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Abstract Targeted therapies against cancer
have become more and more important. In par-
ticular, the inhibition of tumor angiogenesis and
vascular targeting have been the focus of new
treatment strategies. Numerous new substances
were developed as angiogenesis inhibitors and
evaluated in clinical trials for safety, tolerance,
and efficacy. With positive study results, some
of these molecules have already been approved
for clinical use. For example, this is true for the
vascular endothelial growth factor neutralizing
antibody bevacizumab (BEV) in metastatic col-
orectal cancer, nonsmall cell lung cancer, renal
cancer, and breast cancer. The tyrosine kinase
(TK) inhibitors sorafenib and sunitinib have
been approved for metastatic renal cancer as
well as for hepatocellular carcinoma, and suni-
tinib has also been approved for gastrointestinal
stroma tumors. In this chapter we try to give an
overview of the substances currently investi-
gated in Phase III studies and beyond with
regard to antiangiogenesis in cancer therapy.
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9.1
Introduction

Besides surgery and radiation, chemotherapy has
been the cornerstone of cancer treatment for
decades. Over the past ten years, a new genera-
tion of substances has come into focus targeting
molecular pathways in the malignant cell itself
or in cells supporting tumor growth, more spe-
cifically. For example, strategies aiming at tumor
angiogenesis have been extensively studied, fol-
lowing observations that the growth and metas-
tasis of tumors depend on the development of
vascular supply. This research led to the isolation
of an array of mediators that are capable of inhib-
iting tumor angiogenesis. Possibly the most piv-
otal positive regulator of angiogenesis is vascular
endothelial growth factor (VEGF). Strategies to
either block binding of VEGF to its receptors or
to block intracellular signaling events in the
downstream cascade represent the basis of many
new developments in antiangiogenic cancer
therapy (Ferrara et al. 2003).

During the 1990s, the first angiogenesis
inhibitors entered clinical trials for cancer ther-
apy. The first drug in this class that was granted
approval by the Food and Drug Administration
(FDA) in the United States was the anti-VEGF
antibody BEV in 2004 (Ferrara et al. 2004).
Soon, broad-spectrum receptor tyrosine kinase
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(TK) inhibitors (RTKI) targeting the VEGF/
VEGEFR pathway followed in clinical develop-
ment. The idea behind the development of these
compounds was partly based on the rather mod-
est activity of the BEV when used as monother-
apy, giving a rationale for higher efficacy when
aiming at more than one target. In fact, most
agents currently investigated in clinical studies
work by mechanisms illustrated in Fig. 9.1. By
now at least the RTKIs sorafenib and sunitinib
are also approved for treatment of certain can-
cers, and more than 40 other drugs that were
preclinically screened and selected for their anti-
angiogenic activity are listed in clinical trials of
the National Cancer Institute’s (NCI) database.

VEGF-TRAP

Signal Transduction

Fig. 9.1 Therapeutic strategies to target the VEGF/
VEGF receptor (VEGFR) system. (a) Tumors secrete
VEGF in response to hypoxia, VEGF binds to
VEGFR-2 on endothelial cells, thereby switching
on the intracellular tyrosine kinase (TK) activity.
Subsequent signal transduction steps promote pro-
liferation, migration, invasion and tumor angiogen-
esis. Downregulation of VEGF secretion on the
tumor side can be achieved by antagonists of the
Epidermal Growth Factor Receptor (EGFR) and

This chapter summarizes some of the sub-
stances currently approved or investigated as
antiangiogenic cancer drugs in Phase III studies
and beyond.

9.1.1
Anti-VEGF Antibody (Bevacizumab, Avastin™)

The humanized monoclonal anti-VEGF anti-
body BEV is the first VEGF targeting drug
which has been officially approved for cancer
therapy (Ferrara et al. 2004). In particular, BEV
is approved, in combination with intravenous
S-fluorouracil-based (5-FU) chemotherapy, for

other “accidental” antiangiogenic drugs. (b) VEGF-
TRAP (Aflibercept), fusion protein of the second
1gG domain of VEGFR-1, the third IgG domain of
VEGFR-2 and the Fc region of human IgG func-
tions as decoy receptor. (¢) Mab against VEGF
(bevacizumab; Avastin™) prevents binding to
VEGFR. (d) Small molecule Receptor tyrosine
kinase inhibitors (RTKI) suppress kinase activity of
VEGFR after VEGF binding; e.g., sorafenib, suni-
tinib, axitinib, vatalanib, vandetanib, cediranib
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first- or second-line treatment of patients with
metastatic carcinoma of the colon or rectum and
in combination with carboplatin and paclitaxel
for the first-line treatment of patients with unre-
sectable, locally advanced, recurrent, or meta-
static nonsquamous nonsmall cell lung cancer
(NSCLC). Furthermore, it has been approved in
combination with paclitaxel for first-line treat-
ment of patients with metastatic breast cancer
and in combination with interferon a.-2a for first-
line treatment of patients with advanced and/or
metastatic renal cell cancer (RCC). The original
FDA approval for BEV in 2004 was based on
data from a large, placebo-controlled, random-
ized study demonstrating prolongation in the
median survival of patients with metastatic col-
orectal cancer (CRC) treated with BEV in addi-
tion to a combination chemotherapy regimen
containing 5-FU, Leucovorin, and Irinotecan
(IFL) by approximately five months, compared
to patients treated with the IFL chemotherapy
regimen alone (20.3 vs. 15.6 months). At that
time, this study represented one of the largest
improvements in survival ever reported in a ran-
domized, Phase III study of patients with meta-
static CRC (Hurwitz et al. 2004). The following
approval for second-line therapy was based on
results of a randomized, controlled, multicenter
Phase III trial (E3200) of 829 patients with
advanced or metastatic CRC who had received
previous treatment with irinotecan and 5-FU as
initial therapy for metastatic disease or as adju-
vant therapy (Giantonio et al. 2007). In detail, it
could be shown that patients who received BEV
plus the 5-FU-based chemotherapy regimen
known as FOLFOX4 (oxaliplatin/5-FU/leuco-
vorin) had a 33% improvement in overall sur-
vival (OS), compared to patients who received
FOLFOX4 alone (hazard ratio (HR) 0.75).
Median OS for patients receiving BEV plus
FOLFOX4 was 13.0 months, compared to 10.8
months for those receiving FOLFOX4 alone.
The third approval and first in another cancer
type was based on results from E4599, a ran-
domized, controlled, multicenter trial that
enrolled 878 patients with unresectable, locally

advanced, recurrent, or metastatic nonsquamous
NSCLC (Sandler et al. 2006). Results showed
that patients receiving BEV plus paclitaxel and
carboplatin chemotherapies had a 25% improve-
ment in OS, the trial’s primary end point, com-
pared to patients who received chemotherapy
alone (hazard ratio (HR) 0.80). One-year sur-
vival was 51% in the BEV arm vs. 44% in the
chemotherapy-alone arm. Median OS of patients
treated with BEV plus chemotherapy was 12.5
months, compared to 10.2 months for patients
treated with chemotherapy alone. Notably, a
pilot study including NSCLC patients with
squamous histology prior to E4599 showed an
increased death rate in the BEV arm due to fatal
pulmonal hemorrhages, leading to exclusion of
this subtype for further studies (Johnson et al.
2004). Subsequently, BEV has been approved in
first-line therapy of metastatic breast cancer,
which was based on an improvement in progres-
sion-free survival (PFS) only. In this study 722
patients who had not received chemotherapy for
locally recurrent or metastatic breast cancer were
randomized to receive either paclitaxel alone or
in combination with BEV (Miller et al. 2007).
The addition of BEV to paclitaxel resulted in an
improvement in PFS (11.3 vs. 5.8 months;
»<0.0001) with no significant improvement in
OS (26.5 vs. 24.8 months; p=0.14). Partial
response (PR) rates in patients with measurable
disease were higher with BEV plus paclitaxel,
but no complete responses (CR) were observed.
This has led to a limited approval of BEV not
including patients with breast cancer that has
progressed following anthracycline and taxane
chemotherapy administered for metastatic dis-
ease. The most recent approval for BEV has been
granted for the combination with interferon-o
(IFN-ov) as first-line treatment of patients with
advanced and/or metastatic clear RCC. This was
based on a multicentre, randomized, Phase III
study, randomizing 649 patients with previously
untreated metastatic RCC to receive IFN-a plus
BEV or placebo (Escudier et al. 2007a). Median
duration of PFS was significantly longer in the
BEYV plus IFN-a group than it was in the control
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group (10.2 vs. 5.4 months; p<0.0001). With
regard to OS, only a trend in favor of the BEV
group could be observed.

Currently, BEV is listed in 47 clinical phase I1I
trials, mostly evaluating new combinations for
approved indications such as breast cancer, CRC,
and NSCLC, but also for other entities such as
lymphoma or osteosarcoma (see Table 9.1).

9.1.2
Aflibercept (VEGF - Trap)

Another approach to target the VEGF/VEGF
receptor system is to deliver a soluble decoy for
VEGEF. To this end, a recombinant fusion protein
was constructed from the second Ig domain of
VEGFR-1 and the third Ig domain of VEGFR-2,
fused to the Fc region of human IgG (Aflibercept;
VEGF — trap, Regeneron in cooperation with
Sanofi-Aventis). The resulting decoy receptor
possesses an affinity for all VEGF isoforms that
is significantly higher than that of the monoclonal
antibody. In addition, aflibercept binds Placental
Growth Factor (PLGF), which has also been
implicated in tumor angiogenesis. Numerous
preclinical models demonstrated significant inhi-
bition of angiogenesis and tumor growth (Holash
et al. 2002; Kim et al. 2002a). The first clinical
Phase II study published is an open-label, multi-
center, two-stage trial in patients with metastatic
CRC with at least one prior systemic therapy
and good performance status (Tang et al. 2008).
Prior treatment with a VEGF or VEGFR inhibi-
tor other than BEV was not allowed. Aflibercept
(4 mg/kg) was administered every 2 weeks intra-
venously. In total, 51 patients were included
(BEV naive=24 patients; prior BEV=27; median
age=>59). During 287 therapy cycles, most com-
mon adverse events (AE) of any grade were
fatigue (n=40), hypertension (n=28), proteinu-
ria (n=25), headache (n=22), voice alteration
(n=16), anorexia (n=12), and joint pain (n=9).
Serious AE (Grade 3/4) consisted of hyperten-
sion (n=4), proteinuria (n=4), fatigue (n=3),

headache (n=3). One patient died during treat-
ment due to progressive disease (PD). In the
BEV naive group (n=24), disease control rate
defined as either PR or stable disease (SD) for at
least 16 weeks was 29% (95% Confidence
Interval (CI) 13-51%), and median PFS was 2.0
months (95% CI 1.7 — not reached). In the group
with prior BEV treatment (n=27), disease con-
trol rate was 30% (95% CI 14-50%) and median
PFS was 3.4 months (95% CI 1.9 — not reached).
The authors concluded that aflibercept is well
tolerated in pretreated patients with CRC and
shows single agent activity (Tang et al. 2008).
Based on the study results, aflibercept is now
tested in a randomized Phase III study in combi-
nation with irinotecan based second-line chemo-
therapy for patients with CRC. Other currently
listed Phase 111 studies for aflibercept evaluate its
efficacy in prostate cancer, NSCLC, advanced
ovarian and pancreatic cancer (see Table 9.1).

9.1.2.1
Sorafenib (Nexavar™)

Sorafenib (Nexavar™; Bayer Pharmaceuticals)
represents the class of small-molecule compounds
with activity against a broad spectrum of receptor
tyrosine kinases. Originally developed as RAF-1
inhibitor in a high-throughput screening program,
sorafenib later was found to be active against
VEGFR-1/-2/-3; platelet derived growth factor
(PDGF) -B receptor; Fms-like tyrosine kinase-3
(FLT-3); c-Kit protein and RET receptor tyrosine
kinases (Adnane et al. 2006). Thereby, sorafenib
inhibits tumor growth by targeting the endothelial
cell as well as the tumor cell and was shown to
inhibit proliferation, promote apoptosis, and dis-
rupt angiogenesis. In preclinical mechanism of
action studies, sorafenib demonstrated a potent
antiangiogenic effect in nearly all models tested,
resulting in significant reduction of micro-vessel
density (Strumberg 2005; Wilhelm et al. 2006). It
also showed promising activity in tumor xeno-
graft models in nude mice in combination with
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Table 9.1 Inhibitors of angiogenesis currently approved and investigated in clinical phase III studies
(Numbers in brackets according to the U.S. National Cancer Institute Clinical Trial Identifier Code)

Drug Approved Phase 11
Bevacizumab First approval 2004: Forty-seven active phase IlI trials: evaluating
(Avastin™) in combination with further combinations for approved entities but

Monoclonal antibody

that binds and
inactivates
VEGF

Aflibercept (VEGF-
trap) binds and

neutralizes VEGF

as decoy receptor

Sorafenib (Nexavar™)

RTKI active
against VEGFRs,
PDGFR, c-Kit,
FLT-3, RET,
RAF-1

Sunitinib (Sutent™)
RTKI active
against VEGFRs,
PDGFR, ¢-Kit,
FLT-3

Axitinib (AG-013736)

RTKI active
against VEGFRs,
PDGFR, c-Kit

chemotherapy for
metastatic CRC (first
and second line),
unresectable NSCLC
(2006), metastatic
breast cancer (2007),
in combination with
IFN-a for RCC

First approval 2005:

advanced RCC
after failure of
cytokine therapy or
patients unsuitable
for such therapy.
Advanced HCC

as first-line

therapy (2008)

First approval 2006:

advanced RCC as
first-line therapy.
Advanced GIST
after imatinib
failure

also new indications such as mesothelioma
(NCTO00651456 ), ovarian cancer
(NCT00262847 ), GIST (NCT00324987),
lymphoma (NCT00486759), gastric cancer
(NCT00548548), carcinoid (NCT00569127),
head-and-neck cancer (NCT00588770),
osteosarcoma (NCT00667342), and cervix
carcinoma (NCT00803062)

Four active phase III trials: with docetaxel in

metastatic HRPC (NCT00519285), with
docetaxel as second-line therapy in metastatic
NSCLC (NCT00532155), with irinotecan and
5-FU for metastatic CRC as second line after
oxaliplation failure (NCT00561470), with
gemcitabine for first-line therapy of metastatic
pancreatic cancer (NCT00574275)

Ten active phase III trials: further combinations

for approved entities, new indications include
unresectable stage III and IV melanoma
(NCTO00111007) and in combination with
gemcitabine for advanced pancreatic cancer
(NCT00541021)

Twenty active phase III trials: further

combinations for approved entities, new
indications include the combination with
paclitaxel in breast cancer (NCT00373256),
with capecitabine in breast cancer
(NCTO00373113), for pancreatic islet tumors
(NCT00428597), with erlotinib in NSCLC
(NCT00457392), with FOLFIRI in mCRC
(NCTO00457691), after failure of docetaxel in
HRPC (NCT00676650). Head-to-head study
against sorafenib for advanced HCC first line
therapy (NCT00699374)

Two active phase I1I trials: in combination with

gemcitabine for advanced pancreatic cancer
(NCT00471146), as second-line therapy for
metastatic RCC (NCT00678392)

(continued)
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Table 9.1 (continued)

Drug
Cediranib (AZD2171;

Recentin™) RTKI
active against
VEGFRs, PDGFR,
c-Kit, EGFR

Vandetanib (ZD6474;

Zactima™) RTKI
active against
VEGFR-2 and -3,
RET and EGFR

Vatalanib (PTK787/

7K222584) RTKI
active against
VEGFRs, ¢-KIT
and PDGFR

rh-Endostatin (YH-

16, Endostar™)
endogenous
angiogenesis
inhibitor

Thalidomide not fully

clarified mechanism:
postulated direct
apoptotic effect on
endothelial cells

via downregulation
of angiogenic
growth factors

Combretastatin-A4

(Zybrestat™)
VDA with direct
disrupting effect
on the endothelial
cytoskeleton

DMXAA (ASA404)

VDA with direct
disrupting effect on
the endothelial
cytoskeleton and
cytokine induction

Approved

First approval in 2005

(China): in
combination with
chemotherapy as
first-line therapy
of NSCLC

First approval 1998:

treatment of
erythema nodosum
leprosum (ENL). in
combination with
Dexamethason as
first-line therapy of
multiple myeloma
(MM) (2003)

“Fast-track” status for

anaplastic thyroid
cancer

Phase III

Five active phase III trials: in combination with

FOLFOX or XELOX for first-line therapy of
mCRC (NCT00384176, NCT00399035),
with platinum based chemotherapy for
ovarian epithelial, fallopian tube or primary
peritoneal carcinoma (NCT00544973), with
lomustin in recurrent glioblastoma
(NCTO00777153), with carboplatin/paclitaxel
in stage IITb/IV NSCLC (NCT00795340)

Four recently completed phase III trials: vs. erlotinib

in second line therapy of NSCLC
(NCT00364351), after EGFR-antagonist
failure as monotherapy (NCT00404924), in
combination with pemetrexed in second-line
therapy of NSCLC (NCT00418886), combined
with docetaxel in second-line therapy of NSCLC
(NCT00312377). Significant improvement in
PFS for vandetanib (press release)

Two completed phase I1I trials: in combination

with FOLFOX in first-line (NCT00056459 )
and second-line therapy of mCRC
(NCT00068679). Clinical benefits in LDH
high patients

Two active phase I1I trials (China): in

combination with Cisplatin and Vinorelbine
as adjuvant therapy in stage IB-IIIA NSCLC
after complete resection (NCT00576914).
Combined with chemotherapy in metastatic
NSCLC (biomarker analysis; NCT00657423)

Twenty active phase III trials: new indications

in MM, e.g., maintenance therapy after
autologous stem cell transplantation
(NCT00049673), in advanced HCC with
poor liver reserve (NCT00225290), with
transarterial chemoembolization in
advanced HCC (NCT00522405)

One active phase III trial: in combination with

paclitaxel/carboplatin in the treatment of
anaplastic thyroid cancer (NCT00507429)

Two active phase I1I trials: in combination with

paclitaxel/carboplatin as first line therapy
of stage IITB/IV NSCLC (NCT00662597).
In combination with docetaxel in second-
line therapy of stage IIIB/IV NSCLC
(NCT00738387)
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chemotherapy. The first clinical entity in which
sorafenib was tested again was clear-cell RCC
(Kane et al. 2006). This cancer is special due to its
loss of the von Hippel-Lindau tumor suppressor
gene, which results in overexpression of hypoxia
inducible factors (HIF) — 1 and — 2, subsequently
upregulating pro-angiogenic factors (e.g., VEGF).
The tumors are usually hypervascularized and
increased RAF-1 activity also is found. All these
pathways are within the target range for sorafenib
providing a strong rationale for testing it in RCC.

In a number of Phase I/II trials, the optimal
dose was determined to be 400 mg twice daily
(b.i.d.) with dose-limiting toxicities (DLT) such
as fatigue, skin rash, hand-foot syndrome, and
diarrhea (Richly et al. 2006; Siu et al. 2006;
Strumberg et al. 2006). Also, the postulated
antiangiogenic effect was confirmed by dimin-
ished blood flow in dynamic contrast-enhanced
magnetic resonance imaging (Flaherty et al.
2008). The most promising result was the sig-
nificant increase in PFS in RCC patients treated
with sorafenib (24 weeks) vs. placebo (6 weeks;
p=0.0087) (Ratain et al. 2000).

This prompted the Phase III treatment app-
roach in RCC global evaluation trial (TARGET),
which represents the biggest randomized treat-
ment trial for this disease so far (Escudier et al.
2007b). From November 2003 to March 2005,
the participating 117 centers in 19 countries ran-
domized 903 patients with advanced or meta-
static RCC who failed standard therapy to
receive either continuous treatment with oral
sorafenib (at a dose of 400 mg b.i.d.) or pla-
cebo; resulting in 451 patients who received
sorafenib and 452 who received placebo. A
single planned analysis of PFS in January 2005
already demonstrated a statistically significant
benefit of sorafenib over placebo. Regarding
this result, patients who were on placebo were
allowed to crossover to the sorafenib arm later
that year. In detail, the PFS was 5.5 months in
the sorafenib group and 2.8 months in the pla-
cebo group (HR for disease progression in the
sorafenib group=0.44; 95% CI 0.35-0.55;

»<0.01). The first interim analysis of the pri-
mary end point OS in May 2005 indicated that
sorafenib reduced the risk of death, as compared
with placebo (HR=0.72; 95% CI 0.54-0.94;
»=0.02). However, this survival benefit did not
meet the previously specified criteria for statisti-
cal significance. Only in a preplanned placebo-
censored analysis, excluding patients who crossed
over to sorafenib, results showed a significant
survival advantage (17.8 months median OS vs.
14.3 months; HR=0.78; 95% CI 0.62-0.97;
p=0.0287) (Bukowski et al. 2007). Partial
responses were reported as the best response in
10% of patients receiving sorafenib and in 2%
of those receiving placebo (p<0.001). Again,
diarrhea, rash, fatigue, and hand-foot skin reac-
tions were the most common AE associated with
sorafenib. Hypertension and cardiac ischemia
were more common in patients receiving sorafenib
than in those receiving placebo. At the time of
publication, the authors concluded that sorafenib
prolongs PFS as compared with placebo in
patients with advanced clear-cell RCC in whom
previous therapy has failed. However, sorafenib
therapy was associated with increased toxicities
(Escudier et al. 2007b). In a concomitant quality
of'life (QOL) analysis it was shown that sorafenib
had a positive effect on cancer-related symptoms
and did not negatively impact QOL (Cella et al.
2006).

This result led to the approval of sorafenib
for the treatment of patients with advanced RCC
who have failed prior IFN-a or interleukin-2-
based therapy, or are considered unsuitable for
such therapy.

Apart from RCC, hepatocellular carcinoma
(HCC) also represents a rather chemoresistant,
but highly vascularized tumor with vast expres-
sion of VEGF. Furthermore, Raf-1 is constitu-
tely overexpressed in HCC offering a rationale
for treatment with sorafenib. A number of
Phase I and II trials showed promising results
for sorafenib either as monotherapy or in com-
bination with doxorubicin (Abou-Alfa et al.
2006; Furuse et al. 2008; Gollob et al. 2007;
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Richly et al. 2008). This prompted a random-
ized Phase I1I trial for patients with advanced or
metastatic HCC in which sorafenib was com-
pared with placebo (SHARP-trial). Patients
with advanced measurable HCC in good perfor-
mance status and Child-Pugh status A were
treated with either sorafenib 400 mg b.i.d. or
placebo. Overall, 602 patients were randomized
leaving 299 in the sorafenib arm and 303 in the
placebo arm. Baseline characteristics were sim-
ilar for both arms. Based on 321 deaths
(Sorafenib n=143; Placebo n=178), the HR for
OS was 0.69 (95% CI 0.55-0.87; p=0.0006),
representing a 44% improvement. This met
early stopping criteria and median OS was 10.7
months for sorafenib vs. 7.9 for placebo. There
was no accumulation of serious AE in the
sorafenib arm. The most frequent grade 3/4 AE
for sorafenib vs. placebo were diarrhea (11 vs.
2%), hand-foot skin reaction (8 vs. 1%), fatigue
(10 vs. 15%), and bleeding (6 vs. 9%). At the
time of presentation at the annual meeting of the
American Society of Clinical Oncology (ASCO)
in 2007, the authors concluded that sorafenib is
the first drug to demonstrate a statistically sig-
nificant improvement in OS for patients with
advanced HCC (Llovet et al. 2007). Again,
these findings led to the approval of sorafenib
for this indication.

Currently, sorafenib is listed in ten active
Phase III studies for treatment of RCC, HCC,
NSCLC, unresectable melanoma and adenocar-
cinoma of the pancreas (see Table 9.1).

9.1.3
Sunitinib Malate (SU11248; Sutent™)

Sunitinib (SU11248; Sutent™; Pfizer Oncology)
is a broad-spectrum orally available TK inhibi-
tor of VEGFR, PDGFR, c-kit, and Flt-3 kinase
activity. Just like sorafenib, it emerged from a
drug-discovery program that was initiated to
identify compounds with activity against selected
receptor tyrosine kinases involved in tumor

angiogenesis (Atkins et al. 2006; Roskoski
2007). Again, the highly vascularized clear cell
RCC was one of the first diseases in which suni-
tinib was tested. After the promising Phase I and
IT results, a large multicentered, international
randomized Phase III trial was started (Motzer
et al. 2007). Single-agent sunitinib was com-
pared with IFN-a in patients with treatment-
naive advanced or metastatic RCC. Altogether,
750 patients were randomized (1:1) to receive
either 50 mg sunitinib once daily in 6-week
cycles (4 weeks on treatment, 2 weeks off) or to
receive IFN-a administered subcutaneously at
nine million units 3 times a week until disease
progression or withdrawal from the trial.

Median duration of treatment was 11 months
for sunitinib vs. 4 months for IFN-o. The
2008-updated response rate was 47% (95% CI
42-52%) for sunitinib vs. 12% (95% CI 9—-16%)
for IFN-a (p<0.000001), including 11 CR for
sunitinib and four for IFN-a (Figlin et al. 2008).
Median PFS was significantly higher in the suni-
tinib arm (11 months vs. 5 months; »p<0.000001).
Also the median OS was significantly longer for
sunitinib (26.4 months; 95% CI 23.0-32.9) vs.
IFN-a (21.8 months; 95% CI 17.9-26.9), which
results in a HR of 0.821 (95% CI 0.673-1.001;
»=0.051). The most common grade 3/4 treat-
ment-related AEs for the sunitinib group were
hypertension (12%), fatigue (11%), diarrhea and
hand-foot syndrome (both 8%), and for IFN-a
fatigue (13%) and anorexia (2%).

These results led to the approval of sunitinib
in patients with advanced or metastatic RCC as
first-line therapy and based on two other Phase
I studies also as second-line therapy after
cytokine or interferon failure (Motzer et al.
20064, b).

Another malignant disease for which suni-
tinib has been approved is the gastrointestinal
stroma tumor (GIST). Based on its strong activ-
ity against the GIST driving c-kit receptor, there
was an imminent rationale for the therapy with
sunitinib. Also, in cases of advanced, unresect-
able, or metastatic disease, the other TK
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inhibitor imatinib was already established as
standard first-line therapy for this indication.
However, after failure of imatinib, there was no
accepted standard therapy available in unresect-
able GIST tumors (Faivre et al. 2007; Heinrich
et al. 2008; Liegl et al. 2008).

Sunitinib was first tested in a population of
GIST patients in two multicenter randomized
studies. The first one represented a two-sided,
randomized, double-blind, placebo-controlled
trial of sunitinib in patients with GIST who had
disease progression during prior imatinib treat-
ment or who were intolerant of imatinib. Alto-
gether, 312 patients were randomized (2:1) to
receive either 50 mg sunitinib (2=207) or pla-
cebo orally (n=105), once daily, on the same 4
weeks on and 2 weeks off schedule until disease
progression or withdrawal from the study for
another reason. Patients randomized to placebo
were then offered to crossover to open-label
sunitinib (Demetri et al. 2006).

Demographics were comparable between
the sunitinib and placebo groups with regard to
age (69 vs. 72% younger than 65 years for suni-
tinib vs. placebo, respectively), gender (male:
64 vs. 61%), performance status (ECOG 0: 44
vs. 46%, ECOG 1: 55 vs. 52% and ECOG 2: 1 vs.
2%). Prior treatment included surgery (94 vs.
93%) and radiotherapy (8 vs. 15%). Reasons for
imatinib failure were also comparably balanced
between both arms; being intolerance (4 vs. 4%),
progression within 6 months of starting treat-
ment (17 vs. 16%), or progression beyond 6
months (78 vs. 80%).

The trial was unblinded early after the pre-
planned interim analysis including the first 149
cases of disease progression or death revealed
significantly longer time to tumor progression
(TTP) in patients initially treated with sunitinib
than in those who started with placebo. In detail,
the primary study endpoint, median TTP, was
more than 4 times as long with sunitinib (27.3
weeks; 95% CI 16.0-32.1) as with placebo
treatment (6.4 weeks; 95% CI 4.4-10.0; HR
0.33, 95% CI 0.23-0.47; p<0-0001). All other

efficacy analyzes were uniformly statistically
and clinically significant and confirmed the
findings of the primary endpoint data. The
median PFS was similar to TPP (24.1 weeks;
95% CI 11.1-28.3 for sunitinib; 6.0 weeks for
placebo, respectively; HR 0.33;95% C10.24-0.47;
»<0-0001). Moreover, 16% (33) of patients in
the sunitinib group were progression-free for at
least 26 weeks, compared with 1% (one) in the
placebo group. As more than half the patients in
the initial sunitinib group were still alive at the
time of the interim analysis, OS data were not
mature at the time of publication and a median
OS was not calculated. However, there was a
gain in OS in patients treated initially with suni-
tinib compared to those who started on placebo
despite the availability of the crossover option
(HR 0.49, 95% CI 0.29-0.83; p=0.007). Later
on, an update presented at the ASCO 2008 con-
ventional analysis showed that OS converged in
the two treatment groups (Sunitinib median
74.7 weeks; 95% CI 61.4-85.7; placebo 64.9
weeks, 45.7-98.4; HR 0.82, p=0.128) as
expected for the crossover design (Demetri
et al. 2008). However, rank-preserving struc-
tural failure time analysis yielded an estimated
median OS for placebo of 36.0 weeks (95% CI
25.9-51.0), revealing a significant sunitinib
treatment effect (HR 0.46, p<0.0001) compa-
rable to that of the blinded phase. The most
common treatment-related AEs throughout the
entire study were fatigue, diarrhea, nausea, and
skin discoloration, mainly grade 1/2; incidences
increased slightly with extended duration of
sunitinib treatment. In terms of best overall
objective tumor response, 7% (14) of patients in
the sunitinib group showed PR as the best
response, 58% (120) had SD, and 19% (39) had
PD, compared with rates of 0 48 (50), and 37%
(39), respectively, for placebo. Six of fifty-nine
patients who crossed over to sunitinib from the
placebo group also had confirmed PR (10.2%,
95% CI 3.8-20.8). Four patients (7% overall)
who crossed over to sunitinib from placebo had
SD for at least 26 weeks after crossover. Based
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on these results, sunitinib is now approved for
the therapy of GIST patients with advanced or
unresectable disease after imatinib failure or
intolerance (Goodman et al. 2007).

Currently, sunitinib is listed for 20 Phase I1I
studies involving the approved indications RCC
and GIST, as well as NSCLC, breast cancer,
CRC, and pancreatic islet cell tumors (see
Table 9.1).

9.1.4
Axitinib (AG-013736)

Axitinib (AG-013736; Pfizer Oncology) repre-
sents a potent small molecule TK inhibitor of all
known VEGFRs at subnanomolar concentrations
and PDGFR-B and c-Kit in low nanomolar
concentrations. Structurally, it is a substituted
indazole derivative discovered by using a
structure-based drug design. In vitro, axitinib
selectively blocks VEGF stimulated receptor auto-
phosphorylation leading to inhibition of endo-
thelial cell proliferation and survival. In numerous
preclinical models, axitinib inhibited tumor
angiogenesis and the growth of human colorec-
tal and murine lung tumors. In a transgenic
mouse model of spontaneous islet cell tumors,
axitinib eliminated suppressed vascular sprout-
ing within 24 h. At 7 days, vascular density
decreased more than 70%, and significant tumor
shrinkage was seen at 21 days (Inai et al. 2004).

The first-in-human Phase I trial was con-
ducted to test axitinib in patients with advanced
solid malignancies in order to determine DLTs
and the maximum-tolerated dose (MTD).
Altogether, 36 patients received axtinib at doses
ranging from 5 to 30 mg orally b.i.d. (Rugo et al.
2005). Similar to other TK inhibitors, observed
DLTs included hypertension, hemoptysis, and
stomatitis primarily seen at higher dose levels.
All toxicities were manageable with medication
or drug holidays. The MTD and recommended
Phase II dose of AG-013736 was specified for
5 mg b.id. The trial demonstrated three

confirmed partial responses and other evidence
of clinical activity (Rugo et al. 2005).
Subsequently, axitinib was tested in advanced or
metastatic RCC in a multicenter, open-label,
Phase II study (Dutcher et al. 2008). Altogether,
58 patients with sorafenib or sunitinib-refractory
(progression or unacceptable toxicity) metastatic
RCC, and measurable disease, regardless of
additional prior therapies, were enrolled. All
patients received a starting dose of axitinib 5 mg
orally b.i.d., which was titrated to 7 mg b.i.d.
and then to 10 mg b.i.d. according to tolerance.
Stratification was performed by prior therapy
into three groups: 14 patients were refractory to
sunitinib and sorafenib (Group 1), 29 patients
were refractory to cytokines and sorafenib
(Group 2), and 15 patients were refractory to
sorafenib alone (Group 3). With a median fol-
low-up of 10.3 months, the overall response rate
(ORR) was 7, 28, and 27% and the median PFS
was 7.1, 9.0, and 7.7 months for groups 1, 2, and
3, respectively. Overall, grade 3/4 treatment-
related AEs included fatigue (13%), hyperten-
sion (11%), hand-foot syndrome (11%), diarrhea
(5%), and dyspnea (5%). The authors concluded,
that axitinib appears to have antitumor activity
in metastatic RCC refractory to sunitinib and
sorafenib (Dutcher et al. 2008). To this end, a
randomized Phase III trial is currently recruiting
patients. The Axis-trial is a head-to-head com-
parison of axitinib (5 mg b.i.d.) and sorafenib
(400 mg b.i.d.) for second-line therapy of meta-
static RCC and is designed to enroll 540 patients
until 2010 (NCT00678392).

The other malignant disease in which axi-
tinib is currently evaluated in a Phase III trial is
pancreatic cancer (see Table 9.1). So far, stan-
dard of care for patients with advanced pancre-
atic cancer is gemcitabine-based chemotherapy.
Therefore, axitinib was tested in a Phase 1/I1
trial in combination with gemcitabine in patients
with pancreatic cancer (Spano et al. 2008). In
detail, eight patients were treated on the Phase I
part and 103 for the Phase II part of the trial.
Prior gemcitabine or VEGF/VEGFR inhibitors
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were not allowed. The randomization took place
between standard dose gemcitabine (1,000 mg/
m? over 30 min on days 1, 8, 15) plus axitinib
(5 mg b.i.d.) or placebo. The median number of
days on axitinib was 158 days (range: 57-330
days). The most commonly reported AEs were
anemia (48%), alkaline phosphatase elevations
(48%), leukopenia (45%), and thrombocytope-
nia (27%). The most common nonhematologic
AEs were nausea (24%), vomiting (20%),
fatigue (19%), diarrhea (18%), anorexia (18%),
constipation (13%), dyspnea (12%), and fever
(12%). In the axitinib group 66% of patients
(n=45) reached at least disease stabilization,
including 7% PRs compared to 59% SD (n=20)
and no PR for gemcitabine plus placebo. This
yielded a median OS of 210 days in the axitinib
group in comparison to 169 days for gemcit-
abine plus placebo (HR 0.74; 95% CI 0.427—
1.284) for the whole study group. For the
subpopulation in very good performance status
(ECOG PS 0/1), the calculated death risk reduc-
tion for axitinib was even bigger with 33% (HR
0.67; 95% CI 0.372-1.196). These results
prompted the currently recruiting randomized,
double-blind Phase III study of gemcitabine
plus axitinib vs. gemcitabine plus placebo for
the first-line treatment of patients in good per-
formance status with locally advanced, unresec-
table, or metastatic pancreatic cancer. The trial
is estimated to enroll more than 500 patients
until planned completion date in September
2009 (NCT00471146).

9.1.5
Cediranib (AZD2171; Recentin™)

Another broad-spectrum kinase inhibitor is
cediranib (AZD2171; Recentin™; AstraZeneca).
Its predominant effect is directed against
VEGFR-2 with additional potent inhibition of
VEGFR-1 and -3, c-Kit, FIt-3 and to a lesser
extent against epidermal growth factor receptor
(EGFR). This broad activity range was deter-

mined in a wide range of cell lines (Wedge et al.
2005). Cediranib significantly inhibits VEGF
driven vascular sprouting and demonstrated
potent antitumor effects in a number of preclini-
cal studies. It is orally bioavailable and was
preclinically tested at a dose range of 1.5-6 mg/
kg bodyweight per day. Based on these observa-
tions, a range of clinical Phase I studies were per-
formed, the first being a dose-finding trial with
83 patients suffering of different solid tumors. In
this study, cediranib was generally well tolerated
at doses not higher than 45 mg/day and gave
encouraging antitumor activity. Pharmacokinetic
data revealed a half-life of approximately 20 h
and the optimal dosing was determined to be
20-30 mg once daily (Drevs et al. 2007).

The next step was the initiation of Phase /11
study in conjunction with standard doses of
carboplatin (AUC 6) and paclitaxel (200 mg/m?)
in order to assess the tolerability, safety, and
antitumor activity of this combination in
patients with stage I1IB / IV NSCLC of any
histology in first-line therapy (Laurie et al.
2006; Laurie et al. 2008). Cediranib was started
on Day 2 of the first cycle at a dose of 30 mg
p.o. daily. Of the 20 enrolled patients, nine
received cediranib at 30 mg/day, 11 at 45 mg/
day. Again, most common grade 3/4 toxicity
was hypertension, other common toxicities
were: fatigue, anorexia, mucositis, and diar-
rhea. Hematologic toxicity was not greater than
that expected with chemotherapy alone. At
time of presentation, 15 patients were evalu-
able for response, with 6 PR, 8 SD, and 1 PD.
The authors concluded that, full single-agent
dose of cediranib may be administered with
standard chemotherapy. However, the subse-
quent started randomized Phase II/I11 trial CTG
BR.24 comparing carboplatin/paclitaxel plus
cediranib (30 mg/day) vs. this chemotherapy
combination plus placebo did not reach Phase
III. The National Cancer Institute of Canada
Clinical Trials Group (NCIC-CTG) decided in
2008 that the BR.24 study should not continue
into Phase III following the planned end of



148

T. Kessler et al.

Phase 1II efficacy and tolerability analysis by
the study’s data safety monitoring committee,
mostly because of an imbalance in toxicity.
Although cediranib gave evidence of clinical
activity, the study did not meet the predefined
criteria for automatic continuation into Phase
III (Laurie et al. 2008). Instead, NCIC-CTG
agreed to start a new randomized Phase III
study evaluating this combination in advanced
or metastatic NSCLC with a lower dose of
cediranib (20 mg/day); this BR.29 trial is
expected to enroll the first patients in 2009.
Another step in the clinical development of
cediranib was the initiation of a two-stage, mul-
ticenter Phase II clinical trial in patients with
recurrent ovarian, peritoneal, or fallopian tube
cancer (Hirte et al. 2008). Of the 60 patients
who were enrolled; 49 had ovarian, 8 perito-
neal, and 3 fallopian tube cancer; follow up was
available for 154 cycles of treatment given to 46
patients. As in other Phase I studies with
cediranib, the most frequent AEs were fatigue
(85%), diarrhea (80%), hypertension (72%),
anorexia (57%). Hypertension (33%) and
fatigue (20%) were the most frequent grade 3/4
AEs. The median TTP and median OS for all
patients was 4.1 months (95% CI 3.4-7.6) and
11.9 months (95% CI 9.9-not reached). This
prompted a randomized Phase III study evaluat-
ing the combination of carboplatin/paclitaxel
with or without cediranib in treating women
with relapsed ovarian epithelial cancer, fallo-
pian tube cancer, or primary peritoneal cancer.
Altogether, cediranib is currently listed in five
active Phase III studies, such as the HORIZON II
Phase II/I11 study of chemotherapy with cediranib
vs. placebo in first-line metastatic CRC and
HORIZON III, which represents a head-to-head
comparison with bevacizumab (Avastin™) for
this indication. Both studies completed recruit-
ment by the end of 2008 and results are eagerly
awaited. Also, the Phase III REGAL trial, in
recurrent glioblastoma comparing cediranib
monotherapy vs. lomustine+cediranib began
enrolling patients in late 2008 (see Table 9.1).

9.1.6
Vandetanib (ZD6474; Zactima®)

Vandetanib (ZD6474; Zactima™; AstraZeneca),
an orally bioavailable 4-anilinoquinazoline deri-
vate, acts as selective and reversible inhibitor of
ATP binding to TK receptors VEGFR-2, -3, RET,
and EGFR. In comparison to other kinase inhibi-
tors, vandetanib is somehow more selective,
which is demonstrated by a lack of effect against
structurally related receptors such as PDGFR or
c-Kit. Its antiangiogenic and antitumor activity
has been shown in a wide range of preclinical
animal models (Herbst et al. 2007). The potent
anti-EGFR activity gave a reasonable rationale
for testing vandetanib in cancers in which EGFR
antagonists have been proven effective.

The clinical development so far was focused
on NSCLC. First, the antitumor activity of vande-
tanib monotherapy or vandetanib with paclitaxel
and carboplatin was compared with paclitaxel and
carboplatin in previously untreated patients with
NSCLC in a partially blinded, placebo-controlled,
randomized Phase II study (Heymach et al. 2008).
Patients were randomly assigned 2:1:1 to receive
vandetanib alone, vandetanib plus chemotherapy,
or chemotherapy alone. Interestingly, the risk of
progression was reduced for patients receiving
vandetanib plus chemotherapy (n=56) vs. che-
motherapy alone (n=52; HR=0.76; p=0.098);
but median PFS differed only by 1 week (24 vs.
23 weeks). The vandetanib monotherapy arm
(n=73) was discontinued after a planned interim
PFS analysis met the criterion for discontinuation.
Also, the OS was not significantly different
between groups. Rash, diarrhea, and hypertension
were common adverse events. The authors con-
cluded, that vandetanib could be safely adminis-
tered to patients with NSCLC, including those
with squamous cell histology and treated brain
metastases. The slightly longer PFS for vande-
tanib met the prespecified study end point, but
was not significant (Heymach et al. 2008).

The next set of studies focused on vandetanib
in second-line therapy of NSCLC. Eligible
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patients had locally advanced or metastatic
(stage I1IB/IV) NSCLC after failure of first-line
platinum-based chemotherapy (Heymach et al.
2007). First, a randomized Phase II study was ini-
tiated comparing vandetanib (100 or 300 mg/day)
plus docetaxel (75 mg/m? intravenous infusion
every 21 days) vs. placebo plus docetaxel. After
including 127 patients, median PFS was 18.7
weeks for vandetanib 100 mg plus docetaxel
(n=42; HR=0.64; p=0.037); 17.0 weeks for
vandetanib 300 mg plus docetaxel (n=44;
HR=0.83; p=0.231); and 12 weeks for doc-
etaxel (n=41). There was no statistically signifi-
cant difference in OS among the three treatment
arms. Common AEs included diarrhea, rash,
and asymptomatic prolongation of corrected QT
(QT,) interval. At the time of publication, the
authors concluded that the primary objective
was achieved, with vandetanib 100 mg plus
docetaxel demonstrating a significant prolonga-
tion of PFS compared with docetaxel in relation
to the prespecified significance level. On the
basis of these encouraging data, Phase III evalu-
ation of vandetanib 100 mg plus docetaxel in
second-line NSCLC (ZODIAC trial) was initi-
ated in 2006. Until completion in September
2008, the study enrolled 1,391 patients previ-
ously treated with one prior anticancer therapy
for advanced NSCLC. Median duration of
follow-up was 12.8 months, with 87% patients
progressed and 59% dead. Addition of vande-
tanib to docetaxel showed a statistically signifi-
cant improvement in PFS versus docetaxel (HR
0.79,97.58%C10.70-0.90; P<0.001). Significant
advantages for vandetanib plus docetaxel were
also seen for ORR (17% vs 10%, P<0.001).
Overall survival showed a positive trend for
vandetanib plus docetaxel that was not statisti-
cally significant (HR 0.91, 97.52% CI 0.78-
1.07; P=0.196). The adverse event profile was
consistent with that previously observed for
vandetanib in NSCLC. Common AEs occurring
more frequently in the vandetanib arm included
diarrhea (42% vs 33%), rash (42% vs 24%) and
neutropenia (32% vs 27%). (see Table 9.1).

Three other Phase III trials with vandetanib
in second- and third-line therapy of NSCLC
recently stopped recruiting patients and will
complete data collection in 2009. The so-called
ZEAL trial is a randomized, double-blind, pla-
cebo-controlled Phase III study evaluating the
combination of vandetanib 100 mg with peme-
trexed vs. pemetrexed alone. This study enrolled
534 patients previously treated with one prior
anticancer therapy for advanced NSCLC. There
were positive trends seen for vandetanib plus
pemetrexed for both PFS (HR 0.86, 97.58% CI
0.69 -1.06; P=0.108) and OS (HR 0.86, 97.54%
CI0.65 -1.13; P=0.219). There was a statistically
significant advantage for ORR (19.1% vs 7.9%,
P<0.001) in the combination arm. The ZEST
study also is a randomized, double-blind, Phase
III study evaluating the efficacy of vandetanib
300 mg vs. erlotinib 150 mg, which enrolled
1,240 patients with locally advanced or metastatic
NSCLC after failure of at least one prior antican-
cer therapy. There was no difference in PFS for
patients treated with vandetanib versus erlotinib
(HR 0.98, 95.22% CI 0.87 -1.10; P=0.721), and
no difference in the secondary endpoints of OS
(HR 1.01, 95.08% CI 0.89 -1.16; P=0.830) and
ORR (both 12%). Finally, the ZEPHYR trial is a
randomized Phase III study to assess the efficacy
of vandetanib vs. best supportive care in patients
with NSCLC (Stage IIIB-1V) after therapy with
an EGFR inhibitor. This study is expected to
enroll over 900 patients and data collection will
be completed by April 2009.

At the time of writing this review, there was
no active Phase III trial listed in the NCI’s data-
base, but 26 Phase II and 17 Phase I studies,
including trials on medullary thyroid carcinoma,
breast cancer, and glioma, were ongoing.

9.1.7
Vatalanib (PTK787/ZK222584)

Vatalanib (PTK787/2K222584; Bayer Schering
Pharma AG, Berlin; Novartis, East Hanover, NJ)
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is an oral multitargeted kinase inhibitor that acts on
VEGFR-1, -2, -3, ¢-KIT, and PDGFR (Wood et al.
2000). After oral administration, vatalanib reaches
peak concentration in 1.0-2.5 h and has a half-life
of 4.5 h, with no evidence of accumulation at
steady state following once-daily dosing.
Vatalanib demonstrated clinical activity in patients
with several types of human cancer (Drevs et al.
2000; Roboz et al. 2006; Sharma et al. 2009;
Thomas et al. 2005; Thomas et al. 2007). For
further clinical development, vatalanib was
investigated in two multinational randomized
phase III studies in first- (CONFIRM-1) and
second-line (CONFIRM-2) metastatic CRC. In
CONFIRM-2, 855 patients were randomized to
FOLFOX4 chemotherapy plus vatalanib
(1,250 mg/day) or placebo (Kohne et al. 2007).
Eligibility included histologically documented
metastatic CRC, pretreatment for metastatic
disease with irinotecan-/fluoropyrimidine- based
therapy, measurable disease by Response Eval-
uation Criteria In Solid Tumors (RECIST), good
performance status, and adequate organ func-
tion. In both trials, toxicities were similar. In
detail, for the CONFIRM-2 trial, grade 3—4 AEs
were hypertension (21% for vatalanib vs. 5% for
placebo), diarrhea (16 vs. 8%), fatigue (15 vs.
7%), nausea (11 vs. 5%), vomiting (9 vs. 5%),
and dizziness (9 vs. 1%). Thrombotic and embo-
lic events of all grades occurred in 6% of the
vatalanib treated patients vs. 1% of the placebo
group. At the time of interim analysis in July
2005, OS was 12.1 months in the vatalanib and
11.8 months in the placebo group (HR 0.94;
p=0.511). PFS was significantly longer in the
vatalanib arm (5.5 vs. 4.1 months; HR 0.83;
p=0.026). Interestingly, Lactat dehydrogenase
(LDH), a rather unspecific marker related to
poor prognosis in CRC, was predictive for the
outcome in the vatalanib group. Especially
patients with high LDH gained improvement in
PFS when treated with vatalanib (5.6 vs. 3.8
months; HR 0.63; p<0.001) and in OS (9.6 vs.
7.5months; HR 0.78;p=0.10). For CONFIRM-1,
1,168 patients were randomized to receive

FOLFOX-4 plus vatalanib (1250 mg/day) or
FOLFOX-4 plus placebo. The addition of vata-
lanib did not result in differences in the response
rate (42% for FOLFOX-4 plus vatalanib vs.
46% for FOLFOX-4 plus placebo) or PFS time
(7.7 months for FOLFOX-4 plus vatalanib vs.
7.6 months for FOLFOX-4 plus placebo). Thus,
it was concluded that significant clinical bene-
fits for vatalanib treatment in CRC seems to be
limited to LDH-high patients, the reason for
this remains unclear (Hecht et al. 2005; Kohne
etal. 2007).

Currently, no active Phase III studies with
vatalanib are listed, but six Phase II and four
Phase I studies for therapy of glioma, multiple
myeloma, pancreatic cancer, and melanoma are
active.

9.1.8
Endostatin (rh-Endostatin, YH-16, Endostar™)

Endostatin, a 20-kiloDalton (kDa) fragment of
collagen X VIII, is a group member of endogenous
antiangiogenic proteins activated by proteolytic
processing (Ferreras et al. 2000). Endostatin was
shown to inhibit endothelial cell proliferation,
migration, invasion, and vascular sprouting
(O’Reilly et al. 1997). The reduction in endothelial
cell survival induced by endostatin has been pro-
posed to involve binding to the fibronectin recep-
tor o3, (Sudhakar et al. 2003), interference with
VEGF/VEGFR signaling (Hajitou et al. 2002;
Kim et al. 2002b), inhibition of matrix metallopro-
teinases (MMP), e.g., MMP-2 (Kim et al. 2000),
and downregulation of c-myc and cyclin-D1
(Hanai et al. 2002; Shichiri and Hirata 2001). Also,
endostatin seems to downregulate a number of
proteins essential to angiogenesis such as the Id1
and -3, HIF1-a and Ephrin B1 and B2 (Shichiri
and Hirata 2001). Despite initial high hopes, the
clinical development of endostatin came close to
an unsuccessful end after treatment of about 160
cancer patients in Phase I and II studies when the
sole manufacturer (EntreMed, Rockville, USA)
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announced the cease of production in 2003 due to
lack of efficacy, difficult application scheme, and
concerns about its production in yeast. Some years
later, the Chinese protein chemist Luo may have
solved the folding problem by adding nine amino
acids to the endostatin molecule (Fu et al. 2008).
This reformulation apparently made it possible to
manufacture a soluble rh-endostatin (Endostar™,
Simcere Pharmaceutical Co., Nanjing, China)
using not yeast but bacteria and providing higher
in vivo stability, now eligible for daily application
once rather than twice. Phase I/II studies revealed
that rh-endostatin was effective as single agent
with good tolerance in clinical use. The first ran-
domized study presented was designed to compare
the response rate, median TTP, clinical benefit, and
safety in patients with advanced NSCLC, treated
with rh-endostatin (7.5 mg/m? on days 1-14) plus
standard dose vinorelbine (25 mg/m? on day 1 and
5) and cisplatin (30 mg/m? on Days 2-4), or pla-
cebo plus chemotherapy (Sun et al. 2005).
Altogether, 493 NSCLC patients in good perfor-
mance status were recruited for this double-blind
study (326 in the rh-endostatin group, 167 as con-
trol). Of the 486 assessable patients, overall
response rates were 35.4% for rh-endostatin and
19.5% in the control group (»p=0.0003). The
median TTP were 6.3 and 3.6 months for rh-
endostatin vs. control (p<0.001), yielding a clini-
cal benefit rate of 73.3 vs. 64.0% respectively
(p=0.035). Grade 3/4 neutropenia, anemia, nau-
sea/vomiting were comparable in both arms. There
was no data on OS reported. The authors con-
cluded that the addition of rh-endostatin to stan-
dard chemotherapy resulted in significant
improvement in response rate, median TTP, and
clinical benefit rate compared with chemotherapy
alone in advanced NSCLC patients (Sun et al.
2005). Subsequently, the national Food and Drug
Administration of China approved Endostar™ for
this setting. The currently listed Phase III studies
involving rh-endostatin exclusively originate in
China and enroll only NSCLC patients testing dif-
ferent combinations with chemotherapy or appli-
cation in the adjuvant setting (see Table 9.1).

9.1.9
Thalidomide

One drug that exhibits an antiangiogenic effect
by still not fully clarified mechanisms is thali-
domide (D’Amato et al. 1994). Originally
introduced as sedative and withdrawn due to
deleterious side effects, today there is increas-
ing evidence for the efficacy of thalidomide in
cancer therapy. Thalidomide was developed in
the 1950s and chiefly sold from 1957 to 1961
in almost 50 countries under at least 40 names
to pregnant women, as an antiemetic to combat
morning sickness and sleeping problems.
Later, the teratogenic effects of thalidomide
became clear when approximately 10,000 chil-
dren mainly in Africa and Europe were born
with severe malformations, including phoc-
omelia in the late 1950s and early 1960s (Lenz
1967; Lenz and Knapp 1962). However, it was
soon found that the teratogenicity caused by
thalidomide was only associated with one par-
ticular optical isomer. Research continued,
although the drug was not prescribed for
decades, and finally the US FDA granted
approval for treatment of erythema nodosum
leprosum (ENL) in 1998. One year later, the
first report was presented demonstrating activ-
ity of thalidomide in multiple myeloma (MM)
tested in 180 patients with advanced disease
(Singhal et al. 1999). Clinical development
continued under strict regulations regarding
the pregnancy status of patients and even their
partners and finally the US FDA granted accel-
erated approval for thalidomide in combina-
tion with dexamethasone for the treatment of
newly diagnosed MM in 2006. Since then, tha-
lidomide was shown to be useful in a variety of
tumors. Its mechanism of action in cancer is
attributed to multiple, including direct cyto-
toxic, antiangiogenic, and antiinflammatory
effects (Kumar 2006). The combination of
temozolomide and thalidomide has shown
promising activity in metastatic melanoma
(Hwu et al. 2003), metastatic neuroendocrine
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tumors (Kulke et al. 2006), and unresectable or
metastatic leiomyosarcoma (Boyar et al. 2008).
Recently, the surprising effects of thalidomide
have led to the development of a series of
immunomodulatory drugs (IMiDs) and selec-
tive cytokine inhibitory drugs (SELCIDs) with
even higher antiangiogenic potency (Dredge
et al. 2005; List et al. 2005). The modulation
of the immune system consists of stimulation
of T — cells and NK — cells (Chang et al. 2006).
In our own studies, thalidomide demonstrated
biological and clinical activity in myelodys-
plastic syndrome (MDS) and acute myeloid
leukemia (AML) with ORR up to 56 and 25%,
respectively (Steins et al. 2003; Steins et al.
2002). Responding patients experienced hema-
tologic improvements including an increase in
hemoglobin values and platelet counts. In four
of 20 AML patients, a bone marrow blast
clearance of at least 50% was achieved after
treatment with thalidomide for at least 1 month
(PR). Furthermore, we observed a long-term
response in one AML patient of more than 20
months, subsequently meeting the criteria of
complete remission. Interestingly, the decrease
in leukemic blast infiltration in the bone mar-
row of responders was accompanied by a sig-
nificant reduction of MVD. While it still remains
unclear how exactly thalidomide inhibits angio-
genesis, some data suggests a downregulation
of VEGF as one possible mode of action
(Komorowski et al. 2006; Li et al. 2003).
Currently, thalidomide and the subsequently
developed IMiDs Revlimid™ (lenalidomide,
CC-5013) and Actimid™ (CC-4047) are listed
in 27 active Phase III trials in the NCI database.
Apart from hematological malignancies, these
substances are tested for treatment of poor liver
function HCC and RCC (see Table 9.1).

9.1.10
Vascular Disrupting Agents

While classic inhibitors of tumor angiogenesis
mostly compromise the formation of new blood

vessels, occlusion of the existing tumor vascu-
lature by inducing thrombosis or extensive
endothelial damage leading to severe hemor-
rhagic necrosis is the main goal of the sub-
stances referred to as vascular disrupting agents
(VDA). The largest group of VDAs already in
clinical stage of development is the family of
combretastatins, which act as microtubulin
destabilizing drugs, and the structurally distinct
flavonoid 5,6-dimethylxanthenone-4-acetic acid
(DMXAA).

The first agent extensively studied was
Combretastatin-4 (CA-4), which demon-
strated rapid and extensive vascular disrup-
tion concomitant with hemorrhagic necrosis
within the first hour of treatment in preclinical
models (Dark et al. 1997). The fast onset of
action is attributed to cytoskeletal shift
changes including contraction of actinomyo-
sin and the malformed assembly of stress
fibers (see Fig. 9.2). Subsequently, this leads
to disruption of the endothelial monolayer
with increased permeability for macromole-
cules and shear-stress activation of platelets
with intravascular thrombosis (Galbraith et al.
2001; Kanthou and Tozer 2002; Tozer et al.
1999). Finally, this endothelial disruption and
platelet aggregation results in rapid almost
complete vascular obstruction and tumor
necrosis.

For the clinical setting, Combretastatin-A4P
is developed by OXiGENE (Waltham, MA,
USA) as Zybrestat™. In July 2007, the company
initiated a 180-patient pivotal registration study
with Zybrestat™ for the treatment of anaplas-
tic thyroid cancer, under a Special Protocol
Assessment (SPA) agreement with the US FDA.
For this study, the FDA granted Zybrestat™
“Fast-Track™ status as potential cancer therapy.
This is a randomized open-label Phase II/III
study in which the experimental drug is tested in
combination with conventional chemotherapeu-
tics carboplatin and paclitaxel (NCT00507429).

In a previous Phase II study with 18 patients
suffering of advanced anaplastic thyroid cancer
Zybrestat™ as monotherapy achieved a median
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Fig.9.2 Proposed mechanism of vascular disrupting
agents. The lead compounds of this class,
Combretastatin A-4 (Zybrestat™) or 5,6-dimeth-
ylxantheonone-4-acetic acid (DMXAA; ASA404)
induce rapid vascular obstruction within the tumor
by acting on the endothelial cytoskeleton. In detail,
shape changes and intracellular damage is seen
leading to subsequent disruption of the endothelial

PFS of 7.4 weeks (range 2—84 weeks); with five
patients remaining progression-free for more
than 3 months (Cooney et al. 2006). The median
OS in this study was approximately 20 weeks.
Zybrestat™ also demonstrated activity in other
Phase I studies for treatment of advanced solid
neoplasms, such as NSCLC and ovarian cancer
(Anderson et al. 2003; Bilenker et al. 2005;
Dowlatietal. 2002; Rustin etal. 2003a; Stevenson
et al. 2003). It is also the first VDA that has
been clinically tested in combination with clas-
sic antiangiogenic drugs such as bevacizumab
(Avastin™) (Nathan et al. 2008). In this study, 9
of 14 patients with advanced solid tumors expe-
rienced disease stabilization for more than 12
weeks. Three patients experienced SD for more
than 24 weeks. Besides, DCE-MRI demonstrated
statistically significant reductions in tumor per-
fusion. This effect rapidly reversed after
Zybrestat™ alone, but was sustained following
the combination of Zybrestat™ and BEV (Nathan
et al. 2008). This observation and other preclini-
cal evidence have prompted another randomized
Phase II study in which the combination of car-
boplatin, paclitaxel, and BEV is evaluated with
and without Zybrestat™ for patients with
advanced NSCLC (Stadium IIIb and IV) as first-

‘TNF' jucti ‘,
T ————T —

— lial apoptosis

ot Increased interstitial - s
| fluid pressure

Necrosis

monolayer. Increased vascular permeability and
high interstitial fluid pressure in the tumor adds up
to vascular collapse and obstruction. Due to direct
exposure of the basement membrane to blood cells,
platelets and plasmatic coagulation are activated
leading to rapid tumor vessel thrombosis within
minutes of exposure

line therapy. Like in other studies involving anti-
angiogenic drugs, patients with predominant
squamous cell histology are excluded. This study
started in March 2008 and is aimed for enroll-
ment of 60 patients until 2010 (NCT00653939).

The current lead compound of the structur-
ally and mechanistically distinct flavonoids is
DMXAA (AS1404, Antisoma Research Limited,
London, UK) (Rewcastle et al. 1991). In con-
trast to combretastatins, cytoskeletal effects of
DMXAA seem to be confined to actin assembly
leaving interphase microtubules unharmed. In
experimental models, DMXAA has been shown
to enhance antitumor effects of melphalan and
other cytotoxic agents as well as hyperthermia
and radiation (Murata et al. 2001; Pruijn et al.
1997; Siim et al. 2003).

The first clinical Phase I study was presented
in 2003 (Rustin et al. 2003b). DMXAA was
applied to 46 patients for a total of 247 infusions
of over 15 dose levels ranging from 6 to
4,900 mg/m>. The MTD was reached at
3,700 mg/m? with DLTs observed in form of uri-
nary incontinence, visual disturbance, and anxi-
ety at the highest dose level (4,900 mg/m?).
Dose-dependent increases in the serotonin
metabolite 5-hydroxyindoleacetic acid were
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found at dose levels of 650 mg/m? and above.
There was one unconfirmed PR at 1,300 mg/m?.

Phase II studies have been published for ovar-
ian cancer, NSCLC, and hormone refractory pros-
tate cancer (HRPC). The first randomized study
evaluated DMXAA in combination with carbopl-
atin (AUC 6) and paclitaxel (175 mg/m?) in
NSCLC with histologically confirmed stage I1Ib
or IV NSCLC previously untreated with chemo-
therapy (McKeage 2006). Until 2006, 77 patients
were randomized to receive up to six cycles of car-
boplatin/paclitaxel with or without DMXAA
(1,200 or 1,800 mg/m?). Thirty-five patients
received chemotherapy alone, 36 chemotherapy
plus 1,200 mg/m? DMXAA and 6 plus 1,800 mg/
m?> DMXAA. The safety profile in the control arm
and DMXAA arm was comparable. Twenty-three
of thirty patients in the control arm achieved dis-
ease control and seven progressed, for the
1,200 mg/m*> DMXAA arm 28 of 33 patients
reached disease control and five progressed.
Finally, all six patients receiving 1,800 mg/m?
DMXAA achieved disease control, with three
confirmed PRs. The encouraging updated survival
data was presented in 2008 (McKeage and
Jameson 2008); median OS for chemotherapy
alone being 8.8 months (n=36), 14.0 months for
chemotherapy plus 1,200 mg/m*> DMXAA
(n=34) and 14.9 months for the 1,800 mg/m?
DMXAA group (n=30). It is noteworthy that in
this trial, patients with squamous NSCLC were
also benefited.

These data prompted the currently recruiting
international multicenter, randomized Phase III
trial ATTRACT-1 (Antivascular Targeted Therapy
Researching ASA404 in Cancer Treatment;
NCT00662597). Previously untreated patients
with advanced NSCLC (St. IIIb or IV) are ran-
domized to receive standard chemotherapy carbo-
platin/paclitaxel in combination with 1,800 mg/m?
DMXAA (AS1404, now licensed to Novartis,
Basel, Switzerland) or placebo. It is planned to
recruit 1,200 patients with comparison of OS as
primary objective. Safety data from the previous
studies described earlier indicates a different

toxicity profile in contrast to other antiangiogenic
drugs. Typical vascular effects such as proteinu-
ria, arterial hypertension and thrombosis, pulmo-
nary hemorrhage, wound healing or other
bleeding complications were almost not observed
with DMXAA both in squamous and non-
squamous histology. This allows also patients
with predominant squamous histology to be
recruited, a group that is usually ruled out in
other trials involving most other antiangiogenic
agents. Also, a second randomized Phase III
study (ATTRACT-2) evaluating the efficacy of
DMXAA in second-line therapy of NSCLC was
initiated in late 2008 (see Table 9.1).

92.1.1
Accidental Antiangiogenesis Agents

Apart from the aforementioned agents, some
already FDA-approved anticancer drugs were
later to be shown to have antiangiogenic activity
as well. For example, the FDA-approved EGFR
antibodies cetuximab (Erbitux™; Merck) and
panitumumab (Vectibix™; Amgen) as well as
the EGFR antagonists erlotinib (Tarceva™,
Genentech, OSI Pharmaceuticals in collabora-
tion with Genentech and Roche) and gefitinib
(ZD1839; Iressa™,; AstraZeneca) were shown to
inhibit tumor angiogenesis by partly blocking the
VEGF receptor and downregulation of various
pro-angiogenic factors such as VEGF (Ciardiello
et al. 2001; Hoffmann et al. 2007; Huang et al.
2002; Perrotte et al. 1999; Pore et al. 2006), basic
fibroblast growth factor (bFGF) (Albanell et al.
2001), HIF1-o (Li et al. 2008) and transforming
growth factor- (TGF) (Pino et al. 2006). Also, the
proteasome inhibitor bortezomib (Velcade™;
Millennium Pharmaceuticals), approved for mul-
tiple myeloma, demonstrated potent antiangio-
genic activity in clinical and preclinical models
(Galimberti et al. 2008; Nawrocki et al. 2002;
Williams et al. 2003). Even drugs like celecoxib
(Celebrex™; Pfizer Inc.) originally approved
not for therapy of malignant disease but for
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treatment of rheumatoid arthritis have been
shown to increase production of endogenous
angiogenesis inhibitors like endostatin and dem-
onstrated clinical anticancer activity as well.
Celecoxib is currently listed in four randomized
Phase III trials for therapy of metastatic CRC,
NSCLC, pancreatic, and prostate cancer
(NCT00268476, NCT00295035, NCT00300729,
NCT00486460). Also, the concept of metronomic
chemotherapy was introduced meaning the inhi-
bition of tumor angiogenesis by simply changing
the dose and frequency of a cytotoxic chemother-
apeutic agent like cyclophosphamide (Browder
et al. 2000; Hanahan et al. 2000). Vice versa
to these “accidental” antiangiogenic drugs, it
became clear that “classic” antiangiogenic drugs
affect not only endothelial but also tumor cells
directly (Beaudry et al. 2008). Especially pancre-
atic and breast cancer cells were shown to express
VEGFR-2 offering the possibility to directly
target them with VEGF/VEGFR antagonists
(Higgins et al. 2006a; Higgins et al. 2006b).

9.1.12
Conclusions and Future Perspectives

Taken together, the classic concept in cancer ther-
apy that a drug is either directed exclusively
against the tumor cell or against the vascular cell
in tumor angiogenesis has been replaced by a far
more complex model of tumor-stroma interac-
tions. Thus, (multi-)targeted therapies against
cancer have become more and more important.
Up to date, numerous new substances were devel-
oped as angiogenesis inhibitors and evaluated in
clinical trials for safety, tolerance, and efficacy.
Yielding positive study results, some of these
molecules have already been approved for clini-
cal use as described earlier. Although the clinical
benefit for patient groups studied is only in the
range of few months, the benefit for single
patients can be considerably more long-lasting.
Treatment results begin to change even in dis-
eases where no therapeutic advances could be

made for decades. Today, the wide array of avail-
able agents offers the clinician multiple treatment
choices.

However, the question of the optimal antian-
giogenic approach is still an open debate and
subject to a number of clinical studies described
in this chapter; for example, which combinations
for what tumors, treatment in early stage vs.
advanced stage or maintenance?

In particular, the concept of tumor dormancy
induced or maintained by angiogenesis inhibitors
is widely discussed in the expert field. One intrigu-
ing observation for this model is the vast differ-
ence between the prevalence of clinically
presenting cancer and unapparent malignant
tumors found in autopsy studies. Besides, tumor
dormancy may be a clinically relevant phenome-
non in patients who have been treated for primary
cancer and relapse after a long disease-free period
(Demicheli et al. 2005; Uhr et al. 1997).
Hypothetically, a small number of remaining
malignant cells are able to re-activate their tumori-
genic potential even years later. Most often, this
phenomenon has been explained as consequence
of a complex and poorly understood shift in the
balance between host and tumor, the angiogenic
switch. Historically, the failure to induce the
angiogenic switch has been proposed as one of the
mechanisms that may be responsible for tumor
dormancy (Brem and Folkman 1975; Folkman
and Kalluri 2004; Hanahan and Folkman 1996).

However, it is not clear whether a sustained
production of angiogenic factors is required to
finally break the balance or a short-term angio-
genic burst may suffice to break dormancy. To
this end, it is absolute speculative that the lower
incidence of clinically apparent breast cancer in
women with Down syndrome might be due to
constant elevated serum values of endogenous
angiogenesis inhibitor endostatin regulated on
chromosome 21 (Retsky et al. 2009; Zorick et al.
2001). So far, it is still just an outlook into the
future when hopefully our diagnostic tools are
sensitive enough to detect recurrent disease
before it leaves the dormant state and becomes
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symptomatic again or even better it might be
possible to actively halt the tumor dormancy by
antiangiogenic maintenance. However, the chal-
lenge for both basic researchers and clinicians
will remain to integrate these numerous novel
treatment approaches into existing protocols to
eventually improve individual patient outcome.
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