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Welcome to Our Journal

These are exciting and challenging times in the war against cancer. This excite-
ment comes from the rapid development of more effective and less toxic drugs,
as well as more advanced surgical procedures and radiation techniques that are
improving survival rates and the quality of life for cancer patients. One of our
many challenges is keeping up with the avalanche of new information and understanding how best to
use this information in our own practices.

With this in mind, I am pleased to introduce you to The Journal of Community Cancer Care, a unique
publication designed to inform busy, community-based primary care physicians and their medical and
surgical colleagues about the latest developments in cancer care. This journal will provide timely educa-
tional material that is disease-specific, beginning with breast cancer in this premier issue.

While breast cancer survival rates have improved, this disease will claim the lives of more than 40,000
women in our country this year. More than 215,000 American women will learn they have breast cancer
this year, with more than three-quarters of all cases occurring in women aged 50 and older. Women today
are becoming more active partners in their medical treatment, but they still rely on their clinicians to
manage their care.

To provide an optimal level of care, all members of our patients’ medical team — PCPs, medical and
surgical specialists, hospital administrators, and insurers — need to be updated about the topics featured
in this journal: cancer prevention, screening, chemotherapy, targeted therapies, hormonal treatments,
and technology that reduces chemotherapy errors.

We thank you for reviewing this material and visiting our web site, www.chomed.com, to find additional
resources and download copies of our journal. We also thank our many colleagues and allied institutions
for contributing to this publication. We look forward to sharing future editions with you as we collectively
strive to provide world-class care that’s close to home.

%JJM%

Walt A. Kagan, MD, PhD
President, Commonwealth Hematology-Oncology
Editor, The Journal of Community Cancer Care

We welcome your feedback on this issue as well as ideas for future articles. Please send comments to:
info@woonteilerink.com.
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Chemoprevention

REDUCING THE RISK OF BREAST CANCER | s suson . e 40

Chemoprevention is a relatively new but
exciting and effective strategy for reducing the
incidence of breast cancer. Tamoxifen, used for
more than 20 years for breast cancer treatment,
was approved by the U.S. Food and Drug
Administration (FDA) in October 1998 for
reducing the incidence of breast cancer in women
35 years or older who are at elevated risk for the
disease. Approximately two-thirds of breast
cancers are estrogen receptor-positive (ER+), and
their growth is enhanced by estrogen.

A selective estrogen-receptor modulator (SERM),
tamoxifen works by binding to estrogen receptors
in breast tissue and blocking the tumor-promot-
ing activity of estrogen. Tamoxifen is known to
mimic the effects of estrogen in tissues other than
breast, contributing to some of the negative as
well as positive side effects of the drug. Clinical
researchers are comparing raloxifene, a SERM
used to treat osteoporosis, with tamoxifen in a
large clinical trial to determine which drug is
better able to prevent breast cancer with the
fewest side effects in postmenopausal women.

Tamoxifen

The first evidence of the chemopreventative
properties of tamoxifen came from retrospective
analysis of randomized, controlled clinical trials
of adjuvant tamoxifen therapy in patients with
breast cancer. This analysis showed that women
taking tamoxifen developed fewer contralateral
second primary breast cancers. This finding led to
the 1992 launch of the National Surgical
Adjuvant Breast and Bowel Project (NSABP)
Breast Cancer Prevention Trial (BCPT) to test
whether tamoxifen could prevent the develop-
ment of breast cancer in healthy women at
increased risk for the disease.

The BCPT was a randomized, double-blind,
placebo-controlled clinical trial of healthy
women 35 years or older with at least a 1.7%
cumulative, five-year risk for developing breast
cancer. Commonwealth Hematology-Oncology
P.C. (CHO) was among the more than 500 sites to
participate in the BCPT, which enrolled 13,388
premenopausal and postmenopausal women who
met entry criteria for age and breast cancer risk.

Women in the trial were randomized to take
either 20 mg of tamoxifen or a placebo daily for

4 Commonwealth Hematology-Oncology « www.chomed.com

five years. After a median of 54.6 months of fol-
low-up, BCPT researchers reported in 1998 that
the incidence of invasive breast cancer was
reduced by 49% in women taking tamoxifen
compared with women taking placebo.'

Other benefits of tamoxifen included a 50%
decreased risk of noninvasive breast cancer, a sig-
nificant reduction in the diagnosis of benign
breast conditions, a decreased incidence of breast
biopsies, and a slight decrease in bony fractures.
Negative side effects from tamoxifen were more
severe in women 50 years and older who had an
intact uterus than in younger women. The most
common side effects were hot flashes and vaginal
discharge. Other side effects included deep vein
thrombosis, pulmonary embolism, and cataracts.
Postmenopausal women, but not premenopausal
women, had an increased risk of uterine malig-
nancies, including endometrial cancer and, rarely,
uterine sarcomas (1 per 500 patients per year).

Raloxifene

Raloxifene is a SERM used to treat osteoporosis
that may help prevent the development of breast
cancer in women at increased risk for the disease.
Researchers with the Multiple Outcomes of
Raloxifene Evaluation (MORE) study were the
first to report a preventative effect of raloxifene on
breast cancer development. The MORE study was
designed to assess the anti-osteoporotic properties
of raloxifene in postmenopausal women when
taken for four years, compared with placebo.

After a median follow-up of 40 months, MORE
researchers found that women taking raloxifene
had an approximately 50% decreased incidence
of invasive breast cancer compared with placebo.
Raloxifene appeared to provide marked pro-
tection against ER+ but not ER- breast cancers.
Side effects reported included hot flashes,
influenza-like syndromes, endometrial cavity
fluid, peripheral edema,
and leg cramps. There were
also increases in deep vein
thrombosis and pulmon-
ary emboli. There was,
however, no increased risk
reported for the develop-
ment of endometrial cancer.

The NSABP initiated the
Study of Tamoxifen and
Raloxifene (STAR) in 1999
to compare five-year regi-
mens of raloxifene and
tamoxifen for reducing
breast cancer incidence in
postmenopausal women at
high risk for the disease.
The study enrolled 19,000
postmenopausal women
35 years or older at high
risk for breast cancer.
CHO was one of more than
500 STAR sites located
in the United States,
Puerto Rico, and Canada,
and it successfully enrolled
women from the Boston
area. STAR researchers
anticipate releasing data as
early as 2006.



Aromatase Inhibitors

Aromatase inhibitors (AI) reduce the concentra-
tion of circulating estrogen in postmenopausal
women and are effective for breast cancer treat-
ment. Studies have shown that women taking Als
for the treatment of breast cancer developed fewer
contralateral breast cancers. Currently, CHO is
participating in a DFPCC study evaluating the
Al letrozole (Femara®) in the prevention of breast
cancer. This trial compares letrozole to placebo in
high-risk postmenopausal women with elevated
estradiol levels. Unlike tamoxifen and raloxifene,
the Als are not associated with an increased risk of
uterine malignancies or clotting. They are associ-
ated with an increased risk of bone loss, so bone
density is monitored closely in this study.

Breast Cancer Risk Assessment

Detailed guidelines for assessing a patient’s risk
for developing breast cancer are available in the
National Comprehensive Cancer Network’s
Breast Cancer Risk Reduction Clinical Practice
Guidelines in Oncology.” Risk assessment is
based on several factors, including age, family
history, and personal medical history. A qual-
itative risk assessment can be made for women
who have a germline cancer susceptibility
mutation, prior thoracic radiation, lobular
carcinoma in situ, or a strong family history of
breast cancer. Women who meet any of these
criteria have an elevated risk of breast cancer and
should be offered risk-reduction counseling,
which includes discussion of the potential risks
and benefits of tamoxifen therapy.

The web-based Gail model’ can be used to esti-
mate the breast cancer risk in women without
qualitative risk factors. It uses patient-specific
demographic characteristics to calculate five-year
and lifetime levels of breast cancer risk. And for
comparison, it calculates the average level of risk
experienced by women of the same age and race.
Women with a 1.7% or higher five-year risk for
invasive breast cancer should be offered risk-
reduction counseling. The Gail model should not
be used to assess risk for women who have at least
one family member diagnosed with breast cancer
before the age of 50 years. The Claus model
tables, which consider detailed family history,
can be used instead.

The Genetics of Hereditary Breast
Cancer Syndromes

There are three known hereditary syndromes
that increase a woman’s risk of developing breast
cancer. Breast/ovarian cancer syndrome is associ-
ated with certain mutations in BRCA1 (BReast
CAncer 1) or BRCA2 (BReast CAncer 2) genes.
This syndrome is more prevalent in women of
Ashkenazi Jewish ancestry and in some Neth-
erlands and Icelandic populations. Women with
these mutations have an increased risk of devel-

oping both breast and ovarian cancer, usually
before menopause.

Li-Fraumeni syndrome is a rare condition that
in most families is caused by a mutation of
the tumor suppressor gene p53 (TP53). This
syndrome predisposes patients to childhood
sarcomas, brain tumors, leukemia, lung cancer,
and adrenocortical carcinomas, in addition to
premenopausal breast cancer.

Cowden syndrome is also rare and is associated
with mutations of the tumor suppressor gene
PTEN. Patients with this syndrome tend to devel-
op characteristic skin lesions; breast, endometrial,
and gastrointestinal cancers; and thyroid and
cerebellar tumors. Women who have a family
member known to have a mutation in a breast
cancer-susceptibility gene, one or more family

The web-based Gail
model can be used to
estimate the breast
cancer risk In women
without qualitative risk
factors. It uses patient-
specific demographic
characteristics to calcu-
late five-year and
lifetime levels of
breast cancer risk.

members who developed breast cancer before the
age of 40 years, a family history of multiple cases
of breast and/or ovarian cancer, Ashkenazi Jewish
ancestry, or multiple cancers characteristic of
Li-Fraumeni syndrome or Cowden syndrome, as
well as women with early onset breast cancer,
should be offered genetic counseling, including
risk/benefit assessment of genetic testing for
suspected mutations.

Risk-Reducing Surgery

Retrospective analysis has shown bilateral pro-
phylactic mastectomy to decrease the risk of
breast cancer by up to 90% in moderate-risk to
high-risk women. However, because of the poten-
tial negative psychosocial effect, this procedure
should be limited to women at very high risk
for invasive breast cancer, such as patients with
lobular carcinoma in situ or germline breast
cancer susceptibility mutations.

Women with BRCA1 and BRCA2 mutations are
at increased risk for both ovarian and breast
cancer. Due to the absence of reliable methods of
early detection for ovarian cancer and the poor

prognosis associated with advanced ovarian
cancer, women are advised to undergo bilateral
prophylactic  salpingo-oophorectomy  after
childbearing. Several studies in carriers of BRCA1
or BRCA2 mutations have demonstrated the
effectiveness of prophylactic oophorectomy in
preventing ovarian cancer. In addition, the risk of
breast cancer was reduced by up to 50%, depend-
ing on the age of surgical menopause. Before
choosing risk-reducing surgery, patients should
undergo multidisciplinary counseling to help
them assess the risks and benefits of prophylactic
surgery and other prevention strategies.

Lifestyle Modifications

Although there is no sure way to avoid breast
cancer, some healthy lifestyle choices may help
lower breast cancer risk and, additionally, lower
the risk of heart disease, diabetes, colon cancer,
and osteoporosis. These include regular physical
activity, maintaining a healthy weight, reducing
consumption of saturated and trans fats, increas-
ing consumption of polyunsaturated and
monounsaturated fats, taking a multivitamin
with folic acid, limiting alcohol intake to less
than one alcoholic beverage per day, and choos-
ing to breastfeed children. J((C
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Breast Cancer
Screening Guidelnes

The risk of developing breast cancer in the
United States has reached a steady state with
roughly 200,000 new cases detected each year.
Approximately 20% of these patients are predict-
ed to die from the disease.' In spite of these alarm-
ing numbers, breast cancer mortality has been
decreasing somewhat in recent years due to new
technologies and an increased emphasis on early
detection. It remains the second leading cause of
death from cancer among American women."

Breast Cancer Guideline Controversies

Despite almost universal agreement that
screening and an early, accurate evaluation of
breast abnormalities saves lives, screening guide-
lines as developed by the National Comprehen-
sive Cancer Network (NCCN)? and the Amer-
ican Cancer Society (ACS)’ for the diagnosis of
breast cancer are continually changing and, at

times, controversial.

Modeling studies of the benefits of annual mammography
screening in women aged 40 to 49 years estimated a long-term
30% to 40% decrease in breast cancer mortality.

Breast self-examination (BSE) has been the
subject of a number of studies that have reached
conflicting conclusions, particularly when
decreased mortality is the endpoint. A large, 10-
year BSE screening study has shown that there was
no significant difference in the cumulative breast
cancer mortality rates between a group of patients
given instructions for BSE and a control group
given no instructions. However, a higher number
of benign lesions were detected by the women in
the BSE group, leading some to speculate that BSE
does not assist in diagnoses and may lead to high-
er levels of worry, depression, and anxiety.
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Although there is agreement between the ACS
and the National Cancer Institute (NCI) on the
benefits of breast cancer screening, the interval of
screening remains controversial. The ACS and
NCCN guidelines recommend yearly mammo-
grams for women 40 years and older. Other stud-
ies suggest an interval of every one to two years
for women aged 50 to 74 years.

According to the U.S. Preventive Services Task
Force, the potential benefits of annual mam-
mography increase as a woman ages and the
likelihood of harm from false-positive results
decreases from the ages of 40 to 70 years; thus it
recommends a screening interval of one to two
years for women aged 40 to 49 years and annu-
ally thereafter. These intervals have been gener-
ally adopted by most guidelines.>**

Recent metaanalysis of the accuracy of screening
mammography reported a true positive rate rang-
ing from 83% to 95% and a false-positive rate
ranging from 0.9% to 6.5%. Modeling studies of
the benefits of annual mammography screening
in women aged 40 to 49 years estimated a long-
term 30% to 40% decrease in breast cancer
mortality. Though not considered a stand-alone
screening tool, it remains the mainstay for breast
cancer screening.

Recommendations for
Average-Risk Women

The ACS 2005 guidelines place a strong emphasis
on the role of the health care professional in rais-
ing and regularly reinforcing awareness about
breast cancer, early breast cancer detection, and
the importance of prompt reporting of any new
symptoms. For women at normal risk between
the ages of 20 and 39 years, a clinical breast exam-
ination (CBE) is recommended every one to three
years, with periodic BSEs between CBEs.

The CBE should be utilized to assess risk, to raise
awareness of breast symptoms and the impor-
tance of early detection, and to review the
patient’s technique for BSE. For women aged 40
and older, annual CBE and screening mammog-
raphy are recommended, with periodic BSEs
encouraged. These annual screenings are recom-
mended as long as the patient is in good health
and a candidate for treatment.

RECOMMENDATIONS
EMPHASIZE EARLY
DETECTION

By Sarah K. May, MD

Recommendations for High-Risk Women

While breast cancer screening guidelines can be
applied broadly to the general population,
patients who are at increased risk should be
identified through formal risk assessment.
Women at increased risk for breast cancer may
benefit from earlier initiation of screening,
screening at shorter intervals, and screening with
additional modalities such as ultrasound or MRI.

Significant risk factors include inherent genetic
mutations (BRCA1 or BRCA2), a personal his-
tory of breast cancer (lobular carcinoma i situ, or
LCIS), and two or more first-degree relatives with
breast cancer diagnosed at any age. Lesser but still
significant risk factors include one first-degree rel-
ative with breast cancer, nodular densities on a
mammogram, and atypical hyperplasia.”>*

For women aged 25 years or younger in the high-
risk group, annual CBEs are recommended and
periodic BSEs are encouraged. For women aged
26 years or older, annual mammograms and
CBEs every six to 12 months are recommended.
CBEs every six to 12 months and annual mam-
mography with optional BSEs are recommended
for women 35 years of age or older with a risk fac-
tor greater or equal to 1.7% based on the NCI’s
Gail model.* The Gail model assesses a woman’s
risk of developing breast cancer using computer-
ized probabilities derived from specific patient
demographic characteristics.

Other specific risk factors that drastically increase
the risk of breast cancer compared with the gener-
al population are prior exposure to irradiation at a
young age (75 times greater risk), women with
LCIS (approximately eight to 10 times greater risk),
or women with atypical hyperplasia (a fourfold to
fivefold increase in relative risk). These women
should receive an annual mammogram and CBEs
every six to 12 months with BSEs encouraged, and
should also consider chemoprevention.’

Role of MRI in Screening
High-Risk Women

Several studies have compared the effectiveness of
CBE, ultrasound, mammography, and MRI in
high-risk women. The use of MRI was reported to
detect significantly more incidences of invasive
breast cancer compared with mammography
(2:1), ultrasound (2:1), and CBE (4:1). More
importantly, MRI was superior to mammography
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For women aged 25 years or younger in the high-risk group,
annual (BEs are recommended and periodic BSEs are encouraged.

in finding tumors smaller than 1 cm and detect-
ing cancerous tissue while it was still localized to
the breast.

When all four screening methods were used,
sensitivity increased to 95% compared with 45%
for mammography combined with CBE.
Although MRI screening offers increased sensi-
tivity, the decreased specificity, cost, duration of
the examination, and injection of contrast
material prohibit its use as a routine, population-
based screening technique.
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Conclusion

Breast cancer screening programs are controver-
sial at the present time. The effectiveness of these
programs may be buffered by a variety of demo-
graphic factors, including age and ethnic, social,
and educational background. There are several
areas where breast cancer imaging practices can
be improved, namely in reducing over-treatment
of potentially nonlethal cancers, in monitoring
the effectiveness of nonsurgical therapies, and in
guiding noninvasive therapies.

The current guidelines place a strong emphasis
on the role of the health care professional in rais-
ing and regularly reinforcing awareness about
breast cancer, early breast cancer detection, and
the importance of prompt reporting of any new
symptoms. Women are encouraged to make
informed choices. J((C
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Hormonal

SEARCH
CONTINUES FOR
TAMOXIFEN
ALTERNATIVES

By Carmen L. Pisc, MD

For more than 25 years, tamoxifen has been
the gold standard for the endocrine treatment of
all stages of estrogen receptor-positive (ER+)
breast cancer. Approved in the United States in
1977 for the treatment of advanced breast cancer
in postmenopausal women and in 1998 for
reducing the incidence of breast cancer in women
at high risk for the disease, tamoxifen therapy is
credited with saving the lives of more than
400,000 women. As the first nonsteroidal anti-
estrogen developed for clinical use, tamoxifen has
proved to be a pioneering medicine with ubiqui-
tous applications as an endocrine therapy for
breast cancer.

Tamoxifen is a selective estrogen-receptor modu-
lator (SERM), and it has anti-estrogenic action
on the breast and estrogenic agonistic action on
the bones and circulating cholesterol. Despite
protective action against bone loss and elevated
blood cholesterol levels, tamoxifen therapy is not
without major concerns. In the mid-1980s,
tamoxifen was found to enhance the growth of
endometrial cells, and it was predicted to
increase the risk of endometrial cancer in post-
menopausal women.

Further, recent studies indicate that 50% of recur-
rent ER+ cancers are resistant to tamoxifen. Thus,
although tamoxifen remains the initial endocrine
treatment of choice for premenopausal women
who have advanced disease and postmenopausal
women who are intolerant of the newer
aromatase inhibitor (AI) therapies, the search
continues for additional hormonal therapies.

Aromatase Inhibitors

Als represent a new class of drugs that act by
inhibiting aromatase, a cytochrome P450 enzyme
that catalyses the conversion of androgens to
estrogens in body fat; liver, breast, and muscle
cells; and breast tumor tissue. The Als reduce the
synthesis and the output of estrogen in post-
menopausal women, resulting in a marked
decrease in the level of circulating estrogen.
The third-generation Als, which include the non-
steroidal agents anastrozole (Arimidex®) and
letrozole (Femara®) and the steroidal compound
exemestane (Aromasin®), are the most recent to
become available.
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Anastrozole and letrozole have been studied
extensively in women with metastatic breast
cancer and are approved by the U.S. Food and
Drug Administration (FDA) for the first-line and
second-line treatment of hormone receptor-
positive metastatic breast cancer. Two phase III
clinical trials have assessed the efficacy of anastro-
zole over tamoxifen as a first-line therapy in post-
menopausal women with advanced breast cancer.

In the two trials, which were similar in design and
prospectively designed for combined analysis,'
anastrozole showed superior efficacy to tamox-
ifen in terms of time-to-progression (TTP) in
patients with hormone receptor-positive tumors
in addition to a number of tolerability benefits.
Results of the only phase III trial assessing the
efficacy of letrozole versus tamoxifen® in post-
menopausal women with advanced breast cancer
showed letrozole to be superior to tamoxifen with
respect to TTP (both overall population and
patients with hormone receptor-positive
tumors), objective response, and clinical benefit
rates (overall population).

Exemestane is a steroidal aromatase inactivator
approved in the United States for hormonal ther-
apy for women with metastatic breast cancer after
disease progression with an anti-estrogen. A
phase IIT randomized trial has demonstrated the
superiority of exemestane over tamoxifen as a
first-line treatment in terms of progression-free
survival.’ Preclinical studies have suggested that it
may have a different toxicity profile than the non-
steroidal agents; however, these findings have not
been confirmed by clinical studies.

Adjuvant Therapy

Because of their efficacy and safety as first-line
and second-line therapies in advanced disease
settings, the third-generation Als are now being
evaluated as adjuvant therapies. Four phase III,
randomized, adjuvant trials have assessed the
third-generation Als compared with tamoxifen or
placebo after five years or less of tamoxifen ther-
apy: The Arimidex, Tamoxifen, Alone or in
Combination (ATAC) Trial, the Italian (ITA)
Trial, the Intergroup Exemestane Study (IES), and
the MA-17.

In the ATAC trial, more than 9,000 post-
menopausal women were randomly assigned to
treatment with anastrozole plus placebo, tamox-
ifen plus placebo, or anastrozole plus tamoxifen.
After a median follow-up of 47 months, treat-
ment with anastrozole resulted in a significant
reduction of breast cancer events and an
improvement in disease-free survival compared
with treatment with tamoxifen. There was no
difference in disease-free survival between the
combination arm and the tamoxifen arm. After
six years, anastrozole still shows further reduction
in second breast cancers.

In the IES trial, 4,742 women who had received
two to three years of tamoxifen were randomly
assigned to either continue tamoxifen for a total
of five years or switch to exemestane to complete
their five-year courses of hormonal therapy. After
a median follow-up of 37.4 months, switching to
exemestane resulted in significantly superior dis-
ease-free survival (Hazard Ratio [HR]: 0.73;
p=0.0001), breast cancer-free survival (HR: 0.70;
p=0.00005), and time to second breast cancer
(HR: 0.50; p=0.04). Overall survival favored
switching to exemestane (HR: 0.83; p=0.08).



The MA-17 trial enrolled 5,187 postmenopausal
women who had completed five years of tam-
oxifen therapy and were disease-free at the
beginning of the study. Subjects were randomly
assigned to receive either letrozole or placebo for
an additional five years. The study was halted
after a median follow-up of 2.4 years because of a
significant reduction in breast cancer events in
patients treated with letrozole.

Fulvestrant

A relatively new addition to the inventory of
endocrine therapies is the estrogen receptor antag-
onist fulvestrant (Faslodex®), which entered clini-
cal development after preclinical studies suggested
that it was active in tamoxifen-resistant breast can-
cers. Fulvestrant blocks the trophic actions of
estrogen without exerting any partial agonist
effects. It completely binds to the estrogen receptor
with a much greater affinity than tamoxifen, pre-
venting estrogen-receptor dimerization, inhibiting
estrogen-receptor DNA binding, and leading to
down-regulation of estrogen-regulated genes.

Two large, phase III trials (Trial 0021: North
American and Trial 0020: Rest of World [Europe,
South Africa, Australia]) have compared the effi-
cacy and tolerability of fulvestrant with anastro-
zole in postmenopausal women with advanced
breast cancer that had progressed on prior
endocrine treatment (mainly tamoxifen).
Patients were randomly assigned to receive either
250 mg of fulvestrant by monthly injection or a
daily 1-mg dose of oral anastrozole. Patients
continued treatment until disease progression
or withdrawal.

In the North American trial (n=400), after a
median follow-up of 16.8 months, fulvestrant was
found to be as effective as anastrozole in terms of
TTP (fulvestrant 5.4 months; anastrozole 3.4
months; HR: 0.92; 95% confidence interval [CI]:
0.74-1.14; p=0.043). Median duration of
response (DOR; from randomization to progres-
sion) was 19.0 months for fulvestrant compared
with 10.8 months for anastrozole. An analysis
using all randomized patients showed the mean
DOR was significantly greater for patients treated
with fulvestrant compared with those treated
with anastrozole.

In the Rest of World (open) trial, patients
(n=451) were randomly assigned to receive either
fulvestrant (5 mL intramuscular injection) or oral
anastrozole. After a median follow-up of 14.4
months, fulvestrant was shown to be at least as
effective as anastrozole in terms of TTP (HR:
0.98; 95% CI: 0.80-1.21; p=0.84). Median TTP
was 5.5 months for fulvestrant and 5.1 months
for anastrozole.

A prospective, combined analysis of the results of
two phase III, multicenter, clinical trials in
patients progressing on a prior anti-estrogen

showed fulvestrant to be at least as effective as
anastrozole in terms of TTP and overall survival.
Fulvestrant is therefore at least as effective as
anastrozole in the second-line treatment of post-
menopausal women with advanced breast cancer.

Fulvestrant completely
binds to the estrogen
receptor with a much
greater affinity than
tamoxifen, preventing

estrogen-receptor
dimerization, inhibiting
estrogen-receptor
DNA binding, and
leading to down-
regulation of estrogen-
regulated genes.

The American Society of Clinical Oncology
Technical Assessment on the Use of Aromatase
Inhibitors as  Adjuvant  Therapy for
Postmenopausal Women With Hormone
Receptor-Positive Breast Cancer: 2004 Status
Report4 recommends the following:

“Based on the results from multiple, large
randomized trials, adjuvant therapy for
postmenopausal women with hormone
receptor-positive breast cancer should
include an aromatase inhibitor in order to
lower the risk of tumor recurrence. Neither
the optimal timing nor duration of aro-
matase inhibitor therapy is established.
Aromatase inhibitors are appropriate as ini-
tial treatment for women with contraindi-
cations to tamoxifen. For all other post-
menopausal women, treatment options
include five years of aromatase inhibitor
treatment or sequential therapy consisting
of tamoxifen (for either two, three, or five
years) followed by aromatase inhibitors for
two to three or five years. Patients intolerant
of aromatase inhibitors should receive
tamoxifen. There are no data on the use of
tamoxifen after an aromatase inhibitor in
the adjuvant setting. Women with hormone
receptor-negative tumors should not receive
adjuvant endocrine therapy. The role of
other biomarkers such as progesterone
receptor and HER2 [human epidermal
growth factor receptor 2] status in selecting
optimal endocrine therapy remains
controversial. Aromatase inhibitors are
contraindicated in premenopausal women;

there are limited data concerning their
roles in women with treatment-related
amenorrhea. The side effect profiles of
tamoxifen and aromatase inhibitors differ.
The late consequences of aromatase
inhibitor therapy, including osteoporosis,
are not well characterized.”

Though treatment advances for breast cancer
continue, women and their physicians must
weigh the risks and options of all therapeutic
approaches thoroughly. J((C
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Targeted Cancer
Therapies

Many medical and scientific experts
anticipate the imminent arrival of an era of
personalized medicine in which individualized
cancer treatments will be based on the molecular
features of a patient’s disease. It is now known that
histologically similar cancers, previously consid-
ered one disease, may be comprised of multiple
molecular subclasses that respond differently to
various treatments. One of the most obvious
examples is breast cancer. Two histologically iden-
tical tumors will respond differently based on the
presence or absence of estrogen receptors.
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Recent rapid advances in the science and tech-
nology of molecular genetics and molecular
oncology are generating increasingly detailed
knowledge of the molecular pathways that
contribute to the initiation and progression of
cancer. This knowledge is providing the basis for
the development of patient-specific, targeted
therapies to kill or arrest the growth of cancer
cells with minimal harm to healthy tissues.

Targeted anticancer therapies are designed to dis-
rupt molecular attributes of cancer cells that are
critical to the malignant phenotype and, ideally,
not present in vital organs and tissues. However,
many agents target molecular features that are
present in healthy tissue but usually to a lesser
degree than in tumor tissue.

More than a dozen agents that target specific
molecular attributes of various cancers have been
approved by the U.S. Food and Drug
Administration (FDA), and several hundred
more are in preclinical or clinical trials. These
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targeted agents are generally one of two types:
anticancer antibodies and small-molecule drugs.
Anticancer antibodies bind with high affinity to
specific molecular features of cancer cells and
initiate cell death by various mechanisms. Small-
molecule drugs are designed to interfere with the
function of proteins integral to the growth of
cancer cells.

Many of these agents have received FDA
fast-track approval, which is usually based on
surrogate markers of survival, such as time-to-
progression (TTP) or tumor volume. In these
cases, the FDA requires follow-up clinical testing
to determine whether the therapy prolongs
patient survival and to demonstrate that the
potential therapeutic benefits outweigh the risks.

Some of the molecular targets of agents approved
by the FDA include tyrosine kinases (TKs),
components of the human epidermal growth
factor receptor (HER) signaling pathway, and
vascular endothelial growth factor (VEGEF). For a
summary of the features of each of these targets,
see Table 1. Targeted agents cause cancer cell
death by a variety of mechanisms, including
apoptosis (programmed cell death) and
inhibition of angiogenesis. The mechanism of
cell death caused by some targeted agents is not
known. This article summarizes the development
and molecular characteristics of many of the
FDA-approved targeted agents.

Tamoxifen and Other
Anti-Estrogen Agents

The prototype for molecularly targeted cancer
drugs can be said to be tamoxifen therapy for
estrogen receptor-positive (ER+) breast cancer.
Tamoxifen is a selective estrogen-receptor modu-
lator (SERM) that has been used to treat ER+
metastatic breast cancer since the 1970s and is
also used as a surgical adjuvant in early-stage ER+
breast cancer. Approximately two-thirds of breast
cancers are hormone sensitive and grow more
aggressively in the presence of estrogen.

Tamoxifen binds to estrogen receptors in breast
tissue, blocking estrogen from activating the
molecular pathways that lead to cell proliferation.
Because tamoxifen mimics estrogen in other

EXAMINING THE
DEVELOPMENT

AND MOLECULAR
CHARACTERISTICS OF
TARGETED AGENTS

By Vijay Kasturi, MD

tissues, this drug has several rare but serious side
effects, including increased incidence of endo-
metrial cancer, deep vein thrombosis, and
pulmonary embolism.

Researchers are searching for other anti-estrogen
agents that may work as well as or better than
tamoxifen and with fewer serious side effects.
Promising candidate drugs include the SERM
raloxifene and several aromatase inhibitors (AI).
Als act by blocking the conversion of androgens
to estrogens in peripheral tissues, the main source
of estrogen in postmenopausal women. Three
Als, anastrozole (Arimidex®), exemestane
(Aromasin®), and letrozole (Femara®), as well as
the estrogen receptor antagonist fulvestrant
(Faslodex®) have been approved by the FDA for
the treatment of breast cancer in postmenopausal
women. Although Als do not appear to increase
risk for endometrial cancer, they may contribute
to the development of osteoporosis.

Trastuzumab (Herceptin®

Trastuzumab is a humanized monoclonal anti-
body that binds to the HER2 protein, which is
overexpressed in approximately 25% to 30% of
primary breast cancers. Trastuzumab mediates
antibody-dependent cellular cytotoxicity, prefer-
entially killing HER2-overexpressing cancer cells.

Clinical testing has shown trastuzumab to benefit
patients with metastatic breast cancer who have
experienced disease progression following one or
two treatments of chemotherapy and whose
primary tumors overexpress HER2. When given
in combination with chemotherapy, (anthracy-
cline plus cyclophosphamide or paclitaxel),
trastuzumab improved median TTP, overall
response rate, and median survival in comparison
with chemotherapy alone. Another clinical trial
showed that trastuzumab therapy alone elicited at
least a partial response in 14% of patients.

The FDA granted fast-track approval to
trastuzumab in 1998 as a second-line or third-line
treatment of metastatic breast cancer in patients
shown to overexpress HER2 in primary tumors.
Serious side effects of trastuzumab include ven-
tricular dysfunction, congestive heart failure,
hypersensitivity reactions, and sometimes-fatal
pulmonary events. Other reported adverse events



include anemia, leukopenia, diarrhea, infection,
infusion reactions, and rare cases of nephrotic
syndrome associated with glomerulopathy.

Early clinical trial results have shown the safety
and efficacy of trastuzumab given in combination
with paclitaxel as a presurgical treatment for
early-stage breast cancers. One pilot study
demonstrated a dramatically improved patholog-
ic complete response rate in women with HER2
positive stage II or stage III breast cancer who
were treated with trastuzumab plus paclitaxel,
compared with women receiving chemotherapy
alone. Phase II trials testing trastuzumab in com-
bination with docetaxel and carboplatin have also
shown promising results. Multiple phase III trials
of trastuzumab therapy for HER2-positive early-
stage breast cancer are in progress.

Recently, results of two large randomized phase
III clinical trials testing the use of trastuzumab in
combination with standard adjuvant chemother-
apy (Adriamycin and Cytoxan followed by
Paclitaxel) for high-risk, node-negative and
node-positive patients with breast cancer were
reported. In a pooled analysis of 3,351 patients,
trastuzumab reduced the risk of tumor
recurrence by 55%. This translated into a four-
year, disease-free survival rate of 85% with the
addition of trastuzumab to chemotherapy
compared with 67% with chemotherapy alone.
The results of these North American trials were
confirmed by another worldwide clinical trial
with a recurrence risk reduction on the order of
50%. Thus, trastuzumab is now standard therapy
in both adjuvant and metastatic breast cancer for
HER2-positive patients.

Lapatinib

A new class of targeted agents now is being devel-
oped that inhibit multiple HER receptors.
Lapatinib is a small-molecule inhibitor of the TK
of both HER1 and HER2. It has a significantly
longer half-life than either gefitinib or erlotinib.
One study in patients with previously treated
metastatic breast cancer has shown a 13%
response rate. Another study has shown a 30%
clinical benefit rate in patients with trastuzumab-
refractory metastatic breast cancer. Several phase
IIT trials are underway combining lapatinib with
chemotherapy compared with chemotherapy
alone in advanced breast cancer.
Bevacizumab (Avastin®)

Bevacizumab was the first antiangiogenic cancer
treatment to receive FDA approval. This human-
ized, monoclonal antibody received fast-track
FDA approval in February 2004. Bevacizumab
binds to VEGE, a protein that normally stimulates
angiogenesis at times of tissue growth, such as
during pregnancy or wound healing. This protein
is also needed to supply tumors with new
blood vessels required for continued growth.

Bevacizumab prevents VEGF from interacting
with the VEGF receptor, thus inhibiting the
activation of angiogenesis.

Clinical trials have shown that bevacizumab,
given in combination with standard therapy of
ironotecan, leucovorin, and 5-fluorouracil (ILF),
improved survival by approximately five months
in patients with metastatic colorectal cancer com-
pared with patients receiving ILF therapy alone.
Clinical trials are testing the efficacy of beva-
cizumab in combination with other therapies for
treatment of breast, prostate, pancreatic, head and
neck, renal cell carcinoma, melanoma, and other
cancers. Some researchers anticipate that recent
improvements in technologies to detect angiogen-
esis may improve the assessment of patient
response to this drug in early-stage clinical trials.

Recently, results of a randomized trial comparing
chemotherapy (paclitaxel) to chemotherapy plus
bevacizumab as first-line chemotherapy for
patients with locally recurrent or metastatic breast
cancer were reported. Significantly, response rates
were improved from 14% to 28%, and progres-
sion-free survival improved from a median of
6.1 months to 11 months. Overall survival was
significantly improved by approximately 32%.

Side effects of bevacizumab include gastro-
intestinal perforation, impaired wound healing,
hemorrhage, infusion reactions, congestive heart
failure, nephritic syndrome, thromboembolism,
myocardial infarction, angina, proteinuria, and a
variety of other adverse events usual to cytotoxic
chemotherapy. Hypertension was common in
patients receiving bevacizumab in clinical trials.

Cetuximab (Erbitux®)

Cetuximab is a recombinant human/mouse mon-
oclonal antibody that binds to EGFR. This protein
is expressed in many normal epithelial cells and is
often overexpressed in colorectal and other cancer
cells. The binding of cetuximab to EGFR blocks
growth factor activation of the receptor. This
binding inhibits activation of a cellular prolifera-
tion signaling pathway and also induces apoptosis.

The FDA gave fast-track approval to cetuximab in
February 2004 for use in combination with the
chemotherapeutic drug irinotecan to treat
patients with metastatic colorectal cancers that
have progressed despite prior chemotherapy. Only
patients with confirmed overexpression of EGFR
in primary tumors are eligible for treatment with
cetuximab. Although clinical trial data show that
cetuximab can shrink tumors in some individuals

TABLE 1. MOLECULAR TARGETS OF CANCER THERAPY

imatinib and erlotinib.

to supply growing tumors.

Tyrosine Kinases (TKs): TKs belong to a class of enzymes that regulate molecular path-
ways controlling cell growth. The phosphorylation of tyrosine by TKs activates cellular
events leading to proliferation. There are many TKs, each associated with one or more
signaling pathways. Some cancers are caused by errors in one of these pathways. For
example, chronic myelogenous leukemia (CML) is commonly caused by a genetic translo-
cation that results in the Ber-Abl TK gene which produces an enzyme that continuously
stimulates cell proliferation. Other commonly targeted TKs include those associated with
the proteins ckit, PDGF, and FLT3. Targeted cancer agents that inhibit TKs include

Human Epidermal Growth Factor Receptor (HER) Signaling Pathway: The HER
signaling pathway is a critical regulator of normal cell growth. Epidermal growth-factor
receptor (EGFR) is one component of this pathway that is overexpressed in many cancer
cells, contributing to excess proliferation. Gefitinib and cetuximab are two anticancer
agents that disrupt the activity of EGFR. Trastuzumab targets HER2, a component of the
HER signaling pathway that is overexpressed in some breast cancers.

Vascular Endothelial Growth Factor (VEGF): VEGF is known to stimulate angiogen-
esis to meet perfusion requirements at times of tissue growth such as during pregnancy or
wound healing. However, angiogenesis is also required for the continuing growth of
tumors. Bevacizimab targets VEGF to prevent the formation of new blood vessels needed

Proteasomes: Proteasomes are large cellular protein complexes that help break down
proteins tagged by the cell for destruction. Disruption of cell homeostasis through protea-
some inhibition often results in cell death. Bortezomib is a proteasome inhibitor.

Hormone Receptors: Hormone receptors are proteins residing in the cytoplasm of cells
that are capable of binding hormones such as estrogen and progesterone and directly
activating gene transcription. Tamoxifen and aromatase inhibitors (Als) such as Arimidex,
Femara, and Aromasin are selective estrogen receptor modulators (SERMs).

J
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TABLE 2. SELECTED CANDIDATE TARGETED CANCER AGENTS IN CLINICAL TRIALS

Drug/Source Drug Type Target{s)] ~ Mode of Action Disease Clinical
Trial Phase
SU11248/ Small molecule RTKs Antiangiogenesis Refractory GIST 1
Plizer, Metastatic renal clear-cell carcinoma I
New York, NY
Metastatic NSCL Il
Metastatic Breast Cancer [
Metastatic colorectal cancer [
Neuroendocrine tumors Il
PKC412/ Small molecule RTKs/FLT3 Antiangiogenesis, AML I1/1
Novartis protein other
MIN518/ Small molecule RTKs Other Relapsed or refractory AML I1/1
Millennium
MIN2704/ Monoclonal anti- PSMA Targeted delivery of Metastatic androgen-independent prostate cancer II/1
Millennium body conjugated chemotherapeutic
with the drug drug
maytansinoid
1D6474/ Small molecule | EGFR/VEGF |  Antiangiogenesis Advanced or metastatic NSCLC [
Astra Zeneca
Smallcell lung cancer [
Thyroid cancer [
Oblimersen Small molecule | Bcl-2 profein | Apoplosis inducing AML 1
(Genesense®)/
Genta, B cell NHL 11/l
Berkeley, CA Advanced or metastatic breast cancer I1/I
Advanced esophageal or gastric cancer I1/1
Smallcell lung cancer [
Hepatocellular carcinoma [
Relapsed or refractory multiple myeloma [
Unresectable GIST [
Hormone refractory prostate cancer I
Lapatinib Small molecule RTK Antiangiogenic Metastatic breast cancer, renal, lung, bladder, gastric cancers
Lasofoxifene SERM Estrogen Estrogen receptor Prevention of breast cancer I
receptor modulator
Pertuzumab Monoclonal ERBB2 EGFR inhibition Metastatic breast cancer, ovarian, lung Il
antibody
Zarnestra Small molecule Ras Farnesyliransferase Metastatic breast cancer I
inhibitor (FTI)
Sorafenib Small molecule Raf FI, Metastatic renal, breast, melanoma I1/11
Q Antiangiogenesis y

in this patient population, it is not yet known
whether the drug will improve survival
Dermatologic toxicities were common in clinical
studies of cetuximab. Other reported adverse
events include infusion reactions, pulmonary
toxicity, fever, sepsis, kidney failure, breathing dif-
ficulties, low blood pressure, dehydration, and
diarrhea. A clinical trial of cetuximab in combina-
tion with chemotherapy for patients with refrac-

tory metastatic breast cancer is now underway.
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Gefitinib (Iressa®)

Gefitinib is a small-molecule drug that targets
the epidermal growth factor receptor (EGFR), a
component of the HERI signaling pathway that
is often overexpressed in non-small-cell lung
cancer (NSCLC). The FDA granted fast-track
approval to gefitinib in May 2003 for the treat-
ment of patients with advanced NSCLC who
experienced disease progression after two or
more courses of chemotherapy.

However, follow-up studies in this patient popu-
lation did not show a survival benefit for patients
taking gefitinib compared with patients taking a
placebo. The FDA directed in December 2004
that other drugs, including the small-molecule
inhibitor erlotinib, should be used to treat
patients with advanced NSCLC who have shown
disease progression despite prior chemotherapy.

Recently, EGFR mutations have been associated
with dramatic responses to gefitinib in patients



with lung cancer. However, the rate of mutations
in patients with breast cancer remains unclear.
Prolonged stable disease has been observed in
patients with advanced breast cancer treated with
gefitinib; however, gefitinib may have more activ-
ity against earlier-stage breast cancer, and phase II
trials testing this are underway.

Erlotinib (Tarceva®)

Erlotinib is a small-molecule inhibitor of a TK
that is associated with EGFR. Researchers con-
ducted a clinical trial to compare erlotinib with
placebo in patients with locally advanced or
metastatic lung cancer with disease progression
following prior treatments. They reported that
median survival in patients taking erlotinib was
6.7 months compared with 4.7 months in
patients in the placebo group. The mechanism of
action of this drug is not fully known.

The FDA granted fast-track approval to erlotinib
in November 2004 for the treatment of patients
with NSCLC with disease progression following at
least one chemotherapy regimen. Adverse events
reported for erlotinib therapy include diarrhea,
rash, nausea, and vomiting. A phase II trial of
erlotinib in patients with otherwise refractory
breast cancer did show a low clinical benefit rate;
combination trials of erlotinib and chemotherapy
are now underway for this patient population.

Imatinib (Glevec®)

Imatinib was the first small-molecule targeted
agent to receive FDA approval. This TK inhibitor
was granted fast-track approval in 2001 for the
treatment of CML. Most cases of CML are caused
by a genetic mutation that produces the
abnormal Bcr-Abl TK protein. This malfunction-
ing protein continuously stimulates cellular pro-
liferation. Imatinib binds to a crucial portion of
the Ber-Abl TK, inhibiting protein function and
inducing cellular apoptosis.

Clinical research has shown imatinib to produce
durable, complete hematologic or cytogenic
remission in many patients with CML, with few
side effects. Patients must be tested to confirm
expression of the Ber-Abl TK gene in leukemic
cells to be eligible for treatment with imatinib.
The FDA has since approved imatinib for the
treatment of relapsed and metastatic gastro-
intestinal stromal tumors (GIST), another
malignancy caused by an abnormal TK.
Researchers have also shown imatinib to inhibit
receptor TK for platelet-derived growth factor
(PDGF), which is overexpressed in many other
cancers. Potential serious side effects from
imatinib include fluid retention, edema, hemor-
rhage, and hepatotoxicity. Imatinib therapy may
also cause dermatologic toxicities, anemia,
neutropenia, and thrombocytopenia.

Bortezomib (Velcade®)

Bortezomib is a small-molecule anticancer drug
and the first proteasome inhibitor to be approved
by the FDA. Bortezomib received fast-track
approval in May 2003 for the treatment of
patients with relapsed multiple myeloma.
Proteasomes are large protein complexes that
help break down proteins tagged by the cell for
destruction. Disruption of cell homeostasis
through proteasome inhibition often results in
cell death. Because proteasomes are present in
cells throughout the body, proteasome inhibitors
can also kill healthy cells. However, preclinical
testing showed that bortezomib is particularly
toxic to a variety of cancer cells.

Early clinical trials showed that this drug can
reduce tumor volume in patients with multiple
myeloma with disease progression following two
prior treatments. Subsequent clinical trials
showed bortezomib to lengthen TTP by almost
three months in patients with relapsed multiple
myeloma compared with treatment with dexam-
ethasone. Serious adverse events documented for
this drug include peripheral neuropathy, hypoten-
sion, cardiac disorders, and thrombocytopenia. To
date, phase II clinical trials of bortezomib in breast
cancer have not shown responses, but trials in
combination with chemotherapy are ongoing.

Thalidomide

Thalidomide is also being tested as an anti-
angiogenic cancer treatment and has proven
effectiveness against multiple myeloma. While
thalidomide is notorious for causing birth
defects in the late 1950s, researchers are now
using its antiangiogenic properties to stunt
tumor growth. Thalidomide also has some
effects on the immune system and might syner-
gize with immunotherapy.

Targeted Therapies in Clinical Trials

Many small-molecule drugs and anticancer anti-
bodies are undergoing clinical testing to deter-
mine whether they are effective against various
cancers. Some of these agents are listed in Table 2,
along with a summary of molecular targets,
modes of action, and clinical trial information.
Preclinical research has demonstrated that these
agents interact with their designated targets and
produce a desired effect in vitro and in vivo.

However, many agents that show promise in pre-
clinical or early clinical testing are ultimately not
approved by the FDA for use in humans because
of excessive toxicity or lack of efficacy.
Nevertheless, the mounting information available
about the molecular biology of cancer develop-
ment and progression is steadily improving
researchers’ abilities to identify candidate agents
that will provide safe and effective patient-specific
cancer therapies in humans. J((C
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Preventing
Chemotherapy

In November 1994, a 39-year-old health
columnist for The Boston Globe and mother of
two died shortly after receiving a drug overdose
while undergoing chemotherapy at the Dana-
Farber Institute, a world-renowned research and
cancer-treatment facility. At the same time, a 53-
year-old teacher suffered severe heart damage
after receiving a similar overdose. Three years
later, she died of cancer.

Both women were undergoing chemotherapy for
breast cancer but, unfortunately, were given four
times the appropriate dose of chemotherapy. The
following year, an Illinois man seeking treatment
for testicular cancer was administered four times
the prescribed dose of chemotherapy. Although it
was estimated that he had an 80% chance of
recovery, he died due to the overdose.

The Dana-Farber Incident

As expected, these unnecessary deaths prompted
numerous charges, countercharges, and finger
pointing, as well as indictments. In the Dana-
Farber incident, as it is now known, numerous
deficiencies in the hospital system, including
protocol violations, ineffective drug-error
reporting, and poor quality assurance by hospital
leaders, were identified. The nurses were follow-
ing protocols from a typewritten order sheet on
which the physician had handwritten the appro-
priate dose for each individual patient. The doses
were misread.

At the end of the decade, the Institute of
Medicine reported in To Err Is Human: Building
a Safer Health System' that one million people in
the United States suffer from preventable med-
ical injuries while being treated in U.S. hospitals.
Health Grades’, which publishes rankings of
hospitals and physicians, recently estimated
that approximately 195,000 people die from
these mistakes.

The Dana-Farber incident, and others like it,
received extensive press coverage and set the stage
for massive self-examination of the U.S. public
health care system. It was soon recognized that
iatrogenic injuries and deaths associated with
medical errors and ill-prescribed medication
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Errors

were common, costly, and led to significant
erosion of trust in health care institutions.

Classen et al reported that adverse drug events,
including medication errors, could increase
hospital length of stay by an average of 1.7* days
with an associated average cost of $2,262. This
cost becomes even more significant in light of
evidence that between 42% and 67% of serious
adverse drug events or iatrogenic injuries
are preventable.

Computer Aid for Reducing Errors

The development and application of computer-
ized physician order entry (CPOE) systems and
clinical decision support systems (CDSS) began
in earnest with the goal of significant medication-
error and adverse-outcome rate reductions.
Recent statements by The Joint Commission on
Accreditation of Healthcare Organizations
(JCAHO) support a “systems approach” to pre-
venting medication errors from reaching patients
in American health care facilities.”

The American Society of Health-Systems
Pharmacists went further and defined “medica-
tion” errors to include errors in prescribing, dis-
pensing, and administering medications, as well
as errors in patient compliance. Its definition did
not include therapeutic failures, intentional over-
doses, adverse drug reactions, allergic responses,
or errors that were prevented by the system.®

The challenge of preventing errors and the mag-
nitude of those that do occur are even more pro-
nounced in the oncology field. Chemotherapy
errors may occur at various instances within the
overall treatment course, beginning with the ini-
tial evaluation of the patient and extending
throughout the ordering, preparation, adminis-
tration, and monitoring of these agents. Four fac-
tors contribute to this phenomenon:*

(1) The narrow therapeutic window of cyto-
toxic agents creates the potential for serious
adverse sequelae, even in the event of a
“minimal” error.

(2) As research demonstrates the benefits
of combination chemotherapy and dose

THE DANA-FARBER
INCIDENT AND
PROCEDURE
REFORM

By Walt A. Kagan, MD, PhD

intensification, the regimens being used have
become more complex. Furthermore, these
regimens often require concomitant ancil-
lary medications for prophylaxis against
adverse events related to chemotherapy.

(3) The acceptance of newer, high-dose
therapies, particularly those with stem-cell
rescue, has promoted a level of comfort
among health care providers when prescrib-
ing high doses.

(4) Health care providers may not be fully
familiar with the various agents available,
especially given the proliferation of new
drugs and unique therapeutic categories on
the market in the past few years.

The Dana-Farber incident promoted a policy of
“zero tolerance” for medication errors in the eyes
of the public and prompted Dana-Farber to put
in place a computerized system for drug and
chemotherapy orders.” The primary focus
became known as the “five rights”: give the right
drug to the right patient at the right dose through
the right route at the right time. The deaths at
Dana-Farber also motivated Walt A. Kagan, MD,
PhD, President of Commonwealth Hematol-
ogy-Oncology P.C. (CHO) and software designer
Howard Silverman, MD, to think strategically of
ways to error-proof the chemotherapy process.

IntelliDose™

Dr. Silverman founded IntrinsiQ Research and
developed IntelliDose™, a software package
designed to prevent chemotherapy errors. CHO
became IntrinsiQ’s partner and key testing site
for IntelliDose.

IntelliDose is designed to monitor appropriate
chemotherapy dosing schedules based on
preloaded treatment plans derived from peer-
reviewed literature, while checking for possible
contraindications regarding the patient’s current
medical condition(s), allergies that may interfere
with dosing, possible drug interactions, signifi-
cant changes in weight or weight sets outside
predetermined parameters, and lab values based
on age and gender outside preset parameters.



IntelliDose performs all calculations and pro-
duces an electronic order that is accessible to all
authorized individuals at any networked comput-
er. The basis of IntelliDose order writing is treat-
ment templates organized in cycles to produce a
complete plan of treatment. Entire multicycle
treatment plans can be built for virtually all levels
of complexity related to polychemotherapy, sup-
portive agents, laboratory studies, and schedules.
It also provides an electronic report of the regi-
men, including specific instructions to nurses and
other providers about when and how each drug
should be administered. The e-nurse module pro-
vides step-by-step nursing instructions that
increase standardization and decrease ambiguity
while capturing charges for all billable services.

The program offers the physician not only
increased patient safety and quality of care but
also the ability to maintain an audit trail by doc-
umenting the treatment procedure. It also pro-
vides an easy, efficient means of coding correct
charges. The current version is now used by more
than 400 oncologists around the country in
office, clinic, and academic settings. The next ver-
sion will have the ability to interact with patient
records and other electronic databases that
already exist at medical facilities, and can be cus-
tom designed for each practice.

Despite its ease of use, relatively low cost (average
cost is $2,000 to $3,000 per year per practice),
and the fact that it is based on well-proven
technology tested in numerous and diverse
systems, early adoption of this new tool has been
slow. According to its developer, IntelliDose has
penetrated only approximately 5% of the poten-
tial market, in the face of a 90% reduction of
error rate.

Eliminating Mistakes

Health care professionals must continuously
strive to reduce iatrogenic errors, if not totally
eliminate them, for many reasons. First and fore-
most is the basic ethical responsibility of health
care providers to do no harm. Second, medica-
tion errors may be financially costly to an institu-
tion, whether due to litigation stemming from an
error or due to iatrogenic effects requiring further
treatment or prolonged hospitalization.

Testifying before the Health Subcommittee of
the House Energy and Commerce Committee,
JCAHO President Dennis S. O’Leary, MD, under-
scored the fact that health care must create an
environment in which safety is always foremost
and errors are viewed as opportunities for learn-
ing and improvement. “The knowledge of what to
do differently and how to do it exists, but we are
far closer to the beginning of the journey than we
are to the end. We as a society must ramp up our
efforts if we are to successfully bridge the chasm
between the current state of health care and what
is truly safe, high-quality care,” he said. J((C

CHEMOTHERAPY ORDERS

Chemotherapy | Dose Basis | WT Type | Dose | Route | Daily Freq Initials
and Schedule Time

Special Instructions

Anzemet 100 mg/dose NA 100 mg IV | X1 ondl
Administer by infusion over 15 minute(s) in 100 mL 0.9% sodium
chloride. Admix with Decadron if Decadron ordered.

Decadron 10 mg/dose NA 10 mg \% X1 on d1
Administer by infusion over 15 minute(s) in 100 mL 0.9% sodium
chloride. Admix with Anzemet if Anzemet ordered.

capecitabine 530 mg/m2 real 1002mg | PO | BIDondl tod7

DOSED AL'53';]A OF

iyl Verify that patient has prescription. #QS Refills: NONE. Interrupt
therapy for grade 2 nausea, vomiting, diarrhea, stomatitis, or hand-
foot syndrome. Dose reduce for renal dysfunction.

Oxaliplatin 65 mg/m2 real 123 mg IV | X1 ondl

DOSED AT 50% OF

8 mg {dorrec] Administer by infusion over 2 hour(s) in 500 mL 5% dextrose in water.
W
Reconstitute Oxaliplatin with sterile water (10 mL for 50 mg vial, 20
ml for 100 mg vial), further dilute in 500 mL 5% dextrose. Do not use
chloride-containing solutions, do not use aluminum needles or infusion
sefs containing aluminum. Assess for peripheral neuropathy.
. J

This is a snapshot of one section of a computer-generated order set.
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Radiation

PARTIAL-BREAST
IRRADIATION
TECHNIQUES MAY
PREVENT RECURRENCE
IN SOME PATIENTS

By Tatiana Lingos, MD

Research has demonstrated that breast-
conserving therapy followed by whole-breast
irradiation is as effective as total mastectomy for
treatment of early-stage breast cancer. However,
many patients eligible for breast-conserving
therapy still opt for mastectomy, and up to 30%
of patients who undergo breast-conserving thera-
py do not receive the recommended adjuvant
radiation, which may put them at increased risk
for local failure.

Factors contributing to these patient choices
include the lengthy treatment times of up to six
weeks of daily treatment, concerns about the
potential side effects of radiation therapy, and the
sometimes long travel distances to treatment
centers. Emerging techniques for partial-breast
irradiation may help address these concerns by
offering shorter treatment times, conformal
delivery of radiation to the targeted tissue, and
lower, more homogeneous radiation dosages yet
still confer the same degree of tumor control in
certain carefully selected patients.

These techniques are based on growing evidence
that regional radiation of the lumpectomy cavity
and adjacent tissue may prevent recurrence as
effectively as whole-breast irradiation in appro-
priately selected patients. This is an introduction
to partial-breast irradiation techniques.

Brachytherapy

Accelerated partial-breast irradiation (APBI)
techniques shorten treatment time to approxi-
mately five days. Multicatheter brachytherapy was
the first APBI technique used in the United States.
The catheters are strategically placed to deliver 45
Gy at a high-dose rate to a radius of 1 cm to 2 cm
beyond the lumpectomy cavity. Advantages of
this procedure include increased patient conven-
ience and reduced exposure of the contralateral
breast, heart, lung, and other surrounding tissues.

The use of 3-D treatment planning to guide
catheter placement has helped mitigate the inher-
ent startup learning curve associated with this
technique. Some women may feel distress over

the appearance of the breast while the catheters
are in place. In the greater Massachusetts medical
community, multicatheter brachytherapy is
offered to women who are unable to manage the
difficulties of whole-breast radiotherapy and as a
boost to women at high risk for recurrence.

MammoSite®

The MammoSite Radiation Therapy System is a
newer APBI technique that targets a treatment
radius of 1 cm beyond the lumpectomy cavity at
doses similar to multicatheter brachytherapy. The
MammoSite system includes a catheter equipped
with a balloon at the distal end. The balloon is
surgically placed in the lumpectomy cavity and
inflated to a spherical inflation of 4 cm to 6 cm.
The radiation source is inserted into the balloon
at the time of treatment, after which the entire
apparatus is removed. The MammoSite technique
is simpler to use than multicatheter brachythera-
py and appears to improve the reproducibility of
dose delivery to targeted breast tissue as well as
the long-term cosmetic result.
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There is growing evidence that regional radiation of the lumpectomy cavity and adjacent tissue may prevent recurrence as effectively as whole-breast irradiation in appropriately selected patients.



3-D Conformal Radiotherapy

The noninvasive 3-D conformal radiotherapy
(CRT) uses 3-D imaging technologies and com-
puterized planning software to design the delivery
of a conformal radiation dose to the targeted area
of breast tissue to approximately 1 ¢cm to 2 cm
beyond the lumpectomy cavity. One challenge
presented by this APBI technique is the need to
adjust for patient setup error and breathing
motion. Continued research will focus on ensur-
ing the irradiation of the full target volume and
evaluating potential toxicities, tumor control, and
cosmetic effects.

Intensity-Modulated
Radiation Therapy

Intensity-modulated radiation therapy (IMRT)
was developed not to accelerate postlumpectomy
adjuvant radiation but to improve dose homo-
geneity, increase conformality, and reduce
toxicity beyond levels achieved by other methods.
Treatment times required for IMRT are com-
parable to those for standard whole-breast
radiotherapy, but side effects are lessened. IMRT
uses sophisticated computerization to optimally
modulate the intensity of multiple radiation
beams across the targeted treatment field.

A notable advantage of this technology is the
reduced dose delivered to vital tissue, including
the heart and lungs. It is important to weigh this
advantage against the probable delivery of low-
dose radiation to some normal tissues that would
not receive exposure by standard methods.
Clinical research reveals IMRT as particularly
useful in the delivery of radiation to complex
treatment volumes, such as those that include
breast tissue and regional nodal areas in prox-
imity to vital tissues, particularly in left-sided
cancers. IMRT is used for this purpose at some
facilities in the greater Massachusetts medical
community. As technology evolves, image-guided
radiation therapy (IGRT), an even newer tech-
nique, will
variations in position of the tumor with patients’
movements and respirations.

automatically compensate for

Conclusion

These and other emerging techniques for
delivering adjuvant radiation following breast-
conserving therapy promise to improve patient
quality of life through shortened radiation
treatment times, reduced long-term and late-
treatment effects, and reduced toxicity to vital
organs. Future research will refine patient-
selection criteria, investigate quality-assurance
issues, and assess long-term outcomes. J((C

The safety of your patients is the most important thing.

Make sure you refer them to oncologists

whose EMR vendor can spell ‘oncology’.

=

IntelliDose

Thousands of clinicians depend on IntelliDose™
to help them manage their cancer patients.

IntelliDose is designed by oncologists for oncologists. We have the largest customer base of
cancer care professionals, from the largest teaching hospitals to small, single-doctor clinics.

So you can be pretty sure we'll get the spelling right.

IntelliDose™. The leading Clinical Oncology Software Solution.

For more information, please contact us at 800-565-2279 or at www.intellidose.com
IntelliDose is a product from IntrinsiQ Research, Inc.

U A2

Reference List

1. Arthur DW, Morris MM, Vicini FA. Breast
cancer: new radiation treatment options.
Oncology. 2004;18(13):1621-1629.

2.Sussman J, Whelan TJ. The Arthur/
Morris/Vicini article reviewed. Oncology.
2004;18(13):1637-1638.

Tatiana Lingos, MD, is a graduate of
Wellesley College and the University
of Massachusetts Medical ~ School.
Following an internship at Mount
Auburn Hospital, she completed her resi-
dency at Massachusetts General Hospital, where she
served as Chief Resident. Board certified in radiation
oncology, between 1987 and 1995, she was the
Associate Director of the Metrowest Medical Cancer
Center, was on the faculty of Harvard Medical School
and the Harvard Joint Center for Radiation Therapy,
and was an attending physician at Dana-Farber
Cancer Center, Brigham and Women’s Hospital, Beth
Israel Deaconess Medical Center, and Children’s
Hospital. She was Medical Director of South
Suburban Oncology Center in Quincy, Massachusetts,
from 1995 to 2004 and is currently the Chief of
Radiation Oncology at Roger Williams Medical
Center in Providence, Rhode Island. Dr. Lingos is a
Clinical Assistant at Massachusetts General Hospital
and a Clinical Instructor in radiation oncology at
Harvard Medical School.

Satisying AllYour
Voice & Data

Communications Needs

PTC also installs:

Telephone Systems Sales & Services
Voice Mail/Auto Attendant Systems
Cabling for Voice and/or Data and

Fiber Optic Cabling

Cable Tray Systems/Cable Management

Bob Mazzola
Tel: (781) 893-2220
Fax:(781) 893-6200
PhoneTecBOB@aol.com

e e

e

The Journal of Community Cancer Care 17



Directory

Commonwealth Hematology-Oncology
thanks the following advertisers for helping
make this publication possible.

Architectural Services

Artisan Architecture
12 Circuit Ave.
Scituate, MA 02066
(781) 545-9939 (781) 545-0315 Fax

Compliance Programs
Total Compliance Solutions, Inc. ....... page 18

Computer Networks

Gorillan ... page 7
Financial Services

Grimes & Company, Inc. ................... page 7

PIAM ... page 2

Medical Imaging

Alliance Imaging, Inc. ....................... page 2
Medical Research

Genomic Health, Inc. ....................... page 2

IntrinsiQ Research

Medical Supplies & Equipment

Alliance Medical Products, Inc.
909 E. Main Rd.
Middletown, RI 02842
(800) 697-8112 (401) 841-5754 Fax
Oxygen

Clinical 1 Home Medical
65 Mathewson Dr., Ste. E
Weymouth, MA 02189
(781) 331-6856 (781) 331-4783 Fax

Pharmaceuticals
AstraZeneca ....................ccooii. page 18
Celgene Corporation ........................ page 2
Ortho Biotech ... inside back cover/back cover
Telecommunications
Phone Tech Communications
Wigs & Skin Care

WIGS by Patricia & Company
28 River St.
Braintree, MA 02184
(781) 848-7177 (781) 848-7190
www.patriciaandcompany.com

éé

AstraZeneca
ODNCOLOGY

Putting progress into practice®

Mickie Denish
Professional Sales Specialist, Oncology
AstraZeneca Oncology
877-893-0390 X42642

Fred Budlong
Professional Sales Specialist, Oncology
AstraZeneca Oncology
877-893-0390 x41019

(Loccations of Commonwealth Hematology-
Oncology’s Clinics and Affiliated Hospitals

Dorchester, MA 02124
617-296-4000

Columbian-Parkland

Concord, MA 01742
978-369-1400

HealthAlliance Hospital
50 Memorial Drive
Leominster, MA 01453-2238
978-537-4811

-

Anna Jaques Hospital Holy Family Hospital Quincy Medical Center
25 Highland Avenue 70 East Street 114 Whitwell Street
Newburyport, MA 01950 Methuen, MA 01844 Quincy, MA 02169
978-463-1049 978-687-0156 X-2021 617-773-6100
Caritas Carney Hospital Lawrence General Hospital South Shore Hospital
2100 Dorchester Avenue 1 General Street 55 Fogg Road

Lawrence, MA 01842
978-683-4000

Melrose-Wakefield Hospital

Medical Center 585 Lebanon Street 20 Worcester Center B

Nutfield Building Melrose, MA 02176 Worcester, MA 01608
1 Parkland Drive 781-979-3784 508-363-5000

Derry, NH 03038 , , . .

603-421-2131 Milton Hospital UMass Memorial Hospital
92 Highland Avenue 119 Belmont Street

Emerson Hospital Milton, MA 02186 Worcester, MA 01605

133 ORNAC 917-696-4600 508-334-6611

Merrimack Valley Hospital
140 Lincoln Avenue
Haverhill, MA 01830
978-521-8592

South Weymouth, MA 02190
781-340-8000

St. Vincent’s Hospital

Train your staff
online...

OSHA Safety
Infection Control
General Safety
HIPAA Privacy
Employee Policies
Bill of Rights
Communication
JACHO Qverview
...& many more

...as little as

$10.00
per employee

TCS is pleased to be providing online training
for more than 20,000 healthcare employees
nationwide... adding more than 2,000 a
month. This is far and away your best
training solution.

TOTAL COMPLIANCE SOLUTIONS, INC.
800-255-6387 x114 info@.tcs-inc.us

\. y

18 Commonwealth Hematology-Oncology « www.chomed.com




BRIEF SUMMARY OF PRESCRIBING INFORMATION FOR PROCRIT® IN THE TREATMENT OF ANEMIA
IN CANCER PATIENTS ON CHEMOTHERAPY

PROCRIT®
Epoetin alfa
FOR INJECTION

FOR FULL PRESCRIBING INFORMATION FOR ALL INDICATIONS,
REFER TO THE PHYSICIANS’ DESK REFERENCE®

INDICATIONS AND USAGE
PROCRIT® (Epoetin alfa) is indicated for the treatment of anemia in patients with nonmyeloid malignancies where anemia is due
to the effect of apy. PROCRIT® is indicated to decrease the need for transfusions in
patients who will be recewlng concomitant chemotherapy for a minimum of 2 rnnnihs PROCRIT® is not |nd|ca1&d for me
treatment of anemia in cancer patients due to other factors such as iron or folate d ies, hemolysis, or ¢
bleeding, which should be managed appropriately.
CONTRAINDICATIONS
PROCRIT® is contraindicated in patients with: 1. Uncontrolled hypertension; 2. Known hypersensitivity to mammalian cell-derived
products; 3. Known hypersensitivity to Albumin (Human).
WARNINGS
Pediatric Use: The multidose preserved formulation contains benzyl alcohol. Benzyl alcohol has been reported to be associated
with an increased incidence of neurological and other complications in premature infants, which are sometimes fatal.

Thrombotic Events and Increased Mortality

A randomized, prospective trial of 1265 hemodialysis patients with clinically evident cardiac disease (ischemic heart disease or
congestive heart failure) was conducted in which patients were assigned to PROCRIT® treatment targeted to a maintenance
hematocrit of either 42 + 3% or 30 + 3%. Increased mortality was observed in 634 patients randomized to a target hematocrit
of 42% [221 deaths (35% mortality)] compared to 631 palients targeted lo remain at a hematocrit of 30% [185 deaths (29%
mortality)]. The reason for the increased mortality observed in these studies is unknown, however, the incidence of non-fatal
myocardial infarctions (3.1% vs 2.3%), vascular access thrombosis (39% vs 299%), and all other thrombotic events (22% vs 18%)
were also higher in the group randomized to achieve a hematocrit of 42%.

Increased mortality was also observed in a randomized placebo-controlled study of PROCRIT® in adult patients who did not have
chronic renal failure (CRF) who were undergoing coronary artery bypass surgery (7 deaths in 126 patients randomized to
PROCRIT® versus no deaths among 56 patients receiving placebo). Four of these deaths occurred during the period of study drug
administration and all four deaths were associated with thrombotic events. While the extent of the population affected is
unknown, in patients at risk for thrombosis, the anticipated benefits of PROCRIT* treatment should be weighed against the
potential for increased risks associated with therapy.

In a randomized, prospective trial conducted with another Epoetin alfa product, in 939 women with metastatic carcinoma of the
breast who were receiving chemotherapy, patients were assigned to receive either Epoetin alfa or placebo for up to a year, in a
weekly schedule, with the primary goal of showing improved survival and improved quality of life in the Epoetin alfa treatment
arm. This study utilized a treatment strategy designed to maintain hemoglobin levels of 12 to 14 g/dL (hematocrit 36 to 42%).
Increased mortality in the first 4 months after randomization was observed among 469 patients wha received the erythropoietin
product [41 deaths (8.7% mortality)] compared to 470 patients who received placebo [16 deaths (3.4% mortality)]. In the first
four months of the study, the incidence of fatal thrombotic vascular events (1.1% vs 0.2%) and death aftributed to disease pro-
gression (6.0% vs 2.8%) were both higher in the group randomized to receive Epoetin alfa as compared to placebo. Based on
Kaplan-Meier estimates, the proportion of subjects surviving at 12 months after randomization was lower in the Epoetin alfa
group than in the placebo group (70% vs 76%), p = 0.012, log rank. However, due to insufficient monitoring and data collection,
reliable comparisons cannot be made conceming the effect of Epoetin alfa on overall time to disease progression, progression-
free survival, and overall survival.

Pure Red Cell Aplasia

Pure red cell aplasia (PRCA), in association with to native ery in, has been observed in patients
treated with recombinant erythropoietins. PRCA has been reported in a limited number of patients exposed to PROCRIT. This
has been reported predominantly in patients with CRF. Any patient with loss of response to PROCRIT® should be evaluated for
the etiology of loss of effect (see PRECAUTIONS: LACK OR LOSS OF RESPONSE). PROCRIT® should be discontinued in any patient
with evidence of PRCA and the patient evaluated for the presence of binding and neutralizing antibodies to PROCRIT®, native
erythropoietin, and any other recombinant erythropoietin administered to the patient. Amgen/Ortho Biotech Products, L.P. should
be contacted to assist in this evaluation. In patients with PRCA secondary to neutralizing antibodies to erythropoietin, PROCRIT™
should not be administered and such patients should not be switched to another product as anti-erythropoietin antibodies cross-
react with other erythropoietins {see ADVERSE REACTIONS).

Albumin (Human)

PROCRIT® contains albumin, a derivative of human blood. Based on effective donor screening and product manufacturing
processes, it carries an exiremely remote risk for transmission of viral diseases. A theoretical risk for transmission of Creutzfeldt-
Jakob disease (CJD) also is considered extremely remote. No cases of transmission of viral diseases or CJD have ever been
identified for albumin,

PRECAUTIONS

The parenteral administration of any biologic product should be attended by appropriate precautions in case allergic or other
untoward reactions occur {see CONTRAINDICATIONS). In clinical trials, while transient rashes were occasionally observed
concurrently with PROCRIT® therapy, no serious allergic or anaphylactic reactions were reported (see ADVERSE REACTIONS for
more information regarding allergic reactions).

The safety and efficacy of PROCRIT® therapy have not been established in patients with a known history of a seizure disorder or
underlying hematologic disease (eg, sickle cell anemia, myelodysplastic or hyp disorders).

In some female patients, menses have resumed following PROCRIT® therapy; the possibility of pregnancy should be discussed
and the need for contraception evaluated.

Hematology: Exacerbation of porphyria has been observed rarely in patients with CRF treated with PROCRIT®. However,
PROCRIT* has not caused increased urinary excretion of porphyrin metabolites in normal volunteers, even in the presence of a
rapid erythropoietic response. Nevertheless, PROCRIT® should be used with caution in patients with known porphyria.

In preclinical studies in dogs and rats, but not in monkeys, PROCRIT® therapy was associated with subclinical bone marrow fibro-
sis. Bone marrow fibrosis is a known complication of CRF in humans and may be related to secondary hyperparathyraidism or
unknown factors. The incidence of bone marrow fibrosis was not increased in a study of adult patients on dialysis who were
treated with PROCRIT® for 12 to 19 months, compared to the incidence of bone marrow fibrosis in a matched group of patients
who had not been treated with PROCRIT®.

Cancer patients should have hemoglobin measured once a week until hemoglobin has stabilized, and measured periodically
thereafter.

Lack or Loss of Response: If the patient fails to respond or to maintain a response to doses within the recommended dosing
range, the following etiologies should be considered and evaluated: 1. Iron deficiency: Virtually all patients will eventually require
supplemental iron therapy (see IRON EVALUATION); 2. Underlying infectious, inflammatory, or malignant processes; 3. Occult
blood loss; 4. Underlying hematologic diseases (ie, thalassemia, refractory anemia, or other myelodysplastic disorders);
5. Vitamin deficiencies: Folic acid or vitamin B12; 6. Hemalysis; 7. Aluminum infoxication; 8. Osteitis fibrosa cystica; 9. Pure Red
Cell Aplasia (PRCA): In the absence of another etiology, the patient should be evaluated for evidence of PRGA and sera should be
tested for the presence of antibodies to recombinant erythropoietins.

Iron Evaluation: During PROCRIT* therapy, absolute or functional iron deficiency may develop. Functional iron deficiency, with
normal ferritin levels but low transferrin saturation, is presumably due to the inability to mobilize iron stores rapidly enough to
support increased erythropoiesis. Transferrin saturation should be at least 20% and ferritin should be at least 100 ng/mL.

Prior to and during PROCRIT® therapy, the patient's iron status, including transferrin saturation (serum iron divided by iron bind-
ing capacity) and serum ferritin, should be evaluated. Virtually all patients will eventually require supplemental iron to increase
or maintain transferrin saturation to levels which will adequately support erythropoiesis stimulated by PROCRIT®.

Drug i No evidence of i of PROCRIT® with other drugs was observed in the course of clinical trials.
Carcinogenesis, Mutagenesis, and Impairment of Fertility: Carcinogenic potential of PROCRIT® has not been evaluated.
PROCRIT*® does not induce bacterial gene mutation (Ames Test), chromosomal aberrations in mammalian cells, micronuclei in
mice, or gene mutation at the HGPRT locus. In male and female rats treated intravenously (V) with PROCRIT®, there was a trend
for slightly increased fetal wastage at doses of 100 and 500 Units/kg.

Pregnancy Category C: PROCRIT® has been shown to have adverse effects in rats when given in doses 5 times the human
dose. There are no adeguate and well-controlled studies in pregnant women. PROCRIT* should be used during pregnancy only
if potential benefit justifies the potential risk to the fetus.

In studies in female rats, there were decreases in body weight gain, delays in appearance of abdominal hair, delayed eyelid open-
ing, delayed ossification, and decreases in the number of caudal vertebrae in the F1 fetuses of the 500 Units’kg group. In female
rats treated IV, there was a frend for slightly increased fetal wastage at doses of 100 and 500 Units/kg. PROCRIT® has not shown
any adverse effect at doses as high as 500 Units/kg in pregnant rabbits (from day & to 18 of gestation).

Nursing Mothers: Postnatal observations of the live offspring (F1 generation) of female rats treated with PROCRIT® during
gestation and lactation revealed no effect of PROCRIT® at doses of up to 500 Units/kq. There were, however, decreases in body
weight gain, delays in appearance of abdominal hair, eyelid opening, and decreases in the number of caudal vertebrae in the F1
fetuses of the 500 Units/kg group. There were no PROCRIT®-related effects on the F2 generation fetuses.

It is not known whether PROCRIT® is excreted in human milk. Because many drugs are excreted in human milk, caution should
be exercised when PROCRIT® is administered to a nursing woman.

Pediatric Use: See WARNINGS: PEDIATRIC USE.

Pediatric Cancer Patients on Chemotherapy: Published literature has reported the use of PROCRIT® in approximately 64 anemic
pediatric cancer patients ages 6 months to 18 years, treated with 25 to 300 Units/kg subcutaneously (SC) or IV, 3 to 7 times per
weekK. Increases in hemoglobin and decreases in transfusion requirements were noted.

Geriatric Use: Among 1051 patients enrolled in the 5 clinical trials of PROCRIT® for reduction of allogeneic blood transfusions in
patients undergoing elective surgery 745 received PROCRIT® and 306 received placebo. Of the 745 patients who received
PROCRIT®, 432 (58%) were aged 65 and over, while 175 (23%) were 75 and over. No overall differences in safety or effective-
ness were observed between geriatric and younger patients. The dose requirements for PROCRIT® in geriatric and younger
patients within the 4 trials using the TIW schedule were similar. Insufficient numbers of patients were enrolled in the study using
the weekly dosing regimen to determine whether the dosing requirements differ for this schedule.

Of the 882 patients enrolled in the 3 studies of chronic renal failure patients on dialysis, 757 received PROCRIT® and 125 received
placebo. Of the 757 patients who received PROCRIT®, 361 (47%) were aged 65 and over, while 100 (13%) were 75 and over. No
differences in safety or effectiveness were observed between geriatric and younger patients. Dose selection and adjustment for
an elderly patient should be individualized to achieve and maintain the target hematocrit (See DOSAGE AND ADMINISTRATION).
Insufficient numbers of patients age 65 or older were enrolled in clinical studies of PROCRIT® for the treatment of anemia
associated with pre-dialysis chronic renal failure, cancer py, and Zi of HIV infection to determine
whether they respond differently from younger subjects.

Hypertension: Hypertension, associated with a significant increase in hemoglobin, has been noted rarely in patients treated with
PROCRIT®. Nevertheless, blood pressure (BP) in patients treated with PROCRIT® should be monitored carefully, particularly in
patients with an underlying history of hypertension or cardiovascular disease.

Seizures: In double-blind, placebo-controlled trials, 3.2% (n = 2/63) of patients treated with PROCRIT® three times weekly (TIW)
and 2.9% (n = 2/68) of placebo-treated patients had seizures. Seizures in 1.6% (n = 1/63) of patients treated with PROCRIT*
TIW occurred in the context of a significant increase in BP and hematocrit from baseline values. However, both patients treated
with PROCRIT® also had underlying CNS pathology which may have been related to seizure activity.

In a placebo-controlled, double-blind trial utilizing weekly dosing with PROCRIT®, 1.2% (n = 2/168) of safety-evaluable patients
treated with PROCRIT® and 1% (n = 1/165) of placebo-treated patients had seizures. Seizures in the patients treated with
weekly PROCRIT® occurred in the context of a significant increase in hemoglobin from baseline values however significant
increases in blood pressure were not seen. These patients may have had other CNS pathology.

Thrombotic Events: In double-blind, placebo-controlled frials, 3.2% (n = 2/63) of patients treated with PROCRIT® TIW and
11.8% (n = 8/68) of placebo-treated patients had thrombotic events (eg, pulmonary embolism, cerebrovascular accident) (See
WARNINGS; Thrombotic Events and Increased Mortality).

In a placebo-controlled, double-blind trial utilizing weekly dosing with PROCRIT®, 6.0% (n = 10/168) of safety-evaluable patients
treated with PROCRIT® and 3.6% (n = 6/165) (p = 0.444) of placebo-treated patients had clinically significant thrombotic events
(deep vein thrombosis requiring anticoagulant therapy, embolic event including pulmonary embolism, myocardial infarction,
cerebral ischemia, left ventricular failure and thrombotic microangiopathy). A definitive relationship between the rate of hemo-
globin increase and the occurrence of clinically significant thrombotic events could not be evaluated due to the limited
schedule of hemoglobin measurements in this study.

Tumor Growth Factor Potential: PROCRIT™ is a growth factor that primarily stimulates red cell production. Erythropoietin recep-
fors are also found to be present on the surface of some malignant cell lines and tumor biopsy specimens. However, it is not
known if these receptors are functional. A randomized, placebo-controlled trial was conducted in 224 chemotherapy-naive,
non-anemic patients with small cell lung cancer receiving cisplatin-based combination chemotherapy, to investigate whether
the concurrent use of PROCRIT® stimulated tumor growth as assessed by impact on overall response rate. Patients were
randomized to receive PROCRIT® 150 Units/kg or placebo subcutaneously TIW during chemotherapy. The overall response rales,
after 3 cycles of treatment, were 72% and 67%, in the PROCRIT® and placebo arms, respectively. Complete response rates (17%
vs. 14%) and median overall survival (10.5 mos vs. 10.4 mos) were similar in the PROCRIT® and placebo arms.

Two additional studies explored effect on survival and/or progression of administrations of other exogenous erythropoietin with
higher hemoglobin targets.

In a randomized, placebo-controlled study using another Epoetin alfa product, conducted in 939 women with metastatic breast
cancer, study drug dosing was titrated to attempt to maintain hemoglobin levels between 12 and 14 g/dL. At four months, death
attributed to disease progression was higher (6% vs 3%) in women receiving Epoetin alfa. Overall mortality was significantly
higher at 12 months in the Epoetin alfa arm (See WARNINGS; Thrombotic Events and Increased Mortality).

In a randomized, placebo-controlled study using Epoetin beta, conducted in 351 patients with head and neck cancer, study drug
was administered with the aim of achieving a hemoglobin level of 14 g/dL in women and 15 g/dL in men. Locoregional
progression-free survival was significantly sharter (median PFS: 406 days Epoetin beta vs 745 days placebo, p = 0.04) in patients
receiving Epoetin beta.

There is insufficient information to establish whether use of Epoetin products, including PROCRIT® have an adverse effect on
time to tumor progression or progression-free survival.

These trials permitted or required dosing to achieve hemoglobin of greater than 12 g/dL. Until further information is available,
the recommended target hemoglobin should not exceed 12 g/dL in men or women.

ADVERSE REACTIONS

Immunogenicity

As with all therapeutic proteins, there is the potential for immunogenicity. The observed incidence of antibody positivity in an
assay may be influenced by several factors including assay methodology, sample handling, timing of sample collection,
concomitant medications, and underlying disease. For these reasons, comparison of the incidence of antibodies to PROCRIT®
with the incidence of antibodies to other products may be misleading.

A few cases of PRCA associated with antibodies with neutralizing activity have heen reported in patients receiving PROCRIT®
(see WARNINGS: PURE RED CELL APLASIA). These cases were observed in patients treated by either SC or IV routes of admin-
istration and occurred predominantly in CRF patients.

Adverse Experiences Reported in Clinical Trials

Adverse experiences reported in clinical trials with PROCRIT® administered TIW in cancer patients were consistent with the
underlying disease state. In double-blind, placebo-controlled studies of up to 3 months duration involving 131 cancer patients,
adverse events with an incidence > 10% in either patients ireated with PROCRIT® or placebo-treaied patients were as
indicated below.

Percent of Patients Reporting Event: Event followed by Patients Treated With PROCRIT® (n = 63) first, Placebo-treated Patients (n
= 68) second:

Pyrexia 29%, 19%; Diarrhea 21%*, 7%; Nausea 17%®, 32%; Vomiting 17%, 15%; Edema 17%"*, 1%; Asthenia 13%, 16%;
Fatigue 13%, 15%; Shoriness of Breath 13%, 8%; Paresthesia 11%, 8%; Upper Respiratory Infection 11%, 4%; Dizziness 5%,
12%; Trunk Pain 3%, 16%.

*Statistically significant.

Although some statistically significant differences between patients being treated with PROCRIT® and placebo-treated patients
were noted, the overall safety profile of PROCRIT® appeared to be consistent with the disease process of advanced cancer. During
double-blind and subsequent open-label therapy in which patients (n = 72 for total exposure to PROCRIT®) were treated for up
1o 32 weeks with doses as high as 927 Units/kg, the adverse experience profile of PROCRIT® was consistent with the progres-
sion of advanced cancer.

Three hundred thirty-three (333) cancer patients enrolled in a placebo-controlled, double-blind trial utilizing Weekly dosing with
PROCRIT® for up to 4 months were evaluable for adverse events. The incidence of adverse events was similar in both treatment
and placebo arms.

OVERDOSAGE

The maximum amount of PROCRIT® that can be safely administered in single or multiple doses has not been determined. Doses
of up to 1500 Units/kg TIW for 3 to 4 weeks have been administered to adults without any direct toxic effects of PROCRIT* itself.
Therapy with PROCRIT® can result in polycythemia if the hemoglobin is not carefully monitored and the dose appropriately
adjusted. If the suggested target range is exceeded, PROCRIT® may be temporarily withheld until the hemoglobin returns to the
suggested target range; PROCRIT® therapy may then be resumed using a lower dose (see DOSAGE AND ADMINISTRATION). If
polycythemia is of concern, phiebotomy may be indicated to decrease the hemoglobin.

DOSAGE AND ADMINISTRATION

Although no specific serum erythropoietin level can be stipulated above which patients would be unlikely to respond to
PROCRIT® therapy, treatment of patients with grossly elevated serum erythropoietin levels (eg, = 200 mUnits/mL} is not recom-
mended. The hemoglobin should be monitored on @ weekly basis in patients receiving PROCRIT® therapy until hemoglobin
becomes stable. The dose of PROCRIT® should be titrated to maintain the desired hemoglobin.

Two PROCRIT® dosing regimens may be used in adults; 150 Units/kg SC TIW or 40,000 Units SC Weekly. For pediatric patients,
see PRECAUTIONS: PEDIATRIC USE.

TIW Dosing
Starting Dose:
Adults 150 Units’kg SC TIW
Pediatric Patients See PRECAUTIONS: Pediatric Use

Reduce Dose by 25% when: 1. Hgb approaches 12 g/dL or,

2. Hgb increases = 1 g/dL in any 2-week period

Hgh exceeds 13 g/dL, until the hemoglobin falls to 12 g/dL, and restart dose at

25% below the previous dose

response is not satisfactory [no reduction in transfusion requirements or rise in

hemoglobin] after 8 weeks

Suggested Target Hgb Range: 10 g/dL to 12 g/l

During therapy, hematological parameters should be monitored regularly (see PREGAUTIONS: Laboratory Monitoring).

Weekly Dosing

+ The starting dose in adults is 40,000 Units SC Weekly. If after 4 weeks of therapy, the hemoglobin has not increased by = 1
g/dL, in the absence of RBC transfusion, the PROCRIT® dose should be increased to 60,000 Units Weekly.

* If patients have not responded satisfactorily to a PROCRIT® dose of 60,000 Units Weekly after 4 weeks, it is unlikely that they
will respond to higher doses of PROCRIT®.

+ PROCRIT® should be withheld if the hemoglobin exceeds 13 g/dL and reinitiated with a 25% dose reduction when the hemo-
globin is less than 12 g/dL.

« If PROCRIT* treatment produces a very rapid hemoglobin response (e.q., an increase of more than 1 g/dL in any 2-week
period), the dose of PROCRIT® should be reduced by 25%.

STORAGE

Store at 2° to 8°C (36° to 46°F). Do not freeze or shake.

Withhold Dose if:

Increase Dose to 300 Units/kg TIW if:

*
ORTHO BIOTECH

Manufactured by: Amgen Inc., One Amgen Center Drive, Thousand Oaks, CA 91320-1799
Distributed by: Ortho Biotech Products, L.P., Raritan, New Jersey 08869-0670
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When treating patients with chemotherapy-induced anemia...

Efficacy Means More

Mean Increase in Hb From Baseline*™*'?

More red Blood Cells for
Increased Hb vs Placebo™
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Mean Change in Hb (g/dL)

Baseline Week 4 Week 12 Week 16
PROCRIT n=174 n=166 n=134 n=115
Placebo n=170 n=164 n=129 n=114
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