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EBV-Positive Diffuse Large B-Cell Lymphoma in
Young Immunocompetent Individuals

Brady E. Beltran," Domingo Morales,” Pilar Quifiones,” L. Jeffrey Medeiros,’
Roberto N. Miranda,” Jorge J. Castillo*

Clinical Practice Points

e Epstein-Barr virus (EBV)-positive diffuse large B-cell
lymphoma (DLBCL) of the elderly is a novel entity
defined by age > 50 years, lack of underlying immu-
nodeficiency, and lymphoma composed of sheets of
large B-cells, which has been associated with an ag-
gressive clinical course and a poor prognosis.

e We present clinicopathological data on three immu-
nocompetent individuals who were younger than 50

years of age but would otherwise meet criteria for
EBV-positive DLBCL of the elderly.

e EBV-positive DLBCL of the elderly can occur in
young immunocompetent patients, and we suggest
that the age criterion, and possibly the name itself,
be modified.
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Introduction

The 2008 World Health Organization (WHO) classification of
lymphoid neoplasms uses morphological, immunophenotypical, ge-
netic, and clinical criteria to define more than 30 types of B-cell
leukemia and lymphoma.' The most common lymphoid neoplasm
worldwide is diffuse large B-cell lymphoma (DLBCL), which ac-
counts for approximately 30% of all lymphomas (including B- and
T/NK-cell neoplasms).” The category of DLBCL is heterogeneous
and encompasses a variety of clinicopathologic, immunophenotypic,
and molecular features. The clinical course of patients who have
DLBCL can be difficult to predict, which led to a search for clinical
and/or pathological factors that can be used to risk-stratify these
patients, including the International Prognostic Index (IPI) score,’
immunophenotype,” and a variety of high-throughput methods in-
cluding gene expression,” array comparative genomic hybridization,®

and microRNA profiling.”
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Chronic infection by Epstein-Barr virus (EBV) has been etiologi-
cally associated with a wide variety of lymphoma types. A limited list
of EBV-associated lymphomas includes Burkitt lymphoma,?® plas-
mablastic lymphoma,” extranodal NK/T-cell lymphoma (nasal
type),'® angioimmunoblastic T-cell lymphoma,'' and classical
Hodgkin lymphomas.'? In the 2008 WHO classification of lympho-
mas, a newly described entity, EBV-positive DLBCL of the elderly,
has been included. This neoplasm occurs in apparently immuno-
competent patients who are older than 50 years of age.'” These
neoplasms resemble other cases of DLBCL, not otherwise specified,
except that evidence of EBV infection is present in a substantial
number of the neoplastic cells.

This report describes three patients, 25 to 34 years of age, who had
no evidence of underlying immunosuppression and a diagnosis of
EBV-positive DLBCL. The occurrence of these cases suggests that
EBV-positive DLBCL is an entity that is not restricted to patients
who are older than 50 years of age, and that the age criterion and
possibly the designation of this disease must be modified in the next
version of the WHO classification.

Patients and Methods
Case Selection

Between January 2002 and June 2010, newly diagnosed patients
with a pathological diagnosis of DLBCL, not otherwise specified
(WHO classification), were identified from the medical records of
the Hospital Nacional Edgardo Rebagliati Martins in Lima, Peru.
Each neoplasm was composed of sheets of large cells and met the
criteria for DLBCL as described in the WHO classification upon
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Table 1 Clinical Characteristics of Three Young Patients With EBV-Positive DLBCL

Case Age Sex Performance LDH Stage
1 25 M 0 Elevated 2A
2 34 M 2 Elevated 3B
3 34 F 2 Elevated 3B

;:;':é Therapy Response Slzll;nv(i)\;al Outcome
1 R-CHOP CR 13 Dead
3 CHOP NE 3 Dead
8 CVP/CHOP CR 59 Alive

Abbreviations: aalPl = age-adjusted International Prognostic Index; CHOP = cyclophosphamide, doxorubicin, vincristine, prednisone; CR = complete response; CVP = cyclophosphamide, vincristine,
prednisone; DLBCL = diffuse large B-cell ymphoma; EBV = Epstein-Barr virus; LDH = lactate dehydrogenase; NE = not evaluable; R = Rituximab.

Table 2 Pathological Characteristics of Three Young Patients With EBV-Positive DLBCL

Case Appearance CD20 CcD10
1 Pleomorphic F =
2 Centroblastic + -
3 Centroblastic A =

BCL-6

MUM/IRF4 Ki-67 EBER
= - 80% + (30%)
+ + >90% + (10%)
— -+ 80% to 90% + (10%)

Abbreviations: + = positive; — = negative; DLBCL = diffuse large B-cell ymphoma; EBER = EBV-encoded RNA; EBV = Epstein-Barr virus.

review for this study. Lineage was determined by immunohisto-
chemical evaluation using antibodies specific for CD20 (Dako,
Carpinteria, CA: dilution 1:100), CD10 (Novocastra, Newcastle-
upon-Tyne, UK; dilution 1:100), BCL6 (Dako; dilution 1:10),
MUM1/IRF4 (Santa Cruz Biotechnology, Santa Cruz, CA; dilution
1:200), and EBV LMP-1 (Dako; dilution 1:100).

After approval was received from the Institutional Review Board,
the presence of EBV-encoded RNA (EBER; Dako) was assessed in all
cases using a chromogenic in situ hybridization (CISH) technique.
EBER positivity was defined as nuclear expression of EBER by
=10% of the malignant cells.

For EBER-positive cases, clinical data was obtained from the med-
ical records including age, sex, past medical history, presence of B
symptoms, Ann Arbor stage, extranodal involvement, age-adjusted
International Prognostic Index (aalPI) score, therapy received, re-
sponse to therapy, final outcome, survival in months, and cause of
death. Laboratory data included complete blood count (CBC), basic
metabolic panel (BMP), liver function tests (LFTs), lactate dehydro-
genase (LDH), beta-2-microglobulin (82M), and immunoglobulin
(Ig) levels. Additional studies included antinuclear antibody (ANA)
titers, serologic tests for HIV, human T-cell lymphotrophic virus
type 1 (HTLV-1), and hepatitis B and C viruses.

Results

From a total of 137 untreated patients with newly diagnosed
DLBCL, not otherwise specified, 20 (15%) patients had nuclear
EBER in = 10% of the malignant cells, and 3 (2.2%) patients were
younger than 50 years of age. A summary of the clinical findings is
shown in Table 1. There were two men and one woman, 25, 34, and
34 years of age, respectively. None of the patients had a personal
history of recurrent dermatologic or sinopulmonary infections, lym-
phomas, autoimmune conditions, or prior immunosuppressive ther-
apy. All the patients had normal IgG, IgA, and IgM levels as well as
negative serology tests for HIV, hepatitis B and C viruses and
HTLV-1. ANA testing was negative. None of the patients had hep-
atosplenomegaly or findings consistent with hemophagocytic syn-

drome. One patient had a retroperitoneal mass with bilateral ingui-
nal lymphadenopathy (stage IIA), one patient had a bulky
mediastinal mass (stage IIIB), and one patient had bilateral cervical
lymphadenopathy as well as a 4-cm mass in the retroperitoneum
(stage IIIB). The serum LDH level was elevated in all patients. The
aalPI score was 1 in one patient and 3 in two patients. The patients
were treated with combination chemotherapy including rituximab,
cyclophosphamide, doxorubicin, vincristine, and prednisone (R-
CHOP) in case 1, CHOP in case 2, and cyclophosphamide, vincris-
tine, and prednisone (CVP)/CHOP in case 3. Two patients died, at
3 and 13 months, respectively, and one patient was alive at last
follow-up examination at 59 months.

The pathologic findings are summarized in Table 2. The neo-
plasms were composed of sheets of large cells that were centroblastic
in two cases and pleomorphic in one case. All tumors were strongly
positive for CD20 and MUM1/IRF4, and were negative for CD10,
supporting a non-germinal center cell immunophenotype using the
Hans algorithm.'* BCL-6 was positive in one case. The proliferation
rate was high, with Ki-67-positive cells being 80% to 90% in all
cases. All our cases expressed LMP-1 in > 30% of the malignant
cells. EBER was positive in 30% of the neoplastic cells in case 1 and
10% of the neoplastic cells in cases 2 and 3. A representative case

history is included.

Case 1

A 25-year-old man presented with a 2-month history of abdomi-
nal pain. He denied B symptoms and had a Eastern Cooperative
Oncology Group performance status of 0. On physical examination,
no peripheral lymphadenopathy was identified, but he had diffuse
abdominal pain to deep palpation without rebound. His CBC,
BMP, and LFT's were within normal limits. His LDH was 507 IU/L
(upper normal level: 400 TU/L) and B2M was 1.2 mg/L (normal
range, 0.78 to 1.47 mg/L). A computed tomography scan revealed a
bulky 10-cm retroperitoneal tumor and bilateral inguinal nodes of
1.5 cm in diameter. Morphologically, there was a diffuse effacement
of the architecture (Figure 1A) caused by large pleomorphic cells.
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Figure 1

(A) Lymph Node Displaying a Diffuse Effacement of the Nodal Architecture With Focal Necrosis (Hematoxylin and
Eosin Stain, Original Magnification x 100). (B) Neoplastic Cells Are Large With Centroblastic and Immunoblastic
Morphology and Central, Prominent Nucleoli (Hematoxylin and Eosin Stain, Original Magnification x 400). (C) CD20
Immunohistochemistry Shows That the Majority of Neoplastic Cells Are Positive (Original Magnification x 400).
(D) MUM-1 Immunohistochemistry Shows That the Majority of Neoplastic Cells Display Nuclear Reactivity (Original
Magnification x 400). (E) EBV-encoded RNA (EBER) In Situ Hybridization Shows That Approximately 30% of
Neoplastic Cells Are Positive. Extensive Necrosis Is Also Noted (Original Magnification x 100)

Scattered Reed-Sternberg-like cells and immunoblasts were noted
(Figure 1B). Necrosis was variable, and in some areas was extensive.
Immunohistochemical studies showed that the neoplastic cells were
positive for CD20 (Figure 1C) and MUM1/IRF-4 (Figure 1D), but
negative for BCL6 and CD10, consistent with a non-germinal center
phenotype. The proliferation rate as determined with Ki-67 immu-
nostain showed that 80% of the neoplastic cells were positive. EBER
CISH showed positivity in 30% of the malignant cells (Figure 1E). A
bone marrow biopsy was negative for lymphomatous involvement.
EBV DNA in plasma measured by reverse transcriptase polymerase
chain reaction was positive with 56.7 copies/uL. The patient was
diagnosed with a bulky stage IIA EBV-positive DLBCL with a low-
intermediate risk aalPI (1/3) and received R-CHOP administered
every 21 days for six cycles, achieving a complete response. This was
followed by adjuvant radiotherapy (4500 CGy) to the primary tumor
site. Ten months later, the patient presented with retroperitoneal and
mesenteric lymphadenopathy. He did not receive second-line ther-
apy because of poor performance status, and he died secondary to

sepsis and progression of disease.

Discussion
In this study, we present complete clinical information on three

patients who were younger than 50 years old, apparently immuno-
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competent, with EBV-positive DLBCL. These three patients had
clinically or pathologically aggressive neoplasms and two patients
died at 3 months or 13 months despite combination chemotherapy.

Except for not meeting the age cutoff of > 50 years in age, these
patients would have otherwise fit with the EBV-positive DLBCL of
the elderly entity, included in the 2008 WHO classification.'? Al-
though the original descriptions of this entity were mainly in patients
who were older than 50 years, subsequent reports make reference to
this disease occurring in younger patients. For example, in the largest
study in this topic, Oyama et al excluded seven patients younger than
40 years of age (7% of their EBV-positive DLBCL patients), and
apparently the patients did not have any evidence of immunodefi-
ciency.'® Because the investigators did not specify the number of
patients with EBV-positive DLBCL who were younger than 50
years, it is suggested that there were more than 7%. Additionally, a
European series of eight patients with EBV-positive DLBCL by
Hoeller et al excluded two patients who were younger than 50 years,
representing an incidence of 20% of all their EBV-positive DLBCL
cases."® Finally, a report from Korea by Park et al found that 41% of
their patients with EBV-positive DLBCL were younger than 60
years, and patients as young as 20 years were included.'” However,

lack of immunosuppression was not one of the criteria used for in-



clusion in their study. Our experience with EBV-positive DLBCL
has been published previously.'® In that study, 11 immunocompe-
tent patients were diagnosed with EBV-positive DLBCL, of which 1
patient was younger than 50 years, accounting for an incidence of
9%. In the present study, we identified three patients among 137
patients with DLBCL with EBV-positive DLBCL who were younger
than 50 years.

Although not entirely elucidated, the physiopathology of EBV-
positive DLBCL of the elderly is thought to reflect chronic EBV
infection and immunosenescence, among other less known factors. "
EBV infection induces upregulation of BCL2 and MYC, genes asso-
ciated with antiapoptosis and cell proliferation, respectively.'” On
the other hand, Oyama et al found EBV latency patterns II and IIT
associated with EBV-positive DLBCL of the elderly."® These pat-
terns have been associated with lymphomas found in profoundly
immunosuppressed individuals. Hence, it is difficult to explain the
presence of EBV-positive DLBCL in younger, immunocompetent
patients. However, other EBV-associated disorders such as classic
Hodgkin lymphoma and Burkitt lymphoma are also found in
younger patients. Interestingly, in a recent study of 11 patients with
EBV-positive DLBCL, there was evidence that the immune system
was intact as determined by cell proliferation rates and interferon
secretion by T-cells, arguing against the potential role of immunose-
nescence.?’ Therefore, other factors should be considered in the
pathogenesis and incidence of EBV-positive DLBCL. For example,
although some studies have shown a higher incidence of EBV-posi-
tive DLBCL of the elderly in Asian'>'” and Hispanic'® than in
Western populations,®?! others have not. A recent study detected a
1% to 3% incidence of EBV-positivity among Japanese patients with
DLBCL, which is similar to Western populations.>* This could be
explained by geographical location, different strains of EBV, or pos-
sibly EBV-specific human leukocyte antigen—modulated susceptibil-
ity. Additional studies are needed to clarify these hypotheses.

We acknowledge that in the reported cases of EBV-positive
DLBCL of the elderly, most cases have EBV-infected cells in the
majority of neoplastic cells, as described in one of our cases; however,
current literature does not establish a definitive cutoff. Our series
shows that two of our cases had < 20% EBV-positive neoplastic
cells, and we wonder if this excludes the diagnosis of EBV-positive
DLBCL. We believe there is currently no evidence that the percent-
age of infected cells determines a difference in the diagnosis or out-
come of EBV-positive DLBCL. Further studies, such as testing for
the type of latency infection, including testing for LMP-1 and
EBNA-2, may be more meaningful to establish the significance of
EBV-infected cells in EBV-positive DLBCL in young individuals.
We were not able to evaluate the EBV latency patterns in our pa-
tients, although our three cases were positive for the expression of
LMP-1 in the malignant cells.

From prior studies, EBV positivity was associated with a worse
survival rate in patients with DLBCL.">'”"'® Because these studies
were performed for patients who were treated with chemotherapy
without rituximab, it is likely that the addition of rituximab to che-
motherapy will improve the outcome and survival rate in patients
with EBV-positive DLBCL. In a recent report, four of six patients
(67%) with EBV-positive DLBCL of the elderly that was treated

with chemoimmunotherapy achieved a complete response; however,

Brady E. Beltran et al

from these patients, three (50%) died with disease progression, two
(33%) are alive with disease, and only one patient (17%) is alive
without disease.”® A similar outcome was reported in a recent Japa-
nese study, among 16 EBV-positive and 204 EBV-negative DLBCL
patients.”” In that study, the majority of patients received rituximab-
containing regimens, suggesting that the addition of rituximab re-
moves the effect of EBV among patients with DLBCL. Larger pro-
spective and/or randomized studies evaluating the effect of EBV
infection in DLBCL are needed. If EBV-positive DLBCL proves to
carry a worse prognosis than EBV-negative DLBCL in the rituximab
era, then there is a potential need for development of EBV-di-
rected therapy. Several preliminary studies have shown potential
benefits with EBV-directed cytotoxic T-cells,** bortezomib,> st-
atins,”® arginine butyrate, and antivirals,”” among other thera-
peutic modalities.

In conclusion, EBV-positive DLBCL can occur in individuals
younger than 50 years of age without apparent immunodeficiency,
and is associated with aggressive clinical and/or pathologic features.
Further studies are necessary to better understand the pathogenetic,
predictive, and prognostic roles of EBV in EBV-positive DLBCL to
improve therapeutic approaches in this subset of patients. We also
suggest that the definition of this disease be revised to allow inclusion
of patients younger than 50 years of age, and that the current desig-
nation should be modified in future versions of the WHO classifica-
tion to either EBV-positive DLBCL in immunocompetent individ-
uals or EBV-positive DLBCL in young people.
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