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ABSTRACT
We conducted a phase II clinical trial of anti-CTLA-4 antibody (ipilimumab) and granulocyte-macrophage
colony-stimulating factor (GM-CSF) in 22 patients with metastatic melanoma and determined clinical
outcomes and immunologic responses. The treatment consisted of a 3-mo induction with ipilimumab at
10 mg/kg administered every 3 weeks for four doses in combination with GM-CSF at 125 mg/m2 for 14 d
beginning on the day of the ipilimumab infusion and then GM-CSF for 3 mo on the same schedule
without ipilimumab. This was followed by maintenance therapy with the combination every 3 mo for up
to 2 y or until disease progression or unacceptable toxicity. Blood samples for determination of immune
subsets were obtained before treatment, at week 3 (end of cycle 1) and at week 6 (end of cycle 2). Blood
samples were also obtained from seven subjects who were cancer-free. The immune response disease
control (irDC) rate at 24 weeks was 41% and the overall response rate (ORR) was 32%. The median
progression free-survival (PFS) was 3.5 mo and the median overall survival (OS) was 21.1 mo. 41% of the
patients experienced Grade 3 to 4 adverse events. We conclude that this combination is safe and the
results suggest the combination may be more effective than ipilimumab monotherapy. Further, the results
suggest that lower levels of CD4C effector T cells but higher levels of CD8C T cells expressing PD-1 at pre-
treatment could be a potential biomarker for disease control in patients who receive immunotherapy with
ipilimumab and GM-CSF. Further trials of this combination are warranted.

Abbreviations: ACTH, adrenocorticotropic hormone; AJCC, American Joint Committee on Cancer; CBC, complete
blood count; CD, cluster of differentiation; CI, confidence interval; CNS, central nervous system; CT, computed
tomography; CTCAE, Common Terminology Criteria for Adverse Events; CTLA-4, cytotoxic T lymphocyte antigen-4;
ECOG, Eastern Cooperative Oncology Group; FACS, fluorescence-activated cell sorting; FOXP3, foxhead box P3; GM-
CSF, granulocyte macrophage colony-stimulating factor; ir, immune-related; irAE, immune-related adverse events;
irCR, Immune-related complete response; irDC, immune-related disease control; irPD, immune-related progressive
disease; irPR, immune-related partial response; LDH, lactate dehydrogenase; mCRPC, mestastatic castration resistant
prostate cancer; NCI, National Cancer Institute; NIH, National Institute of Health; ORR, overall response rate; OS,
overall survival; PBMC, peripheral blood mononuclear cells; PD-1, programmed death receptor-1; PFS, progression
free survival; RECIST, Response Evaluation Criteria in Solid Tumors; RR, response rate; Teff, effector T cells; Tregs, regu-
latory T cells; WHO, World Health Organization
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Introduction

Ipilimumab (Yervoy), an anti-CTLA-4 monoclonal antibody,
was the first agent reported, in a randomized trial, to improve
survival in patients with metastatic melanoma.1 and was
approved by the FDA in 2011 for the treatment of unresectable
or metastatic melanoma.2 Since its approval, it has been studied
in combination therapy regimens in an effort to build on these
promising results and to gain information about the immuno-
logic mechanisms and improve clinical outcomes.

GM-CSF (sargramostim, Leukine) is a hematopoietic
growth factor that triggers proliferation and differentiation of
hematopoietic progenitor cells, mainly neutrophils, monocytes/
macrophages and myeloid-derived dendritic cells, and is
approved by the FDA for this purpose.3 It also has been shown

to have an ability to activate macrophages which distinguish
and destroy tumor cells from normal cells,4 be able to stimulate
peripheral blood monocytes in vitro to become cytotoxic for
human melanoma cells,5,6 produce monocyte activation and
tumoricidal activity with in vivo administration,7,8 and to stim-
ulate the production of an angiogenesis inhibitor by macro-
phages.9 GM-CSF also acts as a primary mediator of
proliferation, maturation, and migration of dendritic cells,10-12

which are antigen-presenting cells involved in primary and sec-
ondary T-cell immune responses, particularly with tumors. In
previous studies of adjuvant therapy of melanoma, GM-CSF
was reported to prolong OS in patients with Stage III and IV
disease as compared with matched historical controls,13 in
patients with Stage IIIC melanoma in a single center study
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using contemporaneous but not randomized controls,14 and an
exploratory analysis showed a trend toward improved OS mela-
noma in a prospective randomized trial with controls treated
with placebo.15 GM-CSF has also shown encouraging results in
combination with ipilimumab for patients with hormone
refractory prostate cancer.16

We proposed that the combination of GM-CSF and ipilimu-
mab, which enhance immune responses via different mecha-
nisms might provide added clinical benefit as compared to
monotherapy with either alone without added toxicity since
these agents have different safety profiles. Further, we explored
the immunologic responses in patients receiving the combina-
tion. During our trial, a study similar to ours was published
showing an OS benefit and decreased toxicity in patients
treated with the combination of GM-CSF and ipilimumab ver-
sus ipilimumab alone.17

Results

Patient characteristics

Twenty-two patients were enrolled in the study (Table 1). The
median age among study patients was 65 (range 41–85 years).
The majority of patients (68%) had M1c disease, including 10
patients (45.5%) with liver involvement and 4 patients (18%)
with CNS involvement. Fifteen patients (68%) had elevated lac-
tic dehydrogenase (LDH). The Eastern Cooperative Oncology
Group (ECOG) performance status was 0 in 20 patients (91%)
and 1 in 2 patients (9%). Thirteen patients (59%) had received
prior therapy.

Clinical outcomes

At 24 weeks, 7 of the 22 patients had a partial response (irPR), 2
patients had stable disease (irSD), and 13 patients had progres-
sive disease (irPD) with 8 of the 13 having died by 24 weeks.
Thus, the disease control rate (DCR: irCR, irPR, and irSD) at
24 weeks was 41% (primary endpoint). The objective response
rate (ORR: irCR and irPR) was 32%. The range of time to
objective response was 10.6 weeks to 24 weeks with median
time of 12.3 weeks. One patient who had a partial response at
24 weeks developed a complete response (irCR) 1 y after start
of treatment.

The median PFS was 3.5 mo (Fig. 2A) and the median OS
was 21.1 mo (Fig. 2B). The median OS for those that developed
irPD was 5.16 mo, while the median OS for those who experi-
enced disease control has not been reached (Fig. 2C). As of the
last follow-up date for this analysis, 10 patients out of 22 were
still alive with a minimum follow-up of 7.0 mo for living
patients.

Objective responses were observed in patients receiving the
study treatments and these were durable (Fig. 3A). Two
patients demonstrated complete response of the index lesions
from baseline scan but one of the two continued to have
remaining non-index metastatic lesions on imaging and was
therefore considered having irPR instead of irCR. Tumor
regression is illustrated in a pre-treatment image of liver metas-
tases in one patient and a follow-up image of the same area
approximately 12 mo later showing resolution of the liver
metastases.(Fig. 3B)

Adverse events (AE)

The most frequent treatment-related adverse events were injec-
tion site reactions due to administration of GM-CSF (Table 2).
Other common adverse events were those known to be associ-
ated with ipilimumab, including rash, pruritus, fatigue, diar-
rhea, colitis, anorexia and autoimmune phenomena including
increased alanine aminotransferase (ALT), decreased adreno-
corticotropic hormone (ACTH), retinitis, arthralgias, and
hyperthyroidism. Most of the treatment-related adverse events
were Grade 1–2 and were easily controlled; however, 41% of
the patients experienced Grade 3–4 adverse events. There were
no treatment-related deaths.

The first two patients enrolled experienced infusion reac-
tions during the second (but not the first) infusion of ipilimu-
mab. These consisted of flushing, shortness of breath, and
hypertension. They were treated by interrupting the infusion,
administering diphenhydramine, and resuming the infusion at
a slower rate. Thereafter, the protocol was amended so that
patients were given premedication with diphenhydramine and
famotidine prior to ipilimumab administration and the GM-
CSF was given after the infusion, rather than before.

Study treatment was discontinued in five patients due to
treatment-related adverse events: colitis (3), rash (1), and reti-
nitis with optic nerve swelling (1). One of these patients com-
pleted 3 mo of therapy but then developed treatment-related
colitis and colon perforation which was treated with a tempo-
rary colostomy. This patient had a durable CR, which is ongo-
ing. Another of these patients, after the 9 mo of treatment,

Table 1. Baseline demographics and specific characteristics (n D 22).

Characteristic n (%)

Sex
Male 12 (54.5%)
Female 10 (45.5%)

LDH
Normal 7 (32%)
Elevated 15 (68%)

ECOG performance status
0 20 (91%)
1 2 (9%)

Stage
IIIC, Unresectable 1 (4.5%)
IV M1a 1 (4.5%)
IV M1b 5 (23%)
IV M1c 15 (68%)

Sites of metastasis
Lymph nodes 14 (64%)
Lung 14 (64%)
Liver 10 (45.5)
Bone 7 (32%)
Subcutaneous tissue 6 (27%)
CNS 4 (18%)
Skin 3 (14%)
Adrenal 3 (14%)
Intestine 1 (4.5%)
Spleen 1 (4.5%)
Retroperitoneum 1 (4.5%)

Prior systemic therapy
No 15 (68%)
Yes 7 (32%)

Prior therapy
No 9 (41%)
Yes 13 (59%)
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Figure 1. Treatment schema for induction period (6 mo) and maintenance period (months 6–24).

Figure 2. Kaplan–Meier plots of clinical outcomes (n D 22). (A) PFS. (B) OS as of analysis on the censor date. Dotted lines below and above the survival curve (solid line)
show lower and upper 95% confidence intervals (CI) respectively. Vertical tick marks indicate OS of patients who were still alive as of the censor date. (C) OS in patients
with irDC (n D 9, gray line) compared to OS in patients with irPD (n D 13, black line).

Figure 3. Illustration of Clinical Outcome. (A) The percentage change in the sum of the index tumor diameters for all patients that remained in the study long enough to
have follow-up imaging. (B) A pre-treatment image of liver metastases for one patient and a follow-up image of the same area approximately 12 mo later showing resolu-
tion of the liver metastases. The remaining hypodense lesion is thought to represent a hepatic cyst.
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developed right eye pain and blurred vision due to retinitis and
optic nerve swelling. The patient’s vision diminished to 20/200
in the right eye which improved to 20/60 after treatment with
topical steroid eye drops. Other notable adverse events included
a single episode each of atrial fibrillation (Grade 3) and pericar-
ditis (Grade 2).

Comparison of characteristics of study patients with
response to treatment

Characteristics of study patients were compared between
patients who experienced irDC (n D 9) with those in patients
with irPD (n D 13). Our analyses showed that age, sex, LDH
levels, stage, ECOG performance status, and prior therapy did
not relate with response to treatment (Fig. S1). Moreover, the
occurrence of immune-related adverse events designated either
as less than Grade 3 or equal to or greater than Grade 3 did not
relate with response. Of note, although 5 out of 13 patients
with irPD received subsequent therapy after leaving the study,
only 1 of the 9 patients who experienced irDC received subse-
quent therapy.

Treatment-induced immunological effects

One patient received only one cycle of treatment and had only a
pretreatment blood sample available and was therefore
excluded from these paired comparisons (n D 21 for these

analyses). The absolute lymphocyte counts were significantly
higher at week 3 and week 6 compared to week 0 (Fig. 4A).
Among the total lymphocytes, the percentages of regulatory T
cells (Tregs), CD4

C effector T (Teff) cells expressing PD-1, and
CD8C T cells expressing PD-1 were significantly higher at week
3 and week 6 compared to week 0 (Fig. 4D, 4H–I). The percen-
tages of CD4C Teff cells were only significantly higher at week 3
but not at week 6 compared to week 0 (Fig. 4B). The percen-
tages of CD8C T cells among the total lymphocytes were not
significantly different from pre-treatment levels after either
cycle of treatment (Fig. 4C). The ratios of both CD4C Teff cells
and CD8C T cells to Tregs were significantly lower at both week
3 and week 6 compared to week 0.(Fig. 4E–F)

Comparison of immune subsets with patients’ response to
treatment

The results of the immune subset analyses were evaluated for
relation with the patients’ response to treatment (irDC, n D 9;
irPD, n D 12). For most of these subsets, neither the baseline
result nor the results at week 3 or week 6 during treatment
related with the patients’ response (Fig. 5, Table S1). A lower
level of the percentage of CD4C Teff cells expressing PD-1 at
baseline and at week 6 related significantly with clinical benefit
(irDC).(Fig. 5H)

Cancer-free controls vs. study patients

Immune subset distributions of patients with irDC and irPD
were compared with those of cancer-free controls. The percen-
tages of CD4C Teff cells, CD8

C T cells and Tregs of cancer-free
controls were not significantly different from pre-treatment lev-
els of patients with irDC or irPD (Fig. 6A–C, Table S2). How-
ever, patients with irPD had significantly higher pre-treatment
percentages of CD4C Teff cells expressing PD-1 compared to
cancer-free controls, whereas the levels between patients with
irDC and cancer-free controls did not differ (Fig. 6D). On the
other hand, the pre-treatment percentages of CD8C T cells
expressing PD-1 were significantly higher in patients with irDC
compared to cancer-free controls, whereas the levels between
patients with irPD and cancer-free controls did not differ.
(Fig. 6E)

Discussion

The combination of ipilimumab and GM-CSF demonstrated
clinical benefit in patients with metastatic melanoma despite
the fact that the majority of the patients included in this study
had characteristics indicating a poor prognosis and predicting a
short duration of survival. These characteristics included Stage
IV M1c disease.18,19 and multiple sites of metastases,20-22

including CNS and liver. In addition, 68% of the patients had
elevated LDH levels, also associated with poor prognosis.23,24

Nonetheless, the results of this study suggest that this combina-
tion has significant activity in these patients. The DCR, ORR,
and PFS in the study patients were similar to those reported
previously for patients receiving second-line ipilimumab
monotherapy.1 or first-line ipilimumab therapy with dacarba-
zine.25 However, the median OS in our study was 21.1 mo was

Table 2. Treatment-related adverse events.

Adverse event All grades Grades 1–2 Grades 3–4

All 122 99 23
General and administration site 39 35 4
Injection site reaction 15 13 2
Fatigue 12 11 1
Fever 6 6 0
Infusion reaction 3 2 1
Skin and subcutaneous 27 24 3
Rash 14 11 3
Pruritus 9 9 0
Urticaria 2 2 0
Gastrointestinal 20 12 8
Diarrhea 8 5 3
Nausea 6 6 0
Colitis 4 0 4
Colon perforation 1 0 1
Metabolic 11 10 1
Anorexia 8 7 1
Investigational 8 7 1
Increased ALT 3 3 0
Weight loss 2 2 0
Decreased ACTH 1 0 1
Nervous system 4 4 0
Headache 2 2 0
Eye disorders 4 0 4
Retinitis 1 0 1
Optic nerve swelling 1 0 1
Blurred vision 1 0 1
Eye pain 1 0 1
Cardiac 3 2 1
Atrial fibrillation 1 0 1
Pericarditis 1 1 0
Musculoskeletal 3 3 0
Arthralgias 2 2 0
Endocrine 2 1 1
Hyperthyroidism 2 1 1
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more than double the 10.1 mo reported for second-line ipilimu-
mab monotherapy.1 and almost double the 11.2 mo reported
for first-line ipilimumab therapy with dacarbazine.25 Some
patients enjoyed deep and durable clinical responses that were
ongoing at last follow-up. It is unlikely that the survival advan-
tage was due to follow-on therapies the patients were given,
since only six patients received follow-on therapy of whom five
had irPD.

During the period of this trial, a Phase II randomized trial
was conducted in which patients with metastatic melanoma
were randomized to receive ipilimumab plus GM-CSF or ipili-
mumab alone.17 The treatment regimen, reported by Hodi
et. al. was similar to that used in the trial reported herein and
the results were analogous. The median PFS reported herein
was 3.5 mo and was 3.1 mo for treatment with the combination
in the trial reported by Hodi et. al.; the median OS reported
herein was 21.1 mo and was 17.5 mo with the combination in
the trial reported by Hodi et. al.; the incidence of adverse events
was 40.9% reported herein and was 44.9% reported for the
combination in the trial reported by Hodi et. al. Follow-on
therapies were not reported for patients participating in the
trial reported by Hodi et. al., so the impact of these on survival
is unknown. These promising results warrant follow-up in a

larger trial. A randomized trial of nivolumab and ipilimumab
with or without sargramostim in treating patients with unre-
sectable metastatic melanoma is planned (NCT02339571).

There has been an intense search for patient characteristics
clinical correlates, and biomarkers associated with clinical
response to ipilimumab and other immunotherapies. Early
studies suggested that the occurrence of irAEs was correlated
with clinical response to ipilimumab therapy.26-28 There was no
association between Grade 3 or 4 AEs in patients with irDC in
our small study; however, the patient who had the most severe
irAE (bowel perforation requiring temporary colostomy) was
the only patient in the trial who had an irCR and remains in
CR. It has been reported that the absolute lymphocyte counts
after two ipilimumab treatments or early increase in lympho-
cyte counts correlate significantly with clinical benefit and OS
in a clinical trial of ipilimumab treatment of melanoma.29,30 In
our study, the lymphocyte counts did increase significantly
from the baseline levels after 1 and 2 cycles of ipilimumab ther-
apy, but there was no difference between patients with irDC or
irPD. Further, it has been reported that an increase in circulat-
ing Tregs after treatment with two cycles (6 weeks) of ipilimu-
mab monotherapy was associated with an improved PFS.31

Conversely, a decrease in Tregs at week 12 has also been

Figure 4. Treatment-induced immunological time course for week 0, week 3 and week 6. (A) Absolute lymphocyte counts; (B) Percentage of CD4C Teff cells of total lym-
phocytes; (C) Percentage of CD8C T cells of total lymphocytes; (D) Percentage of Tregsof total lymphocytes; (E) Ratio of CD4C Teff cells to Tregs; (F) Ratio of CD8

C T cells to
Tregs; (G) Percentage change of Tregsfrom week 0; (H) Percentage of CD4C Teff cells that expressed PD-1; (I) Percentage of CD8C T cells that expressed PD-1. Connected
dots show time course of the same patient. By Bonferroni correction, the statistical significance is declared if p value is < 0.025.
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observed to associate significantly with disease control rate at
week 24 and survival.32 In our study, the percentages of Tregs

among the total lymphocytes were significantly higher at week
3 and week 6 compared to week 0 but the distributions of the
percentages of Tregs did not differ between patients with irDC
and irPD.

Increase in the levels of immune subsets indicating activa-
tion of immune cells such as CD4C Teff cells and Tregs have
been similarly observed in patients with metastatic castration
resistant prostate cancer (mCRPC) treated with ipilimumab
and GM-CSF.33 However, neither baseline levels of immune
subsets including CD4C Teff cells, CD8

C T cells, Tregs, ratio of
CD4C T cells to Tregs, ratio of CD8

C T cells to Tregs, nor changes
to the levels following therapy correlated with response to treat-
ment (irDC or irPD) for patients with metastatic melanoma or
with OS for mCRPC patients treated with the combination.
Hodi et. al. reported a greater increase in CD4C and CD8C T
cells that expressed ICOS in patients treated with ipilimumab
and GM-CSF compared to the increase in patients treated with
ipilimumab monotherapy,17 however, they did not report that
this was related to clinical response.

In this study, we observed that levels of CD4C Teff cells
expressing PD-1 were significantly higher at baseline in patients
who subsequently had irPD on treatment than were the base-
line levels in patients who had irDC on treatment or levels in
cancer-free controls. Pre-treatment levels of CD8C T cells
expressing PD-1 were significantly higher than those in cancer-
free controls in patients who experienced irDC on treatment.
The levels of CD4C Teff and CD8C Tcells expressing PD-1
increased significantly at week 3 and week 6 of therapy with ipi-
limumab and GM-CSF. At week 6, the level of CD4C Teff cells
expressing PD-1 remained significantly higher in patients with
irPD than in patients with irDC. In summary, lower pre-treat-
ment levels of CD4C Teff and higher pre-treatment levels of
CD8C T cells expressing PD-1 related significantly with irDC.
This relationship for CD4C Teff expressing PD-1 at baseline but
not at week 6 was similarly observed for mCRPC patients with
longer OS.33 Although the number of patients in this cohort is
still small, this result suggests PD-1 expression in CD4C Teff

cells and in CD8C T cells as potential pre-treatment biomarkers
for clinical outcome of immunotherapy with ipilimumab and
GM-CSF. We suggest further evaluation of levels of CD4C Teff

Figure 5. Comparisons of immune subsets between irDC and irPD. Scatter plots of the following immune subsets of patients with irDC versus patients with irPD at week
0, week 3 and week 6: (A) Absolute lymphocyte counts; (B) Percentage of CD4C Teff cells of total lymphocytes; (C) Percentage of CD8C T cells of total lymphocytes; (D) Per-
centage of Tregsof total lymphocytes; (E) Ratio of CD4C Teff cells to Tregs; (F) Ratio of CD8C T cells to Tregs; (G) Percentage change of Tregsfrom week 0; (H) Percentage of
CD4C Teff cells that expressed PD-1; (I) Percentage of CD8

C T cells that expressed PD-1. Error bars show standard deviations.
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and CD8C T cells expressing PD-1 as potential biomarkers of
response in a larger cohort of patients undergoing treatment
with GM-CSF and ipilimumab and comparison of these levels
in PBMC from cancer-free controls.

Methods

Patients

Eligible patients were adults with histologically confirmed unre-
sectable metastatic melanoma. Additional eligibility criteria
included least one measurable lesion according to Immune-
Related Response Criteria (irRC),34 ECOG performance status
of 0–1; LDH � 4£ the upper limit of normal; adequate hema-
tologic, kidney and liver function, and no history of autoim-
mune disease. Patients with brain metastases were eligible if
they had been controlled for at least one month. Patients were
allowed to have prior systemic therapy with other agents for
metastatic disease but could not have concomitant therapy
while on the study.

The protocol was approved by the Institutional Review
Board of each participating institution and was conducted in
accordance with the ethical principles of the Declaration of
Helsinki and within the Good Clinical Practice guidelines as
defined by the International Conference on Harmonization. All
patients gave written informed consent for participation in the
study. The trial was registered on ClinicalTrials.gov with Iden-
tifier NCT01363206.

Study design

The primary objective was to determine the irDC rate at
24 weeks. The irDC is defined as the sum of the immune

response Complete Response (irCR) C immune response Par-
tial Response (irPR) C immune response Stable Disease (irSD).
Secondary objectives were: assessment of immunologic
responses, overall survival OS, progression free survival (PFS),
objective response rate (ORR: irCR and irPR), time to objective
response (irCR and irPR), duration of objective response and
safety of the combination as defined by the NCI Common Ter-
minology Criteria for Adverse Events (CTCAE) criteria, version
4.0 (NIH, May 28, 2009). The planned accrual goal was 43
patients, but due to cessation of sponsor funding during the
study, only 22 patients were accrued.

Treatment regimen

At the initiation of treatment (months 1–3), patients were
treated with four cycles of GM-CSF and ipilimumab adminis-
tered every 3 weeks (Fig. 1A). Ipilimumab was administered
intravenously at a dose of 10 mg/kg on day 1 of each 21 d cycle.
GM-CSF was administered subcutaneously daily for 14 d at a
dose of 125 mg/m2 beginning on day 1 of each cycle. After the
first four cycles of treatment, GM-CSF administration without
ipilimumab continued for four more cycles on the same sched-
ule and dose for the first 14 d of every 21 d cycle until month 6.
Maintenance therapy began at month 6 and consisted of ipili-
mumab in the same dose (10 mg/kg) combined with 14 d of
GM-CSF (Fig. 1B). This combination was administered every
3 mo thereafter for up to 2 y or until disease progression or
unacceptable toxicity. At 12 weeks after treatment initiation,
patients were kept on the study if there was progressive disease
unless there was rapid clinical deterioration. Beginning at the
assessment at 24 weeks, they were removed from the study if
they had progressive disease on any follow-up imaging.

Figure 6. Comparisons of immune subsets between cancer-free controls and pre-treatment levels of patients with metastatic melanoma. Scatter plots of the following
immune subsets for cancer-free controls, irDC and irPD: (A) Percentage of CD4C Teff cells of lymphocytes; (B) Percentage of CD8C T cells of lymphocytes; (C) Percentage of
Tregs of lymphocytes; (D) Percentage of CD4C Teff cells expressing surface PD-1; (E) Percentage of CD8C T cells expressing surface PD-1. Error bars show standard devia-
tions. Error bars show standard deviations. By Bonferroni correction, the statistical significance is declared if p value is < 0.017.
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If one or more doses of ipilimumab were held because of
side effects, then the corresponding doses of GM-CSF were also
held to assure constant administration of GM-CSF relative to
ipilimumab. If treatment with ipilimumab was held because of
an adverse event, it was restarted at the next scheduled dosing
when the adverse event resolved to � Grade 1 severity. Infusion
reactions were treated with antihistamines and/or famotidine at
the discretion of the treating physician. Immune-related
adverse events due to ipilimumab developing during the course
of treatment were treated according to published standardized
recommended algorithms. The study protocol was amended
during the trial period to require pre-medication with famoti-
dine and diphenhydramine prior to treatment to ipilimumab to
decrease the incidence of infusion reactions which had been
observed with the combination. If ipilimumab treatment was to
be discontinued due to side effects, administration of GM-CSF
was also discontinued. However, treatment with ipilimumab
was allowed to continue per schedule if treatment with GM-
CSF was discontinued due to side effects.

Response and toxicity assessments

The patients underwent staging studies with CT scans of the
chest, abdomen and pelvis and MRI of the brain at screening
(within 28 d of the first treatment cycle) and every 3 mo there-
after. Tumor assessments were made using the irRC guide-
lines.34 Laboratory analysis with a complete blood count
(CBC), serum chemistry panel, LDH urinalysis, thyroid studies,
pregnancy test, autoimmune panel, and ACTH level were per-
formed at screening. CBC, serum chemistry, thyroid studies,
and urinalysis were performed every three weeks during
months 1 to 6 (induction phase) and then every 6 mo thereafter
(maintenance phase). An autoimmune panel and ACTH level
were performed every 6 mo during the study. Monitoring of
the safety data was done by the investigator(s) every three
weeks during the induction phase (months 1 to 6) and then
every 6 mo during the maintenance phase (months 6 to 24).

Immunologic analysis

Blood samples to assess treatment effects on circulating
immune cells were obtained before treatment, at week 3
(end of cycle 1) and at week 6 (end of cycle 2) and were
cryopreserved for subsequent analysis by flow cytometry. In
addition to study participants, PBMC were also obtained
from seven cancer-free controls. Flow cytometry was carried
out as previously described.33 Briefly, cell surface staining
was performed in fluorescence-activated cell sorting (FACS)
buffer for 30 min at 4�C. Intracellular foxhead box P3
(FoxP3) was performed using the FoxP3 fix/perm buffer set
(Biolegend, Inc.) according to the manufacturer’s protocol.
CD8C T cells were defined as CD4¡CD3C; CD4C Teff cells
were defined as CD4CCD3CFoxP3¡; and Tregs were defined
as CD4CCD3CFoxP3CCD127lowCD25C. Gating strategies
for CD4C Teff cells, CD8C T cells, Tregs and for PD-1C

CD4C Teff cells and PD-1C CD8C T cells are shown in
Fig. S2. The following anti-human antibodies were used:
(Alexa Fluor 700)-CD3 (clone HIT3a), (Brilliant violet
570)-CD4 (clone RPA-T4), (Brilliant violet 650)-CD25

(clone BC96), (Alexa Fluor 647)-CD127 (clone A019D5),
(Alexa Fluor 488)-FoxP3 (clone 206D), and (Brilliant violet
421)-PD-1 (clone EH12.2H7). All antibodies were pur-
chased from Biolegend, Inc. Stained cells were fixed with
Fluorofix buffer (Biolegend, Inc.) according to manufac-
turer’s instructions and analyzed with an LSR II flow
cytometer (BD Biosciences). Data analysis was performed
with FlowJo software (FLowjo, LLC.). The percentage (%)
of positive cells was gated based on appropriate isotype
control.

Statistical analysis

All analyses were based on the intent-to-treat principle, that is,
all study participants were included in the analyses, regardless
of whether or not they were protocol violators or completed
the study. Descriptive analyses were used for assessment of
baseline patient demographics for safety parameters.

The primary study outcome measure was the rate of disease
control 24 weeks after the start of protocol therapy. PFS was
defined as the number of months from the start of protocol
treatment to disease progression; OS was defined as the number
of months from the start of treatment to death from any cause.
PFS and OS analyses were carried out using the Kaplan–Meier
method.35 The censored date for the last follow-up for these
analyses was on February 25th 2015. OS of cancer patients who
experienced irDC (n D 9) were compared with OS of patients
with irPD (irPD) (n D 13) using the log-rank test.

Categorical patient’s characteristics such as sex, stage of dis-
ease, ECOG performance status, prior therapy, prior systemic
therapy, and LDH (where patients were categorized as within
reference range or not) were compared between patients with
irDC and patients with irPD using Fisher’s exact test.

Continuous patient’s characteristics such as age and LDH
levels between patients with irDC and irPD were compared
using Mann–Whitney U-test. One patient had a different refer-
ence range of LDH levels from the other patients and the values
were thus not included in this analysis.

The distributions of the percentage of paired immune sub-
sets at week 0 (pre-treatment) were compared with week 3 (end
of cycle 1) or with week 6 (end of cycle 2) using Wilcoxon
matched-pairs signed rank test. Only patients who had paired
samples for at least two data points were included in this analy-
sis (n D 21). The distributions of percentage of immune subsets
between patients with irDC and irPD at week 0, week 3, or
week 6 were compared using Mann–Whitney U-test. The dis-
tribution of immune subsets from cancer-free controls (n D 7)
were similarly compared with those in patients with irDC or
irPD only at the pre-treatment time point. Bonferroni correc-
tions for multiple comparisons were carried out where
applicable.
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