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Abstract

Background: The study was aimed to measure the Epstein-Barr virus (EBV)
association with Hodgkin’s lymphoma (HL) and to determine the clinico-
therapeutic role of plasma EBV quantification in EBV associated HL.
Materials and Methods: This was a hospital based prospective study done on
40 HL patients. Plasma EBV DNA was quantified by using RT-PCR. Ann-
Arbor staging system and RECIST criteria were applied to assess the severity
of HL and therapeutic response, respectively. Data collected was analyzed
statistically. Result: The mean age of the study group was 29.58+20.27 years
ranging from 3 to 70 years. Plasma EBV DNA was detected in 42.5% study
patients. The constitutional B symptoms were observed in 58.8% EBV
positive(EBV+) and 26.1% EBV negative (EBV-)HL patients (p<0.05). Total
70.6% EBV+ patients and 30.43% EBV- patients had advanced stage disease
(ASD) on presentation (p = 0.01). The prevalence of ASD among
EBV+patients carrying high viral load (>800 copies/ml) and low advanced
stage disease was 100% and 28.6%, respectively (p = 0.001). EBV DNA after
three and six cycles of chemotherapy was undetectable in 58% and 94.1%
EBV+ patients, respectively (p<0.001). Conclusion: EBV positive status had
significant positive association with B symptoms and disease severity of HL.
Serial quantification of circulating EBV DNA may help in monitoring disease
severity; prognosis and response to therapy in EBV associated HL.

INTRODUCTION

Epstein Barr virus (EBV) is a ubiquitous tumor
virus belonging to herpes virus family preferentially
targeting human B cells.? It has been found to be
associated with a variety of human malignancies
such as Hodgkin lymphoma (HL), non-Hodgkin

lymphomas (NHL), Burkitt’s lymphoma,
nasopharyngeal  carcinoma and lymphomas
associated with immunosuppression. 22

Approximately one-third cases of Classical HL that
constitutes 95% of all HL cases are found to be
associated with EBV infection, which is defined by
the presence of EBV proteins or EBV-encoded RNA
in tumor cells where its presence is thought to be
causal.[*®]

EBV-associated malignancies including HL are
often diagnosed based on a biopsy of the primary
tumor. However, because of the patient's poor health

status or the difficulty in getting to the tumor, a
biopsy can be challenging to perform sometimes.
The measurement of EBV viral load in peripheral
blood would be a less invasive and more practical
method of EBV diagnosis. In fact, EBV viral load
quantification has recently played a very important
role in the diagnosis and management of EBV-
associated  diseases.[®*"IAdditionally, it  was
discovered that individuals who responded to
medication had significant reduction inbaseline
EBV viral load,®¥ nhighlighting the prognostic
significance of EBV viral load.Hence, a serum or
plasma EBV DNA detection assay has a good scope
for being used as abiomarker in EBV associated
malignancies including HL.

Data related to diagnostic and therapeutic role of
circulating plasma EBV DNA levels among Indian
HL patients are limited. The current study was
related to detection of EBV in HL patients and to
measure the association of EBV viral load with
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clinic-pathological parameters and therapeutic
response in EBV associated HL patients.

MATERIALS AND METHODS

Study design: This was a hospital based prospective
study conducted at a tertiary care institute of
Northern India. The study was conducted onHL
patients attending outpatient and indoor patient
departments of internal medicine at our institute
during January 2016 to March 2017. A total of forty
newly diagnosed HL patients fulfilling the inclusion
and exclusion criteria were included as subject in
the study. The diagnosis of HL was confirmed by
proper histopathological examination and immuno-
histo-chemical (IHC) analysis of biopsied lymph
node sample from clinically suspected HL patients.
HL Patients with following conditions were
excluded from the study group:

Patients who were not willing to give informed
consent.

HIV positive patients having HL

HL patients already on chemotherapy

Relapse cases

Patient with concomitant other hematological
malignancy and Solid tumors.

Patients already receiving other chemotherapy for
other illnesses.

Each enrolled subject was evaluated for disease
Severity as assessed by Ann Arbor staging
system.[% Staging evaluation included acomplete
history, thorough physical examination,
imaging(computed tomography scan of the thorax,
abdomen,and pelvis), and bone marrow aspiration
and biopsy.*Y! Positron emission tomography (PET)
scan was not done on any patient due to its non-
availability at our center and poor patient
affordability for getting it done from outside.

Each subject was then assessed for EBV status for
which 5ml of peripheral blood sample was collected
and processed for extraction of DNA by automated
extraction system followed byquantification of EBV
DNA by real time polymerase chain reaction (RT
PCR). Titers were interpreted as follows:
undetectable = EBV negative; detectable= EBV
positive; low viral load = <800 copies/ml; high viral
load= >800 copies/ml. Plasma EBV viral load was
re-quantified for each EBV positive patient after 3rd
and 6th cycle of chemotherapy (C3 and C6,
respectively). No repeat EBV viral load testing was
done for patients who came negative during baseline
EBV DNA testing.

All patients with EBV positive HL (EPHL) and
EBV negative HL (ENHL) received six cycles of
Adriamycin, Bleomycin,  Vinblastine  and
Dacarbazine based chemotherapy (i.e. ABVD
regimen) throughout the course of study with an
inter-cycle period of at least a month.

Therapeutic response (TR) was assessed for all
patients after C3 and C6 by applying Response
Evaluation Criteria in Solid Tumors (RECIST

criteria) and was comparatively interpreted in
relation to their EBV status.[*?

Ethical Approval: Ethical clearance for the study
was obtained from the ethics committee of the
institute. A written, informed consent was obtained
from all patients enrolled in the study.

Statistical Analysis: The acquired data was
statistically analyzed using Statistical Package for
Social Sciences (version 20; SPSS, Chicago, IL,
USA). Categorical variables were presented as
number and percentages, and quantitative variables
were presented as mean and standard deviation
(SD). Chi-square test was applied to ascertain
association between categorical variables. The
significance threshold was set at a p-value of less
than 0.05.

RESULTS

A total of forty patients with HL (30 male and 10
female) were evaluated and followed over a period
of six months in this study. Mean age of the study
group was 29.58+20.27 years with a range between
3 to 70 years [Table 1]. Most patients (i.e. 70%)
belonged to age group of less than 20 years [Table
1]. Plasma EBV DNA was detected in 17 (42.5%)
patients of the study group. Among 17 EBV positive
patients 8 (47%) patients belonged to age of less
than 20 vyears. however, we didn't find any
significant EBV association with age and gender of
the patients
[Table 1].

The most common histological subtype in EPHL
group was mixed cellularity HL (MCHL) whereas it
was nodular sclerosis HL (NSHL) in ENHL group
(p value <0.05) [Table 1].

Total 40% patients from the study group had
constitutional B symptoms on presentation. In
relation to EBV status, 58.8% patients from EPHL
group and 26.1% patients from ENHL group had
constitutional B symptoms. This difference was
found to be statistically significant with p value of
0.036 [Table 2].

When study population was assessed for disease
severity as per Ann Arbor staging in relation to their
EBV status, it was found that majority of the
patients (12 out of 17 i.e. 70.6%) from EPHL group
had advanced stage disease (IIB, Il & 1V) in
comparison to ENHL group in which only 20.4% (7
out of 23) patients had advanced stage disease. This
difference was found to be statistically significant
with p value of 0.01 [Table 3].

As far as EBV viral load is concerned it was
observed that all EPHL cases with high viral load
(>800 copies/ml) were found to have advanced stage
of the disease whereas most EPHL cases with low
viral load (<800 copies/ml) had milder form of the
disease (p=0.001) [Table 4].

A statistically significant drop in viral load on
follow up RT PCR was noted in most EPHL
patients. EBV viral load was reduced to
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undetectable level in 58% patents post C3 and in

94.1% patients post C6 (p<0.001) [Table 5].
However, on comparing therapeutic responses in
EPHL and ENHL groups, no significant difference

was found on post C3 as well as post C6 assessment

(p value = 0.093 and 0.866, respectively) [Table 6].

Table 1: Baseline characteristics of the study group according to their EBV status.

Characteristics Total(n = 40) EBV +ve(n =17) EBV —ve(n = 23) %2 P value
Age (Years) 0-19 18 8 10 0.943 0.815 (NS)
20-59 20 8 12
>60 2 1 1
Mean Age(Years) Study group 29.58 31.24 28.35
Gender Male 30 13 17 0.034 0.853 (NS)
Female 10 4 6
HL Subtypes MC 18 13 5
NSHL 18 3 15
LRHL 2 1 1 12.947 | 0.012 (S)
LDHL 1 0 1
NLPHL 1 0 1

EBV= Epstein Barr Virus; +ve= positive; -ve= negative; y2 = chi square statistic;NS = non-significant; S =
significant; HL= Hodgkin lymphoma; MCHL= mixed cellularity HL; NSHL= nodular sclerosis HL; LDHL=
lymphocyte-depleted HL; LRHL= Lymphocyte rich HL; NLPHL= nodular lymphocyte-predominant HL.

Table 2:Relation of EBV status with constitutional B symptoms among HL patients.

B symptoms Total (n=40) EBV status P value
EBV +ve(n =17) EBV —ve(n = 23)
Present 16 (40%) 10 (58.8%) 6 (26.1%) 0.036 (S)
Absent 24 (60%) 7 (41.2%) 17 (73.9%)
EBV= Epstein Barr Virus; B symptoms = unexplained profound weight loss, high fevers, and drenching night

sweats; HL= Hodgkin lymphoma;+ve= positive; -ve= negative; S = significant.

Table 3: Relation of EBV status with disease severity among HL patients.

Disease severity Ann Arbor staging EBV status P value
EBV +ve(n =17) EBV —ve(n = 23)

Early stage (1, NA) 5 (29.4%) 16 (69.6) 0.01 (S)

Advanced stage (ns, 11, Iv) 12 (70.6%) 7 (30.4%)

HL= Hodgkin lymphoma; EBV= Epstein Barr Virus; +ve= positive; -ve= negative; S = significant

Table 4: Relation of baseline EBV Viral load with disease severity among EBV+HL (EPHL) patients.

Disease severity Ann Arbor staging Viral load (copies/ml) P value
<800 (n=7) >800 (n=10)

Early stage (1, NA) 5 (71.4%) 0 (0%) 0.001 (S)

Advanced stage (ns, 1, Iv) 2 (28.6%) 10 (100%)

Table 5: Change in EBV viral load after receiving treatmentamong EBV positive HL patients.

Viral load (copies/ml)

Pre-chemotherapy (at

Post-chemotherapy

Baseline) Post 3rd cycle Post 6th cycle
Undetectable 0 10 (58.8%) 16 (94.1%)
Low (<800) 7 (41.2%) 6 (35.3%) 1 (5.9%)
High (>800) 10 (58.8%) 1 (5.9%) 0 (0%)
P value when compared with baseline value(Chi square test) <0.001 (S) <0.001 (S)

Table 6: Comparative analysis of therapeutic response after 3rd and 6th cycle of chemotherapy in EPHL and ENHL

patients

Timing of assessment Response Total (n=40) EBV + ve(n=17) EBV —ve(n=23) p value
Post 3rd cycle Complete 26 (65%) 8 (47.05%) 18 (78.3%) 0.093
Partial 13 (32.5%) 8 (47.05%) 5 (21.7%) (NS)
SD 1 (2.5%) 1 (5.9%) 0 (0%)
PD 0 (0%) 0 (0%) 0 (0%)
Post 6th cycle Complete 31 (77.5%) 12 (70.6%) 19 (82.6%) 0.866
Partial 1 (2.5%) 1 (5.9%) 0 (0%) (NS)
SD 2 (5%) 1 (5.9%) 1 (4.3%)
PD 6 (15%) 3(17.6%) 3(13.1%)
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EBV= Epstein Barr Virus; +ve= positive; -ve= negative; EPHL= EBV positive HL; ENHL= EBV negative HL;
HL= Hodgkin lymphoma;SD= stable disease; PD= progressive disease; NS = non-significant

DISCUSSION

Hodgkin  lymphoma is a  well-established
malignancy having many riskfactors such as age,
gender, autoimmune diseases, immunosuppression,
family history, alcohol consumption, smoking
habits, and EBV infection.[*y] EBV has been found
to play a major contributing role in its
pathogenesis.[!IHowever, the exact etiology of HL is
still unknown. In overcrowded living and unsanitary
conditions of developing countries, primary EBV
infection occursat a much earlier age so thatby the
age of two, 90% of children are seropositive.[*®! This
is partly responsible forgreater EBV associated HL
in developing countries like India than in
developedcountries.['>*1  Several studies have
proven the role of EBV viral loads by quantitative
PCR in assessing disease association, risk
stratification, and therapeutic response in HL
patients. [ 14-18]

The demographic profile of our study group was
moderately similar to that of previous studies.[*2
In this study,40% of the patients had constitutional
““B” symptoms that was similar to the study done by
Sinha M et al in which 39% study subjects had
constitutional ‘‘B” symptoms.'*! Similarly Hohaus
S et al reported 35% HL study patients having B
symptoms.'®  In  developed countries, ‘‘B”
symptoms are found in 25-30% of HL, whereas in
developingcountries it is found in about 50% of
cases.*®l An even higher prevalence of B
symptoms has been reported in Indian children with
HL.*22Dinand V et al,?! and Arya et al,?? have
reported B symptoms in 52.6% and 54.4% children
with HL, respectively.

EBV positivity in HL varies with geographical
location; 20-50% in the West, 57-64% in the Far
East, and up to 90% in developing
countries.®182324Dinand vV et al found EBV
positivity in 96.6% of HL patients that was
significantly associated with younger age (p=0.012)
and lower socioeconomic level (p=0.007).°!1 In
another study done on childhood HL, 63% children
were found positive for EBV.[?!1 Using plasma EBV
DNA estimation in adult-onset HL, an Indian study
revealed a 48.5% EBV association.**l A Brazilian
study also reported a 43% EBV association in adult
HL population.” These studies showed that EBV
positivity is relatively high in childhood HL patients
in comparison to adult HL patients. In present study
we found EBV association in 42.5% HL patients.
The reason for lower prevalence in our study might
be higher mean age of the study group in
comparison to previous studies,®?! which was
mainly done on childhood HL.

MCHL and NSHL are common subtypes in Indian
HL  patients as reported in  previous
studies.?*??Dinand V et al and Arya et al, observed

MCHL in 63% and 86% study subjects,
respectively,?-221 while Sinha M et al and Rani P et
al reported NSHL in 48.5% and 79.5% study
population,  respectively.'*%1  However, we
observed MCHL and NSHL in equal number (i.e.
45% each) of our study subjects. As far as EBV is a
concern, MCHL was the commonest subtype in
EPHL group in the present study [Table 1], which
was similar to the previous studies.[?1.23.26-28]

In the present study we observed relatively higher
prevalence of advanced stage disease among EPHL
patients in comparison to ENHL patients [Table 3].
Similarly as per review analysis by NohtaniMet al it
was concluded that an EBV-positive status is
associated with poorer clinical outcomes especially
in elderly patients.[?’!

A positive association between baseline EBV viral
load and disease severity in EBV associated HL
patients has been reported in  several
studies.'625%3Dinand V et al demonstrated a
higher prevalence of advanced stage disease (I1B,
I, 1V) among EPHL patients carrying high viral
load in comparison to those carrying relatively a low
viral load in their study.?! As per study done by
Hohaus S et al,* high EBV DNA in plasma of HL
patients corresponds tohigher stage of the disease in
HL patients, which support our study findings in this
context [Table 4].

EBV viral load have been studied for monitoring
therapeutic response in EBV positive lymphomas in
several studies.[#91415171932] Gandhi MK et al,[*4
and Spacek M et al,l!l have conclusively found
therapeutic response to be associated with decline in
EBV viral load in their studies. Clearance of EBV
DNA after chemotherapy was found to be associated
with remission in all HL patients in a study done by
Sinha M et al.*! Similarly, a statistically significant
drop in viral load with treatment was noted in the
present study [Table 5]. Thus our findings as well as
previous research are in favor of prognostic
importance of EBV viral load in managing EBV
associated HL patients.

This study had certain limitations. The study was
conducted in a singlecenter with a relatively limited
samplesize. The follow up period in the present
study was relatively shorter then the previous
studies hence, long term effect of EBV in HL
patients could not be established. We could not be
able to know the exact burden of EBV among
general population due to lack of control group in
our study, hence, could not be compared with that of
our study group. The authors further recommend
larger cohort studies with longer follow up period to
confirm and validate our study findings.
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CONCLUSION

EBV infection had strong positive association with
disease severity and constitutional B symptoms.
Change in EBV viral load after treatment was found
to be concordant with therapeutic response in EBV
associated HL. Hence, it could be used as a
noninvasive biomarker to monitor therapeutic
response in EBV associated HL, which may help in
deciding the further plan of therapy.
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