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Summary Objectives Sorafenib is a multi-tyrosine kinase
inhibitor of Raf kinase, VEGFR, and PDGFR. Angiogenesis
is important for growth and progression of SCLC. This trial
was conducted to evaluate whether the combination of cis-
platin and etoposide plus concurrent and sequential sorafenib
could prolong survival in patients with previously untreated
SCLC. Methods Previously untreated patients with extensive
stage SCLC were treated with cisplatin and etoposide days 1,
2, 3 for four cycles, concurrent with sorafenib 200 mg orally
bid starting day 1 cycle 1. Patients with no disease progression
after four cycles continued sorafenib 400 mg orally bid as
maintenance for maximum of 12 months. The primary end-
point was 1 year survival with response rate and safety as
secondary endpoints. Results A total of 18 patients were
enrolled with 17 evaluable patients. One patient had a com-
plete response, seven patients had a partial response (overall
response rate of 47 %) and one patient had stable disease.

N. Sharma * A. Dowlati

University Hospitals Seidman Cancer Center, Case Comprehensive
Cancer Center, Case Western Reserve University, Cleveland, OH,
USA

N. Pennell - P. Ma - T. Mekhail
Cleveland Clinic Taussig Cancer Institute, and Case Comprehensive
Cancer Center, Cleveland, OH, USA

B. Halmos
New York-Presbyterian Hospital, Columbia University, New York,
NY, USA

M. Nickolich - P. Fu - A. Dowlati
Case Western Reserve University School of Medicine,
Cleveland, OH, USA

N. Sharma (D<)

Case Western Reserve University, University Hospitals Case Medical
Center, Cleveland, OH, USA

e-mail: neelesh.sharma@uhhospitals.org

@ Springer

Overall median survival was 7.4 months and 1 year survival
was 25 %. The most common treatment-related adverse events
included fatigue, anorexia, rash, diarrhea, neutropenia and
weight loss. Grade 5 GI bleeding, pulmonary hemorrhage
and neutropenia occurred in one pt (6 %) each. Accrual was
halted on the basis of safety profile as well as preliminary
efficacy data. Conclusions The combination of platinum based
chemotherapy and sorafenib has significant toxicity at current
dose levels and is associated with disappointing efficacy data.

Keywords Small cell lung cancer - Sorafenib - Angiogenesis
inhibitor - VEGFR tyrosine kinase inhibitor

Introduction

Lung cancer is the most common cause of cancer related
mortality in United Sates and caused an estimated 156,940
deaths in 2011 [1]. Small-cell lung cancer (SCLC) accounts
for approximately 15 % of all lung cancer cases, and of these
70 % are diagnosed with extensive stage (ES-SCLC) disease
at the time of initial presentation. SCLC is characterized by
rapid tumor proliferation, early development of widespread
metastases and a median survival of less than 3 months in
untreated patients [2]. Combination chemotherapy is the
mainstay of treatment, with cisplatin and etoposide being the
most commonly used regimen [3]. Although chemotherapy
produces encouraging response rates of 60 %—70 % in ES-
SCLC, all patients experience relapse. Prognosis at relapse is
poor and response to second-line chemotherapy is low [4].
Unfortunately, long term survivors are rare and despite the use
of a variety of strategies, there has been only a modest im-
provement in survival of these patients over the last several
decades [5]. Therefore, there is a need for evaluation of novel
agents to improve disease outcomes.
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The role of angiogenesis in growth of solid tumors is well
known; several antiangiogenic therapies have improved out-
comes for different tumor types including non small cell lung
cancer (NSCLC), colon cancer, renal cell cancer and glioblas-
toma [6]. Pre-clinical evidence suggests that angiogenesis is
critical to the growth and sustenance of SCLC. Lucchi et al.
reported that high microvessel density and vascular endothe-
lial growth factor (VEGF) protein expression correlated with
poor clinical outcome in patients with limited stage SCLC
undergoing surgical resection followed by adjuvant chemo-
therapy [7]. High pre-treatment serum levels of VEGF and
basic fibroblast growth factor (b-FGF) predict poor prognosis
in SCLC [8]. Patients with a lower pretreatment circulating
VEGEF levels were more likely to respond to chemotherapy
compared to those with higher levels of VEGF [9]. The results
from these studies suggest that VEGF may be linked to overall
poor outcome in SCLC. Therefore, inhibition of VEGF rep-
resents a rational therapeutic strategy for evaluation in SCLC.

Sorafenib exhibits broad spectrum oral anti-tumor activity
and targets the RAF/MEK/ERK pathway involved in cellular
proliferation as well as receptor tyrosine kinases involved in
angiogenesis (VEGFR-1, VEGFR-2, VEGFR-3, PDGFR and
RET) [10]. Sorafenib demonstrated antitumor activity in vari-
ous cancer cell lines including lung cancer by inhibiting prolif-
eration and inducing apoptosis. In preclinical human cancer
models sorafenib reduced tumor growth by inhibiting angio-
genesis and directly inducing tumor cell apoptosis [11]. Soraf-
enib has been approved to treat advanced renal cell carcinoma
and hepatocellular carcinoma based on improved survival in
Phase III clinical trials [12, 13]. Sorafenib has also been tested
in multiple clinical trials in advanced NSCLC either as single
agent or in combination with other biological or cytotoxic
agents [11]. On the basis of the potential role of angiogenesis
in growth of SCLC, we conducted a phase II study of sorafenib
in combination with first line standard chemotherpy (etoposide
plus cisplatin) and as maintenance therapy in extensive-stage
SCLC. The primary goal of this study was to evaluate the
combination of standard chemotherapy plus concurrent and
sequential sorafenib with respect to 1 year overall survival in
patients with previously untreated SCLC.

Patients and methods

This trial enrolled patients between August 2008 and Novem-
ber 2011. Participating centers included University Hospitals
Seidman Cancer Center, Cleveland Clinic Taussig Cancer
Institute and New York-Presbyterian Hospital, Columbia Uni-
versity. All participating centers were required to have insti-
tutional review board approval for the study, and all patients
gave written informed consent to participate in this study in
accordance with institutional and federal guidelines.

Investigational agent, sorafenib was provided by Bayer-
Onyx HealthCare Pharmaceuticals.

Eligibility criteria

Patients with histologically or cytologically confirmed
extensive-stage SCLC and no prior chemotherapy were eligi-
ble. All patients enrolled in the study were age 18 years or older
and had an Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0 to 2. Other eligibility criteria
included: adequate organ function, defined as absolute neutro-
phil count >1,500/mm3, platelet count >100x 109/L, hemoglo-
bin >9.0 g/dl, serum total bilirubin < 1.5 x the upper limit of
normal (ULN), serum ALT and AST<2.5xthe ULN (<5 times
ULN for patients with liver involvement) and serum creatinine
< 1.5 x ULN. Patients must also have an INR<1.5 ora PT/PTT
within normal limits. Those patients receiving anti-coagulation
therapy, the INR was stable before entrance into the trial.

Exclusion criteria included: major surgery within 4 weeks of
treatment, clinically significant cardiovascular disease, untreat-
ed brain metastases, uncontrolled hypertension, thrombotic or
embolic events within the past 6 months, pulmonary hemor-
rhage > common terminology criteria for adverse events
(CTCAE) Grade 2 within 4 weeks of first dose of study drug,
any other hemorrhage/bleeding event > CTCAE Grade 3 within
4 weeks of first dose of study drug, serious non-healing wound,
history of bleeding diathesis or coagulopathy, HIV or chronic
HBYV or HCV infection and active clinical serious infection.
Other standard general medical exclusions also applied.

Treatment

Previously untreated pts with extensive stage SCLC were treat-
ed with cisplatin 60 mg/m2 intravenously (IV) on day 1 and
etoposide 120 mg/m2 IV on days 1, 2, 3, every 21 days for four
cycles, concurrent with sorafenib 200 mg orally twice daily
starting on day 1 cycle 1. Use of granulocyte colony stimulating
factors was allowed at cycle 2 and beyond or if patients devel-
oped febrile neutropenia. Pts with no disease progression after
four cycles continued sorafenib 400 mg orally twice daily as
maintenance for maximum of 12 months or until unacceptable
toxicity, disease progression or withdrawal from the study.
Radiographic studies were performed every two cycles of
therapy to assess response. The Response Evaluation Criteria
in Solid Tumors (RECIST) were used to assess response to the
treatment. Toxicity was graded by the National Cancer Institute
Common Terminology Criteria version 3.0.

Dose modifications for toxicity
Chemotherapy dose reductions were permitted for febrile neu-

tropenia, thrombocytopenic bleeding, creatinine greater than 2.0
and less than 3.0 mg/dL, with creatinine clearance greater than
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60 mL/min, and cisplatin-related neurotoxicity. In the event of
significant toxicity (grade 3 non-hematological or grade 4 hema-
tological) related to sorafenib during chemotherapy (relation
based on investigator’s assessment), the dose of sorafenib was
held until the toxicity resolved to < grade 1. At that time, drug
was resumed at 200 mg daily until completion of cycle. Subse-
quent cycles of chemotherapy used the reduced dose of sorafe-
nib. If further dose reduction was required, sorafenib 200 mg
every other day could be given. If more than two dose reductions
were required, sorafenib was held until the maintenance phase at
which time full dose sorafenib started. During maintenance
phase, sorafenib dose reduction for significant toxicity to
400 mg daily and then 400 mg every other day was permitted.
For symptomatic Grade 2 or Grade 3 hypertension, sorafenib
was held until symptoms resolved and then restarted at one dose
lower. Guidelines for management of hypertension and hand foot
skin reactions were included in the study protocol. A maximum
of two dose reductions were permitted for each patient. Delay in
initiation of therapy of longer than 3 weeks due to toxicity
resulted in removal from the study.

Baseline and treatment assessments

Baseline evaluations included history and physical examination,
assessment of ECOG PS, complete blood count with differential
(CBC), serum chemistry, vital signs, serum pregnancy test for
women of child bearing potential and international normalized
ratio/activated partial thromboplastin time for patients on warfa-
rin. Radiographic studies including computerized axial tomogra-
phy (CT) scans were performed within 4 weeks prior to study for
sites of measurable disease or as clinically indicated. Tumor
status was assessed every 8 weeks using RECIST criteria.

Statistical analysis

The primary goal of this study was to determine 1 year overall
survival (OS) after treatment with cisplatin/etoposide plus
concurrent and sequential sorafenib in patients with previous-
ly untreated SCLC. Secondary endpoints included assessment
of toxicity, progression free survival (PFS), and response rate.
Extensive stage SCLC patients who have been treated with
chemotherapy have a 1-year survival rate of 35 to 40 % [3].
This was used as the historical control. A 60 % 1 year survival
was expected with the addition of sorafenib. With type I error
0f 0.05, a power of 80 %, 18 months of accrual and a follow-
up period of 12 months the estimated sample size needed for
the study was 28 patients based on one-sided exponential
MLE test. Progression free survival and overall survival were
estimated using the Kaplan-Meier method by comparing
1 year overall survival of patients enrolled in this study to
historical controls using 95 % confidence intervals. Patients
who received at least one dose of the study drug were consid-
ered evaluable for both toxicity and response.

@ Springer

Results
Patient characteristics

A total of 18 patients were enrolled into the trial from three
sites between August 2008 and November 2011. Patient char-
acteristics are listed in Table 1. The median age was 63 years
(range 45-82) and 53 % of patients were male. ECOG per-
formance status was 1 in 11 patients (65 %) and 2 in 6 patients
(35 %). Seventeen patients were evaluable for safety and
efficacy; one patient did not receive the treatment regimen.

Dose delivery

One dose reduction in chemotherapy was required in 6/18
(33 %) patients during the chemotherapy induction period.
Sorafenib dose reductions and treatment pauses occurred in all
patients (100 %) during the concurrent chemotherapy and
sorafenib part of the study. Five patients (28 %) were able to
receive maintenance sorafenib. In the maintenance phase,
sorafenib was given at full dose without a requirement for
dose reduction. This suggests that single agent sorafenib is
well tolerated in SCLC patients; however when combined
with chemotherapy enhanced toxicity was observed.

Efficacy

Objective (complete plus partial) response rate (ORR) was
47 %, with 1 complete and 7 partial responses. One patient
achieved stable disease (SD), while all others either had ob-
jective disease progression or clinical decline.

Time to event measures

Survival outcomes for 16 of the 18 enrolled patients are
summarized in Table 2 with Kaplan-Meier estimates of overall
and progression-free survival presented in Fig. 1, respectively.
Median overall survival was 7.4 months (95 % confidence

Table 1 Patient

characteristics Characteristic Number of patients
Age (years)
Median 63
Range 45-82
Sex
Male
Female 8
ECOG PS
ECOG PS Eastern 0 0
Cooperative Oncology 1 11
Group Performance 2 6

Status
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Table 2 Survival outcomes
A. Median survival (n=16) Value (months) 95 % confidence interval (CI)
Median overall survival 7.4 5.1-10.2
Median progression-free survival 5.1 1.2-8.2
B. Survival rates (n=16) 6 months 12 months 18 months
Overall survival 62.5 % 25.0 % 12.5 %
Progression free survival 43.8 % 25.0 % 12.5 %

interval: 2.5-10.2) (Fig. 1) and median progression-free sur-
vival was 5.1 months (95 % confidence interval: 1.2-8.2).
Survival estimates at 1 year were 25 % for both overall and
progression-free survival.

Toxicity

Treatment related toxicity is summarized in Table 3. The most
common treatment-related adverse events included neutropenia,
fatigue, anorexia, rash, diarthea and mucositis. Grade 4 events
included neutropenia in eight patients (48 %), pneumonitis,
thrombocytopenia and hypocalcemia in one patient (6 %) each.
Significant Grade 3 events included hyponatremia in three pa-
tients (18 %), supraventricular tachycardia and hypokalemia in
two patients (12 %) each. Grade 5 gastrointestinal bleeding,
pulmonary hemorrhage and neutropenic fever occurred in one
patient (6 %) each. Accrual was halted to this study on the basis
of excessive treatment related deaths (17 %) that would be
expected with chemotherapy alone.

Discussion

Inhibition of angiogenesis has been successful in improving
the efficacy of chemotherapy in variety of solid organ malig-
nancies [6]. Preclinical data supports the use of VEGF tyro-
sine kinase inhibitor in combination with chemotherapy in

mouse models of SCLC [14, 15]. Sorafenib is a multikinase
inhibitor that targets VEGF, Raf and PDGF receptor tyrosine
kinase signaling and has broad preclinical and clinical activity
[16]. To our knowledge this is the first study of sorafenib in
combination with first line cytotoxic chemotherapy for exten-
sive stage SCLC. Previously sorafenib was evaluated in a
phase II study in relapsed/refractory patients with extensive
stage SCLC after first line platinum based chemotherapy [17].
The primary endpoint was to evaluate objective response rate.
Patients were treated with oral sorafenib 400 mg twice daily
for a 28-day cycle. Patients were stratified into platinum-
sensitive or platinum-refractory groups. There were four par-
tial responses seen among the 38 patients on the platinum-
sensitive group and one partial response among the 45 patients
in the platinum-refractory group. Five objective responses
seen in this trial provided some evidence for clinical activity
of sorafenib in SCLC. It was hypothesized that addition of
sorafenib to chemotherapy we’d increase the response rate and
keep the resistant clonal population suppressed with mainte-
nance treatment.

This study was terminated after enrolling 18 patients on the
basis of excessive toxicity observed and preliminary efficacy
data showing that study was unlikely to meet primary end
point. In contrast to the preclinical models and single agent
activity in relapsed/refractory setting, the addition of sorafenib
to first line chemotherapy did not result in significant increase
in response rate or survival at 1 year. Moreover, addition of
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Table 3 Select Grade 2-5 toxicities

Adverse events (N=17) Grade

2 3 4 5

Hematologic
Neutropenia 0 2 9 0
Thrombocytopenia 1 1
Anemia 3 1
Cardiac

(=)
(=)

Hypertension
Hypotension
Atrial fibrillation
AV block
Fatigue
Skin rash
Anorexia
Diarrhea
Gastrointestinal bleeding
Infection
Mucositis
Neuropathy
Pulmonary hemorrhage
Pneumonitis

S O O = A = O N 9 NN V- O O W
S = O O O = O O O O O o o = O
S O = O O = = O O O O O O O O

_0 O O = O O = = O = O N = O

Thromboembolic event

sorafenib significantly increased the incidence of grade 4 and
5 toxicities. Although small number of patients limits the
interpretation of the results, concern for the increased toxicity
of chemotherapy in combination with VEGF tyrosine kinase

Table 4 Angiogenesis inhibitors in the treatment of extensive-stage SCLC

inhibitors has also been reported in other studies. In a phase IB
study conducted by CALGB (Cancer and Leukemia Group
B), sunitinib 25 mg daily on days 1 to 14 was given in
combination with standard cisplatin and etoposide. This reg-
imen resulted in prolonged neutropenia and an unacceptable
rate of treatment-related mortality despite the use of prophy-
lactic granulocyte growth factors [18].

Several other studies have been conducted utilizing differ-
ent angiogenesis inhibitors either in combination with first
line chemotherapy or as maintenance therapy in patients
responding to the first line chemotherapy (Table 4). Cediranib,
a potent inhibitor of VEGFR-1, 2, and 3 tyrosine kinases was
evaluated in a phase II study in patients with progressive
SCLC after one prior platinum-based regimen [19]. Among
25 patients enrolled in this study, nine had stable disease; none
had a confirmed partial response. The median PFS and OS
were 2 and 6 months respectively, the trial was terminated for
not meeting its predefined efficacy goal. A randomized phase
II trial evaluating vandetanib (VEGFR-2 and EGFR inhibitor)
in SCLC patients after objective response to first-line
platinum-based chemotherapy, showed no benefit in terms
of OS or PFS, when compared with placebo [20]. Two sepa-
rate phase II trials have evaluated maintenance sunitinib (in-
hibitor of platelet-derived growth factor receptor, VEGFR, c-
kit, FLT3, and RET) following first line platinum based che-
motherapy for patients with extensive-stage SCLC [21, 22].
Results were conflicting, one study demonstrated encouraging
I-year OS of 54 % and median time to progression of
7.6 months with rare grade 3/4 toxicity, whereas other study
concluded that sunitinib did not seem to increase efficacy after
response to chemotherapy and was associated with poor tol-
erance due to toxicity.

Clinical trial Regimen N ORR PFS (mos) OS (mos)
Concurrent with first line chemotherapy
ECOG 3501 [23] Cisplatin, Etoposide, Bevacizumab 63 64 % 4.7 10.9
CALGB 30306 [24] Cisplatin, Irinotecan, Bevacizumab 72 75 % 7.0 11.6
LUNO9O0 [25] Carboplatin, Irinotecan, Bevacizumab 51 84 % 9.1 12.1
SALUTE (Placebo Arm) [26] Cis/Carboplatin, Etoposide 50 48 % 4.4 10.9
SALUTE (Bev Arm) Cis/Carboplatin, Etoposide, Bevacizumab 52 58 % 55 94
Maintenance after first line chemotherapy
Spigel [22] Sunitinib following irinotecan and carboplatin 34 59 % 7.6 NA
Schneider [21] Sunitinib following platinum plus etoposide 16 87 % 6.2 8.2
Relapsed after first line chemotherapy
Ramalingam [19] Cediranib 25 0 % 2 6
SWOG 0435 [17] Sorafenib 38(S) 11 % 22 6.7
45 (R) 2% 2.0 53
Waterhouse [31] Topotecan plus bevacizumab 50 10 % 4.4 7.9
SWOG 0802 [32] (Arm A) Topotecan and aflibercept 50 2% 1.4 4.6
SWOG 0802 (Arm B) Topotecan alone 48 0 % 1.4 39
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Bevacizumab (BV), a monoclonal antibody targeting
VEGF pathway has been explored in three single-arm phase
II studies of BV and platinum-containing chemotherapy reg-
imens in patients with untreated extensive-stage SCLC. In the
ECOG (Eastern Cooperative Oncology Group) 3501 study of
BV plus cisplatin/etoposide, the ORR was 63.5 %, with
median PFS of 4.7 months and median OS of 10.9 months
[23]. In the CALGB 30306 study of BV plus cisplatin/
irinotecan, ORR was 75 %, with median PFS of 7.0 month
and median OS of 11.6 months [24]. In the LUN90
(Irinotecan, Carboplatin, Bevacizumab in the Treatment of
Patients With Extensive Stage Small Cell Lung Cancer) study,
ORR was 84 %, with median time to progression of
9.1 months and median OS of 12.1 months [25]. Based on
the encouraging efficacy observed in these single arm phase II
studies, a randomized, double-blind, placebo-controlled phase
II study SALUTE (A Study of Bevacizumab in Previously
Untreated Extensive-Stage Small Cell Lung Cancer) was con-
ducted, which showed improved PFS (5.5 months) but no
improvement in OS (9.4 months) [26].

Incidence of adverse events (AEs) in trials with combina-
tion of chemotherapy and BV in SCLC were similar to ex-
pected AEs known to be associated with chemotherapy and
BV containing regimens in other solid tumors. Although
rationale of combining chemotherapy with VEGFR tyrosine
kinase inhibitors appears promising, it has been associated
with significant toxicities across the tumor types. A random-
ized study of cediranib in combination with carboplatin and
paclitaxel in NSCLC was halted due to excessive toxicity
observed in the combination arm [27]. Combination of soraf-
enib 400 mg orally twice a day with capecitabine in patients
with HER2-negative advanced breast cancer was effective but
resulted in unacceptable toxicity for many patients [28]. Al-
though our study was designed with reduced dose of sorafenib
(200 mg orally twice a day) for the concurrent administration
with chemotherapy, it still resulted in unacceptable toxicity.

Given the disappointing results from the multiple clinical
trials of anti-angiogenic agents in SCLC, it is necessary to
identify predictive biomarkers that may lead to optimal utili-
zation of these agents. In the ECOG 3501 study, patients who
had high baseline vascular cell adhesion molecule (VCAM)
levels in plasma, had a higher risk of progression or death
[23]. Since this was a single-arm study, it could not be con-
cluded whether this was a prognostic marker or predictive for
combination of Bevacizumab with chemotherapy. BATTLE
trial in NSCLC showed that patients with k-ras mutation in the
tumor derived significant benefit from treatment with sorafe-
nib [29]; however this was not confirmed in recent phase III
MISSION trial, where k-ras mutation status was not predictive
of sorafenib efficacy in NSCLC patients receiving sorafenib
as third or fourth line treatment [30].

In conclusion, the combination of cisplatin, etoposide and
sorafenib has significant toxicity and is unlikely to be superior

to standard treatment with chemotherapy alone. Further inves-
tigation of sorafenib concurrent with chemotherapy at current
dose levels in the SCLC population is not recommended.
There is need for identification of biomarkers to select the
patient population likely to benefit with angiogenesis inhibi-
tors in the treatment of SCLC.
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