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Introduction

Methotrexate-induced lymphoproliferative disorders (MTX-
LPDs) are categorized as iatrogenic diseases and belong to 
the group of other iatrogenic immunodeficiency- associated 
(OIIA) LPDs, as defined in the revised 4th edition of the 
World Health Organization’s classification manual for 
immunodeficiency-associated LPD 1). Although the regression 
phenomenon is one of the specific features, suggesting 
a direct influence of MTX in LPD development 2), the 
underlying mechanism has not been clearly demonstrated. 
To investigate the clinocopathogenesis of MTX-LPD, we 
analyzed data from 62 patients with MTX-LPD In this study,

Methods

Patients
Data were collected from 62 patients with autoimmune 

diseases (ADs) who developed LPD and were treated at our 
institutions between 1995 and 2015.

Immunohistochemistry and in situ hybridization
All diagnoses were confirmed by immunohistochemistry 

performed on paraffin- embedded tissue sections, using 
selected members of a panel of monoclonal antibodies, as we 
previously documented 3). Tissue sections were tested for the 
presence of EBV by in situ hybridization, and for EBV early 
RNAs (EBERs), using the REMBRANDT Detection Kit 
(Zymed, San Francisco, CA).

Typing of HLA-A, B, C, DRB1, and DQB1
   Among 62 patients with MTX-LPD, we analyzed 25 
patients by the PCR-Luminex method. The frequency of 
each HLA allele and each combination was determined 
by referring to the database of an HLA laboratory that has 
studied HLA alleles from over 30,000 Japanese individuals 4).

Statistical analysis
The duration of underlying ADs was defined from the day 

of diagnosis with an underlying AD to the time of MTX 
withdrawal. Overall survival (OS) was defined as the interval 

between the time of MTX withdrawal and death from 
any cause or the last follow-up. Comparisons of HLA and 
histological data were made by performing Fisher’s exact test 
with EZR software (Tokyo, Japan) 5). Survival analysis and 
comparisons between groups were performed by the Kaplan-
Meier procedure, and the t-test was performed using EZR 
software.

Results

Clinical background of MTX-LPD
   Over the course of 20 years, 62 cases of LPD were recorded 
among patients with ADs at our institutions, all of which had 
been treated with MTX. The clinical features of all patients. 
The median age of patients at the time of LPD diagnosis was 
65.8 (range 39 -88) years. Twenty-one males and 41 females 
were included in this study. The basal ADs were RA (N = 59), 
psoriasis vulgaris (PV, N = 1), systemic lupus erythematosus 
(SLE, N = 1), and dermatomyositis (DM, N = 1).

EBV influence
Table 1. EBV influence toward MTX-LPD.
  EBV, Epstein-Barr Virus; MTX, methotrexate; sIL-2, 
soluble interleukin-2 receptor; OS, overall survival.

We investigated the relationship between the clinical 
background and EBV infection (Table 1). Although age, 
the basal disease duration, and the median MTX dose 
administrated at the time of LPD development were not 
related to EBV infection, a strong association between EBV 
infection and the median MTX duration was observed. In 
addition, male dominancy, the involvement of the spleen, and 
CRP were also significantly positive in EBV+ patients. Other 
clinical indicators such as the clinical stage (Ⅰ /ⅡorⅢ /Ⅳ), 
lung invasion, serum LDH, and sIL-2 showed no significant 
differences.

To analyze the influence of EBV on LPD regression, we 
studied 21 EBV+ patients and 18 EBV‒ patients (Table 1). 
A strong, significant association between EBV+ patients and 
MTX duration was indicated. Other positive data obtained 
from all patients were also observed in the regressive (Reg) 
group, although CRP was not significant. Among the stage-IV 
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patients in the Reg group, a tendency between EBV infection 
and lung invasion was observed. Among patients in the Non-
Reg group, CRP was significantly higher in EBV+ patients; 
however, other factors did not show a significant association. 
Regarding the relationship between EBV infection and 
the three clinical patterns, no significance difference was 
observed between the Reg and Non-Reg groups

Influence of HLA alleles on MTX-LPD development (Table 2)
To investigate genetic factors　underlying MTX-LPD, we 

analyzed HLA alleles in 25 patients. We analyzed samples 
from 10 patients with DLBCL (8 who were EBV+ and 2 
with NOS), 4 with HL, 4 with LPD, 4 with other LPDs, 1 
with FL, and 1 with MALT. Twenty-three patients had RA, 
one had SLE, and one had PV. Among 23 patients analyzed 

Table 1. Major alleles of HLA A, B, C, DRB1 and DQB1 loci. DLBCL, diffuse large B cell lymphoma; EBV, 
Epstein-Barr Virus; nos, not otherwise specified; HL, Hodgkin lymphoma; LPD, lymphoproliferative 
diseas; MALT, extranodal marginal zone lymphoma of mucosal-associated lymphoid tissue; FL, follicular 
lymphoma; other LPD, other unclassified LPD.＊GF, General frequency. 95% CI, 95% confidence interval.

Table 2. Major alleles of HLA, EBV, and regressive phenomenon. Data indicated the p value compared to the 
general population of Japanese as described in Method. EBV, Epstein-Barr Virus.
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for EBERs, 18 and 5 patients were in the Reg and Non-Reg 
groups, respectively. In addition, 17 were positive and 6 were 
negative for EBER. The frequencies of the major alleles of 
each locus (A, B, C, DRB1, and DQB1) are summarized in 
Table 2 and are compared with GF of these alleles observed 
in Japan 7). Eleven alleles were significantly positive.

Conclusion and Discussion
  In this study, we analyzed 62 patients with MTX-LPD under 
MTX administration.

Although the occurrence of the Reg group is suggestive of 
an MTX influence, no direct evidence exists. Several reports 
from Japan suggest a relationship between MTX and LPD 
development. We investigated the influence of MTX and 
found that the MTX treatment duration was related to EBV 
infection (Table 1). The MTX treatment duration might relate 
to regressive LPD development.

Regarding the HLA, we detected 11 significant alleles 
in MTX-LPD, 9 of which (A*3101, A*1101, B5101, 
B*5201, C*0102, C*1202, DRB1*1502, DQB1*0401, and 
DQB1*0601) were present in EBV+ patients at significantly 
higher frequencies. Furthermore, these nine alleles were also 
detected in the Reg group, but not the Non- Reg group (Table 
2). Considering that a relation between EBV infection and 
the clinical patterns was not found, these HLA alleles might 
impact MTX-LPD development. The A*2404 allele is the 
most common allele in Japanese, and DRB1*0405 may be 
linked to the pathogenesis of ADs including RA 6), so that 
these alleles might be fundamental factors underlying MTX-
LPD in Japan.

Because this study is an retrospective and a small number 
study, the further investigation is required to better 
understand various issues, including the mechanism in the 

Non-Reg group, the influence of EBV infection, and the 
precise reasons causing different MTX-LPD incidences 
among races. This report was based on our article 7).
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