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Abstract
Methotrexate-associated lymphoproliferative disorders are categorized as “other immunodeficiency-associated lymphopro-
liferative disorders in the WHO classification. Methotrexate-associated lymphoproliferative disorder is mainly a B-cell
lymphoproliferative disorders or Hodgkin lymphoma type, whereas T-cell lymphoproliferative disorders are relatively rare
(4–8%). Only a small number of methotrexate-associated T-cell lymphoproliferative disorders have been detailed thus far.
Because of the rarity, methotrexate-associated T-cell lymphoproliferative disorder has not been well studied and its
clinicopathological characteristics are unknown. A total of 28 cases of methotrexate-associated T-cell lymphoproliferative
disorders were retrospectively analyzed. Histologically and immunohistochemically, they were divided into three main
types: angioimmunoblastic T-cell lymphoma (n= 19), peripheral T-cell lymphoma, NOS (n= 6), and CD8+ cytotoxic T-
cell lymphoma (n= 3). Among the 28 cases, only one CD8+ cytotoxic T-cell lymphoma case was Epstein-Barr virus-
positive. The other 27 cases were negative for Epstein-Barr virus on tumor cells, but scattered Epstein-Barr virus-infected B-
cells were detected in 24 cases (89%), implying the reactivation of Epstein-Barr virus caused by immunodeficient status of
the patients. After the diagnosis of methotrexate-associated T-cell lymphoproliferative disorder, methotrexate was
immediately withdrawn in 26 cases. Twenty (77%) cases presented with spontaneous regression. Compared to methotrexate-
associated B-cell lymphoproliferative disorder, patients with methotrexate-associated T-cell lymphoproliferative disorder
had a significantly higher proportion of males (p= 0.035) and presence of B-symptoms (p= 0.036), and lower proportion of
Epstein-Barr virus+ tumor cells (p < 0.001). Although the difference was not significant, the methotrexate-associated T-cell
lymphoproliferative disorder also had more frequent spontaneous regression (p= 0.061). In conclusion, methotrexate-
associated T-cell lymphoproliferative disorder was divided into three main types: angioimmunoblastic T-cell lymphoma,
peripheral T-cell lymphoma, NOS, and CD8+ cytotoxic T-cell lymphoma. Angioimmunoblastic T-cell lymphoma was the
most common type. Methotrexate-associated T-cell lymphoproliferative disorder was characterized by a high rate of
spontaneous regression after methotrexate cessation. Epstein-Barr virus positivity was relatively rare in methotrexate-
associated T-cell lymphoproliferative disorder, significantly less frequent than methotrexate-associated B-cell lymphopro-
liferative disorder, suggesting different pathogenesis.

Introduction

Methotrexate is a folate analog cytoreductive drug com-
monly used for autoimmune disorders. Methotrexate sup-
presses the autoimmune state of rheumatoid arthritis
patients and has an excellent inhibitory effect against
articular destruction. Consequently, methotrexate is cur-
rently used as a first-line treatment in rheumatoid arthritis
[1]. However, the risk of lymphoproliferative disorders is
increased in patients treated with methotrexate [2]. In
the recent WHO classification, methotrexate-associated
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lymphoproliferative disorders are categorized as “other
immunodeficiency-associated lymphoproliferative dis-
orders” [3]. The immunosuppressive state induced by
methotrexate is considered to be a cause of methotrexate-
associated lymphoproliferative disorders, but the mechan-
ism of its development has not been well elucidated. In
addition, patients with rheumatoid arthritis develop lym-
phoproliferative disorders 2.0 to 5.5 times more often than
the general population [4–6]. The hyperimmune state of
rheumatoid arthritis may contribute to the tumorigenesis of
lymphoproliferative disorders. Therefore, how methotrexate
influences the development of lymphoproliferative disorder
remains controversial. On the other hand, a significant
proportion of patients with methotrexate-associated lym-
phoproliferative disorders, particularly Epstein-Barr virus+

cases, have presented with spontaneous regression after
methotrexate cessation [7–11]. This phenomenon is a
characteristic of methotrexate-associated lymphoprolifera-
tive disorder and regarded as strong evidence for a potential
tumorigenic role of methotrexate.

According to the WHO classification and previous large
studies, methotrexate-associated lymphoproliferative dis-
order is mainly a B-cell lymphoproliferative disorder or
Hodgkin lymphoma type, whereas T-cell lymphoprolifera-
tive disorders are relatively rare (4–8%) [3, 7–10]. Only a
small number of methotrexate-associated T-cell lympho-
proliferative disorders have been detailed thus far: five cases
of angioimmunoblastic T-cell lymphoma, four cases of
Epstein-Barr virus+ CD8+ T-cell lymphoproliferative dis-
orders, one case of Epstein-Barr virus− CD8+ T-cell lym-
phoproliferative disorder, and one case of adult T-cell
leukemia/lymphoma [7, 12–19].

Because of the rarity, methotrexate-associated lympho-
proliferative disorder of T-cell phenotype has not been well
studied and its clinicopathological characteristics are
unknown. To further characterize methotrexate-associated
T-cell lymphoproliferative disorder, we documented
the clinicopathological characteristics of 28 cases of
methotrexate-associated T-cell lymphoproliferative disorder
and compared them to methotrexate-associated B-cell
lymphoproliferative disorder and angioimmunoblastic T-
cell lymphoma.

Materials and methods

Patient samples

A total of 28 cases of methotrexate-associated T-cell lym-
phoproliferative disorder diagnosed between 2008 and 2017
at five collaborating institutions were analyzed. We defined
methotrexate-associated lymphoproliferative disorder as a
lymphoproliferative disorder that developed in patients

receiving methotrexate at the time of diagnosis. Cases were
diagnosed according to the 2017 WHO classification based
on morphology, immunophenotyping, and clinical infor-
mation. All cases were independently reviewed by two
pathologists (authors A.S. and S.N.) to confirm the diag-
nosis and immunophenotype. All of the cases had an
Epstein-Barr virus past-infection pattern in a serum anti-
body test. No cases were serum-positive for HTLV-1 or
human immunodeficiency virus antibody.

The control groups consisted of 33 patients consecutively
diagnosed with methotrexate-associated B-cell lymphopro-
liferative disorder (14 diffuse large B-cell lymphoma and 19
polymorphic type arising in rheumatoid arthritis patients)
and 213 patients with angioimmunoblastic T-cell lym-
phoma. The 33 cases of methotrexate-associated B-cell
lymphoproliferative disorder were diagnosed between 2008
and 2017 in Nagoya University Hospital. Patients diag-
nosed with Epstein-Barr virus+ mucocutaneous ulcer were
not included in the methotrexate-associated B-cell lym-
phoproliferative disorder group. The angioimmunoblastic
T-cell lymphoma group had been examined in a previous
study [20].

Clinical, laboratory, and follow-up data were obtained
from the patient’s medical records at each institution.
Involved sites were usually examined by biopsy or
radiographic evaluation (e.g., computed tomography and
positron emission tomography). The institutional review
board of Nagoya University and Aichi Medical University
Hospital approved the study protocol.

Histological and immunohistochemical staining

Tissue samples were fixed in 10% formalin, embedded
in paraffin, and 4-μm-thick sections stained with hema-
toxylin and eosin. Immunoperoxidase studies were
performed on formalin-fixed paraffin-embedded sections.
The following monoclonal antibodies were used: CD3,
CD8, CD30 (DAKO, Santa Fe, CA), CD4, perforin
(Novocastra Laboratories, Newcastle, UK), PD1 (Abcam,
Cambridge, MA), CXCL13 (R&D systems, Minneapolis,
MA), TIA-1 (Coulter Immunology, Hialeah, FL),
granzymeB (Mososan, Uden, the Netherlands), CD56
(eBioscience, San Diego, CA), and PD-L1 (SP142; Spring
Bioscience, Pleasanton, CA, USA). These antibodies were
used after antigen retrieval following heating in microwave
oven. With the exception of PD-L1, tissue samples were
considered positive if more than 30% of the tumor cells
were positive. Tumor cells were considered positive for
PD‐L1 when ≥ 5% of the neoplastic lymphoid cells
demonstrated moderate or strong membrane staining with a
PD‐L1-specific antibody. A case was considered positive
for PD‐L1 in the microenvironment when, among the total
tissue cellularity, ≥20% comprised nonmalignant cells with
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moderate or strong membrane or cytoplasmic PD‐L1‐
specific staining.

In situ hybridization study

The presence of Epstein-Barr virus-encoded small RNA
was examined by in situ hybridization using Epstein-Barr
virus-encoded small nuclear early region oligonucleotides
on formalin-fixed, paraffin-embedded sections as described
previously [21].

TCRγ and IgH PCR study

DNA was extracted from formalin-fixed tissue, and PCR
analysis of the TCRγ and IgH genes carried out using the
BIOMED2 protocol as described previously [22].

Statistical analysis

Patient survival data were analyzed by the Kaplan-Meier
method. Differences in survival were tested by the log-rank
test. Overall survival was calculated from the diagnosis date
to the date of death or last date of follow-up. Disease-
specific survival was measured from the date of diagnosis to
the date of disease-specific death or the last date of follow-
up. Progression-free survival was calculated from the
diagnosis date to the first date of disease progression,
relapse, or death as a result of any cause or the last date of
follow-up. All statistical analyses were performed using the
STATA software package version 12 (STATA Corporation,
College Station, TX, USA).

Results

Clinical characteristics of methotrexate-associated
T-cell lymphoproliferative disorder

The clinical features of the methotrexate-associated T-cell
lymphoproliferative disorder cases are summarized in
Table 1 and Supplementalary Table 1. The 15 men and 13
women had a median age of 70 years (range, 56–85). All
patients were treated with methotrexate for rheumatoid
arthritis at the onset of methotrexate-associated T-cell
lymphoproliferative disorder. The median duration of
methotrexate use was 3 years (range, 0.5–21). At the time of
diagnosis, 21 patients (78%) showed stage III/IV disease,
15 (58%) were categorized as high-intermediate/high risk
group according to International Prognostic Index, and none
of them had bulky mass. Laboratory data revealed elevated
level of lactate dehydrogenase in 15 patients (54%) and
soluble interleukin-2 receptor in all 17 patients for whom
data were available.

The disease sites and biopsy sites for each case are given
in Supplementary Table 1. Briefly, at the time of diagnosis,
27 patients (96%) had lymphadenopathy, including 11 who
also had extranodal involvement, and 1 patient (3.6%) had
localized cutaneous disease. The most frequent sites of
extranodal involvement were the skin (n= 3), spleen
(n= 3), liver (n= 2), and bone marrow (n= 2).

Compared with methotrexate-associated B-cell lympho-
proliferative disorder, patients with methotrexate-associated
T-cell lymphoproliferative disorder had a significantly
higher proportion of males (p= 0.035) and presence of B-
symptoms (p= 0.036), and lower proportion of Epstein-
Barr virus+ tumor cells (p < 0.001). Although the difference
was not significant, the methotrexate-associated T-cell
lymphoproliferative disorder group also had more frequent
spontaneous regression (p= 0.061).

Histological, immunohistochemical, and molecular
features

Histological, immunohistochemical, and molecular features
are summarized in Supplementary Table 2. Twenty-eight
cases of methotrexate-associated T-cell lymphoproliferative
disorders were divided into three main types: Angioimmu-
noblastic T-cell lymphoma (n= 19), peripheral T-cell
lymphoma, NOS (n= 6), and CD8+ cytotoxic T-cell lym-
phoma (n= 3).

Histologically, angioimmunoblastic T-cell lymphoma
type exhibited diffuse and polymorphous infiltration of

Table 1 Clinical features of methotrexate-associated T-cell
lymphoproliferative disorder (MTX T-LPD) compared to
methotrexate-associated B-cell lymphoproliferative disorder (MTX
B-LPD)

Variable MTX T-LPD
(n= 28)

MTX B-LPD
(n= 33)

P

Sex (M/F) 15/13 10/23 0.035

Age (median[range]) 70 (56–85) 68 (47–82) 0.27

MTX duration (y)
(median[range])

3 (0.5–21) 6 (0.3–16) 0.35

PS > 1 7/28 (25%) 11/30 (37%) 0.34

Stage III/IV 21/26 (81%) 26/33 (79%) 0.92

B symptom 15/28 (54%) 9/33 (27%) 0.036

Bulky mass 0/28 (0%) 1/31 (1.7%) –

Extranodal site > 1 7/27 (26%) 9/33 (27%) 0.91

LDH>normal 15/28 (54%) 24/32 (75%) 0.083

IPI HI/H 15/26 (58%) 20/29 (69%) 0.56

EBER 1/28 (3.6%) 20/33 (61%) <0.001

SR 20/26 (77%) 17/32 (53%) 0.061

EBER Epstein-Barr virus-encoded small RNA, F female, H high, HI
high-intermediate, IPI international prognostic index, M male, MTX
methotrexate, LDH lactate dehydrogenase, LPD lymphoproliferative
disorder, PS, performance status, SR spontaneous regression, y year
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small-sized to medium-sized lymphocytes intermingled
with plasma cells, histiocytes, and eosinophils, accom-
panied by proliferation of high endothelial venules. Small-
sized to medium-sized lymphocytes were characterized by
clear cytoplasm (Fig. 1a, b). Immunohistochemically, all
tested cases were positive for CD3, CD4, and PD1 (Fig. 1c)
and/or CXCL13 and negative for CD8.

Peripheral T-cell lymphoma, NOS type exhibited diffuse
infiltration of medium- to large-sized atypical lymphocytes
(Fig. 2a, b). Among the six peripheral T-cell lymphoma,
NOS cases, case #25 had a focal lesion on the skin of the
face; this case had swelling of the facial skin and tumor cells
infiltrating the subcutaneous tissue and dermis. Immuno-
histochemically, in all six cases, tumor cells were positive

for CD3 (Fig. 2c). Four cases were positive for CD4
(Fig. 2d) and negative for CD8, one case was negative for
both CD4 and CD8, and one case demonstrated focal
positivity for both CD4 and CD8. The case with focal
positivity for CD8 was negative for cytotoxic molecule.

Regarding the CD8+ cytotoxic T-cell lymphoma type, all
three cases had both nodal and extranodal lesions. Case #26
was diagnosed by biopsy of the nodal site, and the other two
cases by extranodal sites (case #27, bone marrow; and case
#28, liver). Histologically, case #26 exhibited diffuse infil-
tration of medium-sized atypical lymphocytes. The other
two cases were characterized by infiltration of medium-
sized atypical lymphocytes (Fig. 2e). Immunohistochemi-
cally, all three cases were positive for CD3, CD8 (Fig. 2f),

Fig. 1 Histological and
immunohistochemical features
of angioimmunoblastic T-cell
lymphoma-type methotrexate-
associated T-cell
lymphoproliferative disorder.
The angioimmunoblastic T-cell
lymphoma type had diffuse and
polymorphous infiltration of
small-sized to medium-sized
lymphocytes intermingled with
plasma cells, histiocytes, and
eosinophils, accompanied by
proliferation of high endothelial
venules. Small-sized to medium-
sized lymphocytes were
characterized by clear cytoplasm
(a: HE ×200, b: HE ×400).
Immunohistochemically, the
tumor cells were positive for
PD1 (c: PD1 ×200). Six
Aangioimmunoblastic T-cell
lymphoma cases expressed
PD-L1 on microenvironment
immune cells (d: PD-L1 ×200).
Scattered Epstein-Barr virus
EBV-infected B cells were
detected in the background
(e: Epstein-Barr virus-encoded
small RNA [EBER] ×200),
including Epstein-Barr virus-
infected B cells mimicking
Hodgkin-Reed-Sternberg cells
(f: HE ×400, G: EBER ×400)
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and cytotoxic molecule (Fig. 2g), but negative for CD4 and
CD56. Notably, the tumor cells in case #27 were infected
with Epstein-Barr virus (Fig. 2h); therefore, some may
assert that this case should be diagnosed as NK/T cell
lymphoma. However, this case exhibited clonal rearrange-
ment of the TCRγ gene and negativity for CD56, suggesting
a T-cell lineage of the tumor. Thus, we preferred the diag-
nosis of Epstein-Barr virus+ CD8+ cytotoxic T-cell
lymphoma.

PD-L1 expression was assessed in 14 cases (10
angioimmunoblastic T-cell lymphoma, 3 CD8+ cytotoxic
T-cell lymphoma, and 1 peripheral T-cell lymphoma, NOS
type). Tumor cells were negative for PD-L1 in all 14 cases.
Nine (6 angioimmunoblastic T-cell lymphoma, 2 CD8+

cytotoxic T-cell lymphoma, and 1 peripheral T-cell

lymphoma, NOS type) of the 14 cases expressed PD-L1 on
microenvironment immune cells (Fig. 1d).

Interestingly, two cases (case #7 and #8) exhibited
metachronous or synchronous coexistence of angioimmu-
noblastic T-cell lymphoma and B-cell lymphoproliferative
disorder. Case #7 initially had an angioimmunoblastic T-
cell lymphoma lesion in the lymph node. When the patient
relapsed, the lymph node exhibited diffuse large B-cell
lymphoma pathology. In contrast, at the time of diagnosis,
case #8 had both a nodal lesion with angioimmunoblastic T-
cell lymphoma features (Fig. 3a–c) and a cutaneous lesion
diagnosed as Epstein-Barr virus+ monomorphic B-cell
lymphoproliferative disorder (Fig. 3d–f).

TCRγ and IgH PCR analysis was performed in 11 and 10
cases of angioimmunoblastic T-cell lymphoma type and in

Fig. 2 Histological and
immunohistochemical features
of peripheral T-cell lymphoma,
NOS-type and Epstein-Barr
virus+ CD8+ cytotoxic T-cell
lymphoma-type methotrexate-
associated T-cell
lymphoproliferative disorder.
The peripheral T-cell
lymphoma, NOS type exhibited
diffuse infiltration of medium-
sized to large-sized atypical
lymphocytes (a: HE ×100, b:
HE ×400). The tumor cells were
positive for CD3 (c: CD3 ×200).
The majority of the cases were
positive for CD4 (d: CD4 ×100).
The Epstein-Barr virus+ CD8+

cytotoxic T-cell lymphoma type
was characterized by infiltration
of medium-sized atypical
lymphocytes (e: HE ×400).
Immunohistochemically, tumor
cells were positive for CD8 (f:
HE ×400), TIA-1 (g: HE ×400),
and Epstein-Barr virus encoded
small RNA (EBER) (h: EBER
×400)
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3 and 2 cases of the other two types. Regarding angioim-
munoblastic T-cell lymphoma type, a clonal TCRγ rear-
rangement was detected in 9 (82%) cases and IgH
rearrangement in 3 (30%) cases. One (33%) case of per-
ipheral T-cell lymphoma, NOS and CD8+ cytotoxic T-cell
lymphoma type showed clonal TCRγ rearrangement and
none of them showed clonal IgH rearrangement. Rearran-
gement of both TCRγ and IgH was found in two cases of
angioummunoblastic T-cell lymphoma type. No rearrange-
ments of these genes were found in one each of angioim-
munoblastic T-cell lymphoma, peripheral T-cell lymphoma,
NOS and CD8+ cytotoxic T-cell lymphoma type. Rear-
rangement of only IgH was found in one case of angioim-
munoblastic T-cell lymphoma type. The other eight cases
(7 angioimmunoblastic T-cell lymphoma and 1 CD8+

cytotoxic T-cell lymphoma type) had rearrangement of
TCRγ only.

Epstein-Barr virus infection

Epstein-Barr virus-encoded small RNA by in situ hybridi-
zation which was used to analyze all cases. As mentioned
above, only one case expressed Epstein-Barr virus-encoded
small RNA on tumor cells. Tumor cells from the other 27
cases were negative for Epstein-Barr virus-encoded small
RNA, but scattered Epstein-Barr virus-infected B cells were

detected in 24 cases (89%), implying the reactivation of
Epstein-Barr virus caused by the immunodeficient status of
the patients (Fig. 1d). In more detail, 17 cases (89%) of
angioimmunoblastic T-cell lymphoma, 5 (83%) of periph-
eral T-cell lymphoma, NOS and 2 (100%) of CD8+

cytotoxic T-cell lymphoma type contained Epstein-Barr
virus-infected B cells. Notably, four cases (3 angioimmu-
noblastic T-cell lymphoma and one peripheral T-cell lym-
phoma, NOS) were accompanied by Epstein-Barr virus-
infected B cells mimicking Hodgkin-Reed-Sternberg cells
(Fig. 1f, g).

Therapy and prognosis

After the diagnosis of methotrexate-associated T-cell lym-
phoproliferative disorder, methotrexate was immediately
withdrawn in 26 cases. Twenty (77%) cases presented with
spontaneous regression after cessation of methotrexate.
Nine patients received cytotoxic chemotherapy as the initial
treatment; five were treated with CHOP (combination of
cyclophosphamide, adriamycin, vincristine and pre-
dnisone), two with R-CHOP (CHOP with rituximab), one
with THP-COP (combination of pirarubicin, cyclopho-
sphamide, vincristine and prednisolone), and one with
sobuzoxane and etoposide. Among the nine patients, two
received cytotoxic chemotherapy even though they showed

Fig. 3 Histological and immunohistochemical features of case #8,
which exhibited synchronous coexistence of angioimmunoblastic T-
cell lymphoma (nodal lesion) and Epstein-Barr virus-positive mono-
morphic B-cell lymphoproliferative disorder (cutaneous lesion). The
nodal lesion showed histological features of angioimmunoblastic T-
cell lymphoma (a: HE ×200). The tumor cells were positive for CD3

(b: CD3 ×200). Scattered Epstein-Barr virus-infected B cells were
detected in the background (c: Epstein-Barr virus-encoded small RNA
[EBER] ×200). Cutaneous lesion had diffuse infiltration of medium-
sized to large-sized atypical lymphocytes (d: HE ×200) positive for
CD20 (e: CD20 ×200) and EBER (f: EBER ×200)
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spontaneous regression after methotrexate cessation. Even-
tually, 24 cases achieved complete remission and two cases
partial response. Four of the 26 patients had relapse or
progression. We compared the disease-specific survival and
progression-free survival curves for methotrexate-
associated T-cell lymphoproliferative disorder to those of
methotrexate-associated B-cell lymphoproliferative dis-
order. Patients with methotrexate-associated T-cell lym-
phoproliferative disorder tended to have inferior survival
curves (disease-specific survival, p= 0.079 and
progression-free survival p= 0.095) (Fig. 4). We further
divided methotrexate-associated B-cell lymphoproliferative
disorder cases into diffuse large B-cell lymphoma and
polymorphic types and compared the disease-specific sur-
vival and progression-free survival curves for each type to
those of methotrexate-associated T-cell lymphoproliferative
disorder. Compared with both diffuse large B-cell lym-
phoma and polymorphic types, patients with methotrexate-
associated T-cell lymphoproliferative disorder had inferior
disease-specific survival (p= 0.18 and p= 0.15, respec-
tively) and progression-free survival (p= 0.21 and p=
0.22, respectively) curves, though the differences were not
significant. Among the 33 cases of methotrexate-associated
B-cell lymphoproliferative disorder, 15 patients received
chemotherapy as an initial treatment: R-CHOP (n= 7), R
only (n= 7), and CHOP (n= 1).

Comparison of methotrexate-associated T-cell
lymphoproliferative disorder of
angioimmunoblastic T-cell type and
angioimmunoblastic T-cell lymphoma

As the majority of methotrexate-associated T-cell lympho-
proliferative disorder had an angioimmunoblastic T-cell
lymphoma pattern, we compared the clinical characteristics

and prognosis of methotrexate-associated T-cell lympho-
proliferative disorder of angioimmunoblastic T-cell type
and angioimmunoblastic T-cell lymphoma patients
(Table 2). Compared wth the angioimmunoblastic T-cell
lymphoma group, the methotrexate-associated T-cell lym-
phoproliferative disorder of angioimmunoblastic T-cell
lymphoma type had a significantly higher age distribution
(p= 0.0037). In addition, methotrexate-associated T-cell
lymphoproliferative disorder of angioimmunoblastic T-cell
lymphoma type tended to have scattered Epstein-Barr
virus+ cells in the background more frequently (p=
0.064) and less likely to have an elevated lactate dehy-
drogenase level (p= 0.054). Overall survival and
progression-free survival curves for the two groups were

Fig. 4 Disease-specific survival curve and progression-free survival
curves for methotrexate-associated T-cell lymphoproliferative disorder
compared to methotrexate-associated B-cell lymphoproliferative dis-
order (MTX B-LPD). Patients with methotrexate-associated T-cell

lymphoproliferative disorder (MTX T-LPD) tended to have inferior
survival in both disease-specific survival (a) and progression-free
survival (b) (p= 0.079 and 0.095, respectively)

Table 2 Clinical features of methotrexate-associated T-cell
lymphoproliferative disorder of angioimmunoblastic T-cell
lymphoma type (MTX-AITL) compared to angioimmunoblastic
T-cell lymphoma (AITL)

Variable MTX-AITL
(n= 19)

AITL
(n= 213)

P

Sex (M/F) 13/6 137/76 0.81

Age (median[range]) 72 (57–85) 67(34–91) 0.0037

PS > 1 5/19 (26%) 75/209 (36%) 0.46

Stage III/IV 16/18 (89%) 189/211 (89%) –

B symptom 11/19 (58%) 123/205 (60%) –

Extranodal site > 1 4/18 (22%) 45/200 (23%) –

LDH > normal 10/19 (53%) 157/209 (75%) 0.054

IPI HI/H 11/17 (65%) 138/199 (69%) 0.79

EBV in background 17/19 (89%) 55/166 (67%) 0.064

AITL angioimmunoblastic T-cell lymphoma, EBV Epstein-Barr virus,
F female, H high, HI high-intermediate, IPI international prognostic
index, LDH lactate dehydrogenase, M male, MTX-AITL MTX-
associated lymphoproliferative disorder of AITL type, PS performance
status

Methotrexate-associated lymphoproliferative disorders of T-cell phenotype: clinicopathological analysis. . . 1141



compared. Patients with methotrexate-associated T-cell
lymphoproliferative disorder of angioimmunoblastic T-cell
type had superior overall survival and progression-free
survival curves compared with angioimmunoblastic T-cell
lymphoma, though the differences were not significant
(Fig. 5a, b). Considering the fact that the methotrexate-
associated T-cell lymphoproliferative disorder of angioim-
munoblastic T-cell type had a significantly higher age dis-
tribution, we also compared the overall survival and
progression-free survival curves for the patients of the two
groups who are 60 years or older. The survival curves
showed the same trend (Fig. 5c, d).

Discussion

In the present study, we reported 28 cases of methotrexate-
associated T-cell lymphoproliferative disorder. Pre-
viously, 11 cases of methotrexate-associated T-cell

lymphoproliferative disorder had been reported in the
English literature with detailed descriptions: angioimmu-
noblastic T-cell lymphoma (n= 5), Epstein-Barr virus+

CD8+ T-cell lymphoproliferative disorder (n= 4), Epstein-
Barr virus- CD8+ T-cell lymphoproliferative disorder (n=
1), and adult T-cell leukemia/lymphoma (n= 1) [7, 12–19].
Reviews of the reported cases of methotrexate-associated T-
cell lymphoproliferative disorder are summarized in
Table 3. The peripheral T-cell lymphoma, NOS type has not
been reported in previous papers, and amgioimmunoblastic
T-cell lymphoma and CD8+ T-cell lymphoproliferative
disorder were the major types of methotrexate-associated T-
cell lymphoproliferative disorder. The cases in which tumor
cells were Epstein-Barr virus+ were also limited to CD8+ T-
cell lymphoproliferative disorder cases. Among the five
CD8+ T-cell lymphoproliferative disorder cases, only one
case was examined for cytotoxic positivity and was found to
be positive. All 11 cases presented with spontaneous
regression after discontinuation of methotrexate. Combined

Fig. 5 Overall survival and disease-specific survival curves for
methotrexate-associated T-cell lymphoproliferative disorder of
angioimmunoblastic T-cell lymphoma type compared to angioimmu-
noblastic T-cell lymphoma. Patients with methotrexate-associated
T-cell lymphoproliferative disorder of angioimmunoblastic T-cell
lymphoma type (MTX-AITL) had superior overall survival curve

and progression-free survival curve, though the differences from
angioimmunoblastic T-cell lymphoma (AITL) were not significant
(a, b). Overall survival and progression-free survival curves for the
patients of the two groups who are 60 years or older were also com-
pared. The survival curves showed the same trend (c, d)
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with our data, although some may have relapses later,
spontaneous regression may be expected in the majority of
methotrexate-associated T-cell lymphoproliferative disorder
cases. Notably, all eight CD8+ T-cell lymphoproliferative
disorder cases achieved complete response after withdrawal
of methotrexate and none of the cases experienced relapse.
Therefore, none of the CD8+ T-cell lymphoproliferative
disorder patients required cytotoxic chemotherapy during
their clinical course. According to previous reports, the rate
of spontaneous regression was significantly higher in
Epstein-Barr virus+ methotrexate-associated lymphoproli-
ferative disorder cases than Epstein-Barr virus− cases
[3, 7, 8]. We consider that this is not applicable to
methotrexate-associated T-cell lymphoproliferative dis-
order. As shown by our data, methotrexate-associated T-cell
lymphoproliferative disorder cases have a high rate of
spontaneous regression, even though most of them are
Epstein-Barr virus−. A significant proportion of patients
with methotrexate-associated B-cell lymphoproliferative
disorder and Hodgkin lymphoma type present with spon-
taneous regression after methotrexate cessation. Thus, che-
motherapy cannot be started immediately after the diagnosis
of methotrexate-associated B-cell lymphoproliferative dis-
order and Hodgkin lymphoma type. Based on the findings
of the present and previously reported cases, we conclude
that the withdrawal of methotrexate should be done as the
initial management after the diagnosis of methotrexate-
associated T-cell lymphoproliferative disorder.

Interestingly, two of the current cases exhibited meta-
chronous or synchronous coexistence of angioimmuno-
blastic T-cell lymphoma and B-cell lymphoproliferative
disorder (diffuse large B-cell lymphoma and Epstein-Barr
virus+ diffuse large B-cell lymphoma). Ishibuchi et al. also
reported the case of methotrexate-associated T-cell lym-
phoproliferative disorder which showed metachronous
coexistence of angioimmunoblastic T-cell lymphoma and
Epstein-Barr virus+ diffuse large B-cell lymphoma
(Table 3) [13]. Serial or simultaneous occurrence of
angioimmunoblastic T-cell lymphoma and other lympho-
mas has been well documented. Attygalle et al. [23].
reported that 8 of 31 angioimmunoblastic T-cell lymphoma
cases developed lymphoma (Epstein-Barr virus+ diffuse
large B-cell lymphoma, n= 5; Epstein-Barr virus− diffuse
large B-cell lymphoma, n= 1; and Epstein-Barr virus+

Hodgkin lymphoma, n= 2). Willenbrock et al. [24]. also
documented 21 angioimmunoblastic T-cell lymphoma
patients with lymphoma (Epstein-Barr virus+ diffuse large
B-cell lymphoma, n= 6; Epstein-Barr virus- diffuse large
B-cell lymphoma, n= 9; diffuse large B-cell lymphoma,
n= 1; lymphoplasmacytic lymphoma, n= 2; Epstein-Barr
virus+ CD30+ lymphoma, n= 1; and Epstein-Barr virus+

Hodgkin lymphoma, n= 2) during their disease course.
Angioimmunoblastic T-cell lymphoma usually containsTa
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B-cell blasts, which are often Epstein-Barr virus+, and
clonal IgH rearrangements have been found in approxi-
mately 25–30% of angioimmunoblastic T-cell lymphoma
cases [3]. These data suggest that the pathogenesis of other
lymphomas that appear during the disease course of
angioimmunoblastic T-cell lymphoma could be explained
by clonal expansion of B cells [24]. Among the current 12
methotrexate-associated T-cell lymphoproliferative disorder
cases analyzed by IgH PCR, clonal rearrangement was
detected in 3 (25%). Therefore, we assume that monoclonal
B cells in methotrexate-associated T-cell lymphoprolifera-
tive disorder may also progress to B-cell lymphoprolifera-
tive disorder.

In our cohort, only one case of methotrexate-associated
T-cell lymphoproliferative disorder had Epstein-Barr virus+

tumor cells, and methotrexate-associated T-cell lympho-
proliferative disorder cases were characterized by a sig-
nificantly lower ratio of Epstein-Barr virus positivity (p <
0.001) compared with MTX-associated B-cell lymphopro-
liferative disorder. Regardless of cell lineage and Epstein-
Barr virus positivity, the immunosuppressive state induced
by methotrexate is considered as a common cause of
methotrexate-associated lymphoproliferative disorder. Feng
et al. [25]. suggested another potential cause of Epstein-Barr
virus+ methotrexate-associated lymphoproliferative dis-
order. They reported that, in contrast to other causes of
immunodeficiency, methotrexate may directly reactivate
latent Epstein-Barr virus and contribute to the development
of lymphoproliferative disorder. Therefore, considering the
significant difference in Epstein-Barr virus positivity, we
speculate that the pathogenesis may be different between
the two groups.

Although only one case of methotrexate-associated T-
cell lymphoproliferative disorder had Epstein-Barr virus+

tumor cells, scattered Epstein-Barr virus-infected B cells
were detected in 24 of 27 Epstein-Barr virus− cases,
implying the reactivation of Epstein-Barr virus caused by
the immunodeficient status of the patients. We conclude that
the function of Epstein-Barr virus-specific cytotoxic T
lymphocytes was suppressed. This dysregulation in the
immune surveillance for Epstein-Barr virus is assumed to
result in the emergence of Epstein-Barr virus-infected B
cells in the background [26]. In addition to the immuno-
suppression caused by methotrexate, considering the age of
our cases (median 70 years; range, 56–85 years) and sig-
nificantly higher age of onset of methotrexate-associated
T-cell lymphoproliferative disorder of angioimmunoblastic
T-cell lymphoma type compared with angioimmunoblastic
T-cell lymphoma, age-related immunosenescence may be
partly associated with the development of methotrexate-
associated T-cell lymphoproliferative disorder and appear-
ance of Epstein-Barr virus-infected cells. On the other hand,
Epstein-Barr virus+ B cells could be detected very early in

the disease course of angioimmunoblastic T-cell lymphoma.
This suggests that Epstein-Barr virus reactivation is not only
an event secondary to the associated immune dysfunction,
but may also play a role in the development of angioim-
munoblastic T-cell lymphoma. Dunleavy et al. [27, 28].
hypothesized that Epstein-Barr virus may play a key role in
the early pathogenesis of angioimmunoblastic T-cell lym-
phoma by activating follicular helper T cells. Thus, Epstein-
Barr virus+ B cells may also play a pivotal role in the
pathogenesis of methotrexate-associated T-cell lymphopro-
liferative disorder of angioimmunoblastic T-cell lymphoma
type. Considering that the methotrexate-associated T-cell
lymphoproliferative disorder of angioimmunoblastic T-cell
lymphoma type tended to have scattered Epstein-Barr virus
+ cells in the background more frequently (p= 0.064) than
the angioimmuoblastic T-cell lymphoma, it is speculated
that this tumorigenic model may contribute more to the
pathogenesis of methotrexate-associated T-cell lymphopro-
liferative disorder of angioimmunoblastic T-cell lymphoma
type. Moreover, this model could explain the high
frequency of the angioimmunoblastic T-cell lymphoma type
in methotrexate-associated T-cell lymphoproliferative
disorder.

In the two cases of Epstein-Barr virus− CD8+ cytotoxic
T-cell lymphoma type, scattered Epstein-Barr virus+ B cells
were detected in the background. The proliferation of CD8+

cytotoxic T-cell lymphoma cells may be triggered by the
response to the growth of Epstein-Barr virus-infected B
cells. CD8+ T cells act to prevent the transformation of
Epstein-Barr virus-infected B cells into B-cell malignancy
[29]. Similar clonal CD8+ T-cell expansions has been
reported with infectious mononucleosis [30]. Based on the
clinical and pathological findings, we are sure that the
present CD8+ cytotoxic T-cell lymphoma cases should be
diagnosed as lymphoproliferative disorder lesions. How-
ever, although speculative, Epstein-Barr virus− CD8+

cytotoxic T-cell lymphoma type may have the character-
istics of a reactive lesion. These characteristics may also
account, at least in part, for the extremely favorable clinical
behavior of CD8+ cytotoxic T-cell lymphoma type after
methotrexate cessation. Very recently, Snadhu et al. [31].
reported that methotrexate preferentially affects subsets of
CD8+ T lymphocytes. They revealed that, on treatment
with methotrexate, there was a significant decline in CD8
+IFNγ+ and increase in CD8+IL17+ T cells. The potency
of methotrexate to increase a subset of CD8+ T cells might
contribute to the development of CD8+ cytotoxic T-cell
lymphoma type.

In summary, methotrexate-associated T-cell lymphopro-
liferative disorder was divided into three main types:
angioimmunoblastic T-cell lymphoma, peripheral T-cell
lymphoma, NOS, and CD8+ cytotoxic T-cell lymphoma.
Angioimmunoblastic T-cell lymphoma was the most
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common type. Methotrexate-associated T-cell lymphopro-
liferative disorder, particularly the CD8+ cytotoxic T-cell
lymphoma type, was characterized by a high rate of spon-
taneous regression after withdrawal of methotrexate.
Therefore, methotrexate cessation should be considered as
initial management after the diagnosis of methotrexate-
associated T-cell lymphoproliferative disorder. Epstein-Barr
virus positivity was relatively rare in methotrexate-
associated T-cell lymphoproliferative disorder, sig-
nificantly less frequent than methotrexate-associated B-cell
lymphoproliferative disorder, suggesting different patho-
genesis. Further analysis in larger series will increase our
understanding of methotrexate-associated T-cell lympho-
proliferative disorder.
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