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Abstract: Background and objectives: Thiopurines are an effective treatment for the maintenance
of remission in inflammatory bowel disease (IBD). They can present adverse effects (AEs), with
myelotoxicity being the most relevant. This study aims to determine the incidence of AEs related to
the starting of thiopurines in our centre. Methodology: Retrospective study. The AEs in patients that
were started on thiopurines between January 2016 and June 2020 were registered, with a two-year
follow-up. The mean and standard deviation were used to describe the quantitative variables,
and percentages and confidence intervals were used for the qualitative variables. The statistical
significance was set at a p-value < 0.05. Results: 98 patients were included, with 64 AEs detected
in 48 patients (49%). Most of the AEs appeared in the first 6 months. The most relevant were:
21 neutropenia (21.4%), 19 hypertransaminasemia (19.4%), 13 digestive intolerances (13.2%), 6 acute
pancreatitis (6.12%), 3 phototoxicity (3%), and 2 unknown origin fevers (2%). In 29 patients (29.4%)
the treatment had to be suspended due to AEs. In 11 cases (11.2%), azathioprine (AZA) was switched
to 6-mercaptopurine (6 MP) as 5 showed tolerance and 6 patients needed suspension due to AEs.
Eight patients required hospital admission, but none of them needed intensive care unit admission.
There were no fatal adverse effects. Conclusions: Thiopurines are a safe drug with few AEs, especially
after the first months of treatment. These results suggest that periodic analytic follow-up may not be
necessary after the initial period of treatment.

Keywords: inflammatory bowel disease; thiopurines; azathioprine; mercaptopurine; adverse effects
neutropenia; thiopurine methyltrasferase

1. Introduction

Inflammatory bowel disease (IBD) is a group of chronic, disabling, immune-mediated
diseases affecting the gastrointestinal tract. The two most prevalent are ulcerative colitis
(UC) and Crohn’s disease (CD) [1]. Their aetiology and pathogenesis are still not well
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understood. However, effective treatments are now available that allow us to modify the
natural history of the disease [1].

One of the most widely used and effective treatments for IBD are the thiopurines,
which include azathioprine (AZA) and 6-mercaptopurine (6-MP). They act by exerting a
nonspecific antiproliferative and inhibitory effect on different cells of the immune system,
especially T-lymphocytes, B-lymphocytes, and natural killer cells [2]. Thiopurines are
indicated for the maintenance treatment of IBD in corticoresistant patients—patients who
do not respond to steroids—or corticodependent patients—those who require continued
treatment to maintain clinical remission [3]. Thiopurines in monotherapy maintain clinical
remission with an efficacy of 70–80% [4]. Some studies have reported a mucosal healing
rate of approximately 15–20% at 26 weeks [4,5].

Thiopurines are considered a reasonably safe drug, especially when compared to the
risks of uncontrolled IBD. However, in up to 10–20% of patients, they have to be withdrawn
due to toxicity [3]. There are two types of adverse effects (AEs): idiosyncratic (pancreatitis,
arthralgia, and gastrointestinal intolerance), which occur at the start of treatment, usually
within the first 3 months, and dose-dependent (myelotoxicity and hepatotoxicity), which
can theoretically occur at any time, but usually within the first few months or years [2,6]. In
addition, thiopurines can increase the risk of infection more than threefold (OR, 3.1; 95% CI,
1.7–5.5) [7] and the risk of malignancies, mainly lymphoproliferative syndromes, up to
5.3-fold [2.01–13.90; p = 0.0007]. They also increase the risk of non-melanoma skin tumours
(IRR 1.64, 95% CI) and urinary tract tumours (HR 2.82 [95% CI, 1.04–7.68; p = 0.04]). The
risk of malignancy increases markedly with age [2].

Regarding the thiopurine pathway, thiopurine methyltransferase (TPMT) is an enzyme
responsible for the metabolization of both 6-mercaptopurine and 6-thioinosine monophos-
phate into their inactive metabolites. TPMT enzyme expression can be measured by TPMT
activity in erythrocytes, identifying patients with high, low, or no TPMT activity. Patients
with high TPMT activity (hypermethylators or “shunters”) use more of this enzyme path-
way, leading to lower clinical efficacy and increased hepatotoxicity. Patients with decreased
or absent TPMT activity metabolise the drug via the xanthine oxidase metabolic pathway
(with production of the inactive metabolite 6-thiuric acid) and hypoxanthine-guanine phos-
phoribosyltransferase (HPRT), with the subsequent formation of 6-thioguanine nucleotides
(6 TG) (active metabolites), leading to an increased risk of myelotoxicity [8].

The determination of TPMT enzyme activity allows the identification of patients
with null activity in whom treatment is contraindicated due to the risk of severe myelo-
toxicity. Although TPMT determination is not fully established in clinical practice, it is
recommended to be routinely applied to all patients as it is considered a cost-effective
strategy [9].

Due to the significant rate of AEs, it is recommended to monitor blood counts and
liver function in these patients. The recommendations of the Spanish working group on
Crohn’s disease and ulcerative colitis (GETECCU) suggest a first check-up 15 days after
starting treatment, a second check-up at one month, and a third check-up at two months,
and thereafter check-ups every 4–6 months [3].

The aim of the study is to identify and quantify the main AEs (specifically neutropenia)
that appear during the first two years of follow-up in patients treated with thiopurines in
our centre and to analyse their impact on therapeutic management.

2. Materials and Methods
2.1. Design and Data Collection

A retrospective observational study of a cohort of patients identified by registration
in the clinical history using the ICD-9-CM and the database of the inflammatory bowel
disease unit of the Hospital Parc Taulí in Sabadell.
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2.2. Population

Patients with IBD who were started on treatment with thiopurines (monotherapy
or with combined biological therapy) between 1 January 2016 and 30 June 2020, with a
follow-up period of up to 2 years, were selected. The starting dose was 2 to 2.5 mg/kg,
although in cases with low TPMT activity, patients may have been started at lower doses.

Patients who had not started treatment with thiopurines during the established period,
who had abandoned follow-up in our centre, or who received such treatment for diseases
other than IBD were excluded.

2.3. Variables

Personal demographic variables (age, sex, and weight), disease variables (type of IBD),
and thiopurine variables (TMPT activity, type of treatment, start date, dose, previous EBV
immunity, and concomitant treatment with allopurinol) were collected. Treatment-related
complications (acute pancreatitis, digestive intolerance, analytical alteration), analytical
data at follow-up (blood count, transaminases, 6-TG and 6-MMP levels, lipase, and CRP),
and disease evolution (clinical response, change of dose and/or treatment, and reason for
change) were also registered.

Normal TMPT activity was defined as greater than 14 U/mL by our laboratory. The
sample was distributed in the following quartiles: TPMT < 14.8 (Q1), TMPT 14.8–17 (Q2),
TPMT 17–19 (Q3), and TPMT 19–23.7 (Q4). Levels of 6-TG were in the sub-therapeutic
range if below 230 U/mL, correct if 230–450 U/mL, and toxic if >450 U/mL. 6-MMP levels
were defined as in range if below 5700 U/mL and toxic if above this value.

Neutropenia was present if the neutrophil count was less than 2 × 109/L; it was classi-
fied as mild with values between 1.5–2 × 109/L, moderate 1–1.5 × 109/L, and severe if the
neutrophil count was less than 1 × 109/L. Anaemia was determined by haemoglobin values
<130 g/L in men and <120 g/L in women. Thrombocytopenia was present if platelets were
below 150,000/µL, being mild between 100,000/µL and 150,000/µL, moderate between
50,000/µL and 99,999/µL, and severe below 50,000/µL. Normal transaminase values were
determined between 0–32 U/L for aspartate aminotransferase (AST) and 10–31 U/L for
alanine aminotransferase (ALT), with moderate hypertransaminasemia being considered
an elevation above twice the upper normal value and severe hypertransaminasemia four
times higher (AST > 128 and ALT > 124). C-reactive protein (CRP) was considered normal
below 0.5 mg/dL.

2.4. Statistical Analysis

For all quantitative variables, the mean and standard deviation were calculated. For
qualitative variables, percentages with their 95% confidence intervals were calculated. The
Mann-Whitney test was used to compare independent variables. Fisher’s exact test was
used to compare the proportions between the groups. A subanalysis regarding patients
older than 65 was performed; major findings were compared with those of younger patients.
The level of statistical significance was set at 0.05.

2.5. Ethical Aspects

All data were compiled in an Excel database with no patient identifiers. Only a
restricted access list with the patient’s history number was made available to the researchers.

The study was reviewed and approved by the local ethics committee (CEIM 2022/5045).
Given its retrospective nature, with no impact on the patient’s evolution or treatment, it
was not considered necessary to obtain informed consent. The study was conducted in
compliance with the requirements of the Declaration of Helsinki [10].

3. Results

A total of 98 patients were identified; 49 were female (50%), and the mean age at base-
line was 43.3 years (range 17–82). Regarding the type of inflammatory disease, 58 patients
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were identified with CD, 38 with UC, and 2 with indeterminate colitis (59%, 39%, and 2%,
respectively). The mean follow-up time was 517 days (range 4–846) (see Table 1 for details).

Table 1. Sample population characteristics.

Variables % (n)

Gender
Men 50% (n = 49)

Women 50% (n = 49)

IBD Type

Crohn’s disease 59.2% (n = 58)

Ulcerative colitis 38.8% (n = 38)

Indeterminate colitis 2% (n = 2)

Mean age at treatment start 43.3 years (17–82)

Mean follow-up time 517 days (4–846)

Mean TPMT activity 17.06 (10–23.7)

EBV IgG + 98% (n = 96)

A total of 64 AEs were recorded in 48 patients (49%). Adverse events were as follows:
21 neutropenia (21.4%) (9 mild, 4 moderate, 8 severe), 19 hypertransaminasemia (19.4%)
(17 mild, 1 moderate, 1 severe), 13 digestive intolerances (13.2%), 6 acute pancreatitis (6.1%),
3 phototoxicity (3%), and 2 fevers of unknown origin (2%). Two patients experienced an
AEs before the first analytical follow-up (acute pancreatitis in both cases). Figure 1 shows
the chronology of the onset of neutropenia during the follow-up period. 80.9% (n = 17) of
the cases of neutropenia appeared in the first 9 months. No severe anaemia was detected
beyond 4 months after the start of treatment (see Figure 1 for details).
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Figure 1. Chronology of neutropenia onset.

Azathioprine treatment had to be discontinued in 29.6% of cases (n = 29). The main
reasons for discontinuation were all cases of acute pancreatitis and digestive intolerance
and most cases of severe neutropenia cases (87.5% (n = 7); in the remaining 12.5% (n = 1),
treatment could be reintroduced at lower doses). There were two cases of pancytopenia:
one included in the severe neutropenia group, this being the most severely affected line,
and another with mild involvement of the white series, highlighting severe central anaemia.
Other causes of withdrawal were severe hypertransaminasemia (one patient, 5.3% of cases
of hypertransaminasemia), toxicodermia (one patient, 33% of cases of skin toxicity), and
fever of unknown origin (two patients) (see Figure 2a for details). No subjects in our study
stopped thiopurines because of a lack of efficacy. In cases of lack or loss of efficacy, most



J. Clin. Med. 2023, 12, 6571 5 of 9

patients started combined treatment with an anti-TNF drug. In this case, the thiopurine
dose may have been decreased but not stopped. There were no deaths associated with
any AEs.
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In 11 patients, thiopurine was switched from azathioprine to mercaptopurine (9 due to
digestive intolerance, 1 after an episode of fever of unknown origin, and 1 due to toxicoder-
mia). Among these, adverse effects of mercaptopurine were detected in six patients (54.5%);
all of them led to discontinuation of the drug, including three patients due to persistent
digestive intolerance (50%), one case of severe neutropenia (16.6%), one case of recurrent
tonsillitis (16.6%), and one case of alopecia (17%) (see Figure 2b for details).

A subanalysis including 16 patients older than 65 years (16.3%) showed that 10 patients
(62.5%) presented a total of 11 AEs (68.8%), and seven patients discontinued the treatment
(43.8%). Comparing this subgroup of elder patients with the younger patients, no differ-
ences were observed regarding AEs (68.8% vs. 46.3%; p = 0.13), and significant statisti-
cal differences were observed in the discontinuation of the treatment (43.8% vs. 26.9%;
p < 0.001).

Regarding TPMT activity levels, no statistically significant differences were found
between patients with and without neutropenia (17.56 vs. 16.92; p = 0.21). Only 5 out of
21 patients with neutropenia (23.8%) were in the lower quartile in terms of TPMT activity
value. Likewise, no differences were found for patients with severe neutropenia. Table 2
shows detailed information about the patients with detected neutropenia during follow-up.
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Table 2. Detailed neutropenia cases. Age, gender, leucocyte count, type of IBD, and time to event.

Age Gender IBD Type TPMT Leucocytes
(×109/L)

Neutrophiles
(×109/L)

Time to AEs
(Days)

Time to AEs
(Months)

81 Male UC 13.9 2.54 0.86 32 1.1
21 Male UC 18.8 2.01 0.82 37 1.2
30 Female CD 18.3 4.85 1.81 189 6.2
42 Male UC 18.8 3.57 1.33 105 3.5
77 Female CD 17.6 2.05 0.03 62 2.0
30 Male CD 19.2 2.86 1.72 700 23.0
20 Male UC 18.1 1.93 0.84 47 1.5
70 Female UC 19.2 3.84 1.93 409 13.4
50 Female CD 18.5 3.49 1.68 28 0.9
26 Male UC 19.9 3.56 1.85 42 1.4
35 Male UC 18.9 1.51 0.39 34 1.1
65 Female CD 12.5 3.03 1.79 64 2.1
25 Female CD 13.5 3.19 1.31 662 21.8
82 Male UC 13 3.39 1.79 23 0.8
49 Female CD 22.1 3.71 1.8 272 8.9
58 Male CD 19.6 3.22 1.98 234 7.7
43 Female UC 17.9 2.97 0.87 7 0.2
60 Female UC 13.6 1.65 0.41 53 1.7
25 Male UC 16.7 2.62 1.18 140 4.6
62 Female CD 19.8 1.58 0.94 108 3.6
39 Female CD 18.2 2.95 1.47 507 16.7

4. Discussion

Our study shows that the main effects detected were myelotoxicity, acute pancreatitis,
skin conditions, altered liver function, and digestive intolerance. It should be noted that
the occurrence of severe neutropenia was practically non-existent 6 months after the start
of treatment.

In the literature, the incidence of leukopenia (used as the main marker of myelotoxicity)
is approximately 3% per patient per year of follow-up, with a cumulative incidence of 7%
reported [11]. These data are lower than those detected in our series, where the occurrence
of neutropenia was 21%. This may be explained by the fact that the presence of neutropenia
is not always accompanied by absolute leukopenia, so studies evaluating this parameter
may be underestimating the prevalence of myelotoxicity. In our study, 5 of the 21 cases
of neutropenia had a leukocyte count within the normal range. In addition, differences
between studies are also due to the disparity between cut-off points between countries
and even between hospitals and laboratories for defining pathological values. In the
systematic review by Gisbert J.P. et al. [11], the cut-off point for neutropenia was generally
found to be 1.5 × 109/L, lower than in the present study, which was 2 × 109/L. In our
study, eight cases of severe neutropenia (8.2%) were detected, in most cases leading to the
discontinuation of treatment. The data are higher than those reported in the literature,
where severe leukopenia rates of up to 5.7% are defined [12–14]. These differences may be
due to the sample size of the studies (8300 patients in a systematic review of 66 studies
of Gisbert J.P. et al. vs. 98 in our study). Although myelotoxicity can occur at any time
after drug initiation, the literature describes that it mostly occurs after the first weeks or
months of treatment [11]. These data are consistent with those obtained in our study, where
most neutropenia cases were recorded in the first nine months of treatment and no severe
neutropenia was observed beyond 5 months.

Despite the evidence and recommendations to analyse TPMT activity prior to the
initiation of a thiopurine [9,15,16], in our study no statistically significant correlation was
found between the appearance of neutropenia during follow-up and TPMT activity levels.
This could be explained by a selection bias, as all patients had been elected to start treatment
with thiopurines after verifying normal TMPT activity, not including those patients that
had been rejected to start treatment with thiopurines due to low activity.
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Regarding the rest of the described AEs, the rate of acute pancreatitis detected was
similar to what is described in the literature (7.3%) [9,11]. All cases of acute pancreatitis
were mild and resolved after drug withdrawal, and in no case was thiopurine treatment
re-started.

The prevalence of digestive intolerance was also similar to that described in other
studies, as, for example, in this same study by Chisick et al. [9], where 62 out of 510 (12.1%)
discontinued treatment due to the onset of nausea not associated with pancreatitis.

In this regard, it should be noted that although myelotoxicity is the most relevant
adverse effect, both in our study and in routine clinical practice, digestive intolerance is the
most frequent adverse effect in terms of causes of treatment suspension.

Almost one-third of the patients initially treated with azathioprine stopped treatment.
These results are comparable to the discontinuation rates published in the study by Neils
Teich et al. [17], where 186 out of 510 (36.4%) patients discontinued treatment. This high
discontinuation rate may be due to, on the one hand, the availability of alternatives to
thiopurines and, on the other hand, the fact that there are no clearly established indications
as to which AEs and what level of severity should lead to discontinuation of the drug or the
conditions that would allow reintroduction at standard or lower doses, leaving the decision
to the physician. Other studies reported a higher rate of discontinuation; in the study of
Macaluso FS et al., the rate of discontinuation was 63.2%, mostly due to gastrointestinal
symptoms. More interestingly, the switch to 6-MP was ineffective in 79.5% of patients [18].

In this reported series, AEs were detected in almost half of the patients treated with
thiopurines, although there were no fatal events. Costantino et al. described that almost
half of AEs appear very early (first 6 months), while late AEs (within 6 months) are less
frequent [19].

Regarding elderly patients, 62.5% of patients presented AEs and 43.8% discontinued
the treatment. Calafat et al. reported that the rate of discontinuation is higher in elderly
patients than in young patients (67.2% vs. 63.1%; p < 0.001) [6]. Despite the fact that in
both studies the discontinuation of thiopurine treatment in elderly patients is statistically
significant, our rates are substantially lower, probably due to the limited number of elderly
patients registered.

These results lead us to see thiopurines as a group of drugs that, apart from their
proven clinical efficacy, are safe if there is a good understanding of their possible AEs and
how to deal with them. It should be noted that this study contemplated a follow-up of
up to 2 years, making the detection of long-term AEs, such as neoplasms, less likely. In
addition, the sample had a mean age at the start of treatment of 43.3 years, making the
development of malignancies even less likely.

The results of this study are comparable to the findings of other larger reviews. Our
data support previous recommendations regarding the importance of closer clinical and
analytical follow-up in the first few months and being subsequently laxer if no incidences
are detected.

Thus, because of this study, we propose a first check-up around 15 days after the start
of treatment. A second control 4 weeks after the previous one (in case of TMPT < 14, 6 TG
and 6 MMP levels will be requested, individualising subsequent controls according to the
results) and a third control 3 months after the previous control and subsequently every
3 months until the first year is completed, extending at 6-month intervals thereafter.

Although previous studies have discouraged the cessation of monitoring because of
the possibility of myelotoxicity anytime during follow-up, the extremely low incidence
of these events after the first few months could call into question the cost-effectiveness of
such monitoring.

The study has several limitations. Firstly, its retrospective nature, which does not
allow for a prospective design with unanimity of criteria and rigorous data collection, for
example, the lack of weight data did not allow us to give exact information on starting
doses adjusted per kilogram. In addition, the size of the sample, the disparity of criteria
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in the management of therapeutic adjustment, and the attitude of the different physicians
involved towards the diverse AEs limited the strength of the study.

In conclusion, the low incidence of severe AEs in our study after the first months,
together with previous data described, suggests that such strict periodic controls may
not be cost-effective. In fact, most IBD units have moved from three- or four-monthly
to six-monthly monitoring in recent years, following the recommendations of the latest
ECCO guidelines. In this regard, it would be interesting to evaluate in subsequent studies
the possibility of extending the periods between analytical controls, for example, to an
annual determination or even to perform them on demand according to the appearance
of symptoms.

Author Contributions: G.G. and E.B.-M. designed the study, analysed data, and wrote the manuscript.
G.G., E.B.-M., X.C., L.M., L.P.L., P.P., A.P., B.G.-S., L.E.F., S.L., M.J.R.-L. and A.V. critically reviewed the
text and provided important intellectual content. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by Parc Taulí ethics committee (protocol code CEIM 2022/5045 approved
on 20 May 2022).

Informed Consent Statement: Given its retrospective nature, with no impact on the patient’s evolu-
tion or treatment, it was not considered necessary to obtain informed consent.

Data Availability Statement: The data extraction template is available upon reasonable request.

Acknowledgments: We thank Mike Maudsley for his help with the English.

Conflicts of Interest: Albert Villoria has served as a speaker and consultant for MSD and Abbvie.
Eduard Brunet-Mas has served as a speaker and consultant for Janssen, Takeda, Kern, and Chiesi.
Luigi Melcarne has served as a speaker and consultant for MSD, Abbvie, Janssen, Takeda, Pfizer,
and Tillots. Xavier Calvet has received grants for research from Abbott, MSD, and Vifor and fees for
advisory board services from Abbott, MSD, Takeda, and Vifor. He has also given lectures for Abbott,
MSD, Takeda, Shire, and Allergan. Gerard Grau, Laura-Patricia Llovet, Patricia Pedregal, Anna Puy,
Belen García, Luis Enrique Frisancho, Sergio Lario, and Maria José Ramirez-Lazaro have no conflict
of interest to declare.

References
1. Gomollón, F.; Hinojosa, J.; Gassull, M.A. (Eds.) Enfermedad Inflamatoria Intestinal, 4th ed.; ERGON: Madrid, Spain, 2019;

ISBN 978-84-17194-63-5.
2. de Boer, N.K.; Peyrin-Biroulet, L.; Jharap, B.; Sanderson, J.D.; Meijer, B.; Atreya, I.; Barclay, M.L.; Colombel, J.F.; Lopez, A.;

Beaugerie, L.; et al. Thiopurines in inflammatory bowel disease: New findings and perspectives. J. Crohns Colitis 2018, 12, 610–620.
[CrossRef] [PubMed]

3. Bermejo, F.; Aguas, M.; Chaparro, M.; Domènech, E.; Echarri, A.; García-Planella, E.; Guerra, I.; Gisbert, J.P.; López-Sanromán, A.
Recommendations of the Spanish Working Group on Crohn ’ s Disease and Ulcerative Colitis (GETECCU) on in inflammatory
bowel disease. Gastroenterol. Hepatol. 2018, 41, 205–221. [CrossRef] [PubMed]

4. Colombel, J.F.; Reinisch, W.; Mantzaris, G.J.; Kornbluth, A.; Rutgeerts, P.; Tang, K.L.; Oortwijn, A.; Bevelander, G.S.; Cornillie,
F.J.; Sandborn, W.J. Randomised clinical trial: Deep remission in biologic and immunomodulator naïve patients with Crohn’s
disease—A SONIC post hoc analysis. Aliment. Pharmacol. Ther. 2015, 41, 734–746. [CrossRef] [PubMed]

5. Atreya, R.; Neurath, M.F. Current and Future Targets for Mucosal Healing in Inflammatory Bowel Disease. Visc. Med. 2017, 33,
82–88. [CrossRef] [PubMed]

6. Calafat, M.; Mañosa, M.; Cañete, F.; Domènech, E. Clinical Considerations Regarding the Use of Thiopurines in Older Patients
with Inflammatory Bowel Disease. Drugs Aging 2021, 38, 193–203. [CrossRef] [PubMed]

7. Toruner, M.; Loftus Jr, E.V.; Harmsen, W.S.; Zinsmeister, A.R.; Orenstein, R.; Sandborn, W.J.; Colombel, J.F.; Egan, L.J. Risk
Factors for Opportunistic Infections in Patients With Inflammatory Bowel Disease. Gastroenterology 2008, 134, 929–936. [CrossRef]
[PubMed]

8. Friedman, A.B.; Brown, S.J.; Bampton, P.; Barclay, M.L.; Chung, A.; Macrae, F.A.; McKenzie, J.; Reynolds, J.; Gibson, P.R.; Hanauer,
S.B.; et al. Randomised clinical trial: Efficacy, safety and dosage of adjunctive allopurinol in azathioprine/mercaptopurine
nonresponders (AAA Study). Aliment. Pharmacol. Ther. 2018, 47, 1092–1102. [CrossRef] [PubMed]

https://doi.org/10.1093/ecco-jcc/jjx181
https://www.ncbi.nlm.nih.gov/pubmed/29293971
https://doi.org/10.1016/j.gastrohep.2017.11.007
https://www.ncbi.nlm.nih.gov/pubmed/29357999
https://doi.org/10.1111/apt.13139
https://www.ncbi.nlm.nih.gov/pubmed/25728587
https://doi.org/10.1159/000458006
https://www.ncbi.nlm.nih.gov/pubmed/28612022
https://doi.org/10.1007/s40266-020-00832-4
https://www.ncbi.nlm.nih.gov/pubmed/33438138
https://doi.org/10.1053/j.gastro.2008.01.012
https://www.ncbi.nlm.nih.gov/pubmed/18294633
https://doi.org/10.1111/apt.14571
https://www.ncbi.nlm.nih.gov/pubmed/29468701


J. Clin. Med. 2023, 12, 6571 9 of 9

9. Chisick, L.; Oleschuk, C.; Bernstein, C.N. The utility of thiopurine methyltransferase enzyme testing in inflammatory bowel
disease. Can. J. Gastroenterol. 2013, 27, 39–43. [CrossRef] [PubMed]

10. World Medical Association. World Medical Association declaration of Helsinki: Ethical principles for medical research involving
human subjects. JAMA 2013, 310, 2191–2194. [CrossRef] [PubMed]

11. Gisbert, J.P.; Gomollón, F. Thiopurine-induced myelotoxicity in patients with inflammatory bowel disease: A Review. Am. J.
Gastroenterol. 2008, 103, 1783–1800. [CrossRef]

12. Martinez, F.; Nos, P.; Pastor, M. Adverse effects of azathioprine in the treatment of inflammatory bowel disease. Rev. Esp. Enferm.
Dig. 2001, 93, 769–778. [PubMed]

13. Winter, J.; Gaffney, D.; Shapiro, D. Assessment of thiopurine methyltransferase enzyme activity is superior to genotype in
predicting myelosuppression following azathioprine therapy in patients with inflammatory bowel disease. Aliment. Pharmacol.
Ther. 2007, 25, 1069–10772. [CrossRef] [PubMed]

14. Schwab, M.; Schaffeler, E.; Marx, C. Azathioprine therapy and adverse drug reactions in patients with inflammatory bowel
disease: Impact of thiopurine S-methyltransferase polymorphism. Pharmacogenetics 2002, 12, 429–436. [CrossRef] [PubMed]

15. Lennard, L. Implementation of TPMT testing. Br. J. Clin. Pharmacol. 2014, 77, 704–714. [CrossRef] [PubMed]
16. TPMT testing before azathioprine therapy? Drug Ther. Bull. 2009, 47, 9–12. Available online: https://pubmed.ncbi.nlm.nih.gov/

19129430/ (accessed on 12 September 2023). [CrossRef] [PubMed]
17. Teich, N.; Mohl, W.; Bokemeyer, B.; Bündgens, B.; Büning, J.; Miehlke, S.; Hüppe, D.; Maaser, C.; Klugmann, T.; Kruis, W.; et al.

Azathioprine-induced acute pancreatitis in patients with inflammatory bowel diseases-a prospective study on incidence and
severity. J. Crohns Colitis 2016, 10, 61–68. [CrossRef] [PubMed]

18. Macaluso, F.S.; Renna, S.; Maida, M.; Dimarco, M.; Sapienza, C.; Affronti, M.; Orlando, E.; Rizzuto, G.; Orlando, R.; Ventimiglia,
M.; et al. Tolerability profile of thiopurines in inflammatory bowel disease: A prospective experience. Scand. J. Gastroenterol. 2017,
52, 981–987. [CrossRef] [PubMed]

19. Costantino, G.; Furfaro, F.; Belvedere, A.; Alibrandi, A.; Fries, W. Thiopurine treatment in inflammatory bowel disease: Response
predictors, safety, and withdrawal in follow-up. J. Crohns Colitis 2012, 6, 588–596. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1155/2013/280860
https://www.ncbi.nlm.nih.gov/pubmed/23378982
https://doi.org/10.1001/jama.2013.281053
https://www.ncbi.nlm.nih.gov/pubmed/24141714
https://doi.org/10.1111/j.1572-0241.2008.01848.x
https://www.ncbi.nlm.nih.gov/pubmed/11995359
https://doi.org/10.1111/j.1365-2036.2007.03301.x
https://www.ncbi.nlm.nih.gov/pubmed/17439508
https://doi.org/10.1097/00008571-200208000-00003
https://www.ncbi.nlm.nih.gov/pubmed/12172211
https://doi.org/10.1111/bcp.12226
https://www.ncbi.nlm.nih.gov/pubmed/23962279
https://pubmed.ncbi.nlm.nih.gov/19129430/
https://pubmed.ncbi.nlm.nih.gov/19129430/
https://doi.org/10.1136/dtb.2008.12.0033
https://www.ncbi.nlm.nih.gov/pubmed/19129430
https://doi.org/10.1093/ecco-jcc/jjv188
https://www.ncbi.nlm.nih.gov/pubmed/26468141
https://doi.org/10.1080/00365521.2017.1333626
https://www.ncbi.nlm.nih.gov/pubmed/28554266
https://doi.org/10.1016/j.crohns.2011.11.007
https://www.ncbi.nlm.nih.gov/pubmed/22398045

	Introduction 
	Materials and Methods 
	Design and Data Collection 
	Population 
	Variables 
	Statistical Analysis 
	Ethical Aspects 

	Results 
	Discussion 
	References

