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Chapter 1
Drug insight: pharmacology and toxicity of thiopurine 

therapy in IBD patients

INTRODUCTION
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Drug insight: pharmacology and 
toxicity of thiopurines in the treatment 

of inflammatory bowel disease



Abstract

Thiopurines (azathioprine, 6-mercaptopurine and 6-thioguanine), are frequently used 

immunosuppressive drugs in the treatment of inflammatory bowel disease. In recent 

years, the complex pharmacology, metabolism, mechanism of action and toxicity profile 

of thiopurines have been partly elucidated. The mode of action of thiopurines is largely 

dependent on the specific metabolite 6-thioguanine-triphosphate as it inhibits the function 

of the small GTPase Rac1 leading to apoptosis of activated T-lymphocytes and influences 

T-cell-antigen presenting cell conjugation by modulation of the Vav-Rac1 signaling 

pathway. The activity of the enzyme thiopurine S-methyltransferase plays a pivotal 

role in the bioavailability and toxicity of thiopurines. Several thiopurine metabolites are 

held responsible for the induction of adverse events. Myelotoxicity may be caused by 

grossly elevated levels of 6-thioguaninenucleotides. The level of 6-methylmercaptopurine-

ribonucleotides has been associated with hepatotoxicity; the sensitivity and specificity of 

these metabolites for predicting thiopurine-induced liver test abnormalities however is 

poor. The induction of nodular regenerative hyperplasia of the liver during 6-thioguanine 

therapy seems to be dose or 6-thioguaninenucleotide level dependent. 
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Introduction

Thiopurines (azathioprine (AZA) and 6-mercaptopurine (6-MP)), are widely used 

immunosuppressive drugs in the treatment of inflammatory bowel disease (IBD) and have 

proven efficacy in inducing and maintaining remission of disease1. Unfortunately, in clinical 

practice, up to one third of IBD patients have to discontinue its use due to therapeutic 

failure or development of adverse events 2. The use of 6-thioguanine (6-TG) has been 

proposed as an alternative for classical thiopurines 1. In recent years, parts of the complex 

pharmacology, metabolism, mechanism of action and toxicity profile of thiopurines have 

been elucidated. These novel insights have guided the development of possible strategies 

to improve pharmacotherapy in IBD patients. In this review of literature, thiopurine 

pharmacology, metabolism, mode of action and toxicity are described. 

Pharmacology  

Pharmacokinetics and metabolism
Both AZA and 6-MP need to undergo extensive metabolic transformations (figure 1) 

before they can exert their immunosuppressive activity, as both substances have no 

intrinsic activity. Once absorbed, approximately 90% of the absorbed AZA undergoes a 

rapid non-enzymatic conversion in the liver, yielding 6-MP and methyl-4-nitroimidazol. 

The remaining 10% of AZA, which is also cleaved non-enzymatically, yields amongst 

others hypoxanthine and methyl-4-nitro-5-thioimidazol. These non-enzymatic conversions 

are aided by glutathione or other sulphydryl-containing proteins, theoretically leading to 

increased oxidative stress in inflammatory states such as IBD. The absorption of AZA is 

incomplete and (interindividually and intraindividually) variable resulting in a wide range of 

bioavailability from 16-72% 3. The molecular weight of 6-MP is 55% of the molecular weight 

of AZA, resulting in a conversion factor of 2.08 when converting 6-MP to an equivalent 

dosage of AZA assuming 100% bioavailability 4. The plasma half-life of 6-MP is very short, 

as it does not exceed two hours.

Subsequently, 6-MP is metabolized by three competing enzyme systems, xanthine oxidase 

(XO), thiopurine S-methyltransferase (TPMT) and hypoxanthine phosphoribosyl transferase 

(HPRT) 5. The enzyme XO catalyses the reaction of 6-MP to the pharmacologically inactive 

metabolite 6-thiouric-acid (6-TUA), whereas the enzyme TPMT methylates 6-MP into 

6- methylmercaptopurine (6-MMP).          

The HPRT enzyme is responsible for the conversion into 6-thioinosine-monophosphate 

(6-TIMP). Subsequently, 6-TIMP can be further transformed by inosine monophosphate 

dehydrogenase (IMPD) into 6-thioxanthosine-monophosphate (6-TXMP), which 

subsequently is converted via guanosine monophosphate synthetase (GMPS) to 
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6- thioguanine-monophosphate (6-TGMP), whereas by kinase activity 6-thioguanine-

diphosphate (6-TGDP) and 6-thioguanine-triphosphate (6-TGTP) are produced. The 

metabolites 6-TGMP, 6-TGDP and 6-TGTP form the pool of 6-thioguaninenucleotides 

(6- TGN). 6-TGTP (median proportion of 80%) and 6-TGDP (median proportion of 16%) 

are the main metabolites within the total 6-TGN pool whereas only traces of 6-TGMP are 

present 6. 6-TGN levels are significantly correlated with 6-TGTP and 6-TGDP concentrations. 

The 6-TGN have a half-life of approximately 5 days with a wide range of 3-13 days 3. The 

different 6-TGN may all be methylated by TPMT. 

The metabolite 6-TIMP can be methylated via TPMT to form 6-methyl-thioinosine-

monophosphate (6-MTIMP), 6-methyl-thioinosine-diphosphate (6-MTIDP) and 6-methyl-

thioinosine-triphosphate (6-MTITP). The latter three metabolites are the so-called 

6-  methylmercaptopurine-ribonucleotides (6-MMPR). 6-Thioinosine-monophosphate can 

also be phosphorylated via monophosphate kinase to 6-thioinosine-diphosphate (6- TIDP), 

and subsequently, via diphosphate kinase to 6-thioinosine-triphosphate (6-TITP), and 

ultimately back to 6-TIMP following an enzymatic reaction with inosine triphosphate 

pyrophosphatase (ITPase). Two mechanisms of cellular resistance to AZA or 6-MP activity 

are currently known. One relates to the TPMT enzyme as high activity may lead to low 

6-TGN levels and the other relates to drug-efflux transporters (ABCC4 and ABCC5) which 

mediate cellular efflux of 6-MP and its metabolites 7.

In contrast to 6-MP and AZA, the metabolism of 6-TG is less complex. The absorption of 

oral 6-TG is incomplete and highly variable, leading to a bioavailability of 14-46% 8. Plasma 

concentrations of 6-TG may range up to thirty-fold 9 and in general become undetectable 

after 6 hours due to its rapid intracellular transport 10. However, in one pharmacodynamic 

study in Crohn’s disease (CD) patients traces of 6-TG were detected in two patients after 3 

and 11 hours of 6-TG administration 11. The metabolic transformations of 6-TG occur along 

three short metabolic pathways. The HPRT pathway converts 6-TG directly to 6- TGMP, 

whereas by subsequent kinase activity 6-TGDP and 6-TGTP are produced. There is a 

wide interindividual variance not only in total 6-TGN concentrations but also in 6-TGMP, 

6-TGDP and 6-TGTP concentrations, not explained by different 6-TG dosages per kilogram 

bodyweight or TPMT activity 11. The main metabolites within the total nucleotide pool of 

6- TG are 6-TGDP and 6-TGTP. There is a strong correlation between the total 6-TGN pool 

and 6-TGTP. The enzyme TPMT methylates 6-TG into 6-methyl-thioguanine (6-MTG) but 

also the 6-TGN. Finally, 6-TG may be converted by the enzyme guanase to thioxanthine, 

which can be further degraded into 6-TUA by XO. The conversion of 6-TG to 6-TGN omits 

many rate-limiting steps, theoretically resulting in a minimal production of 6-MTG and 

6- TUA 12. The enzyme ITPase plays no role in 6-TG metabolism.
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Azathioprine (AZA) is non-enzymatically degraded to 6-mercaptopurine (6-MP). 
Xanthine oxidase inactivates 6-MP by the formation of 6-thiouric-acid (6-TUA). 
Thiopurine S-methyltransferase (TPMT) methylates 6-MP into 6-methylmercaptopurine 
(6-MMP). Via hypoxanthine phosphoribosyl transferase (HPRT), 6-MP is converted 
to 6-thioinosine-monophosphate (6-TIMP). Via two other (not mentioned here) 
enzymatic steps the pool of 6-thioguaninenucleotides (6-TGN) is ultimately generated, 
consisting of 6-thioguanine-monophosphate (6-TGMP), 6-thioguanine-diphosphate 
(6-TGDP) and 6-thioguanine-triphosphate (6-TGTP). 6-TIMP may also be methylated 
by TPMT leading to 6-methylmercaptopurine-ribonucleotides (6-MMPR) (consisting 
of 6- methyl-thioinosine-monophosphate, 6-methyl-thioinosine-diphosphate and 
6- methyl-thioinosine-triphosphate). 
In a cycle, 6-TIMP may be phosphorylated to 6-thioinosine-diphosphate (6-TIDP), 
subsequently to 6-thioinosine-triphosphate (6-TITP) and ultimately back to 6-TIMP due 
to the inosine triphosphate pyrophosphatase (ITPase). 6-Thioguanine (6-TG) is directly 
converted in 6-TGN but may also be methylated by TPMT leading to 6- methylthioguanine 
(6-MTG). 
Finally, 6-TG may be converted by guanase to thioxanthine, which can be further 
degraded into 6-TUA by XO.
 

Figure 1  Metabolism of thiopurines (simplified)
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Pregnancy
Despite the fact that the use of AZA and 6-MP is considered to be a relative safe therapy 

during pregnancy 13, there are limited data available on placental drug transfer, metabolism 

and intrauterine exposure to thiopurines 14. The placenta forms a (relative) barrier to AZA 

as 6-TGN concentrations in the red blood cells (RBC) of infants, measured directly after 

delivery, were slightly lower compared to 6-TGN levels of the mothers. No 6-MMP was 

detected in the RBC of the infants  15. In the case of 6-TG, case reports considering leukaemia 

patients have shown conflicting teratogenic data. Only two patients with IBD using 6-TG 

during all trimesters of their pregnancies have been reported 16. The pregnancies resulted 

in two healthy infants without laboratory signs of myelosuppression or hepatotoxicity. 

Significantly lower 6-TGN levels were detected in the erythrocytes of the infant compared 

to the mother (ratio 1:12).

Mode of Action

6-Thioguaninenucleotides are considered as the pharmacologically active end-metabolites. 

In the classical immunosuppressive theory, the mode of action is specifically ascribed to 

antimetabolic (cytotoxic) pathways. The 6-TGN, as a result of their structural similarity 

to the endogenous purine bases, are incorporated into DNA or RNA as fraudulent bases, 

resulting in strand breakage and interference with de novo synthesis of proteins and 

nucleic acids 17,18. The 6-TGN may also rival with their endogenous counterparts (e.g. 

guanosine triphosphate) that are crucial for intracellular messaging and energy carrying 

processes. The result might be an impediment to cell growth and proliferation of T and 

B lymphocytes, and hence immunosuppression 19. The metabolites 6-MMPR contribute to 

the immunosuppressive potential of thiopurines as well, as they inhibit the de novo purine 

synthesis 20. It has also been reported that 6-TGN may have an inhibitory effect on the 

inflammation mediator, interferon γ  21.

More recently, a specific immunosuppressive mode of action of thiopurines has been 

described. 6-Thioguanine-triphosphate is considered to contribute to the molecular 

immunosuppressive effect of thiopurines in IBD patients. This specific end-metabolite 

binds and inhibits the function of the small GTPase Rac1 upon CD28 co-stimulation in 

T-lymphocytes, inducing apoptosis 22. Rac1 plays an important role in the inhibition of 

T-cell apoptosis. When 6-TGTP binds to Rac1 instead of GTP, the activation of the target 

genes like NF-κB, MEK and bcl-xL is suppressed leading to a mitochondrial pathway of 

T-cell apoptosis. Moreover, 6-TGTP inhibits Ezrin-Radixin-Moesin dependent T-cell-antigen 

presenting cell conjugation by modulation of the Vav-Rac1 signaling pathway 23. 

In vitro, it has been established that the therapeutic levels of thiopurine metabolites 

generated by clinically prescribed dosages of AZA (2.5 mg/kg), 6-MP (1.5 mg/kg) and 
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6-TG (0.3 mg/kg) mainly induce anti-inflammatory, apoptosis inducing, effects more than 

anti-metabolic effects 24.

Toxicity

Dose-independent adverse events 
Dose-independent reactions (idiosyncratic) most commonly occur within four weeks after 

initiation of AZA or 6-MP therapy. These adverse events are considered immune-mediated 

symptoms and include rash, artralgia, myalgia, flu-like symptoms, gastro-intestinal 

complaints, fever and pancreatitis 25. However, a diminished activity of the enzyme ITPase 

has also been associated with the induction of rash, flu-like symptoms and pancreatitis but 

also leucopenia 26,27. In theory, ITPase-deficient patients accumulate 6-TITP during AZA or 

6-MP therapy. Five single nucleotide polymorphisms within the ITPase gene are described, 

two of which are associated with a decreased ITPase activity (94C/A and IVS2+A21C)  1. 

However, several other authors did not observe a significant role for ITPase during 

toxicity  1,28. The discussion on the role of ITPase in the development of adverse events is 

merely theoretical, as metabolites like 6-TIMP, 6-TIDP or 6-TITP were never determined 

in a study. 

The incidence of 6-TG induced dose-independent adverse events is approximately 20%  29. 

The reported adverse events in a selected series of 95 patients after one year of 6- TG 

therapy were gastro-intestinal complaint (8.4%), pancreaticotoxicity (1%), general malaise 

(4.2%), allergic reaction (1%) and non-classified adverse events (7.4%).     

Myelotoxicity
The reported frequency of myelodepression (e.g. leucopenia and thrombocytopenia) 

during AZA and 6-MP therapy varies between 1.4 and 5% 30,31. Myelotoxicity is considered 

as a dose-dependent adverse event that may be caused by elevated concentrations of 

the pharmacologically active 6-TGN, and probably in particular 6-TGTP. The key-enzyme 

TPMT plays a pivotal role in the bioavailability of these 6-TGN. A diminished TPMT activity 

will result in shunting 6-MP and 6-TIMP away from 6-MMP and 6-MMPR formation, and 

towards an increased production of 6-TGN. Levels of 6-TGN above 450 pmol/8x108 RBC 

have been associated with an increased risk of developing myelotoxicity 32. 

The gene encoding TPMT is subject to genetic polymorphisms. Patients with one or two 

mutant alleles have a reduced TPMT activity, leading to elevated 6-TGN levels, resulting 

in an increased risk of developing myelotoxicity. There is a high correlation between the 

TPMT genotype and phenotype 33. The distribution of alleles differs significantly among 

ethnic populations. The frequency distribution of TPMT activity in the Caucasian population 

is trimodal with poor (two mutant TPMT alleles 0.3%), intermediate (one mutant and one 
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wild type TPMT allele 11%) and extensive methylator phenotypes (two wild type TPMT 

alleles 89%) 1. The allele TPMT*3A leads to the largest decrease in enzymatic activity  34. 

However, variation in TPMT activity is not the only determinant for the occurrence of 

myelodepression. In 41 CD patients who developed a myelodepression during AZA or 6-MP 

therapy, only 11 patients (27%) had one or two mutant TPMT alleles 35. The development 

of bone marrow depression is therefore not only caused by the TPMT activity but may also 

be induced by other factors such as viral infections, co-medication influencing thiopurine 

metabolism (e.g. allopurinol, 5-aminosalicylates 36, acetylsalicylic acid or furosemide) and 

medication that may induce myelodepression itself 35. 

In contrast to the available literature on AZA and 6-MP, data on the development or 

incidence of myelotoxicity during 6-TG therapy in IBD are sparse. The use of 6-TG in 

a dosage of 20 to 80 mg per day in IBD patients generally leads to 6-TGN levels well 

above the advised upper limit of 6-TGN levels during AZA or 6-MP therapy (< 450 pmol/

8x108 RBC) 37,39. However, these relatively high 6-TGN levels did not lead to a documented 

increased risk of myelotoxicity. In one large retrospective safety analysis, the incidence 

of leucopenia was 3.2% after one year of therapy (20 mg of 6-TG) 29. Another study 

concluded that the height of the 6-TGN level during 6-TG therapy was not indicative for 

the development of myelotoxicity 40. The role of TPMT in the metabolism of 6-TG is limited, 

however one case-report describes the induction of bone marrow aplasia due to 6-TG use 

in a patient with an inherited TPMT deficiency 41, leading to elevated 6-TGN levels. This 

case report corroborates the findings on myelotoxicity due to TPMT deficiency in AZA or 

6-MP treated patients. 

Hepatotoxicity
The incidence of hepatotoxicity, defined as an elevation of one or more liver tests, caused 

by AZA or 6-MP use varies between 0 and 17% in literature 32,42,43. This marked variance 

in incidence is largely explained by the different applied definitions, number of patients, 

duration of follow-up and study design. Thiopurine induced hepatotoxicity can be subdivided 

into two types: dose-independent and dose-dependent hepatotoxicity. The onset of dose-

independent hepatotoxicity is usually within weeks after initiation of therapy  44. Different 

types of liver test abnormalities are reported. In case of cholestatic injury, increased 

levels of alkaline phosphatase and bilirubine in combination with moderate elevations 

in aminotransferases are observed 45. The pathogenesis of these allergic-like reactions 

is unknown. In general, liver test abnormalities disappear after cessation of thiopurine 

therapy. 

The level of 6-MMPR during AZA or 6-MP therapy has been associated with the occurrence 

of hepatotoxicity. In a study of 92 paediatric IBD patients, median 6-MMPR levels were 

significantly greater at the time of a hepatotoxic event 32. A 6-MMPR level above 5700 

pmol/8x108 RBC was associated with a 3-fold increased risk on hepatotoxicity. Several other 

authors, also including adult IBD patients, found similar results 1,4. However, hepatotoxicity 
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was also observed in patients with low levels of 6-MMPR, and the sensitivity and specificity 

of 6-MMPR levels for predicting thiopurine-induced liver test abnormalities are therefore 

poor. Several other authors found no correlation between hepatotoxicity and 6-MMPR 

levels 46,47. 

Sinusoidal dilatation, nodular regenerative hyperplasia (NRH), fibrosis, pelios hepatis 

and veno-occlusive disease (VOD) are considered to be signs of dose-dependent 

hepatotoxicity. No formal studies are available on the incidence of these histological liver 

abnormalities during AZA or 6-MP therapy in IBD patients, however several case-reports 

or small series are available 48. These pathohistological changes often appear after months 

to years of therapy. The reversibility of these hepatotoxic reactions is unknown. These 

pathohistological entities of hepatotoxicity are considered to be induced by disorders of 

the liver vasculature 49,50. Sinusoidal dilatation is assumed to be an early and less severe 

form of VOD. In contrast to sinusoidal dilatation, VOD is characterised by additional 

affection of the central venules. In the case of NRH, vascular flow impairment may lead to 

diffuse hepatocyte hyperplasia and nodule formation 49. Nodular regenerative hyperplasia 

may ultimately lead to non-cirrhotic portal hypertension with splenomegaly 39. Recently, it 

was demonstrated in an IBD patient that NRH was reversible after discontinuation of AZA 

therapy, indicative that the NRH-lesions may be reversible when caused by relative low-

dosages of thiopurines and, thus, preferably diagnosed at an early stage 51. 

The use of 6-TG has been associated with the development of NRH. The 6-TG dosage 

generally administered in several described IBD patients groups varied between 40 mg to 

80 mg, resulting in 6-TGN levels above 1000 pmol/8×108 RBC. In these series, signs of 

NRH were observed in 18% to 62% of liver biopsies  39,52,53. The induction of this histological 

liver abnormality is likely to be dose or level dependent 54. In a group of 28 IBD patients, 

using 6-TG in a relatively low dosage of approximately 20 mg per day for a period of at 

least 30 consecutive months, not one case of NRH was observed. The mean 6-TGN level in 

this prospective trial was 564 pmol/8x108 RBC 55. The involvement of 6-TGN as a causative 

factor in the development of NRH has also been discussed during AZA therapy. The only 

two patients who developed NRH in a liver transplantation series had one mutant TPMT 

allele 56, associated with elevated 6-TGN levels, which is in line with a dose-dependent 

(hepato)toxicity theory. 

Clinical impact of pharmacologic and toxic data

6-Mercaptopurine should (theoretically) be considered as the thiopurine of choice, as 

the metabolism of AZA is more complex and leads to the formation of more (potentially 

toxic) metabolites 57. In addition, glutathion depletion, induced by the conversion of AZA 

into 6-MP, may lead to increased oxidative stress in inflammatory states. However, there 
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are no formal studies available comparing the efficacy or toxicity profile of AZA with 

6- MP. Recent insights in thiopurine metabolism and pharmacodynamics led to two novel 

strategies, next to standard haematological monitoring, to optimize thiopurine therapy. 

The determination of the TPMT status (by genotyping or phenotyping) prior to initiation 

of thiopurine treatment has been advocated by several authors to avoid the development 

of a myelodepression. In addition, some pharmacoeconomic evaluations conclude that 

pre-treatment TPMT screening is cost-effective 58. Patients with lowered or intermediate 

TPMT activity (one mutant TPMT allele) should probably receive an empiric dose reduction 

of maximal 50% of AZA or 6-MP 59. Patients with absent TPMT activity (two mutant TPMT 

alleles) may only be treated with great caution at very low dosages (10% of the standard 

dosage) 60. Another potential strategy to optimize therapy is the determination of thiopurine 

metabolites. 6-Thioguaninenucleotide levels between 230 and 450 pmol/8×108 RBC are 

associated with an increased likelihood of optimal therapeutic response 32. Higher 6-TGN 

levels, above approximately 450 pmol/8×108 RBC, are associated with myelotoxicity. On 

the other hand, 6-MMPR levels above 5700 pmol/8×108 RBC have been associated with 

hepatotoxicity. Non-compliance should be suspected in case 6-TGN and 6-MMPR levels 

are drastically low or undectable. However, several studies found no correlations between 

metabolite levels, efficacy and adverse events. Frequent haematological and biochemical 

monitoring (complete blood counts and liver tests) remains the gold standard for toxicity 

screening (for example at week 0, 1, 2, 4, 8 and subsequently every 3 months) 1. The 

determination of the TPMT status or metabolites levels can currently only be considered 

as additional tools. 

The use of AZA and 6-MP during pregnancy is believed to be relatively safe, however 

definitive data on teratogenicity are still lacking. The 6-TGN level of the mother during 

pregnancy was found to be comparable with the 6-TGN level of the fetus. Therefore, we 

advocate the determination of 6-TGN levels during pregnancy at least once, in order to 

avoid high (toxic) 6-TGN levels in both mother and child. 

6-Thioguanine, in a (low) maintenance dosage not exceeding 25 mg daily, may be 

considered as a rescue drug, exclusively to administer in case that IBD patients are 

intolerant or resistant for aminosalicylates, AZA or 6-MP, methotrexate and infliximab (or 

other anti-TNF therapy) 48. Patients should still be monitored carefully with a liver biopsy 

combined with gastroduodenoscopy after 6 to 12 months of therapy, subsequently after 

3 years and then every three years, next to the frequent determination of laboratory 

parameters (at week 0, 1, 2, 4, 8 and subsequently every 3 months) 48. Liver biopsy 

specimens should be stained with hematoxylin and eosin, (silver)reticulin and trichrome 

for proper pathohistological evaluation. 
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Conclusions

In recent years, the complex metabolism and pharmacology of thiopurines have been 

partly unraveled. The mode of action of thiopurines is largely dependent on the specific 

metabolite 6-TGTP as it inhibits the function of the small GTPase Rac1 leading to apoptosis 

of activated T-lymphocytes and influences T-cell-antigen presenting cell conjugation by 

modulation of the Vav-Rac1 signaling pathway. The activity of the enzyme TPMT plays a 

pivotal role in the bioavailability of thiopurine metabolites. Several thiopurine metabolites 

are held responsible for the induction of adverse events. Myelotoxicity may be caused 

by grossly elevated levels of 6-TGN. The level of 6-MMPR has been associated with 

hepatotoxicity; the sensitivity and specificity of 6-MMPR levels for predicting thiopurine-

induced liver test abnormalities are however poor. The induction of NRH during 6-TG 

therapy is likely to be dose or 6-TGN level dependent. 6-Thioguanine, in a maintenance 

dosage not exceeding 25 mg daily, may be considered as a rescue drug in case IBD 

patients fail standard therapy. During pregnancy, the placenta only forms a relative barrier 

to thiopurines and its metabolites
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Abstract

Background
6-Thioguanine (6-TG) has been proposed as a rescue thiopurine for azathioprine (AZA) or 

6-mercaptopurine (6-MP) intolerant inflammatory bowel disease patients. The use of 6-TG 

leads to high 6-thioguaninenucleotide (6-TGN) levels but, contra-intuitively, these have yet 

not been associated with an increased risk of myelotoxicity.

Aim 

To assess the role of 6-TGN concentration in developing myelotoxicity (leucocytes and 

platelets) during 6-TG treatment.

Methods
Database analysis of prospectively obtained data of 25 patients treated with 6-TG. Clinical 

findings and laboratory parameters were related to 6-TGN levels.

Results
One patient developed a myelodepression (21 mg 6-TG for 3 months and 714 pmol/8x108 

RBC). 6-TGN levels varied greatly between individuals (mean 6-TGN level 621 pmol/8x108 

RBC, SD 340 pmol/8x108 RBC and range 34-1653 pmol/8x108 RBC). The 6-TG dosages 

(mean 20.6 mg, median 20 mg) did not correlate with 6-TGN levels (r=0.31, n.s.). High 

6-TGN levels (>450 pmol/8x108 RBC) did not affect haemoglobin concentrations (mean 

8 g/l), peripheral leucocyte (mean 7.5x109/l) or platelet counts (mean 298x109/l). No 

correlations were established between the different laboratory parameters and the 6-TGN 

level. 

Conclusion
High 6-TGN levels in erythrocytes (>450 pmol/8x108) during 6-TG treatment compared 

to AZA or 6-MP treatment are not indicative for (developing) myelotoxicity. This may 

be ascribed to the differences in thiopurine metabolism (AZA, 6-MP and 6-TG) between 

erythrocytes and leucocytes.
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Introduction

Azathioprine (AZA) and 6-mercaptopurine (6-MP) are frequently used immunosuppressants 

in the treatment of patients with inflammatory bowel disease (IBD) 1. The most important 

indications are to induce and maintain a remission and to avoid side effects of long-term 

corticosteroid use by allowing tapering of steroids. Unfortunately, a substantial number of 

patients develops adverse events leading to early withdrawal of thiopurine treatment  2. 

The use of 6-thioguanine (6-TG) has been proposed as an escape thiopurine for AZA or 

6-MP intolerant or refractory inflammatory bowel disease (IBD) patients 3,4. Other off-label 

indications are refractory coeliac disease and autoimmune hepatitis patients intolerant 

to classical thiopurines 5. The metabolism of 6-TG avoids several metabolic pathways 

considered to produce potential toxic metabolites such as 6-methylmercaptopurine (6-MMP) 

and 6-thioinosine-triphosphate (6-TITP). However, the use of 6-TG has been associated 

with histological liver abnormalities (nodular regenerative hyperplasia) 6. Myelotoxicity is 

a potentially life threatening adverse event which develops in up to five percent of IBD 

patients treated with AZA or 6-MP 7. AZA and 6-MP myelodepression has been attributed 

to low activity of the methylating enzyme thiopurine S-methyltransferase (TPMT) which 

plays a key role in the bioavailability of the pharmacologically active end metabolites,  

6-thioguaninenucleotides (6-TGN). Less efficient methylation leads to relative high levels of 

6-TGN which are considered to be a causative factor in the development of myelotoxicity. 

For this reason several authors advocate the determination of TPMT status before initiation 

of AZA or 6-MP therapy. Levels of 6-TGN higher than 450 pmol/8x108 red blood cells 

(RBC) induced by AZA or 6-MP therapy have been associated with an increased risk of 

developing a myelodepression (e.g. leucopenia or thrombocytopenia) 8,9. However, the 

commonly advised dosages of 6-TG in IBD patients lead to much higher 6-TGN levels, but 

seem not to lead to an increased risk of myelotoxicity 10,11,12. We performed a prospective 

database analysis to evaluate the 6-TGN concentration in developing myelotoxicity during 

6-TG treatment.

Methods

Patient selection
The study is a prospective database analysis exploring the occurrence of myelotoxicity 

during 6-TG treatment in patients treated at the VU University Medical Centre between 

2001 and 2004. Patients were eligible if they met the following in- and exclusion criteria. 

Inclusion criteria were: 6-TGN measurements 13 and laboratory parameters during steady 

state 6-TG treatment (defined as an unchanged 6-TG dosage for at least four weeks). 

Exclusion criteria were: bone marrow suppression at the start of 6-TG and ongoing 
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treatment with concomitant immunosuppressive drugs (e.g. cyclosporine, methotrexate, 

thalidomide or infliximab). All patients gave their informed consent.  

Study design
If patients were eligible, the following data were collected: patient demographics, disease 

history, history of thiopurine exposure, reason for starting 6-TG treatment, blood cell 

counts, dose and duration of 6-TG treatment.

Outcome measurements
Primary outcome was the development of myelotoxicity during 6-TG treatment, defined 

as a leukocyte count below 3x109/l and/or a platelet count below 100x109/l. Secondary 

outcomes were the 6-TGN metabolite levels during the different 6-TG regimes in 

combination with corresponding laboratory results (leucocyte count, platelet count and 

haemoglobin concentration). High 6-TGN levels were defined as a 6-TGN concentration 

above 450 pmol/8x108 RBC.

Statistical analysis
Data are given descriptively or will be tabulated (mean±standard deviation (SD)). 

Pearson’s correlation was used to determine relationships between parameters (laboratory 

parameters and 6-TGN levels). P values of less than 0.05 were considered significant. SPSS 

for Windows version 11.0 was used for statistical analysis. 

 

 

Results

Patients
Twenty-five patients were enrolled. 6-TG therapy was initiated between August 2002 and 

November 2004. Fourteen patients were female (mean age 40 years, SD 12) and eleven 

were male (mean age 42 years, SD 13). Twelve patients were diagnosed with Crohn’s 

disease, five patients with ulcerative colitis, five patients with coeliac disease and three 

patients with autoimmune hepatitis, respectively. Reasons to start 6-TG therapy were: 

intolerance for AZA and/or 6-MP (N=20), refractory on AZA or 6-MP therapy (N=3) and 

de novo 6-TG treatment (N=2). The adverse events leading to withdrawal of AZA or 6-MP 

treatment were: allergic reactions (N=8), gastrointestinal complaints (N=6), total malaise 

(N=3), hepatotoxicity (N=2) and myalgia (N=1).

6-Thioguanine and myelotoxicity
The mean 6-TG dosage was 20.6 mg per day (SD 4.8 mg, median 20 mg and range 10-40 

mg). One patient developed a myelodepression after three months of 6-TG use in dosages 
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of 21 mg daily (leucocyte count 2.9x109/l, platelet count of 70x109/l and 6- TGN level 714 

pmol/8x108 RBC). This patient was previously refractory to AZA therapy (2.5 mg/kg/day). 

Thiopurine methyl transferase (TPMT) genotyping showed no mutant alleles (screening 

performed at Academic Medical Center, Amsterdam: G238C, G460A and A719G, i.e. 

TPMT*1, TPMT*2, TPMT*3A, TPMT*3B, TPMT*3C). The mean duration of 6-TG treatment 

of the entire group was 5.2 months (SD 3.7 months). The 6-TGN level varied greatly 

between individuals (mean 6-TGN level 621 +/- 340 pmol/8x108 RBC and range 34-1653 

pmol/8x108 RBC). The 6-TG dosage did not correlate with the level of 6-TGN (r=0.31, 

not significant). The different dosages and their corresponding 6-TGN levels are provided 

in figure 1. No correlation was established between the different laboratory parameters 

and the 6-TGN level. No significant differences in leucocyte counts, platelet counts and 

haemoglobin concentrations between patients with a 6-TGN level below or above 450 

pmol/8x108 RBC were found (table 1). 

6-TGN level Leucocytes 
(x109/l)

Platelets
(x109/l) 

Haemoglobin 
(g/l)

< 450 pmol/8x108 RBC (N=7) 7.3 (SD 2.6) 298 (SD 109) 7.9 (SD 1.0)

> 450 pmol/8x108 RBC (N=18) 7.5 (SD 2.8) 298 (SD 112) 8.0 (SD 0.9)

Figure 1  Dosages of 6-TG and corresponding 6-TGN levels

Table 1  6-TGN levels and laboratory parameters (mean+SD)
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Discussion

Proposed metabolic advantages of 6-TG treatment compared to AZA or 6-MP treatment 

are the one-step metabolism of 6-TG to confer to 6-TGN and, subsequently the higher 

6-TGN levels without the formation of potential toxic side products such as 6-MMP and 

6-TITP. During 6-TG (20 to 80 mg) treatment for IBD, 6-TGN levels are generally much 

higher than during AZA or 6-MP treatment and are reported to be as high as 4665 pmol/

8x108 RBC 10. Although based on rather circumstantial evidence, 6-TGN levels between 

235 and 450 pmol/8x108 RBC generated as a consequence of AZA or 6-MP treatment 

are currently considered to correspond with an increased likelihood of optimal response, 

whilst a 6-TGN level higher than 450 pmol/8x108 RBC is considered to be associated with 

an increased likelihood of myelotoxicity 1,8. The 6-TGN levels induced by AZA (2½ mg/kg) 

and 6-MP (1½ mg/kg) therapy vary between individuals but in most cases they are found 

between 100 and 500 pmol/8x108 RBC 8,14. We demonstrated that relatively low dosages 

of 6-TG still lead to high 6-TGN levels in erythrocytes (mean 621 pmol/8x108 RBC). These 

levels did not lead to an elevated incidence of myelotoxicity as only one patient developed 

a myelodepression (4 percent) which is comparable with the incidence during AZA or 

6-MP therapy 7. We also showed that high 6-TGN levels (> 450 pmol/8x108 RBC) during 

6-TG treatment do not affect haemoglobin concentrations, peripheral leucocyte counts 

and peripheral platelet counts in a mean period of five months. This is in agreement with 

previous studies concerning 6-TG use in IBD patients 10,11,12,15,16. 

The fact that the relative high 6-TGN levels induced by 6-TG treatment do not lead to 

myelotoxicity may be explained by the differences in thiopurine metabolism between 

erythrocytes and leucocytes 17. It has been established that during 6-TG treatment more 

6-TGN accumulate in erythrocytes than during treatment with 6-MP. Additionally, the 

accumulation of 6-TGN during 6-MP or 6-TG in leucocytes compared to erythrocytes differs 

greatly. Although, the 6-TGN levels in erythrocytes and leucocytes during 6-MP or 6-TG 

treatment do seem to correlate but in another ratio (table 2). During 6-MP treatment much 

higher 6-TGN levels are expected inside leucocytes than within erythrocytes (ratio 21:1, 

adapted from reference 17). However, during 6-TG administration 6-TGN levels within 

leucocytes and erythrocytes differ less as the 6-TGN concentration is only three-and-a-

half times higher in leucocytes (ratio 3½:1) 17. The site of action of 6-TGN is believed to 

be within leucocytes, especially in activated T-lymphocytes, where these false nucleotides 

induce apoptosis 18. Therefore, specifically high 6-TGN levels in leucocytes are potentially 

capable of inducing myelotoxicity. Assuming the given ratio in table 2, high levels of 6-TGN 

in erythrocytes (> 450 pmol/8x108) during 6-MP treatment indicate (dangerously) high 

6-TGN levels in leucocytes, however this is not to be expected during 6-TG treatment. 

The reported low incidence of myelotoxicity during 6-TG treatment which was confirmed 
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by our study, may well be explained by the relatively low 6-TGN levels inside leucocytes. 

Monitoring of 6-TGN levels in erythrocytes during 6-TG treatment as a safety parameter 

for myelotoxicity seems surplus to requirements.  

The differences in metabolism of 6-MP and 6-TG in leucocytes and erythrocytes may 

also explain why 6-TG and its high 6-TGN levels are not more effective in inducing a 

remission compared to AZA or 6-MP therapy 4. The observed mean 6-TGN level was 621 

pmol/8x108 RBC. Assuming the ratio calculated in table 2, the 6-TGN level in the leucocyte 

is 2174 pmol/8x108. A 6-TGN level of 2174 pmol/8x108 in the leucocyte during 6-MP 

treatment will correspond with a 6-TGN level of only 104 pmol/8x108 in the erythrocyte 

which is far below the proposed therapeutic range (235 to 450 pmol/8x108 RBC). The fact 

that 6-TG therapy has shown to be effective, despite these proposed 6-TGN levels in the 

leucocyte, may be explained by another metabolite of 6-TG. The methylated product of 

6-TG (6- methylthioguanine) has cytotoxic and immunosuppressive potential 10 and may for 

that reason be an important pharmacologically metabolite of 6-TG. 

In conclusion, the relative high 6-TGN levels in erythrocytes (> 450 pmol/8x108) during 

6-TG treatment compared to AZA or 6-MP treatment are not indicative for (developing) 

myelotoxicity. This is most probably to be explained by the differences in thiopurine 

metabolism between erythrocytes and leucocytes of AZA, 6-MP and 6-TG. 

6-thioguanine L-6TGN = 3.5 x E-6TGN

6-mercaptopurine L-6TGN = 21  x E-6TGN

Table 2  Ratio between leucocyte (L) and erythrocyte (E) 6-TGN levels during 6-MP or  
 6-TG treatment (adapted from reference 17)
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Abstract

The proposed metabolic advantage of 6-thioguanine (6-TG) is the direct conversion into 

the pharmacologically active 6-thioguaninenucleotides (6-TGN). We assessed metabolic 

characteristics of 6-TG treatment in patients with Crohn’s disease patients (N=7) on 

therapy with 20 mg 6-TG. 6-thioguanine-monophosphate (6-TGMP), 6-thioguanine-

diphosphate (6-TGDP) and 6-thioguanine-triphosphate (6-TGTP) were measured by HPLC 

analysis in erythrocytes. TPMT activity and total 6-TGN levels were determined by standard 

methods. High inter-individual variance in metabolite measurements was observed. Main 

metabolites were 6-TGTP (median 531 pmol/8x108 RBC) and 6-TGDP (median 199 pmol/

8x108 RBC). Traces of 6-TGMP (median 39 pmol/8x108 RBC) and 6-TG (two patients) could 

be detected. 6-TGN levels correlated with 6-TGTP levels (r=0.929, P=0.003) and with 

the sum of separate nucleotides (r=0.929, P=0.003). No correlations were established 

between TPMT activity (median 13 pmol/hour/107) and 6-TG metabolites. The one-step-

metabolism of 6-TG still leads to high interindividual variance in metabolite concentrations. 

Total 6-TGN level monitoring may suffice for clinical practice.
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Introduction

Azathioprine (AZA) and 6-mercaptopurine (6-MP) are well established immunosuppressive 

drugs that are regularly administered as a maintenance therapy in the treatment of patients 

with inflammatory bowel disease (IBD). Unfortunately, up to 30 percent of the properly 

indicated IBD patients does not benefit from AZA or 6-MP because of intolerance or lack 

of efficacy 1. The administration of another thiopurine, 6-thioguanine (6-TG), has been 

proposed for this non-responsive group of patients 2,3. Potential metabolic advantages of 

6-TG compared to AZA and 6-MP treatment are generation of less (toxic) metabolites and 

diminished interindividual -genetically determined- variance in metabolism 2. Several studies 

demonstrated that 6-TG therapy induced much higher 6-thioguaninenucleotide (6-TGN) level 

in red blood cells (RBC) than treatment with AZA or 6-MP 4,5,6. However, the interindividual 

variance in 6-TGN concentrations is reported to be high during 6-TG treatment 7. The 

metabolism of 6-TG is relatively simple compared to the multi-step enzymatic metabolism 

of AZA and 6-MP. Via only one intracellular enzymatic step 6-TG is rapidly converted into 

the allegedly pharmacologically active end-metabolites, 6-thioguaninenucleotides (6-TGN). 

These 6-TGN can be subdivided into three different phosphorylated forms: 6-thioguanine-

monophosphate (6-TGMP), 6-thioguanine-diphosphate (6-TGDP) and 6-thioguanine-

triphosphate (6-TGTP). 6-Thioguanine is converted to 6-TGMP via the purine salvage enzyme 

hypoxanthine phosphoribosyl transferase (HPRT), whereas by subsequent kinase activity 

6-TGDP and 6-TGTP are produced 1. The molecular mechanism of immunosuppression by 

AZA and 6-MP is likely due to the specific end-metabolite 6-TGTP that binds and inhibits 

the function of the small GTPase Rac1 in activated T-lymphocytes leading to apoptosis 8. 

Recently, Neurath and colleagues demonstrated that a novel assay to specifically measure 

6-TGDP and 6-TGTP in erythrocytes may be more apt to monitor efficacy of AZA therapy, 

compared with monitoring total 6-TGN levels 9. 

Metabolic data concerning the generation of the specific phosphorylated 6-TGN are 

lacking in patients with IBD during 6-TG treatment. Moreover, it is unknown whether the 

assessment of specific phosphorylated 6-TGN to monitor thiopurine therapy is comparable 

with the classical method by measuring crude 6-TGN levels

Material and methods

Patient selection
Patients were eligible for the study if they met the following criteria. Inclusion criteria were: 

age between 18 and 75 years, confirmed CD with an indication for immunosuppressive 

maintenance therapy but in whom standard AZA or 6-MP therapy failed due to adverse 

events. In addition, patients had to be using 6-TG for a period of at least four consecutive 
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weeks in order to assess steady-state metabolite levels. Exclusion criteria were pregnancy, 

ongoing treatment with concomitant immunosuppressive drugs (e.g. cyclosporine, 

methotrexate or infliximab), impaired renal function (serum creatinine > 2 times upper 

limit of normal reference), impaired hepatic function (gamma-glutamyltransferase, 

alkaline phosphatase, aspartate aminotransferase or alanine aminotransferase > 2 times 

upper limit of normal reference) and bone marrow suppression (leukocyte count below 

3x109/l and/or a platelet count below 100x109/l). Seven patients with CD were included 

in this study. The attending physician judged the indication for administration of 6-TG in 

each participating patient. The study was approved by the Medical Ethical Committee 

Region Arnhem-Nijmegen (The Netherlands) and informed consent was obtained from all 

patients.

Study design
In all seven patients, 6-TG (Lanvis®, Glaxo Wellcome, the Netherlands) was administered 

orally in a dose of 20 milligram once daily. The following data were collected: patient 

demographics, disease history, history of thiopurine exposure, type of thiopurine 

intolerance, the use of concomitant medication, blood cell counts and liver enzymes were 

recorded. 

Outcome measurements
Primary outcome measures were the determination of the concentration of 6-TG 

metabolites 6-TGMP, 6-TGDP and 6-TGTP, and total 6-TGN in erythrocytes. Additionally, 

the concentration of 6-TG and the thiopurine S-methyltransferase (TPMT) activity were 

measured in erythrocytes.

Measurement of 6-TGMP, 6-TGDP, 6-TGTP and 6-TG in erythrocytes
Erythrocytes were isolated at the day of blood sampling and lysates stored at -80 °C 

till determination. Measurement of separated nucleotides was performed as described  

by Keuzenkamp-Jansen and colleagues 10 by HPLC. A reversed phase column (Supelcosil 

LC-18-DB) was applied with a gradient of potassium biphosphate and potassium 

biphosphate/methanol as the mobile phase. Wavelength of 342 nm was used for detection. 

Pure nucleosides were included in every run to calculate the amounts of 6-TG and its 

phosporylated derivatives. A detection limit of about 20 pmol/109 RBC and a day-to-day 

and within day coefficient of variation of about 10% was reached by this method. 

Measurement of 6-TGN in erythrocytes
The blood samples were centrifuged to isolate erythrocytes and after washing with PBS 

buffer solution, erythrocyte counts were done. Samples were stored at –20 °C until required. 

Red blood cell (RBC) 6-TGN levels were measured in the laboratory of the Department of 

Clinical Pharmacy, Maasland Hospital Sittard, using a slightly modified HPLC assay (C18 

44 Thiopurines and IBD; pharmacology and toxicity



column, mobile phase: 50 mM orthophosphoric acid and 0.5 mM DTT) 11. UV wavelength 

of 343 nm was used for detection. The detection limit of quantification of the assay was 30 

pmoles/8x108 RBC for 6-TGN levels with a run-to-run coefficient of variation of 6.6%. 

Measurement of TPMT activity in erythrocytes
A validated and published HPLC technique was used for the measurement of TPMT 

activity in erythrocytes. The enzymatic activity was measured by the amount of 

6- methylmercaptopurine formed, using 6-MP as substrate and S-adenosylmethionine as 

co-substrate 12.

Statistical analysis
Data are given descriptively and, when appropriate, expressed as median and range. 

Correlations between parameters were determined using the Spearman test. P values of 

less than 0.05 were considered significant. SPSS for windows version 11.0 was used for 

statistical analysis. 
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Results

Patients
Demographic data of the seven CD patients are depicted in table 1. Reasons for withdrawal 

of previous treatment with AZA or 6-MP were: gastrointestinal complaints (N=3), allergic 

reactions (N=3), myelotoxicity (N=2), arthralgia (N=2) and general malaise (N=1). Some 

patients developed more than one adverse event on AZA or 6-MP therapy. Laboratory 

parameters were within reference limits in all patients (median levels: haemoglobin 7.8 

g/l (range 7.7-8.8), leucocytes 8.4 x109/l (range 3.8-13.7), platelets 372 x109/l (range 

136-438), creatinine 75 μmol/l (range 63-115), gamma-glutamyltransferase 19 U/l (range 

14-114), alkaline phosphatase 66 U/l (range 48-87), aspartate aminotransferase 19 U/l 

(range 11-22), alanine aminotransferase 18 U/l (range 6-32) and amylase 151 U/l (range 

120-203)). 

Metabolic characteristics of 6-TG
High interindividual variances in all metabolite concentrations were observed after 6-TG 

administration (20 mg/day) (table 2). The main metabolites were 6-TGTP (median 531 

pmol/8x108 RBC, range 118-1316 pmol/8x108 RBC, mean 630 pmol/8x108 RBC and SD 

464 pmol/8x108 RBC) and 6-TGDP (median 199 pmol/8x108 RBC, range 0-286 pmol/8x108 

RBC, mean 189 pmol/8x108 RBC and SD 118 pmol/8x108 RBC). In five of the seven 

patients (71%), 6-TGTP was found to be the major metabolite with by far the highest 

CD patients (N=7)

Age (years) 42 (range 20-54)

Gender (male : female) 1 : 6

Weight (kilograms) 74 (range 56-102)

Age of onset of disease (years) 21 (range 17-23)

Resection 4 / 7 (57%) 

Fistulas 5 / 7 (71%)

Intolerance 4 (AZA) and 3 (AZA+6-MP)

Rechallenge 6 / 7 (86%)

Disease activity 5 (remission) and 2 (active)

Location of disease 1 (ileum), 2 (colon) and 4 (ileum+colon)

Table 1  Patient demographics
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concentration. Crude 6-thioguaninenucleotide levels correlated with 6-TGTP levels (r=0.929, 

P=0.003) and with 6-TGDP levels (r=0.786, P=0.036). In addition, 6-TGN correlated with  

Σ 6-TGXP, being the sum of 6-TGMP, 6-TGDP and 6-TGTP (r=0.929, P=0.003). Furthermore,  

Σ 6-TGXP correlated with the 6-TGTP level (r=0.893, P=0.007). The Σ 6-TGXP (median 

783 pmol/8x108 RBC, mean 857 pmol/8x108 RBC and SD 521 pmol/8x108 RBC) was higher 

than the 6-TGN concentrations in all seven patients, the 6-TGN values varying between 

48 and 95% of the Σ 6-TGXP values. In five of seven patients 6-TGDP concentrations of 

more than 15% of Σ 6-TGXP were found. Two patients had active disease of which one 

had 52% of 6-TGDP. Of the remaining five patients, who were all in remission, percentages 

of 6-TGDP varied between 0 and 60%. Median TPMT activity was 13 pmol/hour/107 RBC 

(range 10-22 pmol/hour/107 RBC), concomitant use of 5-ASA did not influence the in vitro 

TPMT activity. The levels of 6-TGN, 6-TGMP, 6-TGDP and 6-TGTP were not correlated with 

TPMT activity, 6-TG dosages per kilogram bodyweight, disease location or concomitant use 

of corticosteroids or 5-aminosalicylates. 

Dose: 6-TG in mg/kg bodyweight
Time: number of hours after last 6-TG administration
TPMT (thiopurine S-methyltransferase): pmol/hour/107 RBC
6-TGN (6-thioguaninenucleotides), 6-TG (6-thioguanine), 6-TGMP (6-thioguanine-
monophosphate), 6-TGDP (6-thioguanine-diphosphate) and 6-TGTP (6-thioguanine-
triphosphate): pmol/8x108 RBC
Active disease: patients 2 and 7
Concomitant use of 5-aminosalicylates: patients 1, 2, 3 and 7
Σ 6-TGXP: sum of 6-TGMP, 6-TGDP and 6-TGTP

Pt Dose Time TPMT Total 
6-TGN

6-TG 6-
TGMP

6-
TGDP

6-
TGTP

Σ 6-
TGXP

1 0.25 3 13.7   236 trace 0 0 249 249

2 0.36 11 9.8 158 trace 66 196 119 381

3 0.27 10 21.8 619 not detectable 83 286 911 1280

4 0.27 10 12.5 563 not detectable 52 199 531 782

5 0.32 11 13.0 279 not detectable 28 191 238 457

6 0.32 11 10.1 858 not detectable 0 237 1046 1283

7 0.20 10 19.3 814 not detectable 39 213 1316 1568

Table 2  Metabolic characteristics
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Discussion

Pharmacokinetic and metabolic data concerning 6-TG use in patients with IBD are lacking, 

despite the fact that IBD patients were treated with 6-TG as early as in 1966 13. The 

proposed advantage of administering 6-TG compared to AZA or 6-MP is its relatively 

simple metabolism leading to high 6-TGN levels and less potentially toxic metabolites. 

6-Thioguaninenucleotides derived from 6-TG are formed in one single step compared to 

multiple steps when originating from AZA or 6-MP. Moreover, 6-TG is less affected by 

TPMT and a poor substrate for xanthine oxidase (XO) when compared to 6-MP. Genetic 

polymorphisms of these metabolizing enzymes seem to be of less influence 14. Despite 

this straightforward mono-step metabolism, our data show for the first time that a wide 

interindividual variance exists not only in total 6-TGN concentrations but also in 6-TGMP, 

6-TGDP and 6-TGTP concentrations during 6-TG therapy, not explained by different 6- TG 

dosages per kilogram bodyweight or TPMT activity. However, other factors, such as 

absorption capacity, individual metabolism or disease activity, may have contributed to the 

observed variance in metabolites levels. Derijks and colleagues have already demonstrated 

that absolute (mg) or relative (mg/kg) 6-TG dosages do not correlate with crude 6-TGN 

levels 15. As only small concentrations of 6-TGMP were detected, active 6-TGTP and its 

presumed inactive precursor 6-TGDP are probably the main metabolites within the total 

nucleotide pool of 6-TGN. The remarkable discrepancy between the 6-TGN level and the 

sum of 6-TGMP, 6-TGDP and 6-TGTP is probably explained by the hydrolysis of nucleotides 

as for the total 6-TGN analysis erythrocytes have not always been isolated at the same 

day as blood sampling occured. However, differences in extraction procedure or method 

of detection may also have influenced the outcomes 16,17. The significant correlations 

between the 6-TGN level, 6-TGTP level and the sum of nucleotides may favour the 

determination of the total 6-TGN concentration in clinical daily practice as this assay is the 

current reference method, more easier to perform and less time consuming. However, the 

determination of separate phosphorylated thiopurine nucleotides by HPLC seems to be the 

method of choice for further detailed studies on the mechanism of action of thiopurines 

as this technique allows evaluation of the role of 6-TGTP as pharmacological active end-

metabolite 9. Moreover, it may be interesting to determine 6-TGDP and 6-TGTP levels in 

patients with adequate 6-TGN levels but without proper response to thiopurine therapy as 

low 6-TGTP levels may provide essential information for treatment failure. The influence of 

TPMT on the different 6-TG derived metabolites seems limited as no correlations could be 

established. This finding provides support to the idea of administering 6-TG to IBD patients 

who developed intolerable side-effects during AZA or 6-MP therapy caused by TPMT 

polymorphisms 2. Nevertheless, 6-TG induced myelotoxicity due to TPMT polymorphisms 

has been reported 18. 

The absorption of orally administered 6-TG is known to be incomplete and highly variable. 
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Studies demonstrated that after 6 hours of administration 6-TG becomes undetectable 

in plasma as it is rapidly transported into cells in which 6-TG is immediately metabolised 

to 6-TGN 19. However, our data demonstrate that this may not be the case in all patients 

as traces of 6-TG were found in two of our patients after three and eleven hours of 

administration. The explanation for this delayed absorption or conversion is unclear. The 

clinical importance however seems limited as no more than traces of 6-TG were found and 

6-TG itself has no pharmacological activity. 

In conclusion, the one-step metabolism of 6-TG is still characterized by a high interindividual 

variance in the concentration of different 6-TG metabolites that could be explained by 

other factors such as absorption capacity, disease activity or individual metabolism. The 

standard determination of 6-TGN levels seems sufficient for routine clinical practice as 

the 6-TGTP level as well as the sum of nucleotides are significantly correlated with 6-TGN 

level. 
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Abstract

Introduction
Studies indicated that 5-aminosalicylates (5-ASA) may influence the metabolism of 

thiopurines, however conclusions were restricted due to number of patients or study 

design.

Aim 
To determine the influence of 5-ASA on thiopurine metabolism, we performed a prospective 

multi-center pharmacokinetic interaction study of two different 5-ASA dosages (2 grams 

daily followed by 4 grams daily) in 26 IBD patients during steady-state AZA or 6-MP 

therapy.

Results
The 4-weeks co-administration of 2 gram 5-ASA daily, followed by a 4-weeks period of 4 

gram 5-ASA daily, led to a statistical significant increase of 40% (absolute 84 pmol/8x108 

RBC) and 70% (absolute 154 pmol/8x108 RBC) in 6-thioguaninenucleotide levels (6-TGN), 

respectively. A rise in 6-TGN levels was observed in 100% of patients after a 4-weeks 

period of 4 gram 5-ASA daily. The 6-methylmercaptopurine-ribonucleotides levels did not 

change. Signs of myelotoxicity were observed in 7.7% of patients (N=2). 

Conclusions
The level of the pharmacological active 6-TGN significantly increases in a dose-dependent 

manner during 5-ASA co-administration. IBD patients, who are unresponsive or refractory 

to standard thiopurine therapy, may benefit from the co-administration of 5-ASA, leading 

to an increase in 6-TGN levels.
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Introduction

Azathioprine (AZA) and 6–mercaptopurine (6-MP) are frequently used immunosuppressive 

drugs in the treatment of ulcerative colitis (UC), indeterminate colitis (IC) and Crohn’s 

disease (CD) 1. The complex metabolism of these thiopurines has been partly unraveled 

in recent years (figure 1). The 6-thioguaninenucleotides (6-TGN), consisting of three 

phosporylated forms (6-thioguanine-monophosphate, 6-thioguanine-diphosphate and 

6- thioguanine-triphosphate), are considered to be the major pharmacologically active end-

metabolites 2. Monitoring of 6-TGN in red blood cells (RBC) has been proposed to optimize 

thiopurine therapy. 6-Thioguaninenucleotides levels above 235 pmol/8x108 RBC have 

been associated with the best probability of response but grossly elevated 6-TGN levels 

(above 490 pmol/8x108 RBC) have been associated with an increased risk of developing 

myelotoxicity 3. The enzyme thiopurine S-methyltransferase (TPMT) plays a key role in the 

complex metabolisation process of thiopurines (figure 1). High activity of TPMT will lead 

to an increased formation of methylated thiopurine metabolites (6-methylmercaptopurine 

(6-MMP) and 6-methylmercaptopurine-ribonucleotides (6-MMPR)). High concentrations of 

6-MMPR (above 5700 pmol/8x108 RBC) during thiopurine therapy have been associated 

with an increased risk of developing hepatotoxicity, but also with treatment failure 3. A 

6- MMPR/6-TGN ratio below 11 was found to correlate with clinical response to 6-MP 

therapy. Above this point a lack of efficacy is seen, even after dose escalation 4. Therefore, 

a substantial number of patients is unable to benefit from thiopurine therapy due to the 

development of inadequate metabolites levels. 

Mesalazine (5-aminosalicylates (5-ASA)) is also a commonly prescribed drug in the 

treatment of inflammatory bowel disease (IBD). The precise mechanism of action of 5- ASA 

is not known, but is likely due to a local anti-inflammatory effect from the luminal site in 

the diseased parts of the gut 5. The oral ingestion of uncoated mesalazine is followed by 

rapid and almost completely absorption in the upper intestine; absorption from the colon is 

considerably lower. Absorption of 5-ASA is followed by extensive metabolism to the major 

inactive N-acetyl-5-aminosalicylate (N-acetyl-5-ASA) by the N-acetyl-transferase 1 enzyme 

in intestinal epithelial cells and the liver.

Several studies indicated that 5-ASA may influence the metabolism of thiopurines 6-10, 

potentially leading to an increased risk of developing leukopenia due to the generation of 

elevated 6-TGN levels 11,12. However, conclusions were restricted due to number of patients 

or study design (e.g. withdrawal of 5-ASA compounds during maintenance combination 

therapy with 5-ASA and thiopurines 7,10). The mechanism of this interaction remains to be 

elucidated, although several authors have suggested that the TPMT activity is inhibited by 

sulfasalazine and other 5-ASA delivering drugs 6-8. 

In order to determine the influence of 5-ASA on thiopurine metabolism, we performed a 

prospective multi-center pharmacokinetic evaluation of two different 5-ASA dosages (2 
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grams daily followed by 4 grams daily) in CD and UC patients during steady maintenance 

AZA or 6-MP therapy. 

Azathioprine (AZA) is non-enzymatically degraded to 6-mercaptopurine (6-MP). 
Xanthine oxidase inactivates 6-MP by the formation of 6-thiouric-acid (6-TUA). 
Thiopurine S-methyltransferase (TPMT) methylates 6-MP into 6-methylmercaptopurine 
(6-MMP). Via hypoxanthine phosphoribosyl transferase (HPRT), 6-MP is converted 
to 6-thioinosine-monophosphate (6-TIMP). Via two other enzymatic steps, inosine 
monophosphate dehydrogenase (IMPDH) and guanosine monophosphate synthetase 
(GMPS), the pool of 6-thioguaninenucleotides (6-TGN) is ultimately generated, 
consisting of 6-thioguanine-monophosphate (6-TGMP), 6-thioguanine-diphosphate 
(6-TGDP) and 6-thioguanine-triphosphate (6-TGTP). 6-TIMP may also be methylated 
by TPMT leading to 6-methylmercaptopurine-ribonucleotides (6-MMPR) (consisting 
of 6- methyl-thioinosine-monophosphate, 6-methyl-thioinosine-diphosphate and 
6-methyl-thioinosine-triphosphate). In a cycle, 6-TIMP may be phosphorylated to 
6- thioinosine-diphosphate (6-TIDP), subsequently to 6-thioinosine-triphosphate 
(6- TITP) and ultimately back to 6-TIMP due to the inosine triphosphate pyrophosphatase 
(ITPase).

Figure 1  Metabolism of thiopurines (simplified)
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Materials and methods

Patient selection 

Patients, visiting the Outpatient Clinic of the VU University Medical Center (university 

hospital, Amsterdam, the Netherlands) or the Maasland Hospital (general district hospital, 

Sittard, the Netherlands), were eligible for the study when meeting the following study 

criteria. Inclusion criteria were: age between 18 and 80 years, diagnosis of UC, IC or CD 

for at least 6 months, immunosuppressive therapy with AZA or 6-MP in a stable dosage for 

at least eight consecutive weeks, normal kidney and liver tests (defined as an aspartate 

transaminase (ASAT), alkaline phosphatase (AP) and/or creatinin levels below twice the 

upper reference limits). Exclusion criteria were: signs of myelodepression (defined as a 

leucocyte count below 2.5 x109/L and/or a platelet count below 100 x109/L), presence of an 

active infection (defined as fever in combination with a C-reactive protein (CRP) level above 

the upper reference limit), anaemia (defined as a hemoglobin (Hb) level below 6 mmol/l), 

known extensive proximal small bowel CD possibly interfering with resorptive area, small 

bowel surgery significantly reducing the intestinal resorptive area, documented intolerance 

to 5-ASA compounds, use of 5-ASA compounds within the last 30 days before study entry, 

concomitant use of allopurinol, mycophenolate mofetil, angiotensin I-converting enzyme 

inhibitors or diuretics, current pregnancy or intention to become pregnant within 6 months 

or lactation. 

Study design
A prospective multi-center pharmacokinetic evaluation of the influence of two different 

5-ASA dosages (Pentasa® microgranules, Ferring, Hoofddorp, the Netherlands) on 

thiopurine metabolism was carried out. To study the influence of 5-ASA and N-acetyl-

5-ASA on thiopurine metabolite levels, the prolonged-release ethylcellulose-coated 

mesalazine preparation (Pentasa® microgranules) was used. 5-ASA is released gradually 

from Pentasa® granules in the small and large intestine, nearly resulting in constant plasma 

concentrations of 5-ASA and N-acetyl-5-ASA 5. Demographic data and disease activity 

(Harvey-Bradshaw index for CD and Truelove-Witts index for UC) were collected at baseline. 

Patients received consecutively per protocol two different dosages of 5-ASA (figure 2). 

Laboratory parameters (Hb, leucocyte, platelet, erythrocyte count, mean cellular volume 

(MCV), CRP, ASAT, alanine transaminase (ALAT), AP, gammaglutamyl transferase (GGT), 

bilirubin, lactate dehydrogenase (LDH), albumin, amylase and creatinin), 6-TGN levels, 

6-MMPR levels, 5-ASA levels, N-acetyl-5-ASA levels were determined before initiation of 

5-ASA therapy (T=1), after 4 weeks of 2 grams 5-ASA per day (T=2), after 4 weeks of 

4 grams 5-ASA per day (T=3) and after 4 weeks following cessation of 5-ASA therapy 

(T=4) (figure 2). We chose for a dosage regime of four weeks in the study design, as after 

approximately 20 days a steady-state concentration is expected.
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The study protocol was approved by the ethical committees of the VU University Medical 

Center and Maasland Hospital. All patients gave written consent before being enrolled in 

the study.

6-thioguaninenucleotides (6-TGN), 6-methylmercaptopurine-ribonucleotides  
(6-MMPR), 5-aminosalicylate (5-ASA), N-acetyl-5-aminosalicylic acid (N-5-ASA) 

Outcome measurements
Primary outcome measures were the determination of the concentration of 6-TGN, 

6- MMPR, 5-ASA and N-acetyl-5-ASA during the different 5-ASA regimes. Additionally, 

routine laboratory parameters were monitored for safety issues. 

Measurement of 6-TGN and 6-MMPR in erythrocytes
The blood samples were collected in coated lithium heparin tubes. The samples were 

centrifuged to isolate erythrocytes and after washing with PBS buffer solution, erythrocyte 

counts were performed. Samples were stored at –20 °C until analysis. Red blood cell (RBC) 

6-TGN and 6-MMPR levels were measured in the laboratory of the Department of Clinical 

Pharmacy, Maasland Hospital Sittard using an high performance liquid chromatography 

(HPLC) assay as previously reported 13. 

Measurement of 5-ASA and N-acetyl-5-ASA levels
Blood samples were collected in serum tubes. The samples were centrifuged for at least 

5 minutes at 1500 g. Subsequently, the serum was separated and stored at – 20 °C until 

analysis. 5-ASA and N-acetyl-5-ASA serum levels were measured in the laboratory of the 

Department of Clinical Pharmacy, Maasland Hospital, Sittard, using a slightly modified 

assay 14. The within-run coefficient of variation was maximal 3.3% for both 5-ASA and 

N- acetyl-5-ASA in the range of the calibration. The lower limits of quantification of the 

assay was determined at 10 ng/mL for both 5-ASA and N-acetyl-5-ASA. 

Figure 2  Trial design
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Statistical analysis
Data are given descriptively and expressed as mean with standard deviation (SD) 

or median with range, when indicated. A mixed model analysis was used to test for 

differences in thiopurine metabolite levels across the four measurement occasions and 

for the determination of the influence of 5-ASA parameters. Paired sample T-tests were 

used to analyze the increase or decrease in 6-MMPR/6-TGN ratio. Correlations between 

parameters were determined using the Pearson or Spearman test, when indicated.  

P values of less than 0.05 were considered significant. SPSS for windows version 11.0 was 

used for statistical analysis.

  

Results

Patient demographics
Twenty-nine IBD patients were screened and enrolled (twenty-five patients were enrolled 

by VU University Medical Center and four patients by Maasland Hospital). Three patients 

were excluded from analysis; two patients due to protocol violation and one patient 

developed adverse events already before initiation of 5-ASA co-administration, leaving 26 

patients for analysis. Patient characteristics are depicted in table 1.

Cohort of 26 patients at inclusion

Male / Female 11 / 15

Age 42 year (SD 25)

Body mass index 21.8 (SD 3.7)

Duration of disease 11 year (SD 10)

CD / UC / IC 18 / 7 / 1

Truelove-Witts index (N=7) (median) 0 (range 0 - 1)

Harvey-Bradshaw index (N=18) (median) 1 (range 0 - 4)

Behaviour of CD (N=18) Inflammatory = 14

Stenosis = 2

Fistulizing = 3

AZA / 6-MP therapy 20 / 6

Daily dosage AZA = 151 mg (SD 38)

6-MP = 63 mg (SD 21)

Dosage per kg bodyweight AZA = 2.00 mg/kg (SD 0.34)

6-MP = 0.85 mg/kg (SD 0.53)

Duration of thiopurine use 46 months (SD 32)

Table 1  Patient characteristics
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Pharmacokinetic outcomes
Baseline (T=1)
Before initiation of 5-ASA (T=1), median 6-TGN and 6-MMPR levels were 201 pmol/8x108  

RBC (range 0-601, mean 243 pmol/8x108 RBC) and 1302 pmol/8x108 RBC (range 0-15031, 

mean 3023 pmol/8x108 RBC), respectively (table 2). The 6-TGN or 6-MMPR levels were 

not correlated with the absolute thiopurine dosage or the relative dosage per kilogram 

bodyweight (P>0.05). As expected, no 5-ASA or N-acetyl-5-ASA were detected in the 

serum of any patient.

4 weeks of 2 grams 5-ASA (T=2)
After 4 weeks of 2 grams 5-ASA per day (T=2), the median 6-TGN level increased 

significantly to 316 pmol/8x108 RBC (range 69-717, mean 326 pmol/8x108 RBC) (P=0.001) 

(figure 3). An elevation of 6-TGN levels was observed in 88% of patients: the mean relative 

increase was 40% which is equivalent to an absolute rise of 84 pmol/8x108 RBC. 

The rise in 6-TGN level was not dependent on 5-ASA (median 319 ng/ml serum, range 6-

6546, mean 1055) (P>0.05) or N-acetyl-5-ASA serum levels (median 1706 ng/ml serum, 

range 116-6241, mean 2287) (P>0.05), but only on the 5-ASA dosage itself.

In contrast, 6-MMPR levels (1258 pmol/8x108 RBC (range 0-18831, mean 3516 pmol/8x108 

RBC)) did not change significantly (figure 4). 

No correlations were observed between thiopurine and 5-ASA metabolites. 

4 weeks of 4 grams 5-ASA (T=3)
After 4 weeks of 4 grams 5-ASA per day (T=3), the median 6-TGN level (median 354 pmol/

8x108 RBC, range 103-926, mean 396) increased significantly compared to T=2 (P=0.011) 

and T=1 (P<0.01), respectively. When compared to baseline (T=1), an elevation in 6-TGN 

levels was observed in 100% of patients: the mean relative increase was 70%, which 

is equivalent to an absolute rise of 154 pmol/8x108 RBC. When compared to T=2, an 

elevation in 6-TGN levels was observed in 85% of patients: the mean relative increase was 

31% which is equivalent to an absolute rise of 70 pmol/8x108 RBC.

Once again, the 6-MMPR level (median 1013 pmol/8x108 RBC, range 0-21933, mean 2896) 

did not change significantly compared to T=2 and T=1 (P>0.05), respectively. 

Once again, the rise in 6-TGN level was not dependent on 5-ASA (median 1222 ng/ml 

serum, range 4-10912, mean 2422) (P>0.05) or N-acetyl-5-ASA serum levels (median 

2861 ng/ml serum, range 47-9426, mean 3822) (P>0.05), but was only dependent on the 

5-ASA dosage itself. 

The 5-ASA (P<0.01) and N-acetyl-5-ASA levels (P<0.01) increased significantly when 

compared to T=2. No correlations were observed between thiopurine and 5-ASA 

metabolites.

60 Thiopurines and IBD; pharmacology and toxicity



At least 4 weeks without 5-ASA (T=4)
At least 4 weeks after cessation of 5-ASA therapy (T=4), the 6-TGN level (median 239 

pmol/8x108 RBC, range 0-731, mean 286) significantly decreased compared to T=3 

(P<0.001). A fall of 6-TGN levels was observed in 88% of patients: mean relative decrease 

was 28% which is equivalent to an absolute decrease of 110 pmol/8x108 RBC. The 6-TGN 

level was higher at T=4 in 88% of patients (mean relative increase 22% with a mean 

absolute increase of 43 pmol/8x108 RBC) when compared to T=1, this difference was not 

statistically significant (P=0.069). 

Again, the 6-MMPR level (median 1321 pmol/8x108 RBC, range 0-18831, mean 2889) did 

not change significantly. 

Not unexpectedly, no 5-ASA nor N-acetyl-5-ASA were detected in the serum of any 

patient.

Ratio of 6-MMPR and 6-TGN levels
A 6-MMPR/6-TGN ratio below 11 correlates with clinical response to 6-MP therapy 4. In 

our study, mean 6-MMPR/6-TGN ratio outcomes decreased significantly during 5-ASA co-

administration. On T=1, the mean 6-MMPR/6-TGN ratio was 14.1 (SD 19.4, median 7.3 

and range: 0-83). A 6-MMPR/6-TGN ratio below 11 was observed in 60% of patients. 

The 6-MMPR/6-TGN ratio (mean ratio 12.6 (SD 20.6)) did not significantly decrease after 

4 weeks of 2 grams 5-ASA (T=2) (P>0.05). A ratio below 11 was observed in 65% of 

patients. 

After 4 weeks of 4 grams 5-ASA (T=3), the mean 6-MMPR/6-TGN ratio significantly 

decreased to 8.1 (SD 14.5) compared to T=1 (P=0.021) and T=2 (P=0.012). A 6-MMPR/

6- TGN ratio below 11 was observed in 77% of patients on T=3. 

After cessation of 5-ASA administration (T=4), the mean 6-MMPR/6-TGN ratio significantly 

increased (ratio 16.5, SD 16.5, median 3.3 and range: 0-73) compared to T=3 (P=0.011). 

A 6-MMPR/6-TGN ratio below 11 was observed in 68% of patients on T=4. 

No significant difference in mean ratio outcome was observed between T=1 and T=4 

(P=0.224). 

Laboratory parameters (table 3) and adverse events
Leucocyte and platelet counts did not change significantly during the different 5-ASA 

dosages. However, two patients developed a temporary leukopenia (2/26 patients 

(7.7%)), which resolved without cessation of 5-ASA. The first patient developed a 

leukopenia (leucocyte count of 2.4 x109/l) after 4 weeks of 2 gram 5-ASA daily (T=2) with 

a corresponding 6-TGN level of 380 pmol/8x108 RBC, despite an increase in the 6- TGN 

level on T=3 (520 pmol/8x108 RBC) the leucocyte count increased to 3.2 x109/l. The 

second patient developed a leucocyte count of 2.4 x109/l after 4 weeks of 4 grams 5-ASA 

(T=3) with a corresponding 6-TGN level of 349 pmol/8x108 RBC. 

The erythrocyte count decreased significantly on T=3, compared to T=1 (P=0.003) and 
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T=2 (P=0.037), respectively. The MCV increased significantly throughout the study: T=1 

versus T=2 (P=0.024), T=1 versus T=3 (P<0,001), T=2 versus T=3 (P=0.003) and T=1 

versus T=4 (P<0.001). The erythrocyte and MCV outcomes were not correlated with 

6- TGN levels.

During the entire study period no laboratory nor clinical signs of hepato-, pancreatico- or 

nephrotoxicity were observed.

Five patients complained at one time during the study of mild gastro-intestinal complaints 

(e.g. flatulence, nausea or change in stool frequency) possibly related to the 5-ASA 

administration. One patient complained of an increase of fatigue after cessation of 

5- ASA.

6-thioguaninenucleotides (6-TGN in pmol/8x108 RBC), 6-methylmercaptopurine-
ribonucleotides (6-MMPR in pmol/8x108 RBC), 5-Aminosalicylate (5-ASA in ng/ml 
serum), N-acetyl-5-aminosalicylic acid (N-acetyl-5-ASA in ng/ml serum).

T=1
(0 gr/day 5-ASA)

T=2
(2 gr/day 5-ASA)

T=3
(4 gr/day 5-ASA)

T=4
(0 gr/day 5-ASA)

6-TGN 201 
(range 0-601)

316 
(range 69-717)

354 
(range 103-926)

239 
(range 0-731)

6-MMPR 1302 
(range 0-15031)

1258 
(range 0-18831)

1013 
(range 0-21933)

1321 
(range 0-14526)

5-ASA 0 319 
(range 6-6546)

1222
(range 4-10912)

0

N-acetyl-
5-ASA

0 1706 
(range 116-6241)

2861
(range 47-9426)

0

Table 2  Thiopurine and 5-ASA metabolites
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6-thioguaninenucleotides (6-TGN)

6-methylmercaptopurine-ribonucleotides (6-MMPR)

Figure 3  6-TGN levels during 5-ASA co-administration

Figure 4  6-MMPR levels during 5-ASA co-administration
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Mean cellular volume (MCV), hemoglobin (Hb), aspartate transaminase (ASAT), alanine 
transaminase (ALAT), alkaline phosphatase (AP), gammaglutamyl transferase (GGT).  

T=1
(0 gr/day 5-ASA)

T=2
(2 gr/day 5-ASA)

T=3
(4 gr/day 5-ASA)

T=4
(0 gr/day 5-ASA)

Leucocytes 5.1 (SD 1.5) 5.1 (SD 1.8) 4.7 (SD 1.7) 5.5 (SD 1.9)

Platelets 287 (SD 75) 293 (SD 74) 296 (SD 97) 274 (SD 70)

Erythrocytes 4.3 (SD 0.4) 4.2 (SD 0,5) 4.1 (SD 0.5) 4.2 (SD 0.4)

MCV 93 (SD 6) 94 (SD 6) 95 (SD 6) 96 (SD 6)

Hb 84 (SD 0.8) 8.3 (SD 0.8) 8.3 (SD 0.8) 8.5 (SD 0.7)

ASAT 25 (SD 10) 25 (SD 8) 24 (SD 10) 25 (SD 11)

ALAT 27 (SD 21) 27 (SD 18) 27 (SD 20) 27 (SD 23)

AP 76 (SD 26) 73 (SD 23) 72 (SD 21) 71 (SD 22)

GGT 23 (SD 21) 23 (SD 22) 23 (SD 21) 23 (SD 22)

Amylase 124 (SD 52) 126 (SD 47) 133 (SD 79) 125 (SD 44)

Albumin 42 (SD 3) 42 (SD 3) 42 (SD 3) 42 (SD 3)

Creatinin 88 (SD 11) 88 (SD 10) 87 (SD 10) 88 (SD 12)

Table 3  Laboratory parameters
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Discussion

This prospective pharmacokinetic study shows for the first time that the level of the 

pharmacological active thiopurine metabolites 6-TGN significantly increases in a dose-

dependent manner during 5-ASA co-administration in IBD patients. The 4-weeks co-

administration of 2 gram 5-ASA daily, followed by a 4-weeks period of 4 gram 5-ASA daily, 

during steady maintenance thiopurine therapy, led to an increase of 40% (absolute 84 

pmol/8x108 RBC) and 70% (absolute 154 pmol/8x108 RBC) in 6-TGN levels, respectively. 

The different 5-ASA dosages had no significant influence on the 6-MMPR levels, which. 

indicates that the in vivo activity of the methylating enzyme TPMT is not influenced by 5-ASA 

or its metabolites, when 5-ASA is administered in dosages currently used in daily practice. 

This is in contrary to several in vitro studies which have demonstrated an inhibition of 

TPMT by 5-ASA compounds. Our findings are in agreement with a recent prospective study 

showing that the TPMT activity was not significantly affected by mesalazine monotherapy 

during a whole year of treatment 15.

Thiopurine metabolism in humans is complex, resulting in a broad range of metabolites, of 

which only those considered to be of pivotal importance with regard to prediction of efficacy 

and toxicity, 6-TGN and 6-MMPR, were assessed. This limits the number of hypotheses that 

can be put forward to explain the observed interaction between thiopurines and 5-ASA. 

Firstly, the bioavailablity of thiopurines may be enlarged during 5-ASA co-adminstration due 

to increased intestinal absorption. However, this would lead to an increase in both 6-TGN 

and 6-MMPR levels. Therefore, it is unlikely that the bioavailablity of thiopurines changes 

during 5-ASA co-administration. Secondly, 5-ASA compounds may lead to an inhibition 

or enhancement of the activity of enzymes responsible for thiopurine metabolism (figure 

1). An enhancement of the enzymes inosine monophosphate dehydrogenase (IMPDH) or 

guanosine monophosphate synthetase (GMPS) may provide an explanation. These enzymes 

transform 6-thioinosine-monophosphate (6-TIMP) into 6-TGN, during these two steps no 

6- MMP or 6-MMPR are generated. Another explanation concerns the possible influence of 

5- ASA compounds on the activity of multidrug-resistance transporters, especially multi-drug 

resistance protein 4 and 5 16. Theoretically, an inhibition of these thiopurine metabolite-

efflux transporters by 5-ASA will lead to a rise in 6-TGN concentrations. However, definitive 

conclusions regarding this potential interaction can not be drawn from our study design 

and results.

We can conclude that the rise in 6-TGN levels is dependent on the 5-ASA dosage but 

the separate 5-ASA metabolites itself do not play a crucial role in the pharmacokinetic 

interaction between 5-ASA and thiopurines, because no correlations were observed. The 

influence of 5-ASA on thiopurine metabolism is only temporary and reversible, as after 

withdrawal of 5-ASA the 6-TGN level decreased towards the baseline outcomes. 

The results of our study may be influenced by the delayed release microgranular form of 

the 5-ASA compound administered to our patients and the observed changes in thiopurine 
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metabolism may be dependent on the release and absorption characteristics of this 5-ASA 

preparation. 

During our study, signs of myelotoxicity were observed in 7.7% of patients (N=2) during 

the combination of 5-ASA and thiopurine therapy. Our results are in accordance with the 

incidence of leukopenia (10%) reported in a study of Lowry 11. Remarkably, during their 

leukopenia both patients in our study had a 6-TGN level below 490 pmol/8x108 RBC, which 

has been proposed as the upper reference level associated with therapeutic efficacy 3. 

Therefore, another explanation for the induction of leukopenia during 5-ASA and thiopurine 

therapy, besides elevated 6-TGN levels, is likely. Importantly, we note that myelodepression  

is also a rare adverse effect of 5-ASA itself, so that combination may lead to an additive 

myelotoxic effect. In our study, we did not find a significant change in leucocyte and 

platelet counts during the different 5-ASA dosages. Although a significant decrease of 

erythrocyte count and rise in MCV, not explained by 6-TGN levels, was observed. Our 

results emphasize the need for close monitoring of patients during 5-ASA and thiopurine 

therapy as there appears to be an increased risk of developing myelotoxicity, especially 

after initiation of this combination therapy or after changes in 5-ASA dosages.

The observed pharmacokinetic influence of 5-ASA on thiopurine metabolism, leading to 

an increase in only 6-TGN levels may have, besides the changed toxicity profile, important 

clinical implications. Patients, refractory or unresponsive to thiopurine therapy, may benefit 

from 5-ASA co-adminstration as higher 6-TGN levels have been associated with a better 

response to thiopurine therapy 17. In addition, the 6-MMPR/6-TGN ratio decreased during 

5-ASA co-adminstration, indicating an improvement of metabolite profiles and associated 

with potentiation of thiopurine efficacy 4. However, our study was not designed to make 

any firm conclusions about therapeutic efficacy but it seems promising to administer 

5- ASA compounds in IBD patients who do not benefit from thiopurine therapy alone or 

have developed inadequate 6-TGN levels (below 235 pmol/8x108 RBC). In clinical practice, 

our findings could also be beneficial in patients with preferential shunting to potentially 

hepatotoxic 6-MMPR levels, often resulting in low and clinically inadequate 6-TGN levels. 

This pharmacological approach constitutes an alternative way to an increase of AZA 

or 6- MP dosages (in order to optimize 6-TGN levels), as this will inevitably lead to a 

concomitant increase of (potentially toxic) 6-MMPR levels.

In conclusion, introduction of 5-ASA during steady-state thiopurine therapy induces a 

dose-dependent increase of 6-TGN levels (2 grams 40% and 4 grams 70% increase) but 

has no effect on 6-MMPR levels. This results from synergistic pharmacological effects of 

5-ASA on thiopurine metabolism. The underlying mechanism is still unknown. Expectedly, 

this combination of drugs is associated with a slightly increased risk of developing 

myelotoxicity (7.7%). Clinicians should be aware of this higher risk for myelodepression. 

Inflammatory bowel disease patients, who are unresponsive or refractory to standard 

thiopurine therapy, may benefit from the co-administration of 5-ASA leading to an increase 

of the pharmacologically active 6-TGN levels 17.

66 Thiopurines and IBD; pharmacology and toxicity



 

67Part II: Pharmacology   



References

1. Al Hadithy AF, de Boer NK, Derijks LJ, et al. Thiopurines in inflammatory bowel disease:  
 pharmacogenetics, therapeutic drug monitoring and clinical recommendations. 
 Dig Liver Dis 2005;37:282-297.
2. Neurath MF, Kiesslich R, Teichgraber U, et al. 6-Thioguanosine diphosphate and triphosphate  
 levels in red blood cells and response to azathioprine therapy in Crohn’s disease. 
 Clin Gastroenterol Hepatol 2005;3(10):1007-14.
3. Dubinsky MC, Lamothe S, Yang HY, et al. Pharmacogenomics and metabolite measurement for  
 6-mercaptopurine therapy in inflammatory bowel disease. 
 Gastroenterology 2000;118:705-713.
4. Dubinsky MC, Yang H, Hassard PV, et al. 6-MP metabolite profiles provide a biochemical  
 explanation for 6-MP resistance in patients with inflammatory bowel disease.  
 Gastroenterology 2002;122:904-15
5. Van Bodegraven AA, Mulder CJ. Indications for 5-aminosalicylate in inflammatory bowel  
 disease: is the body of evidence complete?. World J Gastroenterol 2006;12(38):6115-23
6. Szumlanski CL, Weinshilboum RM. Sulphasalazine inhibition of thiopurine methyltransferase:  
 possible mechanism for interaction with 6-mercaptopurine and azathioprine. 
 Br J Clin Pharmacol 1995;39:456-9.
7. Dewit O, Vanheuverzwyn R, Desager JP, et al. Interaction between azathioprine and   
 aminosalicylates: an in vivo study in patients with Crohn’s disease. 
 Aliment Pharmacol Ther 2002;16:79-85.
8. Xin H, Fischer C, Schwab M, et al. Effects of aminosalicylates on thiopurine 
 S-methyltransferase activity: an ex vivo study in patients with inflammatory bowel disease.  
 Aliment Pharmacol Ther 2005;21:1105-9.
9.  Hande S, Wilson-Rich N, Bousvaros A, et al. 5-Aminosalicylate therapy is associated with  
 higher 6-thioguanine levels in adults and children with inflammatory bowel disease in   
 remission on 6-mercaptopurine or azathioprine. Inflamm Bowel Dis 2006;12:251-7
10. Gilissen LP, Bierau J, Derijks LJ et al. The pharmacokinetic effect of discontinuation of   
 mesalazine on mercaptopurine metabolite levels in inflammatory bowel disease patients.  
 Aliment Pharmacol Ther 2005;22:605-11
11. Lowry PW, Franklin CL, Weaver AL, et al. Leucopenia resulting from a drug interaction between  
 azathioprine or 6-mercaptopurine and mesalamine, sulphasalazine, or balsalazide. 
 Gut 2001;49:656-64.
12. Lewis LD, Benin A, Szumlanski CL, et al. Olsalazine and 6-mercaptopurine-related bone  
 marrow suppression: a possible drug-drug interaction. Clin Pharmacol Ther 1997;62:464-75.
13. Derijks LJ, Gilissen LP, Engels LG, et al. Pharmacokinetics of 6-mercaptopurine in patients with  
 inflammatory bowel disease: implications for therapy. Ther Drug Monit 2004;26:311-8
14. Hussain FN, Ajjan RA, Moustafa M, et al. Simple method for the determination of 
 5-aminosalicylic and N-acetyl-5-aminosalicylic acid in rectal tissue biopsies. 
 J Chromatogr. B; 1998;716:257-266
15. Dilger K, Schaefeler E, Lukas M, et al. Monitoring of thiopurine methyltransferase activity  
 in postsurgical patients with Crohn’s disease during 1 year of treatment with azathioprine or  
 mesalazine. Ther Drug Monit 2007;29(1);1-5
16. Wielinga PR, Reid G, Challa EE, et al. Thiopurine metabolism and identification of the   
 thiopurine metabolites transported by MRP4 and MRP5 overexpressed in human embryonic  
 kidney cells. Mol Pharmacol 2002;62:1321-31
17. Osterman MT, Kundu R, Lichtenstein GR, et al. Association of 6-thioguanine nucleotide levels  
 and inflammatory bowel disease activity: a meta-analysis. 
 Gastroenterology 2006;130:1047-53. 

68 Thiopurines and IBD; pharmacology and toxicity



Acknowledgements

The authors want to thank René Vos, Jean Cilissen, Jean-Pierre Bollen, Miet Fiddelaers, 

Marielle Maas and Milevis Reitsma-Emmanuel for their skilful technical assistance with the 

thiopurine metabolite and 5-ASA analysis.

Funding

The study was partially sponsored by Ferring Pharmaceuticals (Hoofddorp, the Netherlands) 

by providing a grant for study medication (Pentasa® microgranules) and for laboratory 

parameters measurements.

69Part II: Pharmacology   





      

5Azathioprine use during pregnancy: 
unexpected intrauterine exposure 

to metabolites

N.K.H. de Boer 1, S.V.A. Jarbandhan 1, P. de Graaf 2, C.J.J. Mulder 1, 
R.M. van Elburg 3 and A.A. van Bodegraven 1

Department of Gastroenterology and Hepatology 1

Department of Clinical Pharmacy 2

Department of Paediatrics 3

VU University Medical Center, Amsterdam, The Netherlands

Am J Gastroenterol. 2006 Jun;101(6):1390-2



Abstract

The use of azathioprine in the treatment of autoimmune diseases during pregnancy is 

believed to be relatively safe, particularly taking into account the potential risks for mother 

and fetus should the underlying disease become active due to withdrawal of this thiopurine. 

However, essential evidence on the safety of azathioprine use during pregnancy is lacking. 

The determination of the intrauterine exposure to maternal azathioprine use may provide 

additional and crucial insights into the safety and teratogenicity of this drug. We describe 

three patients with Crohn’s disease and autoimmune hepatitis who were treated with 

azathioprine throughout all trimesters of their pregnancies. Thiopurine metabolites  

(6- thioguaninenucleotides (6-TGN) and 6-methylmercaptopurine (6-MMP)) were measured 

in the red blood cells (RBC) of mother and infant directly after delivery. The 6-TGN 

concentration was slightly lower in the RBC of the infant than the mother. No 6-MMP could 

be detected in the infant. The placenta forms a (relative) barrier to azathioprine and its 

metabolites. Intrauterine exposure to 6-TGN may be minimized by careful therapeutic drug 

monitoring of the mother during pregnancy.
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Introduction

Azathioprine (AZA) and other thiopurines (6-mercaptopurine and 6-thioguanine) are 

immunosuppressive drugs that are frequently administered in the treatment of a wide 

variety of autoimmune diseases such as inflammatory bowel disease and autoimmune 

hepatitis (AIH). The complex metabolism and pharmacology of thiopurines have partly been 

elucidated in recent years. The enzyme thiopurine S-methyl transferase (TPMT) seems to 

play a pivotal role in the bioavailability of the pharmacologically active end-metabolites: 

6-thioguaninenucleotides (6-TGN). Toxicity induced by AZA is ascribed to the metabolites 

6-methylmercaptopurine (6-MMP) (hepatotoxicity), 6-thioinosine-triphosphate (6-TITP) 

(e.g. pancreatitis) and 6-thioguaninenucleotides (6-TGN) (myelotoxicity), respectively 1. 

Therefore, monitoring of 6-MMP and 6-TGN levels in red blood cells (RBC) during AZA 

treatment has been proposed as a strategy to optimize efficacy and minimize toxicity of 

therapy 2. The use of AZA during pregnancy is believed to be relatively safe, particularly 

taking into account the potential risks for mother and fetus when the underlying disease 

becomes active due to withdrawal of AZA therapy 3. However, it is unknown whether, to 

what extent, and to which metabolites the unborn child is exposed during maternal use 

of AZA. The determination of intrauterine exposure may be essential to gain additional 

insights into teratogenicity and safety of maternal AZA use during pregnancy. Here, we 

present three patients who used AZA throughout their entire pregnancies. Metabolites 

(6- TGN and 6-MMP) were determined in both mother (whole blood) and infant (umbilical 

cord blood) to determine the intrauterine exposure to AZA 4.

Case 1

A 34 year old female, with a history of AIH since 1984 was treated with prednisone 

5 mg/day and AZA 100 mg/day. In 2003, she underwent a bilateral salpingectomy for 

bilateral hydrosalpinx. In 2004, she became pregnant after in vitro fertilization. The 

course of pregnancy, monitored with serial ultrasounds and regular follow up (including 

routine laboratory tests), was uneventful. She continued to use prednisone and AZA. 

At a gestational age of 41 weeks, the patient delivered a healthy male infant with an 

Apgar score of 9/9/10 and a birth weight of 3115 gram (10th percentile). No congenital 

malformations were detected on physical examination. The 6-TGN level of the mother was 

235 pmol/8x108 RBC and 214 pmol/8x108 RBC in the infant (umbilical cord artery). The 

6-MMP concentration in the mother was found to be 937 pmol/8x108 RBC and in the infant 

6-MMP was undetectable.
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Case 2

In 1994, Crohn’s disease was diagnosed in a 20-year-old female. The disease was mainly 

active in the colon and terminal ileum, and was complicated with perianal fistulae and 

arthritis. Her disease did not respond to corticosteroids, and in 2001 therapy with AZA 

(150 mg/day) and infliximab (5 mg/kg per infusion; every 10-12 weeks) was initiated 

and remission of disease was achieved. Subsequently, the patient expressed her wish to 

become pregnant. Following extensive counseling about the potential risks and benefits 

of continuing therapy during pregnancy, she decided to discontinue the use of infliximab. 

At the end of 2004, she fell pregnant. No fetal abnormalities nor growth restriction were 

detected during routine follow-up. Her Crohn’s disease remained in remission until now. 

Because of the history of perianal fistulae with local fibrosis, a caesarean section was 

performed at week 40 of gestational age, without complications. A healthy female infant 

without congenital anomalies was born with an Apgar score of 10/10/10 and a birth 

weight of 3402 gram (50th percentile). The RBC 6-TGN concentration of the mother was 

276 pmol/8x108, and 168 pmol/8x108 and 160 pmol/8x108 in the umbilical cord artery 

and vein, respectively. The 6-MMP level was 542 pmol/8x108 in maternal RBC and, again, 

6- MMP was undetectable in both blood samples from the infant.

Case 3

In 1998, AIH was diagnosed in a 32-year-old female. While on treatment with prednisone 

15 mg/day and AZA 75 mg/day, she became pregnant. She continued using prednisone and 

AZA throughout her pregnancy in the same dosages. Her pregnancy was uncomplicated. 

At the gestational age of 38 weeks and 5 days, she gave birth to a healthy male infant 

with an Apgar score of 9/10/10 and a birth weight of 3010 gram (20th percentile). No 

congenital malformations were detected on physical examination. Again arterial and 

venous blood was drawn from the umbilical cord, and from the cubital vein of the mother. 

The maternal 6-TGN level was 291 pmol/8x108 RBC. The 6-TGN level in the artery and vein 

of the umbilical cord was 65 pmol/8x108 RBC and 93 pmol/8x108 RBC, respectively. The 

6-MMP level of the mother was 675 pmol/8x108 RBC and was undetectable, once more, in 

erythrocytes drawn from the umbilical cord.
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6-Thioguaninenucleotides (6-TGN, in pmol/8x108) and 6-methylmercaptopurine 
(6- MMP, in pmol/8x108) are measured in red blood cells (RBC)

Discussion

Teratogenic effects of AZA have been described in animals when administered in higher 

dosages than given in humans 5. However, reported human data do not suggest that AZA 

use in pregnancy carries an increased risk of birth defects 3,5. In addition, the potential 

risks should be balanced against the risks to the mother and child of an exacerbation of 

disease during pregnancy. These observations have led to a pragmatic approach in treating 

patients with AZA during pregnancies. However, essential evidence on the safety of AZA 

is lacking. The determination of the intrauterine exposure to maternal AZA use may offer 

important clues, as several metabolites have been associated with potential toxicity. The 

role of specific AZA metabolites in inducing adverse effects during pregnancy is unknown. 

As early as 1972, it was demonstrated that AZA and its inactive metabolite thiouric acid 

can pass through the human placenta. Both compounds were found in fetal blood after 

administration of radioactivity-labeled AZA to three women during the 9th, 14th and 15th 

weeks of pregnancy 6. We demonstrated in vivo that the unborn child is exposed to the 

pharmacologically active 6-TGN generated from maternal AZA use (table 1). The maternal 

use of AZA did not result in adverse teratogenic effects, however. The fetus is exposed 

to a lower concentration of 6-TGN during pregnancy than the mother. No 6-MMP could 

be detected in the RBC in any of the three infants. The placenta thus forms a (relative) 

barrier to AZA and its metabolites. Despite the fact that an unborn child has essential 

enzymes (TPMT 7, xanthine oxidase 8 and hypoxanthine phosphoribosyl transferase) for 

thiopurine metabolism, no or limited functional metabolisation was demonstrated as 

the metabolite levels in the vein and artery of the umbilical cord were similar in the 

last two infants. High 6-TGN levels (> 450 pmol/8x108 RBC, determined according to 

6-TGN 6-MMP

Case 1 Mother

Umbilical cord

235

214

937

undetectable

Case 2 Mother

Umbilical cord artery

Umbilical cord vein

276

168

160

542

undetectable

undetectable

Case 3 Mother

Umbilical cord artery

Umbilical cord vein

291

65

93

675

undetectable

undetectable

Table 1  6-TGN and 6-MMP concentrations in mother and infant
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Lennard  9) have been associated with an elevated risk of developing a myelodepression 

in non-pregnant humans   2. When pregnant women have a high 6-TGN concentration in 

RBC during AZA therapy, one may deduce that the fetus is exposed to high 6-TGN levels 

intrauterine as well. This assumption may well explain several case reports describing 

newborns with hematological abnormalities (e.g. thrombocytopenia or leucopenia) 5. 

Therefore, we advocate the determination of 6-TGN levels during pregnancy at least once, 

in order to avoid high 6-TGN levels in both mother and fetus. In conclusion, the placenta 

forms a (relative) barrier to AZA and its metabolites, as 6-TGN crosses the placenta but 

6- MMP not. Intrauterine exposure to high 6-TGN levels may be avoided by therapeutic 

drug monitoring.
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Abstract

Aim
To determine the tolerability and safety profile of a low-dose maintenance therapy with 

6-TG in azathioprine (AZA) or 6-mercaptopurine (6-MP) intolerant inflammatory bowel 

disease (IBD) patients over a treatment period of at least 1 year.

Methods
Database analysis.

Results 

Twenty out of ninety-five (21%) patients discontinued 6-TG (mean dose 24.6 mg; mean 

6-TGN level 540 pmol/8×108 RBC) within 1 year. Reasons for discontinuation were GI 

complaints (31%), malaise (15%) and hepatotoxicity (15%). Hematological events 

occurred in three patients, one discontinued treatment. In the 6-TG-tolerant group, 9% 

(7/75) could be classified as hepatotoxicity. An abdominal ultrasound was performed in 

54% of patients, one patient had splenomegaly.

Conclusion
The majority of AZA or 6-MP-intolerant IBD patients (79%) is able to tolerate maintenance 

treatment with 6-TG (dosages between 0.3 and 0.4 mg/kg per day). 6-TG may still be 

considered as an escape maintenance immunosuppressant in this difficult to treat group 

of patients, taking into account potential toxicity and efficacy of other alternatives. The 

recently reported hepatotoxicity is worrisome and 6-TG should therefore be administered 

only in prospective trials.
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Introduction

Until now, no definite medical or surgical therapy is available for the treatment of 

inflammatory bowel disease (IBD) as the etiology remains essentially unknown. Therefore, 

the aims of medical therapy in IBD are relief of symptoms and to prevent long-term 

complications. Maintenance therapy should preferably be efficient, safe, and cost-

effective. The immune modulating thiopurines 6-mercaptopurine (6-MP) and its pro-drug 

azathioprine (AZA) have proven efficacy in active IBD and in maintenance of an induced 

clinical remission 1. These thiopurines are prescribed on a large scale in IBD and are 

considered as a mainstay treatment option. However, issues concerning delayed onset 

of activity, refractoriness, and toxicity have limited the general use of AZA and 6-MP. In 

previous reports, up to 20% of patients discontinued AZA or 6-MP prematurely due to 

adverse events 2. The metabolism of thiopurines has been partly elucidated in recent years 

(figure 1). The toxicity profile depends at least partly on the generated metabolites of AZA 

and 6-MP 3. At first, AZA is converted to 6-MP by a non-enzymatic reaction, which is then 

converted by a multi-step enzymatic pathway into a number of active, inactive, or toxic 

metabolites. The efficacy of AZA and 6-MP appears to be correlated with the formation 

of the 6- thioguanine nucleotides (6-TGNs). During this complex metabolization process, 

possible hepatotoxic metabolites are generated under the influence of the enzyme thiopurine 

methyltransferase (TPMT). The methylation products of 6-MP, 6-methylmercaptopurine 

(6-MMP) and their ribonucleotides, may be associated with hepatotoxicity 3. Furthermore, 

flu-like symptoms, rashes, pancreatitis, and neutropenia induced by AZA or 6-MP have 

recently been related to mutations in the inosine triphosphate pyrophosphatase (ITPase) 

gene leading to accumulation of the proposed metabolite 6-thioinosine triphosphate 4. A 

possible strategy to avoid AZA or 6-MP-induced toxicity is the administration of a thiopurine, 

which is metabolically closer to the 6-TGNs. The thiopurine 6-thioguanine (6-TG) is an 

attractive candidate, which has the advantage of being directly converted to 6-TGNs 5. 

Therefore, treatment and safety outcomes might be less sensitive for intra- and inter-

individual metabolic variations. Furthermore, due to the relative simple metabolization, 

the number of possible toxic metabolites is strongly reduced. Several open label studies 

in patients with IBD have shown promising efficacy and acceptable short-term toxicity of 

6-TG 6,7. More recently, the use of 6-TG has been associated with the induction of nodular 

regenerative hyperplasia (NRH) of the liver. The aim of the present study was to determine 

the tolerability and safety profile of a low-dose maintenance therapy with 6-TG in AZA or 

6-MP intolerant IBD patients over a treatment period of at least 1 year.
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AZA is degraded to 6-MP and nitromethyl-imidazole, via a non-enzymatic step. 
Three competing enzymes metabolize 6-MP. Xanthine oxidase (XO) inactivates 6-MP 
to 6-thiouric acid (6-TUA). TPMT methylates 6-MP into 6-methylmercaptopurine 
(6- MMP), this metabolite is associated with hepatotoxicity. By hypoxanthine guanine 
phosphoribosyl transferase (HPRT), 6-MP is catalyzed to 6-thioinosine monophosphate 
(6-TIMP), then via inosine monophosphate dehydrogenase (IMPD) to 6-thioxanthosine 
monophosphate (6-TXMP), ultimately leading to the pharmacologically active 
6- TGN (consisting of 6-thioguanine monophosphate (6-TGMP), 6-thioguanine 
diphosphate (6-TGDP) and 6-thioguanine triphosphate (6-TGTP)) via the enzyme 
guanosine monophosphate synthetase (GMPS). 6-TIMP can also be methylated to 
6- methylthioinosine monophosphate (6-MTIMP), 6-methylthioinosine diphosphate 
(6- MTIDP) and 6-methylthioinosine triphosphate (6-MTITP). In a normal useless 
cycle, 6-TIMP is phosphorylated by monophosphate kinase (MPK) to 6-thioinosine 
diphosphate (6-TIDP), subsequently by diphosphate kinase (DPK) to 6-thioinosine 
triphosphate (6- TITP) and ultimately back to 6-TIMP due to ITPase. When ITPase 
activity is impaired or lacking, 6-TITP accumulates. 6-TG is directly converted by HPRT 
to 6- TGN. XO and TPMT metabolize 6-TG to 6-methylthioguanine (6-MTG) and 6- TUA, 
respectively. ITPase has no known role in the metabolism of 6-TG.

Figure 1  Metabolism of thiopurines
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Materials and methods

Patient selection
The study is a retrospective database analysis exploring the tolerability and safety of 6-TG 

over at least a 1-year treatment period in AZA or 6-MP-intolerant IBD patients, treated 

in participating university and district hospitals in the Netherlands. In each patient, the 

attending physician judged the indication for administration of 6-TG. Some patients have 

been described earlier in a short safety assessment of 6-TG 6. Patients were eligible for 

the study, if they met the following in- and exclusion criteria. Inclusion criteria were: 

age between 18 and 75 years, presence of confirmed CD or UC with an indication for 

immunosuppressive therapy, but in whom standard AZA or 6-MP therapy failed, due to 

adverse events. Immunosuppression was indicated in case of chronic active disease, 

corticosteroid dependency or recurrent disease. Exclusion criteria were pregnancy, 

lactation, presence of active infection, history of tuberculosis, HIV, hepatitis B or C, history 

of severe pancreatitis (necrotizing pancreatitis or pancreatitis leading to multi-organ-

failure), ongoing treatment with concomitant immunosuppressive drugs (e.g., cyclosporine, 

methotrexate (MTX), thalidomide or infliximab), impaired renal function (serum creatinine 

>2 times normal upper limit), impaired hepatic function (>2 times normal upper limit) and 

persistent bone marrow suppression.

Study design
In all patients, 6-TG (Lanvis, tablet 40 mg, Glaxo Wellcome) was administered orally in 

a dose of 20-40 mg once daily based on the decision of the attending physician. The 

following data were collected: patient demographics, history of thiopurine exposure, 

type of thiopurine intolerance, the use of concomitant medication, blood cell counts, and 

liver enzymes were recorded. Dose of 6-TG, duration of 6-TG, occurrence of adverse 

events, blood cell counts, and liver enzymes were reviewed after a minimum of 12 months 

after initiation of 6-TG treatment. During the described period, the genotyping of TPMT 

became available and in a subgroup of patients the TPMT status was determined. RBC 

6-TGN levels were determined at least 4 weeks after giving a stable dose in order to 

obtain steady-state levels of 6-TGN. Dose adjustments were left to the discretion of the 

attending physician, but when 6-TGN levels were above 1000-1500 pmol/8x108 RBC, 

dose reduction was contemplated. In case of a leukocyte count below 3.5x109/L, dose 

reduction was advocated and in case of severe leukopenia (below 1.0×109/L) 6-TG had 

to be discontinued. Additionally, in order to explore signs of hepatotoxicity, an abdominal 

ultrasonography was advised after at least 1-year 6-TG administration. Special attention 

was paid to splenomegaly, signs of portal hypertension, and hepatic changes.
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Outcome measurements
Primary outcome measures were the ability to tolerate 6-TG and the occurrence of adverse 

events leading to discontinuation of 6-TG over the 1-year period. The relationship of any 

adverse event with the use of 6-TG was established by the following method: unrelated, 

no temporal relation and other etiology likely; possibly related, potential temporal relation 

and other etiologies possible; probably related, potential temporal relation and other 

etiologies unlikely; related, clear temporal relation not otherwise explained. Secondary 

outcome measures were the occurrence of hematological events (defined as leukocyte 

count <4.0×109/L or platelet count <100×109/L), the occurrence of hepatotoxicity (defined 

as a rise of at least two times the upper normal limit of a single liver enzyme level), 

pancreaticotoxicity (serum amylase >220 U/L) and signs of liver-related abnormalities on 

the abdominal ultrasound. The following data concerning disease activity were analyzed 

as well: ESR, C-reactive protein (CRP), serum albumin and a global physician assessment 

score (features were same, better or worse).

6-TG metabolite monitoring and genotyping of TPMT
Blood samples for 6-TGN measurements were obtained at least 4 weeks after the onset of 

a stable 6-TG dose. The samples were centrifuged to isolate erythrocytes and after washing 

with PBS, erythrocyte counts were done. Samples were stored at –20 °C until required. 

RBC 6-TGN levels were measured in the laboratory of the Department of Clinical Pharmacy, 

Maasland Hospital Sittard, using a proprietary modified previously published assay 8. The 

lower limit of quantification of the assay was 30 pmol/8×108 RBC for 6-TGN levels with a 

run-to-run coefficient of variation of 6.6%. Extra blood samples were drawn once during 

the 1-year period to assess TPMT (G238C, G460A and A719G, i.e., TPMT*1, TPMT*2, 

TPMT*3A, TPMT*3B, TPMT*3C) genotypes in a sub-group of patients, independent of 

the biochemical or clinical status. The genotyping was performed at the Department of 

Gastroenterology and Hepatology at the Academic Medical Centre in Amsterdam.

Statistical analysis
Data are expressed as mean±SD. Significance was evaluated by a t test for paired or 

independent data; P values of less than 0.05 were considered significant. Pearson’s 

correlation was used to determine relationships between parameters. A chi-square test 

was used to determine the significance between the TPMT genotype and 6-TG intolerance. 

SPSS for Windows version 11.0 was used for statistical analysis.
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Results

Patients
In 95 patients, treatment with 6-TG was initiated in the period from June 2001 to July 

2003. Fifty-eight patients (61%) were female (mean age: 40 years, range: 20-74 years) 

and 37 (39%) were male (mean age: 47 years, range: 20-71 years). Forty-two (44%) 

patients were diagnosed with UC compared to 53 (56%) patients with CD. All patients 

were intolerant to AZA, 6-MP or both. The adverse events leading to discontinuation of 

AZA or 6-MP use were gastrointestinal complaints, general malaise, allergic reactions, 

hepatotoxicity or myelotoxicity. The patient’s characteristics are given in detail in table 1. 

The mean initial 6-TG dose was 24.6 mg (range 20-40 mg). The mean initial 6-TG dose 

adjusted to bodyweight was 0.37 mg/kg (SD 0.16 mg/kg).

Primary outcome
Seventy-five (79%) of the ninety-five patients were able to tolerate 6-TG during 1-year 

use. In 20 (21%) patients, the administration was discontinued due to side effects. The 

20 intolerant patients (9 females and 11 males) encountered 26 side effects. The data 

concerning the adverse events leading to withdrawal and the relationship with 6-TG use 

are summarized in table 2. No mortality was reported. The mean 6-TG dosage was 0.30 

mg/kg in the tolerant group compared to 0.34 mg/kg in the intolerant group (NS).

 N = 95 patients    

Female : male 58 : 37 patients

Age (yr) 43 years (range 20-74 yr) 

UC:CD 42:53 patients 

Duration of IBD at start 6-TG 10.4 yr (SD 9.4 yr) 

AZA intolerance 78 patients (82%) 

6-MP intolerance 4 patients (4%)

AZA and 6-MP intolerance 13 patients (14%)

AZA or 6-MP rechallenge 36 patients (38%)

Adverse events on AZA or 6-MP: 30% gastrointestinal complaints

 20% general malaise 

 14% allergic reactions 

 10% pancreaticotoxicity 

 6% hepatotoxicity 

 5% myelotoxicity 

 14% rest (e.g., myalgia or alopecia)

6-TG dosage at the start     24.6 mg (range 20-40 mg)

Table 1  Patients characteristics
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Secondary outcomes
Hematological events  
Three patients had signs of myelosuppression. One patient had a leukocyte count of 

3.2×109/L and a platelet count of 70×109/L after 50 d of 6-TG use (20 mg). Subsequently, 

6-TG was discontinued. The second patient had a leukopenia (leukocytes 3.5×109/L) and 

a third patient had a thrombocytopenia (platelets 87×109/L) at 1-year measurements, 

both did not discontinue 6-TG. All other patients, both tolerant and intolerant to 6-TG, had 

platelet and leukocyte counts above the set lower limits. However, the mean platelet count 

decreased significantly from baseline (309×109/L) to 1 year of 6-TG treatment (290×109/L, 

P = 0.033). The mean leukocyte count decreased as well (from 11.9 to 7.8×109/L) though 

not significantly. The 6-TGN level did not correlate with the decrease in both leukocytes or 

platelets counts. Hemoglobin levels remained unchanged in both patient groups.

Hepatotoxicity and pancreaticotoxicity 
In the 6-TG tolerant group the ASAT, ALAT, GGT, and AP levels were determined in 65%, 

71%, 60%, and 68% of patients at 1-year 6-TG use, respectively. The mean levels of 

ASAT, ALAT, GGT, and AF were 24.7 U/L (range 6-118 U/L), 24.5 U/L (range 5-206 U/L), 

48 U/L (range 6-535 U/L), and 84 U/L (range 42-322 U/L), respectively. A significant 

increase in liver enzymes during treatment in the tolerant group was not established. At 

1-year use, in 9% of patients (7/75) hepatotoxicity occurrence on 6-TG treatment could 

be classified. Four patients (4/20) of the intolerant group discontinued 6-TG use due to 

hepatotoxicity. All had normal liver tests at entry and three of these patients encountered 

allergic reactions but no hepatotoxicity on the prior AZA therapy. Three patients had a 

serum amylase level above 220 U/L before the start of 6-TG that all became normal during 

treatment. One patient developed a transitory symptomatic pancreatitis with a serum 

amylase level of 430 U/L during 6-TG treatment and discontinued treatment.

Abdominal ultrasonography  
In 51 patients (54%), an abdominal ultrasonography was performed after at least 1 year 

6-TG use. Five ultrasounds (10%) were considered as abnormal; three patients with 

steatosis, one patient had a choledocholithiasis and the last patient had a hydrops of 

the gallbladder and a splenomegaly (spleen size 13 cm). The latter two patients were 

classified as hepatotoxicity on 6-TG treatment.

Disease activity parameters  
No significant decrease in CRP (15-11 mg/L) or ESR level (15-14 mm) was established in 

the 6-TG tolerant group. The albumin level increased (37.6-40.1 g/L) significantly in the 

tolerant group (P = 0.002). A significant decrease of albumin level (38.5-36.6 g/L) was 

established in the intolerant group (P = 0.03). The global physician score was determined 

at 1-year 6-TG use in 85% (64/75) of the tolerant patients. Forty-seven patients (73%) 
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were classified as better, 15 patients (23%) as the same and 4 patients (6%) as worse 

during 6-TG treatment.

6-TG metabolite monitoring and genotyping of TPMT  
The mean steady state 6-TGN level, determined in 63% (47/75) of the tolerant patients, 

was 540 pmol/8×108 RBC (SD 245, range 0-1 404). In the eight intolerant patients in 

whom metabolite levels were measured (40%), the 6-TGN level was 725 pmol/8×108 RBC 

(SD 422, range 229-1563). The difference in 6-TGN levels between tolerant and intolerant 

patients was not significant. No statistical significant correlations were established between 

laboratory parameters (leukocytes, platelets, hemoglobin, AF, GGT, ASAT, and ALAT) and 

6-TGN level. The TPMT genotyping was performed in 51 patients (54%). Two patients 

(3.9%) had one mutant non-functional allele (TPMT*3A and TPMT*3C) and both patients 

were intolerant for 6-TG (myelodepression and hepatotoxicity) (significant, P = 0.003). 

The 6-TGN level was not determined in both patients. Patients with two mutant non-

functional alleles of TPMT (homozygous mutants) were not found in our population.

AE on 6-TG Frequency (%) Mean time to AE (d) Relationship with 6-TG

GI complaints  8/26 (31) 43 
Probably 6/8 

Possibly 2/8

Hepatotoxicity 4/26 (15) 182 

Probably 2/4 

Possibly 1/4 

Unrelated 1/4

Myelodepression  1/26 (4) 50 Related

Pancreaticotoxicity 1/26 (4) 103 Possibly

General malaise 4/26 (15) 51 
Probably 3/4 

Possibly 1/4

Allergic reaction 1/26 (4) 1 Related

Other AE 7/26 (27) 39 

Related 1/7 

Probably 2/7 

Possibly 4/7

Table 2  Adverse events (n = 26) leading to discontinuation of 6-TG use in 20   
 patients (AE, adverse event; 6-TG, 6-thioguanine; GI complaints,   
 gastrointestinal complaints)
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Discussion

In this group of AZA or 6-MP-intolerant IBD patients, we demonstrated that 6- TG in 

dosages of 0.3-0.4 mg/kg daily was well tolerated over a period of 1 year as a 

maintenance immunosuppressant in 79% of the patients. This result suggests that during 

the metabolization process of AZA or 6-MP metabolites are generated that induce side 

effects, which at least in part are not generated during the 6-TG metabolism. No mortality 

was reported due to 6-TG use. When 6-TG was discontinued, the side effects leading to 

withdrawal resolved spontaneously. One patient developed a myelodepression that may be 

explained by the impaired TPMT activity, probably shunting 6-TG away from methylation 

by TPMT toward the formation of 6-TGNs, which have been associated with myelotoxicity. 

Unfortunately, no 6-TGN level was determined in this patient. The real incidence of 6-TG-

related histological liver abnormalities like NRH or veno-occlusive disease (VOD) in the 

present study remains unknown, as liver biopsies were not performed. The incidence of 

6-TG related increase in liver enzymes probably will be lower than 7 out of 75 patients, 

as 2 patients already had abnormal liver tests before the start of 6-TG and 1 patient had 

symptomatic choledocholithiasis.

In the present study, we found a mean 6-TGN level of 540 pmol/8×108 RBC in the tolerant 

group, which is above the proposed therapeutic threshold of 250 pmol/8×108 RBC and 

even higher than the proposed upper limit of efficacy (450 pmol/8×108 RBC) under AZA 

or 6-MP therapy 3,9. This is consistent with previous observations 6,7. It remains to be 

elucidated whether the same 6-TGN limits should be used when 6-TG is administered. 

In our study, 73% clinically benefited from 6-TG by using the global physician score and 

the mean albumin level increased significantly. However, due to the retrospective nature 

of the study, we must be reserved in drawing firm conclusions as no standard efficacy 

parameters as the Crohn’s disease activity index or Truelove-Witts index were used. Despite 

the fact that we have not demonstrated a significant relationship between 6-TGN levels, 

laboratory results and adverse events, we believe that therapeutic drug monitoring may 

be a helpful tool in dosing 6-TG. Extremely high 6-TGN levels, which have been associated 

with an increased risk of developing myelotoxicity, can be prevented and compliance can 

be monitored.

The TPMT status has been associated with the ability to tolerate AZA or 6-MP. Patients 

with impaired TPMT activity are more prone to develop a myelodepression 10. However, our 

study demonstrates that in AZA or 6-MP-intolerant patients only two patients (3.9%) had 

one mutant TPMT allele, which is even lower than the incidence in the normal Caucasian 

population 11. Interestingly, both patients did not develop a myelodepression on AZA 

therapy. This indicates that other metabolic pathways may lead to toxicity of AZA or 

6- MP as was recently demonstrated for the ITPase routing (Zelinkova et al., submitted for 

publication). However, both patients with one mutant TPMT allele discontinued the use 
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of 6-TG. Unfortunately, in these patients no 6-TGN concentrations were measured before 

discontinuation of 6-TG. Possibly, an impaired TPMT activity leads to more 6-TG being 

metabolized by the enzymes HGPRT or XO leading to higher 6-TGN and 6-TUA levels, 

respectively (figure 1). The accumulation of these metabolites may lead to intolerance of 

6-TG.

Recently, the use of 6-TG in IBD patients has been associated with the induction of NRH 

and VOD 12. In the present study, we performed an abdominal ultrasonography after at 

least 1-year 6-TG use to screen for possible hepatotoxicity in 51 patients. Only one patient 

showed signs of portal hypertension indicated by an enlarged spleen. NRH has been 

associated with thrombocytopenia 16 and in our evaluation only two patients had platelets 

counts below 100 U/L. We are well aware of the fact that by using biochemistry and 

ultrasound outcomes, we probably underestimate the real incidence of 6-TG-induced NRH, 

as the golden standard is based on histology. Additionally, liver tests abnormalities were 

shown not to be indicative for NRH. Conversely, it should be taken into account that AZA 

and 6-MP can induce NRH or VOD as well, but performing liver biopsies during treatment 

with these compounds is not recommended in clinical practice.

Currently, the use of 6-TG in IBD patients is abandoned due to potential hepatotoxicity  12. 

However, low-dose 6-TG may still be considered as an escape maintenance strategy in 

AZA- or 6-MP-intolerant IBD patients whom are refractory for alternative therapies. The 

number of proven effective medical maintenance options is scarce for these patients. 

MTX has a reasonable toxicity profile and seems effective in CD, comparable with AZA or 

6- MP  13 but the potential use of MTX in UC patients has yet to be proven. In addition, long-

term use of MTX may be limited 14. Cyclosporine seems to have no role as a maintenance 

immunosuppressive alternative in IBD 15. Infliximab can be administered as a maintenance 

option in CD with acceptable toxicity and may be effective in treating UC. However, 

concomitant immunosuppressive therapy with thiopurines or MTX next to infliximab 

therapy seems mandatory to reduce the immunogenic response 16.

Treatment with 6-TG is well tolerated in AZA and 6-MP-intolerant IBD patients and seems to 

be effective. We believe that low-dosed 6-TG (0.3-0.4 mg/kg per d) maintenance therapy 

may still be an escape option for this difficult to treat group of patients. The benefit of 

6-TG use in this sub-group may balance its toxicity profile, especially taking into account 

the toxicity and efficacy of other therapeutic alternatives. Still, the reported hepatotoxicity 

is worrisome and 6-TG should therefore be administered only in prospective clinical trials.
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Abstract

Background 
Nodular regenerative hyperplasia (NRH) and sinusoidal dilatation have been described 

in relation with thiopurine use in inflammatory bowel disease (IBD) patients. However, 

data on the prevalence of these histological abnormalities in general are sparse. The aim 

of our study was to describe the prevalence of these histological liver changes in a non-

thiopurine using IBD cohort.

Methods
Liver biopsy specimens were obtained, independent of laboratory results or clinical signs, 

from patients treated in a referral center who underwent gastrointestinal surgery for IBD. 

Patients were excluded for analysis in case thiopurines had been used three months prior 

to surgery. The liver specimens were pathohistologically assessed with special attention 

for NRH. In addition, patient characteristics and liver tests were reviewed.

Results
A total of 85, properly stained, liver specimens (Crohn’s disease 61%) were evaluated. 

Fifteen patients (18%) had at least one liver test above twice the upper normal limit at 

the time of surgery. NRH was observed in 6% compared to sinusoidal dilatation of varying 

degree in 33% of specimens. An older age at biopsy was correlated with NRH (P=0.014). 

Fibrosis and steatosis of varying degree were detected in 31% and 33% of liver biopsies, 

respectively. No cases of liver cirrhosis were observed. Liver tests proved to be insensitive 

to predict pathohistological features. 

Conclusion
Pathohistological hepatic abnormalities are common in non-thiopurine using IBD patients. 

The association between thiopurine use, NRH and sinusoidal dilatation may be weaker 

as reported in recent literature, as there is a relatively high background prevalence in 

selected series.
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Introduction

Classical thiopurines (azathioprine (AZA) and 6-mercaptopurine (6-MP)) are commonly 

used immunosuppressive maintenance drugs in the treatment of inflammatory bowel 

disease (IBD), both in Crohn’s disease (CD) and in ulcerative colitis (UC) 1. Unfortunately, 

a substantial number of patients is not able to tolerate thiopurine therapy due to the 

development of adverse events 2. Hepatotoxicity is considered as a relative rare adverse 

event and is generally characterized by an increase in routine liver test parameters without 

clinical symptoms. The observed laboratory parameter abnormalities usually return to 

normal when the thiopurine therapy is discontinued or the drug dosage is adapted. Recently, 

the use of 6-thioguanine (6-TG), another thiopurine, was associated with the induction of 

histological liver abnormalities, in particular with nodular regenerative hyperplasia (NRH) 

and sinusoidal dilatation, not reflected in changes of liver function tests  3-5. Data on the 

prevalence of histological abnormalities, especially NRH and sinusoidal dilatation, in the IBD 

population are sparse. In addition, it is unknown whether IBD itself is a risk factor for the 

development of these histological liver changes as is demonstrated in other autoimmune 

diseases such as Felty’s syndrome, celiac disease and rheumatoid arthritis 6.

The aim of our study was to describe the prevalence of NRH and sinusoidal dilatation 

of the liver in a non-thiopurine using IBD cohort from a referral center. In addition, 

pathohistological outcomes were related to disease and patient characteristics but also to 

liver test parameters.  

 

Materials and Methods

Patient selection
Between 1980 and 2005 liver biopsy specimens were randomly obtained, independent of 

laboratory results or clinical signs, from patients who underwent gastrointestinal surgery 

for CD or UC at the VU University Medical Center (referral center) in Amsterdam. The liver 

specimen was only obtained from patients who provided informed consent. Patients from 

whom a liver specimen was obtained, were included in this study. Due to local manpower 

and administrative issues, patients were only included in case the chief investigators were 

present and available for the study. Patients were excluded for analysis in case thiopurines 

(AZA, 6-MP or 6-TG) were used three months prior to surgery. The following data were 

retrospectively collected: demographics, disease history, medical treatment and alcohol 

use (more than three rations per day was considered as abnormal). In addition, liver 

tests (aspartate aminotransferase (ASAT), alanine aminotransferase (ALAT), gamma-

glutamyltransferase (GGT), alkaline phosphatase (AP) and bilirubin), determined within 
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at least three months prior to the surgical procedure, were reviewed. The study was 

approved by the ethical committee of the VU University medical center.   

Liver histology
Wedge or Tru-cut liver biopsy specimens were fixed in 10% buffered formalin, embedded 

in paraffin wax and sectioned. The sections were routinely stained with haematoxylin and 

eosin, elastin von Gieson and Gomorri trichrome. All liver biopsies were reviewed and 

classified by two liver pathologists (E.B. and J.W.) and three gastroenterologists (C. van 

N., N.K.H. de B. and H.T.). The liver histology was studied without reference to laboratory 

parameters. The liver specimens were principally assessed for: NRH, sinusoidal dilatation, 

fibrosis/cirrhosis and steatosis. The aforementioned features were, when appropriate, 

graded as absent, little (less than 1/3 of the specimen), moderate (1/3 to 2/3 of the 

specimen) or marked (more than 2/3 of the specimen). Nodulare regenerative hyperplasia 

was determined by currently used criteria 7. The pattern of fibrosis observed was consistent 

with that observed in viral hepatitis and was graded according to the Metavir criteria 8. 

Steatosis was assessed according to the criteria described for non-alcoholic fatty liver 

disease 9. 

Statistical analysis
Demographic and clinical data are tabulated descriptively. The liver tests are given as a mean 

± standard deviation (SD). Differences between groups considering histological features, 

demographic data, medical history and medical therapies were tested appropriately by 

using the chi-square test. To detect possible correlations between disease history, liver 

tests, different medical therapies and histological features the Spearman rank test was 

used. A two-tailed P value of < 0.05 was considered significant. SPSS for Windows version 

11 (SPSS inc, Chicago, IL, USA) was used for statistical analysis. 

Ethical considerations
The study was approved by the ethical committee of the VU University medical center.   
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Results

Patients 
Four-hundred-and-thirty-three primarily IBD related surgical procedures (N=433), including 

resections of parts of the bowel, were performed between 1980 and June 2005. The 

majority of patients was diagnosed with CD (68%) compared to UC (32%). Hundred-and-

twenty-one liver samples (N=121) were obtained during these surgical procedures. Twenty-

nine samples were excluded due to thiopurine use (N=12) or quality of specimens (N=17). 

Seven patients underwent two surgical procedures during which a biopsy was performed 

and the second liver specimen from these patients was excluded for analysis, leaving a 

number of 85 liver biopsies for histological evaluation. Based on clinical characteristics, the 

sub-group of 85 IBD patients seemed to be representative of the total cohort (N=433) as 

61% of patients was diagnosed with CD and 39% with UC. The patients characteristics at 

the time of the first biopsy are depicted in table 1. In addition, liver tests were reviewed 

and results are given in table 2. Fifteen patients (18%) were found to have at least one 

liver test twice above the upper normal limit. 

The number of patients is given, in case the study parameters is not known for all 
patients

N=85 patients 

Female : Male 53 : 32

CD : UC 52 : 33

Age at biopsy 39 years (SD 16 and range 15-73)

Duration of disease at biopsy (median) 4 years (range 0-56)

Alcohol use (> 3 rations per day) (N=80) 2,4 %

Body mass index (N=52) 21.7 kg/m2 (SD 4.2 and range 14.6-39.0)

Total parental nutrition (N=58) 22,4%

Pharmacological therapies:

No medication 22 (26%)

5-Aminosalicylates 12 (14%)

Corticosteroids     22 (26%)

Corticosteroids and 5-aminosalicylates              27 (32%)

Methotrexate and infliximab 1 (1%)

Tacrolimus 1 (1%)

Table 1  Patient characteristics on first liver biopsy
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Histological analysis
The majority of liver specimens was obtained by Tru-cut needle biopsy (N=65) compared 

to wedge biopsy (N=20). The acquired samples were routinely stained with haematoxylin 

and eosin (100%), trichrome Gomorri (95%) and elastin von Gieson (80%).

Nodular regenerative hyperplasia
One liver biopsy was excluded for analysis as the specimen was not properly stained with 

trichrome Gomorri. Histological assessment for NRH was therefore performed in 84 liver 

samples. Nodular regenerative hyperplasia was observed in five samples (6%) (table 3). 

Three samples were from female patients (two patients with UC and one patient with CD) 

and two samples from male patients (both patients with CD). A significant correlation was 

established between NRH and the age at biopsy (r=-0.267, P=0.014). The mean age of 

patients with NRH was 56 years (SD 15) compared to 37 years (SD 15) in patients without 

NRH. Liver test outcomes were not indicative for detection of NRH.

Sinusoidal dilatation 
In 57 specimens (67%) no signs of sinusoidal dilatation were detected. Little sinusoidal 

dilatation was found in 17 (20%) liver samples. Moderate and marked sinusoidal dilatation 

was observed in 8 (9%) and 3 (4%) slides, respectively. No cases of veno-occlusive disease 

were detected. When combining moderate and marked sinusoidal dilatation (N=11), a 

significant difference in type of IBD was observed as nine of the eleven (82%) patients had 

CD (P=0.039). Significant inverse correlations were established between the severity of 

sinusoidal dilatation and ASAT (r=0.268, P=0.015) and ALAT (r=0.296, P=0.007) values. 

Fibrosis and cirrhosis 
In general, different patterns of fibrosis were observed. First fibrosis with extension of 

portal tracts (“portal fibrosis”), when present, was only graded as little. Besides this, 

*UNL: upper normal limit

Liver tests < 2 times UNL* ≥ 2 times UNL

ASAT (SD) (N=82) 15.3 U/l (12.9) N=0

ALAT (SD) (N=82) 14.9 U/l (11.5) N=5 (median 125 U/l, range 96-136)

GGT (SD) (N=83) 24.0 U/l (17.3) N=14 (median 192,5 U/l, range 103-615)

AP (SD) (N=83) 78.6 U/l (38.3) N=6 (median 373,5 U/l, range 260-728)

Bilirubin (SD) (N=78) 7.8 U/l (5.1) N=1 (75 U/l)

Table 2  Liver tests at the time of the first biopsy (N=85)
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pericellular (or perisinusoidal), and perivenular fibrosis was observed. Fifty-nine slides 

(69%) revealed neither pattern of fibrosis. Little or moderate pericellular fibrosis was 

detected in 13 (15%) and 2 samples (2%), respectively. Little portal fibrosis was observed 

in 2 samples (2%), and thrice (4%) in combination with little pericellular fibrosis. Little 

perivenular fibrosis was detected in 2 biopsies (2%). Little perivenular fibrosis and little 

pericellular fibrosis was observed in one sample. Little portal fibrosis combined with little 

perivenular fibrosis was detected once. In 1 case both portal, as well as pericellular and 

perivenular fibrosis were observed. Moderate perivenular fibrosis together with little 

pericellular fibrosis was detected in 1 biopsy. Portal fibrosis significantly correlated with 

pericellular fibrosis (r=0.215, P=0.048) and perivenular fibrosis (r=0.248, P=0.022). In 

addition, the GGT level significantly correlated with the histological feature portal fibrosis 

(r=0.304, P=0.002). The mean GGT level was fournd to be 91 U/l in the group with 

portal fibrosis compared to 53 U/l in the group without any fibrosis. The one patient that 

used methotrexate did not have signs of fibrosis in his liver biopsy. No liver cirrhosis was 

observed in this patient cohort.

Steatosis
Thirty-two liver biopsies (38%) showed steatosis (macro- and/or microvesicular) of varying 

degree. In the majority (N=20) steatosis was classified as little. In comparison, moderate 

steatosis was found in 11 patients (six females (three patients with CD) and five males 

(four patient with CD)) and marked steatosis in one female CD patient. A significant 

correlation was established with the age at biopsy (r=0.224, P=0.039), no correlations with 

corticosteroid use, poor nutrition or total parental nutrition were found. When combining 

moderate and marked steatosis (N=12), a significant difference was observed between 

patients using prednisone in combination with 5-ASA and patients not using these two 

drugs, as only one patient (8%) used this combination therapy (P=0.002).  

None Present

NRH 94% 6%

Cirrhosis 100% 0%

None Little Moderate Marked

Sinusoidal dilatation 67% 20% 9% 4%

Fibrosis 69% 19% 12% 0%

Steatosis 62% 24% 13% 1%

Table 3  Pathohistological outcomes
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Discussion

As early as in 1874, the association between colonic ulceration and liver disease was 

described 10. It has since then emerged that there is a clear relationship between IBD and 

hepatobiliary diseases. Our results corroborate this historical association as pathohistological 

liver abnormalities were frequently observed in our cohort of IBD patients. The relatively 

high prevalence of pathohistological abnormalities may be influenced by our selection of 

patients as all specimens were obtained during surgery. It is likely that patients in need of 

surgery suffer a more severe disease course than non-operated IBD patients, in particular 

in a referral center. 

Nodular regenerative hyperplasia has been described in relation with AZA use not only 

in IBD patients but also in patients with other (autoimmune) diseases or after renal or 

liver transplantation 11-18. In recent year, numerous papers have reported a disturbing high 

frequency of NRH in AZA or 6-MP intolerant IBD patients using 6-TG as a rescue drug 3,4. 

However, accurate data on the background prevalence of NRH are lacking. In our cohort 

of non-thiopurine using IBD patients, NRH was detected in 6% of the liver specimens and 

a correlation was observed with the age at biopsy. These findings indicate that IBD itself 

may be considered as a risk factor for developing NRH as the prevalence of NRH was 

found to be only 2.6% in a large autopsy study which included no patients with IBD  19. 

In agreement with our results, the aforementioned study also reported an increased 

frequency of NRH in older individuals (5.3% in the group of individuals over age 80). Our 

study also revealed that liver tests are not indicative for detecting NRH on histological 

evaluation. Therefore, an underestimation of the true prevalence of NRH in the general 

IBD population is likely as increasing numbers of patients are using thiopurines, NRH is 

frequently asymptomatic and often without liver function test abnormalities. We believe it 

to be prudent to avoid the use of thiopurines in IBD patients with a known NRH or those 

that have an increased risk of developing NRH.

Sinusoidal dilatation is assumed to be an early and less severe form of veno-occlusive 

disease and both are considered as disorders of the liver vasculature, and have frequently 

been associated with AZA use 20-22. In our histological evaluation, sinusoidal dilatation 

was a regular finding as in 33% of the liver specimens signs of sinusoidal dilatation 

were observed. In addition, moderate and marked sinusoidal dilatation, which may point 

towards a more clinically relevant abnormality, were found in as much as 13% of biopsy 

specimens. However, no cases of veno-occlusive disease were detected in our series. 

An inverse correlation was established between sinusoidal dilatation and ASAT and ALAT 

levels. Therefore, liver tests seem of limited value to diagnose sinusoidal dilatation. The 

unexpected difference in sinusoidal dilatation between CD and UC patients remains to be 

elucidated. 

No cases of cirrhosis or marked liver fibrosis were detected. Little or moderate fibrosis 
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was observed in 31% of liver biopsy specimens. This is considerably less frequent than 

the formerly described prevalence being established in almost half of the liver biopsy 

specimens obtained during surgery in other series of IBD patients 23,24. The extent and 

activity of IBD have been considered risk factors for developing liver fibrosis. The fact that 

we observed a relatively low prevalence of fibrosis compared to historical data may be due 

to advances in the treatment of IBD over the last decade. More aggressive and long-term 

therapies with medication may provide some protection against the development of liver 

fibrosis in general. 

Steatosis is probably the most common histological liver abnormality in the IBD population 

with reported prevalence figures varying between 15% to 45% 23-25. However, in most of 

the reported cases fatty changes have been mild to moderate, affecting less than half 

of the parenchymal cell of the liver 25. These results are in agreement with our findings 

as moderate steatosis was observed in 13% and marked steatosis in only one patient. 

Corticosteroids, poor nutrition and total parental nutrition have been proposed to be 

potential aetiological factors 26. In our assessment none of these features seemed to play 

a role in the aetiology of steatosis, only a higher age at biopsy may be considered a risk 

factor.

For future research, it seems interesting to study the beneficial or secondary effects of the 

individual drug on the observed histopathological liver abnormalities. Moreover, a specific 

pathohistological liver profile for UC compared to CD patients is currently lacking. 

In conclusion, pathohistological liver abnormalities are common in non-thiopurine-using 

IBD patients. Nodular regenerative hyperplasia was observed in 6%, sinusoidal dilatation 

in 33%, little or moderate liver fibrosis in 31% and steatosis of varying degree in 38% of 

liver biopsies. In addition, laboratory liver tests are unspecific and insensitive to predict 

any of these pathohistological features. The association between thiopurine use, NRH and 

sinusoidal dilatation may be weaker as reported in literature, as there is a relatively high 

background prevalence of these histological abnormalities in IBD patients, in particular in 

older patients.
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To the Editors,

In a recent study by Breen et al. a possible causal role of the key-enzyme thiopurine 

methyltransferase (TPMT) in inducing nodular regenerative hyperplasia (NRH) during 

azathioprine (AZA) treatment in liver transplant patients was considered 1. Both patients 

who developed this histological liver abnormality had one mutant TPMT allele, probably 

leading to an impaired ability to methylate AZA generated metabolites and subsequently 

to an overproduction of the pharmacologically active end-metabolites 6- thioguanine

nucleotides (6-TGN) 2. We believe that NRH may not be caused by the TPMT activity 

itself but is attributable to the generated 6-TGN concentrations. Recently, the use of the 

thiopurine 6- thioguanine (6-TG) in inflammatory bowel disease (IBD) patients has been 

discarded due to its presumed role in inducing NRH 3. A major pharmacokinetic difference 

between AZA and 6-TG is that during 6-TG administration (40 to 80 mg) much higher 

6-TGN levels (> 1000 pmol/108 per red blood cell (RBC)) are achieved than during AZA 

treatment (normally between 100 and 500 pmol/108 RBC) 2. These relatively high 6-TGN 

levels may explain the alleged elevated risk of developing NRH during 6-TG therapy. Our 

liver histological data concerning the use of low-dosed 6-TG for treating IBD patients 

intolerant or refractory to AZA therapy supports this hypothesis (table 1). At our hospital 

a liver biopsy is routinely performed in patients who use 6-TG for at least one year. In 

addition, 6-TGN levels are regularly monitored. The fact that we have not encountered 

one case of NRH may well be explained by the relatively low 6-TGN levels (mean 442 

pmol/108 RBC) achieved as a consequence of the prescribed 6-TG dosages (approximately 

0.3 mg/kg). The induction of NRH during thiopurine treatment in general may be 6-TGN 

dependent. This hypothesis explains the relatively low but well documented incidence of 

NRH during AZA treatment as high 6-TGN levels are merely found in those patients with 

impaired TPMT activity (approximately 10% of the population) and would also provide 

an answer for the high incidence of NRH during high-dose 6-TG treatment. We therefore 

consider low-dosed 6-TG (0.3 mg/kg) as a therapeutic alternative but until more long-term 

toxicity data are available 6-TG use should preferably be restricted to trials with a regular 

performance of liver biopsies.  
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Crohn’s disease (CD), ulcerative colitis (UC) and indeterminate colitis (IC)

Gender Disease Dose (mg) 6-TGN level 
(pmol/108 RBC)

Duration
(months)

Histology outcome

Female CD 21 358 21 No abnormalities

Male IC 21 258 20

Subtle inflammatory 
infiltrate in the portal 
area and signs of 
sclerosing cholangitis 

Female CD 20 469 18 No abnormalities

Male UC 21 661 22 No abnormalities

Female CD 18 663 23 Slight sinusoidal 
dilatation

Male CD 21 291 16 Some macrovesicular 
steatosis

Male CD 20 475 29 No abnormalities

Female CD 18 358 36 No abnormalities

Table 1  Patient characteristics and liver histology 
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Abstract

Introduction
The use of 6-thioguanine (6-TG) has been proposed as a rescue drug for IBD patients 

failing to tolerate or respond to standard thiopurines. Initial data on short-term toxicity 

were promising, however these have been challenged by reports concerning its potential 

hepatotoxic effect (nodular regenerative hyperplasia (NRH)). 

Aim
To assess the hepatotoxic potential of long-term and (as compared with prior studies) 

low-dose 6-TG use.

Methods
IBD patients using 6-TG (median 20 mg daily) for at least 30 consecutive months and 

consenting to undergo a liver biopsy were enrolled. Liver specimens were scored by two 

pathologists. Laboratory parameters, determined prior to initiation of 6-TG therapy and 

prior to biopsy, were also reviewed. 

Results
Twenty-eight biopsies were analyzed. In 26 patient (93%) no signs of NRH were detected, 

in two additional patients NRH could not be excluded due to inconclusive pathological 

findings. The mean 6-TG dosage, 6-TGN level, duration of use and cumulative dosage 

were 19.5 mg, 564 pmol/8×108 RBC, 38 months and 22491 mg, respectively.

 

Conclusions
We have demonstrated that low-dose 6-TG maintenance therapy in IBD patients is not 

likely to be associated with induction of NRH. The induction of NRH appears to be 6-TG 

dose or 6-TGN level dependent.
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Introduction

The classical thiopurines azathioprine (AZA) and 6-mercaptopurine (6-MP) represent the 

first-line maintenance drugs for steroid-dependent and steroid-resistant inflammatory 

bowel disease (IBD), both in Crohn’s disease (CD) and ulcerative colitis (UC)) 1. In recent 

years, the use of 6-thioguanine (6-TG) has been proposed as a rescue drug for IBD patients 

failing to tolerate or respond to standard thiopurines 2. Potential metabolic advantages of 

6-TG administration are the direct conversion into the pharmacologically active metabolites  

6-thioguaninenucleotides (6-TGN), the limited influence of activity of the pivotal metabolizing 

enzyme thiopurine S-methyltransferase (TPMT) and the reduced production of potential 

toxic thiopurine metabolites (such as 6-methylmercaptopurine) 2. Initial data on short-term 

efficacy and toxicity of 6-TG in IBD patients who were intolerant or refractory to AZA or 

6-MP were promising 3,4, however these have been challenged by reports concerning its 

potential hepatotoxic effect (in particular nodular regenerative hyperplasia (NRH), non-

cirrhotic portal hypertension and veno-occlusive disease (VOD))  5,6. These findings were 

immediately challenged, amongst other arguments, due to the high dosages of 6-TG that 

apparently were being used in the patients with reported NRH. If recalculated into AZA 

or 6-MP equivalents (that is if aiming at similar levels of the metabolites 6-TGN), these 

patients were treated with dosages of approximately 5 mg AZA, or 3 mg 6-MP per kg 

bodyweight, respectively. The advised 6-TG dosage in the Netherlands is approximately 

20 mg per day (0.2 – 0.3 mg/kg bodyweight), which is substantially lower than reported 

in literature, leading to a 6-TGN level of approximately 500 pmol/8×108 RBC 7. This regime 

is based on the fact that relatively high 6-TGN levels during thiopurine treatment have 

been positively correlated with therapeutic efficacy and that extreme high 6-TGN levels 

have shown to be associated with toxicity of therapy 8. We proposed that the induction 

of histological liver abnormalities may well be dose or level dependent 9. The disturbing 

high incidence of NRH during 6-TG therapy may for that reason has been caused by the 

high dosages prescribed by other authors. To corroborate this hypothesis, we assessed a 

prospective multi-center study on the hepatotoxic potential of long-term 6-TG use in IBD 

patients in whom 6-TG therapy was already initiated in the period 2001-2002. 

 

Material and methods 

Patient population
Inflammatory bowel disease patients treated with 6-TG for a period of at least 30 

consecutive months at the participating Dutch hospitals (Isala Clinics (Zwolle), Maasland 

Hospital (Sittard), Radboud University Nijmegen Medical Center (Nijmegen), Rijnstate 

Hospital (Arnhem) and VU University Medical Center (Amsterdam)) and consenting to 
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undergo a liver biopsy, following stringent medical advice based on the reports in the 

literature, were included in our study. The majority of patients has been earlier described 

in a tolerability and safety assessment in 95 patients 7. A liver biopsy was not proposed 

to all 95 patients as several patients discontinued 6-TG therapy after early hepatotoxicity 

reports and other patients discontinued due to medical necessities. Therefore, we can not 

rule out a potential selection bias. Clinical and laboratory data before initiation of 6-TG 

therapy were retrospectively reviewed. Liver biopsy findings, metabolite level outcomes, 

TPMT determination results and laboratory data prior to the biopsy were per protocol 

obtained. Complete medical files were available for all patients. 

Clinical and laboratory data 
At baseline, the following data were collected: age at initiation of 6-TG therapy, gender, 

weight, length, IBD sub-type (CD or UC), duration of disease, disease location (proctitis, 

left-sided colon only, ileum only, pancolitis, colon combined with ileum), history of AZA 

or 6-MP use, liver chemistries and blood count abnormalities at initiation of 6-TG therapy. 

Treatment-related data were as follows: primary indication for 6-TG, duration of 6-TG 

therapy, 6-TG dosage, cumulative 6-TG dosage, concomitant medications, laboratory 

parameters prior to the liver biopsy, 6-TGN levels 10, TPMT genotype and liver biopsy 

results.  

 

Liver pathology
Liver specimens were obtained by an ultrasound-guided needle biopsy, exactly similar 

to methods described in previous pathohistological studies concerning NRH in IBD 

patients  5,6,11,12. Specimens were fixed in 4% buffered formalin and routinely stained 

with hematoxylin and eosin (H&E), reticuline silver impregnation and trichrome. The 

histopathological evaluation was performed independently by two expert liver pathologists 

(E.B. and P.E.Z.), unaware of clinical data. Special attention was paid to architectural 

changes, i.e. NRH, VOD and sinusoidal dilatation (SD). When only one of the two observers 

felt that the liver biopsy revealed pathohistological changes according to the definition 

currently used for NRH 5,6, the biopsy was assigned the nomenclature ‘inconclusive 

pathohistological findings, possibly NRH’. Histopathological outcomes concerning steatosis, 

fibrosis and sinusoidal dilatation will be given as a consensus diagnosis, meaning that both 

observers agreed upon diagnosis and severity. The observers found consensus concerning 

the diagnosis steatosis, fibrosis and sinusoidal dilatation in 92% (12/13), 22% (2/9) and 

74% (14/19) of biopsies, respectively. 

Data analysis
Summary statistics for continuous variables were expressed as median and mean ± standard 

deviation where appropriate. Summary statistics for categorical variables were expressed 

as numbers (percent). Group differences for continuous variables were assessed using the 
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t test for paired or independent data where appropriate. Group differences for categorical 

variables were assessed using the Fisher exact test. Pearson’s or Spearman’s correlation 

was used to determine relationships between parameters. A P-value less than 0.05 was set 

to define significance. SPSS 11.0 for Windows was used for statistical analysis. 
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Results

Patient Population
Twenty-nine IBD patients underwent a liver biopsy and were enrolled in the study. One 

liver biopsy specimen was excluded from analysis as the specimen was too small for 

proper analysis, leaving a total number of 28 specimens. Baseline demographics and 

treatment-related clinical data are depicted in table 1 and 2. The indications for initiation of 

6-TG therapy were intolerance to classical thiopurines (89%), refractoriness to thiopurine 

therapy (4%) and de novo therapy (7%). Reasons for withdrawal of AZA or 6-MP therapy 

due to side-effects were gastrointestinal complaints (29.2%), pancreatitis (25%), allergic 

reaction (20.8%), arthralgia and myalgia (8.3%), hepatotoxicity (8.3%), myelotoxicity 

(4.2%) and undefined adverse events (4.2%). The mean 6-TG dosage was 19.5 mg per 

day (SD 5.5). The 6-TGN level was not correlated with the daily 6-TG dosage (r=-0.201, 

P=0.347) nor with the 6-TG dosage in milligrams per kilograms bodyweight (r=-0.164, 

P=0.445). One patient used 40 mg of 6-TG per day due to relatively low 6-TGN levels 

during therapy with 20 mg, the 6-TGN level of this patient was 244 pmol/8×108 RBC 

during 40 mg of 6-TG daily. The mean duration of 6-TG therapy before liver biopsy was 

38 months (SD 5, range 30 to 53 months). The cumulative 6-TG dosage was positively 

correlated with the daily 6-TG dosage (r=0.661, P=0.001) but not with the duration of 

6-TG use (r=0.356, P=0.063). 
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Male : Female (n) 17 : 11 

Median age (years) 44 (SD 11, range 22 – 68)

Length (meters) / Weight (kilograms) 1.78 : 76

CD : UC (n) 17 : 11

Location of disease in UC patients Colon: 9

Left-sided colon: 2

Location of disease in CD patients Colon: 6

Colon and ileum: 7

Ileum: 4

Duration of disease (years) 28 (range 4 – 33)

Type of previous thiopurine (n) AZA: 20
6-MP: 3
Both:3
No previous thiopurines: 2

TPMT status (determined in 20 patients) Homozygous for wild-type TPMT allele: 20

Reason to start 6-TG (n) Intolerance to thiopurines: 25
Refractoriness to thiopurines: 1
De novo: 2 *

Co-medication (n) No co-medication: 6
Mesalazine: 7
Prednisone: 2
Infliximab: 2
Mesalazine + prednisone: 9
Mesalazine + infliximab: 2

6-TG dosage (n) 5 mg: 1
10 mg: 2
20 mg: 24
40 mg: 1

6-TG dosage per kilogram bodyweight 0.27 mg/kg (SD 0.11)

6-TGN level (determined in 24 patients) 564 pmol/8×108 RBC (SD 278)

Duration of 6-TG use 38 months (SD 5)

Cumulative 6-TG dosage 22491 mg (SD 6125)

* Both patients had severely active disease (initiation of therapy in 2001)

Table 1  Demographics

Table 2  Treatment-related data 
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Laboratory results
Laboratory results prior to 6-TG therapy and prior to the liver biopsy are depicted in 

table 3. No cases of 6-TG induced myelotoxicity (defined as a platelet count <100×109/ L 

or leukocyte count <3.5×109/L) were detected. Overall, the platelet count decreased 

significantly (P=0.011). Laboratory abnormalities of the patient, who had developed a 

myelodepression during prior AZA therapy, normalized after initiation of 6-TG. In addition, 

no cases of hepatotoxicity (defined as an increase of at least one of the liver tests above 

twice the upper normal limit) were detected. The levels of aspartate aminotransferase 

(ASAT), alanine aminotransferase (ALAT), gamma-glutamyltransferase (GGT) and alkaline 

phosphatase (AP) increased in 62% (median increase 8 U/l, range 1–16 U/l), 63% (median 

increase 9 U/l, range 2–23 U/l), 44% (median increase 12 U/l, range 3–105 U/l) and 50% 

(median increase 8 U/l, range 2–51 U/l) of patients during 6-TG therapy, respectively. Liver 

test parameters prior to the liver biopsy were not correlated with the 6-TG dosage, the 

duration of therapy or the cumulative 6-TG dosage.

*  Paired sample test
** Number of patients of which laboratory parameters at both moments were available

Laboratory parameters Prior to 6-TG 
therapy

Prior to liver 
biopsy

Significance*

Haemoglobin (n=25)** 
(mmol/l) 8.4 (SD 0.9) 8.9 (SD 0.8) P=0.002

Leucocyte count (109/l) 9.2 (SD 3.8) 8.2 (SD 3.3) P=0.225

Platelet count (109/l) 308 (SD 91) 270 (SD 84) P=0.011

ASAT (n=21) (U/l) 24 (SD 13) 25 (SD 8) P=0.520

ALAT (n=20) (U/l) 34 (SD 31) 26 (SD 9) P=0.247

GGT (n=16) (U/l) 35 (SD 30) 35 (SD 34) P=0.656

AP (=18) (U/l) 76 (SD 17) 73 (SD 22) P=0.856

Table 3  Laboratory results 
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Liver biopsy
General liver specimen characteristics were: length of biopsy: 1.5 cm (range 0.6–4.5 cm), 

number of portal tracts per biopsy: 7 (range 3–18) and number of biliary ducts per biopsy: 

7 (range 3 – 18).

In 26 biopsy specimens (93%) no pathohistological changes consistent with NRH were 

detected. Two biopsies (7%) were classified as ‘inconclusive pathohistological findings, 

possibly NRH’. These two biopsies were of male patients with CD using 6-TG for 34 (6-TGN 

level of 377 pmol/8×108 RBC) and 53 months (6-TGN level unknown) in a dosage of 20 mg 

per day, respectively. All laboratories results of these two patients prior to the biopsy were 

within normal limits, the corresponding platelet counts prior to biopsy were 131×109/L and 

127×109/L. No clinical signs of portal hypertension were observed. A slight increase of the 

diameter of the portal vene tracts was observed in 54% of all liver specimens. In 25% of 

biopsies para-portal shunt vessels were present. 

Sinusoidal dilatation was detected in 14 liver biopsies (50%) and in 71% (10/14) consensus 

regarding the severity was found. Little sinusoidal dilatation (less than 1/3 of biopsy) was 

observed in nine specimens (32%) and moderate sinusoidal dilatation (between 1/3 and 

2/3 of biopsy) in one specimen (4%). Steatosis was observed in 12 liver specimens (43%) 

and in 83% (10/12) consensus regarding the severity was found. Little steatosis (less than 

1/3 of biopsy) was observed in 9 biopsies (32%) and moderate steatosis (between 1/3 and 

2/3 of biopsy) in one specimen (4%). Periportal fibrosis was detected in 2 liver biopsies 

(7%) and in one biopsy consensus regarding the severity was found. Portal fibrosis with 

fibrotic septa in more than half of the portal tracts was observed once. In all biopsies 

investigated, no pathohistological signs of malignancy, cirrhosis or veno-occlusive disease 

were observed. No differences in liver tests outcomes and 6-TGN levels were observed 

between the patients with or without an increase of the diameter of the portal vene 

tracts. 
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Discussion

This is the first prospective study to describe the hepatotoxic effects of long-term low-dose 

6-TG maintenance therapy in IBD patients. This particular dosage of 6-TG was chosen 

because it induces approximately similar levels of the anti-inflammatory end-metabolites 

6-TGN as in adequately dosed AZA or 6-MP therapy. Our results, in which no signs of 

definite NRH were detected, corroborate the hypothesis that the induction of NRH due 

to 6-TG use is a dose or level dependent effect as in 93% of biopsies (26/28) no NRH 

could be detected. In two patients NRH (7%) could not be excluded due to inconclusive 

histopathological findings. 

The 6-TG dosage generally administered in other trials varied between 40 mg to 80 mg, 

resulting in a mean 6-TGN levels above 1000 pmol/8×108 RBC. In these trials signs of NRH 

were observed in 18% to 62% of liver biopsies 5,6,11. In addition, in a recently published 

study concerning the toxicity profile of 6-TG compared to 6-MP in children with leukaemia 

demonstrated that NRH was observed in 11% in the 6-TG group (dosage 40 mg/m2) 

compared to less than 2% in the 6-MP group (dosage 75 mg/m2) 12. The fact that we did 

not observe one single case of definite NRH in our analysis, despite these high historical 

prevalence figures of NRH, when administering low dosages of 6-TG (approximately 20 

mg with a corresponding mean 6-TGN level of 564 pmol/8×108RBC), underlines the 

conclusion that the induction of NRH is probably a dose or level dependent effect and 

that low dosages do not lead to an increased risk of developing NRH, as compared to 

other adequately dosed thiopurine derivatives. In addition, this low 6-TG dosage regime 

still leads to a mean 6-TGN level which is associated with therapeutic efficacy 8. When 

comparing our results (20 mg) with the published data by Seiderer 6 on 40 mg of 6-TG 

per day, a statistical significant difference in the incidence of NRH is observed (P=0.006, 

Fischer’s Exact Test). This indicates, although it is not a head-to-head comparison in one 

study, that the statistical power of our series is sufficient for firm conclusions. However, 

definitive conclusions can not be drawn as our study design lacks a control group of 

patients using a high dosage of 6-TG.

Regarding the pathogenesis of NRH in IBD patients on 6-TG, speculations about vascular 

flow abnormalities leading to diffuse hepatocyte hyperplasia and nodule formation are 

available 13. Despite the fact that we did not observe clear cases of NRH, slight histological 

abnormalities of the portal venes were relatively frequent findings. This suggests that the 

hepatotoxic profile of 6-TG may indeed be dependent on hepatic vascular phenomena. High 

6-TG dosages or 6-TGN levels may lead to more vascular flow abnormalities and ultimately 

to the end-stage pathohistological entity NRH. Therefore, this may also corroborate our 

hypothesis that hepatotoxicity is a dose-dependent phenomenon 9.  

Recently, NRH has increasingly been reported in IBD patients treated with AZA or 6-MP. 

In addition, a possible causal role of TPMT in inducing NRH during AZA treatment in 
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liver transplant patients was considered, as the only two patients in these series who 

developed NRH had one mutant TPMT allele, associated with elevated 6-TGN levels 14. 

Indeed, the use of classical thiopurines is to be considered as a risk factor for developing 

NRH. All patients on 6-TG assessed in previous studies had been treated with AZA or 

6- MP. A hepatotoxic impact of previous AZA or 6-MP use in this group of patients cannot 

be ruled out. Moreover, the background prevalence of NRH was found to be 2.6% in al 

large autopsy study which included no IBD patients 15. More studies on the hepatotoxic 

potential (especially NRH) of classical thiopurines are warranted as there may well be an 

underestimation of hepatotoxicity. 

There is limited information on the natural course of NRH once the offending agent is 

withdrawn 15. A study in acute lymphoblastic leukemia patients suggests that hepatotoxicity 

and portal hypertension associated with high dose 6-TG therapy in children may be 

progressive if hepatic architectural changes have occurred 16. However, it was demonstrated 

in an IBD patient that NRH was reversible after discontinuation of thiopurine therapy 17. It 

is likely that the reversibility is dependent on the severity of the histological changes. 

Recently, a large European 6-TG working group of experts with experience on 6-TG 

in IBD has been constituted and consented that 6-TG may still be prescribed in IBD 

patients intolerant or refractory to mesalazine, AZA, 6-MP, methotrexate or infliximab 18. 

Furthermore, indications are preferred in which surgery is thought to be inappropriate. 

However, stringent monitoring on hepatotoxicity remains pivotal. The administration of 

6-TG should preferably be restricted to trials, warranting proper hepatic surveillance 18 and 

substantiating the reported findings from our series.   

In conclusion, we have demonstrated that relatively low, but adequate, dose 6-TG 

maintenance therapy in IBD patients does not induce NRH in our series, in contrast 

to previous reports with high dose 6-TG. The pathohistological findings in these series 

confirm that low dose 6-TG therapy may still be considered as a rescue drug in stringently 

defined indications.
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Abstract

Azathioprine is a frequently used immunosuppressant for managing inflammatory bowel 

disease (IBD). In recent years, the hepatotoxic profile of thiopurines has been recognised. 

We report the case of a 40-year-old man with Crohn’s disease treated with azathioprine. 

After taking azathioprine (2.2 mg/kg daily) for two years, his liver function tests were found 

to be elevated. Moreover, a myelodepression was established as platelet and leucocytes 

counts were lowered. The 6-thioguaninenucleotide level was 738 pmol/8x108 per red 

blood cell, which is well above the proposed upper limit of efficacy and associated with 

an increased risk of developing a myelodepression. Genotyping of the enzyme thiopurine 

methyltransferase revealed no mutant alleles. The ultrasonography and CT scan showed 

signs of portal hypertension (spleen 17 cm and widened splenic vein). A liver biopsy 

was performed and an incomplete septal liver cirrhosis was found. An upper endoscopy 

revealed oesophageal varices (grade 2 to 3). Autoimmune and viral liver diseases were 

ruled out by laboratory parameters. After cessation of therapy, all laboratory parameters 

normalised. Therefore, azathioprine is believed to be the causative factor for inducing 

the liver cirrhosis. Continuous monitoring of patients taking thiopurines is mandatory. 

The role of 6-thioguaninenucleotide levels in inducing myelotoxicity and hepatotoxicity is 

discussed.
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Introduction
 
Azathioprine (AZA) and 6-mercaptopurine (6-MP) have gained a prominent place as 

an immunosuppressive maintenance therapy for Crohn’s disease (CD). However, their 

therapeutic role has been under discussion because of toxicity. Adverse effects may occur 

in 15 to 30% of patients 1,2. AZA-induced hepatotoxicity is believed to be a rare adverse 

event. Hepatitis is considered to be an idiosyncratic reaction to AZA. Nodular regenerative 

hyperplasia (NRH), veno-occlusive disease, peliosis hepatis, fibrosis and sinusoidal dilatation 

are regarded as signs of dose-dependent hepatotoxicity 3,4,5,6,7,8. During the complex 

metabolisation process of AZA and 6-MP, multiple metabolites are generated (figure 1)  9. 

The pharmacologically active metabolites are the 6-thioguaninenucleotides (6- TGN), 

which are believed to induce apoptosis of activated T lymphocytes 10, hence leading to 

suppression of the overactive immune defence mechanisms. The proposed range of 6-TGN 

is 235 to 450 pmol/8x108 per red blood cell (RBC) 11. High 6-TGN levels (>450 pmol/8x108 

RBC) have been associated with an increased risk of developing a myelodepression and 

high levels of the methylated product of 6-MP (6-methylmercaptopurine (6-MMP)) with 

hepatotoxicity. 

Here we describe a patient who developed histological liver abnormalities combined with 

a myelodepression most likely caused by the use of AZA.

Azathioprine (AZA) undergoes a rapid nonenzymatic conversion in the liver yielding 
6- mercaptopurine (6-MP). Following intracellular uptake, 6-MP is metabolised by three 
enzymes (xanthine oxidase, thiopurine methyltransferase (TPMT) and hypoxanthine 
phosphoribosyl transferase). Xanthine oxidase and TPMT catalyse the reaction of 6-MP 
to 6-thiouric acid (6-TUA) and 6-methylmercaptopurine (6-MMP), respectively. The 
hypoxanthine phosphoribosyl transferase enzyme system is responsible for the formation 
of 6-thioinosinemonophosphate (6-TIMP) which may ultimately be transformed into 
the pharmacologically active 6-thioguaninenucleotides: 6-thioguanine-monophosphate 
(6-TGMP), 6-thioguanine-diphosphate (6-TGDP ) and 6-thioguanine-triphosphate 
(6- TGTP). The metabolite 6-TIMP may also be methylated into 6-methylthioinosine-
monophosphate (6-MTIMP).

Figure 1  Metabolism of thiopurines
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Case report

In 2000 the diagnosis of CD of the ileum and jejunum with perianal fistulas was 

established in a 35-year-old man. A steroid pulse therapy was administered to induce 

remission. However, in December 2000 a surgical ileocaecal resection was performed due 

to intractable symptoms caused by a stenosis of the terminal ileum. Postoperative therapy 

with calcium, vitamin D, H2-receptor antagonist, vitamin B12 and AZA was initiated. AZA 

was given in doses of 200 mg a day (2.2 mg per kg). The disease remained quiescent and 

regular laboratory controls were normal (table 1). In December 2003 abnormal laboratory 

parameters were found as liver function tests were elevated. Leucocyte and platelet 

counts were found to be below the reference limits (table 1). No physical complaints 

were mentioned by the patient. As AZA was believed to be the causative factor, an 

abdominal ultrasound was performed, and the level of 6-TGN/6-MMP and the status of 

the enzyme thiopurine methyltransferase (TPMT) were determined. The examination by 

abdominal ultrasound revealed an enlarged spleen (17 cm) and a distended diameter of 

the splenic vein (1.9 cm). The hepatic parenchyma showed no abnormalities. The 6-TGN 

was found to be 738 pmol/8x108 RBC 12. Determination of the 6-MMP level was not carried 

out due to technical failure. TPMT genotyping revealed no mutant alleles (TPMT*1/*1). 

Autoimmune and viral liver diseases were ruled out by laboratory parameters. Alcohol use 

was repeatedly denied. Subsequently, a CT scan was performed but no novel insights were 

obtained. A fine needle liver biopsy was performed in May 2004 and the specimen was 

stained with haematoxylin and eosin, (silver)reticulin and trichrome. An incomplete septal 

cirrhosis was found microscopically without signs of primary sclerosing cholangitis, peliosis 

hepatis, veno-occlusive disease or NRH. Oesophageal varices (grade 2 to 3) were found 

by upper gastrointestinal endoscopy. Treatment with a β-receptor antagonist (propranolol 

10 mg twice daily) was initiated as primary prophylaxis for oesophageal bleeding. All 

laboratory tests normalised after cessation of AZA (table 1). The α-fetoprotein level was 

not increased. The disease has remained in remission to date. Abdominal ultrasounds and 

upper gastrointestinal endoscopies are performed at regular intervals.
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Test December 
2000

December 
2003

March 
2005

Normal 
values

Aspartate aminotransferase (U/l) 12 57 25 <40

Alanine aminotransferase (U/l) 19 53 26 <45

Gamma-glutamyltransferase (U/l) 15 85 26 10-50

Alkaline phosphatase (U/l) 86 141 97 40-120

Bilirubin (unconjugated) (mmol/l) 10 35 (0.28) 16 (0.23) <20

Haemoglobin (mmol/l) 9.5 7.7 9.5 8.7-11

Leucocytes (x 109/l) 17.2 2.1 8.1 3-10

Platelets (x 109/l) 303 64 161 150-400

Table 1  Laboratory parameters
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Discussion

The metabolism of thiopurines has partly been elucidated in recent years. Several 

metabolites have been held responsible for induction of adverse events. The enzyme 

TPMT plays a key role in the bioavailability of 6-TGN. High TPMT activity may lead to 

elevated levels of 6-MMP, which have been associated with hepatotoxicity (>5700 pmol/

8x108 RBC) and refractoriness on therapy 9. A diminished TPMT activity will likely result in 

shunting 6-MP away from 6-MMP towards overproduction of 6-TGN. Levels of 6-TGN >450 

pmol/8x108 RBC induced by AZA or 6-MP therapy have been associated with an increased 

risk of developing myelotoxicity (e.g. leucopenia or thrombocytopenia) 13. Despite shortage 

of conclusive evidence, 6-TGN levels between 235 and 450 pmol/8x108 RBC are currently 

considered to correspond with an increased likelihood of optimal therapeutic response. 

The 6-TGN levels during AZA (2 to 2.5 mg/kg) and 6-MP (1 to 1.5 mg/kg) therapy vary 

between individuals but in most cases they are found to be between 200 and 500 pmol/

8x108 RBC 14. These observations may explain the leucopenia and thrombocytopenia of 

our patient as the 6-TGN level was 738 pmol/8x108 RBC, which is well above the proposed 

upper limit of efficacy. However, the diminished platelet count may also be explained by 

the splenomegaly due to the portal hypertension. The relatively high 6-TGN level is not 

explained by the TPMT status as no mutant alleles were found by genotyping 15. Additionally, 

the medication used by our patient is not expected to influence the metabolism of AZA  11. 

The possibility of an AZA overdose can not be ruled out as the 6-MMP level was not 

available. An adequate clarification for the elevated 6-TGN is not available.

In recent years the hepatotoxic potential of thiopurines, in particular 6-thioguanine 

(6- TG), has been discussed in literature. The use of 6-TG in IBD patients has currently 

been abandoned due to its presumed hepatotoxic profile, as it has been associated with 

the induction of NRH 16. The higher occurrence of histological liver abnormalities during 

6-TG treatment in comparison with AZA or 6-mercaptopurine (6-MP) may be explained by 

the significantly higher levels of 6-TGN reached by 6-TG. In the past, it was demonstrated 

that AZA may lead to veno-occlusive disease due to dose-dependent toxicity to murine 

sinusoidal endothelial cells and hepatocytes 17. Additional different pharmacokinetic 

characteristics or a different first-pass effect may play a role as well. Interestingly, there 

is a clear predominance of hepatic lesions in male patients which raises the question of 

a genetic predisposition 16. The hypothesis that high 6-TGN levels are hepatotoxic may 

provide an explanation why our patient developed an incomplete septal cirrhosis. Moreover, 

this concept may provide a clue why hepatotoxicity is reported to be relatively rare during 

AZA and 6-MP therapy as the majority of IBD patients will have much lower 6-TGN levels 

during AZA or 6-MP treatment compared with our patient. However, an underestimation of 

histological liver abnormalities caused by AZA or 6-MP therapy may be expected, since the 

current practice is to stop the drug without performing a liver biopsy when finding elevated 
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liver function tests during AZA or 6-MP treatment. Furthermore, not all histological liver 

abnormalities lead to derangement in liver function tests.

Our case illustrates the potential toxicity of AZA and stresses the need for continuous 

close monitoring of patients taking thiopurines in general. Routinely performed laboratory 

controls including full white blood counts and liver function tests seem mandatory.
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Abstract

Recently, the suggestion to use 6-thioguanine (6-TG) as an alternative thiopurine 

in patients with inflammatory bowel disease (IBD) has been discarded due to reports 

about possible (hepato)toxicity. During meetings arranged in Vienna and Prague in 2004, 

European experts applying 6-TG further on in IBD patients presented data on safety and 

efficacy of 6-TG. After thorough evaluation of its risk-benefit ratio, the group consented 

that 6-TG may still be considered as a rescue drug in stringently defined indications in IBD, 

albeit restricted to a clinical research setting. As a potential indication for administering 

6-TG, we delineated the requirement for maintenance therapy as well as intolerance 

and/or resistance to aminosalicylates, azathioprine, 6-mercaptopurine, methotrexate 

and infliximab. Furthermore, indications are preferred in which surgery is thought to be 

inappropriate. The standard 6-TG dosage should not exceed 25 mg daily. Routine laboratory 

controls are mandatory in short intervals. Liver biopsies should be performed after  

6-12 months, three years and then three-yearly accompanied by gastroduodenoscopy, to 

monitor for potential hepatotoxicity, including nodular regenerative hyperplasia (NRH) and 

veno-occlusive disease (VOD). Treatment with 6-TG must be discontinued in case of overt 

or histologically proven hepatotoxicity.
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Introduction

Inflammatory bowel disease (IBD) is an umbrella term for Crohn’s disease (CD), ulcerative 

colitis (UC) and indeterminate colitis (IC). These entities are characterized by a chronic 

intestinal inflammation of relapsing clinical course. The aims of therapy are the relief of 

symptoms, the maintenance of clinical remission and prevention of complications of disease 

at an acceptable therapeutic risk-benefit ratio. In CD, thiopurines (azathioprine (AZA) and 

6-mercaptopurine (6-MP)) represent the first-line maintenance drugs for steroid-dependent 

disease 1. Methotrexate (MTX) is also effective in this indication, at least in patients in 

whom remission has been achieved by this agent. Infliximab is effective in CD patients 

refractory or intolerant to thiopurines or MTX 2,3. Concomitant immunosuppression with 

thiopurines or MTX is highly recommended to minimize the immunogenicity of infliximab in 

the setting of episodic treatment 4. In the case of maintenance treatment with infliximab, 

the question of the role of concomitant immunosuppressants needs to be answered by 

more prospective data. In UC, 5-aminosalicylates (5-ASA) are the drugs of first choice to 

maintain remission in mild disease. In case of intolerance or drug resistance, AZA and 6- MP 

may be administered for maintenance of remission and steroid-sparing, respectively  5,6. 

More recently, induction and maintenance of remission with infliximab in UC patients was 

demonstrated in two large trials 7,8. The precise place of infliximab in the treatment of UC 

patients in daily clinical practice has yet to be determined; however, infliximab may become 

an attractive alternative in UC patients. In recent years, the use of 6-thioguanine (6-TG) 

has been proposed as a rescue drug for AZA and 6-MP in IBD patients failing to tolerate 

or respond to standard thiopurines 9. However, this suggestion has been discarded since 

6-TG has been associated with the development of liver abnormalities in IBD patients 10. An 

European working group of experts with experience on 6-TG in IBD has been constituted 

in Vienna in August 2004. We consented that 6-TG may still be considered an escape 

drug in strictly defined clinical situations in a clinical research setting and feel that further 

research is essential to outweigh the potential benefit of 6-TG to its toxicity profile. Here, 

we give a short overview of 6-TG literature in IBD and present a critical appraisal on 6-TG 

treatment in IBD as concluded from two meetings.
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Azathioprine (AZA) is non-enzymatically degraded to 6-mercaptopurine (6-MP). 
Xanthine oxidase inactivates 6-MP by the formation of 6-thiouric-acid (6-TUA). 
Thiopurine S-methyltransferase (TPMT) methylates 6-MP into 6-methylmercaptopurine 
(6-MMP). Via hypoxanthine phosphoribosyl transferase (HPRT), 6-MP is converted to 
6-thioinosine-monophosphate (6-TIMP). Via two other (not mentioned here) enzymatic 
steps the pool of 6-thioguaninenucleotides (6-TGN) is ultimately generated, consisting 
of 6-thioguanine-monophosphate (6-TGMP), 6-thioguanine-diphosphate (6-TGDP) 
and 6-thioguanine-triphosphate (6-TGTP). 6-TIMP may also be methylated by TPMT 
leading to 6-methylmercaptopurine-ribonucleotides (6-MMPR) (consisting of 6- methyl-
thioinosine-monophosphate, 6-methyl-thioinosine-diphosphate and 6-methyl-
thioinosine-triphosphate). In a cycle, 6-TIMP may be phosphorylated to 6- thioinosine-
diphosphate (6-TIDP), subsequently to 6-thioinosine-triphosphate (6- TITP) and 
ultimately back to 6-TIMP due to the inosine triphosphate pyrophosphatase (ITPase). 
6-Thioguanine (6-TG) is directly converted in 6-TGN but may also be methylated by 
TPMT leading to 6-methylthioguanine (6-MTG). Finally, 6-TG may be converted by 
guanase to thioxanthine, which can be further degraded into 6-TUA by XO.

Figure 1  Metabolism of thiopurines (simplified)
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Pharmacology of thiopurines and the emergence 
of 6-thioguanine for treating IBD

AZA/6-MP are prodrugs which require bioactivation via hypoxanthine phosphoribosyl 

transferase (HPRT) to thiopurine nucleotides (thioinosine monophosphate or thioguanosine 

monophosphate, respectively) (figure 1). The most important inactivating pathway is the 

S methylation of thiopurines catalyzed by the thiopurine S-methyltransferase (TPMT), 

evidently because of alteration of the tautomeric form of the nucleobase. TPMT is involved 

at several steps in the complex metabolism of thiopurines, and the principal nucleotide 

metabolites are all substrates for human TPMT with similar kinetic parameters. Therefore, 

TPMT activity is inversely related to the accumulation of cellular 6-thioguanine nucleotides 

(6-TGN) which are thought to be the pharmacologically active compounds in cancer 

therapy 11. More recently a further mechanism with regard to the immunosuppressive 

efficacy of thiopurine was proposed. The blockade of Rac1 activation is mediated via binding 

of the purine nucleotide 6-thioguanosine triphosphate to Rac1, consequently resulting in  

T cell apoptosis 12. A possible advantage of 6-TG administration is the direct conversion 

into 6-TGN (figure 1) whereas in the case of AZA/6-MP a multi-enzymatic bioactivating 

process is required to ultimately form 6-TGN. Moreover, since TPMT is involved at several 

metabolic steps (figure 1), it was assumed that the impact of TPMT is more pronounced 

using AZA/6MP than 6-TG. In the case of TPMT deficiency it has been clearly shown 

that non-methylators (1 up to 200 Caucasians 13) are at risk to develop myelotoxicity 

under standard dosage of AZA/6-MP 14. Nevertheless, myelotoxicity has also been reported 

under 6-TG treatment due to inherited TPMT deficiency 15. On the other hand, very high 

TPMT activity enhances methylation of 6-MP to 6-methylmercaptopurine ribonucleotides 

(6-MMPR) and 6-MMPR are potent inhibitors of the de novo purine synthesis, thereby 

participating to the immunosuppressive/cytostatic potential of AZA/6-MP, in addition to 

the generated 6-TGN. Thus, it was proposed that AZA/6-MP is a two in one drug whereas 

6-TG works predominately via formation of 6-TGNs. However, 6-TGNs are also methylated 

via TPMT and in vitro investigations indicate that methylated 6-TGN inhibit de novo purine 

synthesis as well. Moreover, the formation of methylated metabolites (6-MMPR) is of 

major interest since recently high levels of 6-MMPR were associated with dose-dependent  

AZA/6- MP-related hepatotoxicity 16. Although the underlying mechanism is still poorly 

understood this association was repeatedly shown in patients with IBD as well as in 

children with acute lymphoblastic leukemia and 6-MP therapy. To this end, mutations 

of the enzyme inosine triphosphatase (ITPase) resulting in alteration of ITPase activity 

have been related with AZA/6-MP adverse drug reactions like flu-like symptoms, rash and 

pancreatitis 17. However, these data are still a matter of ongoing discussion since several 

contradictory results are published 18,19. In the case of 6-TG, ITPase is not relevant since it 

is not involved in the metabolism of 6-TG (figure 1). Most of the clinical data on 6-TG stems 
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from studies in hematological malignancies. In IBD treatment with 6-TG was described as 

early as 1966 in three patients with UC. However, medication was discontinued prematurely 

due to intolerable neuro- and hepatotoxicity 20. In more recent years, 6-TG has been 

considered an alternative treatment option in IBD patients who failed therapy with AZA or 

6-MP due to refractoriness or intolerance (especially pancreatitis). In 2001, the benefit of 

6-TG was suggested in a phenotypically distinct group of IBD patients who failed to attain 

disease control with traditional AZA and 6-MP therapy despite dose escalation 21. These 

patients were unable to achieve therapeutic 6-TGN levels (≤ 235 pmol/8x108 red blood 

cells (RBC)) and developed excessive levels of potentially (hepato)toxic 6-MMPR upon  

6- MP dose escalation. Dubinsky et al. 21 conducted an open-label pilot study in 10 of these 

phenotypically distinct CD patients to assess safety, tolerance and efficacy of 6-TG. In seven 

(70%) of 10 patients response was achieved by administering 6-TG. Despite high levels of 

RBC 6-TGN (> 1,300 pmol/8x108 RBC), patients did not develop myelotoxic or hepatotoxic 

events on a short term. Subsequently, several small-scaled uncontrolled open label studies 

followed in which AZA or 6-MP intolerant or refractory IBD patients were treated with 

6- TG  22-28. The majority of patients (75–87%) were able to tolerate 6-TG treatment. This 

was recently confirmed in a larger study of 95 AZA or 6-MP intolerant patients using 6- TG 

for at least 1 year 29. The most frequently observed side-effects were gastrointestinal 

complaints, general malaise, allergic reactions and myelotoxicity. Pancreatitis was reported 

to be a rare adverse event. The use of 6-TG resulted in clinical improvement in a high 

percentage of this AZA or 6-MP intolerant group. Most recently, the results from an internet-

based, international, multi-centric approach summarizing clinical data from 296 patients 

on the 6-TG therapy were shown, representing the largest population of IBD patients 

treated with 6-TG 30. In 135 patients (45.6%) treatment with 6-TG was continued at data 

entry for 93 weeks (range 2–207 weeks). Nevertheless, 161 patients stopped treatment 

due to adverse events (44.1%), safety reasons (21.7%) and treatment failure (24.4%). 

Adverse events leading to treatment stop were mainly pain, nausea/vomiting, leukopenia 

and thrombopenia but only 7 patients discontinued treatment due to laboratory signs of 

hepatotoxicity, albeit the sensitivity of liver function parameters to indicate hepatotoxic 

side effects associated with 6-TG is limited. Data from randomized, controlled trials aiming 

to investigate for the safety and efficacy of 6-TG in IBD are not available.
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Hepatotoxicity of 6-thioguanine in IBD patients

After the aforementioned promising reports, an article by Dubinsky et al. 10 at the end of 

2003 reported the occurrence of nodular regenerative hyperplasia (NRH) of the liver in 

16/26 (61.5%) biopsies taken from 111 patients treated with 6-TG over a mean period 

of 9.1 months. Splenomegaly was reported in 4 of the 111 treated patients. The authors 

concluded that since the progression or reversibility of NRH is unknown 6-TG should 

not be considered as immunosuppressive therapy in IBD. However, it should be stated 

that approximately 92% of the investigated IBD patients had used immunosuppressive 

medication (AZA or 6-MP) before and that liver function disturbances had occurred in 

about 40% of them prior to the introduction of 6 TG. Since NRH has been described under 

therapy with AZA as well 31-38, the causative agent for the histopathological findings is 

difficult to determine. Subsequently, the same working group published data on histological 

evaluations of liver biopsies from 37 patients, 20 of whom (54.1%) had developed NRH 

under treatment with 6-TG 39. The authors relativised their prior conclusion by stating 

that patients without therapeutic alternatives and without signs of NRH or liver fibrosis 

should periodically be rebiopsied when continuing therapy with 6-TG in absence of better 

therapeutic choices. Data stemming from a collaboration within our group confirmed 

the high frequency of hepatotoxicity in 6-TG-treated patients. In this trial 8/45 patients 

(17.8%) receiving 6-TG in a maximal daily dose 40–80 mg for a treatment period of 8–119 

weeks showed NRH and in the same number of patients equivocal patho-histological 

findings, possibly related to NRH were revealed 40. It could be demonstrated that magnetic 

resonance imaging (MRI) may serve as a non-invasive technique to detect NRH with a 

sensitivity of 77% and a specificity of 72% 40. Data from the online survey demonstrated 

that 31/60 (51.7%) liver biopsies of IBD patients treated with 6-TG had pathological 

findings 30. In 11/38 (28.9%) patients, whose liver samples had been stained with silver 

reticulin probable or definite NRH was diagnosed (number needed to harm (NNH) 3.5). 

In another approach, the significance of NRH by increasing the hepatic venous pressure 

gradient and even causing significant portal hypertension was shown in 6 out of 26 IBD 

patients treated with 6-TG 41. In contrast, recent data on liver histology of 8 IBD patients 

using low dosages of 6-TG (18–21 mg daily) for a mean period of 23 months (16–36 

months) revealed no histological abnormalities 42. The exact pathogenesis of NRH remains 

to be elucidated but it is believed to be caused by disturbances of the microcirculation in 

the portal veins. Some aspects need to be emphasized on. As stated above NRH and similar 

hepatotoxic features have been described under therapy with AZA as well 31-38, albeit less 

common as compared to 6-TG. Based on the lack of comprehensive studies an accurate 

estimation on the frequency of NRH under AZA/6-MP treatment in IBD cannot be given. 

The high frequency of hepatotoxicity associated with 6-TG doses of 40–80 mg/day may 

be attributed to the significantly enhanced levels of 6-TGN 42. Interestingly, there is a clear 
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predominance of hepatic lesions in male patients which raises the question of a genetic 

predisposition 43. Additional different pharmacokinetic and metabolic characteristics or a 

different first-pass effect may play a role as well and future research is needed to elucidate 

these differences. New data from the United Kingdom acute lymphoblastic leukemia 

study suggest that hepatotoxicity and portal hypertension associated with 6-TG therapy 

in children may be progressive if essential hepatic architectural changes have occurred, 

even after discontinuation of the drug. However, this report is restricted to 6 children and 

conclusive results from adults on the natural course of NRH are missing 44.

Constitution of a European working party on 
6- thioguanine in IBD

A Dutch 6-TG working group was formed after the reports of hepatotoxicity on 6-TG 

treatment in 2003, in order to combine and discuss data and results of approximately 

350 Dutch patients treated with 6-TG. Recently, safety and tolerability data of 95 of these 

patients were described 29. Alongside this Dutch working group formation, an European 

collaboration was initiated consisting of largely university-based hospitals located in 

Amsterdam (representing the Dutch 6-TG working group), Graz, Linköping, Munich, 

Prague, Stuttgart, Wels and Vienna. Overall, several hundred patients have been treated 

with 6-TG by the members of the European working group. 

A critical appraisal of 6-thioguanine treatment in 
IBD

A European 6-TG working party formulated the following expert-based guidelines for 

potential future 6-TG administration in IBD. 6-Thioguanine may be considered in IBD 

patients with requirement for maintenance therapy as well as intolerance and/or resistance 

to 5-aminosalicylates, AZA, 6-MP and MTX without an appropriate option for surgery 

(table 1). This includes an increased risk of short bowel syndrome in patients with small 

bowel Crohn’s disease or poor surgical candidates with increased risks of complications. In 

addition, infliximab should be administered before 6-TG therapy is initiated in IBD patients, 

however, at present the precise place of infliximab in the treatment of UC patients is 

only emerging. The application of 6-TG should be restricted to a clinical research setting 

and only after written informed consent providing information on its (hepato)toxic 

profile, particularly as IBD is an off-label indication of 6-TG use. The informed consent 

procedure stresses the clinical need for close follow-up and monitoring but also allows 

registration of patients. The group recommends that 6-TG should be administered in a 
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standard dose, not exceeding 25 mg/day. In the Netherlands, 6-TG is dosed at 0.3 mg/kg 

bodyweight resulting in three standard 6-TG dosages of 18, 21 and 24 mg. When IBD 

patients had to discontinue the previous AZA/6-MP use due to potential TPMT-related 

side effects (e.g. myelotoxicity or hematological abnormalities), TPMT deficiency should 

be definitively excluded. We recommend that 6-TG should not be used in patients with 

one or two mutant TPMT alleles since higher 6-TGN levels can be expected in spite of 

dose adjustment of thiopurines in these cases. 6-TG has to be withdrawn from patients 

resistant to therapy at the latest 6 months after initiation of therapy. A rigorous monitoring 

must be performed in all patients (table 2). The drug has to be discontinued in case of 

a twofold rise of at least one liver enzyme if at least possibly related to 6-TG use. The 

6-TG dose must be discontinued when leukocyte counts are ≤ 3.5 x 109/l. The 6-TG 

dosage must be reduced when platelet counts are between 100,000 and 150,000 U/l. If 

platelet counts drop below 100,000 U/l 6-TG administration has to be stopped. In the latter 

case, a liver biopsy is mandatory as low platelets counts have been associated with NRH 

and portal hypertension. Given the documented sensitivity and specificity of specific MRI 

imaging 40, this non-invasive technique could additionally be considered for investigating 

patients during 6-TG treatment with unexplained laboratory abnormalities. Histological 

evaluation of the liver remains the golden standard for hepatotoxicity screening in  

6-TG-treated patients. The monitoring for hepatotoxicity must include first liver biopsy 

within 6 and 12 months after the initiation of 6-TG therapy. Subsequently, a liver biopsy 

must be performed after 3 years and, then after every 3 years of 6-TG use. Liver biopsy 

should be accompanied by gastroduodenoscopy. The group did not find consensus on taking 

a liver biopsy before the initiation of 6-TG treatment. The specimens should be evaluated 

by an experienced pathologist after staining with hematoxylin and eosin, (silver)reticulin 

and trichrome or optional chromotrope aniline blue 10. The use of electron microscopy in 

evaluating (early) histological abnormalities is currently under investigation. It should be 

kept in mind that a liver biopsy has a small procedure-related risk of complications. 

The administration of 6-TG must be discontinued

in case histological abnormalities are found in the liver specimens. The measurement 

of 6- TGN levels in erythrocytes is only useful for determining patient compliance 45. 

Contradictory results have been published about the potential teratogenic effects of 6-TG 

in case reports 46-48. Therefore, the use of 6-TG during pregnancy or lactation should be 

avoided. 
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Definition of resistance:

A lack of response defined by the inability to reach clinical remission as 
evaluated by global clinical assessment and the reduction of steroids to a 
dose of prednisolone or its equivalent ≤ 10 mg/d between week 12 and 
24 after start of treatment with AZA/6-MP despite a dosage of AZA ≥ 2.0/ 
6- MP ≥ 1.0 mg/kg body weight. 

Definition of intolerance: 

An adverse event (AE) to thiopurines is defined as any reaction, side effect, 
or untoward event that occurs during the course of the treatment, whether 
or not the event is considered drug related. AEs will include events reported 
by the patient, as well as clinically significant abnormal findings on physical 
examination or laboratory evaluation. A new illness, symptom, or sign, a 
clinically significant laboratory abnormality, or worsening of a pre-existing 
condition or abnormality is considered an AE. Stable chronic conditions 
such as arthritis, which are present prior to clinical trial entry and do not 
worsen, are not considered AEs. Worsening of these conditions are AEs. 

Parameters At which moment

Complete blood count Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Platelets Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Erythrocytes Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Hemoglobin Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

6-Thioguaninenucleotides Patient compliance 

Alanine aminotranferase Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Aspartate aminotransferase Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Alkaline phosphatase Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Gamma-glutamyl transferase Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Bilirubine Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months

Liver biopsy After 1 and 3 year and then every 3 years

Albumin (efficacy control) Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months 

C-reactive protein (efficacy control) Baseline, 1, 2, 4, 8 and 12 weeks. Every 3 months 

Table 1  The definitions of resistance and intolerance to thiopurines

Table 2  Flowchart of controls (informed consent should be signed)
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Conclusion

Low-dose 6-thioguanine may still be considered as a rescue drug for maintenance of 

remission in IBD patients failing and/or intolerant to all evidence-based conventional 

therapies including mesalamine, AZA/6-MP, MTX and infliximab, and in whom surgery is 

thought to be inappropriate. Application has to be restricted to a clinical research setting. 

The reported incidence of nodular regenerative hyperplasia related to 6-TG use is of major 

concern and the number needed to harm equals 3.5. Therefore, any treatment protocols 

must include rigorous monitoring with regular liver biopsies. A specific MRI may be used 

as a non-invasive pre-biopsy screening tool. Further research is warranted before the use 

of 6-TG is discarded.
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Summary

Thiopurines and inflammatory bowel disease; 
pharmacology and toxicity

This thesis provides novel pharmacologic and toxicologic insights in the complex 

metabolism of thiopurine therapy in inflammatory bowel disease patients. Azathioprine 

(AZA) and 6-mercaptopurine (6-MP)) are considered as classical thiopurines due to 

longterm historical use as immunosuppressive maintenance drugs. Unfortunately, up to 

one third of patients is unable to benefit from thiopurine therapy due to the development 

of adverse events (e.g. myelotoxicity or hepatotoxicity) or therapeutic failure. Several 

metabolites of AZA/6-MP have been held responsible for the development of adverse 

events. Myelotoxicity has been associated with elevated levels of the pharmacologically 

active 6-thioguaninenucleotides (6-TGN) and hepatotoxicity may in part be explained by 

grossly elevated 6-methylmercaptopurine (6-MMP) levels. A proposed strategy to avoid 

AZA or 6-MP-induced toxicity is the administration of another thiopurine 6-thioguanine 

(6-TG), which is metabolized in a single step into 6-TGN. Due to this relative simple 

metabolism, the number of (potentially) toxic metabolites is reduced. However, the use 

of (comparatively) high dosages of 6-TG has been associated with induction of nodular 

regenerative hyperplasia (NRH) of the liver.

Chapter 1
In recent years, the complex pharmacology, metabolism, mechanism of action and 

toxicity profile of thiopurines have been elucidated to a larger extent in IBD patients. The 

first chapter provides an -in depth- review on thiopurine therapy, particularly focusing 

on pharmacologic and toxicologic aspects. The use of therapeutic drug monitoring and  

prior-to-treat determination of the activity of the pivotal enzyme thiopurine methyltransferase 

(TPMT) are discussed. More prominently, the role of 6-TG in inducing NRH is described. 

Chapter 2
The second chapter deals with the role of 6-TGN in inducing myelotoxicity during 6- TG 

therapy. High 6-TGN levels during AZA/6-MP therapy (>450 pmol/8x108 red blood cells (RBC) 

according to the method described by Lennard) have been associated with leukopenia. 

The commonly used dosages in literature of 6-TG up till now normally generated much 

higher 6-TGN levels but, contra-intuitively, 6-TG therapy has not been associated with an 

increased risk of myelotoxicity. We prospectively assessed the role of 6- TGN concentrations 

in developing myelotoxicity during 6-TG treatment in 25 patients and observed no increased 

risk (4%). Moreover, high 6-TGN levels above 450 pmol/8x108 RBC did not have any effect 

on haemoglobin concentrations, peripheral leucocyte or platelet counts.
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Chapter 3
6-Thioguaninenucleotides can be subdivided into three different phosphorylated forms: 

6-thioguanine-monophosphate (6-TGMP), 6-thioguanine-diphosphate (6-TGDP) and 

6- thioguanine-triphosphate (6-TGTP). The molecular mechanism of immunosuppression 

by AZA/6-MP is amongst others due to the specific end-metabolite 6-TGTP that binds 

and inhibits the function of the small GTPase Rac1 in activated T-lymphocytes leading 

to apoptosis. Metabolic data concerning the generation of the specific phosphorylated 

6-TGN during 6-TG treatment in patients with IBD are lacking. In this chapter, we 

determined standard 6-TGN levels and TPMT activity combined with 6-TGMP, 6-TGDP and 

6-TGTP levels in 6-TG using Crohn’s disease patients. High inter-individual variance in all 

metabolite measurements was observed, not explained by individual TPMT activity or 

dosage. Standard 6-TGN levels correlated well with the 6-TGTP level, therefore total 6-TGN 

level monitoring may suffice for clinical practice. 

Chapter 4
The fourth chapter describes the influence of 5-aminosalicylates (5-ASA) on AZA/6- MP 

metabolism. We observed a dose-dependent increase in 6-TGN levels during 5-ASA  

co-administration. Two grams of 5-ASA daily for four weeks led to a 40% increase in 6-TGN 

levels compared to a 70% increase after 4 grams per day. The different 5-ASA dosages 

did not influence 6-MMP levels. This indicates that the methylating enzyme TPMT is not 

influenced by 5-ASA or its metabolites in vivo. The combination of these two drugs seems 

to lead to an increased risk of developing myelotoxicity as two patients (7.7%) developed 

a temporary leukopenia. Patients, that are refractory or unresponsive to standard  

AZA/6- MP therapy, may benefit from 5-ASA co-adminstration as higher 6-TGN levels have 

been associated with a better responsive to thiopurine therapy. 

Chapter 5
The use of AZA during pregnancy is believed to be relatively safe, particularly taking into 

account the potential risks for mother and fetus when the underlying disease becomes active 

due to withdrawal of AZA therapy. However, it is unknown whether, to what extent, and to 

which metabolites the unborn child is exposed during maternal use of AZA. Chapter five 

describes three patients who were treated with stable-dosed AZA throughout all trimesters 

of their pregnancies. The thiopurine metabolites 6-TGN and 6-MMP were measured in 

erythrocytes of mother and infant directly after delivery. The 6-TGN concentration was 

only slightly lower in the erythrocytes of the infant than the mother. No 6-MMP could 

be detected in the infant. Therefore, the placenta forms a relative barrier to AZA and its 

metabolites. We believe that intrauterine exposure to 6-TGN may be minimized by careful 

therapeutic drug monitoring of the mother during pregnancy. 

158 Thiopurines and IBD; pharmacology and toxicity



Chapter 6
This chapter describes the incidence of adverse events after one year of 6-TG therapy 

in 95 AZA and/or 6-MP intolerant IBD patients with a 6-TG dosage leading to 6-TGN 

levels similar to the currently advised dosages of AZA or 6-MP (approximately 20 mg 

daily or 0.3-0.4 mg/kg daily leading to a mean 6-TGN level of 540 picomoles/8 x 108 RBC 

according to the method described by Lennard). The majority of patients (79%) tolerated 

this 6- TG regime well. Reasons for discontinuation were gastro-intestinal complaints 

(31%), general malaise (15%) and hepatotoxicity (15%). An abdominal ultrasonography 

was performed in a sub-group of 51 patients after at least 1-year 6-TG use to screen for 

potential hepatotoxicity. Signs of portal hypertension (splenomegaly) were observed in 

only one patient. 

Chapter 7
Nodular regenerative hyperplasia of the liver has been associated with thiopurine use in IBD 

patients. However, data on the prevalence of this histological abnormality in non-thiopurine 

using IBD patients are lacking. In chapter seven, we pathohistologically assessed 85 liver 

biopsy specimens, obtained from non-thiopurine using IBD patients during surgery, with 

special attention for NRH. In 6% of the liver specimens NRH was detected. Correlation 

was observed with the age at biopsy. These findings indicate that IBD itself may be 

considered as a risk factor for developing NRH. Moreover, laboratory liver tests were found 

to be unspecific and insensitive to predict pathohistological abnormalities. The association 

between thiopurine use and NRH may be weaker as reported in recent literature, as there 

is a relatively high background prevalence.

Chapter 8
In this chapter, we describe the incidence of NRH in a unique series of IBD patients using 

adapted-dose 6-TG (approximately 20 mg per day with a corresponding 6-TGN level of 442 

pmol/108 RBC according to the method described by Lennard) as a maintenance therapy 

(mean period of 23 consecutive months). We observed no case of NRH in this cohort. 

We state that the induction of NRH during 6-TG therapy is a 6-TG dose (or 6-TGN level) 

dependent phenomenon. 

Chapter 9
We proposed that the induction of histological liver abnormalities, in particular NRH, during 

6-TG therapy may well be dose or 6-TGN level dependent. Chapter nine provides a detailed 

histological assessment of 28 liver biopies, that were obtained from AZA/6-MP intolerant, 

AZA/6-MP refractory or AZA/6-MP naive patients using adapted-dose 6-TG therapy for 

at least 30 consecutive months. In 26 patient (93%) no signs of NRH were detected, 

in two additional patients NRH could not be excluded due to inconclusive pathological 

findings. We observed no cases of hepatotoxicity of myelotoxicity by laboratory parameters 
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monitoring. The mean 6-TG dosage, 6-TGN level, duration of use and cumulative dosage 

were 19.5 mg, 564 pmol/8×108 RBC, 38 months and 22491 mg, respectively. The use 

of adapted-dose 6-TG maintenance therapy in IBD patients is not likely to be associated 

with induction of NRH. We state that the induction of NRH is a 6-TG dose or 6-TGN level 

dependent feature. 

Chapter 10
In this chapter, we describe an IBD patient using AZA (2.2 mg/kg daily) for 2 years 

who developed a pancytopenia and an incomplete septal liver cirrhosis with portal 

hypertension. The 6-thioguaninenucleotide level was 738 picomoles/8x108 per red blood 

cell, which is well above the proposed upper limit of efficacy. After cessation of therapy, all 

laboratory parameters normalised. We discuss the role of 6-TGN in inducing myelotoxicity 

and hepatotoxicity. More prominently, we stress the need for close monitoring of patients 

taking thiopurines by routine laboratory parameters and therapeutic drug level controls.

Chapter 11
The proposal to use 6-thioguanine (6-TG) as an alternative thiopurine in patients with 

IBD has been discarded due to reports about possible (hepato)toxicity. During meetings 

arranged in Vienna and Prague in 2004, European experts applying 6-TG further on in 

IBD patients presented data on safety and efficacy of 6-TG. After thorough assessment 

of its risk-benefit ratio, the group consented that 6-TG may still be considered as a rescue 

drug in stringently defined indications in IBD. In chapter eleven, we present the proposed 

guidelines for 6-TG use. As a potential indication for administering 6-TG, we delineated 

the requirement for maintenance therapy as well as intolerance and/or resistance to 

aminosalicylates, AZA, 6-MP, methotrexate and infliximab. The standard 6-TG dosage 

should not exceed 25 mg daily. Routine laboratory controls are mandatory in short intervals. 

Liver biopsies should be performed after 6–12 months, three years and then three-yearly 

accompanied by gastroduodenoscopy, to monitor for potential hepatotoxicity. Treatment 

with 6-TG must be discontinued in case of overt or histologically proven hepatotoxicity. 

Conclusions
This thesis provides novel insights in the complex pharmacology and toxicity of 

thiopurines. If AZA or 6-MP therapy clinically fails due to inadequate metabolite levels, than  

co-administration of 5-ASA compounds seems a promising alternative. In case therapy 

with AZA or 6-MP fails due to adverse events, the use of low-dose 6-TG (not exceeding 25 

mg daily) may be considered. The induction of NRH due to thiopurine therapy (especially 

6-TG) is likely to be a dose (subsidiary 6-TGN level) dependent effect. High 6-TGN levels 

during 6-TG therapy should be considered as a risk factor for developing NRH. Levels 

of 6-TGN above the proposed upper normal limit (450 picomoles/8x108) during AZA 

or 6-MP therapy are not indicative for (developing) myelotoxicity during 6-TG therapy. 
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The association between thiopurine use and NRH may be weaker as reported in recent 

literature, as there is a relatively high background prevalence (6%) in non-thiopurine 

using IBD patients. Physicians should be aware that the metabolites 6-TGN easily cross the 

placenta during pregnancy and that the unborn child may be exposed to high (potentially 

toxic) levels in case the mother has elevated 6-TGN levels. 
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Nederlandse samenvatting

Thiopurines en inflammatoir darmlijden; 
farmacologie en toxiciteit

Dit proefschrift beschrijft nieuwe farmacologische en toxicologische inzichten in het 

gebruik van thiopurine derivaten (azathioprine (AZA), 6-mercaptopurine (6-MP) en 

6- thioguanine (6-TG)) ter behandeling van inflammatoir darmlijden (de ziekte van 

Crohn (CD) en colitis ulcerosa (CU); IBD)). Azathioprine en 6-MP worden beschouwd als 

klassieke thiopurine derivaten omwille van de langdurige en uitvoerige klinische ervaring 

als onderhoudsmedicament ter voorkoming van een opvlamming van de ziekte. Helaas 

heeft een op de drie IBD patiënten geen baat bij het gebruik omdat het medicijn niet 

effectief is of bijwerkingen geeft. De effectiviteit van klassieke thiopurines is afhankelijk 

van de specifieke groep metabolieten 6-thioguaninenucleotides (6-TGN). Hele hoge 

concentraties van 6-TGN (>450 pmol/8x108 rode bloedcellen (RBC)) zijn geassocieerd met 

het ontwikkelen van beenmergdepressie (myelotoxiciteit). Lage concentraties 6-TGN met 

therapiefalen. De metaboliet 6-methylmercaptopurine (6-MMPR) is weer geassocieerd met 

het ontwikkelen van levertest afwijkingen (hepatotoxiciteit). Een mogelijk optie bij IBD 

patiënten die klassieke thiopurine derivaten niet kunnen verdragen is het gebruik van de 

derde thiopurine 6-TG. Deze thiopurine wordt in slechts één metabole stap omgezet in de 

actieve eindmetaboliet 6-TGN. Hierbij worden geen 6-MMPR gevormd. Wel is het gebruik 

van 6-TG in (relatief) hoge doseringen geassocieerd met histologische lever veranderingen 

(nodulaire regeneratieve hyperplasie (NRH)), mogelijk leidend tot portale hypertensie. 

Hoofdstuk 1
Een overzicht van de huidige literatuur over thiopurine therapie (farmacologie en toxiciteit)  

bij IBD patienten wordt gegeven in hoofdstuk 1.

Hoofdstuk 2
Het ontwikkelen van beenmergdepressie is een ernstige bijwerking van klassieke 

thiopurines. Hoge 6-TGN spiegels zijn geassocieerd met het ontwikkelen van deze 

bijwerking tijdens AZA en 6-MP therapie. Tijdens 6-TG therapie met 40 tot 80 mg per dag 

worden doorgaans 6-TGN spiegels gevonden die vele malen hoger zijn dan tijdens AZA en 

6-MP therapie. In hoofdstuk 2 tonen we aan dat een (relatief) hoge 6-TGN spiegel (>450 

pmol/8x108 RBC) tijdens 6-TG therapie (ongeveer 20 mg per dag) geen risicofactor is 

voor het ontwikkelen van beenmergdepressie. Hoge spiegels bleken ook geen invloed te 

hebben op het hemoglobine-, bloedplaatjes- en witte bloedcellen gehalte in het bloed.
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Hoofdstuk 3
De totale groep van 6-TGN bestaat uit 3 verschillende metabolieten (6-thioguanine-

monofosfaat, 6-thioguanine-difosfaat en 6-thioguanine-trifosfaat (6-TGTP)). Recent werd 

aangetoond dat de specifieke thiopurine eindmetaboliet 6-TGTP zorgt voor een deel van 

de immunosuppressieve werking (apoptosis inductie) van AZA en 6-MP. Deze gegevens 

waren niet bekend voor 6-TG therapie. In hoofdstuk 3 beschrijven we deze metabole 

aspecten tijdens 6-TG therapie ter behandeling van CD. Grote verschillen tussen patiënten 

onderling in de concentraties van 6-TGMP, 6-TGDP en 6-TGTP werden geobserveerd. Een 

goede verklaring voor deze verschillen werd niet gevonden. De totale pool van 6-TGN 

correleerde significant met de concentratie van 6-TGTP. De routine 6-TGN meting tijdens 

6-TG therapie is dus een goede afspiegeling van het 6-TGTP gehalte. Voor de klinische 

praktijk is de bepaling van de totale 6-TGN pool afdoende. 

Hoofdstuk 4
De eerste medicamenteuze stap in de behandeling van CU bestaat uit het gebruik 

van 5-aminosalicylaten (5-ASA). In de literatuur zijn aanwijzingen dat de groep van 

5-ASA preparaten invloed heeft op het metabolisme van AZA en 6-MP. In hoofdstuk 4 

hebben we onderzocht wat de invloed van 5-ASA (Pentasa® Granulaat Sachets) is op 

de twee belangrijkste thiopurine metabolieten 6-TGN en 6-MMP. We observeerden een 

dosisafhankelijke stijging van de 6-TGN concentratie tijdens twee verschillende 5-ASA 

doseringen (40% stijging bij 2 gram 5-ASA per dag en 70% stijging bij 4 gram 5-ASA per 

dag). Het gehalte 6-MMP veranderde niet tijdens deze twee 5-ASA regimes. De activiteit 

van het belangrijke thiopurine enzym thiopurine S-methyltranferase, dat zorgt voor de 

6-MMP aanmaak, wordt dus niet beïnvloed door 5-ASA preparaten omdat de concentratie 

6-MMP niet verandert. Deze studie laat zien dat thiopurine metabolisme (AZA en 6-MP) op 

een dosis-afhankelijke manier wordt beïnvloed door 5-ASA preparaten. Patiënten met IBD, 

bij wie thiopurine therapie faalt door ineffectiviteit, hebben mogelijk baat bij het gebruik 

van 5-ASA naast klassieke thiopurines omdat het gehalte van de farmacologisch actieve 

metaboliet 6-TGN stijgt. 

Hoofdstuk 5
Het gebruik van AZA en 6-MP tijdens de zwangerschap wordt beschouwd als (relatief) 

veilig voor zowel moeder en kind. Het mogelijke teratogene risico weegt niet op tegen 

de eventuele risico’s mocht de ziekte actief worden na het staken van de AZA of 6-MP 

therapie. Ondanks dit pragmatische gebruik van deze klassieke thiopurine derivaten in de 

dagelijkse praktijk, is het onduidelijk in welke mate het kind in utero wordt blootgesteld aan 

het maternale gebruik van AZA of 6-MP. In hoofdstuk 5 beschrijven we drie vrouwen met 

IBD die AZA hebben gebruikt tijdens hun gehele zwangerschap. Thiopurine metabolieten 

6-TGN en 6-MMP werden gemeten in rode bloedcellen van moeder en kind (navelstreng 

bloed), direct na de geboorte. De concentratie 6-TGN was iets lager in het bloed van 
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het kind in vergelijking met de moeder. De metaboliet 6-MMP werd niet gevonden in de 

rode bloedcellen van het kind. De placenta vormt dus een (relatieve) barrière tegen het 

maternale gebruik van AZA. Aan de hand van deze resultaten adviseren we om tijdens de 

behandeling met AZA of 6-MP tijdens een zwangerschap eenmalig het gehalte 6-TGN te 

meten, dit om het ongeboren kind te beschermen tegen extreem hoge (toxische) 6-TGN 

spiegels. 

Hoofdstuk 6
Het gebruik van 6-TG bij IBD patiënten, die AZA of 6-MP niet konden verdragen omwille 

van bijwerkingen, liet op de korte termijn weinig bijwerkingen zien. In hoofdstuk 6 laten 

we zien dat 6-TG therapie in eenzelfde soort groep van 95 patiënten ook op de lange 

termijn goed wordt verdragen. Gekozen werd voor een 6-TG dosering die een 6-TGN 

spiegel zou genereren die ongeveer gelijk was als tijdens standaard AZA of 6-MP therapie 

(ongeveer 20 mg 6-TG per dag met een gemiddelde 6-TGN spiegel van 540 pmol/8x108 

RBC). De meerderheid van de patiënten (79%) gebruikt na een periode van 1 jaar nog 

steeds 6-TG. De patiënten die 6-TG (21%) niet konden verdragen staakten de therapie 

omwille van onder andere: maag-darm bezwaren (31%), algehele malaise (15%) en 

levertestafwijkingen (15%). Een echografisch onderzoek van de lever werd verricht bij 

een groep van 51 patiënten om te screenen op mogelijke hepatotoxische bijwerkingen van 

6-TG therapie. Bij slechts 1 patiënt werden tekenen gezien van portale hypertensie zijnde 

een vergrootte milt. 

Hoofdstuk 7
Nodulaire regeneratieve hyperplasie van de lever is geassocieerd met het gebruik van 

thiopurine derivaten ter behandeling van patiënten met IBD. Het is evenwel onduidelijk of 

de ziekte IBD zelf ook een mogelijk risicofactor is op het ontwikkelen van NRH. Om dit te 

onderzoeken hebben we 85 leverbiopten van IBD patiënten die waren verkregen tijdens 

een chirurgische ingreep, histopathologisch onderzocht. Deze patiënten mochten in het 

verleden geen thiopurines hebben gebruikt. In hoofdstuk 7 beschrijven we de uitkomsten 

van deze evaluatie. In 6% van de leverbiopten werd NRH gevonden. Een hogere leeftijd 

bleek geassocieerd met het voorkomen van NRH. Deze uitkomsten geven aan dat de 

ziekte IBD ook moet worden beschouwd als een risicofactor voor het ontwikkelen van 

NRH. De gerapporteerde associatie tussen thiopurines (in het bijzonder 6-TG) en NRH 

is waarschijnlijk zwakker dan beschreven als gecorrigeerd wordt voor de relatief hoge 

achtergrondprevalentie van 6%. 
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Hoofdstuk 8
Het gebruik van 6-TG (40 tot 80 mg per dag) is in de literatuur in verband gebracht met de 

ontwikkeling van NRH. In hoofdstuk 8 beschrijven we voor het eerst de pathohistologische 

uitkomsten van leverbiopten verkregen uit een unieke serie IBD patiënten na langdurig 

relatief laag maar adequaat gedoseerd 6-TG gebruik als onderhoudsmedicament (20 mg 

6-TG per dag met een gemiddelde 6-TGN spiegel van 442 pmol/8x108 RBC voor een 

gemiddelde periode van 23 maanden). In geen enkel leverbiopt werden tekenen van NRH 

gevonden. We poneren de stelling dat de ontwikkeling van NRH tijdens 6-TG therapie een 

dosis- of 6-TGN spiegel afhankelijke bijwerking is.

Hoofdstuk 9
Teneinde onze stelling dat de ontwikkeling van NRH tijdens 6-TG therapie dosis of 6- TGN 

spiegel afhankelijk is verder te onderbouwen, onderzochten we 28 leverbiopten van 

AZA of 6-MP intolerante IBD patiënten die minimaal 30 maanden adequaat gedoseerd 

6-TG hadden gebruikt. In hoofdstuk 9 bevestigen we deze stelling omdat in 93% van de 

patiënten geen tekenen van NRH werden gevonden. Laboratoriumonderzoek liet tevens 

geen aanwijzingen voor leverschade danwel beenmerg depressie zien. De gemiddelde 

6- TG dosis was 20 mg met een corresponderende 6-TGN spiegel van 564 pmol/8x108 RBC. 

Wij concluderen daarom dat het gebruik van laag-gedoseerd 6-TG zeer waarschijnlijk niet 

leidt tot een verhoogd risico op het ontwikkelen van NRH. 

Hoofdstuk 10
In hoofdstuk 10 beschrijven we een patiënt met CD die tijdens AZA therapie tegelijkertijd 

zowel een beenmergdepressie als een (incomplete) septale levercirrose ontwikkelde. De 

6-TGN spiegel bleek sterk te zijn verhoogd (738 picomoles/8x108 RBC). We beschrijven 

de rol van 6-TGN in de ontwikkeling van bijwerkingen tijdens behandeling met klassieke 

thiopurines. We benadrukken de noodzaak tot frequente poliklinische controle van IBD 

patiënten tijdens thiopurine therapie. 

Hoofdstuk 11
Het gebruik van 6-TG als alternatief na falen van AZA of 6-MP therapie is afgeraden na 

verschillende berichten in de literatuur over de ontwikkeling van leverschade met in het 

bijzonder NRH. Na uitgebreide evaluatie van de beschikbare data over de veiligheid van 

6-TG therapie heeft een Europese werkgroep in 2004 richtlijnen opgesteld voor gebruik 

van 6-TG. In hoofdstuk 11 beschrijven we deze richtlijnen. De indicatie voor 6-TG therapie 

bestaat voor IBD patiënten bij wie therapie met 5-ASA preparaten (CU patiënten),  

AZA/6- MP, methotrexaat (CD patiënten) en/of infliximab heeft gefaald. De dosering van 

6-TG mag niet hoger zijn dan 25 mg per dag. Routine laboratoriumonderzoek is nodig. 

Ook is een histologische evaluatie van een leverbiopt verkregen na 6-12 maanden 6-TG 

gebruik, gevolgd door een biopt na 24 maanden en dan elke 3 jaar, noodzakelijk.  
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Conclusie
Concluderend beschrijft dit proefschrift nieuwe farmacologische inzichten van therapie 

met thiopurines in IBD patiënten en het gebruik van 6-TG als een relatief veilig alternatief 

na falen van AZA en/of 6-MP therapie. Monotherapie AZA of 6-MP kan worden versterkt 

door daarnaast ook 5-ASA preparaten te gebruiken omdat de 6-TGN spiegels daardoor 

zullen stijgen. De prevalentie van NRH in non-thiopurine gebruikende IBD patiënten is 

6%. De ontwikkeling van NRH tijdens 6-TG therapie lijkt een dosis (danwel 6-TGN spiegel) 

afhankelijk fenomeen. Hoge 6-TGN spiegels tijdens 6-TG therapie zijn niet geassocieerd 

met de ontwikkeling van beenmergdepressie. Tijdens de zwangerschap vormt de placenta 

een relatieve barrière tegen maternaal AZA gebruik omdat bleek dat de 6-TGN spiegels in 

moeder en kind ongeveer gelijk waren maar geen 6-MMP metabolieten in het kind werden 

gemeten. Door eenmalig een 6-TGN spiegel te bepalen tijdens de zwangerschap kunnen 

extreem hoge 6-TGN spiegels in het ongeboren kind worden vermeden. 
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AE  adverse event 

AIH  autoimmune hepatitis

ALAT  alanine transaminase 

ASAT  aspartate transaminase

AP  alkaline phosphatase

AZA  azathioprine

CD  Crohn’s disease

CRP  c-reactive protein

DPK  diphosphate kinase

ESR  erythrocyte sedimentation   

  rate

GGT  gamma-glutamyltransferase

GMPS  guanosine monophosphate  

  synthetase

GPS  global physician score

Hb  hemoglobin

H&E  hematoxylin and eosin

HPLC  high performance liquid   

  chromatography

HPRT  hypoxanthine 

  phosphoribosyl transferase

IBD  inflammatory bowel disease

IC  indeterminate colitis

IMPD  inosine monophosphate   

  dehydrogenase

ITPase  inosine triphosphate   

  pyrophosphatase

LDH  lactate dehydrogenase

MCV  mean cellular volume

MPK  monophosphate kinase

MRI  magnetic resonance   

  imaging

MTX  methotrexate

N-acetyl-5-ASA n-acetyl-5-aminosalicylate

NRH  nodular regenerative   

  hyperplasia

RBC  red blood cell

SD sinusoidal dilatation

TPMT thiopurine S-methyltransferase

UC ulcerative colitis

VOD veno-occlusive disease

XO xanthine oxidase

5-ASA 5-aminosalicylates

6-MP 6-mercaptopurine

6-MMP 6-methylmercaptopurine

6-MMPR 6-methylmercaptopurine-  

 ribonucleotides

6-MTG  6-methyl-thioguanine

6-MTIDP  6-methyl-thioinosine-   

 diphosphate

6-MTIMP  6-methyl-thioinosine-   

 monophosphate

6-MTITP  6-methyl-thioinosine-   

 triphosphate

6-TG 6-thioguanine

6-TGDP 6-thioguanine-diphosphate

6-TGMP 6-thioguanine-   

 monophosphate

6-TGN 6-thioguaninenucleotides

6-TGTP 6-thioguanine-triphosphate

6-TIDP  6-thioinosine-diphosphate

6-TIMP 6-thioinosine-monophosphate

6-TITP  6-thioinosine-triphosphate

6-TUA 6-thiouric-acid

6-TXMP 6-thioxanthosine-   

 monophosphate

List of abbreviations
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