Therapeutic targeting of
molecular structures may

enhance the treatment of

colorectal cancer.
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Targeted Therapies in the
Treatment of Colorectal Cancers

Todd Alekshun, MD, and Chris Garrett, MD

Background: In solid organ malignancies, no tumor type has seen a greater impact from the development of novel
targeted therapies in 2004 than metastatic colorectal cancer.

Methods: We review the current progress to date with the use of monoclonal antibodies in colorectal cancer and look
at newer therapies under investigation.

Results: Two monoclonal antibodies received Food and Drug Administration approval in early 2004, both for the
indication of advanced, metastatic colorectal cancer. A large, randomized, placebo-controlled study demonstrated
that the addition of a monoclonal antibody to vascular endothelial growth factor, bevacizumab, led to a statistically
significant improvement in overall survival, with tolerable additional toxicity. Chimeric monoclonal antibody
therapy directed at the epidermal growth factor receptor was associated with radiographic responses in a significant
minority of patients with irinotecan-refractory colon cancer in a randomized phase Il study of patients with irinote-
can-refractory disease.

Conclusions: These dramatic successes have led to further clinical studies of targeted therapy in colorectal cancer,
making it one of the most promising areas of cancer research.

Background

The relationships between growth factors, cell surface
receptors, and their second messengers in the develop-
ment and progression of human malignancies are not new
concepts. However, recent advances in molecular and cell
biology techniques have allowed for rapid advances in
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rational drug design and targeted therapies for the treat-
ment of human malignancies. Among the most recent
advances in treatments for colorectal cancer are therapies
that target novel cellular entities such as EGFR and VEGF
(Figure). The uses of therapeutic targeting of these mole-
cular structures in colorectal cancer are enhancing the

Cancer Control 105



treatment of colorectal cancer. This review summarizes
targeted therapies for treating colorectal cancer.

Epidermal Growth Factor

Growth factors and their receptors are vital to normal cel-
lular dynamics, as they regulate cellular growth, prolifera-
tion, differentiation, migration, angiogenesis, and cell
death. Six subclasses of tyrosine kinase receptors have
been isolated and fully characterized. These include
receptors for the following unique ligands: (1) insulin, (2)
platelet-derived growth factor, (3) epidermal growth fac-
tor, (4) fibroblast growth factor, (5) ephrins, and (6)
growth hormone.! EGFR is a monomeric 170-kD trans-
membrane glycoprotein that possesses intrinsic tyrosine
kinase activity. EGFR belongs to the family ErbB, of which
four receptors have been characterized: HER-1 (EGFR or
c-erb B-1),HER-2 (neu or c-erb B-2), HER-3 (c-erb B-3),and
HER-4 (c-erb B-4). EGFR is encoded by the c-erb B-1 pro-
tooncogene and is expressed on both normal and malig-
nant cells, primarily of epithelial origin. EGFR is a trans-
membrane entity that consists of three important regions
to help serve its function as a cell-signaling receptor.
Epithelial growth factor (EGF) and transforming growth
factor-a are the two major extracellular endogenous lig-
ands that activate EGFR. However, other endogenous lig-
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Monoclonal antibodies cetuximab (chimeric), EMD72000 (humanized),
and panitumumab (fully human) bind cell surface epidermal growth factor
receptor (EGFR) and inhibit binding of natural ligands epidermal growth
factor (EGF) and transforming growth factor beta (TGF-), in addition to
causing receptor internalization and proteosomal degradation. The
humanized antibody bevacizumab binds circulating vascular endothelial
growth factor (VEGF) preventing binding to receptor. Receptor tyrosine
kinase inhibitors gefitinib and vatalanib work intracellularly to inhibit the
EGFR and VEGFR receptor, respectively.
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ands that may function to activate EGFR include
amphiregulin, heparin binding-epithelial growth factor,
and betacellulin. Once a ligand binds to the extracellular
domain of EGFR, then receptor dimerization occurs.
Internalization of both receptor and ligand induces
autophosphorylation and subsequent activation of tyro-
sine kinase. As a consequence, signaling pathways such as
Ras-Raf-MAP kinases, phosphatidylinositol 3-kinase, Akt,
Jak/Stat kinases, and protein kinase C are activated and
gene transcription is regulated.

EGFR gene expression occurs in 25% to 77% of col-
orectal neoplasms.? The wide range of EGFR expression
seen between the different studies reflects the technical
difficulties of antigen retrieval required in immunohisto-
chemical (IHC) studies. Those EGFR-expressing colorectal
neoplasms have been shown in retrospective studies to
behave more aggressively and prognosticates for poorer
survival rates.®

Cetuximab

Cetuximab is a chimeric immunoglobulin IgG1 mono-
clonal antibody that was initially developed from the
murine antibody M225 developed by Mendelsohn and col-
leagues.* It functions as a competitive antagonist that
binds to the extracellular endogenous binding domain of
the EGFR with a 5- to 10-fold greater affinity than its nat-
ural ligands, epidermal growth factor and transforming
growth factor-a. Cetuximab acts primarily by downregu-
lating EGFR expression and thereby limits the Ras-Raf-
MAP, phosphatidylinositol 3-kinase, Akt, Jak/Stat kinases,
and protein kinase C signal transduction pathways.
Inhibiting cell cycle progression by causing G, phase cell
cycle arrest via Rb protein hypophosphorylation, activa-
tion of pro-apoptotic molecules, inhibition of angiogene-
sis, downregulation of vascular endothelial growth factor
expression, and inhibition of metastasis by reducing
expression of matrix metalloproteinases are among other
postulated mechanisms by which cetuximab inhibits
tumorigenesis.> This competitive monoclonal antibody is
not effective against mutant forms of EGFR, as it requires
an intact extracellular binding region to remain effective.
Unlike the predictable correlation of response to
trastuzumab in HER-2/neu-expressing breast cancers (as
determined by IHC), responses to cetuximab in EGFR-
expressing colorectal cancers is not predictable.

An open-label, multicenter study (the “BOND” trial)
randomized 329 patients with stage 1V, EGFR-expressing
colorectal adenocarcinomas to receive either a combina-
tion irinotecan plus cetuximab or cetuximab monothera-
py (400 mg/m? as initial dose, then 250 mg/m? weekly
thereafter). Irinotecan was administered in the same
dose and schedule that the patients had previously
received their therapy (weekly, fortnightly, or once every
21 days). All patients had documented radiographic evi-
dence of disease progression while receiving an irinote-
can-based regimen and were EGFR-positive by IHC (DAKO
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kit). The overall response rate for 218 patients who
received combination irinotecan plus cetuximab was
22.9% (P=.007), while 111 patients who received cetux-
imab alone demonstrated a 10.8% response rate (P=.007).
The median time to progression was 4.1 months for the
combination group and 1.5 months for the cetuximab
monotherapy group. Severe anaphylaxis occurred in
approximately 2%, but there were no treatment-related
deaths. Fifty-six patients who received monotherapy
developed disease progression and crossed over; the out-
come of these patients has not yet been reported. An
acneiform maculopapular rash developed in 80%. The
development of rash correlated with a higher survival rate
and was associated with higher radiographic response
rates compared with those who did not develop a rash.
The authors also concluded that predictability of cetux-
imab response does not correlate with EGFR expression.
Induction of apoptosis, DNA impairment, and reduction in
irinotecan efflux are some of the proposed mechanisms
by which cetuximab augments irinotecan and is able to
overcome irinotecan resistance.

The radiographic response rates seen in this large
randomized phase Il study were remarkably similar to
two prior nonrandomized phase Il studies conducted in
the United States. These studies were initially critiqued
for having insufficient source documentation to justify
the eligibility criterion that subjects have documented
disease progression while receiving irinotecan therapy.
However, subsequent work was able to retrieve the sup-
porting documentation to sustain the assertion that the
population studies were irinotecan refractory in over
half of the cases. In a multicenter study conducted in the
United States, with documented evidence of irinotecan
resistance radiographically, 15% developed a radiograph-
ic partial response (confirmed by independent radi-
ographic review) to therapy with irinotecan plus cetux-
imab.” A subsequent multicenter study of cetuximab
monotherapy in irinotecan-refractory colorectal cancer
demonstrated a 9% radiographic response rate (5 of 57
cases).® These two studies, interpreted with the BOND
trial, show that cetuximab has significant activity in a
subset of patients with metastatic colorectal cancer.
Although the frequency of activity as judged by radi-
ographic response rates is low, a higher percentage of
patients in all three studies show a failure to progress fol-
lowing 3 months of therapy, suggesting a clinically useful
biologic effect in a larger percentage of patients. It is
important to note that the use of the drug is associated
with modest and acceptable toxicity. Less than 2% of
patients experience a severe hypersensitivity reaction
(grade 3 or greater toxicity as measured by the Common
Toxicity Criteria for Adverse Events®).

Cetuximab was provisionally approved by the FDA in
February 2004 based on a surrogate marker for survival,
radiographic response. Studies are ongoing to document
that cetuximab, when added to conventional second-line
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chemotherapy in patients whose tumors are EFGR-posi-
tive by IHC, will lead to a survival benefit. The ongoing
multicenter phase 11l EXPLORE study randomizes subjects
with EGFR-positive tumors by IHC to either FOLFOX4 (5-
fluorouracil, leucovorin, oxaliplatin), or FOLFOX4 plus
cetuximab. This study began accrual in March 2003 and
plans to continue accrual until a target of 1,100 subjects
are enrolled. Preliminary safety data on 40 patients sug-
gest that the addition of cetuximab to FOLFOX4 does not
increase the toxicity of chemotherapy.’® A second phase
111 study, the EPIC trial (CA225006), seeks to evaluate the
impact on overall survival when cetuximab is added to
irinotecan compared with single-agent irinotecan alone in
patients with EGFR-positive tumors who have developed
disease progression on first-line oxaliplatin-based therapy.

Clinical trials initially were based on the assumption
that presence of the target (in this case, cell-surface EGFR)
would be necessary before seeing activity of the drug.
This presumption was based largely on the prior clinical
experience of trastuzumab, another chimeric antibody in
treatment of breast cancer, targeting the another EGFR
subclass receptor, HER-2/neu. However, in contradistinc-
tion to trastuzumab, quantitative levels of receptor (as
judged by IHC) were not correlated with radiographic
response rates. In fact, of 9 subjects who were EGFR-neg-
ative by IHC treated with cetuximab monotherapy, 2 had
a partial response to therapy, 1 confirmed.** In a second
study of 16 patients with metastatic colorectal cancer,
whose tumors were EGFR-negative by IHC, four major
objective responses were seen with the use of cetuximab
therapy.? These preliminary data suggest that cetuximab
may have similar activity in EGFR-negative and EGFR-posi-
tive tumors when assessed by IHC. This assertion has to
be validated by additional ongoing studies.

Panitumumab (ABX-EGF, clone E7.6.3)

Since the most serious grade 4 toxicity from cetuximab
relates to hypersensitivity reactions, fully humanized anti-
bodies to the EGFR extracellular domain have been devel-
oped. Of these, ABX-EGR and EMD72000 are the furthest
along in clinical development. ABX-EGF is a fully human-
ized 1gG2 subclass monoclonal EGFR antibody, with high
affinity (K = 5 x 10-'M) for the receptor. Preclinical stud-
ies show tumor growth inhibition and chemosensitization
as similar to those demonstrated with cetuximab.® A
large phase Il study of the compound’s activity in patients
with advanced colorectal cancer in whom therapy with 5-
fluorouracil, irinotecan, and oxaliplatin has failed was
commenced in 2003. Over 200 patients have been
accrued to this study. Preliminary data on 148 subjects
presented showed similar activity in terms of radiograph-
ic response rate by RECIST criteria compared with histor-
ical cetuximab data: 10.1% had confirmed partial
response rates and 36.5% had stable disease.!* Greater
than 90% developed skin rash. Only 1 subject developed
a grade 3 hypersensitivity reaction that was believed to be
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attributable to drug; the patient subsequently received
therapy with premedication without further reaction.

EMD72000

EMD72000 is a genetically engineered monoclonal anti-
body with a similar high affinity for the EGFR receptor (Kp
= 3.4 x 107'°M) as cetuximab and ABX-EGE'®> A phase |
study of subjects with predominantly gastrointestinal and
head and neck malignancies evaluated five absolute dose
levels between 400 mg/week and 2,000 mg/week.*6 The
drug was well tolerated up to doses of 1,600 mg/week,
with the dose-limiting toxicity at 2,000 mg/week being
fever and rash. Investigators determined radiographic
responses, using World Health Organization response cri-
teria, occurred in 23% of patients, with stable disease
being observed in 27%. These promising phase | data have
led to a multicenter phase Il study. Further studies will be
needed to determine the efficacy of this antibody, both as
monotherapy and in combination with chemotherapy, in
the management of colorectal cancer.

Gefitinib and Erlotinib

Preclinical studies suggested that gefitinib (Iressa),a recep-
tor tyrosine kinase inhibitor of the EGFR, may have signif-
icant single-agent activity in colorectal cancer.’” In light of
the activity of EGFR antibodies in colorectal cancer, activ-
ity might have been anticipated with this drug; however,
a multicenter phase Il study by the Eastern Cooperative
Oncology Group (ECOG 6200) of 115 patients with
metastatic colorectal cancer failed to demonstrate any sin-
gle-agent activity when judged by radiographic response
rates. No changes in EGFR activation were seen in mark-
ers of EGFR activation obtained before and 1 week after
therapy when paired tumor samples were analyzed.'®
Ongoing studies are evaluating the single-agent efficacy of
erlotinib (Tarceva), a similar oral EGFR receptor tyrosine
kinase inhibitor. Preliminary data from a phase Il study
indicate that the best response to therapy to date to be
stable disease.®®

Vascular Endothelial Growth Factor

Targeted therapies for treating colorectal cancer have
expanded beyond inhibiting cell surface signaling recep-
tors. Interfering with receptor stimuli, such as vascular
endothelial growth factor (VEGF) inhibition, has added a
new dimension to treating advanced colorectal cancers.
VEGF is an approximately 45-kD proangiogenic
homodimeric glycoprotein that functions as a major con-
tributor in stimulating pathologic angiogenesis. Although
VEGF functions to stimulate angiogenesis and regulate vas-
cular permeability as part of physiologic homeostasis, this
review focuses only on pathologic angiogenesis. Similar to
growth factor receptors, VEGF is considered part of a fam-
ily of growth factors, of which six currently exist: VEGF
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placental growth factor, VEGF-B, VEGF-C, VEGF-D, and
VEGF-E. Two tyrosine kinase receptor subtypes, VEGFR-1
(FIt-1, fms-like tyrosine kinase) and VEGFR-2 (FIk-1/KDR)
mediate the effects of VEGF via signal transduction, ulti-
mately regulating angiogenesis.?

Endothelial permeability is considered an important
phase for tumor growth, propagation, and metastasis.
VEGF increases permeability by creating endothelial fen-
estrations, thus allowing plasma proteins to leak into the
extravascular space and create a fibrin-like microenviron-
ment.2t This microenvironment serves as the foundation
for microvessel and tumor growth.

Approximately 50% of colorectal neoplasms express
VEGF, and expression appears to be a poor prognostic
marker in colorectal cancers.???® Levels of VEGF expres-
sion have been shown to be proportional to the likelihood
of disease recurrence, extent of neovascularization, prolif-
eration, and subsequent metastasis.?#?> Warren et al®
reported increased VEGFR-1 and VEGFR-2 expression in
liver metastasis for colorectal cancers.

Bevacizumab

Bevacizumab (Avastin) is a 149-kD recombinant human-
ized monoclonal 1gG1 antibody that consists of approxi-
mately 93% human framework domains and 7% murine-
derived binding domains.?”-? 1t is indicated as first-line
therapy for treating metastatic colorectal cancer in combi-
nation with an intravenous 5-fluorouracil-based regimen.
Bevacizumab selectively inhibits VEGF, thereby preventing
VEGF activation of VEGFR-1 and VEGFR-2 receptors.

The solitary phase Ill study that evaluated bevacizum-
ab in patients with advanced colorectal cancer was per-
formed by Hurwitz et al.?® This randomized, multicenter
study evaluated the overall survival in 402 subjects with
metastatic colorectal cancer who were randomized to
receive irinotecan, 5-fluorouracil, leucovorin (IFL) plus
bevacizumab (5 mg/kg every 2 weeks) compared with 411
patients who were randomized to receive IFL plus placebo.
Twenty-eight percent of the patients who were random-
ized to the placebo group had received prior fluoropyrim-
idine (adjuvant or radiosensitizing) therapy, while 24% of
the patients randomized to the bevacizumab group had
received prior fluoropyrimidine therapy more than 1 year
prior to study entry. Prior radiation therapy had also been
given to 14% of those receiving IFL plus placebo and 15%
of those receiving IFL plus bevacizumab. The median dura-
tion of overall survival, the primary end point of this study,
was 20.3 months for those in the bevacizumab group and
15.6 months in the placebo group (P<.001). One-year sur-
vival rates were 74.3% and 63.4% for those who received
IFL plus bevacizumab and IFL plus placebo, respectively.
Secondary end points were a 10.6-month progression-free
survival (IFL plus bevacizumab) compared with a 6.2
month progression-free survival (IFL plus placebo).

The efficacy of bevacizumab, when used as neoadju-
vant therapy, has not yet been established. Willett et al*
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conducted a phase | study and analyzed 6 patients with
primary, locally advanced rectal adenocarcinomas who
received bevacizumab (5 mg/kg) as an initial dose, fol-
lowed by 2-week cycles times three of bevacizumab (5
mg/kg) concurrently with 5-fluorouracil and pelvic and
pelvic external beam radiation therapy 2 weeks later.
Seven weeks after the cessation of therapy, all underwent
surgical resection. There were no dose-limiting toxicities
or perioperative complications. Further studies will be
needed to assess the effect of bevacizumab as monothera-
py or in combination, when used in a neoadjuvant setting.

The addition of bevacizumab at a dose of 10 mg/m? per
week in the second-line setting (irinotecan-refractory sub-
jects) to palliative FOLFOX4 chemotherapy has been
shown to improve survival in an ECOG randomized phase
11l study.®* Preliminary results showed a prolongation in
median survival from 10.7 to 12.5 months. The combina-
tion of bevacizumab and cetuximab with or without
irinotecan is being studied in an ongoing randomized phase
I trial being conducted in irinotecan-refractory subjects.*?

Vatalanib (PTK787/ZK222584)

A small molecule receptor tyrosine kinase inhibitor of the
VEGF receptor, vatalanib, has been developed and is the
first VEGF receptor inhibitor suitable for oral administra-
tion.®® Single-agent studies suggested that PTK787 had
modest single-agent activity in colorectal cancer; 8 of 16
subjects had stable disease by Southwest Oncology Group
(SWOG) criteria, with a significant reduction in their
dynamic contrast magnetic resonance imaging enhance-
ment in those subjects with stable disease.3* This has led
to combinations with FOLFOX4 chemotherapy® and
FOLFIRI chemotherapy,®* with tolerable and acceptable
toxicity profiles. Whether the addition of this novel agent
to firstline FOLFOX4 chemotherapy in metastatic col-
orectal cancer will lead to a survival benefit is the subject
of an ongoing phase Il randomized CONFIRM-1 trial (Col-
orectal Oral Novel Therapy for the Inhibition of Angiogen-
esis and Retarding Metastasis). This trial has recently com-
pleted accrual and will hopefully be reported sometime

this year. The CONFIRM-2 trial is a phase Il study evalu-
ating whether there is a survival benefit to the addition of
vatalanib to FOLFOX-4 in the second-line setting (patients
who have progressed on front-line irinotecan plus 5-fluor-
ouracil therapy).

Conclusions

The significant unmet medical need posed by recurrent
colorectal cancer that is not curable with surgery has
prompted extensive clinical research in an effort to find
agents with superior single-agent activity. Some of the
ongoing and recently completed phase Il trials in the Unit-
ed States are demonstrated in the Table. The recent
advances are leading to efforts to determine the appropri-
ate sequencing and combination of these agents for the
optimal treatment of recurrent colorectal cancer. It is
anticipated that the improved outcomes and survivals now
being achieved in metastatic disease will lead to changes in
the observed natural history of the treated disease, requir-
ing new strategies to manage central nervous system and
osseous relapses. Given that a substantial minority of
patients with visceral relapse may be cured with surgical
intervention, improved systemic therapies are altering the
surgical management of advanced disease and requiring
new approaches to the selection criteria of patients for
metastasectomy with curative or palliative intent. All of
these questions will require the continued participation of
patients in clinical trials in order to devise the most appro-
priate and effective treatment strategies for patients.

References

1. Carpenter G, Chen S. Epidermal growth factor. J Biol Chem. 1990;265:
7709-7712.

2. Salomon DS, Brandt R, Ciardiello F, et al. Epidermal growth factor-
related peptides and their receptors in human malignancies. Crit Rev Oncol
Hematol. 1995;19:183-232.

3. Mayer A, Takimoto M, Fritz E, et al. The prognostic significance of pro-
liferating cell nuclear antigen, epidermal growth factor receptor and mdr gene
expression in colorectal cancer. Cancer. 1993;71:2454-2460.

4. Sato JD, Kawamoto T, Le AD, et al. Biological effects in vitro of mono-
clonal antibodies to human epidermal growth factor receptors. Mol Biol Med.

Experimental Compounds in Ongoing or Recently Completed Phase Il Clinical Trials

Experimental Agent
ABT-751

Target
Colchicines binding site of 3-tubulin

Pelitrexol (AG2037) Folate acid synthesis

(quanyl aryl ribonucleotide transferase
[GARFT] inhibitor

DJ-927 {3-tubulin (taxane)

Epothilone D
Imatinib mesylate (STI-571)

{3-tubulin
Receptor tyrosine kinase inhibitor

Thalidomide Angiogenesis

(c-kit, ber-abl, platelet-derived growth factor)

Research Sponsor
Abbott Laboratories

Phase | Experience

Kobayashi et al*?
Cho et al*®

Pfizer Inc Garrett et al*®

Daiichi Pharmaceuticals Syed et al*
Beeram et al*t

Kosan Biosciences Holen et al*?

M.D. Anderson Cancer Center Peng et al*

National Cancer Institute
(randomized phase Il following surgery)

April 2005, Vol. 12, No. 2

Cancer Control 109



1983;1:511-529.

5. Mendelsohn J, Baselga J. Status of epidermal growth factor receptor
antagonists in the biology and treatment of cancer. J Clin Oncol. 2003;21:2787-
2799.

6. Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy
and cetuximab plus irinotecan in irinotecan-refractory metastatic colorectal can-
cer. N EnglJ Med. 2004;7-22:351:337-345.

7. Saltz L, Rubin M, Hochster H, et al. Cetuximab plus irinotecan is active
in cpt-11-refractory colorectal cancer that expresses epidermal growth factor
receptor. Proc Annu Meet Am Soc Clin Oncol. 2000;22:A3531. Abstract.

8. Saltz LB, Meropol NJ, Loehrer PJ Sr, et al. Phase Il trial of cetuximab
in patients with refractory colorectal cancer that expresses the epidermal growth
factor receptor. J Clin Oncol. 2004;22:1201-1208.

9. Common Toxicity Criteria for Adverse Events (CTCAE version 3). Avail-
able at: http://ctep.info.nih.gov/forms/CTCAEv3.pdf

10. Badrinath S, Mitchell EP, Jennis A, et al. Cetuximab plus FOLFOX for
colorectal cancer: preliminary safety analysis of a randomized phase Il trial.
Proc Annu Meet Am Soc Clin Oncol. 2004;22(14S):A3531. Abstract.

11. Lenz HJ, Mayer RJ, Gold PJ, et al. Activity of cetuximab in patients with
colorectal cancer refractory to both irinotecan and oxaliplatin. Proc Annu Meet
Am Soc Clin Oncol. 2004;22(14S):A3510. Abstract.

12. Chung KY, Shia J, Kemeny NE, et al. Cetuximab shows activity in col-
orectal cancer patients with tumors that do not express the epidermal growth
factor receptor by immunohistochemistry. J Clin Oncol. 2005;23:1803-1810.

13. Foon KA, Yang XD, Weiner LM, et al. Preclinical and clinical evalua-
tions of ABX-EGF, a fully human anti-epidermal growth factor receptor antibody.
Int J Radiat Oncol Biol Phys. 2004;58:984-990.

14. Hecht JR, Patnaik A, Malik Al, et al. ABX-EGF monotherapy in patients
with metastatic colorectal cancer: an updated analysis. Proc Annu Meet Am
Soc Clin Oncol. 2004;22(14S):A3511. Abstract.

15. Sridhar SS, Seymour L, Shepherd FA, et al. Inhibitors of epidermal-
growth-factor receptors: a review of clinical research with a focus on non-small-
cell lung cancer. Lancet Oncol. 2003;4:397-406.

16. Vanhoefer U, Tewes M, Rojo F, et al. Phase | study of the humanized
antiepidermal growth factor receptor monoclonal antibody EMD72000 in
patients with advanced solid tumors that express the epidermal growth factor
receptor. J Clin Oncol. 2004;22:175-184.

17. Ciardiello F, Caputo R, Bianco R, et al. Antitumor effect and potentia-
tion of cytotoxic drugs activity in human cancer cells by ZD-1839 (Iressa), an epi-
dermal growth factor receptor-selective tyrosine kinase inhibitor. Clin Cancer
Res. 2000;6:2053-2063.

18. Rothenberg ML, Lafleur B, Washington MK, et al. Changes in epider-
mal growth factor receptor signaling in serum and tumor biopsies obtained from
patients with progressive metastatic colorectal cancer treated with gefitinib
(ZD1839): an Eastern Cooperative Oncology Group study. Proc Annu Meet Am
Soc Clin Oncol. 2004;22(14S):A3000. Abstract.

19. Oza AM, Townsley CA, Siu LL et al. Phase Il study of erlotinib (OSI-
774) in patients with metastatic colorectal cancer. Proc Annu Meet Am Soc Clin
Oncol. 2003;785. Abstract.

20. McMahon G. VEGF receptor signaling in tumor angiogenesis. Oncol-
ogist. 2000;5(suppl 1):3-10.

21. Klagsbrun M, D’Amore PA. Vascular endothelial growth factor and its
receptors. Cytokine Growth Factor Rev. 1996;7:259-270.

22. Roberts WG, Palade GE. Increased microvascular permeability and
endothelial fenestration induced by vascular endothelial growth factor. J Cell
Sci. 1995;108:2369-2379.

23. Lee JC, Chow NH, Wang ST, et al. Prognostic value of vascular
endothelial growth factor expression in colorectal cancer patients. Eur J Can-
cer. 2000;36:748-753.

24. Choi HJ, Hyun MS, Jung GJ, et al. Tumor angiogenesis as a prognos-
tic predictor in colorectal carcinoma with special reference to mode of metasta-
sis and recurrence. Oncology. 1998;55:575-581.

25. Takahashi Y, Kitadai Y, Bucana CD, et al. Expression of vascular
endothelial growth factor and its receptor, KDR, correlates with vascularity,
metastasis, and proliferation of human colon cancer. Cancer Res.
1995;55:3964-3968.

26. Warren RS, Yuan H, Matli MR, et al. Regulation by vascular endothe-
lial growth factor of human colon cancer tumorigenesis in a mouse model of
experimental liver metastasis. J Clin Invest. 1995;95:1789-1797.

27. Presta LG, Chen H, O’Connor SJ, et al. Humanization of an anti-vas-
cular endothelial growth factor monoclonal antibody for the therapy of solid
tumors and other disorders. Cancer Res. 1997;57;4593-4599.

28. Fernando NH, Hurwitz HI. Targeted therapy of colorectal cancer: clin-
ical experience with bevacizumab. Oncologist. 2004;9(suppl 1):11-18.

29. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus
irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N Engl
J Med. 2004;350:2335-2342.

30. Willett CG, Boucher Y, di Tomaso E, et al. Direct evidence that the
VEGF-specific antibody bevacizumab has antivascular effects in human rectal
cancer. Nat Med. 2004;10:145-147.

31. Giantonio BJ, Catalano PJ, Meropol NJ, et al. High-dose bevacizumab
in combination with FOLFOX4 improves survival in patients with previously
treated advanced colorectal cancer: results from the ECOG study E3200. Pro-

110 Cancer Control

gram and abstracts of the American Society of Clinical Oncology Gastrointesti-
nal Cancers Symposium; January 27-29, 2005; Hollywood, Florida. Abstract
169A.

32. Saltz LB, Lenz H-J, Kindler H, et al. Interim report of randomized phase
Il trial of cetuximab/bevacizumab/irinotecan (CBI) versus cetuximab/bevacizum-
ab (CB) in irinotecan-refractory colorectal cancer. Program and abstracts of the
American Society of Clinical Oncology Gastrointestinal Cancers Symposium;
January 27-29, 2005; Hollywood, Florida. Abstract 169B.

33. Wood J, Buchdunger E, Cozens R, et al. Pharmacologic profile of a
potent and orally active VEGF receptor kinases. Proc Annu Meet Am Soc Clin
Oncol. 1998;96. Abstract.

34. Thomas A, Morgan B, Drevs J, et al. Pharmacodynamic results using
dynamic contrast enhanced magnetic resonance imaging of two phase 1 stud-
ies of the VEGF inhibitor PTK787/ZK 222584 in patients with liver metastases
from colorectal cancer. Proc Annu Meet Am Soc Clin Oncol. 2001;279.
Abstract.

35. Steward WP, Thomas A, Morgan B, et al. Expanded phase /Il study of
PTK787/ZK 222584 (PTK/ZK), a novel, oral angiogenesis inhibitor, in combina-
tion with FOLFOX-4 as first-line treatment for patients with metastatic colorectal
cancer. Proc Annu Meet Am Soc Clin Oncol. 2004;22(14S);3556A. Abstract.

36. Schleucher N, Trarbach T, Junker U, et al. Phase I/ll study of
PTK787/ZK 222584 (PTK/ZK), a novel, oral angiogenesis inhibitor in combina-
tion with FOLFIRI as first-line treatment for patients with metastatic colorectal
cancer. Proc Annu Meet Am Soc Clin Oncol. 2004;22(14S):A3558. Abstract.

37. Kobayashi H, Hande KR, Berlin JD, et al. Phase I results of ABT-751,
a novel microtubulin inhibitor, administered daily x 7 every 3 weeks. Proc Annu
Meet Am Soc Clin Oncol. 2004;22(14S):A2079. Abstract.

38. Cho SY, Adamson PC, Hagey AE, et al. Phase | trial and pharmacoki-
netic study of ABT-751, an orally bioavailable tubulin binding agent, in pediatric
patients with refractory solid tumors. Proc Annu Meet Am Soc Clin Oncol.
2004;22(14S):A2080. Abstract.

39. Garrett C, Dinwoodie W, Robert F, et al. Phase | clinical studies of
AG2037, a potent and novel inhibitor of glycinamide ribonucleotide formyltrans-
ferase. Proc Annu Meet Am Soc Clin Oncol. 2002;429. Abstract.

40. Syed SK, Beeram M, Takimoto CH, et al. Phase | and pharmacokinet-
ics (PK) of DJ-927, an oral taxane, in patients (Pts) with advanced cancers.
Proc Annu Meet Am Soc Clin Oncol. 2004;22(14S):A2028. Abstract.

41. Beeram M, Takimoto CH, Gadgeel SM, et al. A phase | and pharmaco-
kinetic (PK) study of DJ-927, an orally administered taxane, in patients with
advanced malignancies. Proc Annu Meet Am Soc Clin Oncol. 2003;524.
Abstract.

42. Holen KD, Syed S, Hannah AL, et al. Phase | study using continuous
intravenous (Cl) KOS-862 (Epothilone D) in patients with solid tumors. Proc
Annu Meet Am Soc Clin Oncol. 2004;22(14S):A2024. Abstract.

43. Peng B, Hayes M, Resta D et al. Pharmacokinetics and pharmacody-
namics of imatinib in a phase | trial with chronic myeloid leukemia patients. J
Clin Oncol. 2004;22:935-942.

April 2005, Vol. 12, No. 2



