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ackground & Aims: To evaluate the safety and
iological activity of visilizumab (a humanized an-

i-CD3 monoclonal antibody) and to determine a
aximum tolerated dose in patients with severe

lcerative colitis that had not responded to 5 days
f treatment with intravenous corticosteroids.
ethods: In this open-label phase 1 study, 32 sub-

ects received visilizumab at a dose of 10 or 15
g/kg, administered intravenously on 2 consecu-

ive days. Clinical response was defined as a Mod-
fied Truelove and Witts Severity Index <10 with a

inimum decrease of 3 points; remission was <4
oints. Endoscopic remission was a Mayo endo-
copic subscore of 0 or 1. Results: Eight patients
eceived 15 �g/kg visilizumab. Because of dose-
imiting toxicities (T-cell recovery >30 days in 2 of

patients), the dose was reduced to 10 �g/kg in 24
atients. On day 30, 84% of patients demonstrated
clinical response, 41% achieved clinical remission,

nd 44% achieved endoscopic remission. Forty-five
ercent of patients did not require salvage thera-
ies or colectomy during the first year postdose.
ild to moderate symptoms of cytokine release

ccurred in 100% and 83% of patients in the 15- and
0-�g/kg dose groups, respectively. All patients ex-
ibited a rapid decrease in circulating CD4� T-cell
ounts, which returned to baseline values by day 30
n 26 of 30 evaluable patients (86%). There were no
erious infections. Conclusions: Visilizumab had an
cceptable safety profile at the 10-�g/kg dose level
nd may be clinically beneficial in patients with se-
ere intravenous corticosteroid–refractory ulcerative

olitis.
lcerative colitis (UC) is a chronic inflammatory dis-
order of the colon of unknown etiology with clini-

al features of rectal bleeding and diarrhea. Approxi-
ately 15% of patients with UC will have a severe attack

equiring hospitalization for treatment with intravenous
IV) corticosteroids at some stage in their illness.1 Sixty
ercent of patients with severe UC who are treated with
V corticosteroids will be free of symptoms by the end of

days, 15% will have significant improvement, and 25%
ill not improve.2 Those who fail to improve may be

reated with cyclosporine, tacrolimus, or infliximab.3–5

owever, recent data suggest that the long-term failure
ates after cyclosporine salvage therapy are relatively
igh; no long-term data are available for tacrolimus and

nfliximab.6

Patients who fail or decline salvage therapy may un-
ergo colectomy. In patients with severe UC who initially
espond to parenteral corticosteroids, colectomy rates
ary from 38% to 60% during the following year.2,4,7

lthough advances in surgical therapy have provided
ore satisfactory outcomes for patients with UC, colec-

omy is associated with a variety of surgical complica-
ions (including abscess, anastomotic leaks, obstruction,
hronic pouchitis, sexual dysfunction, female infertility,
nd poor functional results) that can result in repeated
urgery, diminished quality of life, and mortality. New
reatment options for patients with severe IV corticoste-
oid–refractory UC are needed.

CD3 antigen-positive T cells are believed to play an
mportant role in the pathogenesis of the disease.8 Man-
ging T-lymphocyte activation and proliferation by tar-

Abbreviations used in this paper: DLT, dose-limiting toxicity; EBV,
pstein–Barr virus; MTWSI, Modified Truelove and Witts Severity Index.

© 2007 by the AGA Institute
0016-5085/07/$32.00
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November 2007 VISILIZUMAB IN SEVERE ULCERATIVE COLITIS 1415
eting interleukin-2 synthesis through inhibition of the
alcineurin pathway with cyclosporine and tacrolimus
re current treatments for severe UC.4,5 Therefore, newer
iologic therapies that functionally inhibit activated T
ells or their trafficking are an attractive therapeutic
pproach for the treatment of patients with severe UC.
n humans, a murine anti-CD3 monoclonal antibody,
KT3, has activity in treating renal allograft trans-
lant rejection, but side effects associated with sys-
emic cytokine release after administration have lim-
ted its use outside of the transplant setting.9 In
ddition, because of its high immunogenicity, use of
his murine protein has been limited to a single course
f therapy. To abrogate these issues with OKT3, newer
enerations of antibodies have been humanized and
odified to attenuate binding in vivo to Fc receptors

xpressed on a variety of immune functional cells.10

Visilizumab is a humanized immunoglobulin G2
onoclonal antibody that specifically binds to human
D3 expressed on T cells. It was engineered to reduce FcR
inding by incorporating 2 amino acid substitutions at
ositions 234 and 237 in the CH2 domain of the anti-
ody’s Fc region.11 As a result of these changes in the Fc
egion, visilizumab elicits a substantially diminished cy-
okine release, complement fixation, and T-cell activation
ompared with the FcR-binding of OKT3 of resting hu-
an peripheral blood mononuclear cells in vitro.11,12 We

erformed a phase 1 safety and dose-finding study of
isilizumab in hospitalized patients with severe IV corti-
osteroid–refractory UC.

Materials and Methods
Patients
Male and nonpregnant female patients, 18 –70

ears of age, who were diagnosed with UC verified by
olonoscopy or barium enema within 36 months before
tudy entry and who had active disease were eligible for
he study. Active disease was documented by a Modified
ruelove and Witts Severity Index (MTWSI) score of
1–21 and ongoing treatment with IV corticosteroids for
t least 5 days before study entry.4,13 Each patient pro-
ided written informed consent to participate in the trial
efore commencement of screening procedures. Other
ertinent inclusion and exclusion criteria are provided in
upplement 1 (see supplemental material online at www.
astrojournal.org).

Study Design
The institutional review boards at 9 investigative

ites in the United States and Europe approved the pro-
ocol for this trial conducted between June 2002 and
anuary 2004. The study was originally designed as a
ose-escalation study to determine the maximum toler-
ted dose of visilizumab in this patient population. The

tarting dose was 15 �g/kg administered as an IV bolus (
n 2 consecutive days (day 1 and day 2 of the study);
dditional dose levels up to 120 �g/kg were planned. See
upplement 2 (see supplemental material online at www.
astrojournal.org) for description of dosing consider-
tions.

The maximum tolerated dose was defined as the next
ower dose level than the dose at which 2 or more of the
rst 10 patients experienced dose-limiting toxicity (DLT).

DLT was defined as either (1) a severe acute toxicity
asting longer than 24 hours and related to visilizumab
dministration or (2) failure to achieve adequate recovery
f blood T-cell counts by day 30. Adequate T-cell recovery
as defined as a CD4� T-cell count of �200 cells/�L or

he patient’s lowest predose value. The protocol was later
mended to a dose de-escalation design due to the oc-
urrence of DLTs at 15 �g/kg after the first 8 patients,
nd an additional 24 patients were treated at 10 �g/kg.

During the course of this first study in patients with IV
orticosteroid–refractory UC, a standardized pretreat-
ent and posttreatment regimen of medication and IV

ydration was developed to prevent or reduce the dis-
omfort of symptoms associated with the transient in-
rease of serum cytokines. The premedication regimen
ncluded ondansetron, diphenhydramine, and the pa-
ient’s entire daily dose of IV corticosteroids adminis-
ered approximately 1 hour before administration of vi-
ilizumab; acetaminophen was administered 1 hour after
isilizumab dosing. In addition, patients were hydrated
ith IV fluids for several hours before and after dosing
ith visilizumab. Morphine sulfate or meperidine and
iphenhydramine were used as needed to treat chills,
yalgias, arthralgias, and pruritus.
Data on all adverse events were collected through day

0; the occurrence of opportunistic infections, malignan-
ies, and surgeries was followed for up to 1 year postdose.

Study Treatment
Study drug was supplied in single-use vials con-

aining 1.0 mg/mL visilizumab in a solution of 20
mol/L sodium citrate, 120 mmol/L sodium chloride,

nd 0.01% polysorbate 80 at a pH of 6.0.

Concomitant Medical Therapies
Patients were permitted to receive concomitant

esalamine derivatives, 6-mercaptopurine or azathio-
rine, and corticosteroids. Patients received IV methyl-
rednisolone, hydrocortisone, or dexamethasone at a
ose equivalent to 40 – 60 mg methylprednisolone per
ay for at least 5 days before and each day of visilizumab

nfusion. After day 2, patients were transitioned from IV
orticosteroids to the equivalent of 40 – 80 mg oral pred-
isone per day. Corticosteroids were tapered after day 8
t the investigator’s discretion.

Clinical End Points
The MTWSI and the Mayo Clinical Activity Index
Mayo) score were used to assess the overall severity of the

http://www.gastrojournal.org
http://www.gastrojournal.org
http://www.gastrojournal.org
http://www.gastrojournal.org
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1416 PLEVY ET AL GASTROENTEROLOGY Vol. 133, No. 5
isease.4,13,14 The MTWSI was assessed at baseline, day 1
f dosing, and on days 15, 30, 60, 90, and 180. Response
as defined as an MTWSI score of �10 points with an

mprovement from baseline of at least 3 points. Remis-
ion was defined as an MTWSI score of �4 points. Al-
hough not a component of the original protocol, Mayo
coring at baseline and day 30 was added after an efficacy
ignal was observed in the first 8 patients enrolled. Mayo
esponse was defined retrospectively as a decrease from
aseline of 3 or more points in the total Mayo score, with
rectal bleeding subscore of 0 or 1, or a reduction in the

ectal bleeding score of 1. Mayo remission was defined
etrospectively as a total score �3, with no individual
ubscore �1. Endoscopic remission was defined as a

ayo mucosal subscore of 0 or 1, which implied no
ctive bleeding, ulcers, or friability.15

Other evaluations included assessment of corticoste-
oid-sparing effects of visilizumab and duration of clin-
cal response. Duration of clinical response was assessed
etrospectively at 1 year by evaluating patients’ require-

ent for colectomy or for the initiation of other salvage
herapies such as IV corticosteroids, cyclosporine, inflix-
mab, or re-treatment with visilizumab. Salvage therapies
id not include initiation of or adjustments in outpatient
edications, including mesalamine, azathioprine, 6-mer-

aptopurine, and oral corticosteroids.

Peripheral Blood T-Lymphocyte Counts
Absolute counts for major lymphocyte subsets

ere obtained using multiparameter flow cytometric
nalysis. Blood samples for flow cytometry were drawn at
aseline; 15 minutes before dosing on days 1 and 2, and
hour after dosing on day 1; on days 8, 15, and 30; and

very 7 days as necessary until T-cell levels had recovered.
ajor immune subsets were defined as total T cells

CD3�), T-helper cells (CD3�CD4�), T-effector cells
CD3�CD8�), natural killer cells (CD3� CD56�� CD16�),
nd B cells (CD3� CD19�). See Supplement 3 for meth-
dological details (see supplemental material online at
ww.gastrojournal.org).

Epstein–Barr Virus Whole Blood DNA Copies
Levels of Epstein–Barr virus (EBV)-specific nucleic

cid sequences in whole blood were assessed using quan-
itative DNA amplification by a fluorogenic probe-based
everse-transcriptase polymerase chain reaction assay.
lood samples for EBV viral load were drawn at baseline
nd on days 8, 15, and 30; if the EBV titer was higher on
ay 30 than the patient’s baseline value, EBV assays were
epeated every 2 weeks until they returned to pretreat-

ent levels. See Supplement 3 for methodological details
see supplemental material online at www.gastrojournal.
rg).

Immunogenicity
Antibodies to visilizumab were detected using a
ridging enzyme-linked immunosorbent assay with a c
imit of detection of 50 ng/mL, and cell-based flow cy-
ometry assay with a limit of detection of 100 ng/mL was
sed to detect the presence of neutralizing antibodies.
lood samples for immunogenicity assessments were
rawn 15 minutes before dosing on day 1 and on days 15,
0, and 90.

Pharmacokinetics
Serum visilizumab levels were measured with an

nzyme-linked immunosorbent assay with a lower limit
f quantification of 25 ng/mL. Blood samples for phar-
acokinetics were drawn at baseline; 15 minutes before

nd 1 and 4 hours after dosing on day 1; 15 minutes
efore and 1 and 6 hours after dosing on day 2; on days
, 15, 30, and 90.

Analytical Methods
Results were summarized by dose level without

ormal statistical testing of differences between groups.
escriptive statistics and 95% confidence intervals were
sed where appropriate. Subjects with missing day 30
ata were imputed as failures. The verbatim adverse
vents were mapped to the system organ class and pre-
erred term using the Medical Dictionary for Regulatory
ctivities.16 The severity of adverse events was graded
ased on the Common Toxicity Criteria of the National
ancer Institute.17

Results
Patient Screening and Demographics
Of 58 patients who were screened for enrollment,

2 were enrolled and received study drug. Hospitalized
atients received IV corticosteroids for a median of 7 days

range, 5–17) before receiving visilizumab. Twenty-five
otential patients who were hospitalized with severe UC
nd treated with IV corticosteroids had measurable EBV
NA levels in whole blood (median, 747 copies/mL;

ange, 97–10,500 copies/mL) at screening. Six patients
ith measurable whole blood EBV DNA levels were en-

olled in the study (5 patients as protocol exceptions and
patient who experienced an increase in EBV DNA levels

etween screening and visilizumab administration). The
resence of detectable EBV genome did not correlate with

nitial absolute peripheral blood CD3�, CD4�, or CD8�

-cell counts (data not shown). Two patients were ex-
luded from the study because of clinical response to IV
orticosteroids during the screening period. Five subjects
ere excluded for other reasons.
Baseline characteristics of this patient population

Table 1) were consistent with severe/fulminant IV corti-
osteroid–refractory UC. Patients were significantly im-
unocompromised. All were receiving high doses of IV

lucocorticoids, and more than one third of the patients
ere receiving an immunomodulator drug. The patients’
ompromised immune status at baseline was indicated by

http://www.gastrojournal.org
http://www.gastrojournal.org
http://www.gastrojournal.org
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November 2007 VISILIZUMAB IN SEVERE ULCERATIVE COLITIS 1417
heir generally low predose T-cell levels; the median pe-
ipheral blood CD4� T-cell count was 512 cells/�L
range, 58 –1871 cells/�L). Notably, CD4� T-cell counts
ere �200 cells/�L in 16% of screened patients. In addi-

ion, 1 patient received prior treatment with infliximab
last dose 43 days before visilizumab) and 1 patient re-
eived tacrolimus (last dose 13 days before visilizumab).

Safety
All patients received both doses of study drug

ithout interruption. No patients discontinued the
tudy because of adverse events. However, DLTs occurred
n 2 of the first 8 patients who received visilizumab at the
5-�g/kg dose level. One patient had delayed T-cell re-
overy (at day 61) and severe bilateral knee pain of 1-week
uration, and a second patient had delayed T-cell recov-
ry (at day 161). Thus, the maximum tolerated dose had
een exceeded, and the dose of visilizumab was decreased
o 10 �g/kg for subsequent patients.

Overall, 31 patients (97%) experienced at least 1 adverse
vent; the incidence of adverse events was similar in both

able 1. Baseline Demographics

Dose
10 �g/kg
(n � 24)

15 �g/kg
(n � 8)

Total
(N � 32)

ender
Male 18 4 22
Female 6 4 10
edian age, y (range) 42 (19–70) 45 (33–70) 43 (19–70)
xtent of disease
Left-sided 6 3 9
�60 cm 18 5 23
edian days of IV

corticosteroids
7 9.5 7

ean baseline MTWSI
score (�SD)

13.0 (2.1) 13.4 (1.5) 13.1 (2.0)

oncomitant
medications,
n (%)a

Mesalamine 19 (79) 4 (50) 23 (72)
6-mercaptopurine or

azathioprine
11 (46) 2 (25) 13 (41)

Enema 2 (8) 0 2 (6)
ean laboratory values

(�SD)
Hematocrit (%) 36.9 (5.6) 39.2 (4.9) 37.3 (5.5)
White blood count

(k/�L)
11.6 (5.9) 10.2 (3.0) 11.3 (5.4)

-cell subsets, mean
cells/�L (�SD)

CD3� 1195 (869) 1167 (818) 1189 (842)
CD4� 694 (505) 569 (342) 666 (471)
CD8� 479 (451) 577 (503) 501 (454)

lbumin (g/dL) 3.5 (0.6) 3.4 (0.5) 3.5 (0.6)
rythrocyte

sedimentation
rate (mm/h)

23.4 (21.2) 25.4 (15) 24 (19)

One patient received prior treatment with infliximab, and one patient
eceived prior treatment with tacrolimus.
ose groups (96% vs 100%; Supplementary Table 1; see t
upplemental material online at www.gastrojournal.org).
inety-four percent of the events were mild or moderate.
verall, 25% of patients experienced severe adverse

vents, defined as events that caused disability and inter-
ered with the activities of daily life. The incidence of
evere events was higher in the 15-�g/kg dose group
38%) compared with the lower-dose group (21%). There
ere no life-threatening events in either dose group.
Twenty-seven patients (84%) experienced at least 1 ad-

erse event related to study drug. Overall, the most com-
only reported related adverse event was chills (15 sub-

ects; 47%), followed by nausea (14 subjects; 44%),
eadache (12 subjects; 38%), pyrexia (11 subjects; 34%),
nd fatigue (10 subjects; 31%). Five patients (16%) re-
orted a severe drug-related adverse event (2 of 8 in the
5-�g/kg dose group and 3 of 24 in the 10-�g/kg dose
roup). Drug-related severe adverse events were abdomi-
al pain and distention (in 1 patient) and knee pain,
hills, cytokine release syndrome, diarrhea, and nausea/
omiting (in 1 patient each). Many of the unrelated
dverse events were ascribed to underlying UC activity.

The majority (77%) of drug-related adverse events oc-
urred within 3 days after the first dose of visilizumab.
ll adverse events that occurred on study days 1–3 were
otentially related to the transient increase in serum
ytokines (Supplementary Table 2; see supplemental ma-
erial online at www.gastrojournal.org). Overall, 88% of
he patients experienced at least 1 event possibly associ-
ted with cytokine release; the incidence of cytokine re-
ease symptoms was lower in the patients who received 10
g/kg visilizumab compared with patients who received
5 �g/kg (83% vs 100%; Supplementary Table 2). Most
ytokine release symptoms were mild or moderate; 5
atients reported one or more severe symptoms. The

ncidence of severe cytokine release symptoms was lower
n the 10-�g/kg dose group than in the 15-�g/kg dose
roup (12.5% vs 25%).

Symptoms of cytokine release affected more subjects
nd were more intense following the first dose of visili-
umab compared with the second dose; cytokine release
ymptoms occurred in 27 patients (84%) on day 1, and
ymptoms were reported in 17 patients (53%) on day 2.
he majority (84%) of the cytokine release symptoms

esolved within 24 hours. Ten patients received an opioid
rug on days 1, 2, or 3; 8 of the 10 patients received an
pioid drug to treat one or more likely symptoms of
ytokine release. Two patients received an opioid drug to
reat adverse events deemed not related to study drug.

Eleven patients (34% total; 29% in the 10-�g/kg group
nd 50% in the 15-�g/kg group) reported 8 types of
nfections. Two patients had urinary tract infections, 2
eveloped cellulitis, 2 had oral candidiasis, and 1 each
as diagnosed with bronchitis, nasopharyngitis, rhinitis,

onsillitis, and upper respiratory tract infection. All in-
ections were mild or moderate and resolved with outpa-

ient management. Four of the infections (rhinitis, oral

http://www.gastrojournal.org
http://www.gastrojournal.org
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1418 PLEVY ET AL GASTROENTEROLOGY Vol. 133, No. 5
andidiasis, upper respiratory infection, and urinary tract
nfection) were deemed related to visilizumab by the
nvestigator.

The clinical course of 2 patients merits further descrip-
ion. One patient experienced chest pain and had a mod-
st elevation of troponin I level 30 minutes after the
econd visilizumab infusion. Symptoms resolved within
0 minutes. No enzyme evolution, electrocardiogram, or
tress echocardiogram evidence of a myocardial infarc-
ion or ischemia was evident during subsequent evalua-
ion. One patient experienced mild bilateral blurring of
ision on the first day of visilizumab infusion. An oph-
halmologic examination 1 month later revealed several
mall peripheral retinal hemorrhages of uncertain dura-
ion in 1 eye. This patient did not experience transient
hrombocytopenia. All events resolved with no residual
ffects.

Administration of visilizumab resulted in the rapid
eduction of blood CD3� T-cell counts in all 32 patients.
D3� T-cell counts declined from a mean (�SD) of 1041

�770) cells/�L immediately before the first dose of
isilizumab to 63 (�77) cells/�L 1 hour after the first
ose in the 10-�g/kg group and from 1027 (�546) to 33
�11) cells/�L in the 15-�g/kg group. Figure 1 depicts
he time course of the decline and recovery of peripheral
lood CD3� T cells and CD4� and CD8� T-cell subsets

n the 10-�g/kg dose group.
In 6 of the 8 patients who received 15 �g/kg visili-

umab, the CD4� T-cell counts recovered by day 30. The
edian T-cell recovery for this dose group was 15 days

igure 1. Pharmacodynamic effects on levels of EBV genomic DNA
nd CD3�, CD4�, and CD8� T-cell subsets in peripheral blood follow-

ng treatment with visilizumab. Data were pooled from patients who
eceived 10 �g/kg visilizumab on days 1 and 2 (data points shown are
eans; n � 18–24 per time point; error bars indicate �1 SEM). Rapid

eduction of all peripheral blood T cells was observed 1 hour after
isilizumab administration on day 1. Recovery of total CD3� T-cell
ounts, as well as CD4� and CD8� T-cell subsets, was evident by day
, and by day 15 all 3 sets had returned to baseline levels. The level of
BV genomic DNA copies in whole blood increased upon the reduction
f T-cell levels and then returned to below the limit of assay quantifica-
gion in 86% of patients by day 30.
range, day 7–161). In 2 patients, T-cell count recovery
as documented on days 60 and 161. The T-cell counts
ay have recovered sooner, but in both instances the

atients were not assessed between days 30 and either day
0 or 161. Twenty of 24 patients who received 10 �g/kg
isilizumab had CD4� T-cell count recovery within 30
ays from dosing. The median time to T-cell recovery for
his dose group was 16 days (range, 8 –72 days). In 2
atients, the T-cell counts did not recover until 42 and 74
ays after dosing. Additionally, 2 patients withdrew from
he study 2 and 15 days following dosing, without fur-
her assessments of T-cell levels. No serious or opportu-
istic infections occurred during the time of peripheral
-cell reduction.
Peripheral blood subsets that are not bound by the

ntibody also demonstrated a rapid decrease 1 hour after
dministration of visilizumab, for example, neutrophils
mean percent decrease, 44%), CD19� B cells (mean per-
ent decrease, 52%), CD16�CD56� natural killer cells
mean percent decrease, 73%), and monocytes (mean per-
ent decrease, 73%). Neutrophil counts returned to base-
ine levels on day 2; other subsets of cells recovered by day

(Supplementary Figure 1; see supplemental material
nline at www.gastrojournal.org).

Two patients had transient platelet reductions during
he study. Single platelet counts of 16,000/�L and
9,000/�L were observed 1 hour after the dose on day 1

n 1 subject and on the predose assessment on day 2 in
he other. All other platelet counts were within the nor-

al range, and there was no clinical evidence of throm-
ocytopenia (ie, petechiae or bruising).

Twenty-four of 32 patients were unequivocally nega-
ive for detectable EBV DNA in whole blood at screening;
n addition, 3 patients had detectable EBV DNA in whole
lood samples, but the levels were below the lower limit
f quantification (80 copies/mL). At screening, 5 of 32
atients had quantifiable levels of EBV genome (110, 111,
7, 156, and 2321 copies/mL). Because of variability in
he lower limit of quantification between the 2 laborato-
ies used in this study, the medical monitor determined
hat all subjects with an EBV titer �200 copies/mL (the
ower limit of quantification in the European laboratory)
ould be given exceptions and allowed to participate in

he study. One patient (2321 copies/mL at screening)
ested negative for EBV DNA in the study site’s clinical
ransplantation immunology laboratory and was given a
rotocol exception.
After visilizumab administration, peripheral T-cell de-

line was associated with elevations of whole blood EBV
NA titers in the majority of patients (Figure 1). The
BV genome concentration increased to a median of 228
opies/mL (range, undetectable to 190,000 copies/mL)
n day 15 in 24 of 32 patients. EBV DNA was undetect-
ble after a median of 23 days in the 15-�g/kg dose

roup and after a median of 9 days in the 10-�g/kg dose

http://www.gastrojournal.org
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roup. There were no clinical symptoms of EBV infection
ssociated with elevations in EBV DNA.

Clinical Assessment of Disease Activity
All patients had an MTWSI assessment and a

igmoidoscopy at baseline. On day 30, the MTWSI was
ssessed in 21 of 24 patients in the 10-�g/kg group and
n all 8 patients in the 15-�g/kg group. Three patients in
he 10-�g/kg group experienced early disease progression
nd withdrew consent; they were unavailable for MTWSI
ssessment on day 30 and were imputed failures in the
nalysis. Clinical response was achieved at day 30 in 79%
19/24) and 100% (8/8) of patients in the 10- and 15-
g/kg dose groups, respectively (Figure 2A). At day 30,
3% (8/24) of the patients who received 10 �g/kg visili-
umab and 62.5% (5/8) of those who received 15 �g/kg
ere in remission. The median time to clinical response
as 16 days (range, 14 – 49 days) for the 10-�g/kg visili-

umab group and 16.5 days (range, 15–19 days) for the
5-�g/kg group. Figure 2B shows the median MTWSI
cores by dose group over time (day 1–180).

Mayo scores were available at baseline and day 30 for
5 patients; for an additional 2 patients, their last obser-
ation was carried forward to day 30 for the analysis. (For

of the patients in the 15-�g/kg dose group, Mayo
cores were calculated retrospectively from baseline data,
ecause Mayo scoring was not part of the protocol when
hey were enrolled.) Among the 27 patients for whom
oth baseline and day 30 Mayo scores were available,
here was a median 7-point decrease in the 12-point

ayo score (range, 11-point decrease to a 1-point in-
rease; Figure 2D). The day 30 Mayo response rate was
4.1%, and the remission rate was 14.9% (Figure 2C).

Endoscopic Assessment of Disease Activity
Baseline and day 30 Mayo endoscopic subscores

ere available for 27 patients; for an additional 2 pa-
ients, their last observation was carried forward to day
0 for the analysis. At screening, 25 of 29 patients (86%)
ad the most severe Mayo endoscopic subscore of 3, and
of 29 (14%) had a score of 2 (Figure 3A). At day 30, 3

atients had a Mayo endoscopic subscore of 0, and 13

™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™™
igure 2. (A) MTWSI response and remission following visilizumab
dministration at days 15, 30, and 60. (B) Mean and median MTWSI
alues following visilizumab administration. Boxes represent 25th to
5th percentile range. Lines bisecting each box represent the median;
hiskers represent minimum and maximum values. (C) Response and

emission rates by Mayo score. The overall Mayo response rate was
4.1%, and the overall Mayo remission rate was 14.9%. (D) Change in
ayo score from baseline to day 30. The boxes represent the central
0% of the data at baseline and day 30, respectively. The Mayo score
etermination is retrospective for patients in the 15-�g/kg dose group
nd prospective for patients in the 10-�g/kg dose group. Mayo scores
ere available for 27 patients at baseline (median, 11) and 26 patients at
ay 30 (median, 4). See Materials and Methods for the definitions of

esponse and remission used in this analysis.
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atients had a subscore of 1. Thus, the overall endoscopic
emission rate was 55% (16/29) (Figure 3A; see Figure 3B
nd Supplementary Figure 2A for representative endo-
copic photographs; see supplemental material online at
ww.gastrojournal.org). Sigmoidoscopic biopsy speci-
ens from a patient at baseline and 30 days after visili-

umab treatment also showed marked resolution of in-
ammatory cell infiltrates (Supplementary Figure 2B; see
upplemental material online at www.gastrojournal.org).

Corticosteroid-Sparing Effects of Visilizumab
After day 2, patients were transitioned from IV

orticosteroids to the equivalent of 40 – 80 mg oral pred-
isone per day. After day 8, the dose of prednisone was

igure 3. (A) Mayo sigmoidoscopy subscores were determined at
aseline and at day 30 (�4 days), for the 10-�g/kg and the 15-�g/kg
ose group. At day 30, 3 of 29 subjects had a score of 0 and 13 of 29
ad a score of 1; thus, the overall endoscopic remission rate was 55.2%

16/29 subjects). Endoscopic remission was 47.8% in the 10-�g/kg
ose group and 83.3% in the 15-�g/kg dose group. Mayo endoscopic
cores were available for 29 patients at baseline (median, 3) and 27
atients at day 30 (median, 1). (Although day 30 endoscopic scores
ere not available for 2 patients in the 10-�g/kg dose group, their last
bservation was carried forward for the day 30 analysis.) (B) Photo-
raphs were taken of the sigmoid colon (at 20 cm) in a patient who
eceived 15 �g/kg visilizumab on day 1 and day 2. The Mayo endo-
copic score went from 3 at baseline (left panel) to 0 at day 30 (right
anel) in this patient.
apered further at the discretion of the patient’s clinician. a
orticosteroid-sparing effects were determined retrospec-
ively in patients who responded to treatment and who
id not require salvage therapy. Forty-four percent (12/
7) of clinical responders were tapered completely off
orticosteroids by day 60. An additional 4 responders
ere taking 5 mg/day of prednisone.

Duration of Response
Forty-five percent (10/22) of the patients who

ere evaluable for duration of response at 1 year had not
equired surgical or medical salvage therapy. Nine pa-
ients were lost to follow-up before 1 year, and 1 patient
as determined to have Crohn’s disease at the day 30

ndoscopy. At 1 year, 2 patients in the 15-�g/kg group
nd 5 in the 10-�g/kg group had had a colectomy
Kaplan–Meyer plot; Figure 4). The median time to sal-
age was 446 days (range, 13–967 days). Seventy-eight
ercent of the patients did not undergo colectomy by the
nd of the study period. Among the 7 patients who did
ndergo colectomy during the study, the median time to
olectomy was 160 days (range, 13– 410 days). Adminis-
ration of concomitant azathioprine or 6-mercaptopu-
ine within 30 days following visilizumab dosing did not
ignificantly affect the time to colectomy or administra-
ion of salvage immunosuppressive agents.

Pharmacokinetics
Preliminary pharmacokinetic analysis showed a

ean maximum concentration of visilizumab after the
rst dose of 112 and 215 ng/mL for the 10- and 15-�g/kg
ose groups, respectively. The mean maximum concen-

igure 4. Kaplan–Meier estimate of the percent of patients who did
ot require salvage therapy after visilizumab treatment. Salvage therapy
as defined as rehospitalization and treatment with IV corticosteroids,

nfliximab, cyclosporin A, or surgical proctocolectomy. Changes in oral
orticosteroids, immunomodulators (azathioprine, 6-mercaptopurine),
nd mesalamine were not defined as salvage therapy in this study. The
ajority of patients did not require salvage therapy 1 year after treat-
ent with visilizumab. (Patients who had not undergone salvage ther-
py at the end of their follow-up period were censored.)

http://www.gastrojournal.org
http://www.gastrojournal.org
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ration for the second dose of visilizumab was 174 and
53 ng/mL for the 10- and 15-�g/kg dose groups, respec-
ively. Visilizumab was undetectable in the serum 5 days
fter the last dose, with an elimination half-life of ap-
roximately 17 hours.

Immunogenicity
In 7 of 31 patients (23%) who had day 15 or day 30

lood samples available for testing, antibodies to visili-
umab were detected. The antibodies in 6 of the 7 pa-
ients were neutralizing and therefore were likely anti-
diotypic. There was no evidence that the development of
hese antibodies affected the safety, pharmacokinetics, or
fficacy of initial visilizumab treatment. This is consis-
ent with pharmacokinetic data that showed visilizumab
as undetectable in the serum within 1 week after the

ast dose. Twenty-four percent of patients (4/17) who
eceived immunomodulators (6-mercaptopurine, aza-
hioprine) and 20% of patients (3/15) who did not
eceive immunomodulators developed anti-visilizumab
ntibodies.

Discussion
In a phase 1 dose-finding study, visilizumab had

n acceptable safety profile and demonstrated clinical
ctivity in hospitalized patients with IV corticosteroid–
efractory UC. There were no serious infectious compli-
ations during the study. In this preliminary open-label
nalysis, visilizumab appeared to produce durable clinical
esponses that exceeded its pharmacokinetic and phar-

acodynamic properties (ie, elimination half-life of 17
ours and transient peripheral blood T-cell lymphopenia
enerally lasting less than 30 days). Forty-five percent of
atients did not require medical or surgical salvage ther-
pies during the first year following visilizumab treat-
ent.
Cytokine release symptoms occurred commonly (88%

f patients overall) and included fever, headache, chills,
rthralgias, nausea, and vomiting. These infusion-related
vents were of relatively short duration, were successfully
reated with standard measures, and did not result in
erious morbidity or mortality. The incidence and sever-
ty of cytokine release symptoms were somewhat dimin-
shed in the 10-�g/kg cohort compared with the 15-
g/kg cohort. Although it is difficult to assess the relative

ontributions of the dose decrease and the addition of
remedications and IV hydration to the amelioration of
he cytokine release symptoms, standardized pretreat-

ent in the lower-dose group appeared effective in re-
ucing symptoms.
The pharmacokinetics of visilizumab differ from that

f other biologic agents used to treat UC and Crohn’s
isease, which depend on sustained drug levels to exert
heir effects. Visilizumab was administered at microgram
er kilogram doses as an IV bolus, and peak serum

oncentrations between 100 and 200 ng/mL were sus- l
ained briefly, with an elimination half-life of 17 hours.
n vitro, visilizumab concentrations �50 ng/mL induce
poptosis and cytokine release in activated T lympho-
ytes.11 However, blood concentrations of visilizumab
ere below this level within 4 hours after dosing and
elow the limit of assay detection (35 ng/mL) in less than
week. As early as 30 minutes after visilizumab admin-

stration on day 1, peripheral T cells were essentially
ndetectable. Although apoptosis of activated CD3� T
ells likely occurs after intervention with visilizumab in
ivo, the rapid kinetics of peripheral T-cell disappearance
nd the resting state of most peripheral T cells suggest
ther mechanisms for the transient changes in blood
-cell counts.
Patients who had evidence of EBV replication were

xcluded from the study because of previous experience
ith anti–T-cell antibodies in patients who had under-
one solid organ and hematopoietic transplants, where
-cell depletion was associated with EBV reactivation and

ymphoproliferative disorder.18 In allograft recipients
ho received anti–T-cell antibodies along with multidrug

mmunosuppression regimens that included cyclospor-
ne, corticosteroids, and mycophenolate mofetil, the in-
idence of EBV-associated lymphoproliferative disorder
anged from 1% to 20%.19 In our study, EBV DNA con-
entrations were elevated in the peripheral blood in the
ajority of patients (24/32) at day 15 after visilizumab

reatment. There were no clinical symptoms of EBV in-
ection or lymphoproliferative disorder in these patients,
nd EBV DNA levels rapidly returned to undetectable
evels after recovery of peripheral T cells. The relatively
hort-term effect of visilizumab on T cells suggests that it

ay be safely administered to patients who have baseline
eplication of EBV. This hypothesis is currently being
xplored in an ongoing phase 1/2 study. Caution should
e exercised in extrapolating EBV DNA results between
tudies and diseases, because there is great variability
etween methods and laboratories.18

Although the current study was not placebo con-
rolled, placebo rates in hospitalized patients with IV
orticosteroid–refractory UC were reported in 3 stud-
es.3,4,20 Two studies reported 0% placebo response rates
vs cyclosporin A4 and infliximab20), and one study re-
orted a 31% placebo response (vs infliximab3). There-
ore, the response rate with visilizumab of 74% appears to
e an efficacy signal that merits further exploration. Cau-
ion should be exercised in comparing efficacy across
hese clinical trials because of differences in design, study
opulations, and definitions of response. Whether visili-
umab provides a better safety and benefit profile in
evere UC relative to infliximab or cyclosporin A remains
o be determined.

In conclusion, visilizumab had an acceptable safety
rofile at the dose level of 10 �g/kg in patients with
evere IV corticosteroid–refractory UC. The most preva-

ent toxicities were transient infusion-related cytokine
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elease symptoms and a transient decrease in T-cell levels.
n this preliminary open-label analysis, rapid and sus-
ained clinical and endoscopic improvements suggest
hat visilizumab merits further exploration in clinical
rials in severe UC.

Supplementary Data

Supplementary data associated with this article
an be found, in the online version, at doi:10.1053/
.gastro.2007.08.035.
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