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Abstract
The treatment of renal cell carcinoma has achieved certain curative effects with the innovation of clinical drugs, such
as sunitinib. However, the clinical efficacy and complication rate of the sunitinib 2/1 and 4/2 schedule in metastatic
renal cell cancer remain unclear. In this study we aimed to resolve this issue by using meta-analysis to provide more
theoretical guidance for clinical use. Several outcome measurements were included in this study to compare the 2
schedules such as complete response, partial response, stable disease, progressive disease, progression-free
survival, overall survival, and complications. In the contrast analysis, the sunitinib 2/1 and 4/2 schedule resulted in
significant improvements in prognosis. However, the sunitinib 2/1 schedule was superior to the 4/2 schedule in terms
of controlling stable disease and causing fewer complications.
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Introduction
Renal cell carcinoma (RCC) is a highly heterogeneous malig-

nant urological tumor, accounting for 2% to 3% of malignant
tumors.1,2 The treatment of RCC has achieved certain clinical
efficacy with the innovation of clinical drugs.3 The mortality of
RCC reached the highest (4.8/100,000) from 1990 to 1994 in
Europe, and decreased to 4.1/100,000 from 2000 to 2004.4 The
5-year relative survival rate of the US RCC population ranged
from 50% to 57% in 10 years, and reached 73% in 2009.5 In
recent years, the efficiency of diagnosis and treatment of RCC has
increased significantly, which is inseparable from the advent of
molecular targeted therapy.6,7

Sunitinib is a drug that selectively targets multiple tyrosine
kinase receptors, and it has been shown to have antiangiogenic
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effects and directly attack tumor cells.8 In 2006 and 2009,
sunitinib was respectively approved by the US Food and Drug
Administration and domestic urology guidelines as the gold
standard for treatment of RCC,9 and is currently recommended
as a first-line treatment for metastatic renal cell cancer (mRCC)
in the National Comprehensive Cancer Network guidelines.10

The traditional treatment schedule is 4/2 (4 weeks on and 2
weeks off) alone and it has a great advantage in prolonging the
patient’s progression-free survival (PFS) time and overall survival
(OS) time.11 However, because of its long half-life, the accu-
mulation of cytotoxicity causes many patients to be unable to
tolerate adverse drug reactions, resulting in interruption of
treatment and eventually the absence of a curative effect.12,13

Therefore, many researchers are beginning to try an alternative
treatment, the 2/1 schedule (2 weeks on and 1 week off) alone,
for mRCC.9 However, it is not clear whether the 2/1 schedule
has better efficacy and safety than the 4/2 schedule. In this study
we aimed to compare the clinical efficacy and complication rate
of the 2 schedules in the treatment of mRCC, to provide more
theoretical guidance for clinic.

Materials and Methods
Search Strategy

Following the recommendations of the Cochrane Collabora-
tion, the retrieval was performed by 2 independent reviewers in
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Figure 1 Flow Diagram of Search Strategy
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Sunitinib 2/1 vs. 4/2 Schedule for mRCC
the online databases including Embase, PubMed, Central,
Cinahl, Cochrane Library, and CBM. The magazine catalog and
references were manually searched to find gray literature, such as
unpublished academic reports and chapters in monographs. All
pertinent articles were searched with restricting the language to
English. Keywords used in the search were: sunitinib and
Table 1 General Characteristics of Included Studies

Study Study Design Group Cases

Miyake et al14 Retrospective 4/2 schedule
2/1 schedule

62
47

Pan et al15 Retrospective 4/2 schedule
2/1 schedule

50
32

Lee et al16 Randomized 4/2 schedule
2/1 schedule

36
38

Kondo et al17 Retrospective 4/2 schedule
2/1 schedule

22
26

Zhang et al18 Retrospective 4/2 schedule
2/1 schedule

30
24

Ezz El Din et al19 Retrospective 4/2 schedule
2/1 schedule

30
26

Abbreviations: F ¼ female; M ¼ male; NOS ¼ Newcastle-Ottawa Scale.
aOutcomes: (1) CR; (2) PR; (3) SD; (4) PD; (5) progression-free survival; (6) overall survival; (7) throm
cardiotoxicity; (14) liver dysfunction; (15) hypothyroidism; (16) hand-foot syndrome; (17) diarrhea; a
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metastatic renal cell cancer. The search strategy was: sunitinib
AND metastatic renal cell cancer.

Inclusion Criteria
Inclusion criteria for the study were: (1) patients with mRCC; (2)

controlled trials, prospective studies, retrospective studies, and
Age, Years Sex, M/F Outcomesa NOS

e 44/18
33/14

(5-7) (9-12) (14-17) 7

62 (41-76)
66 (45-80)

28/22
19/13

(1-5) (7-8)
(10-13) (15-17)

7

60 (32-76)
57 (41-79)

32/4
30/8

(6-12) (15-18) 7

62.7 � 10.5
64.6 � 9.3

15/7
20/6

(1-5) (7-18) 7

53.5 (27-72)
59.5 (42-77)

23/7
15/9

(1-4) (7-18) 7

49 (25-76)
49.5 (21-71)

20/10
15/11

(1-6) (7-8) (10-16) (18) 7

bocytopenia; (8) neutropenia; (9) leukopenia; (10) anemia; (11) fatigue; (12) hypertension; (13)
nd (18) mucositis or stomatitis.



Figure 2 (A) Risk of Bias Summary. Each Risk of Bias Item is Presented as a Percentage Across All Included Studies and Indicates the
Proportional Level of Each Risk of Bias Item. (B) Risk of Bias Graph and Methodological Quality of the Included Studies. This
Risk of Bias Tool Incorporates the Assessment of Randomization, Blinding, Completeness of Outcome Data, Selection of
Outcomes Reported, and Other Sources of Bias. The Items Were Scored With “Yes” “No” or “Unclear”
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cohort studies; and (3) the study compared clinical efficacy and
complication rates of the 4/2 and 2/1 schedule for mRCC.

Exclusion Criteria
The exclusion criteria were: (1) duplicate publications; (2) letters,

comments, editorials, case reports, proceedings, personal commu-
nications, or reviews; (3) study objective or intervention measures
failed to meet the inclusion criteria; (4) the original documents of
experimental design being not precise; and (5) studies with
incomplete data.

Data Extraction and Quality Assessment
Data in included trials were extracted by 2 independent in-

vestigators. Disagreement between the 2 reviewers was settled by
discussion and consulting with a third reviewer. The extracted
information included: (1) the basic characteristics of the included
studies, including the title, authors, journal, volume, publication
Figure 3 Comparison of the 2 Schedules: Complete Response
date; (2) research methodological characteristics: random, con-
trol, blindness, etc; (3) research object characteristics: the general
condition of patients, such as sex, age, race, etc, and the baseline
situation of patients, survival rate, severity, complications, etc;
and (4) sample size, intervention methods, and outcome
measurements.

The risk of bias assessment tool outlined in the Cochrane
Handbook was used to assess the methodological quality of
controlled clinical trials (CCTs). Six domains were evaluated: (1)
random sequence generation; (2) allocation concealment; (3)
blinding of patients and personnel; (4) blinding of outcome
assessment; (5) incomplete outcome data; and (6) selective reporting
risk. The Newcastle-Ottawa Scale (NOS) was used to assess the
quality of included studies. The full score is 9 points. Trials with
scores of more than 7 points are considered high-quality studies.
Relevant data were recorded in this analysis, including: first author’s
name, published year, sample size of the 2 schedules, etc.
Clinical Genitourinary Cancer Month 2019 - 3



Figure 4 Comparison of the 2 Schedules: Partial Response

Sunitinib 2/1 vs. 4/2 Schedule for mRCC

4 - Cli
Outcome Measures
Outcome measurements included 3 main aspects: (1) complete

response (CR); (2) partial response (PR); (3) stable disease (SD);
(4) progressive disease (PD); (5) PFS; (6) OS; and (7) compli-
cations including anemia, cardiotoxicity, diarrhea, fatigue, hand-
foot syndrome, hypertension, hypothyroidism, leukopenia, liver
dysfunction, mucositis or stomatitis, neutropenia, and
thrombocytopenia.

Statistical Analysis
All data analyses were conducted using the Review Manager 5.3

software provided by Cochrane. Dichotomous outcomes are
expressed in terms of odds ratio and the weighted mean difference
or the standard mean difference was used for continuous outcomes,
both with 95% confidence intervals (CIs). Heterogeneity was tested
using the c2 test and I2 test. A fixed effects model was chosen when
there was no statistical evidence of heterogeneity (I2 < 40%) and
expurgate the included study that cases main heterogeneity if sig-
nificant heterogeneity was found (I2� 40%). We eliminated some
of the studies for sensitivity analysis and made funnel plots to assess
the bias. The difference was statistically significant when P � .05.

Ethics Approval and Consent to Participate
Every study included in this meta-analysis had been published

after the approval of an ethics committee and was in accordance
with the standards set by the Declaration of Helsinki, and each
patient enrolled signed a written consent. Therefore, the present
meta-analysis did not require further ethics committee approval.
Figure 5 Comparison of the 2 Schedules: Stable Disease
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The protocol was approved by the Ethics Review Committee of
Shanxi Medical University (2017LL077), Taiyuan, Shanxi, China.

Results
Search and Selection

A total of 3378 articles were retrieved on the basis of the search
strategy via online database searching and manual searching. By
expurgating the duplicates and reading the titles and abstracts, 3329
articles that were not related to the purpose of the study were
excluded, and 49 related articles were preliminarily screened out.
Further reading the full texts and the screening criteria were strictly
followed according to the inclusion and exclusion criteria. Finally, 6
trials and a total of 423 patients were included. Patient character-
istics and conditions in included studies were compared such as sex,
age, and the baseline situation, etc, and differences were not com-
parable (P > .05). The literature screening process and the results
are shown in Figure 1. The NOS was used to assess the quality of
included studies. Basic characteristics of the included studies are
indicated in Table 1.14-19

In this meta-analysis, a total of 6 studies were included and the
heterogeneity of the studies was estimated using the I2 test. Results
of the methodological quality evaluation of all included CCTs were
high and the possibility of bias was low (Figure 2).

Complete Response
Four trials were included that compared the CR rates of the 4/2

and 2/1 schedules. A fixed effect model was used in the meta-
analysis with the absence of heterogeneity (I2 < 40%) among the



Figure 6 Comparison of the 2 Schedules: Progression of Disease
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4 studies. The results showed that there was no significant difference
in CR for the 2 schedules (95% CI, 0.29-3.74; P > .05; Figure 3).

Partial Response
Four trials were included that compared the PR rates of the 4/2

and 2/1 schedules. A fixed effect model was used in the meta-
analysis with the absence of heterogeneity (I2 < 40%) among the
4 studies. There was not a significant difference in PR for the 2
schedules (95% CI, 0.91-3.24; P > .05; Figure 4).

Stable Disease
Four studies were included that compared SD between the 4/2

and 2/1 schedules. A fixed effect model was used in the meta-
analysis with the absence of heterogeneity (I2 < 40%) among the
4 studies. The meta-analysis showed that the 2/1 schedule had a
significant advantage over the 4/2 schedule in controlling SD in
mRCC patients (95% CI, 0.26-0.76; P < .01; Figure 5).

Progression of Disease
Four trials were included that compared PD between the 4/2 and

2/1 schedules. Because the heterogeneity between the studies was
low (I2 < 40%), a fixed effect model was applied. The results
showed that there was no significant difference between the 2
schedules (95% CI, 0.92-3.02; P > .05; Figure 6).

Progression-Free Survival
Three studies were included that compared PFS between the 4/2

and 2/1 schedule. A fixed effect model was used in the meta-analysis
with the absence of heterogeneity (I2 < 40%) among the 3 studies.
The meta-analysis showed that there was no significant difference in
Figure 7 Comparison of the 2 Schedules: Progression-Free Surviva
the 2 schedules on PFS (95% CI, �15.76 to 0.98; P > .05;
Figure 7).

Overall Survival
Three studies were included that compared OS between the 2

schedules. A fixed effect model was used in the meta-analysis with
the absence of heterogeneity (I2 < 40%) among the studies. The
meta-analysis showed that there was no significant difference of the
2 schedules on OS (95% CI, �21.49 to 15.50; P > .05; Figure 8).

Toxicities
Leukopenia. Data were divided into 2 subgroups: all Grades and

Grades 3/4 of leukopenia. A fixed effect model was used in the
meta-analysis with the absence of heterogeneity (I2< 40%) among
the studies. A total of 4 trials were included, and the 2 groups of
data did not show a significant difference for Grades 3/4 leukopenia
(95% CI, 0.62-2.95; P > .05). However, the results showed that
the occurrence of all Grades leukopenia in the 2/1 schedule was
significantly less than that in the 4/2 schedule (95% CI, 1.00-2.85;
P ¼ .05; Figure 9).

Neutropenia. Five studies were included that compared the
occurrence rate of neutropenia in the 2 schedules. A fixed effect
model was used in the meta-analysis with the absence of hetero-
geneity (I2 < 40%) among the studies. The results showed that the
occurrence of all Grades of neutropenia in the 2/1 schedule was
significantly less than that in the 4/2 schedule (95% CI, 1.69-4.32;
P < .0001). However, there was no significant difference among the
2 schedules on the occurrence rate of neutropenia in Grades 3/4
(95% CI, 0.88-3.19; P > .05; Figure 10).
l
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Figure 8 Comparison of the 2 Schedules: Overall Survival
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Thrombocytopenia. Six studies were included that compared the
occurrence rate of thrombocytopenia for the 2 schedules. One
study16 was expurgated because of its high heterogeneity and a
fixed effect model was used with the absence of heterogeneity
(I2 < 40%) among the studies after expurgating. A statistical
difference was found on the occurrence rate of all-Grade
thrombocytopenia (95% CI, 1.24-3.86; P ¼ .007) and throm-
bocytopenia of Grades 3/4 (95% CI, 1.10-3.39; P ¼ .02) be-
tween the 2 schedules (Figure 11).

Anemia. Six studies were included that compared the occur-
rence rate of anemia between the 2 schedules. A fixed effect
model was used in the meta-analysis with the absence of het-
erogeneity (I2 < 40%) among the studies. The results showed
that the occurrence of all-Grade anemia in the 2/1 schedule was
significantly less than that in the 4/2 schedule (95% CI, 1.15-
2.70; P ¼ .009). However, there was no significant difference
among the 2 schedules for Grades 3/4 anemia (95% CI, 0.45-
1.89; P > .05; Figure 12).
Figure 9 Comparison of the 2 Schedules: Leukopenia Occurrence R
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Fatigue. Six studies were included that compared the occur-
rence rate of fatigue between the 2 schedules. A fixed effect
model was used in the meta-analysis with the absence of het-
erogeneity (I2 < 40%) among the studies. The results showed
that the occurrence of all Grades of fatigue in the 2/1 schedule
was significantly less than that in the 4/2 schedule (95% CI,
2.43-5.74; P < .0001). However, there was no significant dif-
ference among the 2 schedules for Grades 3/4 fatigue (95% CI,
0.75-2.43; P > .05; Figure 13).

Hypertension. Six studies were included that compared the
occurrence rate of hypertension between the 2 schedules. A fixed
effect model was used in the meta-analysis with the absence of
heterogeneity (I2 < 40%) among the studies. The results showed
that the occurrence of all Grades of hypertension in the 2/1 schedule
was significantly less than that in the 4/2 schedule (95% CI, 1.41-
3.18; P < .001). However, there was no significant difference
among the 2 schedules for Grades 3/4 hypertension (95% CI, 0.83-
3.35; P > .05; Figure 14).
ates



Figure 10 Comparison of the 2 Schedules: Neutropenia Occurrence Rates
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Cardiotoxicity. Three studies were included that compared the
occurrence rate of cardiotoxicity between the 2 schedules. A fixed
effect model was used in the meta-analysis with the absence of
Figure 11 Comparison of the 2 Schedules: Thrombocytopenia Occurr
heterogeneity (I2 < 40%) among the studies. There was no sig-
nificant difference in the 2 schedules on any Grade of cardiotoxicity
(P > .05; Figure 15).
ence Rates
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Figure 12 Comparison of the 2 Schedules: Anemia Occurrence Rates

Figure 13 Comparison of the 2 Schedules: Fatigue Occurrence Rates
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Figure 14 Comparison of the 2 Schedules: Hypertension Occurrence Rates
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Liver Dysfunction. Four studies were included that compared occur-
rence rate of liver dysfunction between the 2 schedules. A fixed effect
model was used in the meta-analysis with the absence of heterogeneity
(I2<40%)amongthestudies.Therewasnosignificantdifferenceamong
the 2 schedules for any Grade liver dysfunction (P> .05; Figure 16).
Figure 15 Comparison of the 2 Schedules: Cardiotoxicity Occurrence
Hypothyroidism. Six studies were included that compared the
occurrence rate of hypothyroidism among the 2 schedules. One
study15 was expurgated because of its high heterogeneity, and a fixed
effect model was used with the absence of heterogeneity (I2 < 40%)
among the studies after expurgating. The results showed that there
Rates
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Figure 16 Comparison of the 2 Schedules: Liver Dysfunction Occurrence Rates
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was no significant difference among the 2 schedules for any Grade
hypothyroidism (P > .05; Figure 17).

Hand-Foot Syndrome. Six studies were included that compared
the occurrence rate of hand-foot syndrome among the 2
Figure 17 Comparison of the 2 Schedules: Hypothyroidism Occurren

Clinical Genitourinary Cancer Month 2019
schedules. A fixed effect model was used in the meta-analysis
with the absence of heterogeneity (I2 < 40%) among the
studies. The results showed that the occurrence of all Grades of
hand-foot syndrome for the 2/1 schedule was significantly less
than that for the 4/2 schedule (95% CI, 1.57-3.55; P < .0001).
ce Rates



Figure 18 Comparison of the 2 Schedules: Hand-Foot Syndrome Occurrence Rates
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However, there was no significant difference among the 2
schedules for Grades 3/4 hand-foot syndrome (95% CI, 0.95-
3.08; P > .05; Figure 18).
Figure 19 Comparison of the 2 Schedules: Diarrhea Occurrence Rate
Diarrhea. Five studies were included that compared the occur-
rence rate of diarrhea between the 2 schedules. One study16 was
expurgated because of its high heterogeneity and a fixed effect model
s
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Figure 20 Comparison of the 2 Schedules: Mucositis or Stomatitis Occurrence Rates
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was used with the absence of heterogeneity (I2 < 40%) among
the studies after expurgating. A statistical difference was found on
the occurrence rate of all Grades of diarrhea (95% CI, 1.73-4.57;
P < .0001) and for Grades 3/4 diarrhea (95% CI, 1.15-8.95;
P < .05) among the 2 schedules (Figure 19).

Mucositis or Stomatitis. Four studies were included that
compared the occurrence rate of mucositis or stomatitis between
the 2 schedules. A fixed effect model was used in the meta-
analysis with the absence of heterogeneity (I2 < 40%) among
the studies. A statistical difference was found on the occurrence
rate of all Grades of mucositis or stomatitis (95% CI, 1.36-4.59;
P < .05) and in Grades 3/4 mucositis or stomatitis (95% CI,
1.32-17.16; P < .05) for the 2 schedules (Figure 20).

Discussion
Renal cell carcinoma is one of the most common malignant

tumors in urology and its incidence is increasing year by year,
which has seriously endangered human health.20 The treatment for
RCC has transitioned from a nonspecific immune approach, in the
cytokine era, to targeted therapy against the vascular epithelial
growth factor, and now to novel immunotherapy agents that has
been ongoing for many years, but studies have shown its effec-
tiveness is relatively low, especially for patients with advanced renal
carcinoma.21-23 Sunitinib is a small-molecule multikinase inhibitor
that selectively inhibits the vascular epithelial growth factor
receptor-1, -2, and -3, platelet-derived growth factor receptor-a,
and -b, and colony-stimulating factor-1, and can inhibit neoplastic
angiopoiesis.24,25 In 2015, Gore et al initiated a global, expanded-
Clinical Genitourinary Cancer Month 2019
access trial of sunitinib in advanced mRCC and the study showed
that the median PFS and OS were 9.4 months and 18.7 months,
respectively, and the objective response rate was 16%, and that the
efficacy and safety of sunitinib were consistent with previous re-
sults.26 Although the sunitinib 4/2 schedule, as the standard first-
line mRCC treatment, has been proven to be effective, its
adverse reactions are reported to be relatively high in clinic.13 In
2017, Ohba and Miyata showed that sunitinib in a dose alternating
every other day is safer than using the standard 4/2 regimen in
patients with mRCC.27 However, Motzer et al reported that there
was no benefit for efficacy or safety with continuous dosing of
sunitinib compared with the schedule 4/2.28 In recent studies, the
sunitinib 2/1 schedule might have achieved the optimal balance
between efficacy and adverse reactions and maximized the benefits
for patients.4,29 Few studies have combined the results of previous
studies to arrive at a summary conclusion about a body of research.

In this study, we reviewed the current evidence in the literature to
ascertain if the sunitinib 2/1 schedule or 4/2 schedule for the
treatment of mRCC resulted in improved patient outcomes. In
comparison, statistically significant differences on SD, occurrence
rate of mucositis or stomatitis, diarrhea, hand-foot syndrome, hy-
pertension, fatigue, anemia, thrombocytopenia, neutropenia, and
leukopenia between the 2 groups were found. The results indicating
that the 2/1 schedule has a significant advantage over the 4/2
schedule in controlling SD in mRCC patients, and can cause fewer
complications compared with the traditional treatment schedule.

This systematic review included 6 trials, and the methodological
quality evaluation results were all high. In the same outcome
measurements system, we analyzed up to 6 studies for some
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outcomes and at least 3 studies for other outcomes. However, this
analysis also has several limitations such as the slight risk of bias that
remained in some studies, which might be related to that the pa-
tients being informed of which treatment schedule could be used
and allocation concealment issues were involved. Most of trial were
nonrandomized controlled trials and only 1 randomized controlled
trial (RCT) was included in this study. Insufficient patients in a
number of trials might also lead to low methodological quality
evaluation results and affect reliability of meta-analysis results.
Therefore, our conclusions still need to be further verified with the
emergence of more RCTs with higher quality and larger sample sizes
in the future.

Conclusion
Our meta-analysis suggests that the sunitinib 2/1 schedule is

superior to the 4/2 schedule in terms of controlling SD in mRCC
patients and causes fewer complications including mucositis or
stomatitis, diarrhea, hand-foot syndrome, hypertension, fatigue,
anemia, thrombocytopenia, neutropenia, and leukopenia. On the
basis of the current evidence, the choice of the sunitinib 2/1
schedule might be a better way for treating mRCC.
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