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Background: Programmed death ligand 1 (PD-L1) score is an important companion diagnosis to predict 
the response to immunotherapy. Immunohistochemistry can accurately assess the expression of PD-L1 in 
routine paraffin-embedded tissue. However, whether decalcified or depigmented tissue is still accurate and 
can be used as a companion diagnosis is controversial. This study attempts to resolve this controversy by 
analyzing the effects of decalcification and depigmentation at different times on PD-L1 expression.
Methods: Placental tissues were selected for tissue microarray, decalcification was performed according 
to time gradients of 6, 12, 24, 36, and 48 h, and depigmentation was performed according to time gradients 
of 1, 5, 15, 30, and 60 min. The intensity of PD-L1 expression at different time points was observed and 
quantified. Ten PD-L1-positive esophageal squamous carcinoma samples were selected for decalcification 
treatment, and the PD-L1. Combined Positive Score (CPS), Tumor Proportion Score (TPS) and 
Immunocyte Proportion Score (IPS) and the positivity rates were compared before and after decalcification.
Results: After the placenta was decalcified, the intensity of PD-L1 positivity diminished, and the 
average optical density (AOD) value decreased with the prolongation of decalcification time and decreased 
significantly (P<0.05) at 24 h compared with the control group, and significantly (P<0.01) at 36 and 48 h 
compared with the control group. The intensity of PD-L1 positivity was weakened considerably after the 
treatment with potassium permanganate depigmentation. In addition, the AOD value decreased significantly 
(P<0.01) after the depigmentation time reached 5 min compared with the control group. Ten cases of PD-
L1 positive esophageal squamous carcinoma were treated with 24 h decalcification, although the PD-L1 
score decreased to a certain degree (P>0.05), and the positivity rate could reach 90%. After 36 h treatment, 
PD-L1 scores decreased, the CPS and IPS scores decreased significantly (P<0.05), and the positive rate was  
only 50%.
Conclusions: Potassium permanganate depigmentation significantly reduces PD-L1 expression, even 
for a shorter time, affecting the accuracy of the results. The accuracy of PD-L1 remained high within 24 h 
decalcification. The above results have certain reference value for clinical selection of immunotherapy.
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Introduction

Immunotherapy has been widely used in treating many 
kinds of tumors, and its therapeutic effect has been 
dramatically recognized (1). The essence of immunotherapy 
is to prevent immune escape, which is the purpose of 
tumor cells to evade host immune killing by specifically 
binding to immune checkpoint receptors on immune  
cells (2). Programmed death protein 1 ligand/receptor  
(PD-1/PD-L1) is considered one of the most relevant 
immune checkpoints for immune regulation. The 
interaction between PD-1/PD-L1 activates downstream 
pathways and downregulates T-cell immune killing 
function, thus achieving immune escape (3). Immune 
checkpoint inhibitors can block PD-1/PD-L1 specific 
binding, leading to T cell reactivation and recognizing and 
attacking tumor cells to reduce or eliminate tumors (4). 
Unfortunately, a large percentage of patients in the real 
world do not respond well to such immune checkpoint 
inhibitors and experience drug side effects. Therefore, 
screening the population for potential benefits is critical (5).

At present, immunohistochemistry is the most commonly 
used method for PD-L1 detection in clinical practice. This 
method is low-cost and can accurately predict the effect 
of immunotherapy (6), usually by observing the positive 
intensity and proportion of tumor cells and immune cells. 
Combined Positive Score (CPS), Tumor Proportion Score 
(TPS), Immunocyte Proportion Score (IPS), and other 
different quantitative scoring methods are interpreted to 
obtain PD-L1 negative or positive results, thus guiding 

treatment (7). Although guidelines and consensus give clear 
PD-L1 cut-off values, in practice, the process of specimen 
handling in pathology can also affect the final result. For 
example, decalcifying calcified and bone metastasized 
tumors and depigmentation of pigment-rich tumors may 
affect PD-L1 expression. For such samples, the guidelines 
and consensus do not give clear recommendations. 
This study aimed to study the degree of influence of 
decalcification and decalcification on the expression of PD-
L1 at different time points to find the optimal time for 
decalcification and depigmentation. In order to minimize 
the influence of decalcification or depigmentation on PD-
L1 interpretation in our daily work. We present this article 
in accordance with the MDAR reporting checklist (available 
at https://tcr.amegroups.com/article/view/10.21037/tcr-23-
1938/rc).

Methods

Study subjects

Six placental tissues containing syncytial trophoblast 
cells were selected, and both pre-experiments and 
literature showed that placental tissues expressed PD-
L1 at a constant strong level (8). Another ten samples of 
esophageal squamous cell carcinoma were selected with 
immunohistochemical staining that was unanimously 
interpreted as positive for PD-L1 by three pathologists.

Specimen treatment and result interpretation

The samples were fixed in 10% neutral formalin, routinely 
dehydrated, and paraffin-embedded. PD-L1 (22C3) 
antibody was purchased from Agilent Technologies Co., 
Ltd. (Shanghai, China). Sections were performed on the 
Dako Autostainer Link 48 platform (Shanghai, China), and 
the staining procedure was set according to the instructions. 

Placental tissues were made into tissue chips with a 
diameter of 3.5 mm, and each section was made into tissue 
microarrays at 3×3 and decalcified using the Rapidcal.
Immuno (patented by Iymed, purchased from Beijing 
Zhongshan Biotechnology Co., Ltd., Beijing, China). The 
samples were decalcified according to the time gradient 
of 6, 12, 24, 36, and 48 h, and then demeaning. The other 
group by the 10% potassium permanganate/1% oxalic 
acid method, depigmentation treatment was carried out 
according to the time gradient of 1, 5, 15, 30, and 60 min, 
respectively. In addition, complete tissue sections were 
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performed on 10 paraffin-embedded samples of esophageal 
cancer with positive PD-L1 expression. The above samples 
were also decalcified.

PD-L1 immunohistochemical staining results were 
interpreted by three senior pathologists, all of whom were 
trained and certified in the PD-L1 interpretation Training 
of Targos Advance Training & Consulting (Germany), and 
the results were taken as the median interpretation results. 
PD-L1 score was mainly adopted in three ways, CPS = 
(PD-L1 membrane-positive tumor cells + PD-L1 positive 
tumor-related immune cells)/total number of tumor 
cells × 100%; TPS = total number of PD-L1 membrane 
positive tumor cells/tumor cells × 100%; IPS = tumor-
related immune cells with positive PD-L1 membrane and 
cytoplasm of any strength/total number of tumor-related 
immune cells × 100%. CPS ≥10 was defined as positive in 
esophageal cancer (9). Average optical density (AOD) = 
integrated optical density/area, and higher AOD indicate 
higher immunohistochemical staining intensity (10). The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved 
by the Ethics Committees of Sichuan Cancer Hospital 
& Institute (No. SCCHEC-02-2022-011) and informed 
consent was taken from all the patients.

Statistical analysis

Mean optical density and PD-L1 scores were compared 
using Wilcoxon symbolic rank test and Chi-squared test, 
and immunohistochemical image analysis was performed 
using ImageJ v1.53 software. P<0.05 was considered 
statistically significant. All analyses were performed using 
R statistical software (http://www.R-project.org, The R 
Foundation) and the FreeStatistical analysis platform.

Results

After  the  p lacenta  samples  were  t rea ted  wi th  a 
decalcification solution, the strength of PD-L1 expression 
in immunohistochemical staining varied at different 
decalcification times, and the intensity of PD-L1 positivity 
decreased with the extension of decalcification time. After 
6 and 12 h of decalcification, the staining was clear with 
medium-strong strength; after 24 h of decalcification, the 
staining was visible with weak-medium strength; after 36 h 
of decalcification, the staining was fuzzy with weak strength; 
after 48 h of decalcification, the staining was negative 
(Figure 1A). The intensity of PD-L1 positive staining by 

immunohistochemistry at different depigmentation times 
decreased significantly with the increase of depigmentation 
time. One minute depigmentation treatment resulted 
in blurred and weak staining, and 5, 15, 30, and 60 min 
depigmentation resulted in negative staining (Figure 1B). 
After decalcification for 6, 12, 24, 36, and 48 h, the AOD 
values were 0.64±0.16, 0.69±0.16, 0.53±0.07, 0.25±0.09, and 
0.25±0.12. After 24 h decalcification, the AOD value was 
lower than that of the control group (P<0.05). After 36 and 
48 h decalcification, the AOD value was significantly lower 
than that of the control group (P<0.01) (Figure 1C). After 
decoloring for 1, 5, 15, 30, and 60 min, the AOD values 
were 0.59±0.11, 0.24±0.06, 0.19±0.05, 0.26±0.12, 0.27±0.13, 
respectively, and significantly decreased at 5, 15, 30, and  
60 min compared with the control group (P<0.01)  
(Figure 1D).

The expression of PD-L1 in esophageal cancer 
specimens was detected before decalcification and after 24 
and 36 h of decalcification (Figure 2A). After 24 h treatment, 
the CPS, TPS, and IPS scores of PD-L1 in esophageal 
squamous carcinoma decreased, but there was no statistical 
difference (P>0.05), and the percentage of PD-L1 positivity 
was 90% (Figure 2B). After 36 h treatment, the CPS, TPS, 
and IPS scores of PD-L1 in esophageal squamous cell 
carcinoma were all decreased, and the degree of decrease 
in IPS (P=0.003) was more significant than that of TPS 
(P=0.102), and the percentage of PD-L1 positivity was only 
50% (Figure 2C).

Discussion

In this study, it was found that treatment with potassium 
permanganate depigmentation, even for a short time, 
significantly reduced PD-L1 expression, affecting the 
accuracy of the results. Immuno decalcification treatment 
within 24 h still has high PD-L1 accuracy and is worth 
applying in daily pathological immunohistochemical 
staining work.

With the continuous reports of keynote series of 
studies, immunotherapy has been applied and carried out 
more often, especially in a variety of solid tumors, such as 
esophageal cancer, lung cancer, and melanoma, to obtain 
good overall therapeutic results (5,11,12). However, for 
individuals, the response to immunotherapy is mixed, and 
screening the population for potential benefits becomes 
an essential part of the diagnosis and treatment process 
(5,11,12). The scoring of PD-L1 intensity by pathologists 
through immunohistochemical staining is currently the 
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Figure 1 Immunohistochemical images and AOD values of tissue microarrays after time gradient decalcification or depigmentation. 
(A) Positive immunohistochemical staining for PD-L1 at different decalcification times 6, 12, 24, 36, and 48 hours; (B) positive 
immunohistochemical staining for PD-L1 at different depigmentation times 1, 5, 15, 30, and 60 min; (C) AOD value of average optical 
density at different decalcification times of 6, 12, 24, 36, and 48 hours; (D) different depigmentation time 1, 5, 15, 30, 60 min average optical 
density AOD value. *, P<0.05; **, P<0.01. AOD, average optical density; PD-L1, programmed death ligand 1. 
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Figure 2 Various PD-L1 scores and positive rates of esophageal cancer samples after decalcification. PD-L1 (22C3) staining was performed 
on the Dako Autostainer Link 48 platform (A) PD-L1 expression in 10 PD-L1 positive esophageal squamous cell carcinoma samples before 
and after 24 and 36 h decalcification treatment; (B) after 24 h decalcification, the CPS, TPS and IPS of PD-L1 decreased, and the PD-L1 
positivity rate was 90%; (C) after 36 h decalcification, the CPS, TPS, and IPS scores of PD-L1 decreased, and IPS and TPS significantly 
decreased, and PD-L1-positive rate was 50%. *, P<0.05; **, P<0.01. CPS, Combined Positive Score; TPS, Tumor Proportion Score; IPS, 
Immunocyte Proportion Score; PD-L1, programmed death ligand 1. 

most widely used and cost-effective means of predicting 
the effect of immunotherapy. At the same time, some bone 
metastases and pigment-rich samples need to be decalcified 
and depigmented during immunohistochemical staining. 
Previous studies have shown that special treatment may 
cause antigenic damage to some antibodies, thus affecting 
the interpretation of the results (5,11,12). However, the 
influence of PD-L1 expression has rarely been studied, 
and there are no clear recommendations in guidelines or 
consensus.

In this study, we performed time gradient decalcification 
and depigmentation of placental tissues with constant 
PD-L1 positivity. We found that PD-L1 staining was 
significantly reduced when depigmentation reached 1 min 
using the 10% potassium permanganate/oxalate method 
and almost no staining by immunohistochemistry when 
it reached 5 min. The loss of staining was associated with 
strong oxidation (13). Therefore, the strong oxidizing agent 

may have caused antigenic damage before depigmentation, 
leading to PD-L1 false negatives, which should be avoided 
in the daily pathology interpretation process (13).

PD-L1 expression decreased significantly in placental 
tissues at the decalcification time node of 24 h. This 
decrease was in the form of a uniform and consistent 
reduction in the intensity of extensive staining but did not 
show a complete loss of local staining, and at 36 h, there 
was a partial or complete loss of staining. It is evident that 
decalcification time, once exceeded 24 h, would have a 
naked-eye effect on staining. To verify whether this effect 
would interfere with the true sample interpretation results, 
we scored and interpreted the results of esophageal cancer 
tissues at 24 and 36 h using three modes of CPS, TPS, 
and IPS. In this study, we found that the CPS, TPS, and 
IPS scores at 24 h decreased, but this decrease seemed to 
have little effect on interpreting the results. There were 
90% of the samples still assessed as positive. Therefore, 
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the interpretation of PD-L1 in samples within 24 h of 
decalcification was still reliable. The decrease in CPS, 
TPS, and IPS scores at 36 h were significant, and the 
reduction of IPS (P=0.003) was more pronounced than 
that in TPS (P=0.102), with TPS scores mainly for tumor 
scores and IPS mainly for immune cell scores, suggesting 
that decalcification seems to have a more pronounced 
effect on immune cells than on tumor cells. The PD-L1 
22C3 antibody binds to the target-cell receptors in the cell-
surface domain, and the immune cell surface area is much 
smaller than the tumor cell surface area. Therefore, after 
being affected by decalcifying agents, the surface signals 
of immune cells may be less easy to be recognized (14). 
Smaller immune cells have a smaller surface area, and the 
remaining positive area after decalcification is smaller and 
less likely to be observed by pathologists. Therefore, the 
interpretation of the post-decalcification samples should 
be observed in a higher visual field and more carefully. 
In addition, the percentage of PD-L1-positive samples at 
36 h is only 50%, significantly reducing the accuracy of 
interpretation. Therefore, the decalcification time should 
be controlled within 24 h.

Rapidcal.Immuno is composed of mineral acid and 
buffer and has the advantages of both a chelating agent 
and a strong acid decalcification agent. The mineral acid 
and buffer are proportionally configured to preserve the 
immunogenicity of cells to the greatest extent. At the 
same time, the decalcification efficiency is higher than that 
of ethylenediaminetetraacetic acid (EDTA) and formic 
acid decalcification solution [formic acid/MasterCal  
(FA/MC)] (12). Compared with 12% hydrochloric acid 
(HCl) (StatLab, Fuzhou, China) and Decal STAT (23% 
HCl) (StatLab), although the decalcification efficiency 
is lower, the antigenic damage is less (15). In daily work, 
Rapidcal.Immuno decalcification solution has less antigenic 
damage within 24 h, and thus less impact on PD-L1 
interpretation, and is worth using for decalcified samples 
that require a concomitant diagnosis.

Although we found an appropriate decalcification 
time, several other factors may still have influenced our 
interpretation of PD-L1. For example, when antibodies 
and platforms are used cross-over, the consistency of the 
final results may be reduced (16). In addition, even in the 
same patient, there may be differences in PD-L1 expression  
in biopsy tissues, surgical specimens or lymph node 
metastases (17). Moreover, with the increase of sample 
storage time, the expression of PD-L1 significantly 
decreases with the decline of sample quality (18). Therefore, 

when we detect PD-L1 expression, we should properly store 
the samples and detect them in time. And testing should use 
the platform and antibody recommended by the guidelines. 
In patients with multiple tumors, all tumors were examined 
as adequately as possible.

Conclusions

The study aimed to find the optimal decalcification and 
depigmentation time without affecting PD-L1 expression. 
The results suggest that the decalcification time should 
be controlled as much as possible to within 24 h, and 
the depigmentation problem is not optimized. The 
experiment only explored the time of depigmentation and 
concluded that potassium permanganate depigmentation 
treatment, even for a shorter time, significantly reduced 
PD-L1 expression. The problem of depigmentation 
remains unresolved. Moreover, the concentration of 
the depigmentation reagent also affects the effect of 
depigmentation and the impact of immunohistochemistry 
later, whether the depigmentation problem can be solved by 
choosing the concentration of the reagent or choosing other 
depigmentation methods remains a topic for investigation.
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