=1VDINITD

>
=
F
m
r4
-
%
=<
2
0
-

GASTROENTEROLOGY 2007;132:52-65

Adalimumab for Maintenance of Clinical Response and Remission in
Patients With Crohn’s Disease: The CHARM Trial

JEAN-FREDERIC COLOMBEL,* WILLIAM J. SANDBORN,* PAUL RUTGEERTS,® ROBERT ENNS,!
STEPHEN B. HANAUER," REMO PANACCIONE,* STEFAN SCHREIBER,** DAN BYCZKOWSKI,* JU LI,S8

JEFFREY D. KENT,** and PAUL F. POLLACK*

*Department of Hepatogastroenterology, Hopital Claude Huriez, Centre Hospitalier Universitaire de Lille, Lille, France; *Division of Gastroenterology and Hepatology,
Mayo Clinic, Rochester, Minnesota; SDepartment of Gastro-Enterologie, University Hospital of Gasthuisberg, Leuven, Belgium; "Depan‘ment of Medicine, St. Paul’s
Hospital, University of British Columbia, VVancouver, British Columbia, Canada; "Section of Gastroenterology, University of Chicago, Chicago, llinois; *Department of
Medicine, Inflammatory Bowel Disease Clinic, University of Calgary, Calgary, Alberta, Canada, **Department of General Internal Medicine and Institute for Clinical
Molecular Biology, Christian-Albrechts University, Kiel, Germany; **Department of Immunology Development, Abbott Laboratories, Parsippany, New Jersey; and
$SDepartment of Biostatistics and Data Management, Abbott Laboratories, Abbott Park, lllinois

See Turner D et al on page 103 for companion
article in Clin Gastroenterol Hepatol.

Background & Aims: This study evaluated the ef-
ficacy and safety of adalimumab, a fully human,
anti-tumor necrosis factor monoclonal antibody
administered subcutaneously, in the maintenance
of response and remission in patients with moder-
ate to severe Crohn’s disease (CD). Methods: Pa-
tients received open-label induction therapy with
adalimumab 80 mg (week 0) followed by 40 mg
(week 2). At week 4, patients were stratified by
response (decrease in Crohn’s Disease Activity In-
dex =70 points from baseline) and randomized to
double-blind treatment with placebo, adalimumab
40 mg every other week (eow), or adalimumab 40
mg weekly through week 56. Coprimary end points
were the percentages of randomized responders
who achieved clinical remission (Crohn’s Disease
Activity Index score <150) at weeks 26 and 56.
Results: The percentage of randomized responders
in remission was significantly greater in the adali-
mumab 40-mg eow and 40-mg weekly groups versus
placebo at week 26 (40%, 47%, and 17%, respec-
tively; P < .001) and week 56 (36%, 41%, and 12%,
respectively; P < .001). No significant differences in
efficacy between adalimumab eow and weekly were
observed. More patients receiving placebo discon-
tinued treatment because of an adverse event
(13.4%) than those receiving adalimumab (6.9% and
4.7% in the 40-mg eow and 40-mg weekly groups,
respectively). Conclusions: Among patients who
responded to adalimumab, both adalimumab eow
and weekly were significantly more effective than
placebo in maintaining remission in moderate to
severe CD through 56 weeks. Adalimumab was well-
tolerated, with a safety profile consistent with pre-
vious experience with the drug.

T umor necrosis factor (TNF) is an important cytokine
in the pathogenesis of Crohn’s disease (CD), with
elevated concentrations playing a role in pathologic in-
flammation.!? Clinical trials have demonstrated the effi-
cacy of infliximab, a chimeric monoclonal antibody to
TNF, for induction and maintenance therapy of patients
with moderate to severe CD, including those with drain-
ing fistulas.3-7 Infusions of infliximab, especially when
given episodically, may result in the development of an-
tibodies to infliximab, which in turn may lead to infusion
reactions, loss of efficacy, and delayed hypersensitivity
reactions.8-12

Adalimumab (Humira; Abbott Laboratories, Abbott
Park, IL) is a subcutaneously administered, recombinant,
fully human, immunoglobulin G1 monoclonal antibody
that binds with high affinity and specificity to human
TNF, but not lymphotoxin, and modulates biologic re-
sponses induced or regulated by TNF. Controlled trials
have demonstrated the efficacy of adalimumab in the
treatment of patients with rheumatoid arthritis, psoriatic
arthritis, and ankylosing spondylitis (all 3 Food and
Drug Administration-approved indications)!3-2! as well
as in psoriasis.?2-24

Previously, a phase 3, 4-week, placebo-controlled in-
duction trial, Clinical Assessment of Adalimumab Safety
and Efficacy Studied as Induction Therapy in Crohn’s
Disease (CLASSIC I), demonstrated that an adalimumab
loading-dose regimen of 160 mg given subcutaneously at
week 0 and 80 mg given subcutaneously at week 2 was
significantly more effective than placebo in inducing re-
mission in 299 patients with moderate to severe CD who
were naive to TNF-antagonist therapy (36% vs 12%, P =
.001).25 More recently, CLASSIC II, a small, phase 2,

Abbreviations used in this paper: CDAI, Crohn’s Disease Activity
Index; CRP, C-reactive protein; IBDQ, Inflammatory Bowel Disease
Questionnaire; TNF, tumor necrosis factor.
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randomized, placebo-controlled, maintenance follow-up
trial to CLASSIC I, demonstrated that adalimumab 40
mg subcutaneously every other week or weekly was supe-
rior to placebo in maintaining remission over a 56-week
period in 55 patients with moderate to severe CD naive to
TNF-antagonist therapy who experienced remission with
adalimumab induction therapy.2¢

In this report, we describe the Crohn’s Trial of the
Fully Human Antibody Adalimumab for Remission
Maintenance (CHARM). CHARM was a large, phase 3,
randomized, double-blind, placebo-controlled, 56-week
study conducted in patients with moderate to severe CD
who may or may not have previously received TNF-
antagonist therapy. The findings presented here address
the primary objective of the study, which was to assess
the benefit of 2 adalimumab dosing regimens in main-
taining clinical remission at 26 and 56 weeks in patients
who had an initial response to 2 adalimumab injections
of 80 mg at week 0 and 40 mg at week 2.

Materials and Methods
Patients

CHARM included men and women 18-75 years of
age with known CD of at least 4 months’ duration
(radiologic/endoscopic confirmation required) that at
the screening visits was moderately to severely active, as
defined by a baseline Crohn’s Disease Activity Index
(CDAI) score of 220-450 points. Concurrent therapies
for CD, including stable dosages (for at least 4 weeks
before screening) of azathioprine, 6-mercaptopurine,
methotrexate, 5-aminosalicylates, sulfasalazine, oral me-
salamine, and CD-related antibiotics, were permitted, as
were stable dosages (for at least 2 weeks before screening)
of prednisone (=30 mg/day or equivalent) or budesonide
(=9 mg/day) (patients could not be on both prednisone
and budesonide). Patients who had received infliximab or
any TNF antagonist other than adalimumab more than
12 weeks before screening could be enrolled provided
that they did not exhibit initial nonresponse to the agent
(ie, no clinical response to first injection as judged by the
investigator). Female patients of childbearing potential
were required to use an effective form of birth control.

Patients were excluded if they had ulcerative colitis,
symptomatic obstructive disease, bowel resection within
the past 6 months, an ostomy, extensive small bowel
resection (as determined by the investigator), or short
bowel syndrome; were currently receiving total parenteral
nutrition; had a history of cancer, Listeria, human immu-
nodeficiency virus, central nervous system demyelinating
disease, or untreated tuberculosis; had received investiga-
tional chemical agents within 30 days or investigational
biologic therapy within 3 months before screening; had
received antibiotic treatment for non-CD-related infec-
tions within 3 weeks before screening; were pregnant or
breast-feeding; had a history of significant drug or alco-
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hol abuse within the past year; had poorly controlled
medical conditions; had received treatment with adali-
mumab or participated in an adalimumab clinical study;
had received enema therapy within 2 weeks before screen-
ing; had received cyclosporine, mycophenolate mofetil, or
tacrolimus within 8 weeks of screening; had a positive
Clostridium difficile stool assay; or had clinically significant
deviations in prespecified laboratory parameters.

Study Design

This was a randomized, double-blind, placebo-
controlled, multicenter efficacy and safety study con-
ducted at 92 sites in Europe, the United States, Canada,
Australia, and South Africa from July 2003 to September
20035. The institutional review board or independent eth-
ics committee at each participating site approved the
protocol, and written informed consent was obtained
from all patients.

Patients entered a 2-week screening period before their
baseline assessments. At the baseline visit (week 0), all
eligible patients received open-label adalimumab 80 mg
subcutaneously followed by a 40-mg dose at week 2. At
week 4, patients were randomized to one of 3 treatment
groups (adalimumab 40 mg every other week, adali-
mumab 40 mg weekly, or placebo) and continued treat-
ment through week 56. Also at week 4, patients were
stratified by responder status (ie, whether or not they
attained a decrease in CDAI of =70 points compared
with baseline) and previous exposure to TNF antagonists.
All patients were randomized centrally using an interac-
tive voice response system. Patients, study coordinators,
and study investigators were blinded to treatment assign-
ment throughout the blinded portion of the study.

After randomization, patients experiencing a disease
flare (increase in CDAI of =70 points compared with
week 4 and a CDAI score >220) or sustained nonre-
sponse (did not attain a CDAI decrease of =70 points
compared with baseline) at or after week 12 were
switched to open-label treatment with 40 mg adali-
mumab every other week. This dosage could be escalated
to open-label treatment with 40 mg weekly for those with
continued nonresponse or recurrent flare. Continued
nonresponse with the open-label 40-mg weekly dosage
resulted in withdrawal from the study.

At week 8, patients receiving corticosteroids who expe-
rienced a significant improvement in CD symptoms (de-
crease in CDAI of =70 points compared with baseline)
could begin reducing their corticosteroid dosages. If a
patient experienced a loss of clinical response (decrease in
CDAI became <70 points lower than baseline on 2 con-
secutive visits), the dosage of prednisone or budesonide
could be increased back to the dosage used at the begin-
ning of the study.

The coprimary efficacy end points were the percentage
of week-4 responders (defined as a decrease in CDAI
scores =70 points at week 4 compared with baseline:
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854 patients enrolled

76 patients withdrew prior to Week 4
45 adverse events
13 lack of efficacy
10 protocol violations
5 withdrawal of consent
1 lost to follow-up
1 death

778 assessed for 1 administrative reasons

response at week 4
and ranilomized
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32 completed

11 completed

77 completed

25 completed

82 completed

24 completed

56 weeks on 56 weeks on 56 weeks on
double-blind double-blind double-blind
therapy therapy therapy

56 weeks on 56 weeks on 56 weeks on
double-blind double-blind double-blind
therapy therapy therapy

Figure 1. Trial profile. eow, every other week.

“randomized responders”) who achieved clinical remis-
sion (CDAI score <150) at weeks 26 and 56. Prespecified
secondary end points and subgroup analyses included (1)
percentage of patients with a clinical response (decrease
in CDAI score from baseline by =70 points and by =100
points) at weeks 26 and 56; (2) changes from baseline in
Inflammatory Bowel Disease Questionnaire (IBDQ) total
scores at weeks 26 and 56; (3) percentage of patients in
clinical remission at weeks 26 and 56 who were able to
discontinue corticosteroid use; (4) percentage of patients
in clinical remission at weeks 26 and 56 who were able to
discontinue corticosteroid use for =90 days; (5) percent-
age of patients with fistula remission (closure of all fis-
tulas that were draining at screening and baseline visits);
(6) previous/concomitant use of immunosuppressants
(with vs without), and previous use of TNF antagonists
(experienced vs naive); and (7) median time in clinical
remission among randomized responders achieving re-
mission. Post-hoc analyses were conducted to evaluate
the sustainability of response and the response in certain
subgroups. These included (1) percentage of patients
with fistula closure at 26 weeks who continued to have
fistula closure at 56 weeks and (2) clinical remission rates
stratified by baseline C-reactive protein (CRP) concentra-
tion (<1 vs =1 mg/dL).

Efficacy and Safety Evaluations

Patients were assessed at weeks 0, 2, 4, 6, 8, 12, 16,
20, 26, 32, 40, 48, 56, and 60 (end of 4-week follow-up
period). At each visit, the CDAI score was calculated, CRP
concentration and the number of cutaneous fistulas

draining upon gentle compression were assessed, adverse
events and concomitant medications were recorded, and
the following safety assessments were performed: vital
signs, physical examination, hematologic analysis, serum
biochemistry analysis, and urinalysis. The IBDQ was ad-
ministered to assess patient-reported outcomes at weeks
0, 4, 12, 26, and 56.

Statistical Analysis

We estimated that 160 patients per treatment arm
(total of 480 patients for primary analysis of week-4
responders) would provide a statistical power of 87% at a
0.05 a-level and 80% at an adjusted 0.025 a-level to detect
a 14% absolute difference in clinical remission rates be-
tween adalimumab and placebo groups, assuming a 14%
clinical remission rate in the placebo arm and a 28%
remission rate in the adalimumab arms at week 56. This
would also provide >90% power to test clinical remission
rate at week 26. With an assumed 58% of patients achiev-
ing clinical response at week 4, approximately 830 pa-
tients were required at study baseline to allow 160 pa-
tients to be equally allocated to the 3 treatment arms at
week 4.

The primary efficacy end point analysis was performed
on the randomized responder population, which in-
cluded all treated patients who achieved clinical response
(decrease in CDAI of =70 points) at week 4 and were
randomized to receive one of 3 blinded treatments. Pa-
tients who switched to open-label therapy or who with-
drew from the study altogether were counted as remis-
sion failures. Secondary efficacy analyses were conducted
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Table 1. Baseline Demographics and Clinical Characteristics

Week-4 randomized Week-4 randomized Nonrandomized

All patients responders? nonresponders? (week 4 withdrawals)?
Characteristic (N = 854) (n = 499) (n = 279) (n = 76)
Male patients, n (%) 326 (38.2) 188 (37.7) 108 (38.7) 30 (39.5) g
Age (y), mean (SD) 37.1(11.9) 36.7 (11.6) 37.9(11.8) 36.1(13.6) e
Body wt (kg), mean (SD) 70.5(17.8) 70.2(17.8) 72.1(18.0) 67.1(15.9) 5 ;
Involved intestinal area, n (%)? =
Colonic 640 (74.9) 375 (75.2) 206 (73.8) 59 (77.6) 3 Z
lleal 621 (72.7) 357 (71.5) 214 (76.7) 50 (65.8) =
Gastroduodenal 43 (5.0) 30 (6.0) 10 (3.6) 3(3.9) E'
Other 129 (15.1) 68 (13.6) 44 (15.8) 17 (22.4)
Enterocutaneous or perianal 130 (15.2) 64 (12.8) 53(19.0) 13(17.1)
fistula at both screening
and baseline, n (%)
Baseline CDAI score, mean (SD) 313.1 (62.0)¢ 316.6 (62.5) 301.6 (56.4) 333.3(70.8)
IBDQ, median (range)? 122.0 (44-205) 125.0 (44-196) 120.0 (55-197) 112.5 (27.7)
CRP (mg/dL)
Mean (SD) 2.3(3.4) 2.4(3.7) 1.8 (2.2) 3.6 (4.1)
Median (range) 0.9 (0.02-35.0) 0.9 (0.02-35.0) 0.9 (0.02-12.3) 1.89 (0.03-18.8)
CRP concentration =1.0 mg/dL 407 (47.7) 236 (47.3) 126 (45.2) 45 (59.2)
(10 mg/L), n (%)
Previous TNF-antagonist 424 (49.6) 238 (47.7) 152 (54.5) 34 (44.7)
exposure, n (%)
Concomitant medication, n (%)
Any corticosteroid® 376 (44.0) 210 (42.1) 129 (46.2) 37 (48.7)
Prednisone 244 (28.6) 130 (26.1) 86 (30.8) 26 (34.2)
Budesonide 100 (11.7) 8 (9.6) 39 (14.0) 13(17.1)
Any immunosuppressive agent 399 (46.7) 240 (48.1) 126 (45.2) 33(43.4)
Azathioprine 275 (32.2) 65 (33.1) 88 (31.5) 19 (25.0)
6-Mercaptopurine 81 (9.5) 8 (7.6) 27 (9.7) 14 (18.4)
Methotrexate 90 (10.5) 9(9.8) 29 (10.4) 9(11.8)
5-aminosalicylates” 334 (39.1) 206 (41.3) 100 (35.8) 28 (36.8)
Current smoker, n (%) 303(35.5) 176 (35.3) 101 (36.2) 26 (34.2)

aAmong the patients randomized at week 4, there were no statistically significant differences between randomized responders and randomized
nonresponders. CDAI and CRP values were statistically significantly greater for the patients randomized at week 4 versus the 76 patients who

withdrew before week 4 randomization.
bpatient could have had multiple CD locations.
°One unrandomized patient did not have a baseline CDAI score.

dScores for the IBDQ can range from 32 to 224; higher scores indicate a better quality of life.
éIncludes betamethasone, budesonide, dexamethasone, deflazacort, cortisone, cloprednol, fluocortolone, glucocorticoids, glucocorticosteroids,
hydrocortisone, methylprednisolone, prednisolone, prednisone, paramethasone, and prednylidene.

"Aminosalicylic acid, balsalazine, mesalazine, olsalazine, sulfasalazine.

for all treated patients, including both the randomized
responder and randomized nonresponder groups (all
randomized patients who failed to achieve a clinical re-
sponse at week 4). Secondary efficacy results presented
here describe comparisons between both adalimumab
dosage groups and the placebo group using the random-
ized responder population to support the primary effi-
cacy analysis. Fistula results were evaluated among all
randomized patients with draining fistulas at baseline
and screening visits (both the randomized responders
and the randomized nonresponders). According to the
prespecified analysis plan, fistula data from both adali-
mumab dosing groups (every other week and weekly)
were combined and compared with patients receiving
placebo. The population for safety analyses consisted of
all patients who received at least one dose of study med-
ication.

All analyses used 2-sided tests with an a-level of 0.05.
For the primary efficacy analysis, the Cochran-Mantel-
Haenszel y? test adjusting for previous TNF-antagonist
use was used to compare the percentage of week-4 re-
sponders in clinical remission at weeks 26 and 56 be-
tween each adalimumab arm and the placebo treatment
group. Patients without CDAI assessments at weeks 26 or
56 were classified as remission failures.

For secondary efficacy analyses in the randomized re-
sponder population, continuous variables were compared
using analysis of covariance adjusted for baseline value.
Discrete variables were compared using the y? test. The
numbers and percentages of patients experiencing ad-
verse events were to be tabulated by body system and
Medical Dictionary for Drug Regulatory Affairs-pre-
ferred terms. Investigators could report exacerbations of
CD as adverse events (mandated by the Food and Drug
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Administration). However, reporting of CD as an adverse
event was independent of qualifying a patient as a remis-
sion failure or experiencing a disease flare. Patients who
met the protocol definition of flare (increase in CDAI of
=70 points vs week 4 and total CDAI score >220) were
switched out of the randomized treatment arm to open-
label therapy. Once in open-label therapy, additional
flares led to dosage escalation to weekly treatment. Ad-
verse event results were summarized and reported by
randomized treatment group.

Role of the Funding Source

This study was designed by selected study inves-
tigators (including J.-F.C., WJ.S., P.R,, and S.B.H.) and
staff members from Abbott Laboratories. Selected inves-
tigators and Abbott Laboratories’ staff members, includ-
ing those who designed the study and analyzed and
interpreted the data, wrote this manuscript and agreed to
submit it for publication. The principal investigator (J.-
F.C.) approved the content of the report before submis-
sion.

Results

Patient Disposition and Baseline
Characteristics

A total of 854 patients enrolled in the trial and
received induction therapy with 80 mg of adalimumab at
week 0 and 40 mg of adalimumab at week 2 (Figure 1). Of
these, 76 withdrew before randomization at week 4. The
most common reasons for study discontinuation were
adverse events and lack of efficacy. The remaining 778
patients were randomized at week 4 to receive placebo (n
= 261), adalimumab 40 mg every other week (n = 260),
or adalimumab 40 mg weekly (n = 257). A total of 505
enrolled patients (59%) completed the 56-week study. Of
these, 251 patients (50%) remained on their randomized,
double-blind treatments, whereas 123 completed the
study on open-label adalimumab 40 mg every other week
and 140 completed the study on open-label adalimumab
40 mg weekly. Nine additional patients discontinued the
study before week 56 but were included in the week-56
analysis by virtue of results imputed from their last visits
(because these visits fell within the protocol parameters
of the week-56 visit). Among all randomized patients, 273
patients (35%) withdrew before the end of the study
(placebo group, 44%; adalimumab 40 mg every other
week, 36%; adalimumab 40 mg weekly, 25%).

Of the 854 patients enrolled in the trial, 499 (58%)
responded to adalimumab induction and were random-
ized. These 499 patients comprised the randomized re-
sponder population assessed in the predefined primary
efficacy end point analysis. The 279 nonresponders who
were randomized at week 4 were included in the safety
analysis. Baseline characteristics of the week-4 responders
compared with nonresponders were similar (Table 1).
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Figure 2. (A) Clinical remission at weeks 26 and 56 in randomized
responder population (week-4 responders). Remission defined as a
decrease in CDAI score to <150. *P < .001 for pairwise comparison
between each adalimumab treatment group and placebo. eow, every
other week. (B) Clinical remission over time in randomized responder
population (week-4 responders). P < .001 for adalimumab vs placebo
at every time point at/after 6 weeks for 40 mg eow and at/after 12
weeks for 40 mg weekly. *P = .001 vs placebo; TP = .005 vs placebo.

Among the randomized responder population, 143 pa-
tients (29%) withdrew before the end of the study, with
the percentage of withdrawals being similar in the pla-
cebo (35%) and adalimumab 40-mg every other week
groups (33%) and lower in the adalimumab 40-mg weekly
group (17%). The most common reason for study discon-
tinuation in all 3 randomized responder groups was
adverse events.

Efficacy

The percentage of week-4 randomized responders
in remission (CDAI score <150) at weeks 26 and 56 (the
primary end point) was significantly greater in both
adalimumab treatment groups versus placebo (ada-
limumab 40-mg every other week 40%, adalimumab 40
mg weekly 47%, and placebo 17% at week 26; adalimumab
40 mg every other week 36%, adalimumab 40 mg weekly
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Table 2. Patients With a Decrease From Baseline in CDAI Score =100 and =70

Treatment group?

Clinical response Placebo (n = 170)

Adalimumab
weekly (n = 157)

Adalimumab every
other week (n = 172)

Decrease from baseline =100

Week 26 45 (26.5)

Week 56 28 (16.5)
Decrease from baseline =70

Week 26 48 (28.2)

Week 56 30(17.6)

89 (51.7) 82 (52.2)
71 (41.3) 75 (47.8)
93 (54.1) 88 (56.1)
74 (43.0) 77 (49.0)

NOTE. All values are expressed as n (%). P < .001 for pairwise comparisons of each active treatment group vs placebo at all end points.

Randomized responders.

41%, and placebo 12% at week 56; P < .001 for pairwise
comparison between each adalimumab treatment group
and placebo) (Figure 2A4). The differences between the
adalimumab 40-mg every other week and adalimumab
40-mg weekly groups at both of these time points were
not statistically significant (P = .22 at week 26 and P =
.34 at week 56). The difference in remission rates between
adalimumab and placebo treatment groups was seen as
early as week 6 and was sustained through week 56
(Figure 2B). Of patients in remission at 26 weeks, 81% of
each of the adalimumab groups and 48% of the placebo
group remained in remission at week 56. The median
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Figure 3. Mean (A) CDAI and (B) IBDQ total scores over time among
week-4 responders. eow, every other week.

time in clinical remission for randomized responders
achieving remission was 127 days for the placebo group
and 378 days for the adalimumab 40-mg every other
week group (P = .002). This variable was greater than 392
days for the adalimumab 40-mg weekly group (P < .001).

Adalimumab also maintained significantly greater rates
of response (CDAI score decrease from baseline of =70 and
=100) for randomized responders compared with placebo
at both weeks 26 and 56 (Table 2; P < .001 for pairwise
comparisons of each active treatment group vs placebo at
both end points). Mean CDAI decreased to a significantly
greater extent over time in the adalimumab groups versus
the placebo group (Figure 3A). Similarly, mean IBDQ scores
improved to a greater extent over time among adalimumab-
treated patients (Figure 3B).

Subgroup efficacy. Results of clinical remission
by subgroups are described in Table 3. Greater percent-
ages of adalimumab-treated patients than placebo-
treated patients achieved remission at both week 26 and
week 56, regardless of baseline CRP concentration.

At enrollment, 47% of patients were receiving the immu-
nosuppressants azathioprine, 6-mercaptopurine, or metho-
trexate, and 50% had received a TNF antagonist before
baseline. Adalimumab was significantly superior to placebo
for long-term treatment of CD irrespective of concomitant
immunosuppressive therapies.

Patients naive to TNF-antagonist therapy and patients
experienced with TNF-antagonist therapy both achieved
statistically significantly greater remission rates com-
pared with placebo. However, the percentage of patients
who were in clinical remission at week 26 was numeri-
cally greater for the subgroup of patients naive to TNF-
antagonist therapy versus those with a history of TNF-
antagonist therapy. Similar findings were observed at
week 56.

Corticosteroid discontinuation response. Of the
randomized responders at week 26, 3%, 35%, and 30% of
patients treated with placebo, adalimumab 40 mg every
other week, and adalimumab 40 mg weekly, respectively,
achieved corticosteroid-free remission (P < .001 for each
adalimumab group vs placebo). At week 56, 6%, 29%, and
23% of patients treated with placebo, adalimumab 40 mg
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Table 3. Remission Rates Stratified by Baseline CRP Concentration, Immunosuppressive Therapy Use, and Previous

TNF-Antagonist Experience

Adalimumab 40 mg Adalimumab 40 mg

Subgroup Placebo every other week? weekly
Week 26
CRP <1 mg/dL 15/85 (18) 37/95 (39) 31/82(38)
CRP =1 mg/dL 14/85 (17) 31/76 (41) 42/75 (56)
With immunosuppressant 21/131(16) 53/136 (39) 53/121 (44)
Without immunosuppressant 8/39 (21) 15/36 (42) 20/36 (56)
TNF-antagonist experienced 13/81 (16) 27/85 (32) 30/71 (42)
TNF-antagonist naive 16/89 (18) 41/87 (47) 43/86 (50)
Week 56
CRP <1 mg/dL 11/85 (13) 34/95 (36) 27/82(33)
CRP =1 mg/dL 9/85 (11) 28/76 (37) 38/75 (51)
With immunosuppressant 15/131 (12) 50/136 (37) 47/121 (39)
Without immunosuppressant 5/39 (13) 12/36 (33) 18/36 (50)
TNF-antagonist experienced 8/81 (10) 26/85 (31) 24/71 (34)
TNF-antagonist naive 12/89 (14) 36/87 (42) 41/86 (48)

NOTE. All values are expressed as n (%).
aCRP concentration was not available for 1 patient.

every other week, and adalimumab 40 mg weekly, respec-
tively, achieved corticosteroid-free remission (P < .001
for adalimumab 40 mg every other week vs placebo; P =
.008 for adalimumab 40 mg weekly vs placebo) (Figure 4).

The percentage of randomized responders who discon-
tinued corticosteroid use and remained corticosteroid-
free for at least 90 days plus achieved clinical remission at
weeks 26 and 56 (sustained corticosteroid-free remission)
also was greater in the adalimumab treatment groups
versus placebo. At week 26, 3%, 19%, and 15% of patients
treated with placebo, adalimumab 40 mg every other
week, and adalimumab 40 mg weekly, respectively,
achieved sustained corticosteroid-free remission (P =
.006 for adalimumab 40 mg every other week vs placebo;

[42]
by

Patients in Steroid-Free Clinical Remission (%)

Week 26 Week 56

n= 2/66 20/58 22/74 4/66 17/58  17/74

O Placebo O Adalimumab 40 mg eow B Adalimumab 40 mg weekly

Figure 4. Percentage of patients receiving corticosteroids at baseline
who discontinued corticosteroid use and achieved clinical remission
(randomized responder population) at weeks 26 and 56. Remission was
defined as a decrease in CDAI score to <150. *P < .001; TP = .008.

P = .019 for adalimumab 40 mg weekly vs placebo). At
week 56, 5%, 29%, and 20% of patients treated with
placebo, adalimumab 40 mg every other week, and adali-
mumab 40 mg weekly, respectively, achieved sustained
corticosteroid-free remission (P < .001 for adalimumab
40 mg every other week vs placebo; P = .006 for adali-
mumab 40 mg weekly vs placebo).

Fistula response. Complete fistula closure (clo-
sure of all fistulas that were draining at screening and
baseline visits) was achieved in a greater percentage of
adalimumab-treated patients versus those receiving pla-
cebo in the randomized population at both week 26 and
week 56 (30% and 13% for combined adalimumab groups
and placebo group, respectively, at week 26 [P = .043]
and 33% and 13% for combined adalimumab groups and
placebo group, respectively, at week 56 [P = .016]) (Fig-
ure 5A). Of patients with complete fistula closure at week
26, 100% continued to have complete fistula closure at
week 56 (Figure 5B).

Safety
During the open-label induction period, 59.4% of
patients (507/854) experienced adverse events and 6.3%
of patients (54/854) discontinued treatment because of
an adverse event (Table 4). The most common adverse
events during open-label induction were headache (51/
854 [5.9%]) and nausea (45/854 [5.3%]). Serious adverse
events were infrequent during open-label induction (45/
854 [5.3%]) and included one case of multiple sclerosis.
Infectious adverse events occurred in 130 patients
(15.2%), and serious infectious adverse events occurred in
10 patients (1.2%) during this period. One death occurred
during the open-label induction (discussed in the follow-
ing text).
During double-blind treatment, adverse events oc-
curred at similar frequencies in the adalimumab and
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Figure 5. (A) Closure of draining fistulas (defined as closure of all
fistulas draining at baseline for at least 2 consecutive visits) at weeks 26
and 56 during double-blind therapy in the randomized population of
patients with draining fistulas at screening and baseline visits. Note that
statistical analyses were not performed on individual adalimumab
groups. *P = .043 for combined adalimumab groups versus placebo at
week 26; P = .016 for combined adalimumab groups versus placebo at
week 56. n, number of patients with fistulas at baseline; eow, every
other week. (B) Patients with maintenance of healing of draining fistulas
at weeks 26 and 56. *P = .043 for combined adalimumab groups
versus placebo.

placebo groups (Table 4). A greater percentage of patients
in the placebo group discontinued treatment because of
an adverse event (13.4%) than in the adalimumab groups
(6.9% and 4.7% for 40 mg every other week and 40 mg
weekly groups, respectively). Exacerbation of CD, as
judged by the investigator, was the most commonly re-
ported adverse event that led to premature discontinua-
tion from the study during the double-blind period (7.7%
placebo, 1.9% adalimumab 40 mg every other week, and
1.2% adalimumab 40 mg weekly). Again, reporting exac-
erbation of CD as an adverse event was independent of
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meeting the protocol criteria for disease flare, remission
failure, or other protocol-driven requirement for switch-
ing to open-label therapy.

During the double-blind period, exacerbation of CD
was reported significantly more frequently among place-
bo-treated patients (32.2%) than adalimumab-treated pa-
tients (19.6% and 18.7% for 40-mg every other week and
40-mg weekly groups, respectively; P << .001 vs placebo).
Other adverse events that were reported by at least 5% of
patients in one of the 3 treatment groups, and at signif-
icantly different rates among treatment groups, were
headache, fatigue, and urinary tract infections (Table 4).
Injection-site reactions also occurred more frequently in
both adalimumab groups than in the placebo group.
Injection-site reactions were generally mild to moderate.
The remaining adverse events that were reported in at
least 5% of patients in one of the 3 treatment groups
occurred in all groups at similar rates and included ar-
thralgia, nasopharyngitis, nausea, abdominal pain, pyr-
exia, upper respiratory tract infection, influenza, diar-
rhea, and pharyngolaryngeal pain.

During the double-blind period, serious adverse events
occurred in a greater percentage of placebo-treated pa-
tients (15.3%) versus those randomized to adalimumab
(9.2% and 8.2% for 40-mg every other week and 40-mg
weekly groups, respectively; P < .05 vs placebo). Infec-
tious adverse events occurred in 36.8% of patients in the
placebo group versus 46.2% of patients in the adali-
mumab 40-mg every other week group (P < .0S vs pla-
cebo) and 44.4% of those treated with adalimumab 40 mg
weekly (P = .089) (Table 4). Serious infectious adverse
events were infrequent, occurring in 2.7% of patients in
each of the adalimumab groups, compared with 3.4% of
patients in the placebo group. The specific types of seri-
ous infectious adverse events observed are shown in Table
5. Although the sample sizes were small, the rate of
serious infections appeared to be similar regardless of
baseline immunosuppressant use (4 events with vs 3
events without immunosuppressants with adalimumab
40 mg every other week; 3 vs 4 events, respectively, with
adalimumab 40 mg weekly; 3 vs 6 events, respectively,
with placebo).

One patient died after entering the trial as a result of
a pulmonary embolism. The patient received the open-
label 80-mg/40-mg induction regimen of adalimumab
and on day 15 died of a pulmonary embolism. Contrib-
uting risk factors included advanced age (72 years) and a
history of pulmonary embolism, hypertension, and atrial
fibrillation. The event was deemed by the investigator as
not related to the study drug.

One female patient randomized to the placebo group
was diagnosed with cancer of the right breast 77 days
after the start of study drug (26 days posttreatment)
during double-blind treatment. The patient received both
open-label induction doses of adalimumab and was with-
drawn from the study after 3 weeks of double-blind
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Table 4. Summary of Safety Analyses for Open-Label Induction and Double-Blind Period

Induction Double-blind period
Adalimumab Adalimumab Adalimumab
80/40 mg Placebo 40 mg every other week 40 mg weekly
Variable (N = 854) (n = 261) (n = 260) (n = 257)
Adverse events 507 (59.4) 221 (84.7) 231 (88.8) 220 (85.6)
Adverse events leading to discontinuation of 54 (6.3) 35(13.4) 18 (6.9)7 12 (4.7)2
study drug
Select adverse events occurring at a frequency of
at least 5% in either the adalimumab or
placebo groups?
CcD 84 (32.2) 51 (19.6)° 48 (18.7)°
Arthralgia 23(8.8) 27 (10.4) 34 (13.2)
Nasopharyngitis 18 (6.9) 29 (11.2) 31(12.1)
Headache 51 (6.0) 15 (5.7) 25 (9.6) 30 (11.7)2
Nausea 45 (5.3) 16 (6.1) 19 (7.3) 22 (8.6)
Fatigue 6(2.3) 11 (4.2) 20 (7.8)4
Abdominal pain 17 (6.5) 20(7.7) 19 (7.4)
Pyrexia 14 (5.4) 14 (5.4) 17 (6.6)
Upper respiratory tract infection 16 (6.1) 12 (4.6) 16 (6.2)
Injection site reaction 1(0.4) 11 (4.2)¢ 15 (5.8)°
Urinary tract infection 4 (1.5) 11 (4.2) 15 (5.8)¢
Influenza 13 (5.0) 14 (5.4) 13(5.1)
Diarrhea 15 (5.7) 10 (3.8) 12 (4.7)
Pharyngolaryngeal pain 14 (5.4) 11 (4.2) 7(2.7)
Serious adverse events 45 (5.3) 40 (15.3) 24 (9.2)2 21 (8.2)2
Infectious adverse events 130 (15.2) 96 (36.8) 120 (46.2)2 114 (44.4)
Serious infectious adverse events 10 (1.2) 9(3.4) 7(2.7) 7(2.7)
Selected injection site reactions
Bruising 1(0.1) 2(0.8) 6 (2.3) 2(0.8)
Erythema 7(0.8) 0 7(2.7)2 3(1.2)
Hemorrhage 4 (0.5) 2(0.8) 5(1.9) (0]
Irritation 39 (4.6) 2(0.8) 10 (3.8)7 7(2.7)
Pain 41 (4.8) 2(0.8) 5(1.9) 4(1.6)
Pruritus 2(0.2) 0 3(1.2) 2(0.8)
Reaction 17 (2.0) 1(0.4) 11 (4.2)¢ 15 (5.8)°

NOTE. All values are expressed as n (%).
ap < .05 vs placebo.

bIncluding injection site reactions as noted.
°P < .001 vs placebo.

ap < .01.

treatment with placebo. She underwent wide excision
and axillary node resection. Pathology results revealed
infiltrating ductal adenocarcinoma. The event was con-
sidered serious and probably not related to study drug by
investigators.

Two cases of pulmonary tuberculosis were reported
during the study in patients who, at baseline, were puri-
fied protein derivative-negative and had normal findings
on chest radiographs. One patient had received open-
label adalimumab 40 mg every other week for 197 days
after 56 days of double-blind treatment with ada-
limumab 40 mg every other week, and the other had
received open-label adalimumab for a total of 260 days
(31 days at 40 mg every other week and 229 days at 40 mg
weekly) after 77 days of double-blind treatment with
adalimumab 40 mg weekly. This latter patient also had
received both prednisone and azathioprine as concomi-
tant medications.

Adalimumab concentration, antibodies to adali-
mumab, antinuclear antibodies, and anti-double-
stranded DNA antibodies were not measured in this

study.

Discussion

Adalimumab, a fully human immunoglobulin G1
monoclonal antibody, is effective in inducing and main-
taining long-term (56-week) clinical remission in patients
with moderate to severe CD who have responded to
induction therapy with adalimumab. Significant treat-
ment differences between adalimumab and placebo
groups in terms of remission and CDAI 100-point and
70-point responses were noted early (within 4 weeks after
randomization) and were maintained throughout the
double-blind phase. Consistent with these results, mean
changes in CDAI scores and mean IBDQ total scores
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Table 5. Select Serious Adverse Events of Clinical Interest for Open-Label Induction and Double-Blind Period

Induction Double-Blind period

Adalimumab Adalimumab 40 mg Adalimumab

80/40 mg Placebo every other week 40 mg weekly

(N = 854) (n = 261) (n = 260) (n = 257)
Infections and infestations 10 (1.2) 9(3.4) 7(2.7) 7(2.7)
Abscess 7(0.8) 5(1.9) 3(1.2) 5(1.9)
Tuberculosis 0(0.0) 0(0.0) 0 (0.0)2 0 (0.0)2
Other opportunistic infections 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Wound infection, sepsis, postoperative 3(0.4) 0(0.0) 0(0.0) 0(0.0)

infection

Pneumonia 0(0.0) 0(0.0) 0 (0.0) 1(0.4)
Cancer 0(0.0) 1(0.4)p 0(0.0) 0(0.0)
Multiple sclerosis 1(0.1) 0(0.0) 0(0.0) 0(0.0)
Serum sickness 1(0.1) 0(0.0) 0 (0.0) 0(0.0)
Death 1(0.1)° 0(0.0) 0(0.0) 0(0.0)

NOTE. All values are expressed as n (%).

a0ne case of tuberculosis occurred in each adalimumab treatment group during postrandomization open-label therapy.

bBreast cancer.
°Pulmonary embolism.

reflected significantly lower disease activity and improved
quality of life in patients receiving adalimumab versus
those receiving placebo. In addition, a significantly
greater percentage of patients receiving adalimumab
maintenance treatment were able to discontinue cortico-
steroids and achieve corticosteroid-free remission at 26
and 56 weeks compared with patients receiving placebo.
Among patients with fistulas at baseline, complete fistula
closure occurred in a greater percentage of patients re-
ceiving adalimumab maintenance therapy compared
with those receiving placebo. This response was main-
tained because all patients who achieved fistula closure at
week 26 with adalimumab maintained closure through
week 56.

The results presented here of effective maintenance
therapy with subcutaneously administered adalimumab
in patients with CD support and extend the findings of
the CLASSIC-I and -II trials of adalimumab for induction
and maintenance of remission in CD.25-27 In the CLAS-
SIC-I induction trial, 3 adalimumab induction-loading
doses were evaluated: 40 mg/20 mg, 80 mg/40 mg, and
160 mg/80 mg. These induction-loading dose regimens
were designed to achieve adalimumab concentrations at
week 4 that would equate to steady-state blood concen-
trations achieved with maintenance dosing with ada-
limumab 20 mg every other week, 40 mg every other
week, and 40 mg weekly. The only induction-loading
dose regimen that achieved statistical significance for
remission rates versus placebo was 160 mg, followed in 2
weeks by 80 mg. Because CHARM began before the
availability of these data, an induction-loading dose reg-
imen of 80 mg followed in 2 weeks by 40 mg was chosen
(which equated to 40 mg every other week maintenance
dosing). Although uncontrolled remission rates at the
end of the open-label induction phase were not a primary

end point in CHARM, which was designed and powered
to evaluate the efficacy of adalimumab for maintenance
therapy, the induction-loading dose regimen used (80
mg/40 mg) provided similar response rates (70-point
decrease in CDAI of 58%) to both the 80 mg/40 mg and
160 mg/80 mg regimens in CLASSIC I (59% for each
regimen).?® In the randomized arm of the CLASSIC-II
maintenance trial, 74%-93% of patients in clinical remis-
sion at the end of CLASSIC I, and who remained in
remission after 2 open-label doses of adalimumab in
CLASSIC II and continued to receive active maintenance
therapy (either adalimumab 40 mg every other week or
weekly), were in remission at 24 and 56 weeks of CLAS-
SIC I1.26 The results of the current trial (CHARM), which
had a larger sample size than CLASSIC II (854 vs 299),
confirm that adalimumab is more effective than placebo
for long-term (56-week) maintenance of remission. In
this study, efficacy outcomes with adalimumab every
other week dosing were not statistically significantly dif-
ferent from weekly dosing. CLASSIC I supports the use of
an induction dose of adalimumab of 160 mg/80 mg to
achieve remission, although lower dosages resulted in
significant improvement as measured by the less strin-
gent measure of a 70-point response in CDAIL Data from
both CLASSIC II and CHARM support the use of a
maintenance dosing regimen of adalimumab 40 mg every
other week for patients with moderately to severely active
CD.

Efficacy results from this study (CHARM) of ada-
limumab are similar to the response and remission rates
reported with the intravenously administered chimeric
immunoglobulin G1 monoclonal antibody infliximab. In
addition, adalimumab demonstrated statistically signifi-
cant and clinically meaningful effects on fistula closure,
such as has been previously demonstrated for inflix-
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imab.*¢ Also comparable to previous reports with inflix-
imab, clinical remission with adalimumab was main-
tained after the discontinuation of corticosteroids.3
Reported uniquely in CHARM, however, is the ability to
sustain corticosteroid-free remission for at least 90 days.

In addition, adalimumab has been evaluated in pa-
tients who are intolerant of or who have failed to respond
to infliximab in a number of small studies.28-33 Collec-
tively, these studies suggest that patients with CD who
have lost their responses to or are intolerant of infliximab
may benefit from switching to adalimumab. Results from
CHARM demonstrate that patients naive to TNF antag-
onists achieved slightly better results than those who had
received TNF antagonists in the past; however, differ-
ences between these subgroups were not statistically sig-
nificant, and both treatment subgroups achieved greater
efficacy than placebo. A large, randomized controlled
trial of adalimumab in patients selected for intolerance
and/or loss of efficacy due to infliximab failure (the
GAIN trial) has been completed, and the results were
presented in late 2006.34

Induction and maintenance therapy with adalimumab
was generally well-tolerated in this study. Rates of dis-
continuation due to adverse events were low and were
greater in placebo-treated patients versus those receiving
adalimumab during double-blind treatment. The overall
incidence of adverse events was similar between the pla-
cebo and adalimumab groups. Similarly, rates of serious
adverse events were low overall but occurred more fre-
quently in placebo-treated patients. These differences
were primarily because a greater percentage of patients
receiving placebo experienced serious and nonserious
events related to active CD. Overall, the safety profile
exhibited by adalimumab in this trial is consistent with
previous experience with adalimumab from more than
150,000 patients for the treatment of CD, rheumatoid
arthritis, ankylosing spondylitis, psoriasis, and psoriatic
arthritis.16:2526.3536 One death due to pulmonary embo-
lism in a patient with a history of pulmonary embolism
occurred during open-label induction and was deemed
unrelated to study drug. One malignancy (a breast can-
cer) occurred in a patient receiving placebo during the
double-blind phase and was deemed probably not related
to study drug. No cases of lymphoproliferative disorder
were reported. The 2 cases of tuberculosis reported were
deemed possibly and probably related to study drug,
respectively. Tuberculosis has been reported with all TNF
antagonists. The 2 cases reported in this study occurred
despite screening, suggesting that this method of screen-
ing has limitations. There was one reported event of
multiple sclerosis early in open-label induction. Reports
of multiple sclerosis have been linked to the use of all
TNF antagonists. There were no reports of demyelinating
disease, lupus, congestive heart failure, or coagulation
disorder. Although injection-site reactions occurred more
frequently with adalimumab, only 4%-6% of patients
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developed these reactions and they were generally mild or
moderate and did not lead to discontinuation of ada-
limumab therapy.

Although immunogenicity was not evaluated in
CHARM, the occurrence of anti-adalimumab antibodies
was evaluated among patients with CD in the CLAS-
SIC-II maintenance study. During the 52-week study, 2 of
54 patients (3.7%; one in the placebo group and one in
the adalimumab every other week group) in the random-
ized arm and 6 of 215 patients (2.8%) in the open-label
arm of the study were positive for anti-adalimumab
antibodies.?-27

The results of this study show that adalimumab 40
mg every other week and 40 mg weekly are more
effective than placebo in maintaining clinical remis-
sion and response in patients with moderate to severe
CD through 56 weeks. Adalimumab is also effective for
maintaining corticosteroid-free remission and com-
pletely closing fistulas. No differences in efficacy be-
tween the 40-mg every other week and 40-mg weekly
dosing regimens of adalimumab were observed. Ada-
limumab was generally well-tolerated, with a safety
profile consistent with previous experience with this
drug. Our findings show that adalimumab represents
an effective and well-tolerated, patient self-adminis-
tered therapeutic option to induce and maintain re-
mission in patients with moderate to severe CD.

Appendix 1. CHARM Study
Investigators and Sites

Nazam Aboo, MD, Parklands Hospital Medical
Centre, KwaZulu-Natal, South Africa; Matthieu Allez,
MD, Saint-Louis Hospital, Paris, France; Robert Bailey,
MD, GI Research, Edmonton, Alberta, Canada; Peter
Bampton, MD, Flinders Medical Centre, Bedford Park,
South Australia, Australia; K. D. Bardhan, MD, Rother-
ham District General Hospital, Rotherham, England;
Charles Bernstein, MD, Health Sciences Centre, Win-
nipeg, Manitoba, Canada; Gabriele Bianchi Porro, MD,
“Luigi Sacco” Hospital, Milano, Italy; Charles Birbara,
MD, Clinical Pharmacology Study Group, Worcester,
Massachusetts; Alain Bitton, MD, Royal Victoria Hospi-
tal, Montreal, Quebec, Canada; Phillip Bliss, MD, Wright-
ington, Wigan and Leigh NHS Trust Royal Albert Ed-
ward Infirmary, Wigan, England; Michael Boivin, MD,
CHUMS-St-Luc, Montreal, Quebec, Canada; Alan Buch-
man, MD, Northwestern University, Chicago, Illinois;
Massimo Campieri, MD, Azienda Ospedaliera Policlinico
“S. Orsola Malpighi,” Bologna, Italy; Charles Cattano,
MD, Maryland Clinical Trials, Severna Park, Maryland,;
John Cello, MD, UCSF San Francisco General Hospital,
San Francisco, California; Albert Cohen, MD, Sir
Mortimer B. Davis Jewish General Hospital, Montreal,
Quebec, Canada; Tom Colley, MD, Indianapolis Gastro-
enterology Research Foundation, Indianapolis, Indiana;
Jean-Frederic Colombel, MD, Hépital Claude Huriez,
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Lille, France; William Connel, MD, St Vincent’s Hospital,
Fitzroy, Victoria, Australia; Geert D’Haens, MD, Imelda
Ziekenhuis, Bonheiden, Belgium; Jens Frederik Dahlerup,
MD, Aarhus Kommunehospital, Aarhus, Denmark; Arun
Dhand, MD, Gastroenterology Consultants, Ormond
Beach, Florida; Manuel Diaz-Rubio, Hospital Clinico
Universitario San Carlos, Madrid, Spain; Axel Dignass,
MD, Universititskrankenhaus Charité, Berlin, Germany;
David Dozer, MD, Discovery Research International,
LLC, Milwaukee, Wisconsin; Jean-Louis Dupas, MD,
CHU d‘Amiens, Amiens, France; Robert Enns, MD, Gas-
troenterology Clinic, Vancouver, British Columbia, Can-
ada; David Eskreis, MD, NY Center for Clinical Research,
Lake Success, New York; Brian Feagan, MD, London
Health Sciences Center, London, Ontario, Canada; Rich-
ard Fedorak, MD, University of Alberta Edmonton, Al-
berta, Canada; Tim Florin, MD, Mater Adult Hospital,
South Brisbane, Queensland, Australia; Fred Fowler, MD,
Carolina Research Associates, Charlotte, North Carolina;
Bradley Freilich, MD, Gastroenterology & Hepatology,
Kansas City, Missouri; Julio Garcia-Paredes, Hospital
Clinico Universitario San Carlos, Madrid, Spain; Michael
Gaspari, MD, Carolina Digestive Health Associates, Char-
lotte, North Carolina; Miguel Angel Gassull, Hospital
Germans Trias I Pujol, Badalona, Spain; Daniel Geenen,
MD, Wisconsin Center for Advanced Research, Milwau-
kee, Wisconsin; Louis Gelrud, MD, Gastrointestinal Spe-
cialists, Richmond, Virginia; Jean-Pierre Gendre, MD,
Hospital St. Antoine, Paris, France; Peter Gibson, MD,
Box Hill, Victoria, Australia; Jerzy Gil, Professor, Instytut
Gastroenterologii, Warszawa, Poland; John Goff, MD,
Western States Clinical Research, Wheat Ridge, Colorado;
Glenn Gordon, MD, Mexico, Missouri; Susan Green-
bloom, MD, Toronto Digestive Disease Center, Toronto,
Ontario, Canada; Stephen B. Hanauer, MD, University of
Chicago, Chicago, Illinois; John Hanson, MD, Charlotte
Gastroenterology & Hepatology, PLLC, Charlotte, North
Carolina; Robert Hardi, MD, Chevy Chase Clinical Re-
search, Chevy Chase, Maryland; Elliot Heller, MD, Diges-
tive Disease Associates of Rockland, Pomona, New York;
Hans Herfahrt, MD, Klinikum der Universitit Regens-
burg, Regensburg, Germany; Joaquin Hinojosa, Hospital
De Sagunto, Valencia, Spain; Daniel W. Hommes, MD,
Academisch Medisch Centrum Amsterdam, Amsterdam,
The Netherlands; Michael Kamm, MD, St Mark’s Hospi-
tal, Harrow, England; Robert Kaplan, MD, Le Bauer Re-
search Associates, Greensboro, North Carolina; Jeffrey
Katz, MD, University Hospitals of Cleveland, Cleveland,
Ohio; Seymour Katz, MD, Long Island Clinical Research
Associates, Great Neck, New York; Arthur Kavanaugh,
MD, Thornton Hospital, La Jolla, California; Anders Ki-
lander, MD, Sahlgrenska University Hospital, Stockholm,
Sweden; William King, MD, Wilmington Gastroenterol-
ogy, Wilmington, North Carolina; Alan Kivitz, MD, Al-
toona Center for Clinical Research, Duncansville, Penn-
sylvania; Milton Koch, MD, Capital Gastroenterology

ADALIMUMAB IN CROHN'’S DISEASE 63

Consultants, Silver Spring, Maryland; Elias Kouroumalis,
MD, University Hospital of Heraklion Crete, Heraklion
Crete, Greece; George Koval, MD, Westhills Gastroenter-
ology Associates, Portland, Oregon; Mark Lamet, MD,
Hollywood, Florida; Wiktor Laszewicz, Professor, PSK,
Bialystok, Poland; Andras Laszlo, MD, Semmelweis
Egyetem Kutvolgyi Klinikai Tomb, Budapest, Hungary;
Karsten Lauritsen, MD, Odense Universitetshospital,
Odense, Denmark; Robert Lofberg, MD, IBH, Stockholm,
Sweden; Donald Maclntosh, MD, QE II Victoria General
Site, Halifax, Nova Scotia, Canada; Finley Macrea, MD,
The Royal Melbourne Hospital, Parkville, Victoria, Aus-
tralia; Gerassimos Mantzaris, MD, General Regional Hos-
pital of Athens, Athens, Greece; Krysztof Marlicz, Profes-
sor, Unii Lubekskiej, Szczecin, Poland; John Marshall,
MD, McMaster Health Sciences Centre, Hamilton, On-
tario, Canada; Philippe Marteau, MD, Hospital European
Georges Pompidou, Paris, France; Thomas Nowak, MD,
St. Vincent Hospital, Indianapolis, Indiana; Daniel J.
Pambianco, MD, Charlottesville Medical Research, Char-
lottesville, Virginia; Remo Panaccione, MD, University of
Calgary, Calgary, Alberta, Canada; Pierre Pare, MD,
CHAUQ, Quebec, PQ, Canada; Angelo Pera, MD, Osped-
ale Mauriziano Umberto L. go Turati, City Torino, Italy;
Denis Petrunia, MD, Odyssey Research Services, Victoria,
British Columbia, Canada; John Popp, MD, Columbia
Gastro Associates, Columbia, South Carolina; Cosimo
Prantera, MD, Ospedale “S.Camillo-Forlanini,” Circonva-
llazione, Gianicolense, Italy; Daniel H. Present, MD, New
York, New York; Ronald E. Pruitt, MD, Nashville Medical
Research Institute, Nashville, Tennessee; Graham Rad-
ford-Smith, MD, Brisbane Hospital, Herston, Queens-
land, Australia; Miguel Regueiro, MD, University of Pitts-
burgh Medical Center, Pittsburgh, Pennsylvania; Dean
Rider, MD, Cal-West, Inc, San Francisco, California; Rich-
ard Robinson, MD, Leicester General Hospital, Leicester,
England; Maurice Russel, MD, Medisch Spectrum
Twente, Enschede, The Netherlands; Paul Rutgeerts, MD,
UZ Gasthuisberg, Leuven, Belgium; Fred Saibil, MD,
Sunnybrook and Women’s College, Toronto, Ontario,
Canada; William Sandborn, MD, Mayo Clinic Research,
Rochester, Minnesota; Jack Satsangi, MD, Western Gen-
eral Hospital, Edinburgh, Scotland; Hubert Rodney
Schneider, MD, Milpark Hospital, Johannesburg Gau-
teng, South Africa; Stefan Schreiber, MD, Universita-
tsklinikum Schleswig-Holstein, Kiel, Germany; Jerrold
Lloyd Schwartz, MD, Northwest Gastroenterology, Ar-
lington Heights, Illinois; Warwick Selby, MD, Royal
Prince Alfred Hospital, Camperdown, New South Wales,
Australia; David R. Silvers, MD, Drug Research Services,
Inc, Metairie, Louisiana; Laszlo Simon, Tolna Megyei
Hospital, Beri Balogh, Hungary; Eduard Stange, MD,
Robert-Bosch-Krankenhaus Zentrum fiir Innere Medizin,
Stuttgart, Germany; Hillary Steinhart, MD, Mt Sinai
Hospital, Toronto, Ontario, Canada; Christian Stone,
MD, Washington University School of Medicine, St

(=

3
-
iz
zg
cg
S
—
<




>
=
F
m
r4
-
%
=<
2
0
-

=1VDINITD

64

COLOMBEL ET AL

Louis, Missouri; John Valentine, MD, Malcom Randall
VA Medical Center, Gainesville, Florida; Pieter Van der
Schaar, Artrium Medisch Centrum, Heerlen, The Neth-
erlands; André Van Gossum, MD, ULB Erasme Hospital,
Brussels, Belgium; Morten Vatn, MD, Rikshospitalet,
Oslo, Norway; Michael Weiss, MD, Clinical Research of
West Florida, Inc, Clearwater, Florida; Gary Wild, MD,
Montreal General Hospital, Montreal, Quebec, Canada;
Strick J. Woods, MD, Gastroenterology Associates of
Fairfield County, Bridgeport, Connecticut; John Phillip
Wright, MD, Kingsbury Hospital, Cape Town, Western
Cape, South Africa; Ziad Younes, MD, Gastroenterology
Center of the Mid South, Germantown, Tennessee; Mar-
tin Zeitz, MD, Universititsklinikum Benjamin Franklin,
Berlin, Germany

10.

11.

References

. Papadakis KA, Targan SR. Tumor necrosis factor: biology and

therapeutic inhibitors. Gastroenterology 2000;119:1148-1157.

. Van Deventer SJ. Tumour necrosis factor and Crohn’s disease.

Gut 1997;40:443-448.

. Hanauer SB, Feagan BG, Lichtenstein GR, Mayer LF, Schreiber S,

Colombel JF, Rachmilewitz D, Wolf DC, Olson A, Bao W, Rutgeerts
P, for the ACCENT | Study Group. Maintenance infliximab for
Crohn’s disease: the ACCENT | randomised trial. Lancet 2002;
359:1541-1549.

. Present DH, Rutgeerts P, Targan S, Hanauer SB, Mayer L, van

Hogezand RA, Podolsky DK, Sands BE, Braakman T, DeWoody
KL, Schaible TF, van Deventer SJ. Infliximab for the treatment of
fistulas in patients with Crohn’s disease. N Engl J Med 1999;
340:1398-1405.

. Rutgeerts P, D’Haens G, Targan S, Vasiliauskas E, Hanauer SB,

Present DH, Mayer L, Van Hogezand RA, Braakman T, DeWoody
KL, Schaible TF, Van Deventer SJ. Efficacy and safety of retreat-
ment with anti-tumor necrosis factor antibody (infliximab) to main-
tain remission in Crohn’s disease. Gastroenterology 1999;117:
761-769.

. Sands BE, Anderson FH, Bernstein CN, Chey WY, Feagan BG,

Fedorak RN, Kamm MA, Korzenik JR, Lashner BA, Onken JE,
Rachmilewitz D, Rutgeerts P, Wild G, Wolf DC, Marsters PA,
Travers SB, Blank MA, van Deventer SJ. Infliximab maintenance
therapy for fistulizing Crohn’s disease. N Engl J Med 2004;350:
876-885.

. Targan SR, Hanauer SB, van Deventer SJ, Mayer L, Present DH,

Braakman T, DeWoody KL, Schaible TF, Rutgeerts PJ. A short-
term study of chimeric monoclonal antibody cA2 to tumor necro-
sis factor alpha for Crohn’s disease. Crohn’s Disease cA2 Study
Group. N Engl J Med 1997;337:1029-1035.

. Baert F, Noman M, Vermeire S, Van Assche G, D’'Haens G,

Carbonez A, Rutgeerts P. Influence of immunogenicity on the
long-term efficacy of infliximab in Crohn’s disease. N Engl J Med
2003;348:601-608.

. Cheifetz A, Smedley M, Martin S, Reiter M, Leone G, Mayer L,

Plevy S. The incidence and management of infusion reactions to
infliximab: a large center experience. Am J Gastroenterol 2003;
98:1315-1324.

Farrell RJ, Alsahli M, Jeen YT, Falchuk KR, Peppercorn MA,
Michetti P. Intravenous hydrocortisone premedication reduces
antibodies to infliximab in Crohn’s disease: a randomized con-
trolled trial. Gastroenterology 2003;124:917-924.

Hanauer S, Rutgeerts P, Targan S, Kam L, Present D, Mayer L,
Wagner C, LaSorda J, Sands B, Livingston R. Delayed hypersen-
sitivity to infliximab (Remicade) re-infusion after a 2-4 year inter-
val without treatment (abstr). Gastroenterology 1999;116:A731.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

GASTROENTEROLOGY Vol. 132, No. 1

Hanauer SB, Wagner CL, Bala M, Mayer L, Travers S, Diamond
RH, Olson A, Bao W, Rutgeerts P. Incidence and importance of
antibody responses to infliximab after maintenance or episodic
treatment in Crohn’s disease. Clin Gastroenterol Hepatol 2004;
2:542-553.

den Broeder A, van de Putte L, Rau R, Schattenkirchner M, Van
Riel P, Sander O, Binder C, Fenner H, Bankmann Y, Velagapudi R,
Kempeni J, Kupper H. A single dose, placebo controlled study of
the fully human anti-tumor necrosis factor-alpha antibody adali-
mumab (D2E7) in patients with rheumatoid arthritis. J Rheumatol
2002;29:2288-2298.

Furst DE, Schiff MH, Fleischmann RM, Strand V, Birbara CA,
Compagnone D, Fischkoff SA, Chartash EK. Adalimumab, a fully
human anti tumor necrosis factor-alpha monoclonal antibody,
and concomitant standard antirheumatic therapy for the treat-
ment of rheumatoid arthritis: results of STAR (Safety Trial of
Adalimumab in Rheumatoid Arthritis). J Rheumatol 2003;30:
2563-2571.

Keystone EC, Kavanaugh AF, Sharp JT, Tannenbaum H, Hua Y,
Teoh LS, Fischkoff SA, Chartash EK. Radiographic, clinical, and
functional outcomes of treatment with adalimumab (a human
anti-tumor necrosis factor monoclonal antibody) in patients with
active rheumatoid arthritis receiving concomitant methotrexate
therapy: a randomized, placebo-controlled, 52-week trial. Arthritis
Rheum 2004;50:1400-1411.

Mease PJ, Gladman DD, Ritchlin CT, Ruderman EM, Steinfeld SD,
Choy EH, Sharp JT, Ory PA, Perdock RJ, Weinberg MA, for the
Adalimumab Effectiveness in Psoriatic Arthritis Trial Study Group.
Adalimumab for the treatment of patients with moderately to
severely active psoriatic arthritis: results of a double-blind, ran-
domized, placebo-controlled trial. Arthritis Rheum. 2005;
52:3279-3289.

Rau R, Simianer S, van Riel PL, van de Putte LB, Kruger K,
Schattenkirchner M, Allaart CF, Breedveld FC, Kempeni J, Beck K,
Kupper H. Rapid alleviation of signs and symptoms of rheumatoid
arthritis with intravenous or subcutaneous administration of
adalimumab in combination with methotrexate. Scand J Rheuma-
tol 2004;33:145-153.

van de Putte LB, Rau R, Breedveld FC, Kalden JR, Malaise MG,
van Riel PL, Schattenkirchner M, Emery P, Burmester GR, Zeidler
H, Moutsopoulos HM, Beck K, Kupper H. Efficacy and safety of
the fully human anti-tumour necrosis factor alpha monoclonal
antibody adalimumab (D2E7) in DMARD refractory patients with
rheumatoid arthritis: a 12 week, phase Il study. Ann Rheum Dis
2003;62:1168-1177.

van de Putte LB, Atkins C, Malaise M, Sany J, Russell AS, van Riel
PL, Settas L, Bijlsma JW, Todesco S, Dougados M, Nash P,
Emery P, Walter N, Kaul M, Fischkoff S, Kupper H. Efficacy and
safety of adalimumab as monotherapy in patients with rheuma-
toid arthritis for whom previous disease modifying antirheumatic
drug treatment has failed. Ann Rheum Dis 2004;63:508-516.

Weinblatt ME, Keystone EC, Furst DE, Moreland LW, Weisman
MH, Birbara CA, Teoh LA, Fischkoff SA, Chartash EK. Adali-
mumab, a fully human anti-tumor necrosis factor alpha monoclo-
nal antibody, for the treatment of rheumatoid arthritis in patients
taking concomitant methotrexate: the ARMADA trial. Arthritis
Rheum 2003;48:35-45.

Weisman MH, Moreland LW, Furst DE, Weinblatt ME, Keystone
EC, Paulus HE, Teoh LS, Velagapudi RB, Noertersheuser PA,
Granneman GR, Fischkoff SA, Chartash EK. Efficacy, pharmaco-
kinetic, and safety assessment of adalimumab, a fully human
anti-tumor necrosis factor-alpha monoclonal antibody, in adults
with rheumatoid arthritis receiving concomitant methotrexate: a
pilot study. Clin Ther 2003;25:1700-1702.

Haibel H, Rudwaleit M, Brandt HC, Grozdanovic Z, Listing J,
Kupper H, Braun J, Sieper J. Adalimumab reduces spinal symp-



January 2007

23.

24.

25.

26.

27.

28.

29.

30.

31.

toms in active ankylosing spondylitis. Arthritis Rheum
2006;54:678-681.

De Keyser F, Van den Bosch F, Mielants H. Anti-TNF-alpha therapy
in ankylosis spondylitis. Cytokine 2006;33:294-298.

Gordon KB, Bonish BK, Patel T, Leonardi CL, Nickoloff BJ. The
tumour necrosis factor-alpha inhibitor adalimumab rapidly re-
verses the decrease in epidermal Langerhans cell density in
psoriatic plaques. Br J Dermatol 2005;153:945-953.

Hanauer SB, Sandborn WJ, Rutgeerts P, Fedorak RN, Lukas M,
Maclntosh D, Panaccione R, Wolf D, Pollack P. Human anti-tumor
necrosis factor monoclonal antibody (adalimumab) in Crohn’s
disease: the CLASSIC | trial. Gastroenterology 2006;130:323-
333.

Sandborn WJ, Hanauer S, Enns R, Lukas M, Wolf D, Isaacs K,
Macintosh D, Panaccione R, Rutgeerts P, Pollack P. Maintenance
of remission over 1 year in patients with active Crohn’s disease
treated with adalimumab: results of CLASSIC Il, a blinded, pla-
cebo-controlled study (oral presentation OP-G-353). Gut 2005;
54(Suppl VII):A81-A82.

Sandborn WJ, Hanauer S, Lukas M, Wolf D, Isaacs K, MacIntosh
D, Panaccione R, Rutgeerts P, Pollack P. Clinical remission and
response in patients with Crohn’s disease treated with open-
label for 1 year with fully human anti-TNF-a monoclonal antibody
adalimumab (oral presentation OP-G-78). Gut 2005;54(Suppl
VII):A18.

Barthel HR, Gille T, Halbsguth A, Kramer M. Successful treatment
with adalimumab in infliximab-resistant Crohn’s disease. J Gas-
troenterol Hepatol 2005;20:1464-1465.

Papadakis KA, Shaye OA, Vasiliauskas EA, Ippoliti A, Dubinsky
MC, Birt J, Paavola J, Lee SK, Price J, Targan SR, Abreu MT.
Safety and efficacy of adalimumab (D2E7) in Crohn’s disease
patients with an attenuated response to infliximab. Am J Gastro-
enterol 2005;100:75-79.

Sandborn WJ, Colombel JF, Enns R, Feagan BG, Hanauer SB,
Lawrance IC, Panaccione R, Sanders M, Schreiber S, Targan S,
van Deventer S, Goldblum R, Despain D, Hogge GS, Stallmach A,
Giese T, Schmidt C, Meuer SC, Zeuzem SS. Severe anaphylactic
reaction to infliximab: successful treatment with adalimumab—
report of a case. Eur J Gastroenterol Hepatol 2004;16:627-630.
Sandborn WJ, Hanauer S, Loftus EV Jr, Tremaine WJ, Kane S,
Cohen R, Hanson K, Johnson T, Schmitt D, Jeche R. An open-
label study of the human anti-TNF monoclonal antibody adali-
mumab in subjects with prior loss of response or intolerance to
infliximab for Crohn’s disease. Am J Gastroenterol 2004;99:
1984-1989.

ADALIMUMAB IN CROHN'’S DISEASE 65

32. Stallmach A, Giese T, Schmidt C, Meuer SC, Zeuzem SS. Severe
anaphylactic reaction to infliximab: successful treatment with
adalimumab—report of a case. Eur J Gastroenterol Hepatol
2004;16:627-630.

33. Youdim A, Vasikiauskas EA, Targan SR, Papadakis KA, Ippoliti A,
Dubinsky MC, Lechago J, Paavola J, Loane J, Lee SK, Gaiennie J,
Smith K, Do J, Abreu MT. A pilot study of adalimumab in inflix-
imab-allergic patients. Inflamm Bowel Dis 2004;10:333-338.

34. Sandborn WJ, Rutgeerts P, Enns RA, Hanauer SB, Colombel JF,
Panaccione R, Kent JD, Pollack PF. Adalimumab rapidly induces
clinical remission and response in patients with moderate to
severe Crohn’s disease who had secondary failure to infliximab
therapy: results of the GAIN Study. Ann J Gastroenterol. 2006;
101(9 Suppl):S448.

35. Burmester G, Pangan A, Kent JD Lovell DJ, Gordon KB, Dijkmans
BAC, Mease PH. Adalimumab is safe in global clinical trials in
multiple indications and reduced mortality in rheumatoid arthritis
(abstr). Ann Rheum Dis 2006;65(Suppl 11):181-182.

36. Schiff MH, Burmester GR, Kent JM, Pangan AL, Kupper H, Fitz-
patrick SB, Donovan C. Safety analysis of adalimumab (HUMIRA)
in global clinical trials and US postmarketing surveillance of
patients with rheumatoid arthritis. Ann Rheum Dis 2006;65:
889-894.

Received August 11, 2006. Accepted September 28, 2006.

Address requests for reprints to: Jean-Frédéric Colombel, MD, Hopi-
tal Claude Huriez, Centre Hospitalier Universitaire de Lille, Rue Michel
Polonovski, Lille, France 59037. e-mail: jfcolombel@chru-lille.fr; fax:
(33) 3-20-44-47-13.

Supported by a research grant from Abbott Laboratories (Abbott
Park, IL).

A list of the CHARM study investigators and sites appears in Appen-
dix 1.

The authors acknowledge the contribution of Lori Lush, PharmD, of
JK Associates, Inc, and Michael Nissen, ELS, of Abbott Laboratories for
medical writing and editing support in the development and revision of
this manuscript.

Jean-Frédéric Colombel, William Sandborn, Paul Rutgeerts, Robert
Enns, Stephen Hanauer, Remo Panaccione, and Stefen Schreiber have
served as consultants for Abbott Laboratories and have participated in
continuing medical education events supported by unrestricted edu-
cational grants from Abbott Laboratories. Dan Byczkowski, Ju Li, Jef-
frey Kent, and Paul Pollack are employees of Abbott Laboratories.

(=

3
-
iz
zg
cg
S
—
<




	Adalimumab for Maintenance of Clinical Response and Remission in Patients With Crohn's Disease: The CHARM Trial
	Materials and Methods
	Patients
	Study Design
	Efficacy and Safety Evaluations
	Statistical Analysis
	Role of the Funding Source

	Results
	Patient Disposition and Baseline Characteristics
	Efficacy
	Subgroup efficacy
	Corticosteroid discontinuation response
	Fistula response

	Safety

	Discussion
	Appendix 1. CHARM Study Investigators and Sites
	References


