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KEY WORDS Genetics technologies, methods, and discoveries are being infegrated rapidly
Genetics into medical and nursing practices in a variety of ways. The purpose of this

Genetic counseling article is to familiarize nurses with how new genetic technologies and discover-

Oncology ies are being incorporated into various phases of clinical oncology practice.
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= Cancer prevention The scope of this article is broad fo provide an overview of the of ways in

"~ Surveillance which cancer prevention, surveillance, diagnosis, prognosis, monitoring, treat-
Diagnosis ment, and gene therapy are evolving due fo advances in the molecular biology
Prognosis of cancer. We use specific examples to demonstrate the use of genetic informa-
Residual disease fion to achieve these objectives and to illustrate principles and strategies that
monitoring may be applied to a variety of cancers.

Treatment

Gene therapy

m Introduction

he pracrice of medicine, in all disciplines, is changing as

a result of the rapid advances in molecular biology and

genomics. With the inidal sequencing and analysis of
the human'genome complete, further advances in the under-
standing of genetic mechanisms underlying cancer will
undoubredly occur.'* Although some people considered
achieving the initial sequence to be the end of the genome pro-
ject, others believe that we are only now entering the true
genome era, where the availability of genetic information will
help us unlock biological processes more efficiently and lead to
translation of this knowledge into improved clinical care.?

Nowhere are the changes due tw advancing genetic knowl-
edge more profound and widespread than in oncology.# Here
we are already seeing incorporation of genetics into all phases
of cancer care as enumerated in Figure 1. Although the focus
of this article is on the current standard of care in oncology, a
preview into future trends in oncology is also included.

Some of the ways that an understanding of cancer at the mol-
ecular level will improve cancer management is by allowing for:

* a better understanding of cancer etiology and risk

* selection of well-defined population screening, prevention,
and treatment trials

* increased accuracy and specificity for prevention, diagnosis,
surveillance, treatment, and prognostic information
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Figure 1. Incorporation of genetics into all phases of cancer
care.

+» modification of standards in risk reduction, medical surveil-
lance, and treatment options for those with genetic predis-
position to cancer as defined by genetic suscepribility testing
(includes approaches to primary and secondary prevention)

* understanding of the molecular biology of cancer leading to
rational therapeutic design of treatments for cancer, includ-
ing the development of gene and drug therapies for specific
molecular targets

® Genetic Influence of Individual
Cancer Susceptibility

Cancer involves the progressive disruption of the generic
material in cells of the targer organ, which results in malig-
nant transformation.’ This process is often broken down into
the stages of initiation, promotion, and progression. Most of
these alterations are somaric, occurring only in cells of the
target organ. Long latency periods exist between carcinogenic
exposure and disease development related to the accumula-
tion of multiple genetic mutations for many of the common
cancers of late adulthood. Some genetic alterations are inher-
ited, occurring in every cell in the body, including the
gonadal germ cells, and, therefore, can be passed on to future
generations.® Retinoblastoma provides an example that dis-
tinguishes berween cancers related to germline, or inherited,
murtations and cancers related to spontaneous mutations.”
Retinoblastoma is a tumor that develops in the retinal cells of
the eye. Approximarely half the cases are sporadic, and half of
the cases occur in an inherited autosomal-dominant fashion.
[n the inherited cases, the tumors develop in both eyes, at
very young ages and frequently have more than one tumor in
each eye. In the sporadic cases, the disease usually occurs ar a
later childhood age and involves only one tumor in one eye.
As the understanding of the molecular biology of carcino-
genesis increases, the ability to identify high-risk groups and
develop specific strategies for risk reduction in these groups
increases.
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Knowledge of genetic mechanisms underlying carcinogene-
sis provides new opportunities for cancer prevention. The
overall goal of carcinogenesis research is to understand the
processes involved in cancer induction so that specific inter-
ventions may be precisely developed to prevent the disease
from occurring. Hursting and colleagues suggest a stage-spe-
cific approach to prevention strategies and the molecular
changes targered within each stage.3

m The Impact of Individual
Genotypes on Moderately
Increased Cancer Susceptibility

People are genetically heterogeneous when it comes to cancer
suscepribility. Certain individuals are more susceptible than
others to specific cancers or to cancer in general. Tio people
exposed to the same agent may have very different risks of can-
cer on a biologic basis and, therefore, react differently both to
carcinogen exposure and rto risk-reduction methods. This is
known as individual susceptibility, and it may have its basis in
differences in:

* carcinogen uptake, activation, and deroxification

* deoxyribonucleic acid (DNA) repair variations

* inherited or acquired mutations in specific proto-oncogenes
OF TUMOTI SUPPressor genes )

* nutritional starus

* hormonal profile

* immune funcrion

Genetic variations in carcinogen metabolism represent an
important mechanism by which members of the general pop-
ulation differ in their susceptibility to cancer.” Although some
cancer risk factors, such as ionizing radiation and various spe-
cific carcinogens, can damage DNA, many carcinogenic sub-
stances require metabolic activation from a precarcinogen to
an active carcinogen to alter the DNA. This conversion of a
benign chemical substance into a highly reactive form is con-
trolled by certain groups of enzymes, many in the cytochrome
p450 family. There is variability among individuals in the
function and activity of these enzymes, which in turn, may
lead to alterations in the rate at which carcinogens are acti-
vated. This variability is believed to account for significant
interindividual differences in cancer suscepribilicy.

Other enzyme systems are involved in the detoxification of
already-activated carcinogens, and these, too, vary in effi-
ciency and speed, which may permit highly reactive carcino-
gen molecules to remain biologically active for longer than
usual periods of time. It has been suggested thar “slow merab-
olizers” of carcinogens may be at increased risk of cancer as a
consequence of this phenomenon.” There are also genetic
variations in the cellular mechanisms that repair DNA
directly damaged by certain carcinogens. Combinations of
these different mechanisms of carcinogen activation, deroxi-
fication, and DNA repair may lead to individual differences
in cancer risk and development.
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A protorypical example of a gene thar alters cancer risk by con-
trolling hereditary variadon in metabolic activation/inactivation
is the human acetylator trait (VA72) and bladder cancer. In
Western populations there is an approximate 50-50 split berween
slow acerylators (homozygous for the deficient acetylation allele)
and fast acetylarors. Carcinogen action depends on a dynamic
balance of metabolic activation and elimination; slow acetylators
are inefficient in eliminating the active form of the chemical.
Carcinogenic aromatic amines include 4-amino biphenyl, benzi-
dine, and 2-naphthylamine and account for increased bladder
cancer in dye workers and tobacco smokers. The carly population
studies involving acetylation required laborious “phenotype”
assays with administration of caffeine, dapsone, or other probe
drugs merabolized specifically by these genes. As the N-acetyl-
transferase gene (NAT?2) was cloned in the late 1980s and the
genetic basis of the observed difference in enzymatic activity was
identified, genotype assays on DNA supplanted drug probes, 10
Meta-analyses of NAT2 “slow acerylators” and bladder cancer!!
consistently demonstrate increased risk for slow acetylators and a
formal gene—environment interaction has also been demon-
strated.'? That is, cigarette smokers, who have greater aromaric
amine exposure, exhibit an addirional increment of risk if they
possess the slow acetylation genotype/ phenotype.

m The Impact of Individual
Genotypes on High Risk of Cancer
Susceptibility

Thus far, the discussion has centered on inherited differences
in the abilities to handle a variety of exogenous environmental
risk factors. Other individuals ac high risk of cancer are those
who have inherited a muration in an autosomal-dominanc
cancer susceptibility gene. Clinical suspicion regarding one of
- these hereditary syndromes is based on either family history or
disease-related characteristics, such as specific benign hamar-
tomas of the face, tongue, soles, and palms in Cowden syn-
drome.'? Once this suspicion has been raised, presymptomartic
testing in search of germline mutations in the gene related ro
the suspected disorder may or may not be available to confirm
the diagnosis on a molecular level. It is important to attempt
to recognize these syndromes whenever possible because all
phases of medical management of the individual and his or her
relatives may be altered significantly. The general issues related
to hereditary cancer suscepribility and genetic testing have
been covered elsewhere.!#15 Individuals with inherited cancer
susceptibility syndromes, such as breast and/or ovarian cancer
due to BRCAT and BRCA2 murations, Li Fraumeni syndrome
(LFS), hereditary nonpolyposis colon cancer (HNPCC),
familial adenomarosis polyposis (FAP), multiple endocrine
neoplasias (MEN), and von Hippel Lindau (VHL) syndrome,
are at significantly increased risk of developing specific con-
stellations of cancers. Once at-risk patients understand how
knowing their mutation status mighe affect their healthcare,
they may become interested in cancer-risk assessment, clinical
genetic testing, and risk-reduction recommendations.
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m Primary Cancer Prevention in
the General Population and in
Genetic High-risk Populations

The goal of primary cancer prevention is to identify factors
that place individuals ar risk of developing cancer and to
reduce the risk factors thar are modifiable, thus lowering the
risk of cancer. Modifiable risk factors may include lifestyle
exposures (eg, dier, smoking, alcohol use, and reproductive
decisions) and environmental exposures (eg, air, water, soil,
and food pollution). Primary risk factors that are not modifi-
able include age, family history of cancer, and gender. For the
general population, primary cancer prevention encourages
avoiding tobacco, limiting or eliminating alcoholic beverages,
using sunscreen during sun exposure, exercising regularly (30
minutes a day on most, if not all, days of the week), eating a
well-balanced diet (including 5 fruits and vegetables a day),
and chemoprevention for select groups who are at high risk of
cancer. For more informartion on the American Cancer Soci-
ety’s healthy lifestyle recommendations primary cancer preven-
tion, visit its Web sire at http:/fwww.cancer.org.

For individuals at high risk of cancer due to genetic suscep-
tibiliry, the primary cancer prevention options include lifestyle
modification, risk-factor reduction, chemoprevention, and
prophylactic surgery. There are insufficient scientific data from
prospective randomized controlled clinical trials to permit evi-
dence-based prevention recommendations in hereditary breast
and colon cancers. Most risk-reduction strategies are currently
based on common sense, biologic plausibility, and best clinical
judgment.'6:17

‘m Lifestyle Modification in the

Genetic High-risk Populations

In the realm of primary cancer prevention, there are several pre-
liminary studies that suggest chat there may be an association
between lifestyle factors, inherited predisposition to cancer, and
cancer risk. Vachon and colleagues'® evaluared the interaction of
alcohol consumption and breast cancer risk among women with
a family history of breast cancer. They found thac daily drinkers
had a relaive risk of breast cancer of 2.45 compared with never
drinkers among first-degree relatives of a person with breast can-
cer. Jernstrom and colleagues!? evaluated breast-feeding patterns
and breast cancer risk in BRCA1 and BRCA2 muration carriers.
They reported that BRCA1 carriers who had breast-fed for more
than 1 year experienced a significant reduction in their odds
ratio (OR) of breast cancer—0.64 (95% confidence interval
0.38-1.09). Breast-feeding did not confer protection against
breast cancer among BRCA2 muration carriers. The results of
both of these studies are preliminary and do not represent data
from prospective randomized clinical trials, the gold standard
for establishing prevention strategies. In general, it is prudent to
avoid basing major changes in clinical practice on the resules of
a single study.
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s Prophylactic Surgery in Genetic
- gigh-risk Populations

;The use of prophylactic surgery is considered appropriate for
carefully selected individuals with specific hereditary cancer
syndromes. The radonale for surgery is that by removing an
organ at risk of developing cancer, a person will lower his or
her individual cancer risk. For example, early surgical removal
of the polyp-filled colon from patients with FAP prevents inva-
sive colon cancer.*® Likewise, prophylactic removal of the thy-
roid in persons affected with MEN2 has become the standard
of care since medullary thyroid carcinoma or its precursor
lesion, C-cell hyperplasia, is found in nearly 100% of studied
individuals with MEN2,20.21

Unfortunately, surgical prophylaxis has its limitations and
shortcomings. For example, prophylactic colectomy some-
times triggers the development of desmoid tumors in FAP
patients.?® These biologically aggressive soft-tissue tumors are
a source of great morbidity in this setting. In VHL, parients
develop mulriple bilateral renal cysts and tumors over time. If
allowed to go untreated, these have a strong probability of
evolving into renal cell carcinomas. The optimal treatment of
these renal lesions is controversial,2? because if one performs
toral resection of the kidneys at inirial diagnosis of cysts or pre-
malignant tumors, then patients may require chronic dialysis
or kidney transplantation. On the other hand, subtotal resec-
tion of cysts and removal of individual tumors can prolong the
kidney function but subject the affected person to repeared
major surgeries. Although both approaches have extended sur-
vival of affected individuals, none of these options is com-
pletely satisfactory.

In the case of hereditary breast cancer risk, prophylactic
removal of one or both breasts does not result in removal of all
breast tissue. Therefore, a woman may reduce risk o an
unknown degree but still has some residual risk of developing
breast cancer. A recentrospective (but nonrandomized) study
of 139 women with either a BRCAI or a BRCA2 mutation
evaluared the incidence of breast cancer in those women who
clected to have prophylactic mastectomy and those who
elected to have regular surveillance.24 Seventy-six of these
women had prophylactic mastectomy (PM), and 63 had regu-
lar surveillance. At 3 years (3.0 = 1.5 years) of follow-up, none
of the women who elected for PM had developed breast can-
cer, whereas 8 eight breast cancers had developed among
women who declined surgery, choosing surveillance instead.
Prophylactic surgery is offered as an option to be carefully con-
sidered in the context of personal and cultural values and care-
ful multidisciplinary consultations.?425

The situartion is even more daunting for women at genetic
tisk of developing ovarian cancer. [n contrast to the oprtions that
exist relative to breast cancer or colon cancer, medical surveil-
lance for ovarian cancer is ineffective. Furthermore, because this
disease often presents at an advanced clinical stage, survival rates
for ovarian cancer are generally less favorable. Therefore, the
woman at elevated risk of ovarian cancer has more morivation to
consider prophylactic surgery. The degree to which this proce-
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dure reduces the risk of ovarian cancer is not well studied,
although one recent report suggested a 96% reduction in risk.26
However, there are published reports of malignancy occurring in
the peritoneal lining (which has the same embryonic origin as
the ovaries) after women have undergone prophylactic
oophorectomy.?” The resulting malignancy, called primary peri-
toneal carcinoma, is histologically and clinically similar to ovar-
lan cancer in its characteristics. Although this phenomenon cer-
rainly must be described to women who are contemplating
prophylactic salpingo-oophorectomy, its occurrence is a rela-
tively rare event, the frequency of which has been overstated in
the clinical cancer generics literature. On the benefit side of this
decision, a recent study has suggested that oophorectomy lowers
the risk of breast cancer (by approximarely 50%), probably by
lowering the estrogen levels within a woman’s body.26

Another important limitation of risk-reduction measures in
persons with inherited predisposition to cancer is that the
increased risk is rarely confined to a single organ system.
HNPCC provides a vivid illustration of the difficuldes chac
result from this reality.28 Persons with an inherited HNPCC '
gene mutation are at risk of developing multiple colorectal
cancers. Some people with the gene mutation may choose to
have the colon removed ar the rime of diagnosis of the first
tumor to prevent additional tumors that are likely ro occur.
However, these same individuals are also at risk of endomerrial
and ovarian cancer, as well as tumors of the upper gastroin-
testinal tract and upper urinary tracr. The muldplicity of
organs at risk of malignant transformation, and the widely
varying lifetime risks of developing each of these syndrome-
related cancers, makes it very difficult ro formulate a primary
cancer prevention strategy for these patients.

® Chemoprevention in the General
Population and in the Genetic
High-risk Populations

The term chemoprevention has been used for several decades o
refer to the use of natural or synthetic compounds to prevent,
reverse, or delay the development of cancer in otherwise
healthy individuals with risk factors for malignancy or with
precancerous conditions.? This field is based on elucidating
the factors thar influence molecular changes involved in cancer
initiation, promotion, and progression so that new agents can
be developed that block these transitions before che emergence
of an invasive or clinically detectable cancer.3® During the past
20 years, hundreds of cancer chemoprevention studies have
been funded, including 70 randomized trials encompassing
130,000 subjects.> Large-scale clinical crials are in progress to
identify the role of agents such as retinoids, tamoxifen, other
selective estrogen recepror modulators (SERMS), finasteride,
selenium, nonsteroidal anti-inflammarory drugs (including
aspirin), and drugs that target RARB, ERB2, and EGFR in the
prevention of several solid tumors.29-31

Tamoxifen was the first chemoprevention agent approved

by the US Food and Drug Adminstration (FDA) for breast
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cancer.3? The Nartional Surgical Adjuvant Breast and Bowel
Project’s Breast Cancer Prevention Trial (NSABP-P1) demon-
strated that the use of ramoxifen in high-risk women reduced
the risk of developing breast cancer by 49%. The benefit of
ramoxifen in women at very high risk of breast cancer (eg,
women with BRCAl or BRCA2 mutations) has vet o be
clearly demonstrated. Preliminary findings are now available
about the effectiveness of tamoxifen as a chemopreventive
agent in women who were participants in the NSABP-P1 and
who also have a BRCAI or a BRCA2 muration.3? The study
demonstrated that in healthy women, younger than 35 years,
tamoxifen reduced breast cancer incidence among BRCA?2 car-
riers by 62%. In healthy women aged 35 years and older who
are carriers of the BRCA1 mutation, ramoxifen did not reduce
breast cancer incidence. The sample sizes of BRCA1 carriers (n
= 8, 5 ramoxifen, 3 placebo) and BRCAZ2 carriers (n = 11, 3
tamoxifen, 8 placebo) were extremely low and the results did
not reach statistical significance. New generations of selective
estrogen receptor modularors, such as raloxifene, are being
evaluated as chemopreventives in breast cancer.

Celecoxib, originally licensed as a treatment for archritis,
was recently approved by the US FDA as an adjunct to usual
care for patients with FAP. This was based on the results of a
double-blind placebo-controlled trial in 83 patients with FAP
showing thar Celecoxib twice daily for 6 months reduced the
number of polyps by 28%.34 One of the advantages of sys-
temic chemopreventive agents such as Celecoxib is that they
have the potential to reduce the risk of cancer in more than
one organ system. In light of at least limited successes with
Celecoxib, the National Cancer Institute is currently sponsor-
ing clinical prevention trials of Celecoxib in a number of can-
cer types, including colon, esophagus, bladder, skin, prostate,
and lung.33

In the general population, it has been demonstrated that
oral contraceprives reduce the risk of ovarian cancer by almost
half after abour 3 years of cumularive use.3637 These studies
found thar the reduction in ovarian cancer persisted for at least
15 years after use ended and was independent of the specific
type of medication formulation and histologic type of epithe-
lial cancer.

In the population where women are at very high risk of
ovarian cancer, eg, women with BRCAI and BRCA2 muta-
tons, there are limited and contradictory data regarding the
use of oral contraceptives in preventing ovarian cancer.
Although one study suggests that the oral contraceptives may
reduce the risk of ovarian cancer in those carrying mutations,
another study suggests that this hormone exposure may
increase the risk of breast cancer in this same group.?®3® In
addition, a recent population-based case-control study in
which information was available regarding both BRCA geno-
type and oral contraceptive use failed to demonstrate a reduc-
tion in ovarian cancer risk.*® These investigators conclude that
it is premature o use oral contraceptives for the chemopre-
vention of ovarian cancer in BRCA muration carriers. Encour-
aging women at high-risk with and without BRCA mutations
to participate in longitudinal studies is critical to gather the
darta needed for evidence-based advice.
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In addition, there is an emerging trend to do more sophist-
cated genetic analyses of potential modifying genes in those
who carry germline mutations in genes such as BRCA1 and
BRAC2. There are several examples that illustrate this crend.
Currently, there are several reports of ovarian or breast cancer
risk in BRCA1 or BRCA2 carriers that may be modified by the
several genetic polymorphisms. Phelan and colleagues report
that ovarian cancer risk in BRCA1 carriers that have 1 or 2 rare
HRAS?2 alleles have a higher rate of ovarian cancer (2.11 times
greater) than BRCA1 carriers with only the common alleles. 4!
Furthermore, women bearing germline mutations falling
within a region in the BRCA2 gene known as the ovarian can-
cer cluster region have a higher ovarian cancer risk than those
with BRCA2 mutations outside this region. 4243

More recently Levy-Lahad and colleagues reported that a
single nucleotide polymorphism in the RADS!1 gene did nort
affect ovarian cancer risk in BRCA1 or BRCA2 mutations car-
riers but that the RAD51-135C is a significant modifier of
BRCA2 penetrance, specifically in raising breast cancer risk ar
younger ages.* Additionally, Wang and colleagues report that
the single nucleotide polymorphism in the 5 untranslated
region of RADS51 gene may be associated with an increased
risk of breast cancer and a lower risk of ovarian cancer among
BRCA2 mutation carriers.#5 The exact biochemical basis of the
modification in risk has yer to be elucidated; however, the effi-
cacy of any given chemoprevention strategy may need to be
interpreted against the backdrop of the specific genotype of
study participants.

m Secondary Cancer Prevention in
the General Population and in
Genetic High-risk Populations

Secondary cancer prevention refers to the use of screening tests
or examinations to detect cancer before it is clinically evident.
This differs from diagnostic resting, which involves a systemaric
evaluation of existing signs or symptoms of a disease. Criteria
for screening recommendations are currently based on age,
family history, previous medical history of cancer, and other
risk factors. The identification of individuals at increased can-
cer risk due to genetic suscepribility allows for the considera-
tion of using screening tests and examinations at an earlier age
than might be recommended for the general population. Ulti-
mately, it may become possible to customize surveillance rec-
ommendations to an individual’s profile of risk so that he or
she can receive railored screening, eg, female BRCA1 and
BRCA2 muradon carriers are screened at younger ages and at
more frequent intervals for both breast and ovarian cancer.
Conversely, those individuals who come from high-risk fami-
lies with a known deleterious muration and who test negative
for that familial mutation, can be spared the burden of
increased cancer screening.

Recommendations for risk reducrion and screening activi-
ties in high-risk families are beginning to appear in the litera-
ture. For some cancer susceptibility conditions with childhood
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|ntervention

Breast self-examination

Clinical breast examination
Breast mammography SR
Ovarian transvaginal ultrasound with color Doppler ai
Prostare cancer surveillance for men who carry Bl

only

Colon cancer surveillance

+Based on US Preventive Services Task Force criteria, level TT1 evidence, ie, expert opinion and case reports only. T
unproven benefic and have limited screening sensitivity, and there is insufficient dara to

interval.

onser, such as VHL and MEN?2, recommendations for pri-
mary and secondary prevention exist and the efficacy of these
strategies is reasonably well documented.-% However, the
surveillance recommendations for hereditary breast, ovarian,
and colon cancer are sl evolving. Although the exact age at
which to begin screening is still being debated, women in the
general population are advised to begin regular mammograms
sometime during their 40s.2*3° In contrast, those at higher
genetic risk are often urged to begin mammography at a
younger age.!’ Unfortunately, there are no data to prove that
early initiation of mammographic screening in this serting is
associated with the same down-staging and improved survival
as has been demonstrated in postmenopausal women. Furcher,
it is well known that the increased density of the breasts in
young women severely compromises the sensitivity of mam-
mographic screening. This has led to a major interest in alter-
" native breast imaging modalities for women at increased
genetic risk of breast cancer. Magnetic resonance imaging
(MRI) of the breast appears to be a promising alternative in the
high-risk setting,*' and the National Cancer Institute and the
American  College of  Radiology [maging Newwork
(NCI/ACRIN) are launching a multicenter study to compare
digital mammography to standard mammography for the
detection of breast cancer (information available on the
NCI/ACRIN study at hup://newscenzer.cancer. gov).

The International Collaborative Group for the Study of
HNPCC (ICG-HNPCC) has published recommendarions for
screening in HNPCC families for persons at increased risk by
cither family history or genetic testing.” The National Insti-
tutes of Health and Department of Energy (NIH-DOE) Eth-

hese recommendations in MOSt cases are of
determine the oprimal age of beginning screening or the screening

ical and Legal Social Implications (ELSI) Cancer Genetics
Consortium has also issued recommendations regarding both
BRCA1'7 and HNPCC'® scrf:en'ing.20 These guidelines are
based primarily on expert opinion and will be updated in the
future as more data becomes available (Tables 1 and 2).

s Genes and the Development of
Biologic Surrogate Endpoints

Previously, cancer prevention studies were restricted to out-
comes that could be measured easily, eg, detection of new can-
cer, mortality from cancer, or clinically significant side effects
from treatment. However, studies based on these endpoints
typically must be very large and may take many years to com-
plete. Technologies involving molecular genetics offer the
promise of new tools that may allow assessment of biomarkers
as intermediate study endpoints (or surrogate biomarkers) for
risk assessment, early detection, chemoprevention, and second
primary cancer prevention trials.*?? Markers of risk and early
disease must be part of the etiologic pathway that leads to the
development of disease; however, they differ in the degree of

certainty that they convey regarding the eventual progression

to cancer. A risk factor generally confers a “disease susceptibil-
ity” that is increased reladve to the general population bur that
is not usually 100%. Early detection markers indicate the pres-
ence of cancer or suggest that cancer will oceur with nearly a
100% certainty within a specified time interval. For che
marker to serve as a valid intermediate surrogate endpoint,* it
must be:

Colonoscopy

Transvaginal ultrasound or endomerrial aspirate =

Based on US Preventive Services Task Force criteria, level 111 evidence, ie, expert opinion and case reports only. These recommendations in most cases are of
unproven benefit and have limi i itivi is i i ; : L : .
p have limited screening sensitivity, and chere is insufficient daca to determine the optimal age of beginning screening or the screening

interval.
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* a determinant of outcome

* modulated by the pharmacologic agent

* demonstrate variations thar correlate with variation in cancer
incidence

An example of the research involved in the development of
surrogate biomarkers is the work being done in colon cancer. A
number of such markers are being evaluated for use in colon can-
cer, including APC mutations, MMR, K-ras, p53, various
kinases, serum markers, L-DNA, B-catenin, bcl-2, cyclin D1 and
El, SMAD4, and panels combining many of the above mark-
ers.** Once surrogate biomarkers of biologic response and sus-
ceptibility have been adequarely validared, it will be possible o
select well-defined populations based on tumor characteristics
and generic susceptibility for preventon and chemoprevention
trials.

The effectiveness of the chemopreventive agents may also be
measured by molecular means. Toward this end, the NCI has
established a multi-institutional consortium, the Early Detection
Research Nerwork (EDRN), to develop sensitive and specific
tests for the carlier detection of cancer. The goal is to link inves-
tigators with various areas of expertise and to develop the research
designs, technologies, and infrastructures to facilitate identifica-
ton of molecular, generic, and biologic markers for early cancer
detection. For more information, see the EDRN website at

htwp./ledrn.nci.nih.gov/index. html.

® Genetics in Cancer Diagnostics

Precise cancer diagnosis is essential to:

* understanding the pathophysiology of cancers
* offering an accurate prognosis

* establishing appropriate medical management
* developing more targeted methods of therapy

There may be several levels of diagnostic informarion that
could be acquired from a given affected individual, including the
clinical diagnosis of a specific malignancy, the genetic subtype of
thac malignancy, and the genetic diagnosis of an underlying cause
for that malignancy. When cancer is suspected, further tests are
undertaken to confirm the diagnosis. These may involve tests of
blood, urine, body fluids, imaging modalities, or tissue biopsy.

An example of how genetics are used in the diagnostic setting
is provided by the classification of acute leukemias. All diagnoses
in acute leukemia are based on the morphologic classification and
immunophentypic classification of the hematapoetic cells in the
bone marrow. Genetic evaluation further refines che diagnosis in
most of the leukemias. For example, in acute promyelcytic
leukemia (APL) there is a translocation berween chromosome 15
and 17 [t(15;17)].55 This genetic informadon pinpoints the diag-
nosis and identifies a group of patients with APL that respond to
reatment with all-trans retinoic acid and arsenic trioxide.56:57

The recognition of the specific underlying genetic condition
will have an impact on the medical management of individual
patients.>® The clinical diagnosis of pheochromocytoma is estab-
lished through biochemical testing, imaging, surgical explo-
ration, and histopathologic examinadon. Although most
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pheochromocytomas are sporadic events, a subser occur s 4 con-
sequence of inherited cancer susceptibility in such diverse disor-
ders as VHL disease, MEN, type 2, hereditary paragangliomas,
and neurofibromatosis, type 1. Each of these has a different
genetic basis, involves different organs, and has different natural
histories.

By identifying an underlying genetic condidon, patient man-
agement can be tailored to maximize the benefit of treatment.

¥ Genetics Cancer Prognosis

A large number of genetic and phenotypic changes have been
suggested as markers of prognosis in various types of solid and
hematologic cancers. Though many are currently being evaluared
for use in improving cancer prognosis, only a few have been fully
characterized and developed to the point where they influence
clinical care. A prognostic marker is defined as any measurement
available at the time of diagnosis or surgery that is associated with
disease-free or overall survival 596 Traditional prognostic mark-
ers for cancer survival include age, ethnicity, tumor stage, size,
hormone responsiveness, histologic subtypes, lymph node starus,
and various other biomarkers. A few examples of current cancer
prognosis research are presented to illustrate how molecular
genetic analysis of human tumors (including characrerization of
proliferation, oncogenes, tumor suppressor genes, and other pro-
teins) affects our understanding of cancer prognosis.

Immunohistochemistry (IHC) targets specific gene products
or mutation analysis of specific oncogenes can provide prognos-
tic information in a variety of cancer types. For examplé, it has
been found that an oncogene known as HER-2/neu is amplified
in approximately 20% to 30% of breast and ovarian tumors and
thar this oncogenes’s amplification and/or overexpression is a reli-
able indicator of poor prognosis.562 Thus, the HER-2 assays
may be useful for differentiating patients at higher risk of cancer
recurrence as well as identifying a subset of patients who are more
like to have a poor response to adjuvant hormonal therapy
(tamoxifen) or chemotherapy (5-FU, methotrexate, and
cyclophosphamide [Cytoxan]).53-65 This observation has also led
to clinical research trials investigating HER-2/neu monoclonal
antibodies with chemotherapy to target specifically the cancer
cells overexpressing HER-2/neu, which is discussed in the treat-
ment section.

A specialized DNA microarray, the “Lymphochip,” was devel-
oped by Alizadeh and colleagues to permit characterizing the pat-
tern of gene expression in lymphoproliferative neoplasms.s¢
Recent dara show that it is possible o subclassify diffuse large B-
cell lymphomas (DLBCLs) into 2 molecularly distinct groups:
germinal-center B-like tumors and activated peripheral B-like cell
neoplasms. Individuals wich germinal-center B-like tumors
DLBCLs have a prolonged overall survival when compared with
the individuals with activated peripheral B-like DLCBL neo-
plasms. The former respond very well to conventional anthracy-
cline-based lymphoma trearment regimens, whereas the larter
group does not. This informarion could, therefore, be used to select
previously untreated DLBCL patients for whom upfront invest-
gational therapy represents a more logical treatment strategy.
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Tumor suppressor genes are frequentdy murated or deleted in
cancer patients. These changes generally occur at the somatic level,
ie, they are not heritable. Of these, the p53 gene is the most com-
monly mutated, with somatic mutadons found in at least half of all
types of cancer. Multiple studies have shown thart p53 is an inde-
pendent marker of prognosis in breast cancer and in other
rumors.”” Abnormal p53 protein expression is associated with
decreased survival. In breast cancer, the predictive usefulness of p53
status is further enhanced when combined with other prognostic
indicators such as family history and lymph node starus.68-7

Research continues to assess other genetic factors thart serve as
prognostic factors.

In the case of colorectal cancer, the presence of microsatellite
instability (MSI) may have implications for etiology, prognosis,
and treatment. MSI results from either inherited (HNPCC) or
acquired (sporadic) murtations of DNA mismacch-repair genes
(eg, MLH1, MSH2, or MSHG6). MSI may be present in half the
colorectal cancers in children and young adults, and only one
third of patients with colon cancer and MSI present in the tumor
have a family history of colon cancer.7'72 When compared with
stage-matched low-frequency microsatellite instabilicy (MIS-L)
and stage-matched microsatellite instability stable (MSS) tumors,
the presence of high-frequency microsatellite instability (MSI-H)
in the umor has been shown to be associated with:

> mmors predominantdy in the proximal colon
° a less aggressive clinical course

° greater sensitivity to antimetabolites

> improved survival

These finding suggest that by testing for microsatellite insta-
bility, and possibly other genetic alterations (eg, allelic loss, p33,
and others), it may be possible to define groups of patients with
different prognosis and survival and who require different adju-
vant therapies,”374

Experimental markers on the horizon of clinical care will
arrempt to define the molecular bases of the processes involved in
treatment failure, including invasion, angiogenesis, metastasis, and
resistance to therapy.>® Sciendsts predict that panels of molecular
prognostic marlkers in cancer will be developed from the applica-
tion of new molecular biology tools to cancer tissue. These new
tools include laser caprured microdissection (LCM), Huorescence
in situ hybridizadon (FISH), complementary DNA (cDNA) chip
array methods, SAGE (serial analysis of gene expression). As mol-
ecular markers based on the individual patents tumor biology
replace more generic prognostic indicators, the accuracy of patent
diagnosis, prognosis, and prediction of response will improve. This
will lead to the discovery of new targers for more biologic-based
therapies and prevention strategies for cancer.

@ Genetics in Monitoring for Minimal
Residual Disease

Recurrences of cancer are often caused by small amounts of
clinically undetecrable cancerous tissue remaining in the body
after surgery or treatment. This is called “minimal residual dis-
ease” (MRD). It is hypothesized that improving our ability to
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detect MRD offers an opportunity to refine and enhance
padent treatment decisions. The value of molecular genetics
techniques is their use in detection of residual disease in situa-
tions that appear normal by other criteria such as histopathol-
ogy or radiographic studies,

The management of APL provides a good example of how
genetic informarion is used in the monitoring for minimal resid-
ual disease. The presence of the PML (promyelocytic
leukemia)/RAR« (retinoic acid receptor alpha) fusion gene, as
detected by reverse transcriptase polymerase chain reaction (RT-
PCR), may predict relapse in patients with APL who are in a
hemarologic complete response (CR). This information identifies
individuals who may benefit from aggressive treatment and those
who do not appear to benefit.5 The 15;17 translocarion in APL
provides the critical connection between improvements in diag-
nosis and monitoring for MRD, leading to improvements in
weatment. The 15;17 translocation results in disruption of the
RARa gene on chromosome 17 and of the PML gene on chro-
mosome 15. Normal RAR« funcrion is needed for stem cell dif-
ferentiation and maturation. Withour it, there is cell arrest at the
level of the promyelocyte, and APL develops. Standard therapy
for APL now consists of chemotherapy and all-trans-retinoic acid
(ATRA), which produces a complete response (CR) in approxi-
mately 90% of patents. Despite excellent response rates, 30% of
patients relapse. In those patients able to achieve a second hema-
tologic CR, autologous bone marrow transplant (ABMT) has
been reported to offer a chance for cure.®! For the patients who
were in a hematologic CR as well as RT-PCR negative (molecu-
lar CR) for the PML/RARe fusion gene before ABMT (n = 8),
75% were in a hematologic and molecular CR, with median fol-
low-up of 28 months. For the patients who were in a hemato-
logic CR but were not in a molecular CR (RT-PCR positive)
before ABMT (n = 7), all remained positive during follow-up for
ABMT and relapsed at a median dme of 5 months from ABMT.
Thus, information regarding the presence or absence of MRD
can be used to stratfy those patients who may benefit from
aggressive therapy and those who may not.

m Genetics in Cancer Treatment

Rational drug therapy, also referred to as targeted gene products
or molecular targeted therapy, consists of individually tailored
treatment interventions based on the molecular characteristics of
the malignancy.> This approach exploits the distinctive fearures
of the malignant phenotype, which include rapid and unlimited
growth, invasiveness, metastatic potential, and the ability to pro-
duce angiogenesis, as contrasted with the phenotype of normal
cells.”576 Drugs that target the molecular differences berween
tumor and normal cells—rthe altered genes or protein products or
corrupted pathways—hold the possibility of being more effective
and less toxic than standard cancer trearments.

The trearment of APL with ATRA is a good example of
molecular-targeted therapy.”” This treatment rargets the novel
genetic lesion created by a disease-specific chromosomal
translocation, which alters the RARa gene. Disrupdon of the
RARa gene, or blocking its response element by any one of
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several possible translocations, leads to a reduction in the func-
tional amount of its product. Standard treatment now consists
of replacing RARa with the medication, ATRA. ATRA
appears to reverse the arrest in the maturation of malignant
promyelocytes, created by APLs pathogenic 15;17 chromoso-
mal translocation, allowing them to undergo normal matura-
tion and death. ATRA plus chemotherapy is now standard in
the treatment of APL, and patients who receive maintenance
in the form of either chemotherapy or intermittent ATRA
have superior survival.”” Thus, cytogenetic studies lead not
only to rational drug therapy but also to increasingly accurate
predictions of biologic response based on the underlying
generic basis of the disease.

Another approach is to increase the specificity in rargeting
genes or gene products of cancer cells with biologic cherapies.
Trastuzumab is a monoclonal antubody that targets the protein
product of the HER2neu gene. The HER2 (or c-erbB2) proto-
oncogene encodes a transmembrane receptor protein of 185
kDa, which is scructurally related to the epidermal growth fac-
tor receptor. HER2 protein overexpression is observed in 25%
to 30% of primary breast cancers. HER2 protein overexpres-
sion can be determined using an immunohistochemisery-based
assessment of fixed rumor blocks. Trastuzumab has been shown,
in both in vitro assays and in animals, to inhibit the proliferation
of human tumor cells that overexpress HER2.78-80 Trastuzumab
is a mediator of antbody-dependent cellular cyrotoxicity
(ADCC).82:83 [n vitro, HERCEPTIbl-mediatcd ADCC is prf:f—
erentially exerted on HER2 overexpressing cancer cells com-
pared with cancer cells that do not overexpress HER2.93 It has

118 @ Cancer Nursing™, Vol. 25, No. 2, 2002

Anti-initiation Strategies
«Alter carcinagen metabolism
« Enhance carcinogern detoxification
» Scavenge electrophiles/RAS
= Enhance ONA repair

inereased cell praliferatian

additional genetic
alterations

9

- Preneoplastic

Neaplastic

Figure 2. Gleevec represents the first approved drug to directly turn off the signal of a protein known to cause cancer.

been approved by the FDA as an effective single-agent treat-
ment for metatstatic breast cancer. Median overall survival rate
of 13 months in patients with metastatic breast cancer is supe-
rior to results reported for second-line chemotherapy in
metastatic breast cancer.®* It also potentiates the antitumor
effect of paclitaxel (Taxol) chemotherapy by 25% to 57%.85
CML is a clonal hematopoietic stem-cell disorder characterized
by the (9:22) translocation, also known as the Philadelphia chro-
mosome.”® The translocation involves the abl segment from chro-
mosome 9 being translocated to chromosome 22 and the ber por-
tion of chromosome 22 being translocated to chromosome 9.
This results in the production of an activated ber-abl tyrosine
kinase, resulting in marked myeloid proliferation, which termi-
nates in an acute leukemia. Convendonal therapy includes inter-
feron-based regimens, stem-cell transplantation (SCT being the
only curative therapy), and now STIS71. Recendy, the FDA
approved imatinib (STI571 or Gleevec) for the mrearment CML
and gastrointestinal stromal tumors (GIST). Gleevec represents
the first approved drug to directly turn off the signal of a protein
known to cause cancer (Figure 2). Gleevec is a potent inhibitor of
the Ber-Abl tyrosine kinase, which is present 95% of patents with
CML and is absolutely required for the transforming function of
the Ber-Abl protein.® In addition, Gleevec also is a potent
inhibitor of the ¢-Kir tyrosine kinases,*” hence its acuvity in the
two specific cancers cited. Data from phase [ and 11 trials in CML
patients demonstrated a 98% hemarologic response rate.559!1
Phase I trials in gastrointestinal stromal tumors has show that
STI571 is well tolerated and has impressive clinical activity in a
disease that is unresponsive to standard chemotherapy.?2.3
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Novel, gene-based treatment strategies that are currently being
tested include the use of ribozymes, growth factor receptor ant~
bodies, immunotoxins, oncotoxins, neurralizing  antibodies,
inhibitory ligands and agents that interfere with growth factor
action, signal transduction, invasion, metastasis, and angiogenesis.
Although most of these treatments are in preclinical development
or just entering early clinical tials, the wend toward increasing
specificity of treatment modalities is expected to continue to find
its way into clinical practice.

One final impact of genetic technologies on cancer trearment
deserves discussion: that of treatment decisions for persons with
inherited suscepdbility to cancer. Those carrying mutations in
cancer susceptibility genes have unusually high risks of develop-
ing more than one primary malignancy.!® Breast cancer patients
who have an inherited form of breast cancer, for example, the
risk/benefit calculation involved in choosing between mastec-
tomy and lumpectomy plus radiatdon will be influenced by
knowing that a particular patient has a 60% chance of develop-
ing a second breast cancer or by recalling that ATM homozygotes
have a genetic sensitivity to the carcinogenic effects of ionizing
radiation.?* In colon cancer treatment, bowel-conserving surgery
at diagnosis of a carcinoma or dysplastic adenomarous polyp may
not be in the person’s best interest if this occurs in persons with
FAP or HNPCC, in whom the likelihood of subsequent colon
malignancies is high.?® Therefore, the treatment strategy selected
in such a persons may differ from that recommended for an indi-
vidual withour a genetic predisposition.

g Gene Therapy

Future opuons for cancer treatment will undoubtedly involve
gene therapy, which can be defined as the introduction of new
genetic material into cells with therapeutic intent. Thus, the goal
of gene therapy is ro correct a gene mutation or alteration in a
cell to prevent, treat, or cure a disease that is caused by a mal-
funcrioning gene. Gene transfer requires that functional exoge-
nous genes, called transgenes, be transferred efficiendy into
affected cells.”> However, it is unlikely that gene therapy alone
will result in a significant clinical impact in the treatment of
most exiting tumors any more than any single chemotherapeu-
tic agent is likely to be effective.?® In most of the common solid
rumors, there are multple, perhaps hundreds of gene defects
within each tumor, and the technical feasibility of repairing or
replacing multdple genes would be very complex.

Various gene therapy strategies are under development, which
include: (1) germline gene transfer in which the gene correction
is made to the egg or sperm cells to prevent furure inherited ill-
nesses and (2) somatic cell gene therapy, in which nonreproduc-
tive organs are targeted. Germline gene transfer has substandial
ethical implications regarding the possibility of misuse, such as
cugenic applicatons intended to remove undesirable traits from
the human gene pool or nondisease related genetic enhancements
intended to improve desirable traits, such as intelligence, achletic
ability, hair or eye color. To prevent such inappropriate applica-
tions the ethical implications of genetic technologies applications
must always be carefully considered.
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Somatic cell gene therapy for the transfer of corrected, or
altered genes, into human cells, is the only form of gene ther-
apy thar has been approved for clinical trials. Most clinical
cancer genetic research trials are currently focused on inves-
tigating diagnostics and repair or replacement of defecrive
genes and have been conducred primarily to assess the roxic-
ity and tolerability of the gene therapy. These corrected or
altered genes can be delivered to the body through two
approaches. The ex vivo route takes the cell of interest from
the parient, corrects the genetic defect in these cells while in
an external lab serting, and then returns them back to the
patient. Direct gene transfer in vivo involves introducing a
corrected gene directly into target cells in the body. Both
approaches require a vector to carry the new genetic infor-
mation into the host cell. Examples of biologic vectors.
include retroviruses, adenoviruses, and plasmids. Nonviral
methods of gene transfer, such as chemical cransfer, lipo-
somes, and direct microinjection of DNA, RNA, or their
protein products, are also under investigation.

Cancer accounts for the majority of gene therapy trials
being carried out worldwide. Current gene therapy studies
for cancer have been reviewed in recent publications.?s The
therapeutic approaches for cancer gene therapy approved by
the Nadonal Institutes of Health Recombinant DNA Advi-
sory Committee (NIH RAC) are summarized in Table 3.
These studies include marker gene protocols that use gene-
marked cells to track outcomes of introduced gene therapy
cells or other cells of interest. Other protocols are designed to
assess the effectiveness and safery of genes that targer genertic
alterations thought to cause cancer, such as the p53 gene. To
date, there are a number of significant barriers to effective
cancer gene therapy that have prevented its widespread appli-
cation to cancer care. These include limited technical ability
to transfer and express new genes in target cells, the lack of
vector specificity, limited antitumor effect of the transgene,
and the inability to targer every tumor cell.?” Especially vex-
ing are barriers to the development of successful vectors for
delivery of the gene therapies to rarget cells other than bone
marrow. Although gene therapy approaches to tumor
immunotherapy are showing some promise, they are sull in
their infancy.

Until recently, there was little evidence of efficacy that
might justify the enrollment of padents in large randomized
phase III clinical trials of gene therapy. However, recent sug-
gestions of clinical activity in patients receiving intracumoral
or intraperitoneal injections of gene therapy vectors have led,
finally, to the initiation of phase III trials in head and neck
cancer and in ovarian cancer.?”

m Conclusion: The Nurse’s Role

The translation of genertic research into clinical practice has
medical, social, ethical, and legal implications on many levels,
including individual, familial, and societal.”® Nowhere is this
more evident than in cancer genetics. The oncology nurse has
an important role in ensuring the safery of those involved in
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genetic studies. Nurses pracricing in either clinical or academic
roles have the opporrunity to become involved in patient care
activities related ro:

* providing education to the patient and family regarding how

generic tests are done

assessing the outcomes of individual and family decisions

related to genetic information

* monitoring how therapies are administered

* assessing potential toxicities of treatment

* helping patients and families understand other issues relared

to applying cancer genetics to patient care

participating in the design and integration of safe applica-

tions of genetic technologies

* developing optimal methods of applying genetic technologies
to cancer risk-reduction surveillance, diagnosis, and treatment

The involvement of professional nurses at each phase of clini-
cal practice and research will enhance patient outcomes and con-
wibute to the ever-evolving literature in cancer genetics.

Several nursing professional organizations have developed
position statements regarding the importance of integrating
genetics tools and strategies into all nurses’ professional prac-
tice. The International Society of Nurses in Generics
(ISONG), the Oncology Nursing Sociery (ONS), and the
American Nurses Association (ANA) have ser standards for
and defined the scope of professional nursing practice in genet-
ics.?190 [nformation regarding the scope of practice in genet-
ics is available on their Web sites:

* ISONG—hup:/inursing.creighten.eduliso ng
* ANA—hmp:/fwww. nursingworld. org
. ONS—/Jttp://www.om.arg

The ONS believes that general and advanced pracrice nurses
in oncology must have a foundation of genetic knowledge.
Nurses are expected to be resources to patients, their families,
and the public regarding the implications of genetics cancer
education, prevention, early detection, and psychosocial sup-
port in all phases of cancer care.

An advanced practice credential in genertics that may be of
interest to advanced practice nurses and particularly those in
oncology is now available through ISONG. ISONG has
recenty developed a credential for the Advanced Practice
Nurse in Generics, APNG (c). Information regarding the
requirements for the ISONG certification is available at its
Web site previously mentioned.

Oncology nurses have begun to integrare knowledge of genetic
technologies into all phases of care for patients with cancer and
their families. The informarion is applicable for those considering
genetic testing, those with a notable family history of cancer, and
those with known carcinogen exposures that put them ar risk of
cancer. Learning how to screen and manage high-risk patients
through the use of new or better genetic technologies poses sig-
nificant challenges to all healthcare providers. A list of profession-
als providing cancer genetics services is available at hezp://cancer-
net.nci. nib.govigenesrch.shtm. Information regarding referral into
clinical trials can be obrained through the NCI Web site:
hewp:lfww.cancertrials.nci.nih.gov or by calling the NCI Cancer
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Information Service at 800-4-CANCER. The American Cancer
Society (ACS) information line (800-ACS-2345) and Web site
(hrwp:/fwww.cancer.org) has patient and professional information
available with links to many other cancer-related Web sites. The
ACS also has cancer information specialists available at its regional
offices throughout the country to assist practicing nurses in
answering patient questions related to cancer care.
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