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A B S T R A C T   

The immunohistochemical (IHC) expression of PD-L1 in cancer models is used as a predictive biomarker of 
response to immunotherapy. We aimed to evaluate the impact of the usage of 3 different tissue processors in the 
IHC expression of PD-L1 antibody clones: 22C3 and SP142. Three different topographies of samples (n = 73) 
were selected at the macroscopy room: 39 uterine leiomyomas, 17 placentas and 17 palatine tonsils. Three 
fragments were collected from each sample and were inked with a specific color that represented their separate 
processing in a different tissue processor (A, B or C). During embedding, the 3 fragments with distinct processing 
were ensemble in the same cassette for sectioning of 3 slides/each: hematoxylin-eosin, 22C3 PDL1 IHC staining 
and SP142 PD-L1 IHC staining, that were blindly observed by 2 pathologists under digital environment. 

All but one set of 3 fragments were considered adequate for observation even in the presence of artifacts 
associated with processing issues that were recorded as high as 50.7 % for processor C. 

The occurrence of background non-specific staining and the presence of false positive results appear to be 
unrelated with the PD-L1 clone or the type of tissue processing. 

22C3 PD-L1 was more frequently considered adequate for evaluation than SP142 PD-L1 that, in 29.2 % of WSIs 
(after tissue processor C) were considered not adequate for observation due to lack of the typical pattern of 
expression. Similarly, the intensity of PD-L1 staining was significantly decreased in fragments processed by C 
(both PD-L1 clones) in tonsil and placenta specimens, and by A (both clones) in comparison with those processed 
by B. 

This study demonstrates the need to standardize the tissue processing in pathology to cope with the growing 
needs of precision medicine quantifications and the production of high-quality material necessary for compu-
tational pathology usage.   

1. Introduction 

Tissue processing in Pathology laboratories had no major modifica-
tions during the last decades. The conception of the tissue processing 
model was designed, many years ago, to fill the needs of laboratories 
with a less intense daily income of samples and a less demanding pre-
cision on the results [1]. Today, we understand that the reported issues 
[2] related with tissue processing demand a review of this process so 
that pathologists keep with the high levels of good practice [1,2], coping 
with the precision requested to evaluated tissue biomarkers [3] or even 

assure the standardized quality of material for computational analysis 
[4]. 

The immunohistochemical expression of PD-L1 in selected human 
cancer models such as non-small cell lung carcinoma, urothelial carci-
noma [5,6], squamous cell carcinoma of the head and neck [7], gastric 
carcinoma [8,9] and others, is used in clinical practice as a predictive 
biomarker of response to immunotherapy. The immunohistochemical 
testing of PD-L1 with specific clones, such as 22C3 or SP142, for 
determining response to immunotherapy with pembrolizumab [10] or 
with atezolizumab [11], respectively, has different interpretation 
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methods as well as different cutoffs that establish the eligibility for 
therapy. The cutoffs used to separate patients that may benefit or not 
from such promising therapies are sensitive to changes in the 1 % range, 
requiring a tight control of all phases to guaranty a reliable result [12]. 

As demonstrated for other immunohistochemical biomarkers, the 
staining obtained in a single sample may vary between different labo-
ratories using different instruments and reagents as well as other testing 
conditions [13]. Proficiency testing provided by several external quality 
control programs are being used to harmonize the results achieved in 
different laboratories [14–16]. 

Tissue processing is one of the steps of sample preparation in the 
Pathology laboratory that may interfere with the antigenicity of the 
tissues and, eventually, contribute to the variability of the PD-L1 
expression [17]. Tissue processing aims to transform tissues fixed in 
formalin into material suitable to be embedded into paraffin blocks. The 
progressive need to decrease turnaround time, the awareness for health 
risks associated with exposure to processing reagents and the need to 
improve precision, motivated the introduction of variations in the tissue 
processing instruments and protocols [18]. These variations to the 
conventional tissue processing include those that allow the use of high 
temperature (resistance and/or microwave), pressure, vacuum, and 
agitation, coupled with the use of less toxic reagents [19]. 

The main goal of this work is to evaluate the impact of the usage of 
different tissue processors in the immunohistochemical expression of 
two PD-L1 antibody clones (22C3 and SP142) most frequently used to 
predict the response to immunotherapy in cancer models. 

2. Material and methods 

In this study, carried from January 15th, 2020, to January 6th, 2021, 
at the Pathology Laboratory of Ipatimup, three different topographies of 
samples (n = 73) were selected at the macroscopy room during the first 
observation: 39 uterine leiomyomas, 17 placentas without visible dis-
ease, and 17 palatine tonsils removed due to hypertrophy. The samples 
were fixed in 10 % neutral buffered formalin for 6–72 h. During the 
macroscopic observation, for each specimen, three consecutive 

fragments of the same thickness, length, and width were collected (1,0 
× 0,5 × 0,3 cm each), comprehending a total of 219 fragments that 
included: 117 fragments of leiomyoma, 51 fragments of placenta and 51 
fragments of palatine tonsils. Each of these fragments were inked with a 
specific color, that represented the different tissue processing instru-
ment where the fragment would be processed according to the following 
code: A – red colour that corresponds to Citadel 2000™ tissue processor 
(Epredia™, Kalamazoo, USA), B – black for Donatello™ series 2 tissue 
processor (Diapath™, Martinengo, Italy) and C – green for Pathos 
Delta® tissue processor (Milestone Srl, Sorisole, Italy). 

Tissue processor A is a conventional one, using only resistance- 
heating in wax step, that uses ethanol and xylene that is known by its 
toxicity. Tissue processor B uses pressure and vacuum technology, 
agitation by bubbling and resistance-heating of ethanol and xylene- 
alternative reagents such as Ottix Shaper® and Ottix Plus® (Dia-
path™, Martinengo, Italy) with unknown composition, respectively, 
contributing to the low toxicity in the pathology laboratory. Tissue 
processor C uses pressure and vacuum, microwave, and resistance- 
heating technology, and uses isopropanol as a substitute of the 
clearing phase. All the tissue processing protocols were performed based 
in the manufacturer recommendations and validated internally prior to 
this study for internal usage, with good performance in the daily routine 
of our laboratory. 

At tissue embedding station, the fragments of the same specimen that 
were processed in different tissue processors were embedded within the 
same paraffin block (Fig. 1). Three consecutive sections of 3 µm from 
each paraffin block were obtained. The first slide was stained on the 
Tissue-Tek Prisma® Plus automatic stainer (Sakura™, Tokyo, Japan), by 
the hematoxylin and eosin (HE) technique. The other 2 slides (positively 
charged adhesive slides) after 20 min in the oven at 60 ºC, were sub-
mitted to perform automated immunohistochemistry on the Ventana 
Benchmark XT™ (Ventana Medical Systems, Inc.™, Tucson, USA). The 
technique was performed with the OptiView DAB kit™ (Ventana Med-
ical Systems, Inc.™, Tucson, USA), Optiview amplification Kit™ (Ven-
tana Medical Systems, Inc. ™, Tucson, USA) and two different PD-L1 
primary antibodies: 22C3 PD-L1 (Agilent Technologies™, Santa Clara, 

Fig. 1. Scheme illustrating the methodology of the study that, while keeping the same pre and post processing variables, changed the tissue processing conditions 
using 3 different tissues processors - A, B and C; on the right - example of paraffin block with tissue fragments, collected from the same leiomyoma of the uterus, and 
processed by the different tissue processors following the code of colors A- red, B – black and C - green. 
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USA) previously diluted (1/50) in antibody diluent OP Quanto (Epre-
dia™, Kalamazoo, USA), and SP142 PD-L1 ready to use (Ventana 
Medical Systems, Inc. ™, Tucson, USA). 

All slides were scanned on the Pannoramic 1000® Scanner 
(3DHISTECH LTD., Budapest, Hungary) at 20x (0.25 µm/pixel), using 
the current scanning protocol validated for primary diagnosis in wholes 
slide images (WSIs) currently used in our laboratory [20]. 

All WSIs were evaluated by two pathologists trained in the evalua-
tion of PD-L1 (CE and SC) using the CaseViewer© software (3DHIS-
TECH, LTD., Budapest, Hungary), blindly to the used tissue processor 
(pathologist could see the inked color but they did not know to which 
tissue processor corresponded). First, the HE images were evaluated to 
verify if any of the fragments had processing artifacts and if they were 
acceptable for diagnosis by at least one pathologist (219 results). Af-
terwards, the 22C3 PD-L1 and SP142 PD-L1 WSIs were evaluated. For 
uterine leiomyoma, PD-L1 was expected to have no expression; for 
placenta, PD-L1 was expected to be strongly expressed in syncytio-
trophoblast cells; and in the palatine tonsils, PD-L1 was expected to be 
moderately to strongly expressed in most epithelial cell of the tonsil 
crypts, weakly to moderately expressed in macrophages in the germinal 
center and not expressed in most lymphocytes, as well as in the super-
ficial layer of the epithelium. The WSIs were evaluated as follows by the 
two pathologists: PD-L1 expression adequacy (evaluated as YES or NO, 
regarding the topography of the PD-L1 expression, and considered 
adequate if stated by YES by at least one pathologist; staining intensity 
(classified as 0 (absent), or present with increasing intensities 1 + (weak 
intensity), 2 + (moderate intensity), 3 + (strong intensity); 219 × 2 
evaluations per antibody and per tissue/topography), and presence of 
background non-specific staining (evaluated as YES or NO, and 
considered to be present if stated by YES by at least one pathologist; 219 
evaluations). Regarding the management of unexpected heterogeneous 
intensity of staining, the pathologists classified the intensity as the most 

frequent one detected in the fragment. 
Appropriate positive and negative controls with known reactivity 

were included per batch of tested slides. 
For the statistical analysis, the Statistical Package for Social Sciences 

(SPSS®) version 27.0.1 for Windows was used. Given the size and type 
of the study sample, non-parametric tests such as McNemar (MN) and 
Wilcoxon were used, and the level of significance was defined p < 0.05. 
Simple kappa statistics was used to evaluate the concordance among 
pathologists. 

3. Results 

Both observers reported the presence of artifacts in HE WSIs asso-
ciated to processing such as decreased cell size, nuclear chromatin 
fading, and loss of morphological detail. The tissue processor with fewer 
artifacts evaluated in HE WSIs was B, in comparison with the other two 
tissue processors (p < 0.001) (Table 1). There were no significant dif-
ferences between the tissue processors B and C regarding the presence of 
processing artifacts evaluated in HE WSIs (p = 0.200). Nevertheless, all 
219 fragments were considered acceptable for diagnosis in HE WSIs, 
except one fragment processed by C and 3 fragments from the same case 

Table 1 
Comparing tissue processors regarding the presence of artifacts in 73 HE whole 
slide images (WSIs) (McNemar), detected by at least one pathologist.  

Tissue processors WSIs with artifacts (n,%) p 

A versus B 28, 38.4 versus 13, 17.8 p ¼ 0.001 
A versus C 28, 38.4 versus 37, 50.7 p = 0.200 
B versus C 13, 17.8 versus 37, 50.7 p < 0.001  

Fig. 2. Illustration of the leiomyoma that had processing artifacts in all HE whole slide images (10x) after the 3 tissue processors used. A - tissue processed by A, B - 
tissue processed by B and C - tissue processed by C. 

Table 2 
Whole slide images (WSIs) stained for 22C3 PD-L1 and SP142 PD-L1 after the 3 
tissue processors: evaluation of background unspecific staining of PD-L1 
(McNemar).  

Tissue 
processors 

22C3 PD-L1 WSIs 
with background 
(n,%) 

p SP142 PD-L1 WSIs 
with background 
(n,%) 

p 

A  19 out of 73, 26.0  p > 0.999 11 out of 71, 15.5   p = 0.125 

versus versus  versus  
B 18 out of 73, 24.7  16 out of 72, 22.2  
A  19 out of 73, 26.0  p > 0.999 11 out of 71, 15.5  p = 0.109 

versus versus  versus  
C 20 out of 73, 27.4  17 out of 71, 23.9  
B  18 out of 73, 24.7  p = 0.791 16 out of 72, 22.2  p > 0.999 

versus versus  versus  
C 20 out of 73, 27.4  17 out of 71, 23.9   
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(processed by three different tissue processors) (Fig. 2). 
Regarding the slides tested with 22C3 PD-L1, all fragments were 

considered adequate for observation, except those 4 fragments with 
poor quality in the HE evaluation, mentioned above. 

Concerning the evaluation of SP142 PD-L1 WSIs, the processors were 
not statistically different from each other regarding the adequacy for 
observation. From the SP142 PD-L1 WSIs, 18 out of 71 WSIs (25.4 %) 
processed by A, 16 out of 72 WSIs (22.2 %) processed by B and 21 out of 
71 WSIs (29.2 %) processed by C, were evaluated as not adequate for 
observation (MN; A vs B p = 0.687, A vs C p = 0.453, B vs C p = 0.063). 
WSIs considered not adequate included those 4 with poor quality 
mentioned above as well as WSIs without the expected tissue pattern of 
expression of SP142 PD-L1. The remaining 5 WSIs had suffer from 
detachment of the cut from the glass slide. 

The performance of the three tissue processors in inducing back-
ground non-specific staining of PD-L1 with both 22C3 and SP142 clones 
was similar, as summarized in Table 2. 

The expression of 22C3 PD-L1 and SP142 PD-L1 was evaluated by the 
2 pathologists in 39 leiomyomas. All the evaluations of both clones of 
PD-L1 had the expected lack of expression. 

Concerning the intensity of 22C3 PD-L1 and SP142 PD-L1 expression 
in placenta specimens, the fragments had a more intense mean 

expression when processed by B than the fragments processed by A and 
C (Table 3) (Fig. 3). 

In tonsil specimens, the 22C3 PD-L1 and SP142 PD-L1 expressions in 
the crypt epithelium was similar among fragments processed by the 3 
tissue processors (Table 4). Less intense expression was observed in 
SP142 PD-L1 at the germinal centers, after tissue processing by C, in 
comparison with A and B (Table 4) (Fig. 4). 

To assess interobserver variability in this study, we analyzed the 
concordance (simple kappa) between the two pathologists. The two 
pathologists agreed with each other regarding the presence of artifacts 
in 75.8 % (n = 166 out of 219; k = 0.336) of the HE WSIs. Of the 652 
WSIs evaluated regarding their quality for diagnostic purposes, 
including HE, 22C3 PD-L1 and SP142 PD-L1), the two pathologists agree 

Table 3 
Study of the intensity of PD-L1 expression in placenta specimens (Wilcoxon).   

22C3 PD-L1  SP142 PD-L1  
Tissue 
processors 

Median 
expression [P25- 
P75] 

p Median 
expression [P25- 
P75] 

p 

A versus B 3[2,3] versus 3 
[3] 

p ¼ 0.02 1[1,2] versus 2 
[1,2] 

p ¼ 0.02 

A versus C 3[2,3] versus 3 
[2,3] 

p = 0.248 1[1,2] versus 2 
[1,2] 

p > 0.999 

B versus C 3[3] versus 3 
[2,3] 

p < 0.001 2[1,2] versus 2 
[1,2] 

p ¼ 0.007  

Fig. 3. Representative image of a placenta case 
with different staining intensities after different 
tissue processors for both PD-L1 clones (22C3 
and SP142) (2.5x and insets 20x). A to C - clone 
22C3 (A - fragment processed by A with a 
staining intensity of 3 +; B - fragment processed 
by B with a staining intensity of 3 +, C - frag-
ment processed by C with a staining intensity of 
2 +), D to F - clone SP142 (D - fragment pro-
cessed by A with a staining intensity of 1 +, E - 
fragment processed by B with a staining in-
tensity of 2 +, F - fragment processed by C with 
a staining intensity of 1 +).   

Table 4 
Study of the intensity of PD-L1 expression in tonsil specimens – crypt epithelium 
and germinal centers (Wilcoxon).   

22C3 PD-L1  SP142 PD-L1  
Tissue 
processors 

Median 
expression (crypt) 
[P25-P75] 

p Median 
expression (crypt) 
[P25-P75] 

p 

A versus B 3[3] versus 3 
[2.75–3] 

p = 0.317 3[3] versus 3[3] p = 0.655 

A versus C 3[3] versus 3[2,3] p = 0.059 3[3] versus 3[3] p = 1.000 
B versus C 3[2.75–3] versus 

3[2,3] 
p = 0.257 3[3] versus 3[3] p = 0.655  

Median 
expression 
(germinal 
centers) [P25- 
P75] 

p Median 
expression 
(germinal 
centers) [P25- 
P75] 

p 

A versus B 2[2] versus 2[2] p = 0.257 3[2,3] versus 3 
[2,3] 

p = 0.527 

A versus C 2[2] versus 2[1,2] p = 0.090 3[2,3] versus 2 
[1–3] 

p = 0.001 

B versus C 2[2] versus 2[1,2] p = 0.248 3[2,3] versus 2 
[1–3] 

p ¼ 0.001  
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with each other in 92.8 % (n = 605; k = 0.328) of the WSIs. 

4. Discussion 

This study demonstrates, in a series of tissue controls collected from 
3 topographies, that tissue processors, with their intrinsic features and 
reagents, have impact in the result of PD-L1 IHC, as well as in the 
introduction of artifacts, even if the instruments are adjusted for the 
routine usage in a Pathology laboratory. 

If it is true that all but one set of 3 fragments of our series (probably 
collected from a sample with preprocessing/preanalytic deficient con-
ditions) were considered adequate for observation, the presence of ar-
tifacts associated with processing issues was recorded as high as 50.7 %. 
This observation suggests that pathologists are used to tolerate a high 
percentage of interferences in the material set for observation, being 
able to ignore them while addressing the diagnosis in its complexity. 
This high tolerance expressed by the observers is also manifested in the 
difficulties in the identification of these artifacts, translated by the 
relatively low concordance values between observers regarding stating 
the presence of artifacts on HE WSIs (k = 0.336). The extraordinary 
capacity of the human brain in ignoring artifacts is a virtue still not 
reported in deep learning-based diagnostic models in digital pathology 
[4]. In fact, these algorithms, although representing a great hope in the 
community [21], are sensitive to histological artifacts that, depending 
on its severity, can lead to a substantial loss in models’ performance (4, 
23). Specifically, the processing technique has already shown to 

influence cell detection and classification by artificial intelligence al-
gorithms [22]. 

In this study, we also demonstrate that different PD-L1 clones exhibit 
different robustness in maintaining their stability of expression regard-
less the type of tissue processing. Of note, 22C3 PD-L1 was more 
frequently considered adequate for evaluation than SP142 PD-L1 that, in 
29.2 % of WSIs (generated after tissue processor C) were considered not 
adequate for observation due to lack of the typical pattern of expression. 
Similarly, the intensity of PD-L1 staining was decreased in fragments 
processed by C for both PD-L1 clones in tonsil and placenta specimens. 
These observations, taken together, allow us to suggest that cases with 
fragment processed by C may eventually have lower percentage of PD- 
L1 positive cases than those processed by B, with a potential increase 
in false negative results. On the other hand, in this study, the occurrence 
of background non-specific staining and the presence of false positive 
results appear to be unrelated with the PD-L1 clone or the type of tissue 
processing. Tissue processing is a phase of the sample management that 
is known to interfere with tissue antigenicity name trough heating that 
can lead to protein denaturation [23]. A combination of heating tem-
perature/conditions and reagents in processor C may justify the low 
expression of PD-L1 described above. 

The progressive review of the tissue processing technology is 
certainly for the benefits of users, with less toxic reagents (example in B 
and C), and of the patients with acceleration of the process (example B 
and C). Nevertheless, the results of this study suggest that analytic 
conditions less often motive of consideration such as tissue processing, 
may be major culprits in the lack of consistent results of biomarkers 
evaluation, such as PD-L1. The variability in the technology and re-
agents used by each tissue processor, often multiplied by other variables 
in other phases of the process may significantly amplify the differences 
among results obtained by each laboratory. These observations support 
others reported in the literature [1,2] favoring the urgent need to 
standardize tissue processing and to review the basic chemistry associ-
ated with the biomarkers evaluation, since it has been proved to fail as a 
solid quantitative method [24,25]. Without the appropriate revision of 
the basic chemistry associated with biomarkers evaluation, the attempts 
to quantify immunohistochemical expression in digital images with the 
help of software [26] will always be fragile. Meanwhile, in laboratories 
with more than one type of tissue processing, is relevant to validate 
selectively each antibody according to each processing type. Moreover, 
as suggested here, tissues processed by one method may constitute 
inappropriate controls to IHC tests performed in tissues processed by 
other methods. 

Ultimately, in this study, it is not possible to know if the variability of 
the results is due to the type of processing or due to the reagents used. 
Nevertheless, the tandem tissue processor plus associated reagents work 
as a unit and it is not recommended to exchange certain types of reagents 
that do not warrant the correct functioning of the instruments. Saying 
this, future works with robust instruments may help understanding the 
role of these variables independently. Another limitation of this study 
comprehends the lack of precision in controlling the preanalytical var-
iables such as fixation time. In this study we cannot exclude that a 
certain tissue processor could perform better or not in a specific range of 
fixation time. 

This study demonstrates the need to review and standardize the 
tissue processing in pathology laboratories to cope with the growing 
needs of precision medicine inherent quantifications and the production 
of high-quality material necessary for computational pathology usage. 

Ethics approval and consent to participate 

Formal ethical approval was not required for this study, as it did not 
involve any patient data collection or impact on patient care. 

Fig. 4. Illustrative image of a tonsil case that obtained different intensities of 
immunohistochemical expression for SP142 PD-L1 in the different tissue pro-
cessors used (20x). (A - fragment processed by A with a staining intensity of 2+, 
B - fragment processed by B with a staining intensity of 3+, C - fragment 
processed by C with a staining intensity of 1+). 
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