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Abstract Sunitinib is a multikinase inhibitor used as first-
and second-line treatment of metastatic renal cell carci-
noma. However, there are few reports on the necessary
doses of sunitinib to get better clinical outcome in general
practice with Japanese patients. We examined the rela-
tionship between the efficacy and the necessary doses of
sunitinib therapy in a multi-institutional retrospective
study. A study population of 94 metastatic renal cell car-
cinoma patients was eligible for this investigation. The
most frequent grade 3/4 laboratory adverse events were
decreased platelet (31.9 %) and white blood cell (21.3 %)
counts. Treatment was discontinued in 18 patients (31.0 %)
initially receiving a 50-mg/day dose within only one
course, and median 1-month relative dose intensity was
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74.3 %. Median progression-free survival time was
2.3 months in patients treated for only one course and
10.8 months in patients treated for more than one course
(P < 0.001). Multivariate analysis showed that only one
course of treatment and 60 % and less of 1-month relative
dose intensity were significantly associated with inferior
progression-free survival (P < 0.001 and P = 0.027,
respectively). Moreover, modified Memorial Sloan-Ket-
tering Cancer Center poor risk was significantly associated
with progression-free survival time. It is difficult for Jap-
anese patients to continue an initial dose of sunitinib
therapy without drug withdrawal. Continuing therapy for
more than one course and maintaining more than 60 % of
1-month relative dose intensity were very important in the
prolongation of progression-free survival time regardless of
the initial treatment doses.

Keywords Sunitinib - Renal cell carcinoma -
Maintenance - Prognostic factor -
One-month relative dose intensity

Introduction

Renal cell carcinoma (RCC) is the most common tumor
arising in the kidney [1]. The treatment for metastatic RCC
(mRCC) has dramatically changed over the last 5 years.
This has been driven by two groups of targeted agents:
vascular endothelial growth factor (VEGF)-targeted thera-
pies and mammalian target of rapamycin (mTOR) inhibi-
tors [2-5].

Sunitinib is an oral, multitargeted receptor tyrosine
kinase (RTK) inhibitor of VEGF receptors, platelet-derived
growth factor receptors, and other RTKs with direct anti-
tumor and antiangiogenic activity [6—10]. Single-agent
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sunitinib showed unprecedented antitumor activity in two
phase II trials of patients with mRCC, demonstrating an
objective response rate of about 30 % [11, 12]. Further-
more, sunitinib showed superior first-line efficacy over
interferon-alpha (IFN-o), with significantly longer pro-
gression-free survival (PFS) [5, 13]. Moreover, the pro-
portion of grade 3 or 4 adverse event (AE) profiles ranged
from 1 to 13 % in the pivotal phase III trial, and sunitinib
was tolerated [5, 13]. In a phase II study in Japan, sunitinib
was consistently effective and tolerable, although there was
a trend toward greater antitumor efficacy and higher inci-
dence of hematological adverse events in comparison with
the Western phase III trial [14, 15]. Thus, sunitinib has
been approved worldwide, including Japan, for first- and
second-line treatment for advanced RCC.

A commonly asked question is whether patients with
RCC in clinical trials are representative of the general
population with this disease. Many patients with RCC do
not meet the trial inclusion criteria, particularly those with
poorer prognosis. Gore et al. [16] reported the results of
sunitinib use derived from a global, expanded-access study
of patients with metastatic RCC to evaluate the efficacy
and safety profile in a “real-world” setting, and the efficacy
and the AE profile of their study were similar to those of
the phase III study. Although the expanded-access study
included Asian patients, the efficacy and AE profile of
sunitinib as used in general practice in Japanese patients
only were not addressed.

In the present study, we analyzed the clinical results of
the general practice of sunitinib therapy in Japanese
patients with mRCC in a multi-institutional study. We also
examined patient clinical features to determine which
might predict a superior prognosis of sunitinib therapy.

Materials and methods
Patients

We retrospectively analyzed a database comprising 106
patients treated from April 2008 to July 2011 with suni-
tinib as both first- and second-line therapy for mRCC at
Osaka University Graduate School of Medicine and its
affiliated hospitals listed in the acknowledgements.
Patients treated with neoadjuvant (n = 3) and presurgical
therapies (n = 5) were excluded. Four patients were
excluded because they were not evaluated PFS time. Thus,
94 patients were eligible for this study. The patients were
evaluated at the time of sunitinib administration according
to Modified Memorial Sloan-Kettering Cancer Center
(MSKCC) risk groups [14, 16]. For patients undergoing
second-line therapy, risk factors were Eastern Cooperative
Oncology Group performance status (ECOG PS) >2 and

low hemoglobin and high calcium levels. For patients
undergoing first-line therapy, additional risk factors were
increased lactate dehydrogenase level and time from
diagnosis to use of sunitinib of <1 year [16-18]. The
patients’ initially diagnosed tumors were staged according
to the AJCC (2002) cancer staging classification [19]. In
58 patients, sunitinib was administered at a starting dose of
50 mg orally, once daily, in repeated 6-week cycles
according to a 4/2 schedule (4 weeks on treatment fol-
lowed by 2 weeks off). Dose reductions to 37.5 mg/day
and then to 25 mg/day were permitted on the basis of
individual tolerability. Sunitinib was discontinued due to
disease progression, unacceptable toxicity, or decision of
the physicians. We previously reported that 1-month rel-
ative dose intensity (1M-RDI) >50 % predicted favorable
PES in sorafenib therapy, and we examined 1M-RDI of
sunitinib therapy as previously reported [20].

The study was approved by an institutional review board
of Osaka University, which provided the necessary insti-
tutional data-sharing agreements before initiation of the
study.

Follow-up regimen

Patient follow-up generally consisted of a history, physical
examination, routine blood work, abdominopelvic com-
puted tomography (CT), and chest radiography. Elective
bone scan and chest CT were performed when clinically
indicated by several urologists. Tumor response was eval-
uated by the treating urologist every 1-3 months according
to the Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines [21]. Objective response (OR) was
defined as the number of complete response (CR) and
partial response (PR), and cases of clinical benefit were
defined as the number of patients with OR and stable dis-
ease (SD) for more than 3 months. The AEs related to
sunitinib therapy were recorded according to the National
Cancer Institute’s Common Terminology Criteria for
Adverse Events version 3.0. PFS time was measured from
the date of initiation of sunitinib therapy until documented
disease progression, death from disease progression, or the
date of the patient’s last follow-up visit. The PFS rates
were calculated by the Kaplan—-Meier method.

Statistical analysis

The primary aim was to examine the clinical outcome of
the general practice of sunitinib therapy in Japanese
patients and to determine which of the aforementioned
clinical features could become a predictive marker of PFS
for mRCC patients. Associations between duration of
therapy and clinicopathological features were evaluated
with Fisher’s exact test. We used the Cox regression model
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to calculate the hazard ratio (HR) for univariate and mul-
tivariate analysis. Prognostic factors related to PFS were
analyzed with Cox regression analysis for multivariate
analysis. Statistical significance was set as P < 0.05. Sta-
tistical analysis was performed with the Statistical Package
for the Social Sciences software, version 16.0 (SPSS, Inc.,
Chicago, IL).

Results
Patient characteristics

The clinical and pathological characteristics of the 94
patients with mRCC in this study are shown in Table 1.
Median age was 66 years (range, 32 to 84 years), and the
majority of the patients were men (77.7 %). Most patients
had an ECOG PS score of 0 or 1 (83 patients) and were in
the intermediate modified MSKCC risk group (47.9 %).
Eighty (85.1 %) patients had undergone radical nephrec-
tomy, and their primary histology was almost clear cell
carcinoma (69.1 %). Sunitinib was used as first-line ther-
apy in 35 (37.2 %) patients. Forty-eight (49.0 %) patients
had been treated previously with IFN-«, and 14 (14.3 %)
and 35 (35.7 %) patients had been treated with interleukin-
2 and sorafenib, respectively. The number of metastatic
sites was single in 41 patients, and the most common site of
metastasis was lung. The initially administered doses of
sunitinib were 50 mg/day in 58 patients, and median 1M-
RDI was 64.3 % (range 12.5-100). Evaluable lesions were
present in 66 patients, and radiologically confirmed PR and
SD for 3 months as the best ORs were observed in 9
(13.6 %) and 23 (34.8 %) patients, respectively, and the
OR rate and disease control rate were 13.6 and 48.5 %,
respectively (Table 2). Median follow-up time was
7.5 months (range 0.5-31.7 months).

Adverse events

The grade 3/4 AEs of the 94 patients with mRCC in this
study are shown in Table 3. The most common grade 3/4
AEs were hypertension (9.6 %), hand—foot skin reaction
(6.4 %), and liver dysfunction (5.3 %). The rate of grade
3/4 AEs was smaller than that of the phase II study in
Japanese patients [14]. No grade 5 treatment-related AEs
were reported.

The most frequently occurring grade 3/4 laboratory AEs
were decreases in platelet count (31.9 %), white blood cells
(21.3 %), and red blood cells (5.3 %), as well as increased
lipase level (3.2 %). The rate of grade 3/4 laboratory AEs
was similar to that of the phase II study in Japanese patients
but much larger than that reported from other countries [11,
16]. In the follow-up period time, 37 (39.4 %) and 44
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(46.8 %) patients were needed to reduce the dose of suni-
tinib due to hematologic toxicities and constitutional
symptoms, respectively. Between two groups (hematologic
toxicities and constitutional symptoms), there was no sig-
nificant difference in clinical features. The patients initially
treated by 50 mg/day were significantly tended to occur
either hematologic toxicities or constitutional symptoms
(P < 0.001; data not shown).

The result of medication in the general practice
of sunitinib therapy

In the first course of sunitinib therapy, continued admin-
istration of sunitinib appeared to be intolerable due to AEs
in 25 patients (26.6 %) and to disease progression in 3
patients (3.1 %), and sunitinib therapy was interrupted
within only one course in these patients (intolerant group).
The median period of sunitinib administration was 17 days
(range 9-38 days) in the intolerant group. Treatment was
discontinued in 18 patients (31.0 %) receiving an initial
dose of 50 mg/day patients, in 3 patients (15%) receiving
37.5 mg/day, and in 7 patients (43.8%) receiving 25 mg/
day (Table 1). Moreover, only 2 patients (3.3%) who were
initially treated with 50 mg/day could continue receiving
this oral dose, in spite of attempts to control therapy in
order to treat at the maximum dose. Median IM-RDI of
initial sunitinib doses 50, 37.5, and 25 mg/day were 74.3,
53.6, and 44.3 %, respectively (Fig. 1), and there were
statistically significant differences between three groups
(P < 0.001). In regard to CR, only 1 (8.3 %) of the patients
treated for only one course received clinical benefit,
whereas 31 (58.6 %) patients treated for more than one
course received clinical benefit (Table 2). Woman was
tended to discontinue sunitinib therapy within one course
(P = 0.015; Table 1).

Univariate and multivariate analysis of predictive
factors for PFS and OS

Median PFS time was 6.3 months (Table 2). Median PFS
time was 2.3 months (95 % confidence interval (CI),
0.3—4.3) in the patients medicated for only one course and
8.3 months (95 % CI, 2.8-13.8) in the patients medicated
for more than one course (P < 0.001; Fig. 2a; Table 2).
There was significant difference at IM-RDI cutoff value
associated with an increase in PFS time when the 1M-RDI
cutoff value was >60 %, though there was no significant
difference between initial doses of sunitinib therapy
(Fig. 2b; Tables 4, 5). As well, prior nephrectomy, the
number of metastatic sites, prior therapy, age, the kind of
toxicities, and sex did not confer significant differences in
PFS (data not shown).
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Table 1 .Chmcal C.h a}racterlstlcs Total (n = 94) Duration of medication P
of 94 patients receiving
sunitinib therapy according to One course (n = 28) > Two courses
the duration of medication (n = 66)
Age (years) 32-84 (median 66.0) 32-84 (median 64.5) 38-79 (median 67.0) 0.844
Sex
Male 73 18 55 0.043
Female 21 10 11
ECOG PS
0.1 83 23 60 0.227
2.3 11 5 6
Prior nephrectomy
Yes 80 24 56 0914
No 14 4 10
Histology
Clear cell only 65 18 47 0.822
Others 13 4 9
Unknown 16 6 10
ECOG PS Eastern Cooperative Number of metastatic sites
Oncology Group Performance Single 41 15 26 0.205
Status, MSKCC Memorial .
Sloan-Kettering Cancer Center, Multiple 33 13 40
eGFR estimated glomerular Prior therapy
filtration rate, / M-RDI one- Yes 359 18 41 0.843
month relative dose intensity No 35 10 25
* Risk factors are ECOG . . 2
PS > 2, low hemoglobin, and Modified MSKCC risk group
high calcium. For patients Favorable 28 8 20 0.504
without prior treatment, Intermediate 45 12 33
ad@itional risk factors were Poor 14 6
raised lactate dehydrogenase L
and time-to-use of sunitinib Missing 7 2 3
of <1 year. Patients with prior Initial oral dose
cytokine treatment were 50 mg 58 18 40 0.163
?las51he<1. as tavorable: 37.5 mg 20 3 17
intermediate, or poor if 0, 1,
or >1 risk factors were present, 25 mg 16 7 9
respectively. Patients without 1 M-RDI (%) 12.5-100 (median 21.4-100 (median 12.5-100 (median 0.108
prior treatment were classified 64.3) 50.9) 68.1)
as favorable, intermediate, or Follow-up time 0.5-31.7 (median 7.5) 0.5-30.3 (median 4.6) 2.0-31.7 (median 8.0) 0.012

poor if 0, 1-2, or 2< risk factors (months)

were present, respectively

Multivariate analysis showed duration of medication
and IM-RDI to be significantly associated with PFS
(P < 0.001 and P = 0.027). Other factors were not sig-
nificantly associated with PFS by multivariate analysis
(Table 5).

Discussion

Sunitinib is a multikinase inhibitor with proven efficacy as
a first- and second-line treatment in mRCC [13, 14, 22].
We retrospectively examined a multicenter database of
Japanese patients receiving sunitinib therapy for mRCC to

determine efficacy and AEs of the therapy. We also
investigated the correlation between clinical features and
clinical outcome. In the present study, it was difficult to
treat most Japanese patients with maintaining an initial
dose of sunitinib, and duration of therapy for more than one
course and maintaining 1 M-RDI > 60 % were found to be
statistically significant predictive factors of favorable PFS,
regardless of initial doses of sunitinib therapy. Moreover,
modified MSKCC poor risk was found to be statistically
significant predictive factor of unfavorable PFS.

In previous reports, clinical outcome in a Japanese phase
IT study was better than those of Western phase II and III
studies. Uemura et al. [14] reported data from a phase II
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Table 2 Clinical response to
sunitinib therapy according to
RECIST criteria and clinical
benefit* and PFS time of
sunitinib therapyb

RECIST indicates response
evaluation criteria in solid
tumors; clinical benefit,
objective response + stable
disease for at least 3 months

CI confidence interval, PFS
progression-free survival

# Only evaluable patients are
included

® Includes all patients

Table 3 Treatment-related
adverse events of grade 3/4

study of sunitinib in Japan showing median PFS in 51
patients of 11.5 months, and 47.1 % of patients attained
OR. However, the clinical outcome results in our study

@ Springer

Clinical response

Number of patients (%)

Total Duration of Duration of
medication medication > two courses
one course
n =66 n=12 n=>54
Complete response 0 0 0
Partial response 9 (13.6 %) 0 9 (17.0 %)
Objective response 9 (13.6 %) 0 9 (17.0 %)
Stable disease >3 months 23 (34.8 %) 1 (8.3 %) 22 (41.5 %)
Progressive disease 34 (51.5 %) 11 91.7 %) 23 (43.4 %)
Clinical benefit 32 (48.5 %) 1 (8.3 %) 31 (58.6 %)
Survival time Total number of Duration of medication Duration of medication
patients one course > two courses
n=94 n =28 n = 66

PFS time (median)

6.2 (95 % C13.3-9.4)

2.3 (95 % CI 0.3-4.3)

8.3 (95 % CI 2.8-13.8)

Category Adverse events Grade % N (%)
Hematological Leukopenia 20 (21.3)
Thrombocytopenia 30 (31.9)
Anemia 5(5.3)
Cardiac general Hypertension 9 (9.6)
Cardiac dysfunction 2 (2.1
Constitutional symptoms General fatigue 4 (4.3)
Dermatology/skin Hand—foot skin reaction 6 (6.4)
Gastrointestinal Anorexia 2 (2.1
Stomatitis 2 (2.1
Diarrhea 1(1.1)
Nausea/vomiting 1(1.1)
Perforation 1(1.1)
Metabolic/laboratory Lipase 3 (3.2
Creatinine 2 2.1
Hyperuricemia 2 (2.1)
Hyperkalemia 1 (1.1)
ALT 1(1.1)
Amylase 1(1.1)
Hepatobiliary/pancreas Liver dysfunction 5(5.3)
Endocrine Hypothyroidism 1(1.1)
Adrenal insufficiency 1(1.1)
Musculoskeletal/soft tissue Rhabdomyolysis 1 (1.1)
Hemorrhage/bleeding Hemorrhage (digestive tract) 2 (2.1)
Hemorrhage (gingivitis) 1(1.1)
Neurology Somnolence 1(1.1)
CNS ischemia 1(1.1)
Pulmonary/upper respiratory Pleural effusion 1(1.1)
Pneumothorax 1(1.1)

were inferior to those of the other studies. One reason for
the poor result in our study might be the high rate of dis-
continuance of sunitinib therapy within only one course. In
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than that reported in phase II and phase III studies in
Western countries [7, 12, 13]. Similarly, in general clinical
practice, the rate of grade 3/4 hematologic toxicities in our
study was much higher than that of the worldwide expan-
ded-access trial [16]. Uemura et al. [14] reported that the
AUC values of sunitinib and its active metabolite
(SU12662) were similar between Japanese and Caucasian
subjects, and the difference in AE profiles might be due to
differences in the pharmacological properties of sunitinib.
Thrombocytopenia might be the main reason to discontinue
treatment within only one course because physicians might
be afraid that a grade 3/4 AE of hemorrhage might occur
concurrently in general practice, so the rate of discontin-
uation of treatment in the present study was higher than
that of other reports.

We previously reported that a full dose of sorafenib
(800 mg/day) induced more severe adverse events for
Japanese patients than Westerners, and a 1M-RDI of not
less than 50 % was necessary to prolong PFS time in
second-line therapy of mRCC [20]. For sunitinib as well, it

Fig. 2 Probability estimates of progression-free survival rate in 94
patients receiving sunitinib therapy into two groups based on the
duration of medication (one course vs. two courses and more) (a) and
one-month relative dose intensity (>60 vs. <60 %) (b)

was interesting to us whether 50 mg/day was a suitable
initial dose as a general practice in Japanese patients. We
found that a high rate of patients treated with 50 mg/day
sunitinib discontinued therapy and only 2 patients (3.3 %)
who were initially treated with the 50 mg/day dose could
continue therapy at this dose. Although 1M-RDI of the
patients treated with initial 50 mg/day dose was higher
than that of the other doses, it is necessary to medicate with
care of severe adverse events peculiar to Japanese in order
to maintain 1M-RDI > 60 %.

In the present study, 11 patients (12.2 %) with ECOG
PS 2/3 were included, and the median PFS time of the
patients with ECOG PS 0/1 was 8.3 months, whereas that
of the patients with PS 2/3 was 5.1 months (P = 0.007).
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Table 4 Comparison of

treatment results according to 1 M-RDI cutoff point (%) Patient number PFS
IM-RDI cutoff value N Exp 95 9% C1 P
90< versus 90> 23/71 0.609 0.308-1.203 0.153
80< versus 80> 28/66 0.738 0.340-1.379 0.340
70< versus 70> 43/51 0.650 0.363-1.167 0.149
1 M-RDI 1-month relative dose 60< versus 60> 49/45 0.549 0.308-0.977 0.042
intensity, PFS progression-free 50< versus 50> 62/32 0.473 0.264-0.847 0.012
survival, CI confidence interval
Table 5 Univariate and multivariate analysis of prognostic factors for progression-free survival
Univariate Multivariate
HR 95 % CI P HR 95 % CI P
Modified MSKCC risk category
Good versus intermediate 1.679 0.778-3.623 0.187 1.444 0.663-3.146 0.355
Good versus Poor 4.156 1.742-9.918 0.001 4.387 1.812-10.625 0.001
Initial sunitinib dose
50 versus 37.5 mg/day 0.894 0.427-1.873 0.767
50 versus 25 mg/day 1.112 0.512-2.416 0.789
1 M-RDI
>60 versus <60 % 0.549 0.308-0.977 0.042 0.479 0.249-0.920 0.027
Duration of therapy
One course versus two courses and more 0.289 0.155-0.536 <0.001 0.231 0.113-0.470 <0.001

HR hazard ratio, CI confidence interval, MSKCC Memorial Sloan-Kettering Cancer Center, /M-RDI 1-month relative dose intensity

Although there was no bias between duration of medication
and ECOG PS, other molecular targeted therapy or mTOR
inhibitors could be used for patients with poor ECOG PS.

Recently, the difference between Caucasians and other
Asians including Japanese has become more important
when treating with the new molecular targeted therapies in
terms of the efficacy and especially the AE profile. Most
recently, the open-label phase III AXIS trial included 76 %
Caucasian and 24 % other races including Asians [23],
although Asian people were not included in the phase III
sunitinib study. In fact, the efficacy of the present study
was similar to that of the worldwide expanded-access trial,
but the AE rate and rate of discontinuation of treatment
within only one course were much higher than those of the
expanded-access trial [16]. The results of the present study
are very important in showing the efficacy, AE profile, and
appropriate dosage of sunitinib used in the general practice
of therapy against mRCC in Japanese patients.

In conclusion, it was difficult for Japanese patients to
continue an initial dose of sunitinib therapy without drug
withdrawal, and continuation of sunitinib therapy for more
than one course and maintaining 1M-RDI > 60 % were
very important to prolong PFS time regardless of the initial
treatment doses. A larger study will be necessary to
determine appropriate doses and the schedule of sunitinib
for first-line therapy only.
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