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Background: Tremelimumab, a fully human cytotoxic T-lymphocyte antigen 4 monoclonal antibody, and PF-3512676, a Toll-like
receptor-9 agonist, are targeted immune modulators that elicit durable single-agent antitumour activity in advanced cancer.

Methods: To determine the maximum tolerated dose (MTD) of these agents combined during this phase I study, patients
received intravenous tremelimumab (6.0, 10.0, or 15.0 mg kg� 1) every 12 weeks plus subcutaneous PF-3512676 (0.05, 0.10, or
0.15 mg kg� 1) weekly. Primary end points were safety and tolerability; secondary end points included pharmacokinetics and
antitumour activity.

Results: Twenty-one patients with stage IV melanoma (n¼ 17) or advanced solid tumours (n¼ 4) were enrolled. Injection-site
reactions (n¼ 21; 100%), influenza-like illness (n¼ 18; 86%), and diarrhoea (n¼ 13; 62%) were the most common treatment-related
adverse events (TAEs). Grade X3 TAEs were reported (n¼ 7; 33%). Dose-limiting toxicities (prespecified 6-week observation)
occurred in one of the six patients in the 10 mg kg� 1 tremelimumab plus 0.05 mg kg� 1 PF-3512676 cohort (grade 3
hypothalamopituitary disorder) and two of the six patients in the 15 mg kg� 1 tremelimumab plus 0.05 mg kg� 1 PF-3512676 cohort
(grade 3 diarrhoea). Consequently, 15 mg kg� 1 tremelimumab plus 0.05 mg kg� 1 PF-3512676 exceeded the MTD. Two melanoma
patients achieved durable (X170 days) partial response. No human antihuman antibody responses to tremelimumab were
observed.

Conclusion: Weekly PF-3512676 (p0.15 mg kg� 1) plus tremelimumab (p10 mg kg� 1 every 12 weeks) was tolerable.

Tremelimumab (CP-675 206 or ticilimumab; Pfizer Inc, New York,
NY, USA) is a fully human IgG2 monoclonal antibody that binds
to cytotoxic T-lymphocyte antigen 4 (CTLA4, also known as
CD152) on the surface of activated T lymphocytes (Ribas et al,
2007; Tarhini and Kirkwood, 2008). Binding of CTLA4 to its target
ligands (B7-1 and B7-2) produces a negative regulatory signal that
limits T-cell activation (Sansom and Walker, 2006; Rudd et al,
2009). Tremelimumab is believed to stimulate the human immune
system to attack tumours by blocking the negative regulatory signal
of CTLA4 and enhancing T-cell activation (Ribas et al, 2007;

Tarhini and Kirkwood, 2008). Administration of tremelimumab
monotherapy (generally 15 mg kg� 1 every 3 months) to patients
with advanced melanoma results in objective responses in
approximately 10% of patients, with a median duration of response
of up to 32 months (Ribas et al, 2005; Camacho et al, 2009;
Kirkwood et al, 2010; Ribas et al, 2013). A recent phase III
comparison of tremelimumab vs chemotherapy (temozolomide or
dacarbazine) as first-line therapy in patients with unresectable
melanoma demonstrated that objective response rates were similar
(10.7% vs 9.8%, respectively) between the arms, although the

*Correspondence: Dr M Millward; E-mail: michael.millward@uwa.edu.au
Portions of the data were previously presented (abstract 3046) at the 45th Annual Meeting of the American Society for Clinical Oncology (ASCO),
Orlando, FL, USA, 29 May–2 June 2009.
4Although no longer at this address, MA Marshall and J Gomez-Navarro were affiliated with Pfizer during the design and conduct of this study.

Received 7 December 2012; revised 18 March 2013; accepted 2 April 2013; published online 7 May 2013

& 2013 Cancer Research UK. All rights reserved 0007 – 0920/13

FULL PAPER

Keywords: melanoma; advanced solid tumours; combination immunotherapy; targeted immune modulator;
tremelimumab; PF-3512676

British Journal of Cancer (2013) 108, 1998–2004 | doi: 10.1038/bjc.2013.227

1998 www.bjcancer.com | DOI:10.1038/bjc.2013.227

mailto:michael.millward@uwa.edu.au
http://www.bjcancer.com


response duration was significantly longer among tremelimumab-
treated patients; however, the difference in median overall survival
(OS) was not statistically significant (12.6 vs 10.7 months,
respectively; P¼ 0.127) (Ribas et al, 2013). The most common
treatment-emergent toxicities in the tremelimumab arm were
diarrhoea (any grade, 51%; grade X3, 18%), nausea (any grade,
34%; grade X3, 4%), fatigue (any grade, 33%; grade X3, 6%), rash
(any grade, 33%; grade X3, 2%), pruritus (any grade, 31%; grade
X3, 1%), and vomiting (any grade, 23%; grade X3, 4%) (Ribas
et al, 2013). Endocrine-related adverse events (AEs), including
disorders of the thyroid, pituitary, and adrenal glands, were
observed in 7% of patients (Ribas et al, 2013).

PF-3512676 (CPG 7909; Pfizer Inc) is a synthetic oligodeoxy-
nucleotide that binds specifically to Toll-like receptor-9 (TLR-9),
and subsequently triggers innate and adaptive immune responses
that have the potential to promote an effective antitumour immune
response (Krieg, 2007, 2008). Single-agent PF-3512676 has
demonstrated antitumour activity in patients with malignant
melanoma, advanced renal cell carcinoma, and cutaneous T-cell
lymphoma (Kim et al, 2004; Pashenkov et al, 2006; Thompson
et al, 2009). Objective response rates ranged from 5 to 25%, and
most responses were durable (X180 days) (Kim et al, 2004;
Pashenkov et al, 2006; Thompson et al, 2009). The most common
toxicities in patients treated with PF-3512676 were injection-site
reactions and flu-like symptoms (Kim et al, 2004; Pashenkov et al,
2006; Thompson et al, 2009). Most of these events were mild to
moderate in severity and of limited duration (Kim et al, 2004;
Pashenkov et al, 2006; Thompson et al, 2009). Two phase III
studies demonstrated that administration of PF-3512676 in
combination with chemotherapy failed to improve OS or
progression-free survival compared with chemotherapy alone in
chemotherapy-naive patients with advanced non-small cell lung
cancer. Furthermore, the combination regimen was associated with
enhanced toxicity (Hirsh et al, 2011; Manegold et al, 2012).

Because tremelimumab and PF-3512676 are both associated
with immune modulation, the combination of these agents may
generate an additive or synergistic antitumour response, and
thereby improve clinical outcomes among patients with cancer.
However, tremelimumab plus PF-3512676 also has the potential to
augment local and/or immune-mediated AEs. This phase I study
was conducted to evaluate the safety, tolerability, and preliminary
efficacy of the combination of tremelimumab and PF-3512676 in
patients with metastatic melanoma and other advanced solid
tumours.

MATERIALS AND METHODS

Patient population. Adult patients (X18 years) with histologi-
cally documented unresectable stage III or stage IV melanoma, or
adult patients with advanced solid tumours and no standard
treatment options, were eligible for study participation. Measurable
or evaluable disease was not required; therefore, it was expected
that not all patients would be evaluable for efficacy. Patients with
resected stage IV melanoma were also eligible. Patients were
required to have an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1, and adequate bone marrow (absolute
neutrophil count X1.5� 109 cells per l, platelets X100� 109 per l,
and haemoglobin X10 g dl� 1), hepatic (aspartate and alanine
aminotransferase levels p2.5� upper limit of normal (ULN), total
bilirubin p2�ULN, and serum creatinine p2.0 mg dl� 1 or
calculated creatinine clearance X60 ml min� 1), and renal func-
tion. Patients were also required to have a serum lactate
dehydrogenase level p2�ULN, consistent with ongoing trials of
tremelimumab in melanoma. Patients with brain metastases,
uncontrolled cardiac disease, active or chronic viral hepatitis, a

history of other malignancies (except for adequately treated basal
cell skin cancer, squamous cell skin cancer, or cervical cancer), or
chronic autoimmune or antibody-mediated diseases, and a
potential requirement for systemic corticosteroids or concurrent
immunosuppressive therapy were excluded. Eligible patients were
not allowed to have received prior treatment with any anti-CTLA4
monoclonal antibody or TLR-9 agonist or to have received any
anticancer agents, including immunotherapy, within 4 weeks
before study entry.

This study was conducted in accordance with the Declaration of
Helsinki and with approval from the Institutional Review Boards at
each study site. Patients provided written informed consent before
study participation.

Study design. This was a phase I, open-label, non-randomised,
dose-escalation study. Patients were to receive intravenous
tremelimumab (6.0, 10.0, or 15.0 mg kg� 1) every 12 weeks in
combination with subcutaneous PF-3512676 (0.05, 0.10, or
0.20 mg kg� 1) each week for a maximum of four cycles
(12 months). Tremelimumab has a long half-life in plasma
(22 days) (Ribas et al, 2005). Although more frequent administra-
tion of single-agent tremelimumab (10 mg kg� 1 every 4 weeks) has
been reported, this was associated with more frequent serious AEs
than 15 mg kg� 1 single-agent tremelimumab administration once
every 3 months (Camacho et al, 2009) and was not used in this
trial. The initial dose of PF-3512676, 0.05 mg kg� 1 was tested with
each tremelimumab dose before escalation to 0.10 or 0.20 mg kg� 1.
A minimum of three patients were treated at each predefined dose
level before dose escalation; depending on treatment-emergent
toxicities, additional patients could have been entered as needed at
any dose level, including intermediate dose levels. The maximum
tolerated dose (MTD) was defined as the maximum dose of
tremelimumab plus PF-3512676 at which no patient experienced a
lifethreatening AE and at which zero or one of the six patients
(o33%) experienced a dose-limiting toxicity (DLT) during the
first 6 weeks of treatment cycle 1. Dose-limiting toxicities included
any grade 4 treatment-related AE, any grade X3 treatment-related
AE that persisted despite adequate medical therapy or prophylaxis,
any grade X3 treatment-related autoimmune reaction that affected
major organs and did not resolve to baseline or grade 1 within
6 weeks, or any disabling or grade 3 injection-site reactions. An AE
was considered a DLT if it commenced during the first 6 weeks of
cycle 1 even if it did not reach grade 3 or 4 severity during the first
6 weeks of cycle 1. For example, if a rash was initially reported as
grade 1 during the fifth week of cycle 1 and it escalated to grade 4
rash in cycle 2, this would still have been considered a DLT. If one
of the three patients experienced a DLT during the first 6 weeks,
the cohort was expanded to include three additional patients and, if
only one of the six patients in the expanded cohort experienced a
DLT during the first 6 weeks, the study proceeded to the next dose
level. However, if two or more of three to six patients experienced a
DLT during the first 6 weeks, the current dose level was considered
to have exceeded the MTD, and dose escalation was discontinued.
The preceding cohort could then be expanded to include a
minimum of 12 patients to determine the suitability of this dose
level as the recommended phase II dose. Patients who derived
clinical benefit after 12 months had an option to continue
treatment with tremelimumab only.

The primary end point was the safety and tolerability of
escalating doses of tremelimumab and PF-3512676. Secondary end
points included pharmacokinetics (PK), antitumour activity, and
human antihuman antibody (HAHA) responses.

Safety. Safety evaluations, which included assessment of AEs,
12-lead electrocardiograms, ECOG performance status, clinical
laboratory assessments, physical examinations, and vital signs,
were performed at screening, at days 1, 29, and 57 of each cycle,
and at the end of treatment. Adverse events were assessed and
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graded according to the National Cancer Institute Common
Terminology Criteria for Adverse Events, version 3.0 (National
Cancer Institute, 2012).

Pharmacokinetics. Blood specimens for assessment of
PF-3512676 PK data were collected immediately before adminis-
tration, and at 1, 2, 3, 5, 8, 12, 24, 48, 72, and 96 h after admini-
stration during cycle 1 only. Additional blood specimens were
collected on day 1 before administration during each subsequent
treatment cycle. Plasma samples were analysed to determine PF-
3512676 concentrations using validated, sensitive, and specific
enzyme-linked immunosorbent assays (ELISAs). The following PK
parameters were also calculated: area under the curve from time 0
extrapolated to infinity (AUCinf), apparent clearance (CL/F),
maximum plasma concentration (Cmax), terminal disposition phase
half-life (t1/2), time at which Cmax occurred (Tmax), and apparent
terminal volume of distribution (Vz/F). The PK parameters of
tremelimumab were not assessed.

Immunogenicity. Blood specimens for assessment of HAHA were
collected before administration on day 1 of each treatment cycle
and at the end of treatment. Assessment of HAHA responses was
performed using a validated semiquantitative ELISA.

Efficacy. Tumour assessments were performed via clinical exam-
ination, chest X-ray, computed tomography, or magnetic resonance
imaging at baseline and within 7–10 days before the start of each
new treatment cycle according to the Response Evaluation Criteria
in Solid Tumours (RECIST), version 1.0 (Therasse et al, 2000).

Statistical analysis. Descriptive statistics were used to summarise
patient demographics and baseline characteristics, treatment
administration, safety parameters, PK variables, and efficacy end
points. Because the primary objective of this study was determina-
tion of the MTD of tremelimumab plus PF-3512676, no specific
statistical hypothesis testing was performed.

RESULTS

Patient demographics and baseline characteristics. This study
was conducted at two centres in Australia with patients enrolled
between 10 March 2007, and 10 July 2009. The final data cutoff
date was 5 July 2010. A total of 21 patients with stage IV melanoma
or advanced solid tumours were enrolled and treated: 17 patients
(81%) had melanoma and 1 patient each had mesothelioma, non-
small cell lung cancer, pancreatic cancer, or prostate cancer. Two
patients with stage IV melanoma had undergone surgical resection
for metastatic disease (bowel, n¼ 1; lung and liver, n¼ 1). Both
patients had their metastatic disease resected within 3 months of
study entry. Sixty-seven percent were male, 81% were o65 years of
age, and 71% had an ECOG performance status of 0 (Table 1).

Dose levels. Patients received 6 mg kg� 1 tremelimumab plus
0.05 mg kg� 1 PF-3512676 (6/0.05; n¼ 3), 10 mg kg� 1 tremelimu-
mab plus 0.05 mg kg� 1 PF-3512676 (10/0.05; n¼ 6), 15 mg kg� 1

tremelimumab plus 0.05 mg kg� 1 PF-3512676 (15/0.05; n¼ 6),
10 mg kg� 1 tremelimumab plus 0.10 mg kg� 1 PF-3512676 (10/
0.10; n¼ 3), or 10 mg kg� 1 tremelimumab plus 0.15 mg kg� 1 PF-
3512676 (10/0.15; n¼ 3; Table 2). The majority of patients (n¼ 12;
57%) started treatment cycle 1 but did not receive further cycles of
therapy. Four patients (19%) started two treatment cycles, two
patients (10%) started three treatment cycles, and three patients
(14%) started and completed four treatment cycles at the following
dose levels: 6/0.05, 10/0.05, and 10/0.15 (n¼ 1 each). Reasons for
treatment discontinuation included disease progression (n¼ 14;
67%), toxicity (n¼ 3; 14%), and surgery (n¼ 1; 5%).

Safety. Each of the 21 patients experienced at least one treatment-
related AE. The most common treatment-related AEs were

injection-site reactions (n¼ 21; 100%), influenza-like illness
(n¼ 18; 86%), diarrhoea (n¼ 13; 62%), nausea (n¼ 9; 43%), rash
(n¼ 8; 38%), and pruritus (n¼ 7; 33%; Table 3). Most treatment-
related AEs were mild to moderate in severity (grades 1 and 2).
Treatment-related grade 3 or 4 AEs were observed in seven
patients. Treatment-related grade 3 AEs included diarrhoea,
hypothalamopituitary disorder (hypophysitis), colitis, nausea,
vomiting, pruritus, and rash. Treatment-related grade 4 AEs
included neutropenia and rectal bleeding, both of which occurred
in the 10/0.15 cohort. No treatment-related grade 5 AEs were
reported during this study. Treatment-related serious AEs affected
seven patients and were observed in each treatment cohort except
the 6/0.05 cohort; treatment-related serious AEs included colitis

Table 1. Patient demographics and baseline disease characteristics

Patients (N¼21)

Parameter Number %

Age, years

o65 17 81.0
X65 4 19.0

Sex

Male 14 66.7
Female 7 33.3

ECOG performance status

0 15 71.4
1 6 28.6

Cancer type

Melanoma 17 81.0
Stage IV M1a 2 9.5
Stage IV M1b 6 28.6
Stage IV M1c 9 42.9
Mesothelioma, stage IV 1 4.8
Prostate cancer, stage IV 1 4.8
Non-small cell lung cancer, stage IV 1 4.8
Pancreatic cancer, stage IV 1 4.8

Prior therapy

Surgery 18 85.7
Systemic therapy 13 61.9
Number of regimens
1 11 52.4
2 1 4.8
3 1 4.8
Radiation therapy 5 23.8

Abbreviation: ECOG¼Eastern cooperative oncology group.

Table 2. Treatment and dose-limiting toxicities for each dose level (all
cycles)

Tremelimumab,
mg kg�1

PF-3512676,
mg kg�1

Patients,
n

Dose-limiting
toxicities, n

6 0.05 3 0

10 0.05 6 1

15 0.05 6 2

10 0.10 3 1

10 0.15 3 2
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(n¼ 2), anaemia (n¼ 1), hypophysitis (n¼ 1), nausea, vomiting,
and diarrhoea (n¼ 1), pyrexia and chills (n¼ 1), and rectal
bleeding (n¼ 1). Three patients discontinued treatment because of
treatment-related AEs. One patient in the 10/0.10 cohort
discontinued because of grade 3 colitis during cycle 1, and one
patient in the 10/0.15 cohort discontinued because of grade 3
colitis during cycle 2. In addition, although not required by the
protocol, one patient in the 15/0.05 cohort discontinued because of
grade 1 diarrhoea during cycle 1.

Three patients experienced DLTs during the prespecified period
(i.e.,, during the initial 6 weeks of cycle 1). One patient in the
10/0.05 cohort and two patients in the 15/0.05 cohort developed
DLTs (Tables 2 and 4). Therefore, tremelimumab 15 mg kg� 1 plus
PF-3512676 0.05 mg kg� 1 was considered to have exceeded the
MTD. Three additional patients developed AEs after the initial 6
weeks of cycle 1 that would have been considered DLTs for dose
selection if they had occurred earlier (Table 5).

Pharmacokinetics. All patients were evaluable for assessment of PK
parameters after administration of the initial subcutaneous dose of
PF-3512676. Absorption of PF-3512676 was rapid, and Cmax values
were reached within 1–3 h depending on the dose level. Mean Cmax

values were 33 073 pg ml� 1 after receiving the 0.05 mg kg� 1 dose,
54 400 pg ml� 1 after receiving the 0.10 mg kg� 1 dose, and
109 100 pg ml� 1 after receiving the 0.15 mg kg� 1 dose. Mean AUCinf

values were proportional to initial dose (0.05 mg kg� 1:
166 h ng ml� 1; 0.10 mg kg� 1: 305 h ng ml� 1; 0.15 mg kg� 1:
478 h ng ml� 1). Elimination of PF-3512676 was rapid, and the mean
t1/2 ranged from 3.0 to 6.1 h. Mean CL/F values, which were low and
similar in patients receiving different doses of PF-3512676, ranged

from 316 to 332 ml h� 1 kg� 1. Finally, mean Vz/F values were small
and variable, and ranged from 1429 to 3031 ml kg� 1.

Immunogenicity. No HAHA responses to tremelimumab were
observed in any treatment cohort.

Efficacy. Among 16 evaluable patients with measurable disease,
two patients (12.5%) with melanoma achieved a partial response.
One patient with a partial response, who had stage IV M1a
melanoma and recurrent subcutaneous metastases after surgery
and radiation therapy, had received 6 mg kg� 1 tremelimumab plus
0.05 mg kg� 1 PF-3512676. This patient was still experiencing a
response at his last disease assessment, 24.9 months after first
documentation of response, and was still alive 34 months after the
first dose. The second patient with a partial response, who had
stage IV M1b melanoma and lung metastases, had received
10 mg kg� 1 tremelimumab plus 0.05 mg kg� 1 PF-3512676
(Figure 1). This patient was still experiencing a response at his
last disease assessment, 5.5 months after first documentation of
response, and was still alive 19 months after the first dose. Neither
of the patients who developed partial response experienced DLT.
Four additional patients (25%) had stable disease X10 weeks. Of
particular interest, a patient diagnosed with stage IV non-small cell
lung cancer, who had received extensive prior treatment and was
resistant to platinum-based therapy, received 10 mg kg� 1 treme-
limumab plus 0.10 mg kg� 1 PF-3512676 for two cycles. This
patient tolerated treatment well and had stable disease throughout
cycle 1, but experienced disease progression in existing sites 2
months later. An additional patient with stage IV M1c melanoma
received 10 mg kg� 1 tremelimumab plus 0.05 mg kg� 1

PF-3512676 and experienced a 29.6% decrease in target lesions

Table 3. Treatment-related adverse events in X2 patients

TremelimumabþPF-3512676

6 mg kg�1

þ0.05 mg kg�1

(n¼3)

10 mg kg�1

þ0.05 mg kg�1

(n¼6)

15 mg kg�1

þ0.05 mg kg�1

(n¼6)

10 mg kg�1

þ0.10 mg kg�1

(n¼3)

10 mg kg�1

þ0.15 mg kg�1

(n¼3)

Total
Grade
X3

Total
Grade
X3

Total
Grade
X3

Total
Grade
X3

Total
Grade
X3

Any adverse event 3 0 6 1 6 2 3 2 3 2

Injection-site reaction 3 0 6 0 6 0 3 0 3 0

Influenza-like illness 3 0 5 0 4 0 3 0 3 0

Diarrhoea 2 0 3 0 4 2 2 1 2 0

Nausea 1 0 3 0 3 1 1 0 1 0

Rash 1 0 3 0 2 0 2 1 0 0

Pruritus 1 0 1 0 4 0 1 1 0 0

Vomiting 1 0 3 0 2 1 0 0 0 0

Decreased appetite 1 0 2 0 1 0 1 0 0 0

Injection-site haematoma 1 0 1 0 2 0 0 0 0 0

Anaemia 0 0 2 0 1 0 0 0 0 0

Rash, generalised 0 0 0 0 1 0 0 0 2 0

Abdominal pain 0 0 1 0 0 0 0 0 1 0

Abdominal pain, upper 0 0 2 0 0 0 0 0 0 0

Colitis 0 0 0 0 0 0 1 1 1 1

Constipation 0 0 2 0 0 0 0 0 0 0

Dysgeusia 0 0 1 0 1 0 0 0 0 0

Fatigue 0 0 1 0 0 0 1 0 0 0
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after cycle 2 but was deemed to have an indeterminate response
after cycles 3 and 4 because of an inability to measure a previously
identified target lesion as a result of basal lung collapse/
consolidation. Of interest, in this patient new lesions appeared
during the first cycle, but they all disappeared by the end of the
second cycle.

DISCUSSION

This study is the first to combine an inhibitor of CTLA4 signalling
with a TLR-9 agonist. The single-agent dose of tremelimumab

most extensively studied in phase II or III trials is 15 mg kg� 1

every 3 months, and the dose of PF-3512676 used in phase II/III
trials is 0.1–0.2 mg kg� 1 per week (Ribas et al, 2005; Camacho
et al, 2009; Thompson et al, 2009; Kirkwood et al, 2010; Hirsh et al,
2011; Manegold et al, 2012). This study demonstrated that
combining full doses of both drugs (tremelimumab 15 mg kg� 1

plus PF-3512676 0.05 mg kg� 1) exceeded the predefined criteria
for the MTD. With a lower dose of tremelimumab (10 mg kg� 1),
PF-3512676 doses up to 0.15 mg kg� 1 did not exceed the
predefined MTD. Because of the long cycle length and prior
studies of single-agent tremelimumab, the MTD was defined based
on toxicity emergent during the first 6 weeks. However, we

Table 4. Dose-limiting toxicities during the initial 6 weeks of cycle 1

Patient
ID

Treatment Adverse Event Causality Action Outcome

10011011 Tremelimumab 10 mg kg�1þPF-
3512676 0.05 mg kg�1

Grade 3
hypothalamopituitary
disorder

TremelimumabþPF-
3512676

Treatment continued Resolved

10011006 Tremelimumab 15 mg kg�1þPF-
3512676 0.05 mg kg�1

Grade 3 diarrhoea Tremelimumab Temporary discontinuation of
PF-3512676

Resolved with
sequelae

10011010 Tremelimumab 15 mg kg�1þPF-
3512676 0.05 mg kg�1

Grade 3 diarrhoea Tremelimumab Temporary discontinuation of
PF-3512676

Resolved with
sequelae

Table 5. Dose-limiting toxicities after the initial 6 weeks of cycle 1

Patient
ID

Treatment
Adverse
Event

Event Onset Causality Action Outcome

10011013 Tremelimumab 10 mg kg�1þPF-
3512676 0.10 mg kg�1

Grade 3 colitis Cycle 1, day 71 Tremelimumab Permanent discontinuation of
tremelimumabþ PF-3512676

Resolved

10011016 Tremelimumab 10 mg kg�1þPF-
3512676 0.15 mg kg�1

Grade 4
neutropenia
Grade 4 rectal
bleeding
Grade 2
uveitis

Cycle 3, day 8
Cycle 4, day 28
157 days after
completion of cycle 4

PF-3512676
Tremelimumab
Tremelimumab

Permanent discontinuation of PF-
3512676

Treatment complete

Resolved
Resolved
Resolved

10011018 Tremelimumab 10 mg kg�1þPF-
3512676 0.15 mg kg�1

Grade 3 colitis Cycle 2, day 12 Tremelimumab Permanent discontinuation of
tremelimumabþ PF-3512676

Resolved

1. Baseline 2. End of cycle 1 3. End of cycle 2 4. End of cycle 4

1A 2A 3A 4A

1B 2B 3B 4B

Figure 1. Response of lung metastases (stage IV melanoma) in a patient treated with tremelimumab 10 mg kg� 1 plus PF-3512676 0.05 mg kg� 1.
(1A/1B): Baseline. (2A/2B): End of cycle 1. (3A/3B): End of cycle 2. (4A/4B): End of cycle 4.
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subsequently observed that some patients developed toxicity later
than 6 weeks. With the exception of one patient who developed late
grade 4 neutropenia related to PF-3512676, all other DLTs were
considered tremelimumab-related and consisted of immune
breakthrough events known to occur with anti-CTLA4 antibodies
(Ribas et al, 2013). However, it is noteworthy that in the phase III
trial comparing tremelimumab with chemotherapy for melanoma,
the median times to onset of the immune breakthrough events
diarrhoea and rash in the patients receiving tremelimumab
15 mg kg� 1 once every 90 days were 23 and 15 days, respectively
(Ribas et al, 2013). Neutropenia is a recognised toxicity of PF-
3512676, and phase III studies demonstrated that increased
myelosuppression occurred in patients receiving PF-3512676 in
combination with chemotherapy (Hirsh et al, 2011; Manegold et al,
2012). Our results indicate that tremelimumab plus PF-3512676
potentially increases the incidence of immune breakthrough events
and may result in these events occurring later than with single-
agent tremelimumab, perhaps in patients who would not otherwise
have manifested them. Based on our results, future studies should
evaluate the combination of tremelimumab 10 mg kg� 1 and PF-
3152676 0.15 mg kg� 1, while paying particular attention to late-
emerging toxicity.

It should be recognised that the classic ‘3þ 3’ dose-escalation
phase I design used in this trial may not be optimal for
combinations of immunotherapy involving anti-CTLA4 agents
wherein the expected toxicities are mechanism-related, and the
occurrence of immune-related AEs may be correlated with efficacy.
An approach of continuous monitoring of early and late-onset
toxicities using a Bayesian design may be more appropriate.

Previously reported trials have combined tremelimumab with
other anticancer therapies such as exemestane, sunitinib, high-dose
interferon, and dendritic cell vaccinations (Ribas et al, 2009;
Vonderheide et al, 2010; Rini et al, 2011; Tarhini et al, 2012). In a
trial restricted to patients with advanced breast cancer, the
combination of exemestane 25 mg per day and tremelimumab
6 mg kg� 1 every 90 days was considered tolerable, although a
higher dose of tremelimumab was not (Vonderheide et al, 2010).
The combination of sunitinib (50 mg daily for 4 out of 6 weeks or
37.5 mg daily as a continuous dose) and tremelimumab (6, 10, or
15 mg kg� 1) produced unexpected and severe renal toxicity in a
phase I trial in patients with metastatic renal cancer; notably, renal
toxicity is not a limiting toxicity of either agent alone (Rini et al,
2011). In both of these trials, toxicity could not be clearly explained
on the basis of a PK interaction because the PK parameters of
tremelimumab were consistent with those reported with single-
agent use (Vonderheide et al, 2010; Rini et al, 2011). The
combination of tremelimumab and another immunotherapy has
been explored in patients with metastatic melanoma, who received
monthly or 3-monthly tremelimumab plus MART-1 pulsed
dendritic cell vaccination (Ribas et al, 2009). No unexpected
toxicity was encountered, and 4 out of 16 patients experienced a
complete or partial response (Ribas et al, 2009). Tarhini et al
(2012) combined tremelimumab 15 mg kg� 1 every 3 months with
high-dose interferon. Among 35 evaluable patients, 9 (26%)
responses were reported, with no greater frequency of AEs than
that reported with high-dose interferon or tremelimumab alone
(Tarhini et al, 2012).

Antitumour activity against melanoma was not a specific end
point in our trial, which also included patients with other solid
tumours and patients with nonmeasurable disease. Two patients
with stage IV melanoma had a partial response, and an additional
patient with stage IV non-small cell lung cancer experienced an
unusually prolonged stable disease course, given his diagnosis and
previous treatment failures. These results may be an indication that
the combination of tremelimumab and PF-3152676 provides
clinical benefit that is underestimated by RECIST criteria alone.
Although we observed some encouraging responses, additional

randomised studies are needed to determine whether combining
anti-CTLA4 blockade with another immunotherapy is more
effective than anti-CTLA4 blockade alone.
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