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Abstract
Epstein‐Barr virus (EBV)‐positive diffuse large B‐cell lymphoma (DLBCL) is a haematologic

malignancy with poor prognosis when treated with chemotherapy. We evaluated response

and survival benefits of chemoimmunotherapy in EBV‐positive DLBCL patients. A total of

117 DLBCL patients were included in our retrospective analysis; 33 were EBV‐positive (17

treated with rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone [R‐CHOP]

and 16 with CHOP), and 84 were EBV‐negative (all treated with R‐CHOP). The outcomes of

interest were complete response (CR) and overall survival (OS) in EBV‐positive DLBCL

patients (R‐CHOP versus CHOP) and in DLBCL patients treated with R‐CHOP (EBV‐positive

vs EBV‐negative). There were no differences in the clinical characteristics between EBV‐pos-

itive and EBV‐negative DLBCL patients. Among EBV‐positive DLBCL patients, R‐CHOP was

associated with higher odds of CR (OR 3.14, 95% CI 0.75‐13.2; P = .10) and better OS (haz-

ard ratio 0.30, 95% confidence interval [CI] 0.09‐0.94; P = .04). There were no differences in

CR rate (OR 0.52, 95% CI 0.18‐1.56; P = .25) or OS (hazard ratio 0.93, 95% CI 0.32‐2.67;

P = .89) between EBV‐positive and EBV‐negative DLBCL patients treated with R‐CHOP.

Based on our study, the addition of rituximab to CHOP is associated with improved response

and survival in EBV‐positive DLBCL patients. Epstein‐Barr virus status does not seem to

affect response or survival in DLBCL patients treated with R‐CHOP.
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1 | INTRODUCTION

Epstein‐Barr virus (EBV)‐positive diffuse large B‐cell lymphoma

(DLBCL), not otherwise specified, is an entity included in the 2016

revision of the World Health Organization (WHO) Classification of

Lymphoid Neoplasms 1. Epstein‐Barr virus‐positive DLBCL is an entity

with a variable prevalence in the world depending geographic aspects

with a range between 2% and 15% 2-10. Several studies have reported

poor outcomes with standard regimens 2,7-9.

The addition of the anti‐CD20 monoclonal antibody to chemo-

therapy has positively impacted the response and survival rates of

patients with DLBCL 11-13. Whether the addition of rituximab to che-

motherapy improves outcomes in patients with EBV‐positive DLBCL

is, however, unknown. A few retrospective studies have reported dis-

parate results 9,14. Finally, the predictive and prognostic value of the
wileyonlinelibrary.com/journa
EBV status in patients with de novo DLBCL treated with

chemoimmunotherapy has not been formally studied.

The main objectives of our study were to compare the response

and survival benefit of the addition of rituximab to chemotherapy in

patients with EBV‐positive DLBCL and to evaluate the effect on

response and survival outcomes of EBV status in patients with DLBCL

treated with chemoimmunotherapy.
2 | METHODS

2.1 | Case selection

From January 2006 to December 2015, patients with a pathological

diagnosis of de novo DLBCL and treated with chemotherapy or

chemoimmunotherapy were identified from the medical records at
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the Hospital Nacional Edgardo Rebagliati Martins in Lima, Peru. Patho-

logical samples were retrieved and reviewed by 2 expert

haematopathologists (DM and PQ) and reclassified according to the

2016 WHO Classification of Tumors of the Hematopoietic and Lym-

phoid Tissues 1. Patients younger than 18 years or with diagnosis of

HIV, primary immunodeficiency, autoimmune disease, or treatment

with inmunosuppressants were excluded. The presence of EBV was

evaluated by detecting EBV‐encoded RNA (EBER) using a fluores-

cein‐labelled peptide nucleic acid probe (Dako) in conjunction with

the Dako peptide nucleic acid in situ hybridization detection kit for for-

malin‐fixed paraffin‐embedded tissue sections. The presence of EBER

in greater than or equal to 20% of malignant cells was considered pos-

itive. Patients were treated with cyclophosphamide, doxorubicin, vin-

cristine, and prednisone (CHOP) or rituximab and CHOP (R‐CHOP) at

standard doses. Both regimens were administered every 3 weeks for

up to 6 cycles. The study protocol was reviewed and approved by

the Institutional Review Board at the Hospital Nacional Edgardo

Rebagliati Martins.
2.2 | Data gathering

Clinical data were gathered from the medical records of the selected

patients. Clinical parameters were categorized to facilitate analysis

and included age, sex, B symptoms, Eastern Cooperative Oncology

Group performance status, lactate dehydrogenase (LDH) levels, num-

ber of extranodal sites, Ann Arbor clinical stage, International Prognos-

tic Index (IPI) score, response to therapy, and survival outcome.

Response assessment was performed based on the 2007 Cheson

criteria, whenever possible 15. Overall survival (OS) was defined as
TABLE 1 Selected characteristics of Epstein‐Barr virus (EBV)‐positive diffu
CHOP and EBV‐negative DLBCL patients

Characteristic

EBV+ D

CHOP (n = 16) R‐CHO

Number (%) Num

Age ≥ 60 years 11 (69%) 15

Poor performance status (ECOG > 1) 8 (50%) 6

Elevated lactate dehydrogenase levels 7 (44%) 7

Extranodal sites > 1 6 (38%) 11

Advanced stage (III and IV) 10 (63%) 6

International Prognostic Index score

Low risk (0‐2 factors) 5 (31%) 6

High risk (3‐5 factors) 11 (69%) 11

Response to treatment

Complete response 5 (31%) 10

Partial response 0 (0%) 3

No response 11 (69%) 4

Outcome

Alive 5 (31%) 12

Dead 11 (69%) 5

CHOP indicates cyclophosphamide, doxorubicin, vincristine, and prednisone; EC
phamide, doxorubicin, vincristine, and prednisone.
aComparison between CHOP and R‐CHOP groups in EBV+ DLBCL patients.
bComparison between EBV+ and EBV− DLBCL in R‐CHOP patients.
the time in months between the date of DLBCL diagnosis and the date

of last follow‐up or death of any cause.
2.3 | Statistical analysis

Clinicopathological data are presented by using descriptive statis-

tics. The χ2 test was used to compare categorical variables. Logistic

regression was used to evaluate association between clinical factors

and complete response (CR), and results are presented as odds ratio

(OR) with 95% confidence interval (CI). Survival curves were gener-

ated by using the Kaplan‐Meier method 16 and compared by using

the log‐rank test 17. The Cox proportional‐hazard regression

method was used to fit univariate survival models 18, and results

are reported as hazard ratio (HR) with 95% CI. All reported P

values are 2‐sided and were considered significant if less than

.05. Multivariate proportional hazard regression models were not

attempted given the small sample size. Calculations and graphics

were obtained by using the statistical software STATA version

13.1 (College Station, Texas, USA).
3 | RESULTS

3.1 | Patients' characteristics

A total of 117 patients with a diagnosis of DLBCL were identified for

this study. Of these, 33 (28%) had a diagnosis of EBV‐positive

DLBCL, 17 were treated with R‐CHOP, and 16 with CHOP. The

remainder 84 patients (72%) had a diagnosis of EBV‐negative DLBCL

and were treated with R‐CHOP. The patients' characteristics of
se large B‐cell lymphoma (DLBCL) patients treated with R‐CHOP or

LBCL EBV− DLBCL

P (n = 17)

P valuea
R‐CHOP (n = 84)

P valuebber (%) Number (%)

(88%) .17 57 (68%) .10

(35%) .12 27 (32%) .80

(41%) .88 46 (55%) .31

(65%) .12 36 (43%) .10

(35%) .06 35 (42%) .63

(35%) .06 36 (43%) .56

(65%) 48 (57%)

(59%) .02 57 (73%) .49

(18%) 10 (13%)

(24%) 11 (14%)

(71%) .009 57 (68%) .48

(29%) 27 (32%)

OG, Eastern Cooperative Oncology Group; R‐CHOP, rituximab, cyclophos-
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EBV‐positive DLBCL patients treated with CHOP and R‐CHOP and

EBV‐negative DLBCL patients treated with R‐CHOP are shown in

Table 1. There were no differences in age, performance status,

LDH levels, number of extranodal sites, stage, and IPI score between

EBV‐positive patients treated with either CHOP or R‐CHOP. Epstein‐

Barr virus‐positive DLBCL patients treated with R‐CHOP had higher

response rates and a higher proportion of patients alive when com-

pared with EBV‐positive DLBCL patients treated with CHOP. There

were no differences in age, performance status, LDH levels, number

of extranodal sites, stage, IPI score, response rate, and proportion

of patients alive between EBV‐positive and EBV‐negative DLBCL

patients treated with R‐CHOP. The cause of death was lymphoma

progression in all cases.
3.2 | Response and survival outcomes in Epstein‐
Barr virus‐positive diffuse large B‐cell lymphoma
patients

Among patients with EBV‐positive DLBCL, the only factor associated

with lower odds of CR was advance stage (OR 0.14, 95% CI 0.03‐

0.65, P = .01). The OR of CR for R‐CHOP versus CHOP was 4.14

(95% CI 1.75‐13.2; P = .01). About survival, the 5 year OS in EBV‐

positive patients was 54% (95% CI 35‐70%). The 5 year OSs of

patients treated with CHOP were 38% (95% CI 15‐6%) and 71%

(95% CI 39‐88%) in patients treated with R‐CHOP (Figure 1). Rituxi-

mab and CHOP was associated with better OS in patients with EBV‐

positive DLBCL (HR 0.30, 95% CI 0.09‐0.94; P = .04). There was a

trend towards worse OS in patients with high/high‐intermediate IPI

score (HR 2.44; 95% CI 0.83‐7.22; P = .10). Treatment with R‐CHOP

was associated with better OS after adjusting for the IPI score (HR

0.23, 95% CI 0.07‐0.74; P = .01). In a stratified analysis, treatment

with R‐CHOP improved OS in patients with high/high‐intermediate

risk IPI score (HR 0.09; 95% CI 0.01‐0.77; P = .03), but it did not

improve outcomes in patients with low/low‐intermediate risk IPI

score (HR 1.03, 95% CI 0.21‐10.0; P = .54).
FIGURE 1 Estimated survival curves in patients with Epstein‐Barr
virus (EBV)‐positive diffuse large B‐cell lymphoma (DLBCL)
according to therapy received
3.3 | Response and survival outcomes in diffuse large
B‐cell lymphoma patients treated with rituximab,
cyclophosphamide, doxorubicin, vincristine, and
prednisone

Among patients treated with R‐CHOP, the factors associated with

lower odds of CR were an elevated LDH level (OR 0.38, 95% CI

0.15‐0.97; P = .04) and advance clinical stage (OR 0.39, 95% CI 0.16‐

0.97; P = .04). Epstein‐Barr virus status was not associated with higher

or lower odds of CR in DLBCL patients treated with R‐CHOP (OR 0.53,

95% CI 0.18‐1.56; P = .25). In DLCBL patients treated with R‐CHOP,

the 5 year OS was 64% (95% CI 52‐73%). The 5 year OSs in EBV‐pos-

itive patients were 71% (95% CI 39‐88%) and 63% (95% CI 51‐73%) in

EBV‐negative patients (Figure 2). Epstein‐Barr virus status was not

associated with better or worse OS (HR 0.93, 95% CI 0.32‐2.67;

P = .89). A high/high‐intermediate IPI score was associated with worse

OS (HR 2.49, 95% CI 1.22‐5.11; P = .01).
4 | DISCUSSION

Herein, we present the results of a retrospective study aimed at com-

paring the response and survival outcomes of patients with EBV‐posi-

tive DLBCL treated with chemotherapy and chemoimmunotherapy.

Epstein‐Barr virus‐positive DLBCL is an entity included in the

2016 WHO Classification of Lymphomas, which has been associated

with poor outcomes with standard chemotherapy regimens 19. Com-

plete response rates in EBV‐positive DLBCL patients with CHOP and

CHOP‐like regimens have ranged between 30% and 60%, with overall

response rates between 50% and 80%. Also, the 5 year OS in patients

with EBV‐positive DLBCL had previously been reported as ranging

between 0% and 50%, depending on the series 7-9,14. More recently,

the use of chemoimmunotherapy has been associated with improve-

ment in patients with EBV‐positive DLBCL, manifested by CR rates

ranging between 30% and 60%, overall response rates between 60%
FIGURE 2 Estimated survival curves in patients with diffuse large B‐
cell lymphoma (DLBCL) treated with rituximab, cyclophosphamide,
doxorubicin, vincristine, and prednisone (R‐CHOP) according to
Epstein‐Barr virus (EBV) status
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and 90%, and 5 year OS rates ranging between 30% and 70%
2,6,9,14,20,21. It is difficult, however, to draw solid conclusions from the

available data, as there is heterogeneity between the published studies

about age and EBER positivity cutoff.

The 2008 WHO classification included the provisional entity of

EBV‐positive DLBCL of older people in which age older than 50 years

was a criterion. Recent studies have challenged the age cutoff of

50 years for the diagnosis of EBV‐positive DLBCL. First, EBV‐positive

DLBCL has been diagnosed in younger, otherwise immunocompetent

patients 22-25, and second, the virological, clinical, and pathological

characteristics of such patients are similar to older patients with

EBV‐positive DLBCL 21,26. These arguments support the inclusion of

younger patients in ours and other studies on EBV‐positive DLBCL

patients, as long as an underlying immunodeficiency is ruled out. Our

study showed no clinical differences between younger and older

patients with EBV‐positive DLBCL. A second point of controversy is

the cutoff for EBER positivity. In previous studies, positive expression

has ranged between 10% and 50%. It is likely that response and sur-

vival outcomes within the same cohort would vary depending on the

cutoff point. Additional studies are needed to define the cutoff for

positive expression of EBER in EBV‐positive DLBCL. Our study sug-

gests 20% as a potential clinically relevant cutoff that can be used

for reproducibility.

Our study shows higher rates of CR with R‐CHOP versus CHOP

in patients with EBV‐positive DLBCL. Epstein‐Barr virus‐positive

DLBCL patients treated with R‐CHOP had 4‐fold higher odds of

obtaining CR. This is also one of the largest studies including over

30 patients with EBV‐positive DLBCL showing an improved survival

associated with R‐CHOP therapy over CHOP. Rituximab and CHOP

was associated with a third of the all‐cause mortality in EBV‐positive

DLBCL patients when compared with CHOP. Rituximab had shown

to improve response and survival in patients with DLBCL 11-13, and

it would have been intuitive that rituximab would also improve out-

comes in EBV‐positive DLBCL. However, no prospective study has

been done to confirm such assumption. Given the rarity of the dis-

ease, at least in Western countries, a prospective study of this nature

would be difficult to perform.

The role of EBV status in DLBCL patients treated with R‐CHOP

remains undefined. Our study showed that EBV status, defined as pos-

itive EBER expression in at least 20% of malignant cells, is neither pre-

dictive of CR nor prognostic of survival in DLBCL patients treated with

R‐CHOP. Although our results are encouraging for patients with EBV‐

positive DLBCL who will be more likely treated with R‐CHOP, one

could consider our findings preliminary, and larger studies are needed

to further define the predictive and/or prognostic role, if any, of EBV

status in DLBCL patients.

In a previous study, we showed that EBV‐positive DLBCL

patients are more likely to have a nongerminal centre profile based

on the Hans method 2, which has been associated with worse

response and survival rates than germinal centre DLBCL 27, although

the prognostic value of the Hans method has been challenged 28. The

limited data on the presence of BCL2, BCL6, and MYC gene rear-

rangements and/or immunohistochemical expression in EBV‐positive

DLBCL suggest that EBV‐positive DLBCL does not typically have a

double‐hit biology 29.
Our study has a number of limitations. One is related to the small

number of patients included in this study. The other is the retrospec-

tive nature of the study. However, we have included consecutive

patients diagnosed following a uniform approach and treated with

standardized and widely accepted and used therapy regimens. Finally,

our study is applicable to a Peruvian population and might or might

not be representative of response and survival rates in other ethnici-

ties. We believe the diagnostic criteria used for the definition of

EBV‐positive DLBCL in this study could serve as a platform to initiate

multi‐institutional prospective studies in patients with this rare

lymphoma.

In conclusion, our study shows a response and survival benefit of

the addition of rituximab to chemotherapy in patients with EBV‐posi-

tive DLBCL. Furthermore, there were similar response and survival

outcomes with R‐CHOP in EBV‐positive and EBV‐negative DLBCLs.

This supports that the management of EBV‐positive DLBCL should

mimic the widely accepted treatment of de novo DLBCL per current

guidelines. Additional studies are warranted to confirm our findings

in other populations.
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