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Contract for
Mutual Responsibility in CE
Projects In Knowledge will provide:
1. A trusting learning environment free of commercial bias.
2. An activity that has been peer-reviewed, by an expert in the field who is not a member of
the faculty, to ensure that the information presented is independent, objective, scientifically
rigorous, fair-balanced, accurate, timely, relevant, and beneficial to patients.
3. An activity that is free of any conflicts of interest, as identified through the faculty disclosure
process.
4. Faculty that embrace and support our efforts.
5. Acknowledgment of off-label uses of pharmaceutical products discussed.
6.	Content that will positively impact on your ability to manage your patients.
7. Ample opportunity for questions from the participants to add to the scientific rigor and
real-life clinical appropriateness of information provided.
8. Access to a “Content Ombudsman” (via e-mail at ombudsman@projectsinknowledge.com)
who will handle questions that are not answered by this activity.
9. A dynamic learning and implementation process that meets our rigorous obligations to
multiple accreditation/regulatory bodies, and that shows that Projects In Knowledge will be
forever evolving and striving to do the right thing.
Clinicians’ Responsibilities:
1. Be an active participant in the activity.
2. Ask questions relevant to patient care concerns.
3.	Commit yourself to the entire activity time frame, because it is only then that the total
learning can be experienced, utilized, and measured.
4. Allow this activity to be only a part of your total learning experience.
5. Aid in developing future activities by being a strong participant. The evaluation form assists
us in this process; please give it careful professional consideration when filling it out.
6.	Return to your practice and mentor the learning experience with your colleagues. Projects
In Knowledge will provide extra material for this effort.
Sincerely,
Robert S. Stern
President
Projects In Knowledge, Inc.
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Dear Colleague:
Cancer therapy has come a long way since the time when the only available treatments were relatively
ineffective and caused major systemic side effects. Since the 1980s and 1990s, with the advent of new
molecular biology tools, cancer has been studied at both the genetic and molecular level. This is providing
a better understanding of the pathways controlling the normal cell cycle, including cell suicide mechanisms
and a variety of growth factors. Proteins in these pathways have been identified as potential targets for
therapeutic intervention. Additional research is under way with the intent of developing improved targeted
therapeutic interventions, with optimized therapeutic ratios, based on a more in-depth understanding of
the molecular basis of cancer.
Starting with Dr. Judah Folkman’s seminal work in defining the role of angiogenesis in the growth and
spread of tumors, research has generated a variety of targeted therapies. Not only do these therapies reduce
tumor burden and often improve survival, they generally do so with fewer side effects and less overall
systemic toxicity. However, these targeted therapies do have unique toxicities that need to be closely
monitored. The recent addition of several targeted therapies to the cancer treatment armamentarium has
definitely expanded therapeutic options for our patients.
Applying these innovations to improve the care of our patients with cancer requires not only an understanding of the therapies, but also a knowledge of how these agents can be incorporated into treatment
strategies that provide optimal patient care. The CE-accredited, on-demand webcast What Pharmacists
Need to Know About Targeted Therapies is designed to help you develop a better understanding of these
innovative therapies and how they can be integrated into cancer therapy. This engaging program covers the
following key topics: molecular basis of cancer, mechanism of action of targeted therapies in tumor growth,
efficacy and safety of targeted therapies used in the treatment of solid tumor types, and a discussion of the
present and future roles of targeted therapies.
What Pharmacists Need to Know About Targeted Therapies offers you—on demand 24/7 from the
convenience of your computer screen—a timely and enriching educational opportunity. I invite you to go
to your computer and take advantage of this useful program. Thank you.
Sincerely,
Hai T. Tran, PharmD
Chair
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Drugs or Investigational Agents Mentioned in This Presentation
Projects In Knowledge requires that faculty disclose any reference(s) to unlabeled or unapproved uses of drugs or devices as
part of their presentations. The audience is advised that this CE activity will contain such discussion.

Generic

Trade Name

Alemtuzumab

Campath®

AMG706

—

Bevacizumab

Avastin®

Bortezomib/PS-341

Velcade®

Capecitabine

Xeloda®

Cetuximab

Erbitux®

Dasatinib

Sprycel™

Decitabine

Dacogen™

Erlotinib

Tarceva®

Gefitinib

Iressa®

Gemtuzumab ozogamicin

Mylotarg®

Ibritumomab tiuxetan

Zevalin®

Imatinib

Gleevec®

Interferon-a/b

—		

Lapatinib

—		

LY317615

—		

Panitumumab

Vectibix™

Rituximab

Rituxan®

Sorafenib

Nexavar®

Sunitinib

Sutent®

Thrombospodin

—

Tositumomab, iodine I-131

Bexxar®

Trastuzumab

Herceptin®

VEGF-TRAP

—		

ZD2171

—		

ZD6474

—		
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Program Information

Disclosure Information

Target Audience

The Disclosure Policy of Projects In Knowledge requires that
presenters comply with the Standards for Commercial Support.
All faculty are required to disclose any personal interest or
relationship they or their spouse/partner have with the
supporters of this activity or any commercial interest that is
discussed in their presentation. Any discussions of unlabeled/
unapproved uses of drugs or devices will also be disclosed in the
course materials.

This CE activity is directed to oncology pharmacists involved in
the care of cancer patients.

Activity Goal
The goal of What Pharmacists Need to Know About Targeted
Therapies is to provide the latest data on the use of targeted
therapies in the treatment of solid tumors.

For complete prescribing information on the products discussed
during this CE activity, please see your current Physicians’ Desk
Reference (PDR).

Learning Objectives

Cathy Eng, MD, has disclosed that she will reference
unlabeled/unapproved use of bevacizumab in clinical trials
for breast cancer.
Jon D. Herrington, PharmD, BCPS, BCOP, is on the
speakers bureau of Amgen Inc; his wife is an employee of Pfizer
Inc. Dr. Herrington has disclosed that he will not reference any
unlabeled/unapproved uses of drugs or devices.

•	Differentiate among major cellular signaling pathways
involved in cancer development to identify potential targets
for therapeutic interventions.
•	Assess how targeted therapies may work in the treatment of
various solid tumors utilizing knowledge of the mechanism
of action of these agents on cancer growth.
•	Analyze the efficacy and safety of targeted therapies in the
treatment of solid tumors based on recent clinical trial
results.

Tarek Mekhail, MD, MSc, FRCSI, FRCSEd, has received
grant/research support from Celgene Corporation, Genentech,
Inc, Merck & Co, Inc, and Vion Pharmaceuticals, Inc; is on the
speakers bureau of Genentech, Inc, Eli Lilly and Company, and
Sanofi-Aventis; and owns stock in Genentech, Inc and Pfizer
Inc. Dr. Mekhail has disclosed that he will reference unlabeled/
unapproved uses of bevacizumab.

•	Evaluate treatment strategies for patients with solid tumors
by integrating an understanding of the mechanisms,
efficacy, and safety of current and emerging targeted
therapies.

CE Information: Pharmacists

Hai T. Tran, PharmD, has received grant/research support
from AstraZeneca, Genentech, Inc, Novartis Pharmaceuticals
Corporation, and OSI Pharmaceuticals Inc; is a consultant for
Genentech, Inc; and is on the speakers bureau of Genentech,
Inc and Sanofi-Aventis. Dr. Tran has disclosed that he will not
reference any unlabeled/unapproved uses of drugs or products
in his presentation.

Projects In Knowledge is accredited by the
Accreditation Council for Pharmacy Education
as a provider of continuing pharmacy education.
This activity has been planned and implemented
in accordance with the ACPE Criteria for Quality
and Interpretive Guidelines. The ACPE Universal Program
Number assigned to the program, for 1 contact hour (0.1
CEU), is 052-000-06-021-H01.

Peer reviewer has disclosed no significant relationships.
Projects In Knowledge's staff members have no significant
relationships to disclose.

CE Instructions

Conflicts of interest are thoroughly vetted by the Executive
Committee of Projects In Knowledge. All conflicts are resolved
prior to the beginning of the activity by the Trust In Knowledge
peer review process.

To obtain credit for this activity:
1. View the webcast carefully.
2.	Complete/submit the posttest and evaluation.

The opinions expressed in this activity are those of the faculty
and do not necessarily reflect those of Projects In Knowledge.

3. Instantly access and print out your certificate.
There is no fee for this activity.

This CE activity is provided by Projects In Knowledge solely
as an educational service. Specific patient care decisions are
the responsibility of the clinician caring for the patient.
This independent CE activity is supported by an educational
grant from Genentech, Inc and OSI Oncology.
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assistant professor of Cancer
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Pharmacotherapy Specialist and Oncology Pharmacy Specialist.
After receiving his BS in Pharmacy, Dr. Herrington completed
a doctor of pharmacy degree from the St. Louis College
of Pharmacy, in St. Louis, Missouri. He then completed a
Pharmacy Practice residency and a Hematology/Oncology
Specialty Residency at the Lucille P. Markey Cancer Center
of the University of Kentucky Chandler Medical Center in
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publication record in general clinical pharmacy and oncology
clinical research. He is a reviewer for Pharmacotherapy and the
American Journal of Health-System Pharmacy.
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Lung Cancer Medical Oncology
Program and Hardis Chair in
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received his advanced medical training in Ireland where he
was awarded a Master Degree (MSc.) in ENT and Head and
Neck Surgery, a Fellowship of The Royal College of Surgeons
in Ireland (FRCSI), and a Fellowship of The Royal College of
Surgeons of Edinburgh (FRCSEd). He completed his postgraduate training at the Cleveland Clinic Foundation with an
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Lung and Lung Biology committees, and the Hematology and
Oncology Fellowship Committee. He has published more than
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the Year Award, Hematology/Medical Oncology Program in
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Unraveling the Molecular Basis of Cancer
Hai T. Tran, PharmD
Cancer is a complex disease that is slowly surpassing heart
disease as the leading cause of deaths in the United States. In
2006, it is estimated that almost 840,000 Americans will die
from cancer, with the respiratory-related cancers accounting for
59% of the cases.1,2 There are many identified causes of cancer,
including exposures to chemicals (eg, hydrocarbons, asbestos,
and tobacco), radiation, viruses (both DNA and RNA types),
and cellular oncogenes.3,4

inhibition of specific growth factors and cellular pathways
necessary for tumor survival, growth, and metastasis. Examples
of agents with novel therapeutic targets include: decitabine (a
demethylating agent), bortezomib (a proteasome inhibition),
bevacizumab (an anti-vascular endothelial growth factor
[VEGF] monoclonal antibody), interferon alfa and beta,
sunitinib (a multitargeted agent), trastuzumab (an anti-HER-2
monoclonal antibody), cetuximab (an anti-epidermal growth
factor [EGFR] monoclonal antibody) and erlotinib (an EGFR
tyrosine kinase inhibitor). These are some of the first- and
second-generation targeted agents that have been approved
for specific indications. Many more agents are currently under
clinical investigation. The key to maximizing the potential of
these novel agents will be to optimize their use in combinations
with other targeted agents and with standard cytotoxic agents.

Over the last 30 years, one of the major areas of oncology
research has been to identify the molecular differences
between normal host cells and cancerous cells. Researchers
are discovering the complexity of the signaling networks that
regulate various biochemical processes and the difficulties that
arise when attempting to block some of these critical pathways.
Other critical areas of research include: understanding the
processes involved in the transformation of a normal cell to a
malignant cell, identifying the various genes that are altered,
and understanding how cell cycle and associated proteins
control cellular death or apoptosis.

The recent FDA approval of the first vaccine against human
papillomavirus (HPV) is making way for the prevention of one
of the main causes of cervical cancer. The hope is that cervical
cancer might be one of the first to be removed from the list of
malignancies that affect humans. Cancer therapy is an evolving
paradigm. The future of anticancer therapy rests on understanding cancer at the molecular level, taking advantage of
current available anticancer agents, and testing novel agents.

Standard cytotoxic agents, which usually target more rapidly
proliferating cells, have been the mainstay of cancer therapeutic
interventions, and they have done so with varying degrees of
success. Newer therapeutic strategies have turned towards the
References

1.	American Cancer Society Cancer Facts & Figures 2006. Available at: http://www.cancer.org/docroots/STT/content/STT_1x_Cancer_Facts__
Figures_2006.asp. Accessed October 17, 2006.
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Academy Press. 2002.
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How Do Targeted Therapies Work?
Jon D. Herrington, PharmD, BCPS, BCOP
Over the past 10 years, the growth of new specific targeted
agents has expanded. From the development of rituximab to
that of multitargeted tyrosine kinase inhibitors (TKIs), these
agents have revolutionized the treatment of specific malignancies. Unlike the nonspecific chemotherapy agents, which use a
shotgun approach that harms both normal and malignant cells,
these newer therapies have a more specific targeted mechanism
of action, which attempts to minimize damage to normal cells.

endothelial growth factor (VEGF), a ligand of VEGFR, leading
to disruption of intracellular signals that stimulate angiogenesis.
Small molecule TKIs include those agents that target the TK
domain of single or multiple molecules in order to disrupt the
neoplastic transformation, invasion, growth and metastases
and/or angiogenesis.2 Single-action TKIs include erlotinib and
gefitinib, which compete for ATP in the intracellular domain
of EGFR. Current multitargeted TKIs include imatinib,
dasatinib, sunitinib, and sorafenib. These agents selectively
inhibit a variety of TKs on malignant cells and normal cells.
For example, imatinib occupies the ATP pocket of the Bcr-abl
kinase, thus inhibiting the phosphorylation of the substrate. In
addition to inhibiting the intracellular kinase Bcr-abl, imatinib
also inhibits the membrane TKs, platelet-derived growth
factor receptor (PDGFR), found on pericytes, and Kit. Newer
TKIs are active against a variety of membrane-bound TKs and
intracellular kinases acting downstream in various signaling
pathways. One such drug, sorafenib, is an effective inhibitor
of the membrane TKs, VEGFR, PDGFR, Kit, Ftl3 and the
downstream intracellular kinase, Raf.

The main advantage of traditional chemotherapy agents is that
they have recognized cytotoxic activity in certain malignancies.
Disadvantages include their mechanism of selectivity (which
targets rapidly dividing cells regardless of their malignant
status), minimal efficacy in advanced disease, and significant
toxicities. Targeted therapies have the advantage of a higher
degree of selectivity to certain molecular targets that are more
specific to the malignant state and the associated decreased
toxicity to normal cells. Disadvantages include unknowns
surrounding their clinical use in combination with other
agents, challenges to optimizing regimens, the need to identify
potential long-term effects, and higher costs.
Currently available classes of targeted agents include
monoclonal antibodies and TKIs. Monoclonal antibodies
(MoAbs)—bioengineered with murine, chimeric (murine/
human), humanized, or fully-human molecular make-up—
exert their mechanism of action by binding to the extracellular
domain of a targeted TK receptor or by binding to circulating
ligands for transmembrane receptors.1 For example, the
recombinant humanized MoAb cetuximab and the fully-human
recombinant MoAb panitumumab both bind to the epidermalgrowth factor receptor (EGFR). Bevacizumab, another
recombinant humanized MoAb, binds to vascular

Binding of MoAbs and TKIs to their targets in malignant cells
is expected to lead to cell cycle arrest; potentiation of apoptosis;
inhibition of angiogenesis, cell invasion, and metastases; and
augmentation of antineoplastic effects from chemotherapy
and radiation therapy.1 An increased understanding of cancer
cell biology has led to important advances in targeted therapy
with the use of MoAbs and TKIs. One fertile area of research
is uncovering the mechanisms of resistance to TKIs and
developing agents and regimens that can circumvent these
mechanisms.2

References
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Clinical Update: Efficacy and Safety of Targeted Therapies
Cathy Eng, MD
Over the past 4 years we have seen an abundance of advancements in the three most common malignancies in the United
States, lung, breast, and colorectal cancers. The breakthroughs
made in these malignancies provide the impetus for further
analysis in less-common malignancies, such as renal cell
carcinoma.

or intolerant to irinotecan, resulting in overcoming resistance
to irinotecan. It is currently being evaluated in the front-line
and second-line setting (without prior irinotecan exposure);
final results are pending. Cetuximab has efficacy not only in
combination with systemic chemotherapy and as a single agent,
but also as a radiation sensitizer and is currently approved in
the treatment of patients with locally advanced, unresectable
head and neck squamous cell carcinoma.7 The fully human
monoclonal antibody panitumumab recently received approval
for the treatment of patients with EGFR-positive refractory
metastatic CRC (after treatment with fluoropyrimidine-,
irinotecan-, and oxaliplatin-based therapy), based on results of
a phase III trial that compared best supportive care with best
supportive care plus panitumumab.8

The fundamental concept that “angiogenesis” is involved in
endothelial cell growth and tumor survival was coined by
Judah Folkman in 1971.1 A primary mediator of angiogenesis is the vascular endothelial growth factor (VEGF) family,
which is composed of several different glycoproteins (PIGF,
VEGF-A, VEGF-B, VEGF-C, and VEGF-D) that bind various
receptors (VEGFR 1-3 and neuropilin). Neuropilin is unique
in lacking an intracellular tyrosine kinase domain and appears
to enhance the activity of VEGFR-1 and 2.2 It was not until
2004 that the biological agent, bevacizumab, a recombinant
humanized monoclonal antibody against vascular endothelial
growth factor-A (VEGF-A, aka vascular permeability factor)
was approved in the treatment of metastatic colorectal cancer
(CRC).3 Its approval has brought to fruition the theory of
antiangiogenesis treatment for patients with cancer. However,
bevacizumab selectively blocks only one part of the VEGF
family, specifically VEGF-A. Furthermore, the VEGF family is
only one of several key pathways with a role in carcinogenesis.

Another promising biologic agent in the treatment of
metastatic breast cancer is the dual tyrosine kinase inhibitor
of ErbB1/ErbB2, lapatinib. Lapatinib given in combination
with capecitabine demonstrated improved time to progression
compared with capecitabine monotherapy in a heavily
pretreated patients.9 Results of this clinical study with lapatinib
further exemplify the additive role of biologics when given in
conjunction with systemic chemotherapy.
Sunitinib and sorafenib are other recently approved agents that
have stimulated a great deal of interest. Both have very different
mechanisms of action (ie, targeting the VEGF versus the
Raf/ras MAP kinase pathways, respectively), yet both clearly
demonstrate the progress made in the treatment of advanced
renal cell carcinoma.10-12

Bevacizumab is currently approved in the front-line and
second-line treatment (if bevacizumab treatment naive)
of metastatic CRC. It appears to be most efficacious in
combination with systemic chemotherapy based on its
minimal response and time to progression when provided as
a single agent.4 Two phase III studies have been conducted
with bevacizumab in combination with chemotherapy in the
patients with treatment-naive stage IIIb/IV non–small-cell lung
carcinoma (NSCLC)5 and in patients with recurrent metastatic
breast cancer.6

Increased use of the biologic agents will likely continue to
reveal potential treatment-related toxicities requiring all patients
and healthcare workers to be familiar with the potential side
effects to prevent any unnecessary morbidity and mortality.
As progress continues in the development of biologic agents,
greater knowledge regarding the mechanism and interaction
of existing pathways will likely be used in the development
of even more effective biologic agents and regimens. Of great
need is to develop ways to distinguish among patients who are
or are not likely to respond to currently available cytotoxic and
biologic agents. This will help minimize exposure of patients
to unnecessary toxicities. Studies in genomics and proteomics
are currently under way to address these very issues.

The epidermal growth factor receptor (EGFR) is overexpressed
in several malignancies (including NSCLC and colorectal,
pancreatic and ovarian cancers), and is associated with an
increased risk of tumor cell survival, growth, and risk of
metastases. The chimeric, anti-EGFR monoclonal antibody,
cetuximab, was first approved for treatment of patients with
metastatic CRC, who were previously exposed to irinotecan
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for response to erlotinib treatment.7 Examples of molecular
markers for response include EGFR mutation status by gene
sequencing, EGFR gene copy number as determined by fluorescence in situ hybridization, and EGFR protein expression
by immunohistochemistry. Clearly, none of these are ready for
prime time in the clinic.

The drug development paradigm in cancer therapeutics has
evolved into a much more systematic approach than what was
previously used to identify cytotoxic agents. This approach
involves extensive preclinical experimentation to identify
and characterize suitable therapeutic targets, evaluation of
preclinical activity, and clinical assessment. One of the most
valuable new therapeutic targets is the HER2/ErB2 family of
receptors that includes the epidermal growth factor receptor
(EGFR).1,2 Commercially available agents that target EGFR
include the tyrosine kinase inhibitors (TKIs) gefitinib and
erlotinib, and the monoclonal antibodies cetuximab and
panitumumab. Another successful new target for anticancer
agents is the process of angiogenesis, which is a key step in
tumor growth and metastasis.3,4 In particular, the vascular
endothelial growth factor (VEGF) pathway became a truly
validated target through the success of the anti-VEGF
monoclonal antibody bevacizumab, which has FDA-approved
indications in both colorectal cancer and lung cancer.

A fascinating story on the impact of targeted therapies in
cancer treatment is the recent advances in the treatment of
renal cell carcinoma (RCC). An understanding of the molecular
mechanisms of RCC tumor development was critical to the
development of new effective agents.8 The multitargeted TKIs
sorafenib9 and sunitinib10 recently earned FDA-approved
indications in RCC, the first new drugs approved for RCC in
decades.
All of these agents have side effects that tend to be mild to
moderate, but include rarer, possibly life-threatening toxicities.
These are not the typical side effects (eg, severe nausea/
vomiting, neutropenia) associated to chemotherapy that gave a
bad name to medical oncologists. The new side effects include
hypertension and skin toxicities that are common to antiEGFR agents, and infrequent bleeding episodes associated with
anti-VEGF agents.

The future of targeted therapies depends on optimizing their
use in combination with each other and with cytotoxic agents,
the development of new multitargeted drugs that attack more
than key signaling pathways to fight the potential of developing
drug resistance, and the development and validation of clinical
and molecular markers of response to direct therapeutic
selection for individual patients. Clinical trials have begun
to hint at the tantalizing potential of combination targeted
therapies, for example with bevacizumab and erlotinib,5 and
the potential of multitargeted TKIs.6 Analysis of data from
the National Cancer Institute of Canada Clinical Trials Group
Study BR.21 has provided additional support that smoking
history may have some usefulness as a clinical marker

The future of cancer care rests on achieving a better understanding of the mechanism of action of currently available and
new agents, overcoming evolving drug resistance, learning how
to use these agents in combination, applying these agents to the
treatment of earlier stages of disease, and developing individualized treatment approach. Our ultimate goal continues to be
cure, and now we have additional tools to judiciously offer our
patients.
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