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ackground & Aims: Tumor necrosis factor blockade
as been shown to be an effective treatment strategy in
rohn’s disease (CD). Adalimumab is a human immu-
oglobulin G1 (IgG1) monoclonal antibody targeting tu-
or necrosis factor (TNF). A randomized, double-blind,

lacebo-controlled, dose-ranging trial was performed to
valuate the efficacy of adalimumab induction therapy

n patients with CD. Methods: A total of 299 patients
ith moderate to severe CD naive to anti–TNF therapy
ere randomized to receive subcutaneous injections at
eeks 0 and 2 with adalimumab 40 mg/20 mg, 80
g/40 mg, or 160 mg/80 mg or placebo. The primary

ndpoint was demonstration of a significant difference
n the rates of remission at week 4 (defined as a Crohn’s
isease Activity Index score <150 points) among the 80
g/40 mg, 160 mg/80 mg, and placebo groups.
esults: The rates of remission at week 4 in the adali-
umab 40 mg/20 mg, 80 mg/40 mg, and 160 mg/80
g groups were 18% (P � .36), 24% (P � .06), and 36%

P � .001), respectively, and 12% in the placebo group.
dverse events occurred at similar frequencies in all 4

reatment groups except injection site reactions, which
ere more common in adalimumab-treated patients.
onclusions: Adalimumab was superior to placebo for

nduction of remission in patients with moderate to
evere Crohn’s disease naive to anti–TNF therapy. The
ptimal induction dosing regimen for adalimumab in
his study was 160 mg at week 0 followed by 80 mg at
eek 2. Adalimumab was well tolerated.

umor necrosis factor (TNF) is recognized as an im-
portant cytokine in the pathogenesis of Crohn’s

isease1,2 and is elevated in the stool, mucosa, and blood
f patients with Crohn’s disease.3–5 Clinical trials have
hown that the chimeric monoclonal antibody to TNF,
nfliximab, is effective for both induction and mainte-

ance therapy of patients with moderate to severe
rohn’s disease, including patients with draining fistu-
as.6–10 However, infliximab is immunogenic, and inter-

ittent administration results in the development of
uman antichimeric antibodies (HACAs, also known as
ntibodies to infliximab) that lead to infusion reactions,
oss of efficacy, and delayed hypersensitivity reac-
ions.11–15

Adalimumab (D2E7, Humira; Abbott Laboratories,
hicago, IL) is a recombinant human immunoglobulin
1 (IgG1) monoclonal antibody that binds with high

ffinity and specificity to human soluble TNF but not to
ymphotoxin. Clinical trials in patients with rheumatoid
rthritis have shown that adalimumab is effective when
dministered at a dosage of 40 mg every other week,
ith or without a concomitant disease-modifying anti-

heumatic drug such as methotrexate, and that dose
scalation to 40 mg weekly is effective in patients not
eceiving concomitant methotrexate who have had an
ncomplete response or who failed to respond.16–23 We
onducted a 4-week, randomized, double-blind, placebo-
ontrolled, dose-ranging induction trial (CLASSIC-I:
linical assessment of Adalimumab Safety and efficacy
tudied as Induction therapy in Crohn’s disease) in which
atients with moderate to severe Crohn’s disease naive to
nti-TNF therapy received induction treatment at weeks
and 2 with adalimumab 40 mg/20 mg, 80 mg/40 mg,

r 160 mg/80 mg or placebo and were followed through
eek 4.

Abbreviations used in this paper: CRP, C-reactive protein; IBDQ,
nflammatory bowel disease questionnaire; IgG1, immunoglobulin G1;
VRS, interactive voice response system; TNF, tumor necrosis factor.

© 2006 by the American Gastroenterological Association
0016-5085/06/$32.00
doi:10.1053/j.gastro.2005.11.030
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Patients and Methods

Patients

This multicenter, randomized, double-blind, placebo-
ontrolled trial was conducted at 55 centers between July 24,
002, and December 18, 2003. The protocol was approved by
he institutional review board or ethics committee at each
enter. All patients gave written informed consent.

Eligible patients included men and women (18–75 years of
ge) with Crohn’s disease for at least 4 months who had
oderate to severe disease as defined by a Crohn’s Disease
ctivity Index (CDAI)24 score of 220–450 points, inclusive.
adiologic or endoscopic studies were required to confirm the
iagnosis of Crohn’s disease. Concurrent therapies for Crohn’s
isease, including 5-aminosalicylates, prednisone (�20 mg/
ay), budesonide (�9 mg/day), azathioprine, 6-mercaptopu-
ine, methotrexate, and antibiotics, were permitted at stable
osages. Female patients with childbearing potential were
equired to use a highly effective form of birth control. All
atients were required to have adequate cardiac, renal, and
epatic function as defined by the investigator. Patients were
xcluded if they had a history of malignancy; had a history of
ctive tuberculosis, listeriosis, or human immunodeficiency
irus; had ulcerative colitis; had symptomatic obstructive
trictures; underwent surgical bowel resection within 6
onths; had an ostomy; underwent extensive bowel resection

�100 cm) or had short bowel syndrome; were currently
eceiving total parenteral nutrition; had received investiga-
ional chemical agents within 30 days; had received investi-
ational biologic therapy within 4 months; had received an-
ibiotic treatment within 3 weeks for infections not related to
rohn’s disease; were pregnant or breast-feeding; had a history
f clinically significant drug or alcohol abuse within 1 year;
ad poorly controlled medical conditions (including diabetes
ith history of recurrent infections or cerebrovascular accident
ithin 3 months); had previously received infliximab or any
ther anti-TNF therapy; had received enema therapy within 2
eeks; had received cyclosporine or tacrolimus within 8 weeks;
ad a positive Clostridium difficile stool assay; or had clinically
ignificant deviations in prespecified laboratory parameters.

Study Design

Patients were screened for eligibility 2 weeks before
nrollment into the trial. At week 0, all eligible patients were
andomly assigned in a 1:1:1:1 ratio to receive one of the
ollowing subcutaneous induction regimens: placebo at weeks

and 2, adalimumab 40 mg at week 0 and 20 mg at week 2,
dalimumab 80 mg at week 0 and 40 mg at week 2, or
dalimumab 160 mg at week 0 and 80 mg at week 2. Patients
ere followed until week 4. An interactive voice response

ystem generated and implemented the randomization se-
uence using a block size of 8 per center (see Appendix 1 for
articipating centers). The interactive voice response system
IVRS) assigned patients to their groups, and all participants

emained blinded to group assignments. A pharmacist blinded m
o the identity of the study drug prepared each injection of
dalimumab or an identical-appearing placebo.

The doses of adalimumab were selected based on pharma-
okinetic data from clinical trials in patients with rheumatoid
rthritis. Adalimumab serum concentrations of 4–8 �g/mL
chieved at a dosage of adalimumab 40 mg every other week
ere found to be effective in rheumatoid arthritis. On this
asis, a dosage of adalimumab 40 mg every other week was
elected as the target for efficacy in Crohn’s disease. Two
dditional dose groups were included: one with a lower dosage
egimen (target dosage 20 mg every other week) and one with
higher dosage regimen (target dosage 40 mg weekly or 80
g every other week). Based on results from pharmacokinetic
odeling of data from patients with rheumatoid arthritis who

eceived adalimumab in the absence of concomitant metho-
rexate, a loading dose twice the treatment dose (ie, 40-, 80-,
nd 160-mg loading doses) was selected to provide rapid and
ustained adalimumab target serum concentrations in each
osage group. Simulation of serum adalimumab concentra-
ions in the low-dose group (40-mg loading dose followed by
second induction dose of 20 mg at week 2) was expected to

ield an adalimumab concentration �2 �g/mL, which was
nticipated to be subtherapeutic. The high-dose group
160-mg loading dose followed by a second induction dose of
0 mg at week 2) was expected to yield an adalimumab
oncentration slightly �10 �g/mL, which was the serum
oncentration that produced a near-maximal response in effi-
acy in patients with rheumatoid arthritis on adalimumab
onotherapy. The patients, study coordinators, and study

nvestigators were all blinded to treatment assignment. The
osage of all concurrently taken medications remained con-
tant. A response was defined as a reduction of �70 points
70-point response) or of �100 points (100-point response)
rom week 0 in the CDAI score, and remission was defined as
CDAI score �150 points.24

Patient Schedule, Efficacy, and Safety
Evaluations

Patients were assessed at weeks �2, 0, 1, 2, and 4. The
DAI score was calculated at each postscreening visit; scores

ange from 0 to 600, with higher scores indicating more severe
isease activity. The Inflammatory Bowel Disease Questionnaire
IBDQ)25 was administered to assess patient-reported outcomes at
eeks 0, 1, 2, and 4. IBDQ total scores range from 32 to 224,
ith higher scores indicating better patient function and quality
f life. Data for all 299 randomized patients were included in the
afety analysis. At each visit, adverse events and concomitant
edications were recorded and samples were collected for labo-

atory evaluations. Safety assessments included vital signs, phys-
cal examinations, hematologic analysis, serum biochemistry anal-
sis, and urinalysis. A high-sensitivity C-reactive protein (CRP)
ssay (typically used to determine cardiovascular risk) was used in
his study, enabling accurate measure of CRP concentrations
own to 0.02 mg/dL (or 0.2 mg/L). Under normal conditions, the
aseline CRP concentration in the plasma is approximately 0.8

g/dL.26
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Statistical Analysis

A planned sample size of 272 patients randomized in a
:1:1:1 ratio to adalimumab (each dose group, n � 68) or
lacebo (n � 68) using Pearson’s �2 test with a .05 2-sided
ignificance level had 80% power to detect the difference
etween the response rates of the 2 highest doses of adali-
umab (80 mg/40 mg and 160 mg/80 mg) and placebo for

nduction of remission. This was based on the assumption of a
5% induction of remission rate for the 2 adalimumab groups
nd a 20% induction of remission rate for the placebo group.
he primary endpoint was chosen to assess a robust measure of
ffect (remission), to demonstrate a rapid effect (at 4 weeks),
nd to incorporate doses that had been previously shown to be
ffective in another inflammatory disorder, rheumatoid arthri-
is (the 2 highest dose groups).

The primary analysis using Pearson’s �2 test evaluated the
ifference in the proportion of patients in clinical remission at
eek 4 among those patients receiving the 2 highest doses of

dalimumab (80 mg/160 mg and 160 mg/80 mg) and placebo.
hose with missing primary endpoint data at week 4 were
lassified in the “no induction of clinical remission” category. An
nitial overall comparison of the 3 treatment groups (adalimumab
0 mg/40 mg, 160 mg/80 mg, and placebo) was tested. If a
ignificant difference among the 3 groups was detected, pairwise
omparisons of each adalimumab dose group (80 mg/40 mg and
60 mg/80 mg) versus the placebo group were performed.

Pearson’s �2 test, Fisher’s exact test, and analysis of covariance
ANCOVA) were used as appropriate to provide nominal P values
or secondary endpoints. Prespecified secondary analyses included
he proportions of clinical response (70-point response and 100-
oint response) in each adalimumab dose group and placebo at
eek 4, changes in IBDQ total score from baseline, and achieve-

Figure 1. Enrollment and treatm
ent of clinical remission (defined as CDAI �150 points) in the p
0-mg dose arm at week 4. Subgroup analyses describing the
roportion of patients who demonstrated induction of response
nd remission in subgroups of patients with elevated CRP levels
1.0 mg/dL at baseline and those using immunosuppressive

gents were performed. Subgroup analyses describing the propor-
ion of patients with improvement in the number of draining
stulas at week 4 (defined as a decrease in the number of draining
stulas �50% for at least 2 consecutive visits) and fistula remis-
ion at week 4 (defined as closure of all draining fistulas for at least

consecutive visits) among patients with fistulas consistently
oted at both screening and baseline visits were also performed.
ll analyses were as observed with the exception of the IBDQ data

hat assessed the last observation carried forward (LOCF).

Role of the Funding Source

This study was designed by Abbott Laboratories staff
embers and 2 of the investigators who are authors of this

eport (S.B.H. and W.J.S.). Abbott Laboratories staff members
nd selected investigators, including those who designed the
tudy and analyzed and interpreted the data, wrote this manu-
cript and agreed to submit this manuscript for publication.
he principal investigator (S.B.H.) approved the content of the

eport before submission.

Results

Characteristics of the Patients

A total of 299 patients were available for random-
zation at week 0 (Figure 1). The 299 patients were
andomly assigned to receive placebo induction (74 pa-
ients) or adalimumab induction with 40 mg/20 mg (74

f patients in the CLASSIC-I trial.
atients), 80 mg/40 mg (75 patients), or 160 mg/80 mg
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76 patients). The baseline characteristics of the patients
ho received placebo were similar to those who received

dalimumab (Table 1). Overall, premature withdrawal
rom the study occurred in 6 patients (8%) in the placebo
roup versus 2 patients (3%) in the adalimumab 40
g/20 mg group, 5 patients (7%) in the adalimumab 80
g/40 mg group, and 2 patients (3%) in the adali-
umab 160 mg/80 mg group.

Efficacy

All 299 patients were included in the efficacy
nalyses. For the primary analysis at week 4 (following a
oading dose injection at week 0 and a second induction
njection at week 2), there was a significant difference (P

.004) in the remission rates between the adalimumab
0 mg/40 mg (24% [18/75]), adalimumab 160 mg/80
g (36% [27/76]), and placebo (12% [9/74]) groups

able 1. Baseline Characteristics of the Patients

Characteristic Placebo (n � 74)

ale subjects, no. (%) 37 (50)
ge (y), mean (SD) 37 (13)
ody weight (kg) mean (SD) 74 (19)

nvolved intestinal area, no. (%)
Colonic 14 (19)
Ileal 50 (68)
Ileocolonic 7 (9)
Perianal 0 (0)
Small bowel 0 (0)
Unclassifiable 3 (4)

nterocutaneous or perianal fistula at
screening and baseline, no. (%)

6 (8)

aseline CDAI score, mean (SD) 296 (60)
BDQ, median (range)a 131 (52–200)
RP (mg/dL)
Mean (SD) 1.8 (2.6)
Median (range) 0.9 (0.0–17.3)

RP concentration �1.0 mg/dL (10
mg/L), no. (%)b

28 (38)

oncomitant medication, no. (%)
Any corticosteroid 25 (34)

Systemic corticosteroidc 17 (23)
Budesonide 8 (11)

Any immunosuppressive agent 22 (30)
Azathioprine 13 (18)
6-Mercaptopurine 8 (11)
Methotrexate 1 (1)

Crohn’s disease–related antibioticse 5 (7)
5-Aminosalicylatesf 37 (50)

urrent smoker, no. (%) 28 (38)

Scores for the IBDQ can range from 32 to 224; higher scores indica
High sensitivity cardiology assay for CRP; normal range is �0.283 m
Prednisone, prednisolone, hydrocortisone, and methylprednisolone.
One patient was receiving azathioprine and methotrexate at baselin
Metronidazole, levofloxacin, and ciprofloxacin.
Mesalamine, sulfasalazine, and olsalazine.
Figure 2A). There was a linear dose response across the m
adalimumab treatment groups at week 4 for the end-
oints of remission and 100-point response, with the
ighest dose group demonstrating statistical significance
n the pairwise comparisons with placebo (Figure 2B and
). All 3 adalimumab treatment groups demonstrated

ignificant results for the pairwise comparisons with
lacebo at week 4 for the endpoint of 70-point response
Figure 2D). Significant differences in response compared
ith placebo were demonstrated as early as week 1 in the
0 mg/40 mg dose group.
Baseline mean CDAI and IBDQ total scores were

imilar across all dose groups. Patients in the adali-
umab 80 mg/40 mg and 160 mg/80 mg treatment

roups had significantly lower mean CDAI scores (Figure
A) and higher mean IBDQ total scores than patients in
he placebo group (Figure 3B) as early as week 1. Pa-
ients in all 3 adalimumab groups had significantly lower

mumab 40 mg/
mg (n � 74)

Adalimumab 80 mg/
40 mg (n � 75)

Adalimumab 160 mg/
80 mg (n � 76)

9 (53) 25 (33) 36 (47)
9 (13) 38 (12) 39 (11)
5 (16) 74 (20) 78 (18)

3 (31) 17 (23) 22 (29)
5 (61) 47 (63) 40 (53)
4 (5) 7 (9) 8 (11)
0 (0) 1 (1) 1 (1)
1 (1) 0 (0) 2 (3)
1 (1) 3 (4) 3 (4)
4 (5) 10 (13) 12 (16)

9 (57) 301 (61) 295 (52)
9 (81–218) 128 (63–200) 127 (37–192)

.6 (2.1) 2.0 (2.8) 1.4 (1.9)

.9 (0.0–11.3) 0.9 (0.0–14.9) 0.7 (0.0–9.3)
1 (42) 33 (44) 27 (36)

7 (23) 32 (43) 24 (32)
1 (15) 20 (27) 12 (16)
6 (8) 12 (16) 12 (16)
3 (31) 21d (28) 22 (29)
3 (18) 9 (12) 11 (14)
6 (8) 10 (13) 10 (13)
4 (5) 3 (4) 1 (1)
0 (14) 7 (9) 4 (5)
7 (50) 40 (53) 39 (51)
5 (34) 32 (43) 32 (42)

better quality of life.
(2.83 mg/L).
Adali
20

3
3
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edian CRP concentrations (Figure 3C) compared with
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atients in the placebo group beginning at week 1. CRP
oncentrations in the placebo group did not change
ignficantly throughout the study.

Only 11% of the randomized patients (32/299) had
raining enterocutaneous or perianal fistulas at screening
nd at baseline and were unevenly distributed across the
reatment groups. The rates of fistula improvement and
emission for the adalimumab-treated patients and those
eceiving placebo were not significantly different (Table
). The difference in rates of remission between the
dalimumab-treated patients and those receiving placebo
as greater in the subgroup of patients who had week 0
RP concentrations �1.0 mg/dL than in patients with
eek 0 CRP concentrations �1.0 mg/dL (Table 2).
owever, logistic regression analysis failed to show a

elationship between the CRP concentration at week 0
nd induction of remission at week 4. The difference in
ates of remission between the adalimumab-treated pa-

igure 2. Efficacy of adalimumab as induction therapy in Crohn’s dis
oints, 70-point response was defined as a decrease from baseline
decrease from baseline in the CDAI score of �100 points. Significa

he 2 highest adalimumab dose groups and the placebo group achiev
groups). (B) Percentage of patients in each adalimumab dose grou

001 vs placebo). (C) Percentage of patients in each adalimumab dos
, 2, and 4 (*P � .002; †P � .019; both vs placebo). (D) Percentage o
70-point response at weeks 1, 2, and 4 (*P � .05; †P � .003; ‡P
ients and those receiving placebo was similar when 8
tratified for concomitant immunosuppressive therapy
ith azathioprine, 6-mercaptopurine, or methotrexate

Table 2). Logistic regression analysis failed to show a
elationship between concomitant immunosuppressive
herapy and induction of remission at week 4.

Safety

Adverse events occurred at similar frequencies in
he adalimumab and placebo groups. One percent of
atients (1/74) in the adalimumab 40 mg/20 mg group,
% of patients (1/75) in the adalimumab 80 mg/40 mg
roup, and none of 76 patients in the adalimumab 160
g/80 mg group discontinued treatment because of an

dverse event, compared with 3% of patients (2 of 74) in
he placebo group (Table 3). The most common adverse
vents were injection site reactions, which occurred in
6% of patients (19/74) in the adalimumab 40 mg/20
g group, 24% of patients (18/75) in the adalimumab

. Remission was defined as a decrease in the CDAI score to �150
CDAI score of �70 points, and 100-point response was defined as

was assessed compared with placebo. (A) Percentage of patients in
mission at week 4 (*P � .004 for a significant difference among the
the placebo group achieving remission at weeks 1, 2, and 4 (*P �
up and the placebo group achieving a 100-point response at weeks
nts in each adalimumab dose group and the placebo group achieving
1; �P � .007; all vs placebo).
ease
in the
nce

ing re
p and
e gro

f patie
0 mg/40 mg group, and 38% of patients (29/76) in the
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dalimumab 160 mg/80 mg group, compared with 16%
f patients (12/74) in the placebo group. The most
ommon of these specific events were injection site burn-
ng and pain. The remaining adverse events that were
eported by at least 5% of patients in 1 of the 4 treat-
ent groups occurred in all groups at similar rates,

ncluding abdominal tenderness, Crohn’s disease, aggra-
ated Crohn’s disease, nausea, flatulence, nasopharyngi-
is, pharyngitis, and headache.

Infections occurred in 10% of patients (8/74) in the
dalimumab 40 mg/20 mg group, 17% of patients (13/
5) in the adalimumab 80 mg/40 mg group, and 21% of
atients (16/76) in the adalimumab 160 mg/80 mg
roup, compared with 16% of patients (12/74) in the
lacebo group (Table 4). Pneumonia occurred in 3 sub-
ects: 1 in the placebo group and 2 in the 160 mg/80 mg
roup. One of the latter was reported as a serious adverse
vent.

Serious adverse events were infrequent and occurred at
imilar frequencies in the adalimumab and placebo
roups (Table 4). None of the patients in the adali-
umab 40 mg/20 mg group, 1% of patients (1/75) in

he adalimumab 80 mg/40 mg group, and 4% of pa-
ients (3/76) in the adalimumab 160 mg/80 mg group

xperienced a serious adverse event, compared with 4% p
f patients (3/74) in the placebo group. No lymphomas
ccurred during the study, and no patients died.

Infections reported as serious adverse events occurred
n 3% of patients (2/74) in the adalimumab 160 mg/80
g group and none of the patients in the adalimumab 40
g/20 mg, adalimumab 80 mg/40 mg, and placebo

roups. The specific types of serious infections observed
n the adalimumab 160 mg/80 mg group are shown in
able 4. No tuberculosis or opportunistic infections oc-
urred during the study.

Immunogenicity and Pharmacokinetics

Only 2 patients developed antibodies against
dalimumab. One patient in the placebo group had a
ositive assay for antibody to adalimumab at week 0, and
patient in the adalimumab 160 mg/80 mg group had
positive assay at week 2 with a subsequent negative

ssay at week 4.
Mean serum concentrations of adalimumab (�g/mL) at

eek 4 were 2.79 � 1.48 (n � 66), 5.65 � 3.06 (n � 65),
nd 12.61 � 5.25 (n � 67) for the 40 mg/20 mg, 80
g/40 mg, and 160 mg/80 mg groups, respectively.27

oncomitant immunosuppressant therapy with azathio-

igure 3. Effect of adalimumab on CDAI scores, quality of life, and
RP concentration. (A) Mean scores on the CDAI at weeks 1, 2, and
(*P � .05 [80 mg/40 mg dose]; †P � .01 [80 mg/40 mg dose] and
� .05 [160 mg/80 mg dose]; ‡P � .01 [80 mg/40 mg dose] and
� .001 [160 mg/80 mg dose]; both vs placebo). (B) Mean IBDQ

otal scores at weeks 1, 2, and 4 (*P � .05 [160 mg/80 mg dose];
P � .05 [80 mg/40 mg and 160 mg/80 mg dose]; all vs placebo).
C) Median serum CRP concentrations at weeks 1, 2, and 4; signif-
cance assessed by analysis of covariance model comparing log CRP
ontrolling baseline (*P � .0001 for all adalimumab dose groups; †P

.0004 [40 mg/20 mg dose] and P � .0001 [80 mg/40 mg and
60 mg/80 mg doses]; ‡P � .032 [40 mg/20 mg dose], P � .0002

80 mg/40 mg dose], and P � .0001 [160 mg/80 mg dose]; all vs
lacebo).
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hange in serum concentrations of adalimumab (Abbott
aboratories, data on file).

Discussion

We found that induction therapy with adali-
umab, administered subcutaneously as a loading dose

t week 0 followed by a second dose at week 2, is superior
o placebo for inducing remission and response in inflix-
mab-naive patients with moderate to severe disease ac-
ivity despite the use of conventional therapy. Patients
ho received the highest dose (160 mg/80 mg) of adali-
umab were 3 times more likely to achieve remission

nd approximately twice as likely to achieve a 100-point
esponse and 70-point response at 4 weeks. Consistent
ith these results, patients who received the 2 highest
oses of adalimumab also had significantly greater de-
reases in disease activity as measured by mean CDAI
cores, median CRP concentrations, and mean IBDQ
otal scores compared with patients who received pla-
ebo. Statistically significant responses in some measures
70-point response, CDAI, IBDQ total score, and CRP)
ould be seen as early as week 1 versus placebo.

The results of induction therapy with the human IgG1
onoclonal antibody adalimumab in patients with

able 2. Subgroup Analyses

Placebo

nterocutaneous or perianal fistula improvement
Week 4 2/6 (33)

nterocutaneous or perianal fistula remission
Week 4 1/6 (17)

emission (CDAI score �150 points) in patients
not receiving immunosuppressive agents

Week 1 4/52 (8)
Week 2 7/52 (13)
Week 4 7/52 (13)

emission (CDAI score �150 points) in patients
receiving immunosuppressive agents

Week 1 1/22 (5)
Week 2 3/22 (14)
Week 4 2/22 (9)

emission (CDAI score �150 points) in patients
with baseline CRP concentration �1.0 mg/
dL

Week 1 4/45 (9)
Week 2 5/45 (11)
Week 4 7/45 (16)

emission (CDAI score �150 points) in patients
with baseline CRP concentration �1.0 mg/
dL

Week 1 1/29 (3)
Week 2 5/29 (17)
Week 4 2/29 (7)

OTE. All values are expressed as no. (%).
rohn’s disease presented here are generally comparable h
o those observed with the chimeric IgG1 monoclonal
ntibody infliximab.6 Both adalimumab and infliximab
ave demonstrated efficacy for induction of remission in
he broad population of patients with moderate to severe
rohn’s disease, without selecting for a subgroup of
atients with elevated CRP concentration. In contrast,
ther anti-TNF therapies, including the humanized
gG4 monoclonal antibody CDP571 and, in a recently
ublished phase 2 study, the pegylated humanized Fab=
ntibody fragment certolizumab pegol (formerly known
s CDP870), have only demonstrated efficacy in a sub-
roup of patients with CRP concentrations �1.0 mg/dL
10 mg/L).28,29 The human p75 soluble TNF receptor
usion protein etanercept and the human soluble p55
NF receptor onercept have failed to show any evidence
f efficacy.30,31 These apparent differences in efficacy
etween anti-TNF agents may in part be due to the
bility of infliximab and adalimumab to induce T-cell
poptosis.32,33

There was a linear dose response across all 3 adali-
umab dose groups for the more specific endpoints of

emission and 100-point response at week 4. In contrast,
or the more sensitive endpoints of 70-point response,
DAI score, and IBDQ total score, the results for the 2

Adalimumab 40
mg/20 mg

Adalimumab 80
mg/40 mg

Adalimumab 160
mg/80 mg

3/4 (75) 2/10 (20) 1/12 (8)

3/4 (75) 0/10 (0) 0/12 (0)

8/51 (16) 9/54 (17) 11/54 (20)
6/51 (12) 14/54 (26) 14/54 (26)
8/51 (16) 16/54 (30) 19/54 (35)

4/23 (17) 1/21 (5) 1/22 (5)
4/23 (17) 1/21 (5) 4/22 (18)
5/23 (22) 2/21 (10) 8/22 (36)

5/43 (12) 4/42 (10) 8/48 (17)
6/43 (14) 7/42 (17) 9/48 (19)
6/43 (14) 9/42 (21) 15/48 (31)

7/31 (23) 6/33 (18) 4/28 (14)
4/31 (13) 8/33 (24) 9/28 (32)
7/31 (23) 9/33 (27) 12/28 (43)
ighest adalimumab dose groups were similar and gen-
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rally had greater improvements compared with the low-
st adalimumab dose group and for placebo. The dose of
60 mg/80 mg results in adalimumab serum concentra-
ions similar to those attained on long-term dosing with
0 mg weekly (10–13 �g/mL) or 80 mg every other
eek and is clearly effective for induction of remission.27

he 80 mg/40 mg dose results in serum concentrations
imilar to dosing with 40 mg every other week (4–5
g/mL).27 This dosing regimen did not independently

how efficacy for induction of remission or 100-point
esponse, although differences in comparison with pla-
ebo did approach significance in both analyses (P �
06). Significant effects in the 80 mg/40 mg group were
bserved for 70-point response, IBDQ total score, and
ecreased CRP level. Thus, at present, there are insuffi-
ient data to determine whether an 80-mg loading dose
f adalimumab followed by 40 mg every other week will

able 3. Summary of Safety Analyses for All Randomized Pat

Variable Placebo (n � 74)

dverse events, no. of patients (%) 55 (74)
dverse events leading to discontinuation

of study drug, no. of patients (%)
2 (3)

dverse events occurring at a frequency
of at least 5% in either the
adalimumab or placebo groups,
no. of patients (%)a

Abdominal tenderness 1 (1)
Crohn’s disease aggravated 4 (5)
Crohn’s disease 2 (3)
Nausea 1 (1)
Flatulence 3 (4)
Nasopharyngitis 1 (1)
Pharyngitis 2 (3)
Headache 4 (5)

atients with any type of injection site
reactions, no. (%)

12 (16)

Specific types of injection site
reactions, no. (%)

Injection site burninga 6 (8)
Injection site paina 6 (8)
Injection site reaction nonspecifica 0 (0)
Injection site erythema 0 (0)
Injection site bruising 0 (0)
Injection site pruritus 0 (0)

Including specific injection site reactions as noted.

able 4. Infections and Serious Adverse Events

Variable
Placebo
(n � 74)

nfections, no. of patients (%) 12 (16)
erious adverse events, no. of patients (%) 3 (4)
erious infections, no. of patients (%) 0 (0)
Specific types of serious infections
Pneumonia 0 (0)
e effective for induction and maintenance of remission
n patients with Crohn’s disease. The results from 2
ngoing maintenance trials comparing adalimumab 40
g weekly, 40 mg every other week, and placebo should

rovide the answers to these questions.
Induction therapy with adalimumab was generally

ell tolerated. The overall rates of any type of injection
eaction were 16% in the placebo group, 26% in the
dalimumab 40 mg/20 mg group, 24% in the adali-
umab 80 mg/40 mg group, and 38% in the adali-
umab 160 mg/80 mg group. A burning sensation at

he injection site was the most commonly reported of
hese reactions, none of which led to patient withdrawal.
he rates of serious adverse events, serious infection, and
neumonia were low in patients treated with adali-
umab and were similar to placebo. No patients devel-

ped opportunistic infection, lupus, neurologic disease,

up to Week 4

mumab 40 mg/
mg (n � 74)

Adalimumab 80 mg/
40 mg (n � 75)

Adalimumab 160 mg/
80 mg (n � 76)

50 (68) 51 (68) 57 (75)
1 (1) 1 (1) 0 (0)

1 (1) 0 (0) 4 (5)
2 (3) 3 (4) 2 (3)
4 (5) 2 (3) 3 (4)
5 (7) 4 (5) 6 (8)
2 (3) 2 (3) 4 (5)
2 (3) 4 (5) 4 (5)
1 (1) 1 (1) 5 (7)
3 (4) 4 (5) 7 (9)

19 (26) 18 (24) 29 (38)

9 (12) 8 (11) 11 (15)
6 (8) 4 (5) 6 (8)
3 (4) 5 (7) 6 (8)
1 (1) 0 (0) 3 (4)
0 (0) 1 (1) 2 (3)
0 (0) 0 (0) 2 (3)

dalimumab 40
mg/20 mg
(n � 74)

Adalimumab 80
mg/40 mg
(n � 75)

Adalimumab 160
mg/80 mg
(n � 76)

8 (10) 13 (17) 16 (21)
0 (0) 1 (1) 3 (4)
0 (0) 0 (0) 2 (3)
ients

Adali
20
A

Perianal abscess 0 (0) 0 (0) 0 (0) 1 (1)

0 (0) 0 (0) 1 (1)
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r died. It should be acknowledged that this was a short
-week trial and that additional trials of longer duration
ill be required to adequately evaluate the safety of

dalimumab in patients with Crohn’s disease. In patients
ith rheumatoid arthritis treated with adalimumab,
rug-induced lupus, demyelination, possibly an in-
reased rate of lymphoma, and serious and opportunistic
nfections have all been reported.34 The rate of infections
n placebo-controlled trials of adalimumab in patients
ith rheumatoid arthritis was 1.0 per patient-year in

dalimumab-treated patients and 0.9 per patient-year in
atients receiving placebo. Serious infections occurred at
rate of 0.04 per patient-year in adalimumab-treated

atients and 0.02 per patient-year in placebo-treated
atients. Pneumonia, tuberculosis, histoplasmosis, as-
ergillosis, and nocardiosis were all observed.34

The proportion of patients developing antibodies against
he human antibody adalimumab was low (1 of 225 pa-
ients [0.04%]). It should be acknowledged that this short
-week study might underestimate the frequency of devel-
ping anti-adalimumab antibodies. In patients with rheu-
atoid arthritis, the rate of formation of anti-adalimumab

ntibodies is 5% (1% for patients receiving concomitant
herapy with methotrexate and 12% for patients not receiv-
ng methotrexate).34

In conclusion, induction therapy with adalimumab, ad-
inistered subcutaneously as a loading dose at week 0

ollowed by a second dose at week 2, resulted in induction
f response and remission in infliximab-naive patients with
oderate to severe disease activity despite the use of con-

entional therapy compared with placebo. The efficacy and
afety of adalimumab in the long-term management of
atients with Crohn’s disease are currently being evaluated
n clinical trials.

Appendix 1. Participating
Investigators and Location

Robert Bailey (Edmonton, Alberta, Canada), Peter
anks (Boston, MA), Charles Barish (Raleigh, NC), David
inion (Milwaukee, WI), Charles Birbara (Worcester, MA),
lodzimierz Bolujko (Szczecin, Poland), William Chey

Rochester, NY), Kiron Das (New Brunswick, NJ), Petr
ite (Brno, Czech Republic), James Doyle (Spokane, WA),
obert Enns (Vancouver, British Columbia, Canada), David
skreis (Lakes Success, NY), Richard Fedorak (Edmonton,
lberta, Canada), Stuart Frank (Chattanooga, TN), Bradley
reilich (Kansas City, MO), Daniel Geenen (Milwaukee,

I), Glenn Gordon (Mexico, MO), Stephen Hanauer (Chi-
ago, IL), John Hanson (Charlotte, NC), Daniel Hommes
Amsterdam, The Netherlands), Kim Isaacs (Chapel Hill,

C), Bruce Johnson (San Diego, CA), Seymour Katz (Great
eck, NY), Radan Keil (Prague, Czech Republic), Alan
ivitz (Duncansville, PA), Milan Lukas (Praha, Czech Re-
ublic), Donald MacIntosh (Halifax, Nova Scotia, Canada),
hilip Miner (Oklahoma City, OK), Mark Murphy (Savan-
ah, GA), Daniel Pambianco (Charlottesville, VA), Remo
anaccione (Calgary, Alberta, Canada), Leszek Paradowski

Wroclaw, Poland), Pierre Pare (Quebec, Canada), Daniel
resent (New York, NY), Michael Priebe (Tacoma, WA),
onald Pruitt (Nashville, TN), Paul Rutgeerts (Leuven,
elgium), Alan Safdi (Cincinnati, OH), William Sandborn

Rochester, MN), Bruce Sands (Boston, MA), Ellen Scherl
New York, NY), Jerrold Schwartz (Arlington Heights, IL),
tephen Severance (Long Beach, CA), Ira Shafran (Winter
ark, FL), Stanley Goldberg (Berkeley, CA), David Silvers

Metairie, LA), Hillary Steinhart (Toronto, Ontario, Can-
da), Stephan Targan (Los Angeles, CA), Harvey Tatum
Tulsa, OK), Emil Valle (Annapolis, MD), Gary Varilek
Lincoln, NE), Gary Wild (Montreal, Quebec, Canada),
ouglas Wolf (Atlanta, GA), Strick Woods (Bridgeport,
T), and Bradley Zins (Billings, MT).
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Ernst Heller
1877–1964) was born in Eichenwalde, Germany, the son
n the peregrine tradition of 19th century Germany, he
edical studies in a circuit of Berlin, Munich, and Leipzig.
anced training in surgery, he was named chief surgeon at
org County Hospital in Leipzig and later appointed
rgery at the University of Leipzig. In 1914, he published
r on esophagocardiomyotomy as a means of relieving
cases of achalasia. The procedure was more readily

nd the borders of Heller’s own country. German author-
hat myotomy could not possibly correct impaired esoph-
. This is true, yet the operation proved to be remarkable

lleviating the symptoms and complications of achalasia.
ing concern of Heller was control of lighting in the
. It was he who introduced the use of colored drapes and
instruments.

—Contributed by WILLIAM S. HAUBRICH, MD
The Scripps Clinic, La Jolla, California
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