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Abstract

Objective: This study was conducted to expand the sunitinib safety database in Japanese imatinib-

resistant/-intolerant gastrointestinal stromal tumor patients. Retrospective analyses investigated

common adverse events as potential prognostic markers.

Methods: Four hundred and seventy patients who received sunitinib between June 2008 and No-

vember 2009 were analyzed for safety, progression-free survival and overall survival; 386 for object-

ive response rate; 88% received sunitinib on Schedule 4/2 starting at 50 mg/day.

Results: No unexpected safety issues occurred. Grade ≥ 3 adverse events occurred in 70%, most

commonly thrombocytopenia (33%), neutropenia (22%) and leukopenia (15%). Objective response

rate was 20% (95% confidence interval 16–24). Median progression-free survival was 22.4 weeks

(95% confidence interval, 21.7–24.0). The overall survival rate at 24 weeks was 91% (95% confidence

interval, 88–94). Higher relative dose intensity (≥70 vs. <70%) during the first 6 weeks and better

Eastern Cooperative Oncology Group performance status (0 vs. ≥1) were associated with longer

progression-free survival (24.0 vs. 20.1 weeks; P = 0.011; and 24.1 vs. 16.9 weeks; P < 0.001) and

higher 24-week overall survival rate (94 vs. 83%; P < 0.001; and 96 vs. 83%; P < 0.001). Increased

progression-free survival and overall survival rates were associated with specific adverse events.

Cox proportional hazardmodeling adjusted for relative dose intensity and performance status estab-

lished hand–foot syndrome (hazard ratio = 0.636; 95% confidence interval, 0.456–0.888) and leuko-

penia (hazard ratio = 0.683; 95% confidence interval, 0.492–0.948) occurring within 12 weeks were

significantly correlated with increased progression-free survival.

Conclusion: Sunitinib showed good efficacy and tolerable safety. Factors associated with greater

efficacy were relative dose intensity, performance status and specific early adverse events.
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Introduction

Sunitinib, an oral multi-targeted receptor tyrosine kinase (RTK) in-
hibitor, was approved in Japan in April 2008 for the treatment of
imatinib-resistant/-intolerant gastrointestinal stromal tumor (GIST),
unresectable or metastatic renal cell carcinoma (RCC) and, in 2012,
for pancreatic neuroendocrine tumor (pNET). Approval in GIST
was based primarily on a multicenter, international Phase III study
in imatinib-resistant/-intolerant patients that demonstrated that suniti-
nib is an effective therapy for this patient population (1,2). Compared
with placebo, sunitinib significantly improved both time to tumor pro-
gression (median: 26.6 vs. 6.4 weeks; P < 0.001) and objective response
rate (ORR; 7 vs. 0%; P = 0.004), while being associatedwith a tolerable
safety profile. Sunitinib has also demonstrated efficacy and a manage-
able safety profile in Japanese patients with GIST (3,4). In a Phase I/II
study of 40 Japanese patients, pharmacokinetics and clinical outcomes
with sunitinibwere similar to those observed in non-Asian patients with
GIST (4). Similarly, a small retrospective study of 18 Japanese patients
showed that efficacy and safety data obtained with sunitinib in clinical
practice were similar to those of the Phase III trial (3).

However, the number of Asian patients who have participated in
clinical trials of sunitinib in GIST is relatively small. The final analysis
of the pivotal Phase III study included a total of 243 patients treated
with sunitinib (1); 97 patients were treated in a Phase I/II study (5); and
a Phase II study treated 60 patients using a continuous daily dosing
schedule (6). Details of the ethnicity of these 400 patients have not
been reported. Sunitinib has also been evaluated for the treatment of
patients with GIST in a worldwide treatment-use study in which 1124
patients received sunitinib: of these, only 201 were Asian (7). Given
that there is some evidence from existing data in RCC that the safety
profile of sunitinib may differ between Asians and non-Asians (8–11)
and, as the safety and efficacy of sunitinib in daily clinical practice is
largely unknown for Japanese patients with GIST, there is a need for
further evaluation of sunitinib for the treatment of GIST in patients of
Asian ethnicity.

The post-marketing study reported here was a regulatory require-
ment of the Pharmaceuticals and Medical Devices Agency at the time
of Japanese approval of sunitinib, and was conducted to expand the
safety database for the Japanese population and ensure appropriate
use of sunitinib. The overall objectives of the study were to collect
and report safety and efficacy data in Japanese patients with
imatinib-resistant/-intolerant GIST treated with sunitinib in Japan.
In addition, a retrospective exploratory analysis was performed to
investigate whether the occurrence of common adverse events (AEs)
correlated with efficacy in Japanese GIST patients treated with suniti-
nib, after adjusting for covariates possibly affecting the prognosis.
In previous preliminary investigations, sunitinib was associated with
significantly longer progression-free survival (PFS) in patients who
developed several sunitinib-induced AEs, including neutropenia
(12), hypertension (13), hand–foot syndrome (HFS) (14), asthenia
and fatigue (15). Hence these sunitinib-induced AEs are potential
factors associated with the efficacy of sunitinib in GIST patients. We
report the results of the post-marketing study in Japanese patients with
GIST, which includes data for safety, efficacy and potential prognostic
markers of sunitinib efficacy.

Patients and methods

Study design and treatment

In this prospective, post-marketing study, all patients treated with su-
nitinib in Japan after 13 June 2008 (the release date for sunitinib in

Japan) were registered in a central system until a pre-specified number
of cases accumulated. It was recommended that all patients begin
treatment with sunitinib at a starting dose of 50 mg once-daily orally
on Schedule 4/2 (4 weeks on treatment followed by 2 weeks off) in re-
peating 6-week cycles, although lower starting doses were used in
some patients according to physician’s judgment. Registered patients
were observed for 24 weeks from the start of treatment or until treat-
ment was discontinued if sooner. Patients treated for 24 weeks were
followed for up to 2 years, although only safety information was col-
lected during follow-up. Physicians were required to complete an
investigation form for each pre-specified portion of the 24-weeks ob-
servation period. Safety was assessed by monitoring AEs of Grade ≥3
in severity using Common Terminology Criteria for Adverse Events
version 3.0, in addition to recording any serious AEs and unknown
AEs (i.e. unexpected AEs or AEs that have previously been reported
but that occurred with unexpected severity). Clinical efficacy was eval-
uated by investigator assessment using Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.0; central review of investigator
assessments was not performed. The study conformed to Good Post-
Marketing Study Practice guidelines.

Analytical and statistical methods

The incidences of treatment-related AEs (percentage of patients
affected) were reported along with the median time to the onset of
AEs (time from start of drug administration to the onset of an AE).
Efficacy was mainly assessed by ORR at 24 weeks. Time-to-events
of PFS and rates of PFS and overall survival (OS) at 24 weeks were sec-
ondarily evaluated under the limited observation period of 24 weeks.
Median PFS was estimated using the Kaplan–Meier method. The log-
rank test was used to compare PFS andOS in subpopulations based on
selected factors, including relative dose intensity (RDI; ≥70 vs. <70%)
during the first course (6 weeks) and Eastern Cooperative Oncology
Group performance status (ECOG PS; 0 vs. ≥1). Although RDI was
a post-treatment factor, RDI during the first 6 weeks was treated as
a baseline factor due to its early measurement. The RDI was defined
as the ratio of the actual total dosage administered in the 6 weeks to
the planned dose [Schedule 4/2 (4 weeks on treatment followed by
2 weeks off treatment) at 50 mg/day; i.e. 50 mg × 28 days = 1400 mg;
for the determination of RDI during the first 6 weeks of sunitinib ther-
apy, sunitinib at 50 mg/day on Schedule 4/2 was considered the
planned dosing schedule based on the regulatory-approved dose/
schedule in GIST)] In order to further investigate the correlation be-
tween the early occurrence of commonAEs (the 10most common any-
grade AEs) and the efficacy of sunitinib, hazard ratios (HRs) for PFS
were estimated using a Cox proportional hazard model with covari-
ates of first-course RDI and other factors. For the covariates, factors
that had a highly significant effect on PFS in an initial model were se-
lected from sex, age, ECOG PS, prior treatment for GIST metastases,
chemotherapy other than imatinib, and comorbidities. The early
occurrence of an AE was defined as its occurrence within the first
12 weeks (approximately two courses), because the first course
might be too short to capture all of the early events.

Results

Baseline patient characteristics

Of 471 patients with imatinib-resistant/-intolerant GIST registered for
treatment with sunitinib in Japan between June 2008 and November
2009, 470 were analyzed for safety and efficacy (referred to hereafter as
the full analysis set). One patient was excluded from the full analysis set
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due to a protocol violation, because the patient was registered by a doctor
whose participation was not approved by the site’s Institutional Review
Board. In addition to analysis using the full analysis set, ORR was eval-
uated in the evaluable analysis set of 386 patients in which 80 patients
were excluded because of no determinable efficacy evaluation and 4
patients were excluded because of a non-GIST diagnosis [breast cancer
(n = 1), soft part sarcoma (n = 1) and unavailable diagnosis (n = 2)].

Baseline demographics for the 470 patients included in the safety
analysis are summarized in Table 1. The median age was 64 years, and
there was a higher proportion of males (63%) than females (37%).
Most patients (97%) had an ECOGPS of 0 or 1 andmetastatic disease
(94%). Approximately 85% of patients had undergone surgery for
their primary lesion and 48% for a metastatic lesion. Overall, 14%
of patients had received prior drug therapy (not including prior treat-
ment with imatinib) and 3% prior radiotherapy. All patients had re-
ceived prior imatinib (although 4 patients received the agent off-label);
458 patients who received imatinib on-label developed imatinib-resistant
disease or became imatinib-intolerant.

Treatment and disposition

The 470 patients in the safety analysis set received oral sunitinib admi-
nistered on Schedule 4/2 at starting doses of 50 mg/day (n = 413;

88%), 37.5 mg/day (n = 41; 9%), 25 mg/day (n = 14; 3%) or other
doses (n = 2; <1%; Supplementary Table S1), with 212 patients
(53%) continuing treatment from the start of administration until
the end of the 24-week observation period. A total of 262 patients
required dose reductions and 283 patients discontinued treatment.
Dose reduction was required in 246 of 413 patients (60%) who re-
ceived a starting dose of 50 mg, 15 of 41 patients (37%) at 37.5 mg
and in 1 of 14 patients (7%) at a starting dose of 25 mg (Supplemen-
tary Table S1).

Data during the 24-week observation period were analyzed for
this study. The median follow-up duration (range) was 23.6 weeks
(1.1–105.1). Data past 24 weeks were also reported in some patients
(n = 146) and were therefore included in the results.

Safety analysis

The most common treatment-related AEs of any grade or of Grade ≥ 3
are summarized in Table 2. The most common AE was thrombocyto-
penia (reported in 66% of patients), followed by leukopenia (49%)
and HFS (45%). Other common AEs included hypertension (35%),
neutropenia (34%), anemia (29%), stomatitis (23%) and hypothy-
roidism (22%). Grade ≥ 3 AEs were reported in 329 patients (70%);
the most commonly reported included thrombocytopenia (33%), neu-
tropenia (22%), leukopenia (15%), anemia (12%), hypertension
(11%) and HFS (9%). The median onset time of the common AEs
were in the first 6 weeks of treatment except for hypothyroidism (me-
dian onset time: 52.0 days). The median onset time of neutropenia
(29.0 days) and anemia (42.0 days) were relatively late following
hypothyroidism. In contrast, pyrexia (13.0 days) and hypertension
(14.0 days) occurred early. Notably, many Grade ≥3 AEs occurred
within the first 6 weeks of treatment (Supplementary Fig. S1). Serious
AEs were reported in 196 patients (42%), with cytopenias as the most
frequently reported [decreased platelet count (19%), decreased white
blood cell count (8%), neutrophil count decreased (7%); Supplemen-
tary Table S2].

Several demographic and baseline characteristics were found to be
significantly associated with the incidence of AEs (Table 3). Female

Table 1. Baseline patient characteristics

Sunitinib (n = 470)

Male/female, n (%) 296/174 (63/37)
Median age (range), years 64 (17–88)
Age < 55 years/≥55 years, n (%)a 100/363 (21/77)
ECOG PS, n (%)
0 286 (61)
1 169 (36)
≥2 15 (3)

Metastatic disease, n (%) 442 (94)
Disease duration (months), n (%)
0–12 45 (10)
13–24 71 (15)
25–48 113 (24)
49–72 109 (23)
73–96 53 (11)
≥97 52 (11)

Prior treatment for GIST
Surgery

Primary tumor, n (%) 398 (85)
Metastases, n (%) 227 (48)

Radiation therapy, n (%) 14 (3)
Imatinib, n (%)b 466 (99)
Chemotherapy other than imatinib, n (%) 64 (14)

Imatinib resistance or intolerance, n (%) 458 (97)
Imatinib resistance, n (%) 392 (83)
Imatinib intolerance, n (%) 53 (11)
Imatinib resistance and intolerance 13 (3)

RDI by observation period, %c

Start to Week 6 (n = 448) 75
Comorbidities, n (%)
Yes 312 (66)
No 158 (34)

ECOG PS, Eastern Cooperative Oncology Group performance status; GIST,
gastrointestinal stromal tumor; RDI, relative dose intensity.

Data are rounded to the nearest integer.
aData missing for seven patients (1%).
bImatinib use per label. Four patients received off-label imatinib.
cRDI was not calculated in 22 patients due to unknown dosage.

Table 2. Most commonly reported treatment-related AEs in 470

Japanese patients with gastrointestinal stromal tumor sorted by

median time to onset

AE Median onset time
(days)

Incidence, n (%)

All grades Grade ≥3

Any AE 12.0 447 (95.11) 329 (70.00)
Pyrexia 13.0 70 (14.89) 9 (1.91)
Hypertension 14.0 163 (34.68) 49 (10.43)
Nausea 16.0 60 (12.77) 7 (1.49)
Stomatitis 17.0 108 (22.98) 4 (0.85)
Diarrhea 18.0 85 (18.09) 3 (0.64)
Thrombocytopenia 19.0 309 (65.74) 153 (32.55)
Decreased appetite 19.5 98 (20.85) 19 (4.04)
Fatigue 20.0 53 (11.28) 6 (1.28)
Malaise 20.5 52 (11.06) 8 (1.70)
Hand–foot
syndrome

21.0 212 (45.11) 40 (8.51)

Leukopenia 25.0 229 (48.72) 68 (14.47)
Neutropenia 29.0 158 (33.62) 101 (21.49)
Anemia 42.0 137 (29.15) 55 (11.70)
Hypothyroidism 52.0 103 (21.91) 6 (1.28)

Events occurring in >10% of patients are listed.
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patients, patients ≥65 years, and those who had received prior radio-
therapy were at an increased risk of developing Grade ≥3 AEs.

Efficacy analysis

In the evaluable analysis set of 386 patients, excluding 84 patients who
had no determinable efficacy evaluation and/or non-GIST diagnosis,
the ORR was 20% (95% confidence interval [CI], 16–24; of the 77
patients with responses, 2 had complete responses and 75 partial re-
sponses). A further 167 patients (43%) had stable disease, 109 (28%)
progressive disease and 33 patients (9%) were not evaluable. An ORR
of 17% (95% CI, 13–20) was reported for the full analysis set of 470
patients in which 81 patients with no determinable efficacy evaluation
were treated as non-responders (of the 78 patients with responses, 2
had complete responses and 76 partial responses).

Median PFS in the full analysis set was 22.4 weeks (95% CI, 21.7
−24.0; Fig. 1a). Subgroup analysis revealed that a higher RDI (≥70 vs.
<70%) during the first 6 weeks was associated with a longer median
PFS (24.0 vs. 20.1 weeks; P = 0.011; Fig. 1b) and an HR of 0.664
(95% CI, 0.453–0.970). In addition, a better baseline ECOG PS
(0 vs. ≥1) was associated with a longer median PFS (24.1 vs. 16.9
weeks; P < 0.001; Fig. 1c) and an HR of 0.443 (95% CI, 0.322–
0.609).

The OS rate at 24 weeks was 91% in the overall population (95%
CI, 88−94; Fig. 2a). In subgroup analysis, a higher RDI (≥70 vs.
<70%) during the first 6 weeks was associated with a higher OS
rate (94 vs. 83%; P < 0.001; Fig. 2b). In addition, a better baseline
ECOG PS (0 vs. ≥1) was associated with a higher OS rate (96 vs.
83%; P < 0.001; Fig. 2c).

Association of common AEs with antitumor efficacy

of sunitinib

As AEs are considered to be correlated with RDI, next we examined
whether the early occurrence of several AEs within the first 12
weeks of sunitinib therapy was predictive of significantly improved
PFS even after adjustment for RDI. The first 12 weeks (approximately
two courses) well covered the onset of the 10 most common any-grade
AEs (median onset time, 14–52 days). HFS (HR = 0.595; 95% CI,
0.427–0.830), neutropenia (HR = 0.643; 95% CI, 0.448–0.922),
leukopenia (HR = 0.657; 95%CI, 0.474–0.910), hypertension (HR =
0.663; 95% CI, 0.453–0.970) and thrombocytopenia (HR = 0.671;
95%CI, 0.483–0.931) were all significantly correlated with improved
PFS (Table 4). Interestingly, further analysis of severe (Grade ≥ 3)
compared with mild (Grade < 3) thrombocytopenia revealed that

increasing severity of symptoms did not significantly predict improved
clinical outcome over occurrence of any-grade thrombocytopenia
(Grade < 3, adjusted HR = 1.00; Grade ≥3 adjusted HR = 0.845;
95% CI, 0.592–1.205; P = 0.351). Hypothyroidism and anemia, in
which the onset time was relatively late, did not show a significant ef-
fect on PFS.

TheHR for the covariate of baseline ECOGPS, in addition to RDI,
was also estimated. Because ECOG PS showed a highly significant ef-
fect on PFS (P < 0.001; Supplementary Table S3), further evaluation
was performed to determine whether the early occurrence of these
AEs were still significant predictive markers for improved PFS, even

Table 3. Demographic and baseline characteristics significantly

associated with the incidence of Grade ≥3 AEs

Variable (category) AE incidence ratea

by category
Adjusted HRb

(95% CI)
P
valueb

Sex (female vs. male) 14.4 vs. 8.4 1.44 (1.05–1.99) 0.026
Age (≥65 vs. <65 years) 12.6 vs. 8.2 1.49 (1.14–1.94) 0.003
Prior radiotherapy
(yes vs. no)

29.0 vs. 9.8 2.05 (1.04–4.07) 0.039

Renal impairment
(yes vs. no)

12.8 vs. 9.9 0.59 (0.36–0.94) 0.025

AE, adverse event; CI, confidence interval; HR, hazard ratio.
aNumber of patients/1000 person-days.
bAdjusted HR and P values were obtained using a multivariate Cox

proportional hazards model.

Figure 1. Progression-free survival (a) in the overall population (full analysis

set), (b) by relative dose intensity (RDI; ≥70 vs. <70% during the first 6 weeks

of treatment) and (c) by Eastern Cooperative Oncology Group performance

status (ECOG PS; 0 vs. ≥1).
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after additional adjustment for ECOG PS. As shown in Table 4, occur-
rence of HFS and leukopenia still showed significant correration with
improved PFS (HFS: HR = 0.636; 95% CI, 0.456–0.888; leukopenia:
HR = 0.683; 95% CI, 0.492–0.948) even after adjusting for the effect
of ECOG PS.

Discussion

Sunitinib was associated with good clinical efficacy in Japanese pa-
tients with imatinib-resistant/-intolerant GIST in this post-marketing
study, as reported in previous clinical studies. This finding is consistent
with data indicating that treatment effects reported in well-controlled,

large observational studies may not be qualitatively different from
those obtained in randomized controlled trials (16). No new AEs
were reported, and the safety profile was acceptable and similar to
that previously reported in Japanese patients (3,4). Many Grade ≥3
AEs occurred early (within the first 6 weeks of treatment) and were
relatively infrequent afterwards, possibly as a result of dosing modifi-
cation, although the number of patients remaining on study tended to
fall after 6 weeks. The incidence of AEs was affected by several demo-
graphic and baseline characteristics, including gender, age, prior
radiotherapy and renal impairment. A higher proportion of patients
discontinued treatment due to AEs in this study (31%) compared
with either the Phase III study (20%) (1) or the earlier Japanese studies
(6 and 11%) (3,4). One of the reasons is that this surveillance study is
comprised of patients given treatment within the first 16 months of
sunitinib approval and, at the time, appropriate management of AEs
was not sufficiently shared among doctors. As a result, there were
many patients in whom individual dosage optimization was not
fully established.

Many commonly reported AEs tended to be reported at a higher
incidence in this study than in the international Phase III trial (1). In
particular, hematologic AEs and HFS occurred more frequently and
with greater severity than in the Phase III trial, consistent with the earl-
ier Japanese studies (3,4). Comparable differences between the safety
profiles of Asian and non-Asian patients have been reported in suniti-
nib trials in metastatic RCC (8–11).

Mechanisms underlying the likely difference in safety profiles be-
tween Asian and non-Asian patients have yet to be determined. One
possible explanation could be differences in body weight, leading to
higher drug exposure in Asian patients. However, total drug exposure
was only found to be nominally higher in the earlier Phase I/II study in
Japanese patients (15%) and, in that study, sunitinib pharmacokinet-
ics were found to be comparable to that in non-Asian patients (4).
Likewise, a population pharmacokinetic meta-analysis of 14 sunitinib
trials involving healthy volunteers and patients with different tumor
types found only a limited impact of Asian race, bodyweight or gender
on sunitinib pharmacokinetic parameters (17). Differential drug me-
tabolism in Asian patients could be another possible mechanism for
the population-based safety-profile differences. Several reports have
linked specific genetic polymorphisms with sunitinib toxicity in pa-
tients with RCC (18–20), although prevalence rates in specific geo-
graphic populations have not been reported. In conclusion,
individual dosage optimization (for lasting long treatment) is recom-
mended based on the latest evidence, as we do not have a solid reason
for differentiation in treatment.

The ORR reported in the present study (20%)was higher than that
previously reported, either in the international Phase III trial (7%
ORR in the sunitinib arm) (1) or in Japanese studies (11 and 5.6%
ORR) (3,4). There are several possible reasons for this. Methodologic-
al differences between the clinical trials and this post-marketing study,
such as differences in inclusion criteria and differences in the observa-
tion period (i.e. 24-week maximum observation period in this post-
marketing study compared with an unspecified observation period
in clinical trials where the efficacy evaluation may therefore continue
for >24 weeks), may underlie this disparity. Additionally, response
was evaluated by independent radiologic review in the clinical trials,
whereas it was assessed by investigators in the present study. The tim-
ing of the studies may have also played a role: the clinical studies were
performed at a time when there was considerable unmet medical need
among patients with metastatic GIST and, consequently, a higher pro-
portion of patients with more advanced disease may have participated
in the earlier trials. For example, 45% of patients in the Phase III study

Figure 2. Overall survival (a) in the overall population (full analysis set),

(b) by RDI (≥70 vs. <70% during the first 6 weeks of treatment) and (c) by

ECOG PS (0 vs. ≥1).
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had a baseline ECOG PS of 0, whereas 61% did in the current study.
Additionally, physicians were more likely to have become accustomed
to prescribing sunitinib in the more recent trial, which took place after
regulatory approval of the drug. On the other hand, median PFS in the
present study (22.4 weeks), while similar to that of the Phase III study
(22.9 weeks), was shorter than those of the earlier Japanese studies
[28.3 weeks (4) and 29.6 weeks (time to treatment failure defined as
the total time on treatment) (3)].

Good ECOG PS and higher RDI were associated with significantly
improved PFS. The association of RDI and efficacy is consistent with
the results of an earlier pharmacokinetic–pharmacodynamic
meta-analysis of six sunitinib studies involving predominantly non-
Asian patients with a variety of tumors, which indicated that increased
sunitinib exposure was associated with improved clinical outcomes
(21). We also conducted detailed retrospective exploratory analyses
to investigate whether the early occurrence of common AEs within
the first 12 weeks correlated with the efficacy of sunitinib in Japanese
patients with GIST. After adjusting for the effect of RDI and ECOG
PS, the early occurrence of two AEs (HFS and leukopenia) appeared
to be associated with greater sunitinib efficacy. This correlation be-
tween the early occurrence of these AEs and sunitinib efficacy is simi-
lar to that seen in previous studies (12–15). However, these studies
considered specific AEs andmost of them had no adjustment for prog-
nostic covariates; as such, no conclusion could be drawn as to which
AE (if any) was the best predictor of clinical outcome. In this study, we
have demonstrated that HFS and leukopenia were associated with im-
proved PFS even after adjusting for the prognostic effects of RDI and
ECOG PS. Given that specific AEs were associated with improved su-
nitinib efficacy among multiple AEs, there may be potential common
pathways between sunitinib efficacy and these specific AEs.

Sunitinib is a multi-targeted RTK inhibitor of vascular endothelial
growth factor receptors (VEGFRs) and platelet-derived growth factor
receptors (22), inhibition of which has been reported to play a vital
role in the treatment of RCC. Hypertension and HFS, which are in-
duced by VEGFR inhibition, for example, have been shown to be

good predictors of efficacy in RCC. In this study and previous reports
(13,14), it has been shown that sunitinib-induced AEs, such as HFS,
had relatively strong associations with the efficacy of sunitinib in
GIST (HR = 0.35–0.86). Considering these outcomes, not only the in-
hibition of c-KIT signaling pathways, but several other inhibitory
pathways may also potentially restrain disease progression, which
means multiple concurrent AEs are perhaps indicative of inhibition
of multiple receptor types, including VEGF, and it is tempting to
speculate that the consequent inhibition of multiple signaling path-
ways results in more effective targeting of GIST.With this surveillance,
we revealed that the patients who experienced common AEs, such as
HFS and leukopenia, within the first 12 weeks of sunitinib therapy
without discontinuation were expected to achieve good outcomes in
efficacy. As such, we believe these findings provide valuable insight
into sunitinib efficacy in GIST (23). Also, AE management and estab-
lishment of individual dose optimization early during treatment with
sunitinib would be very important to continue treatment.

In summary, sunitinib was associated with good clinical efficacy and
tolerable safety in this post-marketing study of Japanese patients with
imatinib-resistant/-intolerantGIST. The data presented here also confirm
that the clinical outcome is positively correlated to RDI and ECOG PS,
and support the hypothesis that some sunitinib-associated, high-
incidence AEs may be viable early markers of sunitinib antitumor effi-
cacy in GIST, although these findings require confirmation in prospect-
ive studies. Based on this analysis, careful monitoring and management
of sunitinib-related AEs is necessary to maximize treatment outcomes.

Supplementary data

Supplementary data are available at http://www.jjco.oxfordjournals.org.
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Table 4. Effect of common early AEs (the 10 most common any-grade AEs) on progression-free survival (PFS), adjusted for RDI alone

and for RDI plus ECOG PS, sorted by median onset time

Factor Median onset time (days) Median PFS (weeks) Covariate: RDI alone Covariates: RDI plus ECOG PS

AE onset AE not onset HR 95% CI HR 95% CI

RDI − 24.0a 20.1b 0.664c 0.478 0.920 0.723d 0.520 1.005
ECOG PS − 24.1e 16.9f − − − 0.443d 0.322 0.609

Hypertension 14.0 24.1 22.1 0.663g 0.453 0.970 0.726 0.495 1.064
Stomatitis 17.0 24.1 22.3 0.677 0.449 1.019 0.739 0.49 1.114
Diarrhea 18.0 24.0 22.4 0.808 0.504 1.295 0.839 0.524 1.344
Thrombocytopenia 19.0 23.1 22.4 0.671g 0.483 0.931 0.744 0.535 1.035
Decreased appetite 19.5 24.1 22.4 0.743 0.480 1.153 0.731 0.471 1.136
Hand–foot syndrome 21.0 23.3 22.3 0.595g 0.427 0.830 0.636g 0.456 0.888
Leukopenia 25.0 23.3 22.3 0.657g 0.474 0.910 0.683g 0.492 0.948
Neutropenia 29.0 24.1 22.4 0.643g 0.448 0.922 0.744 0.517 1.071
Anemia 42.0 24.0 22.4 0.892 0.612 1.302 0.809 0.553 1.183
Hypothyroidism 52.0 24.0 22.4 0.729 0.434 1.225 0.768 0.457 1.291

aMedian PFS for the subgroup with RDI ≥ 70%.
bMedian PFS for the subgroup with RDI < 70%.
cBased on a model that includes RDI alone.
dBased on the model that includes RDI plus ECOG PS.
eMedian PFS for the subgroup with ECOG PS = 0.
fMedian PFS for the subgroup with ECOG PS≥ 1.
gSignificant reduction in HR at α = 0.05 (with significant AEs by either model in bold font).
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