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Abstract

Background In the recent era of growing availability of biological agents, the role of thiopurines needs to be reassessed
with the focus on toxicity.

Aims We assessed the incidence and predictive factors of thiopurine-induced adverse events (AE) resulting in therapy ces-
sation in pediatric inflammatory bowel disease (IBD), related to thiopurine metabolites and biochemical abnormalities, and
determined overall drug survival.

Methods We performed a retrospective, single-center study of children diagnosed with IBD between 2000 and 2019 and
treated with thiopurine therapy. The incidence of AE and overall drug survival of thiopurines were evaluated using the
Kaplan—Meier method. Correlations between thiopurine metabolites and biochemical tests were computed using Spearman’s
correlation coefficient.

Results Of 391 patients with IBD, 233 patients (162 Crohn’s disease, 62 ulcerative colitis, and 9 IBD-unclassified) were
prescribed thiopurines (230 azathioprine and 3 mercaptopurine), of whom 50 patients (22%) discontinued treatment, at least
temporary, due to thiopurine-induced AE (median follow-up 20.7 months). Twenty-six patients (52%) were rechallenged and
18 of them (70%) tolerated this. Sixteen patients (6%) switched to a second thiopurine agent after azathioprine intolerance
and 10 of them (63%) tolerated this. No predictive factors for development of AE could be identified. Concentrations of
6-thioguanine nucleotides (6-TGN) were significantly correlated with white blood cell and neutrophil count, 6-methylmer-
captopurine (6-MMP) concentrations with alanine aminotransferase and gamma-glutamyltranspeptidase.

Conclusions Approximately 20% of pediatric patients with IBD discontinued thiopurine treatment due to AE. A rechallenge
or switch to mercaptopurine is an effective strategy after development of AE. Concentrations of 6-TGN and 6-MMP are
associated with biochemical abnormalities.
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Introduction

The immunomodulating thiopurine drugs, including aza-
thioprine (AZA) and mercaptopurine (MP), are frequently
used in pediatric inflammatory bowel disease (IBD), both
as maintenance monotherapy and in combination with
infliximab to reduce the risk of formation of anti-IFX
antibodies, and to increase efficacy [1-3]. Their efficacy
in maintaining remission was demonstrated in several
observational studies [4, 5] and in one RCT in children
with IBD [6]. However, the role of thiopurines has become
debatable due to contradictory results on efficacy in adults
with Crohn’s disease (CD) on the one hand [7, 8], and
safety concerns on the other [1, 2, 9]. In the recent era of
growing availability of different biologic agents, there is
need for reassessment of thiopurines with the focus on
toxicity.

Several studies provide data regarding thiopurine-
induced adverse events (AE) in the pediatric IBD popula-
tion, reporting discontinuation rates due to AE varying
between 10 and 22% [5, 10—13]. However, most studies
were characterized by a small sample size and the main
objective in the majority of these studies was to assess the
efficacy, but not safety of this compound. Mercaptopurine
may be considered as an alternative thiopurine agent in
patients previously intolerant to AZA therapy [14, 15].
Most studies, however, have focused on adults with IBD.

This study aimed to determine incidence of thiopurine-
induced AE resulting in cessation of therapy in a real-life
pediatric IBD cohort. In addition, we aimed to evaluate
the efficacy of rechallenge and switching to a second thio-
purine in case of AE. Secondary aims were to identify
predictive factors for AE, to assess the correlation between
thiopurine metabolites and biochemical tests, and deter-
mining overall drug survival of thiopurines.

Materials and Methods
Study Design and Patient Population

This retrospective, single-center cohort study was per-
formed at the Amsterdam University Medical Center
(location VUmc), the Netherlands. All children < 18 years
of age, diagnosed with IBD between January 1, 2000, and
December 31, 2019, and were prescribed thiopurines,
including AZA and MP, were included. The diagnosis
of IBD (CD, ulcerative colitis (UC) or IBD-unclassified
(IBD-U)) was based on endoscopic, radiologic, and histo-
logic findings according to the revised Porto criteria [16]
and classified according to the Paris classification [17].
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Patients with bone marrow suppression or preexistent liver
disease before initiation of thiopurine therapy or a follow-
up less than three months were excluded from analysis.
Patients were followed for a maximum of eight years or
until cessation of thiopurine therapy.

Data Collection

The following patient characteristics were collected: gender,
weight, height, IBD type, age at diagnosis, time (in months)
since IBD diagnosis until initiation of thiopurine therapy,
and small bowel surgery prior to thiopurine treatment. Fur-
thermore, type of thiopurine (AZA or MP), date of initiation
of thiopurine, age at initiation of thiopurine, thiopurine dose,
and duration of thiopurine use were collected. Thiopurines
were prescribed according to the ECCO/ESPGHAN guide-
lines (AZA dose of 2-2.5 mg/kg or a MP dose of 1-1.5 mg/
kg) [1, 2]. Thiopurine methyltransferase (TPMT) genotyp-
ing and activity assessments were not routinely assessed.
The use of concomitant anti-TNFa agents was documented.
Concentrations of 6-thioguanine nucleotides (6-TGN) and
6-methylmercaptopurine (6-MMP) measured routinely
8—16 weeks after initiation of thiopurine therapy, were col-
lected. In patients who ceased therapy due to AE, concen-
trations of 6-TGN and 6-MMP were collected within the
interval of maximum 4 months before cessation.

Adverse Events

An AE was defined as any noxious or unintended response
that occurred during the course of treatment, considered to
be thiopurine-induced, and resulting in cessation of thiopu-
rine therapy. The decision to stop treatment, rechallenge, or
switch to another thiopurine compound was based on the
treating physician’s judgement, together with the patient
and/or the parents. AE were graded in severity according
to The Common Terminology Criteria for Adverse Events
(CTCAE) (Version 5.0, released November 27, 2017) [18].
The CTCAE are a set of criteria for the standardized clas-
sification of AE using a range of grades from 1 to 5 (1: mild,
2: moderate, 3: severe, 4: life-threatening and 5: adverse
event-related death). AE were subdivided into leukopenia,
neutropenia, thrombocytopenia, myelotoxicity, hepatotoxic-
ity, flu-like symptoms, gastrointestinal symptoms, pancreati-
tis, and others. Definitions are depicted in Table 1.

Thiopurine Metabolites and Laboratory
Measurements

To assess the association between thiopurine metabolites and
hematological indices and liver tests, the therapeutic drug
monitoring database of the department of clinical pharma-
cology was scrutinized for available thiopurine metabolite
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Table 1 Definitions of thiopurine-induced adverse events

Adverse Event Definition

White blood cell count < 3.0 x 10%/L
White blood cell count<2.0x 10°/L

Moderate leukopenia
Severe leukopenia

Neutropenia Absolute neutrophil count < 1.5x 10%/L
Thrombocytopenia Platelet count < 150 x 10%/L
Myelotoxicity

leukopenia, and thrombocytopenia
Hepatotoxicity
Flu-like symptoms
Gastrointestinal symptoms Nausea and vomiting
Pancreatitis
Others

Suppression of the bone marrow activity leading to anaemia (hemoglobin concentration < 2.5th percentile for age),

Twice or more the upper limit of ALT, AST, AP, or GGT
General malaise, fever, and muscle and joint pain

Severe abdominal pain accompanied with a rise in serum lipase levels three times above the upper limit of normalcy

Includes infection and nonspecific side effects, such as headache, asthenia, or other symptoms during treatment
necessitating cessation of thiopurine therapy

ALT alanine aminotransferase, AST aspartate aminotransferase, AP alkaline phosphatase, GGT gamma-glutamyltranspeptidase

measurements. All laboratory measurements within a
timeframe of 3 days before or after thiopurine metabo-
lite measurement were included. The reported laboratory
measurements included: hemoglobin concentration (Hb),
white blood cell (WBC) count, mean corpuscular volume
(MCYV), absolute neutrophil count (ANC), platelet count,
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), alkaline phosphatase (AP), and gamma-glutamyl-
transpeptidase (GGT). In this sub-analysis, hepatotoxicity
was defined as > twice upper limit of ALT, AST, AP, or
GGT; myelosuppression as either WBC below 3.0 x 10°/L
or PC under 150 x 10°/L or ANC below 1.5 x 10°/L, not nec-
essarily resulting in thiopurine cessation.

The concentrations of 6-TGN and 6-MMP in our center
were determined in red blood cells, using a high-perfor-
mance liquid chromatography method modified from
Dervieux et al. [19]. The lower limit of detection was
30 pmol/8 x 108 RBC for 6-TGN and 15 pmol/8 x 108 RBC
for 6-MMP, whereas the lower limit of quantification was 70
and 100 pmol/8 x 10® RBC, respectively. According to hos-
pital guideline, reference values are 300-600 pmol/8 x 108
RBC and < 5700 pmol/8 x 108 RBC for 6-TGN and 6-MMP,
respectively (according to the method of Dervieux).

Drug Survival

Drug survival was measured by calculating the number of
patients on thiopurine therapy at 3, 6, 12, 24, and 60 months
after initiation. Reasons for cessation of therapy were docu-
mented, including clinical refractoriness, sustained clinical
remission, or at patients’ or parents’ own request. Patients
with combination therapy of thiopurines and anti-TNFa
agents in context of an anti-TNFa-based top-down approach
[1], and patients who ceased thiopurine therapy due to AE,
were excluded from this analysis. Fecal calprotectin lev-
els were collected in patients who continued thiopurine

monotherapy until the end of follow-up period, to evalu-
ate disease activity. Biochemical remission was defined as
fecal calprotectin levels of <250 pg/mg, in samples available
within 3 months from last follow-up visit.

Statistical Analyses

Statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS, IBM; v25). P val-
ues < 0.05 were considered to be statistically significant. For
normally distributed data, both means and standard devia-
tions were calculated, whereas medians and interquartile
ranges (IQR) were calculated for data with a non-normal
distribution. Data were compared using the Mann—Whitney
U test for nonparametric continuous data and the unpaired t
test for normally distributed data. Categorical variables were
compared using the Chi-square test or Fisher’s exact. The
Kaplan—Meier method was used to evaluate the cumulative
incidence of AE and overall drug survival. Logistic regres-
sion analyses were performed to investigate potential pre-
dictive factors for thiopurine-induced AE within 6 months
after initiation. Variables reaching statistical significance
(» <0.2) were included in a multivariate regression analy-
sis. The results were expressed as odds ratios (OR) with
95% confidence intervals. Correlations between thiopurine
metabolites and laboratory measurements were computed
using Spearman rank correlation coefficient.

Results
Patient Population and Baseline Characteristics
A total of 391 pediatric patients were diagnosed with IBD

in the predefined study period, and 245 children (62.7%)
used thiopurines at any moment following diagnosis.
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We excluded 12 patients: nine patients due to an insuf-
ficient follow-up and three patients refused to participate.
The patient characteristics of the 233 included children

Table 2 Characteristics of pediatric patients with IBD managed with
thiopurine therapy

Total (n=233)

Median age at diagnosis, years [IQR] 13.7 [11.1-15.4]

Male, n (%) 126 (54.1)
Type of disease, n (%)
CD 162 (69.5)
ucC 62 (26.6)
IBD-U 9@3.9)
Paris location of CD patients, n (%)
L1: ileal 32 (19.8)
L2: colonic 46 (28.4)
L3: ileocolonic 79 (48.8)

Upper GI involvement: L4a, L4b
Paris behavior of CD patients, n (%)

43(26.5),2(1.2)

B1: nonstricturing, nonpenetrating 145 (89.5)

B2: stricturing 12 (7.4)

B3: penetrating 2(1.2)

B2B3: both penetrating and structuring 3(1.9)

P: perianal disease modifier, n (%) 40 (24.7)
Paris location of UC patients, n (%)

El: ulcerative proctitis 3(4.8)

E2: left-sided UC (distal splenic flexure) 5(8.1)

E3: extensive (hepatic flexure distally) 4(6.5)

E4: pancolitis (proximal hepatic flexure) 50 (80.6)
First type of thiopurine, n (%)

AZA 230 (98.7)

MP 3(1.3)
Median time to start thiopurine, days [IQR] 42 [17-153]
Median age at start thiopurine, years [IQR] 14.5[11.9-15.8]
Small bowel surgery, n (%) 5.1

CD crohn’s disease, UCulcerative colitis, /BD-U IBD-unclassified,
Gl gastrointestinal, AZA azathioprine, MP mercaptopurine

are depicted in Table 2. The median follow-up was
20.7 months [IQR, 6.0-42.1]. In the group of patients with
AZA, the median start dose was 2.3 mg/kg [IQR, 2.1-2.5].
In patients using MP, the median start dose was 1.2 mg/kg
[range, 1.2-2.4]. Forty-nine patients (21%) received com-
bination therapy with infliximab and AZA following diag-
nosis. The concomitant use of infliximab did not affect the
thiopurine dose and concentrations of 6-TGN and 6-MMP.

Adverse Events

In total, 50 patients (21.5%) developed thiopurine-induced
AE leading to, at least temporary, cessation of therapy
(Table 3 and 4). None developed grade 4 or 5 AE (i.e.,
life-threatening or adverse event-related death), malig-
nancy, lymphoproliferative disorders or hemophagocytic
lymphohistiocytosis (HLH). The median time of cessation
of therapy due to AE was 57 days [IQR, 21-217] following
initiation of thiopurines (Fig. 1).

Thiopurine therapy was restarted in 26 patients (52%)
who discontinued treatment due to presumed AE. The
same thiopurine, mainly AZA, was reintroduced in 18
patients, while a second thiopurine agent was reintroduced
in 8 patients (6 MP, 2 tioguanine). Of these 26 patients,
eight patients (30.8%) developed the same AE, resulting
in complete cessation of therapy (Table 4). Furthermore,
9 out of 233 patients (3.9%) switched directly (without
cessation) from AZA to MP due to AE (n=28) or aber-
rant metabolite concentrations (n=1). Amongst these
eight patients with AE, reported AE were alopecia (n=4),
gastrointestinal symptoms (n=2) and others (n=2). Six
of 8 patients (75%) who switched directly from AZA to
MP, could continue with MP therapy. In total, 10 out of
16 patients (62.5%) who switched to a second thiopurine
agent, did not experience the previously reported AE.
Nineteen patients received allopurinol as co-medication,
based on elevated 6-MMP concentrations.

Table 3 Adverse events (n=50) leading to cessation of thiopurine therapy, listed, and graded according to the common terminology criteria

(CTC)

Adverse event

Grade 1 (mild) n=12

Grade 2 (moderate) n=21 Grade 3 (severe) n=17

Blood, lymphatic and vascular disorders

Gastrointestinal disorders Nausea, n=5

Vomiting, n=1
General, neurological, and psychiatric disorders
Hepatobiliary disorders
Infections and infestations —

Musculoskeletal and skin disorders Alopecia, n=2

Myelotoxicity, n=1

Flu-like symptoms, n=2
Hepatotoxicity, n=1

— Severe leukopenia, n=2
Myelotoxicity, n=1
Thrombocytopenia, n=1
Pancreatitis, n="7
Vomiting, n=1

Pancreatitis, n=1
Vomiting, n=9

Flu-like symptoms, n=7 Flu-like symptoms, n=3
Hepatotoxicity, n=2 Hepatotoxicity, n=2
Shingles, n=1 —

Rhabdomyolysis, n=1 —
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Table 4 Time of onset of the AE following initiation of thiopurine therapy and restart of thiopurine therapy in patients with thiopurine-induced

AE leading to cessation of therapy

Adverse event Patients, n (%) Median time with thio- Rechallenge same Reoccurrence  Rechallenge second  Reoccur-
purines, days (IQR) thiopurine, n (%) AE, n (%) thiopurine, n (%) rence AE,
n (%)
Severe leukopenia 2(4.0) 31-514F 1 (50.0) 1 (100) 0 0
Thrombocytopenia 1(2.0) 161 1 (100) 0 0 0
Myelotoxicity 2 (4.0) 118-399° 0 0 0 0
Hepatotoxicity 5(10.0) 59 (32-976) 2 (40.0) 0 1 (20.0) 1 (100)
Flu-like symptoms 12 (24.0) 82 (27-181) 10 (83.3) 2(20.0) 2(16.7) 2 (100)
GI symptoms 16 (32.0) 40 (14-128) 2 (12.5) 0 5(@31.3) 1(20.0)
Pancreatitis 8 (16.0) 21 (16-26) 0 0
Alopecia 2 (4.0) 119-1872° 1 (50.0) 1 (100) 0 0
Shingles 1(2.0) 321 1 (100) 0 0 0
Rhabdomyolysis 1(2.0) 409 0 0 0 0

AE adverse event, GI gastrointestinal

T Median time is not applicable. The range is used to present the time of onset of severe leukopenia, myelotoxicity and alopecia (n=2)

Rechallenge with the same thiopurine comprises rechallenge with azathioprine in 17 patients and rechallenge with mercaptopurine in one
patient. Rechallenge with a second thiopurine comprises a switch to mercaptopurine in six patients and a switch to tioguanine in 2 patients

Potential Predictive Factors for Adverse Events
Leading to Cessation of Therapy

Thirty-eight patients developed grade 1-3 AE within six
months after initiation of thiopurines, leading to cessa-
tion of therapy. Univariate logistic regression analyses
showed no significant effects of age at diagnosis, gender,
and disease phenotype between the AE and non-AE group
(Online Resource 1). In 16 out of 38 patients (42.1%) who

Fig. 1 Kaplan—-Meier curve of
patients with IBD who devel- 1.0
oped AE leading to therapy
cessation. The X-axis represents
the time in months. The Y-axis
represents the probability of 08
discontinuing treatment due to
AE. The cumulative incidence ©
of AE was 13.5%, 16.7%, 3
17.3%, and 21.8% at 3, 6, 12, a '
and 24 months of therapy, o
respectively ‘%
g o4
3
02
00

developed an AE within the first 6 months after initiation
of thiopurines, versus 40 out of 162 patients (24.7%) with
a follow-up of 6 months in the non-AE group, concen-
trations of 6-TGN and 6-MMP were measured. No sig-
nificant differences of 6-TGN and 6-MMP concentrations
were found between these two groups (Online Resource
1). Since none of the variables reached a statistical sig-
nificance of p < 0.2, a multivariate regression analysis was
not performed.

Patients at risk
231

20 40 60 80 100

Duration of thiopurine therapy (months)

17 62 37 19 1

@ Springer



246

Digestive Diseases and Sciences (2022) 67:241-251

Table5 Spearman’s correlations between erythrocyte concentrations
of 6-TGN and 6-MMP and hematological indices and liver tests

6-TGN Correlation [ (p)] 6-MMP Correlation [r (p)]

Hb 0.025 (p=0.62) —-0.010 (p=0.85)
WBC —0.168 (p=0.001)** —-0.068 (p=0.18)
MCV 0.417 (p <0.0005)** —0.040 (p=0.54)
ANC —0.177 (p =0.004)** —-0.015 (p=0.81)
PC —-0.058 (p=0.25) 0.058 (p=0.26)
ALT —0.099 (p=0.05) 0.104 (p=0.049)*
AST —-0.080 (p=0.27) 0.113 (p=0.13)
AP 0.037 (p=0.68) —-0.120 (p=0.20)

GGT 0.115 (p=0.11) 0.152 (p=0.040)*

*Statistically significant at the level p <0.05
“Statistically significant at the level p <0.01

6-TGN 6-thioguanine nucleotides, 6-MMP 6-methylmercaptopurine,
Hb haemoglobin, WBC white blood cell, MCV mean corpuscular vol-
ume, ANC absolute neutrophil count, PC platelet count, ALT alanine
aminotransferase, AST aspartate aminotransferase, AP alkaline phos-
phatase, GGT gamma-glutamyltranspeptidase

Effect of Thiopurine Metabolites on Hematological
Indices and Liver Tests

Concentrations of 6-TGN and 6-MMP were measured 469
times in 164 unique patients. In 430 measurements, deter-
mination of 6-TGN and 6-MMP was combined with assess-
ment of either hematological indices (n=34) or liver tests
(n=4), or both (n=1382) within predefine time interval. In
10 cases, 6-TGN and 6-MMP concentrations were undetect-
able and related laboratory measurements were therefore
excluded from analysis. The median 6-TGN concentration

was 480 pmol/8 x 108 RBC [IQR, 330-690] and the median
6-MMP concentration was 1400 pmol/8 x 103 RBC [IQR,
580-3375]. There was a statistically significant, positive cor-
relation between 6-TGN concentrations and MCV. 6-TGN
concentrations were negatively correlated with WBC count
and neutrophil count. A weak positive correlation was
found between 6-MMP concentrations and ALT and GGT
(Table 5).

Laboratory data regarding WBC, PC or ANC were avail-
able in 412 out of 420 measurements (98%). In 17 cases with
myelosuppression, concentrations of 6-TGN (median 530
vs. 480 pmol/8 x 103 RBC, p=0.33) and concentrations of
6-MMP (median 1900 vs. 1400 pmol/8 x 108 RBC, p=0.20)
were slightly higher in patients with myelosuppression as
compared to patients without myelosuppression, however
this difference did not reach statistical significance. Inci-
dence of myelosuppression was not significantly higher in
the group with 6-TGN concentrations outside the therapeutic
range (> 600 pmol/8 x 108 RBC) as compared to patients
with 6-TGN concentrations within the therapeutic range
(Table 6).

Liver tests were available in 386 measurements (92%).
Hepatotoxicity was observed in 20 cases (5%). In these
patients, there were no differences in median 6-MMP con-
centrations (p =0.65) or 6-TGN concentrations (p =0.70) as
compared to patients without hepatotoxicity. In all patients
with hepatotoxicity, 6-MMP concentrations were below the
toxic reference value (< 5700 pmol/8 x 108 RBC). Amongst
the patients with 6-MMP concentrations exceeding the
reference value (> 5700 pmol/8 x 10® RBC), the incidence
of myelosuppression was significantly higher compared
with patients with 6-MMP concentrations below the toxic

Table 6 Incidence of
myelosuppression across
reference values of 6-TGN and
6-MMP concentrations

Thiopurine metabolites

6-MMP (n=392)

6-MMP > 5700 pmol/8 x 108 RBC (n=41)
6-MMP < 5700 pmol/8 x 10® RBC (n=351)

p-value
6-TGN (n=411)

6-TGN > 600 pmol/8 x 10® RBC (n=140)
6-TGN < 600 pmol/8 x 10® RBC (n=271)

p value

6-TGN/6-MMP both abnormal (n=15)
#6-TGN/6-MMP normal (n=377)

p value

Myelosuppression (n=17) No myelo-
suppression
(n=375)"
12.2% (n=Y5) 87.8% (n=36)
3.4% (n=12) 96.6% (n=339)
0.023
5.7% (n=38) 94.3% (n=132)
3.3% (n=9) 96.7% (n=262)
0.30
20.0% (n=3) 80.0% (n=12)
3.7% (n=14) 96.3% (n=363)
0.022

6-TGN 6-thioguanine nucleotides, 6-MMP 6-methylmercaptopurine, RBC red blood cell
7392 available 6-MMP or 6-TGN/6-MMP measurements, no myelosuppression: n=375
411 available 6-TGN measurements, no myelosuppression: n=394

£6-TGN > 600 pmol/8 x 108 RBC and 6-MMP > 5700 pmol/8 x 108 RBC
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Fig.2 Kaplan—Meier curve
of ongoing thiopurine use 10
in the patients who tolerated
thiopurine therapy. The Y-axis
represents the percentage of
patients still using thiopurines 08
at different time points. The
percentage of patients still using —
thiopurines was 97.8%, 92.0%, _g
84.3%, 69.2%, and 37.0% at 3, g 06
6, 12, 24, and 60 months fol- (7]
lowing initiation, respectively 2

©

g os

3

O

0.2
0,0
0 20 40 60 80 100
Duration of thiopurine therapy (months)
Patients at risk
139 90 52 32 16 1

reference value. The incidence of myelosuppression across
reference values of 6-TGN and 6-MMP concentrations is
depicted in Table 6.

Drug Survival

To determine the overall drug survival, we excluded 92
patients: 50 patients who ceased thiopurine therapy due to
AE, and 42 patients with combination therapy of thiopurines
and anti-TNFa agents in context of top-down treatment strat-
egy. Amongst the remaining 141 patients who tolerated thio-
purine therapy, 57.4% (n=81) ceased thiopurines, median
duration of therapy was 23.4 months [IQR, 11.0-40.9].
Reasons for cessation included clinical refractoriness
(53.1%), sustained clinical remission (14.8%), at patients’
or parents’ own request (22.2%), or others reasons such as
pregnancy (6.2%). In three patients, the reason for cessa-
tion was unknown. The calculated drug survival is depicted
in Fig. 2. In the group of patients who ceased thiopurine
therapy due to clinical refractoriness (n =43), infliximab was
initiated as additional therapy in 13 patients (30.2%). These
patients received a combination of infliximab and thiopu-
rines, until thiopurine therapy was routinely ceased after
6—-12 months. Amongst the 31 patients who continued thio-
purine monotherapy until the end of follow-up, fecal calpro-
tectin levels were available in 16 out of 31 patients (51.6%)
within 3 months of the last follow-up visit. Twelve out of 16

patients (75%) were considered in biochemical remission,
based on a fecal calprotectin value of <250 pg/mg.

Discussion

The present study aimed to determine incidence of thiopu-
rine-induced AE resulting in cessation of therapy in a large
cohort of children. Of 233 included pediatric patients, 22%
discontinued thiopurine therapy due to thiopurine-induced
AE. Approximately 50% of patients were rechallenged and
70% of these patients tolerated this. Only 37% of children
were still on thiopurines after 5 years.

Around 20% of patients developed grade 1-3 AE in
our cohort, which is comparable to rates reported in other
pediatric studies (15-22%) [10-12]. In a study by Hindorf
et al. [10], including 79 pediatric patients with IBD, 15%
had thiopurine-induced AE leading to therapy cessation
or dose reduction. The reported lower percentage might
be explained by possible limited access to alternative
therapeutic options for pediatric IBD in that study period
(1997-2003). Nowadays, treating physicians might opt for
an earlier switch to anti-TNFa agents, even in case of mild
thiopurine-induced AE. A more recent study in pediatric
patients with IBD (n=216) [12], showed a discontinua-
tion rate of 22% due to thiopurine-induced adverse effects,
which is consistent with our findings.
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In the present study, 70% tolerated a rechallenge with
thiopurines after discontinuation of treatment due to AE. A
study by Chaparro et al. [20], found a comparable success
percentage following rechallenge of 60% in adults with IBD.
In addition, 7% of our pediatric IBD cohort switched from
AZA to a second thiopurine agent due to AE, and 63% of
these patients tolerated this. Percentages varying between
42 and 73% were reported regarding adults with IBD who
tolerated MP after AZA intolerance [14, 15, 21-23]. Mer-
captopurine tolerance was observed in adults with IBD with
previously reported gastrointestinal intolerance, hepatotoxic-
ity, flu-like symptoms and arthralgia/myalgia (during AZA
treatment) [14, 15, 21, 23]. In our cohort, MP was not pre-
scribed in patients with AZA-induced pancreatitis, since we
considered this a contraindication for another thiopurine
agent. Previous case series in children with CD [24, 25],
however, have described MP tolerance after AZA-induced
pancreatitis, challenging the assumption that this is an
absolute contraindication. It has been hypothesized that the
AZA imidazole component, which is released when AZA is
converted to MP, is partly responsible for early intolerance
[26]. An explanation for the high success rates following
rechallenge might be that mild AE, including gastrointestinal
intolerance and flu-like symptoms, are transient and could
resolve without any intervention. Gastrointestinal symptoms
and flu-like symptoms could also be a consequence of unrec-
ognized infections. Additionally, gastrointestinal intolerance,
flu-like symptoms, and alopecia, often considered as thiopu-
rine-induced AE, could also be due to IBD disease activity.

In this study, 6-TGN concentrations were negatively cor-
related with WBC count and neutrophil count and positively
correlated with MCV, while 6-MMP concentrations were
positively correlated with ALT and GGT. These findings
probably reflect the association between myelosuppression
and high concentrations of 6-TGN [1], as well as the associa-
tion between elevated 6-MMP and hepatotoxicity [27]. How-
ever, in our cohort, we did not observe a correlation between
6-MMP concentrations exceeding the toxic reference value
(> 5700 pmol/8 x 10® RBC) and hepatotoxicity. A previous
study in pediatric patients with IBD did also not find 6-MMP
concentrations exceeding the toxic reference value in patients
with hepatotoxicity [28]. In contrast to a previous published
finding [27], we did not observe an association between mye-
losuppression and higher 6-TGN concentrations. The lack of
association between 6-TGN and 6-MMP concentrations and
the adverse effects of myelosuppression and hepatotoxicity
may relate to the small number of patients with these events.
On the contrary, a study by Duley et al. [29], revealed the
problems in measuring 6-TGN in erythrocytes which is not
the ideal cell, and technical concerns about the validity of
acid hydrolysis method of Dervieux. This may also explain
why drop-out of patients due to myelosuppression could not
be predicted by measuring 6-TGN concentrations. In the
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present study, we observed that the incidence of myelosup-
pression was significantly higher (12% vs. 3%) in the cases
with 6-MMP concentrations > 5700 pmol/8 x 108 RBC com-
pared to 6-MMP concentrations below this reference value,
respectively. This is in line with a previous study by Wong
et al. [30], showing that the predictive value for develop-
ing leukopenia of 6-MMP metabolites is similar to that of
6-TGN metabolites. Additionally, they found an increased
risk of leukopenia in patients with both 6-MMP and 6-TGN
concentrations exceeding the defined threshold, comparable
to our findings. These data suggest that 6-MMP and its ribo-
nucleotides can inhibit purine de novo synthesis, resulting in
inhibition of DNA formation [31].

In our cohort of pediatric patients, only 37% of patients
still used thiopurine therapy after 5 years. Approximately
50% ceased therapy due to clinical refractoriness, and in
30% of these patients, infliximab was already administered.
A previous study by van Hoeve et al. [11], showed that only
32% of children with IBD treated with immunosuppressive
agents, mainly thiopurines, remained free of biologics or
surgery S5-years after diagnosis. Around 20% of patients
ceased thiopurine therapy at patients’ or parents’ own
request, mostly due to non-adherence. Non-adherence to oral
medication is a well-known problem in adolescents, with
non-adherence prevalence rates ranging from 2 to 93% [32].

The strength of this study is that we report on the largest
pediatric IBD cohort so far regarding incidence of thiopu-
rine-induced AE, related to thiopurine metabolites and bio-
chemical abnormalities. The most important limitation is the
retrospective design of this study, and consequently lack of
standardization of collected data. Consequently, any potential
AE not resulting in cessation of thiopurine therapy has not
been recorded in a standardized matter in patients’ files, pos-
sibly leading to bias, and therefore not included in this study.
Since metabolite measurement was not performed in a stand-
ardized matter, timing and reason for measuring metabolites
may have led to selection bias. Additionally, TPMT geno-
typing and activity assessments were not routinely assessed
prior to initiation of thiopurines. Another limitation might
be the drug interactions between thiopurines and other co-
administered drugs that were not analyzed. Patients with
reintroduction of thiopurine therapy in case of AE probably
infer a selection bias, as there were no standardized criteria
for reintroduction of thiopurine therapy after AE. Reintro-
duction was commonly performed in mild AE and mainly
dependent on physician’s judgement, possibly resulting in an
overestimated success percentage of rechallenge following
AE, however, these data reflect general practice.

In conclusion, in a real-life pediatric IBD cohort, 22% dis-
continued thiopurines due to AE. A rechallenge or switch to
MP can be an effective strategy after AE. This was not stud-
ied, however, in patients with pancreatitis and severe myelo-
toxicity. Thiopurine metabolite concentrations significantly
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affect hematological indices and liver tests and they should
therefore not exceed reference values. Only 37% of children
were still on thiopurines after 5 years, illustrating that effi-
cacy of thiopurines as long-term maintenance therapy seems
limited in clinical practice. A reassessment of the use of thio-
purines, including pre-exposure genotyping and tight moni-
toring of metabolites, in pediatric IBD is warranted.
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