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Summary Vascular endothelial growth factor (VEGF) over-
expression and increased angiogenesis have been proposed
as having biologic importance in germ cell tumors (GCT).
We conducted a single-institution phase II trial of sunitinib,
an oral inhibitor of the VEGF receptor, in patients with
relapsed or refractory GCT. A Simon’s two-stage design was
used to determine the number of patients for enrollment.
Responses were assessed using a modified version of
Response Evaluation Criteria in Solid Tumors (RECIST),
taking into account tumor marker changes. Dose modifica-
tions were made according to a nomogram for adverse
events. Ten patients were enrolled. The first five received
sunitinib 50 mg for four consecutive weeks, followed by a
two-week break (4/2). Since four of five treated on this
schedule had some tumor marker decline during the four-
week “on” period, with subsequent rise during the two-week

break, the dose was changed to 37.5 mg continuously for
patients six to ten. However, only marker stabilization (no
declines) was seen. Overall, there were no objective
responses: Five had stable disease and five progressive
disease (PD). Sunitinib was well tolerated; only one patient
required a dose reduction due to grade 3 mucositis. Two
patients experienced tumor-related hemorrhage (grade 3 and
grade 1). All patients developed PD within three cycles.
Sunitinib is well tolerated, but at standard doses, does not
demonstrate significant activity in highly refractory GCT.
Correlation between sunitinib treatment and tumor marker
changes on the 50 mg 4/2 schedule suggest some pathways
targeted by sunitinib (ie, angiogenesis) may be important to
GCT biology.

Keywords Sunitinib . Germ cell tumors . Clinical trial .

Phase II

Introduction

While the overall prognosis for patients with advanced
germ cell tumors (GCT) is excellent, up to 30% with
disseminated disease fail to achieve a durable complete
response (CR) following initial treatment with cisplatin plus
etoposide with or without bleomycin chemotherapy (EP,
BEP) [1]. Second-line treatment options include cisplatin
plus ifosfamide in combination with vinblastine or pacli-
taxel (VeIP, TIP), or high-dose therapy with stem-cell
support [1]. However, a subset of patients will also be
refractory to or ineligible for these salvage treatments [1].
Certain patient groups such as those with mediastinal
nonseminomatous GCT or primary refractory GCT may
be especially difficult to cure with these salvage approaches
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[1, 2]. Therefore, a goal of phase I and phase II clinical
trials is to identify new active agents for patients with GCT
who are resistant to conventional therapies.

Angiogenesis is considered to be a key factor in tumor
growth and progression for a variety of malignancies, often by
increased activation of the vascular endothelial growth factor
(VEGF) pathway. Antineoplastic drugs designed to target the
VEGF pathway have risen out of this recognition, and in some
cancers (ie, renal cell carcinoma), they have become the new
standard of care [3]. As with other neoplasms, recent evidence
has also suggested a role for angiogenesis in the pathobiology
of GCT. Viglietto et al observed that as compared with the
normal testis, testicular neoplasms have greater expression of
VEGF and VEGFR expression and higher microvessel
density [4]. Subsequently, Fukuda et al demonstrated that
increased angiogenesis and VEGF expression within orchi-
ectomy specimens of GCT patients predicted for the presence
of metastatic disease [5].

Sunitinib is an oral inhibitor of multiple receptor tyrosine
kinases including VEGFR, and has been demonstrated in
preclinical models to impair angiogenesis [6]. It has been
approved in the United States for use in patients with renal
cell carcinoma (RCC) and gastrointestinal stromal tumour
(GIST), and is currently being studied in a variety of other
malignancies. We sought to evaluate the efficacy of
sunitinib in patients with GCT resistant to standard
platinum-based treatment options.

Patients and methods

Patient eligibility

Eligibility criteria included GCT histology; evidence of
measurable metastatic disease and/or elevation of tumor
markers (alpha-fetoprotein [AFP] >15 ng/mL and/or elevation
of β-human chorionic gonadotropin [β-HCG] >2.2 mIU/L);
age ≥18 years; Karnofsky performance status ≥70%; absolute

Table 1 Planned sunitinib dose levelsa

Patients 1–5 Patients 6–10

Dose
level

Sunitinib dose/
schedule

Dose level Sunitinib dose/
schedule

0 50 mg 4/2 0 37.5 mg continuously

−1 37.5 mg 4/2 −1 25 mg continuously

−2 25 mg 4/2 +1b 50 mg continuously

Abbreviations: 4/2, four weeks on, two weeks off therapy
a All patients started at dose level 0
b Dose escalation to level +1 required completion of two cycles of
therapy at dose level 0 without disease progression or any grade ≥3
toxicity

Table 2 Patient characteristics

Characteristic No. of patients % Patients

Median age, y (range) 33 (19–51)

Male 10 100

Nonseminoma 10 100

Primary site

Testes 7 70

Mediastinum 3 30

Sites of Metastases

Lung 7 70

Liver 4 40

Other visceral sites 3 30

Retroperitoneum 2 20

Other LN or soft tissue sites 2 20

No. of metastatic sites

1 4 40

2 4 40

≥3 2 20

No. of lines of prior therapy

2 4 40

3–4 3 30

5–7 3 30

Late relapse (≥2 y) 4 40

Karnofsky performance status

90 3 30

80 5 50

70 2 20

Elevated markers

AFP 7 70

HCG 2 20

LDH 5 50

If elevated, median (range)

AFP (ng/ml) 914 (169–34,006)

HCG (mIU/ml) 372 (156–432)

LDH (units/liter) 279 (206–650)

No. of sunitinib cycles

Patients 1–5a

1 cycle 1

2 cycles 2

3 cycles 2

Patients 6–10b

1 cycle 4

2 cycles 1

Abbreviations: No. number, y years, LN lymph node, KPS, AFP alpha-
fetoprotein, HCG human chorionic gonadotropin, LDH lactate
dehydrogenase
a Total:11 sunitinib cycles in five patients
b Total:6 sunitinib cycles in five patients
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neutrophil count (ANC) ≥1500 cells/mm3; platelet count
≥100,000/mm3; hemoglobin ≥10 g/dl; bilirubin ≤1.5 times
the upper limit of normal; serum glutamic oxaloacetic
transaminase ≤2.0 times the upper limit of normal; and
creatinine ≤2.2. All patients were either clinically refractory
to standard platinum-based salvage therapy with progres-
sion or relapsed after high-dose chemotherapy with
autologous stem cell rescue, or they had declined or were
not candidates for high-dose therapy. All patients gave
informed consent, and the trial was reviewed and approved
by the Institutional Review Board at Memorial Sloan-
Kettering Cancer Center.

Treatment

Based on the experience in other malignancies, the initial
dosing schedule of sunitinib was selected to be 50 mg,
administered daily for four consecutive weeks followed by a
two-week break (4/2 schedule), constituting one six-week
cycle. Sunitinib dosing was changed to 37.5 mg continuously
after patients on the 50mg 4/2 schedule were observed to have
tumor marker declines during the four-week “on” period, with
subsequent rise during the two-week break. This schedule had
previously been reported in patients taking sunitinib for RCC
as well as GIST [7, 8]. Sunitinib was provided by Pfizer Inc.
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Fig. 1 Changes in serum tumor
markers (AFP, HCG, or LDH)
during treatment with sunitinib
for a Patients treated on the
50 mg 4/2 schedule. Sunitinib
treatment was administered from
day 1–28 and held from day
29–42; and b Patients treated
on the 37.5 mg continuous
schedule in which there were no
breaks in treatment until patients
were withdrawn from the study.
For patients with >1 elevated
marker, the most specific (AFP/
HCG > LDH) and most highly
elevated marker at baseline was
chosen. Abbreviations: C, cycle;
D; day
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(New York, NY), the sponsor of this single-institution,
investigator-initiated phase II trial.

Toxicity and response criteria

All toxicities were evaluated based on the National Cancer
Institute Common Toxicity Criteria for Adverse Events
(CTCAE, v 3.0). The starting dose level (dose level 0) for
the first five patients was 50 mg administered on a four-
weeks-on and 2-weeks-off schedule (50 mg; 4/2), whereas
the starting dose level 0 for patients six to ten was 37.5 mg
administered continuously. Additional dose levels are
illustrated in Table 1. Grade 4 neutropenia, grade ≥3
thrombocytopenia, grade ≥3 fatigue, or grade 4 hand-foot
skin reaction resulted in a dose reduction of one level. In
addition, patients were instructed to withhold sunitinib for
grade 3 hand-foot skin reaction and any other nonhemato-
logic grade 3 or 4 toxicity until the toxicity had reached
grade ≤1, with reinstitution at either the same dose level or
a one dose level reduction at the discretion of the
investigator. No dose escalation was allowed for patients
treated on the 50 mg, 4/2 schedule, whereas the dose for
patients on the 37.5 mg continuous schedule could be
increased to 50 mg (dose level +1) after cycle two if they
did not experience any grade 3 or 4 toxicities.

Interim assessment of tumor status was performed by
radiographic imaging at baseline and then every six weeks.
Responses were evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST). In addition,

patients had serum tumor marker levels and complete blood
counts drawn at baseline, day 14, and day 28 of the first
cycle; and on day 0 and 28 of subsequent cycles. Treatment
was continued until disease progression (≥20% increase in
tumor size or rising serum tumor markers), unacceptable
toxicity, or patient withdrawal of consent.

Statistical stipulation

The sample size and stopping rules were determined
according to a Simon two-stage design in which a response
rate of ≥20% was considered promising, and a response rate
of ≤5% was considered unacceptable [9]. With a Type I
error of 5% and a Type II error of 20%, ten patients would
initially be enrolled, with enrollment expanded to 29
patients if at least one patient responded.

Results

Patient characteristics are shown in Table 2. The majority had
unfavorable characteristics; all patients had received at least
two lines of prior therapy (median 3, range 2–7), and 80%
had undergone prior high-dose chemotherapy. All patients
had received prior ifosfamide and paclitaxel. Four patients had
late relapses and three had mediastinal primary tumors.

Seventeen cycles of sunitinib were administered to ten
patients. The best response was stable disease (SD) in five
patients and progressive disease (PD) in five patients.

Adverse event Number of patients

G1 G2 G3 Total %

Hyperglycemia 7 1 0 8 80

Anemia 8 0 0 8 80

Leukopenia 3 4 1 8 80

Elevated alkaline phosphatase 7 0 0 7 70

Thrombocytopenia 7 0 0 7 70

Lymphopenia 0 0 6 6 60

Elevated AST 4 1 0 5 50

Elevated creatinine 5 0 0 5 50

Elevated ALT 3 1 0 4 40

Hyperbilirubinemia 3 1 0 4 40

Neutropenia 0 2 2 4 40

Hypoalbuminemia 3 0 0 3 30

Fatigue 3 0 0 3 30

Hemorrhage / epistaxis 1 1 1 3 30

Neuropathy 1 2 0 3 30

Hyponatremia 3 0 0 3 30

Hypertension 0 2 0 2 20

Mucositis 1 0 1 2 20

Table 3 Common adverse
events and laboratory toxicities
seen with sunitinib therapy

Abbreviations: G grade,
AST aspartate aminotransferase,
ALT alanine aminotransferase

There were no grade 4 or 5
toxicities
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Based on RECIST, no objective responses were observed,
and all patients developed progressive disease within three
cycles of sunitinib. The first five patients were treated on
the 50 mg 4/2 dosing schedule. Four of these patients
experienced some tumor marker decline (without radio-
graphic progression) during the four-week “on” period,
with subsequent marker rise during the two-week break
(Fig. 1a). These four patients had SD as their best response,
while the remaining patient experienced PD. The observed
marker changes prompted alteration in the dosing schedule
of sunitinib to 37.5 mg continuously for patients six to ten
in an attempt to prevent tumor progression from occurring
during the two-week break. However, this did not result in
any meaningful difference in response, with only one
patient achieving marker stabilization (Fig. 1b) and no
marker declines noted. The patient with marker stabilization
achieved an overall best response of SD, while the other
four patients treated on this schedule experienced PD with
only one cycle of treatment.

In general, sunitinib was well tolerated; only one patient
(on the 50 mg, 4/2 schedule) required a dose reduction (to
37.5 mg) for grade 3 mucositis, and there were no grade 4
toxicities. Other notable toxicities included grade 3 lym-
phopenia in six, grade 3 neutropenia in two, and grade 3
hemorrhage into a progressive splenic metastasis in one.
Two other patients experienced bleeding, one experienced
grade 2 epistaxis, and the other experienced grade 1
hemorrhage into a progressive liver metastasis. The most
commonly occurring toxicities are listed in Table 3. Since
all of the patients treated on the 37.5 mg continuous
schedule developed PD prior to cycle three, there were no
dose escalations on this trial.

Discussion

This phase II study is the first trial to evaluate a targeted
antiangiogenesis agent specifically in patients with GCT.
Although sunitinib demonstrated good tolerability, no
significant clinical activity was observed at standard doses
in patients with multiply relapsed or refractory GCT. The
most serious toxicities were grade 3 mucositis, resulting in
the single dose reduction required, and grade 3 hemorrhage
within a progressive splenic metastasis. Both of these
adverse effects have been previously observed during
studies of sunitinib in other malignancies [10, 11].

Although activity was insufficient to induce objective
responses, the mild declines in tumor markers observed
during the four-week “on” period and re-elevation during
the two-week break suggest that pathways inhibited by
sunitinib such as VEGF may still be important to GCT
biology. An alternate explanation would be that an off-
target effect of sunitinib is to impair pathways involved in

either marker production or secretion by tumor, thereby
leading to a decline in serum tumor marker values without
affecting tumor growth. Inhibition of a marker production
pathway independent of anti-tumor effect is felt to be
unlikely however, since both HCG and AFP were noted to
decline with sunitinib.

Nevertheless, based on the correlation between sunitinib
treatment and tumor marker changes, we elected to alter the
dosing schedule midway through the trial. We chose to dose
sunitinib at 37.5 mg continuously, since it had previously
demonstrated efficacy in both RCC [8] and GIST [7], and
we hoped to eliminate tumor progression during the two-
week break period. However, this change did not improve
outcomes, and overall, none of the ten patients achieved an
objective response. Based on the results of this trial, we
could not identify a rationale for continued study of
sunitinib in patients with progressive GCT. No further trials
of sunitinib in GCT are planned. Whether other more potent
inhibitors of VEGFR such as axitinib could have activity in
GCT, remains to be seen.
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