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NATIONAL INSTITUTES OF HEALTH

National Cancer Ingtitute

For carrying out section 301 and title IV of the Public Health Service Act with respect to cancer,

$4,770,519,000.
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Justification

National Cancer Institute

Authorizing Legidation: Section 301 of the Public Health Service Act, as amended.
Reauthorizing legidation will be submitted.
Budget Authority:
FY 2002 FY 2003 Amended FY 2004 Increase or
Actud President’s Budget Egtimate Decrease
FTEs BA FTEs BA FTEs BA FTEs BA
3,057 $4,113,673,000 3,141 $4,608,985000 3,090 $4,770,519,000 (51) $161,534,000

This document provides justification for the Fiscal Y ear 2004 activities of the National Cancer
Ingtitute, including HIV/AIDS activities. A more detailed description of NIH-wide Fiscal Y ear 2004
HIV/AIDS activities can be found in the NIH section entitled “ Office of AIDS Research (OAR).”

INTRODUCTION

We as a nation stand at that defining moment in history when a surge of new technologies and the
fruits of many years of investigation are resulting in giant leaps forward in our understanding of tumor
biology, leading to the exciting possibility of eiminating and even preventing cancer. As President
Bush noted in his call for increased funding for cancer research, “ Our progress against cancer is
dramatic. We know that focused and sustained efforts can make a huge difference” Progressis
already measurable: overal cancer death rates decreased from 1993 to 1999 by nearly six percent and
incidence rates stabilized. More people are getting screened for breast, cervica, and colorectal
cancers, and more practitioners are adopting state-of-the-art cancer treatments. But whilewe facea
future filled with hope, we areimmersed in areality where more than 1.3 million Americans will
develop cancer and more than 500,000 will diethisyear. Therates of severa cancers—including
non-Hodgkin's lymphoma, melanoma, cancers of the liver and esophagus, and breast and lung cancer
inwomen —are still rising. And we still need greater effortsto fight cancer risk factors such as
tobacco use, weight gain, and sun exposure, and to promote physical activity.

Because of our growing population and the greater proportion of older persons, researchers expect the
cancer burden in the United States to grow substantially over the next severa decades. We must
require more aggressive and comprehensive strategies for cancer prevention, early detection,

! See NCI's Cancer Progress Report at progressreport.cancer.gov and The Annual Report to the Nation on the
Satus of Cancer, 1973-1999, Featuring Implications of Age and Aging on U.S. Cancer Burden prepared by the
National Cancer Ingtitute, the Centers for Disease Control and Prevention, the National Center for Health Statistics,
the American Cancer Society, and the North American Association of Central Cancer Registries.
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treatment, socia support, and paliative care, and we must continue to improve generad medical
services and clinical trial design and enrollment focused on the needs of older patients.

New scientific and technologica advances require that we: (1) use an integrated systems approach to
better understand the entire spectrum of factors that influence the initiation, development, and
progression of cancer; (2) find new and more effective ways to collaborate aggressively insde and
outside of the Nationa Institutes of Hedlth; (3) ensure the application of our research knowledge to
the care of cancer patients and survivors, and (4) redouble our efforts to eiminate disparities by
ensuring that every American, regardless of race, income, age, or gender, has access to high qudity
and timely cancer prevention, screening, diagnosis, and treatment.

We must accelerate the engine of scientific discovery; trandate knowledge gained about the genetic,
molecular, cdlular, environmental, and behaviora bass of cancer into the development of
interventions to detect, diagnose, treat, and prevent cancer; and ensure that these interventions are
delivered to al who need them. For example, continued discovery to better understand the genetic
alterations associated with the development of pancreetic and other not-yet-well-understood cancersis
required. More trandationa research related to the prevention and cessation of tobacco use by
children and youth that optimizes interventions to reduce high rates of smoking at early agesis
necessary. Scientists like those on the Interdisciplinary Research Teams for Molecular Target
Assessment who study critical biological processes that will uncover high priority targets for cancer
drug discovery are essential. We must expedite the development of drug research capabilities through
initiatives such as the Rapid Access to NCI Discovery Resources program. Partnerships with other
agencies help ensure that new agents are evaluated against the full range of cancers for which they
may be effective — and in combination with treatments such as surgery, radiation therapy, or other
drugs. And we must ensure the delivery of these interventions for application in the clinic and public
hedlth programs by enhancing cancer communications efforts, improving access to clinica trials,
accelerating the rate at which clinica trids are completed, and expanding the capacity of our Cancer
Centers, networks, and consortia to disseminate proven interventions into communities and
populations so that they are available to help al who need them.

SCIENTIFIC ADVANCES

NCI-supported research continues to yield resultsin our quest to discover better ways to understand,
prevent and control, detect and diagnose, and treet al cancers.

Understanding Cancer

Tumor Microenvironment Contributes to Progression of Pancreatic and Breast Cancers. A halmark
feature of a cancerous tumor isits ability to invade the neighboring healthy tissue within its
surrounding microenvironment. For certain tumor types, thisinvasion induces a“desmoplastic
response” by stromal cells. the invaded tissue becomes inflamed and forms scar-like tissue known as
desmoplastic tissue. Researchers are working to learn more about this response because mounting
evidence suggests that stromal cellsin the tumor microenvironment play a pivota role in cancer
growth and invasion. Indeed, infiltrating tumors (those that penetrate surrounding tissues as they
grow) commonly consist primarily of desmoplastic tissue, and recent studies suggest that cancer cells
and cellsin the microenvironment interact in a dynamic and complex way, with each profoundly

NCI-6



influencing the behavior of the other. In light of this evidence, severa NCI Specialized Programs of
Resear ch Excellence (SPORES) researchers studied the desmopl astic response associated with
pancrestic and infiltrating ductal breast tumors — chosen because they induce a particularly exuberant
host response — to gain a better understanding of the process of invasion, the interaction between
tumor and host cells, and tumor-specific differences in invason. The scientists developed a profile of
the genes expressed in cancerous and desmoplastic cells at the primary dte of invason. With this
information, they constructed a novel picture of the “architecture’ of gene expression in invasive
pancrestic and breast cancers, which showed that the tumors consisted of several distinct types of
tissue in which there was a highly ordered, coordinated process of gene expression and tumor
invason. The patterns of gene expression also suggested that an important communication occurs
between the cancer cells and the cdllsin the neighboring desmoplastic tissue. The scientists identified
some highly expressed products of the tumor cells, such as Connective Tissue Growth Factor, that
may drive the desmoplastic process and explain why scar tissue is so prominent in Some cancers.
This research provides new indgghts into the host response to invasive cancer and may point to new
markers for early diagnosis of pancresatic and ducta breast tumors, and for many other tumors known
to have a“desmoplastic’ component, including prostate cancer. In addition, it suggests anew and
intriguing approach to cancer treatment — the development of new treatments that interfere with the
desmoplastic response.

Scientists Identify Genetic Variations That May be Associated with Prostate Cancer. Prostate cancer
is the most frequently diagnosed form of cancer and the second leading cause of cancer death among
men in many industrialized countries. A critical step toward reducing the burden of this cancer is
gaining agreater understanding of how it develops. Scientists aready have identified severa genes
that seemingly increase men'srisk for the hereditary and sporadic forms of this disease. However,
investigators had yet to confirm the specific mutations on these genes that alow prostate cancer to
develop. Recently, severa NCI Specialized Programs of Resear ch Excellence (SPORES)
researchers conducted careful population and family-based association studies and identified specific
variations in severa genes that appear to be associated with the development of prostate cancer.
These genes are HD3B1 and HSD3B2, which are important in the proper functioning of androgens
(afamily of hormonesthat are believed to be involved in prostate cancer development); the gene for
the androgen receptor itself; and hOGG1, which appearsto repair DNA damage caused by free
radicalsin the prostate and other body tissues. These studies are the first to comprehensively evaluate
the association of these genetic variations with prostate cancer. However, additional epidemiological
and functiona studies are needed to verify these important findings.

Researchers develop mouse model for study of melanomarisk.  Severd studies of humans suggest
that sun exposure during childhood causes an increased risk for malignant melanoma. Melanomais
the cancer of melanocytes, the pigment producing cells of the skin, and is the most common and
invasive of skin cancers. In the pagt, studies of melanoma in mice have been hindered by differences
in the distribution of melanocytes in the skin of mice and humans. In humans, melanocytes are
distributed throughout much of the skin, and in mice they occur only in hair follicles. Researchers
recently developed a transgenic (having genes from another organism) mouse mode that is expected
to help in the study of genetic and environmental risk factors for melanoma, as well asin developing
protection againgt sunburn. This model, called the HGF/SF model, has a melanocyte distribution
more smilar to humans and is prone to metastatic melanoma. Researchers showed that HGF/SF mice
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exposed to asingle, sun-burning dose of ultraviolet (UV) radiation at 3.5 days of age were likely to
develop tumors smilar to human melanoma several months or more after the exposure. Re-exposing
the mice at 6 weeks of age did not increase the incidence of tumors and exposure only at 6 weeks did
not induce melanoma. These results support severa epidemiologica studies of humans about the
effect of childhood UV exposure; however, observations made in the HGF/SF mice may not trandate
directly to children because of differences in mouse and human skin thickness and because the human
age equivaent of a 3.5-day-old mouse is difficult to caculate. Also, the predisposition of HGF/SF
mice (unexposed to UV radiation) to late-onset melanoma is more smilar to certain melanoma prone
families than to the genera human population.

Brief inactivation of the MYC oncogene could permanently restrict tumor growth.

Oncogenes are genes that, either by mutation or overexpression of their normal forms (called proto-
oncogenes), release the cell from its natural growth restraints and allow tumors to form. Researchers
are developing strategies to inactivate specific oncogenes as abasis for treating certain cancers.
However, because inactivating oncogenes will aso shut down related proto-oncogenes, which
frequently play acritica role in norma cells, scientists are concerned that permanent inactivation
could be highly toxic. On the other hand, many believe that withdrawing the oncogene inactivation
therapy would alow tumor growth to resume. To investigate this dilemma, ateam of NCI-funded
investigators used a transgenic (having genes from another organism) mouse model to show that brief
inactivation of an oncogene may actudly alow long-term tumor control. This mouse mode
expresses an oncogene (MY C) that makes them prone to certain bone cancers. However, the mice
were engineered to express the oncogene only as long as they are not exposed to the antibiotic
doxycycline (dox). This condition gives the researchers away to turn MY C expression on and off.
Investigators found that bone tumor cells in the transgenic mice transformed into normal, mature bone
cellswhen MY C expression was inactivated by dox administration. Surprisingly, when the MY C
oncogene was re-activated (by ceasing administration of dox), most tumor cells died through normal
programmed cell death and fewer than one percent retained their abnorma growth properties.
Although further research and model validation is needed, this work heralds the exciting possibility of
effectively treating some types of cancer through brief inactivation of oncogenes.

Researchers Target Lymphatic Metastasis. Metastasisis the spread of cancer cells from the primary
tumor gdite to distant Sitesin the body. Often, metastasisis first detected when atumor formsin a
lymph node that lies near the primary tumor. The better we understand how metastasis occurs, the
better we will be able to prevent and treat it. The role that the circulatory system playsin metastasis
has been well researched. However, largely due to technica barriers, we know much less of how the
lymphatic vessels may be involved. Lymphatic vessels form a complex network throughout the body,
bathing the tissues with afluid that seeps out of the capillaries and eventually returns to the circulatory
sysem. In arecent anima study, NCl-supported researchers used new |aboratory techniques to
investigate whether cancer cells use lymphatic vessels to move from the primary tumor site to
neighboring lymph nodes. The researchers implanted cultured mouse tumor cells into the limbs of
two groups of mice. The tumor cells were smilar, except the cancer cells given to experimental mice
were engineered to overexpress vascular endothelia growth factor-C (VEGF-C), a protein that
stimulates the formation of lymphatic vessals. The investigators reasoned that if the lymphatic system
isimplicated in metastasis, the experimental mice would show the highest rates of metastases to
regiond lymph nodes, and indeed this was the case. Furthermore, the experimental mice did not
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show increases in metastases to the lung, which typically are carried through blood vessals, not
lymphatic vessels. Using imaging and other techniques that reveal lymphatic structure and function,
these investigators showed for the first time that lymphatic vessels located on the periphery of the
tumor were intact and functional, while those inside the tumor were not. Based on this strong
evidence, the researchers concluded that it was through periphera lymphatic vessals that the cancer
was spreading. These early research findings suggest VEGF-C as a potentid target for controlling
both tumor growth and lymphatic metastasis. Further research is needed to show whether targeting
VEGF-C would be safe and effective in humans.

Detection, Diagnosis, and Prognosis

Protein Profiling May Aid Prostate Cancer Detection and Diagnosis. The prostate-specific antigen
(PSA) test has been amaor factor in increasing awvareness and improving patient management of
prostate cancer. Because it does not reliably distinguish prostate cancer from non-cancer conditions
that a'so can elevate PSA levels, however, its use in the early detection and diagnosis of prostate
cancer islimited. Inlight of this, researchers have started searching for a combination or pand of
biomarkers — needed because the molecular and cellular characteristics of prostate cancer are highly
varied — that will accurately detect prostate cancer early in development and distinguish dow-growing
prostate tumors from those that are more aggressive. In arecent study, investigators coupled a novel
technique, known as a protein biochip, with an artificid intelligence learning algorithm to generate
protein profiles from blood samples obtained from 82 healthy participants, 77 patients with benign
prostate disease, and 167 patients with prostate cancer. Their objective was to determine whether this
technique could be used to accuratdly distinguish men with prostate cancer from hedthy men or those
with benign disease. The investigators used the new technology to “train” the artificia intelligence
program to look for 9 different proteins in the blood samples from the three test groups, which
correctly classified 96 percent of the samples. Then, they tested the program on a second set of
samples without knowing which samples belonged to each of the three categories. The senditivity
(correct identification of prostate cancer) of the new test was 83 percent, and its specificity (correct
classfication of cancer free patients) was 97 percent. By comparison, the specificity of PSA testing is
greater than 90 percent, but its sengitivity is only about 25 percent, which results in subjecting men to
biopsies as well as considerable anxiety. Although this high-throughput proteomic classification
system till needsto be tested in alarger and more clinicaly diverse study set, it could prove to be a
highly accurate and innovative approach for the early detection and diagnosis of prostate cancer.

Molecular Profiles Identify Clinical Subsets of Patients. Researchers and clinicians have long
questioned why patients who seemingly have the same type of tumor have different rates of
metastas's, react differently to a given treatment course, and consequently experience different
outcomes. Traditionaly, tumors have been classified according to their appearance under a
microscope. Aswe learn more about the molecular attributes of tumors, however, we are coming to
realize that tumors that appear the same may have quite different genetic profiles. Investigators
funded through the Director’s Challenge initiative are using comprehensive molecular anaysis
technologies to gather gene expression profiling data for different tumors with the hope that this
information can be used in conjunction with traditional classification schemes to improve tumor
diagnosis. With these technologies, the investigators are developing profiles of molecular changesin
tumors that may predict clinical outcome. Recently, three separate groups of researchers using
dightly different profiling methods identified severa subtypes of lung adenocarcinomathat differed in
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gene expression patterns and in clinical and pathological properties, including survival. The profiling
also distinguished patients in stage | who are likely to be cured by surgery from those who require
more aggressive treatment. Gene expression profiling may be a useful tool for discriminating primary
lung adenocarcinoma from distant metastases to the lung, an important consideration in lung cancer
diagnosis. Other investigators have used gene expression profiling to confirm the presence of three
disease subtypes in agroup of locally advanced breast cancer patients, each with different disease
outcomes. These studies demondtrate that gene profiling of tumors can be a powerful, added tool for
identifying clinically important subsets of patients with lung and breast tumors. In addition, profiling
studies can alow investigators to evaluate new interventions in patients who may not benefit from
current therapies and may lead to new therapies that target the molecular aterations found in the
distinct subgroups of different cancers.

Triaging Women with Positive Pap Test Results. Every year, more than two million women in the
United States receive a positive Pap smear result, but only five to ten percent of these women actualy
have a condition that may lead to cervical cancer. Referring all women with positive tests results for
colposcopy (amore accurate diagnostic procedure) might be the safest course, but it would be costly,
impractical, and anxiety producing. As aresult, researchers have sought dternative approachesto
managing this population of patients. Researchers recently reported findings from the ASCUS
(atypical squamous cells of undetermined significance)/ LSIL (low grade lesions) Triage Study
(ALTS) —an NCI dlinicdl tria designed to find the best way to manage the mild abnormalities that
often show up on Pap smears. The investigators examined whether the patient’ s age or amount of
Human Papilloma Virus (HPV) —known as vird |oad — affects the performance of testing for the
presence of cancer-associated strains of HPV, a promising approach for managing women with
atypica Pap results. The investigators found that HPV testing was highly sensitive for detecting
cervica cancer and its precursors in women whose Pap tests were positive for atypica ASCUS. HPV
testing greatly reduced referrals for colposcopy among women with an ASCUS test result who were
29 years or older, confirming previous reports that the prevalence of HPV infection declines with age.
Measuring a patient’ s viral load, however, was found to be clinicaly irrelevant. For patients with
LSIL, HPV testing was not a promising strategy for colposcopy triage in any age range. This study
suggests that HPV testing could dramatically decrease colposcopy referras in older women with
ASCUS, but not LSILs. These findings could serve as the basis for triage and management
recommendations for women whose Pap smear results are positive for ASCUS.

New Molecular Test Appears Useful for Prognosis of Colorectal Cancer.  Hedlth professionals
usualy determine the stage of atumor and its potential for recurrence through histopathological
assessments, that is, by studying the tumor under a microscope and eval uating microscopic changesin
the diseased tissue. For colorecta cancer, thisinformation not only suggests the course of treatment
but can aso provide important insights about a patient’s prognosis. Y &, histologica evaluations are
not always conclusive. For example, a significant proportion of early-stage colorectal cancer patients
—who often are expected to recover — die because their tumors recur after initia treatment. For this
reason, researchers are looking for new and better prognostic tools, such as biological markers, that
can be used to determine a patient’ s prognosis. Investigators from NCI's Specialized Programs of
Resear ch Excedllence (SPORES) discovered in previous studies that colorectal cancer patients who
are missing certain pieces of chromosomes 8 and 18 (known as alelic imbaance) tend to have a
poorer prognosis. Unfortunately, scientists could not apply this information in the clinic because they
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did not have the tools that would enable them to quickly and accurately measure dldic imbaancein
tumor tissue. Recently, NCI SPORE investigators devel oped a highly sensitive and accurate assay,
known as digital SNIP (single nucleotide polymorphism) anadyss, to measure the prognostic value of
chromosome imbalances in early-stage colorecta cancers. The scientists used this test to measure
aldic imbalance in the tumors of 180 early-stage colorecta patients and then followed the patients
frominitia surgery to tumor recurrence (an average of 5.5 years). They observed that 58 percent of
patients with allelic imbaance in both chromosomes remained disease free, as did 74 percent of those
with only one chromosome affected. By comparison, al patients without alelic imbaance in either
chromosome were disease free after five years; routine histopathologica staging would have predicted
recurrence in at least some of these patients. This new, highly sendtive test appearsto provide a
better prognostic indicator of colorecta cancer recurrence in early-stage patients than the current
standard of histopathologica staging. Further research is needed to determineif this technique will be
useful for other cancer sites.

Preventing Cancer

Tamoxifen and Breast Cancer Risk in Women with Inherited BRCA Mutations. In the NCI-sponsored
Breast Cancer Prevention Trial (BCPT) conducted from 1992 to 1998, researchers showed that
tamoxifen reduced by half the risk of estrogen receptor positive (ER-positive) breast cancer in healthy
women aged 35 years or older who were at high risk for the disease. ER-positive cancersretain a
receptor for estrogen and grow in the presence of this hormone. Tamoxifen is an antiestrogen that
targets the estrogen-receptor (ER). At the beginning of the BCPT, women gave blood samples and
were randomly assigned to receive either tamoxifen or a placebo.

Although mutations in the BRCA1 and BRCA2 genes are now known to increase breast cancer risk,
the genes had not been cloned when the BCPT began. Whether tamoxifen reduces breast cancer risk
in healthy women carrying these mutations was therefore unknown. In the current study, researchers
examined DNA from blood samples of women who developed invasive breast cancer during the
course of the BCPT to determine if they had inherited BRCAL or BRCA2 mutations. Tumors of
women with mutations in BRCAL and BRCAZ differ in that BRCAL tumors tend to be ER-negative
while BRCA2 tumors are usudly ER-positive. As expected, researchers found that in women with
inherited BRCA2 mutations, tamoxifen reduced breast cancer risk by 62 percent. There was alow
frequency of ER-positive tumors among women with BRCAL mutations.

Hormone Replacement Therapy and Ovarian Cancer Risk. Despite many studies and meta-analyses
(analyses of data from severa studies), the relationship between hormone replacement therapy (HRT)
during menopause and ovarian cancer risk remains unclear. Previous studies have lacked important
data on dosage, formulation, and other ovarian cancer risk factors. In addition, formulations and
dosage regimens have changed over time, making accurate comparisons difficult. NCI researchers
analyzed 20 years of follow-up data from alarge mammography screening study conducted in 29 U.S.
screening centers by NCI and the American Cancer Society to assess the impact of estrogen
replacement therapy (ERT) and combined estrogen-progestin replacement therapy (EPRT) on risk of
ovarian cancer. Of the 44,247 women studied, 329 developed ovarian cancer during the study period.
Use of ERT was found to be significantly associated with ovarian cancer, regardless of other ovarian
cancer risk factors. In time-dependent analyses that adjusted for other risk factors and included
relatively large numbers of long-term ERT users, risk increased significantly and consistently with
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increasing duration of use, particularly for women who used ERT for 10 or more years. Women who
used short-term EPRT were not at increased risk, but these results were based on only 18 women who
developed ovarian cancer. Further investigation detailing duration, dose, and regimen is needed to
determine the ovarian cancer risk associated with short-term and long-term EPRT and history of use
of more than one type of HRT.

COX-2 Inhibitor Reduces Recurrence of Precancerous Polyps in Those with Severe Duodenal
Disease. Familial adenomatous polyposis (FAP) is a genetic disease in which carriers commonly
develop hundreds of polyps throughout the colon. FAP patients often devel op cancer in their 30s and
amost inevitably in their 40s or 50s if they are not treated. FAP patients also have an increased risk
of duodenal (small intestine) cancer, and often have duodena polyps, a precursor to cancer. Treatment
of duodenal polyposisisdifficult. When surgery is performed to remove adenomas, the tumors
usualy recur within ayear. Endoscopic procedures may temporarily control local disease but do not
prevent development of new disease. Asaresult, researchers have searched for drug therapies for
duodenal disease. Previous studies of the COX-2 inhibitor celecoxib in FAP patients showed the drug
reduced the numbers of colon polyps, and in 1999 the FDA approved it as an adjunct to usual care.
The cyclooxygenase enzymes COX-1 and COX-2 help create hormones called prostaglandins.
However, while COX-1 is needed for heathy mucosa tissue, COX-2 is produced by inflammatory
and cancerous tissue, and is an early event in adenoma development. Aspirin and other nonsteroidal
anti-inflammatory drugs (NSAIDs) block both enzymes, but drugs like celecoxib block only COX-2,
leaving COX-1 to perform essential tasks. Given the effectiveness of celecoxib in treating colon
polyps, scientists questioned whether it might reduce duodena adenomas. A clinica tria involving
83 FAP patients showed a significant reduction in duodena polyps after six months of treatment
twice aday with 400 mg of celecoxib, compared with placebo. Thisisthe first study to show a
clinicaly significant improvement in duodenal polyposis following drug treatment. Celecoxib may
offer anew option for treating patients whose FAP disease includes duodenal growths, and it may be
useful for patients with duodena disease, particularly in severe cases.

Several Sudies Examine the Effects of Diet on Cancer Risk. Over the years, many studies, small and
large, have examined how what we eat or drink can change our risk of developing cancer. Since the
information coming out of these studies is sometimes conflicting, there is a need for large cohort
studies to clarify some of the findings. In severa recent studies, including the Nurses' Health Study,
the Hedlth Professiona Follow-up Study, and the Physician’s Hedlth Study, with tens of thousands of
participants, NCl-supported investigators examined how several dietary components affect the risk of
developing various cancers. One study demonstrated that multivitamins containing folate, diets high
in both folate and methione (found in eggs, meats, and cheese), and avoidance of moderate to heavy
alcohol use, might reduce the risk of colon cancer in women who have family history of the disease.
Investigators found strong evidence that consuming about 700 mg per day of calcium can reduce the
risk of developing cancer of the distal colon in both men and women. In contrast, another study
clearly showed that high levels of calcium and dairy products substantialy increase the risk for
prostate cancer. The finding that calcium can reduce the risk of one cancer while increasing the risk
of another illustrates the complexity of the interaction between diet and cancer. However, Lycopene, a
component of tomatoes, particularly cooked tomato products such as tomato sauce, has been shown to
provide moderate protection against prostate cancer.  Further study is needed to define dietary risk
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factors before clear advice can be communicated to the public. Future studies should concentrate on
specific cancer subsites, population variables, and on better characterizing the dose-response
relationship.

Treatment

FDA Approves Gleevec for the Treatment of Metastatic/Unresectable Gastrointestinal Stromal
Tumors. In May 2001, the U.S. Food and Drug Administration (FDA) gave fast track approval to the
molecularly targeted drug Gleevec™ (imatinib mesylate, formerly called ST1571) for the treatment of
chronic myeogenous leukemia (CML). Gleevec blocks the cancer causing effects of a genetically
atered protein, BCR-ABL, commonly found in this disease. Researchers are now finding Gleevec
promising in the treatment of gastrointestinal stromal tumors (GIST), a relatively uncommon cancer
caused by genetic modification of another imatinib-sensitive protein (C-KIT). GIST is notorioudy
resistant to any kind of chemo- or radiation therapy, and is aimost dways fatal. Surgery isthe current
standard of therapy but will only cure patients diagnosed in the very early stages of the disease. Inan
NCl-supported clinical tria testing the efficacy and safety of Gleevec in 147 patients with advanced
GIST, tumor size was dramaticaly reduced in 79 patients and tumor growth noticeably sowed in
another 41 patients. Mild to moderate side effects to treatment were common but well tolerated, and
severe reactions were few. It istoo soon to know how long the drug will remain effective in GIST
patients. With continued treatment, some patients began to devel op resistance to Gleevec, athough
most patients continued to benefit for over sx months. The mgjority of treated patients, 88 percent,
were living one year after they began treatment, a remarkable finding given the high mortaity of this
disease. Careful studies of the molecular mechanisms of Gleevec action in GIST are needed to
develop drategies for overcoming resistance to Gleevec. Clinical trids testing the use of Gleevec in
treatment of CML, GIST, and over 15 other cancers are ongoing.

New Approach to Immunotherapy for Advanced Melanoma Results in Dramatic Tumor Regression.
Melanomais cancer of the melanocytes, the pigment producing cells of the skin. If detected early, it
can be cured by surgery, but with standard trestments it is amost aways fata once it spreads beyond
theinitid dte. Inarecent clinicd trid testing immunotherapy on melanoma patients, researchers
discovered away to enhance the immune system’s natural, but weak, ability to attack cancer cdls.
Investigators began by collecting a small number of white blood cells from the tumors of each of 13
patients. From these, they identified and isolated pre-existing cells that were adept at attacking
melanoma — those that could best recognize an antigen? abundantly expressed on melanoma cells and
to alesser extent on norma melanocytes. They grew large quantities of these white blood cdllsin cell
culture and injected them back into each patient aong with an immune-boosting protein, interleuken-
2. To prevent the patient’ s naturally occurring white blood cells from crowding out the melanoma-
attacking cdlls, investigators temporarily depleted the patient’ s immune system with chemotherapy
prior to injection. With this treatment regimen, six patients experienced dramatic regression of
metastatic tumors. Surgeons removed remaining traces of tumors from two of these patients who
have remained cancer-free, one for over two years. In some patients, the melanomadkilling cellsaso
attacked norma melanocytes, resulting in patches of skin without pigmentation (a non-threatening
condition known asvitiligo). Other side effects were treatable. This pioneering study establishes two
landmark principles of cancer research. First, this unique approach to harnessing the immune system

2 An antigen isaprotein or protein fragment located on the outside of acell.
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can be an effective treatment for patients with metastatic cancer. Secondly, naturally occurring
antigens that are over-expressed on cancer cells may provide useful immunotherapy targets for
cancers such as prostate, breast, ovarian, and thyroid, since the organ function is either not necessary
for surviva or can readily be replaced.

Patient-Joecific Vaccines Help Fight B-Cell Non-Hodgkin's Lymphoma. Non-Hodgkin's lymphoma
(NHL) isacancer of lymphocytes, atype of white blood cell that defends the body against infection.
There are two types of lymphocytes, B-cells and T-cells, which play different roles in the immune
sysem. Most NHL patients have B-cell lymphoma. With standard radiation and chemotherapy
treatments, about 75 percent of NHL patients survive at least ayear. However, most patients
ultimately relgpse and only 53 percent survive five years after diagnosis. In the search for more
lagting treatments, custom designed “antigen-specific vaccines’ are showing promise againgt B-cell
NHL. The vaccineis cusom made in the laboratory to match the unique protein signature of each
patient’s cancer cells. Given to the patient after a course of chemo- or radiation therapy, these
vaccines have been shown to senditize, or “teach” the immune systems to recognize protein fragments
(or antigens) attached to the outside of residua lymphoma cells. Patients with the least residua
disease after sandard therapy have responded best to the vaccine, achieving prolonged remission and
surviving sgnificantly longer than patients who do not respond. Researchers reasoned that pre-
treating patients with myelyoablative therapy, which minimizes resdua disease, might improve the
effectiveness of these vaccines. Myeloablative therapy consists of high-dose chemotherapy followed
by autologous bone marrow transplantation®. This procedure destroys and reestablishes the patient’s
bone marrow, dropping lymphoma cellsto below detectible levelsin the process. However, scientists
were not sure whether patients would be capable of mounting an immune response, to the vaccine or
otherwise, soon after thisintensive therapy. To address this uncertainty, NCI-funded researchers
treated 12 patients with relapsed or resistant B-cell NHL with antigen-specific vaccination within one
year of having received myeloablative therapy. All patients had aggressive disease and would have
been given apoor prognosis with standard therapy. The vaccine was well tolerated in al patients.
Ten patients mounted an immune response against the vaccine, and 7 experienced prolonged
remissions lasting from 3 to more than 11 years from the time of myel oablative therapy. Although
further research is needed, this study demongtrated the feasibility and safety of antigen-specific
vaccination following myel oablative therapy in B-cell NHL patients.

Researchers explore use of radiation therapy, with and without tamoxifen®, after lumpectomy. During
the 1980s, improved mammographic screening techniques enabled physicians to detect very small,
otherwise indistinguishable, but invasive breast tumors. During the same time frame, scientists
established the benefits of both radiation and tamoxifen (for estrogen sengtive tumors) therapy for
preventing recurrence of these “occult” tumors. As the use of lumpectomy followed by radiation
became widespread for treating women with occult breast tumors, physicians and women began to
question whether the radiation component was truly hel pful when tumors were less than one
centimeter (lessthan half aninch) in diameter. At that time, the risk for tumor recurrence was

% Bone marrow transplant that uses the patient’ s own bone marrow, withdrawn before chemotherapy and preserved.

4 This study included patients with estrogen receptor-positive and estrogen-receptive negative tumors. Tamoxifen was
given to, and the data include results from, both of these groups. However, research has shown that tamoxifen is
effective only against estrogen-receptor positive tumors.
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believed to depend on tumor size, the smaller the tumor, the smaller the risk. Many aso wondered
whether tamoxifen might be just as effective, perhaps better, than radiation treatment for preventing
tumor recurrence. An NCIl-funded clinica trial was initiated in 1989 to study risk of tumor recurrence
(primarily in the same breast) after [umpectomy in conjunction with radiation and/or tamoxifen
treatment. The investigators recently reported that, overall, women with smaller tumors did not have
alower risk of recurrence. In fact, for unknown reasons, the women with the smallest tumors had a
dightly greater risk of recurrence. This study also established that radiation therapy after lumpectomy
indeed helps prevent tumor recurrence in the same breast. When the treatments were used singly,
radiation therapy worked even better than tamoxifen. However, radiation therapy in combination
with tamoxifen worked best for women with estrogen sensitive tumors. About 13 percent (45 out of
334 patients) of women given tamoxifen after lumpectomy devel oped a second tumor in the same
breast, compared to about 7 percent (23 out of 332) of those given radiation, and close to 3 percent (9
out of 334) of those who received both tamoxifen and radiation. Tamoxifen aso decreased tumor
development in the second breast; about 2.2 percent of women receiving tamoxifen devel oped such
tumors, compared to 5.4 percent in women not treated with this drug. Even so, in light of possible
adverse effects including rare but serious side effects, the investigators do not recommend generalized
use of radiation treatment, with or without tamoxifen, after lumpectomy for occult tumors. Instead,
treatment decisions should consider the risk of recurrence for individua patients, weighing possible
benefits of the therapy against potentia undesirable effects. Researchers hope that, one day, tumor
profiling using gene expression array technology will make this complex patient-specific andyss
more straightforward and precise.

Story of Discovery
Harnessing Apoptosis to Destroy Cancer Cells

In 1972, John Kerr, Andrew Wyllie, and Alistair Currie published a paper describing alittle known
and curious form of cell death that today is one of the most intensively studied topics in modern
biology. They reported on programmed cell death, which they labeled "apoptosis,” noting that it was
distinctly different from the long recognized cell death process known as necrosis. In necrosis, a cell
ruptures, causing inflammatory cells to rush in to clear away the debris.

Apoptosis, however, is clean and quick: a cell shrinks and is rapidly digested by neighboring cells.
Although biologists have long known that apoptosis is important in embryogenesis, Kerr, Wyllie, and
Currie were the first to observe that it aso occurs in mature cells. They aso were thefirst to
hypothesize that its failure contributes to a variety of diseases, including cancer.

Unfortunately, this groundbreaking paper created little excitement in the scientific community until
more than ten years later when Nobel prize winner H. Robert Horvitz used the microscopic
roundworm, C. elegans to explore how a single fertilized egg develops into an adult organism. As he
painstakingly followed each of the developing worm's 1,090 cells to their ultimate fate, he was
surprised to see that 131 cells died via apoptosis as the worm matured into adulthood.

With this observation, he substantiated the prediction made by Kerr and his colleagues that apoptosis
occurred beyond embryogenesis. By 1986, Horvitz determined that three genes were responsible for
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regulating apoptosisin C. eegans and demonstrated for the first time that this processis genetically
programmed. Horvitz and his colleagues aso determined that these genes are broadly conserved
among plants and animals, indicating that apoptosis has been sustained through evolution and has a
universally important biological function. These findings greatly energized apoptoss research. Over
the next 15 years, scientists confirmed that apoptosis plays a central role in devel oping organisms by
shaping neura and immune systems and molding tissue specificity, and in mature organisms by
establishing a natural balance between cell death and renewa as it destroys excess, damaged, or
abnormd cells.

Additional studies have reveded that gpoptosis occurs through two distinct cdlular pathways, one of
which isinitiated by signas outside the cdll, the other by signals from within. Both pathways
converge ingde the cell, turning on a central executioner family of proteins known as caspases.
Caspases act as knives, cutting up proteins inside the cell and digesting the cell from within. Because
caspases become activated early in agpoptosis and irreversibly launch a cell's death machinery,
scientists sought their trigger. In 1996, Xiaodong Wang and colleagues discovered that caspases are
activated by cytochrome c, a critical protein component of the mitochondria (the energy-producing
structures of cells). With this finding, scientists began to study the mitochondria to determine how
apoptosis functions in the cell, and malfunctions in disease.

Connecting Failed Apoptosis and Cancer

The link between apoptosis and cancer was not established until 1988 when David Hockenbery and
colleagues characterized the bcl-2 gene. Bcl-2 was first discovered in B cells (an immune cell) from
patients with follicular lymphoma (an immune system cancer). Hockenbery determined that the
normal bcl-2 isa suicide "brake" gene - it produces a protein that blocks apoptosis. In lymphoma
patients, the abnormal form of the gene is overactive, causing the anti-apoptoss protein to be
overproduced. Cancer devel ops as more and more B cdlls are generated and fail to die. Thisfinding, a
milestone in cancer research, reveded that increased cell division was not the only way that tumors
could develop. Cedlls could also become potent promoters of tumor growth by avoiding programmed
cdll death.

Throughout the 1990s, scientists gathered considerable information about bcl-2. They determined that
increased bcl-2 protein production occurs in severd cancers (B cell leukemias, lymphomas, colon and
prostate cancers, and neuroblastoma) and is linked with poor disease outcome. In addition,
overexpression of the bcl-2 gene may confer resistance to chemotherapeutic drugs. In 1997, scientists
determined that the bcl-2 protein prevents apoptosis by blocking the release of cytochrome ¢ from
inside the mitochondria. Because resistance to the apoptosis- inducing effects of chemotherapy
appears to develop from changes within the mitochondria of tumor cells, scientists now are working
to develop a complete picture of how bcl-2 controls cytochrome ¢ release so that they can improve the
suicide-provoking effects of cancer trestments as well as thwart a cancer cell's ability to evade these
drugs.

Although bcl-2 was the first component of the cell suicide mechanism to be identified, this dauntingly
complicated process has many genetic controls. For example, the p53 protein, known as the guardian
of the human genome, serves as an important tumor suppressor because it either blocks the cell
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divison of agenetically damaged cell or triggers gpoptosis by causing damage to the mitochondria
and cytochrome c release. In 55 to 70 percent of human cancers, however, genetic mutations render
the p53 protein deficient and cells with DNA damage can continue to accumulate. Loss of p53
function is associated with tumor aggressiveness and resistance to anti-cancer treatments.

Evidence indicates that acquiring apoptosis resstance is a halmark of most, and perhaps al types of
cancer. As scientists learn more about how apoptosis fails in cancer, they aso are gaining a greater
understanding of why many tumors are resistant to the killing effects of radiation and chemotherapy,
which both act by inducing cell suicide. These insghts can inform efforts to overcome treatment
resistance and offer important clues about targeted new drugs that encourage selective gpoptosis.
Researchers are exploring how apoptosisis regulated, how it might be repaired through genetic
therapies, and how it can be selectively triggered, through tailored treatments, to induce suicide in
cancer cells while leaving healthy cells alone.

Triggering Apoptosis with New Cancer Drugs

Clinical trids are currently underway to test the efficacy of new apoptosis-inducing drugs. Velcade, a
new agent jointly developed by NCI and Millenium Pharmaceuticals, targets the proteosome, a device
insde a cdl that functions like a cdllular "garbage disposal,” removing abnormal, aged, or damaged
proteins. By blocking proteosome activity, Vel cade causes proteins to build up in the cell. One of
these proteinsis BAX. In the normal cell, the BAX protein promotes apoptosis by blocking bcl-2
activity. AsBAX levelsincrease in response to Vel cade, the cell undergoes apoptosis. Velcade may
prove to be a versatile cancer trestment because it appears to be equally effective against cancers that
do or do not overexpress the bcl-2 gene and seems to overcome atumor's ability to develop
chemoresistance. In aPhase Il clinicd trid of patients with progressing multiple myeloma, Velcade
stabilized the disease in 77 percent of the trial participants. Based on this encouraging result,
researchers are planning a Phase 111 triad to compare Vel cade to dexamethasone, a chemotherapy now
used to treat multiple myeloma. Other Phase 11 trials will determine the drug's effectivenessiin treating
breast cancer, non-small cell lung cancer, melanoma, sarcoma, chronic myelogenous leukemia, non-
Hodgkin's lymphoma, and neuroendocrine and renal cancers.

Genasense is another gpoptosis-inducing agent that is being tested for its clinical use. Developed by
the Genta Company, this drug blocks the production of the bcl-2 protein and leaves cancer cells more
vulnerable to apoptosis-inducing chemotherapies. NCI and Genta are cosponsoring clinicd tridsin
lung cancer and leukemia patients to determine whether pretreatment with this drug followed by
state-of - the-art chemotherapies improves trestment outcome.

NEW INITIATIVES

The intricacies of cancer may be thought of as a challenging jigsaw puzzle that has many pieces. Our
effortsto clarify these intricacies are akin to finding and piecing together the numerous pieces of a
jigsaw puzzle to create a clear and recognizable picture. Through research, the jigsaw puzzle of
cancer is beginning to take shape. However, we are still along way from completing the fina picture.
Many pieces have yet to be identified, and those already identified must be properly seated into the
emerging picture. The progress just described proves we are coming ever closer to solving the cancer
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puzzle. And, the proposed initiatives that follow illustrate our plans for completing this challenging
puzzle.

Signatures of the Cancer Cdl and Its Microenvironment

Scientists have firmly established the fact that a cell becomes maignant as aresult of changesto its
genetic materid and that accompanying biologica characteristics of the cell also change. These
changes are unique molecular “signatures’ and serve as signals of the presence of cancer. Our
evolving knowledge of cellular signatures has laid the foundation for important opportunitiesin
prevention, detection, diagnosis, and treatment. If we can accurately “read” the signature changes that
distinguish a cancer cell fromits norma counterpart, we can detect the changes that signal cancer at
its earliest stage, more accurately diagnose a tumor according to its molecular features, and select
appropriate treatments.

The cancer cdll, however, is only part of the story in cancer development. As cancer develops,
malignant cells interact dynamically with its surrounding local and systemic microenvironment, each
profoundly influencing the behavior of the other. This “tumor microenvironment” —whichis
populated with a variety of different cell types, isrich in growth factors and enzymes, and includes
parts of the blood and lymphatic systems — can not only permit a tumor to grow and spread but can
also influence the access of therapeutic agents to tumor cells, the body' s processing of treatment
agents, and the development of resistance to cancer treatments. The influence between tumor cells
and cellsin the microenvironment is bi-directiona. Because of thisinteraction, cellsin the
microenvironment often take on atypical characteristics and their behavior can change. Inlight of this
information, physicians now redlize that they confront an entity that consists of malignant cells
combined with elements of the host environment when treating a cancer patient. Accordingly, we
need to identify and characterize the full compendium of signature changes that occur within cancer
cellsand cdlsin their surrounding environment in order to understand how cancer grows in the body,
to explore the mechanisms of how cells “cross-talk” in their normal physiological setting and how
aterationsin the “crosstalk” between cancer cells and norma cellsin the tumor microenvironment
can promote the initiation and progression of tumors, and to consider al of these eements when
developing new interventions to fight cancer.

NCI dready is helping scientists in the field to make important progress in this area through a variety
of innovative and large-scale initiatives, including the Cancer Genome Anatomy Project, the Early
Detection Research Network, the Director’s Challenge: Toward a Molecular Classification of
Tumors, and the Clinical and Biomedica Proteomics Programs. The Indtitute plans to establish
initiatives that enable cancer researchers to define the molecular signatures of cells in the cancer
microenvironment at various points during initiation and progression of cancer, to define the dynamic
communications among cancer cells, surrounding cells, and immune cells that control or promote
tumor growth, and to apply knowledge from these studies to create targeted interventions. Our long-
range god is to extend signatures research to characterize the interaction among a tumor, its
microenvironment, and the entire body. All of these sgnatures provide important clues for
understanding cancer development, detection, diagnosis, and prognosis and are important targets for
prevention and treatment interventions.
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Nanoscience and Nanotechnology

With afar better understanding of the molecular basis of cancer, researchers today are able to develop
technologies that can detect cancer when it first develops, design drugs that target specific molecular
features of cancer cdlls, precisaly guide and monitor cancer treatments, and much more. Indeed, with
emerging technologies that exploit newly gained knowledge, we are approaching a day when the
norm of cancer care will be patient-tailored interventions that are minimaly invasive, non-toxic, and
ubiquitoudy effective. This“new world” of cancer prevention, detection, and treatment will be
accelerated by avariety of complementary technologies from ultra-fast computers, to new machines
for analyzing genes and proteins, to bedside equipment that directly benefits patients. But among all
these new wonders of technology, one of the most exciting and promising is nanotechnology.

Nanoscience and nanotechnology involve the study and creation of useful materiass, devices, and
systems through the manipulation of matter that is less than 100 nanometersin size. For scae, a
nanometer is one billionth of a meter, or 80,000 times smaller than the width of a human hair. In fact,
nanotechnology devices are smal enough to easily enter anima cells, which generadly range about
10,000 to 20,000 nanometers in diameter.

Today, much of the science of nanotechnology is necessarily focused on basic research, designed to
reach a better understanding of how matter behaves on this small scale. Factors that govern larger
systems do not necessarily apply on the nanoscale. However, in vitro and in vivo nanotechnologies
for cancer detection, diagnosis, and treatment are in various stages of discovery and development.
Experts believe that devices for detection and diagnosis as well as therapeutic agents may be
availablefor clinicd usein 5to 15 years. Devices that integrate detection and therapy could be
clinicaly available in about 15 or 20 years.

Scientists expect highly sensitive, efficient, and cost effective nanotechnology toolsto alow cancer
detection at the stage of its earliest molecular changes, when the promise of cureis the greatest.
Nano-cantilevers, an in vitro application, are tiny bars anchored at one end that can be designed to
bind molecules dtered by cancer. This binding causes changes in surface tension, which cause the
cantilevers to bend, signaing the presence of cancer cells. Other technologies will focus on improved
methods of reading the genetic code on single strands of DNA to detect errors that may contribute to
cance.

Quantum dots, an in vivo application of nanotechnology, are tiny crystals that glow when stimulated
by ultraviolet (UV) light. To detect cancer, scientists can design quantum dots that bind to sequences
of DNA that are associated with the disease. When the quantum dots are stimulated with UV light,
they emit unique light signals akin to a bar code or label, making the critical, cancer-associated DNA
sequences visible. The diversity of quantum dots will alow scientists to identify numerous regions of
DNA smultaneoudy. Thiswill be important in the detection of cancer, which results from the
accumulation of many different changes within a cell.

For cancer treatment, researchers are developing synthetic spheres of molecules, or biosensors, that
can enter the blood stream to locate even small numbers of cancer cdlls.
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Biosensors are being designed to seek out and image cancer cells, provide diagnostic and prognostic
information, eiminate the cancer cells on a cue from the physician, and monitor response to treatment
—dl with minima side effects and little disruption of healthy tissue.

The NCI is supporting promising research in nanotechnology through severa programs including the
Innovative Molecular Analysis Technologies, the Unconventional Innovations Program, the
Biomedical Imaging Program, and the NASA/NCI Program on Fundamenta Technologies for
Development of Biomolecular Sensors. In addition, we are aggressively pursuing collaboration with
others who are devel oping nanotechnology for other scientific, medical, and industrial applications.

NCI plans to expand these existing programs to boost the research and devel opment of biosensors for
in vivo use and nanotechnology tools for in vitro and in vivo detection of cancer signatures and
targeting of molecular features of cancer cdlls. A new Center for Biosensors in Oncology will be
established to promote research on the integration of new biosensors systems. We will facilitate
collaborations to trand ate emerging nanotechnologies into tools that can be used in clinical practice.
Ultimately we look to a day when nanotechnology will allow cancer to be detected when it isonly a
few cedlls strong and when patients can be diagnosed, treated, and monitored with a smple injection
and non-invasive monitoring rather than with surgery, chemotherapy, radiation, or other conventional
therapies.

Cancer Survivorship: Improving Treatment Outcomes and Quality of Life

Entering the new millennium armed with new insightsinto biology, we are beginning to see the fruits
of the “War on Cancer” launched in 1971. Once amost uniformly fatal, cancer has become a chronic
illness for many and, for growing numbers of people, a curable disease. There are an estimated 8.9
million cancer survivorsin the United Statestoday. An impressive 14 percent of theseindividuals
were originadly diagnosed over 20 years ago. Fewer deaths from other diseases and the aging of the
population aso contribute to the risng number of cancer survivors. However, many unanswvered
guestions remain about the hedlth status and qudity of life for most patients in their post-treatment
years. The adverse effects of cancer treatment remain poorly documented and understood. As
presently configured, our surveillance databases— e.g., Survelllance, Epidemiology, and End Results
(SEER) and tumor registries— often cannot provide information about a patient’ s current health status
and phase of survivorship, whether in active treatment, disease free, or dying of cancer.

What is clear isthat most of our current treatments will produce some measure of adversity. As
children and adults with a history of cancer are living longer and data from NCI research studies are
maturing, the nature and extent of long-term and late effects are being documented and reported.
These effects include neurocognitive problems, premature menopause, gastrointestina system
dysfunction, cardiorespiratory system dysfunction, sexua impairment, infertility, chronic fatigue and
pain, second malignancies, and others. The biological mechanisms for these effects are not yet well
understood. In addition, adverse effects are not limited to physical and functiona problems.
Research shows that survivors and their families often experience significant psychosocial problems
including fear of recurrence, sense of isolation, anxiety and depression, employment and insurance
discrimination, atered body image, and relationship difficulties. When we are able to identify
patients at increased risk for complications of trestment and devel op interventions to reduce those
risks, we will be able to help patients, their families, and their providers negotiate critical decisions.
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NCI isinitiating afocused effort in 2004 to understand the mechanisms that affect a cancer patient’s
response to disease, treatment, and recovery; accelerate the pace of intervention research; develop
tools to assess qudity of life following treatment; track outcomes for cancer survivors; disseminate
clinical guiddines; and expand the scientific base for understanding the adverse late effects of current
and new cancer trestments.

Among the critical issues for cancer survivors are “late effects’ of their illness and treatment that may
not be apparent for anumber of years. Current NCI initiatives include a program to update the
common toxicity scoring system, atool for enhancing studies on the long-term consequences of
cancer treatment, to incorporate the Late Effects of Norma Tissues (LENT) score. Thistool enables
investigators to:
- Compare newer trestments with the current regimens for treating cancer.
Relate |aboratory research to the severity of effects experienced by patients when investigating
molecular mechanisms for late tissue damage.
Facilitate the development, for usein clinicd trids, of interventions to prevent, reduce, or possibly
reverse late effects of cancer treatment.

NCI will leverage research focused on our survivorship community, to improve the quality of care,
control costs, and equip the next generation of physicians, nurses, and other healthcare professionas
to provide not just the science but also the art of comprehensive cancer care.

The Immune System and Cancer

The immune system is a complex network of organs, cells, and cellular secretions that protects an
organism from foreign substances. Its ability to distinguish between “sdlf” —abody’ s hedthy cells
and tissues —and “ non-self — substances such as viruses, bacteria, or even transformed cancer cells—
enables it to maintain a constant surveillance againgt al foreign invaders. Asaresult, the system
maintains the health of an organism by attacking anything foreign, including abnormal cells, while
leaving the organism’s own normal cells unharmed. When aforeign substance enters the body, this
powerful surveillance system detects its presence and responds by specifically targeting, attacking,
and iminating the invader. Sometimes, however, a cancer cell dips past the immune system. When
this occurs, the immune system not only fails to recognize the threat posed by acancer cell, it tolerates
its progression to atumor and its spread throughout the body.

Over thelast 20 years, cancer researchers have sought to exploit the strength of this natural defense
system and use it as a targeted and nontoxic cancer trestment. To achieve this ambitious god,
scientists have first worked to gain afuller understanding of how the immune system responds to
cancer cells and how atumor can thwart this response. Through these studies, investigators have
determined that the immune system consists of two arms. an innate arm that provides a“first line of
defense” and an adaptive arm that provides immunity tailored to a specific insult. NCI research,
much of which has centered on adaptive immunity and its failure to eiminate tumors, has yielded
sgnificant ingghts into the mechanisms of immune surveillance, tumor molecules that are recognized
by the immune system, and the immune cells that can be harnessed to destroy cancer cdlls.
Investigators have aso shown that cancer growth does not occur because of a breakdown of the
immune system, as was commonly believed. Instead scientists now believe that cancer cells, which
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differ only in small ways from norma cells, are not perceived as strikingly abnormal and are therefore
tolerated by the immune system.

New evidence also suggests that atumor itself plays an active role in suppressing the body’ s adaptive
immune response. Many tumors have been shown to secrete molecules that parayze the immune
cells respongble for eiminating tumors. How a tumor interacts with immune cells and factors in the
tumor microenvironment is still poorly understood. NCI plans to fund studies that will explore the
dynamic communications among cancer cells, surrounding cells, and immune cdlls that control or
promote tumor growth and characterize the interaction between the immune system and cancer cells
during cancer initiation and progression.

NCI scientists are working to develop awide range of immunotherapies designed to repair, stimulate,

or enhance the immune system’ s response and help it recognize cancer cells as dangerous invaders.

- Nonspecific Immunomodulating Agents. These substances nonspecifically boost immune
response. Agents aready used as treatments include levamisole, which is used with the
chemotherapy fluorouracil to treat advanced colorecta cancer.

Biological Response Modifiers. Some immune substances and cells can be “mass produced” in
the laboratory for usein cancer treatment. Collectively referred to as biological response
modifiers, these factors alter the interaction between the body’ simmune defenses and cancer cells
to boogt, direct, or restore the body’ s ability to fight the disease. Examplesinclude interferon,
interleukins, and monoclona antibodies. Herceptin, amonoclona antibody to the her-2 protein
found on some breast cancer cells, is used to treat metastatic breast cancer. Thesefactors are
being developed to be used aone or in combination with chemotherapies or radiation.

Vaccines. Cancer vaccines are abiological therapy designed to provoke an immune response.
Evidence suggests that stimulation of T cdlls, atype of immune cell, produces the most effective
anti-tumor immune response. Accordingly, many vaccines are developed to directly or indirectly
activate T-cdll response. NCI’'sVaccine initiative is an important program in this promising
research area. It brings together a consortium of scientists with expertise in oncology, vaccine
development, and trandational research aong with representatives of the biotechnology and
pharmaceutical industriesin an effort to speed development of vaccines and facilitate their
delivery to patient care. Severa vaccines developed by consortium members are aready being
used in the clinic. Through thisand other initiatives, NCI scientists are working to: define which
vaccines and vaccine strategies currently available are most potent in inducing immune responses
and anti-tumor activity for arange of human cancers; synergize the different approaches and
technol ogies now available to make the next generation of cancer vaccines more effectivein
inducing anti-tumor responses; better define and compare patients immune responses to different
vaccines and vaccine strategies before and during clinica trids; develop improved preclinica
models to study new vaccines, expedite the development of clinical trials to assess the efficacy of
new vaccines for treating colorecta, prostate, breast lung, bladder, pancrestic, and various other
tumors, and change the paradigm of vaccine use, that isto study the benefit of using vaccines
early in treatment, perhaps before or during the use of more conventional cancer therapies.
Adoptive Transfer. This new approach to cancer treatment involves replacing a patient’simmune
system with cancer-fighting cells. Recently, ateam of NCl-scientists used this gpproach to treat
patients with melanoma. Using white blood cells samples collected from 13 patients with
metastatic melanoma, the investigators isolated the T cells that best recognized and attacked
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melanomacells. They then grew large quantities of these T cellsin the laboratory. The patients
were treated with agents to deplete their own immune cells, which had proven ineffective against
the cancer. Once a sufficient number of T cells were available in the |aboratory, the investigators
injected them into the melanoma patients. Nearly haf of the patients tested experienced dramatic
tumor regression. Although further research on this new approach is needed, scientists hope that
it will be auseful strategy for treating several types of cancer, as well asinfectious diseases such
asAIDS.

OTHER AREASOF INTEREST

In recent years, NCI’s has identified and developed severd broad priority areas that serve asthe
framework for our strategic planning. Some of these priority areas focus on building and sustaining
the strong research mechanisms, support structures, and collaborations that enable us to pursue rapidly
evolving discoveriesin cancer research. Others emphasize afocus on the broad scientific
opportunities and emergent fields of research so that we can advance scientific discovery and its
clinical application. And, some address cancer care and its consequences and stress the trand ation of
research discoveries into full application for people affected by cancer.

Building the Nation’s Cancer Research Capacity

Bringing the benefits of cancer research to the American people depends on building and sustaining
the strong research mechanisms, support structures, and collaborations that enable us to pursue rapidly
evolving discoveries. NCI must provide the vision, creative environment, and diverse resources
needed to ensure a fast paced and synergistic flow of innovative thinking among scientists in disparate
scientific disciplines and across the discovery-devel opment-deivery continuum.

Enhancing Investigator-Initiated Research. To develop the concepts that lead to discovery and to
trandate results to targeted drugs and treatment, investigators must not only have funding but must
also have access to powerful new tools, specia resources, and opportunities for collaboration. NCI
strives to balance the flow of resources through flexible funding options such as cooperative
agreements, seed funds, and supplementa funds for unanticipated opportunities. Compelling
proposals and novel gpproaches are supported with funding specifically set asde for innovative
proposals. And NCI works to ensure that proposals from new investigators are given specia funding
consideration.

Expanding the Capacity of Centers, Networks, and Consortia. The rapid pace of scientific and
technological discovery requires that scientists of diverse backgrounds work together to share the
information and resources required to address the “big picture’ problems in cancer research. We must
expand the number of NCl-sanctioned Cancer Centers, networks, and consortia that serve as
platforms to support new technology development; improve informatics capabilities, conduct
laboratory, clinical, and population research; and disseminate state-of-the-art breakthroughs into the
communities. Speciaized Programs of Research Excellence (SPORES) are integrally connected to
these platforms and enable basic and clinica scientists to work together to address broad-based needs
for trandationa research focused on specific types of cancer.
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National Clinical Trials Programin Treatment and Prevention. NCI provides a versatile system to
safely move emerging cancer interventions into health care delivery. This requires that we identify
the most important questions that can be addressed through clinical trids. We must modernize and
streamline the process of trial design, approva, and implementation. We must employ sophisticated
bioinformatics infrastructure; create tissue and specimen banks; develop surrogate endpoints’ for use
in small trandationa trias, move the most promising interventions into large and easily accessible
trids, and smplify administration activities while increasing patient accrual, to substantially increase
the number of new treatments and other interventions being evaluated.

Developing Bioinformatics and Computational Biology for Cancer Research. Sophisticated, well
integrated bioinformatics tools are beginning to alow scientists to take full advantage of the
expanding flood of cancer-related information to conduct virtual experiments using data from
multiple sources and to create and manage more knowledge faster and more effectively. We smply
must be able to capture and store the disparate pieces of information coming from basic, clinical, and
population research and then manipulate that information to reveal the intricate connections and
systemsthat giveriseto cancer. Bioinformaticstools are also facilitating directed cancer diagnoss, as
demonstrated in the recent marriage of proteomics and artificia intelligence that resulted in a
promising ovarian cancer screening test. Continued development will lead to new models and tools
for bridging separate scientific vocabularies, integrating concepts and information, and enabling
complex andysis.

Advancing Discovery in Cancer Research and its Application to Cancer Care

The story of cancer research involves myriad characters and plot lines. The protagonists include the
researchers and clinicians who strive to understand the nature of cancer and improve cancer
prevention, detection, diagnosis, treatment, and control and the people from al walks of life who are
battling cancer or are at increased risk for the disease. The plots are wide-ranging and complex and
feature the abnorma genes and proteins that, in their improper functioning, contribute to the
development and prog