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Abstract
The objective of this study was to investigate the significance of an alternative dosing schedule for sunitinib in metastatic 
renal cell carcinoma (mRCC) patients. This study included 154 patients treated with sunitinib as first-line systemic therapy 
for mRCC, consisting of 62, 47, and 45 receiving sunitinib based on a traditional schedule (TS, 4 weeks on and 2 weeks 
off) alone (TS group), alternative schedule (AS, 2 weeks on and 1 week off) alone (AS group), and TS followed by AS 
after the development of dose-limiting toxicities (TS-to-AS group), respectively. There were no significant differences in 
the major clinicopathological characteristics among these three groups. The progression-free survival in the TS group was 
significantly shorter than in the other two groups, while no significant differences in the overall survival were noted among 
the three groups. Adverse events (AEs) ≥ grade 3 in the TS and TS-to-AS groups occurred more frequently than in the AS 
group. Furthermore, there were significant differences in the incidences of AEs, including diarrhea, fatigue, and hypertension, 
among the three groups, favoring the AS compared with the other two groups. Despite the lack of a significant difference in 
the incidence of dose reduction among the three groups, the incidences of the interruption and discontinuation of sunitinib 
in the AS group were significantly lower than in the other two groups. These findings suggest that the introduction of AS for 
sunitinib during first-line treatment for mRCC patients may promote favorable clinical outcomes regarding the prognosis as 
well as tolerability compared with treatment on TS alone.
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Introduction

Sunitinib, an orally available multitargeted tyrosine kinase 
inhibitor, was shown to exhibit powerful antiangiogenic as 
well as antitumor activities in preclinical experimental stud-
ies [1, 2]. In a clinical setting as well, a pivotal phase III 
randomized clinical trial (RCT) of treatment-naïve patients 
with metastatic renal cell carcinoma (mRCC) demonstrated 
that sunitinib showed a significantly superior efficacy to 
interferon-α with a median progression-free survival (PFS) 
of 11 versus 5 months, respectively, and led to median 

overall survival (OS) > 2 years for the first time [3, 4]. Based 
on several favorable clinical outcomes in real-world clinical 
practice [5, 6] in addition to RCT findings [3, 4], sunitinib 
has been regarded as one of the standards of care for first-
line therapy against mRCC, and become the most commonly 
introduced agent in this setting [7].

The currently recommended traditional schedule (TS) for 
sunitinib is 50 mg daily for 4 weeks, followed by 2 weeks off 
(4 weeks on and 2 weeks off), which was determined based 
on the data from a pharmacokinetic/pharmacodynamic study 
to maintain the optimal plasma level of this agent [8]. How-
ever, if treated with sunitinib on TS, a comparatively large 
proportion of patients have been reported to require dose 
reduction, interruption, or discontinuation due to adverse 
events (AEs), such as thrombocytopenia, diarrhea, hyper-
tension, hand-foot syndrome, and fatigue [9], whereas an 
increased exposure to sunitinib was shown to be associated 
with a longer OS and prolonged time to progression in a 
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previous meta-analysis involving patients with several types 
of malignant tumor, including mRCC [10].

These considerations have encouraged a number of inves-
tigators to try to identify an alternative schedule (AS) for 
sunitinib to improve its tolerability without compromis-
ing drug exposure and subsequent disease control [11]. 
Although several dosing schedules have been assessed as 
AS for sunitinib, the 2 weeks on and 1 week off schedule 
is currently regarded as the most useful AS which has been 
consistently shown to be characterized by lower toxicity 
compared with TS [11–17]; however, it has not been well-
documented whether the use of AS improves the prognosis 
of mRCC patients receiving sunitinib. Furthermore, lim-
ited data remain available with respect to the introduction 
of sunitinib on AS as an initial dosing schedule for mRCC 
patients rather than that converted from TS after encounter-
ing dose-limiting toxicity. Considering these findings, this 
study retrospectively included a total of 154 consecutive 
mRCC patients who were treated with sunitinib as first-
line systemic therapy, and the clinical outcomes in these 
patients were compared by dividing them into 62, 47, and 
45 receiving sunitinib on TS alone (TS group), AS alone 
(AS group), and TS followed by AS after the development 
of dose-limiting toxicities (TS-to-AS group), respectively, 
in order to comprehensively clarify the significance of the 
introduction of AS for sunitinib during first-line therapy for 
mRCC patients.

Patients and methods

The Research Ethics Committee of our institution approved 
the design of this study, and the need to obtain informed 
consent to be involved in the present study from all patients 
was waived because of its retrospective design. This study 
included a total of 154 consecutive Japanese mRCC patients 
who received sunitinib as first-line systemic therapy between 
January 2010 and June 2017 at our institution. Of the 154 
patients, 13 who did not undergo surgical therapy for the 
resection of the primary tumor underwent biopsies of either 
the primary or metastatic lesion to assess the histopatho-
logical findings; therefore, all 154 were pathologically diag-
nosed with primary RCC.

In this series, sunitinib was initially administered based 
on either the TS or AS, as previously reported [4, 5, 13, 14], 
and the selection of initial dosing schedules for sunitinib 
was basically determined considering the preference of the 
physician without strict criteria. In general, 50 mg of suni-
tinib was orally administered once daily on both TS and 
AS, consisting of 4 weeks on followed by 2 weeks off and 
2 weeks on followed by 1 week off, respectively. Treatment 
with sunitinib using either dosing schedule was continued 
until the development of disease progression or intolerable 

AEs. In patients developing severe AEs related to sunitinib 
on TS, the treating physician determined whether to switch 
to AS or attempt dose reduction according to the subjec-
tive as well as objective toxicities in each patient. In cases 
requiring dose reduction due to AEs, the daily dose could be 
reduced to 37.5 mg, and then further to 25 mg daily and it 
was also permitted to modify the starting dose considering 
patient factors, including the age, body weight, and physi-
ological functions.

As baseline assessments prior to the start of treatment 
with sunitinib, the clinicopathological examinations and per-
formance status (PS) were evaluated using the 7th edition of 
the UICC TNM classification and the scale of Karnofsky PS, 
respectively, while both the Memorial Sloan-Kettering Can-
cer Center (MSKCC) and International Renal Cell Carci-
noma Database Consortium (IMDC) systems were employed 
for risk assessment in each patient [18, 19]. Before the initial 
administration of sunitinib, radiological examinations, con-
sisting of computed tomography (CT) of the brain, chest, and 
abdomen and/or radionuclide bone scintigraphy, were per-
formed for all of the included patients. As a rule, the tumor 
size was measured by CT before and every 6–12 weeks after 
the introduction of sunitinib. The Response Evaluation Cri-
teria in Solid Tumors v.1.1 and National Cancer Institute 
Common Terminology Criteria for Adverse Events version 
3.0 were used to assess the responses and AEs, respectively, 
during treatment with sunitinib.

The chi-square test was used to analyze differences in 
several factors among the three groups. PFS and OS rates 
were assessed by the Kaplan–Meier method, and differences 
were examined by the log-rank test. All statistical analyses 
were conducted using Statview 5.0 software (Abacus Con-
cepts, Inc., Berkley, CA, USA), and P < 0.05 was considered 
significant.

Results

Of the 154 included patients, 107 (69.5%) and 47 (30.5%) 
initially received sunitinib on TS and AS, respectively. How-
ever, 45 of the 107 patients treated on TS had the dosing 
schedule for sunitinib changed to AS after encountering 
dose-limiting toxicities, while the administration of sunitinib 
on TS was continued in the remaining 62 throughout first-
line therapy. Accordingly, we classified the 154 patients into 
62, 47, and 45 receiving sunitinib on TS alone (TS group), 
AS alone (AS group), and TS followed by AS (TS-to-AS 
group), respectively. Major clinicopathological parameters 
in the 154 patients according to the dosing schedule are 
shown in Table 1. There were no significant differences in 
these parameters among TS, AS, and TS-to-AS groups.

Table 2 presents a comparison of oncological outcomes 
among the three groups. No significant difference in the 
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response rate, clinical benefit rate, or proportion of patients 
going on to receive second-line therapy was noted among 
the three groups. In this series, the median durations of PFS 
in the TS, AS, and TS-to-AS groups were 6.3, 13.8, and 
12.2 months, respectively, while those of OS in the TS, AS, 
and TS-to-AS groups were 30.8, 39.2, and 39.1 months, 
respectively. As shown in Fig. 1, despite the lack of a sig-
nificant difference in the OS among the three groups, the 

PFS in the TS group was significantly poorer compared with 
those in the AS and TS-to-AS groups.

Table 3 shows a comparison of the findings regarding 
commonly observed AEs related to treatment with sunitinib 
among the TS, AS, and TS-to-AS groups. All patients in 
each group experienced AEs; thus, no significant differences 
in the overall incidence of AEs were noted among the three 
groups. However, the proportion of patients developing 

Table 1  Patient characteristics 
and treatment profiles

TS traditional schedule, AS alternative schedule, MSKCC Memorial Sloan-Kettering Cancer Center, IMDC 
International Renal Cell Carcinoma Database Consortium

Variables (%) TS group (n = 62) AS group (n = 47) TS-to-AS group 
(n = 45)

P value

Gender 0.97
 Male 44 (71.0) 33 (70.2) 31 (65.5)
 Female 18 (29.0) 14 (29.8) 14 (34.5)

Nephrectomy 0.59
 Yes 56 (90.3) 43 (91.5) 43 (95.6)
 No 6 (9.7) 4 (8.5) 2 (4.4)

MSKCC risk classification 1.00
 Favorable 16 (25.8) 12 (25.5) 13 (28.9)
 Intermediate 31 (50.0) 24 (51.1) 22 (48.9)
 Poor 15 (24.2) 11 (23.4) 10 (22.2)

IMDC risk classification 0.66
 Favorable 13 (21.0) 10 (21.3) 14 (31.1)
 Intermediate 32 (51.6) 27 (57.4) 22 (58.9)
 Poor 17 (27.4) 10 (21.3) 9 (20.0)

C-reactive protein 0.93
 <0.8 mg/dL 38 (61.3) 30 (63.8) 27 (60.0)
 0.8 mg/dL≤ 24 (38.7) 17 (36.2) 18 (40.0)

Major metastatic organs
 Lung 44 (71.0) 34 (72.3) 31 (65.5) 0.94
 Lymph node 18 (29.0) 14 (29.8) 11 (24.4) 0.82
 Bone 16 (25.8) 13 (27.7) 12 (26.7) 0.98
 Liver 9 (14.5) 5 (10.6) 5 (11.1) 0.79

Histology of primary tumor 0.44
 Clear cell cancer 54 (87.1) 42 (89.4) 41 (91.1)
 Non-clear cell cancer 8 (12.9) 5 (10.6) 4 (8.9)

Sarcomatoid feature 0.93
 Positive 8 (12.9) 5 (10.6) 5 (11.1)
 Negative 54 (87.1) 42 (89.4) 40 (88.9)

Table 2  Oncological outcomes 
following treatment with 
sunitinib

TS traditional schedule, AS alternative schedule

TS group AS group TS-to-AS group P value
(n = 62) (n = 47) (n = 45)

Response (%) 16 (25.8) 17 (27.6) 14 (27.6) 0.51
Clinical benefit (%) 48 (77.4) 38 (80.9) 38 (84.4) 0.66
Median progression-free survival (months) 6.3 13.8 12.2 0.0014
Median overall survival (months) 30.8 39.2 39.1 0.42
No. of patients receiving second-line therapy (%) 49 (79.0) 41 (87.2) 39 (86.7) 0.42
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AEs ≥ grade 3 in the AS group was significantly smaller 
than in the other two groups. Furthermore, there were sig-
nificant differences in the incidences of AEs among the three 
groups, including diarrhea, fatigue, and hypertension, all of 
which favored the AS rather than the other two groups, while 
thrombocytopenia corresponding to ≥ grade 3 occurred 
more frequently in the TS and TS-to-AS groups than AS 
group. Despite the absence of significant differences in the 
proportions of patients requiring dose reduction among the 
three groups, the incidences of the interruption as well as 
discontinuation of sunitinib in the AS group were signifi-
cantly lower than those of the other two groups.

Discussion

Since accumulating findings of several studies conducted 
as both RCTs and in routine clinical settings showed the 
powerful therapeutic activity of sunitinib for patients 
with treatment-naïve mRCC [3–6], this agent is currently 
regarded as one of the standards of care for first-line sys-
temic therapy for mRCC patients [7]. Despite its satisfac-
tory efficacy, sunitinib has been shown to cause significant 
AEs in a comparatively large proportion of mRCC patients, 
resulting in marked interference with its efficacy for disease 
control [9]. In fact, a higher level of exposure to sunitinib 
was reported to be likely to lead to favorable prognostic out-
comes in patients with mRCC [10], whereas dose reduction 
or interruption due to AEs associated with sunitinib was 
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Fig. 1  a Progression-free survival of the 154 patients with metastatic 
renal cell carcinoma (mRCC) receiving sunitinib as first-line systemic 
therapy according to the following three dosing schedules: traditional 
schedule (TS, 4 weeks on and 2 weeks off) alone (TS group), alterna-
tive schedule (AS, 2 weeks on and 1 week off) alone (AS group), and 
TS followed by AS after the development of dose-limiting toxicities 
(TS-to-AS group). b Overall survival of the 154 patients with mRCC 
receiving sunitinib as first-line systemic therapy according to the fol-
lowing three dosing schedules: TS group, AS group, and TS-to-AS 
group

Table 3  Adverse events associated with sunitinib

TS traditional schedule, AS alternative schedule

Adverse events (%) All grades Grade 3 ≤

TS group AS group TS-to-AS group P value TS group AS group TS-to-AS group P value

(n = 62) (n = 47) (n = 45) (n = 62) (n = 47) (n = 45)

All adverse events 62 (100) 47 (100) 45 (100) – 49 (79.0) 25 (53.2) 35 (77.8) 0.0063
Thrombocytopenia 61 (98.4) 43 (91.5) 43 (95.6) 0.23 17 (20.8) 4 (8.5) 13 (27.6) 0.026
Leukopenia 50 (80.6) 34 (72.3) 39 (86.7) 0.23 7 (11.3) 4 (8.5) 4 (8.8) 0.87
Anemia 42 (67.7) 25 (53.2) 30 (66.7) 0.25 6 (9.7) 5 (10.6) 5 (11.1) 0.97
Hypothyroidism 40 (64.5) 23 (48.9) 29 (64.4) 0.19 2 (3.2) 0 (0) 1 (2.2) 0.49
Diarrhea 40 (64.5) 20 (42.6) 31 (68.9) 0.020 2 (3.2) 0 (0) 2 (4.4) 0.38
Fatigue 42 (67.7) 14 (29.8) 33 (73.3) < 0.001 11 (17.7) 5 (10.6) 8 (17.8) 0.53
Skin discoloration 38 (61.3) 20 (42.6) 28 (62.2) 0.088 0 (0) 0 (0) 0 (0) –
Hypertension 37 (59.7) 17 (36.2) 30 (66.7) 0.0077 5 (8.1) 2 (4.3) 5 (11.1) 0.47
Hand-foot syndrome 34 (54.8) 21 (44.7) 24 (53.3) 0.55 6 (9.7) 5 (10.6) 5 (11.1) 0.97
Liver dysfunction 34 (54.8) 20 (42.6) 25 (55.6) 0.35 0 (0) 0 (0) 0 (0) –

Outcomes (%) TS group (n = 62) AS group (n = 47) TS-to-AS group (n = 45) P value

Dose reduction 60 (96.8) 42 (89.4) 43 (95.6) 0.24
Dose interruption 41 (66.1) 20 (42.6) 31 (68.9) 0.015
Discontinuation of treatment 17 (27.4) 4 (8.5) 13 (28.9) 0.026
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required in approximately 50% of patients in a phase III RCT 
[3]. Taken together, a number of studies assessing the AS 
of sunitinib have been carried out to optimize its dosing 
schedule, and AS, particularly 2 weeks on and 1 week off, 
has been widely introduced for treating mRCC patients in 
routine clinical practice [11–17]. However, the impact of 
AS on the improvement of the prognosis of mRCC patients 
remains controversial, and it also remains unclear whether 
AS should be introduced as an initial dosing schedule or 
transitioned from TS after the occurrence of severe AEs; 
accordingly, this study included a total of 154 patients with 
mRCC receiving sunitinib as first-line systemic therapy, 
and conducted a comparative assessment of their clinical 
outcomes according to the three dosing schedules used in 
this series.

In recent years, AS has been commonly introduced during 
treatment of mRCC patients with sunitinib at our institution 
based on our experience of the frequency as well as severity 
of AEs,

associated with the use of this agent [6]. Although 62 of 
the 154 patients included in this series received sunitinib on 
TS, the remaining 92 were treated with sunitinib on AS; that 
is, 47 patients were started on AS, and 45 were eventually 
switched from TS to AS. Furthermore, there were no signifi-
cant differences in the major clinicopathological parameters 
among the TS, AS, and TS-to-AS groups; thus, the clinical 
outcomes in these 3 groups were comprehensively compared 
in order to investigate the significance of AS for sunitinib 
against mRCC.

In this study, despite the absence of significant differ-
ences in the OS among the three groups, the PFS in the TS 
was significantly poorer compared with those in the AS and 
TS-to-AS groups. To date, inconsistent findings with respect 
to the effect of AS on the prognosis of mRCC patients have 
been reported [11]. For example, Atkins et al. showed that 
both the OS and PFS in mRCC patients receiving sunitinib 
on TS were significantly poorer than those on AS, and that 
the administration of sunitinib on TS was identified as one 
of the independent factors associated with the decreased OS 
and PFS [12], while Lee et al. conducted a phase II trial 
comparing TS and AS for mRCC patients, and found that 
failure-free survival, but not PFS or OS, in the AS group 
was significantly superior to that in the TS group [13]. Such 
conflicting findings on the prognostic significance of AS 
in mRCC patients among previous studies could be mainly 
explained by heterogeneities in backgrounds of the included 
patients as well as study designs [11–13, 16, 17].

It is of interest to characterize the effects of AS for suni-
tinib on the profile of AEs in mRCC patients. In the pre-
sent series, sunitinib-induced toxicity with respect to the 
incidence as well as severity in the AS group was shown 
to be significantly reduced compared with those in the 

other two groups, which was particularly marked for AEs 
accompanying problematic symptoms, including diarrhea, 
fatigue, and hypertension. The lower toxicity of the AS 
than TS is consistently supported by previous studies. For 
example, Lee et al. reported that neutropenia and fatigue 
less frequently developed in an AS than a TS group in a 
phase II trial including mRCC patients treated with suni-
tinib [13]. Furthermore, there have been several reports on 
the significant improvement of AEs by switching from TS 
to AS for sunitinib in mRCC patients [11, 12, 14, 15]. We 
also previously reported that the transition to AS resulted 
in relief from severe AEs, leading to the achievement of 
a favorable quality of life of patients with mRCC [15]. 
However, once introduced as TS irrespective of switching 
to AS, treatment with sunitinib is likely to induce severe 
AEs; therefore, it might be preferable to start administer-
ing sunitinib for mRCC patients on AS from the viewpoint 
of the AE profile associated with this agent.

Here, we would like to emphasize several limitations 
of this study. Firstly, this was performed as a retrospec-
tive study including a comparatively small number of 
patients. Secondly, the decisions to select either TS or AS 
at the introduction of sunitinib and to switch from TS to 
AS rather than reduce the dosage at the development of 
severe AEs were subjectively made by the treating physi-
cian without the use of strictly determined criteria, which 
may have influenced the outcomes of this study. Thirdly, 
despite heterogeneous practice patterns of previously 
reported ASs for sunitinib [11], only a schedule of 2 weeks 
on and 1 week off was used in this series. Therefore, even 
if the current view is that the 2 weeks on and 1 week off 
schedule is the most suitable AS based on the outcomes 
of previous studies [11–17], including pharmacokinetic 
studies [20], we may not be able to rule out the existence 
of more efficacious ASs for sunitinib than 2 weeks on and 
1 week off. Finally, this study consisted of solely Japanese 
patients, who were shown to be less tolerant of sunitinib 
than Western populations [6, 21]; thus, it might be difficult 
to apply the findings of the present study to overall mRCC 
cohorts treated with sunitinib.

In conclusion, our retrospective assessment revealed 
that mRCC patients who were started on or transitioned 
to AS from TS for sunitinib achieved a significantly better 
PFS, but not OS, than those on TS, and that the initia-
tion of sunitinib on AS resulted in a significantly superior 
tolerability to that on TS, irrespective of switching to AS 
after encountering severe AEs. Collectively, these find-
ings suggest that despite the need to conduct a prospec-
tive study, AS, such as 2 weeks on and 1-week off, may 
reduce the toxicity of sunitinib and consequently promote 
an equivalent or even superior prognosis compared with 
TS in mRCC patients receiving this agent.
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