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Summary Purpose A two stage multi-institution Phase II
study was undertaken by the Princess Margaret Hospital
Consortium to evaluate the efficacy and toxicity of oral
cediranib, an inhibitor of vascular endothelial growth factor
receptors 1 and 2, in patients with previously untreated ad-
vanced malignant melanoma. Patients and Methods Between
May 2006 and April 2008, 24 patients (median age 65 years)
with advanced malignant melanoma were treated with oral
cediranib. Cediranib was given on a continuous, oral once
daily schedule of 45 mg, on a 28 day cycle. Results Of the
17 patients evaluable for response, there was stable disease
in 8 patients, and progressive disease in 9 patients, with
no objective responses seen. Only 2 patients had stable
disease >/= 6 months, thus the study was terminated at
the end of stage 1 accrual. The overall median survival
was 9.9 months, and the median time to progression
was 3.5 months. The most frequent non-hematologic
adverse events were hypertension (78 %), fatigue
(69 %), diarrhea (69 %) and anorexia and nausea (each
57 %). Conclusions Although 2 patients had stable dis-
ease at 6 months, the short median time to progression
and lack of any objective responses indicate that single

agent cediranib at this dose and schedule is not sufficiently
active to warrant study continuation.
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Introduction

There were an estimated 80,670 new cases of malignant mel-
anoma diagnosed in North America in 2015, with approxi-
mately 11,090 deaths. Melanoma has one of the most rapidly
increasing rates of incidence, particularly in those less than
35 years of age. Median survival for patients with metastatic
disease ranges from 4 to 15 months, depending on site of
metastases. At the initiation of this study, there were few sys-
temic treatment options, with surgical excision of resectable
disease being a mainstay of management for eligible patients.
Chemotherapy and cytokine therapy response rates were low,
in the range of 10–20 %, with <5 % of patients obtaining a
durable response. Clearly, there was a significant need to de-
velop novel therapies for the treatment of this disease.

Cediranib (AZD2171), an orally available small molecule,
is a potent inhibitor of receptor tyrosine kinases (RTKs) which
influence the effects of a key angiogenic factor, vascular en-
dothelial growth factor-A (VEGF). VEGF is implicated in
tumor blood vessel formation and in disease progression in a
wide range of solid tumor malignancies. VEGF also pro-
foundly increases the permeability of the vasculature, poten-
tially contributing to tumor progression. Cediranib is a potent
inhibitor of both vascular endothelial growth factor receptor 1
(VEGFR1), VEGFR2 and VEGFR3 [1].

New blood vessel formation is a prominent feature of
malignant melanoma [2]. In paraffin embedded biopsy
specimens, invasive melanomas displayed strong VEGF
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expression, with benign nevi showing no immunoreac-
tivity for VEGF [3]. In patients with malignant melano-
ma, increased serum concentration of VEGF correlates
with poor overall and progression free survival [4].

Given this rationale for blocking the VEGF signaling path-
way, the current study was undertaken to assess the objective
tumor response rate of cediranib administered to patients with
recurrent or metastatic malignant melanoma.

Patients and methods

Patients≥18 yearswith histologically or cytologically confirmed
unresectable recurrent or metastatic malignant melanoma (Stage
IV acral lentiginous, lentigo maligna, superficial spreading or
ocular malignant melanoma), were eligible for participation.
The study protocol was approved by the institutional review
boards at all participating sites, and patients were entered onto
the trial after written informed consent was obtained. Other eli-
gibility criteria included Eastern Cooperative Oncology Group
(ECOG) performance score of ≤2, and a life expectancy of at
least 12 weeks. Patients must have measurable disease accord-
ing to Response Evaluation Criteria in Solid Tumors Committee
(RECIST) criteria [5]. No prior chemotherapy or biological ther-
apy for metastatic disease was permitted, though prior adjuvant
immunotherapy was permissible if completed ≥3 months prior
to study entry. Patients may have received prior radiation thera-
py or surgery, if completed ≥4 weeks prior to study entry.
Patients also had to be able to tolerate oral medications.

Requirements for organ function included absolute
granulocytes ≥1.5 x 109/L, leukocytes ≥3 x 109/L, platelets
>100 x 109/L, serum creatinine within normal limits or creat-
inine clearance ≥50 mL/min, bilirubin ≤1.5 times normal
limits and AST or ALT ≤ 3 times the upper limit of normal
or ≤5 times the upper limit of normal if liver metastases were
documented. Patients with documented brain metastases or
any serious medical condition or illness that would not permit
the patient to be managed according to the protocol were
excluded. Other exclusion criteria included mean QTc
>470 msec (with Bazett’s correction) in screening electrocar-
diogram; greater than +1 proteinuria on two consecutive dip-
sticks; HIV-positive patients on combination antiretroviral
therapy due to the potential for pharmacokinetic interactions
with cediranib and pregnant females, due to known abortifa-
cient effects of the study drug.

Study design and treatment

This was an open label, phase II, multi-institutional study
sponsored by the National Cancer Institute (NCI)-Cancer
Therapy Evaluation Program. Study treatment consisted of
cediranib 45 mg orally once daily, on a 28 day cycle.

Cediranib was supplied by the National Cancer Institute
(NCI), Division of Cancer Treatment and Diagnosis, Cancer
Therapy Evaluation Program. Treatment was continued until
disease progression, unacceptable toxicity, patient refusal, or
physician’s decision to withdraw the patient. Hematology,
biochemistry and urine dip for protein were evaluated on
day 1 of each cycle, as well as on day 15 of cycle 1 only.
Radiologic measurements, classified by RECIST, were per-
formed every 8 weeks. Toxicity was assessed and graded
using the NCI Common Terminology Criteria for Adverse
Events (CTCAE) version 3. For grade 3 or higher (non-
hematologic) or grade 4 hematologic toxicity, cediranib was
withheld until the toxicity was <grade 2, then resumed at
30 mg/d; a second dose reduction to 20 mg was allowed for
further grade 3 or 4 toxicity. Need for a third dose reduction,
persistent toxicity after 14 days off study drug or grade 4
hypertension required discontinuation of study therapy. For
patients with. ≥ grade 2 renal toxicity, treatment was held until
recovery ≤grade 1, then restarted without dose reduction; 24 h
urine for creatinine clearance and protein was collected, and
repeated weekly until grade 0–1.

Statistical methods

The primary endpoint of this study was to determine the re-
sponse rate (objective tumor response, defined as a partial or
complete response as per the RECIST criteria, or prolonged
stable disease rate of at least 6 months). Secondary objectives
include median survival time, 1-year survival rate, response or
stable disease duration, time to disease progression, and tox-
icity of cediranib in this population.

A two stage phase II design was used as in Simon [6]. The
null hypothesis assumed that the response rate was less than
15% and the alternative hypothesis assumed that the response
rate was at least 35 %. This design allowed enrollment of 19
evaluable patients in the first stage. If at least 1 patient had an
objective tumor response, or 4 patients had stable disease of at
least 6 months, an additional 14 evaluable patients were to be
enrolled.

Results

Patients and treatment

Between May 2006 and April 2008, 24 patients with metasta-
tic melanoma were enrolled at 8 centres in Canada and the
United States. There were 7 females and 17 males, with a
median age of 65 (range 28–82). Two thirds of the patients
had a performance status of 0. Twenty-three of the 24 patients
were evaluable for toxicity and survival (1 patient did not
receive any study drug). Seventeen patients were evaluable
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for response (4 patients withdrew, and 2 patients had toxic-
ities; one patient with grade 3 seizure plus grade 4 hyperten-
sion and the second patient with grade 3 hypertension). One
additional patient was deemed inevaluable as the only mea-
surable disease had been biopsied prior to starting treatment,
and was no longer sufficiently measurable as per RECIST
criteria. Patient characteristics are listed in Table 1.

Response

Of the 17 patients evaluable for response, only 2 patients had
stable disease greater than 6 months in duration. An additional
6 patients had stable disease ranging from 3 to 5 months in
duration; the overall median duration of stable disease was
4.6 months (range 3.1 to 9.1 months). The remainder of pa-
tients had progressive disease, with no complete or partial
responders. The median number of cycles per patient was 2,
with a range from 1 to 10.

For the 23 assessable patients, the median survival was
9.9 months (95 % CI 6.8 to 21.9 months). The median time to
progression was 3.5 months (95 % CI 1.8 to not reached), and
the one year overall survival was 38 % (95 % CI 21 %-68 %).

Toxicity

Cediranib was generally well tolerated, with the majority of
adverse events grade 1 to 2 in intensity (Table 2). One patient
had grade 4 hypertension, the only grade 4 event at least pos-
sibly related to treatment. An additional 6 patients had grade 3
hypertension, with 18 patients in total having any grade of
hypertension (78%). Thirty-five percent of patients developed
proteinuria, none greater than grade 2 in intensity. No patients
died on study. The most common nonhematologic toxicities
were fatigue, diarrhea, anorexia and headache, occurring in
greater than 50 % of patients at an intensity of grade 2–3.
Lymphopenia and thrombocytopenia were the most common
hematologic toxicities, occurring in 22% of patients at a max-
imal intensity of grade 2.

Discussion

Despite the strong theoretical rationale for inhibiting signaling
through the VEGF receptor in these hypervascular tumors, the
results of this phase 2 trial of cediranib demonstrate that at this
dose and schedule, there is only modest clinical benefit in
metastatic melanoma. Drugs targeting the VEGF receptor, or
its ligand, typically have more impact on disease stabilization,
rather than objective responses. However, in the current study,
while 8/17 response evaluable patients (47 %), had stable
disease, only 12% had a stable disease duration of ≥6 months.
For the patients who had durable stable disease, one had me-
tastases confined to the nodes, and one to lung only.
Interestingly, 2 of the patients with stable disease of less than
6 months duration had nodal, lung and hepatic metastases,
typically a group with very poor prognosis.

Mitchell et al. [7] assessed the effect of food on single dose
pharmacokinetics of cediranib, noting that plasma area under
the curve (AUC), and peak concentration (Cmax) were lower in
the presence of food by 24 and 33% respectively. However, in
the present study, patients were instructed to take cediranib
either 1 h before or 2 h after meals, making plasma concen-
tration an unlikely contributor to the lack of antitumour effect.

The most common adverse event was hypertension, seen in
78 % of patients; this was of grade 3 or 4 intensity in 20/77 cy-
cles.While hypertension is not an unanticipated adverse event in
classes of drugs which affect VEGF and/or its receptor, this rate
is much higher than that seen in the phase I study of cediranib in
hormone refractory prostate cancer [8]. In that study, 31 % of
patients developed hypertension (one patient grade 3), though a
dose of 45 mg/d was not reached, as 20 mg/d was declared the
MTD. Rates of all grade hypertension were 83 % in an ovarian
cancer study [9] and 70% in patients with mesothelioma treated
with cediranib [10]. Goodwin et al. found that the development
of hypertension was favorably prognostic, but not predictive of a
differential treatment effect from cediranib [11].

Table 1 Patient Characteristics

Age Median (range) 65(28, 82)

Gender Female:Male 7:17

PS 0:1 16:8

Malignancy Melanoma 24

Prior Therapy CT 0

RT 5

Target/Non-Target Lesions Median (range) 3 (1, 8)/1 (0, 4)

Lung 13/10

Liver 7/4

Nodes 9/7

Abdomen 3/1

Pelvis 3/1

Other 9/4

Hospital PMH 8

TSRCC 1

U Chicago 10

ORCC 1

Oncology care associates 1

Joliet H-O Associates 1

Central Illinois H-O center 1

Evaston Hospital 1

Best response SD 8

PD 9

IE

Cycles/Patient Median (range) 2 (1, 10)

Total Cycles 77
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Other investigators have targeted the VEGF signaling path-
way with bevacizumab, a recombinant humanized murine
anti-human VEGFmonoclonal antibody. A randomized phase
2 trial reported by Varker et al. [12], looking at bevacizumab
with or without daily low dose interferon alfa-2b (IFN-α2b),
found prolonged disease stabilization (24–146 weeks) in this
32 patient trial. The addition of IFN-α2b did not augment the
effects of bevacizumab. Perez et al. [13] conducted a phase II
trial of carboplatin, paclitaxel and bevacizumab, reporting the
combination to be well tolerated, with 57% (30/53) of patients
having stable disease for at least 8 weeks, and amedian overall
survival of 12 months. They concluded that the results

warranted further study, given the efficacy of adding
bevacizumab to chemotherapy in other disease sites such a
colon.

Two large phase III, randomized, double blind, placebo
controlled studies evaluated the efficacy of adding sorafenib,
a multikinase inhibitor that targets the VEGFR, platelet de-
rived growth factor receptors, and Raf/MEK/ERK pathways,
to chemotherapy. One study evaluated the addition of sorafe-
nib to carboplatin and paclitaxel in previously treated patients
[14], while the second assessed this combination in chemo-
naïve patients [15]. However, the combination of sorafenib,
carboplatin and paclitaxel did not improve progression free

Table 2 Toxicities Considered at
Least Possibly related to AZD
2171

Toxicity No. of patients
(n = 23)

% Worst grade,
any patient

No. of cycles,
any grade
(n = 77))

% No. of cycles
with grade 3
or 4 toxicity

Nonhematologic

Hypertension 18 78 4 63 82 20

Fatigue 16 69 3 49 4 3

Diarrhea 16 69 2 47 61 0

Anorexia 13 57 2 40 52 0

Nausea 13 57 3 38 50 1

Headache 11 48 2 31 40 0

Proteinuria 8 35 2 25 32 0

Voice Alteration 9 39 1 22 29 0

Vomiting 9 39 3 20 26 1

ALT 8 35 3 18 23 1

ALP 6 26 2 16 21 0

AST 6 26 4 16 21 2

Hand-Foot Syndrome 4 17 1 13 17 0

Hypothyroidism 3 13 2 11 14 0

Urinary Hemorrhage 8 35 2 21 27 0

Abnormal ENT 2 9 2 9 12 0

Dizziness 2 9 3 8 10 1

Muscle weakness 2 9 2 8 10 0

Oral Pain 3 13 2 7 9 0

Abdominal Pain 5 22 2 6 8 0

Pain 4 17 1 12 16 0

Chest pain 2 9 3 3 4 2

Dehydration 2 9 3 3 4 3

Stomach Pain 2 9 2 3 4 0

Back Pain 1 4 3 1 1 1

Joint Infection 1 4 3 1 1 1

Seizure 1 4 3 1 1 1

Speech Disorder 1 4 3 1 1 1

Hematologic

Lymphopenia 5 22 2 14 18 0

Anemia 4 17 1 12 16 0

Thrombocytopenia 5 22 2 9 12 0

Neutropenia 1 4 2 7 9 0
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survival (PFS), overall survival, or other clinical endpoints, in
either patient population [14, 15].

In conclusion, the results of this phase II results do not
warrant advancement of single agent cediranib, on this sched-
ule, as first line therapy in advanced malignant melanoma.
Similar to other agents which target the VEGF signaling path-
way, there may be enhanced potential of this agent in combi-
nation with other agents [16].
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