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Abstract
OBJECTIVE: Asian melanoma patients, predominantly comprised of acral and mucosal subtypes, might not benefit
from immunotherapy and targeted therapy as much as Caucasian patients. Novel treatment strategies are
demanded after conventional treatment failure. This was a prospective, single-arm, and single-center dose
escalation study to investigate the safety and preliminary efficacy of apatinib combined with temozolomide in
heavily treated advanced melanoma patients. METHODS: Patients were sequentially admitted to four dose-
escalating groups of apatinib and temozolomide (three cases in each group) using a traditional 3 + 3 dose
escalation design method. RESULTS: Twelve patients were enrolled between December 2016 and August 2017.
Most patients with an acral or mucosal primary origin progressed after immunotherapy or targeted therapy. Dose
escalation had been completed without dose-limiting toxicity. Common adverse events included hypertension,
hand-foot syndrome, proteinuria, neutropenia, nausea, and fatigue. All adverse events were grade 1 or 2, while the
maximum tolerated dose was not reached. Up to January 2018, 1 patient achieved partial response, 9 experienced
stable disease, and 2 exhibited progressive disease. The objective response rate and disease control rate were
8.3% and 83%, respectively. CONCLUSIONS: In conclusion, apatinib combined with temozolomide was well
tolerated and has demonstrated efficacy in advanced melanoma patients.
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troduction
ver the past decade, immunotherapeutic agents and targeted agents
ve made great progress in the treatment of melanoma, significantly
olonging overall survival of metastatic melanoma patients [1–4].
owever, in Asia, melanoma differs in subtype and gene variation in
mparison with that of Caucasians. The efficacy of immune-
eckpoint inhibitors has been relatively low in acral and mucosal
elanoma patients, which are more common in China [5]. With a
wer rate of BRAF mutation, less of the population benefits from
RAF or MEK inhibitors. Therefore, novel treatment strategies are
manded for patients after failure of conventional treatment.
Melanoma is a highly vascular tumor. Effective antiangiogenesis
eatment options have been extensively searched for years. The
scular endothelial growth factor (VEGF) signaling pathway plays a
ucial role in angiogenesis and tumor progression [6]. There have
en some kinds of small molecular vascular endothelial growth factor
ceptor (VEGFR) inhibitors approved for treatment in different
alignancies, such as sorafenib, sunitinib, and pazopanib [7].
patinib is a type of tyrosine kinase inhibitor that functions by
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Table 1. Patient Characteristics

Characteristics No. of Patients %

Gender
Male 4 33.3
Female 8 66.7

Age, years
Median 52
Range 33–64

Primary site
Acral 5 41.6
Mucosal 4 33.3
Conjunctiva 1 8.3
Unknown primary 2 16.7

Metastatic sites
Distant lymph node only 2 16.7
Lung only 2 16.7
Liver 3 25.0
Bone 4 33.3
Other sites 2 16.7

BRAF mutation 1 8.3
Previous therapy
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hibiting vascular proliferation by selectively binding to VEGFR-2,
hich is considered to be principally responsible for angiogenesis in
mors. Apart from approval for treatment of metastatic gastric cancer
ter failure of second-line chemotherapy in China, apatinib was
und to be active against lung and breast cancers as well [8,9].
Temozolomide is an orally administered alkylating agent that
ows equivalent efficacy compared with dacarbazine when used in
etastatic melanoma [10]. Because of ease of administration,
lerability, and predictable pharmacokinetics, temozolomide is an
cellent candidate for inclusion in combination therapies for patients
ith advanced melanoma.
Chemotherapy combined with inhibition of the VEGF signaling
thway may lead to synergistic antitumor effect; thus, we undertook
phase I study of combining apatinib with temozolomide to
vestigate the safety profile and preliminary efficacy in patients with
vanced melanoma after failure of conventional treatment including
munotherapy and targeted therapy.
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BRAF inhibitor 1 8.3
Immunotherapy 9 75.0
Chemotherapy 9 75.0
Containing DTIC 2 16.7
Not Containing DTIC 7 58.3

DTIC, dacarbazine.

Table 2. Dose Cohorts

Cohort Temozolomide Dose Apatinib Dose

1 100 mg QD day 1-5 250 mg QD
2 200 mg QD day 1-5 250 mg QD
3 200 mg QD day 1-5 500 mg QD
4 300 mg QD day 1-5 500 mg QD
aterials and Methods

atient Selection
Patient enrollment criteria include age between 18 and 70 years
d; Eastern Cooperative Oncology Group Performance status ≤2; life
pectancy of at least 3 months; histologically confirmed advanced
elanoma, not suitable for resection, with measurable disease as
fined by Response Evaluation Criteria In Solid Tumors (RECIST),
rsion 1.1; failure after conventional treatment, including chemo-
erapy, targeted therapy, or immunotherapy; acceptable hematolog-
, hepatic, and renal function; signed informed consent; and
illingness and ability to comply with scheduled visits, treatment
ans, response evaluation, and other study procedures.
Patients were excluded for any of the following conditions: poorly
ntrolled hypertension (systolic pressure ≥ 140 mm Hg and/or
astolic pressure ≥ 90 mm Hg) despite standard medical manage-
ent; grade 2 or above myocardial ischemia or myocardial infarction;
controlled arrhythmias (including QT interval for male ≥450 mil-
econds and for female ≥470 milliseconds); previously received
mozolomide; tumor invasion into important blood vessel or with a
obability of invading important blood vessel leading to lethal
morrhage; coagulant function abnormality (international normal-
ed ratio N 1.5 or prothrombin time N upper limit of normal value
4 seconds or activated partial thromboplastin time N 1.5 upper
it of normal value), with bleeding tendency or is treated with
rombolysis and anticoagulation; routine urine tests indicate that
ine protein ≥ ++ or verify that the 24-hour urine protein
antitation ≥1.0 g; pregnant or lactating women, or female subjects
child-bearing potential who do not agree to or cannot use
ntraceptive measures; and evidence of significant medical illness
at in the investigator's judgment will substantially increase the risk
sociated with the subject's participation in and completion of the
udy.

tudy Design
This prospective, single-center and single-arm, phase I study was
proved by Peking University Cancer Hospital Ethic Committee,
cusing on combinative drugs dose escalation. The primary endpoint
as safety [dose-limiting toxicity (DLT) and maximum tolerated dose
TD)], and the secondary endpoint was objective response rate and
sease control rate. We used the traditional 3 + 3 dose escalation
sign in this study. Three different dose levels of temozolomide and
atinib were planned involving three cases in each group. Grade 4
matologic toxicity or grade 3 or 4 nonhematologic adverse event in
e first 4-week period was defined as DLT. When all three patients
d completed one treatment cycle at a dose level without developing
LT, a new cohort of patients was enrolled at the next dose level.
hen one of the three patients experienced a DLT, additional three
tients were admitted to the same dose level. When two or more
tients out of the six experienced a DLT in a cohort, the previous
se level was determined to be the MTD.
Patients would continue treatment after the first cycle unless
periencing intolerable toxicities, RECIST-defined disease progres-
on, or consent withdrawal. During the first cycle, no procedure
ould be taken in prevention or treatment of toxicities. During the
tended treatment period, dose reduction or medication was allowed
patients experienced severe adverse events.

afety and Response Evaluation
Patients who completed at least one cycle of temozolomide and
atinib were assessed for safety using National Cancer Institute
ommon Terminology Criteria for Adverse Events, version 4.0.
edical records, physical examinations, and blood tests were
rformed at baseline and each follow-up time point throughout
e trial. The incidences and severity of adverse events and
ncomitant medication of each cohort were recorded. Cumulative
xicities from extended treatment cycles were monitored as well.
Patients who received at least one cycle of therapy were evaluated
r response using RECIST criteria, version 1.1. Computed
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Table 3. Incidence of Treatment-Related Toxicities for Each Dose Cohort

Adverse Events No. of Patients (All Grades)

Cohort 1 Cohort 2 Cohort 3 Cohort 4 Total (%)

Hypertension 1 1 1 1 4 (33.3)
HFS 1 2 0 1 4 (33.3)
Proteinuria 0 2 0 1 3 (25.0)
Nausea 1 1 0 1 3 (25.0)
Neutropenia 0 1 1 1 3 (25.0)
Fatigue 1 1 2 1 5 (41.6)
Hyperbilirubinemia 1 0 0 0 1 (8.3)
Diarrhea 0 1 0 0 1 (8.3)
Thrombocytopenia 0 0 0 1 1 (8.3)

HFS, hand-foot syndrome.
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Table 4. Response Evaluation for Each Dose Cohort

Cohort CR Response (n = 12) DCR (%)
CR + PR + SD

PR SD PD

1 0 0 2 1 2 (66.7)
2 0 1 2 0 3 (100)
3 0 0 3 0 3 (100)
4 0 0 2 1 2 (66.7)
Total 0 1 9 2 10 (83.3)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; DCR,
disease control rate.
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mography (CT) scans of chest, abdomen, and pelvis were
rformed at baseline and each cycle, as well as magnetic resonance
aging of brain when necessary. Objective response rate and disease
ntrol rate were observed. Patients with complete response, partial
sponse, or stable disease for at least 4 weeks were considered to be
inically benefited. In addition, follow-up data of progression-free
rvival (PFS) and overall survival (OS) for each patient were
tained. The probability of PFS and OS was estimated by the
aplan-Meier method using SPSS 22.0 software.
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atient Characteristics
A total of 12 patients were enrolled in this trial between December
16 and August 2017. Patient characteristics are listed in Table 1.
he most common subtypes were acral melanoma and mucosal
elanoma, including one BRAF-mutated patient. The most common
etastatic sites were distant lymph nodes, lung, bone, and liver. All
tients had previously received at least one line of systemic therapy;
% received immunotherapy with nivolumab, pembrolizumab, or
gure 1. The CT scan image of a patient with partial response. A
etastatic to abdominal cavity and subcutaneous tissue, pretreated w
linical trial) for 6 months. (A) Abdominal mass at baseline CT scan; (
ass after one treatment cycle; (D) subcutaneous metastasis after on
ilimumab, while 75% received traditional chemotherapy. Other
eatment regimens included BRAF and MEK inhibitor, oncolytic
rotherapy and CDK4/6 inhibitor in the setting of clinical trial.

ose Escalation
Twelve patients were enrolled and treated with various doses of
mozolomide and apatinib according to the sequence of their
rollment. Three dose cohorts were tested as planned in the original
otocol, namely, temozolomide 100 mg for day 1-5, apatinib
0 mg daily; temozolomide 200 mg for day 1-5, apatinib 250 mg
ily; temozolomide 200 mg for day 1-5, apatinib 500 mg daily,
ery 4 weeks for a cycle. Because MTD had not been reached during
e three levels, we subsequently added three patients to a higher dose
vel, in which patients were given temozolomide at a dose of 300 mg
r day 1-5 and apatinib at a dose of 500 mg daily. The dose
calation was completed in August 2017. Drug dose of each cohort is
ted in Table 2. At the time of the last follow-up (January 2018), two
tients were still on treatment. The other 10 patients discontinued
e to disease progression.

fety
All 12 patients were available for safety evaluation. No DLT had
en observed in the first 4 weeks, and the MTD was not reached.
54-year-old female, originated from gastroesophageal junction
ith nivolumab + ipilimumab for 4 months and CDK4/6 inhibitor
B) subcutaneous metastasis at baseline CT scan; (C) abdominal
e treatment cycle.

Image of Figure 1
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Figure 2. Kaplan-Meier curves for (A) PFS and (B) OS.
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he incidence of all treatment-related toxicities for each cohort is listed in
able 3. Themost frequently occurring adverse events were hypertension
3.3%), hand-foot syndrome (33.3%), proteinuria (25.0%), nausea
5.0%), neutropenia (25.0%), and fatigue (41.6%), while hyperbilir-
inemia (8.3%), diarrhea (8.3%), and thrombocytopenia (8.3%) were
served occasionally. All treatment-related adverse events were mild and
anageable. Hypertension was controlled by antihypertensive agents.
and-foot syndromewas relieved by application ofmoisturizers.None of
e three patients with proteinuria developed nephrotic syndrome due to
atinib treatment.
During the extended treatment cycles, three patients required a
se reduction of apatinib because of hypertension, from 500 mg to
0 mg, and received two kinds of medication, including two
tients in cohort 3 and one patient in cohort 4. Additionally, one
tient at dose level 4 experienced grade 4 thrombocytopenia after
ur cycles of treatment. With infusion of platelets and support of
combinant human interleukin-11 her platelet count recovered, and
mozolomide dosage was reduced during the next treatment cycle.
iven that toxicities were cumulative over time, dose escalation was
t further attempted.

umor Response
All 12 patients were available for response evaluation. One patient
hieved partial response in cohort 2 and was still on treatment after 7
onths (Figure 1). Nine patients achieved stable disease. Among
ese patients, one had BRAF V600E mutation and progressed after
RAF and MEK inhibitors; two patients had previously received
carbazine-combined chemotherapy. The objective response rate
as 8.3% and disease control rate was 83%, respectively. Response
aluation for each cohort is shown in Table 4.
The median follow-up time for the entire group of patients was
months (range: 3-15 months). Median progression-free time was
3 months (95% CI 1.9-4.7 months), and median overall survival time
as 6.3 months (95% CI 4.1-8.5 months), as is shown in Figure 2.
ye
m
m
re
ch
iscussion
ased on this phase I study, we infer that temozolomide and apatinib
n be safely combined at a dose of temozolomide 300 mg on day 1-5
d apatinib 500 mg daily every 4 weeks. As DLTs were not observed
this study, this combination dosage was considered the

commended phase II dose.
The safety profile of apatinib was similar to that of other VEGFR
hibitors [11,12]. From the prior clinical trials, we already know
at apatinib inhibits VEGF receptors on arterial endothelial cells,
ritubular capillary cells, skin cells, and bone marrow progenitor
lls, which may cause systemic hypertension, proteinuria, hand-foot
ndrome, as well as bone marrow suppression [13]. Temozolomide
as well tolerated and produced a transient myelosuppression. In
dition, the most common nonhematologic toxicities of temozolo-
ide were mild to moderate nausea and vomiting [10]. In this clinical
ial, the most common adverse events were hypertension, hand-foot
ndrome, proteinuria, nausea, neutropenia, and fatigue, while the
ss common toxicities included hyperbilirubinemia, diarrhea, and
rombocytopenia. These toxicities from the combination of
mozolomide and apatinib were mild and manageable. No
expected and severe toxicity was observed.
During the extended course of treatment, some cumulative
xicities were documented, including three grade 3 hypertension
ents and one grade 4 thrombocytopenia event. With dose reduction
d antihypertension agents, hypertension was controlled. The
atelet count also recovered quickly with supportive care. Although
mozolomide and apatinib dosage was reduced during the next
eatment cycle, the patient continued to experience clinical benefit
table disease).
Generally speaking, the efficacy conclusions of phase I studies are
ited. However, it is noteworthy that 83% patients experienced

inical benefit for a median PFS of 3.3 months, especially after
evious heavy treatment with checkpoint inhibitors and specific
rgeted therapy of BRAF or CDK4/6 inhibitors. Additionally, more
an 70% of patients in this study had acral or mucosal primaries with
or prognosis. Although immunomodulatory agents have revolu-
onized the treatment of metastatic cutaneous melanoma in recent
ars, they are not well described in melanomas arising from acral and
ucosal surfaces [14]. The use of targeted therapies aimed at BRAF
utation is also limited as the proportion of BRAF mutation is
latively low in these melanoma subtypes. Traditional cytotoxic
emotherapy yields poor outcome in terms of either response rate or

Image of Figure 2
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erall survival. However, in our study, the combination of VEGFR
hibitor and temozolomide showed promising antitumor activity,
hich may promote further studies for phase II clinical trial.
Antiangiogenesis is a potential strategy in the treatment of
elanoma. Bevacizumab, recombinant human endostatin, as well
some other small tyrosine kinase inhibitors in combination with
emotherapy have already been tested in clinical trials through the
ars and showed promising outcomes [15–17]. In this study, we
ose one potent and selective VEGFR inhibitor in combination with
emotherapy and demonstrated promising antitumor activity. Two
tients had been pretreated with dacarbazine and still had stable
sease, which may indicate that most of the benefit came from
atinib. Further investigation is required for a detailed understand-
g of the mechanism regarding the effect of apatinib in treatment of
etastatic melanoma. As apatinib can block VEGFR-2 activation, we
n analyze the expression of VEGFR-2 to determine whether it is
rrelated with tumor response in our future work.
This proposed regimen comprised of two orally taken agents was well
lerated. The combination was also found with evidence of antitumor
tivity. For patients after failure of previous conventional treatment,
gardless of BRAF status, the combination of temozolomide and
atinib regimen could serve as an alternative treatment option.
[1

onclusions
patinib combined with temozolomide was well tolerated and has
monstrated efficacy in advanced melanoma patients.
[1
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