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Abstract
Purpose Sorafenib is a novel oral anticancer agent target-
ing signal transduction and angiogenic pathways through
inhibitory eVects against MAP kinases and vascular endo-
thelial growth factor receptor-2. The objectives of this neo-
adjuvant phase II-trial in patients with advanced epithelial
ovarian cancer were to assess the activity and tolerability of
the combination therapy of carboplatin/paclitaxel with
multi-target tyrosine kinase inhibitor sorafenib.
Materials and methods Patients with histologically
proven stage IIIC or IV disease and large volume ascites
were eligible. Enrolled patients received 2 of 6 cycles car-
boplatin (area under the curve 5) and paclitaxel (175 mg/m2)
preoperatively and concomitant sorafenib 400 mg twice
daily. After four cycles of postoperative chemotherapy, a
maintenance phase of single agent oral sorafenib through
1 year was planned. This phase II-study was planned with a
sample size of 102 patients and progression-free survival as
primary study endpoint.
Results Four patients were enrolled. After preoperative
treatment and cytoreductive surgery, all patients were
excluded from protocol due to severe toxicities. Three
patients had life threatening events (cardiac output failure,

myocardial infarction, anastomotic leak); two patients had
primary progressive disease. The study was terminated on
the basis of the recommendation of an independent data
safety monitoring board.
Conclusion The addition of sorafenib to carboplatin/pac-
litaxel chemotherapy was not feasible within this neoadju-
vant regimen in primary advanced ovarian cancer.
Although the occurrence of serious adverse events might
have emerged at random, a detrimental eVect of preopera-
tive study medication could not be denied. Further evalua-
tions of sorafenib in ovarian cancer are warranted.

Keywords Sorafenib · Ovarian cancer · Neoadjuvant 
chemotherapy · Carboplatin · Paclitaxel

Introduction

Epithelial ovarian cancer is the leading cause of death from
gynecologic malignancies [1]. Due to nonspeciWc initial
symptoms, most cases of ovarian cancer are diagnosed at
an advanced stage [2]. The current standard therapy for
these patients is a combination of cytoreductive surgery fol-
lowed by platinum- and taxane-based chemotherapy.
Patients with International Federation of Gynecology and
Obstetrics (FIGO) stage IIIC and IV disease have an unfa-
vorable prognosis with 5-year survival rates varying from
19 to 33% depending on resectability and response to che-
motherapy [3]. In ovarian cancer, numerous studies demon-
strated the feasibility of preoperative chemotherapy in
order to down-stage tumor load and to evaluate treatment
response [4, 5]. Given the eYcacy plateau reached in the
treatment of ovarian cancer with standard cytotoxic ther-
apy, recent strategies have focused on molecular targets
that inhibit mediators of angiogenesis.
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Sorafenib is an oral multi-kinase inhibitor targeting both
tumor cells and the tumor vasculature [6]. As inhibitor of
signal transduction, sorafenib acts on the Raf/MEK/ERK
pathway [7] at the level of Raf kinase [8] and on tyrosine
kinases vascular endothelial growth factor receptor-2
(VEGFR-2) and platelet-derived growth factor receptor �
(PDGFR-�). Sorafenib demonstrated single-agent activity
in multiple phase I/II studies, and inhibited tumor growth in
patients with refractory solid tumors of diVerent sites. In
addition, combination of chemotherapy and sorafenib
showed partial response or stable disease.

The clinical beneWt of sorafenib has been demonstrated
in a randomized, double blind, placebo-controlled phase III
study in patients with renal cell and hepatocellular carci-
noma, leading to an approval of this medication [9, 10].

The potential activity of sorafenib in ovarian cancer is sup-
ported by preclinical studies [11]. Furthermore, patients with
recurrent ovarian cancer were treated within a phase II-study
[12] and within several phase I- studies in solid tumors [13].

This study was designed to assess eYcacy of combina-
tion therapy of sorafenib and standard chemotherapy within
the neoadjuvant setting. A special focus was put on preop-
erative response evaluation and on translational research
projects for comparing pre- and posttreatment samples.

Patients and methods

This study included patients with histologically conWrmed
FIGO stage IIIC and IV epithelial ovarian cancer and an
ascites volume of 500 ml or more. The main exclusion cri-
teria were mucinous cell type, debulking procedures during
initial surgery, and signs of bowel obstruction.

Patients received carboplatin at area under the curve 5
and paclitaxel 175 mg/m2 intravenously in a three-week
schedule and sorafenib was given 400 mg twice daily (bid)
orally. The treatment schedule is shown in the table. The
primary endpoint was Progression-free survival. A clini-
cally meaningful improvement was deWned as a hazard
ratio of 1.5 of historic treatment (PRIMOVAR study [5])
over sorafenib treatment. A total of 102 patients should be
enrolled [14] (Table 1).

Adverse events were recorded and graded according to
the National Cancer Institute Common Terminology Criteria
for Adverse Events (NCI CTCAEv3.0). All patients pro-
vided informed consent, and the protocol was approved by
the local ethic committee.

Results

From July through November 2007 four patients were
enrolled. A diagnostic laparoscopy was performed to record

the peritoneal spread and to conWrm the diagnosis by taking
biopsies of the peritoneal surfaces. After preoperative treat-
ment and cytoreductive surgery, all patients were excluded
from protocol due to severe (grade 3/4) toxicities. The
study was stopped on the recommendation of an indepen-
dent data safety monitoring board.

Brief description

The Wrst patient was 72-year-old woman with a past medi-
cal history of diabetes complicated by a diabetic angiopathy
and status post coronary artery bypass surgery 15 years
ago. She presented with a stage IV disease and a symptom-
atic pleural eVusion requiring multiple drainage. At the
time of admission, cardiac examination was within normal
limits. After the Wrst cycle of chemotherapy and 2 weeks of
study medication with sorafenib, she was admitted to the
hospital with signiWcantly impaired performance status,
cardiac failure, edema and severe changes in electrolyte
metabolism. The patients were subsequently admitted to the
intensive care unit for close observation and diuretic treat-
ment. The length of hospital stay was 7 weeks. She was
excluded from the protocol and chemotherapy was contin-
ued with single agent carboplatin therapy. After a total of
two preoperative cycles of chemotherapy, serum CA 125
levels decreased from 3,600 to 150 U/ml. Cytoreductive
surgery was performed without complications (no macroscopic
residual disease) and systemic treatment was completed
with four additional cycles of postoperative single agent carbo-
platin chemotherapy. Recurrence occurred after 13 months,
and the patient died 21 months after initial diagnosis.

The second patient, 72 years old, presented with a stage
IV disease with a malignant pleural eVusion. Due to skin

Table 1 Treatment plan of neoadjuvant combination therapy with
carboplatin/paclitaxel and sorafenib

d day, OP operation, M maintenance

Cycle 
number

Medication Length 
(days)

1 Carboplatin and paclitaxel d1 
sorafenib from d2 to d19

21

2 Carboplatin and paclitaxel d1 
sorafenib from d2 to d11 
(rest sorafenib for 10 days before surgery)

21

OP Cytoreductive surgery

Recovery Recovery without chemotherapy 
or sorafenib treatment 14 days

14

3 Carboplatin and paclitaxel d1 
without administration of sorafenib

21

4–6 Carboplatin and paclitaxel on d1 
sorafenib from d2 to d19

21

M1–M14 Maintenance phase with 
sorafenib single agent

28
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toxicity grade II, the sorafenib dose was reduced to 50%.
After 2 cycles of treatment, CA 125 serum level decreased
from baseline 2,156 to 544 U/ml. However, compared to
the patterns of spread documented during laparoscopy, we
found an increased number of peritoneal tumor sites at
cytoreductive surgery. Residual tumor size: >1 cm. Sug-
gesting platinum refractory tumor, further treatment pro-
ceeded with topotecan. Patient recurred after 12 months
and died 24 months after initial diagnosis.

The third patient was 64 years old and presented with
stage IIIC disease and a performance status ECOG 0 with
an uneventful past medical history. Sorafenib was reduced
after the Wrst cycle due to skin toxicity grade II as recom-
mended by the protocol. CA 125 baseline level dropped
from 2,000 to 105 U/ml. All visible tumors were reduced to
less than 1 cm. In the early postoperative course, she had a
symptomatic posterior myocardial infarction. The con-
ducted PTCA and anticoagulation treatment caused hemor-
rhage in the abdomen and necessitating re-laparotomy. She
was excluded from the protocol and had a progression-free
survival of 29 months after four postoperative cycles of sin-
gle agent carboplatin. On last follow-up, there was no evi-
dence of disease.

The fourth patient was 34 years old and presented with
stage IIIC disease. After Wrst cycle of therapy, dose reduc-
tion of sorafenib to 50% was required as skin toxicity grade
II and gastrointestinal toxicity grade II was documented.
CA 125 serum level decreased from 400 U/ml initially to
275 U/ml. However, on laparotomy peritoneal carcinoma-
tosis appeared more pronounced compared to initial laparo-
scopic Wndings. Cytoreductive surgery was performed,
making small and large bowel resection and a partial blad-
der resection necessary (residual tumor: ·1 cm). An anas-
tomotic leak of the rectosigmoid was diagnosed 5 days after
surgery. Re-laparotomy was performed and had to be
repeated after another week on account of peritonitis,
leading to extensive resection of small bowel. (temporary
abdominal closure and short bowel syndrome). Patient was
excluded from the protocol, and chemotherapy was con-
ducted with topotecan. She had an isolated recurrent tumor
at the abdominal wall, which was treated with radiation
therapy. Today she is alive 26 months after initial diagnosis
and receives treatment of recurrent disease.

Discussion

We report a phase II-trial on oral sorafenib in combination
with carboplatin and paclitaxel as neoadjuvant chemother-
apy in the treatment of patients with advanced ovarian can-
cer. After enrollment of four patients, all patients were
excluded due to adverse events. Three of them suVered life-
threatening events. Due to toxicity, dose reduction of the

study medication sorafenib was necessary in all patients.
Two patients were classiWed to have primary progressive
disease. Based on these preliminary Wndings, an intolerable
increase in toxicity and morbidity of oral sorafenib in com-
bination with standard carboplatin/paclitaxel could not be
excluded.

Most trials support sorafenib 400 mg bid as the recom-
mended dose for combination therapy [15]. Sorafenib as a
single agent was generally well tolerated; most adverse
events were mild to moderate in severity. Frequently
reported drug-related adverse events at any grade included
fatigue (40%), anorexia (35%), diarrhea (34%), rash/des-
quamation (27%), and hand–foot skin reaction (25%).
Drug-related toxicities of sorafenib have been also reported
in phase I and II trials for several coadministered drugs,
including oxaliplatin, gemcitabine and carboplatin/paclit-
axel [12, 16]. Recently, within a double blinded, placebo-
controlled phase III-trial in patients with advanced mela-
noma, 270 patients were randomly assigned to receive
intravenous paclitaxel (225 mg/m2) and carboplatin at area
under the curve 6 according to a 21-day cycle and either
placebo or oral sorafenib 400 mg bid on days 2–19 [17].
Though dermatologic grade 3 adverse events were signiW-
cantly increased in patients treated with sorafenib, hemato-
logic and nonhematologic adverse events did not diVer
signiWcantly between the placebo group and the patient
group with sorafenib. The treatment was considered gener-
ally feasible particularly no continuous serious adverse
events emerged within this treatment schedule, which rep-
resents a similar one compared to our study. Dose reduction
was performed in 33% (sorafenib group) and 10% (placebo
group). The combination therapy with oral sorafenib in this
trial did not increase response rates or progression-free sur-
vival signiWcantly over the standard treatment arm.

The serious adverse events in the current study raised the
essential question, whether the neoadjuvant treatment could
contribute to these side eVects and whether this treatment
after cytoreductive surgery could be less toxic. Ovarian
cancer is an intraperitoneal disease with large tumor masses
at presentation, especially in preselected advanced ovarian
cancer patients with large volume ascites. Apoptotic and
necrotic eVects of antineoplastic therapy leads to degrada-
tion of large tumor cell masses, which may mediate an
increased toxicity.

The combination of anticancer therapy and cytoreduc-
tive surgery might enhance postoperative morbidity and/or
mortality. Targeting the VEGF pathway could impair
wound healing and promote anastomotic leaks after bowel
surgery. This was considered in the present treatment
schedule and preoperative medication of sorafenib was
stopped at least 10 days before surgery.

In two patients, progressive disease was diagnosed after
neoadjuvant treatment: surgical exploration showed an
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increased number of peritoneal tumor implants. This was
an unexpected Wnding, because in 43 patients treated at
our institution within the PRIMOVAR trial, none of
the patients were diagnosed with primary progressive
disease [5].

Recent data demonstrates that some chemotherapeutic
drugs can cause simultaneously host-mediated counterregu-
latory responses from the bone-marrow resulting in tumor
angiogenesis and vasculogenesis. This mobilization eVect
in circulating endothelial progenitor cell levels may facili-
tate tumor cell repopulation during the common time inter-
vals between the individual chemotherapy cycles [18].
Furthermore, Paez-Ribes et al. [19] reported that VEGF
inhibition might play a role in regrowth of tumor, poten-
tially inXuencing the progression of metastatic disease. Pre-
treatment of healthy mice with VEGF inhibitor sunitinib
prior to intravenous inoculation of breast cancer cells led to
more aggressive metastasis as well as a brief treatment after
resection of the primary tumor. The underlying mecha-
nisms remain to be explored but a withdrawal of anti-
VEGF therapy might promote vascular recovery and a
rapid tumor re-growth [20]. A short time treatment in a
neoadjuvant setting may lead accidentally to a stimulation
of at least parts of the tumor or may promote metastasis.
Prolonged intervals of treatment-discontinuation of antian-
giogenic agents may also play a relevant role in the postop-
erative treatment of patients with residual disease or of
patients with recurrent disease. Recently, several phase II
studies were initiated analyzing a combination of sorafenib
and carboplatin/paclitaxel for patients with primary ovarian
cancer or recurrent disease and a combination of sorafenib
and topotecan for patients with platinum resistant disease.

In conclusion, the current study was stopped because of
serious adverse events. Considering the results in a recent
reported trial [17], the Wndings of our study is probably
based on random events. Future studies will be required to
adjust the signiWcance of antiangiogenic and tyrosine-
kinase inhibitory therapy in patients with ovarian cancer
and the eYcacy of concomitant treatment schedules or
maintenance therapy.

ConXict of interest statement Christian Rudlowski: Research Funding
(Bayer HealthCare AG, Deutschland). All other authors indicated no
potential conXict of interest.
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