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Abstract

To analyze the role of Epstein-Barr virus (EBV) in the biological and clinical characteristics of patients treated for classic
Hodgkin lymphoma (cHL) in France. Bio-pathological data of 301 patients treated for a cHL in or according to the protocol
of the EuroNet PHL-C1 trial between November 2008 and February 2013 were centrally reviewed. Median age at diagnosis
was 14 [3-18] years and the F/M ratio 0.86, 0.47 before 10 years and 0.9 from 11 to 18. CHL subtypes were nodular sclerosis
for 266/301 (88%) patients, mixed cellularity for 22/301 (7%), lymphocyte rich for 2/301 (1%), and 11/301 were unclassified.
EBV expression in situ (EBV cHL) was observed for 68/301 (23%) patients, significantly associated with MC subtype and
male gender, and there was a trend with age <10 years, it was particularly overrepresented in boys below 10 years: 15/23
(65%) vs 28/139 among other male patients (20%). Event-free and overall survival were equivalent between EBV and non-EBV
cHL patients. EBV viral load was tested for 108/301 patients and detectable in 22/108 (22%) cases. A positive viral load was
overrepresented in EBV cHL versus non-EBV cHL patients: 13/28 (46%) vs 9/80 (11%). Detailed semi-quantitative histological
analysis showed a high number of B-cell residual follicles in EBV cHL and no significant association with CD 20 or PAX 5
immunostaining in tumoral cells relative to EBV-negative HL. Distribution of EBV cHL in children and adolescents is associated

with young age and male gender, suggesting a specific physiopathology and may require a differential therapeutic approach.

Introduction

Hodgkin lymphoma (HL) is a malignant B-cell lymphoid tumor that arise from lymph-node germinal centers,
characterized by Reed-Sternberg cells (RSCs) surrounded by non-tumor polymorphic inflammatory cells [1].
The revised WHO 2008 lymphoma classification, updated in 2016 [2, 3], describes two different histological
types, nodular lymphocyte predominant HL and classic HL (¢cHL), which is further divided into four patho-



logical subtypes: nodular sclerosis (NS), mixed cellularity (MC), lymphocyte rich (LR), and lymphocyte
depleted (LD). The involvement of Epstein-Barr virus (EBV) in the pathogenesis of cHL was initially sus-
pected because of the observation of a high level of EBV-associated antibodies in HL patients [4, 5]. Since
then, viral protein expression and clonal integration of the EBV genome in RSCs have been described [6, 7].
The presence of EBV in cHL varies from 13 to 79% depending on the series. It is associated with younger
or older age (<10 or > 50 years ), lower economic status, ethnicity (Hispanic, African population) [8, 9],
MC histology, and immunosuppression [10-23]. The presence of in situ EBV has been shown to have no
prognostic impact except for patients > 50 years of age [24]. Moreover, the standard therapeutic approach
for HL associated with EBV (EBV cHL) does not differ from non-EBV cHL treatment. cHL in children and
adolescents differs from that in adults in many ways and improved biological knowledge of this entity may
allow refinement of the treatment strategy.

Children and adolescents presenting with cHL in France were included in the European trial EuroNet PHL-
C1 (EudraCT-No.: 2006-000995-33) from 2008 to 2013 and in an add-on biological study LH-EPI. Here, we
present the combined analysis of clinical, pathological, and biological characteristics of cHL associated with
in situ EBV detection.

Methods
Patients

We analyzed data from the cohort of French children and adolescents with cHL included in the EuroNet
PHL-C1 trial (EudraCT-No.: 2006-000995-33) from November 2008 to February 2013. The trial design is
provided in Supplemental Figure 1. The main points of this randomized trial were to replace procarbazine
with dacarbazine for intermediate- and advanced-stage patients and to restrict radiotherapy to patients with
an inadequate response after the first two cycles of chemotherapy. Patients were divided into three treatment
groups (TG): TG1: stages TA/B and II, TG2: stages IA/B E, IIB, IITA, and TG3: stages IIBE, IITAE/B,
and IV. All patients and families provided informed written consent according to good clinical practice and
the ethical committee.

Histopathology, biology parameters, and EBV testing

A formal central histological review was performed in the department of pathology of Armand Trousseau
hospital in Paris by S. B. and A. C. Paraffin-embedded tissue blocks or unstained slides were obtained at
the time of diagnosis and retrieved from the local pathology centers. A conventional histological study was
performed on hematoxylin-eosin-saffron (HES) stained tissue sections to confirm the HL diagnosis for each
sample (percutaneous biopsy or surgical resection). This histological review included quantification of the
inflammatory microenvironment: lymphocytes, histiocytes, eosinophils, neutrophils, and plasma cells. The
presence of residual B follicles was also evaluated, as well as the amount of fibrosis and necrosis when present.
Immunohistochemistry was performed using antibodies against the following markers: CD30 (Nowocastra ),
CD3 (Dako ), CD20 (Agilent Dako ), CD15 (Novocastra ), PAX5 (Dako ), and CD68 (Agilent Dako , KP1
clone ). Sections of 3 um were cut with a microtome. Tissue sections were deparaffinized and rehydrated
through a series of xylene and ethanol washes and then incubated with primary antibodies. The immunos-
tainings were processed using a Leica Bond automated immunostaining device. EBV protein detection
was performed using EBV-encoded RNA (EBER) in situ hybridization (Roche ) and latent membrane pro-
tein (LMP1) histochemical staining (Agilent Dako ). To consider a HL case to be EBV-related, the EBER
(nuclear) and/or LMP1 (cytoplasmic and surface membrane) signal had to be unequivocally present in Reed-
Sternberg/Hodgkin cells. A semi-quantitative histological score based on crosses was used for interpretation
(0: negative, 14+: weak, 2+: moderate, 34+: numerous). To better define the immunological features of the
population, data from the French prospective add-on study LH-EPI were analyzed to define the peripheral
B-cell characteristics associated with the clinical and pathological cHL lymphoma. Immunoglobulin G, A,
and M quantification was performed at trial inclusion, as well as extensive lymphocyte immunophenotyping
when hypogammaglobulinemia was detected. EBV serology and Viral EBV load analysis by PCR was per-
formed as described in Hamdi et al [25] when anti-VCA IgG was detected. The viral load positivity cut-off



was 125 copies/ml.
Statistical analysis

Age, gender, stage, treatment, and radiotherapy were analyzed. All events (deaths, relapse, secondary tu-
mors) for patients were recorded as part of the formal follow-up. Biological and pathological data were
collected via the LH-EPI and the pathological review databases, respectively. Statistical analysis was per-
formed using the BiostaT GV application. The chi-2 test and Fisher’s exact test were used to compare
proportions. Survival analysis according to EBV status was performed using the Kaplan Meier method. Log
rank tests were used to compare survival. Differences were considered significant for p < 0.05.

Results

Among the 386 patients enrolled in the EuroNet PHL-C1 trial in France, 301 patients were included in
our study with available reference pathology review. The review was performed by another pathological
network without detailed data available for 72 patients, and no samples were obtained for 13 other cases
as Formal Fixed Paraffin Embedded (FFPE) blocks were exhausted. The population characteristics are
presented in Table 1. The female/male ratio was 139/162 (0.86), with a median age at diagnosis of 14
years. The distribution of TG1, TG2, and TG3 was 85/301 (28%), 71/301 (24%), and 145/301 (48%)
patients, respectively. There was no significant association between repartition of the treatment groups and
B symptoms or EBV status of the RSCs.

Histopathology

The pathological characteristics of the samples are presented in Table 2. Among the 301 cases, the predom-
inant subtype was nodular sclerosis (NS), representing 88% of cases (266/301). The other subtypes were
mixed cellularity (MC), representing 7% of cases (22/301) and lymphocyte rich, representing | 1% (2/301).
There were no case of lymphocyte-depleted cHL. Eleven cases remained unclassified due to the small size of
the samples (fine-needle biopsies), with no proper evaluation of the background architecture. EBV in situ
expression was observed in tumor cells in 23% of cases (68/301).

Clinical characteristics

Being < 10 years of age was more frequent for EBV c¢HL (17/68, 25%) than non-EBV cHL (17/233, 7%)
(p < 0.001). Male gender tended to be more frequent in the EBV c¢HL (F/M ratio: 0.58) than non-EBV
cHL population (F/M ratio: 0.96) (p = 0.07). EBV cHL was overrepresented in boys < 10 years of age,
15/23 (65%) versus 28/139 (20%) for boys [?] 10 years of age (p < 0.01). Five-year overall survival (OS)
and event-free survival (EFS) were 99% and 89%, respectively, for the 301 patients, with a median follow-up
of 54 months. There were no significant differences in either OS or EFS between the EBV-positive and
EBV-negative populations (p = 0.35 and p = 0.91, respectively) (Fig. 2 and 3); 2/301 patients died during
the 54 months of follow-up, one with EBV cHL and one with non-EBV cHL. Thirty-four of the 301 patients
experienced a relapse: 27 non-EBV cHL and 7 EBV cHL.

MC cHL was more highly represented among EBV cHL (15/68, 22%) than non-EBV cHL patients (7/233,
3%) (p < 0.001). In addition, 54/68 (79%) EBV cHL samples had residual B follicles versus 121/233 (52%)
for non-EBV cHL samples (p < 0.001) (Fig. 1). No significant correlation was observed between EBV status
and T-lymphocytic infiltrate or the presence of necrosis. The microenvironment was generally polymorphic,
with a granulomatous infiltrate, associating eosinophils and histiocytes, without a significant difference in
composition: presence or not of lymphocytes, eosinophils, histiocytes, or neutrophils. Immunophenotyping
showed the expression of CD30 in 301 (100%) cases, CD15, in 243 (81%), PAX5 in 212 (70%), and CD20
in 62 (21%). RSCs showed no significant differences in staging, the presence of necrosis, the expression of
CD15, PAX5, or CD20, or EBV positivity (Table 3).

Blood EBV data

Immunological analysis was performed throughout LH EPT study [25]. Samples from a subgroup of 108/301
patients were tested for EBV viral load by PCR. Viral EBV load was detectable for 22 (20%) patients with



a median value of 1,680 copies/ml [130-3638]. Among the same 108 patients, 28 (26%) had EBV cHL. The
median viral load of EBV cHL patients (n = 13/28) was 2,042 copies/ml [198-30638] versus 1,348 copies/ml
[130-18190] for non-EBV cHL (n = 9/80) (p < 0.001). Only 23/68 patients with EBV cHL had available
EBV serology; among them two had IgM (recent EBV infection profile) and 22 anti EBNA or VCA IgG.

Discussion

We analyzed the clinical, biological, and pathological characteristics of a pediatric cohort with EBV cHL.
The EBV positivity rate in tumor cells was 23%. This result is in the range of reported positivity in European
countries [13, 18, 21, 26]. EBV positivity varies depending on geographic area and ethnicity: 17% in the
Czech Republic, 79% in Kenya, 78% in India, 52% in Zambia, and 46% in Jordan [10, 11, 17, 18, 21, 27].
The EBV rate in ¢HL has been evolving over time. Takeuchi et al. [28] reported a decreasing rate of EBV
in cHL, irrespective of age, histological subtype, or ethnicity. These data were confirmed by Campos et
al. [29], who reported that the EBV-/EBVT ratio for Brazilian patients under 15 years of age decreased
from 6.5 in 1954 to 0.8 in 2008. Most studies have described a bimodal distribution of EBV in tumor cells
according to age [17, 20, 26, 30]. In our cohort, the female/male ratio was 0.86 and decreased to 0.47
for children [?] 10 years of age. The male gender was more highly represented among young patients, as
already described by Clavel et al. [31]. In our population, children < 10 years of age had a significantly
higher proportion of EBV-associated disease than children > 11: 50% of cases versus 19.2% (p < 0.001).
This difference can be explained by the age-dependent defect of the control of primary EBV infection and
strengthens the argument that the physiopathology of cHL in younger children is probably different from
that in older patients, particularly concerning the immune response to EBV in boys. This hypothesis has
already been proposed in previous studies [32, 33] and the potential involvement of differences in the control
of EBV infection in the pathogenesis of cHL merits further study. Genomics studies to detect specific genetic
variants among children will be the next step to improve our knowledge about the predisposition to EBV
cHL. There was a significant predominance of the MC subtype for EBV c¢HL in the French cohort (22%
for EBV cHL versus 3% for non-EBV cHL, p <0 .001). This association has been consistently highlighted
in various international cohorts and has persisted over time [16, 29], although changes in the repartition of
cHL histological subtypes to the benefit of NS ¢HL has been described [17, 34, 35]. Our study confirms this
trend, with 88% NS cHL and 7% MC whereas the values were 70% and 20%, respectively, in a French cohort
of cHL published 20 years ago [35].

In our study, the presence of residual B follicles was significantly associated with EBV in-situ positivity (79%
for EBV cHL vs 52% for non-EBV c¢HL, p < 0.001), raising questions about the role of the B-cell environment
in the survival of EBVT RSCs [25, 36]. Of interest, the LH EPI study showed an association between B-
cell lymphopenia and non-EBV cHL. Recently, several reports [11] have re-evaluated the involvement of
EBYV in the immune response to cHL. Carbone et al. showed the LMP-1 oncoprotein to be primordial in
oncogenesis, leading to aberrant activation of oncogenic signaling pathways and increased PD-L1 expression,
thus suppressing the cytotoxic T-cell anti-tumoral response and allowing unchecked tumoral development.
[37]. Moreover, EBV RSCs appear to escape immune control via different pathways than EBV-negative
cells harboring fewer somatic mutations in NFxb/proapoptotic genes, as well as less 9p24.1 amplification
and fewer chromosomal breakpoints, [38] with higher PD-L1 expression in EBV cHL than non-EBV cHL, as
already mentioned [39]. Thus, we can hypothesis that EBV infection induces PD-L1 expression in the tumor
microenvironment via proinflammatory cytokines, leading to a different physiopathology depending on the
EBYV status and, therefore, age. These bio-pathological events raise interesting therapeutic issues, suggesting
a place for checkpoint inhibitors, which could represent the future of EBV cHL treatment, combined with
conventional therapies (radio chemotherapy) or associated with anti-EBV therapies [40]. Our data confirm
the significant predominance of mixed cellularity subtypes, young age, male gender, elevated viral load, and
the presence of residual B-cells in EBV-positive cHL, thus paving the way to better defining the role of EBV
in the pathogenesis of Hodgkin lymphoma in children and serving as a starting point for future studies.
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Figure legends

FIGURE 1 Residual B follicles. 1a: HESx25, tumoral infiltrate surrounding a residual lymphoid follicle. 1b:
CD20+ expression by residual B follicles. 1c: CD30+ tumor cells surrounding residual lymphoid follicle. 1d.
EBV+ tumor cells around residual lymphoid follicles, Eber in situ hybridation.

FIGURE 2 Overall survival depending on EBV status, in EBV cHL (red, n = 68) and non-EBV cHL (blue,
n = 233).

FIGURE 3 Event-free survival depending on EBV status, in EBV cHL (red, n = 68) and non-EBV cHL
(blue, n = 233).
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