Epstein-Barr virus involvement is a predictive
factor for the resistance to chemoradiotherapy
of gastric diffuse large B-cell lymphoma
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Primary gastric diffuse large B-cell lymphomas are generally
well controlled by non-surgical treatment with combination
chemotherapy followed by radiotherapy. We have previously
reported that over 90% of patients achieved complete response
(CR) with this therapeutic strategy: three cycles of cyclophosphamide,
adriamycin, vincristine and prednisone followed by radiotherapy
(40.5 Gy). Although the CR rate was very high, some patients
still showed resistance to this combination therapy. In order to
clarify the factors related to therapy resistance, we examined
the relationship between Epstein-Barr virus (EBV), which was
examined using an in situ hybridization technique, and the
patients’ clinical courses. Out of the 50 patients, four were EBV
positive; over half of lymphoma cells were positive for EBV by
in situ hybridization. Of the three EBV-positive patients, two
showed progressive disease and one achieved partial response
(PR). Two of the patients died of disease progression. The other
patient achieved CR, but the lymphoma recurred with distant
metastasis in the cerebellum 3 months after remission. In the
present study, eight patients did not achieve CR or they relapsed,
four patients showed progressive disease, one patient achieved
PR, and three patients achieved CR with recurrence. Therefore,
half of these unfavorable patients were EBV positive. This
finding strongly indicated that EBV-associated gastric diffuse
large B-cell lymphomas frequently show resistance to standard
chemoradiotherapy, although some other adverse factors remain
unclear. (Cancer Sci 2006; 97: 163-166)

Primary gastric lymphoma (PGL) is the most common
extranodal non-Hodgkin’s lymphoma. The majority of
PGL are mucosa-associated lymphoid tissue (MALT) lymphomas
and diffuse large B-cell lymphomas (DLBCL). Eradication of
Helicobacter pylori is effective for treating most gastric
MALT lymphomas without t(11;18)(q21;q21)." Primary gastric
DLBCL (PGDL) patients are usually treated surgically, but
others are treated with surgical resection followed by
chemotherapy with or without radiotherapy (RT).*. Miller
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et al. have reported that most patients with extranodal and
localized DLBCL can frequently achieve complete response
(CR) after treatment with a combination chemotherapy of
cyclophosphamide, adriamycin, vincristine and prednisone
(CHOP) for three cycles followed by RT.® We previously
carried out a prospective trials for the applicability of CHOP
to PGDL cases, and over 90% of patients went into CR even
though some patients were resistant to this therapeutic
strategy.” In order to clarify the factors related to therapy
resistance, we examined the relationship between Epstein—
Barr virus (EBV) and the patients’ clinical courses.

Patients and Methods

Patients

Fifty patients with PGDL were examined. The clinical charac-
tersistics of 49 of the patients were reported previously.”
Consensus diagnosis was made by five pathologists (T'Yos, SN,
YM, AO, TYok) according to the World Health Organization
classification.® Lymphoma cells had large nuclei, as shown
in Fig. la, and were positive for CD79a and negative for
CD3. All of the cases were in clinical stage I-II, (Lugano
staging system for gastrointestinal [GI] lymphomas),®
had performance status (based on the Eastern Cooperative
Oncology Group scale) 0—1, had no prior therapy, and had
adequate organ functions. All patients gave written informed
consent in accordance with our institutional review boards.

Treatment details

All patients were treated with three cycles of CHOP (cyclo-
phosphamide 750 mg/m? day 1, doxorubicin 50 mg/m? day 1,
vincristine 1.4 mg/m? [capped at 2mg] day 1, and oral
prednisone 100 mg days 1-5) every 3 weeks. RT was started
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Fig. 1.

(a) Histology of a case of gastric diffuse large B-cell ymphoma
associated with Epstein-Barr virus (case no. 24). Lymphoma cells had
a large nucleus and very little cytoplasm. Magnification of the
objective lens was x62. (b) Lymphoma cells of case no. 24 were
positive for Epstein-Barr virus by in situ hybridization. Over half of
the lymphoma cells showed nuclear positivity. Magnification of the
objective lens was x75.

3—4 weeks after the third cycle of CHOP. The primary tumor
and the metastatic lymph nodes were irradiated for a total
dose of 40.5 Gy in 27 fractions over 5.5 weeks. Details of
other irradiation protocols were as described previously.”

Follow-up evaluation and response assessment

The following evaluations were carried out until disease pro-
gression every 3 months for the first year after the completion
of the protocol treatment, every 4 months for the second year,
and every 6 months thereafter: physical examination, complete
blood count, serum chemistries, gastroscopy with biopsy, and
computed tomography (CT) scan of the abdomen. Endoscopic
ultrasound of the stomach and CT scan of the chest were
optional.

For the primary tumor in the stomach, CR was defined
endoscopically as complete disappearance of all lesions with
negative biopsy lasting for >4 weeks. Progressive disease (PD)
was defined as gross tumor progression or appearance of any
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new lesion. Partial response (PR) was defined as all other cases
where partial tumor regression was observed. The patients
were followed up for 4—57 months (mean 37 months).

Epstein-Barr virus in situ hybridization and
immunohistochemistory

Epstein—Barr virus-encoded small RNA-1 (EBER-1) in situ
hybridization was carried out using a single-stranded 30-bp
fluorescein isothiocyanate-labeled oligonucleotide complementary
(antisense) or anticomplementary (sense, negative control) probe
to a portion of the EBER-1 gene. The sequence of the antisense
probe was 5-AGACACCGTCCTCACCACCCGGGACTTGTA-
3’. The in situ hybridization was carried out on routinely
processed sections of the paraffin-embedded PGDL samples
using the DAKO in situ hybridization kit (DakoCytomation,
Kyoto, Japan), according to the manufacturer’s instructions,
and visualized with peroxidase-diaminobenzidine-4HCI
(DAB). Patients in which over half of the lymphoma cells
were positive were evaluated as EBER-1 in situ positive
(Fig. 1b).

Paraffin section immunohistochemistry for EBV-related
antigens was carried out in EBER-1-positive cases, using
anti-latent membrane protein (LMP)1 (DakoCytomation) and
anti-Epstein Barr virus nuclear antigen (EBNA)2 (DakoCyto-
mation) antibodies as primary antibodies.

Statistical analysis
The correlation between EBV and the patients’ clinical
outcomes was analyzed using the y>-test.

Results

Patient population
The median age of the patients was 62 years (range 2073 years).
Twenty-six patients were male and 24 were female.

Response, survival and clinicopathology of unfavorable
patients

Complete response was achieved in 45 (90%) of the 50
patients, PR was achieved in one patient and PD was achieved
in four patients. Three patients underwent salvage gastrectomy
due to disease persistence or recurrence after completion of
radiotherapy. One CR patient developed recurrence in the
cerebellum 3 months after the completion of treatment and
was alive without disease for 9 months following whole brain
radiotherapy and salvage chemotherapy. Two patients showed
local recurrence 6 months after CR. In total, eight patients
experienced disease progression, partial response or
recurrence. The clinicopathological features of these eight
patients are summarized in Table 1. Four of these patients
died of disease progression.

For these eight patients who experienced disease pro-
gression, partial response or recurrence, their ages ranged
57-66 years. Five patients stage I and three had stage II,
diseases, two had elevated lactate dehydrgenase (LDH) before
the start of treatment, and seven were of international prognostic
index (IPI) low risk and one was of IPI low—intermediate
risk. The lesions were found in the upper, middle and lower
gastric parts of three, four and one patient, respectively. The
macroscopic features of the lesions were as follows: five
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Table 1. Summary of the clinical records of patients with unfavorable prognoses for primary gastric diffuse large B-cell lymphoma
Age Recurrence Survivaltime
Patient no. (years)  Sex cs IPI Depth Response  (organ, time after CR)  Prognosis  (months) Surgery EBV
13 61 Female I, 1 MP PD DOD 7 - +
24 64 Female | 1 SS PD DOD 5 - +
38 60 Male I 0 MP PR A 29 + +
44 66 Male | 1 SS CR + (CNS; 3 months) A 28 - +
3 66 Male | 1 SS CR + (Local; 6 months) A 51 + -
19 61 Male I 1 SS CR + (Local; 6 months) A 44 - -
43 57 Male | 0 SS PD DOD 11 + -
48 64 Female | 2 SS PD DOD 10 - -

A, alive; CNS, central nervous system; CR, complete remission; CS, clinical stage; DOD, died of disease; EBV, Epstein—Barr virus; IPI,
international prognostic index; MP, proper muscle layer; PD, progressive disease; PR, partial response; SS, subserosal layer.

ulcerative, two superficial and one protruding. Comparing
these patients with the other patients who showed favorable
clinical courses, there was no difference in age, sex, clinical
stage, IPI score or other pathological features, such as depth,
localization and features of the lesions (P > 0.05).

Of the eight patients who showed unfavorable courses,
four were associated with EBV infection; over half of their
lymphoma cells were positive for EBV by in sifu hybridiza-
tion. Of the patients who showed favorable clinical courses
(i.e. achieved CR without recurrence), none were EBV posi-
tive. The occurrence of EBV association was statistically
higher in the unfavorable group than in the favorable group
(P <0.001). Three patients in the unfavorable group were
LMP1 positive and EBNA2 negative, and the other was
LMP1 positive and EBNA2 positive. EBV-positive patients
consisted of two PD, one PR and one CR with distant recur-
rences, and two patients died of disease.

Discussion

There are several lymphoproliferative disorders that are
associated with EBV: Burkitt’s lymphoma of endemic type,
NK natural killer/T-cell lymphoma of nasal type, post-
transplant lymphoproliferative disorder, human immunode-
ficiency virus (HIV)-related lymphoma, pyothorax-associated
lymphoma, senile (age-related) EBV-positive B-cell lympho-
proliferative disorder, methotrexate-associated lymphoma
and Hodgkin’s lymphoma. According to the list above, some
EBV-positive lymphoproliferative disorders are related to
immunodeficiency. In the present study, four patients were
associated with EBV, with three in latency II and the other
patient in latency III. Latency II and III are often found in
Hodgkin’s and nasal type NK/T-cell lymphomas, and
lymphomas in immunocompromised host or pyothorax-
associated lymphomas, respectively. However, as far as we
know, four EBV-positive patients in the present study did not
show any clinical evidence of immunodeficiency.

In the present study, we found that all four EBV-associated
PGDL patients took unfavorable clinical courses compared
with the EBV-negative patients. All EBV-associated cases
were classified as DLBCL, and it is rather difficult to predict
the presence of EBV using histology only. If PGDL is posi-
tive for EBV, clinicians should undertake careful follow up,
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and if chemoradiotherapy is not effective, they should change
the patient’s therapy.

Several previous reports have described EBV association
with primary gastric lymphomas: 11 out of 61 patients (Hui
efal. Hong Kong),'” four out of 49 patients (Liu e al.
Japan),'V seven out of 64 patients (Lee et al. Korea),'” two
out of 33 patients (Yang ez al. Korea),"® and 10 out of 46
patients (Chan et al. Hong Kong)."¥ Most reported cases
were large B-cell lymphomas, and EBV was not associated
with low-grade lymphomas, except for two cases in the study
by Liu et al. Chan et al. reported EBV-associated lymphomas
showing much higher p53 gene mutations than EBV-negative
ones. To our knowledge, EBV association has not been well
examined in Western countries except for in MALT lymphomas
or immunocompromised patients.

The Southwest Oncology Group described a favorable 5-
year survival of 82% following three cycles of CHOP plus
RT in patients with stage I or IE and non-bulky stage II or IIE
localized nodal and extranodal aggressive non-Hodgkin’s
lymphoma.® The German Multicenter Study Group reported an
overall PGDL survival of 5 years for 78% of a non-surgical
group.! These clinical outcomes are similar to those of
our group, although the observation period in our study is too
short to obtain a definite conclusion. Therefore, it may be
worth checking for EBV infection in unfavorable cases of
PGDL in Western countries though, the association with EBV
is different between Western and Asian counties; nasal-type
NK lymphomas and pyothorax-associated lymphomas are very
rare in Western countries.

To date, the effects of EBV infection on the prognosis of
lymphomas have not been well clarified. For example, the
clinical outcome of Hodgkin’s lymphoma in relation to EBV
status has been controversial. However, Jarrett et al. have
reported recently that overall survival (OS) is significantly
better for EBV-negative compared to EBV-positive patients
(P <0.0001) in a population-based study. They claimed that
the impact of EBV status varied with age at diagnosis. In
patients of younger age (16—34 years), there was no statisti-
cal significance between EBYV status and OS. Among patients
aged >50 years, EBV positivity was associated with a signif-
icantly poorer outcome.'® Oyama et al. have lately reported
senile (age-related) B-cell lymphomas. Some of their patients
were resistant to combination chemotherapy, and they
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assumed that EBV association may result in poorer clinical
outcome.” Their study comprised all Japanese patients, as
did ours. Interestingly, all EBV-postive PGDL cases in our
study were over 50 years of age.

In the present study, we found that half of unfavorable
PGDL cases treated non-surgically were EBV positive. This
finding strongly indicated that EBV-associated PGDL was
frequently resistant to this treatment strategy, although some
other adverse factors remain unclear.
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