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SUMMARY

Background—To evaluate the efficacy and safety of ramucirumab (IMC-1121B; LY 3009806), a
fully human monoclonal antibody targeting the vascular endothelial growth factor receptor-2,
alone and in combination with dacarbazine in chemotherapy-naive patients with metastatic
melanoma (MM).

Methods—Eligible patients received ramucirumab (10 mg/kg) + dacarbazine (1000 mg/m?)
(Arm A) or ramucirumab only (10 mg/kg) (Arm B) every 3 weeks. The primary endpoint was
progression-free survival (PFS); secondary endpoints included overall survival (OS), overall
response, and safety.
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Findings—Of 106 randomized patients, 102 received study treatment (Arm A, N =52; Arm B, N
= 50). Baseline characteristics were similar in both arms. Median PFS was 2-6 months (Arm A)
and 1.7 months (Arm B); median 6-month PFS rates were 30-7% and 17-9% and 12-month PFS
rates were 23-7% and 15-6%, respectively. In Arm A, 9 (17-3%) patients had partial response (PR)
and 19 (36:5%), stable disease (SD); PR and SD in Arm B were 2 (4-0%) and 21 (42:0%),
respectively. Median OS was 8:7 months in Arm A and 11-1 months in Arm B. Patients in both
arms tolerated the treatment with limited grade 3/4 toxicities.

Interpretation—Ramucirumab alone or in combination with dacarbazine was associated with an
acceptable safety profile in patients with MM. Although the study was not powered for
comparison between treatment arms, PFS appeared greater with combination therapy. Sustained
disease control was observed on both study arm

Funding—Funded by ImClone Systems LLC, a wholly-owned subsidiary of Eli Lilly and
Company, Bridgewater, NJ

INTRODUCTION

Metastatic melanoma is an aggressive and frequently fatal cancer. For patients with
metastatic disease, overall 5-year survival rates are less than 15%.1 Despite the recent
introduction of effective therapies for advanced disease (such as ipilimumab and
vemurafenib), the median overall survival (OS) remains between eight and 18 months.2

Angiogenesis and specifically the vascular endothelial growth factors (VEGFs) and their
receptors have been shown to promote melanoma growth and metastasis in xenograft
models.3 Higher circulating levels of angiogenic factors including VEGF-A (hereafter
referred to as VEGF) have been associated with higher tumor burden and diminished
prognosis in melanoma.4-8 VEGF may also attenuate antitumor responses by inhibiting the
maturation of antigen-presenting cells.10 These findings suggest that targeting angiogenesis
may be valuable for the treatment of melanoma. In a randomized phase 2 study (BEAM), the
anti-VEGF antibody bevacizumab was combined with carboplatin/paclitaxel in previously
untreated advanced melanoma and was associated with modest prolongation of progression-
free survival (PFS).11

Ramucirumab (IMC-1121B; LY 3009806) is a fully human monoclonal antibody of the
immunoglobulin G1 subtype targeted against the human vascular endothelial growth factor
receptor-2 (VEGFR-2). Ramucirumab binds VEGFR-2 with high specificity and affinity,
and inhibits tumor angiogenesis and growth in preclinical models.*12 In two phase 1 trials,
ramucirumab was evaluated at doses and schedules ranging from 2 mg/kg every week to 20
mg/kg every 3 weeks.13:14 Disease control of more than 5 months was observed in 40% of
patients with diverse, predominantly treatment-resistant malignancies; dose-limiting
toxicities were observed infrequently and included hypertension and deep vein thrombosis.

Dacarbazine is approved in metastatic melanoma but confers limited efficacy and is
associated with modest toxicity including myelosuppression.1®> Dacarbazine has been
associated in vitro with VEGF upregulation in melanoma,8 and it has been postulated that
VEGF inhibition might reduce melanoma resistance to this agent.’
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This phase 2 study was designed to determine the efficacy, safety, and tolerability of
ramucirumab as monotherapy, or in combination with dacarbazine in patients with
metastatic melanoma who had not received prior chemotherapy for metastatic disease. This
study did not include a dacarbazine monotherapy control arm because of the substantial
literature available and the limited risk/benefit profile associated with this agent in advanced
melanoma.

PATIENTS AND METHODS

Patients

Eligible patients included those =18 years of age with histologically or cytologically
confirmed cutaneous metastatic melanoma.18 Other eligibility criteria included adequate
hematologic, hepatic, and renal function; an Eastern Cooperative Oncology Group
performance status of 0 or 1; and measurable disease as defined by Response Evaluation
Criteria in Solid Tumors (RECIST 1-0).1° Patients were excluded for any of the following:
prior cytotoxic therapy for metastatic melanoma; mucosal or intra-ocular melanoma; known
brain or leptomeningeal metastases; more than one prior line of biologic, immunologic, or
vaccine-based therapy for malignant melanoma; and other factors including pregnancy and
uncontrolled or poorly controlled hypertension.

The study was conducted according to the ethical principles of the Declaration of Helsinki
and Good Clinical Practice. The protocol was approved by the institutional review boards of
the participating institutions. All patients provided written informed consent before any trial
procedures.

Study Design

This was a phase 2, open-label, randomized (1:1), multicenter study, in which eligible
patients with metastatic melanoma received ramucirumab with or without dacarbazine. The
primary objective of the study was to determine the PFS of patients with advanced or
metastatic melanoma who had not received prior chemotherapy (for metastatic disease)
when treated with ramucirumab alone or in combination with dacarbazine.

Patients in both Arm A (combination therapy) and Arm B (monotherapy) received 10 mg/kg
ramucirumab administered as an intravenous (1.V.) infusion over 1 hour on day 1 of each 21-
day cycle. Patients in Arm A also received dacarbazine 1000 mg/m? as a 1-hour 1.V. infusion
following completion of the ramucirumab infusion on day 1 of each cycle. Treatment
continued until progressive disease (PD) or unacceptable toxicity occurred, or other
withdrawal criteria were met. The dose of ramucirumab or dacarbazine could be modified in
the event of specific treatment-related Grade 3 or 4 adverse events (AES).

Randomization was stratified by serum lactate dehydrogenase (normal versus elevated [>1-1
x upper limit of normal]) and the extent of disease (skin, subcutaneous tissue, distant lymph
nodes, or lung vs. all other visceral sites, including liver, spleen, gastrointestinal tract,
adrenal glands, bone, and other).
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Statistical Analyses

One hundred and four patients were planned for this study (52 patients per treatment group).
This sample size provided 80% power to rule out the possibility of no difference in the PFS
time with respect to dacarbazine that was used as a reference regimen. The sample size
calculation was based on the following assumptions: a) median PFS of 3 months (target for
either investigational arm; based on a PFS of 1.6 months associated with standard-of-care
dacarbazine therapy); b) accrual time of 9 months; c¢) follow-up time of 4 months; d) loss to
follow-up of 10%; and e) a level of 5% (There was no evidence to reject the null hypothesis
based on the two two-sided-confidence-intervals [Cls]).

The null hypothesis was that the median PFS in either study arm was the same as with
dacarbazine (1-6 months), the standard of care at the time of study conduct, versus the
alternative hypothesis that the median PFS of either arm was not equal to the reference
regimen. The protocol was not sufficiently powered to enable a formal comparison of PFS
between study arms. The median PFS results from each arm were calculated together with
their 95% Cls. Since both Cls contain the null hypothesis value of 1.6 months, the null
hypothesis could not be rejected at the 0-05 level of significance. No adjustment to the level
of significance was performed due to this double comparison. Demographics and baseline
characteristics, disposition, and efficacy analyses were performed on the modified intent-to-
treat (mITT) population. Efficacy and safety analyses were performed using SAS® version
9-1-3 or above (SAS Institute, Cary, NC).

Efficacy Analyses

The primary efficacy endpoint was PFS, defined as the time from the first day of therapy to
the first evidence of progression or death from any cause, whichever occurred first. Patients
who did not have documented progression, had missed at least two visits, or had no post-
baseline assessment were censored on the day of their last tumor assessment. The Kaplan-
Meier method was used to analyze PFS and to estimate the median survival time with the
corresponding 95% CI. Patients were evaluated for tumor response according to RECIST 1.0
guidelines.1® Secondary efficacy endpoints were overall response rate, median duration of
response, disease control rate at 12 weeks, the 12-week response rate, and OS. Time-to-
event data were analyzed using the Kaplan-Meier method with 95% Cls. Post-hoc
exploratory analyses of an AE of hypertension were evaluated for both PFS and OS.
Analyses investigating an association between treatment-emergent hypertension on
ramucirumab and greater efficacy are limited both by the lack of an appropriate control (any
association may be confounded by independent patient characteristics associated with better
prognosis), as well as the small sample size of the study.20

Safety Analyses

AEs were summarized by Medical Dictionary for Regulatory Activities (MedDRA®)
System Organ Class and preferred term and classified from verbatim terms, using the
National Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE)
v 3:0. The incidence and percentage of patients with at least one occurrence of a preferred
term were included, according to the most severe NCI-CTCAE grade (Grades 0-5). AEs

Eur J Cancer. Author manuscript; available in PMC 2017 November 26.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carvajal et al.

RESULTS

Page 5

were considered associated with the study treatment if their causal relationship with the
treatment was described as “possible,” “probable,” or “certain/definite.”

Patient disposition

This study was conducted at 14 study centers in the United States of America from 13
November 2007 to 28 March 2011. One hundred and six patients were enrolled and
randomized (Arm A, N = 54; Arm B, N = 52); 102 of these patients received at least one
dose of study treatment (Arm A, n =52; Arm B, n = 50) (table 1). Two patients in each arm
did not receive the study treatment. Forty patients in each treatment arm (Arm A, 74-1%;
Arm B, 76:9%) had therapy discontinued due to PD. Three patients in Arm A (5:6%) and
five patients in Arm B (9-6%) discontinued due to an AE (table 1).

Patient baseline demographic and clinical characteristics

Baseline demographics and clinical characteristics were well balanced between the two
treatment arms (table 2). Most patients were Caucasian (Arm A, 96-2%; Arm B, 100%, data
not shown) and male (Arm A, 71-2%; Arm B, 76-0%). The majority of the enrolled patients
had advanced disease, with more than 80% of patients in each arm with M1c disease stage
(Arm A, 86-5%; Arm B, 82:0%).

Primary efficacy endpoint

The median PFS was 2:6 months (95% ClI: 1-4-5.4) in patients treated with ramucirumab +
dacarbazine (Arm A) and 1-7 months (95% CI: 1-4-2.9) in patients treated with
ramucirumab alone (Arm B). The 6-month PFS rates were 30.7% (95% CI: 18-4%-43-9%)
for Arm A and 17-9% (95% CI: 8-:4%-30-2%) for Arm B (figure 1a). The 12-month PFS
rates were 23-7% (95% CI: 12:7%-36-6%) for Arm A and 15-6% (95% CI: 6-9%—27-6%)
for Arm B.

Secondary efficacy endpoints

Safety

Nine (17-3%) patients in Arm A and 2 (4-0%) patients in Arm B achieved a PR as their best
overall response (table 3). The overall response rate was 17-3% (95% CI: 8-:2%-30-3%) in
Arm A and 4-0% (95% CI: 0-5%-13-7%) in Arm B. The disease control rates, 12-week
response rates, and durations of response are summarized in table 3.

The median OS for patients in Arm A was 8-7 months (95% CI: 7-:1-12-9 months) and 11.1
months (95% CI: 7-7-14-6 months) in Arm B (Table 3; figure 2a).

Extent of exposure—The median duration of treatment was 8-9 weeks (range, 3-90
weeks) for Arm A. Patients received a median of three infusions (range, 1-27 infusions). For
Arm B, the median duration of ramucirumab treatment was 6 weeks (range, 3-167 weeks).
Patients received a median of two infusions (range, 1-54 infusions).
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Adverse events and dose modifications—Of the 102 patients comprising the safety
population, 101 patients had at least one AE regardless of causality. One patient in Arm B
had no AEs. Overall AE rates were similar in both treatment arms (100-0% in Arm A,
98:0% in Arm B). A slightly higher proportion of patients in Arm A experienced AEs
>Grade 3 (30 patients, 57-7%) compared with Arm B (24 patients, 48:0%). Fatigue was the
most common AE in both treatment groups (63:5% in Arm A and 56-0% in Arm B) (table
4). In Arm A, the other most common AEs were thrombocytopenia (38:5%), neutropenia
(34:6%), and hypertension (23-1%). In Arm B, the other most common AEs were headache
(32:0%), hypertension (26-0%), and back pain (20-0%).

Every serious adverse event (SAE) occurred in one patient each. A total of 14 patients (9
[17-3%] in Arm A, 5 [10-0%] in Arm B) experienced SAEs considered possibly, probably,
or definitely related to ramucirumab. Ramucirumab-related SAEs occurred in one patient in
each arm, with the exception of infusion-related reactions (IRRs) that occurred in three
patients, all in Arm B. The ramucirumab-related SAEs were febrile neutropenia, cardiac
arrest, supraventricular tachycardia, proctalgia, IRRs, hepatic failure, tumor hemorrhage,
cerebral hemorrhage, syncope, acute renal failure, proteinuria, hypertension, pelvic venous
thrombosis, flushing, and hypotension. A total of four patients (7-7%) in Arm A experienced
SAEs considered potentially related to dacarbazine which included febrile neutropenia,
proctalgia, tumor hemorrhage, and acute renal failure.

Two patients in Arm A (3-:8%) and one patient in Arm B (2:0%) had dose reductions of
ramucirumab. Overall, 17 patients in Arm A and 10 patients in Arm B experienced
ramucirumab dose delays. Eight patients in Arm A and six patients in Arm B had
ramucirumab dose delays due to toxicity. In Arm A, 34 (65-4%) patients had no dacarbazine
dose reductions. Only one patient had more than two dose reductions. Twenty-three patients
had dacarbazine dosing delays, 19 of which were due to toxicity.

One death in Arm A and three deaths in Arm B occurred while on treatment or within 30
days of treatment discontinuation. Two deaths, one in each treatment group, were considered
related to ramucirumab. The deaths were due to cardiac arrest (Arm A) and liver failure
(Arm B). The other two patients in Arm B died due to PD and hepatic failure considered
unrelated to ramucirumab treatment.

Infusion-related reactions (IRRs)—Of the 102 patients who received at least one dose
of ramucirumab, 11 patients (10-8%) (four in Arm A and seven in Arm B) experienced
symptoms consistent with IRRs, including three patients (2-9%) who had severe (Grade 3-4)
reactions. Symptoms of suspected IRRs included back pain, chills/rigors, flushing, pruritus,
dyspnoea (Grade 3—4 events), and additional cardiorespiratory symptoms including hypoxia,
bronchospasm, tachycardia, and hypotension. In the patients who had Grade 1-2 IRRs,
pulmonary signs or symptoms were present in one patient. Symptoms in both Grade 1-2 and
Grade 3—4 events resolved following medical interventions. The incidence of IRRs was
reduced following a recommendation for premedication (histamine [H1] antagonists) after
37 patients received initial treatment on study (prior to the recommendation, IRRs were
observed in six of 37 patients [16-2%]; subsequent to the recommendation, IRRs were
observed in five of 65 patients [7-7%]) (table 4).
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Exploratory analyses of the association of an AE of hypertension on PFS and
OS—AnN AE of hypertension was reported for 12 (23-1%) patients in Arm A and 13 (26-0%)
patients in Arm B. The median PFS for patients with hypertension appeared longer than in
patients without hypertension (Arm A: 6:8 months [95% CI: 1-3-16-4] versus 2 months
[95% CI: 1.4-4-1]; Arm B: 3-4 months [95% CI: 1-4-12-5] vs. 1.5 months [95% CI: 1-4—
2-7]) (figure 1b).

In both treatment groups, the median OS appeared slightly longer in patients with an AE of

hypertension than in patients without hypertension (Arm A: 15.3 months [95% CI: 5-4—‘not

applicable’] versus 7:9 months [95% CI: 6:3-12:9]; Arm B: 13:5 months [95% CI: 5:1-31.7]
versus 111 months [95% CI: 7-0-13-2]) (figure 2b).

DISCUSSION

In this phase 2 study of patients with metastatic melanoma, ramucirumab in combination
with dacarbazine (Arm A) was associated with a median PFS of 2.6 months, and
ramucirumab monotherapy (Arm B) with a median PFS of 1.7 months. Although the
primary objective of a median PFS of 3 months was not met, the median PFS (2:6 months)
observed in the combination arm exceeded that often associated with dacarbazine in
metastatic melanoma (1-5-1-6 months).15:21-22 The 6-month PFS rates in Arm A (30-7%)
and B (17-9%) and 12-month PFS rates in Arms A (23:7%) and B (15-6%) exceeded those
reported in studies evaluating many cytotoxic and other therapies in metastatic
melanoma.23:24 The median OS in this study was 8-7 months for Arm A and 11-1 months for
Arm B, exceeding the reported median OS in most published dacarbazine studies (6-4-7-9
months), although the availability of efficacious subsequent therapies may have contributed
to this result.15.22

Both PFS and OS appeared longer in the subset of patients who developed an AE of
hypertension while receiving ramucirumab. The 6- and 12-month PFS rates and the
improved outcomes observed in patients who developed hypertension suggest that
ramucirumab may confer anticancer activity in metastatic melanoma. However, these data
are to be interpreted with caution, as the analyses investigating an association between
treatment-emergent hypertension on ramucirumab and greater efficacy were exploratory, and
their interpretation is limited both by the lack of an appropriate control. This could mean
that any association within these exploratory analyses is confounded by independent patient
characteristics associated with better prognosis, as well as the small sample size of the
study.20

Although the transcriptional activation of VEGF occurring with chemotherapy may result in
chemotherapy resistance in melanomal’, the efficacy of combination chemotherapy with
anti-antigenic agents in this disease has been limited. Similar to our findings, the PFS
enhancement associated with bevacizumab (when added to carboplatin/paclitaxel) was
modest.11 It is likely that the addition of antiangiogenic therapy to cytotoxic regimens in
metastatic melanoma is associated with limited benefit due to the lack of identification of
potential predictive biomarkers. In this sample of patients with metastatic melanoma,
ramucirumab 10 mg/kg once every 3 weeks as monotherapy or in combination with
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dacarbazine was generally safe and well tolerated. The AEs reported for Arm A were
generally consistent with the known safety profile of dacarbazine,® and those reported for
Arm B were consistent with the known safety profile of ramucirumab.13 IRRs were reported,
and recommendations regarding premedication for ramucirumab were implemented during
this study. The incidences of IRRs (including those that were severe) appeared lower after
the implementation of this recommendation, which included histamine (H1) antagonists, and
other agents per investigator discretion.

In conclusion, ramucirumab both in combination with dacarbazine and as monotherapy
appeared safe and well tolerated in patients with metastatic melanoma. Modest clinical
activity was observed in both treatment groups. Although the study was not powered to
enable definitive comparisons between treatment groups, the combination therapy appeared
to be associated with longer PFS. The sustained disease control observed in both study arms
and the preliminary association between hypertension and efficacy suggest that identification
of predictive biomarkers may be feasible and will be important for additional investigations
of ramucirumab in metastatic melanoma. VEGFR-2 inhibition has been shown in preclinical
melanoma models to increase T-lymphocyte activation and enhance immunotherapy-
mediated tumor control; the addition of ramucirumab to efficacious, currently available
immunotherapy (including ipilimumab), likely also merits investigation.2®

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
a. Kaplan-Meier plot for progression-free survival by treatment arm of mITT population.

b. Exploratory analyses of the effect of an adverse event (AE) of hypertension of
progression-free survival (PFS), (mITT population). Kaplan-Meier plot for PFS of patients
with or without an AE of hypertension (n=12 in Arm A; n=13 in Arm B). In both treatment
arms, the median PFS appeared longer in patients with an AE of hypertension (6:8 months
[95% CI: 1-3-16-4] for RAM + DTIC; 3-4 months [95% CI: 1.4-12.5] for RAM) than that in
patients without an AE of hypertension (2-0 months [95% CI: 1-4-4-1] for RAM + DTIC;
1.5 months [95% CI: 1.4-2.7] for RAM).
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Figure 2.
a. Kaplan-Meier plot for overall survival by treatment arm of mITT population.
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b. Exploratory analyses of the effect of an AE of hypertension of overall survival (OS),
(mITT population). Kaplan-Meier plot for OS of patients with or without an AE of
hypertension (n=12 in Arm A; n=13 in Arm B). In both treatment arms, the median OS
appeared longer in patients with an AE of hypertension (15-3 months, [95% CI: 5-4—*not
applicable’] for RAM + DTIC; 13-5 months [95% CI: 5-1-31.-7] for RAM) than that in
patients without (7-9 months [95% CI 6-3-12-9] for RAM + DTIC; 11-1 months [95% CI
7-0-13-2] for RAM).
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Table 1
Patient Disposition

Variable RAM + RAM
DTICN=54 N =52
n (%) n (%)

Treated patients, mITT population 52 (96-3) 50 (96-2)

Safety population 52 (96-3) 50 (96-2)

Reasons for discontinuation from study

Adverse event 3(56) 5(9:6)
Death 1(1:9) 1(1-9)

40(741) 40 (76:9)
Clinical deterioration 2(37) 3(58)
Withdrawal of consent 3(56) 1(1.9)
Others 5(9-3) 2 (3-8)

Abbreviations: RAM, ramucirumab; DTIC, dacarbazine; mITT, modified intent-to-treat; PD, progressive disease.

Page 15

Note: two patients in RAM + DTIC and two patients in RAM were randomized but not treated; these patients were not included in mITT and safety

populations.
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Table 2

Patient Baseline Demographics and Clinical Characteristics of mITT Population

Variable RAM+DTI RAM
CN=52 N =50
n (%) n (%)
Gender
Male 37 (71-2) 38 (76:0)
Female 15 (288) 12 (24:0)
Age (years)
18 to <65 30 (57-7) 30 (60-0)
>65 22 (42:3) 20 (40-0)
Median age, (range) 63-0 (21-87) 61-5(36-85)
ECOG PS
0 37 (71-2) 33 (66:0)
1 15 (28-8) 17 (34-0)
LDH status
Normal 38 (73-1) 31 (62:0)
Elevated 14 (26.9) 18 (36.0)
Missing 0 (0-0) 1(2:0)
Extent of metastases
Lung 6 (11-5) 8 (16:0)
Skin, subcutaneous tissue, distant lymph nodes 2(3-8) 2 (4-0)
All other visceral sites 44 (84-6) 40 (80:0)
Baseline M stage
Mila 2(38) 2 (4.0)
M1b 5 (9-6) 7 (14:0)
Mic 45 (86-5) 41 (82:0)
Previous treatment
Carmustine 1(1.9 1(2.0)
Interleukin-2 4(7.7) 1(2.0)
Ipilimumab 9(17.3) 4 (8.0)
Temozolomide than one previous therapy ™ 13(25.0 20 (40.0)
Interleukin-2 + Ipilimumab 2(3.8) 0 (0.0)
Interleukin-2 + Temozolomide 1(1.9) 0(0.0)
Ipilimumab + Temozolomide 1(1.9) 2(4.0)
Carmustine + Temozolomide 0 (0.0) 1(2.0)

*
For patients who received more than one previous treatment, the therapies were administered sequentially

Abbreviations: mITT, modified intent-to-treat; RAM, ramucirumab; DTIC, dacarbazine; ECOG, Eastern Cooperative Oncology Group; PS,

performance status; LDH, lactate dehydrogenase; M, distant metastasis.
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