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Other Iatrogenic Immunodeficiency-Associated
Lymphoproliferative Disorders with a T- or NK-cell
phenotype
1)

1)

2)

Akira Satou, Toyonori Tsuzuki and Shigeo Nakamura

Other iatrogenic immunodeficiency-associated lymphoproliferative disorders (OIIA-LPDs) with a T- or NK-cell phenotype are
markedly rare, with only a limited number of cases having been reported thus far. Methotrexate (MTX) is the most common
agent used for OIIA-LPD patients, and 43 cases of MTX-associated T-LPDs (MTX T-LPDs) and five cases of MTX-associated
NK/T-LPDs (MTX NK-LPDs) have been described. In addition to MTX T-LPDs and MTX NK/T-LPDs, T-LPD and NK/
T-LPDs have been reported in patients receiving other immunosuppressive agents such as thiopurines, TNF antagonists, and
cyclosporine. Hepatosplenic T-cell lymphoma (HSTL) is specifically associated with iatrogenic immunodeficiency, and 10%
of HSTL cases develop in patients receiving thiopurines and/or TNF antagonists for inflammatory bowel disease (IBD). In this
review, we focused on MTX T-LPD, MTX NK/T-LPD, and HSTL in patients with IBD. These T- and NK/T-cell associated
OIIA-LPDs are the most common in daily medical practice.
Keywords: other iatrogenic immunodeficiency-associated lymphoproliferative disorder, T or NK/T-cell lymphoma, methotrexate, inflammatory bowel disease, hepatosplenic T-cell lymphoma

virus (EBV)-positive (EBV+) mucocutaneous ulcers in patients
receiving immunosuppressive drugs are also considered
OIIA-LPD.
OIIA-LPDs are mainly B-LPD or HL types, whereas
T-cell LPDs (T-LPDs) and NK/T-cell LPDs (NK/T-LPDs) are
relatively rare. Methotrexate (MTX) is the most common
agent used for OIIA-LPD patients. Previous large studies
revealed that T-LPDs or NK/T-LPDs account for only 4-8%
of MTX-associated LPDs. 1-5 Currently, only 43 cases of
MTX-associated T-LPDs (MTX T-LPDs)6-15 and five cases of
MTX-associated NK/T-LPDs (MTX NK-LPDs)2,7,16,17 have
been described. In addition to MTX T-LPDs and MTX NK/
T-LPDs, T-LPD and NK/T-LPDs have been reported in
patients receiving other immunosuppressive agents such as
thiopurines, TNF antagonists, and cyclosporine. 1,18
Hepatosplenic T-cell lymphoma (HSTL) is specifically associated with iatrogenic immunodeficiency, and 10% of HSTL
cases develop in patients receiving thiopurines and/or TNF
antagonists for inflammatory bowel disease (IBD).19-21
In this review, we summarized the pathological and clinical aspects of OIIA-LPDs with a T-cell or NK/T-cell phenotype.

INTRODUCTION
Immunodeficiency plays a key role in the pathogenesis of
some lymphoproliferative disorders (LPDs). Immunodeficiency
is caused by aging, primary immune disorders, HIV infection, and immunosuppressive drugs. 1 In the 2017 WHO
classification,1 LPDs that are associated with immunosuppressive agents are termed post-transplant LPDs (PTLDs) or
other iatrogenic immunodeficiency-associated LPDs (OIIALPDs). OIIA-LPDs are defined as lymphoid proliferations
or lymphomas that develop in patients receiving immunosuppressive drugs for an autoimmune disease or conditions other
than post-transplantation. OIIA-LPDs are a heterogeneous
group mainly consisting of polymorphic B-cell LPDs
(B-LPDs), monomorphic LPDs, and Hodgkin lymphoma
(HL). These OIIA-LPDs are often diagnostically and therapeutically challenging for both pathologists and clinicians.
Monomorphic LPDs include cases that fulfill the criteria of
diffuse large cell lymphoma, follicular lymphoma, peripheral
T-cell lymphoma (PTCL), or extranodal natural killer (NK)/
T-cell lymphoma, nasal type. Cases accompanying Epstein-Barr
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We focused on MTX T-LPDs, MTX NK/T-LPDs, and HSTL
in patients with IBD. These T- and NK/T-cell-associated
OIIA-LPDs are the most common in daily medical practice.

Histological and immunohistochemical findings in MTX
T-LPD
As stated above, the largest category of MTX T-LPDs
includes cases that are classified as the AITL type (MTXAITL). The histological and immunohistochemical features
of MTX-AITL are almost the same or similar to those of
AITL in immunocompetent patients. MTX-AITL patients
exhibited diffuse and polymorphous infiltration of small- to
medium-sized lymphocytes intermingled with plasma cells,
histiocytes, and eosinophils, accompanied by the proliferation of high endothelial venules (Figure 1A). Small- to
medium-sized lymphocytes were characterized by clear cytoplasm (Figure 1B). Immunohistochemically, most cases
were positive for CD3, CD4, the follicular helper T-cell
markers, such as PD-1 (Figure 1C), and CXCL13, but negative for CD8.
The second largest category is the CD8+ T-LPDs, including both EBV + and EBV- cases. Histologically, CD8 +
T-LPDs are mostly characterized by infiltration of medium-sized
atypical lymphocytes (Figure 2A). Immunohistochemically,
all cases were positive for CD3 and CD8 (Figure 2B). In
addition, all of the cases examined were positive for the cytotoxic molecule (Figure 2C), but were negative for CD56
regardless of EBV positivity.
The PTCL-NOS type is a heterogeneous group that
includes cases that are difficult to precisely categorize.
Previously reported cases exhibited diffuse infiltration of
medium- to large-sized atypical lymphocytes. The one case
of ALCL was characterized by the proliferation of CD30+
atypical large lymphocytes that were positive for CD3, TIA1, and CD8, but negative for CD4. Only one case of ATLL
type has been reported thus far. This case was morphologically characterized by the diffuse proliferation of mediumsized abnormal lymphocytes. The tumor cells were positive
for CD3 and CD4, but negative for CD20, CD8, and CD30.
Southern blotting for the HTLV-1 provirus revealed monoclonal proliferation of HTLV-1-infected cells.

MTX-ASSOCIATED LPDS WITH A T- OR
NK-CELL PHENOTYPE
MTX is an anti-rheumatic drug that is administered to
patients with autoimmune diseases, particularly rheumatoid
arthritis (RA). MTX suppresses the hyper-immune state of
RA patients and is an excellent inhibitor of articular destruction. Therefore, MTX is currently used as a first-line anchor
drug for RA therapy.22 However, the immunosuppressive
state induced by MTX leads to the development of LPDs,
and is the cause of MTX-associated LPDs, although the
mechanism for its development is unclear. In addition,
patients with RA develop LPDs 2.0- to 5.5-times more often
than the general population.23-25 The hyper-immune state of
RA may play a role in the tumorigenesis of LPDs. Therefore,
how MTX influences the development of LPDs remains controversial. On the other hand, a significant proportion of
patients with MTX-associated LPDs, particularly EBV +
patients, have presented spontaneous regression (SR) after
MTX cessation.2-5,26 This phenomenon is characteristic of
MTX-associated LPDs and is regarded as strong evidence for
a potential tumorigenic role of MTX.
Since MTX-associated LPD was first documented in
1993, 27 a number of cases have been reported. However,
MTX-associated LPDs are mainly B-LPD or HL type,
whereas T-LPDs are relatively rare (4-8%). Indeed, only a
limited number of T- LPD and NK/T-LPD cases have been
reported in detail.6-17 The pathological and clinical aspects
of MTX T-LPDs and MTX NK/T-LPDs are summarized
below. In this report, we defined MTX-LPD as LPD that
developed in patients receiving MTX at the time of
diagnosis.
MTX-associated T-LPD
A total of 43 cases of MTX T-LPD have been reported to
date. In general, the criteria for subclassifying MTX T-LPDs
and NK/T-LPDs are the same as for T- and NK/T-LPDs in
immunocompetent patients.1 The original diagnoses of these
43 cases were: 25 cases of angioimmunoblastic T-cell lymphoma (AITL), 6 PTCL, not otherwise specified (PTCLNOS), 4 EBV-CD8 + T-LPD, 2EBV +CD8 + T-LPD, and one
each of anaplastic large cell lymphoma (ALCL), EBV+CD30+
cutaneous T-cell lymphoma (CTCL), subcutaneous panniculit i s - l i k e T- c e l l l y m p h o m a ( S P T C L ) , E B V + S P T C L ,
EBV +CD30 + T-LPD, and adult T-cell leukemia/lymphoma
(ATLL). Taking into account the histological and immunohistochemical findings, they were separated into the following types: AITL (n=25), PTCL-NOS (n=6), EBV + CD8 +
T-LPD (n=5), EBV-CD8 + T-LPD (n=5), ALCL (n=1), and
ATLL (n=1). The cases with EBV +CD30 + CTCL, EBV +
SPTCL, and EBV+CD30+ T-LPD, which all expressed CD8+,
were included in EBV +CD8+ T-LPD; the case with SPTCL
was included in EBV-CD8+ T-LPD.

Clinical characteristics of MTX T-LPD
The 43 MTX T-LPD patients consisted of 30 men and 13
women with a median age of 66 years (range, 31-85).
Among them, 42 were treated for RA and one for polymyalgia rheumatica. Information of duration of MTX use was
available for 33 patients, and the median time was 4 years
(range, 0.5-21). For 6 of 16 patients with available data, iguratimoid, mizoribine, salazosulfapyridine, etanercept, and
bucillamine were used as immunosuppressive agents in addition to MTX. At the time of diagnosis, 38 patients (88%)
had lymphadenopathy, including 12 who also had extranodal
involvement. The remaining 5 patients (12%) had only
extranodal lesions as follows: skin (n=2), subcutis (n=1),
subcutis and abdominal cavity (n=1), and oral cavity (n=1).
T-cell and NK-cell PTLDs were reported to have a late onset
after organ transplantation. Satou et al., however, recently
reported that there was no significant difference in the MTXuse duration between MTX T- and B-LPD.6
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Fig. 1. Histological and immunohistochemical features of angioimmunoblastic T-cell lymphoma-type methotrexate-associated T-cell lymphoproliferative disorder (MTX-AITL).
MTX-AITL had diffuse and polymorphous infiltration of small- to medium-sized lymphocytes accompanied by
the proliferation of high endothelial venules. Small- to medium-sized lymphocytes were characterized by clear
cytoplasm (A: HE x 200, B: HE x 400). Immunohistochemically, the tumor cells were positive for PD1 (C: PD1 x
200). Scattered EBV-infected B cells were detected in the background (D: EBER x 200).

Therapy and prognosis for MTX T-LPDs

MTX-associated NK/T-LPDs

After the diagnosis of MTX T-LPD, MTX was immediately withdrawn in 40 patients and 33 (83%) presented with
SR (complete remission [CR] or partial response [PR]) after
cessation. Ten patients received cytotoxic chemotherapy as
the initial treatment, including two patients who developed
SR after MTX cessation. Eventually, 38 patients achieved
CR and two achieved partial response PR. Nine of the 40
patients had relapse or progression. Notably, all 10 CD8+
T-LPD patients achieved CR after cessation of MTX regardless of EBV positivity. Furthermore, none of these 10
patients relapsed or required cytotoxic chemotherapy during
their entire clinical course.

Only five cases of MTX NK/T-LPD have been described
thus far.2,7,16,17 The clinical features are summarized in Table
1. The five cases consisted of one male and four female
patients with a median age of 73 years (range, 55-85). The
primary sites were the nasal cavity (n=2), nose (n=1), gingiva
(n=1), and both lungs (n=1). The histological and immunohistochemical features are summarized in Table 2. The features of MTX-associated NK-LPD were identical to those of
extranodal NK/T-lymphoma. The size of lymphoma cells
varied from medium to large. One case with a detailed
description of histological features was accompanied by
necrosis. Immunohistochemically, all of the cases with data
were positive for CD3 and cytotoxic molecule (TIA-1 and/or
granzyme B). Two of three cases were positive for CD8,
one of three was positive for CD56, and all cases were EBV+.
These CD8+ MTX NK/T-LPDs may overlap with EBV+CD8+
MTX T-LPDs, and it was difficult to make a clear line
between the two. For that reason, we followed the diagnoses
given in the cited papers.
MTX was immediately withdrawn for all patients, and
they all presented with SR after cessation except for one
patient (case no.4) who received radiotherapy and achieved
CR. Case no.5 first presented partial response (PR), but the
tumor subsequently progressed. The patient received SMILE
therapy (combination of steroid, methotrexate, ifosfamide,

EBV infection in MTX T-LPDs
The EBV status was assessed in all of the previous cases.
Five of 43 cases had EBV+ tumor cells. Notably, all of the
EBV+ cases were exclusively CD8+ T-LPD (Figure 2D). A
recent paper revealed that patients with MTX T-LPDs had a
significantly lower proportion of EBV+ tumor cells than those
with MTX B-LPDs. Among the 38 EBV- cases in the present series, 32 (84%) had scattered EBV-infected B cells in the
background (Figure 1D). The reactivation of EBV in the
background B cells is suggestive of the immunodeficient status of the patients.
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Fig. 2. Histological and immunohistochemical features of EBV+CD8+ cytotoxic T-cell lymphoma (CTL)-type
methotrexate-associated T-cell lymphoproliferative disorder.
The EBV+CD8+ CTL type was characterized by the infiltration of medium-sized atypical lymphocytes (A: HE x
400). Immunohistochemically, tumor cells were positive for CD8 (B: HE x 400), TIA-1 (C: HE x 400), and
EBER (D: EBER x 400).

Table 1. Clinical features of methotrexate-associated NK/T-cell lymphoproliferative disorders
Case

Age/sex

Primary site

1
2
3
4

74/F
73/F
55/F
85/M

Nasal cavity
Gingiva
Nose
Nasal cavity

MTX duration
(years)
9.2
NA
NA
6

5

64/F

Bilateral lungs

12

First-line
Management
Off MTX
Off MTX
Off MTX
Off MTX
Radiotherapy
Off MTX

CR
CR
CR
CR

Recurrence or
progression
No
No
No
NA

Additional
therapy
No
No
No
NA

Alive, 21 mo
Alive, 18 mo
Alive, 36 mo
NA

PR

Yes

SMILE

Alive, under treatment 2 mo

SR

Res

+
+
+
+

Outcome

CR: complete response; F: female; M: male; mo: months; MTX; methotrexate; NA: not available; PR: partial response; SR: spontaneous
regression.

Table 2. Histological and immunohistochemical features of MTX-associated NK/T-cell lymphoproliferative disorders
Case
1
2
3
4
5

Age(y)/sex
74/F
73/F
55/F
85/M
64/F

Lymphoid size
NA
Pleo
Large
Med to Large
Med

CD3
NA
+
+
+
+

CD4
NA
+
ND
-

CD8
NA
+
ND
+

CM
NA
+
+
+
+

CD56
NA
equivocal
+

CM: cytotoxic molecule; EBV: Epstein-Barr virus; F: female; M: male; Med: medium; NA: not available; Pleo: pleomorphic
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l-asparaginase, and etoposide) as additional treatment. The
disease was evaluated as PR after two courses of SMILE
therapy, but there were no follow-up data.

HSTL IN PATIENTS WITH INFLAMMATORY
BOWEL DISEASE
Farcet et al. first described HSTL in 1990 as a PTCL of
γδ phenotype with tumor cells localized in the liver and
spleen.32 Subsequently, HSTL with a αβ phenotype was also
reported.33 The majority of HSTL cases express γδ T-cell
receptors, and only a minority of cases are the αβ type.
HSTL is a rare and fatal extranodal lymphoma that primarily
affects young men. It accounts for <1% of all non-Hodgkin
lymphomas and 1-2% of all PTCL cases. Patients typically
present splenomegaly and hepatomegaly. Bone marrow
involvement is detected in almost all patients. It is known
that 20% of HSTL cases develop during chronic immune
suppression, and 10% occur in individuals receiving thiopurines and/or TNF antagonists for IBD.1,19,34
Thiopurines (e.g. azathioprine and 6-mercaptopurine) and
TNF antagonists (e.g. infliximab, adalimumab, and etanercept) are now widely used for IBD patients, including those
with Crohn’s disease (CD) and ulcerative colitis (UC).
Herrinton et al.34 reported that IBD alone is not associated
with a risk of lymphoma. However, previous reports suggested that the use of thiopurines and TNF antagonists, alone
or in combination, was associated with an increased risk of
lymphoma in IBD patients.34-38 According to the report of
Herrinton et al., the majority of lymphomas developing in
IBD patients were B-cell lymphomas and HL. The T-cell
lymphomas in IBD patients were HSTL and mycosis fungoides, which accounted for 5% and 2% of the lymphomas arising in IBD, respectively.34 Considering that HSTL accounts
for only 1-2% of all PTCLs, using these immunosuppressive
agents may increase the risk for developing this rare
lymphoma.
We identified 52 previously reported cases of HSTL in
IBD patients.35,39-50 The pathological and clinical aspects of
HSTL in IBD are summarized below.

How MTX-associated T- and NK/T-LPDs should be
treated
As stated above, although some cases may relapse or
progress later, SR may be expected in the majority of MTX
T-LPD and NK/T-LPD cases. In particular, all of the CD8+
T-LPD patients achieved CR after MTX cessation without
relapse. It is well known that a significant proportion of
patients with MTX B-LPD and HL types present SR after
MTX cessation. 2-5,26 Therefore, chemotherapy cannot be
started immediately after the diagnosis of MTX B-LPD and
HL type. In addition, withdrawal of MTX should be the initial management after the diagnosis of MTX T-LPDs and
NK/T-LPDs, although a definite conclusion cannot be made
yet. For patients that do not exhibit SR, or develop relapse
or progression after SR, an aggressive therapy suitable for
each lymphoma subtype is needed.
Pathogenesis of MTX T- and NK/T- LPDs
The genetic and molecular characteristics of MTX T- and
NK/T-LPDs are unclear, and their pathogenesis remains to be
elucidated. Possible mechanisms of their tumorigenesis are
described below.
In general, regardless of cell lineage and EBV status, the
immunosuppressive state induced by MTX is considered a
common cause of MTX-associated LPDs. Feng et al.28 suggested another potential cause of EBV + MTX-associated
LPDs. They indicated that, in contrast to other causes of
immunodeficiency, MTX may directly reactivate latent EBV,
leading to the development of LPDs. However, most MTX
T-LPDs are negative for EBV in proliferative T- and
NK-cells, meaning that this model cannot directly be applied.
The majority of EBV- MTX T-LPDs had scattered EBVinfected B cells in the background; therefore, the function of
EBV-specific cytotoxic T lymphocytes may be suppressed
due to immunodeficiency.29 Thus, the reactivation of EBV
implies that the patients have an immune disorder and may
suppress any immune response to inhibit tumor growth.
In cases of EBV- CD8+ T-LPD, the proliferation of CD8+
cytotoxic T-cell lymphoma cells may be induced by the
growth of EBV-infected B cells. The CD8+ T-cells act to
prevent the transformation of EBV-infected B cells into a
B-cell malignancy. 30 In addition, Sandhu et al. 31 reported
that MTX preferentially affects subsets of CD8+ T lymphocytes. They revealed that, after treatment with MTX, there
was a significant decline in CD8 + IFNγ + and increase in
CD8+IL17+ T-cells. The ability of MTX to increase a subset
of CD8+ T-cells may also aid in the development of the CD8+
T-LPD type. Future studies are expected to clarify these
issues.

Clinicopathological findings of HSTL in IBD patients
The 52 cases of HSTL were in 46 male and 6 female IBD
patients with a median age of 23 years (range, 12-79).
Among the 52 patients, 45 were treated for CD and seven for
UC. All of the patients received thiopurines and/or TNF
antagonists, or other immunosuppressive agents. Eighteen
patients received only thiopurines, one received only TNF
antagonist, and 32 received both.
Histologically, all cases were consistent with the histopathological findings documented in HSTL. Namely, the
tumor cells were small to medium in size with pale cytoplasm (Figure 3A). In the spleen, the neoplastic cells
involved the cords and sinuses of expanded red pulp. The
liver demonstrated predominant sinusoidal infiltration
(Figure 3B). The bone marrow contained neoplastic cells in
most cases, and exhibited an interstitial and sinusoidal pattern of involvement. Immunohistochemically, most cases
were positive for CD3 (Figure 3C), CD8, and TIA-1 (Figure
3D). TCR expression was evaluated in 24 cases: γδ phenotype in 18 and αβ phenotype in 6 cases.
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Fig. 3. Histological and immunohistochemical features of hepatosplenic T-cell lymphoma.
The tumor cells were small to medium in size with pale cytoplasm (A: HE x 400). The liver exhibited predominant sinusoidal infiltration (B: HE x 200). Immunohistochemically, most cases were positive for CD3 (C: CD3 x
400) and TIA-1 (D: TIA-1 x 400). The photographs in Figure 3 were kindly provided by Dr. Ohshima, Kurume
University.

not exhibit SR and the patients received chemotherapy.40,42
As mentioned above, HSTL in IBD patients was characterized by a markedly poor prognosis. Although the number
of reported cases is small, SR after cessation of immunosuppressive agents was not expected. Therefore, the patients
should receive chemotherapy as first-line treatment.
Transplantation should be also considered because it may
improve the prognosis. Indeed, although the enrolled
patients were not limited to those with IBD, recent reports
revealed that long-term survival may be expected in HSTL
patients who receive SCT, particularly allogenic SCT. 48,51,52
The graft-versus-lymphoma effect conferred by allogenic
SCT was considered beneficial for the patients. In addition,
Yabe et al. reported that hyper CVAD, an intensive chemotherapy, may result in better survival than a non-hyper CVAD
regimen in HSTL patients.19

Overall, the clinicopathological findings of HSTL in IBD
patients were not notably different from those of HSTL in
immunocompetent patients.
Therapy and prognosis for HSTL in IBD patients
Information on the treatment and outcome was available
for 47 of the 52 previously reported cases. Most patients
received chemotherapy such as CHOP (combination of
cyclophosphamide, vincristine, Adriamycin, and prednisolone), hyper CVAD (combination of cyclophosphamide, vincristine, doxorubicin, and dexamethasone), IVAC (combination of ifosfamide, etoposide, and cytarabine), and ICE
(combination of ifosfamide, carboplatin, and etoposide).
The outcomes of the patients were markedly poor. Only
eight of 47 patients were alive at the time of the last followup. Information on transplantation was available for 27
cases. Eight patients received allogenic stem cell transplantation (SCT), five received autologous SCT, three received
allogenic bone marrow transplantation, and 11 did not
undergo transplantation. Among the 14 patients who
received transplantation, seven were alive at the time of the
last follow up. On the other hand, two of the 11 patients
who did not receive transplantation were alive. In some
cases, immunosuppressive drugs were withdrawn as the initial management after diagnosis. However, the tumor did

CONCLUSION
In this review, we mainly focused on summarizing the
clinicopathological characteristics of MTX T-LPDs, MTX
NK/T-LPDs, and HSTL in patients with IBD. The MTX
T-LPD cases mainly consisted of three types: AITL, PTCLNOS, and CD8 + T-LPD. The EBV + rate of MTX T-LPDs
was 12%, which is significantly lower than that for MTX
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B-LPDs. Notably, all of the EBV+ cases were CD8+ T-LPDs.
SR may be expected in the majority of MTX T-LPD and NK/
T-LPD cases. In particular, all of the CD8+ T-LPD patients
achieved CR after MTX cessation and none of the patients
experienced relapse. As for the MTX B-LPD and HL type,
withdrawal of MTX should be the initial management for
MTX T-LPD and NK/T-LPD patients after diagnosis. In
patients with IBD, the use of thiopurines and/or TNF antagonist may increase the risk for developing HSTL. The clinical and pathological features of HSTL in IBD overlap with
those of HSTL in immunocompetent patients.
Due to the rarity of T-cell and NK-cell OIIA-LPDs, the
number of previously reported cases is limited; therefore,
more cases are needed to further clarify their features.
Moreover, the molecular features and mechanism of pathogenesis remained to be elucidated.
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