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ABSTRACT
Objective The aim of the study was to compare
azathioprine versus mesalazine tablets for the prevention
of clinical recurrence in patients with postoperative
Crohn’s disease (CD) with moderate or severe
endoscopic recurrence.
Methods This was a 1 year, double-blind, double-
dummy, randomised study which took place in 21
gastroenterology centres in Austria, the Czech Republic,
Germany and Israel. The study participants were 78
adults with CD who had undergone resection with
ileocolonic anastomosis in the preceding 6e24 months
without subsequent clinical recurrence and with
a Crohn’s disease activity index (CDAI) score <200, but
with moderate or severe endoscopic recurrence. The
study drugs were azathioprine 2.0e2.5 mg/kg/day or
mesalazine 4 g/day over 1 year. The primary end point
was therapeutic failure during 1 year, defined as a CDAI
score $200 and an increase of $60 points from
baseline, or study drug discontinuation due to lack of
efficacy or intolerable adverse drug reaction.
Results Treatment failure occurred in 22.0% (9/41) of
azathioprine-treated patients and 10.8% (4/37) of
mesalazine-treated patients, a difference of 11.1% (95%
CI �5.0% to 27.3%, p¼0.19). Clinical recurrence was
significantly less frequent with azathioprine versus
mesalazine (0/41 (0%) vs 4/37 (10.8%), p¼0.031),
whereas study drug discontinuation due to adverse drug
reactions only occurred in azathioprine-treated patients
(9/41 (22.0%) vs 0%, p¼0.002). The proportion of
patients showing $1 point reduction in Rutgeerts score
between baseline and month 12 was 63.3% (19/30) and
34.4% (11/32) in the azathioprine and mesalazine
groups, respectively (p¼0.023).
Conclusions In this population of patients with
postoperative CD at high risk of clinical recurrence,
superiority for azathioprine versus mesalazine could not
be demonstrated for therapeutic failure.
Clinical trial registration number NCT00946946.

INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing,
progressive inflammatory disease of the gastroin-
testinal tract. When medical treatment is unsuc-

cessful, surgery is indicated. More than 70% of
patients with CD require surgery at least once
during the course of their disease.1 Surgery can
successfully resolve complications and improve
quality of life, but postsurgical clinical recurrence

Significance of this study

What is already known about this subject?
< Crohn’s disease (CD) recurs in w50% of

patients within 5 years after surgery.
< Therapeutic options for prevention of post-

surgical recurrence are limited.
< Mesalazine is widely used as first-line prophy-

laxis after surgery for CD, but evidence is mixed.
< Data concerning the use of azathioprine in this

setting are limited.

What are the new findings?
< This is the first double-blind, double-dummy,

randomised study to compare the efficacy of
azathioprine and mesalazine for prevention of
postsurgical CD recurrence.

< Clinical recurrence was less frequent with
azathioprine versus mesalazine (0% vs 10.8%,
p¼0.031), but study drug discontinuation due to
adverse drug reactions only occurred in azathi-
oprine-treated patients (22.0% vs 0%, p¼0.002).

< Significantly more patients in the azathioprine
group showed $1 point reduction in Rutgeerts
score between baseline and month 12 (63.3% vs
34.4%, p¼0.023).

How might it impact on clinical practice in the
foreseeable future?
< Due to its adverse event profile, azathioprine

may be reserved for patients known to be at
high risk of clinical recurrence based on
endoscopic recurrence in the postoperative
setting.

< For patients at a lower risk of clinical
recurrence, Eudragit L-coated mesalazine
appears to be an alternative treatment option.
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occurs in 30% of patients within 3 years,2 and in approximately
half of all patients within 5 years.3

Therapeutic options for prevention of postsurgical recurrence
are limited.4 Results from a series of randomised, placebo-
controlled trials evaluating the efficacy of mesalazine for post-
operative prophylaxis are mixed.5e10 A meta-analysis of 15 trials
involving >2000 patients, however, indicated that mesalazine
significantly reduced the risk of symptomatic recurrence of CD
following surgery (byw13%),11 and mesalazine is widely used as
first-line prophylaxis for postsurgical recurrence.12

Four randomised studies have assessed endoscopic recurrence
with mesalazine versus placebo following surgery for CD,5e7 9

of which three reported a significant benefit in mesalazine-
treated patients.5 6 9

Data concerning the use of azathioprine for prevention of
clinical recurrence after surgery are limited. Two small retro-
spective studies observed a benefit with azathioprine in terms of
severity and time to clinical recurrence,13 14 while a randomised
study of 81 patients reported a significantly lower rate of
endoscopic recurrence in the first year postsurgery with addition
of long-term azathioprine treatment to a 3 month course of
metronidazole.15 A comparative randomised, multicentre,
double-blind, double-dummy study in patients who had under-
gone resection and ileocolonic anastomosis confirmed that 6-
mercaptopurine (6-MP) reduced the rate of postoperative
recurrence compared with placebo, with a lower rate of endo-
scopic recurrence compared with mesalazine.16 Regarding
azathioprine, an open-label, randomised trial by Ardizzone et al
has compared outcomes postsurgery in 142 patients with CD
receiving either azathioprine 2 mg/kg/day or mesalazine 3 g/
day.17 At 2 years postsurgery, the rate of clinical recurrence was
similar in both treatment arms on univariate analysis. Never-
theless, azathioprine was more effective than mesalazine in
preventing recurrence in patients who had undergone more than
one intestinal resection procedure.

To date, however, no randomised study has compared the use
of azathioprine or mesalazine for prevention of postsurgical
clinical recurrence in high-risk patients who have already
developed endoscopic recurrence. Early postoperative endoscopic
lesions during the first few weeks following surgery have been
shown to predict the risk of subsequent clinical recurrence.2 18

To assess the efficacy and safety of postoperative prophylaxis in
these high-risk patients, a double-blind, randomised, multi-
centre, 1 year phase III study was designed comparing azathio-
prine versus mesalazine for the prevention of clinical recurrence
in patients with CD with moderate or severe endoscopic recur-
rence following intestinal resection.

METHODS
Study design and conduct
This was a 52-week, double-blind, double-dummy, randomised
study conducted at 21 gastroenterology centres in Austria (5),
the Czech Republic (10), Germany (2) and Israel (2) during the
period February 2002 to May 2007. The study was performed in
accordance with the amended Declaration of Helsinki and the
ICH Harmonised Tripartite Guideline for Good Clinical Practice.
Written informed consent was obtained from all patients
following regulatory authority and ethics committee approvals.

Patient selection criteria
Male or female patients aged 18e70 years with a diagnosis of
CD confirmed by endoscopy and histology were eligible for

screening if they had (1) undergone resection of the terminal
ileum and partial colectomy with ileocolonic resection for
complications of ileal CD with construction of an ileocolonic
anastomosis in the preceding 6e24 months; (2) not experienced
clinical recurrence due to CD since resection; and (3) a Crohn’s
disease activity index (CDAI) score <200 in the preceding
1e2 weeks. Patients were not eligible if they had short bowel
syndrome, an ileocolonic stoma, a thiopurine methyltransferase
(TPMT)�/� genotype, had received treatment with immuno-
suppressant agents (methotrexate, ciclosporin, 6-MP, azathio-
prine or 6-thioguanine (6-TG) or anti-tumour necrosis factor
a (TFNa) since resection, had received corticosteroids or oral
antibiotics (eg, metronidazole or ciprofloxacin) for >4 weeks
since resection, had received non-steroidal anti-inflammatory
drugs (NSAIDs) within the preceding 2 weeks (other than
paracetamol or low-dose acetylsalicylic acid), currently had
stricture plasty (unless the present stricture plasty macroscopi-
cally showed no inflammation at the time of the index opera-
tion) or had serum creatinine >130 µmol/l. At the screening
visit, endoscopic examination was performed and the status of
the patient was evaluated according to the Rutgeerts scoring
system,2 which was slightly modified. Patients with moderate
endoscopic recurrence (Rutgeerts grade i2a: >5 aphthous lesions
with normal mucosa between the lesions, or skip areas of larger
lesions) or severe endoscopic recurrence (i3ei4: diffuse aphthous
ileitis with diffusely inflamed mucosa, or diffuse inflammation
with larger ulcers, nodules and/or narrowing) were recruited
into the study. Patients were excluded if endoscopy revealed no
lesions (grade i0), #5 aphthous lesions (grade i1) and/or if lesions
were confined to the ileocolonic anastomosis (ie, <1 cm long)
(grade i2b). Patients in the latter category (grade i2b) were
excluded since this presentation is associated with a lower risk of
clinical recurrence.2

Randomisation and drug therapy
Patients were randomised in a 1:1 ratio to azathioprine
2.0e2.5 mg/kg/day (Azafalk 50 mg tablets) or mesalazine 4 g/
day (Eudragit L-coated 500 mg tablets (Salofalk)). As treatment
with azathioprine or its placebo was based on a patient’s body
weight, a central randomisation was performed via five
computer-generated randomisation lists (using the program
‘Rancode +’ (version 3.6) of IDV, Gauting, Germany), which
were generated for the five body weight classes (40e50 kg,
51e60 kg, 61e75 kg, 76e100 kg and 101e128 kg), each in
blocks of four, with medication distributed to each centre
according to this list. To maintain investigator and patient
blinding, patients randomised to azathioprine received verum
azathioprine tablets and placebo mesalazine tablets; those
randomised to mesalazine received verum mesalazine tablets
and placebo azathioprine tablets.
The following medications were prohibited during the study:

immunosuppressants other than study drug, allopurinol,
oxipurinol or thiopurinol, azathioprine-containing or mesalazine-
containing drugs other than study drug, anti-TNFa therapy, oral
antibiotics for >4 weeks or more than three cycles of 2 weeks,
NSAIDs for >2 weeks, corticosteroids and cimetidine.

Evaluation schedule and assessments
Study visits took place at the participating centres at screening
(7e14 days before baseline), baseline (day 0) and at weeks 2, 4, 8,
24 and 36, with the final study visit at week 52. Total CDAI
score was calculated at each visit19 and the Inflammatory Bowel
Disease Questionnaire (IBDQ) was completed at baseline and at
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weeks 12, 24, 36 and 52.20 Vital signs and laboratory values
(erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
haematology, serum chemistry and urinalysis) were measured at
each study visit. Detection of TPMT activity and genotype, as
well as red blood cell (RBC) concentrations of 6-TG nucleotides
(6-TGNs), 6-methyl-mercaptopurine ribonucleotides (6-
MMPRs) and 6-methyl-thioguanine nucleotides (6-MTGNs),
was performed centrally at the Dr Margarete Fischer-Bosch
Institute for Clinical Pharmacology (Stuttgart, Germany) as
described previously.21 22 At the final study visit, endoscopy was
performed and findings graded according to Rutgeerts score;
endoscopy was also performed if patients discontinued study
medication after $24 weeks. At both the screening and the final
visit, the Crohn’s Disease Endoscopic Index of Severity (CDEIS)
was documented.23 Additional blood sampling and analysis
(haematology and serum chemistry) was performed by the
patient’s family doctor at weeks 18, 30, 42 and 48. Adverse
events were assessed at each postbaseline visit and categorised in
terms of severity (mild, moderate or severe) and relationship
with study medications (certain, probable/likely, possible,
unlikely, conditional/unclassified or unassessable/unclassifiable).

Patients were provided with diary cards to be completed daily,
including information on body temperature (if elevated), stool
frequency/type, abdominal pain and cramps, general well-being,
consumption of study medication and other medication.

Study end points
The primary end point was therapeutic failure during 1 year,
defined as a CDAI score $200 and an increase of $60 points
from baseline (consistent with the definition of therapeutic
failure used elsewhere8), or study drug discontinuation due to
lack of efficacy or an intolerable adverse drug reaction.

The main secondary efficacy end point was endoscopic
improvement at month 12, defined as $1 point reduction in
Rutgeerts score. Other secondary efficacy end points included
the change in CDAI score, IBDQ score and CRP level from
baseline and assessment of mucosal healing. Safety assessments
included adverse events, laboratory parameters, vital signs,
physical examination, levels of azathioprine metabolites and
TPMT activity. Patients and investigators were asked to assess
global tolerability as very good, good, satisfactory or poor.

Data were recorded by investigators into a Case Report
Form and then transferred to the study database using
a double data entry procedure prior to electronic validation of
the data.

Statistical analysis
The primary efficacy variable (proportion of patients with
therapeutic failure during 1 year) was compared between
treatment groups using a c2 test (two-sided test, a¼0.05), with
calculation of a 95% CI for the difference between proportions.
Any patient withdrawn due to lack of efficacy or intolerable
adverse drug reaction was assumed to have experienced clinical
recurrence; all other patients in whom a CDAI was not docu-
mented at the final study visit were documented as missing.

The sample size calculation for the primary end point esti-
mated that 62 evaluable patients (31 per treatment arm) were
needed to have 80% power to detect a difference of 35% in
favour of azathioprine versus mesalazine for the reduction in the
1 year therapeutic failure rate (one-sided a¼0.025) (nQuery
Advisor 4.0, Statistical Solutions, Saugus, Massachusetts, USA).
To allow for non-evaluable patients, a population size of 76
patients (38 per treatment arm) was planned.

Quantitative variables are described using the mean6SD and/
or median (range) as appropriate; qualitative variables are
described by frequency. Where appropriate, 95% CIs are provided
for differences between treatment groups for efficacy variables.
Compliance was calculated as the number of used tablets in
relation to the theoretical number of tablets to be taken during
the study period. Patients with an overall intake of $70% of the
study medication were considered to be adequately compliant.
The intention-to-treat (ITT) population was defined as all

randomised patients who received $1 dose of study medication.
The per-protocol (PP) population comprised all ITT patients
who met all inclusion and exclusion criteria, did not have any
relevant protocol violations, were adequately compliant with
study treatment and continued to receive study medication up
to the final study visit. The endoscopic PP set was a subset of
patients in the PP analysis set who completed two ileocolonos-
copies (excluding patients who were treated with NSAIDs
before the final endoscopy). The safety population was defined
as all randomised patients who received at least one dose of
study medication and provided $1 follow-up safety evaluation.
Statistical analyses were performed using SAS software

version 9.1.3. for Windows (SAS Institute, Carey, North Caro-
lina, USA).

Results
Patients and study medication
Seventy-eight Caucasian patients were randomised and received
study medication (41 azathioprine, 37 mesalazine) and formed
the ITT population. Baseline characteristics were similar
between treatment groups apart from a lower mean CDAI value
in the azathioprine cohort (70 vs 102 in the mesalazine arm) and
a higher proportion of azathioprine patients with a penetrating
disease behaviour (66% vs 43%; table 1). Fourteen patients had
major protocol violations, resulting in a PP population
comprising 64 patients, of whom 59 patients were evaluable for
the endoscopic PP analysis (figure 1).
The mean (SD) dose of azathioprine was 2.160.5 mg/kg/day

and the mean dose of mesalazine was 3.960.2 g/day. Mean
compliance, defined as overall intake of $70% of study medi-
cation, was 93% in the azathioprine group and 98% in the
mesalazine arm.

Primary end point
The primary end point (therapeutic failure due to clinical
recurrence or discontinuation due to lack of efficacy or adverse
drug reaction) occurred in 22.0% of patients in the azathioprine
arm (9/41) and 10.8% of patients in the mesalazine group (4/37),
with a difference in proportions of 11.1% (95% CI (�5.0% to
27.3%), p¼0.19, two-sided) in favour of mesalazine (table 2).
Clinical recurrence was significantly less frequent in the
azathioprine cohort compared with the mesalazine group, while
discontinuation due to adverse drug reactions was significantly
more frequent in the azathioprine-treated patients (table 2).
In the PP population, therapeutic failure occurred in 9/33

(27.3%) azathioprine patients and 3/31 (9.7%) mesalazine
patients, with a nearly significant difference between treatment
groups (17.6%, 95% CI (�0.8% to 36.0%), p¼0.072, two-sided).
Due to the low numbers of patients experiencing a thera-

peutic failure, no meaningful subgroup analyses of the primary
end point were conducted. In the 14 patients who had previ-
ously received azathioprine (6 in the azathioprine group and 8 in
the mesalazine group), clinical recurrence was observed in 2/8
patients in the mesalazine group. None of the 6 patients re-
treated with azathioprine developed clinical recurrence (data

754 Gut 2010;59:752e759. doi:10.1136/gut.2009.194159

Inflammatory bowel disease

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.2009.194159 on 13 M

ay 2010. D
ow

nloaded from
 

http://gut.bmj.com/


were missing in 2/6 patients). None of these 14 patients had
therapeutic failure due to adverse drug reactions.

Endoscopy scores
Endoscopic findings were analysed in all ITT patients in whom
endoscopy was performed at baseline and at month 12 or at the
time of study withdrawal, comprising 30 azathioprine patients
(median time (range) from baseline to final endoscopy 365 days
(176e381 days)) and 33 mesalazine patients (365 days
(214e404 days)). The proportion of patients showing $1 point
reduction in Rutgeerts score between baseline and final endo-
scopic examination was 63.3% (19/30) in the azathioprine group

compared with 34.4% (11/32) in the mesalazine group, a signif-
icant difference of 28.9% (95% CI (5.1% to 52.8%), p¼0.023,
two-sided). The median improvement in Rutgeerts score was
significantly greater in the azathioprine group (�1.5 vs 0 in the
mesalazine cohort, p¼0.007) (table 3). Significantly fewer
azathioprine-treated patients had a severe endoscopic score
(Rutgeerts i3ei4) at their final visit compared with patients in
the mesalazine group (9/30 (30.0%) vs 19/32 (59.4%), difference
�29.4%, 95% CI (�53.0% to �5.7%), p¼0.020, two-sided).
Similar findings were observed in the PP endoscopy group (data
not shown).
The mean improvement in CDEIS score was also significantly

greater in the azathioprine armversus themesalazine arm (table 3).

Other secondary efficacy end points
The mean CDAI score remained almost unchanged in the
azathioprine group from baseline (70) to week 52 (last observa-
tion carried forward (LOCF)) (71), while the mean score
decreased from baseline (102) by 16 points in the mesalazine
group; the difference in change in mean score was not significant
between cohorts (p¼0.14, two-sided Wilcoxon test). The change
in mean IBDQ score from baseline (azathioprine, 191; mesala-
zine, 175) to last on-treatment visit (azathioprine, 200; mesala-
zine, 180) was similar in both treatment arms (azathioprine
9617.7, mesalazine 5627.4; p¼0.4565, two-sided Wilcoxon test).
Geometric mean CRP level did not change with clinical rele-

vance from baseline (azathioprine, 0.59 mg/dl; mesalazine,
0.51 mg/dl) to end of treatment (azathioprine, 0.47 mg/dl;
mesalazine, 0.59 mg/dl) in either treatment group (mean
change: azathioprine 0.17 mg/dl; mesalazine 0.08 mg/dl;
p¼0.15, two-sided Wilcoxon test).

Safety and tolerability
An overview of adverse events by system organ class is given in
table 4. Overall, the incidence of adverse events was similar
between the different treatment groups (azathioprine 34/41
(83%), mesalazine 32/37 (87%)). Adverse events with
a suspected relationship to study drug (ie, adverse drug reac-
tions) were more frequent in the azathioprine group (29/41
(70.7%)) than in mesalazine-treated patients (13/37 (35.1%);
p¼0.003, Fisher exact test). Ten adverse events were serious (all
azathioprine patients) and three of those (all pancreatitis) were
classified as at least possibly related to intake of the study drug.
Approximately 24% (10/41) of azathioprine-treated patients

withdrew prematurely from the study due to adverse events (5
pancreatitis, 1 pancreatitis/headache, 1 leucopenia and vomiting,
1 leucopenia and anaemia, 1 glomerulonephritis, 1 hyper-
amylasaemia). In contrast, only 3% (1/37) of mesalazine-treated
patients were lost due to an adverse event resulting in premature
withdrawal of study drug (1 macrocytic anaemia). None of the
six patients in the azathioprine group who had received
azathioprine prior to their surgery withdrew due to adverse
events or clinical recurrence.
Clinical laboratory evaluation reflected the prominent effect

of azathioprine on white blood cells: leucocytes decreased below
normal in 16% of patients on azathioprine, and in no patient on
mesalazine. The increase in CRP above normal was similar in
both treatment groups (18% of patients on azathioprine vs 19%
of patients on mesalazine). Increases in pancreatic amylase and/
or lipase above normal were found in 16% of patients on
azathioprine and none on mesalazine. Abnormal liver tests were
documented as adverse events in two patients (1 mesalazine,
increase of transaminases; 1 azathioprine, increase in g-gluta-
myltransferase).

Table 1 Baseline characteristics (intention-to-treat population)

Azathioprine Mesalazine
(n[41) (n[37)

Age (years), mean6SD 35.5613.6 36.0610.7

Male gender, N (%) 24 (58.5%) 20 (54.1%)

Body mass index (kg/m2), mean6SD 23.864.0 23.263.1

Smoker, N (%) 17 (41.5%) 20 (54.1%)

Course of Crohn’s disease, N (%)

Continuous 21 (51.2%) 20 (54.1%)

Recurrent 19 (46.3%) 17 (45.9%)

Unknown 1 (2.4%) 0

Behaviour of Crohn’s disease, N (%)

Non-stricturing/non-penetrating 4 (9.8%) 6 (16.2%)

Stricturing 10 (24.4%) 15 (40.5%)

Penetrating 27 (65.9%) 16 (43.2%)

Baseline CDAI

Mean6SD 70644.9 102661.8

Median (range) 72 (�29 to 209) 93 (�10 to 204)

Screening CDEIS, mean6SD 5.563.46 4.963.01

Screening Rutgeerts score, mean6SD 3.1760.89 2.9760.93

No. (%) of patients with screening Rutgeerts score:

>5 aphthous lesions (i2a) 12 (29.3%) 16 (43.2%)

Lesions confined to the ileocolonic
anastomosis (i2b)

1 (2.4%) 0

Diffuse aphthous ileitis with diffusely
inflamed mucosa (i3)

8 (19.5%) 6 (16.2%)

Diffuse inflammation with already
larger ulcers (i4)

20 (48.8%) 15 (40.5%)

Baseline IBDQ, mean6SD 191.2627.12 175.2632.39

Time since last bowel
resection (months), median (range)

13.5 (6.3e26.1) 12.5 (5.8e19.8)

Treatment prior to surgery, N (%)

Mesalazine 28 (68.3%) 26 (70.3%)

Sulfasalazine 4 (9.8%) 1 (2.7%)

Budesonide 9 (22.0%) 13 (35.1%)

Corticosteroids 23 (56.1%) 16 (43.2%)

Azathioprine 6 (14.6%) 8 (21.6%)

Infliximab 2 (4.9%) 1 (2.7%)

Other 6 (14.6%) 6 (16.2%)

Mesalazine treatment within 2 weeks
prior to study entry, N (%)

15 (36.6%) 12 (32.4%)

Symptomatic treatment for diarrhoea
within 2 weeks prior to study entry, N (%)

1 (2.4%) 1 (2.7%)

Concomitant medication, N (%)

NSAIDs 12 (29.3%) 10 (27.0%)

Cumulative intake of #7 days 9 (22.0%) 5 (13.5%)

Cumulative intake of >7 days 3 (7.3%) 5 (13.5%)

Aspirin and analgesics
without anti-inflammatory effect

17 (41.5%) 20 (54.1%)

Medication for functional
gastrointestinal disorders

9 (22.0%) 8 (21.6%)

CDAI, Crohn’s disease activity index; CDEIS, Crohn’s Endoscopic Index of Severity; IBDQ;
Inflammatory Bowel Disease Questionnaire; NSAID, non-steroidal anti-inflammatory
disease.
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Almost half of the patients rated azathioprine or mesalazine
as ‘very good’ in terms of global assessment of tolerability (49%
and 46%, respectively). A ‘poor ’ rating by patients was recorded
only in the azathioprine group (15% of patients).

Monitoring of TPMT and thiopurine metabolites
Mean TPMT activity level at baseline was 42 nmol 6-MTG/g
haemoglobin (Hb)/h and 41 nmol 6-MTG/g Hb/h in azathio-
prine- and mesalazine-treated patients, respectively. Inspection
of the 1 year curves of TPMT activity did not reveal any
significant changes in either treatment group. The course of
6-TGN, 6-MTGN and 6-MMPR levels over the 1 year study in
the azathioprine group is shown in figure 2. Among the 19
azathioprine-treated patients who completed the study and for
whom metabolite data were available, there was a significant
decrease in metabolite concentrations between week 4 and
52 (6-TGNs, mean decrease 52 pmol/83108 RBCs, p¼0.040;
6-MTGNs, mean decrease 22 pmol/83108 RBC, p¼0.045; 6-
MMPRs, mean decrease 3300 pmol/83108 RBC, p<0.0001;
Wilcoxon signed rank test).

Overall, 9.8% of patients (4/41) in the azathioprine group
showed an intermediate TPMT phenotype that according to
previous definitions24 entirely corresponded to TPMT genotypes

*1/*3A (3 patients) and *1/*2 (1 patient). Interestingly, all
TPMT *3A variant patients revealed haematotoxicity (leuco-
penia and/or anaemia (table 5)) which was the primary cause of
azathioprine withdrawal in two cases. The median maximum
level of 6-TGNs in these patients was significantly higher than
in patients without haematotoxicity (714 vs 233 pmol/83108

RBCs, p<0.017, Wilcoxon two-sample test). Unexpectedly,
TPMTactivity was found to be normal in two patients who had
leucopenia and elevated TGN levels (table 5). Inspection of
individual patient data did not reveal any association between
TPMT or thiopurine metabolites and gastrointestinal toxicity
(eg, hepatotoxicity or pancreatitis).

Discussion
Endoscopic recurrence is predictive of subsequent clinical recur-
rence after ileocolic resection for CD.2 18 The current study is the
first specifically to evaluate medical intervention for the
prevention of clinical recurrence following intestinal resection in
patients with CD known to be at endoscopically confirmed high
risk of recurrence.
In our high-risk population, the primary end point (thera-

peutic failure due to clinical recurrence or to discontinuation due
to lack of efficacy or adverse drug reaction) was w11% lower in

Figure 1 Patient disposition. ITT,
intention-to-treat; PP, per protocol; AE,
adverse event.

Table 2 Therapeutic failure during 1 year (primary end point) due to clinical recurrence (defined as Crohn’s disease activity index score $200 and an
increase of $60 points from baseline) or study discontinuation due to lack of efficacy or adverse drug reaction

Azathioprine Mesalazine
Difference in
proportions* (95% CI) p Valuey

Intention-to-treat population n¼41 n¼37

Therapeutic failure 9 (22.0%) 4 (10.8%) 11.1% (�5.0% to 27.3%) 0.19

Clinical recurrence or discontinuation
due to lack of efficacy

0 4 (10.8%) �10.8% (�20.8% to �0.8%) 0.031

Discontinuation due to adverse
drug reactionz

9 (22.0%) 0 22.0% (9.3% to 34.6%) 0.002

Per-protocol population n¼33 n¼31

Therapeutic failure 9 (27.3%) 3 (9.7%) 17.6% (�0.8% to 36.0%) 0.072

*Azathioprineemesalazine.
yTwo-sided c2 test.
ySuspected relationship to study drug.
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the mesalazine arm versus azathioprine. The most important
contributory factor was the extent of intolerance to azathio-
prine: all therapeutic failures in azathioprine-treated patients
were due to study drug discontinuation as a result of adverse
drug reactions. A second factor is that the rate of clinical
recurrence in the control arm was lower than anticipated, either
because of unexpectedly high efficacy with mesalazine or
because the underlying rate of recurrence was lower than esti-
mated from the literature,2 even in this high-risk population.
Nevertheless, while the combined therapeutic failure end point
was less frequent with mesalazine, it is noteworthy that no
patient progressed to recurrence while under azathioprine
treatment. This striking finding was accompanied by signifi-
cantly superior mucosal healing in the azathioprine arm, with
fewer azathioprine-treated patients showing severe endoscopic
lesions at 1 year compared with those randomised to mesala-
zine. The proportion of azathioprine-treated patients with
mucosal healing at the last study visit (17%) was similar to that
reported recently in the SONIC study.24

Our results are consistent with those of trials in which the use
of azathioprine or 6-MP was found to reduce the rate of both
clinical and endoscopic recurrence following intestinal resection
versus placebo.15 16 Two16 17 out of three16 17 25 comparative
trials of azathioprine versus mesalazine have also shown a lower
rate of endoscopic recurrence with azathioprine. Findings
regarding the relative rate of clinical recurrence using azathio-
prine versus mesalazine have been more mixed.16 17 25 A recent
meta-analysis of four controlled studies confirmed a benefit for
azathioprine/6-MP in the prevention of clinical recurrence and
avoidance of severe endoscopic recurrence, but since compara-
tors were a mixture of placebo and mesalazine the interpretation
of this analysis is difficult.26 Moreover, it is important to note
that no previous study has included only patients with
confirmed endoscopic recurrence. Assessing the risk of recurrence
immediately postsurgery is challenging due to the number of
contributory factors, and the absence of a single prognostic
marker; to date endoscopic recurrence appears to be the best
predictor of clinical outcome.2 18

The high rate of study discontinuations due to adverse events
in the azathioprine arm was broadly similar to that observed
elsewhere in patients with postoperative CD,26 although one
study of metronidazole in combination with azathioprine
reported a lower incidence.15 Of note, pancreatitis was
a contributing event to discontinuation in six azathioprine-
treated patients in our population, a feature that has not been
reported with comparably high frequency elsewhere. According
to recent retrospective data in the literature, azathioprine-
induced pancreatitis is more common in inflammatory bowel
disease (incidence 5%) than in other autoimmune diseases.27 In
transplant patients, the incidence of pancreatitis following

Table 4 Adverse events reported in $3% of patients in either
treatment group by system organ class

Azathioprine Mesalazine
(n[41) n[(37)

Blood and lymphatic system disorders

Leucopenia 7 (17.1%) 0

Anaemia 3 (7.3%) 0

Eye disorders

Conjunctivitis 2 (4.9%) 0

Gastrointestinal disorders

Abdominal pain/proctalgia 8 (19.5%)/0 8 (21.6%)/2 (5.4%)

Nausea/vomiting 4 (9.8%)/4 (9.8%) 1 (2.7%)/1 (2.7%)

Pancreatitis 6 (14.6%) 0

Flatulence 3 (7.3%) 2 (5.4%)

Toothache 3 (7.3%) 1 (2.7%)

Dyspepsia 1 (2.4%) 3 (8.1%)

Crohn’s disease
deteriorated/diarrhoea

0/0 2 (5.4%)/1 (2.7%)

General disorders and administration site conditions

Influenza-like illness 4 (9.8%) 1 (2.7%)

Fever 2 (4.9%) 2 (5.4%)

Fatigue 1 (2.4%) 2 (5.4%)

Infections and infestations

Nasopharyngitis 17 (41.5%) 10 (27.0%)

Rhinitis 2 (4.9%) 3 (8.1%)

Influenza 1 (2.4%) 4 (10.8%)

Gastroenteritis 1 (2.4%) 2 (5.4%)

Respiratory tract infection 0 2 (5.4%)

Urinary tract infection 0 2 (5.4%)

Injury, poisoning and procedural complications

Confusion 2 (4.9%) 1 (2.7%)

Arthropod sting 0 2 (5.4%)

Musculoskeletal and connective tissue disorders

Arthralgia 2 (4.9%) 1 (2.7%)

Back pain 2 (4.9%) 3 (8.1%)

Joint stiffness 0 2 (5.4%)

Nervous system disorders

Headache 9 (22.0%) 13 (35.1%)

Sciatica 0 2 (5.4%)

Psychiatric disorders

Depression 0 2 (5.4%)

Reproductive system and breast disorders

Dysmenorrhoea 4 (9.8%) 2 (5.4%)

Respiratory, thoracic and mediastinal disorders

Pharyngolaryngeal pain 3 (7.3%) 1 (2.7%)

Cough 1 (2.4%) 3 (8.1%)

Allergic rhinitis 1 (2.4%) 2 (5.4%)

Surgical and medical procedures

Tooth extraction 2 (4.9%) 0

Vascular disorders

Hypotension 1 (2.4%) 2 (5.4%)

Table 3 Change in endoscopy findings from baseline to final
examination (either at month 12 or at study withdrawal), according to
Rutgeerts scoring system2 and Crohn’s Disease Endoscopic Index of
Severity (CDEIS)20

Intention-to-treat Azathioprine Mesalazine p Value

Rutgeerts score:
decrease $1 point

19 (63.3%) (n¼30) 11 (34.4%) (n¼32) 0.023*

Rutgeert score: median
change (range)

�1.5 (�4.0 to �2.0) 0 (�3.0 to 2.0) 0.007y

No. (%) of patients with Rutgeerts score at final visit:

(i0) No lesions 7 (17.1%) 5 (13.5%)

(i1) #5 aphthous lesions 5 (12.2%) 4 (10.8%)

(i2a) >5 aphthous lesions 5 (12.2%) 3 (8.1%)

(i2b) Lesions confined to the
ileocolonic anastomosis

4 (9.8%) 1 (2.7%)

(i3) Diffuse aphthous ileitis
with diffusely inflamed mucosa

3 (7.3%) 4 (10.8%)

(i4) Diffuse inflammation
with large ulcers

6 (14.6%) 15 (40.5%)

Missing 11 (26.8%) 5 (13.5%)

CDEIS score: mean
change6SD

�2.6864.38 (n¼29) �0.5563.66 (n¼33) 0.045y

Only patients in whom endoscopy was performed at both baseline and at month 12 or at the
time of study withdrawal were included in analyses of Rutgeerts score.
*Two-sided c2 test.
yTwo-sided Wilcoxon test.
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azathioprine ranged from 2% to 12%.28 Therefore, the high rate
of pancreatitis (15%) in our CD population may be surprising
but explained by strict prospective safety monitoring.

An interesting pharmacological finding from our study was
the significant decrease in levels of thiopurine metabolites after 1
year of azathioprine treatment, consistent with our previous
observations from another prospectively designed trial of
azathioprine in patients with CD.21 Non-compliance can be
ruled out as a possible explanation due to excellent results based
on pill count data. Although we cannot currently offer a plau-
sible answer for this observation, we suggest that TPMT-
independent underlying mechanisms should be considered, since
the 1 year curves of TPMT activity were unaffected.

Of note, and in agreement with in vitro29 30 and in vivo22

results in the literature, heterozygosity for the TPMT *3A allele
resulted in a significant alteration of TPMT function with
haematotoxicity in all cases, with withdrawal of azathioprine
due to intolerable adverse events in two out of three of these
patients. Moreover, non-haematological adverse drug reactions
were unrelated to TPMT, a finding that is in line with data from
large-scale clinical studies.31e33 Taken together, these pharma-
cogenetic data support the view that TPMT testing could help
to avoid azathioprine-related haematotoxicity. It is clear,
however, that TPMT testing cannot explain all cases of leuco-
penia observed in azathioprine-treated patients since other
possible underlying mechanisms, such as drug transport proteins

(eg, MRP434), other thiopurine-related enzymes (eg, ITPase35 36)
and viral infections,37 may contribute to the onset of adverse
drug reactions.
Some weaknesses in our study design should be addressed.

As discussed above, the side effect profile of azathoprine and
the low rate of clinical recurrence in the control arm (possibly
due to an underestimation of mesalazine efficacy) were not
adequately taken into account. Secondly, the time from last
resection to study entry varied widely (azathioprine, 6e26
months; mesalazine, 6e20 months), such that the risk of clinical
recurrence was heterogeneous within our population. Further-
more, due to the heterogeneity of the moderate endoscopic
recurrence grade i2, we included only patients with lesions in the
neoterminal ileum (ie, i2a), excluding patients with recurrence of
grade i2b, for whom outcome is not completely clear. We are also
aware that CDAI is not validated in the postoperative setting,
although in the absence of any validated alternative scoring
system for clinical activity we believe this to be the most
appropriate monitoring instrument. We recognise that mild
symptom exacerbations may not have met our definition for
relapse based on CDAI score. For example, a patient with
a baseline CDAI score of 180 in whom the score increased to 230
would not have been classified as a ‘relapser ’. However, such
a patient could have been withdrawn from the study due to lack
of efficacy, in which case the patient would have been analysed
as a treatment failure. Lastly, central analysis of endoscopic
findings would have helped to avoid interobserver variability.
Despite these limitations, we believe that our approach of
selecting high-risk patients based on endoscopic recurrence
offers a valuable model for future comparative trials of medical
intervention to prevent postoperative recurrence in patients
with CD.
In conclusion, the unique design of the current study

offers a novel data set that may assist in more accurate, indi-
vidualised targeting of medical treatment to prevent clinical
recurrence following intestinal resection for CD. The efficacy
benefit of azathioprine, while clearly established, must be
balanced against its side effect profile resulting in a high rate
of discontinuation. It may be appropriate to reserve azathioprine
treatment for patients known to be at high risk of clinical
recurrence based on endoscopic recurrence; for patients
who are intolerant to azathioprine or who have a lower risk of
clinical recurrence, high-dose, Eudragit L-coated mesalazine
could be an alternative treatment option. Routine endoscopic
examination would allow identification of these at-risk
subpopulations.

Table 5 Overview of haemototoxicity reported in the azathioprine group (n¼41)

Patient
ID

TPMT
genotype

TPMT activity
at baseline
(nmol 6-MTG/g Hb/h)*

Adverse
event

Maximum 6-TGN level observed
after onset of adverse
event (pmol/83108 RBC)

Premature
withdrawal

Primary reason
for withdrawal

703 *1/*3A 19 Leucopenia 600 Yes Lack of cooperation

706 *1/*3A 22 Leucopenia 370 Yes Intolerable adverse event (leucopenia)

728 *1/*3A 19 Leucopenia/
anaemia

944 Yes Intolerable adverse event (leucopenia)

623 *1/*1 52 Leucopenia 262 No e

734 *1/*1 41 Leucopenia 203 No e

742 *1/*1 38 Leucopenia/
anaemia

604 Yes Intolerable adverse event
(hyperamylasaemia)

831 *1/*1 48 Leucopenia/
anaemia

978 Yes Lack of cooperation

*TPMT activity <23 nmol 6-MTG/g Hb/h is considered an intermediate metaboliser TPMT phenotype.23

Hb, haemoglobin; MTG, methyl-thioguanine; RBC, red blood cell; TGN, thioguanine nucleotides; TPMT, thiopurine methyltransferase.

Figure 2 Concentration of 6-thioguanine nucleotides (6-TGNs, filled
circles), 6-methyl-thioguanine nucleotides (6-MTGNs, open circles) and
6-methyl-mercaptopurine ribonucleotides (6-MMPRs, triangles) in
patients with Crohn’s disease receiving azathioprine 2.0e2.5 mg/kg/day
over the course of 1 year. Data are presented as the mean6SD.
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