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Background & Aims: Interleukin (IL)-10 is a cytokine
with potent anti-inflammatory properties. We investi-
gated the safety and efficacy of different doses of hu-
man recombinant (rhu)IL-10 in patients with Crohn’s
disease (CD). Methods: A prospective, multicenter, dou-
ble-blind, placebo-controlled study was conducted in
329 therapy-refractory patients with CD. Clinical im-
provement was defined by a reduction of the Crohn’s
Disease Activity Index (CDAI) by 100 points or more and
clinical remission by a decrease of the CDAI to <150
points. At selected centers, patients underwent ileo-
colonoscopies and activation of the nuclear factor–kB
(NF-kB) system was assessed in biopsy specimens.
Results: Subcutaneous treatment with rhuIL-10 over 28
days induced a fully reversible, dose-dependent de-
crease in hemoglobin and thrombocyte counts but no
clinically significant side effects. No differences in the
induction of remission were observed between rhuIL-10
groups (1 mg, 18% [9.6–29.2]; 4 mg, 20% [11.3–32.2];
8 mg, 20% [11.1–31.8]; 20 mg, 28% [18–40.7]; and
placebo, 18% [9.6–29.6]). Clinical improvement was
observed in 46% (33.7–59) in the 8-mg/kg rhuIL-10
group in comparison with 27% (17–39.6) in patients
taking placebo. Responders to rhuIL-10 showed inhibi-
tion of NF-kB p65 activation in contrast to nonre-
sponders. Conclusions: Up to 8 mg/kg of rhuIL-10
was well tolerated. A tendency toward clinical improve-
ment but not remission was observed in the 8-mg/kg
dose group. Further studies should delineate which sub-
groups of patients with CD benefit from rhuIL-10
therapy.

Although the cause of inflammatory bowel disease
remains to be elucidated, considerable progress has

been made in the characterization of key elements of the
pathophysiology of chronic intestinal inflammation. The
enhanced secretion of proinflammatory cytokines appears
to be an important factor in the initiation and perpetu-
ation of intestinal inflammation.1–4,5 Anti-inflammatory
treatment strategies with steroids or other immunosup-
pressive drugs, which have largely been developed em-
pirically,6,7 remain unsatisfactory and do not induce en-
doscopic healing in the short term.8

Interleukin (IL)-10, which was identified in 1989 as
cytokine synthesis–inhibitory factor,11 profoundly inhib-
its effector functions of activated macrophages and
monocytes in vitro.9 IL-10 down-regulates the produc-
tion of proinflammatory cytokines, interferon g, and, to
a lesser extent, IL-2 production by type 1 T-helper
cells.10 In various in vitro and in vivo models, IL-10
shows a strong anti-inflammatory effect.11–14 This effect
may be mediated by inhibition of the activation of
nuclear factor–kB (NF-kB),15,16 a transcription factor
that initiates or augments the expression of many proin-
flammatory mediators.17 Glucocorticoids exert some of
their anti-inflammatory actions similarly to IL-10 by
inhibition of the activation of NF-kB.18,19

Abbreviations used in this paper: CDAI, Crohn’s Disease Activity
Index; CDEIS, Crohn’s Disease Endoscopic Index of Severity; IBDQ,
inflammatory bowel disease questionnaire; rhuIL-10, recombinant hu-
man interleukin 10; NF-kB, nuclear factor–kB; QOL, quality of life.
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IL-10 is involved in the maintenance of the normal
noninflammatory state of the intestine.20 In vitro, IL-10
inhibits the proinflammatory activities of mononuclear
cells that have been isolated from the intestinal lamina
propria of patients with inflammatory bowel disease.12

Previous studies suggested a therapeutic activity of IL-10
in mild-to-moderate, untreated Crohn’s disease (CD)21 as
well as in chronic, active, steroid-refractory disease.22

Other anti-inflammatory approaches, which include the
use of monoclonal antibodies against the proinflamma-
tory cytokine tumor necrosis factor a, one of the main
activators of the NF-kB system, have been effective in
inducing remission in 30%–50% of patients with ther-
apy-refractory CD.23

This study was designed to evaluate the safety and
efficacy of a 28-day treatment period with subcutaneous
recombinant human (rhu)IL-10 in patients with chronic,
active, steroid-refractory CD. In addition to the Crohn’s
Disease Activity Index (CDAI)24 and quality of life
(QOL), the Crohn’s Disease Endoscopic Index of Severity
(CDEIS)8 and the activation status of the NF-kB/inhib-
itor kB (IkB) system in the intestinal mucosa was as-
sessed in a subpopulation of patients.

Patients and Methods
Patients

Eligible patients were adults with chronic active CD.
Chronic active CD was defined by (1) a previous diagnosis of
CD as documented by clinical, endoscopic, or histologic find-
ings; (2) inflammation involving the colon, ileum, and colon or
endoscopically evaluable disease of the ileum only, with or
without external fistulas; and (3) a CDAI score during the
week before inclusion into the study between 200 and 400
points despite treatment with systemic glucocorticoids for at
least 3 months, with or without azathioprine/6-mercaptopu-
rine for at least 6 months before study drug administration. If
patients received azathioprine/6-mercaptopurine, the dose had
to be constant for at least 3 months. The dose of prednisone
was required to be stable at 10–40 mg/day (or equivalent) for
at least 2 weeks before screening. Concomitant anti-inflamma-
tory medications (immunomodulators, glucocorticoids) were
kept constant throughout the treatment phase. Retaining glu-
cocorticoids at a stable level was intended to allow a clearer
evaluation of the potential anti-inflammatory effects of
rhuIL-10 in the study setting, although it would be desirable
for patient management to ultimately reach a state of steroid-
free remission. Patients undergoing aminosalicylate or metro-
nidazole therapy were included in the study if a constant
regimen was followed both during the 4 weeks before study
drug administration and throughout the study. Treatment was
considered to have failed in subjects with a change in concom-
itant medication for the management of CD. Antibiotics for
the treatment of CD other than metronidazole were not per-

mitted. Antispasmodic agents were permitted if intake of this
medication was kept constant for at least 2 weeks before study
drug administration and throughout the study. Although acet-
aminophen and paracetamol were allowed, aspirin and nonste-
roidal anti-inflammatory drugs were not permitted. Codeine
and other opiates, parenteral nutrition, or defined formula
diets were not permitted in the study. Inhaled steroids and
steroid ointments were permitted, as was the use of loperamide
for the symptomatic control of diarrhea.

The CDAI was used to assess disease activity.24 Endoscopic
activity was graded by using the CDEIS, which represents an
additive score calculated from the extent (percent of surface
inflamed) and severity (type of lesion) of involvement in dif-
ferent anatomic parts of the colon and in the ileum. Extra
points are added for inflammatory stenoses.8

Patients matching the following criteria were excluded:
colostomy or ileostomy, intestinal resection resulting in clin-
ically relevant short-bowel syndrome, isolated small bowel
involvement that was not evaluable by endoscopy, presence of
fixed strictures with clinical signs of current or recent bowel
obstruction, a foreseeable need for a surgical procedure, detec-
tion of pathogens or Clostridium difficile toxin in the stool,
previous therapy with rhuIL-10, or previous experimental
immunomodulatory drug therapy within 90 days of study
entry. The use of any other class of experimental drug within
30 days of study entry was prohibited. Further exclusion
criteria were a clinically significant abnormal laboratory test
result, a significantly abnormal chest radiogram or electrocar-
diogram, active infection, a positive serum test for antibodies
against hepatitis C virus, detection of hepatitis B surface
antigen or human immunodeficiency virus, alcohol or drug
abuse within the previous 5 years, a history of cancer, or a body
weight .100 kg. Women of childbearing age were required to
have a negative pregnancy test result within 24 hours of
initiating study drug and were required to practice adequate
birth control for the duration of the study. Breast-feeding
women were excluded from the study.

Protocol

The study was planned to be conducted in 37–42
active centers, with 10–25 subjects per center and a total
enrollment of at least 300 evaluable subjects. The sample size
was calculated to detect a 30% difference in response rates
(primary parameter, achievement of clinical remission as de-
fined later) between any of the rhuIL-10 dose groups and the
placebo group with a 90% power and an a error of #5%
(2-sided test).

Patients were enrolled between February 1996 and October
1997 at 43 centers in Canada, Europe, and the United States.
The protocol was approved by the institutional review boards
and/or ethics committees of all participating sites before local
initiation of the study. All patients gave written, informed
consent at least 24 hours before enrollment in the trial.

A multistage, multicenter, prospective, randomized, dou-
ble-blind, placebo-controlled study was conducted to evaluate
the safety, tolerability, and efficacy of 4 doses of rhuIL-10 (1,
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4, 8, and 20 mg/kg body wt) in comparison with placebo.
rhuIL-10 (Tenovil) was manufactured and provided by Scher-
ing-Plough Research Institute (Kenilworth, NJ). After a
2-week screening period, in which the CDAI was obtained
prospectively, patients were randomized to receive subcutane-
ous treatment with rhuIL-10 or placebo daily for 28 consecu-
tive days and were followed up for an additional 4 weeks after
treatment. Central randomization was used, and patients were
stratified according to steroid dose (#20 mg/day prednisone
[or equivalent] vs. .20 mg/day) and the use of immunosup-
pressive agents. At selected centers, (ileo)colonoscopies were
performed immediately before and within 48 hours after con-
clusion of treatment. The CDEIS8 was locally assessed before
and after treatment. Colonic biopsy specimens were obtained
at selected centers to study the activation of transcription
factors.

During the study, 2 previously planned interim evaluations
were performed by an independent data monitoring commit-
tee. After approximately 50 patients had completed treatment,
safety was evaluated in a blinded fashion, and after treatment
of 151 patients, an unblinded analysis (within the data mon-
itoring committee) of the effect of rhuIL-10 on CDAI was
conducted. None of the interim analyses had an effect on the
study conduct. The study was conducted in compliance with
Good Clinical Practice and international clinical research eth-
ics standards.

Clinical Evaluations

The primary endpoint for the efficacy evaluation was
clinical remission as defined by a CDAI score of ,150 points
accompanied by a decrease in the score of at least 100 points
from baseline. Secondary endpoints were (1) clinical improve-
ment (as defined by a decrease of the baseline CDAI of at least
100 points); (2) endoscopic improvement (as defined by reduc-
tion in the CDEIS); (3) effect of treatment with rhuIL-10 on
health-related QOL (Inflammatory Bowel Disease Question-
naire [IBDQ] and short form [SF] 36 health survey); and (4)
effect of treatment with rhuIL-10 on proinflammatory tran-
scription factor activity at the end of the treatment period.

Safety and tolerance of study drug treatment were evaluated
based on assessments of clinical adverse events and laboratory
findings occurring throughout the study. Patients kept daily
diaries and were examined at regular intervals during the
treatment phase (days 8, 15, 29) and follow-up (weeks 2 and 4
after end of treatment). Samples for central laboratory testing
were collected at protocol-specified time points for hematol-
ogy, chemistry, biochemical markers of inflammation, and
determination of antibodies against IL-10. All adverse events
were graded for severity (mild, moderate, severe, or life-threat-
ening) and assessed for any relationship with the administra-
tion of the study drug (unrelated, possibly related, probably
related, related). Severe side effects were defined as incapaci-
tating with inability to perform usual activities or as those that
significantly affect clinical status warranting intervention. A
serious adverse event has been defined as any event that is
either fatal and/or life threatening (which is usually grade 4

according to World Health Organization classification), sig-
nificantly or permanently disabling, requires patient hospital-
ization, or prolongs hospitalization or leads to congenital
anomalies or birth defects. According to this definition, any
hospitalization or prolonged hospital stay (also for reasons not
related to CD or potential side effects of the study drug) was
a serious adverse event. A serious adverse event is not neces-
sarily severe.

Immunologic Investigations

Biopsy specimens were snap-frozen in liquid nitrogen
at the time of removal and later crushed under liquid nitrogen
and mechanically homogenized. During follow-up, attempts
were made to collect biopsy specimens from the most inflamed
and the least inflamed mucosal area in the same anatomic
region. Nuclear and cytosolic extracts were prepared by adap-
tation of previously described techniques25–27 through freeze-
thaw cycles on crushed ice. Cytosolic extracts were collected in
an aqueous buffer containing 10 mmol/L HEPES (pH 7.9) plus
1.5 mmol/L MgCl2. Nuclear extracts were prepared by solu-
bilizing the remaining nuclei in a second buffer containing 20
mmol/L HEPES (pH 7.9), 420 mmol/L NaCl, 1.5 mmol/L
MgCl2 , 0.2 mmol/L EDTA, and 25% glycerol. Both buffers
were supplemented with 1 mmol/L dithiothreitol, 0.5 mmol/L
phenylmethylsulfonyl fluoride, 1 mg/mL aprotinin, 1 mg/mL
leupeptin, 1 mg/mL pepstatin, 1 mmol/L benzamidine, 1
mmol/L sodium vanadate, and 1 mmol/L NaF. The purity of
the extract fractions was tested by marker proteins, which are
exclusively expressed in one of the compartments (IkBa and
fructose aldolase as markers for the cytosol and octamer tran-
scription factor (OCT)-1 as a nuclear marker).28–30

For the assessment of total expression levels of the proteins
studied, Western blot experiments were performed by using
snap-frozen biopsy specimens that were lysed in boiling ex-
traction buffer (1% sodium dodecyl sulfate, 10 mmol/L TRIS
[pH 7.5], and 1 mmol/L sodium vanadate). Insoluble material
was removed by centrifugation of samples for 5 minutes
(12,000g) in an Eppendorf centrifuge (Eppendorf, Hamburg,
Germany). Total protein concentration in a small aliquot of
sample was assessed either by using the method of Lowry et
al.31 or a modified Bradford protein assay (Bio-Rad, Munich,
Germany), and all samples were adjusted to similar protein
contents.

One to 10 mL of cell lysate (5–10 mg total protein) was
separated on a 12% denaturing polyacrylamide gel. Separated
proteins were transferred to a polyvinylidene difluoride mem-
brane (20 V, 75 minutes; transfer buffer: 25 mmol/L Tris, 190
mmol/L glycine, 20% MeOH, and 0.5% sodium dodecyl
sulfate) by electroblotter (Bio-Rad, Hercules, CA). The mem-
brane was placed in blocking buffer (5% nonfat milk in 10
mmol/L Tris [pH 7.5], 100 mmol/L NaCl, and 0.1% Tween
20; 60 minutes at ambient temperature). Blocking buffer was
decanted, and the membrane was incubated with primary
antibody (diluted in blocking buffer) on a shaker at ambient
temperature (60 minutes). After washing (10 mmol/L Tris
[pH 7.5], 100 mmol/L NaCl, and 0.1% Tween 20), the
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membrane was incubated with a peroxidase-conjugated sec-
ondary antibody. After washing, the membrane was placed
in a hybridization bag containing Western View (Dianova/
Transduction Laboratories, Hamburg, Germany) working so-
lution. The bands were quantified by densitometry (Lumi-
Imager; Boehringer-Mannheim, Mannheim, Germany). Results
were recorrected after total protein (gold) staining of the blot. The
results of this procedure are identical to total histone staining as
shown previously.16

Statistical Analysis

Data on baseline characteristics of the patient popula-
tion were tabulated and summarized by using descriptive
statistics by treatment group. Comparability of treatment
groups was evaluated by using 1-way analysis of variance
(ANOVA) for the continuous variables and a x2 test for the
categoric variables. Safety data were listed, with the incidence
of adverse experiences summarized by dose group, as were
changes in World Health Organization grade from baseline in
laboratory parameters.

The primary efficacy analysis was a comparison of CDAI-
based clinical response rates for each rhuIL-10 dose with the
rate for placebo by using the unadjusted x2 test. Baseline
hematocrit values were used in CDAI calculations to compen-
sate for the dose-related decrease in hemoglobin concentration
(and, hence, hematocrit) resulting from treatment with
rhuIL-10 independent from disease activity. Data with 95%
confidence intervals for each treatment group were calculated
and used to further characterize the dose-response relationship.
For the analysis of secondary endpoints, the x2 test was used for
pairwise comparisons of dichotomous variables and Fisher’s
exact test if subgroups became too small for the x2 test.32 If
indicated, results from multiple testing were adjusted by using
Bonferroni corrections of P values. All analyses are based on the
intent-to-treat population.

Endoscopy findings were summarized by global assessment
by study investigators (resolved, no change, worsening) and as
change from baseline for the CDEIS score, respectively. Data
with standard deviations were tabulated by dose group.

Results from immunologic tests were compared before and
after treatment by using the Wilcoxon matched-pairs test33 or
(for independent values) by using the Mann–Whitney U test.32

All P values are 2-sided.

Results
Study Population

A total of 412 patients were screened for inclusion
at 43 centers. Eighty-three patients were excluded in the
screening phase for the following reasons: insufficient
activity or documentation of disease (n 5 30), subject’s
decision to withdraw consent during screening (n 5 15),
excessive disease activity (n 5 11), unacceptable concom-
itant medication (n 5 9), abnormal laboratory test re-

sults (n 5 8), history of cancer (n 5 4), hepatitis B or C
infection (n 5 3), detection of signs of C. difficile infec-
tion (n 5 2), and age outside the study limit (n 5 1).
The remaining 329 subjects were randomized to receive
rhuIL-10 at doses of 1 mg/kg (n 5 67), 4 mg/kg (n 5
64), 8 mg/kg (n 5 65), 20 mg/kg (n 5 67), or placebo
(n 5 66). Thirty-five centers enrolled up to 10 subjects,
and 5 centers enrolled 10–27 subjects. Study population
baseline demographics were well balanced with regard to
sex, age, and disease characteristics (Table 1). Addition-
ally, there were no significant differences between treat-
ment groups in the use of concomitant therapies before
initiation of study drug administration. The main re-
cruiting center (S. Schreiber) received internal and exter-
nal audits to control study conduct and compliance with
Food and Drug Administration standards.

Eighty-six percent (n 5 284) of the 329 randomized
patients completed treatment. Forty-five patients were
discontinued because of adverse events including the
application of mandatory stopping rules (i.e., low throm-
bocyte counts) (n 5 30), treatment failure (n 5 9),
protocol ineligibility (n 5 3), patient preference (n 5 2),
and death (n 5 1). Three protocol-ineligible patients
were randomized but received no study drug. A total of
316 patients (96% of those randomized) completed the
follow-up phase. The mean number of treatment days
was 26.1 6 5.3 (mean 6 SD) for patients receiving IL-10
and 27.4 6 4.2 for patients receiving placebo. More than
99% of the planned doses of study drug were adminis-
trated by the patients.

Safety

Adverse events. Overall, 95% of the patients
who received rhuIL-10 and 94% of patients treated with
placebo experienced at least 1 adverse event during the
treatment and/or follow-up phase of the study. Most
adverse events occurred with similar frequencies in
rhuIL-10– and placebo-treated patients (Table 2). Some
events, such as headache (P 5 0.02), fever (P 5 0.02),
back pain (P 5 0.01), decrease in hemoglobin concen-
tration (P 5 0.0007), dizziness (P 5 0.005), and throm-
bocytopenia (P 5 0.0006) occurred more frequently in
the high-dose rhuIL-10 group (20 mg/kg) than the pla-
cebo population (uncorrected P values).

Most of the adverse events were graded by the inves-
tigators as mild or moderate in severity. Severe adverse
events were reported in 28% (74 of 263) of patients
who received rhuIL-10 and 17% (11 of 66) of those
receiving placebo (P 5 0.057). Serious adverse events
were experienced by 31% (81 of 263) of rhuIL-10–
treated patients and by 27% (18 of 66) of placebo-treated
patients. Asymptomatic transient lymphopenia was the
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most common serious adverse event reported in 25 of
263 (9.5%) of rhuIL-10–treated patients and in 6 of 66
(9%) placebo-treated patients. One death occurred in a
patient who received rhuIL-10. The patient had under-
gone multiple coronary artery bypass surgeries and died
of acute cardiac infarction. His death was attributed to
the underlying severe coronary heart disease without any

relationship to the study drug as classified by the clinical
investigator.

Hematologic changes. A dose-dependent de-
crease in hemoglobin/hematocrit and platelet counts was
observed in patients treated with high doses of rhuIL-10
(8 and 20 mg z kg21 z day21). The mechanism of this side
effect remains unknown.

Table 1. Patient Characteristics

rhuIL-10

Placebo
(n 5 66)

1 mg/kg
(n 5 67)

4 mg/kg
(n 5 64)

8 mg/kg
(n 5 65)

20 mg/kg
(n 5 67)

All doses
(n 5 263)

Sex: male [n (%)] 32 (48) 30 (47) 32 (49) 29 (43) 123 (47) 31 (47)
Age (yr, mean 6 SD) 33.8 6 10.4 33.3 6 10.6 34.1 6 10.7 36 6 11.7 34.3 6 10.9 34.1 6 10.4
Duration of disease

(yr, mean 6 SD) 7.3 6 5.6 7.4 6 6.6 8.8 6 6.8 10.2 6 8.4 8.5 6 7.0 7.7 6 7.2
Previous resections [n (%)] 29 (43) 29 (45) 26 (40) 28 (42) 112 (42) 32 (48)
Extraintestinal manifestationsa

[n (%)] 40 (60) 40 (63) 33 (51) 45 (67) 158 (60) 40 (61)
Anal disease or fistulas [n (%)] 22 (33) 15 (23) 15 (23) 23 (34) 75 (29) 21 (32)
Baseline CDAI (median) 266 257 282 275 271 271
Immunomodulator useb [n (%)] 18 (27) 15 (23) 15 (23) 19 (28) 67 (25) 15 (23)
Other immunosuppressivesc

[n (%)] 0 (0) 1 (2) 3 (5) 1 (1) 5 (2) 1 (2)
Antibiotics [n (%)] 13 (19) 8 (13) 15 (23) 9 (13) 45 (17) 6 (9)
Mesalamine [n (%)]d 45 (67) 32 (50) 48 (74) 53 (79) 178 (68) 37 (56)
Glucocorticoid dose (mg/day,

mean 6 SD) 16.6 6 7.4 17.2 6 9.1 17.8 6 7.6 17.0 6 8.2 17.2 6 8.1 17.9 6 7.4

aArthritis/arthralgia, uveitis/iritis, skin.
bAzathioprine, 6-mercaptopurine.
cCyclosporine, methotrexate.
dPairwise comparisons were performed against placebo by using the Fisher exact test: 1 mg/kg; P 5 0.21; 4 mg/kg, P 5 0.59; 8 mg/kg,
P 5 0.04; 20 mg/kg, P 5 0.02; all doses, P 5 0.09.

Table 2. Most Frequent Adverse Events

Type of adverse event [n (%)]

rhuIL-10

Frequency
(rank)a

1 mg/kg
(n 5 67)

4 mg/kg
(n 5 64)

8 mg/kg
(n 5 65)

20 mg/kg
(n 5 67)

All doses
(n 5 263)

Placebo
(n 5 66)

Any adverse event 63 (94) 57 (89) 62 (95) 67 (100) 249 (95) 62 (94)
Headache 1 28 (42) 20 (31) 28 (43) 44 (66) 120 (46) 30 (45)
Abdominal pain 2 25 (37) 16 (25) 25 (38) 24 (36) 90 (34) 17 (26)
Fever 3 14 (21) 17 (27) 14 (22) 22 (33) 67 (25) 11 (17)
Fatigue 4 9 (13) 12 (19) 21 (32) 24 (36) 66 (25) 17 (26)
Nausea 5 16 (24) 14 (22) 11 (17) 24 (36) 65 (25) 16 (24)
Lymphopenia 6 19 (28) 17 (27) 9 (14) 14 (21) 59 (22) 13 (20)
Arthralgia 7 16 (24) 10 (16) 15 (23) 16 (24) 57 (22) 11 (17)
Back pain 8 10 (15) 9 (14) 13 (20) 16 (24) 48 (18) 6 (9)
Decrease in hemoglobinb 9 8 (12) 7 (11) 7 (11) 22 (33) 44 (17) 5 (8)
Viral infection 10 10 (15) 10 (16) 8 (12) 12 (18) 40 (15) 5 (8)
Myalgia 11 5 (7) 9 (14) 10 (15) 11 (16) 35 (13) 6 (9)
Injection site reaction 12 9 (13) 10 (16) 7 (11) 6 (9) 32 (12) 9 (14)
Dizziness 14 5 (7) 4 (6) 7 (11) 14 (21) 30 (11) 3 (5)
Musculoskeletal pain 17 10 (15) 2 (3) 4 (6) 12 (18) 28 (11) 7 (11)
Thrombocytopenia 25 0 (0) 0 (0) 3 (5) 11 (16) 14 (5) 0 (0)

NOTE. The table lists the number of patients and percentages [n (%)].
aRanked by cumulated frequency in all IL-10 dose groups.
bMean decrease in hematocrit was 1%, 0.7%, 2.9%, and 1.3% in the 1, 4, 8, and 20 mg/kg and the placebo groups, respectively.
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Decreases in hemoglobin occurred in 11% (22/196) of
patients at the 1-, 4-, and 8-mg/kg rhuIL-10 groups and
in 8% (5/66) of placebo patients. A greater frequency of
drug-induced decreases in hemoglobin concentrations
was observed in the 20-mg/kg rhuIL-10 group with 22 of
67 (33%) patients experiencing a decrease in hemoglobin
concentrations (P 5 0.0003 vs. placebo) and 25% (17/
67) experiencing anemia (defined as hemoglobin values
,95 g/L). Increases in reticulocyte counts were corre-
lated with changes in hemoglobin concentration, sug-
gesting a regeneration phenomenon. Thrombocytopenia,
defined as a platelet count of ,100,000/mm3, was re-
ported exclusively at the 2 highest dose levels of
rhuIL-10 (6% [4/65] in the 8-mg/kg group [P 5 0.04 vs.
placebo] and 27% [18/66] in the 20-mg/kg group [P ,
0.0001 vs. placebo]). Decreases in thrombocyte counts,
hemoglobin, and increases in reticulocyte counts fully
reverted to normal levels during follow-up or within days
after cessation of the study drug. No clinically relevant
differences were noted between rhuIL-10–treated and
placebo patients for any other change in laboratory pa-
rameter values.

Withdrawals. Discontinuation of treatment be-
cause of adverse events or adverse events associated with
treatment failure occurred most frequently in the 20-
mg/kg rhuIL-10 dose group. At this dose, 30% (20/67;
P , 0.0001 vs. placebo) of patients discontinued treat-
ment compared with 8% (16/196) of patients receiving
lower doses of rhuIL-10 and 3% (2/66) of patients re-
ceiving placebo. The most frequent adverse event that
resulted in discontinuation was thrombocytopenia (man-
datory stopping at thrombocyte counts of #100,000/
mm3). Eight of 329 patients discontinued treatment
because of asymptomatic thrombocytopenia (8 mg/kg,
1/65; 20 mg/kg; 7/67). Thrombocytopenia was reversible
in all cases within 1 week of discontinuation of study
drug. Five of 329 patients discontinued because of head-
ache, 4 of whom were in the 20-mg/kg group. No
clinically significant problems remained from the adverse
events.

Treatment Efficacy

Induction of remission. The primary efficacy end-
point was the induction of clinical remission. Induction
of remission was observed in 12 (18%; 95% confidence
interval, 9.6–%29.2%) patients treated with 1 mg/kg
(P 5 0.85 vs. placebo), in 14 (22%, 12.5–34) treated
with 4 mg/kg (P 5 0.45), in 7 (11%, 4.4–21) treated
with 8 mg/kg (P 5 0.32), in 7 (10%, 4.3–20.4) treated
with 20 mg/kg (P 5 0.43), and in 11 (17%, 8.6–27.9)
placebo-treated patients. Because the administration of
rhuIL-10 was associated with a decrease in hematocrit

between 1% and 5% at the higher doses as part of its
biologic effects (Table 2), the CDAI scores on day 29
were calculated by using the baseline hematocrit (base-
line-adjusted hematocrit value). This method was chosen
because IL-10 itself alters hemoglobin values indepen-
dent from its potential effects on inflammation. Remis-
sion rates for rhuIL-10 were after correction 12 (18%,
9.6–29.2; P 5 0.79), 13 (20%, 11.3–32.2; P 5 0.76),
13 (20%, 11.1–31.8; P 5 0.76), 19 (28%, 18–40.7;
P 5 0.17), respectively, in comparison with 12 (18%,
9.6–29.6) in the placebo group. Based on the protocol-
specified definition of remission (drop of CDAI by at
least 100 points to values less than 150 points), it was
not possible to detect a beneficial effect of rhuIL-10 over
placebo.

Clinical improvement. Clinical improvement de-
fined as a reduction of the CDAI of at least 100 points
was observed more frequently in the rhuIL-10 groups
than in the placebo group, although overall statistical
significance was not achieved. The effect across all
rhuIL-10 dose groups (97 improved patients [37%, 31–
43]) resulted in an overall significance level (P 5 0.14)
compared with placebo (18 [27%, 17–39.6]) by using
the baseline-adjusted hematocrit for the calculation of
the CDAI. The dose of 1 mg/kg, which had no efficacy in
vitro, in previous trials as well as in this study, had been
included into the design to cover the lower end of the
expected dose-response curve. For the exploratory analy-
sis, the combined 1 mg/kg–placebo population (resulting
in 36 [27%, 19.7–35.5] improved patients) was com-
pared with the remaining active dose groups (4, 8, and
20 mg/kg; 79 patients [40%, 33.4–47.5]), which re-
sulted in a P 5 0.014. Exploratory pairwise comparisons
resulted in a P 5 0.03 value between the 8-mg rhuIL-
10/kg and the placebo group (Figure 1).

In addition to the clinical endpoints, duration of re-
sponse was analyzed post hoc in an exploratory analysis.
The duration of remission or clinical improvement was
evaluated from the time the patient began to respond.
The percentage of patients showing a duration of re-
sponse of at least 4 weeks is shown in Figure 2. This
exploratory analysis suggested that the 8-mg rhuIL-
10/kg dose group was different from the 1-mg/kg dose
group (P 5 0.0033), the 20-mg/kg group (P 5 0.013),
and the placebo group (P 5 0.0020; Figure 2). After
Bonferroni corrections, the statistical difference between
the 8-mg/kg group and the placebo group as well as the
1-mg/kg group, respectively, remained.

Subgroup analysis. Clinical subgroup analysis
suggested that patients with high disease activity (i.e.,
above the median CDAI of the study population) had a

1466 SCHREIBER ET AL. GASTROENTEROLOGY Vol. 119, No. 6



greater rate of clinical improvement after treatment with
rhuIL-10 than those with low disease activity. The anal-
ysis shown in Figure 3 used the median baseline CDAI in
the study population (275 points) to define subgroups.
The exploratory analysis resulted in an uncorrected P

value of 0.03 (x2 test) when clinical improvement in the
8-mg/kg group (21 patients improving, 60%) and the
placebo group (11 improvements, 34%; Figure 3) were
compared. Logistic regression was performed, which re-
sulted in P values of 0.01 (Wald x2, 3.43) for the
influence of the CDAI and of 0.064 (Wald x2, 6.63) for
the influence of study drug dose. After inclusion of an
interaction term between categoric CDAI (# or .275)
and the study drug dose, the logistic regression model
resulted in an overall P value of 0.45 (Wald x2, 0.55),
now giving a P value of 0.018 for the influence of the
CDAI (Wald x2, 5.6) and of 0.4 for the influence of study
drug dose (Wald x2, 0.69). A similar trend, with more
active patients showing a better response, was also seen
with various other activity-related parameters, which
included baseline white blood cell count, baseline C-re-
active protein, baseline CD management (glucocorticoid
dose, medication with azathioprine/6-mercaptopurine),
duration of CD (Table 3), baseline abdominal pain (data
not shown), and baseline general well-being (data not
shown).

The increased placebo response rate that was detected
in the high-CDAI group in comparison with the low-

Figure 1. Clinical improvement (reduction in the CDAI by at least 100
points). Data are calculated by using the baseline-adjusted hemato-
crit and show the intent-to-treat population. Statistical significance
was calculated by the x2 test. The number and percentage of patients
showing clinical improvement are indicated within the bars.

Figure 2. Induction of a response (remission or clinical improvement)
of at least 4 weeks’ duration at any time. Data are calculated by using
the baseline hematocrit and show the intent-to-treat population. The
number and percentage of patients responding are indicated within
the bars. Noncorrected significance levels are indicated for pairwise
comparisons. The 95% confidence intervals for the groups were as
follows: 1 mg/kg, 10.8–30.9; 4 mg/kg, 16.3–39.2; 8 mg/kg, 30.9–
56; 20 mg/kg, 13.1–34.2; placebo, 9.6–29.6.

Figure 3. Induction of clinical improvement is dependent on disease
activity. Data are calculated by using the baseline-adjusted hemato-
crit and show the intent-to-treat population. The number and percent-
age of patients with clinical improvement are indicated above the
bars. The median CDAI in the study population (275) has been used
to divide patient subgroups. The data are not corrected for steroid
use, which had a much weaker effect than CDAI or other activity-
related parameters (see Table 3). The exploratory analysis results in
an uncorrected P value of 0.03 (x2 test) for a comparison between
clinical improvement in the 8-mg/kg group with placebo. The overall
analysis by logistic regression showed an influence of disease activity
but not treatment group. , CDAI # 275; ■, CDAI . 275.
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CDAI group was not seen in most of the other activity-
related parameters that were used to define patient sub-
groups (Table 3).

Endoscopic evaluation. Endoscopic evaluation of
a subset of 104 patients showed that resolution and
improvement of lesions occurred in 50 of 81 rhuIL-10–
treated patients (62%, 50.3–72.3) in comparison with
10 of 23 placebo-treated patients (43%, 23.3–65.5; P 5
0.15). A trend was seen in that a greater proportion of
rhuIL-10–treated than placebo-treated patients experi-
enced both improvement/remission and a decrease in the
severity of endoscopic findings, with the greatest effect
observed in the 8-mg/kg group (10/22 patients [45%,
24.4 – 67.8] vs. placebo, 5 of 23 [22%, 7.5– 43.7];
P 5 0.12).

Although not statistically significant, the median
change in the CDEIS among improved patients and
patients in remission (Figure 4) was higher in the group
of patients who received 8 mg/kg rhuIL-10 (274.1%) or
20 mg/kg (254.1%) than that in the placebo group
(226.3%). The same pattern of dose response was ob-
served in the endoscopic score at a lower level in the
nonresponder group (change of CDEIS, 24.7%, 23.0%,
222.8%, and 0% for 1, 4, 8, and 20 mg/kg rhuIL-10 vs.
212.9% for placebo). Overall changes in CDEIS scores
were 211.5, 215.3, 246.4, 221.4% in the active
treatment groups and 216.1% in the placebo cohort.

Health-related QOL. Both the SF3634 and the
IBDQ35 were used to assess changes in health-related

QOL during treatment. The SF36 contains 8 scales that
can be combined into 2 summary scales: summary phys-
ical and summary mental health scale scores.34,36 The
sample size, which was determined by the CDAI-based
primary endpoint of the study (see Patients and Meth-
ods), was not giving sufficient power to detect minimally
important clinical changes in SF36 (at least 10 points) or
IBDQ (at least 16 points) scores. No significant differ-
ence between treatment groups was seen by ANOVA at
any of the time points (day 15 and treatment endpoint)

Table 3. Activity-Related Clinical Parameters and Clinical Improvement in Response to rhuIL-10

rhuIL-10

1 mg/kg
(n 5 67)

4 mg/kg
(n 5 64)

8 mg/kg
(n 5 65)

20 mg/kg
(n 5 67)

Placebo
(n 5 66)

Total population 18 (27) 22 (34) 30 (46) 27 (40) 18 (27)
CDAI

#275 8 (23) 11 (30) 9 (30) 13 (39) 7 (21)
.275 10 (31) 11 (41) 21 (60) 14 (41) 11 (34)

White blood cell count
#10.7 3 109/L 8 (24) 10 (26) 16 (42) 14 (33) 12 (30)
.10.7 3 109/L 10 (29) 11 (44) 14 (61) 13 (52) 6 (23)
Missing 0 1 0 0 0

C-reactive protein
,1.6 mg/L 9 (26) 8 (30) 11 (37) 13 (38) 8 (24)
$1.6 mg/L 9 (29) 14 (39) 19 (56) 14 (45) 9 (30)
Missing 0 0 0 0 1

Baseline medication
Glucocortocoids only 12 (25) 20 (42) 21 (42) 19 (42) 15 (29)
Azathioprine/6-mercaptopurine 6 (33) 2 (13) 9 (60) 8 (42) 3 (21)

Duration of CD
,7 yr (median) 10 (29) 14 (40) 18 (55) 10 (38) 11 (30)
$7 yr 8 (25) 8 (29) 12 (38) 17 (41) 7 (25)

NOTE. Hematocrit-adjusted CDAI scores were calculated in the intent-to-treat population. Data show the number of patients who showed
improvement or remission and corresponding percentage [n (%)].

Figure 4. Change in the endoscopic index of severity (CDEIS) in the
responder population (clinical improvement and remission). The me-
dian change of the CDEIS and its range (%) is indicated below the
bars; the number of patients is indicated within the bars. Data show
responders in the intent-to-treat population. Differences are not sta-
tistically significant.
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as shown in Table 4. Nominal improvement was seen in
all groups including the placebo population. Most of the
improvements seen occurred by day 15 (Table 4).

In general, the health-related QOL results were con-
sistent with the clinical activity scores. The largest
change in IBDQ scores was observed among subjects who
reached clinical remission (decrease of the CDAI by
$100 points to values ,150 points at treatment end-
point, n 5 50; mean change in score, 35.1 points).
Clinical improvement (decrease in CDAI by $100
points but values $150 points at treatment endpoint)
was accompanied by a mean decrease in the IBDQ score
of 28.5 points (n 5 43), followed by those patients who
reached a CDAI ,150 points at treatment endpoint but
no drop of at least 100 points (mean change in IBDQ
scores of 23.0 points, n 5 15). More interestingly, the
IBDQ score also improved in patients who failed to
respond to treatment based on the CDAI (mean improve-
ment of IBDQ scores of 10.3 points, n 5 215).

Therapeutic Mechanism of rhuIL-10

Transcription factor activation in intestinal lam-
ina propria biopsy specimens was assessed in 50 consec-
utive patients from 7 previously selected European sites.
The activation status of the transcription factor NF-kB
system is reflected by the availability of its main cyto-
plasmatic inhibitory IkBa as well as the nuclear concen-
tration of the NFkB p65 subunit. Nuclear proteins were
quantitatively extracted from biopsy specimens of (ileo)
colonic mucosa showing little or no macroscopic signs of
inflammation. NF-kB p65 concentrations were assessed
in nuclear extracts and IkBa levels in total extracts.
Patients treated with rhuIL-10 experiencing clinical im-
provement or remission (n 5 10) and nonresponders
(n 5 27) greatly differed with regard to changes in the

NF-kB system. In patients experiencing improvement/
remission, nuclear concentrations of the NF-kB p65
protein were reduced (from 1.0 [0.76–1.4] to 0.28
[0–0.45], arbitrary units, data as median [interquartile
range]; P 5 0.009, Wilcoxon matched-pairs analysis;
n 5 10; Figure 5A ) and total concentration of IkBa
increased (from 5.5 [1.4–7.6] to 12.9 [1.9–21.96]; P 5
0.046, n 5 10). In nonresponders to rhuIL-10 (n 5 27),
levels of NF-kB p65 (before, 0.23 [0–3.6]; after, 0.57
[0–4.4]; P 5 0.25, n 5 15) as well as total IkBa levels
(before, 7.8 [3.5–12.2]; after, 8.5 [4.1–14.0]; P 5 0.19,
n 5 27) remained stable. Patients who received placebo
(n 5 13) exhibited no change in IkBa levels (before, 4.6
[3.17–10.8]; after, 5.3 [3.07–6.94]; P 5 0.2) but
showed a significant increase in nuclear concentrations of
NF-kB p65 (from 0.97 [0.3–1.45] to 1.1 [0.7–5.1]; P 5
0.03). Placebo-treated and rhuIL-10–treated patients
did not differ in pretreatment levels of nuclear NF-kB
p65 (0.97 [0.3–1.45] and 0.75 [0.25–1.57]; P 5 0.84).
After treatment, levels of NF-kB p65 were lower in
rhuIL-10–treated patients (0.45 [0.09–0.86]) than the
placebo group (1.1 [0.7–5.1]; P 5 0.009, Mann–Whit-
ney U test).

Discussion
Subcutaneous administration of rhuIL-10 in doses

of 1, 4, or 8 mg/kg body wt for 28 consecutive days has
been shown to be safe and well tolerated in patients with
chronic active CD. The excellent patient compliance
reflects both the good local and systemic tolerance to
rhuIL-10. Adverse events frequently reported with
rhuIL-10 (which cumulate in the 20-mg/kg dose group)
include mild-to-moderate headache, fever, back pain,
and dizziness. Moderate decreases in hemoglobin concen-

Table 4. Baseline Scores and Mean Change to Treatment Endpoint for Health-Related QOL Scores

rhuIL-10

1 mg/kg
(n 5 67)

4 mg/kg
(n 5 64)

8 mg/kg
(n 5 65)

20 mg/kg
(n 5 67)

Placebo
(n 5 66)

IBDQ
Baseline 134 6 27 140 6 28 133 6 28 134 6 27 133 6 27
Change to treatment endpoint 21 6 30 16 6 22 15 6 21 17 6 24 18 6 25

(14–28) (10–21) (10–20) (11–23) (12–24)
SF36 physical scale scores

Baseline 35 6 8.9 38 6 9 35 6 9.1 34 6 8.7 36 6 7.1
Change to treatment endpoint 4.7 6 8.6 3.1 6 6.5 3.5 6 5.9 3.2 6 8.8 4.3 6 6.0

(2.5–6.9) (1.5–4.8) (2.0–5.1) (1.0–5.5) (2.8–5.9)
SF 36 mental health scale scores

Baseline 40 6 12 40 6 11 39 6 10 42 6 12 39 6 11
Change to treatment endpoint 3.8 6 10.9 3.5 6 8.9 0.4 6 10.0 0.7 6 9.8 32 6 9.9

(1.0–6.5) (1.2–5.7) (22.2–3.1) (21.7–3.2) (0.6–5.7)

NOTE. Data for SF36 and IBDQ are means 6 SD, with 95% confidence intervals for changes in parentheses.
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trations and platelet counts were observed in the 8- and
20-mg/kg rhuIL-10 dose groups. These hematologic
changes were mostly asymptomatic, transient, and
readily reversible after treatment. No rebound in disease
activity was detected in any patient after withdrawal of
the study drug. No production of antibodies to rhuIL-10
was found in any laboratory investigation during treat-
ment and follow-up.

The frequency of the primary study endpoint, induc-
tion of remission on day 28, was not significantly differ-
ent between rhuIL-10–treated patients and the placebo
group. Application of rhuIL-10 for 28 days induced a
marginal effect in reducing disease activity. However,
the results suggest that daily doses between 4 and 8
mg/kg should be further explored in future trials. The
most effective dose of rhuIL-10 was 8 mg/kg with 46%
of patients experiencing clinical improvement vs. 27% in
the placebo group in the post hoc analysis. The different
dose groups included about 60 patients each. In a sce-
nario with 2 or more ineffective dose levels, the trial may
have been very vulnerable to a type 2 error (which was

calculated at 10% for a 30% difference between active
treatment and placebo), thereby failing to detect drug
activity. A large trial of the 4- and 8-mg/kg dose groups
against placebo would be ideal.

There are a number of indications for an anti-inflam-
matory activity of IL-10 in this trial, although clinical
efficacy could not be shown. These include the presence
of similar dose-response characteristics for different clin-
ical and endoscopic parameters. Patients who responded
to treatment with rhuIL-10 with remission or clinical
improvement had a reduction in endoscopic activity,
which also favored the 8-mg/kg dose. Previous studies
have shown a therapeutic activity of rhuIL-10 in uncom-
plicated CD21 and active rheumatoid arthritis.12 Further
investigation of the role of endogenous IL-10 in the
pathophysiology of acute and chronic inflammation may
help to explain these clinical findings. Despite its rather
short serum half-life (1.5–3 hours), IL-10 may be capable
of inducing a prolonged biologic response in some pa-
tients. Long-term disease-modifying effects have already
been observed in some patients in previous trials in CD21

as well as in rheumatoid arthritis.12 These findings raise
the question of whether some individuals are particularly
responsive to treatment with rhuIL-10.

Response to rhuIL-10 could represent a subgroup
phenomenon, as probably seen to a lesser extent with
other immune active therapeutics, including the cA2
(infliximab) monoclonal antibody against tumor necrosis
factor a.23,37 Because inflammatory bowel disease is a
polygenic disorder,38,39 it can be assumed that the in-
flammatory pathophysiology will reflect the heteroge-
neous cause. Therefore, closely targeted therapeutic im-
mune interventions, which inhibit only single steps in
immune cascades, may only be applicable to subgroups.
The identification of immunologic and genetic molecular
markers to prospectively define responder and nonre-
sponder populations will be an important task in the
development of new biologic therapies.

The bell-shaped dose-response curve seen in different
activity-related parameters in this trial concurs with similar
dose-response curves in uncomplicated CD21 and rheuma-
toid arthritis.14 In vitro immunologic studies have shown
evidence for a strong anti-inflammatory effect of IL-10,
which induced down-regulation of tumor necrosis factor a
and other proinflammatory mediators.9,10,15,16,40 However,
higher concentrations of IL-10 appear to induce the expres-
sion of T-helper cell proinflammatory cytokines.41 This
immunologic effect may explain why higher concentrations
of IL-10 are less effective.

Both rhuIL-10 and placebo appeared to be more ef-
fective in inducing clinical improvement in patients with

Figure 5. Clinical response (clinical improvement and remission) to
rhuIL-10 treatment is accompanied by a decrease in nuclear concen-
trations of NF-kB p65 (NF-kB p65; P 5 0.009, n 5 10; A). Patients
showing no response show unchanged nuclear levels of NF-kB p65
(P 5 0.25, n 5 15; B) and unaltered total concentrations of IkBa (P 5
0.19, n 5 27, not shown). Statistical comparisons are by Wilcoxon
matched-pairs test. All values are expressed in arbitrary units, which
were standardized with a HT29 cell line extract.
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more active disease by using the median CDAI to divide
the population. A subgroup effect in favor of rhuIL-10
but not of placebo in more active patients is suggested by
a series of other activity-related parameters (e.g., C-reac-
tive protein, white blood cell count). However, the for-
mal statistical analysis failed to prove an interaction
between disease activity and drug response. Therefore,
future trials (i.e., with fewer dose groups and thus larger
patient numbers per dose group, and a stratification for
CDAI) would be needed to prove the hypothesis that a
higher disease activity is a predictor of a response to
rhuIL-10. The increased placebo response in the patients
with a high CDAI cannot be explained on the basis of a
pathophysiologic hypothesis, but certainly warrants fur-
ther attention in the analysis of the placebo groups in
future trials in patients with chronic active CD.

An increased activation of NF-kB appears to be a
pivotal element in the immunopathophysiology of CD.16

The main action of steroids appears to be induction of
IkB,18,19 whereas IL-10 strongly inhibits both IkB kinase
and DNA binding of activated NF-kB.15,16,42 As part of
the endoscopic substudy, the activation status of the
NF-kB system in intestinal tissue was investigated. Pa-
tients who responded to treatment showed both induc-
tion of IkBa and down-regulation of NF-kB (p65) acti-
vation in comparison with nonresponders. A hypothesis
derived from these data would be that IL-10, in contrast
to uncomplicated Crohn’s disease,21 is not capable of
inducing remission in steroid-refractory patients because
glucocorticoids and IL-10 have similar anti-inflamma-
tory effects on the NF-kB system. Based on this hypoth-
esis, it would be unlikely that IL-10 can induce a strong
additive therapeutic effect to steroids. Further studies are
needed to address the molecular mechanisms that regu-
late the response of the NF-kB system to IL-10.

This study shows a marginal and nonsignificant clin-
ical effect of rhuIL-10 in inducing remission in patients
with chronic, active, and steroid-refractory CD. Clinical
selection of subgroups in future prospective trials may
offer a possibility to define responders and also to dissect
the complex pathophysiology of CD. Inhibition of the
NF-kB system by IL-10 is related to a clinical response.
Future studies are needed to identify the molecular
makeup and mechanisms of IL-10 responders and will
contribute to our understanding of disease pathophysi-
ology and cause.
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