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Background: Programmed Death Ligand (PD-L1) and Cluster of Differentiation 95 (CD95L) are
influenced by oncogenes and function in the anti-apoptosis process which is thought to play a
role in chemotherapy resistance. This study aimed to analyze the association of PD-L1 and CD95L
immunoexpression with chemotherapy response in Classical Hodgkin Lymphoma (CHL).

Methods: This study involved 40 cases of histopathologically diagnosed CHL treated with
doxorubicin, bleomycin, vinblastine, and dacarbazine (ABVD) chemotherapy. PD-L1 and CD95L
immunohistochemical staining were performed in selected paraffin-embedded tissue blocks of
all cases. The chemotherapy response status of the patients was taken from the medical record.

Results: High PDL-1 immunoexpression was evident in 19 (47.5%) cases while positive CD95L
immunoexpression was found in 14 (35%) CHL cases. High PD-L1 immunoexpression was
significantly associated with the Non-Responsive (NR) group (78.9%) with p-value = 0.0001.
Positive CD95L immunoexpression was greater in the NR group (71.4%) with p-value = 0.37.

Conclusions: High PD-L1 immunoexpression indicated an unfavorable response to ABVD
chemotherapy in CHL. CD95L immunoexpression was not associated with ABVD chemotherapy
response in CHL.

INTRODUCTION

Classical Hodgkin lymphoma (CHL) is considered a
lymphoid malignancy characterized by the presence of
HRS (Hodgkin Reed Sternberg) cells [1]. CHL patients
respond well to therapy, but the number of refractory
patients or relapses is increasing. About 80% of patients
have experienced complete remission after primary
therapy with ABVD (doxorubicin, bleomycin, vinblastine,
and dacarbazine), but up to 40% relapse and 10-25%
are refractory or non-responsive and require additional
therapy [2]. Through recent studies in CHL therapy, the
role of the tumor microenvironment (TME) is starting
to attract a lot of attention [3]. Currently, new therapies
are being developed for relapsed and progressive CHL
patients with immune checkpoint inhibitors. One of the
therapies that affect TME is immune checkpoint

inhibitors targeting the programmed death receptor
pathway [4].

PD-L1 is a type | transmembrane protein and has a
role in inhibiting T cell function [5]. Studies are showing
that PD-L1 is strongly expressed in solid tumors, including
colorectal cancer, lung cancer, pancreatic carcinoma,
hepatocellular carcinoma, gastric cancer, ovarian cancer,
endometrial cancer, and cervical cancer [6-8]. Increased
binding of PD-L1 and PD-1 can also increase resistance
to conventional chemotherapy in breast cancer cells,
prostate cancer cells, myeloma, and diffuse large B cell
lymphoma (DLBCL) [7-9]. PD-L1 is also expressed in HRS
cells. By expressing PD-L1 on its surface, HRS cells can
attenuate the immune response, allowing tumor cells
to develop [10].

The cluster of differentiation 95 ligand (CD95L), also
known as FasL, is a ligand for CD95 (Cluster of Differentiation
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95) known as Fas, which plays a role in the apoptosis
process [11]. Expression of CD95L on HRS can lead to
activation of CD95/CD95L bonds and result in a “counter-
attack” in the body’s immune system, thereby increasing
apoptosis in involved Th1l cells and cytotoxic T-cells [12,13].

Research on PD-L1 and CD95L related to chemotherapy
response in CHL is limited. This study aimed to analyze
the association of PD-L1 and CD95L immunoexpression
with chemotherapy response in Classical Hodgkin
Lymphoma (CHL).

METHODS

Patients selection

The study materials were paraffin blocks of 40
patients aged 13-76 years, with 2 patients < 18 years.
The samples have been diagnosed histopathologically
as CHL from 2014 to 2019 in the Department of
Anatomical Pathology, Hasan Sadikin General Hospital
Bandung, Indonesia. All patients that received only ABVD
chemotherapy for at least 4 cycles, without or before
administration of radiotherapy, and had complete
medical records were included in this study. This study
used a cross-sectional design. The research sample was
taken by consecutive sampling. Statistical calculations
were used to determine the sample size. Through
hypothesis testing between two populations from
Hosmer and Lemeshow’s 2.0 sample size program, the
total sample size for the 2 groups was 40 patients.

Clinical Response Criteria

Clinical response criteria in this study were based
on Response Evaluation Criteria in Solid Tumors (RECIST),
divided into two categories: non-responsive and
responsive patients. Non-responsive patients have stable
disease or progressive disease with an increased lesion
size of 2 20% of the total longest diameter of the target
lesion and increased absolute lesion size of 2 5 mm or
> 1 new lesion. Responsive patients have complete
response/partial response, loss of all target lesions, or
reduction of the lesion size of 2 30% from the total
longest diameter of the target lesion [14].

The patient response was evaluated with radiological
modalities using CT scan at the tumor site. Evaluation
of response with CT scan should be performed at least
for four cycles of chemotherapy ABVD and without or
before administration of radiotherapy.

Immunohistochemical Staining

Immunohistochemical staining was performed using
the labeled streptavidin-biotin immunoperoxidase
complex method with the One Step Neopoly Detection
Kit (Biogear Scientific). The primary antibodies included
were rabbit monoclonal anti-PD-L1 (clone SP142, Abcam)
with 1: 300 dilution and mouse monoclonal anti-FAS-L
(NOK-1, Santa Cruz) with 1:50 dilution.

The procedure used for immunohistochemistry was
as follows: the sections were cut 4u thick on 0.01%
poly -L-lysine coated glass slides, heated on a hotplate,
and stored in an incubator at 38°C overnight. Sections
were dewaxed in xylene and treated with three changes
of ethanol and alcohol before being washed under
running water. Sections were subjected to heat-induced
antigen retrieval in a decloaking chamber in EDTA for
20 minutes at 96°C for PD-L1 and 30 minutes at 100°C
for CD95L. Cooling at room temperature for 20 minutes
followed this. Sections were then treated to block
endogenous peroxidase, stained with primary antibodies,
and incubated for 1 hour at room temperature for PD-
L1 (incubate overnight for CD95L). Detection was done
by horseradish peroxidase polymer-based detection
system, diaminobenzidine chromogen, and counterstain
with hematoxylin.

Immunohistochemical analysis and interpretation

The immunoreactivity of PDL-1 was identified by the
presence of membranous and/or cytoplasm brown
staining of HRS using Olympus CX21 light microscope.
The proportion was calculated by dividing the number
of PD-L1 positive HRS cells by the total number of HRS
cells. Positive PD-L1 immunoexpression was rated high
when the proportion was 2 90% and low when it was
< 90% (Figure 1) [15].

The immunoreactivity of CD95L was identified by
the presence of membranous and/or cytoplasm brown
staining of HRS cells. The percentage of positive (PP)
HRS cells and the staining intensity in at least two
different high-power fields (400x) were evaluated by
Olympus CX21 light microscope. The PP cells were
assigned as score 1 (< 10%), score 2 (10-50%), and
score 3 (2 50%). The intensity (IS) was rated as negative
(0), weak (1), moderate (2), and strong (3), as seen in
Figure 2. The final score for each case was calculated
by multiplying PP by IS. The results were scored as
positive (> 3) and negative (< 3) [16].

Statistical Analysis

The association of PDL-1 and CD95L immunoexpression
with chemotherapy response was evaluated using the
Chi-square test. The significance of the data was
obtained if the p-value < 0.05. Statistical tests were
performed using Statistical Package for Social Science
(SPSS) version 24.0 for Windows.

RESULT

This study included 40 patients with an age range
between 13 and 76 years and a mean age of 39 years.
Patient characteristics are shown in Table 1. There were
more subjects under 45 than 45 years old. Thirty-two
patients were male, and 28 were female. Most
histopathology subtypes were Mixed Cellularity Classical
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Hodgkin Lymphoma (CHL) (37.5%). Most of the patients
were at stage Il (35%). Study subjects who responded
to chemotherapy were 21 patients (52.5%), and 19
patients (47.5%) did not respond [17].

Table 1. Patient Characteristics

Variable N=40

Age (years)

Median 395

Range (min-max) 13-76
Age category (year)

< 45 26 (65%)

> 45 14 (35%)
Sex

Male 22 (55%)

Female 18 (45%)

Histological subtype
Mixed cellularity 13 (32.5%)

Nodular sclerosis 15 (37.5%)

Lymphocyte Rich 8 (20%)

Lymphocyte depleted 4 (10%)
Stage

I 4 (10%)

1l 14 (35%)

I 12 (30%)

\Y) 10 (25%)
Chemotherapy response

NR 19 (47.5%)

CR/PR 21 (52.5%)

NR: Non-response, CR/PR : Complete response/ Partial response [17].

Table 2. Association of PD-L1
immunoexpression with

chemotherapy response PD-11

immunoexpression
Low
High

In this study, PD-L1 immunoexpression was evaluated
in all cases. The results showed that 21 cases (52.5%)
expressed low PD-L1. Most of the non-responded
patients (78.9%) showed high expression of PDL-1 while
patients with complete/partial response showed low
expression of PDL-1 as seen in Table 2. High PD-L1
immunoexpression was significantly associated with the
NR group (78.9%) with a p-value = 0.0001. It can be
concluded that the probability of patients with low PDL-
1 immunoexpression to experience non-response to
chemotherapy is 0.063 times compared to patients with
high PDL-1 immunoexpression with a confidence interval
of 0.013-0.296.

CD95L immunoexpression was evaluated in all cases.
Twenty-six cases (65%) did not express CD95L. Positive
CD95L immunoexpression was greater in the NR group
(71.4%) as seen in Table 3. CD95L immunoexpression
was not significantly associated with the chemotherapy
response with a p-value = 0.37. The negative CD95L
immunoexpression for non-response to chemotherapy
is 0.550 times with a confidence interval of 0.148-2.046.

DISCUSSION

In this study, based on patient characteristics, the
percentage of responsive cases (complete response and
partial response) to the chemotherapy regimen was
52.5%. This result is quite different in percentage terms
from the study according to Dominguez et al. [18] (95
samples) who stated that after 6 cycles of chemotherapy
(ABVD), 94% of patients experienced a complete
response, and 4% experienced a partial response.
Canellos et al. [19] (361 samples) showed that the
complete response was 82% of cases, the partial
response was 15%, and 2% did not respond. Gordon

Chemotherapy Response Group

NR CR/PR Total OR CI (95%) p-value
N=19 N=21 40
4(21.1%) 17(81%) 21(52.5%) 0.063

0,0001**
15(78.9%) 4(19%) 19(47.5%)  (0.013-0.296)

PD-L1, programmed death-ligand 1; NR, non-response; CR/PR, complete response/partial response;
OR, odds ratio; Cl, confidence interval.
The ** sign indicates p value <0.05 means significant or statistically significant

Table 3. Association of CD95L
immunoexpression with

chemotherapy response CD95L

immunoexpression
Negative

Positive

Chemotherapy Response Group

NR CR/PR Total OR CI (95%) p-value
N=19 N=21 40

11(57.9%)  15(71.4%)  26(65%) 0.063 037
8(42.1%) 6(28.6%) 14(35%) (0.148-2.046)

CD95L, cluster of differentiation 95; NR, non-response; CR/PR, complete response/partial response;
OR, odds ratio; Cl, confidence interval.
The ** sign indicates p value <0.05 means significant or statistically significant
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et al. [20] (47 samples) obtained a complete response
of 72.7%, partial response of 7.6%, stable 8.4%, and
progression of 0.3%. The difference in these results can
be related to the difference in the sample number.
Another factor that can influence the differences in
results is explained by Dominguez et al. [18] and Gordon
et al. [20]. Some cases received additional radiotherapy
treatment, which may have an effect on the successful
response to therapy.

Our current study showed that the higher the PD-L1
expression, the higher the possibility of chemotherapy
resistance. This is consistent with a study of non-small-
cell lung carcinoma (NSCLC) patients that showed
positive PD-L1 expression of 73.9% in chemoresistance
NSCLC patients [21]. Similar results were obtained in
the study of Bianchini et al. [22] who reported that
high PD-L1 expression in breast carcinoma was associated
with a lower pCR (pathologic complete response) to
chemotherapy. In another study, it was reported that
chemotherapy on breast cancer cells can induce PD-L1
on tumor surface cells, thereby leading to increased
PD-L1-mediated T cell apoptosis [23].

In CHL, there is an amplification of the 9p24.1 locus
in nearly one-third of cases. PD-L1 expression is associated
with the number of copies of the PD-L1 gene locus
present on the arm of chromosome 9p24.1. High
amplification is associated with high expression of the
PD-L1 protein on the surface of tumor cells. The 9p24.1
amplification is also associated with Janus kinase 2 (JAK2)
which further regulates PD-L1 expression through
activation of JAK/STAT signaling. More than 90% of CHL
contain genetic changes that can activate JAK/STAT
signals. The most common occurrences are JAK2 and
STAT6, which in turn can increase PDL1 expression.
Epstein Barr virus (EBV), present in HRS cells in 30-40%
of CHL cases, can also increase PD-L1 expression. EBV
induces PD-L1 expression via activation of the transcription
factor pathway AP1 and increases in c-Jun and JunB [24].

PD-L1 expression is also associated with the ability
of tumor cells to avoid chemotherapy-induced apoptosis
[9]. Wu et al. [25] reported that PD-L1 overexpression
might lead to tumor cell survival to increased activation
of ERK through an association with the catalytic subunit
of the DNA-dependent serine/threonine-protein kinase
(DNA-PKcs). PD-L1 deficiency has been proven to
decrease p38/MAPK activation which affects the
downregulation of Bcl-2. Bcl-2 is an anti-apoptotic factor
for tumor cells. The increase of Bcl-2 may result in the
ability of the tumor cells to avoid the apoptotic process.
Both of these mechanisms are thought to contribute
to chemoresistance.

This study indicated that patients with low or even
negative CD95L immunoexpression tended to respond
well to chemotherapy although it was not statistically
significant (p = 0.37). A similar study was conducted

by Sproll et al. [26] regarding CD95L immunoexpression
in squamous cell carcinoma of the head and neck; it
was found that there was no significant correlation with
therapeutic response although there was an increase
in CD95L expression. Different results were obtained in
a study conducted by Zheng et al. [27]. It was said that
CD95L overexpression supported chemoresistance
through activation of ERK1/2-MAPK and increased the
expression of P-glycoprotein (P-gp). The results stated
that CD95L overexpression can increase the activation
of P-glycoprotein which is coded as the Multi-Drug
Resistance 1 (MDR1) gene. Proteins that are part of
ATP-binding cassette (ABC) transporters can actively
cause drug efflux or chemotherapy drugs from tumor
cells.

HRS cells expressing CD95L can carry out a strong
counterattack against effector T cells as an antitumor
[12]. According to Chapell et al. [28], in this phase,
there is a perforin/granzymes pathway mediated by T
cells. This pathway can remove tumor cells before T
cells die by a CD95L-mediated process. T cells that can
survive can eventually resume their function in the
apoptosis of tumor cells. The effects of chemotherapy
can eventually kill tumor cells again. Based on research
by Kim et al. [29], it was suggested that CD95L expression
was low in HRS cells. According to Maggio et al. [30],
low Fas mutations were found in HRS cells so that they
did not play too much role in the process against
apoptosis. The possibility of low CD95L expression in
HRS is probably the same as in this study, causing its
role in inhibiting chemotherapy to be suboptimal.
Because of these many factors, the CD95L used in this
study became less significant in helping predict
chemotherapy response.

In this study, it has been proposed that the predictive
value of PD-L1 expression may be more informative
and useful to decide on therapy with a single checkpoint
inhibitor. There are several limitations to our study,
including the small number of samples, low availability
of paraclinical data, and limitations in the use of
radiological modalities such as PET scan to evaluate
chemotherapy response.

CONCLUSIONS

The increased PD-L1 immunoexpression indicates a
poor chemotherapy response to CHL so that the
occurrence of chemoresistance could be higher. From
the results of this study, it can be suggested to perform
PD-L1 immunohistochemical examination in patients with
classical Hodgkin’s Lymphoma to predict chemotherapy
response and as a consideration for giving anti-PD-L1
therapy. The use of adequate targeted therapy is
expected to optimize the anticancer potential.
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