
frequently use panels of markers to make a diagnosis, a 
slightly lower immunocytochemical staining intensity of 
a single marker or a few diagnostic markers can be ac-
cepted. In predictive ICC, however, pathologists mostly 
rely on a single marker to allow clinicians to make a treat-
ment decision. A low membranous staining intensity in 
histology might result in a false-negative result in cytol-
ogy. Therefore, using PD-L1 ICC could lead to wrong-
ful denial of treatment with durvalumab to patients with 
unresectable, stage III NSCLC in Europe (prescribed 
only to patients with a TPS ≥1%)4 and of treatment with 
pembrolizumab as first-line monotherapy to patients   
with metastasized NSCLC (prescribed only to patients 
with a TPS ≥50%).2 Because many PD-L1 tests for   
patients with advanced-stage NSCLC are performed on 
cytologic samples, it is of the utmost importance that the 
methods used to process cytologic material do not nega-
tively affect PD-L1 staining.

Our analysis of PD-L1–expressing cell lines fixed 
in different fixatives supports the hypothesis that the 
use of fixatives other than formalin could result in less 
PD-L1 immunoreactivity. Cell lines fixed in metha-
nol-based CytoLyt or PreservCyt and cell lines fixed in 
ethanol-based Carbowax exhibited lower staining inten-
sity with the SP263 and 22C3 standardized assays and 
the 22C3 LDT. It is known that formalin fixation and 
alcohol fixation have different effects on proteins, lead-
ing to different alterations of the 3-dimensional protein 
structure.32,33 This might explain differences in staining 
results. Many IHC antibodies have primarily been devel-
oped for use on FFPE samples, thus targeting epitopes 
after formalin fixation. These epitopes, however, may not 
remain good targets after alcohol fixation. Notably, fixa-
tion in CytoRich Red did not result in lower immunos-
taining, although this fixative contains alcohol elements as 
well. In contrast to CytoLyt, PreservCyt, and Carbowax, 
CytoRich Red contains a small amount of formaldehyde 
(<1%), possibly explaining the preserved PD-L1 immu-
nostaining.34 A side effect of CytoRich Red, however, is 
DNA degradation,34 rendering the solution less appropri-
ate for routine FNA practice in the selected population, 

in which treatment decisions rely on adequate predictive 
molecular analysis as well.

Interestingly, the addition of formalin to cell lines 
fixed in CytoLyt, PreservCyt, or Carbowax revealed a 
positive effect on PD-L1 immunostaining using both 
the 22C3 LDT and the 22C3 pharmDx assay. Similar to 
these results, a study by Torous et al35 showed no signifi-
cant difference in PD-L1 categorization (TPS <1%, TPS 
1%-49%, and TPS ≥50%) between cell blocks fixed in 
CytoLyt followed by formalin fixation and FFPE surgical 
resection specimens using the 22C3 pharmDx assay to 
stain for PD-L1. Although that study did not use paired 
cytology and resection specimens, the results suggest that 
additional formalin fixation could be helpful in preserving 
PD-L1 staining intensity in cytology specimens that were 
fixed in an alcohol-based fixative. In our study, however, 
we did not observe improved PD-L1 staining results in 
most of the cell lines postfixed in formalin when stained 
with the SP263 antibody. It is known that fixation effects 
may differ between different antibodies that target the 
same protein, which also was demonstrated in a study by 
Buonocore et al.21 These differences might be explained 
by the finding that different antibodies targeting the same 
protein normally target different epitopes.33 In the case of 
PD-L1 IHC, the SP263 antibody binds to an epitope in 
the cytoplasmic domain of PD-L1, whereas the 22C3 an-
tibody binds to the extracellular domain of PD-L1.36 It has 
been suggested before that this may lead to different tumor 
cell staining results,37 rendering it plausible that variation 
in epitopes might also result in different effects of forma-
lin postfixation between antibodies. Perhaps other differ-
ences between epitopes, such as the degree of glycosylation, 
which has been shown to affect the accuracy of IHC stain-
ing,38 also could lead to variation in fixation effects be-
tween antibodies. It is noteworthy, however, that we only 
applied 30 minutes of additional formalin fixation in our 
cell lines, so we cannot exclude the possibility that longer 
formalin fixation times also might result in a positive effect 
on PD-L1 immunostaining using the SP263 antibody. In 
any case, the positive effects of formalin postfixation ob-
served with the 22C3 antibody seem promising. It would 
be worthwhile to investigate whether additional fixation 
in formalin after alcohol fixation also results in preserved 
PD-L1 staining intensity in patient samples using various 
PD-L1 IHC antibodies and varying fixation times.

Various studies have proposed intratumoral hetero-
geneity of PD-L1 expression as the cause of disagreement 
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in PD-L1 immunostaining between histology and   
cytology.9,13,16 In our study, it is possible that PD-L1   
intratumoral heterogeneity also played a part in creating 
discordance between surgical resection specimens and 
cytology cell blocks, especially in the comparison of his-
tology and agar-based cell blocks. It seems very unlikely, 
however, that discordance between histology and Cellient 
cell blocks can be attributed completely to PD-L1 intra-
tumoral heterogeneity because the discordance in these 
cell blocks was much more pronounced compared with 
that in the agar cell blocks, and most of the discordant 
cases (89% and 92% for 22C3LDT and SP263, respec-
tively) showed lower PD-L1 immunostaining on cytology 
compared with histology. Combined with results from 
the analysis of our PD-L1–expressing cell lines fixed in 
different fixatives, a decrease in PD-L1 immunostaining 
caused by alcohol fixation seems the most likely explana-
tion for the observed discordance.

It should be mentioned that the negative effects of 
alcohol-based fixatives on PD-L1 immunoreactivity were 
observed using PD-L1 IHC protocols that were validated 
for use on FFPE tissue. Altering the immunostaining pro-
tocol to optimize its use on cytology specimens fixed in 
alcohol might result in better staining results. This has 
been demonstrated before with other IHC antibodies,20 
although changing IHC protocols for use on cytologic 
specimens does not always result in improved immunos-
taining.20,21 Notably, it has also been described that pa-
thologists often use techniques designed for histology on 
cytologic specimens without considering the differences 
in specimen preparation and how these differences could 
affect the interpretation of immunostaining.39 The use 
of PD-L1 IHC protocols, validated for FFPE tissue, on 
cytology specimens fixed in alcohol-based fixatives could 
result in less PD-L1 immunoreactivity and might result 
in false-negative results.

In conclusion, our study demonstrates the negative 
effects of methanol-based and ethanol-based fixatives on 
PD-L1 immunostaining using the SP263 standardized 
assay, the 22C3 pharmDx assay, and a 22C3 LDT, each 
validated for use on FFPE tissue specimens. Therefore, 
if cytologic specimens need to be used for ICC testing 
of PD-L1 expression, the fixative of choice is formalin. 
Methanol-based or ethanol-based fixatives should be 
avoided unless they are used with a meticulously vali-
dated ICC protocol that has been designed specifically 
for use on specimens fixed in these fixatives. Postfixation 

in formalin potentially may reverse the negative effect of 
alcohol fixation to some degree. This preserving effect 
should be studied in patient samples using various PD-L1 
antibodies to assess the applicability of additional forma-
lin fixation after alcohol fixation in clinical practice.
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