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Background & Aims: Clinical experience suggests that
6-mercaptopurine (6-MP) is effective therapy for chil-
dren with active steroid-dependent Crohn’s disease (CD).
We report the results of a prospective, placebo-con-
trolled, multicenter trial evaluating the combination of
6-MP and prednisone as therapy for children with newly
diagnosed moderate-to-severe CD. Methods: Fifty-five
children (age, 13 6 2 years) were randomized to treat-
ment with 6-MP (1.5 mg z kg21 z day21) or placebo
within 8 weeks of initial diagnosis. Both groups also
received prednisone (40 mg/day). Prednisone dosage
adjustments were based on a defined schedule deter-
mined by the change in a subject’s disease activity
score, and steroid administration was discontinued as
remission was achieved. Study treatment with 6-MP or
placebo continued for 18 months. Results: Groups were
comparable for age, sex, and site and activity of disease.
In the 6-MP group, the duration of steroid use was
shorter (P < 0.001) and the cumulative steroid dose
lower at 6, 12, and 18 months (P < 0.01). Although
remission was induced in 89% of both groups, only 9%
of the remitters in the 6-MP group relapsed compared
with 47% of controls (P 5 0.007). Growth was compa-
rable in both groups. No clinically significant adverse
events occurred, although mild leukopenia and in-
creases in aminotransferase activity were noted in the
6-MP group. Conclusions: Addition of 6-MP to a regimen
of corticosteroids significantly lessens the need for pred-
nisone and improves maintenance of remission. 6-MP
should be part of the initial treatment regimen for chil-
dren with newly diagnosed moderate-to-severe CD.

The inadequacies of current therapy for pediatric
Crohn’s disease (CD) have stimulated the search for

treatments to maintain remission while limiting corti-
costeroid exposure.1 6-Mercaptopurine (6-MP) and aza-
thioprine are increasingly used as therapeutic alterna-

tives.2,3 Controlled trials in adults with chronic,
intractable, or corticosteroid-dependent CD show that
these agents effectively induce and maintain remis-
sion.4–10 There have been no controlled trials of either
agent in pediatric CD, but clinical experience3,11–14 sup-
ports the observations in adults. In addition, no study has
explored the role of 6-MP or azathioprine in the treat-
ment of adults or children with newly diagnosed CD.

The primary objective of this multicenter trial was to
determine whether 6-MP decreased the need for cortico-
steroids in children and adolescents with newly diag-
nosed moderate-to-severe CD. Secondary objectives in-
cluded determining whether the addition of 6-MP to a
therapeutic regimen of corticosteroids improves disease
remission rates, decreases the frequency of relapses, or
promotes improved linear growth.

Materials and Methods
Study Design

This prospective, double-blind, placebo-controlled 18-
month clinical trial involved 18 U.S. pediatric centers (Ap-
pendix 1). The protocol was approved by the institutional
review board of each collaborating investigator. Written in-
formed consent was obtained from parents. Children older than
12 years signed a statement of assent. All subjects were ,18
years of age, had CD diagnosed within 8 weeks of randomiza-
tion, and had disease activity scores in the moderate-to-severe
range. Children with body weights ,24 kg were excluded. CD
was diagnosed after a standardized evaluation that included
upper gastrointestinal series with small bowel follow-through
and colonoscopy with biopsy.

Abbreviations used in this paper: HB, Harvey–Bradshaw score; DHB,
difference between current and previous partial HB; 6-MP, 6-mercap-
topurine; PCDAI, Pediatric Crohn’s Disease Activity Index; pHB, partial
Harvey–Bradshaw score.
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Subjects were enrolled before receiving any treatment or
after #2 weeks of unsuccessful treatment with a 5-aminosa-
licylate medication (immediate enrollment). Subjects could
also be enrolled if they had received #6 weeks of prednisone
(delayed enrollment), as long as the prednisone had been
prescribed and decisions regarding dosage adjustment made
exactly according to the study’s dosing protocol. In the case of
delayed enrollment, a child was considered to have begun
protocol treatment when corticosteroid treatment began.

Disease Activity

Disease activity was primarily assessed using the Har-
vey–Bradshaw (HB) score (Table 1),15 although a Pediatric
Crohn’s Disease Activity Index (PCDAI) was also determined
at the time of initial randomization.16 For subject inclusion
and decisions during telephone follow-up regarding changes in
steroid dosing (see below), only the first 3 parts of the HB
score, labeled the partial HB (pHB) score, were considered.
Preliminary investigation before the inception of the study
showed that most children’s total HB scores were derived
primarily from the first 3 parts of the score (unpublished
observations). Previous work had shown a high degree of

correlation between the physician’s global assessment of dis-
ease activity and HB score; 75% of children with moderate CD
and virtually all children with severe CD activity have total
HB scores of $4.16 Based on these observations, for this study
moderate-to-severe disease activity was defined as pHB of $5
points. For all other purposes, the total HB score was used.
Inactive disease was defined as a total HB score of ,3, remis-
sion as 2 successive monthly total HB scores of ,3, and relapse
as 2 successive scores of $4 obtained no closer than 1 week
apart.

Treatment Protocol

Subjects were randomized using permuted blocks to 1
of 2 treatments. Subjects in the experimental (6-MP) group
received both prednisone and 6-MP. Controls received pred-
nisone plus placebo tablets identical to 6-MP. Prednisone
(5-mg scored tablets; Roxanne Laboratories, Columbus, OH,
or Danbury Pharmacal Inc., Florham, NJ) was purchased by
the coordinating center and dispensed to all subjects. The
6-MP (50-mg tablets) and matching placebo were donated by
Glaxo-Wellcome (Research Triangle Park, NC) and dispensed
precut in half to facilitate accurate daily dosing. Subjects in the
6-MP group received 6-MP, 1.5 mg/kg body wt daily,
rounded to 25-, 50-, or 75-mg doses (1⁄2, 1, or 11⁄2 tablets per
day). The control group received placebo tablets prescribed as
1⁄2, 1, or 11⁄2 tablets per day according to the same parameters
used for 6-MP. The 6-MP/placebo dose remained constant
throughout the 18-month study. 6-MP metabolite levels were
not assessed because the assays were not commercially available
when the study began. However, 6-MP/placebo dosage was
halved if leukopenia (defined as absolute neutrophil count
,1500/mm3) was determined during routine laboratory fol-
low-up, and discontinued and the subject withdrawn from the
study if leukopenia persisted on a repeat white blood cell
(WBC) count 2 weeks later. Parents were permitted to crush
all study tablets and administer the medications mixed with
food if necessary. Subjects could receive only the study medi-
cations dispensed by the coordinating center. Appropriate
nutritional supplementation was encouraged, but nasogastric
or gastrostomy feedings and parenteral nutrition were disal-
lowed. No other treatments for CD were permitted.

Subjects in both groups received corticosteroids according
to an identical dosing regimen (Tables 2 and 3). Corticoste-
roids were initiated as either 32 mg/day of intravenous meth-
ylprednisolone (for pHB $ 9) or 40 mg/day of oral prednisone
(for pHB 5–8). Changes in corticosteroid dose were allowed
only at predetermined times (Table 2), and the dosage was
increased, decreased, or left unchanged based on the difference
(designated DHB) between the pHB and its immediate pre-
decessor. Decreasing disease activity was defined as a negative
DHB, increasing activity as a positive DHB (Table 3). Reduc-
tions in corticosteroid dose were made if the DHB was nega-
tive, or if the pHB was #2. A positive DHB required an
increase in the dose of corticosteroid to the next higher level.
For every corticosteroid level, the minimum duration of use
was predetermined by protocol. If disease activity permitted,

Table 1. Modified Harvey–Bradshaw Score

Possible
subscore

General well-being Score
Very well 0
Slightly below par 1
Poor 2
Very poor 3
Terrible 4

Abdominal pain Score
None 0
Mild 1
Moderate 2
Severe 3

Number of liquid stools Score
0 0
1–2 1
3–4 2
5–6 3
7–8 4
.8 5

Abdominal mass Score
None 0
Dubious 1
Definite 2
Definite and tender 3

Complications Score
Arthralgia, uveitis, E. nodosum,

aphthous ulcers, pyoderma
gangrenosum, draining
fistula, abscess,
temperature . 38°,
cutaneous vasculitis

Score 1 for
each
item

Total HB score (sum of parts 1–5
inclusive) Score

Partial HB score (sum of parts
1–3 inclusive) Score
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prednisone could be weaned to every-other-day dosing and
eventually discontinued (Table 2). Once remission was
achieved and prednisone discontinued, a flare of disease activity
could dictate another course of prednisone. Dosage adjust-
ments during this second course were determined in the same
manner as the initial corticosteroid course.

Office follow-up for physical examination, height and
weight measurements, and calculation of pHB and total HB
score occurred monthly, and more frequently if disease activity
was required. Medication compliance was determined by pill
count. Complete blood count with differential, erythrocyte
sedimentation rate, and serum amylase and biochemistry levels
were measured at predetermined intervals. Between visits,
there were telephone contacts as often as every 8 days to
determine the pHB and DHB. In all office visits and during
telephone contacts, corticosteroid dosage adjustments were
standardized from center to center (Tables 2 and 3). Subjects
could be withdrawn from the study at any time because of
treatment failure, adverse reaction to treatment medications,
or noncompliance. Treatment failure was defined as HB
score $ 9 despite 2 weeks of intravenous corticosteroid treat-
ment. Treatment failure was also defined as any patient who
required therapy for symptoms or complications of CD, which
was not allowed by study protocol.

Statistical Analysis

Cumulative prednisone dose was calculated based on
the daily steroid dose prescribed. For these calculations, 32
mg/day of intravenous methylprednisolone was considered
equivalent to 40 mg/day of prednisone. Based on the intent-
to-treat principle, all subjects who began therapy and with-
drew before completion of the study had their last daily
prednisone dose carried forward to the end of the study.

Differences in cumulative prednisone dose between groups
were compared using the Mann–Whitney test.

The incidence density ratio method17 was used to determine
observed-to-expected ratios for “time until” calculations (such
as time until steroids were discontinued or until remission) to
take into account the differing lengths of follow-up among
subjects. In this method, the null hypothesis is that the
number of days for any measure in each group will be propor-
tional to the total number of days of observation for each group
(Appendix 2). “Time until” event distributions were calculated
using the product-limit method and compared using the log-
rank test. Additional comparisons were performed using the
unpaired t test, Fisher exact test, or Mann–Whitney test as
appropriate. All analyses were computed using SAS software
(Cary, NC). Unless otherwise noted, data are expressed as
means 6 SD or medians with 95% confidence intervals. Dif-
ferences between groups were considered significant for P ,
0.05.

Results
Study Population

Sixty-five children were randomized at 18 collab-
orating sites (range, 1–12 subjects per site), but 10 were
excluded from analysis, including 7 whose parents
changed their minds about participating in the study
before initiating treatment and 2 (1 from each treatment
group) whose poor compliance with follow-up appoint-
ments resulted in significantly incomplete and noninter-
pretable data records. One additional randomized subject
took ,85% of the prescribed dose of medication within
the first 2 months of study, was withdrawn per protocol
by the local investigator, and was therefore not included
in the analysis. The remaining 55 subjects were compa-
rable for age, sex, sites of disease, disease activity, and
“immediate” vs. “delayed” enrollment (Table 4). Subjects
in both groups had comparable disease activity, with all

Table 3. Corticosteroid Adjustment Schedules

Current
pHB score DHBa

Mandatory dose
adjustmentb

9–12 24 to 112 Level 1
5–8 21 or less Decrease 1 level

0 No change
11 or more Increase to level 4 or next

highest level (whichever
is highest)

3–4 21 or less Decrease 1 level
0 No change

11 or more Increase 1 level
0–2 212 to 12 Decrease 1 level

aChange in pHB score calculated by determining the difference be-
tween the current and immediately preceding pHB scores.
bLevels correspond to those defined in the corticosteroid adjustment
timetable (Table 2).

Table 2. Corticosteroid Adjustment Timetable

Level Corticosteroid dose

Minimum
duration
of usea

1 Methylprednisolone 16 mg IV every 12 h 1–2 wk
2 Prednisone 40 mg PO every morning 1 mo
3 Prednisone 30 mg PO every morning 2 wk
4 Prednisone 20 mg PO every morning 2 wk
5 Prednisone 20 mg alternating with

15 mg PO every morning
8 days

6 Prednisone 20 mg alternating with
10 mg PO every morning

8 days

7 Prednisone 20 mg alternating with
5 mg PO every morning

8 days

8 Prednisone 20 mg PO every other day 8 days
9 Prednisone 15 mg PO every other day 8 days

10 Prednisone 10 mg PO every other day 8 days
11 Prednisone 5 mg PO every other day 8 days
12 Discontinue prednisone

IV, intravenous; PO, orally.
aActual duration of use of each corticosteroid level depends on the
pHB score and the change from the previously determined pHB score
(see text and Table 3).
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disease activity measures (HB score, pHB, and PCDAI)
falling in the moderate-to-severe range. The initial mean
prednisone dose per kilogram body weight per day and
the proportion of each group whose initial prednisone
dose was .1 mg/kg body wt per day were also similar.

The 18-month trial was completed by 21 of 27 (78%)
patients in the 6-MP group but only 11 of 28 (39%)
controls (P , 0.01). The primary reason for early with-
drawal was treatment failure (3 6-MP subjects, 15 con-
trols). Additionally, 1 6-MP subject was withdrawn for
leukopenia and 2 for noncompliance, while 1 control was
withdrawn for fever and 1 for noncompliance. These 23
subjects are included in the analysis.

Corticosteroid Use

Subjects in the 6-MP group required fewer days of
corticosteroid treatment than controls, as evidenced by
an observed-to-expected ratio of days on prednisone of
0.73, compared with 1.34 in the control group (P ,
0.001). Although both groups required comparable pe-
riods for initially weaning from prednisone (6-MP me-
dian, 121 days; 95% confidence interval [CI], 117–143;
control median, 131 days; 95% CI, 120–178; P 5 NS),
subjects in the 6-MP group were able to remain off of
prednisone treatment significantly longer than controls
(Figure 1). After being weaned off of prednisone, only 1
of the 6-MP subjects required another course of steroids
within 540 days. By contrast, 31% of controls required
a second course of steroids within 90 days, and 57%

resumed prednisone within 1 year (P , 0.0001). As a
result, the difference in cumulative prednisone dose
gradually diverged in the 2 study groups after 3 months
and became significantly different by 6 months. These
differences were maintained through completion of the
study, irrespective of whether the cumulative prednisone
dose was calculated by the “last value carried forward”
method (Figure 2) or by the actual amount of prednisone
taken (Figure 3).

Remission Analysis

After 1 month of treatment, 93% of the 6-MP
group and 79% of controls had inactive total HB scores.
By 3 months, all 6-MP subjects and all but 1 control had
achieved at least 1 inactive HB score. By 12 months,
both groups had a cumulative remission rate of 89%.
However, remission was maintained significantly better
in the 6-MP group (Figure 4). Among those in remis-
sion, only 1 (4%) 6-MP subject had a relapse within 180
days of achieving remission, compared with 7 (28%)

Table 4. Study Population at Randomization

6-MP group Controls

No. of subjects 27 28
Age (yr) 13.0 6 2.3 13.4 6 2.5
Sex (M/F ) 15/12 18/10
Race (% white) 93 93
Sites of CD involvement

[n (%)]
Small bowel only 4 (14.8%) 1 (3.6%)
Small bowel 1 colon 19 (70.4%) 22 (78.6%)
Colon only 4 (14.8%) 5 (17.9%)

Disease activity scores
Total HB score 7.7 6 1.8 7.4 6 1.9
pHB score 6.6 6 1.3 6.5 6 1.3
PCDAI 46.7 6 13.9 44.7 6 16.4

Enrollment category
Immediate (%) 78 89
Delayed (%) 22 11

Initial daily prednisone dose
(mg z kg21 z day21) 1.12 6 0.31 1.05 6 0.28

Proportion of group with initial
prednisone dose . 1
mg z kg21 z day21 59% 54%

NOTE. All differences between groups do not reach statistical signif-
icance.

Figure 1. Time (days) off of corticosteroid treatment after initial dis-
continuation, depicted as a Kaplan–Meier survival curve. ■, 6-MP; Œ,
controls. P , 0.0001.

Figure 2. Cumulative prednisone dose (mean 6 SD). All subjects who
withdrew from the study had their last prednisone doses carried
forward to the conclusion of the 18-month study period. , 6-MP (n 5
27); ■, controls (n 5 28). *P , 0.02; **P , 0.004.
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controls. By 548 days after remission, only 9% of the
6-MP group had relapses, compared with 47% of con-
trols (P 5 0.007). Similarly, the observed-to-expected
ratios for days in remission (6-MP 5 1.07; control 5
0.91) favored the 6-MP group (P , 0.001).

Growth

Linear growth did not differ between groups over
the 18-month clinical trial (Table 5). Growth between
groups was also comparable during each 6-month period
after randomization.

Adverse Effects

Six of 27 (22%) 6-MP subjects had 1 or more
WBC counts of ,4000/mm3, compared with 0 of 28
controls (P 5 0.01). This included 1 6-MP subject who
had a WBC count of 3800/mm3 before receiving 6-MP.
The lowest WBC count was 3100/mm3, and the lowest
absolute neutrophil count was 1221/mm3. This WBC
count resulted in the subject being withdrawn from the
study but was not associated with any untoward clinical
event. No unusual or severe infections occurred in the
leukopenic subjects or in any of the other subjects in
either treatment group. However, 1 subject receiving
6-MP had multiple intra-abdominal abscesses secondary
to enteric fistulas.

Five subjects (4 in 6-MP and 1 in control group) had
1 or more elevations of aspartate aminotransferase (AST)
and/or alanine aminotransferase (ALT) levels. The control
subject had increased values at baseline (AST, 231 U/L;
ALT, 195 U/L). These persisted without clinical evidence
of liver disease throughout the entire study. The 4 6-MP
subjects had normal baseline AST and ALT levels but
mild increases (maximum AST, 152 U/L; ALT, 137 U/L)
at months 1 and 2. Three of the 4 had normal values at
month 3 with no change in 6-MP dosing and did not

subsequently demonstrate abnormalities. The fourth
subject withdrew from the study at month 3 never
having entered remission. None of these subjects had
increases in serum bilirubin level or clinical evidence of
liver disease.

No subject developed symptoms of pancreatitis or
drug hypersensitivity. In addition, serum amylase levels
remained normal in all subjects.

Surgery

One of 27 6-MP subjects required intestinal sur-
gery within 18 months of diagnosis, compared with 3 of
28 controls (P 5 0.63). All 4 were withdrawn from the
study because of treatment failure between months 3 and
12. Resection or colectomy was performed 1–9 months
after withdrawal.

Discussion
This is the first prospective, placebo-controlled

trial to evaluate the effects of 6-MP in a pediatric pop-
ulation with CD. It is also the first to assess the efficacy
of 6-MP as part of an initial treatment regimen for
patients of any age with newly diagnosed CD. The
results clearly support the use of 6-MP in the initial
treatment of children and adolescents with moderate-to-
severe CD. Compared with subjects treated with pred-
nisone alone, those receiving 6-MP in addition to pred-
nisone maintained remission longer and were exposed to
significantly lower cumulative corticosteroid doses over
the 18-month clinical trial. This was accomplished with-
out significant adverse reaction.

We used many different statistical methods to evalu-
ate the data derived during the course of the study.
We based the analysis on the incidence density ratio
method17 to compare total time of corticosteroid therapy,

Figure 4. Kaplan–Meier survival curve of relapse-free duration of
remission. ■, 6-MP; Œ, controls. P , 0.007.

Figure 3. Cumulative prednisone dose (mean 6 SD) actually taken by
subjects in both groups from day of entry into the study until comple-
tion of the 18-month treatment period or until withdrawal. , 6-MP
(n 5 27); ■, controls (n 5 28). *P , 0.03; **P , 0.007; ***P ,
0.008.
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when a subject can have “on” and “off” periods. To use
this method, one of the assumptions is that the likeli-
hood of a subject using corticosteroids remains constant
over the entire follow-up period. It is not unreasonable to
consider that the likelihood of corticosteroid use actually
decreases over time and, if follow-up in the 2 treatment
arms is not the same, the treatment arm with the shorter
follow-up (in this case the control group) may be biased
toward higher corticosteroid usage. To account for this
potential bias, we reanalyzed the data by artificially
inflating the control follow-up to be equal to the 6-MP
group follow-up without increasing the number of ob-
served steroid days for the control group. Although this
modification biases the hypothesis against 6-MP, the
reanalysis also yielded a P value of ,0.001, strongly
suggesting that this bias, if it actually existed in our
study, did not affect the results. The Kaplan–Meier
survival curves further support these findings.

A recent meta-analysis18 assessed the effectiveness of
6-MP or azathioprine for the treatment of adults with
intractable or corticosteroid-dependent CD. It showed a
favorable odds ratio for 6-MP or azathioprine therapy for
induction of remission in active CD. Favorable odds
ratios also supported their use as steroid-sparing agents,
to close fistulas, and for maintaining remission. Duration
of therapy was an important determinant of efficacy, with
odds ratios favoring treatment becoming significant at
17 weeks after initiation of 6-MP or azathioprine. This
delayed time until clinical response is similar in children,
with the open-label trials identifying a mean response
time of 3–4 months.3,11–14 The steroid protocol adopted
in the present study (minimum duration 16.3 weeks) was
designed to compensate for 6-MP’s slow onset of action.

Although there have been no previous controlled trials
evaluating 6-MP or azathioprine in children and adoles-
cents with CD, these drugs are frequently used. In a
1990 survey of pediatric gastroenterologists, 88 of 105
physicians reported prescribing them.3 Small retrospec-
tive case series11–14 and a larger multicenter survey3

report positive clinical effects in children with steroid-
dependent or intractable CD that closely mirror those in

adult trials. Overall, 60%–75% of children treated with
6-MP/azathioprine experience significant lessening of
disease activity, despite reduction or elimination of cor-
ticosteroids. Our study extends these observations to
children with newly diagnosed CD.

There are no data in children with moderate-to-severe
CD to suggest when, in what dosage, and for what period
corticosteroids should optimally be used, but these
agents have become the gold standard against which
other treatments are judged.19,20 Corticosteroids acutely
induce remission,21–23 but continued use does not pre-
vent relapse. No previous study has determined what
proportion of children with CD become steroid depen-
dent. However, the corticosteroid regimen used in this
study was designed to mimic the clinical approach used
by many pediatric gastroenterologists. The control group
shows that only 39% of children with newly diagnosed
CD achieve long-term remission when treated with pred-
nisone. Steroid dependence develops in 50%, and 11%
are steroid resistant. These response rates are similar to
but somewhat worse than those reported for an adult
Danish population24 and suggest that children may be
somewhat more resistant to corticosteroid therapy than
adults. The large number of control subjects who with-
drew early from the study because of “treatment failure”
included many who were steroid dependent, and all who
were steroid resistant. The high dropout rate was prob-
ably influenced by pediatric gastroenterologists’ reluc-
tance to keep children on corticosteroid therapy for ex-
tended periods. Addition of 6-MP to the corticosteroid
regimen reduces the rate of steroid dependence to 0 and
significantly improves the long-term remission rate to
89%.

Although 6-MP subjects required less prednisone than
controls, both groups grew comparably. Prednisone
taken daily for 7–10 days decreases serum procollagen
levels, a marker for linear bone growth.25 As a conse-
quence, corticosteroids have the potential to interfere
with growth, even in the face of adequate dietary in-
take.26 Growth failure in CD has frequently been as-
cribed to the use of corticosteroids, but studies also

Table 5. Linear Growth

Study time
periods

Linear growth (cm)

P

6-MP Controls

Mean 6 SD Median n Mean 6 SD Median n

0–18 mo 6.8 6 4.1 8.0 23 5.3 6 4.0 5.0 24 0.3
0–6 mo 3.4 6 2.9 3.5 26 1.9 6 2.4 1.0 25 0.06
6–12 mo 0.7 6 1.5 0 23 1.3 6 2.1 0 24 0.4
12–18 mo 2.8 6 2.6 3.0 23 2.3 6 2.0 2.5 24 0.5
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suggest that the disease process itself, possibly because of
circulating cytokines, may be responsible.27,28 The com-
parable growth in our 2 treatment groups supports the
latter hypothesis. However, our growth analysis should
be interpreted with caution. The large number of early
withdrawals in the control group resulted in uncon-
trolled treatments, in many cases including 6-MP or
surgery, for a significant part of the 18-month trial.
These treatments may have influenced the heights re-
corded 12 and 18 months after randomization.

Despite 6-MP’s efficacy, concern about its use remains
because of the potential for significant toxicity. However,
extensive experience in both adult and pediatric inflam-
matory bowel disease patients has been characterized by
a minimum of untoward reactions. Present et al.29 re-
ported on 18 years’ follow-up of 396 patients with
inflammatory bowel disease. Toxicity associated with
6-MP use included pancreatitis (3.3%), bone marrow
suppression (2%), allergy (2%), and hepatitis (0.3%).
Although occasional case reports in the pediatric litera-
ture have described serious complications such as over-
whelming infection,30 2 large pediatric series report se-
rious adverse reactions to be rare.3,31 In clinical practice
at the University of Chicago, 18% of children required
discontinuation of 6-MP or azathioprine because of ad-
verse reactions including pancreatitis (4%), fever (4%),
gastrointestinal intolerance (3%), recurrent infections
(3%), rash (2%), and leukopenia or thrombocytopenia
(2%).31 Pancreatitis, bone marrow suppression, and in-
fections were each noted in #5% of the 165 cases
compiled by a multicenter survey.3 However, no adverse
reactions were serious or life threatening. In our study,
only 1 subject required discontinuation of 6-MP (for
leukopenia without infection), and the 4 subjects with
mild but self-limited increases in serum aminotransferase
levels remained clinically well without changes in their
6-MP dose. However, we do not have liver biopsy results
to assess possible subclinical hepatotoxicity in these sub-
jects. In addition, there were no cases of pancreatitis,
severe gastrointestinal intolerance, or allergy.

The other potential toxicity of persistent concern is
malignancy. Small but definable increases in certain
types of neoplasia, especially non-Hodgkin’s lymphoma,
have been described in patients treated with azathioprine
for rheumatoid arthritis or after organ transplanta-
tion.32,33 Despite extensive use of azathioprine and 6-MP
in CD, however, a similarly increased risk has not been
identified.34 In the series of Present et al.,29 1 diffuse
histiocytic lymphoma of the brain (0.3%) was possibly
related to 6-MP. In a larger series from the St. Mark’s
Hospital, London, no excess of lymphoma or other neo-

plasia was noted in patients treated with 6-MP or aza-
thioprine compared with those who did not receive these
immunomodulators.35 No malignancies have developed
in any of our subjects, nor have any been described in
children receiving either 6-MP or azathioprine for CD in
clinical practice.

It appears, therefore, that 6-MP is safe, effective ther-
apy for children with newly diagnosed moderate-to-
severe CD activity. The addition of 6-MP to a therapeu-
tic course of prednisone reduces the need for steroids and
improves maintenance of remission over the first 18
months of treatment. Based on these data, 6-MP use
should be considered as part of the initial treatment
prescribed for children with newly diagnosed moderate-
to-severe CD activity.

References
1. Cohen MB, Seidman E, Winter H, Colletti RB, Kirschner B, Balis-

treri WF, Grand RJ. Controversies in pediatric inflammatory bowel
disease. Inflamm Bowel Dis 1998;4:203–227.

2. Sandborn WJ. A review of immune modifier therapy for inflamma-
tory bowel disease: azathioprine, 6-mercaptopurine, cyclospor-
ine, and methotrexate. Am J Gastroenterol 1996;91:423–433.

3. Markowitz J, Grancher K, Mandel F, Daum F, for the Subcommit-
tee on Immunosuppressive Use of the Pediatric IBD Collaborative
Research Forum. Immunosuppressive therapy in pediatric inflam-
matory bowel disease: results of a survey of the North American
Society for Pediatric Gastroenterology and Nutrition. Am J Gas-
troenterol 1993;88:44–48.

4. Rhodes J, Bainton D, Beck P, Cambell H. Controlled trial of
azathioprine in Crohn’s disease. Lancet 1971;2:1273–1276.

5. Willoughby JM, Beckett J, Kumar PJ, Dawson AM. Controlled trial
of azathioprine in Crohn’s disease. Lancet 1971;2:944–947.

6. Klein M, Binder HJ, Mitchell M, Aaronson R, Spiro H. Treatment of
Crohn’s disease with azathioprine: a controlled evaluation. Gas-
troenterology 1974;66:916–922.

7. Rosenberg JL, Levin B, Wall AJ, Kirsner JB. A controlled trial of
azathioprine in Crohn’s disease. Dig Dis 1975;20:721–726.

8. O’Donoghue DP, Dawson AM, Powell-Tuck J, Bown RL, Lennard-
Jones JE. Double-blind withdrawal trial of azathioprine as mainte-
nance treatment for Crohn’s disease. Lancet 1978;2:955–957.

9. Present DH, Korelitz BI, Wisch N, Glass JL, Sachar DB, Paster-
nack BS. Treatment of Crohn’s disease with 6-mercaptopurine: a
long-term, randomized, double-blind study. N Engl J Med 1980;
302:981–987.

10. Ewe K, Press AG, Singe CC, Stufler M, Ueberschaer B, Hommel
G, Buschendelde K-HMZ. Azathioprine combined with pred-
nisolone or monotherapy with prednisolone in active Crohn’s
disease. Gastroenterology 1993;105:367–372.

11. Markowitz J, Rosa J, Grancher K, Aiges H, Daum F. Long term
6-mercaptopurine treatment in adolescents with Crohn’s dis-
ease. Gastroenterology 1990;99:1347–1355.

12. Verhave M, Winter HS, Grand RJ. Azathioprine in the treatment of
children with inflammatory bowel disease. J Pediatr 1990;117:
809–814.

13. Shah MD, Berman WF. Use of azathioprine in nine children with
Crohn’s disease. Va Med Q 1991;118:169–170.

14. Perrault J, Greseth JL, Tremaine WJ. 6-Mercaptopurine therapy in
selected cases of corticosteroid-dependent Crohn’s disease.
Mayo Clin Proc 1991;66:480–484.

15. Harvey RB, Bradshaw MJ. A simple index of Crohn’s disease
activity. Lancet 1980;1:514.

October 2000 6–MP THERAPY FOR PEDIATRIC CROHN’S DISEASE 901



16. Hyams JS, Ferry GD, Mandel FS, Gryboski JD, Kibort PM, Kirsch-
ner BS, Griffiths AM, Katz AJ, Grand RJ, Boyle JT. Development
and validation of a pediatric Crohn’s disease activity index. J Pe-
diatr Gastroenterol Nutr 1991;12:439–447.

17. Kleinbaum DG, Kupper LL. Epidemiologic research. Belmont, CA:
Lifetime Learning Publications, 1982.

18. Pearson DC, May GR, Fick GH, Sutherland LR. Azathioprine and
6-mercaptopurine in Crohn disease: a meta-analysis. Ann Intern
Med 1995;123:132–142.

19. Winter H, Grand RJ. Medical therapy for children with inflamma-
tory bowel disease. Inflamm Bowel Dis 1996;2:269–275.

20. Justinich CJ, Hyams JS. Inflammatory bowel disease in children
and adolescents. Gastrointestinal Endoscopy Clin North Am
1994;4:39–54.

21. Summers RW, Switz DM, Sessions JT Jr, Beckel JM, Best WR, Kern
F Jr, Singleton JW. National cooperative Crohn’s disease study:
results of drug treatment. Gastroenterology 1979;77:847–869.

22. Malchow H, Ewe K, Brandes JW, Goebell H, Ehms H, Sommer H,
Jesdinsky H. European cooperative Crohn’s disease study (ECCDS):
results of drug treatment. Gastroenterology 1984;86:249–266.

23. Whittington PF, Barnes HV, Bayless TM. Medical management
of Crohn’s disease in adolescence. Gastroenterology 1977;72:
1338–1344.

24. Munkholm P, Langholz E, Davidsen M, Binder V. Frequency of
glucocorticoid resistance and dependency in Crohn’s disease.
Gut 1994;35:360–362.

25. Hyams JS, Moore RE, Leichtner AM, Carey DE, Goldberg BD. Rela-
tionship of type I procollagen to corticosteroid therapy in children
with inflammatory bowel disease. J Pediatr 1988;112:893–898.

26. Hyams JS, Carey DE. Corticosteroids and growth. J Pediatr 1988;
113:249–253.

27. Motil KJ, Grand RJ, Davis-Kraft L, Ferlic LL, O’Brian Smith, E.
Growth failure in children with inflammatory bowel disease: a
prospective study. Gastroenterology 1993;105:681–691.

28. Koniaris SG, Fisher SE, Rubin CT, Chawla A. Experimental colitis
impairs linear bone growth independent of nutritional factors.
J Pediatr Gastroenterol Nutr 1997;25:137–141.

29. Present DH, Meltzer SJ, Krumholz MP, Wolke A, Korelitz BI. 6-Mer-
captopurine in the management of inflammatory bowel disease:
short- and long-term toxicity. Ann Intern Med 1989;111:641–649.

30. Deutsch DE, Olson AD, Kraker S, Dickinson CJ. Overwhelming vari-
cella pneumonia in a patient with Crohn’s disease treated with
6-mercaptopurine. J Pediatr Gastroenterol Nutr 1995;20:351–353.

31. Kirschner BS. Safety of azathioprine and 6-mercaptopurine in
pediatric patients with inflammatory bowel disease. Gastroenter-
ology 1998;115:813–821.

32. Kinlen LJ, Sheil AGR, Peto J, Doll R. Collaborative United King-
dom–Australasian study of cancer in patients treated with immu-
nosuppressive drugs. Br Med J 1979;2:1461–1466.

33. Kinlen LJ. Incidence of cancer in rheumatoid arthritis and other
disorders after immunosuppressive treatment. Am J Med 1985;
78(suppl 1A):44–49.

34. Forbes A, Reading NG. Review article: the risks of malignancy from
either immunosuppression or diagnostic radiation in inflammatory
bowel disease. Aliment Pharmacol Ther 1995;9:465–470.

35. Connell WR, Kamm MA, Dickson M, Balkwill AM, Ritchie JK, Len-
nard-Jones JE. Long-term neoplasia risk after azathioprine treatment
in inflammatory bowel disease. Lancet 1994;343:1249–1252.

Received October 8, 1999. Accepted May 10, 2000.
Address requests for reprints to: James Markowitz, M.D., Division of

Pediatric Gastroenterology and Nutrition, North Shore–Long Island
Jewish Health System, 300 Community Drive, Manhasset, New York
11030. e-mail: jamesm@nshs.edu; fax: (516) 562-2527.

Supported by grants from the Crohn’s and Colitis Foundation of
America and from Reach Out for Youth with Ileitis and Colitis.

Appendix 2: Incidence Density
Ratio Method
The null hypothesis for the incidence density ratio

method of analysis17 is that the number of days each group is
receiving corticosteroid therapy (or in remission) will be pro-
portional to the number of days of observation for each group.
This method was used to take into account the differing
lengths of follow-up among subjects. First, the total number of
subject days in the placebo arm (T0) and the total number of
subject days in the 6-MP arm (T1) were computed. Next, the
proportions of the total number of subject days (T0 1 T1)
represented by each experimental group were computed as
P0 5 T0/(T0 1 T1) and P1 5 1 2 P0, respectively. Subse-
quently, the observed number of days on steroids for each
group (S0 and S1) was computed. The expected number of days
on steroids for each arm was then computed as E0 5 (S0 1 S1)
z P0 and E1 5 (S0 1 S1) z P1. The x2 statistic, [(S0 2
E0)2/E0] 1 [(S1 2 E1)2/E1] was computed and compared with
the x2 distribution with 1 degree of freedom.

Appendix 1. Collaborating Investigators and Centers

Institution Investigator

Baylor College of Medicine,
Houston, Texas

George D. Ferry, M.D.

C. S. Mott Children’s Hospital,
Ann Arbor, Michigan

Allan D. Olson, M.D.

Children’s Hospital, Buffalo,
New York

Thomas M. Rossi, M.D.

Children’s Hospital, Denver,
Colorado

Edward J. Hoffenberg, M.D.

Children’s Hospital, Knoxville,
Tennessee

Cory T. Strobel, M.D.

Children’s Hospital of Michigan,
Detroit, Michigan

Vasundhara Tolia, M.D.

Children’s Hospital,
Minneapolis, Minnesota

Philip Kibort, M.D.,
David Ferenci, M.D.

Creighton University School of
Medicine, Omaha, Nebraska

David R. Mack, M.D.

Medical College of Wisconsin,
Milwaukee, Wisconsin

Steven L. Werlin, M.D.

New York Medical College,
Valhalla, New York

Michael Halata, M.D.

Nemours Children’s Hospital,
Jacksonville, Florida

Donald E. George, M.D.,
Jonathan Evans, M.D.

North Shore University Hospital,
Manhasset, New York

Fredric Daum, M.D.,
James F. Markowitz, M.D.

Rainbow Babies Hospital,
Cleveland, Ohio

Vera F. Hupertz, M.D.

JW Riley Children’s Hospital,
Indianapolis, Indiana

Joseph F. Fitzgerald, M.D.,
Joseph Croffie, M.D.

Scottish Rites Children’s
Hospital, Atlanta, Georgia

Stanley Cohen, M.D.

Sunrise Hospital, Las Vegas,
Nevada

Howard Baron, M.D.

University of Connecticut,
Hartford, Connecticut

Jeffrey Hyams, M.D.

William Beaumont Hospital,
Royal Oak, Michigan

Ronald Holmes, M.D.,
William Belknap, M.D.
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