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INTRODUCTION
Melanoma, a cancer originating in 

melanocytes, is the most deadly form of 
skin cancer and the sixth leading type of 
cancer in the U.S.1 According to the World 
Health Organization, approximately 
53,000 people die of melanoma each year 
worldwide.2 In 2011, an estimated 70,230 
adults were diagnosed with melanoma in 
the U.S., and 8,790 died of the disease.3,4

This may be an underestimation of new 
cases, however, as superfi cial and in situ
melanomas treated in the outpatient 
setting usually are not reported.5

During the past 30 years, the annual 
incidence of melanoma in the U.S. has 
grown by more than 60%.1,5 The overall 
increase is attributed primarily to Cau-
casians (Figure 1).1 The median age at 
diagnosis is 59 years.4 In men, melanoma 
is increasing more than any other malig-
nancy; in women, it is increasing more 
than any other malignancy except lung 
cancer.5 Men 65 years of age or older are 
more than twice as likely to develop mela-
noma as women in the same age group.1 

Although melanoma is the rarest type of 
skin cancer, the estimated lifetime risk of 
developing the disease is 1 in 55 people.6

Each year, approximately $1.9 billion is 
spent on therapy for melanoma in the U.S.7

Risk factors include a family history, a 
history of melanoma, multiple clinically 
atypical moles or dysplastic nevi,8,9 and 
(rarely) inherited genetic mutations.5

Sun exposure and indoor tanning may 
also contribute to the development of 
melanoma from exposure to ultraviolet 
radiation.10,11

Clinical stages from 0 to IV are based 
on tumor thickness, tumor burden in 
lymph nodes, and metastatic involvement. 
The stages are as follows:12

• Stage 0: melanoma in situ; no meta-
static lymph nodes; no distant me-
tastases

• Stage Ia (localized disease): tumor 
thickness of 1 mm or less without 
ulceration and with mitosis less than 
one cell/mm2; no metastatic lymph 
nodes; no distant metastases

• Stage Ib (localized disease): tumor 
thickness of 1 mm or less with 
ulceration or mitoses one cell/mm2 

or more, or tumor thickness of 1 to 2 
mm without ulceration; no metastatic 
lymph nodes; no distant metastases

• Stage IIa (localized disease): tumor 
thickness of 1 to 2 mm with ulcer-
ation, or tumor thickness of 2 to 4 
mm without ulceration; no meta-
static lymph nodes; no distant me-
tastases

• Stage IIb (localized disease): 
tumor thickness of 2 to 4 mm with 
ulceration, or tumor thickness 
exceeding 4 mm without ulcer- 
ation; no metastatic lymph nodes; 
no distant metastases

• Stage III (regional disease): any 
tumor thickness and ulceration or 
mitosis status; one or more lymph 
nodes with metastatic involvement; 
no distant metastases

• Stage IV (distant metastasis): any 
tumor thickness and ulceration 
or mitosis status; any lymph node 
metastasis; distant metastasis (i.e., 
distant skin, subcutaneous, or nodal 
metastases; lung metastases; any 
other visceral metastases; or any 
distant metastasis) 

Most patients (84%) with melanoma 
initially present with stage I or II (local-
ized) disease; 8% have stage III (regional) 
disease; and 4% have stage IV disease 
(distant metastases).3 Of the patients who 
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Figure 1  Incidence of melanoma in the U.S. (1988–2008). Incidence 
and mortality data for Hispanic patients were not available before 1992. 
(Modifi ed from the National Cancer Institute.1)
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present with localized melanoma, how-
ever, up to 12% will eventually develop dis-
tant metastases.13–15 The survival rate for 
patients with stage IV melanoma is low; 
from 2001 to 2007, 85% of patients with 
distant metastases were not expected to 
survive 5 years. 3 The median survival 
of patients with stage IV disease is less 
than 1 year.16,17

Surgical excision is the standard treat-
ment for localized melanoma. Patients 
with regional (stage III) disease are also 
candidates for local excision of the pri-
mary tumor, in tandem with complete 
lymph node dissection; however, stage 
III disease is sometimes unresectable. 
Patients with unresectable stage III mela-
noma are typically referred to clinical tri-
als of alternatives to complete lymph node 
dissection, such as careful observation 
with nodal ultrasound.4,5 Current guide-
lines recommend resection, observation, 
or systemic therapy for patients with re-
sectable stage IV melanoma. Those with 
unresectable (disseminated) stage IV 
disease are treated with systemic thera-
py, radiation, and best supportive care.5 
Unfortunately, melanoma is refractory 
to most standard systemic treatments.4

For more than 30 years, single-agent 
dacarbazine (DTIC, Dome/Bayer) has 
been the standard of care for advanced 
melanoma.18 High-dose aldesleukin (Pro-
leukin, Prometheus), a human recombi-
nant interleukin-2 (IL-2) product, is also 
approved for use in this setting.19,20 Nei-
ther agent, however, has demonstrated 
a significant effect on overall survival in 
randomized trials.4 

Temozolomide (Temodar, Schering/
Merck), an analogue of dacarbazine, was 
no more effective than dacarbazine in a 
phase 3 comparison study, but because 
of its oral availability, it is often used in an 
off-label fashion to treat metastatic mela-
noma.18,21 There is currently no standard 
of care for melanoma patients who do not 
tolerate first-line treatments or who have 
progressive disease.22,23

Two monoclonal antibodies––treme-
limumab and ipilimumab––were inves-
tigated as potential treatments for ad-
vanced melanoma. In April 2008, Pfizer 
announced that it had discontinued a 
phase 3 clinical trial of tremelimumab 
for patients with advanced melanoma 
after a review of interim data indicated 
that the study would not demonstrate 
superiority over standard chemothera-

py.24 Ipilimumab therapy, however, led 
to improved survival in a pivotal phase 3 
study of patients with previously treated 
metastatic melanoma.25 

In March 2011, ipilimumab (Yervoy, 
Bristol-Meyers Squibb) gained FDA 
approval for the treatment of metastatic 
melanoma, representing the first new 
treatment for advanced melanona in more 
than a decade.26,27 Ipilimumab was given 
a fast-track designation because of its 
potential to address an unmet medical 
need—prolonging survival. The time from 
submission to approval was 9 months.28

After the approval, ipilimumab was 
promptly added as a category 1 recom-
mendation in the National Comprehensive 
Cancer Network (NCCN) guidelines of 
systemic therapy options for advanced 
or metastatic melanoma.5

CHEMICAL	AND	PHYSICAL	
PROPERTIES

Ipilimumab is an immunoglobulin G1 
(IgG1)–kappa immunoglobulin produced 
in mammalian (Chinese hamster ovary) 
cell culture. It is supplied as a sterile, 
preservative-free solution for intrave-
nous (IV) infusion in single-use vials of 
50 mg/10 mL and 200 mg/40 mL. 

Each milliliter contains 5 mg of ipili-
mumab and the following inactive ingre-
dients: diethylene triamine pentaacetic 
acid (DTPA), mannitol, polysorbate 80 
(vegetable origin), sodium chloride, tris 
hydrochloride, and Water for Injection, 
USP at a pH of 7.29 

MECHANISM	OF	ACTION	
Because tumors express tumor-

associated antigens, it is theoretically 
possible to mount an effective immune 
response via antibody therapy.23 Ipilim- 
umab is a recombinant, human mono- 
clonal antibody that binds to cytotoxic 
T-lymphocyte-associated antigen 4 
(CTLA-4) and blocks the interaction 
of CTLA-4 with its ligands, CD80 and 
CD86.29 The CTLA-4 molecule serves as an 
“immune checkpoint” that down-regulates 
pathways of T-cell activation and prevents 
autoimmunity.30 By blocking this function, 
ipilimumab potentiates the antitumor 
T-cell response, resulting in unrestrained 
T-cell proliferation.25,31–34 Thus, the mech- 
anism of action of ipilimumab’s effect 
in patients with melanoma is indirect, 
possibly through T-cell mediated 
antitumor immune responses.29

PHARMACOKINETICS
The pharmacokinetic characteristics of 

ipilimumab were studied in 499 patients 
with unresectable or metastatic melanoma 
who received 0.3, 3, or 10 mg/kg once 
every 3 weeks for four doses. Peak 
plasma (Cmax), trough (Cmin), and area-
under-the-curve (AUC) concentrations 
of ipilimumab were dose-proportional 
within the dose range examined. The 
steady-state concentration of ipilimumab 
was reached by the third dose.29

On average, the elimination half-life 
of ipilimumab is 14.7 days. The drug’s 
systemic clearance is 15.3 mL/hour, and 
the volume of distribution is low (7.21 L). 
The mean ipilimumab Cmin achieved at 
steady state with 3 mg/kg (the approved 
dose) was 21.8 mcg/mL.29 

Specific	Populations
Pharmacokinetic data were obtained 

from cross-study analyses of patients with 
a variety of conditions, including 420 pa-
tients with melanoma who received sin-
gle or multiple infusions of ipilimumab 
at doses of 0.3, 3, or 10 mg/kg. In these 
analyses, ipilimumab clearance increased 
with increasing body weight; however, no 
dose adjustment of ipilimumab is required 
for body weight after administration on a 
milligram-per-kilogram basis. The follow-
ing factors had no clinically meaningful 
effect on the drug’s clearance: age (range, 
26–86 years), sex, concomitant use of 
budesonide (e.g., Pulmicort, AstraZene-
ca), performance status, human leukocyte 
antigen (HLA-A2*0201) status, positive  
anti-ipilimumab antibody status, pre-
vious use of systemic anticancer 
therapy, or baseline lactate dehydro-
genase (LDH) levels. The effect of 
race on ipilimumab clearance was  
not evaluated.29

Renal	Impairment
Creatinine clearance at baseline did 

not have a clinically important effect on 
the pharmacokinetics of ipilimumab in 
patients with serum creatinine clearance 
values of 29 mL/minute or greater.29

Hepatic	Impairment
Baseline aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), 
and total bilirubin levels did not have a 
clinically important effect on ipilimumab 
pharmacokinetics in patients with various 
degrees of hepatic impairment.29
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SAFETY	PROFILE
Because ipilimumab stimulates the 

unrestrained proliferation of T cells, it 
is associated with a substantial risk of 
immune-related adverse reactions.5,29 In 
clinical trials, more than 80% of patients 
treated with ipilimumab reported adverse 
events.25,35–39 Immune-related adverse re-
actions of grade 3 or higher occurred in 
10% to 26% of treated patients.37–39 The 
NCCN guidelines note that ipilimumab 
should be used with extreme caution, if 
at all, in patients with serious underlying 
autoimmune disorders.5

Boxed	Warning	
The prescribing information for ipi-

limumab includes a boxed warning 
regarding the potential for severe and 
fatal immune-mediated adverse reactions 
resulting from T-cell activation and prolif-
eration. These reactions may involve any 
organ system; however, the most com-
mon severe immune-mediated adverse 
reactions are enterocolitis, hepatitis, der-
matitis (including potentially fatal toxic 
epidermal necrolysis [TEN]), neuropa-
thy, and endocrinopathy. Most of these 
immune-mediated reactions are initially 
manifested during treatment, although 
a few can occur weeks to months after 
ipilimumab has been discontinued.29 

Warnings	and	Precautions	
Immune-mediated enterocolitis. In 

the pivotal phase 3 study of ipilimumab 
in patients with previously treated meta-
static melanoma, severe, life-threatening, 
or fatal immune-mediated enterocolitis 
(grades 3 to 5) occurred in 34 (6.7%) of 
511 patients treated with ipilimumab, 
either alone or with a vaccine contain-
ing glycoprotein 100 (gp100). Moderate 
enterocolitis (grade 2) occurred in 28 
patients (5.5%). Among the 511 treated 
patients, 26 (5.1%) were hospitalized for 
severe enterocolitis; five (1%) developed 
intestinal perforation; and four (0.8%) died 
as a result of complications.29

Immune-mediated hepatitis. In the 
pivotal study, severe, life-threatening, or 
fatal hepatotoxicity (grades 3 to 5) oc-
curred in eight (1.6%) of the 511 treated 
patients. Fatal hepatic failure and hospi-
talization occurred in one (0.2%) and two 
(0.4%) of these patients, respectively. An 
additional 13 patients (2.5%) experienced 
moderate hepatotoxicity (grade 2), as 
manifested by abnormal liver function 

test results. In some patients, the underly-
ing pathology included immune-mediated 
hepatitis.29 

Immune-mediated dermatitis. In 
the pivotal study, severe, life-threaten-
ing, or fatal immune-mediated dermatitis 
(grades 3 to 5) occurred in 13 (2.5%) of 
the 511 ipilimumab-treated patients. One 
patient (0.2%) died as a result of TEN, 
and one patient (0.2%) required hospital-
ization for severe dermatitis. Sixty-three 
patients (12%) had moderate (grade 2) 
dermatitis. In addition, one case of fatal 
Guillain-Barré syndrome and one case of 
severe (grade 3) peripheral motor neu-
ropathy were reported.29 

Immune-mediated endocrinopa-
thies. In the pivotal trial, severe or life-
threatening immune-mediated endocri-
nopathies (grade 3 or 4) occurred in nine 
(1.8%) of the 511 ipilimumab patients. 
Moderate endocrinopathies (grade 2) 
occurred in 12 patients (2.3%), including 
hypothyroidism, adrenal insufficiency, 
and hypopituitarism.29

Other immune-mediated adverse 
reactions. In the pivotal trial, nephritis, 
pneumonitis, meningitis, pericarditis, 
uveitis, iritis, and hemolytic anemia oc-
curred in fewer than 1% of the 511 ipilim-
umab-treated patients.29 

In the clinical development program 
for ipilimumab, the following potentially 
immune-mediated adverse reactions 
were reported with an incidence of less 
than 1%: myocarditis, angiopathy, tem-
poral arteritis, vasculitis, polymyalgia 
rheumatica, conjunctivitis, blepharitis, 
episcleritis, scleritis, leukocytoclastic vas-
culitis, erythema multiforme, psoriasis, 
pancreatitis, arthritis, and autoimmune 
thyroiditis.29

Some reports have also associated ipi- 
limumab with the occurrence of severe 
(grade 4) thrombocytopenia,40 pulmonary 
sarcoidosis,41 and hemophilia A42 in 
patients with metastatic melanoma. 

Management	of	 Immune-Mediated	
Side	Effects

Most of the immune-mediated side 
effects associated with ipilimumab are 
reversible with early diagnosis and ap-
propriate management (Table 1).29,43 The 
prescribing information for ipilimumab 
recommends that systemic corticosteroid 
therapy be initiated at a dosage of predni-
sone 1 to 2 mg/kg per day or equivalent 
for severe immune-mediated adverse 

reactions.29 
In the phase 3 trial, immune-related 

diarrhea (grade 2 or higher) resolved 
within a median period of 2.3 weeks after 
the administration of corticosteroids 
in 14 of 15 patients who received ipi- 
limumab monotherapy. In addition 
to corticosteroids, four patients with 
immune-related diarrhea of grade 3 or 
higher received infliximab (Remicade, 
Ortho Janssen), an anti-tumor necrosis 
factor–alpha antibody.25

Common	Adverse	Reactions	
In studies of patients with unresect-

able or metastatic melanoma, the most 
common adverse reactions associated 
with ipilimumab 3 mg/kg in 5% or more 
patients were fatigue, diarrhea, pruritus, 
rash, and colitis.29

Eleven of 1,024 evaluable patients 
(1.1%) tested positive for binding anti-
bodies against ipilimumab in an electro-
chemiluminescent (ECL)-based assay. 
Infusion-related or peri-infusional reac-
tions consistent with hypersensitivity or 
anaphylaxis were not reported in these 
11 patients, and neutralizing antibodies 
against ipilimumab were not detected.29

Because trough levels of ipilimumab 
interfere with the ECL assay results, a 
subset analysis was performed in the 
dose cohort with the lowest trough lev-
els. In this analysis, four of 58 evaluable 
patients (6.9%) who received ipilimumab 
0.3 mg/kg, tested positive for binding 
antibodies against the drug.29

Drug	Interactions	
No formal drug–drug interaction stud-

ies have been conducted with ipilimu-
mab.29 However, the drug’s metabolism of 
ipilimumab does not appear to involve the 
cytochrome P450 (CYP) enzyme system; 
therefore, the potential for drug–drug 
interactions is low.22 Interactions of ipili-
mumab with the gp100 vaccine have not 
been investigated.22

Safety	in	Specific	Populations
Ipilimumab, a Pregnancy Category C 

drug, has not been studied extensively 
in pregnant women. Ipilimumab should 
be used during pregnancy only if the po-
tential benefits justify the potential risks 
to the fetus.29

Human IgG1 crosses the placental bar-
rier; therefore, ipilimumab has the poten-
tial to be transmitted from the mother 



DrUG FOrECAST

506 P&T®	 •	 September		2012	 •	 Vol.	37		No.	9

Table	1		Recommended	Strategies	for	Managing	the	Immune-Mediated	Adverse	Effects	of	Ipilimumab

Side	Effect Management

Immune-mediated 
enterocolitis

•	 Moderate enterocolitis:
o Withhold ipilimumab 
o Administer antidiarrheal treatment; if effects persist for more than 1 week, initiate systemic corticosteroids 

at dosage of 0.5 mg/kg per day of prednisone or equivalent

•	 Severe enterocolitis: 
o Permanently discontinue ipilimumab; initiate systemic corticosteroids at dosage of 1 to 2 mg/kg per day of 

prednisone or equivalent
o Upon improvement to grade 1 or lower, initiate corticosteroid tapering; continue to taper over a period of 

at least 1 month

Immune-mediated 
hepatitis

•	 Grade 2 hepatotoxicity:
o Withhold ipilimumab

•	 Grades 3–5 hepatotoxicity:
o Permanently discontinue ipilimumab; administer systemic corticosteroids at dosage of 1 to 2 mg/kg per day 

of prednisone or equivalent 
o When liver function test results show sustained improvement or return to baseline, initiate corticosteroid 

tapering; continue to taper over a period of 1 month

Immune-mediated 
dermatitis

•	 Mild-to-moderate dermatitis:
o Treat symptomatically
o Administer topical or systemic corticosteroids if symptoms do not improve within 1 week

•	 Moderate-to-severe dermatitis: 
o Withhold ipilimumab

•	 Severe dermatitis:a 
o Permanently discontinue ipilimumab
o Administer systemic corticosteroids at dosage of 1 to 2 mg/kg per day of prednisone or equivalent
o When dermatitis is controlled, corticosteroid tapering should occur over a period of at least 1 month

Immune-mediated 
neuropathies

•	 Moderate neuropathy:b

o Withhold ipilimumab

•	 Severe neuropathy:c

o Permanently discontinue ipilimumab
o Institute medical intervention as appropriate 
o Consider initiation of systemic corticosteroids at dosage of 1 to 2 mg/kg per day of prednisone or equivalent

Immune-mediated 
endocrinopathies

•	 Symptomatic patients:
o Withhold ipilimumab
o Initiate systemic corticosteroids at dosage of 1 to 2 mg/kg per day of prednisone or equivalent
o Initiate appropriate hormone therapy

Other immune-mediated 
adverse reactions

•	 Severe reactions:
o Permanently discontinue ipilimumab
o Initiate systemic corticosteroids at dosage of 1 to 2 mg/kg per day of prednisone or equivalent 

•	 Ocular disease:d

o Administer corticosteroid eyedrops

•	 Ocular disease unresponsive to local immunosuppressive therapy:
o Permanently discontinue ipilimumab

aStevens–Johnson syndrome, toxic epidermal necrolysis, or rash complicated by full-thickness dermal ulceration, or necrotic, bullous, or hemorrhagic  
manifestations.

bNot interfering with daily activities.
cInterfering with daily activities (e.g., Guillain-Barré-like syndromes).
dIncluding uveitis, iritis, and episcleritis.
Adapted from Yervoy (ipilimumab) prescribing information.29
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to the developing fetus. It is not known 
whether ipilimumab is secreted in hu-
man milk.29

The safety and effectiveness of ipilim-
umab have not been established in pedi-
atric patients.29

Of 511 patients treated with ipilimumab 
3 mg/kg, 28% were 65 years of age and 
older. No overall differences in safety or 
efficacy were reported between patients 
65 years of age and older and patients 
younger than 65 years of age.29

No formal studies of ipilimumab have 
been conducted in patients with renal or 
hepatic impairment.29

CLINICAL	EFFICACY	
Pivotal	Phase	3	Trial	

Pivotal efficacy data for ipilimumab 
in metastatic melanoma was provided 
by a randomized double-blind, double-
dummy study that included 676 patients 
with unresectable stage III or IV mela-
noma. These patients had previously 
received one or more of the following 
agents: aldesleukin (Proleukin), dacarba-
zine (DTIC), temozolomide (Temodar), 
fotemustine (e.g., Muphoran, Servier; 
not available in the U.S.), or carboplatin 
(Paraplatin, Bristol-Myers Squibb). 

A total of 403 patients were randomly 
assigned to receive ipilimumab 3 mg/kg 
in combination with an investigational 
vaccine consisting of HLA-A*0201–
restricted gp100 peptides with incomplete 
Freund’s adjuvant. The remaining 
patients received either ipilimumab 
3 mg/kg alone (n = 137) or the gp100 
vaccine alone (n = 136).25,29 

Antigenic gp100 peptides are present 
in melanoma cells and are recognized 
by T lymphocytes.44 In a meta-analysis of 
vaccine trials conducted by the National 
Cancer Institute, monotherapy with the 
investigational gp100 vaccine induced 
immune responses in patients with met-
astatic melanoma, but antitumor activ-
ity was virtually nonexistent.45 Another 
study suggested that concomitant use of 
the gp100 vaccine may increase the anti-
tumor efficacy of high-dose interleukin-2 
in patients with metastatic melanoma.46 
Because no standard of care exists for 
treating advanced melanoma in previ-
ously treated patients, the investigational 
gp100 vaccine served as the active control 
in the pivotal trial of ipilimumab.25,29 This 
study did not include an observation arm 
or comparison with conventional chemo-

therapy.44

Moreover, the pivotal phase 3 trial 
of ipilimumab enrolled only patients 
with a positive status for the HLA-
A2*0201genotype, as this genotype fa-
cilitates the immune presentation of the 
gp100 vaccine.25,29 Ipilimumab’s ability 
to block CTLA-4, however, appears to be 
independent of a patient’s HLA status.44 
Approximately 50% of Caucasian popula-
tions express the HLA-A*0201 allele.47

Patients with active autoimmune dis-
ease and those receiving systemic immu-
nosuppression for organ transplantation 
were excluded from the study.29 

Ipilimumab plus gp100 placebo was 
administered at 3 mg/kg as an IV infusion 
every 3 weeks for four doses. The gp100 
vaccine plus ipilimumab placebo was 
administered at a dose of 2 mg peptide 
by deep subcutaneous injection every 3 
weeks for four doses.25,29 Tumor respons-
es were assessed at weeks 12 and 24, and 
every 3 months thereafter. Patients with 
evidence of an objective tumor response 
at 12 or 24 weeks were assessed for con-
firmation of durability of response at 16 
or 28 weeks, respectively.25,29

The primary efficacy endpoint was 
overall survival in patients receiving 
ipilimumab plus the gp100 vaccine com-
pared with patients receiving only the 
vaccine. The original primary endpoint 
of this study was the best overall objec-
tive response rate (i.e., the proportion of 
patients with complete or partial reduc-
tion of tumor masses). Prior to unblind-
ing, this endpoint was changed to reflect 

phase 2 data, which had identified poten-
tial limitations to traditional response-
based endpoints in studies involving the 
use of immunotherapies48,49 and to align 
the trial with another ongoing phase 3 
study of ipilimumab in patients with pre-
viously untreated metastatic melanoma 
(see page 508).25,50,51 

Secondary efficacy outcome measures 
included overall survival in the ipilim-
umab/gp100 arm versus the ipilimumab 
arm; overall survival in the ipilimumab 
arm versus the gp100 arm; the best over-
all response rate at week 24 between each 
of the study arms; and the duration of 
response.25,29

Of the 676 enrolled patients, 56% were 
men; 29% were 65 years of age or older 
(mean age, 56 years). Of the patients, 71% 
had stage M1c disease; 12% had a history 
of previously treated brain metastasis; 
98% had an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status 
of 0 or 1; 23% had received aldesleukin; 
and 38% had elevated LDH levels. Sixty-
one percent of patients randomized to 
either of the ipilimumab-containing arms 
received all four planned doses.25,29

The median duration of follow-up was 
8.9 months.29

The median overall survival in the ipi-
limumab + gp100 arm was 10.0 months 
(95% confidence interval [CI], 8.5–11.5) 
compared with 6.4 months (95% CI, 5.5– 
8.7) in the gp100 arm (hazard ratio [HR] 
for death, 0.68; P = 0.0004) (Table 2). 

The median overall survival in the 
ipilimumab arm was 10.1 months (95% CI, 

Table	2		Overall	Survival	Results	in	Pivotal	Phase	3	Trial	of	Ipilimumab	in	Patients	 
With	Previously	Treated,	Unresectable	Advanced	Melanoma

Ipilimumab	Alone 
(n	=	137)

Ipilimumab	+	gp100	
Vaccine 
(n	=	403)

gp100	Vaccine	
Alone	 

(n	=	136)

HR vs. gp100 vaccine  
(95% CI)

0.66 
(0.51–0.87) 
P = 0.0026*

0.68 
(0.55–0.85)
P = 0.0004

HR vs. ipilimumab  
(95% CI)

1.04 
(0.83–1.30)

P = 0.76

Median, months  
(95% CI)

10.1 
(8.3–13.8)

10.0 
(8.5–11.5)

6.4 
(5.5–8.7)

* Not adjusted for multiple comparisons.
CI = confidence interval; gp100 = glycoprotein 100; HR = hazard ratio.
Data based on text from Hodi FS, O’Day SJ, McDermott DF, et al. N Engl J Med 2010;363:211–223;25 and 

Yervoy (ipilimumab) prescribing information.29
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8.0–13.8) (HR for death with ipilimumab 
alone compared with gp100 alone, 0.66; 
P = 0.0026). No difference in overall 
survival was observed between the two 
ipilimumab arms (HR for death with 
ipilimumab + gp100, 1.04; P = 0.76).25,29  

The rates of overall survival are listed by 
assessment time points in Table 3. 

At week 12, the rates of progression-
free survival were 49.1% with ipilimumab/
gp100, 57.7% with ipilimumab, and 48.5% 
with gp100. Ipilimumab monotherapy 
reduced the risk of disease progression 
by 36% compared with gp100 alone (HR, 
0.64; P < 0.001), and ipilimumab/gp100 
reduced the risk of progression by 19% 
compared with gp100 alone (HR, 0.81; 
P < 0.05).25

At the end of the study, the best overall 
response rates were 5.7% in the ipilim-
umab/gp100 arm, 10.9% in the ipilim-
umab arm, and 1.5% in the gp100 arm. 
The median duration of response was 11.5 
months in the ipilimumab/gp100 arm and 
had not been reached in the ipilimumab 
or the gp100 arm.25,29 

The highest percentage of patients 
with an objective response or stable 
disease was the group that had received 
ipilimumab monotherapy; these patients 
had a disease control rate (the proportion 
of patients with a partial or complete 
response or stable disease) of 28.5% 
compared with 20.0% in the ipilimumab/
gp100 group and 11.1% in the gp100 group 
(Table 4). 

In the group receiving ipilimumab 
alone, nine of 15 patients (60%) main-
tained an objective response for at least 
2 years. In the ipilimumab/gp100 group, 
four of 23 patients (17.4%) maintained the 
response for at least 2 years.25

This study is significant as the first ran-
domized trial to show a survival benefit 
in patients with advanced melanoma.43 
Based on these results, the FDA ap-
proved ipilimumab at a dose of 3 mg/
kg for patients with previously treated, 
unresectable advanced melanoma.29 Be-
cause the gp100 vaccine did not appear 
to improve the efficacy of ipilimumab, the 
FDA approved ipilimumab alone, thereby 
avoiding the additional costs and possible 
toxicities of the vaccine.22

Ipilimumab	Plus	Dacarbazine	 
For	Metastatic	Melanoma

A second randomized phase 3 study 
investigated ipilimumab plus dacarba-

zine in patients with previously untreated 
disease. A total of 502 patients received 
ipilimumab 10 mg/kg plus dacarbazine 
850 mg/m2 or dacarbazine plus placebo, 
administered at weeks 1, 4, 7, and 10, 
followed by dacarbazine alone every 3 
weeks through week 22. Patients who 
achieved stable disease or an objective 
response without dose-limiting toxicities 
were given ipilimumab or placebo every 
12 weeks thereafter as maintenance 
therapy.50

As in the pivotal phase 3 study, the pri-
mary endpoint of this trial was amended 
from progression-free survival to over-
all survival before unblinding to reflect 
phase 2 data, which had indicated that 
traditional response-based endpoints 
might not be applicable to immunother-
apy studies.48,49

The estimated rates of overall survival 
for ipilimumab plus dacarbazine versus 
dacarbazine plus placebo were 47.3% vs. 
36.3% at 1 year; 28.5% vs. 17.9% at 2 years; 
and 20.8% vs. 12.2% at 3 years (HR for 
death with ipilimumab/dacarbazine, 0.72; 
P < 0.001). 

The risk of disease progression was 
reduced by 24% in the ipilimumab/ 

dacarbazine patients compared with 
those receiving dacarbazine/placebo (HR 
for progression, 0.76; P = 0.006). Rates 
of disease control were similar between 
the two groups (33.2% for ipilimumab/
dacarbazine and 30.2% for dacarbazine/
placebo; P = 0.41).50

Immune-mediated adverse events oc-
curred in 192 of 247 patients (77.7%) who 
received ipilimumab plus dacarbazine, 
compared with 96 of 251 (38.2%) of those 
treated with dacarbazine plus placebo. 
In the ipilimumab/dacarbazine group, 
immune-related adverse events were 
grade 3 in 31.6% of patients and grade 4 
in 10.1% of patients. The most common 
immune-related adverse events in the ipi-
limumab/dacarbazine patients included 
diarrhea (32.8%), elevated ALT levels 
(29.1%), elevated AST levels (26.7%), 
pruritus (26.7%), and rash (22.3%).50

This study was an important first step 
in positioning ipilimumab as a viable 
candidate for first-line therapy in patients 
with previously untreated advanced 
melanoma. However, the patients in 
this study were treated with the higher 
10-mg/kg dose of ipilimumab, not the 
currently approved dose of 3 mg/kg.43

Table	4		Best	Overall	Response	(%)	in	Pivotal	Phase	3	Trial	of	Ipilimumab	in	Patients	
With	Previously	Treated,	Unresectable	Advanced	Melanoma

Ipilimumab	Alone	 
(n	=	137)

Ipilimumab	+	gp100	
Vaccine 
(n	=	403)

gp100	Vaccine	
Alone 

(n	=	136)

Complete response 1.5 0.2 0

Partial response 9.5 5.5 1.5

Stable disease 17.5 14.4 9.6

Progressive disease 51.1 59.3 65.4

Not evaluated 20.4 20.6 23.5

gp100 = glycoprotein 100. 
Data based on text from Hodi FS, O’Day SJ, McDermott DF, et al. N Engl J Med 2010;363:211–223.25

Table	3		Overall	Survival	Rates	(%)	in	Pivotal	Phase	3	Trial	of	Ipilimumab	in	Patients	
With	Previously	Treated,	Unresectable	Advanced	Melanoma

Time	Points
Ipilimumab	Alone	 

(n	=	137)
Ipilimumab	+	gp100	Vaccine

(n	=	403)
gp100	Vaccine	Alone

(n	=	136)

12 months 45.6 43.6 25.3

18 months 33.2 30.0 16.3

24 months 23.5 21.6 13.7

gp100 = glycoprotein 100.
Data based on text from Hodi FS, O’Day SJ, McDermott DF, et al. N Engl J Med 2010;363:211–223.25
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DOSAGE	AND	ADMINISTRATION
The recommended regimen for ipili-

mumab is 3 mg/kg administered intra-
venously over 90 minutes every 3 weeks 
for a total of four doses.29 

The current prescribing information 
recommends that ipilimumab be per-
manently discontinued if (1) persistent 
moderate adverse reactions occur; (2) the 
corticosteroid dosage cannot be reduced 
to 7.5 mg of prednisone or equivalent per 
day; (3) the patient fails to complete the 
full treatment course within 16 weeks 
after receiving the first dose; or (4) severe 
or life-threatening reactions occur. 29 

Clinicians should be aware that re-
sponses to ipilimumab may be delayed 
for months5 and that they can even occur 
after the initial progression or develop-
ment of new lesions.52 Patients should 
be initially evaluated for response after 
12 weeks of therapy (at the end of the 
treatment cycle).22 Repeated doses are 
not recommended in the current product 
labeling.29

COST	ANALYSIS
Bristol-Myers Squibb is pricing ipi-

limumab at $30,000 per injection.22,23 
This translates to a cost of $120,000 for 
a course of therapy, based on the ap-
proved dosing regimen of 3 mg/kg every 
3 weeks for four doses. The company’s 
patient-assistance program, however, may 
reduce net pricing to $80,000.23 Neverthe-
less, ipilimumab has been criticized in 
the media as an overly expensive new 
drug,53,54 especially at a time when all eyes 
are on health care spending. 

In the pivotal phase 3 trial, the median 
survival for patients receiving 3 mg/
kg was 10.1 months compared with 6.4 
months for those receiving the investiga-
tional gp100 vaccine––a difference of 3.7 
months in favor of ipilimumab.25,29 Thus, 
at the full price of $120,000 for a course 
of therapy, the average cost per month of 
added survival would have been approxi-
mately $32,432. This is approximately 40% 
higher than the cost of the only other 
immunotherapy for cancer, sipuleucel-
T (Provenge, Dendreon Corp.),53 which 
was approved for men with metastatic 
castrate-resistant prostate cancer in April 
2010.55 Sipuleucel-T is administered in 
three cycles, compared with four cycles 
for ipilimumab.28,56

Ipilimumab’s hefty price tag has raised 
eyebrows in the United Kingdom as well 

as in the U.S. In September 2011, after 
reviewing data submitted by Bristol-
Myers Squibb, Britain’s National Center 
for Pharmacoeconomics stated:57

We believe the Company has failed to dem-
onstrate the cost-effectiveness of ipilimu-
mab for the treatment of advanced mela-
noma in adult patients who received prior 
therapy. We cannot recommend reimburse-
ment at the submitted price.

The following month, ipilimumab was 
turned down by the taxpayer-funded Na-
tional Health Service. In addition, the in-
fluential National Institute for Health and 
Clinical Excellence (NICE) declined to 
recommend the drug on the grounds that 
its longer-term benefits were unclear.58 

SUPPLY	CONSTRAINTS
Because of the severe and potentially 

fatal immune-mediated adverse reactions 
associated with ipilimumab, a Risk Evalu-
ation and Mitigation Strategy (REMS) 
was mandated by the FDA to inform 
health care professionals about these 
serious risks.59,60 A medication guide is 
also provided to patients to inform them 
about the drug’s potential side effects.29

To ensure compliance with REMS and 
the safe use of ipilimumab, Bristol-Myers 
Squibb has instituted a restricted distribu-
tion model for this drug.54,61 For oncology 
and office-based settings, ipilimumab, 
as of this writing, is available only from 
Cardinal Health, McKesson Specialty 
Care, and Oncology Supply. Hospitals 
and infusion centers may obtain the drug 
only from Cardinal Health and McKesson 
Plasma & Biologics.61 

There has been concern that these 
supply constraints may place an undue 
financial burden on hospital pharmacies, 
which might lose millions of dollars in vol-
ume discounts that they would otherwise 
earn through existing wholesalers.54 The 
company, however, states that the system 
for obtaining ipilimumab is not a “closed” 
distribution model and that it is seeking 
to expand its list of distributors.54 

POTENTIAL	COMPETITORS
As the first immunotherapy to improve 

survival in patients with advanced mela-
noma, ipilimumab currently has the stage 
all to itself––but potential competition is 
waiting in the wings. One immunothera-
peutic drug for advanced melanoma has 
been evaluated in a pivotal phase 3 trial, 
and three others are in active phase 3 
development (Table 5).54,62–72 

MAGE-A3. Mitogen-associated anti-
gen-3 (MAGE-A3) is a cancer germline 
gene that encodes tumor-specific anti-
gens recognized by T cells.62 It is pres-
ent in 76% of metastatic melanoma and 
in many other tumors.62 GlaxoSmithKline 
has developed an antigen-specific cancer 
immunotherapeutic (ASCI) agent that 
combines the tumor-specific MAGE-
A3 antigen, delivered as a recombinant 
protein, with a potent immunostimulant 
(AS15).63 A maximum of 13 doses are 
given by intramuscular injection over a 
period of 27 months.64 

The phase 3 DERMA trial evaluated 
MAGE-A3 ASCI in 832 patients with 
unresectable MAGE-A3–positive mela-
noma with lymph node involvement 
(stage IIIb/c disease).63,64 The study 
was completed in January 2011,65 and a 

Table	5		Immunotherapies	Currently	in	Phase	3	Development	for	Advanced	Melanoma

Company Product Type

Vical/AnGes MG Allovectin-7 Allogeneic, plasmid DNA/lipid complex

GlaxoSmithKline MAGE-A3 ASCI Allogeneic, peptide

Avax Technologies M-Vax Autologous, whole-cell, hapten- 
modified

Amgen (through 
acquisition of 
BioVex Group)

T-VEC (formerly OncovexGM-CSF; 
talimogene laherparepvec)

Allogeneic, oncolytic herpes simplex 
virus encoding GM–CSF 

MAGE-A3 ASCI = mitogen-associated antigen A3 antigen-specific cancer immunotherapeutic;  
GM–CSF = granulocyte–macrophage colony-stimulating factor.

Data compiled from references 54 and 62 to 72.
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preliminary report was presented at the 
American Society of Clinical Oncology 
(ASCO) 2011 Annual Meeting.64

Allovectin-7. Another pivotal phase 
3 trial is comparing Allovectin-7 (Vical/ 
AnGes MG), a plasmid DNA/lipid 
complex,66 with dacarbazine and tem- 
ozolomide in 375 patients with chemo- 
therapy-naive, recurrent stage III or IV 
melanoma.67,68 The study is expected to 
be completed in late 2012.67 Allovectin-7 
is injected directly into accessible mel- 
anoma lesions.66 

T-VEC. Amgen’s talimogene la-
herparepvec (T-VEC, formerly Onco- 
vexGM-CSF) is an oncolytic herpes virus 
that encodes granulocyte macrophage–
colony-stimulating factor (GM–CSF). 
Like Allovectin-7, it is injected directly 
into the tumor.69 The ongoing phase 3 
OncovexGM-CSF Pivotal Trial in Melanoma 
(OPTiM) is comparing T-VEC with sub-
cutaneously administered GM–CSF in 
430 patients with unresectable advanced 
melanoma (stage IIIb/c or stage IV).69,70 
Enrollment is completed, and results are 
anticipated in 2013.70 

M-Vax vaccine. M-Vax (Avax Tech-
nologies), a therapeutic melanoma vac-
cine, consists of autologous melanoma 
cells that have been irradiated and 
modified with the hapten dinitrophenyl 
(DNP).71,72 M-Vax is administered via 
subcutaneous injection. A phase 3 trial 
is being conducted to evaluate M-Vax 
in 387 patients with stage IV melanoma 
and lung and/or soft-tissue metastasis. 
To increase the vaccine’s effectiveness, 
administration of M-Vax is being followed 

by low doses of IL-2. The study’s expected 
completion date is January 2014.72

CLINICAL	CONSIDERATIONS	
As the first drug to demonstrate a 

survival benefit in advanced melanoma 
in a randomized trial and the first to be 
approved by the FDA for the treatment 
of advanced melanona in more than a 
decade, ipilimumab represents a major 
step forward in cancer immunotherapy. 
The initial enthusiasm surrounding the 
drug’s introduction, however, has been 
tempered by concerns about its severe 
immune-mediated adverse effects,29 high 
cost,53,54 and restricted distribution.54,61

Moreover, in the pivotal phase 3 trial 
conducted in previously treated patients 
with advanced melanoma, the best overall 
response rate was only 11% for ipilimum-
ab.25 This was consistent with best over-
all response rates of 4% to 16% in phase 
2 studies of ipilimumab monotherapy 
(Table 6).36–39 

Ipilimumab, therefore, appears to be 
clinically ineffective in a high proportion 
of treated patients. Considering the 
drug’s daunting cost and problematic 
safety profile, predictive biomarkers 
are needed to allow the pretreatment 
selection of patients who are most likely 
to derive clinical benefit from ipilimumab. 
Unfortunately, such biomarkers have yet 
to be identified.43 

CONCLUSION
Despite these limitations, it is likely 

that oncologists will embrace ipilimumab 
as a bright light in an area of oncology 

that has been darkened by failed treat-
ments and a dearth of innovation for more 
than a decade. At the very least, the door 
has been opened to a new era of mela-
noma therapy based on molecular targets.
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