Leukemia Research Reports 21 (2024) 100458

ELSEVIER

Contents lists available at ScienceDirect
Leukemia Research Reports

journal homepage: www.elsevier.com/locate/lrr

Myeloid neoplasms in inflammatory bowel disease: A case series and review

of the literature

David M. Mueller >', Daniel I. Nathan ™', Angela Liu b John Mascarenhas ”, Bridget

K. Marcellino ™"

& Department of Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, United States

Y Tisch Cancer Institute, Division of Hematology and Medical Oncology, Icahn School of Medicine at Mount Sinai, New York, NY, United States

ARTICLE INFO ABSTRACT

Keywords:

“Inflammatory bowel disease”

“Myeloid neoplasm”

“Thiopurine”

“Clonal hematopoiesis™; “Driver Mutation™
“Case Series”

Patients with inflammatory bowel disease (IBD) are exposed to chronic systemic inflammation and are at risk for
secondary malignancies. Here we review the literature on the risk of myeloid neoplasms (MN) in IBD and present
the disease profiles of patients at a single institution with IBD who later developed MN, comparing them to those
in the literature. No IBD characteristic was found to associate with MN disease severity, including the previously-
identified association between MNs and thiopurine exposure. Of the somatic mutations identified in out cohort’s

MN, mutations in TET2 were most prevalent, followed by FLT3-ITD, BCR-ABL, and NPM1 mutations.

1. Introduction and literature review

We reviewed articles indexed in PubMed examining the nature of the
relationship between inflammatory bowel disease (IBD) and myeloid
neoplasms (MN). IBD is known to be associated with an increased risk of
cancer, overall [1]. The general risk of malignancy in IBD is estimated to
be 690.2 per 100,000 person-years (an increased incidence rate of 1.29
compared with the non-IBD population), with the risk in Crohn’s disease
(CD) greater than ulcerative colitis (UC) [1]. Colorectal cancer is the
most strongly associated malignancy with IBD. One meta-analysis of IBD
cases worldwide between the years 1990 and 2014 calculated the inci-
dence rate of colorectal cancer in CD as 53.3 per 100,000 person-years
[2]. Extra-intestinal malignancies such as those of the liver and biliary
tract are also commonly encountered, as are lymphomas and MN [1,2].
Advances in colorectal cancer screening with widespread implementa-
tion seem to have lessened the incidence burden of colorectal cancer [3].
As a consequence of lower rates of colorectal cancer in the IBD popu-
lation, lymphoid and myeloid neoplasms have emerged as secondary
malignancies of concern.

The true incidence of MN in IBD is unclear. Most studies of malig-
nancies in IBD have identified an increased risk of MN as well as lym-
phomas, though some have failed to find rates above the general
population [1,2,4]. One meta-analysis found the combined incidence of
leukemia and multiple myeloma to be 17.1 per 100,000 person-years in
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IBD (14.1 for CD and 20.3 for UC) [1]. A separate meta-analysis found
the incidence of leukemia in IBD to be 1.5 per 100,000 person-years (0.3
in CD and 13 in UC) and the incidence of lymphoma in CD to be 0.8 per
100,000 person-years, which were not considered to be above the gen-
eral population [2]. Another investigation found that IBD increased
relative incident risk of acute myeloid leukemia (AML) by 20 % [4].
Overall, while mixed, most surveys have identified an increased risk of
MN with IBD.

Initial investigations implicated prior thiopurine therapy as poten-
tially mediating this association. Thiopurines, specifically azathioprine
and 6-mercaptopurine, represent a foundational component of mainte-
nance therapy in IBD as well as in other immune-mediated disorders and
in solid organ transplantation. Their widespread use coupled with their
mechanism of action involving direct or indirect incorporation into DNA
has raised concerns for potential carcinogenicity [5]. One study exam-
ined 19,486 patients with IBD from a French cohort, finding an overall
non-elevated risk for myeloid neoplasms in the IBD population
compared with the general population [6]. However, of the five patients
that developed myeloid neoplasms, three had prior and one had ongoing
thiopurine exposure. The authors concluded that prior but not current
thiopurine exposure was associated with an increased risk of myeloid
neoplasms. This is in contrast to a prior investigation of IBD patients in
Japan which did not find an association between thiopurine use and risk
of hematologic malignancy [7]. A study from Hong Kong found that IBD
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patients with a history of thiopurine exposure were at increased risk of
malignancy in general, calculating a standardized incidence ratio of 2.37
(95 % CI 1.71-3.18) compared to 1.35 (95 % CI 1.05-1.72) in non-users
with IBD [8]. A 2021 study of Veterans Affairs patients with IBD found
that thiopurine exposure increased the risk of developing AML and
myelodysplastic syndrome (MDS) compared to thiopurine non-exposure
with the risk reverting back to baseline after thiopurine discontinuation
[9]. The relationship between chronic myeloid leukemia (CML), thio-
purines, and IBD has been less studied; one case report examined the role
thiopurine therapy may have played in the development of CML in a
patient with CD [10]. Several investigations have also found evidence of
increased risk of lymphoproliferative disorders with thiopurine therapy
in IBD [8,11,12].

Systemic inflammation and certain other chronic systemic disorders
have been associated with higher rates of myeloid malignancies. In a
Swedish population registry, a history of any infectious disease
increased the risk for both AML (odds radio (OR) 1.3, 95 % CI 1.2-1.4)
and MDS (OR 1.3, 95 % CI 1.1-1.5) [13]. In the same study, a history of
any autoimmune disease likewise increased risks for AML (OR 1.7, 95 %
CI 1.5-1.9) and MDS (OR 2.1, 95 % CI 1.7-2.6) [13]. In an analysis of a
statewide cancer database in Minnesota, MDS was associated with an
increased risk of diagnosis of autoimmune and immune-mediated dis-
eases (adjusted odds ratio (aOR) 1.41, 95 % CI 1.05-1.89, p = 0.02)
including a trend towards increased risk of inflammatory bowel disease
(aOR 1.75, 95 % CI 0.89-3.42, p = 0.1) [14]. A separate investigation
found autoimmune and immune-mediated diseases to be associated with
a higher risk for MN (OR 1.2, 95 % CI 1.0-1.3, p = 0.021), including with
CD (OR 1.8, 95 % CI 1.1-3.0) [15]. While specific mechanisms are un-
known, these data suggest that chronic immune stimulation may be a
factor in the comorbidity seen between myeloid neoplasms and in-
flammatory diseases.

2. Case series

To further explore the relationship between IBD and MN, we con-
ducted a retrospective chart review of patients from the Mount Sinai
Health System with IBD who developed MN, specifically AML, CML, and
MDS. We collected demographic data and correlated disease charac-
teristics of their IBD with those of their MN. This investigation was
reviewed and approved by the local Institutional Review Board and

Database query of all patients with diagnoses
of UC or CD and AML, MDS, CML between
2007 and 2022

¥
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Program for the Protection of Human Subjects. We queried records be-
tween 2007 and 2022 for patients seen in any outpatient setting with
ICD-10 diagnoses of either UC or CD and a concurrent diagnosis of MDS,
AML, or CML (Fig. 1). Charts with diagnoses of polycythemia vera (PV),
essential thrombocythemia (ET), chronic myelomonocytic leukemia
(CMML), and myelofibrosis (MF) were not included due to a high fre-
quency of improper ICD-10 coding. Forty-three records bearing these
diagnoses were identified, twenty-eight of which contained additional
characterizing information (Table 1). The distribution of MNs was
similar in the subset of the twenty-eight records with further data. Two
records were excluded because the MN diagnosis preceded the diagnosis
of IBD. Mutational and chromosomal data from the MN of this popula-
tion were also collected, when available. Karyotyping and fluorescent
in-situ hybridization (FISH) were performed in-house. Details on mo-
lecular profiles were obtained from clinical next-generation sequencing
(NGS) reports from a commercial laboratory (Neogenomics), when
available (see Supplementary Table 1). For some records, mutational
data were available through clinic notes but not the original NGS panels.
The mean age of IBD diagnosis was 49.0 years (95 % CI 50.5-57.5) and
the mean age of MN diagnosis was 61.2 years (95 % CI 55.1-67.2) with a
mean latency of 9.4 years (95 % CI 6.8-12.1). The mean age of AML
diagnosis in our cohort was 56.0 years (95 % CI 46.6-65.5) and the
mean age of MDS diagnosis was 68.7 years (95 % CI 59.7-77.7). The
most commonly recorded IBD-directed therapies were 5-ASA, steroids,
and anti-TNF monoclonal antibodies (Table 2). Thiopurine use was
much less prevalent, found in only seven of the twenty-six records with
available treatment information. Neither IBD treatment history,
expressed as total number of IBD-directed therapies, nor IBD disease
control at time of MN diagnosis were found to significantly associate

Table 1

Number of charts identified by our search criteria, organized by type of MN and
IBD. Italicized values represent the number of charts with additional data
beyond diagnosis coding.

ucC CD Total
CML 2(2) 52 74
AML 313 11 (9) 14 (12)
MDS 8(5) 14 (7) 22 (12)
Total 13 (10) 30 (18) 43 (28)

38 records excluded
12 lacked evidence of IBD

81 records identified by search criteria

\ 4

43 records with confirmed diagnoses of IBD

A\ 4

9 lacked evidence of MN
17 were incorrectly coded

15 records lacked additional information
7 CD/MDS

(UC or CD) and an MN (AML, MDS, or CML)

\ 4

3 UC/MDS
2 CD/AML
3 CD/CML

2 records were excluded due to MN

\ 4

28 records containing further information

A\ 4

diagnosis occurring before the IBD

Fig. 1. Retrospective study design for identifying patients in the Mount Sinai Health System with diagnoses of IBD and MN. 1B
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Table 2

Number of charts with records of specific IBD-directed therapies. 5-ASA includes
both oral and rectal formulations. Steroids include both oral and rectal steroids.
Anti-TNFa agents include any biologic agents directed against tumor necrosis
factor alpha (TNFa). Thiopurines include azathioprine and 6-mercaptopurine.
Anti-integrin agents include vedolizumab and natalizumab. Antimetabolites
include methotrexate. JAKi refers to JAK inhibitors such as tofacitinib. Anti-IL
12/23 agents include ustekinumab. Calcineurin inhibitors include cyclosporine.

AML MDS CML
5-ASA 9 8 3
Steroids 7 6 3
Anti-TNFa 6 2 2
Thiopurines 4 2 1
Anti-integrin 1 2 1
Antimetabolites 1 1 0
Jak inhibitor 1 0 0
Anti-IL12/23 0 1 0
Calcineurin inhibitor 0 0 1

with any MN type (data not shown, p > 0.05 for all tested associations).
These characteristics were also not found to associate with any specific
driver mutation (Fig. 2). Similarly, the number of prior IBD therapies
was not associated with either the complexity of MN karyotype or MN
prognostic score at time of MN diagnosis. Overall, no specific MN
characteristic was associated with IBD status at MN diagnosis or with
prior IBD therapy.

Of the driver mutations detected in our population, variants in TET2
were found to be most prevalent (6 identified variants), followed by
FLT3-ITD (5), BCR-ABL (4), and NPM1 (4) (Fig. 2). Mutations in genes
known to be associated with MN such as DNMT3A (2), EZH2 (2), SRSF2
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(2), and PPM1D (1) were also observed but were less prevalent (Fig. 2).

Additionally, nine patients had available longitudinal CBC data
preceding by years their diagnoses of MN (data not shown). Of these
nine, eight had multiple cytopenias over the three years preceding MN
diagnosis. Six patients had anemia, four had leukopenia, and four had
thrombocytopenia. All cases of anemia were normocytic or macrocytic
(mean MCV 93.0, 95 % CI 89.9-96.1) with an elevated RDW.

3. Discussion

This single-center retrospective analysis of IBD patients with MN
provides new insights into the relationship between these disorders.
Studies to date, including our own, have been limited by size, retro-
spective nature, and lack of internal control cohorts, but together sug-
gest an underlying mechanism and provide rationale for future
prospective work. Potential mechanisms driving the interplay between
IBD and MN have been proposed, such as exposure to certain IBD
therapies, specifically thiopurines. Existing research into the effect of
thiopurine therapy on MN risk in IBD is divided, with some in-
vestigations identifying a possible link [5-9]. All prior data are derived
from more general retrospective surveys evaluating malignancy risk in
IBD. Given this design, all are unable to discern if thiopurine therapy is
the cause of increased MN risk versus thiopurine use simply signaling
more severe inflammatory disease which causes increased MN risk by
other means. Within our cohort, no IBD treatment was found to correlate
with risk of MN, including thiopurines. Of the twenty-six records with
available data, only seven had a history of treatment with thiopurines. If
thiopurine exposure does indeed cause an increased risk of MN, it would
only explain at most one quarter of our cases. Whether the remaining

Record ID

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18(19 20 21 22 23 24 25 26 27 28

TET2

FLT3-ITD
BCR-ABL|
NPM1

DNMT3A|

EZH2

SRSF2|

CREBBP|

FLT3-TKD|

JAK2,

KRAS

PHF6)

PPM1D

-
||
|

PTPN11

RAD21

SETBP1

STAG2

TPS53

Diagnosis IBD CD

uc

Diagnosis MN AML CML
Controlled
23 Therapies for IBD

MDS AML CML MDS

Adverse Cytogenetics
High risk MN|

wo mutations
es
Not available
No

Fig. 2. Graphical representations of mutations for each analyzed record with respective clinical information. Control of IBD was judged at time of diagnosis of MN.
Adverse cytogenetics were determined based on karyotype complexity or as defined by European LeukemiaNet (ELN) or International Prognostic Scoring System
Revised (IPSS-R) criteria. Higher risk disease includes intermediate or high risk disease as determined by ELN or IPSS-R.
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cases without thiopurine exposure are due to a separate source of
increased risk or to the expected cases seen in any population due to
chance would require a study with an internal control group.

States of generalized inflammation have been hypothesized as
contributing to the risk of MN in IBD. Systemic inflammatory diseases,
including rheumatoid arthritis, systemic lupus erythematosus, autoim-
mune hemolysis, scleroderma, polymyalgia rheumatica, and the sys-
temic vasculitides, have all been found to confer an increased risk of MN
[15-19]. One theory for this association is that inflammation selects for
pre-existing clones in the bone marrow possessing mutations in certain
myeloid driver genes, known as clonal hematopoiesis (CH). These
clones, through their acquired resistance to inflammation, expand and
have the potential to lead to the development of myeloid neoplasms
[16]. It has also been theorized that these clones may themselves pro-
mote further inflammation [16]. This bidirectional relationship between
CH and systemic disease has been found in atherosclerosis, though not
yet in autoimmune diseases [20].

It is notable that our population developed AML at a young age
relative to the general population (56 vs 68) [21]. This could be
consistent with a model of accelerated clonal development through
inflammation, but is not exclusive to this model. If this mechanism of
systemic inflammation promoting the expansion of pre-existing clones is
the cause behind the relationship between IBD and MN, then the dis-
tribution of somatic mutations seen in these MN would be expected to be
similar to the distribution of mutations seen in clonal disorders such as
CH, MDS, and AML. In contrast, if exposure to thiopurine therapy is the
cause of increased risk of MN in IBD, it would be expected that mutations
such as PPM1D, which associate with intrinsic resistance to cytotoxic
medications, would be overrepresented.

To date, this is the largest study of somatic mutations in patients with
IBD and MN. The distribution of CH mutations in the general population
has been well-characterized, with mutations in DNMT3A most prevalent
followed by mutations in ASXL1 and TET2 [22,23]. One investigation
into MN in IBD found DNMT3A mutations to be most prevalent in this
population, followed by ASXL1 and JAK2 [24]. Another study evalu-
ating CH in IBD found DNMT3A and PPMI1D mutations to be most
prevalent, with TET2 mutations being relatively uncommon when
compared with prior studies of CH in the general population [25]. In
contrast, in our population TET2 mutations were the most prevalent
somatic mutation, followed by FLT3-ITD, BCR-ABL, and NPM1 muta-
tions. DNMT3A mutations were less commonly observed and ASXLI
mutations were not encountered at all. The over-representation of mu-
tations in genes such as NPM1 and FLT3 in our population compared
with CH in IBD is likely due to the fact that our investigation examined
patients with clinically diagnosed MN rather than simply CH. Mutations
in NPM1 and FLT3 are known to be acquired late in the MN trans-
formation process [26-28]. The over-representation of TET2 mutations
and under-representation of DNMT3A and ASXL1 mutations in our
population compared with prior studies of CH in the IBD and general
population may suggest that clones bearing TET2 mutations, when
compared with other mutations, have different propensities to transform
into clinical MN in patients with IBD. The prevalence of TET2 mutations
in our population combined with prior data on the increased incidence
of CH in IBD suggests a model of inflammation promoting the expansion
of pre-existing clones bearing specific somatic driver mutations, rather
than inducing their formation de novo. Consistent with prior studies as
well as the rarity of thiopurine use in our population, PPM1D and TP53
mutations were rare, each identified only once.

Our finding of atypical cytopenias preceding MN diagnosis by years
is also consistent with a model of evolving clonal fitness (Fig. 3),
although this hypothesis cannot be confirmed here due to lack of pre-MN
sequencing data and an appropriate control population. Prospective
studies involving longitudinal blood counts and sequencing data in the
IBD population will be needed to more fully characterize this relation-
ship. This may provide insight into the evolution of clones bearing
specific somatic mutations as well as determine the predictive value of
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Hematopoietic
stem cells

Somatic
mutation

|

Somatic
mutation

® Appearance of
l clinical MN

Inflammatory environment of IBD

Fig. 3. Theoretical model for how the inflammatory environment of IBD sup-
presses wild-type hematopoietic stem cells, permitting stem cells that have
acquired driver mutations (mutations in DNMT3A in this example) to expand as
a clone. Blue nuclei represent wild type hematopoietic stem cells, green nuclei
represent DNMT3A™ stem cells, red nuclei represent leukemic cells with mu-
tations in DNMT3A and NPM1. Transformation to a clinically apparent MN can
result as the clone acquires further mutations (NPM1 in this example) and
chromosomal instability.

unexplained cytopenias for MN in the IBD population. Of note, the IBD
population routinely has blood count data collected for clinical pur-
poses. This may make preceding cytopenias more apparent than in the
general population. For similar reasons, the IBD population may be ideal
for testing AML prediction models, given their higher risk of MN and
frequent monitoring of blood counts [29].

4. Conclusion

These results from our cohort further characterize the relationship
between IBD and MN. Our population developed AML at a young age,
relative to the general population. No associations were identified be-
tween any IBD and MN characteristic, including treatment history. The
somatic mutations identified in our cohort were similar to the distri-
bution seen in a prior survey of CH in UC, as well as MN in general. We
also found a signal that atypical cytopenias may precede MN diagnosis
in IBD patients. Interestingly, our population was not found to be
enriched for prior thiopurine use. Further prospective investigations will
be needed to better characterize this relationship between IBD and MN.
Overall, given the incompletely understood nature of the risk of MN in
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IBD, these findings support timely referrals of IBD patients with unex-
plained or atypical cytopenias for comprehensive hematologic
evaluation.
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