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Programmed death 1 expression in the peritumoral
microenvironment is associated with a poorer prognosis
in classical Hodgkin lymphoma
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Abstract Programmed cell death protein-1 (PD-1) inhibitor
may be therapeutic in patients with relapsed or refractory clas-
sical Hodgkin’s lymphoma (cHL). This study examined the
prognostic significance of PD-1 and two PD-1 ligands (PD-L1
and PD-L2) in uniformly treated cHL. Diagnostic tissues from
109 cHL patients treated with a doxorubicin, bleomycin, vin-
blastine, and dacarbazine regimen were evaluated retrospec-
tively by immunohistochemical analysis of PD-L1, PD-L2,
and PD-1 expressions. The median follow-up time was
4.91 years (range, 0.17–17.33 years). Thirteen patients
(11 %) expressed PD-1 protein in the peritumoral microenvi-
ronment, which was associated with poor overall survival
(OS) (P=0.017). PD-L1 or PD-L2 expression was not asso-
ciated with OS. There was no correlation between PD-L1 and
PD-1 expression or between PD-L2 and PD-1 expression.
Multivariate analysis identified PD-1 protein as an indepen-
dent prognostic factor for OS (P=0.019). Subgroup analysis
according to the Ann Arbor stage of cHL showed that PD-1

protein expression had a prognostic value in limited-stage
cHL (P=0.048). PD-1 is an independent prognostic factor in
cHL andmay allow the identification of a subgroup of patients
with limited-stage cHL who require more intensive therapy
and who may benefit from anti-PD-1 agents.
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Introduction

Standard treatment does not cure at least 20 % of patients with
classical Hodgkin’s lymphoma (cHL), and they may require
adapted first-line treatment [1, 2]. Although the International
Prognostic Score (IPS) is a powerful tool for risk stratification,
it does not fully reflect intrinsic biological features of cHL
tumor cells. Furthermore, IPS does not apply to limited stages
[3], and none of the published prognostic-factor systems can
reliably identify patients with a worse prognosis.

Programmed cell death protein-1 (PD-1) is an immune
checkpoint receptor of T, B, and natural killer (NK) cells that
represses Th1 cytotoxic immune responses and contributes to
the maintenance of tolerance to systemic self-antigens [4, 5].
Two ligands for PD-1, PD-L1 (B7-H1) and PD-L2 (B7-DC),
have been identified as negative immune regulators via inter-
action with the PD-1 receptor [6]. By expressing PD-L1 or
PD-L2 ligands on the tumor cell surface and engaging PD-1
receptor-positive T, B, and NK cells, tumors can promote the
PD-1 pathway to evade an immune response [7]. A blockade
of PD-1 or PD-L1 by anti-PD-1 or anti-PD-L1 antibody, re-
spectively, instills remarkable antitumor activity in melanoma,
renal cell cancer, non-small-cell lung cancer, and ovarian can-
cers. PD-1, PD-L1, and PD-L2 have prognostic significance
in gastrointestinal stromal tumors [8], nasopharyngeal
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carcinoma [9], urothelial carcinoma [10], breast cancer [11],
lung cancer [12], and colorectal cancer [13].

Nivolumab is a monoclonal antibody directed at PD-1. It
has substantial therapeutic activity and an acceptable safety
profile in relapsed or refractory cHL [14]. Co-expression of
PD-1 and PD-L1 is associated with poor clinical outcomes in
patients with cHL [15]. Although PD-1 and PD-L2 also ap-
pear to play important roles in the modulation of Th2 re-
sponses [16], no study has examined the relationship between
PD-1, PD-L1, and PD-L2 and their prognostic implication in
cHL patients. Our present retrospective study evaluated PD-1,
PD-L1, and PD-L2 expressions in cHL patients and examined
correlations between these markers and their prognostic
significance.

Materials and methods

Patients

This retrospective study reviewed histological and immu-
nohistochemical data from 109 consecutive patients diag-
nosed with cHL at Asan Medical Center, Seoul, South
Korea, between 1995 and 2012. All patients had patho-
logically confirmed cHL that was treated with a doxoru-
bicin, bleomycin, vinblastine, and dacarbazine (ABVD)
therapy regimen, with or without radiation. The patients
were ≥15 years of age at diagnosis and had no previous
treatment or history of malignancy. Paraffin-embedded tu-
mor tissues and follow-up data were available for all pa-
tients included in the study. The median follow-up time
was 4.91 years (range, 0.17–17.33 years). Response
criteria were based on standard guidelines. Routine
follow-up imaging analyses were performed every
3 months for the first 2 years, every 6 months for the next
3 years, and annually (or whenever clinically indicated)
thereafter. This research was approved by the Internal
Review Board of the Asan Medical Center.

Histopathological analysis and immunohistochemistry

All histological and immunophenotypic data were
reviewed by two pathologists (JH and YWK). The cHL
cases were subtyped according to World Health
Organization (WHO) criteria as nodular sclerosis (NS),
lymphocyte- r ich (LR) , mixed cel lu lar i ty (MC),
lymphocyte-depleted (LD), or not-otherwise-specified
cHL. A tissue microarray (TMA) was constructed with
three 1-mm-diameter tumor cores from selected areas of
formalin-fixed, paraffin-embedded tumor samples. TMA
sections were stained using a BenchMark XT automatic
immunohistochemistry staining device (Ventana Medical
System, Tucson, AZ). An anti-PD-L1 monoclonal

antibody (mAb) (dilution 1:100, clone E1L3N; Cell
Signaling Technology, Danvers, MA), a mouse anti-PD-
L2 mAb (dilution 1:3000, clone #176611; R&D systems,
Minneapolis, MN), and a mouse anti-PD-1 mAb (dilution
1:100, clone MRQ-22; Cell Marque, Rocklin, CA) were
used. In the TMA, each case was represented by three
tissue cores. At least 10 CD30-positive Hodgkin/Reed-
Sternberg (HRS) cells in at least one of the three core
cylinders from each patient were read. Various cutoff
points for PD-L1, PD-L2, and PD-1 expressions were ex-
amined by the Kaplan-Meier method, with comparisons
performed by log-rank testing from the 10th to the 25th
percentile in 5 % increments, i.e., 10, 15, 20, and 25 %
(Supplementary Table 1). The most significant differences
in OS were observed at a cutoff point of 20 % for PD-L1,
PD-L2, and PD-1. A sample was considered PD-L1- or
PD-L2-positive if the expression of these markers was
detected in ≥20 % of HRS cells. A sample was considered
PD-1-positive if PD-1 expression was detected in ≥20 %
of the peritumoral microenvironment. In situ hybridization
(ISH) analysis of Epstein-Barr Virus (EBV)-encoded
RNA-1 and RNA-2 (EBER) was performed and scored
as previously described [17].

Table 1 Demographic and clinical characteristics of the study patients

Characteristics at diagnosis Number of patients (%)

Age, median (range, years) 36 (15–77)

Male gender 64 (58.7 %)

Histological subtype

Nodular sclerosis 72 (66.1 %)

Mixed cellularity 22 (20.2 %)

Lymphocyte-rich 5 (4.6 %)

Lymphocyte-depleted 3 (2.8 %)

Not classifiable 7 (6.4 %)

Ann Arbor stage

I 20 (18.3 %)

II 36 (33 %)

III 26 (23.9 %)

IV 27 (24.8 %)

Stage (limited vs. advanced)

Limited 40 (36.7 %)

Advanced 69 (63.3 %)

B symptoms present 36 (33 %)

International Prognostic Score ≥3 (high-risk) 44 (40.4 %)

EBER positivity 42 (38.5 %)

Primary treatment

Chemotherapy 80 (73.4 %)

Chemoradiotherapy 29 (26.6 %)

EBER Epstein-Barr virus-encoded RNA-1 and RNA-2 assessed by in situ
hybridization
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Statistical analyses

Overall survival (OS) was defined as the interval between
the date of diagnosis and death from any cause. The follow-
up of living patients was censored at their last follow-up
date. Cumulative OS was analyzed by the Kaplan-Meier
method, and comparisons were performed by log-rank test-
ing. Multivariate prognostic analyses of OS were performed
with the Cox proportional hazard regressionmodel using the
enter method. Categorical variables were compared using
the chi-square test. All statistical analyses were performed
using the SPSS statistical software program version 18.0
(SPSS, Chicago, IL) or R 2.15.2. All P values are two-
sided associations, and P< 0.05 was considered statistically
significant.

Results

Patient characteristics

The clinical characteristics of the 109 patients are summarized
in Table 1. Themedian age of the patients was 36 years (range,
15–77 years). Twenty patients died. The median OS was not
reached. The estimated 5-year OS was 83 %.

PD-L1, PD-L2, and PD-1 expressions in cHL tissues

The correlations between PD-L1, PD-L2, PD-1, and clinical
variables are summarized in Table 2. Eighty-two patients
(75 %) showed cytoplasmic and/or membranous positivity
for PD-L1 (Fig. 1a). Patients with PD-L1 expression were

Table 2 Correlations between clinical variables and PD-L1, PD-L2 and PD-1 expression

Characteristics PD-L1 expression P
value

PD-L2 expression P
value

PD-1 expression P
value

Low (<20 %)
(n = 27)

High (≥20 %)
(n= 82)

Low (<20 %)
(n = 96)

High (≥20 %)
(n= 13)

Negative
(≥20 %) (n= 96)

Positive
(≥20 %) (n= 13)

Age in years 0.825a 0.069a 0.386a

Age <45 15 (55.6 %) 48 (58.5 %) 52 (54.2 %) 11 (84.6 %) 57 (59.4 %) 6 (46.2 %)

Age ≥45 12 (44.4 %) 34 (41.5 %) 44 (45.8 %) 2 (15.4 %) 39 (40.6 %) 7 (53.8 %)

Gender 0.375a 0.769a 0.552a

Male 18 (66.7 %) 46 (56.1 %) 57 (59.4 %) 7 (53.8 %) 55 (57.3 %) 9 (69.2 %)

Female 9 (33.3 %) 36 (43.9 %) 39 (40.6 %) 6 (46.2 %) 41 (42.7 %) 4 (30.8 %)

Disease subtype 0. 099b 0.694b 0.265b

Nodular sclerosis 14 (51.9 %) 58 (70.7 %) 61 (63.5 %) 11 (84.6 %) 65 (67.7 %) 7 (53.8 %)

Mixed cellularity 8 (29.6 %) 14 (17.1 %) 21 (21.9 %) 1 (7.7 %) 19 (19.8 %) 3 (23.1 %)

Lymphocyte-rich 1 (3.7 %) 4 (4.9 %) 5 (5.2 %) 0 (0 %) 3 (3.1 %) 2 (15.4 %)

Lymphocyte-depleted 0 (1.2 %) 3 (3.7 %) 3 (3.1 %) 0 (0 %) 3 (3.1 %) 0 (0 %)

Not classifiable 4 (14.8 %) 3 (3.7 %) 6 (6.3 %) 1 (7.7 %) 6 (6.3 %) 1 (7.7 %)

B symptom 0.814a 0.117a 0.349b

Absent 19 (70.4 %) 54 (65.9 %) 67 (69.8 %) 6 (46.2 %) 66 (68.8 %) 7 (53.8 %)

Present 8 (29.6 %) 28 (34.1 %) 29 (30.2 %) 7 (53.8 %) 30 (31.3 %) 6 (46.2 %)

Ann Arbor stage 0.173a 0.366b 0.543b

Limited 13 (48.1 %) 27 (32.9 %) 37 (38.5 %) 3 (23.1 %) 34 (35.4 %) 6 (46.2 %)

Advanced 14 (51.9 %) 55 (67.1 %) 59 (61.5 %) 10 (76.9 %) 62 (64.6 %) 7 (53.8 %)

IPS 0.822a 0.766 a >0.999a

<3 17 (63 %) 48 (58.5 %) 58 (60.4 %) 7 (53.8 %) 57 (59.4 %) 8 (61.5 %)

≥3 10 (37 %) 34 (41.5 %) 38 (39.6 %) 6 (46.2 %) 39 (40.6 %) 5 (38.5 %)

LDH (U/L) 0.024a 0.551 a 0.069a

<250 6 (22.2 %) 40 (48.8 %) 42 (43.8 %) 4 (30.8 %) 44 (45.8 %) 2 (15.4 %)

≥250 21 (77.8 %) 42 (51.2 %) 54 (56.3 %) 9 (69.2 %) 52 (54.2 %) 11 (84.6 %)

EBER >0.999a >0.999a 0.568a

Negative 17 (63 %) 50 (61 %) 59 (61.5 %) 8 (61.5 %) 58 (60.4 %) 9 (69.2 %)

Positive 10 (37 %) 32 (39 %) 37 (38.5 %) 5 (38.5 %) 38 (39.6 %) 4 (30.8 %)

Primary treatment 0.209a 0.507b 0.325b

Chemotherapy 17 (63 %) 63 (76.8 %) 69 (71.9 %) 11 (84.6 %) 72 (75 %) 8 (61.5 %)

Chemoradiotherapy 10 (37 %) 19 (23.2 %) 27 (28.1 %) 2 (15.4 %) 24 (25 %) 5 (38.5 %)

PD-L1 programmed death-ligand 1, PD-L2 programmed death-ligand 2, PD-1 programmed death 1, IPS International Prognostic Score, LDH lactate
dehydrogenase, EBER Epstein-Barr virus-encoded RNA-1 and RNA-2 assessed by in situ hybridization
a Chi-squared test by two-sided Pearson’s test
b Chi-squared test by two-sided Fisher’s test
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more likely to have a low level of lactate dehydrogenase (49%
vs. 22 %, P=0.024) than PD-L1-negative patients. Thirteen
patients (11%) revealed cytoplasmic and/or membranous pos-
itivity for PD-L2 (Fig. 1b) or membranous positivity for PD-1
(Fig. 1c). PD-L2 or PD-1 expression was not associated with
clinical variables. All PD-L2-positive cases showed PD-L1
positivity. According to the expressions of PD-L1 and PD-1,
23 cases were negative for both PD-L1 and PD-1, 73 cases
were positive for PD-L1 and negative for PD-1, 4 cases were
positive for PD-1 and negative for PD-L1, and 9 cases were
positive for both PD-L1 and PD-1. There was no correlation
between PD-L1 and PD-1 expressions (P=0.732). There was
also no correlation between PD-L2 and PD-1 expressions
(P=0.706).

Prognostic significance of PD-L1, PD-L2, and PD-1
expressions

Patients with PD-1 expression had lower 5-year OS rates (59
vs. 86 %, P=0.017; Fig. 2a) than patients without PD-1 ex-
pression. PD-L1 or PD-L2 expression was not significantly
associated with OS rates (P=0.477, Fig. 2b, and P=0.676,
Fig. 2c, respectively). To evaluate the relationship between
PD-L1 and PD-1, we combined the dichotomized PD-L1
and PD-1 data and stratified patients into three risk groups
(PD-L1-/PD-1-, PD-L1+ or PD-1+, PD-L1+/PD-1+). PD-
L1+/PD-1+ patients showed worse OS compared to other
groups, although this difference was not statistically signifi-
cant (P=0.598; Fig. 2d). OS was analyzed for two groups
(PD-1+ and PD-L1+ vs. PD-1- and/or PD-L1-). However,
OS was not significantly different between two groups
(P=0.33) in all patients. Analysis of patients with a limited
stage showed no significant difference between two groups,
either (P=0.604).

Univariate analysis revealed that OS was associated with
IPS (≥3). Multivariate analysis identified the PD-1 expression
as an independent prognostic marker for OS (P = 0.019,
Table 3) along with high-risk IPS (≥3). As the prognostic
significance of IPS was limited to the advanced-stage disease
[3], we performed subgroup analysis according to the disease
stage to determine if PD-1 expression outperforms IPS as a
prognostic marker. In limited-stage cHL cases, PD-1-positive
patients had a worse OS compared with PD-1-negative pa-
tients, (P=0.048; Fig. 3a). In contrast, IPS was not signifi-
cantly associated with OS in limited-stage cHL (P=0.784). In
advanced-stage cHL cases, PD-1-positive status was not asso-
ciated with OS (P=0.13; Fig. 3b), whereas IPS was signifi-
cantly associated with OS (P=0.012).

Discussion

In our present study, the expression of PD-1 was independent-
ly associated with OS, supporting the hypothesis that a PD-1-
related signaling pathway plays an important role in the pro-
gression of cHL. Although IPS was not significantly associ-
ated with OS in limited-stage cHL, PD-1 expression did have
prognostic value in limited-stage cHL. However, PD-L1 or
PD-L2 expression was not associated with OS rate.

Two studies previously assessed the prognostic signifi-
cance of the PD-1 expression in patients with cHL and yielded
mixed results [15, 18]. Muenst et al. found a significantly
negative prognostic effect of PD-1 expression [18]. Paydas
et al. reported that cases with co-expression of PD-1 and
PD-L1 correlated with inferior OS, but PD-1 or PD-L1 alone
did not [15]. Our study identified significant adverse prognos-
tic effects of PD-1 expression but not co-expression of PD-1
and PD-L1, PD-L1 alone, or PD-L2 alone. Although the PD-

Fig. 1 PD-L1, PD-L2, and PD-1 expressions in cHL tissues. aHigh PD-
L1 expression on Hodgkin/Reed-Sternberg cells (≥20 %). b High PD-L2
expression on Hodgkin/Reed-Sternberg cells (≥20 %). c High PD-1 ex-
pression in the peritumoral microenvironment (≥20 %)
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1-blocking antibody nivolumab has been evaluated in patients
with cHL, that study did not report on PD-1 expression [14].
Further studies are needed to confirm the precise mechanism
of the PD-1-blocking antibody in relation to PD-1 expression
in cHL patients.

We used 20 % as a cutoff in analysis of PD-L1, PD-L2,
and PD-1. We found a negative prognostic effect of PD-1
expression. Various cutoffs were used in previous studies.
In the pioneering study by Ansell et al., all cases were
PD-L1- and PD-L2-positive [14]. However, that study in-
cluded relapsed or refractory cHL alone, and the number

of cases was relatively small. Muenst et al. used 23 PD-1
cells/mm2 as the cutoff for PD-1 [18]. Forty-five percent
of patients in that study had more than 23 PD-1 cells/
mm2. Paydas et al. used 20 % as the cutoff for PD-1
and 5 % as the cutoff for PD-L1 [15]. Twenty percent of
patients in that study were positive for PD-1 and PD-L1
expressions. Possible causes for the discrepancies be-
tween previous studies and our current results include
ethnic differences and technical differences such as differ-
ent antibody clones and the use of tissue microarray vs.
whole sections.

Fig. 2 Comparison of survival rates according to PD-L1, PD-L2, and
PD-1 expressions. Overall survival (OS) was significantly worse in PD-1-
positive cases (a). PD-L1 (b) or PD-L2 (c) expression was not

significantly associated with OS. Patients with PD-L1+ and PD-1+ status
showed a poorer OS compared to other groups, although this difference
was not statistically significant (d)

Tumor Biol. (2016) 37:7507–7514 7511



EBV, a common herpes virus that infects more than 90 %
of humans, is categorized as a group 1 human carcinogen by
the International Agency for Research on Cancer due to its
etiologic role in cHL [19]. Our present study found no corre-
lation between EBV status and PD-L1 expression, PD-L2
expression, or PD-1 expression. A prior study also failed to
identify a correlation between EBVand PD-1 or EBVand PD-
L1 [15].We performed subgroup analyses in PD-1- or PD-L1-
positive patients according to EBER status. However, EBER
status was not significantly associated with OS in PD-1- or
PD-L1-positive patients (P=0.573 and P=0.407, respective-
ly). These results suggest that PD-1 expression is associated
with survival outcomes independently of EBV status.

In our current study, PD-1 expression was significantly
associated with poor prognosis, especially for patients with
limited-stage disease. Although IPS remains a valid predictor
of outcome for patients with advanced-stage disease, it is un-
successful in stratifying subgroups with a poorer prognosis in
patients with limited-stage cHL [3]. Our present results also
revealed that IPS was associated with prognosis only in
advanced-stage cHL. Therefore, PD-1 expression is a viable
prognostic factor alternative to IPS in limited-stage cHL.

In our present series, 75 % of cases were positive for PD-
L1 and 11 % were positive for PD-1. Four cases were pos-
itive for PD-1 and negative for PD-L1. Three out of four
patients died. Besides its interaction with PD-1, PD-L1 also
binds CD80 molecules expressed on activated T cells, me-
diating T cell inhibition [20, 21]. To the best of our knowl-
edge, ligands for PD-1 beside PD-L1 and PD-L2 have not
been identified. Further studies are needed to determine the
precise mechanisms for the poor prognosis of PD-L1-nega-
tive/PD-1-positive cases.

Engagement of PD-1 might directly inhibit T cell receptor
(TCR)-mediated effector functions by recruiting phosphatases
such as Src homology 2 domain-containing tyrosine phospha-
tase 2 (SHP-2) [22]. Phosphorylation of the TCR CD3zeta
chains and Zap-70, early steps following TCR engagement,
is also inhibited by PD-1 [22, 23]. PD-1 inhibits T cell activa-
tion by attenuating TCR signaling (SHP-2) and promoting the
expression of genes that impair Tcell function. PD-1 enhances
the expression of transcription factor ATF-like (BATF), which
is sufficient to inhibit T cell proliferation and cytokine secre-
tion [24]. Activation of PD-1 impairs T cell expansion and
function by promoting IL-10 production [25]. PD-1 inhibits
T cell responses by promoting the induction and maintenance
of iT reg cells via the downregulation of phospho-Akt,
mTOR, S6, and ERK2 and the concomitant upregulation of
PTEN [26]. PD-1 regulates T cell metabolism by inhibiting
glycolysis and promoting lipolysis and fatty acid oxidation
[27].

The most common approach to blocking the PD-1, PD-L1,
and PD-L2 pathways is to use mAbs against the receptor.
These antibodies inhibit ligand binding and downregulate
the receptor. Anti-PD-L1 mAbs, including MEDI4736, and
MPDL3280A, have significant antitumor activity in non-
small-cell lung cancer [28, 29], melanoma [28], bladder can-
cer [30], and renal cancer [28]. PD-1-targeting mAbs such as
nivolumab and pembrolizumab have shown remarkable suc-
cess by generating durable clinical responses in melanoma
[31–33], non-small-cell lung cancer [34, 35], renal cancer
[36], and cHL [14]. Previous studies revealed a strong corre-
lation of the PD-L1 expression to the treatment efficacy of
anti-PD-1 agents in non-small-cell lung cancer, melanoma,
and head and neck cancer [37–39]. A significant correlation

Table 3 Univariate and
multivariate analysis of overall
survival

Covariate HR 95 % CI P valuea

Univariate analysis

Age in years <45 vs. ≥45 5.358 1.94–14.7 <0.001

Sex Female vs. male 2.702 0.97–7.46 0.055

B symptoms (−) vs. (+) 1.705 0.70–4.13 0.238

Ann Arbor stage Limited vs. advanced 0.761 0.29–1.99 0.578

IPS <3 vs. ≥3 2.947 1.17–7.39 0.021

LDH (U/L) Normal vs. abnormal 1.474 0.52–4.15 0.463

EBER (−) vs. (+) 1.539 0.63–3.73 0.340

PD-1 expression (−) vs. (+) 3.026 1.16–7.87 0.023

Treatment Chemotherapy vs. chemoradiotherapy 0.510 0.17–1.53 0.230

Multivariate analysis

IPS <3 vs. ≥3 3.032 1.20–7.63 0.019

PD-1 expression (−) vs. (+) 3.142 1.20–8.19 0.019

a Cox univariate analysis

HR hazard ratio, CI confidence interval, IPS International Prognostic Score, LDH lactate dehydrogenase, EBER
Epstein-Barr virus-encoded RNA-1 and RNA-2 assessed by in situ hybridization
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between the PD-L1 expression to treatment efficacy of anti-
PD-L1 agents was also reported in melanoma, non-small-cell
lung cancer, and bladder cancer [39]. In Ansell’s study, the
association between the PD-L1 expression in HRS cells of
cHL patients and the response to nivolumabwas not examined
[14].We suggest that PD-1 may be a possible predictive mark-
er for anti-PD-1 agents because PD-1 alone was significantly
associated with OS rates in our study.

Some limitations of our present study include its retrospec-
tive design, short follow-up period for some recent cases, and

small sample size. Furthermore, TMA does not reflect the
entire protein expression profile due to tumor heterogeneity.

In summary, our current results suggest that PD-1 is an
independent prognostic factor in cHL and may be useful for
identifying a subgroup of patients with limited-stage cHL at
high risk for recurrence or progression that might benefit from
anti-PD-1 agents.
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