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Abstract
Misconceptions are common in the care of patients 
with inflammatory bowel disease (IBD). In this paper, 
we state the most commonly found misconceptions in 
clinical practice and deal with the use of 5-aminosali-
cylates and thiopurines, to review the related scientific 
evidence, and make appropriate recommendations. 
Prevention of errors needs knowledge to avoid making 
such errors through ignorance. However, the amount 
of knowledge is increasing so quickly that one new 
danger is an overabundance of information. IBD is a 
model of a very complex disease and our goal with this 
review is to summarize the key evidence for the most 
common daily clinical problems. With regard to the use 
of 5-aminosalicylates, the best practice may to be con-
sider abandoning the use of these drugs in patients with 
small bowel Crohn’ s disease. The combined approach 
with oral plus topical 5-aminosalicylates should be the 
first-line therapy in patients with active ulcerative colitis; 
once-daily treatment should be offered as a first choice 
regimen due to its better compliance and higher efficacy. 

With regard to thiopurines, they seem to be as effective 
in ulcerative colitis as in Crohn’ s disease. Underdosing 
of thiopurines is a form of undertreatment. Thiopurines 
should probably be continued indefinitely because their 
withdrawal is associated with a high risk of relapse. Mer-
captopurine is a safe alternative in patients with digestive 
intolerance or hepatotoxicity due to azathioprine. Finally, 
thiopurine methyltransferase (TPMT) screening cannot 
substitute for regular monitoring because the majority of 
cases of myelotoxicity are not TPMT-related.
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INTRODUCTION
Daily clinical practice requires constant decision mak-
ing, and each is open to possible errors[1-6]. Misconcep-
tions are very common in clinical practice, but can be 
prevented[1-5]. More than 10 years ago, the Institute of  
Medicine issued its groundbreaking report, “To err is 
human: building a safer health system”, which revealed 
that approximately 100 000 Americans die each year 
from preventable errors in hospitals[7]. The publication 
fundamentally changed the debate about health care 
quality in the United States and reconfigured how we 
think about the quality of  care; attracted great interest 
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among payers and employers for improvement of  care 
and patient safety; and produced substantial increases 
in research support[2]. In fact, safety issues have been a 
key factor in many human activities during the past few 
decades, and it is shocking how late the general culture 
of  safety is reaching the health-care business. As recently 
summarized in a must-read book[8], “to get things right” 
can be a complex task but an indispensable one.

It has been pointed out that variation itself  is a natural 
consequence of  medicine being as much art as science, 
and thus some basal level of  variation is to be expected[9]. 
However, in many instances, the current process of  care 
exceeds the expected levels of  natural variation, and at 
times may be extreme to the point of  possibly indicating 
suboptimal overall care[9]. Medical advances have gener-
ated an increase in scientific literature and have made 
decision making more complex. From a scientific point 
of  view, evidence-based medicine provides various highly 
useful tools for patient treatment, including clinical guide-
lines or consensus documents. However, frequent digres-
sions from evidence-based recommendations and pub-
lished guidelines exist, despite the wide dissemination of  
practice guidelines, which denotes poor quality of  care[9-12].

When faced with the same set of  facts, healthcare pro-
viders often make different diagnoses, employ different 
tests, and prescribe different therapies[9,13]. Wide practice 
variations might have several explanations, including the 
need for more evidence to determine the best course of  
action; the possibility that multiple approaches might be 
equally effective for a clinical scenario; or the need for 
existing evidence to be more effectively consolidated into 
guidelines and disseminated into practice[12]. Despite the 
wide dissemination of  practice guidelines, clinical path-
ways and utilization review protocols, extreme variation 
continues to exist throughout all fields of  medicine[9-11]. 
Within the field of  gastroenterology, inflammatory bowel 
disease (IBD) is likely to generate diversions from clini-
cal guidelines and extreme variations in the process of  
care[12,14-16]. There are at least three factors that establish 
IBD as a target for variation[9]: (1) the diagnosis of  IBD 
is often uncertain, and this diagnostic uncertainty may 
lead to a potentially arbitrary sequence of  diagnostic test-
ing with various modalities; (2) the presentation of  IBD 
is heterogeneous, and the multiple presentations of  IBD 
mandate different diagnostic and therapeutic approaches; 
and (3) the treatments for IBD are themselves varied, and 
new treatments are always being developed and dissemi-
nated. It has been emphasized that demonstration of  sig-
nificant variations in the process of  care in IBD indicates 
a need to disseminate better the available information in 
this area. Furthermore, identifying specific factors that 
predict extremes in resource utilization and clinical prac-
tice may allow for improved targeting of  areas where doc-
tor knowledge or education is inadequate[9].

Although experts and community providers are in 
general consensus about diagnostic decision making in 
Crohn' s disease, extreme variation exists both between 
and within groups for key therapeutic decisions in this 
disease[9]. When the standard of  outpatient care provided 

has been evaluated, it has been demonstrated that the 
specialist IBD clinic provides better care than the non-
specialist general gastroenterology clinics; even in the 
specialist clinic, however, the care of  a relevant minority 
of  patients does not fulfill certain criteria[17]. Some authors 
have performed a vignette survey to measure variations 
in decision making in areas of  controversy dealing with 
ulcerative colitis, and have concluded that community 
gastroenterologists and ulcerative colitis experts vary dra-
matically in their approach to many areas of  uncertainty, 
which suggests that current practice patterns are highly 
disparate and focus attention on specific areas of  discon-
nect that should be further investigated[12]. Finally, a recent 
study has aimed to determine whether patients referred 
for a second opinion were receiving therapy in accordance 
with practice guidelines; it was concluded that patients 
with IBD often do not receive optimal medical therapy[18].

Our aim was to review several common misconcep-
tions in the management of  IBD. We focus on ambulatory 
patients who have predominantly mild or moderate dis-
ease treated with 5-aminosalicylates (5-ASAs) and thiopu-
rines; the two most widely used drugs in IBD. Although 
decision making in the outpatient setting appears to be 
less difficult than in hospital situations, the reality of  every 
day care makes human errors even more possible in out-
patients. Thus, in the clinical setting, decisions need to be 
made immediately, with the pressure of  limited time, and 
the understanding that an enormous variety of  possible 
clinical situations exist. The approach taken in this paper 
is to state the most commonly found misconceptions in 
clinical practice, to review the related scientific evidence, 
and finally propose appropriate recommendations.

5-AMINOSALICYLATES
Aminosalicylates are the undisputed first-line option for 
treating and maintaining remission in ulcerative coli-
tis[19-24]. Furthermore, they may have chemopreventive 
properties against colorectal cancer[25]. However, the role 
that these drugs may play in the management of  Crohn’ s 
disease has been controversial.

5-ASA drugs are as effective for the treatment of Crohn’ s 
disease as for ulcerative colitis
Initially published trials have shown that oral aminosalicy-
lates are effective treatment for active ileal, ileocolic, or 
colonic Crohn’ s disease[26,27]. Sulfasalazine 3-6 g/d is ef-
fective in patients with colonic, but not in those with small 
bowel disease[28,29]. Asacol is effective in ileocolic or colon-
ic disease[30] and Pentasa has been reported to be effective 
for ileitis, ileocolitis and colitis[31]. As a consequence, me-
salazine has become a popular treatment for mild Crohn’ s  
disease. However, more recently, a meta-analysis of  the 
three placebo-controlled trials of  Pentasa 4 g/d for ac-
tive Crohn’ s disease for 16 wk in a total of  615 patients, 
showed a mean reduction of  the Crohn’s disease activity 
index (CDAI) of  63 points, compared to 45 points for 
placebo (that is, a difference of  only 18 points)[32]. 

Although this confirmed that a time-dependent de-
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layed release formulation of  mesalazine, Pentasa 4 g/d, 
is superior to placebo, the clinical significance of  the 
reduction in CDAI is debatable because in individual tri-
als, a 70- to 100-point decrease generally is required to 
establish clinical efficacy[32]. From these data, an alterna-
tive conclusion seems to be more plausible; namely, that 
Pentasa is ineffective for the treatment of  symptomatic 
Crohn’ s disease[33]. Thus, at this stage, mesalazine should 
be considered clinically no more effective than placebo 
for active ileal or colonic Crohn’ s disease[33]. Accordingly, 
the European Crohn’ s and Colitis Organization (ECCO) 
have concluded, “the benefit of  mesalazine is limited”[26,27]. 
Therapeutic agents now exist that offer safe and highly 
effective alternatives to 5-ASA for the treatment of  mild-
to-moderate Crohn’ s disease[34]. Specifically, in ileal or 
ileocolonic disease, budesonide provides the benefits of  
prednisone with less systemic side effects[35].

When faced with the same set of  facts, healthcare pro-
viders often make different diagnoses, employ different tests, 
and prescribe disparate therapies. Esrailian et al[9] have con-
structed a survey with five vignettes to elicit provider be-
liefs regarding the appropriateness of  therapies in Crohn’ 
s disease. The authors measured agreement between com-
munity gastroenterologists and Crohn’ s disease experts 
(the latter following, theoretically, more closely practice 
guidelines recommendations), and measured variation 
within each group. In the management of  a patient with 
newly diagnosed Crohn’ s disease, 75% of  community 
providers endorsed the use of  5-ASA products, whereas 
less than half  of  experts (44%) employed 5-ASA thera-
pies.

In summary, in the setting of  modest efficacy and 
more potent alternatives, the best practice may be to 
consider abandoning the use of  5-ASA in patients with 
small bowel Crohn’ s disease, until the appropriate patient 
population where these drugs may theoretically be effec-
tive is better delineated[33,34].

The combination of oral and topical 5-ASA treatment is 
not necessary, as each treatment on its own is similarly 
effective
Pharmacokinetic studies have demonstrated that, when 
given per os, the active moiety of  mesalazine is delivered 
mainly to the distal ileum and proximal large bowel, thus 
ensuring a higher mucosal drug concentration in the 
right than in the left colon, with only negligible amounts 
of  the drug reaching the rectal mucosa[36,37]. The increase 
in the oral dosage further increases the mucosal concen-
tration in the proximal colonic segments, but does not 
significantly modify distal drug distribution[38]. Converse-
ly, topical mesalazine administration assures considerable 
drug availability in the recto-sigmoid sites and, to a lower 
extent in the descending colon[39-41]. Therefore, it ap-
pears that, to increase mucosal mesalazine concentration 
in ulcerative colitis patients, along the entire length of  
their large bowel, besides oral dosage, topical treatment 
should be given[42].

As David Sachar has accurately emphasized, a form of  
undertreatment is overlooking the benefits of  topical for-

mulations[16]. The advantages of  the combination of  oral 
and topical aminosalicylates have been demonstrated for 
both inducing ulcerative colitis remission and for main-
taining it. For treatment of  an acute flare of  the disease, 
on one hand, an already considered classic trial on patients 
with distal colitis has shown that combined therapy works 
more rapidly and effectively compared to oral or topical 
therapy alone[43]. Accordingly, the ECCO states that “left-
sided active ulcerative colitis of  mild-moderate severity 
should initially be treated with topical aminosalicylates 
combined with oral mesalazine. Mesalazine alone is also 
effective, but less effective than combination therapy”[44]. 
The beneficial effect of  the combined regimen has also 
been confirmed in extensive colitis by Marteau et al[45]. 
Furthermore, patient-reported health-related quality of  
life in data collected from this study was investigated, and 
it was concluded that combined oral plus topical mesala-
zine treatment significantly improved this important pa-
rameter in patients with active ulcerative colitis[46].

On the other hand, there have been several random-
ized controlled trials comparing combination treatment, 
including oral mesalazine plus intermittent mesalazine 
enema, to oral mesalazine alone for maintaining remis-
sion[42,47-49], and success rates have been higher in pa-
tients receiving the combination regimen. Furthermore, 
combined oral and topical 5-ASA therapy also appear to 
have a favorable cost-effectiveness ratio in pharmaco-
economic analyses[47,48].

Although most authors have claimed that patients 
find long-term rectal treatment acceptable, a postal sur-
vey of  British patients has shown that 80% preferred 
oral treatment alone[50]. Therefore, this form of  combi-
nation treatment (with the aim of  maintaining remission) 
could be appropriate and may be reserved for patients 
with a high probability of  suffering relapse, because it 
has been demonstrated that the continuous use of  topi-
cal mesalazine, associated with a high oral dosage, signif-
icantly improves the clinical course of  ulcerative colitis 
in patients at high risk of  relapse[42]. Thus, adding rectal 
therapy is a treatment option for patients who have re-
lapsed on oral 5-ASA alone[44]. 

In summary, owing to the superiority of  the combined 
approach - oral plus topical 5-ASA - it should be used 
as first-line treatment in patients with ulcerative colitis; 
mainly in those with predominant rectal syndrome[51].

Total 5-ASA dose should be divided at least twice daily, 
because a single daily dose is less effective
Oral 5-ASA is an established treatment for ulcerative 
colitis and the current standard of  care for most patients 
requiring long-term maintenance treatment throughout 
their lives[52]. However, adherence rates - particularly in 
patients in remission - may be as low as 40% outside of  
the clinical trial setting[53]. It is now becoming relevant to 
find tools that improve patient adherence to treatment[54], 
as it has been found that multiple dosing is a predictor 
of  non-compliance in IBD[55] and is related to a signifi-
cantly increased risk of  ulcerative colitis flare-ups[56]. 

Formulations to deliver 5-ASA to the disease activity 
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site, both orally and topically, have been often inconve-
nient and have classically required multiple daily dosing[57]. 
Such regimens can interfere with normal life and reduce 
the overall quality of  life, with a negative impact on treat-
ment adherence and poorer long-term outcomes[52]. Thus, 
ulcerative colitis patients cite treatment regimen complex-
ity, tablet quantity and dose frequency as key negative in-
fluencers of  adherence[52,57].

Pharmacokinetic studies in healthy volunteers have 
suggested that once-daily dosing may be an effective 
option in patients with ulcerative colitis. Hussain et al[58] 
have shown that serum, urinary, fecal, and rectal tissue 
concentrations are similar for once and three times daily 
mesalamine dosing regimens. Also, in a recent study, 4 g 
oral ethylcellulose-coated mesalamine given once daily 
was bioequivalent to a twice-daily regimen after single or 
repeated administration[59].

A new oral delayed-release formulation of  mesala-
zine utilizing Multi Matrix System (MMX) technology 
was recently approved[60,61]. It is a high-dose (1.2 g/tab-
let), delayed-release form. Several studies with MMX 
have shown that mesalamine can be administered once-
daily[62-64]. What is most important is that not only the 
new once-daily mesalazine formulations, but also older 
forms of  5-ASA may be administered in a single daily 
dose; apparently with adequate effects.

Response to 5-ASA is better correlated with tissue 
concentrations and best predicted by concentrations of  
the drug within the lumen of  the colon. Some authors 
have used computer simulation to predict colonic 5-ASA 
levels after Asacol administration[65]. An Asacol dosage 
of  800 mg, three times daily, was compared to 2400 mg 
given once daily. The predicted maximum and average 
5-ASA concentrations in the total colon and individual 
colonic segments differed by < 10% between dosing 
regimens. This model supports once-daily administration 
of  5-ASA as standard treatment for ulcerative colitis.

In a initial pilot clinical study, patients were random-
ized to receive either once daily or conventional (twice or 
three times daily) mesalazine for maintenance of  remis-
sion in ulcerative colitis[66]. After 6 mo, patients in the 
once-daily arm appeared more satisfied with their regimen 
and consumed more medication than those in the con-
ventional arm (90% vs 76%). More recently, preliminary 
results from a randomized trial have confirmed these en-
couraging results[67]. 

Data for the administration of  a single daily dose of  
5-ASA are available for both the induction and mainte-
nance of  remission of  ulcerative colitis. On one hand, 
some authors have determined the therapeutic equiva-
lence and safety of  once-daily vs three times daily dosing 
of  a total daily dose of  3 g Salofalk granules in patients 
with active ulcerative colitis[68]. On the other hand, other 
authors have confirmed this equivalence for patients 
with quiescent ulcerative colitis[69]. The results of  the 
first long-term efficacy trial of  maintenance therapy (with 
Pentasa as the 5-ASA) showed that 71% of  patients re-
ceiving a single daily dose of  2 g mesalazine remained in 

remission, as compared to 59% of  those taking 1 g twice 
daily; the differences being statistically significant[69]. Pa-
tients with ulcerative colitis given 5-ASA once daily had 
better remission rates, acceptability, and self-reported ad-
herence to therapy compared with patients given 5-ASA 
twice daily. Another study was conducted to determine 
the efficacy and safety of  once-daily dosing of  delayed 
release mesalamine (Asacol) compared with twice-daily 
dosing for maintaining remission in ulcerative colitis 
patients, and demonstrated equivalent results with both 
regimens[70].

The totality of  these data suggests that the success 
of  once-daily dosing for all of  these compounds may 
be due to the pharmacodynamic properties of  5-ASA, 
and may not depend on the specific characteristics of  
the formulation determining drug delivery[70]. In other 
words, given comparable efficacy between once-daily and 
divided dosing regimes for the treatment of  ulcerative 
colitis with mesalazine MMX, and also with other 5-ASA 
formulations, the effect is likely to be generic rather than 
compound specific[44].

In summary, once-daily treatment should be offered as 
a first-choice regimen to ulcerative colitis patients. Indeed, 
the availability of  treatments that can be taken once daily 
allows increased flexibility to tailor therapy according to 
patient preference and lifestyle, and may also have the 
potential to enhance compliance[69]. In fact, improved ef-
ficacy with once-daily dosing seems to be at least partly 
related to improved compliance[69]. These results and 
subsequent recommendations reinforce the principle that 
continued medication consumption, rather than actual 
drug regimen, is important in preventing disease relapse[67]. 
Also, that adherence, rather than medication regimen, ap-
pear to be important in disease outcome, mainly in the 
long term[67].

AZATHIOPRINE AND MERCAPTOPURINE
Thiopurine drugs azathioprine and mercaptopurine have 
been shown to be effective at inducing and maintain-
ing remission in IBD[71,72]. These drugs are becoming 
increasingly popular, and their use is, at present, being 
considered at earlier phases of  the disease than before.

Correct dose of azathioprine for Crohn’ s disease is 1-2 mg/
kg, because higher doses are not more effective and are 
associated with increased adverse effects
The choice of  azathioprine and mercaptopurine dose is 
generally based on the patient’s weight, with the inten-
tion to achieve the highest therapeutic efficacy and, at the 
same time, to reduce the incidence of  adverse effects[73-75]. 
Based on reported clinical trials, the most effective doses 
appear to be azathioprine 2.0-3.0 mg/kg and mercapto-
purine 1.0-1.5 mg/kg, although there has not yet been a 
head-to-head comparison at various dose levels or a com-
parative trial evaluating the efficacy of  mercaptopurine 
versus azathioprine in patients with IBD[76].

A meta-analysis has been performed to evaluate the 
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efficacy of  these agents for the maintenance of  remis-
sion of  quiescent Crohn’ s disease[77]. The pooled analy-
sis for maintaining remission was stratified by the dose 
of  azathioprine. When the maintenance therapy data 
were analyzed for the effect of  azathioprine dose (1.0-2.5 
mg/kg per day), the odds ratio (OR) for response in-
creased from 1.20 (95% CI: 0.60-2.41) at 1.0 mg/kg per 
day to 3.01 (95% CI: 1.66-5.45) at 2.0 mg/kg per day, 
and to 4.13 (95% CI: 1.59-10.71) at 2.5 mg/kg per day. 
Thus, a common error is to step up the treatment strate-
gy, giving up on thiopurine drugs (for example changing 
from these drugs to anti-tumor necrosis factor (TNF)α, 
before being absolutely sure that they have been admin-
istered at correct, maximal doses[16]. 

In summary, a form of  undertreatment with thio-
purines is underdosing[16]. The habit of  automatically 
administering mercaptopurine or azathioprine at fixed 
doses of  50 mg/d should have been long abandoned, 
as higher doses of  azathioprine (2.5 mg/kg per day) are 
more effective than lower doses (1.0 or 2.0 mg/kg per 
day) for treating Crohn’ s disease.

Azathioprine and mercaptopurine are ineffective in ul-
cerative colitis (or, at best, much less effective than in 
Crohn’ s disease)
Thiopurine drugs are the gold-standard treatment for 
steroid-dependent Crohn’ s disease, because these drugs 
have been shown to be effective both at inducing and 
mainly, maintaining remission of  the disease[71,72]. In ad-
dition, a clear steroid-sparing effect in active or quiescent 
Crohn’ s disease has been observed with azathioprine/
mercaptopurine therapy[71,72]. However, debate exists 
regarding whether thiopurine therapy is as effective in 
ulcerative colitis as it is in Crohn’ s disease[78]. There have 
been surprisingly few randomized controlled trials, most 
of  which were performed several decades ago and suf-
fered from small sample sizes, used inadequate dosing 
of  azathioprine, had ambiguous endpoints, and other 
methodological limitations[79].

Some meta-analyses have evaluated the efficacy of  
azathioprine/mercaptopurine in patients with ulcerative 
colitis[80-82]. The first one[80], which included studies up 
to the year 2003, identified only four clinical trials, and 
the pooled OR of  the response to azathioprine therapy 
compared with placebo for the maintenance of  remis-
sion was 2.26 (95% CI: 1.27-4.01). In the second meta-
analysis[81], the literature search was performed up to the 
year 2006, and azathioprine was also shown to be supe-
rior for the maintenance of  remission compared to pla-
cebo. Finally, the results of  the most recent meta-analysis 
comparing azathioprine/mercaptopurine vs placebo or 
5-ASA for the maintenance of  remission in ulcerative 
colitis[82] has been published in 2009, and included six 
studies[83-88]. A therapeutic benefit of  azathioprine, both 
overall (OR: 2.56; 95% CI: 1.51-4.34) and, particularly, 
when azathioprine was compared with placebo (OR: 2.59; 
95% CI: 1.26-5.3), was demonstrated[82]. The number 
needed to treat (NNT) to prevent one recurrence with 

azathioprine/mercaptopurine, when compared with pla-
cebo, was only five (which compares favorably with the 
NNT of  seven reported with azathioprine in Crohn’ s 
disease[71]). These favorable results were confirmed when 
the experience from the non-controlled studies were re-
viewed: when these drugs were evaluated for the mainte-
nance of  remission of  ulcerative colitis, the efficacy rate 
was as high as 76%[82].

A clinically meaningful steroid-sparing effect is 
achieved by thiopurine treatment, not only in Crohn’ s dis-
ease patients but also in ulcerative colitis[89-92]. The number 
of  cumulative hospitalizations significantly decreases dur-
ing azathioprine treatment, both in Crohn’ s disease and in 
ulcerative colitis patients[92,93]. Furthermore, the cumulative 
number of  surgical interventions in patients treated with 
azathioprine/mercaptopurine has been reported to also be 
significantly lower after starting thiopurine treatment than 
before[92]. Finally, some authors have evaluated mortality 
by IBD medication, and have found that use of  immu-
nomodulators (mainly azathioprine and mercaptopurine) 
were associated with 50% decreased mortality in ulcerative 
colitis[94].

Few studies have directly compared thiopurine therapy 
efficacy between ulcerative colitis and Crohn’ s disease. 
Kull et al[95] have compared the 6-mo efficacy of  azathio-
prine in patients with both diseases, and found that clinical 
remission rates were slightly higher for ulcerative colitis 
than for Crohn’ s disease (77% vs 70%); furthermore, 
complete corticosteroid weaning was obtained significantly 
more often in ulcerative colitis than in Crohn’ s disease 
patients (59% vs 30%). Verhave et al[96] have concluded that 
patients with ulcerative colitis treated with azathioprine 
respond similarly to their Crohn’ s disease counterparts. 
Moreover, they have determined that the beneficial effect 
occurs 1 mo sooner in ulcerative colitis patients than in 
Crohn’ s disease patients. Fraser et al[97] have shown that 
azathioprine was more likely to achieve remission in pa-
tients with ulcerative colitis than Crohn’ s disease (58% 
vs 45%), but was equally effective for the maintenance of  
remission. This study is also worth mentioning because of  
the long mean follow-up of  patients, which provides valu-
able information to the clinician. In the study by Bastida et 
al[98], the beneficial effect of  azathioprine was independent 
of  the type of  IBD. Finally, Gisbert et al[92] have found in 
a recent prospective study that azathioprine was similarly 
effective for Crohn’ s disease and ulcerative colitis patients 
(49% vs 42%). Furthermore, azathioprine treatment result-
ed in a similar reduction in the number of  hospitalizations 
and surgical procedures in both diseases[92]. 

In summary, it may be concluded that azathioprine 
and mercaptopurine seem to be at least as effective in 
ulcerative colitis as in Crohn’ s disease patients.

Withdrawal of azathioprine should be recommended 
after several years if the patient is in remission
A form of  undertreating with antimetabolites is sus-
pending or discontinuing them too soon. Although aza-
thioprine and mercaptopurine are effective for maintain-
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ing remission in Crohn’ s disease[99], no safe number of  
years has been determined after which these medications 
can be withdrawn without risk of  relapse[16]. 

With the acceptance that Crohn’ s disease is a chron-
ic illness that needs long-term chronic therapy and the 
adoption of  more aggressive goals of  therapy (steroid-
free remission, avoidance of  surgery, and even mucosal 
healing), continuing an effective maintenance therapy 
is increasingly advised[100]. However, given the small but 
finite risk of  significant adverse effects, coupled with 
the need for long-term therapy in patients who are often 
young and otherwise healthy, stopping immunomodula-
tors in a patient in remission remains appealing[100,101].

The ECCO states that “for patients in remission on 
azathioprine as maintenance treatment, cessation may be 
considered after four years of  ”remission”[26,27]. It is also 
stated that “benefit and risks of  continuing azathioprine 
should be discussed with individual patients”[27]. How-
ever, there has been no consensus about the duration of  
the treatment once remission has been obtained.

A retrospective study published in 1996 has sug-
gested that withdrawal of  azathioprine might be possible 
in patients who have been in complete remission without 
steroids for longer than 3.5 years, because the 2-year 
relapse rate seems similar whether the treatment is con-
tinued or stopped after this time[102]. This uncontrolled 
observation on a small subset of  patients required con-
firmation by a prospective controlled trial. Therefore, Le-
mann et al[101] subsequently performed a multicenter, ran-
domized, double-blind, noninferiority withdrawal trial. 
Patients who were in clinical remission on azathioprine 
for > 42 mo were randomized to continue azathioprine 
or to receive an equivalent placebo for 18 mo. Kaplan-
Meier estimates of  the relapse rate at 18 mo were 8% 
and 21%, respectively. Therefore, this study shows that 
azathioprine withdrawal is not equivalent to continued 
therapy with azathioprine for maintenance of  remission 
in patients with Crohn’ s disease who have been in remis-
sion on azathioprine for > 3.5 years. Consequently, the 
authors have concluded that azathioprine maintenance 
therapy should be continued beyond 3.5 years[101].

More recently, a cohort study of  66 patients in pro-
longed remission while being treated with azathioprine 
who stopped azathioprine, during or at the end of  the 
aforementioned randomized controlled trial, underwent 
long-term follow-up evaluation[103]. The cumulative prob-
abilities of  relapse at 1, 3 and 5 years were 14%, 53%, 
and as high as 63%, respectively. In other words, two 
thirds of  subjects still relapsed by 5 years when taken 
off  azathioprine. This suggests that in many patients 
with Crohn’ s disease, azathioprine withdrawal is not a 
feasible alternative, even after years of  control, because 
it is associated with a high risk of  relapse, whatever the 
duration of  remission under this treatment[100]. 

In addition, two retrospective surveys have reported 
relapse rates after azathioprine or mercaptopurine with-
drawal of  66%[97] and 85%[104], respectively, at 3 years. An-
other study[105] has reported the outcome of  29 patients in 

remission under continuous treatment with azathioprine 
for 2 years or more, randomized for continuation or with-
drawal of  azathioprine. At 1 year after randomization, the 
remission rate in each group was 85% and 47%, respec-
tively (P < 0.05). 

Discussion regarding the duration of  an effective 
azathioprine treatment mainly concerns two points: (1) 
the magnitude of  the relapse risk after stopping the drug; 
and (2) the toxicity of  prolonged treatment[101]. As with 
all other agents, there will be some cost in relation to po-
tential adverse events, including rare cases of  infections 
and neoplasia that are probably related to the level of  im-
munosuppression[106]. When the overall risks and benefits 
of  prolonged maintenance therapy with azathioprine are 
balanced, it is likely that most clinicians and patients will 
accept the small, as yet unquantified, risk of  a lymphoid 
malignancy, and the small risk of  opportunistic infections, 
to prevent the ongoing morbidity and impact on quality 
of  life that are related to the chronic symptomatic activity 
of  Crohn’ s disease[106].

In conclusion, even after a long duration of  clinical 
remission under azathioprine, withdrawal of  this drug 
is associated with a high risk of  relapse. Therefore, as in 
transplanted patients, azathioprine maintenance therapy 
should probably be continued indefinitely in patients with 
Crohn’ s disease once remission has been achieved[103,107].

In IBD patients who develop azathioprine digestive 
intolerance, thiopurine drugs should be definitively 
withdrawn
Azathioprine intolerance remains an important clinical 
problem in patients with IBD, which leads to withdrawal 
of  therapy in up to 30% of  patients[73]. In particular, its 
use is limited due to digestive intolerance in 10%-15% 
of  patients[73]. This often mandates treatment with meth-
otrexate, an alternative second-line immunosuppressive 
therapy in patients with Crohn’s disease, or more recent-
ly, anti-TNF therapy. For patients with ulcerative colitis, 
colectomy may be precipitated in some individuals by 
azathioprine intolerance. 

However, it has been suggested that the thiopurine 
drugs azathioprine and mercaptopurine could be inter-
changeable. Thus, an alternative strategy for azathioprine 
intolerance (mainly due to nausea or vomiting) is treat-
ment with mercaptopurine (or vice versa). Several case 
series have addressed this question and have shown that 
mercaptopurine is tolerated in > 50% of  azathioprine-
intolerant patients (range: 47%-73%)[108-113].

In summary, treatment with mercaptopurine is a safe 
alternative in patients with IBD and previous digestive 
intolerance of  azathioprine. Given the mild character 
of  these symptoms, these patients may be cautiously 
switched to mercaptopurine (or vice versa) before being 
considered for other therapy or surgery[76].

Systematic blood controls may be avoided if thiopurine 
methyltransferase phenotype/genotype is normal
Azathioprine and mercaptopurine are inactive compounds 
that must be metabolized to 6-thioguanine nucleotides 
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(6-TGNs) to exert their cytotoxic and immunosuppressive 
properties. Thiopurine methyltransferase (TPMT) metab-
olizes mercaptopurine into inactive 6-methylmercaptopu-
rine[114]. Therefore, reduction in TPMT activity predispos-
es to bone marrow suppression because of  preferential 
metabolism of  mercaptopurine to 6-TGN[115]. Quantifica-
tion of  TPMT activity has been considered a promising 
area, because it may identify unique metabolic profiles in 
patients at high risk of  adverse reactions prior to drug 
exposure[115]. Thus, high concentrations of  6-TGN are 
detected in patients with low activity of  TPMT, while low 
concentrations of  these metabolites are found in patients 
with high TPMT activity, although not all studies have 
demonstrated this inverse correlation[116-120].

Several studies have reported a correlation between 
TPMT phenotype/genotype and the risk of  myelotoxic-
ity[115]. Homozygous patients for the low TPMT activity 
allele have an increased risk of  suffering severe myelotox-
icity due to excessive accumulation of  6-TGN[115]. It has 
been reported that the probability of  having a complete 
TPMT deficiency or being homozygous for this enzyme 
is > 6 times higher among patients who have had a 
myelosuppression episode, when compared with those 
patients with good tolerance to thiopurine drugs[121]. Fur-
thermore, other authors have even found an incidence 
of  myelotoxicity of  up to 100% in patients who are ho-
mozygous for the low activity allele[122]. However, some 
authors have reported that TPMT genotype/phenotype 
does not predict myelotoxicity in IBD patients treated 
with thiopurine drugs[123-132]. In this respect, a recent study 
has prospectively evaluated whether the choice of  azathi-
oprine or mercaptopurine dose based on TPMT activity 
prevents myelotoxicity in IBD patients. Among the four 
patients with myelotoxicity, one had intermediate basal 
TPMT levels, and three even had high levels, but no pa-
tient had low levels[133]. Finally, several studies have dem-
onstrated that TPMT deficiency phenotype or genotype 
explains a variable proportion of  myelotoxicity cases, but 
in no way explains all episodes of  bone marrow suppres-
sion[116-122,125,128,129,134-142].

In summary, the majority of  cases of  leukopenia are 
not TPMT-related and therefore TPMT screening can 
never be viewed as a substitute for the current practice of  
regular monitoring of  white blood cell counts. For this 
reason, it may be concluded that several factors (e.g., en-
vironmental and pharmacological) not related to TPMT 
activity may be responsible for azathioprine myelotoxicity, 
and systematic blood controls (complete blood count; 
mainly leukocyte count) should be done in these patients 
despite the function of  this enzyme being normal.

Azathioprine should always be stopped and non-thio-
purine therapy used instead if liver abnormalities are 
detected
Acute hepatocellular and cholestatic hepatitis have both 
been described during thiopurine therapy[143,144]. A small 
percentage of  patients present with slight elevation of  
liver tests that do not have clinical implications, and ab-

normalities in liver tests return to normal during follow-
up, which indicates that it is not always necessary to adjust 
immunomodulator dose. For example, abnormal liver 
tests resolved spontaneously while continuing on mer-
captopurine in four out of  five patients in the study by 
George et al[145], and in three out of  four patients in the 
study by Markowitz et al[146]. 

When abnormalities in liver tests are more marked, 
but without associated jaundice, the dose of  azathio-
prine/mercaptopurine may be reduced by 50%. It is 
probably not necessary to withdraw azathioprine or mer-
captopurine completely, but frequent clinical and analyti-
cal controls should be strictly performed after reducing 
its dose. With this strategy, liver tests frequently normal-
ize, and the initial azathioprine/mercaptopurine dose 
may be cautiously prescribed again[147,148].

A recent long-term follow-up study aimed to assess 
the incidence of  azathioprine/mercaptopurine-induced 
liver injury in 786 patients with IBD (138 of  whom re-
ceived azathioprine/mercaptopurine)[149]. Among azathio-
prine/mercaptopurine-treated patients, the incidence 
of  abnormal liver tests [liver tests between N (upper 
limit of  the normal range) and 2 N] and hepatotoxicity 
(liver tests > 2 N) was, respectively, 7.1% and 2.6% per 
patient-year. In most patients, liver tests spontaneously 
normalized despite maintaining thiopurine treatment. 
These drugs were withdrawn due to hepatotoxicity (liver 
tests > 5 N, and lack of  decrease despite 50% dose re-
duction) in only 3.6% of  the patients, and all of  them 
showed normalized liver tests.

If  liver tests do not return to normal values with 
tapering of  thiopurines, it has been recommended that 
therapy should be withdrawn. However, if  azathioprine 
was initially prescribed, another possibility is to use mer-
captopurine instead. Lopez-Sanroman et al[150] did so in 
4/5 patients, and achieved complete resolution of  liver 
test alterations in all patients. This finding is consistent 
with another smaller study in which seven out of  eight 
patients with hepatotoxicity during azathioprine treatment 
tolerated mercaptopurine, and only one patient had hepa-
totoxicity again with mercaptopurine[151]. In this same way, 
in the study by Hindorf  et al[111] 71% of  patients with hep-
atotoxicity during azathioprine treatment subsequently tol-
erated mercaptopurine and only two of  the patients had a 
recurrence of  hepatotoxicity with mercaptopurine. Finally, 
Bermejo et al[152] have assessed tolerance to mercaptopu-
rine in 31 patients with previous azathioprine-related liver 
injury; in 87% of  patients, mercaptopurine was tolerated 
without further liver injury; and among these, 77% toler-
ated full mercaptopurine doses. 

Nevertheless, it should be noted that in unusual 
cases, thiopurines may induce severe cholestatic jaundice 
that, in contrast to acute hepatocellular hepatitis that is 
generally associated with azathioprine/mercaptopurine, 
may not regress but even progress despite thiopurine 
withdrawal[153]. Therefore, these drugs should be com-
pletely withdrawn, and not only tapered, in patients who 
present with clinically significant jaundice during thiopu-
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rine treatment[144].
In summary, most of  the cases of  thiopurine-induced 

hepatotoxicity in IBD patients are mild, and liver test 
abnormalities spontaneously returned to normal values 
despite maintenance of  azathioprine/mercaptopurine; 
therapy withdrawal is necessary in < 5% of  patients. 
However, when liver test abnormalities are more marked, 
the dose of  azathioprine/mercaptopurine may be reduced 
by 50%. Finally, administration of  mercaptopurine is a 
good alternative in patients with azathioprine-related liver 
injury before thiopurines are definitely withdrawn.

CONCLUSION
Misconceptions are common in medical practice in gen-
eral and, in particular, in the health care of  IBD patients. 
Many of  these misconceptions are related to the use of  
5-ASAs and thiopurines, the two most widely used drugs 
in IBD. A proportion of  medical errors directly affects 
patient safety and causes accidental deaths, but the vast 
majority of  them are effectiveness errors. However, we 
must not focus all our attention on prevention of  safety 
errors while forgetting effectiveness ones. Prevention of  
errors needs knowledge to avoid errors being caused by 
ignorance. In fact, throughout history the main reason for 
medical errors has simply been ignorance[8]. However, at 
present, the amount of  knowledge has increased so quick-
ly that one new danger is overabundance of  information. 
IBD is a model of  a very complex problem, and our goal 
with this review is to summarize the key evidence for the 
most common daily clinical problems faced by physicians 
and patients.

With regard to the use of  5-ASAs, the best practice 
may to be consider abandoning the use of  these drugs in 
patients with small bowel Crohn’ s disease. The combined 
approach with oral plus topical 5-ASAs should be the first-
line therapy in patients with active ulcerative colitis, be-
cause this is more effective than monotherapy; once-daily 
treatment should be offered as a first-choice regimen due 
to its better compliance and higher efficacy. With regard to 
thiopurine therapy, it seems to be as effective in ulcerative 
colitis as in Crohn’ s disease. Underdosing with thiopurines 
is a form of  undertreatment with these drugs. Thiopu-
rine treatment should probably be continued indefinitely 
because its withdrawal is associated with a high risk of  re-
lapse. Mercaptopurine is a safe alternative in patients with 
digestive intolerance or hepatotoxicity due to azathioprine. 
Finally, TPMT screening cannot substitute for regular 
monitoring because the majority of  cases of  myelotoxicity 
are not TPMT-related.

REFERENCES
1 Reason J. Beyond the organisational accident: the need for 

“error wisdom” on the frontline. Qual Saf Health Care 2004; 
13 Suppl 2: ii28-ii33

2 Brennan TA, Gawande A, Thomas E, Studdert D. Acciden-
tal deaths, saved lives, and improved quality. N Engl J Med 
2005; 353: 1405-1409

3 Studdert DM, Mello MM, Gawande AA, Gandhi TK, 
Kachalia A, Yoon C, Puopolo AL, Brennan TA. Claims, er-
rors, and compensation payments in medical malpractice 
litigation. N Engl J Med 2006; 354: 2024-2033

4 Leape LL, Berwick DM. Safe health care: are we up to it? 
BMJ 2000; 320: 725-726 

5 Helmreich RL. On error management: lessons from aviation. 
BMJ 2000; 320: 781-785

6 Reason J. Human error: models and management. BMJ 2000; 
320: 768-770

7 Kohn LT, Corrigan JM, Donaldson MS. To err is human: 
building a safer health system. Washington, DC: National 
Academies Press, 1999: 1-287

8 Gawande A. The Checklist Manifesto. London: Profile 
Books, 2010: 1-209 

9 Esrailian E, Spiegel BM, Targownik LE, Dubinsky MC, 
Targan SR, Gralnek IM. Differences in the management of 
Crohn’s disease among experts and community providers, 
based on a national survey of sample case vignettes. Aliment 
Pharmacol Ther 2007; 26: 1005-1018

10 Brook RH, Lohr KN. Efficacy, effectiveness, variations, and 
quality. Boundary-crossing research. Med Care 1985; 23: 
710-722

11 Brook RH, McGlynn EA, Shekelle PG. Defining and measur-
ing quality of care: a perspective from US researchers. Int J 
Qual Health Care 2000; 12: 281-295

12 Spiegel BM, Ho W, Esrailian E, Targan S, Higgins PD, Siegel 
CA, Dubinsky M, Melmed GY. Controversies in ulcerative 
colitis: a survey comparing decision making of experts ver-
sus community gastroenterologists. Clin Gastroenterol Hepatol 
2009; 7: 168-174, 174 e1

13 Donabedian A. The quality of care. How can it be assessed? 
JAMA 1988; 260: 1743-1748

14 Gisbert JP, Gomollón F. Common errors in the management 
of outpatients with inflammatory bowel disease. Gastroen-
terol Hepatol 2007; 30: 469-486

15 Gisbert JP, Gomollón F. [Common errors in the manage-
ment of the seriously ill patient with inflammatory bowel 
disease]. Gastroenterol Hepatol 2007; 30: 294-314

16 Sachar DB. Ten common errors in the management of in-
flammatory bowel disease. Inflamm Bowel Dis 2003; 9: 205-209

17 Mawdsley JE, Irving PM, Makins RJ, Rampton DS. Optimiz-
ing quality of outpatient care for patients with inflammatory 
bowel disease: the importance of specialist clinics. Eur J Gas-
troenterol Hepatol 2006; 18: 249-253

18 Reddy SI, Friedman S, Telford JJ, Strate L, Ookubo R, Banks 
PA. Are patients with inflammatory bowel disease receiving 
optimal care? Am J Gastroenterol 2005; 100: 1357-1361

19 Gisbert JP, Gomollón F, Maté J, Pajares JM. Role of 5-ami-
nosalicylic acid (5-ASA) in treatment of inflammatory bowel 
disease: a systematic review. Dig Dis Sci 2002; 47: 471-488  

20 Sutherland L, Macdonald JK. Oral 5-aminosalicylic acid for 
maintenance of remission in ulcerative colitis. Cochrane Data-
base Syst Rev 2006; CD000544

21 Sutherland L, Macdonald JK. Oral 5-aminosalicylic acid for 
induction of remission in ulcerative colitis. Cochrane Database 
Syst Rev 2006; CD000543

22 Bergman R, Parkes M. Systematic review: the use of mesala-
zine in inflammatory bowel disease. Aliment Pharmacol Ther 
2006; 23: 841-855

23 Regueiro M, Loftus EV, Steinhart AH, Cohen RD. Medical 
management of left-sided ulcerative colitis and ulcerative 
proctitis: critical evaluation of therapeutic trials. Inflamm 
Bowel Dis 2006; 12: 979-994

24 Kornbluth A, Sachar DB. Ulcerative colitis practice guide-
lines in adults: American College Of Gastroenterology, 
Practice Parameters Committee. Am J Gastroenterol 2010; 105: 
501-523; quiz 524

25 Velayos FS, Terdiman JP, Walsh JM. Effect of 5-aminosalicy-
late use on colorectal cancer and dysplasia risk: a systematic 

3474 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Gisbert JP et al . Misconceptions and IBD treatment



review and metaanalysis of observational studies. Am J Gas-
troenterol 2005; 100: 1345-1353

26 Travis SP, Stange EF, Lémann M, Oresland T, Chowers Y, 
Forbes A, D’Haens G, Kitis G, Cortot A, Prantera C, Marteau 
P, Colombel JF, Gionchetti P, Bouhnik Y, Tiret E, Kroesen J, 
Starlinger M, Mortensen NJ. European evidence based con-
sensus on the diagnosis and management of Crohn’s disease: 
current management. Gut 2006; 55 Suppl 1: i16-i35

27 Dignass A, Van Assche G, Lindsay JO, Lémann M, Söder-
holm J, Colombel JF, Danese S, D'Hoore A, Gassull M, Go-
mollón F, Hommes DW, Michetti P, O'Morain C, Oresland 
T, Windsor A, Stange EF, Travis SP. The second European 
evidence-based Consensus on the diagnosis and manage-
ment of Crohn's disease: Current management. J Crohns Coli-
tis 2010; 4: 28-62 

28 Summers RW, Switz DM, Sessions JT, Becktel JM, Best WR, 
Kern F, Singleton JW. National Cooperative Crohn’s Disease 
Study: results of drug treatment. Gastroenterology 1979; 77: 
847-869

29 Malchow H, Ewe K, Brandes JW, Goebell H, Ehms H, Som-
mer H, Jesdinsky H. European Cooperative Crohn’s Disease 
Study (ECCDS): results of drug treatment. Gastroenterology 
1984; 86: 249-266

30 Tremaine WJ, Schroeder KW, Harrison JM, Zinsmeister AR. 
A randomized, double-blind, placebo-controlled trial of the 
oral mesalamine (5-ASA) preparation, Asacol, in the treat-
ment of symptomatic Crohn’s colitis and ileocolitis. J Clin 
Gastroenterol 1994; 19: 278-282

31 Singleton JW, Hanauer SB, Gitnick GL, Peppercorn MA, 
Robinson MG, Wruble LD, Krawitt EL. Mesalamine cap-
sules for the treatment of active Crohn’s disease: results of a 
16-week trial. Pentasa Crohn’s Disease Study Group. Gastro-
enterology 1993; 104: 1293-1301

32 Hanauer SB, Strömberg U. Oral Pentasa in the treatment 
of active Crohn’s disease: A meta-analysis of double-blind, 
placebo-controlled trials. Clin Gastroenterol Hepatol 2004; 2: 
379-388

33 Feagan BG. 5-ASA therapy for active Crohn’s disease: old 
friends, old data, and a new conclusion. Clin Gastroenterol 
Hepatol 2004; 2: 376-378

34 Schwartz DA. Looking in the rear view mirror at Pentasa in 
active Crohn’s disease: results may be smaller than they first 
appear. Inflamm Bowel Dis 2005; 11: 73-74

35 Seow CH, Benchimol EI, Griffiths AM, Otley AR, Steinhart 
AH. Budesonide for induction of remission in Crohn’s dis-
ease. Cochrane Database Syst Rev 2008; CD000296

36 Hebden JM, Blackshaw PE, Perkins AC, Wilson CG, Spiller 
RC. Limited exposure of the healthy distal colon to orally-
dosed formulation is further exaggerated in active left-sided 
ulcerative colitis. Aliment Pharmacol Ther 2000; 14: 155-161  

37 De Vos M, Verdievel H, Schoonjans R, Praet M, Bogaert M, 
Barbier F. Concentrations of 5-ASA and Ac-5-ASA in human 
ileocolonic biopsy homogenates after oral 5-ASA prepara-
tions. Gut 1992; 33: 1338-1342

38 Hussain FN, Ajjan RA, Riley SA. Dose loading with delayed-
release mesalazine: a study of tissue drug concentrations and 
standard pharmacokinetic parameters. Br J Clin Pharmacol 
2000; 49: 323-330

39 Campieri M, Corbelli C, Gionchetti P, Brignola C, Belluzzi 
A, Di Febo G, Zagni P, Brunetti G, Miglioli M, Barbara L. 
Spread and distribution of 5-ASA colonic foam and 5-ASA 
enema in patients with ulcerative colitis. Dig Dis Sci 1992; 37: 
1890-1897 

40 Frieri G, Pimpo MT, Palumbo GC, Onori L, Viscido A, 
Latella G, Galletti B, Pantaleoni GC, Caprilli R. Rectal and 
colonic mesalazine concentration in ulcerative colitis: oral vs. 
oral plus topical treatment. Aliment Pharmacol Ther 1999; 13: 
1413-1417

41 Naganuma M, Iwao Y, Ogata H, Inoue N, Funakoshi S, 
Yamamoto S, Nakamura Y, Ishii H, Hibi T. Measurement of 

colonic mucosal concentrations of 5-aminosalicylic acid is 
useful for estimating its therapeutic efficacy in distal ulcer-
ative colitis: comparison of orally administered mesalamine 
and sulfasalazine. Inflamm Bowel Dis 2001; 7: 221-225

42 Frieri G, Pimpo M, Galletti B, Palumbo G, Corrao G, Latella 
G, Chiaramonte M, Caprilli R. Long-term oral plus topical 
mesalazine in frequently relapsing ulcerative colitis. Dig 
Liver Dis 2005; 37: 92-96

43 Safdi M, DeMicco M, Sninsky C, Banks P, Wruble L, Deren 
J, Koval G, Nichols T, Targan S, Fleishman C, Wiita B. A 
double-blind comparison of oral versus rectal mesalamine 
versus combination therapy in the treatment of distal ulcer-
ative colitis. Am J Gastroenterol 1997; 92: 1867-1871

44 Travis SP, Stange EF, Lémann M, Oresland T, Bemelman 
WA, Chowers Y, Colombel JF, D'Haens G, Ghosh S, Mar-
teau P, Kruis W, Mortensen NJ, Penninckx F, Gassull M. 
European evidence-based Consensus on the management of 
ulcerative colitis: Current management. J Crohns Colitis 2008; 
2: 24-62

45 Marteau P, Probert CS, Lindgren S, Gassul M, Tan TG, Di-
gnass A, Befrits R, Midhagen G, Rademaker J, Foldager M. 
Combined oral and enema treatment with Pentasa (mesala-
zine) is superior to oral therapy alone in patients with exten-
sive mild/moderate active ulcerative colitis: a randomised, 
double blind, placebo controlled study. Gut 2005; 54: 960-965 

46 Connolly MP, Poole CD, Currie CJ, Marteau P, Nielsen SK. 
Quality of life improvements attributed to combination ther-
apy with oral and topical mesalazine in mild-to-moderately 
active ulcerative colitis. Digestion 2009; 80: 241-246  

47 d’Albasio G, Pacini F, Camarri E, Messori A, Trallori G, 
Bonanomi AG, Bardazzi G, Milla M, Ferrero S, Biagini M, 
Quaranta S, Amorosi A. Combined therapy with 5-amino-
salicylic acid tablets and enemas for maintaining remission 
in ulcerative colitis: a randomized double-blind study. Am J 
Gastroenterol 1997; 92: 1143-1147

48 Piodi LP, Ulivieri FM, Cermesoni L, Cesana BM. Long-term 
intermittent treatment with low-dose 5-aminosalicylic en-
emas is efficacious for remission maintenance in ulcerative 
colitis. Scand J Gastroenterol 2004; 39: 154-157

49 Yokoyama H, Takagi S, Kuriyama S, Takahashi S, Takahashi 
H, Iwabuchi M, Takahashi S, Kinouchi Y, Hiwatashi N, Tsuji 
I, Shimosegawa T. Effect of weekend 5-aminosalicylic acid 
(mesalazine) enema as maintenance therapy for ulcerative 
colitis: results from a randomized controlled study. Inflamm 
Bowel Dis 2007; 13: 1115-1120

50 Moody GA, Eaden JA, Helyes Z, Mayberry JF. Oral or rectal 
administration of drugs in IBD? Aliment Pharmacol Ther 1997; 
11: 999-1000

51 Travis SP. Review article: induction therapy for patients 
with active ulcerative colitis. Aliment Pharmacol Ther 2006; 24 
Suppl 1: 10-16

52 Kane SV. Systematic review: adherence issues in the treat-
ment of ulcerative colitis. Aliment Pharmacol Ther 2006; 23: 
577-585

53 Kane SV, Cohen RD, Aikens JE, Hanauer SB. Prevalence of 
nonadherence with maintenance mesalamine in quiescent 
ulcerative colitis. Am J Gastroenterol 2001; 96: 2929-2933  

54 Probert CS. Is once-daily dosing of mesalazine effective for 
maintenance of remission in patients with ulcerative colitis? 
Nat Clin Pract Gastroenterol Hepatol 2008; 5: 596-597

55 Shale MJ, Riley SA. Studies of compliance with delayed-
release mesalazine therapy in patients with inflammatory 
bowel disease. Aliment Pharmacol Ther 2003; 18: 191-198  

56 Kane S, Huo D, Aikens J, Hanauer S. Medication nonadher-
ence and the outcomes of patients with quiescent ulcerative 
colitis. Am J Med 2003; 114: 39-43 

57 López-Sanromán A, Bermejo F. Review article: how to 
control and improve adherence to therapy in inflammatory 
bowel disease. Aliment Pharmacol Ther 2006; 24 Suppl 3: 45-49

58 Hussain FN, Ajjan RA, Kapur K, Moustafa M, Riley SA. 

3475 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Gisbert JP et al . Misconceptions and IBD treatment



Once versus divided daily dosing with delayed-release me-
salazine: a study of tissue drug concentrations and standard 
pharmacokinetic parameters. Aliment Pharmacol Ther 2001; 
15: 53-62

59 Gandia P, Idier I, Houin G. Is once-daily mesalazine equiva-
lent to the currently used twice-daily regimen? A study per-
formed in 30 healthy volunteers. J Clin Pharmacol 2007; 47: 
334-342

60 Lakatos PL, Lakatos L. Once daily 5-aminosalicylic acid for 
the treatment of ulcerative colitis; are we there yet? Pharma-
col Res 2008; 58: 190-195

61 Lakatos PL. Use of new once-daily 5-aminosalicylic acid 
preparations in the treatment of ulcerative colitis: Is there 
anything new under the sun? World J Gastroenterol 2009; 15: 
1799-1804

62 Lichtenstein GR, Kamm MA, Boddu P, Gubergrits N, Lyne 
A, Butler T, Lees K, Joseph RE, Sandborn WJ. Effect of once- 
or twice-daily MMX mesalamine (SPD476) for the induction 
of remission of mild to moderately active ulcerative colitis. 
Clin Gastroenterol Hepatol 2007; 5: 95-102

63 Kamm MA, Sandborn WJ, Gassull M, Schreiber S, Jackowski 
L, Butler T, Lyne A, Stephenson D, Palmen M, Joseph RE. 
Once-daily, high-concentration MMX mesalamine in ac-
tive ulcerative colitis. Gastroenterology 2007; 132: 66-75; quiz 
432-433

64 Kamm MA, Lichtenstein GR, Sandborn WJ, Schreiber S, Lees 
K, Barrett K, Joseph R. Randomised trial of once- or twice-
daily MMX mesalazine for maintenance of remission in ul-
cerative colitis. Gut 2008; 57: 893-902

65 Parakkal D, Ehrenpreis ED, Thorpe MP, Putt KS, Hannon 
B. A dynamic model of once-daily 5-aminosalicylic acid pre-
dicts clinical efficacy. World J Gastroenterol 2010; 16: 136-137  

66 Kane S, Huo D, Magnanti K. A pilot feasibility study of once 
daily versus conventional dosing mesalamine for mainte-
nance of ulcerative colitis. Clin Gastroenterol Hepatol 2003; 1: 
170-173

67 Kane S, Holderman W, Jacques P, Miodek T. Once daily ver-
sus conventional dosing of pH-dependent mesalamine long-
term to maintain quiescent ulcerative colitis: Preliminary 
results from a randomized trial. Patient Prefer Adherence 2008; 
2: 253-258

68 Kruis W, Kiudelis G, Rácz I, Gorelov IA, Pokrotnieks J, 
Horynski M, Batovsky M, Kykal J, Boehm S, Greinwald R, 
Mueller R. Once daily versus three times daily mesalazine 
granules in active ulcerative colitis: a double-blind, double-
dummy, randomised, non-inferiority trial. Gut 2009; 58: 
233-240

69 Dignass AU, Bokemeyer B, Adamek H, Mross M, Vinter-
Jensen L, Börner N, Silvennoinen J, Tan G, Pool MO, Stijnen 
T, Dietel P, Klugmann T, Vermeire S, Bhatt A, Veerman H. 
Mesalamine once daily is more effective than twice daily in 
patients with quiescent ulcerative colitis. Clin Gastroenterol 
Hepatol 2009; 7: 762-769

70 Sandborn WJ, Korzenik J, Lashner B, Leighton JA, Mahade-
van U, Marion JF, Safdi M, Sninsky CA, Patel RM, Frieden-
berg KA, Dunnmon P, Ramsey D, Kane S. Once-daily dosing 
of delayed-release oral mesalamine (400-mg tablet) is as ef-
fective as twice-daily dosing for maintenance of remission of 
ulcerative colitis. Gastroenterology 2010; 138: 1286-1296

71 Pearson DC, May GR, Fick G, Sutherland LR. Azathioprine 
for maintaining remission of Crohn’s disease. Cochrane Data-
base Syst Rev 2000; CD000067 

72 Sandborn W, Sutherland L, Pearson D, May G, Modigliani 
R, Prantera C. Azathioprine or 6-mercaptopurine for induc-
ing remission of Crohn’s disease. Cochrane Database Syst Rev 
2000; CD000545

73 Gisbert JP, Gomollón F, Maté J, Pajares JM. Questions and 
answers on the role of azathioprine and 6-mercaptopurine in 
the treatment of inflammatory bowel disease. Gastroenterol 
Hepatol 2002; 25: 401-415

74 Derijks LJ, Gilissen LP, Hooymans PM, Hommes DW. Re-
view article: thiopurines in inflammatory bowel disease. Ali-
ment Pharmacol Ther 2006; 24: 715-729

75 Gisbert JP, Gomollón F, Cara C, Luna M, González-Lama Y, 
Pajares JM, Maté J, Guijarro LG. Thiopurine methyltransfer-
ase activity in Spain: a study of 14,545 patients. Dig Dis Sci 
2007; 52: 1262-1269

76 Lichtenstein GR, Abreu MT, Cohen R, Tremaine W. Ameri-
can Gastroenterological Association Institute technical re-
view on corticosteroids, immunomodulators, and infliximab 
in inflammatory bowel disease. Gastroenterology 2006; 130: 
940-987

77 Prefontaine E, Sutherland LR, Macdonald JK, Cepoiu M. 
Azathioprine or 6-mercaptopurine for maintenance of re-
mission in Crohn’s disease. Cochrane Database Syst Rev 2009; 
CD000067

78 Ghosh S, Chaudhary R, Carpani M, Playford RJ. Is thiopu-
rine therapy in ulcerative colitis as effective as in Crohn’s 
disease? Gut 2006; 55: 6-8

79 Ginsburg PM, Dassopoulos T. Steroid dependent ulcerative 
colitis: azathioprine use is finally “evidence-based”. Inflamm 
Bowel Dis 2006; 12: 921-922

80 Ohno K, Masunaga Y, Ogawa R, Hashiguchi M, Ogata H. A 
systematic review of the clinical effectiveness of azathioprine 
in patients with ulcerative colitis. Yakugaku Zasshi 2004; 124: 
555-560

81 Timmer A, McDonald JW, Macdonald JK. Azathioprine and 
6-mercaptopurine for maintenance of remission in ulcerative 
colitis. Cochrane Database Syst Rev 2007; CD000478 

82 Gisbert JP, Linares PM, McNicholl AG, Maté J, Gomollón 
F. Meta-analysis: the efficacy of azathioprine and mercapto-
purine in ulcerative colitis. Aliment Pharmacol Ther 2009; 30: 
126-137

83 Ardizzone S, Maconi G, Russo A, Imbesi V, Colombo E, Bi-
anchi Porro G. Randomised controlled trial of azathioprine 
and 5-aminosalicylic acid for treatment of steroid dependent 
ulcerative colitis. Gut 2006; 55: 47-53

84 Jewell DP, Truelove SC. Azathioprine in ulcerative colitis: 
final report on controlled therapeutic trial. Br Med J 1974; 4: 
627-630

85 Maté-Jiménez J, Hermida C, Cantero-Perona J, Moreno-
Otero R. 6-mercaptopurine or methotrexate added to predni-
sone induces and maintains remission in steroid-dependent 
inflammatory bowel disease. Eur J Gastroenterol Hepatol 2000; 
12: 1227-1233 

86 Sood A, Midha V, Sood N, Kaushal V. Role of azathioprine 
in severe ulcerative colitis: one-year, placebo-controlled, ran-
domized trial. Indian J Gastroenterol 2000; 19: 14-16  

87 Sood A, Kaushal V, Midha V, Bhatia KL, Sood N, Malhotra 
V. The beneficial effect of azathioprine on maintenance of 
remission in severe ulcerative colitis. J Gastroenterol 2002; 37: 
270-274 

88 Sood A, Midha V, Sood N, Avasthi G. Azathioprine versus 
sulfasalazine in maintenance of remission in severe ulcer-
ative colitis. Indian J Gastroenterol 2003; 22: 79-81

89 Kamm MA. Review article: maintenance of remission in 
ulcerative colitis. Aliment Pharmacol Ther 2002; 16 Suppl 4: 
21-24

90 Naganuma M, Hibi T. Do immunosuppressants really work 
as maintenance therapy after the achievement of remission 
of severe ulcerative colitis? J Gastroenterol 2002; 37: 315-317  

91 Ardizzone S, Molteni P, Imbesi V, Bollani S, Bianchi Porro 
G. Azathioprine in steroid-resistant and steroid-dependent 
ulcerative colitis. J Clin Gastroenterol 1997; 25: 330-333

92 Gisbert JP, Niño P, Cara C, Rodrigo L. Comparative effec-
tiveness of azathioprine in Crohn’s disease and ulcerative 
colitis: prospective, long-term, follow-up study of 394 pa-
tients. Aliment Pharmacol Ther 2008; 28: 228-238

93 Actis GC, Rossetti S, Rizzetto M, Fadda M, Palmo A. Need 
for hospital admission in patients with ulcerative colitis dur-

3476 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Gisbert JP et al . Misconceptions and IBD treatment



ing maintenance with azathioprine. Minerva Gastroenterol 
Dietol 2004; 50: 97-101

94 Hutfless SM, Weng X, Liu L, Allison J, Herrinton LJ. Mor-
tality by medication use among patients with inflamma-
tory bowel disease, 1996-2003. Gastroenterology 2007; 133: 
1779-1786

95 Kull E, Beau P. Compared azathioprine efficacy in ulcer-
ative colitis and in Crohn’s disease. Gastroenterol Clin Biol 
2002; 26: 367-371

96 Verhave M, Winter HS, Grand RJ. Azathioprine in the treat-
ment of children with inflammatory bowel disease. J Pediatr 
1990; 117: 809-814 

97 Fraser AG, Orchard TR, Jewell DP. The efficacy of azathio-
prine for the treatment of inflammatory bowel disease: a 30 
year review. Gut 2002; 50: 485-489 

98 Bastida Paz G, Nos Mateu P, Aguas Peris M, Beltrán Niclós 
B, Rodríguez Soler M, Ponce García J. Optimization of im-
munomodulatory treatment with azathioprine or 6-mer-
captopurine in inflammatory bowel disease. Gastroenterol 
Hepatol 2007; 30: 511-516

99 Pearson DC, May GR, Fick GH, Sutherland LR. Azathio-
prine and 6-mercaptopurine in Crohn disease. A meta-
analysis. Ann Intern Med 1995; 123: 132-142

100 Sewell JL, Mahadevan U. A new answer to an old question: 
azathioprine withdrawal in quiescent Crohn’s disease. Gas-
troenterology 2009; 137: 379-381

101 Lémann M, Mary JY, Colombel JF, Duclos B, Soule JC, 
Lerebours E, Modigliani R, Bouhnik Y. A randomized, 
double-blind, controlled withdrawal trial in Crohn’s disease 
patients in long-term remission on azathioprine. Gastroen-
terology 2005; 128: 1812-1818

102 Bouhnik Y, Lémann M, Mary JY, Scemama G, Taï R, Ma-
tuchansky C, Modigliani R, Rambaud JC. Long-term follow-
up of patients with Crohn’s disease treated with azathio-
prine or 6-mercaptopurine. Lancet 1996; 347: 215-219

103 Treton X, Bouhnik Y, Mary JY, Colombel JF, Duclos B, Soule 
JC, Lerebours E, Cosnes J, Lemann M. Azathioprine with-
drawal in patients with Crohn’s disease maintained on pro-
longed remission: a high risk of relapse. Clin Gastroenterol 
Hepatol 2009; 7: 80-85

104 Kim PS, Zlatanic J, Korelitz BI, Gleim GW. Optimum dura-
tion of treatment with 6-mercaptopurine for Crohn’s dis-
ease. Am J Gastroenterol 1999; 94: 3254-3257

105 Vilien M, Dahlerup JF, Munck LK, Nørregaard P, Grøn-
baek K, Fallingborg J. Randomized controlled azathioprine 
withdrawal after more than two years treatment in Crohn’
s disease: increased relapse rate the following year. Aliment 
Pharmacol Ther 2004; 19: 1147-1152

106 Hanauer SB, Thisted RA. Treatment of Crohn’s disease: the 
“long” of it. Gastroenterology 2005; 128: 2164-2166

107 Ardizzone S, Bianchi Porro G. Should azathioprine be with-
drawn in patients with Crohn’s disease who are in long-
term remission? Nat Clin Pract Gastroenterol Hepatol 2005; 2: 
348-349

108 McGovern DP, Travis SP, Duley J, Shobowale-Bakre el M, 
Dalton HR. Azathioprine intolerance in patients with IBD 
may be imidazole-related and is independent of TPMT ac-
tivity. Gastroenterology 2002; 122: 838-839

109 Domènech E, Nos P, Papo M, López-San Román A, Garcia-
Planella E, Gassull MA. 6-mercaptopurine in patients with 
inflammatory bowel disease and previous digestive intoler-
ance of azathioprine. Scand J Gastroenterol 2005; 40: 52-55  

110 Bowen DG, Selby WS. Use of 6-mercaptopurine in patients 
with inflammatory bowel disease previously intolerant of 
azathioprine. Dig Dis Sci 2000; 45: 1810-1813

111 Hindorf U, Johansson M, Eriksson A, Kvifors E, Almer SH. 
Mercaptopurine treatment should be considered in azathio-
prine intolerant patients with inflammatory bowel disease. 
Aliment Pharmacol Ther 2009; 29: 654-661

112 Boulton-Jones JR, Pritchard K, Mahmoud AA. The use of 

6-mercaptopurine in patients with inflammatory bowel dis-
ease after failure of azathioprine therapy. Aliment Pharmacol 
Ther 2000; 14: 1561-1565

113 Lees CW, Maan AK, Hansoti B, Satsangi J, Arnott ID. Toler-
ability and safety of mercaptopurine in azathioprine-intol-
erant patients with inflammatory bowel disease. Aliment 
Pharmacol Ther 2008; 27: 220-227 

114 Gurwitz D, Rodríguez-Antona C, Payne K, Newman W, 
Gisbert JP, de Mesa EG, Ibarreta D. Improving pharmaco-
vigilance in Europe: TPMT genotyping and phenotyping in 
the UK and Spain. Eur J Hum Genet 2009; 17: 991-998 

115 Gisbert JP, Gomollón F. Thiopurine-induced myelotoxicity 
in patients with inflammatory bowel disease: a review. Am J 
Gastroenterol 2008; 103: 1783-1800

116 Gisbert JP, Gomollón F, Maté J, Pajares JM. Individualized 
therapy with azathioprine or 6-mercaptopurine by monitor-
ing thiopurine methyl-transferase (TPMT) activity. Rev Clin 
Esp 2002; 202: 555-562 

117 Aberra FN, Lichtenstein GR. Review article: monitoring of 
immunomodulators in inflammatory bowel disease. Aliment 
Pharmacol Ther 2005; 21: 307-319

118 Al Hadithy AF, de Boer NK, Derijks LJ, Escher JC, Mulder 
CJ, Brouwers JR. Thiopurines in inflammatory bowel dis-
ease: pharmacogenetics, therapeutic drug monitoring and 
clinical recommendations. Dig Liver Dis 2005; 37: 282-297  

119 Coulthard S, Hogarth L. The thiopurines: an update. Invest 
New Drugs 2005; 23: 523-532

120 Gearry RB, Barclay ML. Azathioprine and 6-mercapto-
purine pharmacogenetics and metabolite monitoring in 
inflammatory bowel disease. J Gastroenterol Hepatol 2005; 20: 
1149-1157 

121 Evans WE, Hon YY, Bomgaars L, Coutre S, Holdsworth 
M, Janco R, Kalwinsky D, Keller F, Khatib Z, Margolin J, 
Murray J, Quinn J, Ravindranath Y, Ritchey K, Roberts 
W, Rogers ZR, Schiff D, Steuber C, Tucci F, Kornegay N, 
Krynetski EY, Relling MV. Preponderance of thiopurine 
S-methyltransferase deficiency and heterozygosity among 
patients intolerant to mercaptopurine or azathioprine. J Clin 
Oncol 2001; 19: 2293-2301 

122 Relling MV, Hancock ML, Rivera GK, Sandlund JT, Ribeiro 
RC, Krynetski EY, Pui CH, Evans WE. Mercaptopurine 
therapy intolerance and heterozygosity at the thiopurine 
S-methyltransferase gene locus. J Natl Cancer Inst 1999; 91: 
2001-2008

123 Campbell S, Kingstone K, Ghosh S. Relevance of thiopurine 
methyltransferase activity in inflammatory bowel disease 
patients maintained on low-dose azathioprine. Aliment 
Pharmacol Ther 2002; 16: 389-398

124 Reuther LO, Sonne J, Larsen NE, Larsen B, Christensen S, 
Rasmussen SN, Tofteng F, Haaber A, Johansen N, Kjeldsen 
J, Schmiegelow K. Pharmacological monitoring of azathio-
prine therapy. Scand J Gastroenterol 2003; 38: 972-977

125 Naughton MA, Battaglia E, O’Brien S, Walport MJ, Botto M. 
Identification of thiopurine methyltransferase (TPMT) poly-
morphisms cannot predict myelosuppression in systemic 
lupus erythematosus patients taking azathioprine. Rheuma-
tology (Oxford) 1999; 38: 640-644

126 Gearry RB, Barclay ML, Burt MJ, Collett JA, Chapman BA, 
Roberts RL, Kennedy MA. Thiopurine S-methyltransferase 
(TPMT) genotype does not predict adverse drug reactions 
to thiopurine drugs in patients with inflammatory bowel 
disease. Aliment Pharmacol Ther 2003; 18: 395-400

127 Sayani FA, Prosser C, Bailey RJ, Jacobs P, Fedorak RN. 
Thiopurine methyltransferase enzyme activity determina-
tion before treatment of inflammatory bowel disease with 
azathioprine: effect on cost and adverse events. Can J Gas-
troenterol 2005; 19: 147-151

128 Kader HA, Wenner WJ, Jr., Telega GW, Maller ES, Baldas-
sano RN. Normal thiopurine methyltransferase levels do 
not eliminate 6- mercaptopurine or azathioprine toxicity in 

3477 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Gisbert JP et al . Misconceptions and IBD treatment



children with inflammatory bowel disease. J Clin Gastroen-
terol 2000; 30: 409-413

129 Gisbert JP, González-Guijarro L, Cara C, Pajares JM, 
Moreno-Otero R. Thiopurine methyltransferase activity in 
patients with autoimmune hepatitis. Med Clin (Barc) 2003; 
121: 481-484

130 Lindqvist M, Hindorf U, Almer S, Söderkvist P, Ström 
M, Hjortswang H, Peterson C. No induction of thiopurine 
methyltransferase during thiopurine treatment in inflam-
matory bowel disease. Nucleosides Nucleotides Nucleic Acids 
2006; 25: 1033-1037

131 De Ridder L, Van Dieren JM, Van Deventer HJ, Stokkers 
PC, Van der Woude JC, Van Vuuren AJ, Benninga MA, 
Escher JC, Hommes DW. Pharmacogenetics of thiopurine 
therapy in paediatric IBD patients. Aliment Pharmacol Ther 
2006; 23: 1137-1141

132 Gilissen LP, Derijks LJ, Verhoeven HM, Bierau J, Hooy-
mans PM, Hommes DW, Engels LG. Pancytopenia due to 
high 6-methylmercaptopurine levels in a 6-mercaptopurine 
treated patient with Crohn’s disease. Dig Liver Dis 2007; 39: 
182-186

133 Gisbert JP, Luna M, Maté J, González-Guijarro L, Cara C, 
Pajares JM. Choice of azathioprine or 6-mercaptopurine 
dose based on thiopurine methyltransferase (TPMT) activity 
to avoid myelosuppression. A prospective study. Hepatogas-
troenterology 2006; 53: 399-404

134 Colombel JF, Ferrari N, Debuysere H, Marteau P, Gendre 
JP, Bonaz B, Soulé JC, Modigliani R, Touze Y, Catala P, 
Libersa C, Broly F. Genotypic analysis of thiopurine S-meth-
yltransferase in patients with Crohn’s disease and severe 
myelosuppression during azathioprine therapy. Gastroenter-
ology 2000; 118: 1025-1030

135 Dubinsky MC, Lamothe S, Yang HY, Targan SR, Sinnett D, 
Théorêt Y, Seidman EG. Pharmacogenomics and metabolite 
measurement for 6-mercaptopurine therapy in inflamma-
tory bowel disease. Gastroenterology 2000; 118: 705-713

136 Lennard L. TPMT in the treatment of Crohn’s disease with 
azathioprine. Gut 2002; 51: 143-146 

137 Bloomfeld RS, Onken JE. Mercaptopurine metabolite re-
sults in clinical gastroenterology practice. Aliment Pharmacol 
Ther 2003; 17: 69-73

138 Seidman EG. Clinical use and practical application of 
TPMT enzyme and 6-mercaptopurine metabolite monitor-
ing in IBD. Rev Gastroenterol Disord 2003; 3 Suppl 1: S30-S38  

139 Oh KT, Anis AH, Bae SC. Pharmacoeconomic analysis of 
thiopurine methyltransferase polymorphism screening by 
polymerase chain reaction for treatment with azathioprine 
in Korea. Rheumatology (Oxford) 2004; 43: 156-163

140 Sandborn WJ. Pharmacogenomics and IBD: TPMT and 
thiopurines. Inflamm Bowel Dis 2004; 10 Suppl 1: S35-S37  

141 Duley JA, Florin TH. Thiopurine therapies: problems, com-
plexities, and progress with monitoring thioguanine nucleo-
tides. Ther Drug Monit 2005; 27: 647-654

142 Gisbert JP, González-Lama Y, Maté J. [Monitoring of thio-
purine methyltransferase and thiopurine metabolites to 
optimize azathioprine therapy in inflammatory bowel dis-
ease]. Gastroenterol Hepatol 2006; 29: 568-583

143 de Jong DJ, Derijks LJ, Naber AH, Hooymans PM, Mulder 
CJ. Safety of thiopurines in the treatment of inflammatory 
bowel disease. Scand J Gastroenterol Suppl 2003; 69-72

144 Gisbert JP, González-Lama Y, Maté J. Thiopurine-induced 
liver injury in patients with inflammatory bowel disease: a 
systematic review. Am J Gastroenterol 2007; 102: 1518-1527  

145 George J, Present DH, Pou R, Bodian C, Rubin PH. The 
long-term outcome of ulcerative colitis treated with 6-mer-
captopurine. Am J Gastroenterol 1996; 91: 1711-1714

146 Markowitz J, Grancher K, Kohn N, Lesser M, Daum F. A 
multicenter trial of 6-mercaptopurine and prednisone in 
children with newly diagnosed Crohn’s disease. Gastroenter-
ology 2000; 119: 895-902

147 O’Brien JJ, Bayless TM, Bayless JA. Use of azathioprine or 
6-mercaptopurine in the treatment of Crohn’s disease. Gas-
troenterology 1991; 101: 39-46

148 Bastida G, Nos P, Aguas M, Beltrán B, Rubín A, Dasí F, 
Ponce J. Incidence, risk factors and clinical course of thio-
purine-induced liver injury in patients with inflammatory 
bowel disease. Aliment Pharmacol Ther 2005; 22: 775-782  

149 Gisbert JP, Luna M, González-Lama Y, Pousa ID, Velasco 
M, Moreno-Otero R, Maté J. Liver injury in inflammatory 
bowel disease: long-term follow-up study of 786 patients. 
Inflamm Bowel Dis 2007; 13: 1106-1114

150 Lopez-Sanroman A, Bermejo F, Carrera E, Garcia-Plaza A. 
Efficacy and safety of thiopurinic immunomodulators (aza-
thioprine and mercaptopurine) in steroid-dependent ulcer-
ative colitis. Aliment Pharmacol Ther 2004; 20: 161-166

151 Gearry RB, Barclay ML, Burt MJ, Collett JA, Chapman BA. 
Thiopurine drug adverse effects in a population of New 
Zealand patients with inflammatory bowel disease. Pharma-
coepidemiol Drug Saf 2004; 13: 563-567

152 Bermejo F, López-Sanromán A, Algaba A, Van-Domselaar 
M, Gisbert JP, García-Garzón S, Garrido E, Piqueras B, De 
La Poza G, Guerra I. Mercaptopurine rescue after azathio-
prine-induced liver injury in inflammatory bowel disease. 
Aliment Pharmacol Ther 2010; 31: 120-124

153 Shorey J, Schenker S, Suki WN, Combes B. Hepatotoxicity 
of mercaptopurine. Arch Intern Med 1968; 122: 54-58

S- Editor  Tian L    L- Editor  Kerr C    E- Editor  Ma WH

3478 August 14, 2011|Volume 17|Issue 30|WJG|www.wjgnet.com

Gisbert JP et al . Misconceptions and IBD treatment


