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Ipilimumab monotherapy in patients with pretreated
advanced melanoma: a randomised, double-blind,
multicentre, phase 2, dose-ranging study

Jedd D Wolchok, Bart Neyns, Gerald Linette, Sylvie Negrier, Jose Lutzky, Luc Thomas, William Waterfield, Dirk Schadendorf, Michael Smylie,
Troy Guthrie Jr, Jean-Jacques Grob, Jason Chesney, Kevin Chin, Kun Chen, Axel Hoos, Steven | 0’Day, Celeste Lebbé

Summary

Background Ipilimumab is a human monoclonal antibody that blocks cytotoxic T-lymphocyte antigen 4 and has shown
promising activity in advanced melanoma. We aimed to ascertain the antitumour efficacy of ipilimumab in patients
with advanced melanoma.

Methods We undertook a randomised, double-blind, phase 2 trial in 66 centres from 12 countries. 217 patients with
previously treated stage III (unresectable) or stage IV melanoma were randomly assigned a fixed dose of ipilimumab
of either 10 mg/kg (n=73), 3 mg/kg (n=72), or 0-3 mg/kg (n=72) every 3 weeks for four cycles (induction) followed by
maintenance therapy every 3 months. Randomisation was done with a permuted block procedure, stratified on the
basis of type of previous treatment. The primary endpoint was best overall response rate (the proportion of patients
with a complete or partial response, according to modified WHO criteria). Efficacy analyses were done by intention to
treat, whereas safety analyses included patients who received at least one dose of ipilimumab. This study is registered
with ClinicalTrials.gov, number NCT00289640.

Findings The best overall response rate was 11:1% (95% CI 4-9-20-7) for 10 mg/kg, 4-2% (0-9-11-7) for 3 mg/kg,
and 0% (0-0—4.9) for 0-3 mg/kg (p=0-0015; trend test). Inmune-related adverse events of any grade arose in 50 of 71,
46 of 71, and 19 of 72 patients at doses of 10 mg/kg, 3 mg/kg, and 0-3 mg/kg, respectively; the most common grade
3-4 adverse events were gastrointestinal immune-related events (11 in the 10 mg/kg group, two in the 3 mg/kg group,
none in the 0-3 mg/kg group) and diarrhoea (ten in the 10 mg/kg group, one in the 3 mg/kg group, none in the

0-3 mg/kg group).

Interpretation Ipilimumab elicited a dose-dependent effect on efficacy and safety measures in pretreated patients with
advanced melanoma, lending support to further studies at a dose of 10 mg/kg.

Funding Bristol-Myers Squibb.

Introduction
Malignant melanoma is one of the most aggressive
cancers.' Adequate systemic treatments are needed
because median overall survival for stage IV disease is
only 6-9 months.? Both dacarbazine and high-dose
interleukin 2 are approved in the USA, and fotemustine
is approved within the European Union. Dacarbazine, a
gytotoxic chemotherapeutic agent, yields low objective
response rates; moreover, responses are short-lived,
complete responses are rare, and the effect on overall
survival is unclear.” Interleukin 2 was approved on the
basis of durable responses in 6% of patients, but
predictive factors of response are not available, and toxic
effects restrict use of this agent to carefully selected
individuals and specialised treatment centres.* Objective
response rates have been enhanced by cytokines
combined with chemotherapy, but this has not translated
into an improvement in overall survival.®

A proposed immunotherapeutic approach for advanced
melanoma entails targeting of cytotoxic T-lymphocyte
antigen 4 (CTLA4),** which is expressed on the surface of
activated CD4+ and CD8+ T cells, to induce inhibitory
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signals.” Thus, CTLA4 blockade might increase the
function of effector CD4+ and CD8+ T cells by removal of
a key checkpoint mechanism.” In murine models,
antibody blockade of CTLA4 enhances immune responses
resulting in tumour regression.""

Ipilimumab is a human monoclonal antibody against
CTLA4 currently in clinical development. Results of early
studies in patients with advanced melanoma showed this
agent’s potential antitumour activity with various doses
(0-1-20 mg/kg) and regimens (single or multiple doses,
monotherapy, or in combination with dacarbazine,
interleukin 2, or vaccines).”™ In a phase 1/2 study,
ipilimumab had antitumour activity in individuals with
pretreated advanced melanoma, including patients who
had failed previous treatment with interleukin 2 and
biochemotherapy for metastatic disease.” Findings of a
phase 2 study in treatment-naive and previously treated
individuals with advanced melanoma who received
ipilimumab at 10 mg/kg, with or without prophylactic
budesonide, showed 1-year survival of 55% or more.”

To date, no randomised clinical studies have assessed
the dose-responsiveness of ipilimumab. Objective
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responses have been reported with ipilimumab at doses
of 10 mg/kg or 3 mg/kg,” and the possibility of clinical
activity—ie, disease stabilisation—has been suggested
with a dose of 0-3 mg/kg. In the current study, we aimed
to assess the antitumour efficacy, pharmacokinetics,
pharmacodynamics, overall survival, and safety of
ipilimumab monotherapy at doses of 0-3 mg/kg,
3 mg/kg, and 10 mg/kg in patients with previously treated
stage I1I (unresectable) or stage [V melanoma.” We chose
0-3 mg/kg to characterise fully the variables in the low
range of the therapeutic window and to allow differences
from the 10 mg/kg dose to be detected for many
variables.

Methods

Patients

We undertook a multicentre, randomised, double-blind,
parallel group study in 66 centres from 12 countries
(study CA184-022). The first patient assessment was on
April 6, 2006, and the last was on July 31, 2007 The study
had four phases: screening, induction, maintenance, and
follow-up. The database lock for the primary analysis
took place on Nov 13, 2007

We judged patients eligible for the study if they were
aged at least 16 years old with a histological diagnosis of
stage III (unresectable) or stage IV melanoma and
measurable disease (by modified WHO criteria) and if
they had: received at least one previous treatment with an
antitumour regimen (except a CD137 agonist or CTLA4
modulator); and progressed after complete or partial
response, or failed to show a complete or partial response
within 12 weeks, or were unable to tolerate the regimen
used. The webappendix contains additional details on
inclusion and exclusion criteria.

We implemented this study in accordance with the
Declaration of Helsinki and Good Clinical Practice
as defined by the International Conference on
Harmonization. The appropriate institutional review
boards or independent ethics committees approved the
protocol. All participating patients (or their legally
acceptable representatives) gave written informed
consent before enrolment.

Randomisation and masking

We randomly assigned patients in a 1:1:1 ratio to receive a
fixed dose of ipilimumab (either 10 mg/kg, 3 mg/kg, or
0-3 mg/kg) by outpatient intravenous infusion (90 min
duration) at weeks 1, 4, 7, and 10 (induction phase). We
undertook randomisation with a permuted block
procedure, stratified on the basis of type of previous
treatment received (interleukin 2, dacarbazine,
fotemustine, or temozolomide vs other treatments). After
we obtained informed consent, investigators enrolled
patients into the study by calling an interactive voice
response system, which registered the enrolment and
assigned a unique identification number to every
individual. Once we had established eligibility, an

unmasked pharmacist called the interactive voice
response system to obtain a treatment assignment. The
system assigned the patient to one of the three treatment
groups on the basis of a randomisation schedule
generated and maintained by the randomisation group
within Bristol-Myers Squibb.

Patients, treating doctors, and doctors’ staff were
unaware of the dose to which patients were assigned,
whereas pharmacists were unmasked. The data
monitoring committee was aware of treatment allocations
to permit an ongoing overview assessment of safety and
efficacy. One programmer and biostatistician were
unmasked for compilation of the population pharma-
cokinetic analysis dataset. Summaries did not disclose
treatment assignments of individual patients.

Procedures

The induction phase of the study ended at week 24 or on
progressive disease, death, withdrawal of consent, or
toxic effects requiring treatment discontinuation. Patients
with progressive disease at any time were permitted, per
protocol, to be followed up beyond progressive disease
before non-ipilimumab anticancer agents were started.
This step was allowed at the discretion of the investigator,
since objective responses after initial progressive disease
have been described with immunotherapy. After
progressive disease, eligible patients remained unaware
of their dose assignment and could crossover to a separate
companion study (CA184-025)* to undergo reinduction
with ipilimumab at 10 mg/kg.

The induction phase ended for every participant when
all week-24 tumour assessments and other procedures
were complete. On-treatment patients without progressive
disease entered the maintenance phase beginning at
week 24 and continued at their assigned ipilimumab
dose every 12 weeks until progressive disease, death,
toxic effects requiring treatment discontinuation,
withdrawal of consent, or study closure. Two groups were
eligible to enter the maintenance part of the trial. The
first group consisted of individuals who did not progress
during the induction phase and who had an Eastern
Cooperative Oncology Group performance status of 0-1
at week 24, and those with no toxic effects requiring
discontinuation. These patients continued to receive
ipilimumab every 12 weeks until withdrawal of consent,
progression (by WHO criteria), toxic effects requiring
discontinuation of treatment, start of subsequent
non-ipilimumab therapy, or discontinuation because of
database lock. The second group contained individuals
who did not progress during the induction phase but
who had a poor performance status (>1), or toxic effects
requiring discontinuation. These patients could continue
with tumour assessment only until progressive disease.

We undertook CT or MRI of the chest, abdomen, and
pelvis during the screening phase and at every tumour
assessment. We did brain scans in the screening phase to
rule out presence of brain metastases, and repeated these

www.thelancet.com/oncology Vol 11 February 2010
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s clinically indicated to detect progressive disease.
visible cutaneous lesions with digital
hy at every tumour assessment.
radiological and photographic tumour
ments in all patients at baseline and week 12; in
who did not progress, assessments continued
s 16, 20, and 24, and every 3 months thereafter.
d duals with progressive disease before week 12, but
yut rapid clinical deterioration, could continue
ent,and we labelled these people asnon-progressors
eek-12 assessment showed stable disease or better
d with baseline. If we judged such patients to be
ors at week 12, we used the earlier date as the
progression (an overall response assessment of
sive disease at or after week 12 precluded a
juent designation of stable disease, complete
or partial response). We characterised
ividuals with rapid progressive disease, who did not
je: fnﬂw—up scan at week 12, as unknown (progressive
by clinical observation only). All radiographic
s obtained after progressive disease and before
tive anticancer treatment were included in the
endent review committee assessment.
e defined measurable disease as lesions with a
neter of 20 mm or greater (in at least one place) and a
dicular dimension of 10 mm or greater (or
mm for spiral CT). We characterised the area as the
ct of the largest diameter with its perpendicular.
Non-measurable (assessable) disease consisted of all

other tumours, including measurable disease in one
dimension only and small lesions with a diameter of less
than 20 mm. We selected as index lesions all measurable
tumours (up to a maximum of five per organ, including
the skin, and 15 in total). We designated measurable
tumours not regarded as index lesions, and all sites of
non-measurable disease, as non-index lesions.

We used WHO criteria to ascertain overall response,
according to combined assessments of index and
non-index lesions. For index lesions, we defined complete
response as full disappearance of all designated tumours;
partial response as a decrease by at least 50% of the sum
of the products of the two largest perpendicular diameters
of all index lesions relative to baseline; stable disease as
disease not meeting criteria for complete or partial
response in the absence of progressive disease; and
progressive disease as a 25% or greater increase in the
sum of the products of all index lesions relative to nadir,
the appearance of any new tumours, or both. For
non-index lesions, we defined complete response as full
disappearance of all tumours; stable disease or partial
response as no change or any change with persistence of
one or more non-index lesions; and progressive disease
as appearance of any new tumour, unequivocal
progression of non-index lesions, or both.

We applied novel immune-related response criteria to all
on-study patients; these measures evolved from those of
WHO to incorporate both conventional and novel patterns
of response not seen previously with chemotherapy.* They

[284 consented

-

I 284 screening/baseline

67 excluded

50 did not meet inclusion criteria
> 8 withdrew consent
3 died
6 other reasons

217 randomly assigned

|

|

1 :
o

' | 73 allocated ipilimumab 0-3 mg/kg

1did not receive any ipilimumab dose
. ' 72 received at least one ipilimumab induction
o dose dose
‘ 49 received all four ipilimumab induction doses

72 allocated ipilimumab 3-0 mg/kg

1did not receive any ipilimumab dose
71 received at least one ipilimumab induction

50 received all four ipilimumab induction doses

72 allocated ipilimumab 10 mg/kg
1did not receive any ipilimumab dose
71 received at least one ipilimumab induction
dose
36 received all four ipilimumab induction doses

4 received ipilimumab as maintenance 8 received ipilimumab as maintenance 8 received ipilimumab as maintenance
23 discontinued study treatment® 21 discontinued study treatment* 35 discontinued study treatment*
Ullliletoassssresponse 12 unable to assess response 15 unable to assess response
,. 1 : ; |
‘ | 53analysed for response evaluation 60 analysed for response evaluation 57 analysed for luati

i 72 analysed for incidence of adverse events

71 analysed for incidence of adverse events

71 analysed for mnd:nte of adverse events

\: thpmﬁle
“Received fewer than four induction doses.
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Ipilimumab 03 mg/kg Ipilimumab 3 mg/kg Ipilimumab 10 mg/kg
(n=73) (n=72) (n=72)
Sex (male) 52(71) 48(67) 44 (61)
Ethnic origin (white) 72(99) 72 (100) 70(97)
Age (years) 59 (25-85) 59(29-78) 56 (19-83)
Lactate dehydrogenase
Within ULN 38(52) 40 (56) 33 (46)
>ULN 35(48) 32 (44) 39(54)
M-stage at study entry
Mo 5@) 4(6) 3(4)
Mia 10 (14) 11(15) 17(24)
Mib 13(18) 21(29) 15(21)
Mic 45(62) 36(50) 37(51)
ECOG performance status
0 46 (63) 44(61) 41(57)
1 26 (36) 28(39) 31(43)
2 1(1)* 0 0
Sites of commonest index lesionst
Lymph nodes 41(56) 42(58) 41(57)
Liver 27(37) 25(35) 30(42)
Lung 26(36) 24(33) 24(33)
Skin 1(15) 6(8) 12(17)
Chest wall 11(15) 2(3) 5@)
Adrenal gland 9(12) 4(6) 203)
Spleen 8(11) 1(1) 4(6)
Previous systemic treatment regimens
1 23(32) 22(31) 27(38)
2 21(29) 32 (44) 19(26)
3 16 (22) 16(22) 19(26)
4 8(11) 2(3) 5(7)
25 5() 0 2(3)
Previous systemic treatment
Dacarbazine 47 (64) 38(53) 45(63)
Temozolomide 23(32) 26(36) 29 (40)
Fotemustine 12 (16) 6(8) 9(13)
Other chemotherapeutic agent 38 (51) 35(49) 36(50)
Interleukin 2 16 (22) 17(24) 7(10)
Best response to previous therapy#
Complete response 4(5) 2(3) 34
Partial response 6(8) 10 (14) 8(11)
Stable disease 31(42) 31(43) 26 (36)
Progressive disease 30(41) 29 (40) 33(46)
Unable to ascertain 2(3) 0 2(3)
Data are number of patients (%) or median (range). ULN=upper limit of normal. ECOG=Eastern Cooperative Oncology
Group. *This patient was inadvertently included in the intention-to-treat population. Arising in at least 10% of
patients in any treatment group; patients could have lesions in more than one site. $Any previous systemic therapy
including adjuvant treatment.
Table 1: Baseline characteristics
accounted for total tumour burden (ie, measurable index
and new lesions), as established by the independent review
committee. Thresholds for response and progression
remained the same as for WHO criteria.”
We graded adverse events with the National Cancer
Institute’s common terminology criteria for adverse
158

events version 3.0, and we based safety analyses op
frequency and severity of all adverse events for all patients
receiving at least one dose of ipilimumab. We recordeq
adverse events from the date of first dose up to anqg
including 70 days after the final dose (corresponding to
five half-lives).

We based all efficacy endpoints (except survival) on
assessments made by a central independent review
committee. The primary endpoint was best overall
response rate, defined (per protocol) as the proportion of
patients with complete or partial responses (by WHO
criteria). We confirmed any complete or partial response
at a second assessment done at least 4 weeks after criteria
for response were first met. We measured best overall
response rate at the end of the primary observation
period, which ended after the last randomised patient
had completed the tumour assessment at week 24.

Secondary objectives included an assessment of disease
control rate (proportion of complete and partial responses
plus stable disease), median overall survival, and survival
rate at 1 year. We also established the safety profile of
ipilimumab at every dose level. Additional analyses
included progression-free survival rate at week 24. We
assessed survival throughout the observation period and
about every 6 months thereafter.

Statistical analysis

We calculated that 70 patients should be randomly
allocated to every treatment group, whereby the
maximum width of the exact 95% CI for best overall
response rate at 10 mg/kg, 3 mg/kg, and 0-3 mg/kg
would be about 18%, 15%, and 12% if the true best overall
response rate lay in the anticipated 10-15%, 6-9%, and
2-5% ranges, respectively. We did not select the sample
size to achieve a prespecified power for a particular
statistical test.

We estimated best overall response rate in every
treatment group and calculated the corresponding exact
two-sided 95% CI with the method of Clopper and
Pearson.” To assess the dose-response relation for best
overall response rate, we used a one-sided exact
Cochran-Armitage trend test with a 0-05 significance
level.* We calculated overall and progression-free survival
with the Kaplan-Meier product-limit method to provide
the median estimate together with a two-sided 95% ClI
for the median, calculated with the method of Brookmeyer
and Crowley.” We used the Kaplan-Meier method to
calculate the survival rate in every treatment group,
together with a corresponding two-sided 95%
bootstrap CI. We calculated the progression-free survival
rate at week 12 for every arm with the Kaplan-Meier
productlimit method, truncated at the week 24
assessment, and a corresponding two-sided 95% bootstrap
CI. We did efficacy analyses by intention to treat, whereas
safety analyses included patients who received at least
one dose of ipilimumab. We did statistical analyses with
SAS version 8.2 (SAS Institute, Cary, NC, USA).

www.thelancet.com/oncology Vol 11 February 2010
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Ipilimumab0-3mg/kg  Ipilimumab3mg/kg  Ipilimumab 10 mg/kg
(n=73) (n=72) (n=72)
0 2
0 - | 6
10 16 13
43 4 36
progressive disease by clinical observation only) 20 12 15
overall response rate* 0% (0-0-4-9) 42% (0.9-11.7) 11:1% (4-9-207)
ntrol rate 13.7% (6:8-23.8) 26.4% (16:7-381) 29.2% (19-0-41.1)
ber (%) with disease control 224 weeks (complete or partial response 0 (0%) [0:0-4.9] 2(3%)[0:3-9-7] 5(7%) [23-155]
stable disease) [95% C1]
5% C1) overall survival (months) 86(77-127) 87(6-9-12-1) 11:4 (6-9-161)
vival at 1 year 39-6% (28:2-51-2) 39-3% (28-0-50.9) 48-6% (36-8-60-4)
18 months 23.0% (134-336) 302% (19-8-41.4) 345% (234-46-2)
urvival at 24 months 18-4% (9-6-28-2) 24-2% (14-4-34.8) 29.8% (19-1-41-1)
)R) survival follow-up (months) 83(35-153) 87(40-223) 107(36-233)
ogression-free survival at 24 weekst 2:7% (0-0-7-3) 12.9% (0-0-25-9) 18.9% (7.9-28.9)
patients (%) or rate (95% C1), unless otherwise indicated. “Number of patients with complete or partial response/N. tNumber of patients with complete
stable disease/N. $Calculated with the Kaplan-Meier product-limit method for all patients, which includes censoring, and therefore the rates for
are different from disease control rates.

population pharmacokinetic analyses of ipilimumab,
¢ used non-linear mixed-effects compartmental
nodelling with the NONMEM software program version
[ (level 1.1). We developed this model in three stages.
rst, we developed a base model to describe the
macokinetics of ipilimumab without consideration
covariate effects. Second, we developed a full-covariate
odel by incorporation of the effect of all prespecified
Ovariate-parameter relations. Last, we developed the
nal model by retention of only the statistically significant
clinically important covariate-effect parameters. To
the model, we used a total of 1761 observations of
mumab concentration in serum from 419 patients
advanced melanoma who received a 10 mg/kg dose
he drug in three phase 2 studies (CA184-007,"
34-008,“ and this study). In the current study, we
ned seven serum samples for pharmacokinetic
yses as follows: pre-dose and end of infusion for
land 3; between 3 and 7 days after dose 3; between
nd 15 days after dose 3; and pre-dose for dose 4. We
*asured ipilimumab concentrations in serum with
ntitative ELISA, as described.”
We assessed the model by visual and quantitative
ictive performance check methods applied to the
el development dataset. Furthermore, we did external
ation of the population pharmacokinetic model by
dl and numeric predictive performance check with
S¢ pharmacokinetic data from a separate phase 2
¥ (CA184-004),* in which ipilimumab was
inistered with the same schedule, at doses of 3 mg/kg
and 10 mg/kg. Finally we applied the population
. Pharmacokinetic model to simulate distributions of

com/oncology Vol11 February 2010

ipilimumab steady-state trough concentration (C,,)
before the fourth (and last) induction dose, to assess the
extent to which patients receiving ipilimumab induction
doses of 0- 3 mg/kg, 3 mg/kg, and 10 mg/kg achieved the
target C,,, concentration of 20 pg/mL (which resulted in
near complete receptor saturation in vitro).

We used the pharmacodynamic analysis to examine
patterns of change in absolute lymphocyte count over
time and how these patterns differed as a function of
dose. The analysis included all treated individuals with
an unambiguous date of first dose of ipilimumab (n=213)
and all absolute lymphocyte count assessments between
28 days before first dose and the end of a target window,
inclusive. The end of the target window was nominally
84 days since first dose. In practice, for every patient, we
defined the end of the target window as: either 84 days
since first dose or 21 days since dose four, whichever was
later, if that window captured at least one value for
absolute lymphocyte count at least 7 days after dose four;
otherwise, either 91 days since first dose or 28 days since
dose four, whichever was later, if that window captured at
least one value for absolute lymphocyte count; otherwise,
84 days since first dose. If a patient skipped dose four, we
used 63 days since first dose as the (imputed) date of
dose four for the above calculations. If several absolute
lymphocyte count assessments for one patient shared the
same date, we used their arithmetic mean.

We used an extended linear model, fit by restricted
maximum likelihood, to estimate mean absolute
lymphocyte count as a function of days since first dose, by
treatment group, and the corresponding pointwise
two-sided 95% CI. The model had fixed effects of
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Figure 2: Kaplan-Meier estimate for overall survival, by treatment arm

Ipilimumab 03 mg/kg Ipilimumab3 mg/kg Ipilimumab 10 mg/kg
(n=72) (n=71) (n=71)

Overall serious adverse events
Total 26 35 38
Grade 5 15 14 15
Drug-related 6 13 19
Drug-related (grade 5) 0 0* 0
Adverse events leading to discontinuation
Total 9 7 19
Drug-related (any grade) 3 5 1n
Drug-related (grade 3-4) 2 9
Most frequent treatment-related adverse eventst
Diarrhoea

Any grade 12 18 28

Grade 3-4 0 A 10
Nausea

Any grade 1 13 17

Grade 3-4 V] 0 1
Vomiting

Any grade 6 5 10

Grade 3-4 0 1 0
Pruritus

Any grade 2 15 23

Grade 3-4 0 1 2
Rash

Any grade 3 17 16

Grade 3-4 0 1 0
Fatigue

Any grade 16 12 16

(Continues on next page)
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treatment (as a three-level factor) and days since first
dose. We modelled the effect of days since first dose by
linear splines with, for every patient, a knot at the day of
every induction dose and interaction between treatment
and the splines. For a skipped dose, we used the
nominal days since first dose value (0, 21, 42, or 63) for
placing a knot. We modelled within-individual correlations
with a spatial exponential structure with Euclidean
distance, and within-individual variances inversely
proportional to the number of absolute lymphocyte
counts on a given day. We did pharmacodynamic analyses
and plotting with S-Plus 70.6 for Unix/Linux.

This study is registered with ClinicalTrials.gov, number
NCT00289640.

Role of the funding source

This work was undertaken as part of a clinical trial
programme for which Bristol-Myers Squibb served as
the study sponsor and provided funding support. AH
(Bristol-Myers Squibb) contributed to study design.
KChin, KChen, and AH (Bristol-Myers Squibb)
contributed to analysis and interpretation of data and
writing of the report. The corresponding author had full
access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

284 patients were enrolled into the current study, and
217 were randomly allocated treatment between April 6.
2006 and Jan 24, 2007 (figure 1). The most frequent
reason for screening failure was presence of a brain
metastasis  (32/67). Demographics and baseline
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: ics were consistent across treatment groups
» 1). All 217 patients who underwent random
ation had received previous systemic therapy, 213 in
netastatic setting. 90% (196/217) had received
ukin 2, dacarbazine, temozolomide, fotemustine,
| combination. 118 (54%) patients had received
jous immunotherapy, including interferon (n=61;
), interleukin 2 (40; 18%), or an investigational

unotnerapy (20. 9%)
iree individuals who underwent randomisation were
reated because they no longer met study criteria
2) or because they withdrew due to progressive
ase (n=1). Thus, 214 patients were treated with
imumab (figure 1). In the induction phase, 36 of 71,
of 71, and 49 of 72 treated individuals received all four

numab doses (10 mg/kg, 3 mg/kg, and 0-3 mg/kg,
pectively). 20 of 214 patients received maintenance
rapy during the current study (CA184-022); nine who
| not receive maintenance dosing went directly into the
intenance phase in the separate companion study
184-025). 17 of 72, 26 of 72, and 23 of 73 patients from
10 mg/kg, 3 mg/kg, and 0-3 mg/kg groups,
ectively, progressed during this study and crossed
r to the companion study for reinduction dosing at
mg/kg. Median follow-up was for 10-7 (IQR 3-6-20-4),
(4-0-20-4), and 8-3 (3-5-15- 3) months for 10 mg/kg,
1g/kg, and 0-3 mg/kg groups, respectively.

2 shows efficacy data for every treatment group.
dose of ipilimumab increased, best overall response
se (p=0-0015, trend test). Survival data are presented
e 2 and figure 2. Hazard ratios for comparisons of
'- n overall survival between groups were as follows:
g/kg versus 0-3 mg/kg, 0-770 (95% CI 0-525-1-130);
g versus 3 mg/kg, 0-875 (0-593-1.291); and
g versus 0-3 mg/kg, 0-879 (0-604-1-279).
oup analyses of best overall response rate and
overall survival, according to stratification criteria, were
onsistent with the main analyses (data not shown).
The webfigure shows a waterfall plot of peak change in
tal tumour burden, tracked by immune-related
nse criteria, by dose. Two patients allocated

g ipilimumab achieved a partial response (one
irmed) at week 15 after initial progressive disease (by
O criteria) at week 12; these responses were not
uded in the estimation of the primary endpoint. One
ent in the 3 mg/kg group achieved a reduction in
I tumour burden after progressive disease. Stable
followed by a slow steady decline in total tumour
n was noted in all three treatment groups.

b umabhadamanageable safety profile at all three
ose: (table 3). The most frequently reported adverse
its were immune-related; most of these were
de 1-2 and mainly affected the skin and gastrointestinal
ct. The frequency of immune-related adverse events of
Any grade rose with increasing dose of ipilimumab. No
8fade 4 immune-related adverse events were recorded in
any group and no grade 34 events were seen in patients

.
|CLE]
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Ipilimumab 0-3 mg/kg npmam w»-mm

(n=72)

(Continued from previous page)

Grade 3-4 1 1
Colitis

Any grade 0 4

Grade 3-4 0 1
Immune-related adverse eventst
Any grade 19 46
Grade 3-4 0 5
Immune-related adverse events by area
Gastrointestinal

Any grade 12 23

Grade 3-4 4] 2
Liver

Any grade 0 0

Grade 3-4 0 0
Endocrine

Any grade 0 4

Grade 3-4 0 2
Skin

Any grade 9 32

Grade 3-4 0 1
Other

Any grade

Grade 3-4 0 0

pneumonitis (n=1).

*One patient died because of grade 3 respiratory infection on day 51, within 30 days of last dose date. This event of
death was not captured as a drug-related death in the clinical database before database lock (Nov 13, 2007); however,
analysis of the internal safety database indicated the death and, according to the investigator, the event was possibly
related to the study drug. 1Present at 10% or higher at any grade for non-immune-related adverse events or 5% or
higher at any grade for immune-related adverse events (diarrhoea, pruritus, rash, and colitis). #Scleritis (n=1) and

50
18

28
1

2%

Table 3: Safety results

allocated the 0.3 mg/kg dose. Overall, the incidence of
serious immune-related adverse events was 5% or lower
in all treatment groups, except for gastrointestinal
immune-related adverse events in patients assigned the
10 mg/kg dose.

The most frequent reason for treatment dis-
continuation or death in all three groups was progressive
disease. Table 3 shows the number of patients with
drug-related adverse events leading to discontinuation.
In the 0-3 mg/kg group, individuals who discontinued
reported asthenia and bone pain (grade 3). In the
3 mg/kg group, enteritis (grade 2) and hypopituitarism,
hydrocephalus, confusion, respiratory-tract infection,
and diarrhoea (grade 3) were noted as reasons for
stopping treatment. The most frequent (=5%)
drug-related adverse event leading to discontinuation
with the 10 mg/kg dose was grade 3 diarrhoea (in six of
nine patients).

One possible treatment-related death was recorded in
the 3 mg/kg group (respiratory infection on day 51). No
gastrointestinal perforation was reported, although one
patient assigned the 10 mg/kg dose developed immune

See Online for webappendix
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Figure 3: Concentrations of ipilimumab in serum, by treatment group

(A) Observed (circles) and predicted concentrations of ipilimumab versus time. Red line=median. Green shaded
region=90% prediction interval. (B) Distribution of model-predicted Cmin. Dashed line=target trough
concentration. Box=median and interquartile range. Whiskers=5th and 95th percentiles. Analyses pertain to
concentrations in the dose interval prior to the last induction dose.
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colitis with gastrointestinal bleeding requiring colectomy.
Diarrhoea and colitis (confirmed on biopsy) were, in
general, managed effectively with oral or systemic
steroids. Patients maintained their response to
ipilimumab when treated with steroids, as reported in
other studies.” In the 10 mg/kg group, grade 3-4
diarrhoea resolved or improved (to grade 1 or lower, or
baseline grade) after a median of 4.4 weeks (95% CI
1-0-6-0) in all ten patients. Grade 3—4 immune-related
adverse events of the liver (managed with steroids) and of
the endocrine system (managed with steroids, hormone
replacement therapy, or both) resolved or improved
within 30 days of the last ipilimumab dose.

The population pharmacokinetic analysis of
ipilimumab was characterised by a two-compartment
model with zero-order intravenous infusion ang
first-order elimination. Parameters in the model were
clearance, volume of central compartment, inter.
compartmental clearance, and volume of peripherg]
compartment. Interindividual variability in clearance
and volume of central compartment was represented by
lognormal distributions and the residual error by a
combined model (additive and proportional error).
Analysis of covariate effects indicated that clearance
rose with increase in baseline bodyweight and
concentration of lactate dehydrogenase in serum, and
volume of central compartment grew with increase in
bodyweight. Other demographic and clinical covariates
tested were not significant.

The final population pharmacokinetic analysis provided
an adequate description of ipilimumab serum
concentration-time profiles (figure 3A). Model-based
simulation to assess achievement of the target trough
concentration of 20 pg/mL before the fourth (and last)
dose in the induction phase indicated that the target
concentration was expected to be exceeded by about 95%
of patients in the 10 mg/kg group, but by only 30% and
0% in the 3 mg/kg and 0-3 mg/kg groups, respectively
(figure 3B). Moreover, ipilimumab at 10 mg/kg induced a
greater mean rate of increase in absolute lymphocyte
count than did the lower doses (figure 4).

Discussion

In the current study, ipilimumab monotherapy showed a
dose-dependent effect on pharmacokinetic, biological,
and clinical variables in patients with advanced
melanoma. The primary endpoint (best overall response
rate) was associated significantly with increasing dose of
ipilimumab. This study was not designed to detect
differences in survival between groups; however,
favourable non-significant results were noted with the
10 mg/kg dose for both overall and progression-free
survival, despite about a third of patients in the lower
dosing groups crossing over to the 10 mg/kg group in the
separate companion study (around 3 months after
randomisation). Indeed, this crossover might have
confounded survival differences between groups. Overall,
our pharmacokinetic and pharmacodynamic data lend
support to our clinical observations of superior CTLA4
target inhibition and lymphocyte activation at the highest
ipilimumab dose and suggest that administration
of ipilimumab at 10 mg/kg could be beneficial in an
induction-maintenance regimen for patients with
pretreated advanced melanoma.

The results of the current study are consistent with
those of a single-arm phase 2 trial of 155 pretreated
patients with advanced melanoma who were administered
ipilimumab at 10 mg/kg. They showed a 1-year survival
of 47.2% (95% CI 39-5-55-1) and a median overall
survival of 10-2 months (7-6-16-3).* The survival data
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 both these trials are especially noteworthy in view
or outlook of the patients (eg, >50% had Mic
se) and since a raised lactate dehydrogenase
on at baseline was not an exclusion criterion,
, in many other studies. As a benchmark for
g and future studies, a meta-analysis of 42 phase
als (which included 2100 untreated and pretreated
nts with stage IV melanoma) recorded a median
1l survival of 6-2 months and a 1-year survival of
$9;° multivariate analyses showed that Eastern
Oncology Group performance status,
of visceral disease, sex, and brain metastases
ant prognostic factors for overall survival.”
excluded individuals with brain metastases,
ients in the 10 mg/kg group had a performance
us of 0 or 1; however, more than 60% were men and
ad visceral disease, both of which are associated
overall survival. Overall, the results of our
ppport further investigations to establish if
mab can extend survival in patients with
melanoma, both in those with good and poor
nostic factors.
w response patterns have been noted consistently in
ical studies with ipilimumab, which are captured by
mmune-related response criteria, as shown by
tory analyses of data from study CA184-008 and
rrent study.” These patterns include a response in
nce of new lesions and a decline in total tumour
| after progressive disease, as characterised by
ed WHO criteria.” Stable disease is also commonly
d with ipilimumab therapy, which in some
ts is followed by a slow, steady decline in total
burden.”** Most importantly, patients who
e stable disease have a favourable survival outcome
nilar to individuals who achieve an objective response.”
le disease was recorded in all three treatment groups
current study, although the number of patients
ing clinical activity per immune-related response
were few. Capturing such responses might have
en limited by the small size of the study and incomplete
ow-up after progressive disease.
he overall adverse event profile of ipilimumab in
lis study is consistent with previous findings and with
& drug’s immune-based mechanism of action.”
imune-related adverse events differ from adverse
its typically reported with cytotoxic agents, and
de 3-4 immune-related events need swift medical
ention to prevent life-threatening outcomes. A
€-dependent increase in immune-related adverse
nts of any grade was seen with increasing dose of
limumab; grade 34 events affected a quarter of
ients in the 10 mg/kg group. Although no grade 34
imune-related adverse events were reported in the
3 mg/kg group, the appearance of mild-to-moderate
imune-related events suggests a biological effect of
limumab that was sufficient to cause mild effects
insufficient to translate into an objective response.
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Figure 4: Fitted mean absolute lymphocyte count versus weeks since first dose, by treatment group
Datapoints include 4 weeks before baseline to the end of the induction dosing period. Thick curves=fitted means.
Thin curves=pointwise two-sided 95% Cl.

Most high-grade events could be managed medically
with treatment guidelines included in the trial protocol,
and they resolved or improved within about 4 weeks.”

Our results indicate that treatment with ipilimumab
monotherapy at 10 mg/kg showed activity in heavily
pretreated patients with advanced melanoma, with
high-grade immune-related adverse events well managed
with specific treatment guidelines. Further investigations
of ipilimumab efficacy and safety at 10 mg/kg in patients
with advanced melanoma are warranted. Ongoing studies
include a phase 3 trial of ipilimumab (at 10 mg/kg) in
combination with dacarbazine (at standard dosing) in
treatment-naive patients with unresectable stage III or
IV melanoma.
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