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Abstract

Thiopurines, alone or in combination with other agents, have a pivotal role in the treatment of
specific gastrointestinal and hepatological disorders. In inflammatory bowel disease and
autoimmune hepatitis thiopurines have proven their value as steroid sparing agents for the
maintenance of remission and may be considered for preventing postoperative Crohn’s
disease recurrence where there is moderate risk of this occuring. Their use with infliximab
therapy reduces antibody formation and increases biologic drug levels. However, the routine
clinical use of thiopurines has been questioned due to a number of potential adverse effects.
The aim of this paper is to provide information regarding the use, and in particular, safety of
these agents in clinical practice in the light of such potentially severe, albeit rare, effects.

Keywords: Thiopurines, azathioprine, 6-mercaptopurine, inflammatory bowel disease,
autoimmune hepatitis, adverse effects

Learning Points

e In inflammatory bowel disease and autoimmune hepatitis, albeit with some debatable
evidence, thiopurines have proven their value, as steroid sparing agents for the
maintenance of remission.

e Thiopurines may offer distinct advantages either as monotherapy or in combination
with other drugs, such as biologicals, in which they may enhance therapeutic effects
by reducing antibody formation and increasing drug levels.

e Despite the efficacy of thiopurines, the wider use of several more effective biologic
agents makes their use more questionable especially given safety concerns, which

must to be taken into account.
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Introduction
Thiopurines are a class of immunosuppressant drugs that include azathioprine (AZA), 6-
mercaptopurine (6-MP), and 6-thioguanine (6-TG) (1).

In children, thiopurines, alone or in combination with other agents, are used in
specific gastrointestinal disorders, especially inflammatory bowel disease (IBD) and
autoimmune hepatitis (AIH), as well as in haematological malignancies, solid organ
transplantation and several auto-immune disorders (2).

Despite evidence for the usefulness of thiopurines, as a steroid sparing tool, in
ulcerative colitis (UC) and in AIH, their efficacy in Crohn’s disease (CD) is more
questionable and safety concerns with regards to this modality must to be taken into account
when deciding on therapy (3). Indeed, given the ongoing debate regarding efficacy and safety
of these agents, there is variability in how they are used for clinical therapy in IBD children.
This is reflected in differences in clinical practice between North American paediatric
gastroenterologists, who prefer not to use thiopurines in IBD children given a perception of
low effectiveness/high risk, and their colleagues in Europe/Southern Hemisphere, who
continue to use thiopurines as monotherapy, supported by current clinical guidelines (4). This
paper offers information regarding the use of these agents in clinical practice in the light of

their potentially severe, albeit rare, adverse effects.

Mechanism of Action

Thiopurines are prodrugs and must be converted intracellularly to 6-thioguanine nucleotides
(6-TGNs) to exert their therapeutic effect. After oral intake, AZA is rapidly converted,
predominantly by glutathione-S-transferase, to 6-MP. 6-MP can then be metabolised via three
competing pathways: xanthine oxidase (XO), thiopurine methyltransferase (TPMT), and

hypoxanthine guanine phosphoribosyltransferase (HGPRT). The complete metabolism of
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thiopurines leading to the production of 6TGNs and their mechanism of action are illustrated
in Figure 1. (5). 6-TGNs are antimetabolites, purine analogues that are incorporated into
nucleic acids resulting in inhibition of nucleotide and protein synthesis and ultimately in
inhibition of lymphocyte proliferation (6). Further mechanisms of action include inhibition
of several genes involved in intestinal inflammation and trafficking of leukocytes to the gut,
such as tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL), TNF
receptor superfamily member 7 (TNFRS7), and alpha-4-integrin in the presence of T-cell
activation (7). In addition, it has been proposed that T-cell apoptosis may be induced by
blockage of the CD28-dependent GTPase Ras-related C3 botulinum toxin substrate 1 (Racl)
activation pathway. The suppression of Racl-target genes, such as mitogen-activated protein

kinase, NF-kB and bcl-x(L), causes mitochondrial apoptosis (8).

Indications

Thiopurines have been used for decades in the therapeutic armamentarium of paediatric and
adult 1BD, as the first-choice drug of second-line maintenance therapy. Nevertheless, this
initial indication has been progressively challenged by the introduction and wider use of
several biologic agents. However, AZA or 6-MP are still currently recommended as one
option for steroid free remission maintenance in children with CD at risk for poor disease
outcome and for maintaining remission in children with UC who are corticosteroid-dependent
or relapsing frequently (>2 relapses per year) despite optimal 5-ASA treatment or 5-ASA
intolerance (9, 10). Nevertheless, due to the safety concerns, the recent guideline of the
Canadian Association of Gastroenterology for the medical management of paediatric CD,
suggests a thiopurine can be used in female patients to maintain remission, given that the
evidence suggests that the benefits may outweigh the risks in this gender (11). In addition,

thiopurines may also be considered following an episode of acute severe colitis and to
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prevent postoperative relapse in children with a moderate risk of CD recurrence (12, 13).
However, their efficacy in preventing postoperative recurrence is debatable with all the
available data coming only from adult studies (14, 15). In addition, where thiopurines have
failed preoperatively their postoperative use requires careful risk-benefit analysis (13).
Thiopurines used alone do not induce remission in CD and UC but have a role in IBD
maintenance therapy (9-11). Recently, a prospective cohort study on 129 children with mild-
moderate IBD, showed that thiopurines were both safe and effective in achieving steroid and
exclusive enteral nutrition-free remission; this was achievedwithout treatment escalation by
12 months, in 21% and 27% of the children with CD and UC, respectively, especially in
those with lower baseline disease activity (16). It should be noted, however, that the studied
cohort had no potential risk factors for a complicated IBD disease course and most of the
children were exposed to drug dose optimization and drug levels monitoring (16).

The superiority of combination therapy, AZA with infliximab (IFX), over IFX monotherapy
has been demonstrated in adult and paediatric patients with IBD. Indeed, combination therapy
was associated with higher IFX trough levels and reduced formation of IFX antibodies than
monotherapy, which is likely contribute to its greater efficacy (17-23). In contrast to previous
studies, in paediatric and adult IFX-treated patients with active luminal CD the PANTS study
showed that thiopurines reduced immunogenicity in patients in a dose-dependent manner
without an obvious threshold effect (23-25). In addition, while the post-hoc analyses of the
SONIC study demonstrated that the primary effect of AZA was on pharmacokinetics of IFX,
the PANTS study suggested that concomitant immunomodulator use in IFX-treated patients
was associated with higher week 54 remission compared with no immunomodulator use, an
effect which was independent of drug concentration or immunogenicity status, suggesting

possible additional benefits of immunosuppression to anti-TNF therapy (25, 26).
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AZA in combination with prednisone also remains the mainstay of treatment for autoimmune
hepatitis (AIH) with several reports showing high remission rates and favourable outcomes in
both adult and juvenile AIH (27). AZA monotherapy, albeit unsuccessful in the induction of
remission, is effective both in adults and in children as maintenance therapy in AlIH (28). The
use of AZA with prednisone is included in the recent position statement on the diagnosis and
management of paediatric autoimmune liver disease by the Hepatology Committee of the
European Society for Paediatric Gastroenterology, Hepatology and Nutrition (ESPGHAN)

(29).

Optimising Thiopurine Therapy

In patients with normal TPMT activity, the thiopurine dose should be approximately 2 to 2.5
mg/kg for AZA and 1 to 1.5 mg/kg for MP, taken as a single daily dose, with or after food
(30). Children younger than 6 years may require higher doses of AZA per kg of body weight
with doses of up to 3mg/kg/day (31).

Measuring thiopurine metabolites may help in further dose adjustments and to reduce adverse
events, while considering 6-TGN levels (measured using the method of Lennard et al) of 230
to 450 pmol/8x10° RBCs and 6-MMP levels < 5700 pmol/8 x10® RBCs as optimal (32, 33).
A therapeutic effect is usually evident after 8 to 14 weeks of treatment (9). Recently, in
adults, to reduce the increased risk of side effects of the combination therapy (AZA with
IFX), a dose reduction of AZA was suggested in order to achieve a threshold 6-TGN level
(measured using the method of Lennard et al.) not lower than 105 pmol/8x10® RBCs (23, 32).
Neither 6-TGN nor 6-MMP concentrations, however, could completely predict the onset of
myelotoxicity and hepatotoxicity, thus, regular monitoring of blood counts and liver enzymes
is recommended (9). Although an ideal therapeutic level for use in AIH has not been

determined, 87% of 66 children with AIH in a recent retrospective series were reported to
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maintain sustained biochemical remission (normal transaminase levels) in association with
low TGN levels (50-250 pmol/8x10® RBCs, measured using the method of Lennard et al.)
(28, 32). Recently, using easily determined laboratory parameters (e.g. mean corpuscular
volume, red blood cell distribution width, S-albumin, hematocrit, mean corpuscular
hemoglobin concentration, platelet count, serum iron, transferrin saturation) and including
age, and sex, models have been proposed in children, as an alternative to the more expensive
thioguanine metabolite monitoring, for predicting patients with low 6-TGN and AZA
treatment non-adherence. Nevertheless, these models cannot fully substitute standard
measurement of intracellular metabolites in erythrocytes (34, 35). However, in a large
paediatric population, proactive thiopurine metabolite monitoring was not shown to impact
on the durability of thiopurine monotherapy. Furthermore, 6-month steroid-free clinical
remission and 6-TGN levels were not different between a standardised, weight-based dosing
strategy and a metabolite-driven, optimized dosing strategy (36).

Methylation of MP by TPMT has a critical role in thiopurine metabolism, given the side
effects of thiopurine drugs correlate with the accumulation of high levels of TGNs.
Population-based studies have shown a trimodal distribution of TPMT activity, with 89% of
the population having normal or high (homozygous), 11% having intermediate
(heterozygotes), and 0.3% having minimal enzyme activity (37).

Individuals with complete TPMT deficiency who receive standard doses of AZA or MP are
highly likely to develop severe and potentially fatal myelosuppression. Furthermore, TPMT
activity changes with age with newborn and younger children possessing higher enzyme
activity compared to older children and adults (38). Therefore, a TPMT assay (either
phenotype or genotype) prior to starting thiopurines, as a means to prevent life-threatening
leukopenia in patients with low enzyme activity without increasing overall healthcare costs,

is recommended by the American Gastroenterological Association and encouraged in the
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recent paediatric UC guidelines from the European Crohn’s and Colitis Organisation and
ESPGHAN (10, 39-41). However, some studies suggest that most patients who developed
leukopenia did not have mutant TPMT alleles, and that routine blood count monitoring
remains essential especially during initiation of treatment (10). In addition, as for the other
key enzymes in thiopurine metabolism, nucleoside diphosphate-linked moiety X-type motif
(NUDT15), catalysing the dephosphorylation of the 6-thioguanine triphosphate metabolites to
the 6-thioguanine monophosphate (TGMP), prevents the incorporation of thiopurine active
metabolites into DNA. In case of NUDT15 genetic defects, recent evidence suggests that the
increase in the TGMP availability for incorporation into the DNA leads to an elevated risk of
clinical toxicity. Thus, it has been suggested that the NUDT15 gene be considered a
biomarker for thiopurine dose adjustment, significantly contributing towards further reducing

the incidence of potentially lethal adverse drug reactions (42, 43)

Safety

Despite the efficacy of thiopurines as steroid sparing tools in UC and AlH, they have a
relatively narrow therapeutic index. Adverse reactions occur in 10-28% of patients, including
gastrointestinal intolerance, pancreatitis, hypersensitivity, and life-threatening bone marrow
suppression, which often results in the withdrawal of treatment (44, 45) (Table 1). In adults
with UC receiving thiopurines, a relative risk of 2.82 for serious adverse events has been
reported (46). A thiopurine withdrawal rate due to adverse events has been reported in 2-30%
of children (15, 47, 48).

Among dose-independent minor side effects, rash, arthralgias, nausea, vomiting, diarrhoea
and flu-like reactions represent common manifestations in patients receiving AZA or 6-MP

(30).
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Advising patients to ‘‘switch’’ to another thiopurine (AZA to 6-MP and vice versa), to
split the dose, to use it prior to bedtime or with food are alternative strategies that may reduce
nausea (49). The metabolites of the thiopurines are responsible for their therapeutic effect as
well as some of their adverse effects. Higher levels of 6 TG are associated with bone marrow
suppression, whereas high levels of 6MMP are associated with hepatotoxicity (50).

Major adverse effects reported for thiopurines are pancreatitis, neutropenia,

hepatotoxicity and malignancy.

Pancreatitis

Pancreatitis occurs in approximately 4% of patients treated with thiopurines, usually within
weeks of beginning treatment, and is considered an idiosyncratic, dose-independent drug
reaction (51). AZA-induced pancreatitis is more prevalent in children with CD (4.9%) than in
children with UC (1.1%) or with autoimmune hepatitis (1.5%) (52). Recently, in a Swedish—
Danish cohort of children with IBD, the use of AZA was associated with a six-fold elevated
risk of acute pancreatitis within 90 days following treatment initiation (53). Switching
thiopurine (AZA to 6-MP and vice versa) in the case of pancreatitis has traditionally not been

recommended but evidence has challenged this opinion (49).

Bone Marrow Toxicity

Mild leukopenia (3.0-4.0x10%L) is the most common haematological side effect occurring
with standard doses (2.0 mg/kg) of AZA. In large adult patient cohorts, the frequency of
leukopenia ranges from about 2 to 15%, depending on its definition (2). In children,
leukopenia has been reported in about 10% of children monitored every 3 months during
treatment with AZA or 6-MP and resolves without sequelae, either spontaneously or with

dose reduction or drug discontinuation (48). However, severe myelosuppression is the most
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common serious, occasionally fatal, adverse event of treatment with AZA. Severe
myelotoxicity is more likely to occur in patients with absent or decreased TPMT activity,

although factors unrelated to TPMT activity may predispose patients to myelotoxicity (2).

Risk of Infection

Thiopurine therapy has been also associated with an increased rate of serious infection, even
in the absence of neutropenia (50). In addition, adult patients receiving thiopurines have
increased risk of developing opportunistic infections (odd ratio 3.1; 95% CI: 1.7-5.5) (41)
and when compared to anti-TNF monotherapy, combination therapy is associated with
increased risks of serious infections [hazard ratio (HR), 1.23; 95% CI, 1.05-1.45] (54).
Nevertheless, compared with thiopurine monotherapy, anti-TNF monotherapy is associated
with increased risks of serious opportunistic bacterial and mycobacterial infection (HR, 1.71;
95% CI, 1.56-1.88) (54). Conversely, anti-TNF monotherapy was associated with decreased
risk of opportunistic viral infection compared to thiopurine monotherapy (HR, 0.57, 95% ClI,
0.38-0.87), suggesting that this risk in the context of combination therapy is driven by
thiopurines (55).

In contrast, a post hoc analysis on 188 children with CD showed that the rate of
infectious adverse eventsis similar in patients receiving adalimumab monotherapy (n=71)
compared to immunomodulator, and adalimumab combination therapy [AZA: n=56/188
(30%); mercaptopurine: n=37/188 (20%) and methotrexate: n=24/188 (13%)]. However, the

sample size of the study was too limited to drive definitive conclusions (56).

Hepatotoxicity

Patients receiving thiopurines may present with mild elevations in transaminases that are

transient or reversible with dose reduction, as well as, albeit rarely, nodular regenerative
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hyperplasia and portal hypertension, which can be progressive (57). Liver injury is
associated with 6MMP levels >5700 pmol/8 x 10® RBC. Elevated 6MMP levels occur more
frequently in patients with high TPMT activity that preferentially metabolises thiopurine to
6MMP instead of 6TG. Concomitant use of allopurinol (50 mg once daily in patients <30 kg
and 100mg once daily in patients >30 kg, maximum 5 mg/kg) with a reduced dose of AZA
(to approximately 25% to 30% of initial dose), may provide a valid therapeutic option in
cases of a hyperactive TPMT (10). Recently, low-dose thiopurine-allopurinol (LDTA)
combination therapy has been demonstrated as a safe and beneficial optimisation strategy in
adult IBD patients. Indeed, although mild myelotoxicity and hepatotoxicity were commonly
observed, they rarely required LDTA treatment cessation (58). However, children must be

closely monitored given this increased risk of toxicity (10).

Malignancies
Thiopurines are associated with an increased risk of lymphoma, hemophagocytic

lymphohistiocytosis (HLH) and non-melanoma skin cancer (NMSC).

Haematologic malignancies

It is postulated that chronic lymphopenia caused by thiopurine exposure suppresses the host
cellular-mediated immune response via suppressor T-lymphocytes during primary Epstein-
Barr virus (EBV) infection; this impaired response leads to hyperproliferation of infected
lymphocytes with ensuing complications (50). Thus, seronegativity in patients starting
thiopurines has long been a concern (59). Although HLH is very rare, data from the
DEVELORP registry, evaluating the risk of malignancy in 5766 paediatric patients with IBD,

showed that when limited to primary EBV-associated cases, an incidence rate of 0.2/1000
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patient-years was observed. Three of the 5 patients, who developed HLH were adolescent
females and 1 case of HLH was associated with CMV infection (3). The CESAME study
reported that in an adult cohort of almost 20000 adult IBD patients over 52% of the 23 cases
of lymphoproliferative disorders were EBV positive, with an incidence rate of 0.1/1000
patients-years for primary EBV infection-related post-mononucleosis lymphoma, a
phenomenon observed in EBV naive young men less than 35 years of age (60). A more
recent Dutch nationwide study confirmed a strong relation between EBV-positive lymphoma
and thiopurine use, especially in subjects younger than 50 years (61). These potential risks
led the European Crohn's and Colitis Organisation to state that EBV 1gG screening should
always be considered before initiation of immunomodulatory treatment and that anti-TNFs
should be preferentially used in seronegative children (62). Despite these recommendations,
a recent cohort study from the Paediatric IBD Porto Group of the ESPGHAN showed that
only 21.9% of children starting AZA were checked for EBV status and among those tested,
AZA was started in almost all the cases of seronegative EBV patients, irrespective of gender
(63). A meta-analysis found that IBD patients receiving thiopurines had a higher risk of
lymphoma compared to the general population, with a standardised incidence ratio (SIR) of
4.92 (95% ClI, 3.10-7.78) (64). A longitudinal surveillance of more than 189.000 IBD adult
patients for a median time of 7 years revealed an increased risk of lymphoma among subjects
receiving thiopurine monotherapy (adjusted HR, 2.60; 95% CI, 1.96-3.44; P< .001).
However, the absolute incidence rate of 0.54 (95% CI, 0.41-0.67) per 1000 person-years was
low among patients exposed to thiopurines. The exposure to thiopurines and/or anti-TNFs
resulted in a higher risk in males compared to females (adjusted HR, 1.56; 95% CI, 1.25-
1.94), with the risk increased in both groups compared to those not receiving thiopurine (65).
A meta-analysis of studies on IBD adult patients measured absolute risk, computing the

number of patients needed to harm (NNH), which represents the number of patients needed to
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be treated for one year with thiopurine to cause one additional case of lymphoma (64).
Assuming a relative risk of lymphoma of 3.0, and using the National Cancer Institute’s
Surveillance Epidemiology and End Results Database data from 2003-2007, the number of
patients needed to cause one additional lymphoma ranges from 6.897 in those aged 20-29, to
513 in those aged 70- 79 (66, 67). However, only current thiopurine use was associated with
an increased lymphoma risk, potentially justifying withdrawal of immunomodulators as early
as possible in paediatric patients (67). Indeed, in children with IBD, ongoing thiopurine
exposure or discontinuation of therapy within 1 year of malignancy diagnosis, had a SIR of
445 (Cl: 1.92, 8.77). Conversely, paediatric IBD patients who discontinued thiopurine
therapy for 1 or more years before malignancy diagnosis had a SIR of 1.48 (CI: 0.30, 4.32),
similar to that for the thiopurine non-exposed group: 1.30 (CI: 0.16, 4.71). Therefore, these
findings suggest that stopping thiopurines for 1 year or longer may reduce the malignancy
risk (3).

Hepatosplenic T-cell lymphoma (HSTCL) is a very rare but fatal complication of
thiopurine therapy, especially, in young males. Indeed, 93.5% of HSTCL, cases were
reported in men and only 6.5% in women (p<0.05) (68). The paediatric DEVELOP registry
reported 2 cases of HSTCL occurring during active thiopurine therapy; neither of the patients
with HSTCL were exposed to IFX, adalimumab or methotrexate (3). Moreover, among the
other reported malignancies, 9 of 15 events were lymphoid malignancies and the remaining 6
cases included solid tissue malignancies (n=3) and skin malignancies (n=3). Ten patients
were exposed to IFX, and among them: 5 patients were also exposed to adalimumab, 6
patients to methotrexate and 9 out of 10 to thiopurines. Four patients were exposed to
thiopurines in the absence of biologics. Thus, 13 of the 15 patients with malignancies were
exposed to thiopurines and the majority of these patients developed malignancy after less

than 5 years of thiopurine exposure. (3).

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



More recently, the paediatric IBD Porto group of ESPGHAN reported the data of 43
malignancies. Haematopoietic tumours (n = 21, 49%) were the most frequently reported type
of malignancy with a higher risk in IBD patients exposed to thiopurines (n = 20/21, 95%).
More specifically, 71% (n = 15) were exposed to thiopurines in the last 3 months prior to the
diagnosis of haematopoietic malignancy, which was significantly higher compared to patients
who developed solid tumours (p= 0.041) (69).

Therefore, the current evidence does suggest that there is an increased relative risk of
developing haematopoietic malignancy from the use of thiopurines. The absolute risk of
developing these malignancies, however, remains low, specifically in patients without
additional risk factors such as a young age in male patients, negative Epstein-Barr virus

serology and prolonged exposure to the drug (3, 60-69).

Non haematologic malignancies

Finally, an association between thiopurines and NMSC risk have been demonstrated in
patients with IBD (70). A meta-analysis showed that the risk of developing NMSCs with
thiopurine use in IBD adult patients is nearly 2-fold when only population-based studies were
analysed (71). A recent retrospective cohort study in 2053 young patients with IBD, [median
age at IBD diagnosis= 31.1 years (range 2.4-80.6 years) and median duration of illness per
patient = 9.8 years (range 1 month—19.6 years)] showed that exposure to thiopurines (OR:
5.26, 95% CI: 2.15-12.93, P < 0.001) and in particular thiopurines and/or TNF-a inhibitors
(OR: 645, 95% CI. 2.69-15.95, P < 0.001) was significantly associated with the
development of NMSC. The majority (82%) of patients exposed to a TNF-a inhibitor also
had thiopurine exposure (72). In contrast to the risk of developing lymphoma, both ongoing
and past exposure to thiopurines appears to significantly increase the risk of developing

NMSC in patients with IBD (70).

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



Conclusions

In IBD, including after acute severe colitis, and AlH, thiopurines have proven their
value as steroid sparing agents for the maintenance of remission. Their use with infliximab
therapy reduces antibody formation and increases drug levels of the latter. More recently,
however, the clinical use of thiopurines has been questioned due to their potential adverse
effects as well as reduced efficacy when compared to new drugs, such as biologics. Both
dose-independent and dependent side effects have been reported. Among dose-independent
events, potential idiosyncratic or allergic reactions include rash, fever, arthralgias,
pancreatitis, and hepatitis. The dose-dependent toxicities of thiopurines are mainly explained
by their complex metabolism. Hepatotoxicity (associated with high 6MMP levels) and
myelotoxicity (associated with high 6TGN and possibly 6MMP levels) are considered dose-
dependent reactions. Therefore, whenever thiopurine use is considered it is mandatory to first
assess the risk/benefit ratio . The TPMT assay (either phenotype or genotype) is encouraged
as a means to predict and therefore prevent life-threatening leukopenia. However, although
TPMT genotype—phenotype correlation is high, this is not completely reliable. For this
reason, periodic blood count monitoring, as well as liver and pancreas enzyme monitoring,
remains essential throughout the duration of thiopurine therapy. Finally, although
consideration should be given to the fact that thiopurine use does increase the incidence of
specific severe malignancies (lymphoma, NMSCs, and hematologic malignancies), the
absolute risk of their development is low.

In conclusion, thiopurines, either as monotherapy or in combination with other drugs,
may still offer distinct advantages for the treatment of conditions such as IBD and AlH. Their
use, however, should be tempered by an awareness of their adverse effects as well the most

effective means of monitoring for such effects and/or preventing or limiting their occurrence.
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Figure 1 Legend
Metabolic pathways of Azathioprine
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Abbreviations: AZA= azathioprine; XO = xanthine oxidase; 6-MP = 6-mercaptopurine; 6-
MMP: 6-Methylmercaptopurine; TPMT = thiopurine S-methyltransferase; HGPRT =
hypoxanthine guanine phosphoribosyltransferase; 6-tIMP = 6-thiomercaptopurine;  6-
MMPR: 6-Methylmercaptopurine ribonucleotide; IMPDH = inosine monophosphate
dehydrogenase; 6-tXMP = 6-thioxanthosine; 6-tGN = 6-thioguanine nucleotides; 6-

MethyltGMP =thioguanine monophosphate.

Copyright © ESPGHAN and NASPGHAN. All rights reserved.



Table 1. Prevalence in the General Population of Adverse Effects Associated with
Thiopurine Therapy

Adverse effect  Type Incidence When Action
Leukopenia DD 10% Anytime CBC, (6-TGN)
Agranulocytosis DD 0.3%, Within 4-8 wk CBC, (TPMT activity)
Gastrointestinal DD/DI  5%-20%  Within 6-8 wk Patient information
intolerance
Hepatitis DI 15%-28% Anytime but LFTs, (6-MMP)
increases gradually
over time
Pancreatitis Dl 3%-15%  Within 3 mo Lipase
Flu-like illness DI 5% Within 2 wk Patient information, body
temperature
Rash DI 4% Within 3 wk Patient information

DD: dose dependent; DI: dose independent CBC, complete blood count; LFT, liver function
test
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