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Abstract.
BACKGROUND: Treatment of metastatic renal cell carcinoma (mRCC) using traditional schedule (TS, 4/2) of Sunitinib is
associated with higher adverse effects compared to the alternate schedule (AS, 2/1 upfront or when switched from TS).
OBJECTIVE: This meta-analysis aims to compare the safety, efficacy, and percentage of patients requiring dose reduction
or dose interruption between Asian (AP) and non-Asian population (NAP) receiving AS of sunitinib.
METHODS: Electronic databases (PubMed, EMBASE, Cochrane Library) were searched to identify studies published in the
English language between May 2009- May 2019, which included patients (>18 years) with mRCC receiving AS of sunitinib.
Data were analyzed using the random effect model and t-test. P < 0.05 was considered statistically significant.
RESULTS: Of 1922, 16 studies were included (8 AP, 8 NAP). Among all grade AEs, mucositis (RR:0.22; 95% CI:0.12–0.40),
cardiotoxicity (RR: 0.52; 95% CI: 0.31–0.88), nausea (RR:0.21; 95% CI: 0.10–0.44), hand-foot syndrome (RR:0.33;
95% CI:0.13–0.83), rash (RR: 0.52; 95% CI: 0.34–0.79), and aspartate transaminase (RR:0.57; 95% CI:0.33–0.98) were
more common in AP. Leukopenia (RR:2.57; 95% CI:1.47–4.49), proteinemia (RR:4.45; 95% CI:2.12–9.33), and stomati-
tis (RR:4.33; 95% CI:2.6–7.23) occurred more commonly in NAP. Further, PFS was significantly longer in NAP, while
longer OS was observed in AP (p < 0.001). Dose reduction was significantly higher in AP than NAP (52.08% vs. 40.6%,
p = 0.0088).
CONCLUSION: Safety profile of AS of sunitinib was similar with variations in the efficacy, dose reduction between AP
and NAP. Sunitinib dose or schedule modification may mitigate AEs and enhance efficacy outcomes in mRCC by extending
the treatment duration.
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KEYMESSAGES

The alternate schedule of sunitinib showed sim-
ilar safety but varying efficacy profile in the Asian
and non-Asian population with metastatic renal cell
carcinoma.

Sunitinib dose or schedule modification in Asian
patients with symptomatic management of AEs
should be considered in therapy management to help
patients remain longer on therapy.

INTRODUCTION

Kidney/renal cancer is one of the most common
malignancies in the world, ranked ninth among the
most common cancers occurring in men and 14th
in women [1]. The incidence of renal cancer per
100,000 population is 4.4, with a cumulative risk
of 0.51% [2]. About 2.4% of cancers are renal can-
cer [3], among which approximately 90% are renal
cell carcinoma (RCC) [4]. Metastatic RCC (mRCC)
accounts for 1/3rd of all RCC [5]. In the United
States, the incidence of kidney and renal pelvis can-
cer during 2013-18 was reported to be 16,90,000 and
mortality during 2014-18 was 3,60,000 [6]. Accord-
ing to GLOBOCAN 2020, renal cancer accounted
for 431,288 new cases and 179,368 deaths across the
globe [7]. The Asian sub-continent reported the high-
est prevalence of renal cancer in 2020, with 156,470
new cases and 80,251 deaths. Further, in the Indian
scenario, the incidence rate of kidney cancer was
reported in 16,861 patients and mortality in 9897
cases [8].

Renal cell carcinoma (RCC) is characterized by
its high vascularity due to alteration in the von
Hippel-Lindau (VHL) tumor suppressor gene, lead-
ing to the accumulation of transcription factors such
as hypoxia-inducible factor 1 alpha and 2 alpha
(HIF-1�, HIF-2�). These factors mediate the over-
expression of vascular endothelial growth factor
(VEGF) [11]. Metastatic RCC (mRCC) was initially
treated with cytokine therapy along with interleukin-
2 (IL-2) or interferon-alpha (IFN-�). Further, the
landscape of RCC treatment has changed because
of a greater understanding of cytokines and their
involvement in tumor immunology, which includes
discovering immune checkpoint inhibitors for RCC
treatment [12]. Later, VEGF receptor (VEGFR)
inhibitors, including targeted therapy with tyrosine
kinase inhibitors (TKIs), angiogenesis inhibitors, and
mammalian target of rapamycin (mTOR), became the
standard of care for mRCC [13].

Further, TKIs are a part of the immuno-oncology
combinations that have significantly increased the
efficacy outcomes (PFS and OS) in RCC [14].
Therefore, understanding the frequency and manage-
ment of TKI toxicities is critical in RCC treatment.
Vascular endothelial growth factor inhibitors rev-
olutionized the treatment of mRCC. Amongst the
VEGF inhibitors, sunitinib is an oral multi-targeted
TKI of VEGFR1, VEGFR2, and VEGFR3, which
received United States Food and Drug Administra-
tion (FDA)-approval in 2006. As per Schmid et al.,
2016, Sunitinib was considered the gold standard. It
became the first-line treatment for treating mRCC
after it showed better efficacy than interferon-alpha
(IFN-�) in a phase III trial. The standard dosage of
sunitinib for mRCC treatment is 50 mg taken orally
every day for four consecutive weeks, followed by
a duration of 2 weeks off (also called schedule 4/2)
[15].

The emergence of new immuno-oncology thera-
pies has revamped the therapeutic strategy for patients
with RCC and modified the position of previous
approaches, including VEGF inhibitors [16]. How-
ever, Sunitinib still holds its place in the clinical
practice guidelines for mRCC. According to NCCN
2020 guidelines, sunitinib is the preferred first-line
treatment for favorable risk clear cell mRCC patients
[17]. Even ESMO 2019 guidelines consider suni-
tinib (category I, A evidence) a preferred treatment
option for good risk mRCC patients [18]. European
Association of Urology, 2018 guidelines strongly rec-
ommend sunitinib in favorable risk mRCC patients
[19]. Despite its efficacy in mRCC, sunitinib schedule
4/2 is associated with many toxicities, which requires
therapy management like symptomatic management
of AEs, and dose interruptions, dose reduction or
schedule modification (2 weeks on, 1 week off)
[15, 20]. Interestingly, standard schedule of suni-
tinib demonstrated much higher toxicities in the
Asian population (AP) than in non-Asian popula-
tion (NAP) [21, 22]. Various dosing regimens of
sunitinib were therefore tried to overcome the toxici-
ties. Several studies reported that starting an alternate
schedule (AS), i.e., 2-week on treatment, 1-week
off (schedule 2/1) upfront or switching from sched-
ule 4/2 to AS reduced the toxicity of sunitinib
[20, 23–26].

Rationale

Dose/Schedule modification is a part of therapy
management with sunitinib, which helps patients
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remain on therapy because of better tolerability,
ultimately resulting in better efficacy outcomes. How-
ever, none of the studies conducted to date have
analyzed and compared the role of schedule modifi-
cation, in terms of efficacy and safety, in AP and NAP.
The main objective was to compare the safety (over-
all and Grade 3-4 adverse events [AEs]) and efficacy
(progression-free survival [PFS] and overall survival
[OS]) between the AP and NAP on treatment with
sunitinib schedule 2/1 (AS) and to observe any sig-
nificant difference in safety profile with AS between
these two populations and find out the reason for any
differences.

MATERIALS AND METHODS

Electronic databases

Electronic databases such as PubMed, EMBASE,
and Cochrane Library were searched to identify arti-
cles published between May 2009 and May 2019.
The inclusion of studies was based on patient/ pop-
ulation/ problem-intervention-comparator-outcome
(PICO) strategy that was employed to identify con-
cepts required for constructing search strategies.

Search strategy

Articles published in the English language were
considered for inclusion. Reference lists of the arti-
cles that were selected were searched to identify
relevant articles. Duplicates were removed after man-
ual curation. Articles were then scanned by title and
abstract. From the identified publications, meeting
abstracts, conference abstracts with insufficient data,
case reports, pharmacoeconomic studies, reviews,
and meta-analyses were excluded. Unique full-text
articles meeting the inclusion criteria were consid-
ered for inclusion in the meta-analysis.

Selection criteria

All clinical trials and retrospective studies which
included patients with mRCC who were receiving AS

of sunitinib in first line setting in patients with mRCC
and were more than 18 years of age, were considered
for inclusion (Table 1). Further, studies evaluating
safety outcomes such as incidence of all-grade AEs,
grade 3-4 AEs and incidence of different types of
AEs; efficacy outcomes such as progression-free sur-
vival (PFS) and overall survival (OS) were considered
for inclusion in the meta-analysis. The percentage
of patients requiring dose reduction or treatment
interruption was also determined in the included
studies.

Search terms

Search terms used to identify relevant articles in
PubMed were Carcinoma, Renal Cell/drug therapy
OR Carcinoma, Renal Cell/therapy AND sunitinib.
Filters applied to identify articles of interest in
PubMed included clinical trial, clinical trial, phase I,
clinical trial, phase II, clinical trial, phase III, clinical
trial, phase IV, comparative study, controlled clini-
cal trial, journal article, randomized controlled trial,
humans.

The search terms used to identify articles from
EMBASE included kidney metastasis/exp AND suni-
tinib/exp AND ([article]/lim OR [article in press]/lim
OR [conference abstract]/lim OR [conference
paper]/lim) AND [english]/lim AND [humans]/lim
AND ([embase]/lim OR [medline]/lim). The med-
ical subject heading (MeSH) search descriptor
used to identify articles from Cochrane database
was [carcinoma, renal cell] explode all trees and
sunitinib.

Endpoints evaluated

The primary endpoint of this meta-analysis was as
follows:

1. To compare the safety of AS of sunitinib in AP
with that in NAP. Safety assessments included the
incidence of different types of AEs in AP vs. NAP
(all grades and Grade 3/4).

Table 1
List of Inclusion Criteria

Population Intervention Outcomes Study design

mRCC patients receiving alternate
schedule (AS) of sunitinib, 18
years or older in age

Sunitinib (AS) Safety: Incidence of all grade adverse
event, incidence of different types of
adverse events

All randomized controlled trials
and retrospective studies

Efficacy: Progression-free survival
(PFS), Overall survival (OS)
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The secondary endpoints were as follows:
1. To compare the efficacy of AS of sunitinib in AP

vs. NAP. The efficacy assessments included median
PFS and OS in AP vs. NAP.

2. To determine the percentage of patients requir-
ing dose reduction or treatment interruption in AP
and NAP.

Data extraction

From the included articles, the study number,
study name, authors’ information, study design,
study objective, study methods, study population,
sample size, interventions, dose and route of admin-
istration, outcomes, safety information (AEs/serious
adverse events, SAEs), efficacy information (PFS
and OS), dose reduction and dose interruption
related information were collected. Based on the
existing literature, major focus was on the follow-
ing clinically relevant AEs, i.e., mucositis, rash,
hemorrhage, nausea, hand-foot syndrome (HFS),
hypertension, lipase increase, liver dysfunction,
anemia, neutropenia, thrombocytopenia, leukope-
nia, hypertension, fatigue, dysgeusia, appetite loss,
anorexia, vomiting, stomatitis, diarrhea, abdominal
pain, hypothyroidism, cardiotoxicity, and aspartate
transaminase (AST). Further, AEs/SAEs of all grades
and Grade 3,4 were obtained.

Statistical analysis

Meta-analysis was performed based on the avail-
able safety and efficacy data from the included
studies. A zero value for an AE could mean either
that incidence was zero or the study had not reported
that AE. Statistically, AE incidence between AP and
NAP (overall for each AE and for Grade 3 & 4 for each
AE) were compared using a random effect model.
The pooled relative risk for dichotomous outcomes
with a 95% confidence interval (CI) was calculated,
and meta-analysis was performed using MedCalc for
Windows, version 15.0 (MedCalc Software, Ostend,
Belgium). The efficacy endpoints (PFS and OS) were
statistically analyzed by using a t-test. The percentage
of patients requiring dose reduction and/or treatment
interruption was presented as n (%) and were sta-
tistically analyzed using a z-test. Mean and SD for
conducting meta-analysis was calculated using the
guidelines in the article by Hozo SP et al. [27]. A
p-value of less than 0.05 was considered statistically
significant. All analysis was conducted using SPSS
software version 18 (Chicago, Released 2008).

RESULTS

Search results

Our systematic search retrieved 1922 publica-
tions. From these, 363 duplicates were removed.
The remaining 1,559 records were screened by title
and abstracts. Then a detailed analysis was done
to exclude records not satisfying the requirements
for the meta-analysis. A total of 1,475 records
were excluded. The remaining 84 records were then
screened for full text, of which 65 not meeting
the required criteria were removed (reviews and
commentaries [n = 26], conference abstracts [n = 9],
non-human studies [n = 8], safety and efficacy out-
comes missing [n = 12], and unavailability of relevant
data [n = 10]). Of the remaining 19 full-text arti-
cles assessed for eligibility, 16 studies were finally
included in the meta-analysis. The search results are
presented in a PRISMA flow chart in Fig. 1.

Study characteristics

All the 16 studies included in the meta-analysis
were published between May 2009 and May 2019
and included eight AP [23, 28–34] and eight NAP [20,
24–26, 35–38] studies with a total of 1140 patients.
Of these, 329 were AP (28.9 %) and 811 were NAP
(71.1 %). All studies included in the analysis allowed
either a switch from traditional to alternate, upfront
AS, or both. The studies included were mostly ret-
rospective cohorts (n = 12), followed by randomized
controlled trials (RCT; n = 1) and non-RCTs (n = 3).
(Table 2). Most of the studies used the response eval-
uation criteria in solid tumors (RECIST) criteria for
assessing and grading the tumor response, while the
AEs were graded using different versions of common
terminology criteria for adverse events (CTCAE) [39,
40].

SAFETY ASSESSMENT OF SUNITINIB:
COMPARATION BETWEEN AP AND NAP

All grade adverse events

Leukopenia (RR: 2.57; 95% CI: 1.47–4.49), pro-
teinemia (RR:4.45; 95% CI: 2.12–9.33), nausea
(RR:0.21; 95% CI: 0.10–0.44), (stomatitis (RR:
4.33; 95%CI: 2.6–7.23), HFS (RR: 0.33; 95% CI:
0.13–0.83), rash (RR: 0.52; 95% CI: 0.34–0.79), car-
diotoxicity (RR: 0.52; 95% CI: 0.31–0.88), mucositis
(RR: 0.22; 95% CI: 0.12–0.40), and AST (RR: 0.57;



A. Joshi et al. / Alternate Schedule of Sunitinib in Asian vs non-Asian Mrcc 41

Fig. 1. PRISMA flow diagram of included studies in the meta-analysis.

Table 2
Characteristics of studies included in the meta-analysis

Design References

Asian Population Studies

Lee 2015 Randomized control trial [29]
Miyake 2018 Retrospective [32]
Miyake 2015 Retrospective [31]
Kondo 2014 Retrospective [23]
Iwamoto 2018 Retrospective [28]
Ohzeki 2014 Retrospective [33]
Pan 2015 Retrospective [34]
Makino 2014 Non-randomized [30]

Non-Asian Population studies

Neri 2012 Non-randomized phase II [38]
Atkinson 2014 Retrospective [20]
Bracarda 2015 Retrospective [25]
Bjarnason 2014 Retrospective [35]
Boegemann 2018 Retrospective [36]
Ezz El Din 2017 Retrospective [37]
Najjar 2014 Retrospective [24]
Jonasch 2018 Non-randomized phase II [26]

95% CI: 0.33–0.98) were found to be significantly
different between NAP and AP (Table 3). Mucosi-
tis, cardiotoxicity, nausea, HFS, rash and AST were
more prevalent in AP, whereas leukopenia, proteine-
mia and stomatitis occurred more commonly in NAP.
However, pooled estimate of all grade AEs (RR:
0.77; 95%CI: 0.52–1.16; p = 0.216) was not signif-
icantly different between the populations with high
heterogeneity (I2 = 86.50%, 95% CI: 80.51–90.64,
p < 0.0001). The forest plot representing comparison

of all grade AEs in AP vs. NAP population is depicted
in Fig. 2.

Grade 3-4 adverse events

None of the adverse events individually were found
to be statistically different in NAP and AP. Also,
pooled estimate of grade 3-4 AEs (RR: 0.74; 95%CI:
0.40– 1.37; p = 0.339) was not significantly differ-
ent in both the populations (I2 = 0.00%, 95% CI:
0.00–10.00, p = 0.9547) (Table 4). The forest plot rep-
resenting the comparison of grade 3-4 AEs in AP vs.
NAP is presented in Fig. 3.

EFFICACY ASSESSMENT OF SUNITINIB:
COMPARATION BETWEEN AP AND NAP

The efficacy of AS of sunitinib was assessed by
comparing PFS and OS between AP and NAP. Of
the 16 studies included in the present meta-analysis,
PFS was evaluated in four AP studies [23, 32–34]
and six NAP studies [20, 25, 26, 36–38]. Pooled
estimates of PFS of all AP studies were found to
be 14.18 (95% CI: 9.38–18.99; p < 0.001) with high
heterogeneity (I2 = 73.68%, 95% CI: 26.22–90.61;
p = 0.0098) and 15.75 (95% CI: 12.65 – 18.85;
p < 0.001) for all NAP studies (I2 = 0.00%, 95%
CI: 0.00–58.31; p = 0.7068). The PFS for both the
populations was found to be significantly differ-
ent (mean deviation [MD]: 1.57; p < 0.001) in NAP
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Table 3
Comparison of all-grade adverse events in Asian vs. non-Asian population

Adverse event NAP* AP* Relative risk 95% CI p-value

ANEMIA 12/59 23/142 1.256 0.670–2.354 NS
LEUKOPENIA 17/51 21/162 2.571 1.474–4.487 S
NEUTROPENIA 6/38 15/50 0.526 0.225–1.228 NS
THROMBOCYTOPENIA 15/103 24/220 1.335 0.732–2.435 NS
LIPASE INCREASE 4/4 17/17 – – NE
HYPERTENSION 8/118 19/136 0.485 0.221–1.068 NS
PROTEINEMIA 23/23 5/24 4.451 2.123–9.332 S
FATIGUE 18/288 16/146 0.570 0.300–1.085 NS
DYSGEUSIA 41/82 6/17 1.417 0.718–2.794 NS
APPETITE LOSS 7/7 11/11 – – NE
ANOREXIA 2/54 5/32 0.237 0.049–1.151 NS
NAUSEA 11/99 7/13 0.206 0.097–0.437 S
VOMITING 8/37 3/6 0.432 0.158–1.185 NS
STOMATITIS 20/20 11/50 4.329 2.592–7.231 S
DIARRHEA 16/117 12/126 1.436 0.710–2.906 NS
HAND-FOOT SYNDROME 6/175 15/144 0.329 0.131–0.827 S
ABDOMINAL PAIN 9/9 15/15 – – NE
RASH 11/22 13/13 0.519 0.340–0.790 S
HEMORRHAGE 2/4 20/20 0.512 0.213–1.234 NS
HYPOTHYROIDISM 13/101 19/135 0.915 0.474–1.764 NS
CARDIOTOXICITY 7/14 11/11 0.522 0.310–0.877 S
MUCOSITIS 17/150 10/19 0.215 0.116–0.400 S
AST 12/24 3/3 0.571 0.333–0.980 S
Total (fixed effects) 285/1599 301/1512 0.941 0.813–1.088 0.409
Total (random effects) 285/1599 301/1512 0.774 0.516–1.161 0.216

AST: Aspartate aminotransferase; NS: Not significant; S: Significant; NE: Not estimable; NAP: Non-Asian population;
AP: Asian population; CI: Confidence interval; *: Median/total events.

Fig. 2. Forest plot representing a comparison of all-grade adverse events in Asian vs. non-Asian population.

and AP (Table 5), representing longer PFS in NAP
(Fig. 4).

Among the studies evaluating AS of sunitinib in
AP, Ohzeki et al. (2014) reported the median PFS
to be 11.3 months, while Pan et al. (2015) reported
the median PFS to be 9.5 months in the transition

group (shifted from schedule 4/2 to 2/1) and 11.2
months in patients with upfront 2/1 group [33, 34].
On the other hand, NAP demonstrated a better PFS
with sunitinib therapy. The median PFS reported by
Neri et al. (2013) was 13 months, while it was 17
months by Ezz El Din et al. (2017) [37, 38]
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Table 4
Comparison of grade 3-4 adverse events in Asian vs. non-Asian population

Adverse event NAP* AP* Relative risk 95% CI p-value

ANEMIA 2/11 3/23 1.394 0.271–7.176 NS
LEUKOPENIA 1/6 4/23 0.958 0.130–7.072 NS
NEUTROPENIA 1/10 6/20 0.333 0.046–2.405 NS
THROMBOCYTOPENIA 1/8 8/59 0.922 0.132–6.436 NS
HYPERTENSION 2/30 1/19 1.267 0.123–13.028 NS
FATIGUE 2/18 1/23 2.556 0.251–26.002 NS
ANOREXIA 0/3 1/3 0.333 0.0186–5.968 NS
DIARRHEA 2/91 0/8 0.489 0.0254–9.423 NS
HAND-FOOT SYNDROME 0/17 1/22 0.426 0.0184–9.847 NS
HYPOTHYROIDISM 0/2 0/4 – – NE
CARDIOTOXICITY 1/2 1/1 0.667 0.167–2.666 NS
MUCOSITIS 2/12 1/2 0.333 0.0510–2.177 NS
Total (fixed effects) 14/210 27/207 0.767 0.414–1.421 0.399
Total (random effects) 14/210 27/207 0.741 0.401–1.369 0.339

NS: Not significant; NE: Not estimable; NAP: Non-Asian population; AP: Asian population; CI:
Confidence interval; *: Median/total events.

Fig. 3. Forest plot representing a comparison of grade 3-4 adverse events in Asian vs. non-Asian population.

Overall, of the 16 studies included, three AP
studies [29, 32, 33] and five NAP studies [20, 25,
36–38] evaluated the OS with sunitinib among mRCC
patients. Pooled estimates of OS of all NAP stud-
ies were found to be 25.65 (95% CI: 19.77–31.53;
p < 0.001) with high heterogeneity (I2 = 66.39%, 95%
CI: 12.5–87.09; p = 0.0181) and 33.07 (95%CI:
25.67–40.44; p < 0.001) with I2 = 0.00%, 95% CI:
0.00–91.77; p = 0.665 for all AP studies. The
OS was found to be significantly different (MD:
–7.42; p < 0.001) between the studies of NAP
and AP (Table 6), representing longer OS in AP
(Fig. 5).

Of the AP studies included in this meta-analysis,
Lee et al. (2015) reported median OS to be 30.5
months, while among the NAP studies, Ezz El

Din et al. (2017) reported a lower median OS
(23 months) in mRCC patients receiving sunitinib
[29, 37].

DOSE REDUCTION ASSESSMENT OF
SUNITINIB: COMPARATION BETWEEN
AP AND NAP

Dose reduction data were available for five studies
[23, 28, 29, 32, 34] in AP and four studies in NAP
(Fig. 6)). Out of 288 patients in AP (the total number
of patients from the studies in which dose reduction-
related data was available), 150 (52.08%) patients
underwent dose reduction. For AP, the pooled esti-
mates of the percentage of patients requiring dose
reduction in all Asian studies were found to be
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Table 5
Comparison of progression-free survival in Asian vs. non-Asian population

Study Estimate SE 95% CI z p-value Test for Heterogeneity

Asian

Ohzeki 2014 [33] 11.300 3.110 5.20–17.39
Kondo 2014 [23] 18.400 0.240 17.93–18.87 Q = 11.39
Pan 2015 [34] 9.500 4.380 0.92–18.09 DF = 3
Miyake 2018 [32] 13.800 3.090 7.74–19.86 P = 0.0098

I2 (inconsistency) = 73.68%
Total (fixed effects) 18.305 0.238 17.84–18.77 76.84 <0.001 95% CI for I2 = 26.22–90.61
Total (random effects) 14.183 2.450 9.38–18.99 5.79 <0.001

Non-Asian

Neri 2012 [38] 13.00 2.860 7.39–18.61
Atkinson 2014 [20] 14.50 2.070 10.44–18.56
Bracarda 2015 [25] 10.40 6.090 –1.54–22.34 Q = 2.96
Boegemann 2018 [36] 15.10 2.120 10.95–19.26 DF = 5
Ezz El Din 2017 [37] 17.00 1.860 13.35–20.65 P = 0.7068
Jonasch 2018 [26] 13.70 1.350 11.05–16.35
Total (fixed effects) 14.51 0.83 12.89 – 16.13 17.52 <0.001 I2 (inconsistency) = 0.00%
Total (random effects) 15.75 1.58 12.65 – 18.85 17.52 <0.001 95% CI for I2 = 0.00 – 58.31
t-test for PFS <0.001 MD = 1.57

PFS: Progression-free survival; CI: Confidence interval; MD: Mean deviation.

Fig. 4. Forest plot representing a comparison of progression-free survival in Asian (A) vs. non-Asian population (B).

Table 6
Comparison of overall survival in Asian vs. non-Asian population

Study Estimate SE 95% CI Z P-value Test for Heterogeneity

Asian

Lee 2015 [29] 30.50 5.89 18.96–42.04
Ohzeki 2014 [33] 32.10 6.25 19.85–44.35 Q = 0.815
Miyake 2018 [32] 39.20 7.91 23.69–54.70 DF = 2

P = 0.665
Total (fixed effects) 33.067 3.77 25.67–40.44 8.77 <0.001 I2 (inconsistency) = 0.00%
Total (random effects) 33.067 3.76 25.67–40.44 8.77 <0.001 95%CI for I2 = 0.00– 91.77

Non-Asian

Neri 2012 [38] 20.00 1.84 16.39–23.61
Atkinson 2014 [20] 33.00 7.47 18.36–47.64 Q = 11.90
Boegemann 2018 [36] 38.10 5.51 27.30–48.90 DF = 4
Bracarda 2015 [25] 23.20 2.65 18.01–28.39
Ezz El Din 2017 [37] 23.00 5.88 11.48–34.52 P = 0.0181
Total (fixed effects) 22.65 1.39 19.92–25.38 16.29 <0.001 I2 (inconsistency) = 66.39%
Total (random effects) 25.65 2.99 19.77–31.53 8.55 <0.001 95% CI for I2 = 12.50– 87.09
t-test for OS <0.001 MD = –7.42

OS: Overall survival; CI: Confidence interval; MD: Mean deviation.
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Fig. 5. Forest plot representing a comparison of overall survival in Asian (A) vs. non-Asian population (B).

Fig. 6. Forest plot representing a comparison of dose reduction in Asian (A) vs. non-Asian (B) population.

Table 7
Pooled estimates of the percentage of patients requiring dose reduction

in Asian vs. non-Asian population

Study Total number of patients Proportion (%) 95% CI

Asian

Lee 2015 [29] 38 31.579 17.50–48.65
Kondo 2014 [23] 26 76.923 56.35–91.03
Pan 2015 [34] 58 22.414 12.51–35.27
Miyake 2018 [32] 92 92.391 84.95–96.89
Iwamoto 2018 [28] 74 27.027 17.36–38.61
Total (fixed effects) 288 54.064 48.17–59.87
Total (random effects) 288 51.256 19.07–82.86

Non-Asian

Boegemann 2018 [36] 23 30.43 13.21–52.92
Najjar 2014 [24] 30 53.33 34.33–71.66
Neri 2012 [38] 21 9.52 1.17–30.38
Jonasch 2018 [26] 59 49.15 35.89–62.50
Total (fixed effects) 133 39.95 31.68–48.66
Total (random effects) 133 35.90 18.54–55.42

CI: confidence interval.

51.26% (95% CI: 19.07–82.87; p < 0.0001) with high
heterogeneity (I2 = 97.13 %; 95% CI: 95.29–98.25;
p < 0.0001). Among the NAP studies, out of 133
patients, 54 (40.6%) patients underwent dose reduc-
tion. The pooled estimates of the percentage of
patients requiring dose reduction in non-Asian stud-

ies were found to be 35.9% (95% CI: 18.54–55.42;
p < 0.0001) with high heterogeneity (I2 = 80.48 %;
95% CI: 48.61–92.58; p < 0.0015) (Table 7). Dose
reduction between the AP and NAP was significantly
different (z = 2.6182; p = 0.0088), with a higher dose
reduction in AP.
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TREATMENT INTERRUPTION
ASSESSMENT OF SUNITINIB:
COMPARISON BETWEEN AP AND NAP

Among eight AP studies, only 50% (n = 4) studies
reported data related to treatment interruption (Fig. 7)
[23, 28, 32, 34]. Out of 250 patients in AP, treat-
ment was interrupted in only 94 (37.6%) patients.
For AP, the pooled estimates of dose reduction of
all Asian studies were found to be 34.44% (95%
CI: 19.75–50.85; p < 0.0001) with high heterogene-
ity (I2 = 85.43% (95% CI: 64.05–94.09; p = 0.0001)
(Table 8). Treatment interruption data was not avail-
able for NAP.

DISCUSSION

This meta-analysis compared AS of sunitinib
outcomes between AP and NAP by pooling data
from eight AP and eight NAP studies. Our analysis
observed no significant difference in the over-
all incidence of all grade and grade 3-4 AEs
across both the populations in pooled estimate
analysis. Among all grade AEs: mucositis, car-
diotoxicity, nausea, HFS, rash and AST were

Fig. 7. Forest plot representing dose interruption in Asian popu-
lation.

more prevalent in AP whereas, leukopenia, pro-
teinemia and stomatitis occurred more commonly
in NAP.

Owing to the high frequency of the dose-limiting
toxicity (DLTs) caused by schedule 4/2, the AS of
sunitinib is favored. Numerous studies have been con-
ducted which revealed that AS is associated with a
lower risk of DLTs and help in maintaining a high
relative dose intensity (RDI) which facilitates an
equivalent therapeutic effect as schedule 4/2 [23–25,
28, 31]. Hence, the schedule 2/1 regime is com-
monly implemented in clinical practice, especially
when patients are unable to tolerate the 4/2 schedule.

This meta-analysis includes safety and efficacy
data of 16 studies with 1140 patients with mRCC
receiving sunitinib in AS (2/1). Despite the limited
availability of studies (comparing the period of liter-
ature search of 10 years with the number of studies
included) and heterogeneity of studies, there is evi-
dence that sunitinib in AS is associated with 22 AEs,
including anemia, leukopenia, neutropenia, throm-
bocytopenia, lipase increase, hypertension, fatigue,
dysgeusia, appetite loss, anorexia, nausea, vomiting,
stomatitis, diarrhea, HFS, abdominal pain, rash, hem-
orrhage, hypothyroidism, cardiotoxicity, mucositis
and AST. Available literature also shows that patients
receiving sunitinib treatment experience these AEs
through the prevalence/incidence varied due to ethnic
differences [21, 24, 41–44].

A study conducted on the Asian (non-western)
population reported fatigue (70%), hand-foot syn-
drome (62%), skin rash (58%), mucositis (58%),
anorexia (42%), skin discoloration (42%), as the most
common AEs in AP taking sunitinib [45]. In con-
cordance, our analysis also reported mucositis, skin
rash and HFS to be more common in AP. Hand-
foot syndrome is a sunitinib treatment-induced AE
which affects the QoL of patients [23]. Its clinical
presentation, as well as histopathology, is different in
patients receiving sunitinib from the ones receiving
chemotherapy. The risk of incidence of HFS seems to

Table 8
Pooled estimates of the percentage of patients requiring dose interruption in Asian population

Study Total number of patients Proportion (%) 95% CI

Asian
Kondo 2014 [23] 26 26.92 11.57–47.79
Pan 2015 [34] 58 22.41 12.51–35.27
Miyake 2018 [32] 92 55.43 44.70–65.81
Iwamoto 2018 [28] 74 31.08 20.83–42.91
Total (fixed effects) 250 37.35 31.39–43.62
Total (random effects) 250 34.44 19.75–50.85

CI: confidence interval.
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be highest within the first two to four weeks of treat-
ment [46]. It has been found to be more prevalent in
AP [21, 47]. A relationship between polymorphism
of CYP3A5*3 and low response and tolerability of
sunitinib has been established in 101 Spanish mRCC
patients [48]. The CYP3A5*3 is commonly observed
in AP than Caucasians (34% vs. 4%), due to which
there is a difference in the incidence of HFS in both
the ethnic groups, representing higher incidence in
AP [49, 50]. Pan et al. (a study conducted in AP) has
also reported HFS as one of the most common AEs
(73/108, 67.6%) [34]. Also, the previously conducted
studies report a higher frequency of HFS in AP than
NAP (Western population) [51]. As per the findings
of Liu et al., 2017, HFS was more prevalent in AP
than the Caucasian population, with an almost sim-
ilar prevalence pattern for other AEs between both
populations [21]. Even in our study, HFS was more
prevalent in AP.

Guo et al., 2018 reported hematologic AEs more
common in AP than NAP. There were few non-
hematologic AEs also (stomatitis [30 vs. 13%], HFS
[64 vs. 50%], hypothyroidism [28 vs. 16%], increased
blood creatinine [27 vs. 17%], increased blood lac-
tate dehydrogenase [24 vs. 14%], constipation [18 vs.
8%], increased blood thyroid-stimulating hormone
[18 vs. 9%], and yellow skin [24 vs. 2%]) which
commonly occurred among AP vs. NAP [52]. This
meta-analysis also showed a similar trend for HFS
and mucositis except for a few AEs that were more
prevalent in NAP, including hematological AEs e.g.,
leukopenia. The I2 value was high for all grade AEs
due to their heterogenous nature among the studies.

Previous literature provides an extensive and pos-
sible explanation for the higher risk of toxicity in AP
due to high drug exposure in AP. A study assess-
ing the population pharmacokinetics of sunitinib and
SU12662 (its primary metabolite) in patients with
mRCC, gastrointestinal stromal tumor and other solid
tumors reported 15% higher drug exposure (indicated
as area under curve and maximal plasma drug con-
centration) in AP in comparison to other ethnical
groups [53]. Moreover, lean body mass also influ-
ences toxicity and clinical activity of sunitinib as
lower lean body mass have a higher drug exposure
[54]. Mir et al., 2016 also reported that AP (non-
western patients) exhibit different behaviour with
sunitinib therapy compared to NAP/Western patients.
As per the study, AP experience more mucocutaneous
AEs [45]. According to the study conducted by Lear
et al., 2009, which compared total body fat to lean
mass ratio in Aboriginal, Chinese, European, and

South Asian individuals with differences in insulin
resistance, South Asians have a phenotype of high-fat
mass and low lean mass [55]. Also, AP has a rela-
tively lower body surface area than the other ethnic
groups, which may attribute to higher drug exposure
in AP. However, no such association was observed in
our analysis which was in concordance with the find-
ings of the previous studies conducted on AP [56]
as well as NAP [53]. The difference in AE profiles
between AP and NAP with sunitinib treatment may
be attributed to variations in ethnic tolerances for cer-
tain AEs. Disparities in toxicity reported may also be
related to racial differences in drug absorption and
metabolization capabilities [57–60]. We need more
translation efforts to provide insight into the role of
these factors and to decide if other factors could be
involved [52].

Our pooled analysis showed that the difference
in PFS was statistically significant between AP and
NAP, with PFS higher in NAP. Lee et al., 2014 evalu-
ated and compared the safety and efficacy of sunitinib
in Asian and non-Asian patients with mRCC and
reported median PFS higher in NAP (AP vs NAP: 8.7
versus 10.9 months) than AP, which was in concor-
dance to our analysis [61]. However, Liu et al. did not
find any statistical difference in PFS and OS between
AP and NAP (Caucasian) [21]. As per our analysis,
OS was significantly higher in AP than NAP. This
finding was also supported by Lee et al., 2014 where
AP showed longer median OS than NAP (18.9 versus
18.4 months) [61].

Several studies have compared the efficacy of AS
of sunitinib with the traditional schedule in AP and
NAP and reported longer PFS and OS in AS. Ezz El
Din et al. reported PFS and OS similar in both the
groups (median PFS: 15 months in 4/2; 17 months in
2/1, median OS: 24 months in 4/2; 23 months in 2/1)
[37]. A meta-analysis of 13 studies comparing suni-
tinib’s 4/2 schedule with 2/1 reported significantly
shorter PFS in the 4/2 group than the transition group
(4/2-to-2/1-schedule: HR: 2.30 [95% CI: 1.07, 4.99])
[62]. A recent meta-analysis conducted in 2019 also
supports that 2/1 schedule is more beneficial than 4/2
and reported that treatment with 2/1 decreased the
risk of disease progression or death by 25% [63].

Studies reported that some sunitinib-related AEs
such as hypertension, neutropenia, thrombocytope-
nia, and HFS are predictive clinical biomarkers of
efficacy in patients with mRCC [64–66]. A higher
number of sunitinib-related AEs has also been
reported to be an independent marker of longer
median PFS and median OS [67]. A higher inci-
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dence of hypothyroidism has also been associated
with improved clinical outcomes [66, 68]. An alterna-
tive schedule or switching from a traditional schedule
to an alternative schedule makes sunitinib more toler-
able to patients, so they remain on therapy for a more
extended period leading to better efficacy outcomes
[36].

The AS of sunitinib has been found as a more tol-
erable schedule compared to the traditional schedule
[29]. However, in the present meta-analysis, the AS
of sunitinib was also associated with dose reduction
and treatment interruption, which was more preva-
lent in AP than NAP. Generally, the patients initiated
with 50.0 mg of sunitinib dose, which was reduced
to 37.5 mg and further to 25.0 mg [29, 32, 36]. The
factors which led to dose reduction majorly included
treatment-induced toxicity [46]. According to Kondo
et al., three factors, i.e., age above 65 years, high
serum creatinine level (>2 mg/dl) and body weight
below 50 kg, led to dose reduction. In the pres-
ence of one of the factors, the dose was reduced to
37.5 mg, while in the presence of ≥2 factors, the dose
was reduced to 25.0 mg [23]. As per Miyake et al.,
2018, the dose was modified based on the age, body
weight, and physiological functions of the patient
[32]. Sunitinib, at an initial dose, ≤25.0 mg/day, is not
effective. Hence, further dose reduction is not advis-
able/ recommended, and administration of another
targeted agent other than sunitinib can be an opti-
mal treatment choice [28]. Therefore, to maintain
the therapeutic efficacy of sunitinib, attention should
be paid for patient tolerability to avoid early DLT
development.

Among AP studies, Lee et al., 2015 reported at least
one dose reduction (50 mg/day to 37.5 mg/day) in
32% of patients, while the proportion of patients who
underwent dose reduction within six months after
initiation was 21% in schedule 2/1. The findings of
Kondo et al., 2014 showed a dose reduction in 76.92%
of patients [23, 29]. A dose reduction in 22.41%,
92.39% and 27.03% of patients were observed in Pan
et al., 2015; Miyake et al., 2018; and Iwamoto et al.,
2018, respectively [28, 32, 34]. Among NAP studies,
a dose reduction in 9.52%, 30.43%, 53.3 %, and 49.15
% patients were observed in Neri et al., 2012;Boege-
mann et al., 2018, Najjar et al., 2014; and Jonasch et
al., 2018 respectively [26, 36, 38, 41].

Studies also report that reducing the drug dose may
lead to decreased incidence or risk of AEs. Nagata
et al., 2015 conducted a study in AP (six Japanese
patients with RCC) which reported that patients tak-
ing 50 mg of sunitinib as initial dose developed grade

2 or 3 thrombocytopenia. Therefore, a minimum
trough dosage of<100 ng/mL of sunitinib could elimi-
nate severe thrombocytopenia, and to attain the same,
the initial dose of sunitinib in most Japanese patients
should be lowered to 37.5 mg or 25 mg [69].

Dose interruption data was limited to AP. Kondo
et al., 2014; Pan et al., 2015; Miyake et al., 2018;
and Iwamoto et al., 2018 reported 26.92%, 22.41%,
55.43%, and 31.08 % incidence of dose interruption,
respectively. Further, Kondo et al. reported a signifi-
cantly lower dose interruption in the 2/1 schedule than
the 4/2 schedule (27 versus 53% p = 0.04) [23].Our
meta-analysis revealedsome promising results, show-
ing that AS of sunitinib has a comparable toxicity
profile in AP and NAP Further, higher PFS in NAP
and higher OS, dose reduction in AP was observed.
However, there were certain strengths and limitations
to our meta-analysis, and we have done our best to
address them.

Based on the findings of the current review, PFS
was found to be shorter in Asian population. Mucosi-
tis, cardiotoxicity, nausea, rash, AST and HFS were
also common in Asian population. Association of
these toxicities with poor survival would reveal the
drivers of dose reduction, treatment interruption that
caused shorter PFS in Asian population. Further,
emphasis on monitoring and managing certain tox-
icities would prevent affecting the efficacy. However,
there are only two studies in the AP with regression
data. Since the number is not sufficient, we could
not carry out the required analysis, which is a lim-
itation of the study. Though there are some studies
and reviews comparing AS with traditional sunitinib
schedule, none of them compared the AS of suni-
tinib in AP versus NAP. This is the first meta-analysis
comparing AS of sunitinib in AP versus NAP. Most
studies were retrospective, a few were clinical tri-
als, so the comparison of results may not have been
possible. This situation was overcome by adopting
appropriate statistical tests for analysis of safety and
efficacy, respectively. Also, until data from extensive
prospective studies or large multi-center trials are not
available, our data from retrospective studies adds
real value. The studies included in our meta-analysis
were primarily conducted in a single center and had
few patients. Their ethnicity was not mentioned, but
since they enrolled in a country, the patients were con-
sidered to be AP or NAP based on the region. Hence,
the current meta-analysis identifies the need for large
multi-center research in AP and NAP with properly
defined ethnicity to compare the safety and efficacy
profile of AS of sunitinib.
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CONCLUSION

The study demonstrated that the safety of AS
of sunitinib in AP were similar to NAP. However,
AP experienced all-grade mucositis, cardiotoxicity,
nausea, rash, AST and HFS more frequently, while
leukopenia, proteinemia and stomatitis were more
prevalent in NAP. Therefore, schedule 2/1 of suni-
tinib can be considered a suitable treatment option
for Asian patients with mRCC. Longer PFS in NAP
and longer OS and higher dose reduction in AP was
observed. Moreover, dose adjustment/ reduction in
Asian patients may also be considered to help patients
remain on therapy for a longer time. However, large
multi-center trials are required to confirm or refute
the findings in an extensive population set of Asian
and non-Asian origin.
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