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T‐cell lymphoblastic lymphoma in constitutional mismatch
repair deficiency (CMMRD): Exploring treatment
opportunities
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Constitutional mismatch repair deficiency (CMMRD) is a high‐risk
childhood cancer predisposition syndrome caused by biallelic germ-
line mutations in one of the four mismatch repair (MMR) genesMLH1,
MSH2, MSH6, or PMS2. Defective MMR results in the rapid accu-
mulation of mutations and the continuous development of malig-
nancies from an early age. The tumor spectrum of CMMRD patients
consists mostly of high‐grade brain tumors, gastrointestinal (GI)
tumors, and hematologic malignancies.1 Hematologic malignancies in
CMMRD patients are predominantly lymphomas, most of which
are T‐cell lymphoblastic lymphomas (T‐LBLs).2,3 T‐LBL is a malignancy
of immature T cells, characterized by infiltration of blasts in the
mediastinum and lymph nodes, with fewer than 25% blasts in the
bone marrow.4,5 Treatment of T‐LBL generally consists of 2‐year
multiagent chemotherapy (LBL2018, NCT04043494).

Intensive surveillance protocols for CMMRD patients allow for
early detection of brain tumors and GI tumors, providing additional
treatment options besides chemotherapy, such as radical surgical re-
section or radiotherapy.3 Moreover, hypermutated brain and GI tumors
have shown a good response to PD‐1 inhibitors, with hypermutated
being defined as >10 mutations/Mb (mut/Mb).6,7 Clinically relevant
surveillance strategies for hematologic malignancies are not yet avail-
able and it has yet to be studied whether T‐LBLs are hypermutated,
like brain and GI tumors, and could therefore benefit from checkpoint
inhibitors, such as PD‐1 inhibitors, as well. Consequently, CMMRD‐
associated T‐LBL is currently treated according to the standard of care
treatment strategies for sporadic T‐LBL. There are several reasons why
standard‐of‐care treatment strategies might be suboptimal in CMMRD
T‐LBL patients. Since CMMRD T‐LBL patients are often heavily
pretreated for previous malignancies, they may have developed
chemoresistance. Additionally, previous doses of intensive therapy
make patients also more vulnerable to severe complications. Moreover,
the current LBL chemotherapeutic backbone consists of a number of

mutagenic agents that can cause additional mutations and contribute
to the development of new malignancies in these patients.2

Additionally, there are indications that MMR deficiency leads to
inherent resistance to thiopurines,8–10 an important component of
T‐LBL treatment strategies (LBL2018, NCT04043494). It could there-
fore be beneficial for CMMRD patients to adapt the LBL backbone by
removing the partially toxic and ineffective chemotherapeutic agents
and replacing them with other, more effective agents. Molecular
characterization of CMMRD‐associated T‐LBL and sporadic T‐LBL
could provide insights into molecular similarities and differences be-
tween these malignancies, potentially resulting in alternative treatment
options for CMMRD‐associated T‐LBL.3

We included data from eight CMMRD patients, who developed
a total of nine T‐LBLs (CMMRD‐associated T‐LBL) and 38 sporadic
T‐LBL patients.11,12 The median age of the sporadic T‐LBL patients
was 10 years and the disease affected more males (n = 22) than
females (n = 16) (58% males). Age and sex distribution were similar
for CMMRD‐associated T‐LBL, with a median age of 10 years and
63% males. We performed whole‐exome sequencing on tumor‐
normal pairs for all sporadic T‐LBLs and seven CMMRD‐associated
T‐LBLs, and whole‐genome sequencing of tumor‐normal pairs for
two CMMRD‐associated T‐LBLs. Data processing was performed
as described previously.11,12 Tumor mutational burden (TMB) was
calculated from the filtered data11 using only mutations that were
located in coding regions, revealing a large difference between
CMMRD‐associated and sporadic T‐LBL (mean 24.62 and
0.49 mut/Mb; p < 0.0001, Wilcoxon's rank‐sum test). When com-
paring the TMB of single‐nucleotide variants (SNVs) and small in-
sertions and deletions (indels) separately, we also found a
substantially higher TMB in CMMRD‐associated T‐LBL compared
to sporadic T‐LBL (p < 0.0001, Wilcoxon's rank‐sum test)
(Figure 1A,B). In total, five of the CMMRD‐associated T‐LBLs could

HemaSphere. 2024;8:e73. hemaspherejournal.com | 1 of 4

https://doi.org/10.1002/hem3.73

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2024 The Authors. HemaSphere published by John Wiley & Sons Ltd on behalf of European Hematology Association.

1Princess Máxima Center for Pediatric Oncology, Utrecht, The Netherlands
2Oncode Institute, Utrecht, The Netherlands
3Department of Genetics, Utrecht University Medical Center, Utrecht

University, Utrecht, The Netherlands

Present address: Jules P. P. Meijerink, Acerta‐Pharma (AstraZeneca), Oss, The

Netherlands
^Emma Kroeze, Dilys D. Weijers, Jan L. C. Loeffen, and Roland P. Kuiper

contributed equally to this study.

http://orcid.org/0000-0002-4258-1291
mailto:r.kuiper@prinsesmaximacentrum.nl
https://hemaspherejournal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


F IGURE 1 Mutations and tumor mutational burden in constitutional mismatch repair deficiency (CMMRD) T‐cell lymphoblastic lymphomas (T‐LBL) compared to

sporadic T‐LBL. (A) The TMLB of single‐nucleotide variants (SNVs) in CMMRD T‐LBL is significantly higher than that in sporadic T‐LBL. (B) The TMB of indels in

CMMRD T‐LBL is significantly higher than that in sporadic T‐LBL. (C) The number of copy number aberrations (>20Mb or 9p21 loss) is significantly lower in CMMRD

T‐LBL than in sporadic T‐LBL. Lines in A–C represent the median and interquartile range. (D) The mutational spectrum in CMMRD T‐LBL and sporadic T‐LBL largely

overlaps, but differences in frequencies can be detected as well. The bars represent the percentage of T‐LBL cases with a mutation in a specific gene, displayed per

type of mutation. If bars are stacked, different types of mutations are present within one case. **p < 0.01; ****p < 0.0001.
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be defined as hypermutated (range: 11.7–129 mut/Mb). Although
the remaining four were not hypermutated by definition, the TMB
of the latter was still substantially higher (range: 4–6.1 mut/Mb)
compared to sporadic T‐LBLs (median: 0.47 mut/Mb; range:
0.05–1.23 mut/Mb). Recent studies on brain tumors and GI‐tract
tumors have shown that a high number of indels in microsatellites
in hypermutated tumors of CMMRD patients is associated with a
good response to PD1 inhibitors, a class of checkpoint inhibitors.6

In this study, we show that most CMMRD‐associated T‐LBLs could
be defined as hypermutated and that all CMMRD‐associated
T‐LBLs have a significantly higher mutational burden than sporadic
T‐LBLs, which is a promising indication that CMMRD‐associated T‐
LBL could be a good candidate for PD1 inhibition. These check-
point inhibitors might be an effective replacement of mutagenic
agents or ineffective chemotherapeutic treatments such as thio-
purines. Further studies are required to decide whether checkpoint
inhibitors are effective and how they can be safely incorporated in
the treatment of CMMRD‐associated T‐LBL.

Additionally, we investigated a personalized medicine approach
for which we analyzed the coding mutations identified in the
individual tumors to find additional targets in high‐risk patients. We
focused on SNVs and indels, as this is where CMMRD‐associated
T‐LBLs have the largest genomic heterogeneity. The analysis revealed
that in CMMRD‐associated T‐LBL, there was a minimum of one
targetable event per tumor, with a range of 1–14 such events. These
events could be targeted with available compounds or compounds
under investigation in ongoing clinical trials (Supporting Information
S1: Table 1). The most frequently detected targetable events included
NOTCH1, PIK3CD, SMARCA4, and BRCA2 mutations. In contrast,
among sporadic T‐LBL patients, only five out of 38 patients exhibited
an event that can be targeted by either an existing compound or a
currently active clinical trial. These data show that a personalized
medicine approach could be of benefit for CMMRD‐associated T‐LBL
and may result in alternative treatment options to supplement, or
partially replace multiagent chemotherapy.

Lastly, we explored the frequency of aberrations known to
drive sporadic T‐LBL in CMMRD‐associated T‐LBL to study pos-
sible differences in the mechanism of development. Copy number
aberrations (CNAs) were called by implementing GATK v4.0.1.2
best practices.13 Genes located around the breakpoints were de-
termined using the GenomicRanges package in R v3.6.1. CNAs
larger than 20Mb were included and visually validated using de-
noized models. Copy number deletions in CDKN2A/B locus on
9p21, which are frequently smaller than 20Mb, were also included.
The overall number of CNAs (>20 Mb or loss of 9p21) was sig-
nificantly lower in CMMRD T‐LBL compared to sporadic T‐LBL
(p = 0.0012; Wilcoxon's rank‐sum test), in line with what has been
previously described for brain tumors in CMMRD patients14

(Figure 1C). The loss of tumor suppressor locus CDKN2A/B
caused by (partial) loss of 9p21, which is the most frequently
detected aberration in T‐LBL, was not present in CMMRD‐
associated T‐LBL (Supporting Information S1: Figure 1). A possible
explanation for a lower number of CNAs in CMMRD T‐LBL could
be that these tumors acquire high numbers of SNVs and indels
and might therefore not require additional CNAs for their survival
and proliferation. Mutations in most other genes known to be in-
volved in sporadic T‐LBL could be detected in CMMRD‐associated
T‐LBL as well (Figure 1D).

There is an urgent need to use alternative treatment options for
CMMRD‐associated T‐LBL as the current backbone of LBL treatment
contains multiple agents that are probably ineffective due to resistance
mechanisms, or even harmful due to the introduction of mutations
that possibly contribute to the development of second primary

malignancies in CMMRD patients. In a molecular characterization
comparing CMMRD‐associated T‐LBL to sporadic T‐LBL, we found
various potential alternative treatment options for CMMRD‐associated
T‐LBL, including the possibility to use checkpoint inhibitors, as well as
utilizing targetable events detected through a personalized medicine
approach. Exploiting other treatment options could help to diminish
the cumulative dose of, possibly ineffective and toxic, chemotherapy in
these often heavily pretreated individuals, which may help to improve
their life expectancy.
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