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Abstract
Background  Outpatient visits and laboratory assessments are routinely scheduled every 3 to 4 months in thiopurine-treated 
patients with inflammatory bowel disease (IBD) to timely detect thiopurine-related adverse events (AEs). AEs that require 
therapy adjustment beyond 12 months of treatment are rare.
Aim and Methods  This single-center prospective cohort study evaluated the safety of a reduced 6-monthly monitoring strat-
egy in steroid-free patients with quiescent IBD on stable dose of azathioprine, mercaptopurine, or thioguanine monotherapy. 
The primary outcome was thiopurine-related AEs requiring therapy adjustments during a follow-up period of 24 months. 
Secondary outcomes included all AEs including laboratory toxicity, disease flares until 12 months, and the net monetary 
benefit from this strategy concerning IBD-related health care use.
Results  We enrolled 85 patients with IBD (median age 42 years, 61% Crohn’s disease, 62% female), with a median disease 
duration of 12.5 years and median thiopurine treatment duration of 6.7 years. During follow-up, 3 patients (4%) ceased thio-
purines due to AEs: recurrent infections, non-melanoma skin cancer, and gastrointestinal complaints (nausea, vomiting). At 
12 months, 25 laboratory toxicities were observed (including 13% myelotoxicity, 17% hepatotoxicity); none required therapy 
adjustments and all were transient. A reduced monitoring strategy had a net benefit of €136 per patient.
Conclusion  Three patients (4%) ceased thiopurine therapy due to thiopurine-related AEs, while no laboratory toxicity 
required therapy adjustments. Monitoring frequency of every 6 months seems feasible in patients with stable IBD on long-
term (median duration > 6 years) maintenance thiopurine therapy and may contribute to reduced patient-burden and health 
care costs.

Keywords  Inflammatory bowel disease · Thiopurines · Monitoring · Adverse events · Safety

Abbreviations
AE(s)	� Adverse event(s)
AGA​	� American Gastroenterological Association 

Institute
ALT	� Alanine transaminase
AP	� Alkaline phosphatase
AZA	� Azathioprine
BSG	� British Society of Gastroenterology

CD	� Crohn’s disease
CI	� Confidence interval
CTCAE	� Common Terminology Criteria for Adverse 

Events
CRP	� C-reactive protein
FCP	� Fecal calprotectin
IBD	� Inflammatory bowel disease
IBD-U	� IBD-unclassified
IQR	� Interquartile range
MP	� Mercaptopurine
PGA	� Physician Global Assessment
RA	� Rheumatoid arthritis
RBC	� Red blood cells
SD	� Standard deviation
TG	� Thioguanine
UC	� Ulcerative colitis
ULN	� Upper limit of normal

Fenna M. Jansen and Lisa J. T. Smits share first authorship.

Conference Presentation  This study was presented digitally at 
the European Crohn’s and Colitis Organisation 2021 and at the 
United European Gastroenterology Week 2021.

 *	 Fenna M. Jansen 
	 fenna.jansen@radboudumc.nl

Extended author information available on the last page of the article

http://crossmark.crossref.org/dialog/?doi=10.1007/s10620-023-07950-0&domain=pdf
http://orcid.org/0000-0001-5454-4335


2937Digestive Diseases and Sciences (2023) 68:2936–2945	

1 3

6-TGN	� 6-Thioguanine nucleotide
6-MMP	� 6-Methylmercaptopurine

Introduction

Thiopurines, including azathioprine (AZA), mercaptopurine 
(MP), and thioguanine (TG), are immunosuppressive thera-
pies for maintaining steroid-free remission in inflammatory 
bowel disease (IBD) [1–3]. The safety profile of thiopu-
rines requires clinical monitoring because in up to 40% of 
thiopurine-treated patients with IBD, drug-related adverse 
events (AEs) lead to discontinuation of therapy [3–14]. 
Dose-independent AEs usually manifest within 6 months 
after the start of thiopurines and include flu-like syndrome, 
gastrointestinal intolerance (nausea), arthralgia, and pan-
creatitis [3, 4, 6–11, 13, 15–19]. Dose-dependent AEs can 
develop during long-term use and/or occur unexpectedly, 
and include hepatotoxicity, myelotoxicity, and infections [3, 
4, 6–11, 13, 15–20]. Frequent clinical monitoring is advised 
for timely detection and management of drug-related AEs 
[5, 8, 9, 15, 21, 22].

Thiopurines are metabolized to the active metabolite 
6-thioguanine nucleotide (6-TGN) and supratherapeutic 
6-TGN levels can induce myelotoxicity [23, 24]. Thiopurines 
are also converted into the methylated metabolite 6-MMP 
at the cost of 6-TGN and elevated 6-methylmercaptopurine 
(6-MMP) levels are associated with hepatotoxicity [25, 26]. 
Current guidelines from the American Gastroenterological 
Association (AGA) Institute, European Crohn’s and Colitis 
Organization (ECCO), and British Society of Gastroenterol-
ogy (BSG) recommend regular laboratory assessment every 
3 to 4 months to assess safety of thiopurine therapy [22, 
27, 28]. These recommendations do not take into account 
the total years of thiopurine exposure, while severe AEs are 
rare after long-term thiopurine use [9, 15, 16, 29]. A recent 
retrospective cohort study assessed the incidence rates and 
clinical consequences of laboratory toxicity in 1132 patients 
with IBD after 1 year of consecutive thiopurine treatment 
with a median follow-up of 3.3 years (until therapy cessa-
tion or end of study follow-up) [19]. Only 83 patients (7%) 
required therapy adjustments based on laboratory findings 
[19]. Thus, less frequent clinical monitoring, including labo-
ratory assessment, might be feasible in long-term thiopurine 
users [19, 29]. Moreover, frequent outpatient visits and labo-
ratory assessments place a high burden on patients with IBD 
and the health care budget, especially in this COVID era 
[30]. Studies about the safety of a reduced monitoring strat-
egy in patients with IBD with long-term thiopurine therapy 
are lacking.

This study aimed to evaluate the feasibility, safety, and 
costs of a reduced monitoring strategy in thiopurine-treated 
patients with IBD in long-term steroid-free remission.

Materials and Methods

Study Design

This single-center prospective cohort study assessed the safety 
of a reduced monitoring strategy in thiopurine-treated patients 
with IBD in stable remission. This study was conducted at the 
Radboud University Medical Center in Nijmegen, The Neth-
erlands between September 2017 and December 2018.

Patient visits at the outpatient IBD clinics were scheduled 
at baseline and 12 months with an additional appointment by 
phone at six months with a specialized IBD nurse. In addi-
tion, laboratory assessment was routinely performed at 6 and 
12 months. During follow-up, patients were advised to con-
tact their physician or IBD nurse in case of suspected disease 
activity or AEs.

Patient Population

Patients ≥ 18 years of age with an established diagnosis of 
Crohn’s disease (CD), ulcerative colitis (UC), or IBD-unclas-
sified (IBD-U) who were treated with weight-dosed thiopu-
rine monotherapy (including AZA, MP, TG) for more than 
6 months were eligible. Patients had to be in corticosteroid-
free remission during ≥ 6 months prior to baseline as defined 
below. Long-term steroid-use was only allowed for treatment 
of comorbidities.

Exclusion criteria were concomitant treatment with bio-
logic agents or prior use of biologic agents or corticosteroids 
up to six months preceding baseline, disease activity (bio-
chemical and/or clinical), or ongoing AEs related to thiopu-
rines. Allowed co-medication included long-term use and 
stable doses (≥ 6 months) of allopurinol and mesalamine.

Data Collection

Baseline

At baseline, we collected demographics, medical history, dis-
ease phenotype according to the Montreal Classification, and 
current and prior medication use. Detailed information about 
previous and current thiopurine exposure (period of use and 
dose) and recent metabolite level (determined by the method 
of Lennard and Singleton, as previously published), defined 
as 2 months prior to or after baseline date, was collected [23, 
31]. At baseline, patients underwent metabolite measurement.

Follow‑up

The laboratory assessment at baseline, 6 and 12 months 
included complete blood count, liver chemistry including 
alanine transaminase (ALT) and alkaline phosphatase (AP), 
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C-reactive protein (CRP), fecal calprotectin (FCP), and thio-
purine metabolite levels at baseline and as needed during 
further follow-up. All reported infections were collected 
during follow-up. Furthermore, physician global assessment 
(PGA) and medication adjustments were registered. During 
the first year of follow-up, additional contacts were recorded 
separately in a prospective fashion. During the second year 
of follow-up, only the primary outcome (as defined below) 
was recorded.

Data to calculate health care use were collected 1 year 
prior to baseline and during 1 year of follow-up after inter-
vention, and included contact moments with attending physi-
cians and IBD nurses, IBD-related laboratory assessment, 
and extra IBD-related diagnostics (imaging techniques).

Outcomes and Definitions

The primary outcome was the incidence of thiopurine-
related AEs that required adjustments in thiopurine treat-
ment during 24 months follow-up, including thiopurine 
discontinuation and dose adjustment. Secondary outcomes 
were only available for the first 12 months of the study and 
included all thiopurine-related AEs including laboratory tox-
icity, IBD-related AEs, therapy adjustments due to disease 
flares, and costs concerning IBD-related health care 1 year 
prior to and during the first year of the reduced monitoring 
frequency of 6 months. AEs were defined as any medical 
occurrence during the study follow-up, unrelated or related 
to underlying IBD, medical treatment, or strategy. Serious 
AEs included serious, life-threatening AEs resulting in 
death, irreversible illness or hospital admission. Severity 
of AEs were graded according to the Common Terminol-
ogy Criteria for Adverse Events (CTCAE, version 5.0) [32]. 
These AEs were categorized in thiopurine- and IBD-related 
AEs based on the discretion of the treating physician. Clini-
cal remission was defined as steroid-free inactive disease 
without the need for step-up treatment with biologic agents 
based on the PGA in addition to biochemical remission as 
FCP ≤ 250 µg/g and/or CRP ≤ 5 mg/L. A disease flare was 
defined as disease activity that resulted in an adjustment 
of thiopurine therapy or initiation of a new drug to induce 
remission, as previously published [33].

Laboratory results were assessed for toxicity as previ-
ously published [19]. Laboratory toxicity was defined as 
myelotoxicity, including leukopenia or thrombocytopenia, 
and/or hepatotoxicity. Leukopenia was classified as mild 
(3.0–4.0 × 109/L), moderate (2.0–3.0 × 109/L), or severe 
(< 2.0 × 109/L) [18, 19]. Thrombocytopenia was classified 
as mild (100–150 × 109/L), moderate (50–100 × 109/L), or 
severe (< 50 × 109/L) [19]. Hepatotoxicity was defined as 
any abnormal liver tests above upper limit of normal (ULN), 
including an elevated AP (> 125 U/L) and/or ALT (> 45 
U/L). Severity of hepatotoxicity was graded according to 

the CTCAE classification [32]. Grade 1 was defined as liver 
tests between normal ULN and 2.5 × ULN (AP 125.1–312.5 
U/L, ALT 45.1–112.5 U/L), grade 2 was between 2.5 
and 5.0 × ULN (AP 312.6–625 U/L, ALT 112.6–225 
U/L), and grade 3 was between 5.0 and 20.0 × ULN (AP 
625.1–2500 U/L, ALT 226–900 U/L) [19]. The window 
of therapeutic metabolite level of 6-TGN was defined as 
235–450 pmol/8 × 108 red blood cells (RBC) and desired 
6-MMP levels as equal or lower than 5700 pmol/8 × 108 
RBC.

Statistical Methods

Normally distributed values were presented by mean and 
standard deviation (SD) and non-normally distributed val-
ues by median with interquartile range (IQR). Categorical 
variables were presented as proportions and compared using 
Pearson χ2 or Fisher’s exact test. The Kaplan–Meier curve 
was used to describe the time to thiopurine-related AE that 
required a therapy adjustment during the study period of 
24 months and patients were censored when lost to follow-
up or the thiopurine therapy was ceased. Health care costs 
were calculated by the total amount of health care consump-
tion per patient times the actual prices [34, 35]. To compare 
the costs prior to and during the reduction of monitoring fre-
quency a one-sample t test with bootstrapping (n = 10,000) 
was used. A p value < 0.05 was considered statistically sig-
nificant. SPSS Statistics (IBM, version 26.0) was used for 
statistical analyses.

Results

Baseline Characteristics

We enrolled 85 patients with IBD (see Fig. 1). The median 
disease duration was 12.5 years (IQR 6.4–22.9). The major-
ity of the patients were female (62%) and were diagnosed 
with CD (61%). In total, 6 patients (7%) had previous malig-
nancies including non-melanoma skin cancer (n = 4), breast 
cancer (n = 1), and 1 patient with both diagnoses. Overall, 
25 patients (29%) were previously exposed to anti-tumor 
necrosis factor (TNF) and the median thiopurine exposure 
prior to baseline was 6.7 years (IQR 3.8–10.9). At baseline, 
47 patients (55.3%) were treated with AZA (median dose 
125 mg/day, 0.9 mg/kg adjusted for allopurinol), 25 (29.4%) 
with MP (median dose 50 mg/day, 0.8 mg/kg adjusted for 
allopurinol), and 13 (15.3%) with TG (median dose 20 mg/
day). One patient used prednisolone for rheumatoid arthritis 
(5 mg/day). Baseline characteristics and thiopurine therapies 
are shown in Tables 1 and 2.
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Thiopurine Therapy Interventions

In total, 3 patients (3.5%) ceased thiopurines and none 
underwent dose adjustments of thiopurine therapy due to 
thiopurine-related AEs. The reasons for thiopurine cessa-
tion (Table 3) included previous multiple infections and an 
ongoing infection (n = 1, thiopurine ceased 2 weeks after 
inclusion), gastrointestinal complaints (n = 1, thiopurine 
ceased 15 months after inclusion), and manifestation of non-
melanoma skin cancer (n = 1, thiopurine ceased 17 months 
after inclusion, Fig. 2). Median months of follow-up was 
23.9 (IQR 21.8–24.8).

Thiopurine‑Related AEs Including Laboratory 
Abnormalities

During follow-up, 69 patients (81.2%) reported 122 AEs 
(Table 4). Overall, 25 thiopurine-related AEs were reported 
and included infections (n = 11), gastrointestinal complaints 
(n = 3), cutaneous lesions (n = 3), arthralgia (n = 1), fatigue 
(n = 1), and other reasons (n = 6), all not resulting in adjust-
ments of the thiopurine therapy. No additional therapies 
were started due to thiopurine-related AEs. In 2 patients, 
extra laboratory assessment was performed, and in 4 patients 
extra outpatient visits were performed. None of the thiopu-
rine-related AEs resulted in hospitalization.

During the first 12 months of follow-up, we observed 
25 laboratory toxicities in 20 patients (Table 5). None 
resulted in thiopurine therapy adjustments. Overall, 9 
patients (10.6%) experienced a mild leukopenia and 2 

patients (2.4%) thrombocytopenia (1 mild, 1 moder-
ate). We observed 14 events of laboratory hepatotoxic-
ity (16.5%) including 4 mildly elevated AP, 9 mildly, and 
1 moderately elevated ALT. All laboratory toxicity were 
transient and resolved without therapy adjustments.

Non‑safety‑related Adjustments in Thiopurine 
Therapy

There were several alternative reasons (other than AE-
related) to cease or adjust the thiopurine therapy. High 
6-TGN- and/or 6-MMP-metabolite levels were the reason 
of thiopurine dose adjustment in 6 patients (7.1%) and thi-
opurine therapy cessation in 2 patients (2.4%) at baseline. 
Other reasons for thiopurine cessation (n = 34, 40%) dur-
ing 24 months of follow-up were stable remission (n = 26) 
and patient preferences (n = 8). Median time to thiopurine 
cessation was 22.0 months (IQR 18.6–24.0) for patients 
in stable remission, and 23.0 months (IQR 20.2–24.0) for 
patients stopping for personal preference. During follow-
up, in 14 cases of dose adjustments were performed due to 
abnormal metabolite levels (n = 5, including n = 2 suprath-
erapeutic and n = 3 subtherapeutic 6-TGN levels), remis-
sion (n = 4), patient preferences (n = 4), and failed taper-
ing (n = 1). Two patients were lost during follow-up of 
24 months. Dose adjustments during follow-up are shown 
in Table 3. In total, 46 patients (54.1%) continued thiopu-
rine therapy throughout 24 months of follow-up.

Fig. 1   Flowchart of the enroll-
ment of thiopurine-treated 
patients with inflammatory 
bowel disease following a 
reduced monitoring strategy 
with follow-up of 24 months
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Additional AEs and Health Care Benefit

Of the IBD-related AEs (n = 38 patients), most were gas-
trointestinal complaints (n = 20), arthralgia (n = 10), fatigue 
(n = 4), anemia (n = 2), cutaneous lesions (n = 1), and epis-
cleritis (n = 1) (Table 4). New therapies were introduced 
in 29 patients due to disease flares including budesonide 
(n = 19), beclomethasone/mesalamine enema (n = 14), 
5-ASA (n = 12), prednisolone (n = 5), allopurinol (n = 3), 
infliximab (n = 3), adalimumab (n = 2), golimumab (n = 1), 
and vedolizumab (n = 1). Of the 122 AEs, 12.3% were unre-
lated to either thiopurine therapy or IBD.

From the health care perspective there was a net benefit 
of €136.13 (p value 0.069, confidence interval, CI − 5.44 to 
281.34) of reducing the monitoring frequency concerning 
all IBD-related contact moments with attending physicians 
and nurses, laboratory assessment, and diagnostics. Reasons 
for hospitalization during the first 12 months of follow-up 
(n = 3) were pneumonia with low 6-TGN levels and thiopu-
rine continuation (n = 1), urogenital lesion (Hunner’s lesion) 
(n = 1), and anxiety disorder (n = 1) (Table 4).

Thiopurine Metabolites

Measurement of baseline 6-TGN metabolite levels was per-
formed in 74 patients (87.1%) and showed therapeutic lev-
els of 6-TGN in 30 patients (35.3%), subtherapeutic levels 
of 6-TGN (of which 3 patients < 50 pmol/8 × 108 RBC) in 
22 patients (25.9%), and supratherapeutic levels of 6-TGN 
in 22 patients (25.9%). Measurement of baseline 6-MMP 
metabolite levels was performed in 62 patients (72.9%) and 
was within the normal range in 59 patients (69.4%) and was 
high in 3 patients (3.5%). The thiopurine use characteristics 
are shown in Table 2.

Leukopenia occurred in patients with baseline 6-TGN 
levels that were subtherapeutic (n = 1), therapeutic (n = 5), 
and supratherapeutic (n = 2), thrombocytopenia with sub-
therapeutic (n = 1) and therapeutic levels (n = 1). Elevated 
ALT (> 45 U/L) (n = 6) occurred with normal 6-MMP lev-
els (n = 5) and with high 6-MMP levels (n = 1), while the 
6-MMP levels were normal in all cases (n = 3) with elevated 
AP (> 125 U/L).

Discussion

We prospectively monitored a carefully selected group of 
long-term (median duration > 6 years) thiopurine-treated 
patients with IBD after implementation of a 6-monthly 
clinical monitoring strategy. In total, 3.5% ceased thio-
purine therapy due to thiopurine-related AEs during 
24 months of follow-up, while none of the laboratory tox-
icity we found resulted in thiopurine dose adjustments. 

Table 1   Baseline characteristics

Baseline characteristics of thiopurine-treated patients with inflam-
matory bowel disease following a reduced monitoring strategy with 
follow-up of 24 months
CD Crohn’s disease, IBD inflammatory bowel disease, IBD-U inflam-
matory bowel disease-unclassified, IQR interquartile range, UC ulcer-
ative colitis

Study population
n = 85

Age at inclusion study, median (IQR) 41.5 (30.6–57.5)
Females, n (%) 53 (62.4)
Disease duration in years, median (IQR) 12.5 (6.4–22.9)
IBD type, n (%)
 Crohn’s disease 52 (61.2)
 Ulcerative colitis 32 (37.6)
 IBD-U 1 (1.2)

Montreal classification localization UC, n (%)
 Proctitis 1 (3.1)
 Left-sided colitis 14 (43.8)
 Pancolitis 17 (53.1)

Montreal classification localization CD/IBD-U, 
n (%)

 Ileum 14 (26.4)
 Colon 15 (28.3)
 Ileocolon 24 (45.3)
 Upper gastrointestinal involvement, n (%) 3 (5.7)
 Perianal involvement, n (%) 15 (28.3)

Montreal classification, disease behavior, n (%)
 Stricturing 13 (24.5)
 Penetrating 13 (24.5)

Smoking status, n (%)
 Current 11 (12.9)
 Former 22 (25.9)
 Never 44 (51.8)
 Unknown 8 (9.4)

Medical history, n (%)
 Malignancy 6 (7.0)
 ≥ 1 Intestinal surgery 19 (22.4)

Previous medication use, n (%)
 Mesalamine 29 (34.1)
 Azathioprine 39 (45.9)
 Mercaptopurine 15 (17.6)
 Thioguanine 2 (2.4)
 Methotrexate 4 (4.7)
 Infliximab 14 (16.5)
 Adalimumab 9 (10.6)
 Golimumab 2 (2.4)

Concomitant medication, n (%)
 Mesalamine 33 (38.8)
 Corticosteroid 1 (1.2)
 Allopurinol 16 (18.8)
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Thiopurine treatment was continued in 54.1% until 
24 months and the main reason for thiopurine cessation 
was stable remission (30.6%), whereas abnormal metabo-
lite levels were the main reason for thiopurine dose adjust-
ments (12.9%). None of the thiopurine-related patient 
reported AEs required hospitalization.

We found a low rate (3.5%) of thiopurine-related AEs 
that led to thiopurine therapy adjustments during 24 months 
of follow-up. Although multiple studies have described 
thiopurine-related AEs and monitoring strategies dur-
ing the first year of use, limited evidence is available for 
patients with long-term thiopurine use. The incidence rates 

Table 2   Cumulative thiopurine 
exposure

Thiopurine exposure of thiopurine-treated patients with inflammatory bowel disease following a reduced 
monitoring strategy with 24 months of follow-up
6-TGN 6-thioguanine nucleotide, 6-MMP 6-methylmercaptopurine, IQR interquartile range, RBC red blood 
cell
*Previous thiopurine exposure prior to enrollment without current use at baseline
**Total thiopurine exposure including previous years of thiopurine use and total years of thiopurine expo-
sure of current thiopurine used at inclusion

Study population
n = 85

Type and dose of thiopurine
 Azathioprine, n (%) 47 (55.3)
 Dosage, median (IQR) 125 (100–150)
 Dosage mg/kg adjusted, median (IQR) 0.8 (0.5–0.9)

Dosage mg/kg adjusted excl
 Allopurinol use (n = 39), median (IQR) 0.9 (0.7–1.0)
 Mercaptopurine, n (%) 25 (29.4)
 Dosage, median (IQR) 50 (25–75)
 Dosage mg/kg, median (IQR) 0.7 (0.4–0.9)

Dosage mg/kg adjusted excl
 Allopurinol use (n = 17), median (IQR) 0.8 (0.6–1.0)
 Thioguanine, n (%) 13 (15.3)
 Dosage, median (IQR) 20 (20–20)
 Allopurinol, n (%) 16 (18.8)
 6-TGN levels, median (IQR) 320 (196–511)
 Therapeutic (235–450 pmol/8 × 108 RBC), n (%) 30 (35.3)
 Subtherapeutic (≤ 235 pmol/8 × 108 RBC), n (%) 22 (25.9)
 Supratherapeutic (≥ 450 pmol/8 × 108 RBC), n (%) 22 (25.9)
 Not measured 11 (12.9)
 6-MMP levels, median (IQR) 482 (161–1493)
 (≤ 5.700 pmol/8 × 108 RBC), n (%) 58 (68.2)
 (≥ 5.700 pmol/8 × 108 RBC), n (%) 3 (3.5)
 Not measured, n (%) 24 (28.2)

Previous thiopurine types used, n (%)
 0 38 (44.7)
 1 39 (45.9)
 2 7 (8.2)
 3 1 (1.2)

Duration current thiopurine use (years) at baseline, median (IQR)*
 Total 3.6 (1.6–6.7)
 Azathioprine 4.8 (1.6–10.7)
 Mercaptopurine 3.5 (1.2–5.1)
 Thioguanine 2.8 (1.7–5.6)
 Previous thiopurine exposure (total) in years**, median (IQR) 6.7 (3.8–10.9)
 Follow-up in months, median (IQR) 23.9 (21.8–24.8)
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of thiopurine-related laboratory toxicity leading to therapy 
adjustments were assessed during a 3-monthly monitoring 
strategy in a high-volume multicenter retrospective cohort 
[19]. Overall, 6% ceased thiopurine therapy due to AEs 
versus 3.5% in our study [19]. The AEs reported in the lat-
ter study comprised 2.6% clinical AEs (including general 
malaise, skin reactions, arthralgia, and other reasons) and 

laboratory toxicity in 3.5% [19]. One important reason to 
explain these differences between studies is that the median 
thiopurine use at the time of inclusion in the previous study 

Table 3   Adverse events leading to thiopurine therapy adjustment

Adverse events leading to thiopurine therapy adjustment in thiopu-
rine-treated patients with inflammatory bowel disease following a 
reduced monitoring strategy with follow-up of 24 months
6-TGN 6-thioguanine nucleotide, 6-MMP 6-methylmercaptopurine, 
AEs adverse events
*Clinical relevant adverse events = adverse events that resulted in 
therapy adjustment (thiopurine dose adjustment or cessation)

Study population, n = 85

Thiopurine therapy intervention Cessation Adjustment

Total 39 (45.9) 20 (23.5)
Adverse events, n (%)
 Myelotoxicity, hepatotoxicity, or combined 0 (0) 0 (0)
 Malignancy (basal cell carcinoma)* 1 (1.2) 0 (0)
 Infection* 1 (1.2) 0 (0)
 Gastrointestinal side effects* 1 (1.2) 0 (0)
 Abnormal metabolite levels (total) 2 (2.4) 11 (12.9)
 Supratherapeutic 6-TGN 2 (2.4) 5 (5.9)
 Subtherapeutic 6-TGN 0 (0) 3 (3.5)
 High 6-MMP 0 (0) 3 (3.5)
 Disease flare 0 (0) 1 (1.2)
 Remission 26 (30.6) 4 (4.7)
 Patient preferences 8 (9.4) 4 (4.7)

Fig. 2   Survival curve of thiopurine-related adverse events. Survival 
curve of time to thiopurine-related adverse events that required ther-
apy adjustment during 24  months of follow-up following a reduced 
monitoring strategy. Number at risk table includes patients with loss 
to follow-up and all reasons that resulted in thiopurine cessation

Table 4   Adverse events

Adverse events during 24 months of follow-up of thiopurine-treated 
patients with inflammatory bowel disease following a reduced moni-
toring strategy
IBD inflammatory bowel disease
*Both possibly-related and probably-related

Study population, n = 85

Adverse events Thiopurine-related 
adverse events*
n (%)

IBD-related 
adverse 
events*
n (%)

Total reports n = 122, n = 69 
patients (81.2), n (%)

25 (29.4) 38 (44.7)

Infectious 11 (12.9) 1 (1.2)
Gastrointestinal complaints 3 (3.5) 20 (23.5)
Musculoskeletal (arthralgia) 1 (1.2) 10 (11.8)
Fatigue 1 (1.2) 4 (4.7)
Cutaneous lesions 3 (3.5) 1 (1.2)
Hematological (anemia) 0 (0) 2 (2.4)
Other 6 (7.1) 0 (0)

Table 5   Laboratory toxicity during 12 months of follow-up

Observed laboratory toxicity during 12 months of follow-up of thio-
purine-treated patients with inflammatory bowel disease following a 
reduced monitoring strategy
ALT alanine transaminase, AP alkaline phosphatase

Study population
n = 85

Myelotoxicity (total), n (%) 11 (12.9)
Leukopenia (total), n (%) 9 (10.6)
 Mild 9 (10.6)
 Moderate 0 (0)
 Severe 0 (0)

Thrombocytopenia (total), n (%) 2 (2.4)
 Mild 1 (1.2)
 Moderate 1 (1.2)
 Severe 0

Hepatotoxicity (total), n (%) 14 (16.5)
Elevated ALT (total), n (%) 10 (11.8)
 Mild 9 (10.6)
 Moderate 1 (1.2)
 Severe 0 (0)

Elevated AP (total), n (%) 4 (4.7)
 Mild 4 (4.7)
 Moderate 0 (0)
 Severe 0 (0)
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was shorter (1.1 years) compared to our cohort (6.7 years) 
[19]. The laboratory toxicity, AEs, and discontinuation 
rates are higher in the early phases of thiopurine use and 
may explain the differences between the two cohorts [3, 4, 
6–11, 13, 15–19]. Furthermore, metabolite level-driven dose 
adjustments were performed in our study and this could have 
resulted in less AEs.

In our study, incidence rates of myelotoxicity and hepa-
totoxicity were 12.9% and 16.5%, respectively, but none 
resulted in therapy adjustments. In previous studies, aberrant 
laboratory results, independent of therapeutic consequences, 
had a broad range (0.5–32.7% myelosuppression versus 
3.2–24.3% hepatotoxicity) [3–10, 12, 13, 15, 16, 18, 19, 21, 
22, 29, 36]. More importantly, the observed laboratory toxic-
ity in our study were transient, not severe, and did not have 
therapeutic consequences. This is in line with the literature 
showing that laboratory toxicity requiring therapy adjust-
ment after long-term thiopurine use remains low (0.6–1.4% 
leucopenia, 2.1–3.2% hepatotoxicity) [3, 16, 19, 29].

In the current study, enrolled patients with stable remis-
sion of their IBD on long-term thiopurine therapy devel-
oped AEs but only few required thiopurine therapy adjust-
ments or discontinuation. It is well known that AEs often 
occur in the first 6 to 12 months after thiopurine initiation 
[3–14]. Importantly, a previous cohort study observed lower 
incidence rates of infection, myelotoxicity, hepatotoxicity, 
pancreatitis, and neoplasms in patients with IBD using thio-
purines for more than 4 years compared to patients with a 
median exposure of only 1 year since thiopurine initiation 
[13]. Moreover, thiopurine discontinuation predominantly 
occurred within the first 3 months of therapy [10]. In our 
study, the 3 thiopurine-related AEs that resulted in treatment 
cessation occurred after a median 6.7 years of thiopurine 
use.

An important question is whether we missed AEs due to 
a reduced frequency of monitoring. Previous cohort stud-
ies suggest that most cases of severe leukopenia occurred 
abruptly (within 1 month) [7]. We still observed a diverse 
number of AEs and laboratory toxicity that did not result in 
therapy adjustments, emphasizing that following a reduced 
monitoring strategy still results in a sufficient detection of 
AEs. Most of the AEs did not result in therapy adjustments 
and carry less clinical relevance, and this is in line with the 
previous studies [8, 10, 15, 29]. Second, AEs that needed 
therapy adjustment included clinical symptoms and prob-
ably would not have been detected with laboratory moni-
toring. Third, therapy adjustment based on monitoring of 
6-TGN and 6-MMP levels, as applied in our study, may have 
reduced the risk of laboratory toxicity.

We observed a net benefit of 136 euro per patient for 
IBD-related health care use when scheduling outpatient 
visits and laboratory assessment every 6 months instead 
of every 3 to 4 months. We did not include medication 

costs, travel costs, work disability, or absenteeism. Includ-
ing these items would likely increase the net benefit even 
more but a full cost-effectiveness analysis was beyond the 
scope of this study.

The strengths of this study include the careful selection of 
our study population with stable remission and long duration 
of thiopurine use prior to enrollment. Secondly, the pro-
spective design and the extensive collection of AEs during 
12 months is an addition to previously reported research of 
mostly retrospective nature. Our study also comes with sev-
eral limitations. The main limitation is the lack of a control 
group monitored at the conventional 3-monthly strategy. To 
overcome this limitation, we compared our results with other 
cohorts [10, 19], however, previous cohorts and selected out-
comes differed in methodology including selection criteria 
and design, not allowing for a comprehensive comparison. 
Second, the reduction of monitoring frequency resulted in 
fewer assessments and thereby a possible reduction in the 
detection rate of AEs. This could have resulted in an under-
estimation of the true AE incidence rates. It is likely that 
the strategy of reduced monitoring resulted in a more on-
demand-based clinical health care as indicated by the addi-
tional non-scheduled contacts with physicians by patients. 
Third, the relatively low dosing of AZA (0.8 mg/kg, in part 
due to combination therapy with allopurinol) and the total 
drop-out (n = 39) after 24 months of follow-up reduced the 
generalizability of this study, although most patients (66.7%, 
n = 26) discontinued thiopurine because of stable remission 
rather than disease activity or AEs. The long median thio-
purine exposure of 6.7 years should be taken into account as 
well. This suggests that gastroenterologists could consider 
thiopurine discontinuation in a group of patients with qui-
escent IBD tolerating long-term thiopurine therapy, but it is 
unclear whether these results can be extrapolated to patients 
with shorter duration of thiopurine use.

Overall, AEs that resulted in thiopurine therapy interven-
tions were rare and the detected laboratory toxicity were 
transient and did not require therapy adjustments. In accord-
ance with the current literature, most AEs were observed 
within the first 6 to 12 months after start of thiopurines 
[3–14].

Conclusion

Our study suggests that a monitoring frequency of every 
6 months is safe and might be feasible for patients with IBD 
in stable remission on long-term thiopurine therapy beyond 
the induction phase. The reduction of monitoring frequency 
in this selected group of patients with IBD may contribute 
to the reduction of clinical visits and health-related costs.
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