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Abstract: Humanized antibodies targeting programmed death re-
ceptor 1 (PD-1) or its ligand (PD-L1) have been approved for the
treatment of different cancers. Some of these antibodies show a
correlation between the tissue expression of PD-L1 and response.
Evaluation of PD-L1 expression presents multiple challenges, but
some preanalytical issues such as tissue fixation have been scarcely
evaluated. With the hypothesis that immunohistochemical staining
of PD-L1 may be impacted by the time of specimen fixation, we
evaluated differences in its expression in tonsil samples exposed to
predefined fixation times. Random nontumoral tonsillectomy
specimens were blindly evaluated in tissue microarray slides after
staining with SP142 and SP263 antibodies. With fixation times
ranging from 12 to 72 hours, between 2.8% and 6.1% of the
samples were considered to be suboptimally stained, with no dif-
ferences between the 2 antibodies within these fixation times. A
significantly higher proportion of samples exposed to a fixation
time of 96 hours presented suboptimal immunostaining (15.6%,
P< 0.0001). In addition, suboptimally stained spots were 20.8%
using SP142 and 10.4% using SP263 after 96 hours of fixation
(P= 0.046). In conclusion, the quality of staining for PD-L1 in
tonsil samples decreased with overfixation of the specimen at times
> 72 hours. Samples exposed to formaldehyde for longer periods
presented suboptimal results for both clones, but the SP142 anti-
body presented a significantly lower tolerance to formalin over-
exposure than SP263. These results indicate the relevance of a
controlled preanalytical processing of samples and particularly the
length of fixation of tumor specimens.
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The concept of immune surveillance and editing of tumors
is now well-accepted, particularly after the emergence of

immunotherapy as an effective strategy to treat several types of
solid tumors with very good results.1 Programmed death re-
ceptor 1 (PD-1) is normally expressed on the surface of T and
B cells, natural killer cells, dendritic cells, and macrophages
and plays a key role in the physiological restriction of immune-
mediated tissue damage secondary to inflammation.2 Ther-
apeutic blockade of PD-1/programmed death ligand 1 (PD-
L1) interaction can restore the function of exhausted T cells. In
recent years, several humanized antibodies targeting PD-1 or
PD-L1 have been approved to treat different cancers, including
non–small cell lung3 and urothelial carcinomas,4 melanoma,5

and other solid and hematological malignancies.6–8 For some
of these tumors, there seems to be a correlation between tissue
expression of PD-L1 and response rate in patients.9 Different
PD-L1 immunohistochemistry kits, clones, and platforms have
been validated in recent years. Nevertheless, its evaluation is
still challenging. PD-L1 expression is highly heterogenous not
only among different tumor types but also among malignant
and inflammatory cells within a tumor. Likewise, the ex-
pression of the receptor molecule is dynamic and extremely
variable among immune effector cells within a same neoplastic
tumor. From the point of view of a pathologist, stand-
ardization of diagnostic criteria requires establishing cutpoints
for each antibody and platform.10 In addition to the inherent
tumor heterogeneity and the variety of methods to evaluate
samples, several preanalytical and analytical procedures may
have an impact on the quality of the final specimens. While
most of the analytical challenges in the evaluation of PD-L1
expression have been extensively analyzed,11 preanalytical is-
sues such as optimal tissue fixation have been scarcely eval-
uated. The primary objective of this study was to evaluate
differences in the assessment of PD-L1 expression in tonsil
samples exposed to predefined fixation times. In addition, we
compared the robustness and reproducibility of 2 commonly
used antibodies along the different fixation times.

METHODS
Random consecutive nontumoral tonsillectomy samples

were used for the study. The samples were processed fresh.
Each sample was coded, and up to 10 sections were obtained
from each sample whenever possible. Sections had a 1 cm2

area and were 0.5 cm thick. Twenty-two samples were used to
obtain at least 16 evaluable sections for each fixation time.
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At least 2 sections for each fixation time were obtained of each
sample to evaluate intrasample variability in the whole sample
set (Fig. 1). Duplicate sections were formalin-fixed at each of
the selected fixation times. Fixation times were randomly
skipped for samples in which <10 sections were obtainable. All
samples were fixed in neutral buffered formalin pH 7.2 to 7.4
(Diapath F0048) with a formalin/sample volume proportion of
10:1. Predefined fixation times of 12, 24, 48, 72, and 96 hours
(including the final 120 minutes of in-processor fixation) were
applied. Following fixation, fragments underwent standard
clinical processing in paraffin blocks. The dehydration and
paraffin-embedding process was automated using Leica
ASP3000S equipment and following standard routine
laboratory procedures. An experienced pathologist assessed
cellularity and histologic preservation in the hematoxylin and
eosin–stained tumor samples to identify representative areas to
be selected for tissue microarrays (TMAs). Three 3mm
punches of the selected areas were obtained for each repre-
sentative block. The tissue cores were inserted into 4 TMA
paraffin 6×5 recipient blocks using a Beecham arrayer. Each
tissue core was assigned a unique tissue microarray location
number that was linked to an external database.

Immunohistochemistry
TMA slides were processed in a BenchMark ULTRA

platform instrument (Ventana Medical Systems, Roche,
Tucson, AZ) and stained with SP142 and SP263 antibodies
(Ventana, assay refs 740-4859 and 790-4905), both of which
were prediluted following the manufacturer’s instructions.
Interpretation of immunohistochemical staining was per-
formed independently by 2 experienced pathologists (P.L.F.
and J.L.M.). The 2 observers evaluated the expression of
immunohistochemical markers in epithelial and immune cells
by light microscopy. Spots in the TMA were allocated ran-
domly to ensure pathologists were blind to any information,
including tonsil origin, antibody, and fixation time, when
assessing each spot. Readers were asked to evaluate each spot
as “optimally stained” or “suboptimally stained” according
to objective prespecified criteria.12 An “optimally stained”
specimen was defined as including moderate to intense
staining (+1 or +2) of macrophagic cells and T lymphocytes

in germinal centers, intense staining (+2) of some epithelial
squamous cells and negativity in cells of interfollicular regions
and superficial epithelium, and no background staining.
Samples needed to meet both positive and negative criteria in
at least 90% of the observed dot cellularity to be considered
as optimally stained, and, consequently, the main variable to
be analyzed was dichotomized (optimal/suboptimal). A sep-
arate training set was observed and revised before evaluation
of the final study set. The training set was used to ensure
<10% intraobserver and interobserver discrepancies before
the core set was evaluated. Training set results were reviewed
and discussed for case that showed discrepancies among the 2
pathologists or within evaluations of the same pathologist.
After discrepancies were discussed to achieve maximal con-
sensus among observers with regard to borderline cases, and
when <10% intrareader and interreader discrepancies were
achieved in the training set, the final sample set was released
for evaluation.

Statistical Analysis
Interreader, intrareader, intersample, and intrasample

concordance rates were described and analyzed using the κ-
Cohen method in the final sample set.13 Each reading was
classified as optimal if meeting previously defined criteria or
suboptimal if criteria were not met for any reason. Interreader
discrepancies refer to a same spot (same sample, antibody, and
fixation time) evaluated differently by the 2 readers. An intra-
reader discrepancy was considered when 1 of the 3 spots from a
given sample (same block, antibody, and fixation time) was
evaluated differently from the other 2 by the same reader. In-
trasample discrepancies refer to differences between 2 sections
of a same tonsil (same antibody, observer, and fixation time).
Finally, samples from different tonsils were matched (according
to observer, antibody, and fixation time) and compared for
discrepancies. Intersample comparisons were used to ensure
acceptable uniformity among different tonsils if the κ value was
similar to that of intrasample comparisons. Tests on the con-
cordance rate among PD-L1 antibodies, among fixation times,
and among fixation times stratified by antibody were per-
formed using the χ2 statistic. Differences were considered to be
statistically significant when P-value <0.05. The R-package,
version 3.0.1. was used for all statistical analyses (R Founda-
tion for Statistical Computing, Vienna, Austria).14

Ethical Aspects
This study was approved by the Institutional Review

Board and Ethics Committee. Patients were asked to
voluntarily donate tonsil samples before surgery and
signed an institutionally approved informed consent form.
All the samples used in the study were irreversibly dis-
sociated from tonsillectomized patients’ data.

RESULTS
Twenty-two non-neoplastic tonsillectomy specimens

were processed, and a total of 92 evaluable pieces were ob-
tained (median: 4 pieces/specimen, range: 2 to 10), yielding
276 representative TMA spots that made up the final sample.
A training set of 660 readings was used to determine final
intrasample, intersample, intraobserver, and interobserver

FIGURE 1. Specimen processing, allocation, and coding of
sections. PD-L1 indicates programmed death ligand 1;TMA,
tissue microarray.
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reproducibility. The results are shown in Table 1. Less than
10% of discrepancies were observed. All of the observations
evaluated as suboptimally stained were related to false
negativity in cells expected to be positive. No sample was
considered to be suboptimally stained because of positivity in
cells expected to be negative or because of background
staining. κ values were within the range of 0.6 for all
comparisons, including intraobserver variability with which
the κ value was based on a triplicate observation.

When considering the 2 PD-L1 monoclonal antibodies,
SP142 and SP263, 45 of 552 observations (8.15%) were rated
as suboptimally stained compared with 26 of 552 (4.71%),
respectively, with the difference being statistically significant
(P=0.021). However, the concordance among monoclonal
PD-L1 antibodies was not uniform across the different fix-
ation times. The proportion of suboptimally stained samples
ranged between 2.77% and 6.14% for samples fixed for 12 to
72 hours, and no statistically significant differences were

found between antibodies for any of the fixation time periods
(Fig. 2). Samples exposed to a fixation time of 96 hours
presented suboptimal immunostaining in 30 of 192 cases
(15.63%). The proportion of suboptimally stained samples
with this fixation time was significantly higher than for all the
other time periods (P<0.0001). In addition, statistically
significant differences between antibodies were obtained
among samples in the 96-hour fixation group, with 20.83%
of suboptimally stained spots using SP142 and 10.42% using
SP263 (P=0.046). The quality of the staining was
comparable for fixation times of 12 to 72 hours. There
were no statistically significant differences between SP142 and
SP263 for any individual fixation time <96 hours. Figure 3
shows the impact of fixation time on the quality of
immunostaining for tonsil #8. In addition, intrareader and
interreader concordance was lower in suboptimally stained
spots, with agreement between readers being 60.5%.

DISCUSSION
In this study, we hypothesized that the reproduci-

bility and accuracy of the interpretation of im-
munohistochemistry staining for PD-L1 may be affected
by the sample fixation time.

The interaction of PD-1 and PD-L1 has proved to be a
major mechanism for cancer cells to avoid antitumor im-
mune responses.1,2 A variable expression of PD-L1 and PD-1
has been described in lung3 and urinary bladder cancer4 and
malignant melanoma5 among a growing number of other
neoplastic cells. Targeted therapy for PD-L1-expressing
neoplastic conditions has represented a major step forward in
the treatment of several malignancies in recent years,15 and
knowledge of the expression of this marker by cancer cells
has become a central diagnostic procedure in tailored therapy
planning. Although the expression of PD-L1 in formalin-
fixed and paraffin-embedded specimens can be easily eval-
uated using immunohistochemistry, the prognostic and
therapeutic implications of this evaluation are related to its
precision, reliability, and, ultimately, standardization.16 Ad-
equate diagnostic evaluation of PD-L1 expression is chal-
lenged by several tumor-related issues. There is an important
biological variability among patients: expression rates in lung
cancer vary from 24% to 60%,17 and there may also be ex-
treme heterogeneity within a tumor and even within the same
tumor sample.18 In addition, PD-L1 expression may be dy-
namic, as it is inducible by inflammatory cytokines released
into the microenvironment, and it may even be upregulated
or downregulated by different antineoplastic agents.19 This is
particularly important when considering its expression to
define treatment at the time of relapse. Furthermore, PD-L1
is expressed by T cells, including Tregs and natural killer cells,
and some clinical studies have suggested that this expression
in tumor-infiltrating immune cells may also be associated
with response to specific treatment.20 Some studies have
specifically revealed low concordance in reporting immune
cell scores.21 Beyond the biological sample itself, several an-
alytical aspects have been a matter of concern. The pro-
gressive adoption of standardized procedures and consensus
assessment criteria has been difficult, as different PD-L1

TABLE 1. Reproducibility of Readings for Related Spots
n (%)

Positive Negative Discrepancy κ Value

Intrasample 551 52 (8) 57 (9) 0.61
Intersample* 93 17 (14) 11 (9) 0.70
Intraobserver† 304 24 (7) 26 (7) 0.61
Interobserver 551 37 (6) 33 (5) 0.66

Not all tonsils provided enough material for all fixation times. Missing values
were excluded pairwise. The κ value for intrasample reproducibility refers to results
of spots of matched sections of the same tonsil (same observer, antibody, and
fixation time). Interobserver reproducibility refers to same spot, as evaluated by
each observer. Intrasample reproducibility spots were matched according to same
observer, antibody, and fixation time but different sample of origin (*only spots
that could be matched were compared). Intraobserver reproducibility was evaluated
taking into account the 3 spots of a same block (same antibody and fixation time).

†The triplicate reading was considered discrepant if one spot was discrepant;
for this reason, the κ value was expected to be lower than the κ value for inter-
observer readings.

FIGURE 2. Proportion of programmed death ligand 1 readings
evaluated as suboptimally stained according to antibody and
fixation time. ns indicates non significant.
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antibodies coupled with partner immunohistochemistry
platforms are routinely used in clinical practice,22,23 and the
comparability of the various PD-L1 assays and platforms
is far from perfect.24 Different clones of monoclonal
antibodies raised against the same protein are, in fact, specific

for different protein epitopes, and immunohistochemical
interpretation may be complicated by this fact. Visualization
of the bound primary antibody on the tissue section is de-
pendent on the detection system used, and one test may not
necessarily perform identically to others. In addition, in-
dividual laboratories may choose to use 1 or more different
antibodies in a single platform to optimize logistics or to meet
the preferences of their requesting oncologists. Even in the
most standardized setting, the chance of obtaining false-
negative results varies greatly according to the cutoff values
used to classify a sample as negative or positive.25 The co-
existence of different clones, staining platforms, and scoring
criteria, have been a matter of concern and have been ex-
tensively addressed in recent years.26

Less consideration has been given to the potential
effect of preanalytical issues (eg, epitope stability in tissue
blocks and stored sections) on PD-L1 expression. Pre-
analytical issues may have a particularly dramatic impact
when small diagnostic samples are tested. In the present
study, we focused on a scarcely explored area that may
add to the current uncertainties and complexities of PD-
L1 assessment. Formalin-fixation is a critical part of the
preanalytical processing of tissue samples that may affect
immunohistochemical results, and, consequently, it may
also affect the reliability of PD-L1 assessment. Thus, our
study provides support to define a maximum range of
fixation time to consider a tumor sample as evaluable for
PD-L1. It is likely that this predefined range should be
even stricter when assessing diagnostic tumor samples,
with which the heterogeneity of expression is expected to
be much higher than tonsil specimens, and certain small
size samples (ie, bronchoscopic biopsy specimens) may be
even more sensitive to excessive fixation.

Previous studies have shown that evaluation of im-
munohistochemically stained tumoral tissue sections are also
characterized by significant intraobserver and interobserver
variability.27 Tonsil tissue is the standard control tissue for
PD-L1 evaluation, its interpretation is well defined, and it is
assumed to be minimally affected by variability. Our eval-
uation of intrasample and intersample correlations con-
firmed that tonsil tissue has a reliable reproducibility when
processed under identical conditions. However, intraobserver
and interobserver concordance significantly improved when
clear-cut evaluation criteria were used to assess TMA spots,
and only after training was concordance of 90% achieved
between experienced observers.

Several study limitations are particularly relevant.
Although the dichotomic endpoint (optimal vs. sub-
optimal) was strictly defined, a number of borderline cases
were noted by the observers, both in the training and in
the study set. Spots with scarce cellularity and evaluation
of intermediate positive results were particularly chal-
lenging. In fact, evaluations showing a lack of intra-
observer and interobserver concordance occurred in these
situations. The categorization of fixation times into pre-
defined levels and dichotomized “optimal” and “sub-
optimal” evaluations should not obscure the fact that the
relationship of overfixation and the rate of false-negative
samples should be considered as a continuous function.

FIGURE 3. Range of programmed death ligand 1 expression in
a tonsil specimen for each antibody and fixation time.
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A second limitation is that results in tonsil tissue are
not readily translatable to the tumor specimens that are of
real relevance in the clinical setting. PD-L1 expression in
tonsil tissue is uniform both in extension and intensity
throughout the tissue. Indeed, the existence of both intense
positive cells and frequent negative elements allows
clear-cut evaluation of the samples and a relatively
straightforward assessment of the impact of fixation. PD-
L1 expression in lung and other neoplastic tissues is much
more heterogenous, and, in fact, relevant discordance
rates between TMA samples and whole tissue sections
have been reported.28 Moreover, the small size of tumor
biopsy samples such as those of the lung obtained through
bronchoscopic procedures can preclude optimal PD-L1
evaluations in some instances. Here, we have provided
clear evidence that excessively prolonged fixation times
may produce a relevant number of suboptimal results.
Therefore, our results strongly recommend to follow
strictly the Food and Drug Administration (FDA)-cleared
PD-L1 (SP142 and SP263) manufacturer recom-
mendations with regard to fixation times for tonsil and
placenta specimens. However, extrapolation of such re-
sults to specific tumor tissues should be made with cau-
tion. Acceptable fixation time ranges for different tumor
types and specimen characteristics are likely to be variable
taking into consideration the higher heterogeneity in PD-
L1 expression and may require the specific evaluation of
different tumoral tissues or even specimen volumes. It is
much likely that smaller and more heterogenous tissue
types require an even stricter control of fixation times, and
we are currently performing a study in this respect. Fi-
nally, several monoclonal antibodies are currently avail-
able for the evaluation of PD-L1 expression. A full
comparison of the performance of the increasing number
of antibodies and platforms was beyond the scope of the
present study. Other authors have already addressed this
issue26,29; however, our immunohistochemical analysis
was carried out under very controlled preanalytical con-
ditions with 2 different antibodies that are routinely used
in our laboratory, and we proved that, while they had a
similar performance at optimal fixation times, they were
not equally robust when the samples were exposed to
overfixation. Consequently, studies that seek to evaluate
the performance of different antibodies should also take
into consideration that, despite similar performances un-
der optimal conditions, they may have significantly dif-
ferent reliability when samples are subjected to less
adequate processing.

In conclusion, the quality of staining for PD-L1 in
tonsil samples varies with time of specimen fixation. High-
quality staining was obtained for fixation times up to
72 hours, but a significant proportion of samples exposed
to formaldehyde for a longer period presented suboptimal
results for both of the clones tested. The SP142 antibody
presented a significantly lower tolerance to formalin
overexposure than SP263. These results indicate the rele-
vance of controlled preanalytical processing of samples,
particularly with regard to time of fixation of tumor
specimens, with a potential impact on the prognostic and

therapeutic approaches derived from the evaluation of this
biomarker.
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