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Rheumatoid arthritis (RA) and primary Sjögren’s syndrome
(SS) are chronic autoimmune diseases that are associated with
an increased risk of developing lymphoproliferative dis-

eases1–8. Controversy exists whether this increased risk is a
consequence of or is independent of immunosuppressive ther-
apy4,7-11. In recent times, methotrexate (MTX), the agent of
choice in the treatment of RA12, has come under close scruti-
ny for its potential association with lymphomas13-30. In partic-
ular, some lymphomas developing in patients with RA have
been reported to regress following cessation of MTX24-26,31-37.
Reflecting this concern, package inserts provided with MTX
have recently been changed to include a warning of such
malignant lymphomas.

An additional noteworthy feature of some lymphomas
occurring in RA patients taking MTX has been the observa-
tion of Epstein-Barr virus (EBV) DNA in pathologic tissue
using in situ hybridization. While the majority of adults are
seropositive for EBV, the virus is uncommonly identified by
in situ hybridization in lymph nodes in healthy individuals or
in most forms of lymphoma38. However, EBV has been com-
monly linked through its discovery by in situ hybridization
with some lymphomas including Burkitt’s lymphoma, and in
those arising in immunosuppressed patients such as posttrans-
plant, especially those treated with cyclosporine. The recent
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ABSTRACT. Objective. Rheumatoid arthritis (RA) and primary Sjögren’s syndrome (SS) are associated with an
increased risk of lymphoma. Epstein-Barr virus (EBV), a ubiquitous herpes virus, has been linked eti-
ologically to lymphoma in patients with RA and primary SS. Recently, methotrexate (MTX) has also
been linked to the development of these lymphomas. We investigated the frequency of EBV in lym-
phoma tissue of patients with RA and primary SS and the association of MTX with lymphomagenesis.
Methods. Twenty-three patients with RA and 9 with primary SS with a history of lymphoma were iden-
tified by writing to all Arthritis Foundation member rheumatologists in Washington State. Formalin
fixed, paraffin embedded tissue blocks were then requested from pathology laboratories. Lymph nodes
from 5 RA patients without lymphoma were also studied. In situ hybridization using a biotinylated
EBER-1 oligonucleotide probe was used to detect EBV in tissue sections. Positive and negative labo-
ratory controls were used to ensure procedural integrity.
Results. Specimens from 21 RA patients were obtained, with 2 subsequently excluded due to specimen
quality. Specimens from 6 patients with primary SS were obtained. In situ hybridization for EBV was
positive in 5/19 (26%) RA patients and 1/6 patients with primary SS. In the nonmalignant lymph nodes
no patient showed EBV. One primary SS and 12 RA patients were known to be taking MTX at the time
of lymphoma diagnosis. Of the EBV positive RA lymphoma patients, 4/5 were receiving MTX at the
time of diagnosis. These results show that EBV is present in lymphoma tissue of some patients with RA
and very few with primary SS.
Conclusion. EBV is over-represented in the lymphomas of patients with RA, but whether MTX plays
a role in predisposing patients with RA and primary SS to the development of lymphoma, perhaps by
influencing behavior of EBV, remains unclear. (J Rheumatol 2001;28:47–53)
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description of EBV in lymphomas of MTX treated patients
with RA and primary SS suggests that immunosuppression in
these patients could result in increased risk of lymphomagen-
esis21,24-26,30,32-36,39,40. Since EBV associated lymphomas have
also been seen in RA patients not treated with MTX, the pre-
cise role of immunosuppression in this process is unclear24.
Lymphomas in the immunosuppressed patient are often char-
acterized by extranodal locations, polymorphous histology,
and geographic necrosis in addition to the presence of clonal
EBV30. Despite the many case reports, the prevalence of EBV
in lymphomas in RA has not been firmly established.
Recently, Kamel et al30 in a study of 49 patients with RA asso-
ciated non-Hodgkin’s lymphomas reported only one case pos-
itive for EBV by in situ hybridization.

We investigated the frequency of EBV in lymphoma tissue
of patients with RA and primary SS to explore the association
of MTX with lymphomagenesis in RA.

MATERIALS AND METHODS
Patients. All rheumatologists in the state of Washington, identified with the
assistance of the Arthritis Foundation, were contacted by mail or by telephone
over a 3 month period. Each was asked to complete a questionnaire identify-
ing any patients under their care with RA or SS who had developed lym-
phoma. Information collected on each patient included age and sex, diagno-
sis and duration of RA or SS, duration of RA or SS at the time of diagnosis
of lymphoma, type and site of lymphoma, treatment of RA or SS (including
use of MTX), treatment at the time of lymphoma diagnosis and course of RA
or SS and lymphoma. In addition, the rheumatologists were asked to specify
the pathology laboratory and provide laboratory accession numbers to enable
specimen acquisition. The laboratory involved in the lymphoma diagnosis
was then contacted, and formalin fixed, paraffin embedded tissue blocks were
obtained. The investigators were kept blinded to any direct patient identifier,
such as name or social security number, and patients were instead identified
by a unique patient code. The study was granted exemption from Human
Subjects Review under Federal Human Subjects regulations and University
of Washington Human Subjects guidelines.

In situ hybridization. All analyses were performed in the Immuno-
cytochemistry Laboratory at the University of Washington Medical Center.
Microtome sections (5 µ) were cut from tissue blocks, prepared, and placed
on Fisher Superfrost/Plus microscope slides and dried at 60˚C for 30 min. The
lymphoma diagnosis was confirmed using hematoxylin and eosin stained
slides and EBV analysis was performed by in situ hydridization using a
biotinylated EBER-1 oligonucleotide probe for the EBER-1 oligonucleotide.
This oligonucleotide is a 30 base pair sequence of the EBER-1 gene (base
pairs 69–98) that is terminally biotinylated with 6 molecules of biotin at the
3′ end41,42. Detection and visualization were performed by applying a mouse
anti-biotin antibody followed by a biotinylated anti-mouse antibody and an
immunoperoxidase antigen detection procedure using a preformed complex
consisting of avidin and biotinylated horseradish peroxidase41,42. 3,3′-
diaminobenzidine was used as a chromogen.

External controls (lymph nodes) from patients with RA or primary SS but
without lymphoma were obtained from local rheumatologists and the
Pathology Department of the VA Puget Sound Health Care System. Internal
control of the in situ hybridization procedure was provided by processing 2
slides from every patient but only staining one with the biotinylated probe.
Using the standard laboratory protocol, further internal control of the proce-
dure was assured by processing a known historical EBV positive and a known
historical EBV negative specimen slide with each run.

Statistical analysis. Results were analyzed using descriptive methods only.

Given the discrepancy between the size of the RA lymphoma positive and RA
lymphoma negative (controls) cohorts, the data did not lend itself to further
comparison.

RESULTS
All 65 Washington State rheumatologists were contacted,
from whom 32 cases of lymphoma were identified. Five
cases/specimens (2 RA, 3 primary SS) were unobtainable and
2 specimens (2 RA) were excluded due to insufficient amount
of tissue or poor quality of tissue blocks, yielding 25 exam-
inable lymphoma cases. Of those cases 19 patients had RA
(Table 1) and 6 SS (Table 2). Patients had a mean age at lym-
phoma diagnosis of 63 years (RA patients) and 58 years (SS),
with a mean duration of RA at diagnosis of 15 years and SS
of 4.5 years (durations specified as “years” omitted from dis-
ease duration calculation). One patient with RA was reported
to have concomitant sicca symptoms and none had Felty’s
syndrome. A further 5 specimens from 5 RA patients without
lymphoma (controls) who had had lymph node biopsies per-
formed for varied reasons were obtained and also examined
for EBV (Table 3). All biopsies were performed between 1982
and 1996. EBV was detected by in situ hybridization in 5 of
19 patients with RA and one out of 6 with SS (Tables 1 and 2).
No control tissue lymph nodes were positive for EBV.
Representative photomicrographs showing in situ hybridiza-
tion for EBV are shown in Figure 1.

Of the 19 patients with RA and lymphoma, 12 were taking
MTX at the time of lymphoma diagnosis. Four of the 5 EBV
positive RA patients were taking MTX at lymphoma diagno-
sis. Only one patient with SS was taking MTX at the time of
diagnosis and this patient was negative for EBV. Regarding
response of the lymphomas to treatment, no patient was
reported to have undergone spontaneous remission following
MTX withdrawal.

DISCUSSION
By contacting every rheumatologist in Washington State we
believe that our cross sectional sample of RA patients diag-
nosed with lymphoma is representative of the general popula-
tion of RA patients who have developed lymphoma. Since we
did not contact oncologists or consult tumor registries, how-
ever, our sample is likely incomplete, since inclusion depend-
ed on recall by individual practicing rheumatologists.

In our RA patients 12/19 were taking MTX at the time of
lymphoma diagnosis. No differences in histologic type or age
at diagnosis were identifiable between those patients treated
with MTX and those not, similar to patients reported by
Moder, et al10. Most of our patients with RA (68%) and SS
(67%) had B cell, diffuse large cell lymphomas, the most
commonly reported lymphoma in immunosuppressed
patients10,23,30,43. While the majority of our patients were either
taking MTX or had a history of MTX treatment it is not clear
whether this finding by itself supports a causative role of the
drug or instead merely reflects current prescribing habits and
MTX popularity. Several patients had been or were concomi-
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tantly taking other immunosuppressive drugs, the importance
of which is also undetermined.

Analyses were performed by in situ hybridization as it is
both sensitive and enables the specific detection of nucleic
acids. Unlike protein antigens, nucleic acids are not generally

altered by routine tissue processing. In addition, unlike the
polymerase chain reaction, in situ hybridization can localize
the viral genome to a specific cell population such as lym-
phoma cells, negating the possibility of a positive result pure-
ly on the basis of virus present in nonlymphoma tissue44. This
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Table 1. Results of in situ hybridization (ISH) for Epstein-Barr virus (EBV) in the lymphomas of patients with rheumatoid arthritis (RA).

Patient Age, yrs* Sex RA duration, Type of Site MTX Time Taking Other RA EBV-ISH
yrs* Lymphoma Treatment MTX, yrs† Treatment Result

1 72 M 34 Large cell Lung Yes 0.3 P –
2 59 F 48** Large cell Groin Yes (pre) 4† A,H,S,P +
3 70 F 10 Large cell Diffuse Yes 4 AZA +
4 61 F 38 Large cell Buccal Yes 3 AZA +
5 68 F 6 Small cell GIT Yes 6 P –
6 59 F 4 Hodgkin’s Thorax Yes 3 P +
7 60 F 4 Large cell Diffuse Yes 4 AZA –
8 62 M 2 Large cell CNS Yes 2 Unknown +
9 59 F 12 Follicular Neck No — D-Pen –
10 63 M 20 Large cell Diffuse Yes (post) 3† Gold –
11 75 M 20 Large cell Back Unknown — P –
12 81 F 3 Large cell Neck No — P –
13 64 F 6 Large cell Axilla Yes 2.5 No –
14 40 F 30 Im/blastic Neck Yes 0.5 Unknown –
15 57 F Years Large cell Pharynx Yes 5 Unknown –
16 74 M 10 Small cell Mediastinum Yes Years P –
17 40 F 16 Large cell Pelvis Yes 1 P –
18 54 F 14 Large cell Mantle Unknown — P –
19 76 M 10 Mixed cell Neck No — P –

*Age and duration of RA given at time of lymphoma diagnosis. **RA with sicca syndrome. † Not taking MTX at time of lymphoma diagnosis. A: auranofin, 
H: hydroxychloroquine, S: sulfasalazine, P: prednisone, D-Pen: D-penicillamine, GIT: gastrointestinal tract, im/blastic: immunoblastic, MTX: methotrexate, AZA:
azathioprine.

Table 2. Results of in situ hybridization (ISH) for Epstein-Barr virus (EBV) in the lymphomas of patients with primary Sjögren’s syndrome.

Patient Age, yrs* Sex Disease Type of Lymphoma Site MTX Time Taking Other EBV-ISH
Duration, yrs* Treatment MTX, yrs Treatment Result

1 77 F Years Large cell Lung Yes 0.5 No –
2 63 F 2 Large cell Parotid No — Pred –
3 77 F 3 Large cell Parotid No — No –
4 58 M 2 Large cell Lung No — Unknown –
5 70 F 13 Follicular Axilla No — No –
6 68 F 7 Hodgkin’s Axilla No — Pred +

*Age and duration of primary SS given at time of lymphoma diagnosis.

Table 3. Results of in situ hybridization (ISH) for Epstein-Barr virus (EBV) in the lymph nodes of patients with rheumatoid arthritis (RA) and no lymphoma.

Patient Age, yrs* Sex RA Duration, Biopsy Result Biopsy Site MTX Time Taking Other RA EBV-ISH
yrs* Treatment MTX (yrs) Treatment Result

1 59 F 6 Hyperplasia Axilla Yes 2 HCL –
2 45 F 5 Hyperplasia Axilla No — Unknown –
3 54 F 9 Hyperplasia Pelvis No — Gold –
4 49 F 4 Hyperplasia Axilla Yes 3 Gold, c.phos –
5 50 F 3 Hyperplasia Axilla No — Gold –

*Age and duration of RA at time of biopsy. MTX: methotrexate, HCL: hydroxychloroquine, c.phos: cyclophosphamide.
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technique is recognized to be the most sensitive for localizing
EBV to neoplastic lymphoid cells26.

In our study 5/19 (26%) patients with RA were positive for
EBV by in situ hybridization, higher than that expected in
non-Hodgkin’s lymphomas arising in the general population
and more in keeping with the reports cited below21,24. In con-
trast to our RA lymphoma patients, none of the 5 control
patients (RA but no lymphoma) had detectable EBV. Since 4
of the 5 EBV positive lymphomas developed in RA patients
taking MTX (the remaining patient, although not taking MTX
at the time of lymphoma diagnosis, had taken it in the recent
past), our results are consistent with the notion that MTX con-

tributes to the risk of lymphomagenesis through an EBV
dependent mechanism in such patients. Clearly, other factors
also contributed to the risk of lymphoma in our patients with
RA since 8 lymphomas developed in patients taking MTX that
were EBV negative and 3 EBV negative lymphomas devel-
oped in patients not taking MTX at diagnosis.  Patients with
both RA and SS appear to be at greater risk of developing
lymphoma, perhaps due to altered lymphocyte activity,
defects in immune surveillance, drug effects, or other
unknown factors2-4,6,45-49. EBV may contribute to the patho-
genesis of some of these lymphomas. EBV has been clearly
linked to the development of lymphomas in immunosup-
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Figure 1. Photomicrographs of 2 different lymph nodes with large cell lymphoma. A. H&E stained section of large
cell lymphoma. B. EBER-1 in situ hybridization showing strong nuclear signal in large subsets of tumor nuclei. C.
H&E stained section of different node with large cell lymphoma. D. EBER-1 in situ hybridization showing complete
absence of nuclear signal in tumor cell nuclei.
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pressed patients with other disorders. Examples include well
described cases in posttransplant patients (posttransplant lym-
phoproliferative disease syndrome)8,26,50, patients taking
cyclosporine for RA or posttransplantation39,51, and those with
psoriasis treated with MTX52. In some of these patients,
regression of EBV associated lymphomas occurs when
immunosuppression is stopped24. Such spontaneous regres-
sions are rare events in non-Hodgkin’s lymphomas unassoci-
ated with EBV53,54.  It is possible that in some patients with
RA immunosuppression with MTX could result in develop-
ment of lymphomas through a similar EBV related mecha-
nism. Over a decade ago Tosato, et al described a specific
defect in EBV directed suppressor T cell function in RA
patients55. They also showed that RA patients have higher
numbers of circulating EBV infected B cells compared to con-
trols. Whether MTX immunosuppression in RA patients aug-
ments the defect in suppressor T cell function has not been
established, however. Nevertheless, evidence implicating
EBV in some RA lymphomas includes the reported increased
frequency of EBV detected in these lymphomas (see below),
tumor regression when immunosuppressive (MTX) therapy is
ceased in EBV positive lymphomas24-26,31-36, and the mono-
clonality of EBV genomes in lymphoma cells26,35. The latter
data suggest that EBV incorporation into a transformed B cell
occurs at an early, possibly single cell stage of lymphoma
development.

In a study of lymphoma occurring in patients with RA or
dermatomyositis, Kamel, et al reported 4/15 (27%) RA
patients were positive for EBV, greater than the 4% positive
rate observed in non-Hodgkin’s lymphomas occurring in the
general population21,26,38. Three of these 4 patients were tak-
ing MTX. Salloum, et al reported 12 of 27 (44%) of MTX
treated RA lymphoma cases derived from their own studies
and from the literature were positive for EBV-RNA tran-
scripts24. Further support for a potential role of EBV–MTX
interaction in lymphomagenesis in RA patients are reports of
tumor regression with cessation of MTX therapy24,26,31-36. As
mentioned, such spontaneous regressions are rare events in
non-Hodgkin’s lymphomas52,53, although without rechalleng-
ing these patients, the role of MTX is not conclusive. Of those
patients whose tumors regressed with MTX withdrawal,
almost all were positive for EBV24.

These results do not provide information regarding the
magnitude of increased risk of developing lymphoma associ-
ated with MTX use in RA. The age of the patient, degree of
inflammatory disease activity, and duration of disease may be
more closely associated with lymphoma development than
MTX use56. The general paucity of reports of increased lym-
phoproliferative disease in psoriasis, a disorder also treated
with MTX, may support this view11. In a recent study of 1773
patients with RA from 15 countries who developed malignan-
cy, only one patient treated with MTX who developed a lym-
phoma was identified57. In a large case-control study Kamel,
et al recently found only one of 42 patients (2%) with RA and

lymphoma had EBV by in situ hybridization, the same num-
ber as in the control group of 49 patients (2%). Only 11 of
these patients had their self-reported RA confirmed by a
rheumatologist, however, before study inclusion. Further-
more, a surprisingly small number, 5/42, reported treatment
with immunosuppressive agents such as MTX. Kamel, et al
concluded that EBV associated lymphomas represent only a
small fraction of all non-Hodgkin’s lymphomas in the gener-
al RA patient population and are uncommon in RA patients
not taking immunosuppressive therapy30.

Despite the variability in the reported frequency of EBV in
the lymphomas of RA and other reports noting lack of tumor
regression after stopping MTX13-24,26-28,30, it would seem pru-
dent to test for EBV by in situ hybridization in all RA lym-
phoma patients on immunosuppressive treatment since
patients positive for EBV may have a greater chance of tumor
regression. Regardless of whether EBV is positive or not,
immunosuppression should be withdrawn and lymphoma
directed therapy delayed for a short period to allow for the
chance of spontaneous tumor regression24. 

Of our patients with primary SS only 1/5 was undergoing
MTX therapy, probably reflecting treatment of SS, where
MTX is infrequently used, rather than risks entailed with
MTX treatment. This patient was negative for EBV. Patients
with SS have been estimated to have a risk for the develop-
ment of non-Hodgkin’s lymphoma up to 44 times greater than
the normal population3, and to have a higher risk of lym-
phoma than RA7. However, because of the relative infrequen-
cy of the disease compared to RA it is perhaps not surprising
that our study identified a larger number of RA lymphoma
patients. In a recent series reported by Voulgarelis, et al 33
patients were described whose characteristics are not dissimi-
lar to our patients in age and lymphoma histologic type58.
Little has been published on the role of EBV in these lym-
phomas, although Hirose, et al recently reported EBV was
present in 2/17 patients with primary SS and lymphoma, sim-
ilar to our findings of 1/6. These authors also found 3/55 sali-
vary glands positive for EBV in SS patients without lym-
phoma40. Hirose, et al concluded that EBV has no association
with the lymphoma in patients with primary SS.

In summary, our study of EBV and lymphoma in patients
with RA found that 5/19 patients were EBV positive, all of
whom were taking or had recently been taking MTX, sug-
gesting a possible, but no absolute association between EBV,
MTX, and lymphoma in some patients with RA. In contrast,
there appeared to be no association between either EBV or
MTX in patients with primary Sjögren’s syndrome. The role
of MTX in the development of EBV negative lymphomas in
RA patients is less clear. Although more than half the patients
with RA were receiving MTX at the time of lymphoma diag-
nosis, this finding could reflect the prescribing habits of
Washington State rheumatologists. Given reports of tumor
regression with cessation of MTX therapy, particularly in
EBV positive tumors, this practice seems an appropriate ini-
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tial approach to lymphoma management in patients with RA,
perhaps in conjunction with in situ hybridization studies to
determine EBV status. Further studies are necessary to deter-
mine if EBV positive lymphomas are more likely to regress
following cessation of MTX and to determine risk factors for
development of lymphomas in RA.
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