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Background: This study explored the efficacy and tolerability of sunitinib, an inhibitor of tyrosine kinase receptors, in

men with castration-resistant prostate cancer (CRPC).

Methods: Men with no prior chemotherapy (group A) and men with docetaxel (Taxotere)-resistant prostate cancer

(group B) were treated with sunitinib. The primary end point was confirmed 50% prostate-specific antigen (PSA) decline.

Secondary end points included objective response rate and safety. Serum-soluble biomarkers were measured.

Results: Seventeen men were enrolled in each group. One confirmed PSA response was observed in each group,

and an additional eight men and seven men had stable PSA at week 12 in groups A and B, respectively. Improvements

in imaging were observed in the absence of post-treatment PSA declines. Common adverse effects included fatigue,

nausea, diarrhea, myelosuppression and transaminase elevation. Significant changes following sunitinib treatment

were observed in serum-soluble biomarkers including soluble vascular endothelial growth factor receptor-2, platelet-

derived growth factor aa, placental growth factor and leptin.

Conclusions: Sunitinib monotherapy resulted in few confirmed 50% post-treatment declines in PSA in men with

CRPC. Serum markers of angiogenesis confirmed on-target effects of sunitinib. Assessments of radiographic disease

status were often discordant with changes in PSA, indicating that alternate end points are important in future trials.
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introduction

Metastatic prostate cancer develops in a subset of men
diagnosed with prostate cancer and is estimated to cause 27 000
deaths per year in the United States [1]. In men with advanced
prostate cancer, androgen deprivation therapy is the mainstay
of treatment, but ultimately many will develop castration-
resistant prostate cancer (CRPC) and may develop metastatic
disease. In men with metastatic CRPC, docetaxel-based
chemotherapy improves overall survival (OS) compared with
mitoxantrone plus steroids [2, 3]. The median survival in men
treated with docetaxel-based therapy is 18 months. In men with
metastatic, docetaxel-resistant prostate cancer, median survival
is <1 year. There is therefore an urgent need for novel
treatments in men with CRPC.

Preclinical and clinical studies indicate that prostate cancer
growth is dependent on angiogenesis [4–6]. In men with
prostate cancer, serum vascular endothelial growth factor
(VEGF) levels are elevated and higher levels are associated with
greater mortality [7–9]. Another potentially important pathway

in prostate cancer growth is the platelet-derived growth factor
(PDGF) pathway. In xenograft models of prostate cancer,
inhibition of platelet-derived growth factor receptor (PDGFR)
with imatinib reduces disease burden [10]. Both PDGF ligand
and receptor are overexpressed in human prostate cancer, and
high-level overexpression of PDGFR has been demonstrated in
bone metastases from CRPC [11–13].

Sunitinib is a small-molecule inhibitor of vascular
endothelial growth factor receptor (VEGFR), PDGFR and other
receptor tyrosine kinases and is approved for the treatment of
advanced kidney cancer and imatinib-resistant gastrointestinal
stromal cancer. Dual inhibition of the VEGF and PDGF
pathways may be an important therapeutic strategy in advanced
prostate cancer and may be accomplished with a multitargeted
inhibitor such as sunitinib. We therefore assessed the effects of
sunitinib in men with CRPC.

methods

study design
We conducted an open-label phase II trial of sunitinib in men with CRPC.

Two cohorts of men were studied: those who received no prior

chemotherapy (group A) and those with docetaxel (Taxotere: Sanofi-

Aventis, Bridgewater, NJ)-resistant disease (group B). The primary end
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point of the trial was prostate-specific antigen (PSA) response rate,

defined as confirmed ‡50% decline in PSA from baseline [14], and

secondary end points included objective response rate, safety and

tolerability and changes in serum biomarkers. All men were treated with

sunitinib in 6-week cycles consisting of 50 mg daily for 4 weeks followed

by 2 weeks off. Dose reductions were allowed to 37.5 or 25 mg. Treatment

continued until intolerance to therapy or disease progression, defined as

presence of new metastasis or PSA increase of ‡25% from nadir. Subjects

were permitted to withdraw consent at any time.

study population
Eligible men had histologically confirmed adenocarcinoma of the prostate

and evidence of progressive CRPC. Progression was defined as rising PSA

in two consecutive measurements at least 1 week apart, with a minimum

increment of at least 2 ng/ml above the nadir. All men had ongoing

chemical castration during the study. Concurrent treatment with

bisphosphonates was allowed. Previous treatment with radiation or

radionuclide therapy must have ended 6 weeks before entry. Adequate

renal, hepatic and bone marrow function was required. Exclusion criteria

included a second active malignancy, active cardiac disease,

cerebrovascular accident or pulmonary embolism within 6 months,

human immunodeficiency virus infection, grade 3 hemorrhage within 4

weeks, ongoing cardiac dysrhythmia of grade ‡2 or QTc prolongation

>450 ms.

Men in group A were not permitted to have received prior cytotoxic

chemotherapy for prostate cancer. Men in group B had radiographic

evidence of metastatic prostate cancer and must have received one prior

docetaxel-based chemotherapeutic regimen. No other prior chemotherapy

was permitted. Evidence of disease progression was required during or

within 60 days following docetaxel chemotherapy.

The study was approved by the Harvard Cancer Center Institutional

Review Board and all subjects provided written informed consent.

study assessments
Serum PSA was measured at baseline and on day 1 of each cycle. Physical

examination was carried out on day 1 of each cycle, and ECOG

performance status and vital signs were assessed on days 1 and 28 of each

cycle. Adverse events were reviewed on days 1, 15 and 28 of each cycle.

Routine laboratory studies were measured at baseline, days 1 and 28 of each

cycle and day 15 of cycle 1. Serum for biomarker analysis was collected at

baseline and on days 1 and 28 of cycles 1 and 2.

Radiographic assessments were done at baseline, every 12 weeks and at

study end or subject withdrawal, and responses were assessed using

RECIST. Landmark analysis was carried out at week 12 to conform to initial

reassessment guidelines as recommended by the Prostate Cancer Clinical

Trials Working Group [15].

Subjects were followed for survival status every 12 weeks after treatment

discontinuation.

statistical methods
A Simon two-stage design was employed for each group separately, to

differentiate a hypothesized 25% response rate from a null rate of 5%, with

a 10% probability of rejecting a promising treatment (b) and a 5%

probability of accepting an uninteresting treatment (a). The primary end

point was confirmed 50% decline in PSA, according to PSA Working

Group criteria [14]. Seventeen men per group were enrolled in the first

stage, and a minimum of two responses were required to open the second

stage to a total accrual of 30 men in each group. The treatment would be

considered promising if four or more men in a group achieved the primary

end point. The probability of early termination if the null hypothesis were

truly correct was 83%.

Changes in serum bone markers and angiogenic markers from day 1 to

28 were assessed using the Wilcoxon signed rank tests. Changes were

compared between men who exhibited some PSA decline versus those who

had PSA progression at week 12 using Wilcoxon rank sum tests.

biomarker studies
Determination of PSA, alkaline phosphatase and other routine laboratories

were measured in the clinical laboratories of the participating hospitals.

Levels of soluble vascular endothelial growth factor receptor-2 (sVEGFR2),

leptin and placental growth factor (PLGF) (R&D Systems, Minneapolis,

MN) and bone-specific alkaline phosphatase (BSAP) and N-telopeptide

(NTx) (Quidel, San Diego, CA) were measured using immunoassay-based

kits with colorimetric detection. Serum PDGFaa was measured by multiplex

assay, using the Upstate Beadlyte human growth factor 2-plex assay

(Millipore, Billerica, MA).

results

Thirty-six subjects were enrolled from March to December
2006. Two of the subjects did not receive study therapy and
were not assessable for efficacy or safety. The baseline
characteristics of the remaining 34 men are shown in Table 1.
Group A consisted of men with CRPC who had not received

Table 1. Baseline patient characteristics

Group A

(no prior

chemotherapy)

Group B

(docetaxel resistant)

Number 17 17

Age (years)

Median 71 65

Range 52–80 45–84

ECOG performance status

0 12 7

1 5 9

2 – 1

Sites of disease

Bone metastasis 12 15

PSA-only disease 1 0

PSA (ng/ml)

Median 51 44

Range 7–602 8–752

Alkaline phosphatase (U/l)

Median 99 126

Range 46–991 69–495

Hemoglobin (g/dl)

Median 13.2 12.5

Range 10.7–14.9 8.3–14.1

Prior hormone therapies

1–3 11 12

4–6 6 4

Prior cycles of chemotherapy

Median 0 8

Range 3–14

Prior radiation therapy 8 10

Bisphosphonate use 6 11

ECOG, Eastern Cooperative Oncology Group; PSA, prostate-specific

antigen.
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systemic chemotherapy. Group B consisted of men with
metastatic, docetaxel-resistant prostate cancer. Six of 17 men in
group A and 11 of 17 men in group B were treated concurrently
with zoledronic acid.

post-treatment PSA changes

The primary end point of the trial was confirmed ‡50% decline
in PSA from baseline. Only one subject in group A and one
subject in group B exhibited confirmed 50% decline in PSA.
Since we did not observe at least two responses in either group,
enrollment did not continue to the second stage of accrual.

The best PSA response (maximum decline in PSA without
requirement of confirmation) for men in both groups is shown

in Figure 1A. Of the 34 assessable men in the study, 14 (41%)
had some degree of PSA decline and 8 of 34 (24%) had
a decline of ‡30%. One subject in group A exhibited >50%
decline at 12 weeks, and another eight men had stable PSA at 12
weeks (Table 2). Similarly, in group B, there was one >50%
decline and another seven men had stable PSA at 12 weeks. The
median duration of treatment was two cycles, with a range
from 1 to 15 cycles.

An analysis at 12 weeks demonstrated that changes in PSA
did not accurately reflect radiographic changes (Figure 1B).
Notably, some men with RECIST-defined stable disease (SD)
who had improvement by bone scan or abdominal computed
tomography scan nevertheless demonstrated continued rises in
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Figure 1. (A) Best PSA response. Each bar reflects the best percent change in PSA from baseline in an individual subject. The bars are colored according to

patient cohort. The y-axis is truncated at 200%; the maximum value was +537%. Three men were not assessable for PSA changes. (B) PSA and radiological

response at 12 weeks. Each bar reflects change in PSA from baseline to 12 weeks. The bars are colored according to radiological response at 12 weeks. The y-

axis is truncated at 200%; the maximum value is +537%. Three patients were not assessable for PSA changes. PSA, prostate-specific antigen; PR, partial

response; SD, stable disease; PD, progressive disease; NE, not assessable.
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their serum PSA values. Figure 2 demonstrates radiographic
improvement in lymphadenopathy at 8 weeks, in a subject from
group A who did not manifest any PSA decline. The subject in
group B with a RECIST-defined partial response had a 46%
decline in PSA at 12 weeks and did not have a confirmed 50%
PSA decline.

safety

The most common symptomatic adverse effects ascribed to
sunitinib were fatigue, nausea, anorexia, taste disturbance,
vomiting, diarrhea and skin rash (Table 3). Most adverse effects
were grade 1 or 2 and did not necessitate dose modification.
Laboratory abnormalities included frequent cytopenias
(leukopenia in 68% of men, anemia in 56% of men and
thrombocytopenia in 56% of men), as well as transaminitis in
53% of men. Grade 3/4 adverse events requiring dose
modification included hypertension, diarrhea, fatigue and
single instances of rectal bleeding, sensory neuropathy, seizure,
headache and pulmonary embolus (Table 4). Grade 3
leukopenia and neutropenia were seen in five and six men,
respectively, and grade 3/4 anemia and thrombocytopenia were
observed as well. Overall, the incidence of myelosuppression
appeared to be slightly greater than has been described in other
malignancies.

biochemical markers of bone turnover

Serum biochemical markers of bone formation (BSAP) and
bone resorption (NTx) were measured at the beginning and
end of cycles 1 and 2 of sunitinib therapy. BSAP increased
during cycle 1 of treatment from a median level of 64 U/l on
day 1 to 85 U/l on day 28 and remained stable during cycle 2
(median of 87–84 U/l from days 1 to 28; Figure 3A). In
contrast, serum NTx decreased during cycles 1 and 2, from

a median level of 0.37 to 0.24 ng/ml in cycle 1 and 0.37 to 0.29
ng/ml in cycle 2 (Figure 3B). There appeared to be no
difference in BSAP or NTx effects between men treated or not
treated concurrently with zoledronic acid.

serum angiogenic biomarkers

Sunitinib acts primarily through blockade of the VEGFRs and
PDGFRs. We assessed target inhibition in our subjects by serial
measurement of serum biomarkers. Figure 4 shows the effect
of sunitinib therapy on sVEGFR2, PDGFaa, PLGF and leptin.
Treatment with sunitinib had a highly reproducible effect on
lowering sVEGFR2 levels from day 1 to day 28 of treatment,
from a median of 9168 to 5119 pg/ml during cycle 1 and from
6990 to 4174 pg/ml during cycle 2 (P < 0.0001). Levels of
PDGFaa also declined during cycle 1 (P = 0.012) and remained
at reduced levels during cycle 2. There were statistically
significant declines in leptin levels from day 1 to day 28 of each
cycle as well, from a median of 12123 to 8596 pg/ml during
cycle 1 and from 9598 to 6271 pg/ml during cycle 2 (P < 0.0001
and P = 0.05, respectively). There was no significant correlation
between reductions in sVEGFR2, PDGFaa or leptin and
changes in PSA.

Consistent with blockade of proangiogenic receptors, the
serum levels of PLGF increased significantly during cycles 1 and
2, likely reflecting a compensatory attempt by cells to overcome
angiogenic blockade. Levels at day 1 of each cycle were below
the assay detection limit (<33.18 pg/ml) in most men and rose
to a median level of 110 pg/ml after cycle 1 and 143 pg/ml after
cycle 2 (each P < 0.0001). No correlation was observed between
elevation of PLGF and changes in PSA.

discussion

In this phase II study of men with CRPC, treatment with
sunitinib resulted in similar effects in two groups, men with or
without prior docetaxel-based chemotherapy. Confirmed PSA
declines of ‡50% were rare, but evidence of improvement in
radiographic disease was observed in men who did not have
confirmed PSA declines. Since the primary end point of the
study was not met, the second stage of accrual was not initiated
in either group. These results indicate that changes in PSA do
not correspond with other measures of benefit and are
therefore of uncertain value as a surrogate for the activity of
sunitinib therapy in CPRC.

Our data support the contention that benefit may be seen
from sunitinib in the absence of confirmed 50% PSA declines.
A number of men had evidence of clinical or radiographic
improvement, despite rising PSA. In group B, three men had
evidence of improvement on bone scan, though with SD by
RECIST, in the context of rising PSA values. Though not
formally measured, we also observed improvement in
symptoms, reflected by decreasing use of opiate analgesics, in
a number of men whose PSA levels nevertheless continued to
rise. These findings have important implications for future
study of antiangiogenic agents in prostate cancer. We believe
that in the absence of symptomatic or radiographic
progression, men receiving antiangiogenic therapy should not
be discontinued from treatment on the basis of PSA increase

Table 2. Response at 12 weeks

Group A

(no prior

chemotherapy)

Group B

(docetaxel resistant)

No. of men 17 17

PSA

Response 1 1

Stable 8 7

Progression 7 7

Not evaluable 1 2

Radiological

Partial response 0 1

Stable 10 8

Progression 5 5

Not evaluable 1 3

Not applicable 1 0

PSA: response, confirmed ‡50% decline from baseline; progression, ‡25%

increase from baseline or nadir; stable, neither response nor progression.

Radiological: partial response, confirmed ‡30% decline from baseline;

progression, ‡20% increase from baseline or new metastasis; stable, neither

response nor progression.

PSA, prostate-specific antigen.
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alone. Further, these results indicate that study outcomes
should be evaluated using end points other than PSA response
or progression.

Another phase I/II trial in prostate cancer is studying
combination therapy with sunitinib, docetaxel and prednisone
in men with metastatic CRPC [16]. Preliminary results
demonstrated that 9 of 18 men exhibited PSA responses of ‡50%
and 5 of 13 manifested partial radiographic responses.
Preliminary results of a study similar to the current trial have
been presented [17]. Thirty-six men with docetaxel-resistant
metastatic prostate cancer were treated with sunitinib and
evaluated for progression-free survival (PFS). While
investigators found a 12-week PFS of 79%, only three men
exhibited PSA decline of ‡50%. These data again indicate that
PSA may not be an accurate gage of dynamic response to
therapy.

Continuous dosing of sunitinib would likely provide
constant VEGFR blockade, though whether this would
increase its clinical effectiveness compared with intermittent
dosing is unknown. In a phase II trial combining sunitinib
with ablative hormone therapy in men with high-risk localized

prostate cancer, sunitinib 37.5 mg daily was administered
continuously for 3 months before prostatectomy and was well
tolerated [18].

In the preliminary report by Periman et al., the most
common adverse effects were myelosuppression, fatigue,
diarrhea, mucositis and anorexia. Our findings are similar,
with the exception that we observed more grade 3/4
hematologic toxicity. This may reflect a more heavily
pretreated population, higher incidence of prior radiation
therapy or differences in usage of growth factor support. In
general, men with advanced prostate cancer may have a higher
risk of myelosuppression than patients with other cancers, due
to advanced age, prior irradiation and extensive bone and
bone marrow involvement.

Numerous preclinical and clinical studies have demonstrated
that growth of prostate cancer may be dependent on
angiogenesis [4–6]. Serum VEGF levels are elevated in men
with prostate cancer, and higher levels may be associated with
worse outcome [7–9]. Other angiogenesis inhibitors have been
studied in advanced prostate cancer. Bevacizumab, a mAb
against VEGF, is currently being tested in a phase III trial in

Figure 2. Radiographic changes from baseline to 8 weeks in a subject in group A.
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men with metastatic CRPC [19]. Thalidomide and
lenalidomide have shown evidence of modest antitumor
activity in prostate cancer [20, 21]. Several phase II studies have
assessed the activity of sorafenib, an inhibitor of VEGFR, in
advanced prostate cancer, with indication of some benefit by
clinical but not PSA criteria [22–24]. In one study, a substantial

number of men manifested PSA decline after stopping
sorafenib, indicating a possible effect on PSA production or
secretion [22]. This hypothesis requires validation on a larger
scale.

Analysis of biomarkers showed a predictable effect of
sunitinib on serum levels of sVEGFR2, PDGFaa and PLGF. In
prior studies in renal cell carcinoma, treatment with sunitinib
resulted in increased serum levels of VEGF and PLGF and
decreased levels of sVEGFR2 and sVEGFR3 [25–27]. Our
findings are similar and demonstrate that at the dose and
schedule utilized in this study, sunitinib had the expected
antiangiogenic impact. The patterns of change in sVEGFR2 and
PLGF were characteristic of sunitinib given with the current
schedule; levels of sVEGFR2 decreased and PLGF increased
during the period of sunitinib administration, indicating
effective blockade of the VEGFR, and returned toward baseline
during the period off drug, indicating relief of VEGFR
blockade.

Leptin has been shown to act on vascular endothelium to
promote angiogenesis and increase vascular permeability and
may exhibit synergistic effects with VEGF [28, 29]. Elevated
levels of leptin have been associated with development of
prostate cancer although the significance of variation in
levels among men with prostate cancer has not been studied
[30]. We found that the serum levels of leptin decreased
significantly during the first cycle of sunitinib administration,
rose slightly during the period off drug and then decreased
significantly again during the second cycle of sunitinib.
Changes in sVEGFR2, PDGFaa, PLGF and leptin, however,
were not associated with post-treatment changes in PSA.
Additional studies are needed to assess the relationship
between changes in biomarkers and clinical outcomes including
PFS and OS.

The results of our study indicate that sunitinib decreases
osteoclast activity. Serum NTx, a biomarker of osteoclast
activity, significantly decreased after treatment with sunitinib.
Similar decreases in serum NTx were observed in men who
were receiving concurrent zoledronic acid and those who were
not receiving bisphosphonate therapy. This observation
indicates that the mechanism of osteoclast inhibition by
sunitinib is distinct from that of zoledronic acid. There was no
notable impact of sunitinib on serum BSAP, a biomarker of
osteoblast activity.

A chief limitation of our study was the choice of confirmed
50% decline in PSA as the primary end point. Additionally,
because of the PSA end point, the study did not proceed to the
second stage, limiting sample size. Since changes in PSA did not
correspond well with other measures of benefit such as
radiographic changes, the study is limited in its ability to define
the efficacy of sunitinib in CRPC. The trial was not powered to
compare the two groups of men and was not powered to assess
PFS or OS.

In conclusion, this phase II study of sunitinib
monotherapy in two groups of men with advanced prostate
cancer showed a minimal impact on serum PSA, but
nevertheless indicated that sunitinib is well tolerated and may
have modest benefit in this patient population. Additional trials
of this agent in metastatic prostate cancer will require
alternative end points. Based on results from our trial and

Table 3. Most common adverse events

Toxicity Maximum grade

1 2 3 4

Adverse events

Fatigue 7 19 3 –

Hand–foot/skin rash 7 6 – –

Anorexia 13 5 – –

Diarrhea 8 6 4 –

Nausea 16 9 – –

Taste disturbance 10 7 – –

Constipation 7 3 – –

Vomiting 9 6 – –

Laboratory abnormalities

Hemoglobin 12 4 2 1

Leukocytes 12 5 6 –

Neutrophils 8 6 5 –

Platelets 12 3 3 1

Alkaline phosphatase 10 6 5 –

ALT elevation 11 – 1 –

AST elevation 15 3 1 –

Hyperglycemia 17 1 1 –

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 4. Grade 3/4 adverse events

Toxicity Maximum grade

3 4

Laboratory abnormalities

Hemoglobin 2 1

Leukocytes 6 –

Neutrophils 5 –

Platelets 3 1

ALT/AST elevation 1 –

Creatinine 1 –

Hyponatremia – 1

Other adverse events

Hypertension 5 –

Left ventricular systolic dysfunction 1 –

Fatigue 3 –

Diarrhea without prior colostomy 4 –

Lower GI, hemorrhage NOS 1 –

Neuropathy-sensory 1 –

Seizure 1 –

Headache 1 –

Thrombosis/embolism 1 –

ALT, alanine aminotransferase; AST, aspartate aminotransferase; GI,

gastrointestinal; NOS, not otherwise specified.
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others, a phase III trial of prednisone in combination with
sunitinib or placebo has been launched in men with metastatic
prostate cancer following treatment with docetaxel
(www.clinicaltrials.gov, NCT00676650). The primary end

point of the phase III trial is OS, and results of that study will
ultimately determine whether sunitinib has an important
role in the therapeutic management of advanced prostate
cancer.
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