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Abstract

Purpose— CTL-associated antigen 4 (CTLA-4) can inhibit T-cell activation and helps maintain
peripheral self-tolerance. Previously, we showed immune-related adverse events (IRAE) and
objective, durable clinical responses in patients with metastatic melanoma treated with CTLA-4
blockade.We have now treated139 patients in two trials and have sufficient follow-up to examine
factors associated with clinical response.

Experimental Desigh— A total of 139 patients with metastatic melanoma were treated: 54 patients
received ipilimumab in conjunction with peptide vaccinations and 85 patients were treated with
intrapatient dose escalation of ipilimumab and randomized to receive peptides in accordance with
HLA-A*0201status.

Results— Three patients achieved complete responses (CR; ongoing at 29+, 52+, and 53+ months);
an additional 20 patients achieved partial responses (PR) for an overall objective response rate of
17%. The majority of patients (62%, 86 of 139) developed some form of IRAE, which was associated
with a greater probability of objective antitumor response (P = 0.0004); all patients with CR had
more severe IRAESs. Prior therapy with IFNa-2b was a negative prognostic factor, whereas prior
high-dose interleukin-2 did not significantly affect the probability of response. There were no
significant differences in the rate of clinical response or development of IRAEs between the two
trials. The duration of tumor response was not affected by the use of high-dose steroids for abrogation
of treatment-related toxicities (P = 0.23). There were no treatment-related deaths.

Conclusion— In patients with metastatic melanoma, ipilimumab can induce durable objective
clinical responses, which are related to the induction of IRAEs.

Patients with metastatic melanoma experience a 5-year survival probability of <10%, with a

median survival of ~7 months. Dacarbazine is the only chemotherapeutic agent approved for
use in metastatic melanoma, with reported response rates of 6% to 20%, although few patients
experience complete responses (CR) and even fewer are durable (1). High-dose interleukin-2
(IL-2) administration, the only other approved treatment for these patients in the United States,
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mediates objective responses in ~15% of patients, with 7% of patients experiencing complete
durable responses (2).

We and others have recently reported that the administration of an anti-CTL antigen 4
(CTLA-4) monoclonal antibody (ipilimumab) can mediate objective tumor regression in ~15%
of patients with metastatic melanoma (3-6). CTLA-4 expressed on lymphocytes can bind to
B7-1 and B7-2 (CD80 and CD86) on the surface of an APC, suppress lymphocyte reactivity,
and interfere with I1L-2 secretion and IL-2 receptor expression (7-14). With the exception of
T regulatory cells (CD4*CD25%, foxp3™), resting lymphocytes do not constitutively express
CTLA-4 on their surface (15,16); however, expression is transiently up-regulated after binding
of the T-cell receptor (17,18). Preclinical murine models have shown that CTLA-4 blockade
can enhance immune-mediated tumor rejection (19-22).

In this report, we present the results of 139 consecutive patients with metastatic melanoma
treated with ipilimumab in the Surgery Branch, National Cancer Institute, evaluating objective
cancer responses and toxicities and analyzing prognostic and treatment factors associated with
these clinical events.

Materials and Methods

Patients and treatment

All patients had measurable stage IV melanoma, an Eastern Cooperative Oncology Group
(ECOG) performance status <2, no clinical evidence or history of autoimmune disease, and
were greater than 3 weeks from any prior systemic cancer therapy. After signing informed
consent, patients were enrolled in one of two trials conducted in the Surgery Branch, National
Cancer Institute (Bethesda, MD) between March 2002 and December 2005. These two trials
were approved by the Institutional Review Board of the National Cancer Institute. Response
to treatment and survival were assessed in all patients as of April 1, 2007 with median follow-
up of 50 (range, 37-61) and 29 (range, 16—-36) months, respectively, in the two trials.

Trial 1 consisted of two cohorts of patients. In cohort 1, 29 HLA-A*0201 patients received
anti-CTLA-4 antibody (ipilimumab, Bristol-Myers Squibb/Medarex, Inc.) every 3 weeks at 3
mg/kg i.v. over 90 min in conjunction with the s.c. injection of 1 mg of gp100:209-217 (210M)
peptide (IMDQVPFSV) emulsified in Montanide ISA-51 in one extremity and 1 mg of
gp100:280-288(288V) peptide (YLEPGPVTYV) similarly emulsified in another extremity. In
cohort 2, 27 HLA-A*0201 patients received peptide vaccination in an identical fashion;
however, an initial dose of 3 mg/kg ipilimumab was followed by subsequent doses every 3
weeks of 1 mg/kg. Ipilimumab was supplied by the manufacturer; peptides and Montanide
ISA-51 were supplied by the Cancer Therapy Evaluation Program, National Cancer Institute.

The results of trial 1 and the association seen between the induction of grade 3/4 immune-
related adverse events (IRAE) and clinical response led to a more aggressive dosing strategy.
Trial 2 was designed as an intrapatient dose-escalation study. HLA-A*0201 — positive patients
were randomized to receive ipilimumab alone or in conjunction with gp100:209-217(210M)
and gp100:280-288(288V) peptides emulsified in Montanide ISA-51. HLA-A*0201 -
negative patients received ipilimumab alone. Ipilimumab treatment was started at 3 mg/kg. If
after one course (two treatments), patients did not achieve an objective response or a dose-
limiting toxicity, the dose was increased to 5 mg/kg. After another two treatments, patients
could then be escalated to 9 mg/kg/dose. After initial enrollment of 38 patients, rapid disease
progression limited the number of patients able to escalate as planned, and the trial was
amended to start with a dose of 5 mg/kg and another 50 patients were accrued. Thus, a total of
144 patients were treated.
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The majority of patients were treated until progression or unacceptable toxicity; a few patients,
whose disease neither progressed nor responded, received the maximum number of cycles. No
patients received concurrent systemic cancer therapy while enrolled on protocol.

Five patients were excluded from the final analysis; in two patients, a diagnosis of metastatic
melanoma was presumed from clinical history and suspicious metastatic lesions, but resection
of lesions after completion of therapy yielded a diagnosis of sarcoma and lung adenocarcinoma.
Additionally, three patients were the only patients that had previously received non-
myeloablative chemotherapy with adoptive cell transfer and remained highly
immunosuppressed before ipilimumab. None of these five patients experienced an objective
response. The remaining 139 patients are the subject of this analysis.

An additional trial conducted at the Surgery Branch studied combination therapy with
ipilimumab and IL-2. Those patients are not included in this analysis of ipilimumab as single-
agent i.v. therapy.

Clinical evaluation of response

Each patient was evaluated radiographically, including, but not limited to, computed axial
tomography of the chest, abdomen, and pelvis and magnetic resonance imaging of the brain
within 4 weeks of initial therapy. Scheduled evaluations occurred after every two doses of
therapy. Tumor assessments were done in accordance with Response Evaluation Criteria in
Solid Tumors criteria (23). A partial response (PR) was defined as a >30% decrease in the sum
of the longest diameters of target lesions lasting at least 1 month with no new tumors appearing.
Complete responses (CR) required a total resolution of all lesions lasting at least 1 month.
Response rates include only complete and partial responders. Patients not meeting these criteria
were considered nonresponders.

Autoimmunity screening and IRAE evaluation

All patients underwent baseline ophthalmologic evaluations, repeated at the end of each course
or on development of visual symptoms. Patients were required to have negative baseline
rheumatoid factor, antithyroglobulin, and anti — nuclear antibody at study entry. As clinical
data accrued, additional mechanisms were instituted to rule out the appearance of IRAEs after
the initiation of treatment, such as routine endocrine laboratory studies with each cycle of
therapy, including adrenocorticotropic hormone, thyroid stimulating hormone, cortisol, and
free T4. For the purposes of this study, the most severe grade of each IRAE type was recorded
per patient. Clinical management of severe IRAEs, including use of high-dose steroids, evolved
over time but became more standardized for later patients.

Statistical analysis

Individual, dichotomous patient characteristics were compared between objective responders
(CR + PR) and nonresponders using a x2 test or Fisher’s exact test, as appropriate. Age, number
of cycles, and cumulative dose (mg/kg) were compared using a Wilcoxon rank sum test. A
logistic regression model was used to identify factors that may jointly effect response.

Survival was calculated from the on-study date until the date of death or last follow-up (April
1, 2007), as appropriate. Progression-free survival was calculated from the on-study date until
date of radiographically identified progression, or date of last known follow-up without
documented progression. Similarly, for responders, duration of response was calculated from
the on-study date until the date of documented progression. For all patients, on-study date was
the date of administration of the first dose of ipilimumab.
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The probability of survival, progression-free survival, and the probability of duration of
response as a function of time were calculated using the Kaplan-Meier method, with the
statistical significance of the difference between curves determined by the Mantel-Haenszel
test. The association between grade of IRAES or stage of disease and response was determined
with an exact Cochran-Armitage trend test (24). A Cox model using a time-varying covariate
was used to determine the prognostic significance of development of any IRAE, which may
occur anytime from the first dose of antibody. A time-varying covariate analysis was also used
to determine the effect of steroid use on response duration.

All P values are two tailed and not adjusted for multiple comparisons.

Patient characteristics

Patients ranged in age from 21 to 69 years (Table 1), and the distribution of ages was not
statistically different between trial 1 and trial 2. Most patients had an ECOG performance status
of 0. Eighty-six percent of patients had undergone one or more systemic therapies for metastatic
melanoma; 45% (62 of 139) had received adjuvant therapy with IFNa-2b, 32% (44 of 139)
had high dose IL-2, and 24% (33 of 139) had DTIC-based chemotherapy. Additionally, 21%
(29 of 139) were treated with biochemotherapy regimens. A number of patients were heavily
pretreated, with 17% (24 of 139) having undergone three or more therapies for metastatic
melanoma. The majority of patients (109 of 139, 78%) had visceral metastases at the beginning
of therapy; 10 patients had evidence of brain metastases at enrollment. Despite a more
aggressive dosing strategy used in trial 2, the median number of cycles tolerated was similar
between trials (Table 1). As expected from the study designs, the total dose of ipilimumab
received was significantly higher among patients in trial 2.

Clinical outcomes

There was no significant difference in response rates, survival, or progression-free survival
among any of the individual cohorts or between trials 1 and 2 (data not shown), and thus the
actuarial curves of survival and progression-free survival for the combined groups are
presented in Fig. 1. The response rates and durations of response are presented in Table 2. Of
139 patients, 3 patients achieved a confirmed CR, including 1 who was enrolled with brain
metastases, and 20 patients achieved a confirmed PR for an overall response rate of 17%. Four
patients experienced a delayed response, not meeting response criteria for at least 12 weeks
after their last dose of ipilimumab. Two patients had completed the intrapatient dose escalation
and were noted to have response 15 and 24 weeks after cessation of therapy; the remaining
two patients experienced high-grade IRAEs requiring steroid administration and termination
of therapy, meeting response criteria at 27 and 33 weeks.

The median progression-free survival and overall survival of all patients were 2.9 and 15.7
months; for responding patients, median progression-free survival was 30.6 months and median
overall survival has not been reached. This computation was made retrospectively after
identifying those patients who had responded to therapy, the determination of which required
up to 7 months after beginning treatment. Twelve patients, including all three complete
responders, are ongoing responders at 17+ to 53+ months. Progression-free survival and overall
survival of the 23 responding patients are shown in Fig. 1C and D; three responders have died.

Prognostic factors associated with clinical outcome

Analysis of patient demographic data and treatment characteristics was done in an attempt to
elicit factors that may predict response in patients being treated with ipilimumab (Table 3A
and B). Only prior therapy with IFNa-2b was a negative prognostic factor, whereas no

Clin Cancer Res. Author manuscript; available in PMC 2008 November 15.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Downey et al.

IRAEs

Page 5

association with response was seen as a function of other prior treatment, sex, ECOG status,
HLA type, and sites of disease. Although increased age was associated with response in
univariate analysis, the prognostic value of age did not remain significant in a logistic
regression analysis once IRAEs and prior IFN were included together in a model.

There was no statistically significant difference in response between patients who did or did
not receive peptide vaccination, regardless of how the data were examined. For example, 40
patients were randomized to receive peptide (n = 19) or not (n = 21) as part of the design of
trial 2. Looking at those 40 patients separately, as well as in conjunction with all 54 patients
of trial 1, there were no significant differences in response rate according to peptide
administration. However, this trial was not powered to detect small differences that may be
due to peptide administration.

Because the dosing strategy was altered when designing the intrapatient dose escalation trial,
only patients accrued to trial 2 were included in an analysis of whether the number of cycles
and total doses administered were factors potentially associated with response. In univariate
analyses, both total dose and number of cycles were significantly associated with response.
The association between total dose and response, or number of cycles and response, likely was
because of the inability to complete the dose escalation in patients with nonresponding rapidly
progressive disease; thus, based on these data, we cannot draw any conclusions about the
relationship of number of doses to the likelihood of achieving a response.

Patients who were previously treated with IFNa-2b had a decreased duration of survival when
compared with those who did not receive adjuvant therapy with IFNa-2b (median, 12.4 versus
18.2 months; P = 0.023; Fig. 1E). Previous treatment with high-dose IL-2 did not have a
statistically significant effect on length of survival (median, 12.9 versus 16.9 months; P = 0.07;
Fig. 1F).

The majority of patients (86 of 139, 62%) experienced some form of IRAE (Table 4). The most
common was grade 1/2 dermatitis (30%) usually accompanied by pruritis (27%). Enterocolitis
and hypophysitis were the most common clinically significant grade 3/4 IRAEs and were
treated as previously reported (25,26). The relationship between development of an IRAE and
clinical response is shown in Table 5. Of the 50 patients who developed grade 3/4 IRAEs, 14
(28%) experienced an objective response, with a median duration of response of 34 months.
All three complete responders came from the subset of patients who experienced high-grade
IRAEs. Of 36 patients experiencing grade 1/2 IRAEs only, 8 (22%) experienced an objective
response, all partial, with a median duration of response of 11 months. For the 86 patients
experiencing any grade of IRAE, 22 (26%) were objective responders, compared with 2% (1
of 53) of patients who did not have any IRAE. Development of an IRAE was significantly
associated with likelihood of response (P = 0.0004). There were no treatment-related deaths
in this study.

Furthermore, as indicated previously, the development of any autoimmune side effect was
found to have a significant effect on clinical response when incorporated in a logistic model
based on all 139 patients, which included previous IFN as well. No other factors besides
autoimmune toxicity and prior IFN were jointly associated with response. In addition, by the
Cox model including development of any autoimmune toxicity as a time-varying covariate,
both prior IFN status (P = 0.013) and any autoimmune toxicity (P < 0.0001) were conditions
associated with an increasing probability of survival.
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Steroid administration

Treatment of the most severe of the high-grade IRAEs required administration of high-dose
systemic steroids. A time-varying covariate analysis of the subset of 23 responding patients
revealed that steroid administration had no significant effect on the duration of clinical response
(P = 0.23). Twelve patients were treated with steroids with a median duration of response of
19.3 months (Table 6), which was somewhat less than the median response for all responders
of 30.6 months. The 11 responders not treated with steroids have not yet reached a median
duration of response. These results require careful interpretation, however, as they were
retrospectively determined because the initiation of steroids may take place up to 2 years after
beginning CTLA-4 blockade treatment.

Twenty-six of the 116 nonresponding patients required steroid administration; this was not
associated with a survival difference (P = 0.99) when compared with the 90 nonresponding
patients not requiring steroid treatment.

Discussion

Completion of two trials treating patients with metastatic melanoma by blockade of CTLA-4
signaling provided the opportunity to evaluate prognostic factors related to response. The novel
finding of this analysis was that prior therapy with IFNa-2b diminished the likelihood of
response. The link between tumor regression and IRAEs was again shown. No other patient
or treatment characteristic meaningfully affected likelihood of response.

CTLA-4 blockade is thought to mediate its antitumor and IRAE-inducing effects by reducing
peripheral tolerance to self-antigens and increased T-cell activation, rather than by depletion
of CD4*CD25" T regulatory cells (27-30). Administration of anti—-CTLA-4 monoclonal
antibody had no effect on levels of foxp3 expression or on numbers of circulating
CD4*CD25* cells in peripheral blood; however, HLA-DR expression on CD4* and CD8" cells
was increased in vivo, accompanied by increased expression of CD45R0 on CD4* cells. These
changes were seen in the circulating lymphocytes of both clinical responders and
nonresponders (27).

The mechanism behind the CTLA-4 blockade—induced lymphocyte activation in murine
models is dependent on a mixed population of CD4* and CD8* lymphocytes (31,32). In a
murine model crossing gp100-specific TCR transgenic mice (pmel-1) with CTLA-4~ ~ mice,
the pmel-1 CTLA-4~/~ mice developed profound autoimmune vitiligo, which was abrogated
in CTLA-4~/~, Rag-1~/~ pmel mice. Cotransfer of CTLA-4~/~ CD4" cells with CTLA-4 wild-
type CD8™ cells could not induce vitiligo. When both CD4 and CD8 populations lacked
CTLA-4, CD8 cells exhibited increased markers of activation; in the absence of CD4 cells, the
CD8 population expressed a more na;ve phenotype. Dysregulation of both populations thus
seems to be necessary to induce tumor regression and autoimmunity (33,34).

Preclinical murine models showed that blockade of CTLA-4 binding in conjunction with
antitumor vaccination could lead to tumor regression. Our initial clinical studies with fully
human anti-CTLA-4 antibody in combination with a peptide vaccine described objective
clinical responses in patients with metastatic melanoma, accompanied by a range of IRAEs,
the presence of which were highly related to response (25,26,35). We now update that
experience and report additional patients treated with a more aggressive dosing strategy (trial
2) designed to increase both the dose and duration of treatment as well as treat patients in the
absence of an antitumor vaccine (6). Despite more aggressive dosing and higher total doses
(in mg/kg) per patient, overall, no significant difference in response rates was achieved nor
were there significantly more IRAESs noted (data not shown). However, in study 2, response
rate was correlated with total dose (mg/kg) and the number of cycles of ipilimumab
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administered. This apparent dose-response effect is likely due to rapidly progressing
nonresponding patients withdrawing from therapy during the dose-escalation phase. Given
these observations, however, coupled with a degree of latency in the onset of response, with
considerable delay in some patients, a strategy of initiating treatment with higher doses of
ipilimumab (in the 10 mg/kg range), rather than dose escalation from lower doses, should be
evaluated.

Administration of a peptide vaccine had no effect on clinical response rates in either a
randomized or nonrandomized fashion. Although we saw no added effect, the numbers of
patients were small and larger studies are necessary to evaluate the combined administration
of ipilimumab and peptide vaccination.

Analysis of the larger number of patients presented herein continued to support the strong
association between clinical response and the induction of IRAEs (P = 0.0004), thus
emphasizing the close relationship between self-tolerance and tolerance to cancer antigens. It
is of interest to note that the median duration of response was longer in patients experiencing
high-grade IRAEs (11 versus 34 months); however, this was determined retrospectively and
requires careful interpretation.

As our experience with the administration of ipilimumab increased, the recognition and
treatment of severe IRAEs, particularly hypophysitis and colitis, became more standardized
(25,26). No patient in these trials suffered a lethal toxicity; all symptoms, except hypophysitis
with corticosteroid insufficiency, were reversible with administration of high-dose steroids.
Patients with enterocolitis typically presented with onset of watery diarrhea ~11 days after
receiving a dose of ipilimumab; most were admitted for observation and kept on restricted oral
intake. If the diarrhea did not resolve, endoscopy was done, and patients with severe symptoms
or histologic evidence of acute or chronic enteritis were started on i.v. dexamethasone.
Symptoms in four patients were refractory to steroids but responded to infliximab treatment
(25). Often, the first sign of hypophysitis was a swelling of the pituitary gland as noted on
magnetic resonance imaging of the brain. Some patients developed clinical hypophysitis with
headache and fatigue. Both subclinical and clinical presentations were treated with i.v. steroids.
Early treatment of subclinical hypophysitis did not obviate the need for eventual hormone
replacement. Although many patients recovered thyroid and testosterone/estrogen production,
all but one have required continued corticosteroid replacement (26). Long-term steroid usage
more closely approximates physiologic replacement doses and is not associated with steroid
sequelae. Despite administration of high-dose steroids for treatment of severe IRAEs, the
subset of responding patients maintained an antitumor effect.

An analysis of prognostic factors related to response showed no statistically significant effect
of sex, age, performance status (0 to 2), HLA type (A*0201 or non-A*0201), sites of disease,
or concomitant vaccine administration. Prior therapy with IFNa-2b, but not with IL-2 or other
therapies, was associated with a lower response rate. It is difficult to understand why IFN
therapy, but not other immunologic therapies, negatively affected response. In a trial of
adjuvant IFN therapy, the appearance of clinical manifestations of autoimmunity or the
development of autoantibodies seemed to be associated with improvements in progression-
free survival and overall survival (36). Thus, prior treatment with IFN may have affected the
tumor to select cells less responsive to CTLA-4 blockade.

Whereas there was no difference in response rates between IL-2 na;ve and IL-2-treated
patients, there was a statistically significantly higher incidence of bowel perforations in patients
receiving high-dose IL-2 after anti-CTLA-4 therapy (3 of 22, 14%; ref. 37). In addition,
concurrent use of steroids as necessary for management of IRAEs is a contraindication to I1L-2,
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suggesting that, if the patient is a suitable candidate, IL-2 therapy should be initiated before
ipilimumab.
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Fig. 1.

A and B, clinical outcomes 0f139 patients treated with CTLA-4 blockade. A, overall survival;
median,15.7 mo. B, progression-free survival; median, 2.9 mo. C and D, analysis of patients
who responded to treatment with anti — CTLA4 antibody (n = 23). C, overall survival; three
deaths noted to date among responders. D, duration of response from on-study date; median,
30.6 mo. E and F, effect of prior treatment regimens on overall and progression-free survival.
E, patients previously treated with adjuvant IFNa-2b (n = 62) compared with those who had
not received adjuvant IFN (n = 77). Survival durations were statistically different, with patients
not previously treated with IFN surviving longer (median, 12.4 versus 18.2 mo; P = 0.023).
F, patients previously treated with high-dose IL-2 (n = 44) compared with those who had not
received high-dose IL-2 (n = 95). Survival was not statistically different (median, 12.9 versus
16.9 mo; P = 0.07).
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Patient demographics

Protocol
Total
Sex
M
F
Age ()
Median (range)
ECOG
0
1-2
HLA
A0201
Other
Prior therapy
None
HDIL-2
IFNa-2b
Biochemotherapy
Chemotherapy
Other biological
Two or more
Stage of disease
M, (only s.c., lymph node)
M}, (lung sole site of visceral met)
M, (visceral met, or elevated lactate dehydrogenase)
Treatment characteristics
No. cycles
Median (range)
1-2

34

5-6

7-8

>8
Total dose (mg/kg), median (range)
Peptide administration

Yes

No

Not eligible (non-A2)

*
Six of these 62 patients received IFNa-2b after resection of distant metastases.

Table 1

Trial 1
54

36
18

53 (21-67)

43
11

54
0

15
13
23
10
6
11
18

8
11
35

35 (1-12)
23

20
5
3
3
6 (3-24)

54
0
0

Trial 2
85

56
29

49 (24-69)

54
31

40
45

5
31
39
19
27
31
45

12
19
54

4(1-10)
25

25
23
7
5
28 (3-70)

19
21
45

Page 11

Total
139

92 (66%)
47 (34%)

50 (21-69)

97 (70%)
42 (30%)

94 (68%)
45 (329%)

20 (14%)
44 (32%)
62 (45%)
29 (21%)
33 (24%)
42 (30%)
63 (45%)

20 (14%)
30 (22%)
89 (64%)

4(1-12)
48 (35%)
45 (32%)
28 (20%)
10 (7%)
8 (6%)
12 (3-70)

73 (53%)
21 (15%)
45 (32%)
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Duration of responses

Total

All patients 139

Trial 1 54
Duration (mo)

Trial 2 85

Duration (mo)

Table 2

PR
20
5
4,5, 43, 47+, 50+
15
6,6,7,9, 10, 10, 11, 17+, 17+, 18+, 19, 22+, 28+, 30+, 31+

NOTE: + indicates ongoing response.

CR
3
2
52+, 53+
1
29+
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PR+ CR
23 (17%)
7 (13%)
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Table 6
Duration of response in patients requiring steroid administration

No. patients Duration of response Median (mo)
All responders 23 30.6
Requiring steroids 12 6,7,9,10, 11, 19, 28+, 29+, 31+, 43, 47+, 52+ 19.3
Not requiring steroids 11 4,5,6,10, 17+, 17+, 18+, 22+, 30+, 50+, 53+ Not reached
*

By time-varying covariate analysis.
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