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THERE IS AN URGENT NEED FOR

more active agents for the treat-
ment of metastatic renal cell
carcinoma (RCC).1 The 5-year

survival rate for metastatic RCC is es-
timated to be less than 10%.2 RCC is
highly resistant to chemotherapy2 and
only a limited subset of patients
(�20%) benefit from cytokine therapy
(high-dose interleukin 2 [IL-2] and/or
interferon-alfa)3-6 (TABLE 1). Overall
median survival following progres-
sion after cytokine therapy is approxi-
mately 10 to 13 months,7 and no effec-
tive treatment is available for patients
whose disease progresses after an ini-
tial response or who do not respond to
cytokine therapy. Second-line treat-
ment with the alternative cytokine
produces responses in less than 5% of
patients.8

There are several subtypes of RCC,
but over 80% of all tumors contain
clear-cell carcinoma histology. A bet-
ter understanding of the genetic abnor-
malities associated with clear-cell RCC
has helped identify new targets for
therapy. Studies have demonstrated that
sporadic (nonhereditary) clear-cell RCC
has similar genetics to von Hippel-

Lindau syndrome (an inherited disor-
der that carries an increased risk for vas-
cular tumors including RCC). In both
sporadic clear-cell RCC tumors and pa-
tients with the von Hippel-Lindau syn-
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Context Current treatment options for metastatic renal cell carcinoma (RCC) are lim-
ited and there is a need to identify novel and effective therapies. Sunitinib malate is an
oral multitargeted tyrosine kinase inhibitor, which has shown activity in an initial study
of cytokine-refractory metastatic RCC patients.

Objective To confirm the antitumor efficacy of sunitinib as second-line treatment in
patients with metastatic clear-cell RCC, the predominant cell type of this malignancy.

Design, Setting, and Patients Open-label, single-arm, multicenter clinical trial.
Patients were enrolled between February and November 2004, with follow-up con-
tinuing until disease progression, unacceptable toxicity, or withdrawal of consent. The
reported data apply through August 2005. Patients (N=106) had metastatic clear-cell
RCC, which had progressed despite previous cytokine therapy.

Intervention Repeated 6-week cycles of sunitinib, 50 mg per day given orally for 4
consecutive weeks followed by 2 weeks off per treatment cycle.

Main Outcome Measures Assessment of clinical response, degree of tumor re-
gression on imaging studies using the Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines. Primary end point was overall objective response rate (complete
plus partial). Secondary end points were progression-free survival and safety. Re-
sponse was evaluated by independent third-party core imaging laboratory and by treat-
ing physicians (investigator assessment).

Results All 106 patients received sunitinib and were included in the intent-to-
treat population for safety analyses. Of these, 105 patients were evaluable for effi-
cacy analyses. The objective response rate according to an independent third-party
assessment resulted in 36 patients with partial response (34%; 95% confidence
interval, 25%-44%), and a median progression-free survival of 8.3 months (95%
confidence interval, 7.8-14.5 months). The most common adverse events experi-
enced by patients were fatigue in 30 (28%) and diarrhea 21 (20%). Neutropenia,
elevation of lipase, and anemia were the most common laboratory abnormalities
observed in 45 (42%), 30 (28%), and 27 (26%) patients, respectively.

Conclusion The results of this trial demonstrate the efficacy and manageable adverse-
event profile of sunitinib as a single agent in second-line therapy for patients with cytokine-
refractory metastatic clear-cell RCC.

Trial Registration clinicaltrials.gov Identifier: NCT00077974
JAMA. 2006;295:2516-2524 www.jama.com
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drome, genetic deletions, mutations, or
chemical modifications result in non-
functional or reduced levels of von
Hippel-Lindau gene product.9,10 Loss of
von Hippel-Lindau protein function
leads to elevated levels of hypoxia-
inducible factor � and consequent over-
expression of vascular endothelial
growth factor and platelet-derived
growth factor.11 These growth factors
promote tumor angiogenesis, which
likely contributes to the hypervascu-
larity of RCC.11 Thus, inhibition of vas-
cular endothelial growth factor and
platelet-derived growth factor signal-
ing pathways may, in part, reverse the
physiologic consequences of losing von
Hippel-Lindau protein function and in-
hibit tumor progression.11

Sunitinib malate (Pfizer Inc, La Jolla,
Calif) is a novel, oral, multitargeted ty-
rosine kinase inhibitor that specifi-
cally inhibits vascular endothelial
growth factor receptor (types 1-3) and
platelet-derived growth factor recep-
tor (� and �), as well as other tyrosine
protein kinases.12-15 An evaluation of
sunitinib in metastatic RCC was of pri-
ority based on this profile of tyrosine
kinase inhibition (FIGURE 1), and was
further supported by responses in RCC
patients observed in a phase 1 trial.16

In an initial phase 2 study of suni-
tinib in cytokine-refractory metastatic
RCC patients, an objective response rate
of 40% was observed in 63 patients
(95% confidence interval [CI], 28%-
53%), which is unprecedented in this
patient population.17 The multicenter
phase 2 trial described in this article was
conducted to confirm the antitumor ef-
ficacy of single-agent sunitinib in pa-
tients with metastatic clear-cell RCC
whose disease was refractory to 1 prior
cytokine therapy. An analysis of re-
sponse and progression-free survival for
combined data from the initial trial and
this phase 2 study is also reported.

METHODS
Patients

BetweenFebruaryandNovember2004,
106 patients were enrolled in the study
at 11 centers (listed at the end of this ar-
ticle; range of accrual 2-18 patients/cen-

ter) in the United States. Eligibility cri-
teria included provision of written in-
formed consent; participant age of 18
years or older; prior nephrectomy; his-
tological confirmationof clear-cellRCC
with metastases; measurable disease;
failure of 1 cytokine therapy (IL-2,
interferon-alfa, or combination) due to
disease progression (radiographic con-
firmation); Eastern Cooperative Oncol-
ogy Group (ECOG) performance status
of 0 or 1; and adequate organ function
(based on tests of hematologic, hepatic,
renal, and cardiac function). Eligibility
requiredpriorcytokinetherapytobedis-
continued for at least 4 weeks before
study entry. Patients were excluded if
they had brain metastases or significant
cardiaceventswithinthe12monthsprior
to study drug administration.

Study Design and Treatment

Study was approved by the institu-
tional review board at the participat-
ing centers and was performed under
the Declaration of Helsinki and Good
Clinical Practice Guidelines.

The multicenter study followed an
open-label, single-arm design. The pri-
mary objective was to determine the an-
titumor efficacy (response rate) of
single-agent sunitinib in patients with
metastatic RCC refractory to 1 prior cy-
tokine therapy (interferon-alfa, IL-2, or
the combination). Secondary objec-
tives included evaluations of duration
of response, progression-free survival,
overall survival, and safety.

Patients received sunitinib at a start-
ing dose of 50 mg per day in repeated
6-week cycles for 4 consecutive weeks
followed by 2 weeks off treatment. Suni-
tinib was self-administered orally once
daily without regard to meals. Dose re-

duction for toxicity was allowed (to 37.5
mg/d then 25 mg/d) depending on the
type and severity of toxicity encoun-
tered. Sunitinib treatment was contin-
ued until disease progression, unaccept-
able toxicity, or withdrawal of consent.

Evaluation

Baseline evaluations included medical
history and physical examination; tu-
mor assessments (tumor imaging with
computed tomography [CT] or mag-
netic resonance imaging [MRI] scans of
the chest, abdomen, and pelvis;
CT/MRI brain scan; and bone scan);
assessment of ECOG performance
status; laboratory measurements (he-
matology, clinical chemistry, coagula-
tion, urinalysis, and pregnancy test); 12-
lead electrocardiogram; and assessment
of left ventricular ejection fraction by
multigated acquisition scan. Multi-
gated acquisition scans were obtained to
assess heart function since decline in
heart function had been raised as a pos-
sible adverse effect of sunitinib in pre-
clinical studies and a phase 1 trial.14

Assessment of Efficacy and Safety

The primary study end point was over-
all objective response rate, defined as the
proportion of patients with confirmed
complete or partial responses. Clinical
response (complete response, partial re-
sponse, stable disease, and progressive
disease) was assessed according to Re-
sponse Evaluation Criteria in Solid Tu-
mors (RECIST)18 using CT/MRI scans
and bone scans (if bone metastases were
present at baseline) after each cycle for
the first 4 cycles and every other cycle
thereafter until the end of treatment.

The responses were assessed by
treating physicians (investigator

Table 1. Historical Experience With Systemic Therapy for Metastatic Renal Cell Carcinoma

No. of
Patients

No. of
Studies

Objective
Response Rate, % Reference

Chemotherapy 1347 51 5 Motzer and Russo,3 2000

Interferon-alfa 1042 29 12 Wirth,4 1993

IL-2 high-dose, bolus 537 10 19

IL-2 other, inpatient 650 22 15 Law et al,5 1995

IL-2 low-dose, outpatient 104 6 20

Interferon-alfa plus IL-2 607 23 19 Vogelzang et al,6 1993
Abbreviation: IL, interleukin.
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Figure 1. Role of VHL Protein in Clear-Cell RCC and Site of Activity of Sunitinib
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of function of pVHL and loss of expression 
of the VHL gene.

Loss of function of pVHL and of expression of the 
VHL gene impairs HIF-α degradation, leading to 
increased levels of HIF-α. Increased levels of HIF-α 
promote increased expression of vascular endothelial 
growth factor (VEGF) and platelet-derived growth 
factor (PDGF). 
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assessment) and also by a third-party
core imaging laboratory where the scan
images of all patients were read by 2 ra-
diologists for each time point (inde-
pendent third-party assessment).

According to RECIST, the longest
dimension of each tumor deposit is mea-
sured (ie, a unidimensional measure-
ment), and the sum of these measure-
ments is used to evaluate response
assessment. At baseline, tumor lesions
were categorized by size as measurable
or nonmeasurable. All measurable
lesions up to a maximum of 5 lesions per
organ and 10 lesions in total were iden-
tified as target lesions and recorded and
measured at baseline, and other non-
measurable lesions were recorded as
nontarget lesions. The sum of the long-
est diameter for all target lesions was cal-
culatedandreportedas thebaselinesum.
A partial response represented at least a
30% decrease in the sum of the longest
diameterof target lesions,using thebase-
line sum as the reference and stable non-
target lesions. Progressive disease rep-
resented at least a 20% increase in the
sum of the longest diameter of target
lesions (taking as a reference the small-
est sum of the longest dimensions
recorded since the treatment started),
progression of nontarget lesions, or the
appearance of 1 or more new lesions.
Stable disease represented neither a
decrease for a partial response nor an
increase for progressive disease. Com-
plete response represented the disap-
pearance of all lesions. To be assigned a
partial or complete response, changes in
tumor measurements in patients with
responding tumors must be confirmed
by repeat studies performed 4 weeks or
longer after the criteria were first met.18

Secondary efficacy end points were
duration of response, progression-free
survival, and overall survival. Duration
of response is defined as the time from
first documentation of objective re-
sponse to progressive disease or death
due to any cause during the on-study pe-
riod, with patients being censored on the
last day of the on-study period if no pro-
gression or death has occurred. The on-
study period is defined as the time of first
study dose until the last on-treatment tu-

morassessment or 28days after last study
drug, whichever is greater. Progression-
free survival is defined as the time from
the start of treatment to progressive dis-
ease or death due to any cause during the
on-study period (whichever comes first),
with censored observations handled as
described previously. Overall survival is
the time from start of treatment to death
due to any cause, or to last follow-up for
patients who did not die.

Otherassessmentsconductedthrough-
out the study included: adverse events
(severity graded according to National
Cancer InstituteCommonTerminology
CriteriaforAdverseEvents[CTCAE,Ver-
sion3.0]);ECOGperformancestatus;and
hematology and clinical chemistry pro-
files.Allbloodsamplesweresenttoacen-
tral laboratory foranalysis.Cardiac func-
tion was assessed by electrocardiogram
on day 28 of cycle 1 and as clinically in-
dicated, and by multigated acquisition
scan on day 28 of every even cycle until
the end of treatment. According to the
CTCAE, adverse events are assessed by
severity and denoted as grade 1, mild;
grade2,moderate; grade3, severe; grade
4, life-threatening; and grade 5, death.

Statistical Evaluation

Assuming a historical objective re-
sponse rate (the primary end point in
this trial) of less than 5%, a sample size
of 100 patients would provide 90%
power for testing that the objective re-
sponse rate for sunitinib was 15% or
more (overall 2-sided significance level
of .05, exact binomial test). If 11 or more
responses were observed, then the lower
bound of the 95% CI would exclude 5%.
Median survival CIs are based on the
sign test.19 The number of patients who
achieved an objective response was sum-
marized along with the corresponding
exact 2-sided 95% CI. Time-to-event
variables were estimated using the
Kaplan-Meier method.20

An analysis of response and progres-
sion-free survival according to inves-
tigator assessment for combined data
from the initial trial and this phase 2
study is also reported, since investiga-
tor assessment was exclusively used in
the first trial. The eligibility and treat-

ment plan for this trial was nearly iden-
tical to that of the current study and has
been previously described.17 This prior
study differed in eligibility from the cur-
rent trial in that prior nephrectomy was
not required and any RCC histology
was allowed, but nearly 90% of pa-
tients enrolled had clear-cell RCC.17

Inorder toexaminethepotential influ-
ence of selected baseline patient charac-
teristics on response and progression-
free survival, data from this trial were
combined with the data from the initial
phase2studymentionedpreviously.The
pretreatmentclinical featuresof respond-
ers vs nonresponders were compared
using the 2-tailed Fisher exact test. The
relationship between progression-free
survival and each of the selected base-
line patient characteristics was then ana-
lyzed using the log-rank test. A signifi-
cance level of 10% was used as the
criterion for the inclusion of a variable
in a multivariate Cox proportional haz-
ards model. A backward elimination
method, with a .05 significance level for
removingexplanatoryvariables,wasthen
applied to identify the final set of rel-
evant factors. Interactions and further

Table 2. Patient Baseline Characteristics

Characteristics No. (%)

Total intent-to-treat population 106 (100)
Sex

Men 67 (63)
Women 39 (37)

Age, median (range), y 56 (32-79)
ECOG performance status

0 58 (55)
1 48 (45)

Prior systemic treatment
Interferon-alfa 47 (44)
IL-2 50 (47)
Interferon-alfa plus IL-2 9 (9)

Prior radiation therapy 20 (19)
Main sites of metastatic disease

Lung 86 (81)
Liver 29 (27)
Bone 27 (26)
Lymph nodes 62 (59)

No. of disease sites
1 13 (12)
2 38 (36)
�3 55 (52)

No. of MSKCC risk factors
for second-line therapy*

0 61 (58)
�1 45 (42)

Abbreviations: ECOG, Eastern Cooperative Oncology
Group; IL, interleukin; MSKCC, Memorial Sloan-
Kettering Cancer Center.

*Risk factors associated with shorter survival in second-
line therapy were low serum hemoglobin, elevated se-
rum corrected calcium, and poor performance status.7
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model assessments were not performed
because the focus of this analysis was to
get a better sense of whether similar risk
factors were found in this patient popu-
lation as in previous analyses. Statistical
analyses were performed using SAS sta-
tistical software version 8.2 (SAS Insti-
tute Inc, Cary, NC).

RESULTS
Patient Characteristics

All 106 patients (100%) received at least
1 dose of sunitinib (TABLE 2). The me-
dian age was 56 years. The lungs were
the most prevalent site of metastases
and 55 (52%) patients had 3 or more
disease sites. One patient enrolled with
a diagnosis of clear-cell RCC was with-
drawn from the study because a re-
peat biopsy after treatment was initi-
ated resulted in a diagnosis of cancer
different than clear-cell RCC. This pa-
tient is included in the safety analysis
but excluded from efficacy analyses.

Efficacy

Objective Response Rate. Of the 105
evaluable patients, the independent
third-party core imaging laboratory as-
sessment of response resulted in 36 pa-
tients with partial response (TABLE 3)
(34%; 95% CI, 25%-44%), and an ad-
ditional 30 patients (29%) with stable
disease for 3 or more months.

According to the investigator assess-
ment, 45 (43%) patients achieved a par-
tial response and 1 (1%) patient
achieved a complete response result-
ing in an overall response rate of 44%
(95% CI, 34%-53%). An additional 23
patients (22%) had stable disease for 3
or more months (Table 3).

Tumor images from a patient in-
cluded in this study are shown as an ex-
ample of a partial response according to
RECIST criteria (FIGURE 2), defined as
a 30% or greater decrease in summed
unidimensional measurements of all tar-
get tumor lesions on CT scan imaging

obtained during therapy compared with
baseline. The longest diameter of a right
adrenal mass measured 3 cm at base-
line. A CT scan obtained 2.5 months af-
ter the baseline assessment showed the
right adrenal mass as measuring 1.8 cm
in longest diameter. The sum of all tar-
get lesions represented at least a 30%
decrease in the sum of the longest di-
ameter of the target lesions. A fol-
low-up scan 1 year after baseline dem-
onstrated durability with the sum of all
target lesions maintaining at least a 30%
decrease from baseline.

Duration of Response. At the time
of data analysis, only 10 patients of the
36 responders identified by indepen-
dent third-party review of response had
progressed or died; therefore, median du-
ration of response has not been reached.
Of the 46 patients who experienced ob-
jective responses (complete or partial)
identified by the investigators, 12 pa-
tients subsequently developed disease
progression and 34 responders remain
progression-free, including one patient
with a complete response for over 10
months. The median duration of re-
sponse for the 46 patients was 10 months
(95% CI, 8 months–not calculable).

Progression-Free and Overall Sur-
vival. Fifty-six of the 105 patients (53%)
haddevelopeddiseaseprogressionordied
on study. The median progression-free
survival based on independent third-
party assessment of response was 8.3

Table 3. Best Response to Sunitinib Treatment

Response

Patients Assessed, No. (%)*

Independent Third Party† Investigator‡

Complete response 0 1 (1)
Partial response 36 (34) 45 (43)
Stable disease for �3 mo 30 (29) 23 (22)
Progressive disease, stable disease for �3 mo,

or not evaluable
39 (37) 36 (34)

*N = 105 (1 patient enrolled with a diagnosis of clear-cell renal cell carcinoma was withdrawn after a repeat biopsy
showed a diagnosis of a different type of cancer).

†Assessed by independent third-party core imaging laboratory.
‡Assessed by treating physician.

Figure 2. Example of Partial Response According to RECIST Guidelines in a Patient Treated With Sunitinib

BaselineA Cycle 2 (11 weeks)B 1-Year Follow-upC

1.8 cm1.8 cm1.8 cm3 cm3 cm3 cm 1.8 cm1.8 cm1.8 cm

Abbreviation: RECIST indicates Response Evaluation Criteria in Solid Tumors.
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months (95% CI, 7.8-14.5 months)
(FIGURE 3). The median progression-
free survival based on investigator
assessment was 8.1 months (95% CI,
5.5-10.4 months).

Seventy-four of the evaluable pa-
tients were still alive at the time of data
analysis. The median overall survival
has not been reached and the 6-month
survival is 79% (95% CI, 70%-86%).

Safety Results. The median number
of completed 6-week treatment cycles
was 5 (range, 0-11 cycles), equivalent to
7 months. Diarrhea and fatigue were the
most commonly reported treatment-
related adverse events (TABLE 4). Diar-
rhea was managed by oral hydration and
oral antidiarrheal agents (eg, lop-
eramide hydrochloride) as needed. Other
adverse events included stomatitis, hand-
foot syndrome (characterized by pain-
ful lesions on the palms and soles), and
hypertension (Table 4). Selected labora-
tory abnormalities are also listed in
Table 4. Neutropenia was reported, but
there were no reports of associated fe-
ver or sepsis. Elevated serum concentra-
tions of lipase were not associated with
clinical signsor symptomsofpancreatitis.

Eight patients (4.7%) experienced a
decline in left ventricular ejection frac-
tion as assessed by multigated acquisi-
tion scans obtained at regular inter-
vals during therapy. Of these, 5 patients
had a decrease from baseline of 20% or
more and to less than the lower limit
of normal, but there were no reports of
clinical signs and symptoms suggest-
ing congestive heart failure.

Of the 31 patients who died, 10 died
within 28 days of their last dose of study
medication, and 1 of these on-study
deaths (myocardial infarction) was con-
sidered as possibly related to treat-
ment with sunitinib. This patient had
clear-cell RCC metastatic to the medi-
astinum and lung with symptoms of
episodic dyspnea. Following 28 days of
sunitinib therapy, the patient pre-
sented with symptoms and medical im-
aging studies consistent with acute cho-
lecystitis. The patient experienced
severe dyspnea, was diagnosed with an
acute myocardial infarction, and died
shortly thereafter.

Pooled Analysis of 2 Studies in
RCC. The demographics and efficacy
data were combined from this study and
the initial phase 2 trial17 (TABLE 5). A
pooled analysis of prognostic features
for response and progression-free sur-
vival based on investigator assessment

was performed on the total evaluable
patient population of 168. Overall, 71
patients (42%) were responders; 40
(24%) had stable disease of 3 or more
months’ duration; and 57 (34%) had
stable disease less than 3 months, pro-
gressive disease, or were not evalu-

Figure 3. Progression-Free Survival by Independent Third-Party Core Imaging Laboratory
Assessment (N = 105)
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One patient enrolled with a diagnosis of clear-cell renal cell carcinoma was withdrawn after a repeat biopsy
showed a diagnosis of a different type of cancer.

Table 4. Most Commonly Reported Treatment-Related Adverse Events and Selected
Laboratory Abnormalities by Grade*

Adverse Event

Patients (N = 106)

Grade 2 Grade 3 Grade 4† Total‡

Treatment-related adverse events, No. (%)
Fatigue 18 (17) 12 (11) 0 30 (28)
Diarrhea 18 (17) 3 (3) 0 21 (20)
Dyspepsia 16 (15) 1 (1) 0 17 (16)
Hypertension 11 (10) 6 (6) 0 17 (16)
Hand-foot syndrome 9 (8) 7 (7) 0 16 (15)
Nausea 14 (13) 0 0 14 (13)
Stomatitis 9 (8) 5 (5) 0 14 (13)
Anorexia 12 (11) 1 (1) 0 13 (12)
Mucosal inflammation 12 (11) 1 (1) 0 13 (12)
Vomiting 11 (10) 0 0 11 (10)
Dysgeusia 10 (9) 0 0 10 (9)
Extremity pain 6 (6) 1 (1) 0 7 (7)
Rash 3 (3) 0 0 3 (3)

Laboratory abnormalities, No. (%)
Neutropenia§ 28 (26) 15 (14) 2 (2) 45 (42)
Lipase increased 12 (11) 15 (14) 3 (3) 30 (28)
Anemia � 21 (20) 4 (4) 2 (2) 27 (26)
Thrombocytopenia¶ 16 (15) 6 (6) 0 22 (21)

*Occurring in at least 20% of patients.
†All severity graded according to National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE,

Version 3.0); see “Assessment of Efficacy and Safety” section for descriptions of adverse event grades.
‡Patients with grade 2-4 adverse events.
§Neutropenia graded by lowest neutrophil count measured during treatment as follows: grade 2, �1500-1000/mm3;

grade 3, �1000-500/mm3; and grade 4, �500/mm3.
�Anemia graded by lowest hemoglobin measured during treatment as follows: grade 2, �10-8 g/dL; grade 3, �8.0-

6.5 g/dL; and grade 4, �6.5 g/dL.
¶Thrombocytopenia graded by lowest platelet count measured during treatment as follows: grade 2, �75 000-50 000/

mm3; and grade 3, �50 000-25 000/mm3.
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able. The median progression-free sur-
vival for all 168 patients was 8.2 months
(95% CI, 7.8-10.4) (FIGURE 4). The me-
dian progression-free survival in pa-
tients who achieved a complete or par-
tial response was 14.8 months (95% CI,
10.9-24.2). The median progression-
free survival for patients with best re-
sponse of stable disease of 3 or more
months was 7.9 months (95% CI,
5.5-8.2).

The pretreatment clinical features of
responders were compared with those
of nonresponders (patients with dis-
ease stabilization as best response or pro-

gression). There was a higher propor-
tion of patients among responders with
a normal serum hemoglobin vs a base-
line value below the lower limit
of normal compared with nonre-
sponders (78% vs 43%; P�.001, 2-tailed
Fisher exact test). Also, a higher pro-
portion of patients had an ECOG per-
formance status of 0 vs 1 among re-
sponders compared with nonresponders
(66% vs 45%; P=.008, Fisher exact test).
Anemia and poor performance status
were previously reported to be associ-
ated with a shorter survival with second-
line treatment of metastatic RCC.7

A univariate analysis was performed
toexamine therelationshipbetweenpre-
treatment clinical features and progres-
sion-free survival (TABLE 6). A longer
progression-free survival was observed
in patients with favorable ECOG per-
formance status, normal serum hemo-
globin, as well as several other selected
clinical features. In the multivariate
analysis, a low hemoglobin was found
to be the independent predictor of a
shorter progression-free survival (haz-
ard ratio 0.37; 95% CI, 0.25-0.56;
P�.001). Further model development
and assessment of features predictive of
survivalwillbedonewhenadditional fol-
low-up for these patients is collected.

COMMENT
Metastatic RCC is one of the most chal-
lenging malignancies to treat, show-
ing nearly universal resistance to all cy-
totoxic chemotherapeutic agents and
limited sensitivity to radiation therapy.
Cytokine therapy with interferon-alfa
or IL-2 produces response in approxi-
mately 15% of patients, and a multi-
tude of new agents previously studied
as second-line therapy after cytokines
failed to show any evidence of clinical
benefit.

Clear-cell RCC was selected as a tu-
mor type for initial clinical study with
sunitinib, based on the inhibitory prop-
erties against vascular endothelial
growth factor receptor and platelet-
derived growth factor receptor. The
high expression of proangiogenic
growth factors to these receptors is a
consequence of genetic abnormalities
that characterize clear-cell RCC, and are
believed to contribute to RCC tumor
growth and angiogenesis. The initial
phase 2 trial of sunitinib conducted in
63 patients showed a 40% response rate,
a median time to tumor progression of
8.7 months, and good tolerability.17

The results of this trial confirm that
sunitinib given once daily according to
a 4 weeks on/2 weeks off schedule has
substantial antitumor effects against
metastatic clear-cell RCC. Of the 105
evaluable patients, 36 patients achieved
partial response (34%; 95% CI, 25%-
44%), and a median progression-free

Table 5. Characteristics and Treatment Outcome for Patients Included in the Pooled Analysis

Characteristics

Patients

Trial 1
(N = 63)

Trial 2
(N = 105)*

Pooled
Analysis
(N = 168)

Sex, No. (%)
Men 43 (68) 66 (63) 109 (65)
Women 20 (32) 39 (37) 59 (35)

Age, median, y 60 56 57
ECOG performance status, No. (%)

0 34 (54) 57 (54) 91 (54)
1 29 (46) 48 (46) 77 (46)

Renal cell carcinoma histology, No. (%)
Clear cell 55 (87) 105 (100) 160 (95)
Other 8 (13) 0 (0) 8 (5)
Prior nephrectomy 58 (92) 105 (100) 163 (97)

Prior systemic treatment, No. (%)†
Interferon-alfa 35 (56) 47 (45) 82 (49)
Interleukin-2 19 (30) 49 (47) 68 (40)
Interferon-alfa plus interleukin-2 9 (14) 9 (9) 18 (11)

Prior radiation therapy 25 (40) 20 (19) 45 (27)
Main sites of metastatic disease, No. (%)

Lung 51 (81) 86 (82) 137 (82)
Liver 10 (16) 28 (27) 38 (23)
Bone 32 (51) 27 (26) 59 (35)

No.of disease sites, No. (%)
1 8 (13) 13 (12) 21 (13)
2 16 (25) 38 (36) 54 (32)
�3 39 (62) 54 (51) 93 (55)

MSKCC risk factors for second-line therapy, No. (%)‡
0 34 (54) 61 (58) 95 (57)
�1 29 (46) 44 (42) 73 (43)

Best response, No. (%)
Complete response 0 (0) 1 (1) 1 (�1)
Partial response 25 (40) 45 (43) 70 (42)
Stable disease �3 mo 17 (27) 23 (22) 40 (24)
Progressive disease, stable disease �3 mo,

or not evaluable
21 (33) 36 (34) 57 (34)

Median progression-free survival, mo 8.7 8.1 8.2
Abbreviations: ECOG, Eastern Cooperative Oncology Group; MSKCC, Memorial Sloan-Kettering Cancer Center.
*One patient enrolled with a diagnosis of clear-cell renal cell carcinoma was withdrawn after a repeat biopsy showed

a diagnosis of a different type of cancer.
†May have included additional agents other than cytokines.
‡Motzer et al 2004.7
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survival of 8.3 months as evaluated by
the independent third-party core im-
aging laboratory (resulting in a value
considerably longer than expected in
this clinical setting).

The sunitinib adverse event profile
was acceptable as an orally adminis-
tered outpatient therapy. Diarrhea and
fatigue were the most commonly
reported treatment-related adverse
events, followedbygastrointestinal com-
plaints. Other commonly reported treat-
ment-related adverse events were sto-
matitis, hand-foot syndrome, and
hypertension. In most instances, symp-
toms improved with dose modifica-
tion;however, in12patients(11%),suni-
tinib was discontinued due to adverse
events. In some instances, the adverse
eventsandlaboratoryabnormalitieswere
consistent with conditions associated
with advanced metastatic RCC.

The 2 trials had similar eligibility and
treatment plans and assessed antitu-
mor activity in patients as second-line
therapy following progression to stan-
dard cytokine treatment. When the data
were combined, the response rate ac-
cording to investigator assessment was
42% in 168 evaluable patients, and an
additional 24% had stable disease of 3
or more months’ duration. The objec-
tive responses observed in these 2 trials
were partial responses with the excep-
tion of 1 patient who experienced a
complete response. The median pro-
gression-free survival observed for all
168 assessable patients was 8.2 months.

These assessments of antitumor ac-
tivity compare favorably with the re-
sponse rate observed for conventional
therapies (Table 1).4-6 Patients with
metastatic RCC who progress to cyto-
kine therapy are generally managed by
supportive care (including radiation
therapy) or treatment in clinical trials
of experimental agents. The median
time to progression for patients treated
in clinical trials with other experimen-
tal agents as second-line therapy or re-
ceiving supportive care is estimated to
be between 2 and 4 months.7,21,22

Sunitinib is one of several agents (in-
cluding sorafenib and bevacizumab) that
target the inhibition of proangiogenic

growth factor activity and show activity
in clinical trials against metastatic clear-
cell RCC. The data from these trials21,22

confirmthat theapproach is avalid thera-
peutic strategy for clear-cell RCC. More-
over, since systemic therapy options for
RCC have been limited to cytokines,
these therapies represent a new para-
digm in the management of this notori-
ously elusive malignancy.

The conduct of the current study as a
single-armtrialwas justifiedbasedonthe
high response rate observed in the first
trial and the lack of effective therapy pre-
viouslyestablished inthesecond-lineset-
ting to be used as a comparator arm for
a randomized trial. Since the response
rate for sunitinibasasecond-line therapy
is more than double that reported with
cytokines in first-line treatment, a com-

Figure 4. Progression-Free Survival by Investigator Assessment (Pooled Population, N=168)

1.0

0.3

0.6

0.5

0.4

0.7

0.8

0.9

0.2

0.1

0

No. at Risk 168

3

114

6

81

Median, 8.2 mo
95% Confidence Interval, 7.8-10.4 mo

9

43

12

19

15 18

88

21

5

2724

2
Time, mo

P
ro

gr
es

si
on

-F
re

e 
S

ur
vi

va
l P

ro
ba

bi
lit

y

Table 6. Pretreatment Predictors of Progression-Free Survival for Patients Treated
With Sunitinib (N = 168)

No. of
Patients

(N = 168)*

No.
Progression-Free

or Alive

Progression-Free
Survival, mo

P
ValueMedian

95% Confidence
Interval

Hemoglobin
�Lower limit of

normal
97 52 10.9 8.7-14.8

�.001
�Lower limit of

normal
71 18 4.2 2.6-5.5

Corrected calcium
�10 mg/dL 162 69 8.2 7.8-10.4

.23
�10 mg/dL 6 1 3.6 1.5-12.0

Eastern Cooperative
Oncology Group

performance status
0 91 42 10.4 8.2-12.1

.002
1 77 28 5.1 2.8-8.1

Liver metastases
Yes 38 11 5.5 4.1-8.4

.03
No 130 59 8.8 7.9-12.0

Lung metastases
Yes 137 56 7.9 5.8-9.8

.65
No 31 14 8.8 5.4-13.8

No. of disease sites
0 or 1 21 12 13.8 7.9-21.2

.04
2 or �3 147 58 7.9 5.5-8.7

Alkaline phosphatase
�120 U/L 123 57 8.3 7.9-10.6

.06
�120 U/L 45 13 5.5 2.3-10.7

*Pooled analysis population.
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parison of sunitinib to standard cyto-
kine therapy was undertaken. A phase 3
randomized trial that recently com-
pleted accrual of over 700 patients aims
to compare the efficacy of sunitinib vs
interferon-alfa as first-line therapy for
metastatic clear-cell RCC. The outcome
will define the role of sunitinib in first-
linetherapy.Responsetotargetedtherapy
for other malignancies with agents such
as gefitinib and imatinib mesylate have
been linked to specific mutations in the
tumors.23,24 Studies to assess the rela-
tionship between response and genetic
abnormalitiesandproangiogenicgrowth
factor pattern in patients with meta-
static renal carcinoma are under way.

CONCLUSIONS
The results of this trial demonstrate the
efficacy of sunitinib as a single agent in
second-line therapy for patients with cy-
tokine-refractory metastatic clear-cell
RCC. The initial observation of antitu-
mor activity for sunitinib has been con-
firmed in a larger trial. Sunitinib as a first-
line therapy for metastatic clear-cell RCC
is currently being investigated vs inter-
feron alfa in a randomized phase 3 study.
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