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Abstract 
 
Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) is a rare aggressive T-cell lymphoma most reported in 
Asia. We performed a comprehensive clinical, pathological and genomic study of 71 European MEITL patients (36 males, 
35 females, median age 67 years). The majority presented with gastrointestinal involvement and had emergency surgery, 
and 40% had stage IV disease. The tumors were morphologically classified into two groups: typical (58%) and atypical (i.e., 
non-monomorphic or with necrosis, angiotropism or starry-sky pattern) (42%), sharing a homogeneous 
immunophenotypic profile (CD3+ [98%] CD4- [94%] CD5- [97%] CD7+ [97%] CD8+ [90%] CD56+ [86%] CD103+ [80%] 
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Introduction 
Monomorphic epitheliotropic intestinal T-cell lymphoma 
(MEITL), formerly considered as a variant (type II) of en-
teropathy-associated T-cell lymphoma (EATL), is now rec-
ognized a separate entity based on distinct 
clinicopathological and epidemiological features, unre-
lated to celiac disease (CD).1 MEITL and EATL are both rare 
accounting together for less than 5% of peripheral T-cell 
lymphomas.2,3 Many published series describe hybrid co-
horts comprising MEITL and EATL.4-8 In Western countries, 
the incidence of MEITL is even lower than the incidence 
of EATL. In contrast, in Asia where CD essentially does not 
exist, MEITL is the most common type of primary gastro-
intestinal T-cell lymphoma.9-15 
As opposed to EATL, MEITL is defined as a tumor 
composed of monomorphic medium-sized cells, with 
round nuclei and a rim of pale cytoplasm, typically show-
ing striking infiltration of intestinal epithelium and lacking 
necrosis or significant inflammation.1,16 EATL and MEITL 
have in common an activated cytotoxic T-cell immuno-
phenotype while distinctive MEITL features include ex-
pression of CD8 and CD56, negativity for CD30 and 
occasional CD20 expression.4-6, 8,10-14,17,18  
The mutational landscape of MEITL encompasses fre-
quent activating mutations of the JAK/STAT signaling 
pathway mainly affecting STAT5B (33-65%), JAK3 (33-67%) 
and JAK1 (5-44%).7,18-23 Moreover, activating hotspot muta-
tions in the GNAI2 gene coding for guanine nucleotide-
binding protein G(i), a-2 subunit have been reported in 
21% of the cases in a study from Singapore.20 We reported 
highly recurrent (>90%) deleterious alterations in the 
SETD2 gene coding for SET Domain Containing 2, a histone 
lysine methyltransferase, which has been variably con-
firmed in subsequent studies.7,18,20,23  
MEITL usually presents as a small bowel tumor often 
manifesting by perforation or obstruction, abdominal pain 
and weight loss. The disease follows an aggressive course 
with a median OS usually of less than 1 year (range, 6.5-
14 months).6,8,9,13,18,24 No robust prognostic or predictive bio-
markers have been described to date.   

Here, we studied a large series of 71 MEITL cases from 
Western Europe, performed histopathological assessment 
supplemented by extensive immunophenotyping, targeted 
fluorescence in situ hybridization (FISH) studies, and mu-
tational analysis of a selected 27-gene panel in 65 cases. 
We present a comprehensive analysis integrating the 
pathological and molecular features and their correlation 
to clinical outcome.  

Methods 
Patients and samples 
Seventy-one patients diagnosed with MEITL between 
2005 and 2021 according to 2008 or 2017 World Health Or-
ganization classifications1,16 (69 diagnostic and 2 relapse 
samples, all routinely processed formalin-fixed paraffin 
embedding [FFPE] tissues) were collected through the Te-
nomic Consortium of the Lymphoma Study Association 
(LYSA)25 (n=65) and the University Hospital of Tübingen, 
Germany (n=6). Twenty-nine cases were included in a pre-
vious study.7 The clinical history and imaging studies were 
collected from the patients’ files by the treating phys-
icians. The study was approved by the Commission anto-
nale d’éthique de la recherche sur l’être humain (CER-VD, 
protocol 382/14), the Comité de Protection des Per-
sonnes-Ile-de-France IX (CPP08/009), and the Ethical 
Committee of the University of Tübingen (105/2013BO2) in 
accordance with the Declaration of Helsinki. 

Histology, immunohistochemistry and fluorescence in 
situ hybridization 
Diagnostic slides were reviewed. Additional immunostains 
and EBER in situ hybridization for detection of the Ep-
stein-Barr virus (EBV) were performed using standard pro-
tocols (see the Online Supplementary Appendix; Online 
Supplementary Table S1). Immunostainings were evaluated 
semi-quantitatively by at least two pathologists. For most 
markers a five-tier scale was used (<5%, 5-25%, 26-50%, 
51-75%, 76-100%), and a threshold of 5% was considered 
for positive score. Ki-67, MYC and p53 staining were 

cytotoxic marker+ [98%]) with more frequent expression of TCRgd (50%) than TCRab (32%). MYC expression (30% of cases) 
partly reflecting MYC gene locus alterations, correlated with non-monomorphic cytology. Almost all cases (97%) harbored 
deleterious mutation(s) and/or deletion of the SETD2 gene and 90% had defective H3K36 trimethylation. Other frequently 
mutated genes were STAT5B (57%), JAK3 (50%), TP53 (35%), JAK1 (12.5%), BCOR and ATM (11%). Both TP53 mutations and 
MYC expression correlated with atypical morphology. The median overall survival (OS) of 63 patients (43/63 only received 
chemotherapy after initial surgery) was 7.8 months. Multivariate analysis found a strong negative impact on outcome of 
MYC expression, TP53 mutation, STAT5B mutation and poor performance status while aberrant B-cell marker expression 
(20% of cases) correlated with better survival. In conclusion, MEITL is an aggressive disease with resistance to 
conventional therapy, predominantly characterized by driver gene alterations deregulating histone methylation and 
JAK/STAT signaling and encompasses genetic and morphologic variants associated with very high clinical risk. 
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scored into quartiles (<25%, 26-50%, 51-75%, 76-100%). 
For FISH evaluation of the SETD2 and MYC gene loci we 
used a homemade SETD2 probe7 and the commercial LSI 
MYC Dual Color Break Apart probe (8q24) (Abbott Molecu-
lar, Des Plaines, IL, USA) (Online Supplementary Appendix). 
Chromogenic slides were digitalized using a NanoZoomer 
S60 Digital slide scanner (Hamamatsu Photonics, Japan) 
at 40x magnification and evaluated using a digital image 
viewer system (TM-Microscopy, Telemis, Belgium). Mor-
phology, IHC and FISH results were recorded in a coded 
dataset (Online Supplementary Figure S1). 

Deep sequencing and mutation analysis 
Sixty-five cases were examined by next-generation se-
quencing (NGS). Data were generated by whole-exome se-
quencing (WES) in 34 cases, including 14 previously 
reported,7 and by targeted deep sequencing (TDS) using a 
customized 27-gene panel relevant to T-cell lymphoma 
biology in 29 cases, or a 9-gene panel TDS assay7,26 in two 
cases. For WES, libraries from tumor and matched non-
tumor DNA, both extracted from FFPE tissues, were 
paired-end sequenced on a HiSeq 4000 instrument (Il-
lumina, San Diego, CA). For TDS, libraries of tumor DNA 
prepared with the KAPA HyperPlus kit (Roche, Pleasanton, 
CA) were target enriched by capture prior to sequencing 
on a MiSeq system (Illumina). After demultiplexing, align-
ment and duplicate removal, single nucleotide and indel 
variant calling was performed using three caller algo-
rithms VarScan (v2.4.4) and MuTect2 algorithm (GATK v4.1). 
For WES set, the variant call was restricted to the 27 
genes of the TDS panel plus GNAI2. 

Statistical methods 
Fisher’s exact or χ² tests were used to determine associ-
ations between morphological, immunophenotypical and 
genetic characteristics. Estimates of overall survival were 
constructed using the Kaplan-Meier method. Cox propor-
tional hazards regression model was used to investigate 
associated prognostic factors in univariate and multivari-
able analysis. In order to ensure the robustness of our re-
sults, the final model was validated by a two-step 
bootstrapping process. Results were expressed as ha-
zard-ratio (HR) and 95% confidence interval (CI). Statis-
tical analysis was performed using Stata software (version 
15, StataCorp LP, College Station, US). The tests were two-
sided, with a type I error set at 5%. When appropriate, a 
correction of the type I error was applied to take into ac-
count multiple comparisons. 

Results 
Patients’ characteristics 
The 36 male and 35 female patients had a median age of 

Features MEITL patients (N=71)
Median age, years (range) 67 (29-91)

Male, N (%) 36 (51%)

Medical History* 
Prior coeliac disease 
Previous cancer 
Auto-immune disease

 
0/62 (0%) 
6/62 (10%)  
2/62 (3%) 

Symptom history** median duration, months (range) 
Abdominal pain 
Weight loss 
Fatigue 
Anorexia 
Diarrhea 
Palpable abdominal mass or adenopathy

<1m (0-20) 
48/54 (89%)  
34/54 (63%)  
36/54 (67%)  
28/54 (52%)  
15/54 (28%)  
10/54 (18%) 

Acute event at presentation*** 
Bowel perforation 
Bowel obstruction

52/61 (85%)  
43/61 (70%)  
17/61 (28%) 

Performance Status 
0-1 
2 
>2

 
27/56 (48%) 
15/56 (27%) 
14/56 (25%)

Lugano stage 
Stage I 
Stage II 
II.1 
II.2 
IIE 
Not specified 
Stage IV

 
20/60 (33%)  
16/60 (27%)  
9/60 (15%)  
1/60 (2%)  
3/60 (5%)  
3/60 (5%)  

24/60 (40%)

Elevated serum LDH 18/32 (56%) 

Hypoalbuminemia (<35 g/L) 27/33 (82%) 

Surgical management 59/63 (94%) 

No chemotherapy 19/62 (31%) 

First-line regimens 
CHOP-based (CHOP, CHOEP, Ro-CHOP,  
R-CHOP) 
CHOP + IVE-MTX 
Other treatments (COP, ACVBP, DDGP,  
radiotherapy) 
Unknown

43/62 (69%) 
32/43 (74%)  

 
6/43 (14%)  
4/43 (9%)  

 
1/43 (2%) 

First-line consolidation**** 9/43 (21%) 

Response (at end of first line) 
Complete response 
Partial response 
Stable disease 
Primary progression 
Death with unknown status 
Unknown

 
15/43 (35%)  

4/43 (9%)  
2/43 (5%)  

20/43 (46%)  
1/43 (2%)  
1/43 (2%)

Progression/relapse after first-line 36/42 (86%)

Salvage treatment after progression/relapse 30/36 (83%)

Salvage treatment consolidation 3/30 (10%)

Number of lines of treated patients: median, N 
(range)

1 (1-5)

Table 1. Clinical and biological features of monomorphic 
epitheliotropic intestinal T-cell lymphoma at diagnosis.

MEITL: monomorphic epitheliotropic intestinal T-cell lymphoma; LDH: lactate 
dehydrogenase; PS: performance status; CHOP: cyclophosphamide, dox-
orubicin, vincristine, prednisone; CHOEP: cyclophosphamide, doxorubicin, 
vincristine, etoposide, prednisone; Ro-: Romidepsin; R-: Rituximab; IVE-MTX: 
ifosfamide, epirubicin, etoposide, methotrexate; COP: cyclophosphamide, vin-
cristine, prednisone; ACVBP: doxorubicin, cyclophosphamide, vindesine, 
bleomycin, prednisone; DDGP: cisplatin, dexamethasone, gemcitabine, and 
pegasparaginase ; auto-HCT: autologous hematopoietic cell transplantation; 
allo-HCT: allogeneic hematopoietic cell transplantation ; OS: overall survival. 
*Cancer cases: colorectal cancer (n=1), cutaneous T-cell lymphoma (n=1), es-
sential thrombocytemia (n=1), prostatic cancer (n=1), breast cancer (n=2). 
Autoimmune disease: autoimmune thyroiditis (n=1), giant cell arteritis (n=1). 
**Other symptoms not reported in the table included night sweats (n=5), 
pruritus (n=2), bleeding, pancreatitis, pleural effusion, pulmonary embolism, 
abdominal abscess, intestinal ulcers (n=1 for each). ***Patients with perfor-
ation occurring after the start of chemotherapy are not included. **** In-
cluding autoHCT (n=8) and alloHCT (n=1). 
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67 years (range, 29-91 years). Baseline clinical and biological 
features of 63 patients are presented in Table 1 and Online 
Supplementary Tables S2 and S3. All had gastrointestinal 
involvement, most often restricted to the small intestine 
(n=46/63, 73%) and most patients (52/61, 85%) presented 
with acute symptoms, mainly related to intestinal perfor-
ation and/or obstruction. According to the Lugano staging 
system: 33% (n=20) had only GI involvement (stage I), 27% 
(n=16) had local or abdominal lymph nodes (stage II), 40% 
(n=24) were stage IV with supradiaphragmatic lymph nodes 
or extradigestive/extranodal involvement, most commonly 

pleuro-pulmonary (n=7), or hepatic (n=4).   

Histopathology 
The main histopathological features are summarized in 
Figure 1. The size of intestinal tumors ranged from 1.7 to 
20 cm (median 6 cm). Except for one case with mainly 
mucosal involvement, 61 of 62 (98%) surgical specimens 
comprised a frequently ulcerated transmural central zone, 
perforated in 44 of 58 cases (76%), and showed lateral 
tumor extension predominant in the mucosa (peripheral 
zone)10,17 in 40 of 46 (87%) evaluable cases (Figure 2A). 

Figure 1. Heatmap representation of morphological, immunophenotypical and molecular features of 71 monomorphic epithelio-
tropic intestinal T-cell lymphoma patients. TCR: T-cell receptor; IHC: immunohistochemistry; FISH: fluorescence in situ hybri-
dization; OS: overall survival; NA: not available; NGS: next-generation sequencing.
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Most intestinal cases (48/54, 89%) showed tumor epithe-
liotropism (Figure 1; Figure 2B, D and E). Morphology of 
other tumor locations with epitheliotropism in non-intes-
tinal sites are illustrated in the Online Supplementary Fig-
ure S2A to H and Figure 3J to L. 

Most cases (53/71, 75%) showed classical monomorphic 
cytology, i.e., round and small/medium-sized tumor cells 
with little variation in nuclear size, slightly dispersed chro-
matin, inconspicuous nucleoli, and ample pale cytoplasm 
(Figure 2B and C). However, a significant proportion of 

Figure 2. Typical monomorphic epitheliotropic intestinal T-cell lymphoma cases #30 (A to C) and #51 (D to L). (A) The intestinal 
tumor comprises a central transmural zone and a peripheral zone with intramucosal tumor spread. (B) The tumor cells are 
medium-sized and monomorphic with clear and ample cytoplasm and invade the epithelium of the crypts. (C) The tumor recur-
rence after 5 years shows an identical cytomorphology. (D) Intramucosal tumor spread is associated with shortening and widening 
of the villi. (E) Broadly expanded villi comprise a heavy epitheliotropic tumor cell infiltrate. (F) The tumor cells are strongly positive 
for CD3, (G) negative for CD5, (H) positive for CD8, (I) CD56, and (J) TCRb. (K) CD103 is strongly positive in the superficial intra-
mucosal tumor compartment and gradually decreases in the infiltrating part. (L) Lymphoma cells in the mucosa (upper part of 
panel figure) and submucosa (lower part of panel figure) are strongly and moderately positive for CD103. Original magnifications 
x10 (A), x40 (K), x100 (E), x125 (D), x400 (B, C, F to J, L).

A B C

D E

F G H

I

J

LK
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Figure 3. Atypical monomorphic epitheliotropic intestinal T-cell lymphoma cases #31 (A to L), #15 (M) and #59 (N to O). (A) The 
tumor is composed of medium–sized pleomorphic cells and comprises scattered histiocytes with apoptotic debris. (B) A vein is 
infiltrated by lymphoma cells. (C) The lymphoma cells are weakly positive for TCRg. (D) FISH with SETD2 probe shows 1 red 
(SETD2) and 2 green (control) signals per nucleus, indicating deletion of 1 allele. (E) The lymphoma cells show strong nuclear 
positivity for H3K36me2 and (F) are completely negative for H3K36me3, while reactive histiocytes are positive. (G) The lymphoma 
cells are diffusely positive for TIA-1, (H) show a high Ki67 index (>80%), and (I) are strongly positive for p53. (J) A gastric biopsy 
performed during follow-up showed recurrent tumor with a more blastoid morphology, invading the glandular epithelium. (K) 
Post-mortem liver showed lymphoma infiltrating in the sinusoids and within hepatocytes. (L) A cytokeratin immunostains con-
firmed emperipolesis of lymphoma cells into hepatocytes. (M) This case features marked angiotropism and angioinvasion. (N) 
This tumor contains large necrotic areas in its invasive portion, and (O) is composed of pleomorphic large cells. Original mag-
nifications: x25 (N), x100 (B and M), ×400 (A, C, E to K, L, O), x630 (D). 

A B C

D E F

G H I

J K L

M N O
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cases (18/71, 25%) showed either significant cellular pleo-
morphism, larger cell size, vesicular chromatin and/or 
prominent nucleoli (Figure 3A and O; Online Supplemen-
tary Figure S3D to F). A peculiar, atypical case (#66) had 
two distinct monomorphic and non-monomorphic com-
ponents (Online Supplementary Figure S4). Except for two 
non-monomorphic cases, which had abundant eosino-
phils and prominent plasma cells, all cases presented very 
few inflammatory cells. Mitoses were easily identified in 
most cases. While mitoses were easily identified in most 
cases, a small subset (7/71 cases, 10%), appeared as high-
grade neoplasms with a “starry-sky” pattern or abundant 
apoptotic debris (Figure 3; Online Supplementary Figure 
S3A to C). Other unusual features were seen in a subset 
of cases: coagulative necrosis distinct from surface ulcer-
ation in 9 cases (Figure 3N), or focal or prominent angio-
tropism or angioinvasion of medium to large-sized blood 
vessels in 18 cases (Figure 3B and M), which were frequent 
among non-monomorphic cases (Online Supplementary 
Table S4). Overall, we distinguished two morphological 
groups of cases: typical tumors (n=41, 58%) and atypical 
tumors (n=30, 42%) featuring one or more atypical histo-
logical characteristic(s) (Figure 1;  Table 2). 

Immunophenotype and Epstein-Barr virus status  
The immunophenotypic profiles are shown in Figure 1 and 
summarized in Table 2. Most cases had homogeneous and 
strong expression of CD3 (70/71, 99%) and CD7 (63/65, 
97%). CD2 was positive in 32 of 66 cases (48%). Only two 
of 70 (3%) cases were CD5-positive. CD8 and CD56 were 
usually widely expressed, but with heterogeneous staining 
intensity. Most cases (55/71, 77%) were positive for both 
CD56 and CD8, nine of 71 (13%) were CD8+ CD56-, six of 
71 (8%) were CD8- CD56+, and one case CD8- CD56-. Four 
cases, all CD8+ CD56+, were strongly CD4-positive. CD30 
was negative in all cases (63/64, 98%), except in occa-
sional large, atypical cells in case #66 (Online Supplemen-
tary Figure S4). PD1 was negative in 20 of 20 tested cases. 
Most cases strongly expressed TIA1 in most tumor cells 
(65/68, 96%) (Figure 3G); but immunostains for granzyme 
B and perforin, positive in 50 of 66 cases (76%) and 39 of 
62 cases (63%) respectively, were frequently weaker with 
often <50% positive tumor cells. Overall, 59 of 68 (87%) 
cases had an activated cytotoxic profile, 11 cases ex-
pressed TIA1 only and one case was negative for the three 
cytotoxic markers. 
Half of cases (32/64, 50%) expressed TCRg and/or TCRd 
(TCRgd+), and 21 of 65 (32%) cases were positive for TCRb 
(TCRab+). Sixty-two cases with contributory results for 
both TCR isoforms were classified as single positive for 
TCRgd (43%) (Figure 3C) or TCRab (24%) (Figure 2J), TCR 
silent (24%), or double positive (9%) (Online Supplemen-
tary Figure S3G to I).  
Fifty-two of 65 cases (80%) were CD103-positive. Apart 

from few cases homogeneously and intensely CD103-
positive, in most cases a gradient of staining was ob-
served from more intense and extensive in the 
intramucosal portion to weaker or negative in the deeper 
infiltrative part (Figure 2K to L).  
Co-expression of CD20, usually by <50% of the tumor cells 
and weaker than in normal B cells, was observed in 12 of 
67 (18%) cases. Four of 51 (8%) cases were CD79a+. Two 
cases co-expressed CD20 and CD79a (Online Supplemen-
tary Figure S3A to C), but lacked PAX5 and were positive 
for CD8, CD56 and cytotoxic markers. All 24 tested cases 
for PAX5 were negative. In total, 14 of 67 (20%) were B-
cell marker-positive.  
Ki-67 proliferation index was >75% in most cases (38/68, 
56%) (Figures 1 and 3H). All 68 cases tested for EBV by 
EBER-ISH were negative, and one case showed scattered 
reactive small (<1%) EBV-positive cells.  
There were no significant differences in the immunophe-
notypic profiles of atypical and typical cases (Table 2; On-
line Supplementary Table S4). 

SETD2 gene alterations and defective H3K36me3 
trimethylation  
By NGS analysis (Online Supplementary Table S5; Figure 
4A), we found a very high prevalence of SETD2 mutations 
in 59 of 65 cases (91%), with two mutations in 29 of 59 
cases (49%) and three mutations in one case (#59) (Figure 
4B). Of the 88 SETD2 mutations identified, 62 (27 non-
sense, 26 frameshift and 9 splice-sites) were likely gen-
erating a truncated non-functional protein and were 
distributed throughout the whole gene domains. More-
over, most of the 24 missense mutations clustered within 
the SET domain of the SETD2 protein or its proximity. No-
tably, the 24 cases analysed by both WES and TDS (this 
latter only on the tumor component) showed complete 
overlap, indicating absence of germline variants in this 
subset of patients. Heterozygous deletions of SETD2 were 
observed in nine of 57 (16%) cases evaluated by FISH, of 
which six had one or two concurrent SETD2 mutation(s), 
and three were SETD2 wild-type (Figure 3D). Overall, of 54 
cases with complete NGS and FISH results for SETD2, 23 
had one mutation or deletion, 29 had two or more alter-
ations and only two had no detectable alteration. These 
latter two cases (#6 and #49) were non-monomorphic, 
with a characteristic CD8+, CD56+, TCRgd+ cytotoxic phe-
notype, and harbored other mutations in the JAK/STAT 
pathway. 
Immunohistochemistry was performed to assess the 
SETD2–H3K36me2–H3K36me3 axis at the protein level 
(Figure 1). Defective expression of SETD2 or H3K36me3 
(IHC scores ≤6) were observed in 47 of 55 cases (85%) and 
60 of 66 cases (91%), respectively. The correlation be-
tween SETD2 gene alterations and SETD2 protein ex-
pression (Figure 1) was concordant in 43 of 50 cases 
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(86%); six cases with SETD2 gene alteration had preserved 
SETD2 expression, and one case had defective protein ex-
pression and no detectable gene alteration. H3K36me3 
IHC results were concordant with the SETD2 status, in 60 
of 63 cases (95%) i.e., 58 cases had defective H3K36me3 
trimethylation (H3K36me3 score ≤6) and altered SETD2, 

and two cases with high H3K36me3 scores had no de-
tected SETD2 alteration. Only three cases, two with 
monoallelic alteration and one with double mutations of 
SEDT2, had high H3K36me3 scores. Thus, H3K36me3 IHC 
as a surrogate to identifying SETD2 gene alterations was 
highly sensitive (95%), and 100% specific (K=0.55, 95% CI: 

All cases (N=71) Typical (N=41) Atypical (N=30) Adjusted P
Morphology
Non-monomophic 18/71 (25.3%) 0/41 (0%) 18/30 (60%) <0.0001 *

Necrosis 9/71 (12.6%) 0/41 (0%) 9/30 (30%) <0.0001 *

Starry-sky/apoptosis 7/71(9.8%) 0/41 (0%) 7/30 (23.3%) 0.002 *

Angiotropism 18/64 (28.1%) 0/37 (0%) 18/27 (66.6%) <0.0001 *

Lack of epitheliotropism 6/54 (11.1%) 2/35 (5.7%) 4/19 (21.0%) 0.169

Immunological markers
CD8 64/71 (90.1%) 37/41 (90.2%) 27/30 (90%) 1.000

CD56 61/71(85.9%) 33/41 (80.4%) 28/30 (93.3%) 0.174

CD3 70/71(98.5%) 40/41 (97.5%) 30/30 (100%) 1.000

CD2 32/66 (48.4%) 16/37 (43.2%) 16/29 (55.1%) 0.457

CD5 2/70 (2.8%) 2/40 (5%) 0/30 (0%) 0.503

CD7 63/65 (96.9%) 38/38 (100%) 25/27 (92.5%) 0.169

CD4 4/70 (5.7%) 2/41 (4.8%) 2/29 (6.8%) 1.000

CD103 52/65 (80%) 29/38 (76.3%) 23/27 (85.1%) 0.532

CD30 1/64 (1.5%) 0/37 (0%) 1/27 (3.7%) 0.422

TIA1 65/68 (95.5%) 38/41 (92.6%) 27/27 (100%) 0.271

Granzyme B 50/66 (75.7%) 27/38 (71.0%) 23/28 (82.1%) 0.388

Perforin 39/62 (62.9%) 23/36 (63.8%) 16/26 (61.5%) 1.000

CD20 12/67 (17.9%) 7/40 (17.5%) 5/27 (18.5%) 1.000

CD79a 4/51 (7.8%) 1/32(3.1%) 3/19 (15.7%) 0.140

Epigenetics
SETD2 (score >8) 8/55 (14.5%) 5/33 (15.1%) 3/22 (13.6%) 1.00

H3K36me3 (score >8) 6/67 (8.9%) 4/38 (10.5%) 2/29 (6.8%) 0.69

TCR expression
TCRβ 21/65 (32.3%) 11/36 (30.5%) 10/29 (34.4%) 0.794

TCRγ/δ 32/64 (50%) 17/36 (47.2%) 15/28 (53.5%) 0.801

TCRαβ-TCRγδ+ 27/62 (43.5%) 14/34 (41.1%) 13/28 (46.4%) 0.955

TCRαβ+TCRγδ- 15/62 (24.1%) 8/34 (23.5%) 7/15 (46.6%)

TCRαβ+TCRγδ+ 5/62 (8.0%) 3/34 (8.8%) 2/28 (7.1%)

TCRαβ-TCRγδ- 15/62 (24.1%) 9/34 (26.4%) 15/62 (24.1%)

Cell cycle
Ki-67 >50% 48/68 (70.5%) 24/39 (61.5%) 24/29 (82.7%) 0.066

MYC >25% 18/54 (33.3%) 5/30 (16.6%) 13/24 (54.1%) 0.008

p53 IHC mutated pattern 22/56 (39.2%) 6/31 (19.3%) 16/25 (64%) 0.001

Genetics 
TP53 mutation 22/64 (34.3%) 6/36 (16.6%) 16/28 (57.1%) 0.001

MYC alteration 12/60 (20%) 5/33 (15.1%) 7/27 (25.9%) 0.345

SETD2 alteration 62/64 (96.8%) 36/36 (100%) 26/28 (92.8%) 0.188

STAT5B mutation 37/65 (56.9%) 20/37 (54.0%) 17/28 (60.7%) 0.622

JAK3 mutation 32/64 (50%) 19/36 (52.7%) 13/28 (46.4%) 0.801

Table 2. Morphological, immunophenotypical and molecular characteristics of typical and atypical groups.

* Expected correlation (by definition). ICH: immunohistochemistry; TCR: T-cell receptor.
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0.11-0.99; P<0.015) (Figure 3E to F; Online Supplementary 
Figure S5) 

Mutations in other genes 
The second most frequently mutated gene was STAT5B 

featuring alterations in 37 of 65 cases (57%) (Figure 4). 
STAT5B mutations were all missense, single (n=31) or 
double (n=6). Most mutations (70%) occurred in the SH2 
domain, including the hotspot N642H activating mutation 
in 21 patients.7 JAK3 mutations found in 32 of 64 cases 

Figure 4. Overview of the genetic alterations in monomorphic epitheliotropic intestinal T-cell lymphoma. (A) Heatmap repre-
sentation of mutations in a selected panel of genes examined by whole-exome sequencing and targeted deep sequencing in 65 
monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) tumors. Patients are displayed as columns and mutations 
(named on the left) are coloured by the type of alteration. The percentage of mutated samples is represented on the right. First 
row shows the expression patterns of T-cell receptor (TCR) isoforms, second row shows the status of H3K36me3 trimethylation 
and third row displays the results of SETD2 fluorescence in situ hybridization (FISH) study. (B) Schematic representation of so-
matic mutations in SETD2 (top), STAT5B (central) and JAK3 (bottom) genes identified in this study. Domains of the protein are 
represented according to the Uniprot database (http://www.uniprot.org) in different colors. Exact positions of mutations found 
in MEITL cases are given, which are colored by the type of alteration.   

A

B
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(50%) included several activating variants clustered in the 
pseudokinase domain (such as A573V, M511I, R657W, 
K563_566del, P676R), and were single (n=29) or double 
(n=2). JAK1 mutations were identified in a smaller propor-
tion of cases (8/64, 12%). Mutations in STAT5B, JAK3 and 
JAK1 were not mutually exclusive. In all, 54 of 64 cases 
(84%) had mutations in at least one gene of the JAK/STAT 
pathway. Notably, STAT5B mutations showed significantly 
higher allele frequencies than JAK3 and SETD2 mutations, 
likely due to co-occurring loss-of-heterozygosity (LOH) or 
allelic imbalance events (Online Supplementary Figure S6). 
TP53 mutations were identified in 22 of 63 (35%) cases 
and, similar to STAT5B mutations, were also associated 
with a high-allele frequencies due to copy number losses 
or copy number neutral LOH events (Online Supplemen-
tary Figure S6). Remarkably, TP53 mutations occurred 
mostly among the atypical group (adjusted P=0.01, Fisher's 
exact test) (Table 2) and correlated with abnormal p53 IHC 
pattern – either overexpression (>50%) or uncommonly 
completely negative staining in 2 cases (adjusted P<0.001, 
Fisher's exact test) (Figures 1 and 3I; Online Supplemen-
tary Table S4).  
Mutations in BCOR and ATM were found in 11% of cases 
each. Three of 34 cases (9%) carried somatic mutations 
in the GNAI2 gene; two in codon R179 previously de-
scribed,20 and one p.T182I mutation.  

MYC status  
Twelve of 60 cases subjected to FISH (20%) had MYC gene 
locus alterations, i.e., copy gains in eight and breaks (re-
arrangements) in four cases. None of the cases with MYC 
copy gain was hyperploid (Online Supplementary Appen-
dix). Ten of the 12 cases with MYC gene alterations had 
>25% MYC protein-positive tumor cells by immunohisto-
chemistry. Overall, MYC expression was detected in 18 of 
54 cases (33%), more frequently among non-monomor-
phic tumors (adjusted P=0.008, Table 2). Altered MYC 
status (by FISH or IHC) also tended to correlate with TP53 
mutations (adjusted P=0.05 and 0.06, respectively), and 
nine cases harboured both TP53 mutations and MYC gene 
rearrangement (n=4) or copy gains (n=5) (Figure 1; Online 
Supplementary Figure S3D and F; Online Supplementary 
Table S4).  

Treatment and outcome 
Treatments and outcomes of 63 patients are summarized 
in Table 1. Most patients (59/63, 93%) underwent surgery 
and tumor resection. Seventeen patients with no further 
treatment died within a median time of 1 month. Of 43 
patients who received a first-line therapy, one died before 
assessment and 20 progressed on treatment. Nine of 28 
patients aged ≤65 years received consolidation with 
hematopoietic cell transplantation either autologous 
(auto-HCT) (n=8) or allogeneic (allo-HCT) (n=1). The 36 pa-

tients who relapsed following first-line therapy, often re-
ceived one (or less commonly more) salvage treatment 
(30/36) and all died, usually from disease progression 
(n=31).  
After a median follow-up of 46 months (alive patients), 
median overall survival (OS) was 7.8 months (range, 0-71). 
One-year and 2-year OS were 31% and 15%, respectively. 
In univariate analysis of OS (Figure 5; Online Supplemen-
tary Table S6): age>70, enterostomy, poor performance 
status (PS) (>2), advanced Lugano stage (≥2), lack of com-
plete response to first-line therapy, atypical histology, 
MYC expression, and TP53 mutations were all significantly 
associated with inferior outcome. Conversely, B-cell 
marker expression was associated with a better prognosis. 
The multivariate analysis confirmed the independent im-
pact of TP53 mutations (P=0.005, hazard ratio [HR] =5.83), 
STAT5B mutations (P=0.007, HR=3.67), B-cell (CD20 and/or 
CD79a) marker expression (P=0.005, HR=0.15) and poor PS 
(P=<0.001, HR=7.58) on OS (Table 3; Online Supplementary 
Table S7).  
Eight patients survived beyond 24 months (Online Supple-
mentary Table S8). They all had a good PS at diagnosis and 
underwent surgery. The seven patients who received 
chemotherapy (CHOP-based in 5) reached complete (6) or 
partial (1) response. Six cases were classified as typical 
and two as atypical, all lacked TP53 mutations, and MYC 
expression, and four of eight were CD20+. In a very long 
survivor patient (#31) who relapsed 5 years after initial di-
agnosis, the relapsing tumor was also analyzed and 
showed a morphology and mutation profile identical to 
the initial diagnosis, and a very similar phenotype apart 
from reduced CD56 expression at relapse.  

Discussion  
This integrative clinical, histopathological and genetic 
analysis of 71 MEITL patients from Western Europe repre-
sents the largest study to date.  
Our findings confirm that MEITL shows a rather homo-
geneous CD3+, CD4-, CD5-, CD7+, CD8+, CD56+ activated 
cytotoxic immunophenotype.4,5,10-14,17,18 Most cases were 
CD8+ CD56+ and those negative for CD8 and/or CD56 
(23%) did not show peculiar features. The distribution of 
TCR expression profiles is in line with the preferential gd 
T-cell derivation reported in several studies.4,5,11,17 In addi-
tion, TCRgd+ and TCRab+ tumors showed similar patho-
logical and mutational features, with no impact on 
outcome. Expression of CD103 (the a E subunit of the het-
erodimer integrin aEb7), which is characteristic of intrae-
pithelial lymphocytes of the small intestine and 
documented in T-cell lymphomas, particularly EATL,27 was 
positive in most cases, albeit with heterogeneous staining. 
CD103 expression could therefore represent an additional 
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Figure 5. Overall survival for monomorphic epitheliotropic intestinal T-cell lymphoma patients. (A) Overall survival (OS) in months 
of the all cohort; and according to (B) age at diagnosis, (C) performance status (PS) score, (D) Lugano stage at diagnosis, (E) the 
presence of atypical histological features, (F) cytological atypia, (G) TP53 mutational status, (H) STAT5B mutational status, (I) the 
concurrent presence of TP53 and STAT5B mutations and (J) MYC expression (>25% immunohistochemistry). Age in years. MEITL: 
monomorphic epitheliotropic intestinal T-cell lymphoma; # at risk: number at risk; mut: mutated; WT: wild-type.
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diagnostic feature of MEITL.   
The mutational analyses reflect a very characteristic pat-
tern of alterations involving frequent somatic deleterious 
alterations of SETD2 (96%) and activation of JAK/STAT 
pathway gene(s), confirming our original discovery.7 More-
over, TP53 mutations and MYC deregulation occurred in a 
subset of cases. Intriguingly, while we also found 100% 
SETD2 alterations in nine of nine cases from Japan,23 a 
lower incidence of SETD2 mutations was reported in other 
series, being ~70% in 23 Northern American cases6 and 
22% in 20 Chinese cases.18 Along with the notion of many 
tumor suppressor genes requiring biallelic inactivation,28 

most cases had two SETD2 alterations, with no evidences 
of germline variants. Notably, cases with apparently only 
one genetic hit had similarly reduced H3K36me3 histone 
mark, alluding to other mechanisms at play. Since func-
tional studies have established the role of SETD2 ablation 
in driving experimental lymphomagenesis,29 our data sup-
port the key role of SETD2 inactivation in MEITL patho-
genesis. Conversely, mutations in other genes involved in 
DNA (and histone) methylation, in particular TET2 and 
DNMT3A, were distinctly rare or absent contrasting with 
other T-cell lymphoma entities.30,31 Thus, deregulated 
methylation of the H3K36 position represents the major 
epigenetic alteration in MEITL. For diagnostic purposes, 
NGS approaches interrogating the complete sequence of 
SETD2 gene are mandatory since mutations are dis-
tributed without hot spots. In addition, we recommend 
analyses for the detection of SETD2 locus loss or LOH. We 
showed that H3K36me3 IHC is an acceptable surrogate or 
complement to genotyping.  
We identified two groups of tumors with distinct morpho-
logical features: a typical group of monomorphic tumors 
(58%) and an atypical group of tumors (42%), non-mono-
morphic, or presenting features suggesting a more aggres-
sive biology. Some nuclear pleomorphism and large cell 
morphology have been recognized in Asian series but no 
association to clinical features or divergent immunophe-
notypes has been reported.10,11,13,14,16,17 Here, while both 
groups shared similar immunophenotype and heterogene-
ous T-cell lineage derivation, the atypical group had more 

frequent MYC expression, TP53 alterations, and a shorter 
overall survival in univariate analysis. Thus, our novel find-
ings confirm and expand the notion that MEITL comprises 
a morphological spectrum, irrespective of ethnicity, in-
cluding an atypical subgroup with meaningful biological 
attributes, and clinical relevance. The recognition that 
MEITL may show pleomorphism, angiotropism, necrosis, 
high-grade features or inflammation, is important for 
pathologists and relevant to diagnosis. It implies to con-
sider atypical MEITL in the differential diagnosis of aggres-
sive pleomorphic intestinal T-cell tumors, including EATL, 
EBV-associated extranodal NK/T-cell lymphoma, and in-
testinal T-cell lymphoma, NOS, which can be performed 
by the integration of clinical, immunophenotypic, 
H3K36me trimethylation status and mutational profile.  
Median OS was only 7.8 months, on the lower end of the 
7-15 months previously reported9,10,18,24,32 perhaps related to 
the older age of our population and to a late diagnosis by 
an abdominal complication in most patients. Among base-
line clinical parameters, univariate analysis found that age 
>70 years, PS >2 and Lugano stage ≥2 were associated 
with a worse prognosis. However, in multivariate analysis 
only PS >2 remained significantly associated with poor OS 
underlying the importance of patients’ fitness to survive 
initial disease presentation and treatment. In addition, our 
study revealed biomarkers of independent unfavorable 
prognostic significance including TP53 and STAT5B muta-
tions and MYC expression. TP53 alterations are well-
known determinants of chemoresistance and worse 
outcome in lymphoma patients in general, and specifically 
in T-cell lymphomas.33-36 Activating mutations of STAT5B 
mutations have an established role in T-cell lymphoma-
genesis;37 they are frequent in several types of – usually 
aggressive - lymphomas derived from gd or NK cells, and 
in a subset of T-large granular lymphocytic leukemias (T-
LGL)21,22,29,38,39 associated with a more aggressive behavior.38 
Accordingly, we found a striking negative effect of con-
current TP53 and STAT5B mutations on survival.  
In MEITL, gains of 8q24 or MYC copy gains have been vari-
ably reported in 25-70% of cases,5,10,11,40 rare cases harbor-
ing MYC rearrangements have been described,10,19 and 

Table 3. Multivariate model of overall survival.

N of patients=44 HR 95% CI P value

B-cell marker expression (IHC) 0.15 0.05-0.46 0.001

TP53 mutation 4.86 1.75-13.5 0.002

STAT5B mutation 3.42 1.44-8.13 0.005

MYC expression > 25% (IHC) 3.06 1.33-7.04 0.009

Performance Status ≥2 6.46 2.44-17.1 <0.001

IHC: immunohistochemistry; CI: confidence interval; HR: hazard ratio. For multivariable analysis, the covariates were determined according 
to univariate results (P≤0.10) and to the clinical and biological relevance, restricted to 44 cases with available pretherapeutic features (Online 
Supplementary Table S7; Online Supplementary Statistical Methods).
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around half of cases reportedly show MYC protein ex-
pression.5,15,19 We found MYC expression in one third of the 
cases, more frequently in atypical cases and in association 
with TP53 mutations. Nine cases had concurrent MYC and 
TP53 gene alterations, with six of seven patients dying 
within 5 months after diagnosis. The poor prognosis of pa-
tients with MYC plus TP53 abnormalities has been re-
ported in diffuse large B-cell lymphoma41 along with 
high-grade morphology and also in chronic lymphocytic 
leukemia.42 Thus, MYC and TP53 aberrations may play a 
role in MEITL pathogenesis and progression. 
In this study, chemoresistance to first-line CHOP-based 
polychemotherapy was high, even compared to other T-
cell lymphomas,43 let alone that only two thirds of pa-
tients had attempted systemic treatment after surgery. 
Yet, very few patients achieved CR during salvage and all 
eventually died of treatment toxicity or lymphoma pro-
gression. Certainly, there is an unmet medical need to im-
prove treatment. Timely diagnosis and better supportive 
measures may help to reduce early mortality by improving 
the PS of MEITL patients and decrease toxicity of first-
line therapy in a rapidly growing disease. CHOP-based 
polychemotherapy was mostly ineffective in our patients; 
therefore, alternative approaches are urgently needed. 
Remarkably, five of six patients treated with the ifosfam-
ide, etoposide, epirubicin and methotrexate (IVE-MTX) 
regimen followed by ASCT proposed for EATL reached CR, 
but only one survived >24 months.44 Of note, MEITL and 
hepatosplenic T-cell lymphoma (HSTL) are both aggres-
sive extranodal chemoresistant diseases, which share bio-
logical characteristics.29,45 Hence, non-CHOP first-line 
alternative polychemotherapy46 such as ICE (ifosfamide, 
carboplatin, etoposide) or IVAC (ifosfamide, etoposide, 
high-dose cytarabine) followed by systematic consolida-
tion, as recommended by the ESMO guidelines47 could 
also be valuable for MEITL. Encouraging results have been 
reported after first-line auto-HCT44,48 in both EATL and 
MEITL.24 Herein patients receiving first-line HCT had longer 
OS, but HCT had been offered to young patients achieving 
CR, hence pre-selecting patients with a better prognosis. 
Consolidation with allo-HCT has the best potential for re-
lapse prevention in T-cell lymphoma but its use is limited 
by its toxicity.49 In MEITL, allo-HCT could be recom-
mended even first-line in eligible patients.  
A better understanding of MEITL biology may open the 
path to innovative treatments beyond chemotherapy and 
transplantation. Particularly, the aberrant expression of B-
cell markers, rare in T-cell lymphoma50 raises the question 
of therapies targeting CD20 or CD79, while the lack of 
CD30 expression discourages the use of brentuximab ve-
dotin. Given the frequent activation of the JAK-STAT path-
way the use of JAK inhibitors may be useful.29 The 
MEITL-hallmark loss of H3K36 trimethylation, confers high 
sensitivity to WEE1 kinase inhibitors,51 such as adavosertib, 

which is developed in clinical trials for solid tumors and 
could be evaluated in MEITL. 
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