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Abstract

Chronic inflammation can induce leukemogenic mutations in hemat-
opoietic stem cells (HSCs). We report a case of acute promyelocytic
leukemia (APL) in a patient with chronic continuous type of Crohn’s dis-
ease. The patient had been diagnosed with Crohn’s disease at the age of
28 years and had received conventional treatments with biologics, but not
azathioprine. At the age of 51, he was diagnosed with APL with ider(17).
Long-term exposure to chronic continuous inflammation from Crohn’s
disease might be a factor inducing genomic instability in HSCs, which
lead to the subsequent development of APL. APL is a rare hematological
manifestation that required attention in Crohn’s disease patients.
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Introduction

Acute promyelocytic leukemia (APL) is a subtype of acute
myeloid leukemia (AML) that is characterized by the spe-
cific chromosomal rearrangement, t(15;17)(q22;q21) [1]. In
the past decade, owing to the introduction of all-trans retinoic
acid (ATRA) therapy in combination with arsenic trioxide and
other chemotherapies, APL has become one of the most cur-
able leukemias [2]. Chromosomal rearrangements in addition
to t(15;17) have been reported in 25-40% of APL patients, with
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a preponderance of trisomy 8 [3]. Other abnormalities are far
less frequent, particularly ider(17) [4, 5].

Since the first suggestion of the association between
chronic inflammation and tumorigenesis, accumulating evi-
dences have shown that recurrent and persistent chronic in-
flammation might be a factor in oncogenesis [6, 7]. Chronic
inflammation is known to drive the development of cancer
[6]. Cytokines, chemokines, growth factors and other immune
regulating proteins produced during chronic inflammation can
serve as stimuli for the production of pro-survival molecules,
leading to DNA damage and instability [8]. In addition, chron-
ic inflammation can affect hematopoictic stem cells (HSCs)
and promote genomic instability, potentially leading to the ac-
quisition of leukemogenic mutations [9].

Inflammatory bowel diseases (IBDs), such as ulcerative co-
litis (UC) and Crohn’s disease, often affect the entire digestive
system and organs, and are associated with an increased risk of
cancers, including hematological malignancies. In particular, an
almost six times higher association between IBD and hematologi-
cal malignancies has been reported in patients with Crohn’s dis-
ecase as compared to the general population [10]. There are a few
reports of secondary APL in patients with Crohn’s disease [11-15].

The therapeutic treatments for moderate-to-severe Crohn’s
disease include S5-aminosalicylic acid (5-ASA), corticoster-
oids, thiopurines, and biologics including tumor necrosis fac-
tor (TNF)-a inhibitors and anti-interleukin (IL)-12/23 antibod-
ies. Thiopurines are known to be associated with an increased
risk of lymphomas and myeloid neoplasms, but 5-ASA, corti-
costeroids and biologics have no association with hematologi-
cal malignancies [16].

Here, we report a rare case of APL in a patient with a
chronic continuous state of Crohn’s disease, who had received
Crohn’s disease treatment with 5-ASA, budesonide and vari-
ous biologics, but not thiopurines.

Case Report
Investigations

The patient was a male who had been diagnosed with ileocolitis
type of Crohn’s disease at the age of 28 years and was started on
5-ASA and an elementary diet (Elental®) including amino acids,
very little fat, vitamins, trace elements, and a major energy source,
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Table 1. Laboratory Data at the Time of the Second Bone Marrow Aspiration

Test Value Test Value Test Value
WBC 0.7 x 10%/L TP 7.6 g/dL Ferritin 10 ng/mL
Blasts 1.0% Alb 4.6 g/dL Vitamin B12 336 pg/mL
Promyelocytes 0% T-Bil 1.6 mg/dL Folic acid 5.0 ng/mL
Myelocytes 0% D-Bil 0.3 IU/L Haptoglobin 43 mg/dL
Metamyelocytes 0% AST 21 IU/L 1gG 1212 mg/dL
Neutrophils 63.0% ALT 24 1U/L IgA 322 mg/dL
Eosinophils 0% Cre 0.77 mg/dL IgM 62 mg/dL
Basophils 0% BUN 12.3 mg/dL APTT 28.1s
Monocytes 0% LDH 140 IU/L PT-INR 0.99
Lymphocytes 36% Na 145 mEq/L Fib 224 mg/dL
RBC 3.15x 1012/ K 3.8 mEq/L FDP 37.7 mg/dL
Hb 10.9 g/dL Cl 108 mEq/L D-dimer 14.5 pg/mL
MCV 101.9 fL CRP 0.27 mg/dL AT-3 96.6%
Reticulocytes 19%o Fe 70 ng/dL

PLT 154 x 10°/L UIBC 469 pg/dL

WBC: white blood cells; RBC: red blood cells; Hb: hemoglobin; MCV: mean corpuscular volume; PLT: platelets; TP: total protein; Alb: albumin; T-Bil:
total bilirubin; D-Bil: direct bilirubin; AST: aspartate aminotransferase; ALT: alanine aminotransferase; Cre: creatinine; BUN: blood urea nitrogen;
LDH: lactate dehydrogenase; CRP: C-reactive protein; UIBC: unsaturated iron binding capacity; IgG: immunoglobulin G; IgA: immunoglobulin A;
IgM: immunoglobulin M; APTT: activated partial thromboplastin time; PT-INR: prothrombin time international normalized ratio; Fib: fibrinogen; FDP:

fibrinogen and fibrin degradation products; AT-3: antithrombin 3.

dextrin which results in reductions in immune stimulation in the
gut [17]. However, due to refractoriness to conventional treat-
ment, infliximab (IFX) therapy was added at the age of 40 years.
He underwent Hartman’s operation and sigmoid colostomy at the
age of 41 years because of sigmoid colon stenosis and formation
of a fistula between the bladder and sigmoid colon. Subsequently,
high levels of C-reactive protein (CRP) were continuously ob-
served due to persistent active colitis. Repeated follow-up colon-
oscopy showed active ulcers at the site of anastomosis and in the
colon. At the age of 50 years, IFX was switched to ustekinumab,
and budesonide was added due to refractory Crohn’s disease with
chronic continuous disease activity, for which IFX was not ef-
fective. One year later, the patient underwent partial ileectomy
because of acute hemorrhage from an ileal Crohn’s disease ulcer.

Soon after the operation, neutropenia and thrombocytope-
nia were observed. Initially, suspecting 5-ASA-induced bone
marrow suppression, the drug was immediately discontinued.
With this, although thrombocytopenia improved, neutropenia
persisted. Bone marrow aspiration was subsequently performed
to diagnose hematological disorders. The first bone marrow
evaluation showed hypocellular marrow without an increase in
blasts or dysplasia. G-banding analysis of bone marrow showed
a normal karyotype. Based on the above, the cause of leukocy-
topenia was deemed equivocal, and the patient was monitored
without hematological treatment.

Diagnosis

After 4 months, bone marrow aspiration was performed again
due to gradual worsening of neutropenia. Laboratory investiga-

tions at the time of the second bone marrow aspiration showed:
white blood cell count, 0.7 x 10%L; blasts, 1.0%; neutrophils,
63.0%; lymphocytes, 36.0%; red blood cell count, 3.15 x 10'%/L;
hemoglobin, 10.9 g/dL; platelet count, 154 x 10°/L; Fe, 70 pg/
dL; unsaturated iron biding capacity (UIBC), 469 ng/dL; ferritin,
10 ng/mL; CRP, 0.27 mg/dL; D-dimer, 14.5 pg/dL and fibrin deg-
radation products; 37.7 mg/dL (Table 1). Iron deficiency anemia
was diagnosed which was presumed to be due to decreased levels
of iron absorption secondary to active Crohn’s disease. The sec-
ond bone marrow aspiration displayed hypocellular marrow with
significant increases in blasts and promyelocytes, up to 26.8%
and 12%, respectively. Some blasts consisted of basophilic cells
with cytoplasmic projections. There were many promyelocytes
with numerous azurophil granules positive for myeloperoxidase
stain (Fig. 1). Flow cytometry analysis showed that the blasts
were positive for CD13 and CD33; negative for CD34 and hu-
man leukocyte antigen (HLA)-DR. Cytogenetic studies showed
a karyotype of 46, XY, der(15)t(15;17)(q24.1:q21.2), ider(17)
(q10)t (15;17) (Fig. 2). Using fluorescence in situ hybridiza-
tion, the promyelocytic leukemia/retinoic acid receptor o (PML/
RARA) fused gene signal was positively detected in 76% of the
cells. In addition, quantitative reverse transcriptase-polymerase
chain reaction (QRT-PCR) analysis for the PML-RARA rear-
rangement showed 35,000 copies/ug RNA. Based on the above
findings, the patient was diagnosed with APL.

Treatment

According to the Japan adult leukemia study group-204 proto-
col, induction chemotherapy with ATRA at a dose of 45 mg/
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Figure 1. Bone marrow aspiration showed a hypocellular marrow with
increased blasts (narrow arrows), and promyelocytes (wide arrows)
with azurophil granules that were positive on peroxidase staining (up-
per right box) (magnification, x 400).

m? was started. With this, complete hematological remission
was achieved after 31 days, although qPCR of PMR/RARA was
still positive, at 28,000 copies/pg. Consolidation therapy with
7 mg/m?/day of mitoxantrone for 3 days and 200 mg/m?/day of
cytarabine for 5 days was subsequently administered. The gPCR
value of PML-RARA decreased to undetectable levels after one
cycle of consolidation therapy and complete molecular remis-
sion was achieved. Bone marrow aspiration findings after the
consolidation therapy showed hypocellular marrow with no ap-
parent blast cell abnormalities or dysplasia. The second cycle
of consolidation consisted of 50 mg/m?/day of daunorubicin for
3 days and cytarabine 200 mg/m?/day for 5 days. Although the
complete molecular remission was sustained, it took 70 days un-
til bone marrow recovery. Bone marrow aspiration after the sec-
ond cycle of consolidation therapy showed hypocellular marrow
and binuclear erythroblasts. G-banding analysis of bone marrow
showed a normal karyotype. A consolidation regimen with 0.15
mg/kg of arsenic trioxide for 25 days was administered because
of the concerns about a high risk of infection due to severe and
persistent myelosuppression.

Follow-up and outcomes

The patient is currently still in remission, although complete
recovery of bone marrow was not achieved for 3 months after
the last consolidation.

Discussion

Here, we report a case of APL in a patient who had been in a
state of active Crohn’s disease for 23 years and had received
conventional treatments, including 5-ASA, corticosteroids and
various biologics, but excluding azathioprine.

A large population-based study on therapeutic treatments
for immune-mediated diseases strongly implicated azathioprine
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Figure 2. G-banding at the time of diagnosis of acute promyelo-
cytic leukemia (APL) showed a karyotype of 46, XY, der(15)t(15;17)
(924.1:921.2), ider(17)(q10)t(15;17) (arrows).

as a causative agent of myeloid neoplasms [16]. The leukemo-
genic mechanism of azathioprine is considered to involve pre-
vention of repair of drug-induced DNA double-strand breaks
[18], and induction of mismatch repair (MMR) deficiency, as re-
flected by microsatellite instability [19, 20]. On the other hand,
conventional treatments and biologics, including anti-TNF-a
antagonists and ustekinumab, reportedly only have a slight asso-
ciation with myeloid neoplasms in patients with IBD and other
immune-mediated diseases [16, 21-26]. However, our patient
developed APL even though he had not received thiopurines.
Four patients of six previous APL cases associated with Crohn’s
disease received conventional treatment without thiopurines and
another patient received multiple small bowel resections and co-
lostomy (Table 2) [11-15]. Only one patient was treated with
thiopurines. This suggests that other factors which are little as-
sociated with Crohn’s disease treatment probably induce APL
development. Our patient underwent intestinal partial resections
twice because persistent active Crohn’s disease colitis, ileac ul-
cers and high levels of CRP value were continuously observed.
Chronic active Crohn’s disease inflammation causing repeated
intestinal resections might have induced APL development.

An increased incidence of AML has been reported in pa-
tients with several immune-mediated diseases and IBD [27-
29]. A nationwide historical cohort study also demonstrated
that Crohn’s disease was closely associated with hematologi-
cal malignancies [30]. These observations suggest that chronic
inflammation underlying immune-mediated diseases might be
a causative factor in the development of myeloid neoplasms.

Continuous production of proinflammatory cytokines medi-
ating chronic inflammation, such as IL-1p, TNF-a and interfer-
ons, have been reported to lead to significant alterations in HSC
function and output [31]. Furthermore, chronic inflammation
might augment exposure of HSCs to oxidative stress conditions
from reactive oxygen species in the bone marrow niche, which
maintain and regulate HSCs and play an important role in the
pathogenesis of hematological malignancies [32]. These stresses
often promote genomic instability and, potentially, the acquisition
and increasing accumulation of leukemogenic mutations in HSCs
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Table 2. Acute Promyelocytic Leukemia (APL) in Crohn’s Disease Patients

N Age*  Dura- Treatment for WBC Hb(g/ PLT (x Inflammatory G-banding analvsis Out- Refer-
(years) tionP Crohn’s disease (/nL) dL) 10%/pL) biomarker® g Y come ence
1 42 Long Steroids, sulfasalazine, 1,700 7.6 Normal NA Normal karyotype CR>5 [l1]
time 6-mercaptopurine, (PML-RARA years
azathioprine, [IFX FISH positive)
2 13 9 months Steroids, 5-ASA NA 6.5 NA NA NA CR 1 [12]
year
3 78 11 years Steroids, 5-ASA 4,600 6.8 6.9 ESR (120 NA Died< [13]
mm/h), ferritin 1 month
(1,200 ng/mL)
4 37 8 years  Steroids, S-ASA 28,500 NA NA ESR, CRP NA Alive 2 [13]
(normal values) years
5 49 23 years Multiple small bowel 600 11 33 NA NA NA [14]
resections, colostomy
6 19 2 years  Sulfasalazine 1,400 NA 6.4 NA t(15;17)/+8,t(15;17)  Died< [15]
1 year
Case 51 23 years 5-ASA, steroids, 700 10.9 15.4 CRP (0.27 ider(17)(q10)t(15;17)/ CR
in this IFX, ustekinumab mg/dL) der(15)t(15;17)
article (q24.1: q21.2)

aAge at diagnosis of APL. PDuration from diagnosis of Crohn’s disease to APL. ®Values in the parenthesis mean the highest and worst values of the
inflammatory markers at the onset of APL. WBC: white blood cell; Hb: hemoglobin; PLT: platelet; 5-ASA: 5-aminosalicylic acid; IFX: infliximab; PML-
RARA: promyelocytic leukemia/retinoic acid receptor a; FISH: fluorescence in situ hybridization; CR: complete response; NA: not available; ESR:

erythrocyte sedimentation rate; CRP: C-reactive protein.

[9, 33]. Therefore, chronic inflammation might function as an ini-
tiator and driver of myeloid neoplasms [34]. In addition, a recent
study suggested that a long disease duration of IBD might induce
MMR deficiency [35]. Thus, MMR deficiency during chronic in-
flammation in IBD might be another factor that promotes genom-
ic instability in HSCs and causes myeloid neoplasms.

In conclusion, our patient developed APL although he had
never received thiopurines which are known to be associated
with an increased risk of development of myeloid neoplasms.
To the best of our knowledge, there are a few case reports of
APL in patients with Crohn’s disease [11-15]. Although further
investigations are needed to certify the association between
Crohn’s disease and APL occurrence, careful attention should
be paid to the development of myeloid neoplasms in Crohn’s
disease patients with long-term active inflammation.
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