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ABSTRACT
ﬁ Ithough it is known that B-cell lymphomas occur more frequently

in immunocompromised patients, thus far such an association has
ot been clearly established for T-cell lymphomas. Of the 251
patients who were diagnosed with a T-cell non-Hodgkin lymphoma in
our center between 1999 and 2014, at least 25 were identified in
immunocompromised patients. Herein, we retrospectively analyzed the
clinical and pathological characteristics of these 25 cases. In addition, we
searched the literature and present an overview of 605 previously pub-
lished cases. The actual number of patients with B-cell chronic lympho-
cytic leukemia and patients on immunosuppressive drugs for inflamma-
) tory bowel disease or rheumatoid arthritis in the total cohort of 251
Correspondence: patients diagnosed with T-cell non-Hodgkin lymphoma was much high-
m.j.kersten@ame.uva.nl er than the number of patients expected to Kave these diseases in this
cohort, based on their prevalence in the general population. This, togeth-
er with the large number of additional cases found in the literature, sug-
_ gest that the risk of developing T-cell non-Hodgkin lymphoma is
Received: May 3, 2017. increased in immunocompromised patients. Compared to T-cell non-
Accepted: December 13, 2017. Hodgkin lymphoma in the general population, these lymphomas are
Pre-published: December 21, 2017. more often located extranodally, present at a younger age and appear to
: have a poor outcome. The observations made in the study herein should
raise awareness of the possible development of T-cell non-Hodgkin lym-
doi10.3324,/ haematol.2017.169987 phoma in immunodeficient patients, and challenge the prolonged use of
immunosuppressive drugs in patients who are in clinical remission of
Check the online version for the most updated  their autoimmune disease.
information on this article, online supplements,
and information on authorship & disclosures:
www.haematologica.org/content/103/3/486

Introduction

©2018 Ferrata Storti Foundation It has long been recognized that patients with either a primary or acquired

Material published in Haematologica is covered by copyright. immunodeficiency are at increased risk for the development of malignant lym-
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condiions: ple, can develop post-transplant lymphoproliferative disease (PTLD);’ patients
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phoma.*®* Moreover, this complication is seen in patients with autoimmune dis-
eases like rheumatoid arthritis (RA), primary Sjogren syndrome and systemic lupus

mercial purposes is not allowed without permission in writing erythematosus. However, it is not clear whether the lymphomas in these patients
from the publisher. are triggered by chronic inflammation caused by the disease itself or by the

(immunosuppressive) therapies used.“s. In all the groups studied, the reported lym-
T phomas are predominantly of B-cell origin.>*"'
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T-cell non-Hodgkin lymphoma arising in patients with immunodeficiencies

Table 1. Patient characteristics. ®
Primary disorder Sex Age Disorder Location Histologic Staging*  Prior IS drugs Period Interval
at Dx defined lymphoma subtype or chemotherapy given  start IST- Dx (m)
Al diseases 1 male 23 CD Kidney Precursor T-LBL IE Prednisolone NR NR
Azathioprine >2y NR
2 female 20 CDand PSC Skin  Primary C-CD30+ T-LPD 1A Adalimumab 12y NR
3 male 46 CD Liver HSTCL \% Azathioprine NR NR
4 male 21 CD  Spleen, BM,liver ~ PTCL, NOS I\ Azathioprine >2y 44
Prednisolone NR NR
5 male 39 CD LN Precursor T-LBL 11 Azathioprine >2y 210
6 male 43 CD Small bowel, PTCL, NOS \% Prednisolone NR NR
kidneys, pancreas, Azathioprine >2y NR
heart Infliximab 12y NR
Adalimumab >2y NR
7 female 36 CD LN, pelvic cavity, skin ~ ALCL, ALK- 11 Azathioprine >2y 173
8 female 40 RA Nasopharynx ~ ENKL, nasal type I Methotrexate >2y NR
9 male 52 RA Skin Mycosis Fungoides 1A Etanercept 12y 18
10 female 75 RA LN, spleen, liver AITL 1\% Methotrexate 6-12m 6
11 male 70 PMR LN, spleen, bone AITL \% Prednisolone >2y 60
12 male 54 M. Sjogren Skin Mycosis Fungoides 1A Prednisolone 12y 13
13 male 43 Sarcoidosis LN, liver AITL 111 NR
14 male 46 PSC LN ALCL, ALK* 11 Prednisolone >2y NR
(small cell variant)
Hematologic 1 male 81 B-CLL PB T-PLL I\ Chlorambucil NR 92
malignancy 2 male 62 B-CLL Skin Primary C-CD30* T-LPD 1A NR
3 male 78 B-CLL,AIHA LN, PTCL, NOS IV Chlorambucil NR NR
and MN spleen, BM Prednisolon NR NR
Cyclophosphamide NR NR
Rituximab NR NR
PI3K-inhibitor 12y 21
4 male 59  Multiple BM, spleen, liver PTCL, NOS \% Cyclophosphamide  6-12 m 10
myeloma Prednisolone NR NR
and ASCT CT, multiple courses ~ NR 143
5 male 75 Mantlecell LN, lung ALCL, ALK- \% Cyclophosphamide ~ 3-6 m 13
lymphoma Rituximab 3-6 m 13
Fludarabine 3-6 m 13
Peginterferon 6-12 m NR
6 male 75 B-CLL Spleen PTCL, NOS [ Chlorambucil >2y 165
Organ 1 male 70 KidneyTx, Medulla Clonal T-cell \Y MMF <3m 5
transplantation MN oblongata,  population in liquor, Prednisolone 3-6m 5
pons  CNS lymphoma at imaging Tacrolimus 3-6m 5
Chlorambucil NR NR
Cyclophosphamide NR NR
Prednisolone NR NR
2 male 71 KidneyTx  Small bowel ALCL, ALK- IIIE Prednisolone >2y 367
MS >2y 367
Azathioprine >2y 367
Tacrolimus >2y 367
3 female 46 Liver Tx LN, bone marrow EBV+ PTCL, NOS \% Tacrolimus >2y 95
4 male 78 Kidneytx Small bowel T-NHL, unclassifiable \% Prednisolone >2y 315
Azathioprine >2y 315
HIV 1 male 26 HIV LN, lung ALCL, ALK- I None
*For cutaneous lymphomas the tumornode-metastasis-blood (TNMB) system was used. All other lymphomas were staged by the Ann Arbor staging system. Al: autoimmune;
AIHA: autoimmune hemolytic anemia; AITL: angioimmunoblastic T-cell lymphoma; ALCL: T-cell anaplastic large cell lymphoma; ALK: anaplastic lymphoma kinase; ASCT: autol-
ogous stem cell transplant; B-CLL: B-cell chronic lymphatic leukemia; BM: bone marrow; CT: chemotherapy; CD: Crohn’s disease; Dx: diagnosis; EBV: Epstein-Barr virus; ENKL: extra-
nodal NK/T-cell lymphoma; HIV:human immunodeficiency virus; HSTCL: hepatosplenic T-cell lymphoma; IQR: interquartile range; IS(T): immunosuppressive (therapy); LN:lymph
nodes; MMF: mycophenolate mofetil; MS: mycophenolate sodium; MN: membranous nephropathy; NR: not recorded/retraceable; PB: peripheral blood; PMR: polymyalgia rheumat-
ica; Primary C-CD30* T-LPD: primary cutaneous CD30* T-cell lymphoproliferative disease; PSC: primary sclerosing cholangitis; PTCL,NOS: peripheral T-cell lymphoma, not otherwise
specified; RA: rheumatoid arthritis; FLBL: T-cell lymphoblastic lymphoma; T-PLL: T-cell prolymphocytic leukemia; TNHL: T-cell non-Hodgkin lymphoma; Tx: transplantation.
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Much less is known about the development of T-cell
non-Hodgkin lymphomas (T-NHL) in patients with
immunodeficiencies or autoimmune diseases. For HIV
patients and solid organ transplant recipients some large

case series and reviews on T-NHL have been published.*
*In IBD patients, the development of a specific and rare
subtype of T-NHL, hepatosplenic T-NHL (HSTCL), has
been associated with the use of thiopurines, either alone

Table 2. Patient and lymphoma characteristics, ordered by primary disorder.

Al disease Hematologic malignancy Solid organ Tx
Number of cases Total: 14 Total: 6 Total: 4 Total: 1 25
CD: 7 (50%) B-CLL: 4 (66.7%) Kidney: 3 (75%)
RA: 3 (21.4%) MCL: 1 (16.7%) Liver: 1 (25%)
Sarcoidosis: 1 MM: 1 (16.7%)
(7.1%)
PR:1(7.1%)
M. Sjogren: 1 (7.1%)
PSC: 1 (7.1%)
Median age Dx (y [IQR]) 43 (33-53) 75 (61-79) 71 (52-76) 26 52 (40-73)
Sex
Male 10 (71.4%) 6 (100%) 3 (75%) 1 (100%) 20 (80%)
Female 4 (28.6%) - 1 (25%) - 5 (20%)
IS therapy IST: 13 (92.9%) CT: 5 (83.3%) IS: 4 (100%) No IS: 1(100%) IST: 17 (68%)
or chemotherapy NR: 1 (7.1%) NR:1 (16.7%) CT: 5 (20%)
No IST: 1 (4%)
NR:2 (8

Median interval start
drugs — Dx (m [IQR])
Duration of IST or

44 (13-173)

3-6 m:-

92 (17-154)

3-6 m: -

205 (27.5-354)

3-6 m: 1 (25%)

76 (143-171)

3-6 m: 1 (4%)

CT (treatment 6-12 m:1 (7.1%) 6-12 m: 2 (33.3%) 6-12 m: - 6-12 m: 3 (12%)
longest given) 1-2y:3 (21.4%) 1-2y: 1 (16.7%) 1-2y: - 1-2 y: 4 (16%)
>2y:8 (57.1%) >2y: 1 (16.7%) >2y: 3 (75%) >2y: 12 (48%)
NR: 2 (14.3%) NR: 2 (33.3%) NR: - NR: 4 (16%)
Histologic subtype CTCL: 3 (21.4%) PTCL, NOS: 3 (50%) PTCL, NOS: 1 (25%) ALCL, ALK-: 1 (100 %) PTCL, NOS:
AITL: 3 (21.4%) CTCL: 1 (16.7%) T-NHL, unclass: 1 (25 %) 6 (24%)
PTCL,NOS: 2 (14.3%)  ALCL,ALK-1(16.7%)  ALCL,ALK-: 1 (25%) ALCL, ALK-:
Prec T-LBL: 2 (14.3%) T-PLL: 1 (16.7% Clonal T-cell population 4 (16%)
ALCL, ALK+ : 1 (7.1%) in liquor: 1 (25%) AITL:3 (12%)
ENKL: 1 (7.1%) CTCL: 4 (16%)
HSTCL: 1 (7.1%) Prec T-LBL:
ALCL, ALK-: 1 (7.1%) 2 (8%)
ALCL, ALK+ :
1 (4%)
ENKL: 1 (4%)
HSTCL: 1 (4%)
T-PLL: 1 (4%)
Clonal T cell
population in
liquor: 1 (4%)
T-NHL, unclass:
1 (4%)
Location LN: 5 (35.7%) LN: 3 (50%) LN: 1 (25%) LN: - LN: 9 (36%)

EN: 13 (92.9%)

Exclusive EN: 9 (64.2%)

EN: 5 (83.3%)
Exclusive EN: 3 (50%)

EN: 4 (100%)
Exclusive EN: 3 (75%)

EN: 1 (100%)
Exclusive EN: 1 (100%)

EN: 23 (92%)
Exclusive EN:
16 (64%)

continued in the next page

- 488 haematologica | 2018; 103(3)



T-cell non-Hodgkin lymphoma arising in patients with immunodeficiencies

or in combination with tumor necrosis factor (TNF)-a
inhibitors.** Even less is known about the development
of T-NHL in patients with other immunodeficiencies, as
only case reports and some small case series have been
published.

Herein, we present a relatively large series of 25
immunodeficient patients in whom T-NHL was diag-
nosed in a single referral center in the period 1999 to
2014. In this cohort study, we describe the clinical charac-
teristics of these cases and correlate them to the patholog-
ical features of T-NHL. Furthermore, we present a review
of the literature on T-NHL in immunocompromised
patients. To the best of our knowledge, this is the largest
series of T-NHL in patients with varying causes of
immunodeficiency reported so far.

Methods

Histopathological material and reports from patients treated in
or referred to the Academic Medical Center in Amsterdam are
stored prospectively in a database. This database was queried for
samples on which a T-cell receptor (TCR) gene rearrangement
analysis was performed between 1999 and 2014. In our center,
analysis of TCR gene rearrangement on tumor tissue is standard
practice in the workup if T-NHL is suspected. In cases where the
diagnosis of T-NHL was confirmed by histology, molecular testing
and clinical features, the corresponding clinical data were searched
for the presence of immunodeficiency prior to the diagnosis of T-
NHL. For all cases, the biopsies were reviewed and immunohisto-
chemical stains for CD2, CD3, CD4, CD5, CD8, granzyme B,
PD1, CD30, ALK1, CD21, CD20, TdT, CD56 and in situ hybridiza-
tion for Epstein-Barr virus (EBV)-encoded coded ribonucleic acid
(RNA; EBER) were analyzed. If these were not performed in the
routine diagnostic work-up (especially in older cases), they were
additionally performed for this purpose. The lymphomas were
(re)classified according to the World Health Organization (WHO)
2008 classification of lymphoid malignancies.” Clinical informa-

continued from the previuos page

tion for all patients was collected in an anonymized database. The
survival status and the cause of death were determined at the cut-
off date of April 1, 2015. For staging, the Ann Arbor system was
used for all patients, with the exception of those with cutaneous
lymphomas, for whom the Mycosis Fungoides Cooperative
Group (MFCG) tumor-node-metastasis (TNM) staging system of
cutaneous T-NHL was used.* Statistical analyses of the data were
performed using SPSS (version 23.0 for Windows).

A search in PubMed was performed to find additional cases of
T-NHL in patients with varying causes of immunodeficiency using
the following search terms: “Immunocompromised”, “immunod-
eficiency”, “decreased immunity”, “reduced immunity”, “HIV”,
“autoimmune disease”, “rheumatoid arthritis”, “IBD”, “inflamma-
tory bowel disease”, “Crohn”, “ulcerative colitis”, “hematologic
malignancy”, “Hodgkin”, “Waldenstrém”, “B-cell lymphoma”, “B-
cell lymphoma”, and “leukemia”. These terms were combined
using the “AND”-function with the search terms: “T-NHL”, “T-cell
lymphoma”, “peripheral T-NHL”, “peripheral T-cell lymphoma” or
“PTCL”. When available, Medical Subject Headings (MeSH) terms
were used. In order to be included in the review herein, the cases
of patients were required to have a pre-existing immunodeficien-
cy due to HIV, immunosuppressive therapy, hematologic malig-
nancies or a primary immunodeficiency before they developed a
T-NHL. Reference lists of selected articles were used to identify
additional articles. Articles published in a language other than
English were excluded. Articles using earlier published cases were
checked and duplicate cases were eliminated. Since more compre-
hensive reviews describing case series and previously published
cases are available in the literature for T-NHL occurring in solid
organ transplant recipients or in HIV patients, only these papers
were included.

Results
Patients’ characteristics

A total of 251 T-NHL cases were found in our
histopathological database. Forty-two cases, for which no

Extranodal sites BM/Bone: 4 BM/Bone: 2 BM/Bone: 1 Lung: 1 BM/Bone: 7 (28%)
Skin: 4 Skin: 1 Bowel: 2 Skin: 5 (20%)
Liver: 4 Liver: 1 Heart: 1 Liver: 5 (20%)
Nasopharynx: 1 PB: 1 CZS: 1 Spleen: 3 (12%)
Bowel: 1 Spleen: 2 Bowel: 3 (12%)
Lung: 1 Lung: 1 Lung:3 (12%)
Heart: 1 Heart: 2 (8%)
Pancreas: 1 Pancreas: 2 (8%)
PCO:1 PB:1 (4%)
PCO: 1 (4%)
CZS: 1 (4%)
Stage*
Il 7 (50%) 1 (16.7%) - 1 (100%) 9 (36%)
Y 7 (50%) 5 (83.3%) 4 (100%) - 16 (64%)
Median survival (m) 62 72 8 96 113

*For cutaneous lymphomas the TNMB system was used. All other lymphomas were staged by the Ann Arbor staging system. Al: autoimmune; AITL: angioimmunoblastic T-cell
lymphoma; ALCL: anaplastic large cell lymphoma; B-CLL: B-cell chronic lymphatic leukemia; BM: bone marrow; CT: chemotherapy; CD: Crohn’s disease; Dx: diagnosis; CTCL: pri-
mary cutaneous T-cell lymphoma; EN: extranodal; ENKL: extranodal NK/T cell lymphoma; HIV: human immunodeficiency virus; HSTCL: hepatosplenic T-cell lymphoma; IS(T):
immunosuppressive (therapy); LN: lymphnodes involved; MCL: mantle cell lymphoma; MM: multiple myeloma; NR: not recorded/retraceable; PB: peripheral blood; PCO: pelvic
cavity organs; PR: polymyalgia rheumatica; Prec TLBL: precursor T-cell lymphoblastic lymphoma; Prim. C-CD30* TLPD: primary cutaneous CD30* T-cell lymphoproliferative dis-
ease; PSC: primary sclerosing cholangitis; PTCL, NOS: peripheral T-cell lymphoma, not otherwise specified; RA: rheumatoid arthritis; TNHL: T-cell non-Hodgkin lymphoma;T-PLL;

T-cell prolymphocytic leukemia; Tx: transplantation.
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clinical data were available, were excluded (see flowchart,
Figure 1). Twenty-five of the remaining 209 cases (12%)
were identified in patients with an immunodeficiency.
Table 1 and Table 2 give an overview of the clinical char-
acteristics, ordered by the underlying disorder in the latter.
The majority of cases of T-NHL were found in patients
with an auto-immune disease (56%). Other underlying
disorders were hematologic malignancies (24%), solid
organ transplantation (16%) and HIV infection (4%).
Previously published case reports and case series are sum-
marized in Online Supplementary Table S1, also ordered by
the underlying disorder. For comparison, in our PubMed
search 605 cases of immunodeficiency-related T-NHL
were identified, of which 201 occurred in patients with
HIV infection (33%), 197 in transplant recipients (33%),
143 in patients with underlying autoimmune diseases
(24%), 55 following previously treated hematologic malig-
nancies (9%) and nine in patients with a primary immun-
odeficiency (1%).

In our series, T-NHL occurred at a median age of 52
years (interquartile range 39.5-73), which is nine to ten
years younger than that observed in studies on T-NHL in
the general population.”” Patients with Crohn’s disease
and HIV were younger than patients with hematologic
malignancies and solid organ transplantations. This is con-

Cases of T-NHL in period
1999-2014
N= 251

sistent with the literature on HIV and PTLD, in which the
mean/median ages reported were 38-39 and 43.5-57.5
respectively.'#*>7%

In line with these studies, we found a male predomi-
nance (80%).1*"%77%%%” Most patients had been treated
with either immunosuppressive therapy or chemotherapy
prior to the diagnosis of lymphoma (88%). For patients for
whom information was available regarding the exact start
date of the therapy with immunosuppressive or
chemotherapeutic agents, the median interval between
the start of the immunosuppressive treatment and the
time of diagnosis was 76 months (interquartile range 14.3-
171; N=16). In all patients for whom the duration of the
drug use could be deduced from the clinical records, 60%
had used one or more immunosuppressive or chemother-
apeutic agents for at least two years (N=20). In all 25
patients, most (60%) had used prednisolone for varying
periods. Azathioprine was used by 32%, including 86 % of
the patients with Crohn’s disease; those for whom it was
documented (7 out of 8) used this drug for longer than two
years. Drugs somewhat less frequently used were chlo-
rambucil and cyclophosphamide (both 16%), mostly by
patients with hematologic malignancies, and tacrolimus
(12%) by solid organ transplant recipients. A few patients
had been treated with adalimumab, infliximab, rituximab,

Unavailable clinical data
N=42

Clinical data available
N= 209

No immunodeficiencies

N= 184
Presence of
immunodeficiencies
N= 25
Figure 1. Cases included. Flowchart of
inclusion of cases of T-NHL in patients
with immunodeficiencies due to an under-
lying disorder or immunosuppressive
Al disease Hem. ma- SOT HIV drugs in the period 1999-2014. Al: autoim-
_ . _ _ mune; Hem. malignancy: hematologic
N= 14 lignancy N=4 N=1 malignancy; HIV: human immunodeficien-
N=6 cy virus; SOT: solid organ transplantation;

T-NHL: T-cell non-Hodgkin lymphoma.
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mycophenolate mofetil or sodium, a phosphatidylinositol
3-kinase (PI3K) inhibitor or pegylated interferon (PEG-
INEF).

In the cases reported in the literature, the use of thiop-
urines was also widespread (63% of all patients with
autoimmune diseases and 86% of patients with IBD)
(Table 3). TNF-a inhibitors like adalimumab, infliximab
and etanercept were, in contrast to our series, the most
frequently used drugs in patients with autoimmune dis-
eases; 86% was treated a TNF-a inhibitor, often in combi-
nation with thiopurines (63% of this group). In the case
reports concerning hematologic malignancies most
patients were treated with a chemotherapeutic regime
containing multiple agents (56 %) and a few with chloram-

bucil only (6%) (Table 3).

Lymphoma characteristics

An overview of the histological characteristics of the
lymphomas of our patients and those reported in the liter-
ature is provided in Table 2 and Table 4, respectively. T-
NHL were morphologically and immunophenotypically
highly variable. In our series, peripheral T-NHL (PTCL-
NOS), was seen most frequently (24%), followed by
anaplastic lymphoma kinase (ALK)-negative T-cell
anaplastic large cell lymphomas (ALCL) (16%). There
were three cases (12%) of angioimmunoblastic T-NHL
(AITL), limited to the group of patients with autoimmune
diseases. We saw only one case of HSTCL. This distribu-
tion was comparable to that in the general European pop-
ulation.” However, between the subtype distribution in
the reported cases and that in the general population there
were some differences. Most notable were the high fre-
quency of primary cutaneous T-NHL in the immunocom-
promised patients (29% vs. 1.7 %), a more frequent occur-
rence of HSTCL (12% vs. 1.4%), and the relative lack of
AITL cases (1% vs. 18.5%) in this group.”

There was no predominance of either CD4" or CD8"
lymphomas. Of the 19 cases in which CD4/CD8 staining
had been carried out, seven (36.8%) were CD8*, six
(31.6%) were CD4*, three (15.8%) were CD4*CD8*, and
three cases (15.8%) were CD4CD8. EBER was per-
formed in 23 lymphoma cases and the majority was neg-
ative (91.3%). EBER was positive in two cases (8.7 %), one
of which concerned extranodal natural killer (NK)/T-cell
lymphoma and the other involving PTCL-NOS with EBV-
positive T cells and concurrent EBV-positive B-cell blasts.

Table 3. Use of drugs in cases reported in the literature.

In two other cases, both AITL, the malignant T cells were
negative, but the B-cell compartment was EBV-positive.
Figure 2 shows an example of a PTCL-NOS in a patient
with B-cell chronic lymphocytic leukemia (B-CLL) as the
underlying disorder.

Extranodal involvement was observed in the vast major-
ity of patients (92%), and 16 patients (64%) showed an
exclusively extranodal localization of the lymphoma. The
most commonly involved organs were the bone marrow
or bone, skin, liver, spleen, small bowel and lung. The
heart, pancreas, peripheral blood, pelvic cavity organs and
central nervous system were affected in some cases (Table
2). This rate of extranodal involvement is higher than the
65-72% which has been reported in the general, immuno-
competent population,®*and is consistent with more fre-
quently occurring extranodal localizations of B-cell lym-
phomas in patients with either primary or acquired
immunodeficiencies.>”**!

The majority of patients had Ann Arbor stage III/IV dis-
ease at presentation (64%). The four patients staged
according to the MFCG TNM staging system of cutaneous
T-cell lymphomas had stage I or II disease.

Treatment and outcome

As shown in Table 5, in our series lymphoma treatment
was very heterogeneous due to the different histological
subtypes and clinical stages of disease.

After a median follow-up of six years, 15 patients had
died. The median overall survival (OS) was 11.3 months
(table 2) and the 1- and 5-year survival rates were 47 %
(95% confidence interval (CI) 27-67 %) and 31% (95% CI
7-55%), respectively. This is somewhat lower than the 5-
year survival rate reported in patients with T-NHL in the
general population (38-49%),”%** and consistent with a
worse survival of HIV and post-transplant patients with T-
NHL."**"* Since worse outcomes have been reported for
certain histological subtypes as compared to others,***
outcomes were calculated separately for the total number
of patients with PTCL-NOS, AITL and HSTCL (n=10).
The median OS in this group was 7.5 months with a 5-
year survival rate of 20% (95% CI -6-46%), which is
indeed lower than the median OS of 60 months and the 5-
year survival rate of 41% (95% CI 8-74%) in patients with
the remaining histological subtypes.

Twelve of the 15 deceased patients died within four
months following diagnosis. The main causes of death, in

Nr pts TNF-ai  Thiop TNF-cui + thiop MTX
IBD 64 60 55 48 2 - -
Other AID 79 63 35 30 11
Total 143 123 90 78 13 6 5
HM Nr pts CT CAonly Melfalan None NR
CLL 44 20 3 - 13 8
Other HM 11 9 - 1 1 -
Total 55 29 3 1 14
Other ID None
9

AID: autoimmune disease; CA: chlorambucil; CLL: chronic lymphocytic leukemia; CsA: cyclosporine A; CT. chemotherapy, multiple agents; HM: hematologic malignancies; IBD:
inflammatory bowel disease; ID: immunodeficiencies ; MTX: methotrexate; Nr pts: number of patients; Thiop: thiopurines; TNF-ai: TNF-a inhibitors.
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Table 4. Distribution of histologic subtypes in cases reported in the literature.

HIV Post tx AID HM Other ID Total
ALCL 52 16 12 3 1 84
ALK+ 2 4 2 2 10
ALK - 27 3 1 1 32
ALK NR 23 12 7 42
AITL 2 3 1 6
ATLL 11 6 17
CTCL 48 48 34 39 4 173
EATL 1 1
ENKL 1 8 3 1 13
HSTCL 1 23 47 1 1 73
IVL 1 1
NKL 6
NKTCL 10 14
Prec T-LBL 8
PTCL, NOS 76 53 10 2 146
SPTCL 3 1 9
T-LGL 9
Other T-NHL 11 34 45
Total 201 197 143 55 9 605

AID: autoimmune disease; AITL: angioimmunoblastic T-cell lymphoma; ALCL: anaplastic large cell lymphoma, systemic; ALK: anaplastic lymphoma kinase; ATLL: adult T-cell
leukemia/lymphoma; CTCL: primary cutaneous T-cell lymphoma; EATL: enteropathy-associated T-cell lymphoma; ENKL: extranodal NK/T-cell lymphoma; HM: hematologic malig-
nancies; HSTCL: hepatosplenic T-cell lymphoma; ID: immunodeficiency; IVL: intravascular lymphoma; NKL: natural killer cell lymphoma(/leukemia); NKTCL: natural killer/T-cell
lymphoma; NR: Not recorded or not known; PTCL, NOS: peripheral T-cell lymphoma, not otherwise specified; Prec T-LBL: precursor T-cell lymphoblastic lymphoma; SPTCL: sub-
cutaneous panniculitis-like T-cell lymphoma; FLGL: T-cell large granular lymphocytic leukemia; FNHL: T-cell non-Hodgkin lymphoma; tx: transplantation.

those cases for which this information was available, were
lymphoma progression (N=6) or sepsis (N=2). One patient
developed two other malignancies and the exact cause of
death remained unknown.

Discussion

In the general population, T-cell neoplasms are uncom-
mon, representing about 5 to 10% of all NHL in Western
countries.” While B-cell lymphomas are known to occur
more frequently in transplant recipients and in patients
with IBD, HIV or autoimmune diseases,***"" for T-NHL
this data has not been elucidated as of yet. Since T-NHL
are tumors of the immune system, akin to B-cell lym-
phomas, it is likely that the risk of developing a T-NHL is
also increased in patients with an impaired immune sys-
tem. However, a higher incidence of T-NHL has only been
reported for a few specific patient groups, including HIV
patients,"" solid organ transplant recipients'” and patients
with a history of coeliac disease, psoriasis or eczema.*
Furthermore, a higher incidence of the rare hepatosplenic
T-NHL has been documented in IBD patients on thiop-
urines.”

The present study of 25 patients is the largest case series
of T-NHL in patients with varying causes of acquired
immunodeficiencies published thus far. These 25 patients,
diagnosed at our center between 1999 and 2014, consti-
tute 12% of the total number of cases of T-NHL in which
clinical data were available. Three of these 25 patients
developed AITL, which may be accompanied by autoim-

mune features such as arthritis and synovitis, and can
therefore resemble RA.* The autoimmune diseases in
these three patients were RA, polymyalgia rheumatica
and sarcoidosis, which had been diagnosed 30 years, five
years and three years, respectively, prior to the diagnosis
of AITL. These lengthy intervals signify that it is most
unlikely that they were manifestations of the AITL itself,
since arthritis occurring more than six months in advance
of the diagnosis is extremely uncommon.”

To determine whether T-NHL occurs more often in
immunocompromised patients than in the general popula-
tion, the prevalence of patients with an immunodeficiency
within the cohort of patients with T-NHL should be com-
pared to the prevalence of patients with an immunodefi-
ciency in the general population. Since no data are avail-
able on the overall prevalence of immunodeficiencies in
the general population, we compared the frequencies of
specific underlying disorders in the Dutch context. We did
this for IBD, B-CLL and RA, the three most consistent
underlying disorders which we witnessed, apart from
solid organ transplantation for which an association with
the occurrence of T-NHL is already known.”"** Based on
a prevalence of IBD in 432 patients per 100,000 inhabi-
tants in 2010, we would expect that 0.90 of the 209 T-
NHL would occur in patients with IBD, compared to the
seven we actually found. For B-CLL, a prevalence of 5,061
patients (average number in 2013/2014)” out of a total
population of 16,829,289%leads to an expectation of 0.063
patients with B-CLL in our cohort, within which we iden-
tified an actual number of four patients. A similar calcula-
tion for RA, which had a prevalence of 116,000 patients in
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Figure 2 . The hematoxylin and eosin stain shows large atypical cells in a background of small monomorphic lymphocytes. (A) The large atypical cells are positive
for CD3 (B) and show loss of expression of CD5. (C) The small lymphocytes in the background are B-cells (CD20) with co-expression of CD5 (D), consistent with resid-

ual B-CLL in the background of this T-cell lymphoma.

2011¥ out of a population of 16,574,989* leads to an
expected number of 1.46 compared to an actual number of
3 patients. The numbers of expected cases for IBD and RA
are probably overestimated, since the prevalence of IBD
and RA in the general population that we used for these
calculations also included all non-treated patients, who
were excluded in our case series. Regarding RA, it is
known that only about 10% of the patients with this dis-
ease who are registered are treated by a rheumatologist or
other medical specialist, which generally corresponds
with the use of immunosuppressive drugs.”’ Using this
information, when we recalculated the expected number
of patients with RA in our cohort, we found a number of
only 0.146 compared to the actual number of three. The
probability of observing a certain number of cases, given
an expected number of cases, can be calculated via the
Poisson distribution. By using this method, we found a
probability of 4.34E-05 that at least seven cases of IBD
would occur given an expected number of 0.90. The prob-
ability of at least four cases of B-CLL compared to an
expected number of 0.063 is 6.24E-07. For RA the proba-
bility of three cases occurring is 0.00047 when the expect-
ed number is 0.146. These calculations, even when bear-
ing in mind the referral bias of our center, suggest that for
B-CLL patients and those on immunosuppressive drugs
for the treatment of IBD and RA, the risk of developing a
T-NHL is higher than in the general population.
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Taking into account the additional 596 cases we found
in the literature of T-NHL in patients with impaired
immunity due to HIV, hematologic malignancies and
immunosuppressive drugs, this observation might be
extrapolated to all patients with secondary immunodefi-
ciencies. Whether patients with primary immunodefi-
ciencies are also at risk for developing T-NHL is less clear,
since we found only nine such cases in the literature. In
this particular group of patients polyclonal T-cell prolifer-
ations are seen more often than overt T-cell lymphomas.®

The pathogenesis of T-NHL in immunodeficient
patients is unclear. In our series the majority of lym-
phomas were EBV-negative, suggesting that, in contrast to
B-cell lymphoproliferative disorders in immunocompro-
mised patients, EBV does not play a role in this setting.
Infection by other viruses, such as human T-lymphotropic
virus type 1 (HTLV1) and human herpes virus (HHV)-6,
possibly plays a role in development, as is suggested for T-
cell PTLD.** Another possible mechanism is that immune
dysfunction contributes to lymphomagenesis by dimin-
ished immunosurveillance when malignant mutations
arise in lymphoid cells due to other causes, for instance
chronic antigenic stimulation or environmental factors,
including mutagenic effects of chemotherapeutic or
immunosuppressive drugs.”* Furthermore, a common
biological basis of the first and second malignancy in
hematologic malignancies has been suggested, ie., due to
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malignant transformation of a stem cell with the capacity
to differentiate in either a B- or a T-NHL or a shared genet-
ic predisposition for the two lymphomas.** An example
of this is the ten-eleven translocation 2 (TET2) mutation.

Table 5. Treatment and outcome.

TET2 is a dioxygenase that plays an important role in
hematopoietic stem cells and progenitor cells by catalyz-
ing multiple steps of 5-methylcytosine oxidation. TET2
mutations are commonly found in myeloid cancers, in

First-line therapy Second-line therapy R Cause of death
PTCL, NOS None, confirmation Death 0 Sepsis
diagnosis after death (mycobacterial
infection)
PTCL, NOS None, palliative treatment Death <l Rapid progression
PTCL, NOS None, diagnosis at autopsy Death 0 MOF and ARDS, high
lymphoma load
PTCL, NOS Cytarabine, idarubicine PR DHAP-VIM-DHAP PD Death 4 Refractory disease
PTCL, NOS CHOEP, autologous SCT and HD-MTX CR Alive 19
PTCL, NOS CHOP, alemtuzumab CR Alive 111
ALCL ALK- None, palliative treatment Death <l Rapid progression
ALCL ALK- CHOP and intrathecal MTX CR, relapse DHAP CR Alive 102
ALCL ALK- CHOP PD DHAP; third line: CR Alive 21
brentuximab; fourth line:
Cyclophosphamide,
fludarabine, TBI,
followed by allo-CB SCT
ALCL ALK- Reversed CHOP Death 1 Sepsis caused by
bowel perforation
due to lymphoma
ALCL ALK+ Cyclofosfamide, CR, DHAP; third line: SD Death 4] NR, besides
doxorubicine, prednisolone relapse  VIM lymphoma also
gallbladder cancer
and HCC
AITL CHOP PR Death 3 Chemotherapy
complications
AITL CHOP SD DHAP-VIM-DHAP +  SD Death 9 NR
alemtuzumab
AITL Prednisolone NR Death 4 NR
MF PUVA, topical steroids, PD RT PR Death 61 NR
MTX, prednisolone
MF PUVA, topical steroids CR Alive 65
Prim. C-CD30* T-LPD ~ No treatment, CR Alive T4
self-limiting
Prim. C-CD30* T-LPD ~ RT CR, relapse RT CR Alive 69
Precursor T-LBL Multiple chemotherapeutic
agents (HOVON-70-protocol) CR Alive 76
Precursor T-LBL Prednisolone, vincristin, CR Alive 8
daunorubicin, PEG-asparaginase
and intrathecal MTX
ENKL, nasal type CHOP CR Alive 49
HSTCL NR, treatment in other center ~ NR Death 3 NR
T-PLL Prednisolone NR Death 4 NR
Liquor/CNS RT Death 1 Rapid progression
T-NHL, unclass. None, palliative treatment Death 1 Rapid progression

AITL: angioimmunoblastic T-cell lymphoma; ALCL: Tcell anaplastic large cell lymphoma; ALK: anaplastic lymphoma kinase; ARDS: acute respiratory distress syndrome; CB SCT.
cord blood stem cell transplantation; CHOEP: cyclophosphamide, doxorubicin, vincristine, etoposide and prednisolone; CHOP: cyclophosphamide, doxorubicin, vincristine and
prednisolone; CR: complete remission; DHAP: dexamethasone, high dose cytarabine and cisplatinum; ENKL: extranodal NK/T-cell lymphoma; HSTCL: hepatosplenic T-cell lym-
phoma; LIF:lost to follow-up; MF: mycosis fungoides; MOF: multi-organ failure; MTX: methotrexate; NR: not recorded or not known; OC: outcome; PD: progressive disease; PR
partial remission; Prim. C-CD30* -LPD: primary cutaneous CD30* T-cell lymphoproliferative disease; PTCL, NOS: peripheral T-cell lymphoma, not otherwise specified; PUVA: pso-
ralen plus ultraviolet A; R: response; RT: radiotherapy; S: survival; SD: stable disease; TFLBL: T-cell lymphoblastic lymphoma; T-PLL: T-cell prolymphocytic leukemia; TBI: total body
irradiation; VIM: ifosfamide, mitoxantrone and etoposide.
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about 11.9 % of all T-NHL, particularly in AITL and PTCL,
in NOS, and in about 2% of B-NHL. The same TET2
mutations, for example, have been found in patients with
AML/MDS secondary to a previous lymphoma, suggest-
ing a shared genetic origin.**” Moreover, it has been
observed that TET2 loss in mice leads to hypermutagenic-
ity in hematopoietic stem cells and progenitor cells, result-
ing in an increased risk of various hematologic malignan-
cies.”

Considering that most patients had been treated with
immunosuppressive drugs or chemotherapy for intervals
of longer than two years, it seems that prolonged treat-
ment with these types of drugs increases the risk of malig-
nant lymphoma development. An association between
the use of thiopurines alone or combined with TNF-a
inhibitors and the development of HSTCL in IBD patients
has been reported previously.”” The majority of patients
with IBD in our series and in the reported cases had been
using azathioprine. It is possible, therefore, that the use of
thiopurines also contributes to the development of other
T-NHL.

Obviously, inherent to its retrospective design, our
study has some limitations. The clinical data were not
complete for all patients, thus making it difficult to assess
the temporal relationship between the underlying disor-
ders or drug use and the development of T-NHL for some.
In addition, the group was too small to run subgroup
analyses. Moreover, since the overall prevalence of
immunodeficiencies in the general population is not
known, we could only compare the prevalence of specific
underlying disorders in our cohort of patients with T-NHL
to those in the general population.

Conclusion

The 25 cases presented herein, together with the 596
cases found in the literature of T-NHL in patients with
varying causes of immunodeficiencies suggest that
patients with a secondary immunodeficiency are at
increased risk for the development of T-NHL. Prolonged
treatment with immunosuppressive or chemotherapeutic
drugs seems to contribute to the risk. T-NHL in immunod-
eficient patients are histologically very heterogeneous.
The distribution of subtypes resembles that present in the
general population, with the exception of primary cuta-
neous T-NHL and HSTCL, both of which have been
reported more often in patients with an immunodeficien-
cy, and AITL, which has been reported less frequently in
this group. Overall, the prognosis seems worse compared
to T-NHL of similar subtypes in the general population. T-
NHL occur predominantly in men, and in immunodefi-
cient patients they tend to be more often located extran-
odally, which is in line with B-cell lymphomas in this
group of patients. In our series of immunodeficient
patients, the lymphomas occurred on average nine to ten
years earlier than T-NHL in the general population.

The observations in the study herein should raise
awareness of the possible development of T-NHL in
immunodeficient patients and challenge the prolonged
use of immunosuppressive drugs in patients who are in
clinical remission of their autoimmune disease.
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