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plus temozolomide in the frontline setting for patients with 
metastatic melanoma and LDH ≤2× upper limit of normal. 
Ipilimumab was given at 10 mg/kg on day 1 and temozo-
lomide 200 mg/m2 orally days 1–4 every 3 weeks for four 
doses followed by maintenance ipilimumab every 12 weeks 
plus temozolomide every 4  weeks. The primary objective 
of the study was 6-month PFS. A total of 64 patients were 
enrolled and the 6-month PFS was 45% with median OS 
of 24.5 months. There were 10 (15.6%) confirmed partial 
responses and 10 (15.6%) confirmed complete responses. 
Duration of response amongst responders is 35  months 
with 10 patients demonstrating an ongoing response at 
median follow-up of 20 months. There were no deaths or 
unexpected toxicities on study. The most common gastro-
intestinal side effects were nausea and constipation rather 
than diarrhea or colitis. These results suggest that the com-
bination of induction ipilimumab plus temozolomide could 
potentially be an effective strategy to enhance antitumor 
activity with a manageable toxicity profile. These findings 
warrant further evaluation in a large prospective study.
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Abstract  Checkpoint blockade has revolutionized the 
treatment of melanoma; however, it benefits only the 
minority of patients. Several agents have been combined 
with immunotherapy to improve T-cell activation and 
persistence including growth factor, chemotherapy, and 
radiation. Preclinical data suggest that temozolomide, 
which metabolizes to the same active compound as dacar-
bazine, selectively depletes regulatory T cells. This poten-
tial immunomodulatory effect of temozolomide provides 
rationale for combination with ipilimumab. We performed 
an open-label single-arm phase II study of ipilimumab 
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TNF-α	� Tumor necrosis factor alpha
Treg	� Regulatory T cells

Introduction

Metastatic melanoma is one of the most aggressive solid 
tumors, and the treatment of metastatic melanoma is quite 
challenging. The recent advancement of tumor immunol-
ogy has led to the development of checkpoint inhibitors 
such as ipilimumab, pembrolizumab, and nivolumab which 
have changed the landscape of advanced melanoma treat-
ment. Among them, ipilimumab is the first immune check-
point blockade approved by US Food and Drug Adminis-
tration (FDA) for patients with advanced melanoma, and 
it has become one of the most common standard treatment 
options for advanced melanoma. Ipilimumab is a recombi-
nant human monoclonal antibody against cytotoxic T-lym-
phocyte antigen (CTLA-4). It affects the immune system 
by inhibiting the suppression of T-cell function. As a result, 
activated T cells remain stimulated and are able to exert 
antitumor effects. Recently, long-term follow-up clinical 
data of ipilimumab have shown the durable survival ben-
efit [1]. However, the durable clinical benefit is limited to 
selected patients with low response rates of 10% [2, 3]. To 
improve its low clinical response rate, the combination of 
ipilimumab with other agents including cytotoxic chemo-
therapy, cancer vaccines, high-dose interleukin-2, immune 
co-stimulatory molecules, and other checkpoint inhibitors 
has been studied. In particular, there is a growing interest 
in the combination of immunotherapy with chemotherapy. 
Previously, cytotoxic chemotherapeutic agents were con-
sidered to be highly immunosuppressive, since they induce 
bone-marrow suppression and lymphopenia. However, 
there is a growing body of evidence that certain chemo-
therapeutic agents may enhance antitumor immunity by 
inhibition of tumor-induced immune suppression, induc-
tion of immunologic tumor cell death, activation of innate 
immune systems, direct stimulation of T cells, or deple-
tion of immune suppressive cells such as regulatory T cells 
(Treg) and myeloid-derived suppressor cells (MDSCs) [4].

Temozolomide is a congener of dacarbazine, the only 
chemotherapeutic agent approved by the FDA for meta-
static melanoma, with 100% oral bioavailability and simi-
lar clinical activity for patients with metastatic melanoma 
[5]. In contrast to dacarbazine, temozolomide crosses the 
blood–brain barrier, and it has been reported that temozo-
lomide induces depletion of Treg and suppression of Treg 
function in preclinical and clinical studies [6, 7]. There-
fore, temozolomide may enhance the antitumor immunity 
of ipilimumab by reduction of tumor burden and depletion 
and suppression of Treg. Here, we investigated the safety 

and efficacy of ipilimumab at 10  mg/kg in combination 
with the oral alkylating agent temozolomide.

Methods

This was a single-institution open-label, single-arm phase 
II clinical trial designed to evaluate the safety, tolerability, 
and efficacy of ipilimumab at a dose of 10  mg/kg when 
combined with temozolomide. The primary objective of the 
study was progression-free survival (PFS) at 6 months. The 
protocol was approved by the institutional review board at 
the University of Texas MD Anderson Cancer Center and 
conducted under the principles of the International Coun-
cil for Harmonisation and Good Clinical Practice. The 
study was designed in conjunction with representatives of 
the sponsor, Bristol-Myers Squibb (New York, NY). All 
patients provided written informed consent prior to enroll-
ment. The sponsor had no role in data collection, data anal-
ysis, data interpretation, or writing of the report.

Patient selection

We enrolled patients between the ages of 18 and 75 with 
previously untreated unresectable Stage III or Stage IV 
cutaneous melanoma. Patients may have received prior 
adjuvant therapy but no prior therapy for advanced disease, 
and were required to have an Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0 or 1. Brain 
metastases were allowed, so long as they were asympto-
matic and not using corticosteroids or so long as the symp-
tomatic lesions were treated and stable for at least 4 weeks. 
Measurable disease was defined using immune-related 
response criteria (irRC) with target lesions measurable in 
two dimensions at least 10 mm × 10 mm. Baseline demo-
graphics are listed in Table 1.

Treatment plan

Induction phase consisted of ipilimumab (Bristol-Myers 
Squibb; New York, NY) administered intravenously over 
90 min at a dose of 10 mg/kg on Day 1 and oral temozolo-
mide (Merck & Co., Inc.; Whitehouse Station, NJ) 200 mg/
m2 on Days 1–4 every 3  weeks for four doses. Mainte-
nance phase began at Week 12 and consisted of ipilimumab 
10 mg/kg on Day 1 repeated every 12 weeks and temozo-
lomide 200  mg/m2 on Days 1–5 starting at Week 12 and 
repeated every 4 weeks until disease progression or unac-
ceptable toxicity occurred. Temozolomide in the mainte-
nance setting was left to the discretion of the investigator.
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Response evaluation

Radiological assessment was performed with computed 
tomography and/or magnetic resonance imaging after the 
second and fourth induction cycles, around weeks 6 and 
12. Thereafter, it was performed every 12  weeks. Objec-
tive responses were evaluated using irRC, where a partial 
response is defined as a decrease in cumulative tumor bur-
den by at least 50% confirmed at least 4 weeks later, and 
complete response is defined as a total disappearance of 
all target and non-target lesions confirmed at least 4 weeks 
later.

Adverse events were graded according to the National 
Cancer Institute Common Terminology Criteria for 
Adverse Events, version 3.0 (http://ctep.info.nih.gov/proto-
colDevelopment/electronic_applications/docs/ctcae3.pdf). 
Adverse events were reported from the date of the first dose 
until resolution of adverse event or until death.

Statistical analysis

The primary objective of this study was PFS at 6 months. 
PFS was estimated using the method of Kaplan–Meier and 
was calculated from the start of study until disease progres-
sion or death, whichever came first. Patients who were not 
evaluable at 6 months were considered failures (i.e., disease 

progression occurred). The target PFS rate at 6 months in 
this study was at least 30% with a null hypothesis of 15% 
seen with the standard of care dacarbazine or temozolo-
mide. A Simon’s minimax two-stage design was used to 
perform interim efficacy monitoring. With 64 patients, this 
study had 90% power and a type I error of 0.05. Under 
these assumptions, the probability of rejecting an effective 
combination treatment was 10%. Data analysis was per-
formed using SPSS Statistics 22 (IBM, Armonk, New York, 
USA).

Results

Patient characteristics

Between June 2010 and August 2011, a total of 64 patients 
were enrolled and treated with ipilimumab plus temozolo-
mide. The baseline characteristics of the patients are listed 
in Table 1. Median age was 62 years (range 33–75) and 45 
patients (70%) were male. Among enrolled patients, 53 
(83%) had an ECOG performance status of 0, 31 (48%) 
had stage IV M1c disease, and 13 (20%) had an elevated 
LDH. Two patients (3%) had brain metastases before start-
ing study treatment.

Treatment

The median number of doses of ipilimumab was 5 (range 
2–20). Forty-five patients (70%) received all four induc-
tion doses of ipilimumab plus temozolomide, of which 32 
(50%) received the fifth consolidation dose at week 12. 
Thirty-eight patients (59%) discontinued the treatment due 
to disease progression and 18 (28%) patients discontinued 
treatment because of an adverse event, of which 15 (23%) 
were drug-related. Two patients withdrew consent and one 
patient died before the first tumor response evaluation.

Efficacy

Response analyses were performed on the intention-to-
treat population. To date, there have been 10 (156%) con-
firmed partial responses and 10 (15.6%) confirmed com-
plete responses (Fig.  1). At data cutoff, among patients 
experiencing an objective response, the median dura-
tion of response was 35  months (range 2–57) (Fig.  2). 
There are ten patients with an ongoing response, includ-
ing eight complete responders. At a median follow-up 
of 20  months (range 2–60), PFS at 6  months was 45%, 
median PFS was 5  months, and median overall survival 
(OS) was 24.5  months (Fig.  3). PFS, response, and OS 
were assessed using Fisher’s exact test in the subgroups 
of patients with and without bone and liver metastases. 

Table 1   Baseline demographics

Characteristic N = 64

Median age (range) 62 (33–75)

Gender—no. (%)

 Male 45 (70%)

Race—no. (%)

 Caucasian 63 (98%)

 Hispanic 1 (2%)

ECOG performance status—no. (%)

 0 53 (83%)

 1 11 (17%)

Stage—no. (%)

 lllc 2 (3%)

 M1a 10 (16%)

 Mlb 21 (33%)

 Mlc 31 (48%)

BRAF V600—no. (%)

 Mutation 22 (34%)

Brain metastasis—no. (%)

 No 62 (97%)

 Yes 2 (3%)

Baseline LDH level—no. (%)

 Normal 51 (80%)

 Elevated 13 (20%)

http://ctep.info.nih.gov/protocolDevelopment/electronic_applications/docs/ctcae3.pdf
http://ctep.info.nih.gov/protocolDevelopment/electronic_applications/docs/ctcae3.pdf
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PFS was significantly decreased in the group with bone 
metastasis compared to the group without bone metasta-
sis (Fig.  4), but not in the group with liver metastasis. In 
addition, no objective responses were observed in patients’ 

bone metastasis sites, while three of 14 patients (21%) with 
liver metastasis had a confirmed complete response and one 
patient (7%) had a confirmed partial response in the liver. 
One patient with both liver and bone metastasis generated a 
confirmed partial response, but this was driven by response 
in her liver, while her bone metastasis progressed on treat-
ment. Progression of disease was defined using irRC as 
progression in total tumor burden (target and non-target 
lesions) by at least 25% compared with nadir timepoint. 
This assessment is limited by the fact that bone lesions 
are not measurable per irRC. Tumor assessments of bone 
lesions on computed tomography (CT) scans were meas-
ured in two dimensions; however, there was no accounting 
for increased calcification or other signs of tumor response 
other than size.

Toxicity and immune‑related adverse events

The most common drug-related toxicity was pruritus 
(87.5%) followed by skin rash (83%). The most common 
gastrointestinal toxicity was nausea (76.5%), followed by 
constipation (70%), and diarrhea (56%). Immune-related 
adverse events included colitis in 11% of patients and ele-
vations in alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST), 45 and 42%, respectively. Hema-
tologic toxicities were as follows: anemia (66%), throm-
bocytopenia (37.5%), and lymphopenia (23%). Grade 3 
or 4 toxicities were infrequent and occurred mainly in 1–2 
patients (Table 2). The Grade 3 or 4 toxicities that occurred 
in more than two patients were Grade 3 skin rash (9%), 
Grade 3 diarrhea (8%), Grade 3 pruritus (6%), and Grade 3 
thrombocytopenia (5%). There were no drug-related Grade 
5 events.

Discussion

This phase II study establishes the clinical activity in ipili-
mumab plus temozolomide in the frontline setting. This 
combination demonstrates higher efficacy than previously 
reported ipilimumab 10 mg/kg studies [8, 9] but a similar 
efficacy to the phase II NIBIT-M1 study of ipilimumab plus 
fotemustine [10].

Immune-related and non-immune-related Grade 3 or 
4 adverse events were low in our study compared with 
NIBIT-M1, and this may be in part due to the side effect 
profile of temozolomide. The most common gastrointes-
tinal side effects noted in our study were nausea followed 
by constipation. These represent the two most common 
side effects to oral temozolomide use. Diarrhea did occur 
in 56% of patients, with documented colitis in 11% (radio-
graphic or pathologic diagnosis). This higher frequency of 
diarrhea is associated with the higher dose of ipilimumab.

Fig. 1   Waterfall plot of best overall response using immune-related 
response criteria confirmed complete response 15.6% (n  =  10); 
confirmed partial response 15.6% (n  =  10); stable disease 39.1% 
(n =  25); and progression of disease 25% (n =  16). Three patients 
(4.7%) did not have tumor assessment data and were, therefore, not 
evaluable

Fig. 2   Swimmer’s plot denoting duration of response. The median 
duration of response was 35  months (range 2–57  months). Par-
tial responses were most often seen by 3  months, while complete 
responses were seen starting at 6 months to beyond 15 months
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The combination strategy of ipilimumab with other 
therapeutic agents has been extensively studied to 
enhance antitumor activity. Specifically, ipilimumab plus 
dacarbazine, which is a congener of temozolomide, has 
been evaluated in several clinical trials [9, 11]. Although 
it is not feasible to make direct comparisons of clinical 
outcome with the studies due to different study designs 
and doses, our objective response rate of 31% (15.6% par-
tial response; 15.6% complete response) and median OS 
of 24.5  months are almost twice the objective response 
rate of 14–15% and the median OS of 11–14  months 
with ipilimumab plus dacarbazine studies. The remark-
able clinical outcome in our study could be attributed to 

several factors: (1) the higher dose of ipilimumab; (2) the 
concomitant use of temozolomide; (3) the treatment-naïve 
population; and (4) the use of irRC as opposed to the con-
ventional RECIST. Although early dose-finding studies 
noted an increase in clinical activity of ipilimumab with 
increasing doses [8], the aforementioned phase III study 
of ipilimumab at 10  mg/kg with dacarbazine showed a 
15% response rate, which is not a notable increase over 
ipilimumab 3 mg/kg response rate of 11% or ipilimumab 
at 3  mg/kg plus dacarbazine of 14% [3, 9, 11]. Thus, it 
is not clear that increasing ipilimumab dose from 3 to 
10  mg/kg is solely responsible for the higher response 
rate in this study. Furthermore, recent data from a 3 ver-
sus 10 mg/kg phase III study of ipilimumab demonstrated 
no difference in objective response rates, though the 
higher dose of ipilimumab was associated with improved 
survival [12]. The addition of temozolomide represents 
a different maneuver than the addition of dacarbazine to 
ipilimumab. Temozolomide demonstrates a preferentially 
cytotoxic effect to regulatory T cells (Treg) rather than 
effector T cells (Teff) [6, 7]. This may explain the higher 
clinical responses in combination with ipilimumab, as a 
greater proportion of activated Teff were left in the tumor 
microenvironment compared to Treg. Previous studies 
have highlighted the importance of this ratio of effector 
to regulatory immune cells in generating a response to 
immunotherapy [13, 14]. One limitation of our study is 
the lack of correlative studies to support augmentation of 
the Teff:Treg ratio as a mechanism of response. Because 
constipation was more prevalent than diarrhea, patients 
in our study were able to stay on treatment longer, with 
70% receiving all four induction doses of ipilimumab at 
10 mg/kg in comparison with 44% in the ipilimumab plus 
dacarbazine studies, which can also explain better clinical 
outcomes in our study. The use of this combination in the 

Fig. 3   Kaplan–Meier survival curves for total study population. a Progression-free survival (PFS) and median PFS 5.0 months. b Overall sur-
vival (OS) and median OS not reached

Fig. 4   PFS in patients with and without bone metastasis. Median 
PFS in patients with bone metastasis (n  =  7) was 2.8  months, 
5.1 months in patients without bone metastasis (n = 57). This differ-
ence was statistically significant (p = 0.014). Progression was defined 
per immune-related response criteria as increase in tumor burden (tar-
get and/or non-target lesions) of at least 25% compared with nadir. 
For this analysis, progression of disease was commonly driven by 
increase in size of bone metastasis (i.e., non-target lesions)



1364	 Cancer Immunol Immunother (2017) 66:1359–1366

1 3

frontline setting only minimally contributed to the nota-
ble response rate of 31%. The proportion of patients with 
Stage IV M1c disease (two with treated brain metastasis) 
was 48%, and 20% of patients had an elevated LDH, rep-
resenting an advanced metastatic melanoma disease state. 
The randomized phase II and III studies of ipilimumab 
at 3 or 10 mg/kg plus dacarbazine were also used in the 
frontline setting, and response rates to the combination 
were lower, as mentioned, indicating that the previously 
untreated metastatic melanoma population is an unlikely 
reason for higher response rates in our study. The differ-
ent response criteria may also be one of the contributing 
factors to the different clinical outcomes. In this study, we 
used irRC, while the ipilimumab plus dacarbazine studies 
used the conventional RECIST which can underestimate 
the clinical benefit in patients with atypical responses to 
immune checkpoint inhibitor therapy [15, 16]. However, 
objective response rates are not significantly different 

between the two criteria in a large retrospective study 
[17]. Therefore, response criteria are not completely 
responsible for the remarkable clinical outcome in our 
study.

One of the deficits of our study was the lack of correlative 
lymphocyte blood samples to support some of the hypoth-
esis defining the higher response rate with the addition of 
temozolomide. Responders who are not lost to follow-up 
have the potential to have their peripheral blood analyzed 
for a lymphocyte marker of response. Without the entire 
study population, however, the true predictive nature of any 
blood marker will be unclear. This highlights the need for 
immunotherapy studies to have ongoing immune monitor-
ing built in early-on or from the outset, in order for clinical 
benefit be analyzed alongside blood or tumor samples.

One corollary observation from this study is that the 
benefit of immune responses is rare or absent in meta-
static bone lesions. While lung, liver, nodal, and other 

Table 2   Adverse events

Common Toxicities Total # patients (%) Grade 3 (%) Grade 4 (%)

Pruritus 56 (87.5) 4(6) 0

Skin rash 53 (83) 6(9) 1 (1.6)

Fatigue 50 (78) 10 (16) 0

Nausea 49 (77) 1 (1.6) 0

Constipation 45 (70) 1 (1.6) 0

Diarrhea 36 (56) 5(8) 1 (1.6)

Vomiting 33 (52) 0 0

Anorexia 33 (52) 1 (1.6) 0

Dry skin 33 (52) 0 0

Headache 32 (50) 0 0

Pain 23 (40) 5 (8) 0

Fever 21 (33) 0 0

Dyspnea 19 (30) 3 (5) 0

Colitis 7 (11) 1 (1.6) 0

Laboratory toxicities Total # patients (%) Grade 3 (%) Grade 4 (%)

Hematologic

 Anemia 42 (66) 0 0

 Neutropenia 6 (9) 2 (3) 1 (1.6)

 Lymphopenia 15 (23) 1 (1.6) 0

 Thrombocytopenia 24 (38) 3 (5) 1 (1.6)

Non-hematologic

 Hyperglycemia 44 (69) 3 (5) 0

 ALT (high) 29 (45) 1 (1.6) 2(3)

 AST (high) 27 (42) 2 (3) 1 (1.6)

 Alk Phos (high) 16 (25) 1 (1.6) 0

 Total Bilirubin (high) 10 (16) 0 1 (1.6)

 Magnesium (low) 17 (27) 1 (1.6) 0

 Creatinine (high) 16 (25) 0 0

 Potassium (low) 9 (14) 0 0
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soft-tissue metastatic sites showed response to treatment 
with ipilimumab plus temozolomide, no patients’ bone 
metastatic sites responded to treatment. One confirmed 
partial responder with liver and bone metastasis was 
noted to have response in the liver with progression of 
soft-tissue-associated bone metastasis. The regulation of 
osteoblasts is influenced by a variety of pro-resorption 
and anti-resorption cytokines. These cytokines, such as 
interleukin (IL)-1, tumor necrosis factor alpha (TNF-
α), IL-6, IL-11, IL-17, and interferon-gamma (IFN-γ), 
affect the pro-inflammatory and anti-inflammatory traf-
ficking of cytotoxic and regulatory lymphocytes [18]. In 
addition, receptor activator of nuclear factor-κB ligand 
(RANKL) is present in bone cells, as well as during dele-
tion of self-reactive T cells during thymic development. 
RANKL may also modify dendritic cells to maintain 
a Treg population, in an effort to avoid self-reaction or 
auto-immunity in bone [19]. While these mechanisms 
may explain some of the reasons why responses in bone 
metastasis are not common with ipilimumab, the osteo-
immunology of pathologic bone metastasis is not clearly 
understood in relation to checkpoint blockade, but is an 
interesting area of future study.

Since 2011, an improvement in OS has been dem-
onstrated in metastatic melanoma patients treated 
with ipilimumab. This benefit appears to be uncoupled 
from overall response rate, with more than one-fifth 
of patients alive at 5  years of follow-up after treatment 
with ipilimumab [1]. Several agents have been added 
to ipilimumab, in an attempt to either improve over-
all response rates or improve OS. Fotemustine in addi-
tion to ipilimumab at 10 mg/kg improved response rate, 
while sargramostim in addition to ipilimumab 10 mg/kg 
noted an improvement in median OS [10, 20]. Temozo-
lomide in combination with ipilimumab 10  mg/kg dem-
onstrates an impressive response rate (31%) and median 
OS (24.5  months). Given the plausibility that the clini-
cal benefit may be driven in part by reduction of serious 
ipilimumab side effects and Treg function by temozolo-
mide, it is not yet clear if temozolomide plus ipilimumab 
at 3  mg/kg will offer similar results. In addition, as the 
median number of cycles received in this study was 5, 
the utility of maintenance ipilimumab or temozolomide is 
unknown. However, an induction regimen of ipilimumab 
plus temozolomide (four cycles) for the treatment of 
metastatic melanoma remains of interest due to its effect 
on clinical outcome, its finite treatment duration, and the 
commercial availability of both agents.
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