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ABSTRACT

Objective: To evaluate the efficacy and safety of single-agent sunitinib as salvage
treatment in Chinese patients with multidrug-resistant metastatic breast cancer (MBC).

Results: 37 patients were enrolled with median age of 48 years. 17 had hormone
receptor (HR)-positive tumors, 7 had HER2-positive tumors, and 10 had triple-negative
tumors. Among 32 evaluable patients with follow-up, 6 (18.8%) achieved partial
response, 14 (43.8%) achieved stable disease, and 11 (34.4%) exhibited tumor
shrinkage. The response rate in 9 patients with carcinomatous ulcers was 77.8%.
The median progression free survival (PFS) was 8.6 weeks. Patients with a better
response had improved overall survival and PFS relative to patients with a worse
response (p = 0.007, p < 0.001). Compared with HR-negative tumor, HR-positive
tumor had significantly better response to sunitinib (p = 0.035). The most frequent
non-hematologic adverse events were fatigue (82.8%) and hypertension (34.5%).
Grade 3/4 hematologic toxicity included neutropenia (82.8%) and thrombocytopenia
(79.3%). There was no correlation between the clinical response and IHC findings.

Materials and Methods: Patients with MBC who were resistant to multiple salvage
regimens (= 3 previous chemotherapy lines) were enrolled to receive sunitinib
monotherapy. Dosage adjustment was allowed depending on adverse events. 14 patients
underwent immunohistochemistry (IHC) testing for VEGF, PDGFR, EGFR and c-KIT.

Conclusions: Sunitinib salvage treatment provided modest antitumor effect to
patients with refractory multidrug-resistant MBC, especially to those with troublesome
carcinomatous ulcers. The treatment-related adverse events of sunitinib were
manageable through dosage adjustment.

INTRODUCTION of platelet-derived growth factor receptors (PDGFR),

vascular endothelial growth factor receptors (VEGFR),

Medical treatment is the major treatment option stem cell factor receptor (c-KIT), FMS-like tyrosine

for patients with metastatic breast cancer (MBC). It is
difficult to control tumor and extend survival, even with
all possible available modalities. Therefore, finding an
effective treatment for such patients is urgent. In recent
years, an increasing number of molecular targeted agents
have offered clinicians new options.

Sunitinib malate is an oral small-molecule,
multitargeted tyrosine kinase inhibitor that exerts both
antitumor effects and antiangiogenic actions via inhibition

kinase-3 receptor (FLT3), the receptor for macrophage
colony-stimulating factor (CSF-1R), and glial cell-
line-derived neurotrophic factor receptor (RET) [1].
The efficacy of sunitinib has been demonstrated in patients
with gastrointestinal stromal tumors (GIST) and renal cell
carcinoma (RCC) [24].

Several studies confirmed that PDGF signaling
pathway implicated in the pathogenesis of breast
cancer, and angiogenesis was inhibited in breast cancer
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xenografts by sunitinib [5, 6]. In view of these preclinical
evidences, sunitinib was used in phase I/II clinical trials
and has demonstrated modest single-agent effect [7—10].
In subsequent phase III clinical studies, sunitinib has
failed to improve survival of MBC compared with other
standard regimens [11-14]. However, its efficacy in Asian
MBC patients has not yet been reported. Furthermore,
there is either definitive treatment strategy or effective
chemotherapy regimen available for multidrug-resistant
MBC. Therefore, the present study was performed to
assess the efficacy and safety of sunitinib monotherapy for
Chinese patients with refractory heavily pretreated MBC.
We hypothesized that inhibition of multiple signaling
pathways would yield an efficacy benefit and tumor
control in this specific population.

RESULTS

Baseline characteristics

Thirty-seven Chinese MBC patients were enrolled
with median age of 48 years (range 27—70). The median
previous salvage chemotherapy lines was 7 (range 3—17).
5 patients were unable to be evaluated due to the loss of
follow-up. The clinical characteristics of 32 evaluable
patients are shown on Table 1. 17 patients had HR-positive
(estrogen receptor (ER) and/or progesterone receptor (PR)
positive) tumors, 7 patients had HER2-positive tumors,
and 10 patients had triple-negative tumors. All patients
had multidrug-resistant disease and were resistant to
taxane and anthracycline. 19 (59.4%) patients were

resistant to endocrine therapy. Of note, 9 patients had
carcinomatous ulcers.

Clinical efficacy

After a median follow-up of 30 weeks (range
2-98 weeks), 32 patients died and 5 were lost to follow-up.
Among the 32 evaluable patients, 6 (18.8%) achieved PR,
14 (43.8%) achieved SD (5 exhibited tumor shrinkage),
and 12 (37.5%) confirmed PD. A total of 11 (34.4%)
patients exhibited tumor shrinkage (Table 1). Patients
with HR-positive tumor had significantly better clinical
response (PR + SD improved) to sunitinib compared to
patients with HR-negative tumor (p = 0.035). The median
PFS and OS was 8.6 weeks and 18.2 weeks respectively
(Figure 1). The median PFS of patients with PR, SD and
PD was 18, 9 and 4 weeks, respectively (p < 0.001).
Patients with a better response had improved OS and PFS
relative to patients with a worse response (p = 0.007 and
p <0.001, respectively, Figure 2).

Ulcerative breast cancer

Among the 9 patients with carcinomatous ulcers,
3 achieved PR and 4 achieved SD with tumor shrinkage;
only 2 patients experienced PD. Among the 3 patients
achieved PR, there was a 45-year-old woman with
ER (+), PR (+) and HER2 (—) disease showed resistance
to endocrine therapy, taxanes and anthracyclines. She
was treated with sunitinib on a dosage of 37.5 mg/day in
the eighth-line setting. After 1 month treatment, the area
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Figure 1: Progression-free survival (PFS) and overall survival (OS) of sunitinib monotherapy in 32 patients with

metastatic breast cancer.
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Table 1: Clinical characteristics and responses of sunitinib therapy in 32 evaluable patients with

follow-up

Characteristic n CR PR (impfoDve g P PD ﬁi‘;‘;{,‘;‘)" P-value

Age of onset 0.811
> 50 years 10 0 2 3 2 3 50.0%
<50 years 22 0 4 8 1 54.5%

KPS score: 0.529
70-80 11 0 2 3 0 6 45.5%
>90 21 8 57.1%

Endocrine therapy 0.784
;r:r‘:;’;s endocrine 20 0 3 8 2 7 55.0%
Ezrag;ewous endocrine 12 0 3 3 | 5 50.0%

Number of prior chemotherapy lines 0.892
>7 17 0 4 3 5 52.9%
<7 15 0 2 0 7 53.3%

Metastatic sites 0.574
fyﬁ%ﬁ?iggﬁe?cs;ue (g 53 0 5 8 1 9 56.5%
Lung 16 0 4 5 2 5 56.3%
Liver 13 0 1 3 1 8 30.8%
Brain 3 0 0 2 0 1 66.7%
Bone 17 0 2 7 2 6 52.9%

Number of metastatic sites 0.927
Single 2 0 0 1 1 0 50.0%
Multiple 30 0 6 10 2 12 53.3%

Receptor status of primary tumor
HR (+) 17 0 3 9 0 5 70.6% 0.035
HR (-) 15 0 3 2 3 7 33.3%
HER-2 (+) 7 0 1 2 3 42.9% 0.678
HER-2 (-) 25 0 5 9 0 11 56.0%

*SD (improved) = patients with stable disease who exhibited tumor shrinkage (0-29.9% decrease in the sum of the longest

diameters of target lesions compared with baseline).
PResponse rate = CR + PR + SD (improved).

Abbreviations: CR, complete response; HR, hormone receptor; HER-2, human epidermal growth factor receptor-2; KPS,
Karnofsky performance status; PD, progressive disease; PR, partial response; SD, stable disease.

of black scab was increased. However, the tumor lesion
elevated above the skin shrank significantly, and staxis
was reduced (Figure 3 and Supplementary Materials).

Immunohistochemistry findings

According to the results of ITHC testing of 14
patients, there was no correlation between the clinical
response to sunitinib and the expressions of VEGEF,

PDGFR, EGFR, or ¢-KIT (p = 0.689, 0.641, 0.126 and
0.495, respectively) (Table 2).

Tolerability

The first 10 patients received 50 mg/day all
experienced grade III/IV toxicity of neutrophil or platelet
with median treatment time of 2 weeks. They had to
reduce the dosage to 37.5 mg/day schedule. Subsequent
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Table 2: Immunohistochemistry results of metastatic tumor in 14 patients

Patient No. EGFR PDGFR VEGF c-KIT Clinical response
[ = ® ® = PR
2 +) +) ) ) PD
3 *) *) ) *) PD
4 ) *) ) ) PD
5 +) ) +) ) Cproved)
6 ) *) *) ) PD
7 ) ) ) ) Coproved)
8 ) *) *) ) SD
9 ) +) *) ) PR
10 ) ) ) ) PD
1 ) *) *) ) Gimproved)
12 ) ) *) ) PD
13 ) *) +) ) PD
14 () ) () () PD

Abbreviations: EGFR, epidermal growth factor receptor; PD, progressive disease; PDGFR, platelet-derived growth factor
receptor; PR, partial response; SD, stable disease; VEGF, vascular endothelial growth factor.

27 patients initially received 37.5 mg/day regimen, and
the median treatment time was 3 weeks per cycle. For the
target dose of 37.5 mg/day, a total of 14 (37.8%) patients
experienced dosage reduction, and 12 (32.4%) patients
required interruption of sunitinib due to adverse events.

5 patients were lost to follow-up and 3 patients
died during the treatment. A total of 29 patients occured
side effects. The major dose-limiting toxicities were
myelosuppression and hypertension (Table 3). The most
common adverse events included xanthochromia (100%),
fatigue (82.8%), hypertension (34.5%), grade III/IV
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neutropenia (82.8%), and grade III/IV thrombocytopenia
(79.3%) (Table 3). Other common adverse events included
rash, cerebral hemorrhage and nausea.

DISCUSSION

Investigation of efficacy of sunitinib in breast cancer
stemmed from its significant antitumor effects on various
solid malignant tumor cell lines, including breast cancer
cell lines [6]. Its relatively low half maximal inhibitory
concentration (IC, ) for VEGFR2 suggests that it may exert
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Figure 2: Progression-free survival (PFS) and overall survival of sunitinib monotherapyin 32 patients with metastatic

breast cancer by response.
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Table 3: Toxicities/adverse events observed in 29 patients (n, %)

Toxicity/adverse event Grade 0 Grade I Grade II Grade I1I Grade IV
Xanthochromia 0(0.0) 9(31.0) 12 (41.4) 8(27.6) 0(0.0)
Fatigue 5(17.2) 6 (20.7) 11 (37.9) 5(17.2) 2(6.9)
Hypertension 19 (65.5) 5(17.2) 2 (6.9) 3(10.3) 0(0.0)
Subcutaneous hemorrhage 25 (86.2) 2 (6.9) 2 (6.9) 0(0.0) 0(0.0)
Cerebral hemorrhage 23 (79.3) 2 (6.9) 1(3.4) 3(10.3) 0(0.0)
Anemia 25 (86.2) 134 3(10.3) 0(0.0) 0(0.0)
Leucopenia 0(0.0) 2(6.9) 12 (41.4) 15 (51.7) 0(0.0)
Neutropenia 0(0.0) 2(6.9) 3(10.3) 24 (82.8) 0(0.0)
Thrombocytopenia 0 (0.0) 3(10.3) 3(10.3) 22 (75.9) 1(3.4)
Peripheral neuropathy 18 (62.1) 4 (13.8) 7 (24.1) 0(0.0) 0(0.0)
Hand-foot syndrome 23 (79.3) 4 (13.8) 2 (6.9) 0(0.0) 0(0.0)

an antiangiogenic effect on breast cancer [9]. A phase II
clinical trial of sunitinib monotherapy to MBC was the first
evaluation of its clinical efficacy in breast cancer [7]. A total
of 64 patients previously failed on anthracycline and taxane
drugs received sunitinib on a starting dosage of 50 mg daily
in 6-week cycles with 4 weeks on followed by 2 weeks off.
The results showed an overall ORR (objective response rate)
of 11%, a clinical benefit rate (PR + SD > 6 months) of 16%,
a median PFS of 10 weeks, and a median OS of 38 weeks.
Subsequently, four phase III clinical trials of sunitinib were

conducted on a daily dosage of 37.5 mg to MBC patients
[11-14]. The results showed that sunitinib as monotherapy
or combined with chemotherapy failed to improve PFS and
OS compared with other standard regimens for MBC. All
studies to date that have investigated its efficacy in breast
cancer showed overall ORR of 3—55% and median PFS of
2.0-8.6 months (Table 4).

We speculate the addition of sunitinib is hard to
increase response due to the existing strong clinical efficacy
generated by standard regimens and the incremental obvious

Figure 3: Carcinomatous ulcer in a 45-year-old woman with ER (+), PR (+) and HER2 (-) disease before (left) and
after (right) sunitinib treatment. Before treatment, the ulcer area was about 36 x 28 cm, significantly elevated from the skin by
1.2 cm, exuding, and not bleeding. After treatment, the area of the black scab increased. The tumor lesion elevated from the skin shrank

significantly, and staxis was reduced.
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Table 4: Summary of studies investigated the efficacy of sunitinib in the treatment of breast cancer

Publication Phase Patients and treatment Total Treatment Median ORR Median Median
stage pts regimens f/u (m) (%) PFS (m) OS (m)
Yardley et al., 11 Locally advanced triple-negative 54 S + weekly 23.1 pCR rate in 34 evaluable patients was 35%
2015 [23) breast cancer; neoadjuvant setting paclitaxel/
carboplatin
Burstein et al., I ABC  pretreated  with an 64 single-agent S - 11 10 weeks 38 weeks
2008 [7]* anthracycline and a taxane; first-
to fifth-line therapy
Wildiers et al. II HER2-negative ABC patients 26 single-agent S - - 2.8 -
2010 [24] achieved remissions induced by 19 no therapy 3.1 -
taxane-based chemotherapy; p=0.173 p=0.749
consolidation therapy
Curigliano et al., II Triple-negative ~ ABC;  first-, 113 single-agent S 15.8 3 2.0 9.4
2013 [25]* second- or third-line therapy 104  standard of care 16.2 7 2.7 10.5
chemotherapy p=10.962 p=0.888 p=0.839
Bachelot et al., I1 HER2-positive ABC; first- or 60 S + trastuzumab 24.4 37 6.4 NR
2014 [15) second line
Niravath, et al., II Patients with central nervous 12 followed by S + - 0 4.7 10
2015 [26]° system metastases received whole- capecitabine
brain radiotherapy
concurrently with capecitabine
Barrios et al. il HER-2 negative ABC; first-, 238 S - 11 2.8 15.3
2010 [11] second- or third-line therapy 244 Capecitabine 16 42 24.6
p=0.109 p=10.002 p=0.350
Robert et al., 11 First-line for HER-2 negative ABC 242 S + Paclitaxel 8.1 32 7.4 17.6
2011 [12]* 243 Bevacizumab + 32 9.2 NR
Paclitaxel p=0.525 p=0.999 p=0.996
Bergh et al, m First-line for HER-2 negative ABC 296 S + docetaxel 18.0 55 8.6 24.8
2012 [13]* 297  docetaxel 42 8.3 25.5
p=10.001 p=10.265 p=0.904
Crown et al, 11 Pretreated ABC (prior therapy with 221 S + Capecitabine 14.3 19 5.5 16.4
2013 [14]* anthracycline and taxane); first-, 221 Capecitabine 18 59 16.5
second- or third-line therapy p=0.490 p=0.941 p=0.484

All clinical trials are prospective, randomized, open-label studies. Publications of case reports and abstracts only are not
listed. - indicates the specific number was not provided/applicable. “represents single-arm trial. *represents one-sided test.

Abbreviations: pts, patients; ABC, advanced breast cancer;

S, sunitinib; ORR, objective response rate; PFS, progression-free

survival; OS, overall survival; NR, not yet reached; m, month; f/u, follow-up.

side effects. Dose reduction or discontinuity of sunitinib will
decrease effective drug intensity and then result in inferior
response. Moreover, it should be noted that sunitinib was
used as first-, second-, or third-line treatment in all phase I11
trials. Drug response is worse for patients received multiple-
lines treatment than patients received less salvage treatment
[15]. Therefore, the efficacy of sunitinib monotherapy for
heavily pretreated patients is unknown. As we know, this
population is excluded from almost all clinical studies,
and they are recommended to receive palliative treatment
by NCCN guidelines. It is cruel and unacceptable for most
young, premenopausal patients in Asian counties in which
more than 60% patients diagnosed with breast cancer are
premenopausal women. Thus, we conducted this study and
speculate that multitargeted agent which simultaneously
inhibits multiple signaling might be appropriate and become
a viable treatment choice for multi-resistant MBC. Our
results showed that ORR was 18.8%, median PFS and OS

were 8.6 and 18.2 weeks, respectively. The outcome was
similar to that reported previously (Table 4).

Our study highlighted an interesting issue. Among
the 9 patients who had carcinomatous ulcers, 3 achieved
a PR and 4 achieved SD with tumor shrinkage. This
suggested that sunitinib may be especially effective in
carcinomatous ulcers. This effect might stem from either
anti-vascular targeting or anti-cancer cell targeting or
both. We speculate that the good outcomes may be due to
a difference in biology of carcinomatous ulcers compared
to visceral metastases and the accurate evaluation of the
carcinomatous ulcers with superficial location. Due to the
deep locations of the liver or lung metastases, we did not
observe a reduction of the tumor volumes or maximal
tumor diameters in these patients through conventional
imaging tests such as CT or MRI. While the areas of ulcer
lesions elevated above the skin were reduced and ulcer
healing did occur, and tumor shrinkage was observed in
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most (77.8%) patients. Therefore, the effect of sunitinib
on carcinomatous ulcers is promising and might be
greater than present clinical evaluations. The visceral
metastases are likely resistant to sunitinib due to very
complicated mechanisms of resistance involving tumor
vessels, angiogenic signaling pathways, tumor-stromal
relationship and other poorly understood mechanisms
[16, 17]. In this view, a comprehensive study focused on
evaluation and mechanism of sunitinib efficacy in patients
with troublesome carcinomatous ulcer is necessary.

The most frequently reported treatment-related
side effects of sunitinib are xanthochromia, fatigue and
gastrointestinal symptoms. And its main dose-limiting
toxicities are myelosuppression and hypertension [18-22].
In this study, sunitinib treatment was initially conducted
on a dosage of 50 mg/day. As none of first 10 patients
could tolerate the dosage regimen, it was changed to a
37.5 mg/day for the following patients. However, most
patient was not able to tolerate continuous 37.5 mg/day
regimen for more than 1 month. This might be due to the
poor performance status of patients, the low body weight
of Asian women, and the fact that they had failed on
multiple regimens. In this regard, the use of a multitargeted
agent with a dose-limiting toxicity of myelosuppression
should be considered in the same light as the use of
cytotoxic drugs. Therefore, we believe it is necessary to
form a rational dosing strategy for sunitinib. For individual
patients, either body surface area or body weight should be
taken into the determination of optimum dosage.

In conclusion, this study in Chinese women
with heavily pretreated refractory MBC indicated that
sunitinib monotherapy has a modest therapeutic effect,
especially for patient with troublesome carcinomatous
ulcer. The treatment-related adverse events of sunitinib
were manageable through dose adjustment. More
appropriate patient population for sunitinib therapy and
better administration of sunitinib regimen deserve further
research.

MATERIALS AND METHODS

Patients

This is a prospective, open-label study approved by
the Ethics Committee of Affiliated Hospital of Academy
of Military Medical Sciences. A total of 37 multidrug-
resistant MBC patients were enrolled to receive sunitinib
alone from January 2010 to June 2011 in our institution.

Inclusion criteria included: (1) MBC diagnosed
by pathology or cytology; (2) multidrug-resistant MBC
defined as recurrent or metastatic tumor resistant to at least
3 previous salvage chemotherapy regimens, including
trastuzumab if tumor was human epidermal growth factor
receptor-2 (HER2)-positive and at least 1 endocrine agent
if tumor was hormone receptor (HR)-positive; (3) age

1870 years with a Karnofsky performance status (KPS)
score > 70 and anticipated survival of more than 3 months;
(4) the presence of objectively evaluable tumors; (5)
results of laboratory tests within normal reference ranges;
and (6) the provision of written informed consent.

Treatment

The first 10 patients enrolled received sunitinib on
a full dosage of 50 mg orally once daily for 4 consecutive
weeks followed by a 2-week off period. Because all
10 patients experienced grade III/IV hematologic toxicity,
the study protocol was amended to reduce the dosage
of sunitinib to 37.5 mg orally once daily with the same
treatment/off schedule subsequently. Dosage adjustments
allowed further dosage reduction (reduction with every
12.5 mg) depending on the severity of adverse events
experienced, or discontinuation of sunitinib if any grade
III/IV toxicities continued more than one week. Patient
can not take sunitinib until severe toxicities decreased to
grade I/II toxicities. If patients achieved stable disease
(SD), complete response (CR) or partial response (PR),
treatment cycle would be repeated until the present of
either disease progression or intolerable toxicity.

Response and toxicity criteria

Clinical responses were classified as CR, PR, SD
or progressive disease (PD) according to the Response
Evaluation Criteria in Solid Tumors (RECIST)
version 1.1. Efficacy assessment included progression
free survival (PFS), which was calculated from the date of
sunitinib treatment to the date of confirmed PD or death.
Overall survival (OS) analysis was calculated from the
treatment of sunitinib to the date of breast cancer-related
death or last follow-up. Tumor responses were assessed
by objective imaging techniques such as computed
tomography (CT) or magnetic resonance imaging (MRI).
Clinical adverse events were graded according to the
National Cancer Institute’s Common Toxicity Criteria
(NCI-CTC) version 3.0.

Immunohistochemistry testing

We performed VEGF, PDGFR, EGFR and c-KIT test
in metastatic tumor tissue using immunohistochemical (IHC)
staining technique. The features of the immunoreaction
were recorded on a semi-quantitative scale: the relative
number of positive cells (0%, < 10%, 10-50% and > 50%)
and the intensity of the reaction. The results were reported
as positive if they were > 10% and negative if they were
< 10% as per the SFDA guidelines. IHC staining for all the
biomarkers was performed using a 1:250 dilution of the
rabbit polyclonal antibody PV-6000 (ZSGB-BIO, CHN)
with the EnVision detection system. The antigen retrieval
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method was not utilized. Appropriate positive and negative
controls were used throughout the testing process.

Statistical analysis

Data were analyzed using SPSS 22.0 software
(SPSS, Inc., Chicago, IL, USA). Differences between
values were examined using chi-square tests, and a
p-value of < 0.05 was considered statistically significant.
The median PFS and OS was determined by the Kaplan-
Meier method, and the survival curves were compared
using log-rank test.

ACKNOWLEDGMENTS AND FUNDING

The authors gratefully acknowledge all staff of
the Department of Breast Cancer in our institution for
providing study materials and patients. The study was
supported, in part, by a Chinese Society of Clinical
Oncology- TongHui Funding (Project No. Y-H2010-001).

CONFLICTS OF INTEREST

The authors declare that they have no conflicts of
interests.

Authors’ contributions

BS and XZ collected patients’ information,
undertook the statistical analyses and drafted the
manuscript. XZ obtained patients’ photos of ulcers. All
authors participated in the treatment of these patients, and
helped draft the manuscript. All authors read and approved
the final manuscript.

REFERENCES

1. Patyna S, Arrigoni C, Terron A, Kim TW, Heward JK,
Vonderfecht SL, Denlinger R, Turnquist SE, Evering W.
Nonclinical safety evaluation of sunitinib: a potent inhibitor
of VEGF, PDGF, KIT, FLT3, and RET receptors. Toxicol
Pathol. 2008; 36:905-916.

2. Motzer RJ, Hutson TE, Tomczak P, Michaelson MD,
Bukowski RM, Rixe O, Oudard S, Negrier S, Szczylik C,
Kim ST, Chen I, Bycott PW, Baum CM, et al. Sunitinib
versus interferon alfa in metastatic renal-cell carcinoma.
N Engl J Med. 2007; 356:115-124.

3. Reichardt P, Kang YK, Rutkowski P, Schuette J, Rosen LS,
Seddon B, Yalcin S, Gelderblom H, Williams CC Jr,
Fumagalli E, Biasco G, Hurwitz HI, et al. Clinical outcomes
of patients with advanced gastrointestinal stromal tumors:
Safety and efficacy in a worldwide treatment-use trial of
sunitinib. Cancer. 2015; 121:1405-1413.

4. Eichelberg C, Vervenne WL, De Santis M, Fischer
von Weikersthal L, Goebell PJ, Lerchenmuller C,
Zimmermann U, Bos MM, Freier W, Schirrmacher-
Memmel S, Staehler M, Pahernik S, Los M, et al. SWITCH:
A Randomised, Sequential, Open-label Study to Evaluate
the Efficacy and Safety of Sorafenib-sunitinib Versus
Sunitinib-sorafenib in the Treatment of Metastatic Renal
Cell Cancer. Eur Urol. 2015; 68:837-847.

5. Tryfonopoulos D, O’Donovan N, Clynes M, JP C.
Preclinical evaluation of sunitinib, alone and in combination
with trastuzumab, in HER2 positive breast cancer (BC)
(abstract). Presented at the 44th Annual Meeting of the
American Society of Clinical Oncology (ASCO), Chicago,
IL. 2008.

6. Mendel DB, Laird AD, Xin X, Louie SG, Christensen JG,
Li G, Schreck RE, Abrams TJ, Ngai TJ, Lee LB,
Murray LJ, Carver J, Chan E, et al. In vivo antitumor
activity of SU11248, a novel tyrosine kinase inhibitor
targeting vascular endothelial growth factor and platelet-
derived growth factor receptors: determination of a
pharmacokinetic/pharmacodynamic
Cancer Res. 2003; 9:327-337.

7. Burstein HJ, Elias AD, Rugo HS, Cobleigh MA,
Wolff AC, Eisenberg PD, Lehman M, Adams BJ,
Bello CL, DePrimo SE, Baum CM, Miller KD. Phase II
study of sunitinib malate, an oral multitargeted tyrosine

relationship.  Clin

kinase inhibitor, in patients with metastatic breast cancer
previously treated with an anthracycline and a taxane. J Clin
Oncol. 2008; 26:1810—1816.

8. Kozloff M, Chuang E, Roy J, Starr A, Gowland PA,
Tarpey MJ, Collier M, Verk L, Kern K, K M. A phase |
study of sunitinib plus paclitaxel for first-line treatment
of advanced breast cancer: preliminary results (poster).
Presented at the 30th Annual San Antonio Breast Cancer
Symposium (SABCS), San Antonio, TX. 2007.

9. Mariani G, Cardoso F, Besse-Hammer T, Vigano L,

Liljegren A, Verkh L, Huang X, Giorgetti C, Bergh J, L G.

Sequential administration of sunitinib (SU) and docetaxel

(D) in women with advanced breast cancer (ABC): an

exploratory analysis (abstract). Presented at the 44th Annual

Meeting of the American Society of Clinical Oncology

(ASCO), Chicago, IL. 2008.

Lyandres J, Moasser MM, Melisko M, Goga A, Park JW,

HS R. Phase I study of sunitinib (S) in combination with

metronomic dosing of cyclophosphamide and methotrexate

(CM) in patients with metastatic breast cancer (MBC)

(abstract). Presented at the 44th Annual Meeting of the

American Society of Clinical Oncology (ASCO), Chicago,

IL. 2008.

Barrios CH, Liu MC, Lee SC, Vanlemmens L, Ferrero JM,

Tabei T, Pivot X, Iwata H, Aogi K, Lugo-Quintana R,

Harbeck N, Brickman MJ, Zhang K, et al. Phase III

randomized trial of sunitinib versus capecitabine in patients

10.

11.

www.impactjournals.com/oncotarget

57901

Oncotarget



12.

13.

15.

16.

17.

18.

with previously treated HER2-negative advanced breast
cancer. Breast Cancer Res Tr. 2010; 121:121-131.

Robert NJ, Saleh MN, Paul D, Generali D, Gressot L,
Copur MS, Brufsky AM, Minton SE, Giguere JK,
Smith JW, 2nd, Richards PD, Gernhardt D, et al. Sunitinib
plus paclitaxel versus bevacizumab plus paclitaxel for first-
line treatment of patients with advanced breast cancer: a
phase III, randomized, open-label trial. Clin Breast Cancer.
2011; 11:82-92.

Bergh J, Bondarenko IM, Lichinitser MR, Liljegren A,
Greil R, Voytko NL, Makhson AN, Cortes J, Lortholary A,
Bischoff J, Chan A, Delaloge S, Huang X, et al. First-
line treatment of advanced breast cancer with sunitinib in
combination with docetaxel versus docetaxel alone: results
of a prospective, randomized phase III study. J Clin Oncol.
2012; 30:921-929.

Crown JP, Dieras V, Staroslawska E, Yardley DA, Bachelot T,
Davidson N, Wildiers H, Fasching PA, Capitain O,
Ramos M, Greil R, Cognetti F, Fountzilas G, et al. Phase
II1 trial of sunitinib in combination with capecitabine versus
capecitabine monotherapy for the treatment of patients with
pretreated metastatic breast cancer. J Clin Oncol. 2013;
31:2870-2878.

Bachelot T, Garcia-Saenz JA, Verma S, Gutierrez M,
Pivot X, Kozloff MF, Prady C, Huang X, Khosravan R,
Wang Z, Cesari R, Tassell V, Kern KA, et al. Sunitinib in
combination with trastuzumab for the treatment of advanced
breast cancer: activity and safety results from a phase Il
study. BMC cancer. 2014; 14:166.

Vasudev NS, Reynolds AR. Anti-angiogenic therapy for
cancer: current progress, unresolved questions and future
directions. Angiogenesis. 2014; 17:471-494.

Ebos JM, Lee CR, Kerbel RS. Tumor and host-mediated
pathways of resistance and disease progression in
response to antiangiogenic therapy. Clin Cancer Res. 2009;
15:5020-5025.

Faivre S, Delbaldo C, Vera K, Robert C, Lozahic S,
Lassau N, Bello C, Deprimo S, Brega N, Massimini G,
Armand JP, Scigalla P, Raymond E. Safety, pharmacokinetic,
and antitumor activity of SU11248, a novel oral multitarget
tyrosine kinase inhibitor, in patients with cancer. J Clin
Oncol. 2006; 24:25-35.

19.

20.

21.

22.

23.

24.

25.

26.

Khasawneh MF, Unnithan J, Choueiri T, Rini B, Dreicer R,
Garcia J, Wood L, Elson P, R B. Macrocytosis in patients
with metastatic renal cell carcinoma (mRCC) treated with
tyrosine kinase inhibitors (TKI’s) (abstract). J Clin Oncol.
2007; 25:15583.

George S, Richmond A, Elson P, Jin T, Wood L,
Garcia JA, Rini BI, Finke J, RM B. WBC changes as a
pharmacodynamic marker of outcome in metastatic renal
cell carcinoma (mRCC) patients (pts) receiving sunitinib
(abstract). J Clin Oncol. 2007; 25:5043.

Gillessen S, Graf L, Korte W, Cerny T. Macrocytosis and
cobalamin deficiency in patients treated with sunitinib.
N Engl J Med. 2007; 356:2330-2331.

Kucharz J, Dumnicka P, Kuzniewski M, Kusnierz-Cabala B,
Herman RM, Krzemieniecki K. Co-occurring adverse
events enable early prediction of progression-free survival
in metastatic renal cell carcinoma patients treated with
sunitinib: a hypothesis-generating study. Tumori. 2015;
101:555-559.

Yardley DA, Shipley DL, Peacock NW, Shastry M,
Midha R, Priego VM, Hainsworth JD. Phase I/II trial of
neoadjuvant sunitinib administered with weekly paclitaxel/
carboplatin in patients with locally advanced triple-negative
breast cancer. Breast Cancer Res Tr. 2015; 152:557-567.
Wildiers H, Fontaine C, Vuylsteke P, Martens M,
Canon JL, Wynendaele W, Focan C, De Greve J,
Squifflet P, Paridaens R. Multicenter phase II randomized
trial evaluating antiangiogenic therapy with sunitinib
as consolidation after objective response to taxane
chemotherapy in women with HER2-negative metastatic
breast cancer. Breast Cancer Res Tr. 2010; 123:463-469.
Curigliano G, Pivot X, Cortes J, Elias A, Cesari R,
Khosravan R, Collier M, Huang X, Cataruozolo PE,
Kern KA, Goldhirsch A. Randomized phase II study of
sunitinib versus standard of care for patients with previously
treated advanced triple-negative breast cancer. Breast. 2013;
22:650-656.

Niravath P, Tham YL, Wang T, Rodriguez A, Foreman C,
Hilsenbeck SG, Elledge R, Rimawi M. A phase II trial of
capecitabine concomitantly with whole-brain radiotherapy
followed by capecitabine and sunitinib for brain metastases
from breast cancer. Oncologist. 2015; 20:13.

www.impactjournals.com/oncotarget

57902

Oncotarget



