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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe the molecular mechanisms of action, safety profile, rationale for NSCLC treatment, and main current
evidence in NSCLC treatment using the multikinase inhibitors sorafenib and sunitinib.

2. Summarize the main clinical trials performed with sorafenib and sunitinib in the treatment of solid tumors.

3. Describe the clinical trials performed with sorafenib and sunitinib in NSCLC and suggest the future clinical
development of these two drugs in the treatment of NSCLC.
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ABSTRACT

Despite the optimization of chemotherapy regimens,
treatment outcomes for advanced non-small cell lung
cancer (NSCLC) are still considered to be disappoint-
ing. Thus, clinical research of new treatment strategies
is warranted. Several targeted agents have been intro-
duced into clinical trials in NSCLC, but to date, only a
few of these new agents can offer hope of a substantial
impact on the natural history of the disease. One of the
main reasons for the failure of several clinical trials of
targeted therapy in lung cancer is that there is multi-
level cross-stimulation among the targets of the new bi-
ological agents along several pathways of signal
transduction that lead to neoplastic events; blocking
only one of these pathways, as most first-generation tar-
geted agents do, allows others to act as salvage or escape
mechanisms for cancer cells. Sorafenib and sunitinib
are two oral multitargeted receptor tyrosine kinase in-
hibitors. Sorafenib is a multikinase inhibitor that inhib-

its the kinase activity of both C-RAF and B-RAF and
targets the vascular endothelial growth factor receptor
family (VEGFR-2 and VEGFR-3) and platelet-derived
growth factor receptor family (PDGFR- and stem cell
factor receptor [KIT]). Sunitinib is a multitargeted in-
hibitor of PDGFR, KIT, fms-like tyrosine kinase 3, and
VEGFR. The kinases targeted and inhibited by sor-
afenib and sunitinib directly and indirectly regulate tu-
mor growth, survival, and angiogenesis, and this might
be expected to result in broad antitumor efficacy. Sor-
afenib and sunitinib have been approved by the U.S.
Food and Drug Administration for the treatment of
metastatic renal cell carcinoma; sunitinib has also
been approved for the treatment of gastrointestinal
stromal tumors. Their mechanism of action, preclin-
ical data, and phase II studies suggest efficacy in the
treatment of advanced NSCLC. The Oncologist 2007;12:
191-200
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Sorafenib and Sunitinib in NSCLC

INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality
in both men and women [1], with 1.2 million new cases di-
agnosed worldwide every year and 1 million deaths being
recorded worldwide in 2001 [2]. Non-small cell lung cancer
(NSCLC) accounts for approximately 80% of all lung can-
cers. Most NSCLC patients present with advanced disease
at diagnosis, and a large percentage of those diagnosed with
early-stage disease eventually experience recurrence of
metastatic disease. For advanced disease, palliation and the
patient’s quality of life are still the primary goals of therapy,
with total cure remaining elusive.

Although chemotherapy has recently produced promis-
ing results as neoadjuvant and adjuvant strategies for early-
stage patients [3, 4] and some progress has been made in the
treatment of locally advanced and advanced disease [9, 6],
treatment outcomes for NSCLC are still very disappointing.
Thus, clinical research of new treatment strategies is war-
ranted. Several targeted agents have been introduced into
clinical trials in NSCLC, with many phase I and II studies
already completed and some phase III study results recently
becoming available [7-9]. To date, only a few of these new
agents offered hope of altering the natural history of the dis-
ease, and negative results are far more commonly reported
than positive ones. Nevertheless, clinically meaningful ad-
vances have already been achieved. In chemotherapy-re-
fractory advanced NSCLC patients, erlotinib (Tarceva®;
OSI Pharmaceuticals, Inc., Melville, NY), an epidermal
growth factor receptor tyrosine kinase inhibitor (EGFR-
TKI), represents a further possibility of tumor control and
symptom palliation for a subset of patients otherwise eligi-
ble for supportive care only [7]. In chemotherapy-naive ad-
vanced NSCLC patients (with nonsquamous histology), the
combination of the antivascular endothelial growth factor
monoclonal antibody bevacizumab (Avastin®; Genentech
Inc., South San Francisco, CA) with chemotherapy has
yielded better survival outcomes than chemotherapy alone
[8].

One of the main reasons for the failure of several clinical
trials evaluating targeted therapy in lung cancer is the exis-
tence of multilevel cross-stimulation among the targets of
the new biological agents along several pathways of signal
transduction that lead to neoplastic events; blocking only
one of these pathways allows others to act as salvage or es-
cape mechanisms for cancer cells. Preclinical evidence of
synergistic antitumor activity achievable by combining tar-
geted agents that block multiple signaling pathways has re-
cently emerged [10, 11]. The complexity of the signaling

process in general further supports the need to interfere at
different stages to avoid an escape mechanism for the cell.
Whether the multitarget approach can be accomplished
by using combinations of selective agents or specific agents
that intrinsically target various targets is a matter of debate
[12]. Combination trials are relatively easy only when the
compounds are all owned or licensed by one company.
Such a multitargeted strategy has recently been vali-
dated in a number of preclinical and clinical studies using
receptor tyrosine kinase (RTK) inhibitors with broad target
selectivity [13]. Sorafenib (Nexavar®; Bayer Pharmaceuti-
cals Corporation, West Haven, CT) and sunitinib (Sutent®;
Pfizer Inc., New York) are two multitargeted receptor ty-
rosine kinase inhibitors and among the most promising bi-
ologic agents in the treatment of metastatic solid tumors.

SORAFENIB AND SUNITINIB: MECHANISMS

OF ACTION

Many of the processes involved in tumor growth, progres-
sion, and metastasis are mediated by signaling pathways
initiated by activated RTKs [14]. RTKSs, such as vascular
endothelial growth factor receptor (VEGFR), platelet-de-
rived growth factor receptor (PDGFR), stem cell factor re-
ceptor (KIT), and fms-like tyrosine kinase 3 (FLT-3), are
expressed in malignant tissues and act in concert, playing
diverse and major roles in angiogenesis, tumor growth, and
metastasis [15]. RAS functions downstream of several
RTKs, and activation of RAS signaling pathways is an im-
portant mechanism by which human cancers develop [16].
Constitutive activation of the RAS pathways occurs
through mutational activation of the Ras oncogene or
downstream effectors of RAS [17]. RAS activation can also
be facilitated by overexpression of a variety of RTKSs, in-
cluding those for the EGFR, PDGFR, or VEGFR growth
factors [18—-20]. In this way, most human tumors, not just
those with RAS mutations, depend upon activation of the
RAS signal transduction pathways to achieve cellular pro-
liferation and survival [18]. RAS regulates several path-
ways that synergistically induce cellular transformation,
including the well-characterized RAF/mitogen-activated
protein kinase kinase (MEK)/extracellular signal-regulated
kinase (ERK) cascade. RAF kinases are serine/threonine
protein kinases that function in this pathway as downstream
effector molecules of RAS. RAS localizes RAF to the
plasma membrane, where RAF initiates a mitogenic kinase
cascade that ultimately modulates gene expression via the
phosphorylation of transcription factors [17], which can
have profound effects on cellular proliferation and tumori-
genesis. The RAF kinase family is composed of three mem-
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Figure 1. Sorafenib and sunitinib have targets in both the tumor cell and the tumor vasculature, thus inhibiting both tumor growth
and angiogenesis. Abbreviations: FLT-3, fms-like tyrosine kinase 3; KIT, stem cell factor receptor; PDGFR, platelet-derived
growth factor receptor; VEGFR, vascular endothelial growth factor receptor.

bers: A-RAF, B-RAF, and RAF-1 (also termed C-RAF).
B-RAF is reportedly mutated in 70% of malignant melano-
mas [21], in 33% of papillary thyroid carcinomas [22], and
in lower frequencies in other cancers [23]. Recent evidence
suggests that RAF-1 and B-RAF participate in the regula-
tion of endothelial apoptosis and, therefore, angiogenesis, a
process essential for tumor development and metastasis
[24, 25]. Activating mutations in RAS and B-RAF have
been identified in several human cancers. In addition, sev-
eral RTKSs acting upstream of RAS are either mutated or
overexpressed in human tumors. Because oncogenic acti-
vation of the RAS/RAF pathway may lead to a sustained
proliferative signal resulting in tumor growth and progres-
sion, inhibition of this pathway represents an attractive ap-
proach for cancer drug discovery.

Angiogenesis is a tightly regulated multistep process
that involves the interaction of multiple growth factors ex-
pressed as multiple isoforms, including VEGFs, basic fi-
broblast growth factor, and PDGFs. VEGF also regulates
vascular permeability [26]. Vessel stabilization through
pericyte recruitment and maturation is primarily driven by
PDGF [27]. Several antiangiogenic agents are currently be-
ing investigated in clinical trials; however, because of the
complex interactions between tumor cells, the invading
stroma, and new blood vessels, a therapeutic agent targeting
a single molecular entity might have limited efficacy across
a spectrum of tumor types [28]. In addition to their direct
role in tumor cell growth and survival, several split-kinase
domain RTKs, namely the VEGF receptors and PDGFR-f3,
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play prominent roles in tumor neoangiogenesis [17]. VEGF
produced by tumor cells and associated stromal cells acts on
endothelial cells, directly promoting their proliferation, mi-
gration, invasion, and survival, all critical facets of angio-
genesis [19]. PDGFR-f3 is expressed on pericytes, smooth
muscle cells that provide mechanical support to vascula-
ture, and tumor neovasculature [20]. PDGFR-f is also ex-
pressed on fibroblasts in the tumor stromal compartment;
these fibroblasts are important sources of VEGF and other
growth factors [22]. Recent data suggest that combined
pharmacological disruption of Flk-1/KDR and PDGFR-f3
signaling results in profound antiangiogenic effects [23].

Thus, the signaling cascades generated by the split-
kinase domain RTKSs described above (the VEGF receptors
Flk-1/KDR and Flt-1, the PDGF receptors PDGFR-« and
PDGFR-8, KIT, and FLT-3) directly and indirectly regu-
late tumor growth, survival, and angiogenesis. Inhibiting
these targets in concert might be expected to result in broad
antitumor efficacy.

Sorafenib (BAY 43-9006) is an oral multikinase inhib-
itor that inhibits the kinase activity of both C-RAF and B-
RAF and targets the vascular endothelial growth factor
receptor family (VEGFR-2 and VEGFR-3) and platelet-
derived growth factor receptor family (PDGFR-f and Kit)
[29]. Sorafenib inhibits MEK and ERK phosphorylation in
various cancer cell lines and tumor xenografts and exhib-
ited potent oral antitumor activity in a broad spectrum of
human tumor xenograft models [29]. Together, these data
suggest that sorafenib may inhibit tumor growth by a dual
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mechanism, acting either directly on the tumor (through in-
hibition of Raf and Kit signaling) and/or on tumor angio-
genesis (through inhibition of VEGFR and PDGFR
signaling).

Sunitinib (SU11248) is a novel small molecule, an
orally selective multitargeted RTK inhibitor that exhibits
direct antitumor activity against tumor cells dependent
upon signaling through PDGFR, KIT, FLT-3, or VEGFR
for proliferation and survival in addition to antiangiogenic
activity through its potent inhibition of VEGFR and
PDGFR signaling [30] (Fig. 1). In mouse xenograft models,
SU11248 exhibits broad and potent antitumor activity,
causing regression, growth arrest, or substantially reduced
growth of various established xenografts derived from hu-
man or rat tumor cell lines [31]. Table 1 summarizes the
mechanisms of action of both drugs.

SORAFENIB AND SUNITINIB IN THE TREATMENT OF
RENAL CELL CARCINOMA, GASTROINTESTINAL
STROMAL TUMOR, AND

HEPATOCELLULAR CARCINOMA

Sorafenib

Phase I studies of sorafenib, involving 163 patients treated
with different continuous oral-dosage schedules, identified
400 mg twice daily as the recommended phase II dose [32,
33]. Preliminary data from these studies suggested that sor-
afenib was associated with clinically durable stabilization
of previously progressive disease in patients affected by re-
fractory solid tumors (mostly renal carcinoma). A large
phase II randomized discontinuation trial was conducted
with sorafenib (400 mg orally twice daily) in patients with
various types of tumors. Results have been reported for 202
patients with advanced renal cell carcinoma [34]. After a
12-week induction phase, 65 patients had stable disease and
were randomized to remain on sorafenib (n = 32) or to take
placebo (n = 33). The median progression-free survival
(PES) time after randomization was longer with sorafenib
than with placebo (24 vs. 6 weeks; hazard ratio [HR] =
0.29; p = .0087). The toxicity profile was acceptable, with
rash, hand-foot skin reaction, fatigue, and hypertension re-
sponsive to standard medications. A subsequent random-
ized, placebo-controlled, phase III trial called TARGET
(Treatment Approaches in Renal Cancer Global Evaluation
Trial) confirmed the efficacy of sorafenib in cytokine-
refractory advanced renal carcinoma patients [35]. Patients
enrolled in this trial had received a prior systemic therapy (a
cytokine-based regimen) in the prior 8 months. The median
PFS times were 24 weeks for sorafenib versus 12 weeks for
placebo (HR = 0.44; p < .00001). The 12-week progres-
sion-free rate was 79% for sorafenib versus 50% for pla-
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cebo. Sorafenib showed a favorable safety profile, with
manageable side effects. The main adverse events were
rash (31% any grade, 1% grade 3/4), hand-foot skin reac-
tions (26% any grade, 5% grade 3/4), alopecia (23% any
grade, 0% grade 3/4), diarrhea (30% any grade, 1% grade
3/4), nausea (14% any grade, 1% grade 3/4), fatigue (18%
any grade, 2% grade 3/4), and hypertension (8% any grade,
1% grade 3/4). A prospectively planned interim overall sur-
vival analysis reflecting the crossover impact of placebo pa-
tients was then presented [36]. A total of 903 patients were
randomized (451 to sorafenib, 452 to placebo), and more
than 200 placebo patients crossed over to sorafenib. The
median overall survival was 19.3 months for sorafenib ver-
sus 15.9 months for placebo (HR = 0.77; 95% confidence
interval [CI], 0.63-0.95; p = .015). With censoring of
crossover data, the median overall survival was 19.3
months for sorafenib versus 14.3 months for placebo
(HR = 0.74;95% CI, 0.58-0.93; p = .010). The lower HR
observed after censoring placebo patients crossed over to
sorafenib suggests a continued beneficial effect of
sorafenib.

Based on these results, the U.S. Food and Drug Admin-
istration (FDA) announced the approval of sorafenib for pa-
tients with advanced renal cancer in December 2005.
Moreover, the European Commission recently granted or-
phan medicinal product status to sorafenib for the treatment
of hepatocellular carcinoma [37]. This approval is based on
a recommendation from the European Medicines Agency
and data from a phase II, single-agent study. In that trial,
137 patients received continuous, oral sorafenib (400 mg)
twice daily in 4-week cycles. On the basis of independent
assessments, 3 (2.2%) patients achieved a partial response,
8 (5.8%) had a minor response, and 46 (33.6%) had stable
disease for at least 16 weeks. Investigator-assessed median
time-to-progression (TTP) was 4.2 months, and median
overall survival was 9.2 months. Grade 3 and 4 drug-related
toxicities included fatigue (9.5%), diarrhea (8.0%), and
hand-foot skin reaction (5.1%); 43% of patients treated
with sorafenib experienced stable disease for at least 4
months, and an additional 9% of patients experienced tu-
mor shrinkage [38]. Recently, a phase IlI clinical trial eval-
uating the efficacy of sorafenib versus placebo in
hepatocellular carcinoma has concluded enrollment; data
are pending. Moreover, sorafenib recently showed in phase
II trials promising preliminary antitumor activity against
melanoma in combination with chemotherapy (dacarbazine
and temozolomide) [39, 40]. Phase III trials of sorafenib
plus chemotherapy in the treatment of metastatic melanoma
are ongoing.
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Table 1. Sorafenib and sunitinib: Mechanisms of action

PDGFR, VEGFR

Agent Molecular targets Action

Sorafenib C-RAF, B-RAF, KIT Inhibition of tumor growth
VEGFR-2,VEGFR-3, PDGFR-f3 Inhibition of angiogenesis

Sunitinib KIT, FLT-3 Inhibition of tumor growth

Inhibition of angiogenesis

Abbreviations: FLT-3, fms-like tyrosine kinase 3; PDGFR, platelet-derived growth factor receptor; KIT, stem cell factor
receptor; VEGFR, vascular endothelial growth factor receptor.

Sunitinib

In phase I clinical studies, the recommended dose of
sunitinib was found to be 50 mg orally once daily for 4
weeks, followed by 2 weeks off, in a repeated 6-week cycle
[41, 42]. Pharmacokinetic data indicated good oral absorp-
tion and a long half-life (~40 hours) for this agent. Prom-
ising activity in patients with renal cancers was observed.
Using this schedule, a multicenter, phase II clinical trial was
conducted to assess the clinical activity and safety of
sunitinib as second-line therapy for patients with metastatic
renal cancer who progressed after one prior cytokine ther-
apy [43]. Twenty-five (40%) of 63 patients treated with
sunitinib achieved a partial response, and 17 additional pa-
tients (27%) demonstrated stable disease. The median TTP
was 8.7 months (95% CI, 5.5-10.7), whereas the median
survival time was 16.4 months (95% CI, 10.8 —not yet at-
tained). The most common adverse event was fatigue,
which was categorized as grade 3 in seven patients (11%).
These results were particularly noteworthy when compared
with those of prior studies of second-line therapy in meta-
static renal cancer and sustained the rationale of a phase III
trial of sunitinib versus interferon-a (IFN-«) as first-line
treatment of metastatic renal cancer [44]. In this trial, un-
treated patients with metastatic renal cell carcinoma were
randomized 1:1 to receive sunitinib (6-week cycles: 50 mg
orally once daily for 4 weeks followed by 2 weeks off) or
IFN-a (6-week cycles: 9-million unit subcutaneous injec-
tion given three times weekly). The primary endpoint was
PFS. Secondary endpoints included objective response rate,
overall survival, and adverse events. Seven hundred fifty
patients were randomized: 375 to sunitinib, 375 to IFN-a.
Median PFS assessed by third-party independent review
was 47.3 weeks (95% CI, 40.9-not yet attained) for
sunitinib versus 24.9 weeks (95% CI, 21.9-37.1) for IFN-«
(HR =0.394;95% CI, 0.297-0.521; p < .000001). The ob-
jective response rate by third-party independent review was
24.8% (95% CI, 19.7-30.5) for sunitinib versus 4.9% (95%
CI, 2.7-8.1) for IFN-a (p < .000001). The objective re-
sponse rate by investigator assessment was 35.7% (95% CI,
30.9-40.8) for sunitinib versus 8.8% (95% CI, 6.1-12.1)
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for IFN-« (p < .000001). Eight percent withdrew from the
study because of adverse events on the sunitinib arm versus
13% on the IFN-a arm. These results demonstrate a statis-
tically significant improvement in PFS and objective re-
sponse rate for sunitinib over IFN-« in first-line treatment
of patients with metastatic renal cell carcinoma.

In addition to targeting VEGFRSs, sunitinib targets c-Kit,
which is often expressed in gastrointestinal stromal tumors
(GISTs); thus, it is a good candidate for the treatment of this
disease. In a phase I/II study conducted in 97 patients with
progressive, metastatic GISTs refractory to imatinib mesy-
late, sunitinib induced clinical benefit in 65% of patients,
with an 8% partial response rate and 58% stable disease rate
[45]. A phase III, multicenter, randomized, double-blind,
placebo-controlled trial definitively demonstrated the effi-
cacy of sunitinib in the treatment of imatinib-resistant pa-
tients with GIST [46, 47]. Sunitinib was administered at 50
mg per day in 6-week cycles (4 weeks on treatment, 2
weeks off). In this trial, treatment was unblinded after pro-
gression, and patients who had received placebo were
crossed over to sunitinib therapy. Sunitinib treatment re-
sulted in a more than fourfold-longer median TTP (6.3 vs.
1.5 months with placebo; HR = 0.335; p < .00001) and a
statistically significant longer overall survival time (HR =
0.491; p = .00674). The survival benefit for sunitinib may
have been underestimated as a result of the crossover of pa-
tients from placebo to active treatment. Sunitinib was gen-
erally well tolerated with manageable toxicities: fatigue,
diarrhea, sore mouth, skin discoloration, and hypertension.
Sunitinib therapy induced partial responses in 14 patients
(6.8%) and durable stable disease (=22 weeks) in 36 pa-
tients (17.4%) versus 0% partial response and stable disease
=22 weeks in 2 patients (1.9%) on placebo. Four of nine
imatinib-intolerant patients achieved partial response with
sunitinib therapy versus zero of four imatinib-intolerant pa-
tients treated with placebo. In conclusion, sunitinib signif-
icantly prolonged TTP and overall survival in GIST
patients for whom imatinib therapy had failed because of
resistance or intolerance. This trial is relevant for targeted
therapies in oncology because it demonstrated a major clin-
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ical benefit from a multitargeted tyrosine kinase inhibitor in
patients resistant to a different kinase inhibitor. In consid-
eration of these positive results, in January 2006, the FDA
announced the approval of sunitinib malate for patients
with advanced renal cell carcinoma and with GIST after
disease progression or intolerance to imatinib mesylate.

SORAFENIB AND SUNITINB IN THE TREATMENT OF
NSCLC

Sorafenib

Sorafenib may prove particularly active against NSCLC
because the proliferation signaling of the Ras/Raf/MEK/
ERK pathway is increased in NSCLC due to an increase
in K-ras mutations [48]. Sorafenib showed preclinical
activity against NSCLC cell lines. Combined with agents
used to treat NSCLC (vinorelbine, cisplatin, and ge-
fitinib), it has demonstrated a delay in tumor growth in
preclinical models of NSCLC [49]. In fact, Carter et al.
[49] demonstrated that concurrent administration of sor-
afenib with vinorelbine, cisplatin, or gefitinib is at least
as efficacious (in terms of tumor growth delay) as the in-
dividual agents alone, with no increase in toxicity. These
data support the inclusion of sorafenib in clinical trials in
NSCLC employing combinations of both cytotoxic and
cytostatic agents.

Liu et al. [50] initiated a single-agent sorafenib trial
in patients with relapsed NSCLC to assess clinical re-
sponse and translational endpoints in tumor biopsies.
This phase II trial used a two-stage design targeting an
objective response rate that can rule out 5% in favor of a
more desirable 20% response rate. Patients with recur-
rent NSCLC Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0—1 with measur-
able disease who had received only one prior chemother-
apy regimen were enrolled. Sorafenib was administered
at 400 mg twice daily continuously on a 28-day cycle.
Dynamic contrast-enhanced magnetic resonance imag-
ing (DCE-MRI) and tumor biopsy were performed be-
fore cycle 1 and at cycle 1, day 15 to study early changes
in tumor vascularity and translational endpoints. Six pa-
tients were evaluable for toxicity and five for response.
Best responses included one partial response with 41%
tumor reduction at week 8 that remained in partial re-
sponse until week 28; one partial response (uncon-
firmed) observed at week 3; and two having stable
disease (16 and 19 weeks, respectively) and one progres-
sive disease after 8 weeks of treatment. All skin toxicities
were grade 1 or grade 2 and responded to temporary
withdrawal of sorafenib and supportive care. Grade 2 hy-
pertension occurred in one patient (Table 2). Regarding

Sorafenib and Sunitinib in NSCLC

DCE-MRI results, one patient on cycle 1, day 15 showed
decrease in permeability parameters and tumor size;
DCE-MRI from the other two patients (one progressive
disease, one stable disease for 16 weeks) showed no de-
crease in the permeability parameters. These data sug-
gested sorafenib was well tolerated and active against
relapsed NSCLC. Preliminary evidence of objective re-
sponse was deemed to warrant second-stage accrual.

Gatzemeier et al. [51] performed a multicenter, un-
controlled, phase II trial that evaluated efficacy and
safety of sorafenib (400 mg twice daily, continuous) in
patients with relapsed or refractory advanced NSCLC.
Plasma for proteomic biomarker analysis (enzyme-
linked immunosorbent assay [ELISA] [n = 44]; mass
spectrometry [n = 43]) was obtained at screening, day 21
of cycle 1, and day 1 of cycle 3; 52 of 54 patients enrolled
received sorafenib. Most (49/52) patients who received
sorafenib had stage IV NSCLC; 30 patients (59%) of 51
evaluable for efficacy had stable disease. Although there
were no confirmed partial responses, tumor shrinkage
was observed in 15 (29%) patients (4 had =30% shrink-
age). Patients with stable disease had a median PFS of
23.7 weeks, whereas all evaluable patients (n = 51) had
a median PFS of 11.9 weeks and median overall survival
of 29.3 weeks. The most frequent drug-related adverse
events observed in 52 patients included diarrhea (21 pa-
tients [40%]), hand-foot skin reaction (19 patients
[37%]), and fatigue (14 patients [27%]). Grade 3 hyper-
tension occurred in two patients (4%) (Table 2). Three
patients discontinued treatment because of adverse
events (hand-foot skin reaction, elevated lipase, and
myocardial infarction). There were nine deaths within 30
days of discontinuation of sorafenib (five for progressive
disease, two for cardiopulmonary arrest, one for hemop-
tysis, and one for unknown causes). The levels of five
proteins measured by ELISA, either at screening or
change over treatment duration, correlated significantly
with TTP or maximum tumor shrinkage. Levels of five
additional proteins, identified by mass spectrometry,
also correlated with TTP. The authors concluded that
identified biomarkers may help assess efficacy of sor-
afenib in NSCLC patients and that 400 mg of sorafenib
twice daily is generally well tolerated and shows efficacy
in patients with advanced, progressive NSCLC, with ap-
proximately 60% of patients achieving disease stabiliza-
tion.

In a multicenter, international, single-arm phase II
study, Gondek et al. [52] evaluated the impact of sor-
afenib in the treatment of advanced NSCLC on patients’
health-related quality of life (HRQL) and symptoms.
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Table 2. Safety profile of sorafenib and sunitinib in phase II studies on non-small cell lung cancer

related rash (5/6 pts),
hand-foot syndrome
(6/6 pts),
keratoacanthoma (1/6
pts), vasculitis (1/6
pts), grade 2
hypertension (1/6
pts)

Gatzemeier et al. [S1] Sorafenib Diarrhea (40%), hand-
foot skin reaction
(27%), fatigue
(27%), nausea (25%)

Sunitinib  Asthenia/fatigue
(68%), anorexia
(40%), dyspnea
(37%), cough (35%),
nausea (33%),
mucositis (32%),
dysgeusia (25%),
diarrhea (21%),
vomiting (19%),
constipation (19%)

Socinski et al. [53]

Reference Drug Grade 1/2 toxicities Grade 3/4 toxicities Grade 5 toxicities
Liu et al. [50] Sorafenib Grade 1/2 skin toxicity: Grade 3 anemia (1/6 pts),
acne-like drug- hyponatremia (2/6 pts),

nausea (1/6 pts); no
grade 4 toxicities
occurred

Hand-foot skin reaction
(10%), hypertension
(4%)

Fatigue/asthenia (21%),
nausea (7%), vomiting
(7%), abdominal pain
(7%), hypertension
(5%)

Pulmonary hemorrhage (2/63 pts),
cerebral hemorrhage (1/63 pts)

Abbreviation: pts, patients.

HRQL was measured by the Functional Assessment of
Cancer Therapy-Lung questionnaire. The authors re-
ported that sorafenib did not adversely impact patient-
reported outcomes in function and symptom response
during the treatment period.

Sunitinib

Socinski et al. [53] reported the initial data of an open-
label, two-stage, multicenter phase II trial evaluating the
single-agent activity of sunitinib in refractory NSCLC.
Eligibility criteria included confirmed diagnosis of
NSCLC, ECOG PS of 0-1, no recent gross hemoptysis,
no brain metastases, patients previously treated with one
to two chemotherapy regimens, and adequate end-organ
function. Patients received sunitinib at 50 mg per day
p.-o. for 4 weeks followed by 2 weeks off treatment (6
weeks considered a cycle). A total of 64 patients were
enrolled, and 63 patients were treated. To date, 63 pa-
tients have started cycle 1, 46 cycle 2, 22 cycle 3, 6 cycle
4, and 1 cycle 5. Grade 3/4 toxicities included fatigue/
asthenia (21%) and hypertension (5%). Most toxicities
were grade 1/2 and included asthenia/fatigue (68%) and
anorexia (40%). Grade 5 toxicities included pulmonary
hemorrhage (two patients) and cerebral hemorrhage (one
patient) (Table 2). Thus far, six confirmed partial re-
sponses have been observed among 63 treated patients
(9.5%; 95% CI, 3.6-19.6). Stable disease was observed
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in an additional 27 patients (43%). A progression-free
survival of 11.3 weeks and median overall survival of
23.9 weeks were reported. The authors concluded that
sunitinib has provocative single-agent activity and is
well tolerated in previously treated patients with recur-
rent and advanced NSCLC, with the level of activity sim-
ilar to currently approved agents. The trial is being
extended to explore a continuous dosing strategy of
sunitinib at 37.5 mg/day p.o. As mentioned above, three
hemorrhage-related deaths were reported in this study.
The pulmonary events occurred in two patients with
squamous cell carcinoma (22% of the patients enrolled
in this study had squamous histology). In the near fu-
ture, it will be interesting to compare the potential for
hemorrhagic toxicity, including the class effect of bleed-
ing/thrombosis, sunitinib, and sorafenib versus bevaci-
zumab. Such a comparison will clarify whether the future
development of sorafenib and sunitinib in NSCLC will
be limited to nonsquamous NSCLC as for the other an-
giogenesis inhibitor bevacizumab [8].

FUTURE CLINICAL DEVELOPMENT OF SORAFENIB
AND SUNITINIB IN THE TREATMENT OF ADVANCED
NSCLC

Future clinical development of sorafenib and sunitinib in
the treatment of advanced NSCLC includes combination
with chemotherapy, combination with other targeted
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therapies, and single-agent therapy. Two separate ran-
domized phase III trials of sorafenib plus chemothera-
pyversus chemotherapy alone are ongoing—one with
carboplatin plus paclitaxel as the chemotherapy regimen,
the other with cisplatin plus gemcitabine. A National
Cancer Institute-sponsored ECOG trial of single-agent
sorafenib in previously treated patients with NSCLC is
ongoing. This is a large, randomized discontinuation
study. Moreover, several other phase I/II studies are on-
going with sorafenib combined with various chemother-
apeutic (irinotecan, dacarbazine, and gemcitabine) or
molecularly targeted (gefitinib) agents in advanced solid
tumors to maximize the therapeutic potential of the drug
[54-58]. Specifically, a phase I study of sorafenib plus
gefitinib, an EGFR-TKI, demonstrated that sorafenib
and gefitinib could be combined at full dose, 400 mg
twice daily, and 250 mg daily [56]. A phase I study of
sorafenib and erlotinib performed on 17 patients with ad-
vanced solid tumors showed that the recommended dose
for a phase II trial was 400 mg twice daily for sorafenib
and 150 mg/day for erlotinib, corresponding to the full
recommended doses of both agents, with acceptable tox-
icity [59]. Our group recently launched a phase II ran-
domized trial of sorafenib plus gemcitabine and
sorafenib plus erlotinib in advanced NSCLC elderly pa-
tients (>70 years) or with a PS of 2. Given the positive
results obtained with bevacizumab in the treatment of ad-
vanced NSCLC, both combined with chemotherapy and
with erlotinib [8, 9], the combination of bevacizumab
with sorafenib or sunitinib is of great interest. Azad et al.
[60] performed a phase I dose-escalation study with the
combination of sorafenib and bevacizumab in the treat-
ment of advanced solid tumors. The authors theorized
that combining the two agents would have synergistic
therapeutic effects. In this trial, the combination of sor-
afenib and bevacizumab seemed to increase both clinical
effect and toxicity at recognized single-agent doses. The
suggested schedule for further study features 200 mg of
sorafenib twice daily on days 1-5 for 1 week and 5 mg/kg
bevacizumab for 2 weeks.

A possible future clinical development of sunitinib may
be in bevacizumab-resistant NSCLC. Some interesting data
have recently been reported for metastatic renal cell carci-
noma. The activity of sunitinib in patients refractory to
VEGF-binding agents such as bevacizumab has been eval-
vated in a phase II study conducted in bevacizumab-refrac-
tory metastatic renal cell carcinoma [61]. It was
hypothesized that tumor resistance to bevacizumab might
be driven, in part, through pathways sensitive to inhibition
by sunitinib. Thirty-two of 60 patients enrolled were evalu-
able for response; 28 patients were too early for assessment.

Sorafenib and Sunitinib in NSCLC

Twenty-six patients (81%) demonstrated some degree of
tumor shrinkage, including four patients (13%; 95% CI,
4-29) who demonstrated an objective partial response.
Thus, sunitinib has substantial antitumor activity in bevaci-
zumab-refractory metastatic renal cell carcinoma patients,
suggesting that sunitinib may inhibit signaling pathways in-
volved in bevacizumab resistance. The precise mechanisms
of response to sunitinib in bevacizumab-refractory tumors
will require additional studies.

A very interesting preclinical model recently proposed
has suggested a possible clinical development of sunitinib
in the treatment of solid tumors, including NSCLC. Seeking
to improve efficacy against otherwise intractable end-stage
pancreatic islet tumors, two receptor tyrosine kinase inhib-
itors, imatinib and sunitinib, were used to disrupt PDGFR-
mediated pericyte support of tumor endothelial cells in
concert with maximum-tolerated dose (MTD) or metro-
nomic chemotherapy and/or VEGFR inhibition [62]. Ima-
tinib, despite equivocal efficacy as monotherapy, reduced
pericyte coverage of tumor vessels and enhanced efficacy
in combination with metronomic chemotherapy or VEGFR
inhibition. A regimen involving all three proved even more
effective. The MTD using cyclophosphamide caused tran-
sitory regression but then rapid regrowth in contrast to met-
ronomic cyclophosphamide plus imatinib, which produced
stable disease. The MTD regimen elicited apoptosis of tu-
mor cells but not endothelial cells, whereas the other regi-
mens increased endothelial cell apoptosis concordant with
efficacy. A “chemo-switch” protocol, involving sequential
MTD and then metronomic chemotherapy, overlaid with
multitargeted inhibition of PDGFR and VEGFR, yielded
complete responses and unprecedented survival advantage
in this model. This study demonstrates a potentially tracta-
ble clinical strategy in a stringent preclinical model,
wherein standard-of-care chemotherapy is followed by a
novel maintenance regimen: PDFGR is targeted to disrupt
pericyte support, whereas metronomic chemotherapy
and/or VEGFR inhibitors target sensitized endothelial
cells, collectively destabilizing pre-existing tumor vascula-
ture and inhibiting ongoing angiogenesis.

CONCLUSION

Lung cancer is a heterogeneous disease with multiple mu-
tations. It is unlikely that any one signaling pathway is driv-
ing the oncogenic behavior of tumors. With the exception
of rare cancers in which growth can depend upon a single
factor, selective targeted agents seem to have limited sin-
gle-agent activity. This is fully in line with the concept that
for most tumors there are multiple factors driving tumor
growth. Future drug development should focus on some-
what lessening selectivity. Simultaneous targeted inhibi-
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tion of multiple signaling pathways could be more effective
than inhibiting a single pathway in cancer therapies and
specifically in NSCLC treatment. The multikinase inhibi-
tors sorafenib and sunitinib can offer multiple targeted ac-
tion with single-agent therapy; they have already
demonstrated efficacy and safety in the treatment of meta-
static renal cell carcinoma and GIST, and their mechanism
of action and preclinical data in phase II trials available to
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date suggest that they may also play a major role in the treat-
ment of NSCLC in the near future.
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