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Ipilimumab Plus Sargramostim vs Ipilimumab Alone
for Treatment of Metastatic Melanoma
A Randomized Clinical Trial
F. Stephen Hodi, MD; Sandra Lee, ScD; David F. McDermott, MD; Uma N. Rao, MD; Lisa H. Butterfield, PhD; Ahmad A. Tarhini, MD, PhD;
Philip Leming, MD; Igor Puzanov, MD; Donghoon Shin, SM; John M. Kirkwood, MD

IMPORTANCE Cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) blockade with
ipilimumab prolongs survival in patients with metastatic melanoma. CTLA-4 blockade and
granulocyte-macrophage colony-stimulating factor (GM-CSF)–secreting tumor vaccine
combinations demonstrate therapeutic synergy in preclinical models. A key unanswered
question is whether systemic GM-CSF (sargramostim) enhances CTLA-4 blockade.

OBJECTIVE To compare the effect of ipilimumab plus sargramostim vs ipilimumab alone on
overall survival (OS) in patients with metastatic melanoma.

DESIGN, SETTING, AND PARTICIPANTS The Eastern Cooperative Oncology Group (ECOG)
conducted a US-based phase 2 randomized clinical trial from December 28, 2010, until July
28, 2011, of patients (N = 245) with unresectable stage III or IV melanoma, at least 1 prior
therapy, no central nervous system metastases, and ECOG performance status of 0 or 1.

INTERVENTIONS Patients were randomized to receive ipilimumab, 10 mg/kg, intravenously
on day 1 plus sargramostim, 250 μg subcutaneously, on days 1 to 14 of a 21-day cycle (n = 123)
vs ipilimumab alone (n = 122). Ipilimumab treatment included induction for 4 cycles followed
by maintenance every fourth cycle.

MAIN OUTCOMES AND MEASURES Primary end point: comparison of length of OS. Secondary
end point: progression-free survival (PFS), response rate, safety, and tolerability.

RESULTS Median follow-up was 13.3 months (range, 0.03-19.9). As of December 2012,
median OS and 1-year survival for the ipilimumab plus sargramostim group vs ipilimumab
alone were significantly different.

Outcomes
Ipilimumab Plus

Sargramostim (n=123)
Ipilimumab Only

(n=122) P Value
No. of deaths 44 60

OS, median (95% CI), mo 17.5 (14.9-Not reached) 12.7 (10.0-Not reached) .01 (1 Sided)

1-Year survival (95% CI), % 68.9 (60.6-85.5) 52.9 (43.6-62.2) .01 (1 Sided)

Mortality hazard ratio (95% CI) 0.64 (NA-0.90) 1 [Reference]

PFS, median (95% CI), mo 3.1 (2.9-4.6) 3.1 (2.9-4.0) .37 (2 Sided)

Grade 3-5 adverse events
(95% CI), %

44.9 (35.8-54.4) 58.3 (49.0-67.2) .04 (2 Sided)

A planned interim analysis was conducted at 69.8% of expected events (104 observed of 149
expected deaths) and the O’Brien-Fleming boundary was crossed for improvement in OS. There
was no difference in PFS. Adverse events were more common in the ipilimumab-only group.

CONCLUSION AND RELEVANCE Among patients with unresectable stage III or IV melanoma,
treatment with ipilimumab plus sargramostim vs ipilimumab alone resulted in longer OS and
lower toxicity, but no difference in PFS. These findings require confirmation in larger studies
with longer follow-up.
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G ranulocyte-macrophage colony-stimulating factor
(GM-CSF) is a cytokine that enhances activation of den-
dritic cells for antigen presentation and potentiates

T- and B-lymphocyte antitumor functions.1-3 Systemic admin-
istration of GM-CSF has activity in prostate and ovarian car-
cinoma and is being evaluated in phase 3 adjuvant trials for
melanoma and lymphoma.4,5 A concern for clinical develop-
ment is evidence that GM-CSF may induce negative regula-
tory immune responses.6

Cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) is an
immune checkpoint molecule that inhibits T-lymphocyte activ-
ity. Ipilimumab, a fully human IgG1 monoclonal antibody that
blocks CTLA-4, has demonstrated survival advantages in pa-
tients with pretreated metastatic melanoma when compared to
a gp100 peptide vaccine,7 as well as in treatment-naive patients
when combined with dacarbazine chemotherapy as compared
withdacarbazinealone.8 Inmultiplepreclinicalmodels, thecom-
bination of CTLA-4–antibody blockade and GM-CSF–secreting
tumor cell vaccines demonstrated therapeutic synergies.9 Ini-
tial clinical experience raised the possibility of important thera-
peutic interactions between CTLA-4 blockade and GM-CSF–
secreting tumor cell vaccines10-12 with clinical benefits observed
in melanoma, prostate cancer, and ovarian carcinoma. Patho-
logic analysis of responding metastases revealed infiltration by
multiple types of immune effector cells associated with dying
tumor deposits. Combining systemic GM-CSF with CTLA-4
blockade in patients with hormone-refractory prostate cancer
demonstrated clinical responses in more than 50% of patients
experiencingprostate-specificantigendeclines.13 Together,these
findings suggest that a more detailed analysis of the interplay
of GM-CSF and CTLA-4 blockade should be undertaken. One key
unanswered question is whether the systemic administration of
GM-CSF enhances CTLA-4 blockade. As a result, the current
study sought to assess the overall survival for the combination
of systemic GM-CSF (sargramostim) plus ipilimumab and ipili-
mumab treatment alone.

Methods
The study was approved by the Eastern Cooperative Oncology
Group (ECOG), the Cancer Therapeutic Evaluation Program of
the National Cancer Institute (NCI), and the institutional re-
view board responsible for each treating institution. Written in-
formed consent was obtained from study participants or a le-
gally authorized representative prior to enrollment.

Patients
Patients were eligible if they had a histologic diagnosis of meta-
static melanoma; measureable disease; no more than 1 prior
therapy; no central nervous system metastases; ECOG perfor-
mance status of 0 or 1; at least 18 years of age; greater than a
4-week time lapse from prior therapy; adequate hemato-
logic, hepatic, and renal function; no autoimmune disease or
infection with HIV, hepatitis B, or hepatitis C; and prior CTLA-4
blockade or CD137 agonist.

Because this was an NCI-sponsored clinical trial, obtainment
of patient sex, race, and ethnicity data was required to analyze

differences in treatment effect and to assess for disparity. Race
and ethnicity data were reported by enrolling institutions at the
time of registration. Given the nature of the melanoma popula-
tion, however, differences in treatment effect by race and eth-
nicity could not be fully assessed in this study.

Study Design and Treatment
The primary objective of the study was to evaluate the
overall survival for the combination of ipilimumab plus
sargramostim vs ipilimumab alone in patients with ad-
vanced melanoma. Secondary objectives were to evaluate
the progression-free survival, response rate, safety, and toler-
ability of study treatments. Patients were stratified according
to metastatic (M) stage and whether they had received a
prior therapy or not. The final trial protocol is reported in
Supplement 2. The planned accrual goal was 220 patients but
due to rapid accrual, 245 patients were enrolled.

Patients were equally randomized to receive ipilimumab, 10
mg/kg, every 3 weeks intravenously for 4 doses then every 12
weeks plus sargramostim (yeast-derived, rhu GM-CSF), 250 μg
total dose subcutaneously, on days 1 to 14 of 21-day cycles (group
A; patients received no treatment days 15-21 of each cycle) or ipi-
limumab alone 10 mg/kg (group B). Stratified (American Joint
Committee on Cancer [AJCC] stage and prior therapy) random-
ization based on permuted blocks within strata with dynamic
institution balancing was used. Treatment assignments were ob-
tained from the central randomization desk at the ECOG coor-
dinating center. No maximum number of cycles was planned.
Patients could continue treatment without confirmed contin-
ued progression of disease or toxicity as outlined in the proto-
col. Due to known inflammatory effects of treatments that may
appear as disease progression,14 patients were permitted to con-
tinue with as much as a 100% increase in the sum of the prod-
uct of the diameter of target lesions and the development of as
many as 4 new lesions in the absence of declining performance
status and at the discretion of the treating physician.

Safety and tolerability were evaluated according to the NCI
Common Terminology Criteria for Adverse Events, version 4.0.
Protocol guidelines were used for management of immune-
related adverse events. Ipilimumab delay was permitted for any
related adverse event (≥ grade 2) except laboratory abnormali-
ties, any skin-related adverse events (≥ grade 3 but resolution to
≤ grade 1 was required before continuing treatment), and any
treatment-related laboratory abnormality (≥ grade 3). Patients
who developed hypophysitis could continue treatment once re-
ceiving stable hormone replacement. Patients who experi-
enced elevated liver function tests could continue once labora-
toryvaluesreturnedtopretreatmentgrade.Whenadverseevents
resolved to grade 1 or less or returned to baseline within 2 weeks
of ipilimumab administration, continued treatment was per-
mitted at the next scheduled time point. If the adverse event did
not resolve in this time frame, that dose was omitted. GM-CSF
was reduced by 50% for documented white blood cell count
greater than 60 000/mm3 and discontinued for any significant
toxicity believed by the investigator to be caused by GM-CSF.

This study was powered to compare an improvement in me-
dian survival from 0.87 to 1.23 years, including 1 interim analy-
sis at 50% information time. This design provided an overall

Sargramostim and Ipilimumab for Metastatic Melanoma Original Investigation Research

jama.com JAMA November 5, 2014 Volume 312, Number 17 1745

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Copyright 2014 American Medical Association. All rights reserved.

1-sided type I error rate of .10 and 80% power. Information time
refers to a percentage of deaths observed at the time of an in-
terim analysis in comparison to the total number of expected
deaths in the study (ie, 50% information time = 75 deaths of 149
expected deaths). To preserve the overall type I error rate, criti-
cal values in these analyses were determined using the O’Brien
and Fleming boundary.15 The repeated confidence interval (RCI)
of Jennison-Turnbull16 was constructed using the nominal type
I error rate corresponding to the O’Brien and Fleming bound-
ary. The RCI is an interval that provides a measure of accuracy
for the estimated hazard ratio (HR) while adjusting for the fact
that the HR was evaluated at the interim analysis during the
course of study. Since the primary comparison is based on over-
all survival using the 1-sided type I error rate of .10, a 1-sided 90%
RCI of the HR for overall survival accurately describes the HR
with an adjusted coverage probability for this design.

Assessments
Patients were required to complete eligibility assessments
within 28 days of randomization. Computed tomography scans
of the chest, abdomen, and pelvis and magnetic resonance
imaging of the brain were performed prior to treatment and
subsequently every 12 weeks following the initiation of treat-
ment. If restaging scans indicated partial or complete re-
sponse, a repeat confirmatory scan was performed 4 weeks
later. Tumor responses were determined by the investigators
using RECIST (Response Evaluation Criteria in Solid Tumors)
criteria and were audited as a part of ECOG-ACRIN (American
College of Radiology Imaging Network) standard procedures.

End Point Definition and Assessments
Overall survival was defined as time from randomization to
death from any cause, censoring patients who had not died at
the date last known alive. Progression-free survival was de-
fined as time from randomization to disease progression or
death (whichever occurred first), censoring patients without
progression or death at the date of last disease assessment
documenting the patient was free of progression. Patients with-
out any postbaseline tumor assessments were censored at ran-
dom assignment. Overall survival and progression-free sur-
vival were assessed per the standard ECOG-ACRIN follow-up
schedule, ie, every 3 months if the patient was less than 2 years
from study entry, and every 6 months if the patient was 2 to 5
years from study entry. Tumor assessments were made using
RECIST v1.1 criteria. Complete and partial responses were ac-
cepted as responses. Response rate refers to the percentage of
patients who achieved a response. The highest grade for ad-
verse events recorded was assessed at the completion of each
cycle and 30 days after the last dose of protocol therapy.

Peripheral Blood Analysis
Peripheral blood was collected before and during treatment.
Of the patients with both pretreatment and posttreatment
samples (40 patients in each of the 2 groups), 20 patients with
good survival outcome and 20 patients with poor survival out-
come were selected by the study biostatistician. Due to lim-
ited resources, only 80 patients could be included in this ini-
tial analysis. This method of sampling was used to balance

patient groups representing a broad range of outcomes. Posthoc
analyses were performed blinded to clinical outcomes or as-
signed treatment group. Inducible T-cell costimulator (ICOS)
T-cell expression is necessary for optimal therapeutic effects
of CTLA-4 blockade and is associated with improved survival
with ipilimumab.17,18 Changes of ICOS expression in CD4+ and
CD8+ T cells were assayed by multicolor flow cytometry.

Statistical Analysis
Efficacy analyses on overall survival, progression-free sur-
vival, and response data were performed in 245 randomized pa-
tients. Two treatment groups were compared using the intent-
to-treat (defining groups by assigned treatment) method.
Distributions of overall survival and progression-free survival
wereestimatedusingtheKaplan-Meiermethod.19 One-yearover-
all survival and 6-month progression-free survival rates were
assessed from Kaplan-Meier estimates. Treatment effect was as-
sessed using the stratified log-rank test for overall survival and
progression-free survival. The HR was estimated based on the
Cox proportional hazard model while adjusting for the stratifi-
cation factors.20 The stratification factors used in the random-
ization (AJCC stage and prior therapy) were used for the strati-
fied log-rank test and estimation of the HRs. The distributions
of categorical data (clinical response and toxicity) were com-
pared using the χ2 test or Fisher exact test21 (for small samples).

There was 1 planned interim analysis on overall survival
around 50% information time (75 deaths observed of 149 ex-
pected deaths) using the O’Brien-Fleming boundary. Due to
rapid accrual, information time on death accumulated slowly
at the beginning but then rapidly reached 69.8% (104 deaths
observed of 149 expected deaths) in December 2012. The
planned analysis was conducted using the O’Brien-Fleming
boundary corresponding to 69.8% information time. The
corresponding nominal significance level was 0.05. Using
the corresponding significance level at this information time,
RCI16 was estimated. Per study design, this represents a 1-sided
CI for the HR of overall survival at this information time. Per
study design, a 1-sided P value was presented for the primary
end point (overall survival) comparison. All other P values were
based on 2-sided tests (P < .05 considered significant). Analy-
ses were conducted using SAS software version 9.2.

Results
Patients and Treatment
A total of 245 patients were randomized between December
28, 2010, and July 28, 2011 (123 patients to the ipilimumab plus
sargramostim group and 122 patients to the ipilimumab-only
group).ThebaselinepatientcharacteristicsareshowninTable1.
Treatment groups were demographically well-balanced. The
median time of follow up was 13.3 months (range, 0.03-19.9).
Treatment summary by cycle and reasons for treatment
termination are presented in eTable 1 in the Supplement.
Populations of patients screened, treated, and followed up are
represented in the enrollment and outcomes diagram (Figure 1).
Overall survival data as of December 2012 and other data as of
March 2013 were used. Efficacy analyses were performed on
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the 245 intent-to-treat (ITT) patients. Safety data analysis was
performed on the 238 patients who received protocol therapy
and submitted data by March 2013.

Efficacy
Efficacy data are summarized in Table 2. The median overall sur-
vival was 17.5 months (95% CI, 14.9-not reached) for the ipili-
mumab plus sargramostim group and 12.7 months (95% CI, 10.0-
not reached) for the ipilimumab-only group. The 1-year overall
survival was 68.9% (95% CI, 60.6%-85.5%) for the ipilimumab
plus sargramostim group and 52.9% (95% CI, 43.6%-62.2%) for
the ipilimumab-only group. The overall survival was signifi-
cantly improved with the addition of sargramostim to ipili-
mumab with a stratified log-rank 1-sided P value of .01. The
Kaplan-Meier curves for overall survival are shown in Figure 2.
The stratified HR for overall survival on sargramostim plus ipi-
limumab compared to ipilimumab alone was 0.64 (1-sided 90%
RCI, not applicable-0.90). The O’Brien-Fleming boundary for
overall survival was crossed at 69.8% (104 deaths observed of
149 expected deaths) information time. The progression-free
survival for the ipilimumab plus sargramostim group was 3.1
months (95% CI, 2.9-4.6) and for the ipilimumab-only group was
3.1 months (95% CI, 2.9-4.0). The differences between the treat-
ment groups for progression-free survival were not statisti-
cally significant (P = .37). The Kaplan-Meier curves for progres-
sion-free survival are presented in Figure 2. The difference in
response rate for the ipilimumab plus sargramostim group
(15.5%; 95% CI, 9.6%-23.1%) and for the ipilimumab-only group
(14.8%; 95% CI, 9.0%-22.3%) was not statistically significant
(P = .88). The subgroup analyses of overall survival and pro-
gression-free survival HRs are presented for line of therapy (the
number of treatment regimens a patient has received) in eFig-
ure 1 (in Supplement 1) and eligible patients (those whose eli-
gibility status was centrally reviewed and confirmed) in eFig-
ure 2 (in Supplement 1). Forest plots for treatment effects in the
ITT patients are presented in Figure 3 for overall survival and
for progression-free survival. ECOG performance status of zero
(HR = 0.45; 95% CI, 0.25-0.80) and men (HR = 0.44; 95% CI, 0.25-
0.76) subgroups had significant benefit for overall survival fa-
voring ipilimumab plus sargramostim. Otherwise there were no
significant differences for overall survival and progression-
free survival in each category.

Adverse Events
Toxicity and treatment data were compared for all patients who
received treatment and had data submitted by March 11, 2013.
Of the 123 patients randomized to the ipilimumab plus sargra-
mostim group, 4 patients did not start therapy (1 due to early
death and 3 due to refusal) and 1 patient had no data submit-
ted. Of the 122 patients randomized to the ipilimumab-only
group, 1 patient did not start therapy due to early death and 1
patient had no data submitted. Thus 118 vs 120 patients in ipi-
limumab plus sargaramostim and ipilimumab-only groups
were included in toxicity and treatment analyses.

The treatment-related adverse events reported in the safety
evaluation are listed in Table 3; based on the worst degree,
grade 3 to 5 adverse events occurred in 44.9% (95% CI, 35.8%-
54.4%) of patients treated with ipilimumab plus sargra-

mostim and in 58.3% (95% CI, 49.0%-67.2%) of patients treated
with ipilimumab alone. Toxicity was significantly lower in the
ipilimumab plus sargramostim group than in the ipilimumab-
only group (P = .04). Grade 3 to 5 adverse events are summa-
rized in 2 ways in Table 3: by incidence rate of more than 3%
in at least in 1 group; and by toxicity categories. Most notable
among those listed by toxicity category were differences in gas-
trointestinal toxicities (16.1% [95% CI, 9.9%-24.0%] vs 26.7%
[95% CI, 19.0%-35.5%]; P = .05) and pulmonary toxicities (0%
[95% CI, 0%-3.1%] vs 7.5% [95% CI, 3.5%-13.8%]; P = .003) in
patients treated with ipilimumab plus sargramostim vs ipili-
mumab alone, respectively. All grade 3 to 5 adverse events by
grade are reported in eTable 2 (in Supplement 1). Treatment-
related lethal adverse events occurred in 2 patients (1 cardiac
arrest, 1 colonic perforation) in the ipilimumab plus sargra-
mostim group and in 7 patients (2 colonic failure, 2 multior-
gan failure, 2 respiratory failure, 1 hepatic failure) in the ipili-
mumab-only group (eTable 3 in Supplement 1). To investigate
whether the improved survival benefit with sargramostim was
due to less toxicity, cases were censored with lethal adverse
events that included treatment relations of possibly, prob-
ably, or definitely, and all lethal adverse events regardless of

Table 1. Baseline Patient Characteristics

Characteristic

No. (%)
Ipilimumab Plus
Sargramostim

(n = 123)
Ipilimumab Only

(n = 122)
Age, median (range), y 61 (25-86) 64 (21-89)

Sex

Men 85 (69.1) 78 (63.9)

Women 38 (30.9) 44 (36.1)

Race

White 122 (99.2) 119 (97.6)

Black 0 1 (.8)

Unknown 1 (0.8) 2 (1.6)

ECOG performance
statusa

0 68 (56.2) 78 (64.5)

1 53 (43.8) 43 (35.5)

Metastatic stage

Unresectable III 29 (23.6) 31 (25.4)

M1a/M1b 33 (26.8) 31 (25.4)

M1c 61 (49.6) 60 (49.2)

Serum lactate
dehydrogenase

Normal 69 (58) 68 (57.6)

Elevated 50 (42) 50 (42.4)

Prior therapy

None 67 (54.5) 68 ((55.8)

Interferon 18 (14.6) 17 (13.9)

One investigational or
systemic therapy

38 (30.9) 37 (30.3)

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
a A score of 0 indicates fully active, able to carry on all predisease performance

without restriction; and a score of 1 indicates restricted in physically strenuous
activity but ambulatory and able to carry out work of a light or sedentary
nature (eg, light house work or office work).
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attributions. Overall survival improvement was maintained
with sargramostim when cases with lethal adverse events were
censored (eTable 4 in Supplement 1). Among patients who ter-
minated treatment due to adverse events, those in the ipili-
mumab plus sargromostim group (n = 25) had better overall
survival than those in the ipilimumab-alone group (n = 39) (1-
sided P = .04).

ICOS Expression
Posthoc analyses for changes in CD4+ and CD8+ ICOS T cells
and correlation to treatment group are summarized in eFig-
ure 3 (in Supplement 1). ICOS (CD278) increases as a function
of treatment were greater in the ipilimumab plus sargramostim-
group. The median change in CD4+ cells was 2.55 vs 1.85 (P = .11)
and the median change in CD8+ cells was 0.5 vs 0.4 (P = .01).

Table 2. Summary of Efficacy End Points

Ipilimumab Plus Sargramostim
(n = 123)

Ipilimumab Only
(n = 122) P Valuea

Overall survival

No. of deaths 44 60

Median survival time (95% CI), mo 17.5 (14.9-Not reached) 12.7 (10.0-Not reached)
.01b

1-y Survival rate (95% CI), %c 68.9 (60.6-85.5) 52.9 (43.6-62.2)

Mortality HR (1-sided 90% repeated CI) 0.64 (Not applicable-0.90) 1 [Reference] .01d

Progression-free survival

No. of events (progression or death) 90 93

Median survival time (95% CI), mo 3.1 (2.9-4.6) 3.1 (2.9-4.0)
.37b

6-mo Survival rate (95% CI), %c 34.0 (25.3-42.8) 29.6 (21.1-38.1)

Difference between groups HR (95% CI) 0.87 (0.64-1.18) [Reference] .37d

Clinical response, No. (%)

Complete response 2 (1.6) 0

Partial response 17 (13.8) 18 (14.8)

Stable disease 26 (21.1) 23 (18.9)

Progressive disease 55 (44.7) 52 (42.6)

Unevaluable 20 (16.3) 23 (18.9)

Unknown 3 (2.4) 6 (4.9)

Overall response rate

No./total 19/123 18/122

% (95% CI) 15.5 (9.6-23.1) 14.8 (9.0-22.3) .88e

Abbreviation: HR, hazard ratio.
a Overall survival comparisons were

designed with a 1-sided type I error
rate and report 1-sided P values. All
other comparisons were based on
2-sided testing and report 2-sided P
values. Given the stratified
randomization based on metastatic
stage and prior therapy, stratified
analyses were conducted for overall
survival and progression-free
survival.

b P value was determined using the
stratified log-rank test.

c Survival rate determined using the
Kaplan-Meier estimate.

d P value was determined using the
stratified Cox model.

e P value was determined using the χ2

test.

Figure 1. Enrollment and Outcomes Diagram

245 Participants assessed for eligibility

245 Randomized

123 Included in efficacy analysis (intent-
to-treat population)

118 Included in safety analysis
1 Excluded (did not submit safety data

by March 2013)

122 Included in efficacy analysis (intent-
to-treat population)

120 Included in safety analysis
1 Excluded (did not submit safety data

by March 2013)

123 Randomized to receive ipilimumab +
sargramostim 
119 Received therapy as randomized

4 Did not receive therapy
3 Refusal
1 Early death

122 Randomized to receive ipilimumab
121 Received therapy as randomized

1 Did not receive therapy
(early death)

3 Lost to follow-up (refused follow-up)

98 Treatment terminated
60 Disease progression
26 Had adverse events
5 Died
3 Withdrew
2 Alternative therapy
2 Other complicating disease

3 Lost to follow-up (refused follow-up)

108 Treatment terminated
54 Disease progression
39 Had adverse events
8 Died
2 Withdrew
2 Other complicating disease
2 Deterioration
1 Physician decision

There were 7 ineligible patients in the
ipilimumab plus sargramostin
treatment group and 4 in the
ipilimumab-only treatment group.
These patients were confirmed to be
ineligible based on the central review
conducted at the Eastern
Cooperative Oncology Group (ECOG)
after randomization. All were
included in the efficacy analysis.
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Discussion

This randomized phase 2 study supports the evidence that the
addition of sargramostim to ipilimumab therapy improved
overall survival in patients with metastatic melanoma. It is the
first study, to our knowledge, to suggest a survival advantage
for sargramostim. These results are consistent with the pre-
clinical animal models and preliminary clinical experience of
combining CTLA-4 blockade with GM-CSF-secreting whole-
cell vaccines. The 1-year overall survival rates in both groups
of this study are higher than the estimated 1-year overall sur-
vival rates of 36% for the ipilimumab plus sargramostim group
and 33% for the ipilimumab-only group in the context of pre-
vious outcomes from multicenter cooperative group trials ad-
justing for sex, visceral disease, and performance status.22

The progression-free survival, however, was not affected
by the addition of sargramostim to ipilimumab. The lack of cor-
relation between overall survival and progression-free sur-
vival in this study presents challenges to clinical management
and drug development because conventional radiographic cri-
teria have not proven reliable for determining patient benefit.
This introduces important considerations for the evaluation of
treatment efficacy with particular immune therapies such as
ipilimumab.14 Both sargramostim and ipilimumab can pro-
voke inflammation at tumor sites resulting in misinterpreta-
tion of inflammatory responses as disease progression. Prior
studies demonstrated that this inflammatory tumor microen-
vironment frequently involves multiple immune effector cells,
fibrosis, and edema.10 Inflammatory responses may be diffi-
cult to discern radiographically from tumor cells and may con-
tribute to a disconnection between overall survival and pro-
gression-free survival. Such uncoupling of overall survival and
progression-free survival benefit has previously been de-
scribed with sipuleucel-T for the treatment of advanced pros-
tate cancer.23 Sipuleucel-T comprises antigen-presenting cells

activated with antigenic proteins that include GM-CSF. This sup-
ports the biologic and clinical behaviors for GM-CSF wit-
nessed in the current study and emphasizes the importance of
end point selection when evaluating efficacy as well as the con-
tinued need for reliable predictive biomarkers.

Possible mechanisms for the improved efficacy observed
in this trial may relate to improved antigen presentation with
GM-CSF via recruitment of dendritic cells and macrophages,
or to counteracting immune regulatory cells with ipili-
mumab. Preclinical and early clinical studies of GM-CSF–
secreting tumor cell vaccines plus CTLA-4 blockade demon-
strated that the combination treatment stimulated an increase
in the ratio of tumor-infiltrating CD8+ cytotoxic T cells to FoxP3+

regulatory T cells.11,24 Because GM-CSF alone may stimulate
myeloid and monocytic-derived suppressor-cell popula-
tions, as well as FoxP3+ regulatory T cells that limit antitumor
immunity,25-27 the addition of CTLA-4 blockade may over-
come the potential tolerizing effects of the cytokine6,28 and
favor instead the development of protective T-cell responses.
Whether GM-CSF also promotes anti-CTLA-4 monoclonal
antibody–mediated depletion of intratumoral regulatory
T cells,29 is an interesting possibility that will require further
study. Moreover, the GM-CSF receptor organization allows
graded cellular responses that are dependent on cytokine
concentrations, resulting in a multitude of GM-CSF effects on
suppressor cells, growth, and function.30 As a result, GM-CSF
activity may depend on additional factors present in the tumor
microenvironment such as CTLA-4 expression and degree of
inflammation to determine whether GM-CSF promotes anti-
tumor immune responses or tumor propagation. Interest-
ingly, sargramostim-improved expression of ICOS on CD4+ and
CD8+ T cells validates the dependent mechanism of ICOS for
ipilimumab function 17,18 and supports one mechanism for ipi-
limumab synergy with GM-CSF.

In addition to the improvement in overall survival, sar-
gramostim afforded an advantage in toxicity over ipilimumab

Figure 2. Kaplan-Meier Estimates for Overall Survival and Progression-Free Survival
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alone. The improved toxicity profile must be considered as
contributing to the improved survival even in light of the sur-
vival advantage remaining when patients who discontinued
therapy due to toxicity are excluded. Although the overall

adverse effect profile was consistent with that reported pre-
viously for ipilimumab, there were significantly fewer high-
grade treatment-related events, including deaths, that
occurred in patients receiving sargramostim. Most notably

Figure 3. Subgroup Analyses for Overall Survival and Progression-Free Survival in the Intent-to-Treat Patient
Population
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the combination showed a difference in serious gastrointesti-
nal toxicities, particularly colonic perforation. Prior clinical
studies suggest that systemic GM-CSF provides benefit for
some patients with Crohn disease. Interestingly, a subset of
patients with Crohn disease harbors high titers of antibodies
that neutralize GM-CSF function,31 and a proportion of
patients with inflammatory bowel disease shows decreased
levels of GM-CSF receptors.32,33 In preclinical models,
GM-CSF knockout mice developed severe colitis that was
prevented with the administration of GM-CSF, responsible
for accelerated mucosal repair.34,35 GM-CSF is necessary for
the generation of dendritic cells in the gut lamina propria to
induce intestinal regulatory cells.36 As a result, GM-CSF may
contribute to gastrointestinal homeostasis by protecting and
promoting healing of the mucosa.37 The contrasting roles for
GM-CSF in the tumor microenvironment and intestine may
therefore provide reason for its improved antitumor activity
and favorable toxicity profile when combined with ipili-
mumab.

Significant improvement in pulmonary toxicity with the
addition of sargramostim was also observed. In GM-CSF knock-
out mice, animals developed accumulation of surfactant pro-
teins and lipids in the alveolar space, similar to pulmonary al-
veolar proteinosis seen in humans.38 In addition, these mice
developed significant lymphoid hyperplasia surrounding the
airways and lung vasculature, further suggesting the role of
GM-CSF in lung homeostasis. Analogous to the gastrointesti-
nal mucosa, models reveal that lung macrophages induce im-
mune regulatory cells thereby generating airway tolerance.39

As a result, independent validations of GM-CSF in gastroin-
testinal and pulmonary homeostasis influencing the clinical
toxicity profile with CTLA-4 blockade exist. This may have ad-
ditional implications in overall development and future com-
binations involving other checkpoint blockade therapies, such
as PD-1 blockade with its risk for pneumonitis.40

Study limitations include lack of blinding so that investi-
gator assessment of responses could have been influenced. In
addition, patients may have sought additional immune thera-
pies following participation in this trial that influenced out-
comes. Long-term reporting for this study is planned. It is also
important to note that the dose and schedule of ipilimumab
used in this study differs from the current standard dosing
(3 mg/kg for 4 doses), raising some safety concerns for the tox-
icity witnessed in the ipilimumab-only group. Given that the
assessment of the peripheral blood for ICOS expression was a
posthoc analysis in a subset of patients, further study in the
entire patient population and prospective confirmation in sub-
sequent studies is required.

Conclusions
Among patients with unresectable stage III or stage IV mela-
noma, treatment with a combination of sargramostim plus ipi-
limumab, compared with ipilimumab alone, resulted in lon-
ger overall survival and lower toxicity, but no difference in
progression-free survival. These findings require confirma-
tion in larger sample sizes and with longer follow-up.

Table 3. Treatment-Related Grades 3-5 Toxicity With Incidence Rate
of More Than 3% in at Least 1 Groupa

No. (%) of Patients With Grades 3-5
Toxicity, No. (%)

Ipilimumab Plus
Sargramostim

(n = 118)

Ipilimumab
Only

(n = 120)

Toxicity

Diarrhea 15 (12.7) 16 (13.3)

Rash maculopapular 11 (9.3) 11 (9.2)

Colitis 7 (5.9) 10 (8.3)

Fatigue 7 (5.9) 4 (3.3)

Alanine aminotransferase increased 6 (5.1) 7 (5.8)

Aspartate aminotransferase
increased

5 (4.2) 9 (7.5)

Lipase increased 5 (4.2) 6 (5.0)

Dehydration 5 (4.2) 5 (4.2)

Hyponatremia 5 (4.2) 3 (2.5)

Pruritus 3 (2.5) 7 (5.8)

Endocrine disorders (other) 3 (2.5) 5 (4.2)

Nausea 3 (2.5) 4 (3.3)

Colonic perforation 2 (1.7) 7 (5.8)

Generalized muscle weakness 2 (1.7) 4 (3.3)

Abdominal pain 1 (0.8) 4 (3.3)

Autoimmune disorder 0 4 (3.3)

Blood bilirubin increased 0 4 (3.3)

Any toxicity (worst degree) 53 (44.9) 70 (58.3)

Treatment-Related Grades 3-5 Toxicity by Toxicity Category

Gastrointestinalb 19 (16.1) 32 (26.7)

Investigations 17 (14.4) 18 (15.0)

Dermatology or other skin related 13 (11.0) 14 (11.7)

Metabolic 13 (11.0) 11 (9.2)

Constitutional symptoms 10 (8.5) 8 (6.7)

Musculoskeletal 8 (6.8) 8 (6.7)

Endocrine 4 (3.4) 9 (7.5)

Neurology 4 (3.4) 0

Vascular disorders 3 (2.5) 5 (4.2)

Infection or febrile neutropenia 2 (1.7) 4 (3.3)

Blood or bone marrow 1 (0.8) 1 (0.8)

Cardiac disorders 1 (0.8) 1 (0.8)

Hepatobiliary disorders 1 (0.8) 1 (0.8)

Immune system disorders 1 (0.8) 5 (4.2)

Injury, poisoning, and procedure
complications

1 (0.8) 0

Neutrophil count 0 1 (0.8)

Pulmonaryb 0 9 (7.5)

Renal or genitourinary 0 1 (0.8)

Any toxicity (with worst)b 53 (44.9) 70 (58.3)

a Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 was
used for these data collection. See detailed toxicity table in eTable 2 (in
Supplement 1).

b Significant difference for 3 categories: gastrointestinal (toxicities were 16.1% in
the ipilimumab plus sargramostim group vs 26.7% in the ipilimumab-only
group; 2-sided P = .05), pulmonary (rate of disorder was 0% in the ipilimumab
plus sargramostim group vs 7.5% in the ipilimumab-only group; 2-sided
P = .003), and any toxicity with worst degree (incidence of grade 3-5 adverse
events based on the worst degree was 44.9% in the ipilimumab plus
sargramostim group vs 58.3% in the ipilimumab-only group; P = .04).
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