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Effect of storage time of paraffin sections 2
on the expression of PD-L1 (SP142) in invasive
breast cancer
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Abstract

Background PD-L1 staining using long-stored paraffin sections may not be consistent with the true PD-L1
expression of patients. Therefore, it is necessary to explore the expression of PD-L1(SP142) in paraffin sections of
invasive breast cancer with different storage times and the optimal storage temperature for unstained paraffin
sections.

Methods The study included 71 cases of PD-L1(SP142) positive breast cancer. The unstained paraffin sections were
stored at room temperature conditions (20-25 °C), 4 °C, -20 °C and —80 °C, respectively. PD-L1 staining was performed
at1,2,3,4,8, 12 and 24 weeks of storage. PD-L1 expression was assessed with a continuity score.

Results The PD-L1 antigen was gradually lost as the storage time of paraffin sections increased. The PD-L1 positivity
rate was 97.18% at 1 week for the sections stored at room temperature, and decreased from 83.10 to 71.83% for the
sections stored for 2 weeks to 4 weeks, and 61.97%, 54.93%, and 32.93% for 8, 12, and 24 weeks, respectively. When
stored at low temperatures of 4 °C, -20 °C and —80 °C, the positivity rate decreases with the same trend but more
slowly compared to room temperature. The mean IC score of PD-L1 also showed a gradual decrease in all cases. In the
consistency analysis, PD-L1 expression in slices stored at room temperature for 2 weeks was consistent with PD-L1
expression in fresh slices (ICC > 0.9 for all slices), and PD-L1 expression in slices stored at 4 °C or -20 °C for 4 weeks

was consistent with PD-L1 expression in fresh slices (ICC > 0.9 for all slices). When stored under refrigeration at -80 °C,
PD-L1 expression in slices stored for 3 weeks was consistent with that in fresh slices (ICC>0.9).

Conclusions To our knowledge, this is the first article on the effect of preservation time and preservation
temperature of paraffin sections on PD-L1 expression in breast cancer. Long-term storage of paraffin sections
of unstained invasive breast cancer can lead to antigen loss of PD-L1 (SP142). Refrigerated storage of paraffin
sections can delay antigen loss, with best results at 4 °C or -20 °C, and a storage time of no more than 4 weeks is
recommended.
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Background

Programmed death-1 (PD-1) inhibits T cell function
and prevents tumor cell destruction through interac-
tion with programmed death-ligand 1 (PD-L1) [1, 2].
Immune checkpoint inhibitors that block PD-1/PD-L1
interactions have provided new therapeutic approaches
for many malignancies [3—-5]. PD-L1 inhibitors are one
of the effective treatments for patients with unresectable
locally advanced or metastatic triple-negative breast can-
cer. Several clinical trials, including IMpassion130, have
demonstrated that the expression of PD-L1 (SP142) is the
best predictor of the efficacy of atezolizumab in the treat-
ment of locally advanced or metastatic triple-negative
breast cancer compared to other antibodies [6—8]. There-
fore PD-L1 (SP142) was approved by the US Food and
Drug Administration as a concomitant diagnostic test for
screening immunotherapy populations.PD-L1 inhibitor
therapy is administered in such a way that only a small
percentage of patients benefit, and some of these patients
experience immune-related adverse events in the skin,
gastrointestinal, hepatic, endocrine and respiratory sys-
tems [9]. Therefore accurate detection of PD-L1 would be
beneficial for precise treatment of patients.

The results of immunohistochemistry (IHC) assays for
biomarkers may be affected by a variety of factors. Ear-
lier studies have shown that the use of long-stored paraf-
fin sections for immunohistochemical staining can affect
the accuracy of the test results [10, 11]. Prolonged stor-
age of paraffin sections leads to loss of antibody antige-
nicity [12, 13]. Therefore antigenic immunoreactivity
in paraffin sections is time-sensitive. In clinical practice
and research, it is common for paraffin sections to be
stored for long periods of time, which may result in false-
negative results. The extent of antigenic loss depends on
the tumor and the type of antigen, so it is necessary to
explore PD-L1 expression in paraffin sections of invasive
breast cancer with different storage times.

The degree of loss of antigenicity in paraffin sections
can also be influenced by the conditions under which
they are stored. Some studies suggest that the optimal
storage conditions for unstained paraffin sections are not
at room temperature [14—16]. Many options for storing
paraffin slices have been proposed in studies, includ-
ing vacuum storage, paraffin coating after slicing, stor-
age in a nitrogen chamber, and addition of antioxidants
[17]. However, many of the above experimental condi-
tions require high laboratory hardware and are more
difficult to implement in routine clinical work with high
workloads. It is therefore necessary to find more stable
and easier to implement storage solutions for paraffin
sections.

Few articles have investigated the effects of preserva-
tion time and preservation temperature of paraffin sec-
tions on PD-L1 expression in breast cancer. Therefore,
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we aimed to explore PD-L1(SP142) expression in paraf-
fin sections of invasive breast cancer stored for different
times and the optimal storage conditions for paraffin
sections. It is of significance for the precise diagnosis of
invasive breast cancer patients and the quality control of
PD-L1(SP142) IHC staining.

Methods

Patient cohort and data preparation

Invasive breast cancer cases that underwent modified
radical surgery from January 1 to February 29, 2020 were
selected, totaling 211 cases. All underwent immunobhis-
tochemical staining for PD-L1 (SP142) and 71 positive
cases were screened. All 71 cases were serially sectioned
in 28 slices, and unstained paraffin sections were stored
at room temperature conditions (20-25 °C), 4 °C, -20 °C,
and —80 °C, respectively. PD-L1 (SP142) staining was
performed at 1, 2, 3, 4, 8, 12 and 24 weeks of storage
(Fig. 1).

Immunohistochemistry and scoring

All sections stained with PD-L1 (clone SP142, Ventana
Medical Systems, Tucson, USA) using the OptiView DAB
IHC detection kit, strictly following the manufacturer’s
instructions on benchmark XT automatic immunohisto-
chemistry (IHC) (BenchMark ULTRA, Ventana, Tucson,
USA).

PD-L1(SP142) antibody was scored using immune cells
(IC) positivity score, defined as the percentage of PD-L1
immune cells with any intensity of staining within the
tumor area. Immune cells were cells in the intratumor
and adjacent peritumor stroma, including lymphocytes,
macrophages, dendritic cells and granulocytes, excluding
IC staining in the vascular cavity. Tumor area is defined
as the area occupied by tumor cells and their associ-
ated intratumoral and periatumoral stroma, excluding
necrotic area and carcinoma in situ area [8]. The continu-
ity score was used to evaluate the expression of PD-L1. If
the tumor interstitial infiltrating immune cells were posi-
tive>1%, the expression was considered positive. All sec-
tions were independently interpreted by two experienced
pathologists. Discordant cases were reviewed under a
multiocular microscope and consensus was reached by
mutual consultation.

Statistical analysis

Statistical analysis was performed using SPSS 23.0 and
GraphPad Prism 8.0.1. Use two-way mixed consistency
intragroup correlation coefficient (ICC) to evaluate the
consistency of PD-L1 expression in paraffin sections at
different times and conditions with fresh sections. The
concordance was regarded as “poor”, “moderate’, “good”

and “excellent” for the ICC values in (0,0.5), (0.5,0.75),
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Invasive breast cancer cases with modified
radical surgery from January 1 to February 29,
2020 were selected, totaling 211 cases

Immunohistochemical staining for PD-L1
(SP142) was performed in all cases

Removal of cases with
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71 PD-L1 positive cases were screened
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Fig. 1 Schematic representation of study design

(0.75, 0.9), and (0.9,1.0), respectively [18]. All tests were
two-sided. Statistical significance was set at p<0.05.

Results

Patient characteristics

A total of 71 patients were included in this study. The
patients were all females with a mean age of 55 years
(32-79 vyears). Histologic diagnosis was invasive duc-
tal carcinoma in 67 cases (94.37%) and invasive lobular
carcinoma in 4 cases (5.63%). Histologic grading was
grade I in 2 cases, grade II in 49 cases, and grade III in 20
cases. There were 21 cases (29.58%) with tumor size less
than 2 cm, 41 cases (57.75%) with tumor size between 2
and 3 cm, and 9 cases (12.67%) with tumor size greater
than 3 cm. There were 42 cases of luminal type, 10 cases
of HER-2 overexpression type, and 19 cases of triple-
negative breast cancer. The clinical staging was 20 cases
(28.17%) in stage I, 42 cases (59.15%) in stage II, 8 cases
(11.27%) in stage IIl and 1 case (1.41%) in stage IV. PD-L1
was positively expressed in all cases. 43 cases (60.56%)
had PD-L1 expression>1 and <5, 16 cases (22.54%)
had>5 and <10, and 12 cases (16.9%) had>10 (Supple-
mentary Table 1).

12 24

Changes in the positive rate of PD-L1 expression in paraffin
sections at different storage temperatures at different
times

With the extension of storage time, the positivity rate of
PD-L1 expression in paraffin sections gradually decreased
(Fig. 2). A representative IHC example is shown in Fig. 3.
The PD-L1 positivity rate for sections stored at room
temperature was 97.18% at 1 week, decreased from 83.10
to 71.83% for sections stored from 2 weeks to 4 weeks,
and was 61.97% when storage time reached 8 weeks. The
PD-L1 positivity rate of the sections stored at 4 °C was
97.18% at 1 week, which decreased to 80.28% at 2 weeks,
with no change at 3 weeks compared to 2 weeks, 76.06%
at 4 weeks, and 64.79% at 8 weeks. The PD-L1 positivity
rate of the slices stored at -20 °C was 98.59% at 1 week,
decreased from 92.96 to 83.10% for the slices stored from
2 weeks to 4 weeks, and was higher than the other stor-
age temperatures at each time point up to 4 weeks, with
a positivity rate of 61.97% at 8 weeks. The PD-L1 positiv-
ity rate of slices stored at -80 °C was 98.59% at 1 week,
decreased from 85.92 to 76.06% for slices stored from 2
weeks to 4 weeks, and was 63.38% at 8 weeks. The PD-L1
positivity rate at 12 weeks for sections stored at room
temperature was 54.93%, and the PD-L1 positivity rate at
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4 wk 8 wk 12 wk 24 wk
71.83% 61.97% 54.93% 32.39%
76.06% 64.79% 43.66% 38.03%
83.10% 61.97% 47.89% 30.99%
76.06% 63.38% 47.89% 40.85%

Fig. 2 The positive staining rate of PD-L1 in sections at different storage temperatures and different time points

The positive rate decreased gradually with the prolongation of storage time

Note: wk:week RT: room temperature

12 weeks for the rest of the sections stored at tempera-
ture was less than 50%.The PD-L1 positivity rate at 24
weeks of storage was about 35%.

Changes in IC scores of PD-L1 expression in paraffin
sections at different storage temperatures at different
times

The mean IC score of PD-L1 in paraffin sections also
showed a gradual decrease with longer storage time. The
mean IC score at the initial state of 71 slices was 7.84%
(Fig. 4). At 1 week of storage, slice PD-L1 expression
decreased by about 1% regardless of storage temperature.
At 2 weeks of storage, the PD-L1 IC scores of sections
stored at 4 °C and —20 °C decreased less, and the average
PD-L1 IC scores of sections stored at room temperature
and —80 °C were <5%. At 3 and 4 weeks of storage, only
the mean PD-L1 IC score of the sections stored at -20 °C
was above 5%. After 8 weeks of storage, the mean IC
score of PD-L1 of paraffin slices decreased more severely,
below 3%, regardless of storage temperature.

Comparison of the consistency of PD-L1 expression
between paraffin sections and fresh sections at different
storage temperatures and times

To find the optimal storage temperature for unstained
paraffin sections and to explore the longest storage time-
frame in which PD-L1 staining could be performed, we
compared the consistency of PD-L1 expression in sec-
tions stored at different temperatures with that in fresh

sections at different time points (Fig. 5, Supplementary
Table 2). For sections stored at room temperature, con-
cordance of PD-L1 expression with fresh sections was
excellent (ICC=0.9) for sections up to 2 weeks, good
(ICC=0.75) at 4 weeks, and moderate (ICC>0.5) at 8
weeks. For paraffin sections stored at 4 °C and —20 °C,
the ICC of PD-L1 expression for sections stored up to 4
weeks compared with PD-L1 expression for fresh sec-
tions was >0.9, and the concordance was evaluated as
excellent. Concordance was good (ICC=0.75) for all sec-
tions at 8 weeks. -80 °C stored slices, PD-L1 expression
in slices stored for up to 3 weeks showed excellent con-
cordance with fresh slices (ICC>0.9), good concordance
at 4 weeks (ICC>0.75), and moderate concordance at 8
weeks (ICC20.5). When the preservation time reached
12 weeks, the PD-L1 expression of sections stored at each
temperature was in poor concordance (ICC<0.5) com-
pared with fresh sections, and PD-L1 antigen loss was
more severe. ICC<0.2 at 24 weeks of storage does not
reflect the true expression of PD-L1 in the slices.

Discussion

Immunotherapy with PD-1/PD-L1 axis inhibitors is a
revolution in the field of oncology and a new therapeutic
approach to fight cancer [19]. PD-1 inhibits T cells, and
drugs targeting PD-1 and PD-L1 have shown promising
efficacy in the treatment of a number of highly immuno-
genic tumors (non-Hodgkin’s lymphoma, non-small cell
lung cancer, and melanoma) [20, 21]. PD-L1 expression
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Fig. 3 The expression of PD-L1 is different in breast cancer slices at different storage times at four storage temperatures(x100)

may vary at different disease sites and at different time
points in the disease course [22]. Therefore, PD-L1 pre-
cise detection is of great significance for clinical diagnosis
and treatment. It is common for unstained sections to be
stored for long periods of time in clinical work, scientific
research, and inter-room quality control of immunobhis-
tochemistry assays, but this may affect the expression of
PD-L1 on the sections, leading to inaccurate final results.
In this study in order to explore the PD-L1(SP142) stain-
ing of paraffin sections of invasive breast cancer stored
for different times and the optimal storage conditions for
paraffin sections. Consecutive paraffin sections from 71
patients with PD-L1(SP142) positive invasive breast can-
cer were included, and the paraffin sections were stored

at room temperature (20-25 °C), 4 °C, -20 °C, and —80 °C
for different times for staining. The staining results were
compared with PD-L1 expression in corresponding fresh
sections. Continuous scoring of PD-L1 is better able to
detect differences in antigen loss and has important
implications for daily clinical practice.

Previous experiments have examined the effect of
paraffin sections of breast cancer with different stor-
age times on ER, PR, HER2 and Ki67 staining. This
study showed that the immune responsiveness of tumor
cells decreases as storage time increases [23]. How-
ever, the staining intensity of the estrogen receptor is
not affected, and Vimentin even increase with storage
time [24]. These studies suggest that the loss of antigenic
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Fig. 4 PD-L1 IC score of sections at different storage temperatures and different time points

Note: wk:week RT: room temperature

immunoreactivity varies between antigens within and
between tissue types. In this study, we found that PD-L1
expression in paraffin sections gradually decreased with
the extension of storage time, regardless of the storage
temperature. The PD-L1 positivity rate was 97.18% when
the sections stored at room temperature were stored for 1
week, decreased from 83.10 to 71.83% for sections stored
for 2 weeks to 4 weeks, and decreased considerably to
61.97% when the storage time reached 8 weeks. This is
consistent with the trend of previous findings by Sato Y
et al. and Alexander H et al. [25, 26]. The expression of
PD-L1 decreased faster in our study. The reason may be
that the high number of cases with low PD-L1 expression
included in the experiment may also have some influ-
ence on the results. However, cases with critical values in
clinical practice need to be screened more accurately, so
paraffin sections should be stained for PD-L1 in a timely
manner.

A study by Gelb et al. [27] showed that although fresh par-
affin sections for PTEN staining are optimal, sections can be
stored refrigerated for up to 2 months with or without paraf-
fin coating and can be used for up to 4 months with paraffin
coating. Omilian A R et al. [23] showed that storage in a des-
iccator is the most effective way to reduce immunoreactivity
loss, paraffin-coated sections are technically more complex
to store and have the greatest loss of immunoreactivity, and
refrigeration at 4 °C is an intermediate option. Alexander H
et al. showed that humidity and temperature have an impor-
tant effect on antigen loss in FFPE tissues [26]. Considering
the simplicity and feasibility of storage methods for paraffin
sections in clinical practice, in this study, paraffin sections
were stored at room temperature (20-25 °C), 4 °C, -20 °C,
and —80 °C to explore the protective effect of different

storage temperatures on the antigenic immunoreactiv-
ity of paraffin sections. In this study, we found that PD-L1
expression in sections stored at 4 °C and —20 °C for up to
4 weeks had an ICC of 0.9 or more compared with fresh
sections, with excellent concordance in all cases, and good
concordance in all cases at 8 weeks. For sections stored at
room temperature, PD-L1 expression was in excellent con-
cordance with fresh sections for sections up to 2 weeks, with
good concordance at 4 weeks. -80 °C stored sections, the
concordance of PD-L1 expression with fresh sections was
excellent for sections up to 3 weeks, good at 4 weeks, and
moderate at 8 weeks. When the preservation time reached
12 weeks, the PD-L1 expression of sections stored at each
temperature was in poor concordance compared with fresh
sections. ICC<0.2 at 24 weeks of storage does not reflect
the true expression of PD-L1 in the slices. Does not reflect
the true level of PD-L1 expression in cases. According to
our results, storing paraffin sections at 4 °C or -20 °C tem-
perature reduced the loss of immunoreactivity of PD-L1.
The exact cause of antigen degradation has not been
unanimously determined, and previous studies have shown
that nuclear and cytoplasmic staining are less affected by
storage time compared to cell membrane staining [13]. It
has been shown that the expression of PD-L1 also decreases
after the stained immunohistochemistry sections are
stored for a certain period of time [28]. There are a variety
of potential factors that have been suggested to influence
antigen loss including: pre-analytical variables, oxidation,
humidity and temperature [14, 16, 29]. Tissue handling
conditions may interfere with immunohistochemical scor-
ing, and staining conditions are an important influence
on the quality of staining; therefore, strict adherence to
specifications for tissue handling and fixation is required
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Fig. 5 Comparison of the correlation between the expression of PD-L1 in sections at different time points and in fresh sections

Note: wk:week RT: room temperature

in all pathology facilities [30, 31]. In a study by Alexan-
der H et al.paraffin sections of non-small cell lung cancer
(NSCLC), gastric cancer, placenta, and tonsil tissues of
varying storage durations were stained using four PD-L1
(22C3,28—-8,E1L3N, and SP142) antibodies [26]. This study
demonstrated that the expression of different PD-L1 anti-
body clones tended to decrease with prolonged storage time
of paraffin sections, but not to the exact same extent, and
thus the antibody clones should be given sufficient attention
in clinical practice.That study concluded that humidity and
high temperatures are the main causes of antigen loss, while
oxidation is not.Our study also confirmed that paraffin sec-
tions stored at low degrees can reduce the loss of PD-L1
immunoreactivity, but the storage condition of -80 °C is not
the best choice, so the mechanism of the effect of low tem-
perature on antigen storage needs to be further investigated.
Our study also has some limitations. First, we are a single-
center study and included a limited sample size.We believe
that further largescale studies are warranted to identify all

possible candidates for therapy with PD-1 axis inhibitor
and to establish optimal pathological processing methods
for accurate PD-L1 assessment.Secondly there are limited
methods for storage conditions of paraffin sections. It is
expected that further research, using more storage meth-
ods, will find the specific reasons for the loss of antigen.

To our knowledge, this is the first article on the effect of
preservation time and preservation temperature of paraffin
sections on PD-L1 expression in breast cancer. Long-term
storage of paraffin sections of unstained invasive breast can-
cer can lead to antigen loss of PD-L1 (SP142). Storage of
paraffin sections under refrigeration delays antigen loss.Our
study found that storage at 4 °C or -20 °C worked best. How-
ever, in order to more accurately screen patients who can
undergo PD-L1 immunotherapy, it is recommended that
unstained paraffin sections be stained for PD-L1 (SP142)
within 4 weeks.
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Conclusions

Long-term storage of paraffin sections of unstained inva-
sive breast cancer can lead to antigen loss of PD-L1 (SP142).
Refrigerated storage of paraffin sections can delay antigen
loss, with best results at 4 °C or -20 °C, and a storage time of
no more than 4 weeks is recommended.
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