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W
e live in an era of astounding scientific discovery - discovery that has 

given us dramatic new insights into the fundamental processes of cellular 

development, maintenance, and proliferation and how these processes 

can be corrupted to cause cancer. Equally as important, we are finding new ways 

to apply what we have learned to prevent, detect, and treat cancer. Our hard work 

has begun to bear tangible fruit: The Nation's death rare from cancer fell between 

1991 and 199 5 - rhe first sustained decline since we began keeping records in the 

1930s. In human terms, this means that, this vear alone, thanks to remarkable 
' . 

advances in cancer prevention, detection, and treatment, 10,000 to 15,000 men, 

women, and children with cancer who may not have survived 10 years ago now 

have a real chance at living long, full, and productive lives. 

Bur our excitement at this progress must be tempered by the fact that cancer, 

and its associated human suffering and death, remain all too common. Nearly half 

of us will develop cancer; over one in five of us will die from cancer. Within five 

years, cancer will be the leading cause of death in the United States, responsible for 

over eight million years of life lost prematurely each year. 

How can we build on the unprecedented successes of our recent accomplishments 

to reduce the burden of cancer, or even eliminate it from our lives? First, we must 

sustain the proven research programs that have enabled us to come this far. At the 

National Cancer Institute (NCI), we have created an infrastructure that promotes 

discovery, attracted some of the best scientific minds to the cancer problem, and 

initiated ground-breaking programs that have yielded critical knowledge, improved 

patient care, and saved lives. We must continue to offer these programs the full 

measure of our support. Ar the same rime, we must be quick to seize extraordinary 

opportunities to further progress brought about by our previous research successes . 

. And \Ve must ensure that the full promise of our research findings is realized by creat­

ing and sustaining mechanisms that will enable us to rapidly translate our findings 

from the laboratory into practical applications that will benefit everyone. 
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The Congress has requested that the Director of the National Cancer Institute 

prepare a budget estimate for cancer research. This document presents that esti­

mate for Fiscal Year 1999. The following pages identify rhe resources needed to 

sustain current successful efforts. In addition, we describe four areas of unprece­

dented cancer research opportunity which, if exploited, will greatly increase our 

capacity to reduce suffering due to cancer. Finally, we describe the steps we need to 

rake to meet the challenge of bridging the gap between the discovery process and 

practical application - to convert our knowledge of cancer into advances in pre­

vention, detection, diagnosis, and treatment. 

In the past two years, we have made tremendous progress against cancer. The 

decrease in rhe cancer death rate is an important step forward. However, there is 

much to learn, and much more to do. This budget represents the investment need­

ed to take the next crucial steps toward the ultimate goal of fully eradicating cancer 

from the lives of all people. It is an investment in hope - the hope that springs 

from knowing that science is leading us inexorably toward the day when cancer is 

conquered. 

Richard D. Klausner, M.D. 

Director, National Cancer Institute 
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...• .:...:...;, ..... Executive Summary 

T he ultimate goal of the National Cancer 

Institute (NCI) is to prevent or cure can­

cer. As we approach rhe 21st century, we 

have cause for celebration tempered by the knowl­

edge that we still have much to do to achieve our 

goal. We celebrate a long-awaited turning point, 

rhe drop in rhe cancer death rate berween 1991 

and 1995, the first sustained drop of its kind since 

national record keeping was instituted in rhe 

1930s. However, though our knowledge of cancer 

is ever increasing, we still do not fully understand 

the cause of cancer - an understanding that is 

the keystone of further progress. It is at this criti­

cal juncture of increasing knowledge and decreas­

ing mortality that we must press forward with 

tremendous energy and increased resources to con­

rin ue the NCI's viral and lifesaving work. 

In order to achieve our goal, NCI envisions a 

three-pronged approach: 

1. Sustain at full measure the proven research 

programs that have enabled us to come this 

far. 

2. Seize extraordinary opportunities to further 

progress made possible by our previous 

research discoveries. 

3. Create and sustain mechanisms that will 

enable us to rapidly translate our findings 

from the laboratory into practical applica­

tions that will benefit everyone. 

6 NATIONAL CANCER INSTITUTE 

Sustain at full measure the proven research 
programs that have enabled us to come 
this far. 

The heart of NCI's research effom rest in its 

Infrastructure for Discovery (see p. 31). This is 

the underpinning for activities that encompass all 

aspects of cancer prevention, diagnosis, treatment, 

and control. Each year, the efforrs of thousands 

of scientists in the extramural and intramural 

communities vield scientific advances in cancer 

biology, risk, interventions, and control (see 

Highlights of Progress, p. 9). Our infrastructure 

supports basic, translational, and clinical cancer 

research, as well as investment in new research 

programs to address the needs of cancer patients 

and survivors, cancer centers, community-based 

clinical oncology programs and specialized pro­

grams of research excellence, training and educa­

tion opportunities, and communicating research 

results to our constituents. 

Seize extraordinary opportunities to further 
progress brought about by our previous 
successes. 

In 1996, NCI began a process of looking criti­

cally at the field of cancer research and identifying 

areas of discovery with exceptional promise for 

achieving pivotal advances both in our knowledge 

of cancer and in benefits for patients and those at 

risk for cancer. We identified four Extraordinary 

Opportunities as being ripe for investment. 

Cancer Genetics 

Identify every major human gene predisposing ro 

cancer; use the knowledge we gain as we idenri~' 

these genes to help patients at risk; and deal with 

the psychosocial. ethical, and legal issues associat­

ed with inherited cancer susceptibiliry. 

i 
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Preclinical Models of Cmcer 

Create animal models of human cancers; build rhe 

experimental foundation to use these models effec­

tively; and develop rhe infrasuucrure and proce­

dures needed to make these models available to all 

rese:irch ers. 

Imaging Technologies 
Discover and develop techniques that will further 

increase the precision, accuracy, and scope of 

imaging diagnosis; and integrate imaging further 

into rhe practice of clinical oncology. 

Defining the Signatures of Cancer Cells: Detection 

and Diagnosis 
Develop new methods for detecting rumors at their 

earliest stages, when the number of rumor cells is 

small and the chance for cure or control is greatest; 

establish methods for detecting changes in cells 

that accompany and determine rhe development of 

cancer ro enable rhe generation of new prevention 

strategies and tools. Create a new approach to 

accurate diagnosis that will allow us to tailor thera­

py ro each disrincr cancer and target a new genera­

tion of therapeutics to the particular changes that 

occur in the development of each cancer. 

Create and sustain mechanisms that will 
enable us to rapidly translate our findings 
from the laboratory into practical 
applications that will benefit everyone. 

How will we convert our knowledge of cancer 

into advances in prevention and care on the scale 

that is needed to conquer cancer? To meet this 

challenge, we must have a research base that can 

bring the best of our developing knowledge - rhe 

best ideas, technologies, and people - to the 

problems of cancer prevention and care. Response 

to this challenge requires increased investment in 

seven key areas: 

National Clinical Trials Program 
We need to create a clinical trials program that can 

test the most new ideas about prevention, detection 

and treatment of cancer in the shortest possible 

rime. 'w'e need ro ensure rhat all people who wish 

ro p::micip;ue in J clinical trial are able rn do so. 

lnvestigaro r-/11 iria reel Research 

We need ro fund the top 40 percent of research 

grams rn ensure rhar excellent ideas have the 

chance ro be rested, whether rhev are in basic, 

clinical, or popubrion research. or the translation­

al research thar links them. We need ro ensure that 

new investigators are arrracred ro cancer research. 

Supporr for Clinical lnvesrigarors 
We must create and maintain an environment rhar 

supports and encourages health care professionals 

-who are involved in clinical research. 

Cancer Centers: Restructuri11g a11d Expansion 

The Cancer Centers program should grow over 

the next few years ro include about 75 institutions 

and broaden its scope ro include smaller organiza­

tional units that can respond efficiently to highly 

specialized areas of opportunity, and perform the 

translational research so critical to move from lab­

orarory insights to clinical testing. 

Informatics and Information Flow 
We must develop a Cancer Informatics 

Infrasrrucrure that will lower the barriers for 

patients, families, at-risk individuals. and physi­

cians to learn about available clinical rrials, and ro 

create an infrastructure that facilitates information 

exchange among researchers. clinicians, and the 

public. 

Studying Emerging Trends in Cancer 
We must ensure that the Surveillance, 

Epidemiology, and End Results (SEER) database 

not only tracks accurately changes in cancer inci­

dence and survival, bur also contains information 

thar will enable researchers ro generate hypotheses 

and answer questions about rhe basis of observed 

changes in trends over rime. 

Training and Education 
We must rake steps now to ensure that some of 

rhe brighresr, most creative young people from 

_every segment of rhe American population. enrer 

rhe cancer research field. \\/e must convince some 

of them rhar rhe field of rransbtional research 

offers tremencious challenges and rewards. 
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In summary. becJuse such a large commi[­

menr canno[ be mJde wi[hou[ J full undemand­

ing of [he infr~JS[rucmre, programs. and research 

rn be supported. che Na[ionJl Cmcer Ins[im[e has 

prepared [his documenr w provide a concise ye[ 

comprehensive view of NC I's Research Programs 

and Jnfrasrrucrnre for Discovery, our inves[menr 

plan for Exrraordinar:' Research Oppormniries, 

and our plan w meet the fumre challenge of 

bringing discoveries w practical application for [he 

benefo of people. The cancer research enrerprise 

involves no[ only fumris[ic research bu[ also exci[­

ing effom [ha[ will soon yield resulrs, as discussed 

in [he "Immedia[e Opporruni~,~ and "On [he 

1999 BYPASS BUDGET REQUEST 

1. Sustaining ongoing research programs: 

TOTAL: $2.58 billion 

Cu[ting Edge'' boxes throughou[ the document. 

Finally. "People's Stories'' [hroughoU[ the docu­

menr remind us rha[ rhe research we support, 

wherher ir vields OU[comes immedi::irelv or in the . . 

fumre, is conducreci wirh a single purpose: to hdp 

people wirh c::incer, or who are at risk for cance~, 

and w remove che shadov.: of crncer from rhe lives 

of all Americans. 

In order for rhe Narional Cancer Insrirure ro 

sustain our current research investment, idenri~ .. 

and invest in new research opporrunities, and 

anricipate our furure challenges and invest in them 

now, \Ve request the following funding. 

2. Seizing extraordinary opportunities for further progress brought about by our 
previous successes: 

Cancer Genetics: $53.7 million 

Preclinical Models of Cancer: $29.3 million 

Imaging Technologies: $39.0 million 

Defining the Signatures of Cancer Cells: $63.5 million 

TOTAL: $185.5 million 

3. Creating and sustaining mechanisms that will enable us to rapidly translate our . 
findings from the laboratory into practical applications: 

National Clinical Trials Program: $170.0 million 

Investigator-Initiated Research: $40.4 million 

Support for Clinical Investigators: $66.0 million 

Cancer Centers - Restructuring and Expansion: $70.0 million 

Informatics and Information Flow: $20.0 million 

Studying Emerging Trends in Cancer: $25.0 million 

Training and Education: $34.1 million 

TOTAL: $425.5 million 

GRAND TOTAL: $3.191 billion 

8 NATION . .\L CANCER INSTITUTE 
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Scienrists who discovered the gene for Gorlin 

syndrome, an inherited disease that predispos­

es individuals to basal cell carcinoma of the 

skin (BCC) and to congenital skeletal defects, 

discovered a surprising fact about that gene. 

Now, we're well on our way to understanding 

how that gene works in humans, which could 

speed the developmenr of new treatmenrs for 

BCC, the most common cancer in humans. 

See page 28. 

An ambitious new venture will enable 

researchers to recognize all major steps of 

tumor developmenr at rhe molecular level. 

See page 66, or visit rhe Cancer Genome 

Anatomy Project web sire at hnp://www.ncbi. 

nlm.nih.gov/ ncicgap. 

• Prostate surgeons find that practice makes per­

fect as new technology enables rhem to per­

form a computer-assisted ''dress rehearsal" of a 

prostarectomy before rhe actual surgery takes 

place. See page 60. 

Scientific Highlights 
Cancer Death Rate Declines. The percentage of 

the U.S. population char dies from cancer each 

year fell berween 1991 and 1995, rhe first sus­

tained decline since national record-keeping was 

insritured in the 1930s. This encouraging rren~ is 

attributable in large measure to a decrease in 

smoking rares, although berrer early detection 

methods and advances in rre:irmenr have likely 

played a significant role. See page 12. 

Breast Cancer Genetics. In a srudy of over 5,300 

A.shkenazi Jewish individuals (Jews of Eastern 

European descent) in the Washingron, D.C. area. 

scientists found rhar three specific alrerarions in 

the breast cancer genes BRCAI and BRCA2 are 

associated wirh an increased risk of breast and 

ovarian cancers, bur thar the risk for these cancers. 

while higher than rhar of the general population, 

was lower rhan mosr previous estimates. On aver­

age, women carrying one of rhe three alterations 

have a 56 percenr chance of getting breast cancer 

by age 70 (compared with a 13 percenr chance for 

non-carriers) and a 16 percent chance of getting 

ovarian cancer (compared wirh l .G percenr for 

non-carriers). 

Prostate Cancer Genetics. The D.C.- area 

Ashkenazi srudy (above) also :J.SSessed prostate can­

cer risk for men carrying BRC4.I and/or BRCA2 
alterations. Scientists estimated thar men with 

one of the alterations have a 16 percent chance of 

gerring prostate cancer by age 70, compared wirh 

3.8 percent for non-carriers. In a separate study, 

scientists narrowed down rhe location for rhe first 

prostate cancer gene HPCJ, w rhe long arm of 

chromosome 1. Ir is estimated rhar one in 500 

men carry an altered version of HPCI. The gene 

itself, once identified, is expected ro provide 

insight into rhe cause and progression of both rhe 

hereditary and sporadic forms of prostate cancer, 

and suggest strategies for prevention and treatment 

of this very common malignancy. See p. 30 for 

more on prostate cancer. 

HPV Vaccine. Cervical cancer is rhe leading cause 

of genital rracr cancer deaths world-wide. Sexually 

transmitted human papillomaYiruses (HPV) are 

associated with 90 percent of cervical cancers, bur 

there is nor currendv an effective treatment for 

HPV infection. However, NCI researchers are 

preparing ro launch a pilor field srudv to tesr rhe 

effectiveness of J vaccine rhe1· created ro prevent 

HPV infrcrion. and Phase I trials are set to begin 

soon w rest rhe vaccine's safeff. See p. 1 7. 
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Breast Cancer Prevention Trial. Recruirment for 

the Bre:.tst Cancer Prevention Trial. the first brge­

scale. randomized srudy to assess whether a five­

year course of the breast cancer treatment drug 

tamoxifen (Noh-adex®) can prevent breast cancer 

in women at increased risk. ended in Mav 1997. 

The results of rhis trial are expected in rwo ro three 

years. The trial will follow 13,000 women at 

increased risk of breast cancer, as determined by 

age or personal or family medical hisrory. 

Laser Capture Microdissection. A powerful new 

technique knmvn as Laser Capture 

Microdissection (LCM), developed by a team of 

researchers from NCI and the NIH's National 

Center for Research Resources, allows a doctor to 

extract cells of interest from a tissue sample with 

the click of a bunon. LCM will replace rhe 

tedious and inefficient processes needed until now 

to diagnose cancer or study patterns of gene 

expression in various cell rypes. See page 66. 

Treatment Advances 

Breast Cancer. Chemotherapy prior to surgery for 

breast cancer can shrink the rumor significantly -

so much so rhar some women who would other­

wise require a mastectomy may instead undergo a 

lumpectomy. In a study by rhe NCI-supported 

Narional Surgical Adjuvant Breast and Bowel 

Project, invesrigators found rhar women with pal­

pable breast cancers who had preoperative 

chemotherapy were nearly three rimes more likely 

than women who had nor (22 percent versus eight 

percent) ro be able ro avoid mastectomy and 

undergo less disfiguring lumpectomy. See page 39. 

Prostate Cancer. NCI-supporred researchers 

found that hormone therapy after radiation thera­

py can prolong disease-free survival and perhaps 

overall survival of patients with locally ad\•anced 

prostate cancer. Although hormone therapy is 

known ro be an effective treatment for merasraric 

prostate cancer, its use had nor been assessed in 

combination with radiation for initial uearment of 

locally advanced disease. 

10 NATIONAL CANCER INSTITUTE 

Melanoma. The use of interferon alpha-2b (IFN 

alpha-2b) as adjuvant therapy following surgery 

for malignant melanoma prolongs borh relapse­

free and overall survival in patients at high risk of 

recurrence, making it the first agent to show a sig­

nificant benefit as an adjunct ro surgery. NCI 

supported researchers found that IFN alpha-2b 

resulted in a 42 percent increase in the number of 

people achieving relapse-free survivial five years 

after treatment. 

Nasopharyngeal Cancer. Chemotherapy and radi­

ation therapy have both been proven to be useful 

treatments against nasopharyngeal cancer - and a 

new study indicates that rogether, they're even 

more powerful. NCI Cooperative Group 

researchers evaluated radiation therapy alone ver­

sus combined chemotherapy and radiation therapy 

for treatment of nasopharyngeal cancer and found 

that the combined therapies improved rwo-year 

survival rares from 55 percent ro 80 percent. 

NCI Highlights 
New Offices. Several new offices have been 

formed to facilitate communication and partner­

ship with our constituents. These offices include 

the Office of Special Populations Research, the 

Office of Liaison Acriviries, and rhe Office of 

Cancer Survivorship. For more information, see 

page 25. 

Program Reviews. NCI has completed in-depth 

reviews of its Cancer Centers and Prevention pro­

grams. See page 27. These reviews have resulted 

in far-reaching organizational and operational 

changes. In addition, reviews of the Cancer 

Control and Clinical Trials programs are ongoing; 

results are expected in fall 1997. 

Reorganization. The 1995 Bishop-Calabresi 

Report evaluated the NCI's intramural program, 

identifying strengths and weaknesses and recom­

mending changes where appropriate. A major 

recommendation was the complete organizational 

separation of intramural and extramural programs. 

/l . .s a result of these recommendations. a new 
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position, that of Deputy Director for Extramural 

Science, was created; the new Deputy Director is 

responsible for oversight, integration, coordina­

tion, and enhanced communication across the 

Institute's extramural programs. 

In addition, two new extramural divisions, the 

Division of Cancer Prevention (DCP) and the 

Division of Cancer Control and Population 

Science (DCCPS), were created. The DCP will 

bring added visibility, prominence, and strength tO 

the NCI's prevention programs. The DCCPS will 

be the new focus for NCI-sponsored rese:J.rch pro­

grams aimed :J.t studies in populations, behavior, 

surveillance, special populations, outcomes. and 

other aspects of cancer control. It will be cre:i.ted 

from cancer control programs currenrlv within the 

NCI's Division of Cancer Prevention and ConuoL 

which will be abolished, and the exuamural por­

tions ofNCI's Division of Cancer Epidemiology 

and Genetics. The Office of Cancer Survivorship 

will also be part of the DCCPS. 

INVESTMENT IN CANCER RESEARCH 11 



W e measu.re progress against cancer two 

ways: by our ability to reduce the indi­

vidual and national burden of cancer. 

and by the growth of knowledge about cancer. 

Over the past few years, our knowledge of cancer 

has grown exponentially, bur there is still much we 

do nor know. Only a solid, sustained program of 

research and discovery will provide us with rhe 

information we need to prevent cancer, cure can­

cer, and manage disease effectively in those we 

cannot cure. Our success will be measured in 

terms of fewer deaths, fewer new cases, increased 

life expectancy, and improved quality of life for 

cancer survivors. 

The 1990s may be remembered as the decade 

when we measurably turned the tide against 

certain cancers. After rising throughout the 1970s 

and 1980s, the overall cancer death rate fell between 

1991 and 1995 - a real and promising trend that 

translates into thousands of lives saved. Most of the 

improvements in mortality rares are in patiems 

below the age of 65 and in men rather than women. 

For several malignancies - children's cancers, 

breast cancer, colon and rectal cancers, Hodgkin's 

disease, and testicular cancer - decreasing death 

rares reflect cumulative research successes over the 

past 25 years. 

In addition to reducing mortality rates for 

many malignancies, we have achieved imporranr 

improvements in rhe quality of life for cancer sur­

vivors through less disfiguring and less damaging 

surgical procedures, better pain conuol, and more 

effective medication for the side effects of cancer 

therapy. 

After a formidable battle to reduce the preva­

lence of cigarette smoking, lung cancer rares for 

men have declined. Lung cancer rares for women. 

however. conrinue w rise. For other cancers. 

12 NAT I 0 NA L C :\NC ER INSTITUTE 
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Cancer is a group of diseases that occur 
when cells become abnormal, dividing and form­
ing more cells without control or order. For can­
cer to occur, a series of changes in genes that 
control cell growth and behavior must take place. 
A critical question in cancer research is how and 
why these genetic errors occur, and just as impor­
tant, why the errors are not corrected by the 
cell's normally efficient surveillance mechanisms. 

Some people have inherited certain genes 
that predispose them to get cancer; others get 
cancer seemingly at random. Ultimately, cancer's 
origins lie in the interplay between the vulnerabil­
ity of our genetic material, DNA, and the chal­
lenges and stresses that environment - including 
behaviors such as smoking and dietary habits -
places on the cells in which DNA is housed. 

including non-Hodgkin's lymphomas, multiple 

myeloma, melanoma of the skin. and esophageal, 

brain, and kidne;' cancers, mortality rates have not 

fallen or are increasing. And although the overall 

cancer morrality rate among African A.mericans is 

declining, it is still disturbingly higher than the 

overall morraliry rare for other popubrion groups. 

Even taking into account our adYances that 

increase the chances of being cured of many 

cancers, the number of new cancer cases contin­

ues to increase, emphasizing the formidable task 

ahead. The goal of a reduced cancer burden c:rn 

onlv be achieved b,· the successful translation of . . 
discoveries to the benefit of all people "'·ho are ar 

risk for and who have cancer. 

' I ... 
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PERCENT CHANGE IN U.S. CANCER MORTALITY RATES 

FOR EACH 5-YEAR PERIOD, 1971-1995 

1971 to 
1975 

1976 to 
1980 

1981 to 
1985 

1986 to 
1990 

Source: NCHS public use tapes, 7 995 preliminary data 

1991 to 
1995 

U.S. CANCER MORTALITY, ESTIMATED ANNUAL PERCENT CHANGE 

1973-1990 VS. 1991-1995, ALL SITES BY AGE 

i~i~la¥~ii~i,ii~{2~r10"~Jl{f ~f ::iz~~ ·· 
f'~·,:.:;_;;;.;·~,,.c~':';,. • -1.3 i 

~1JJ~ :"'':'' ·;%i?Ji~['.,,"''' 
il@r l~ .,. ·· · · , 71i~ll 
~;~~:~::~~~~;~~ .. ~ -. --~~~~.. . .. -~-~~~'.!::&11-If;fu};~'.:i~~:t., 

ALL <15 15-24 2S-).; 35-44 45-54 55-64 65-74 

Source: NCHS public use tapes, 1995 preliminary daca 
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U .5. CANCER MORTALITY, PERCENT CHANGE 1991-1995 
BOTH MALES AND FEMALES, BY AGE 

ALL SITES -7.7 
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BREAST 

PROSTATE 

COLORECTAL 

BLADDER 

LYMPHATIC 

LEUKEMIAS 

-15 -12 .9 -6 .3 

PERCENT CHANGE 

Source: NCHS public use tapes, 7 995 preliminary data 
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_:'f[he N Cl's Research Programs 

The diagram 
shows a pro­
gression from 
the results of 
research 
through dis­
semination to 
application. 
Research 
results must be 
communicated 
to those who 
ultimately 
apply these 
results in 
health care 
and disease 
prevention 
settings. 

Research Settings 

T he NCI conducts three classes of research: 

laboratory, clinic, and population. In the 

laboratory, research is pursued on the 

biology of cancer, the fundamental properties of 

cancer-causing agents and processes, and the 

bodv's defense aaainst and response to cancer. In 
; "' 

the clinic, research is carried our on cancer preven-

tion, detection, diagnosis, treatment. and rehabili­

tation. In the population, research focuses on the 

causes, risks, predispositions, incidence, and 

behavioral aspects of cancer. As the diagram indi­

cates, these three settings influence one another. 

For example, population-based research on the 

effects of exposure to a potential cancer-causing 

agent links to the laboratory where an understand­

ing of the agent's effect on the cell can be 

explored. Through these linkages, we have identi­

fied a s~xually rransmirred papillomavirus as a pri­

mary cause of cervical cancer and subsequenrly 

explained why only certain viral subtypes are 

cancer-causing. Similarly, we have established the 

relationship between asbestos and mesotheliomas; 

between reproductive variables such as late 

menopause and breast cancer; and between 

dietary facrors and a variety of cancers. 

Likewise, population-based research on 

cancer-prone families has led to the isolation of 

specific genes responsible for inherited cancer syn­

dromes. Specific generic pathways in cells identi­

fied in rhe laborarory rhen can be used to predict 

the course of a patient's disease and his or her 

response to therapy. or to find ways ro detect these 

cancers very early in their development. 

PROGRESSION FROM CANCER RESEARCH TO APPLICATIONS 

RESEARCH SETTINGS 

Population 

RESEARCH AREAS 

•Biology 
•Risk 
• Intervention 

Prevention, Detection, Diagnosis, 
Treatment, Survivorship 

• Cancer Control 

Cancer Patients 

General Public 

Health Care 
Providers 

Academic • 
and Private 
Organizations 

Government 
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Von Hippel-Lindau (VHL) Disease 

There's been so much cancer in our family. 
The earliest case anyone remembers is my 
great-grandfather, who had kidney cancer. 
Other family members have had kidney 
cancer too, but also spinal, brain, and 
adrenal gland tumors. Until we joined a 
family study and found out the cause was 
von Hippel-Lindau disease, we all felt so 
helpless, as if it was some kind of family 
curse. 

Von Hippel-Lindau (VHL) disease is an 
inherited disorder that affects one in 32,000 
people worldwide. Adults with VHL have· fre­
quent recurrent tumors, primarily in the kid-. 
neys, retinas, and the central nervous system. 
VHL disease is caused by mutations in the VHL 
tumor suppressor gene, first identified by NCI­
supported researchers in 1993. Since then, 
we have discovered that this gene is active 
throughout the body. The VHL gene is long, 
and it is susceptible to mutations at many 
different points along its length, resulting in 
different types of tumors. The mutated VHL 
gene is also implicated in many sporadic (not 
inherited) cases of kidney cancer. 

First-degree relatives of individuals with VHL 
disease have a 50 percent chance of developing 
it themselves. With current technologies, 
genetic testing generally finds about 85 percent 
of the mutations in families. Screening provides an early warning system for adults who may have the altered gene 
but no symptoms, and for their children. 

There's no cure yet for VHL disease, but we're being monitored regularly now, to catch any tumors early. We know 
what to look for, and treatments are improving.·_ It's still difficult, of course, but we feel much more hopeful. 

Improved imaging techniques such as computed tomography (CT) and magnetic resonance imaging (MRI) scans are 
enabling earlier detection and better management of VHL-related tumors. For example, earlier detection and treatment 
of central nervous system tumors are reducing the neurological disabilities that can accompany these cancers. Kidney­
sparing surgery with car~ful follow-up is now the preferred method of managing kidney cancers in VHL patients. 

NCI researchers also report progress toward understanding. and combating VHL disease. According to a scientist 
working on VHL: · 

"We suspect that at least one job of the normal VHL gene is to regulate which genes in cells throughout the body 
are turned "on" or "off." We are looking for "partner genes" or other factors that, in addition to a mutated VHL 
gene, are necessary for VHL cancers to develop. Some researchers are working to find drugs that will mimic key 
activities of the normal VHL protein, neutralizing the effects of the defective protein produced by the mutated 
VHL gene. Other investigators are seeking a way to prevent the extensive network of blood vessels that typically 
develop to feed VHL tumors. A particularly exciting finding is that reintroducing a normal version of the VHL gene 
into kidney cancer cells will prevent them from forming tumors in mice. These are all very promising develop­
ments for VHL families." 
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Research Goals 
There are four fund:1menral go:.ils of cancer 

research: understanding cancer biolog:·; idenri~1ing 

who is at risk for cancer and why; developing 

imerven tions to prevem. detect, diagnose, ueat, 

and enhance survivorship from cancer; and uans­

lating research discoveries to the public and to 

medical practice. 

Cancer Biology 
The most remarkable progress in the past 25 

years has been in our knowledge of cancer biology. 

We are dramatically extending our understanding 

of what is required to turn a normal cell into a 

cancer cell. Cancer arises when a single cell 

changes so that it divides cominuously, released 

from the controls that consuain the replication of 

normal cells. This transformation results from 

changes in the function and activity of genes, 

which are segments of DNA comaining the infor­

mation that directs a cell ro make a particular pro­

tein product. Of the 100,000 genes found in rhe 

human genome, the altered activities of only a 

small number of genes are responsible for trans­

forming a normal, well-behaved cell - whether in 

the breast, brain, blood, colon, prostate, or other 

organ - into a cancer cell. Identifying these 

"cancer genes" defines the central scientific hunt in 

cancer biology, and opens an unprecedented win­

dmv in to the nature of cancer. 

~ie now realize that many processes are dys­

regulated in cancer cells. For example, cancer 

cells often lose their normal primary function and 

start behaving like rapidly growing embryonic cells 

rather than fully mature skin or liver or breast 

cells, in which growth is slow and regulated. They 

replicate without regard to the signals that normal­

ly indicate when it is appropriate to divide. These 

cells have damaged mechanisms for repairing 

DNA errors and often have even lost the fail-safe 

mechanisms that normal!:' eliminate highly dam­

aged cells. DNA changes can occur due to chemi­

cals. viruses, radiation. and mistakes made each 

day in the course of duplicating thre::: billion units 

of DNA each time a cell divides. DNA is ver: 

vulnerable ro damage, but each cell has the 

remarbble ability to recognize damage and correct 

it. When a normal cell recognizes DNA damage. it 

srops the process of grov,;th and division called the 

cell c:,.cle. A normal cell either repairs its damage 

or. if it fails. undergoes programmed cell death 

(apoptosis). In crncer, these che::kpoim controls 

are lost and the cell conrinues w ciivide, tr:rnsmit­

ring its damaged DNA ro its descendants. 

No one generic alteration, however, is rnough 

ro make a normal, healthy cell a cancer cell. 

Rather, an accumulation of changes in a relatively 

small number of genes during the lifetime of a cell 

is required. We have learned that some individu­

als carry a very high lifetime risk of developing 

cancer because fewer successive changes in DNA 

are required to take place in one of rhe trillions of 

cells in their bodies to transform rhar cell into a 

CERVICAL CANCER VACCINE 

Each year, nearly 16,000 women in the United 
States are diagnosed with cervical cancer, and more 
than 4,500 women die from this disease. In develop­
ing nations, cervical cancer incidence and death rates 
are much higher, making it the number one cause of 
genital tract cancer deaths in the world. Sexually 
transmitted human papillomaviruses (HPV) are associ­
ated with 90 percent of cervical cancers, and young, 
sexually active women are at highest risk for infec­
tion. Currently, there is no effective treatment for 
infection with HPV. However, NCI researchers are 
preparing to launch a pilot field study to test the 
effectiveness of a vaccine they created to prevent HPV 
infection, and Phase I trials will begin soon to test the 
safety of the vaccine. 

People can be infected with numerous types of 
HPV, but more than 50 percent of cervical tumors con­
tain one type of high-risk HPV (HPV-16), and another 
30 percent contain three other HPV types. Thus, the 
researchers have developed a vaccine using bits of 
virus-like particles (VLP) composed of a major swuctural 
papillomavirus protein from each of these four HPV­
types. They hope that the initial studies will show that 
the vaccine protects against these four HPV types and 
will prevent more than 80 percent of cervical cancers. 
Such a vaccine could provide a critical tool in the fight 
against cervical cancer, with the potential to save thou­
sands of lives and millions of dollars in screening and 
other health care costs each year. 
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"The Familial Cancer Risk Counseling and Genetic Testing 
Directory" is a searchable database with the names of more than 
200 health care professionals who take referrals for cancer 
genetics education and counseling. The directory is located on the 
CancerNet™ Web site, operated by NCl's International Cancer 
Information Center, and is searchable by name, city, state, 
country, and type of cancer or cancer gene. The website is: 
http://cancernet.nci.nih.gov/wwwprot/ genetic/ genesrch.html. 

cancer cell. This undemanding has allowed us to 

begin describing the evolurion of specific cancers 

from predisposition to pre-cancer to cancer. Each 

cancer is ultimately defined by its particular pat­

tern of altered and normal gene activity. This 

unique pattern determines rhe cancer's rate of 

growth, tendency to spread, responsiveness to hor­

mones and therapies, and also predicts the ability 

of a person's immune system to recognize and 

respond to the cancer. Moreover, cataloging these 

molecular patterns will ultimately tell us how 

many different cancers exist and enable us to dis­

tinguish each cancer from its normal counterpart. 

Advances in our ability to detect, diagnose, and 

treat each cancer will most likely be found in these 

differences. 

Cancer Risk 
Cancer risk is rhe probability that the disease 

will occur in a given population. Research on 

cancer risk seeks to identify populations with a 

significant probability of developing cancer. By 
identifying populations with different probabilities 

of developing cancer, researchers can identify and 

quantify risk factors. Moreover, since cancer is a 

multistage process, risk factor analysis leads to the 

development of prevention and control strategies, 

early detection methods, and in some cases, more 

precise clinical intervention and management 

regimens. 

Epidemiolog:' is the principal discipiine used 

to srudy cancer patterns. idenriA· populations at 

risk. and establish cancer risk factor:;. Epidemiolo­

gists have uncovered disrincr cancer patterns 

among various groups and continue ro pinpoint 

previoush- unrecognized risk facrors. For example, 
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women in Asian countries have some of the lowest 

rates of breast c:rncer in the world. while women 

in the West have among rhe highesr. Bur when 

Asian women migrate to the United St:ires, their 

bre:ist c:incer risk rises over sever:il gener:itions 

until it matches that found in women in the 

United States. Upon further investig:uion, our 

scientists discovered that the increase in breast 

cancer risk was related predominantly to weight 

changes, particular!;' weight gain during the 

decade preceding breast cancer diagnosis. This 

finding incriminated certain aspects of American 

lifestyles such as dietary and exercise patterns. 

Moreover, it illuminated a major public heilrh 

implication - that ~veight maintenance or reduc­

tion as an adult, accompanied by specific changes 

in diet and physical activity, may have a significam 

and rapid impact on breast cancer incidence. 

Studies such as these demonstrate NCI's commit­

ment to address the burden of cancer in all popu­

lation groups in the United States and ensure that 

all benefit from our research. 

The epidemiologic approach has been success­

ful in identifying many facrnrs that increase cancer 

risk; most of these are related to environment and 

lifestyle, while others are part of a person's generic 

makeup. W"irh the exception of a few generic con­

ditions, however, it is still not possible to predict 

with any degree of certaint)' that a person having 

one or more of these factors will develop cancer. 

This uncenaint)' is related to the very nature of 

cancer, and the need for many specific alterations 

to accumulate in the DNA of a single cell for that 

normal cell to be transformed to a malignant state. 

W'ith recent major advances in molecular biol­

ogy, a strategy known as molecular epidemiology 

has emerged. Molecular epidemiology enables us 

to combine biological markers (i.e., measurements 

of carcinogenic exposure, biologic response, and 

individual susceptibility) with traditional epidemi­

ologic methods. Recent molecular research has 

provided evidence that environmental factors con­

tribute to human c:incers and that their risks are 

strongh- influenced by inherited and acquired 

generic suscepribilir;-. 

. .'.i.s this research c:ontinues, ir remain.:: true tnJ: 

the single most important exposure rhat increases 

cancer risk is the use of tobacco products. p::micu­

larly cigarerre smoking. Smoking is believed ro 

------· 



contribute to more than 30 percent of all cancer 

de:irhs. In :iddirion. cen:iin aspects of rhe diet. 

p:inicu!arly diets lacking in fruits and vegetables or 

high in certain fars, seem to be important contrib­

utors to cancer risk. Greater than average cancer 

risk also has been linked to alcohol consumption; 

exposure to radiation (for example, ulrravio!er 

and x-rays), certain occupational agents such as 

asbestos, and environmental pollution (for exam­

ple, arsenic); consumption of some pharmaceutical 

agents (for example, esrrogenic drugs); infection 

with viruses such as the human immunodeficiency 

virus (HIV) or the human papillomavirus (HPV); 

and hormonal factors. 

Cancer Interventions 
Ultimately, the purpose of understanding 

tumor biology and cancer risk is to discover more 

effective ways of preventing, detecting, diagnosing, 

and treating cancer. Although rhe full realization 

of rhis process lies ahead. important advances 

achieved over rhe past quarter century give ample 

reason for optimism. 

Our ability to prevent cancer depends on 

identifying. removing, and/or reversing the effects 

of specific risk factors. Approximately 90 percent 

of the skin cancers expected to occur rhis year 

could have been avoided through the use of pro­

tective measures against sunlight. Avoidance of 

smoking and use of orher tobacco products could 

BREAST IMAGING TECHNOLOGIES 

X-ray technology saves lives. It is not, however, a perfect 
test for finding early breast cancer, particularly among 
younger women, in whom the density of normal breast tissue 
often makes the detection of very small cancers difficult. 
One approach to better breast cancer detection may be 
MRI. Panel A shows the x-ray mammogram of a 35-year-old 
woman with a strong family history of breast cancer and a 
normal breast physical exam; there is no evidence of cancer. 
In panel B, a magnetic resonance image from the same breast 
shows white areas. Tissue examination later confirmed that 
these were areas of cancer. The NCI is supporting z large 
multicenter study that will define the diagnostic value of MRI 
in women with abn,ormal mammograms. 

Photos courtesy of Dr. Mitchell Schnall, University of Pennsylvania 

reduce the incidence of lung cancer by SO percent 

and signif!canrly- reduce rhe rare of other cancers. 

including cancers of the pancreas, kidne:·, and 

head and neck. The adoption of diets containing 

less fat and more fruits and vegetables could 

diminish the incidence of some cancers, and ph:•s­

ical activity may be associated with a lesser risk of 

several common forms of cancer, most notably 

colon and breast cancers. 

NCI conducts and supporrs research into 

behavioral aspects of cancer prevention, such as 

smoking cessation and dietary interventions, 

including trials of dietary modification to reduce 

cancer incidence, dietary far reduction to reduce 

recurrence of breast cancer, and high-fiber, low-far, 

high fruit and vegetable diets to reduce recurrence 

of large intestine polyps. The Institute also sup­

ports research into chemoprevention, including 

rhe ongoing clinical trials of ramoxifen to prevent 

breast cancer .. flnasteride as a prostate cancer 

preventive, and aspirin to prevent recurrence of 

colorectal cancer. In 1997, a new Division of 

Cancer Prevention was established to coordinate 

NCI's prevention research. The new division will 

bring added visibility, prominence, and strength to 

the prevention research rhar NCI sponsors. In 

addition, an in-depth review of NCI's prevention 

program was completed in summer 1997. The 

review group's recommendations will be a guide 

for strengthening cancer prevention research. 

A. B. 
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We h::ive le::irned to see inside the bodies of 

living human beings ::ind detect rumors with a pre­

cision that could not h::ive been ::inticip::ired by J 

previous generation of physicians. Com pured 

tomogr::iphy, magnetic reson::ince im::iging, and 

ulrr::isonogr::iphy simply did nor exist as useful 

clinical tools just over 25 ye::irs ::igo. Tod::iy, these 

technologies enable us to locate internal tumors 

with unprecedented accuracy, and to biopsy inter­

nal organs without the need for major surgery. 

There is every reason to believe that continued 

improvement in their powers of resolution will 

enable us to detect small rumors even earlier than 

is possible with currently available methods, such 

as x-ray mammography. Invasive detection and 

diagnostic procedures such as colonoscopy and 

bronchoscopy are gradually giving way to "virtual" 

procedures that use data from MRls, CT scans, 

and x-rays to generate a 3-D computerized image 

of an internal structure without invading the body 

with scopes. 

Currently, the diagnosis of cancer depends 

principally on the microscopic appearance of tis­

sue samples taken from growths or other suspi­

cious lesions in the body. Advances in biological 

knowledge, however, have improved our ability to 

subclassify cancers into accurate categories. 

Classifying cancers more precisely is important 

because it will enable us to better predict patients' 

clinical outcome and refine therapies. For exam­

ple, our expanded understanding of normal 

immune system development and biology has led 

directly to molecular techniques for classifying 

immune system rumors (lymphomas). This expe­

rience with lymphoma is a model for what will 

very likely occur in a variety of malignancies, 

including neuroblastoma, a rare childhood cancer, 

which we now know has at least two forms - one 

that sometimes regresses and may need little treat­

ment and one that advances rapidly and requires 

aggressive treatment. We expect that rumor diag­

nosis and classification will be revolutionized in 

the corning :·ears as we appl:· emerging knowledge 

in molecular generics. Some of this information 

will be gained through NCI's newl:» established 

Tumor Gene Index, which will c::ir:i.log rhe generic 

characteristics of rumors ar eaci1 stage of gro'.'.·i:h. 

The past quarter century has seen major 

progress in our :i.bility to treat cen:i.in cancers. In 
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addition ro well-publicized improvements in the 

cure r:i.tes for m::iny uncommon t:'pes of cancer. 

such as Hodgkin's disease. cerr:i.in lymphomas. tes­

ticular cancer. and J varieD· of childhood c::incers, 

combining chemorhera?,. wirh surgery ::ind/or 

radiation has increased survival rares for patients 

with bre::isr, colorecral, and non-small cell lung 

cancers. High-dose chemotherapy with stem cell 

rescue is effective treatment for leukemias and is 

undergoing definitive resting in breast ::ind ovarian 

cancers. The application of molecular biology to 

the drug discovery process has ushered in the era 

of biological ther::ipy b:' permitting the large-scale 

production of so-called "recombinant" proteins; as 

a result. the availability of interferon alpha-2b has 

markedly improved the outlook for patients with a 

rare form of leukemia. Both interferon and inter­

leukin-2 provide improved symptom control for 

some patients with kidney cancer. Bone-marrow· 

stimulating agents have improved supportive care 

by reducing the toxicity of chemotherapy to the 

blood elements. Over the past 15 years, the for­

midable problem of treatment-related vomiting 

has been lessened dramatically by the development 

of trul:' effective new drugs. 

NCI is committed to research to improve the 

quality of life for those who develop cancer. As 
treatment becomes increasingly effective, the popu­

lation of cancer survivors will continue to grow; we 

can also expect rhat problems associated with long­

term survival will continue to emerge. Responding 

to these trends, NCI has established the Office of 

Cancer Survivorship ro address the needs of cancer 

survivors and conduct research needed ro answer 

important questions about quality of life and the 

development of secondary cancers. The first prob­

lem to be addressed is the challenge to an optimal 

quality of life posed by the effects of cancer treat­

ment itself Although most acute side effects of 

treatment are rapidly reversible, some, such as the 

loss of a limb, have a lasting impact. The wide­

spread use of techniques such as breast reconstruc­

tion, conservative surgery, and customized limb 

prostheses have greatl;· improved the emotional and 

functional outlook for survivors of breast and bone 

cancers. The knowledge. gained in a landmark 

clinicil trial, that chemorher::ipy foiioweci br radia.­

tion treatment is as effective as total removal of the 

voice box for cancer of the iar:•nx has made natural 

..... -·.-.· ...... --··. -.·.·-.-.-.--; 



Adult Survivors of Childhood Cancers 

I was 7 2 when I was diagnosed with 
Hodgkin's disease - stage II. I was treated 
with radiation and chemotherapy, and my 
Hodgkin's was cured. Luckily for me, because 
I was treated on an NCI-sponsored clinical 
trial, I've been followed especially closely. I 
just turned 27, and at my last check-up, a 
small breast cancer was found. 

Survivors of childhood and adolescent 
cancers, a growing population that by the 
year 2000 will number one in 900 adults, are 
at increased risk of second malignancies. For 
example, girls treated with radiation therapy 

. to the chest for Hodgkin's disease have been 
found to be at significantly increased risk of 
breast cancer, usually about 10 years after 
diagnosis. Risk appears to be highest among 
those diagnosed in late childhood and those 
receiving higher dose radiotherapy. Adult 
survivors of childhood cancers may also be at 
greater risk of other solid tumors, leukemias, 
fertility loss, and other health problems, 
depending on the treatment they received. 

My doctors knew I was at higher risk for 
breast cancer because of my radiation treat­
ment, so they discussed with me the early 
warning signs for breast cancer and I started 
having mammograms when I was 25. That 
helped to catch this breast cancer so early. 

Our expanding knowledge of long-term 
effects of cancer therapy is helping us tailor 
alternate therapies to minimize the risk of sec­
ond cancers and other illnesses. For example, 
we now know that children with early stage 
Hodgkin's disease can be treated effectively 
with combination chemotherapy alone, or 

with low-dose radiation that reduces the risk of breast or other second tumors. 

I'm happy to be. alive, after two bouts with cancer, and I'm grateful to my doctors, and thankful for the excellent 
care I've received. But sometimes I get angry, and scared. Why did this happen to me? Will long-term effects of my 
treatment continue to affect me as I get older? And what if the cancer comes back? 

Continuing improvements in cancer detection and treatment mean that more people than ever before are surviv­
ing cancer and living longer, fuller lives. To address the unique medical and psychosocial needs of this population, 
NCI has established a new Office of Cancer Survivorship to promote research on issues affecting survivors of all ages, 
and to accelerate the growth of knowledge about late effects of cancer treatment and the psychosocial concerns 
of survivors. A primary focus of this new office is to support research into enhancing the quality of life of cancer 
survivors throughout their lives. 
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speech preservarion possible for many parienrs wirh 

rhis condirion. FDA-approved drugs for prorecring 

againsr rhe cardiac roxici[I· of rhe anrhracvcline 
~ . . 

amibiorics (used in rhe rrearmem of several r:·pes of 

cancer, including breasr cancer and lymphoma) and 

rhe kidney roxiciry of cisplarin (an imporranr rrear­

mem for resricular and ovarian cancers) are expecr­

ed ro reduce rhe overall incidence of rwo parricular­

ly rroublesome chronic effects of rreatmem. 

The second problem ro be addressed is rhe 

tendency of many cancer survivors to develop sec­

ond cancers at rhe same or orher body sires. In 

some cases, this too is a trearmem effecr, since 

many currenr therapies rhar effectively rrear rhe 

parienr's primary cancer unforrunarely promote 

rhe development of second cancers in a small frac­

rion of people who receive rhem. F~r example, 

certain chemorherapy regimens are associared with 

!are appearing acute leukemia in some parienrs, 

often many years after trearmem. Somerimes, 

however, second cancers are unrelated to cancer 

therapy. Patients who sur-:ive a first cancer of the 

lune: or oral cavitY, for insrance, have a hiah inci-
v • 0 

dence of subsequent rumors at rhose sites, proba-

bly because of the continued carcinogenic influ­

ences of tobacco. Inherited risk may also pla:· a 

role. Some breast, ovarian, and colorectal cancer 

patients have a genetic predisposition to those can­

cers and are like!;· w develop second primary can­

cers. The solution to these persistent problems is 

clearly to discover more targeted and less toxic 

treatments and to develop better surveillance and 

prevention strategies for people whose risk is ele­

vated for reasons unrelated to treatment. 

Psychosocial and beha\·ioral research can make 

fundamental contributions to all aspects of cancer 

survivorship, improving the quality of life both for 

cancer patients and for those at increased risk of 

developing cancer. Psychosocial research investi­

gates how cancer affects quality of life and finds 

ways to address survivors' needs so they can meet 

rhe evervdav demands of life and recrain their . . 0 

producrivir;'. NCI is committed w such research 

ro complemem irs cancer ?revemion, derection. 

and rrearmenr research prog~ams. We expecr rhar 

this research will be or growing imporrance as 

generic advances pose difricuit prevenrion and 

treatment choices. 
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Pain conrrol is one of rhe largesr qualir;' of life 

issues rhat face crncer patienrs as ir can be one of 

rhe mosr debilir:uing side effects of rhe disease 
~ . 

NCI recognizes rhe need ro expand irs research 

inro pain control merhods and has several ongoing. 

pain conrrol-relared clinical rrials. In addition to 

rhese rri:.i..ls and currently available NCI patient 

publications on pain management. rhe Johns 

Hopkins University Oncology Center, through an 

NCI gram, has produced a pariem/healrh profes­

sional resource, Controlling Cancer Pain. This 

resource includes a video and brochure, available 

in both English and Spanish, and a pain raring 

instrument. Johns Hopkins and NCI are now 

exploring a partnership for production of Web­

based educational software to accompany the 

materials and disrribution of rhe resource package. 

Finallv, rhe Ae:encv for Healrh Care Policv and 
~ ....... ~ . 

Research has recently updated irs guidelines for 

pain management for clinicians. A quick reference 

version for clinicians of Clinical Practice Guidelim:.· 
Management of Cancer Pain can be found on the 

Imernarional Cancer Information Center's 

CancerNet™ Web sire ar http://cancernet.nci. 

nib.gov/ clinpdq/ supportive/Pain_Physician.h mu. 

Cancer Control 
Cancer control is rhe applicarion of cancer 

research resulrs and interventions to decrease rhe 

burden of cancer. J usr as biologr and epidemiolo­

gy provide a foundarion for intervention research, 

all three research areas provide a foundation for 

cancer control. The enormous challenges inherenr 

in the effective application of research resulrs are 

illustrated by the fact rhar despite decades of 

research, education, and outreach, more rhan one 

third of high school seniors - and over 20 per­

cent of eighrh graders - currently smoke. 

The science of cancer control is necessarily 

mulridisciplinar:· and involves behavioral research, 

epidemiolog:·. healrh services research. and com­

munications research. A cross-curring theme is ro 

identiry' the environmental. generic. phvsiological. 

and psvchosocial dererminants of healrh in order 

ro devise interventions rhat resulr in behavior 

changes thar can reduce cancer risk anc imoron· - . 
prognosis for people wirn cancer. 
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Children and Tobacco 

All my friends smoke. It's no big deal. 
Anyway, I could quit if I felt like it. 
- 15-year-old-boy 

The increasing use of tobacco by 
the Nation's children and teenagers is 
a national tragedy. Tobacco use is 
responsible for nearly one third of all 
cancer deaths in the United States, 
and responsible for nearly one in five 
deaths overall. But despite these 
sobering statistics, the use of cigarettes 
and other tobacco products among 
teenagers has risen every year since 
1992. Over 60 percent of high school 
students have tried cigarette smoking, 
and about one third of high school 
seniors are current smokers. 

Furthermore, tobacco use among 
teenagers is not limited to cigarettes: 
Smokeless tobacco use, which causes 
disfiguring and deadly oral cancers, is 
rising steadily, and a recent survey 
indicated that an estimated six million 
teenagers tried cigar smoking in the 
past year. 

If current trends continue, more 
than five million of today's children 
will die prematurely from smoking­
related illnesses. These deaths could 

result in almost $200 billion in future health care costs, and about 64 million years of life lost - the equivalent of 
about one quarter of the people in the U.S, each losing ·a year of life. 

One of my friends quit smoking and she put on a Jot of weight. I don't think I'll ever get lung cancer, but I defi­
nitely don't want to be fat. - 16-year-old girl 

Preventing tobacco use among children and teenagers is a knotty problem. We know that if children do not 
begin smoking before their 20s, the chance of addiction is small. But we also know that peer pressure, media glam­
orization of smoking, and the seductive marketing strategies employed by tobacco companies can influence teenagers 
at a time in their lives when they're at their most adventurous, impressionable, and rebellious. 

The NCI is committed to addressing the problem of tobacco use among youth. A 10-year national demonstration 
project, the American Stop Smoking Intervention for Cancer Prevention (ASSIST), has made youth a major focus Qf 
its interventions. Through media and educational campaigns, as well as efforts to strengthen enforcement of local 
anti-tobacco laws targeted at youth, ASSIST will reach 91 million people - approximately one third of the U.S. 
population, stop two million youths from becoming addicted to tobacco products, and prevent nearly 1 .2 million 
premature deaths. 

In addition, NCI has partnered with the National Institute of Child Health and Development and the National 
Institute of Nursing Research to fund innovative research projects aimed at understanding and controlling youth 
tobacco use. This multi-year project is the largest NCI anti-tobacco initiative aimed specifically at youth. 

I only smoke at parties, or sometimes when I'm feeling stressed out. No way am I addicted. - 14-year-old girl 
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Behavioral research is central ro cancer conrrol 

because a large proporrion of cancer is caused b~· 

or linked ro specific, identifiable behaviors. 

Through behavioral research, we can develop 

interventions rhar encourage individuals and 

health care professionals ro Jdopr or promote 

healthy practices, such as smoking cessation. 

adopting a low-far. high-fiber, balanced diet, and 

undergoing recommended crncer screening. 

Recognizing rhe importance of behavioral 

research, rhe NCI sponsored a Working Group on 

Behavioral Issues in Cancer Prevention and 

Control ro identify research priorities for the 

Institute. Target areas identified by the Working 

Group include preventing tobacco use by children 

and teenagers, enhancing cancer risk communica­

tion and comprehension, integrating prevention 

and early detection services into health delivery 

systems, and improving accuracy and counseling 

related to generic resting for cancer susceptibility. 

Another important aspect of cancer control 

research is identifying the economic, social, and 

cultural factors that facilitate or discourage adop­

tion of recommended screening regimens. For 

example, more than one half of women over age 

50 do not get regular screening mammograms for 

breast cancer, despite clear scientific evidence that 

such screening saves lives. Since 1993. NCI has 

used a unique geodemographic database to identi­

fy the geographic locations and racial, social, and 

economic groups in which mammography rares 

are lowest. NCI uses this information to develop 

media and interpersonal outreach strategies target­

ed specifically to those groups. 

Cancer control research often begins by srudy­

ing cancer panerns in populations through epi­

demiological studies or through NCI's cancer sur­

veillance system that monitors cancer incidence, 

mortality, and survival. Evaluating cancer patterns 

provides insight inro who is developing cancer and 

what factors may have contributed to their disease. 

Researchers examine nor only the changing bur­

den of cancer, bur also rhe knowledge, arrirudes, 

and practices of rhe public and health professions 

related ro CJ.ncer prevention, early detection, treat­

ment. and rehabilitation. All of this information 

is essential for designing and eYaiuatin; interven­

tions that mav reduce the cancer burden. For 

example. surveillance dJ.ta show that the incidence 
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of non-Hodgkin's lvmphomJ (NHL) has risen 

steadily over several decades. Some of rhe recent 

rise can be attributed ro rhe .spread of AIDS, bur 

most of the increase is occurring in the general 

population. This suggests the possible influence of 

an environmental agent. and ongoing research a; 

NCI has suggested several factors that may be con­

tributing to this increase: environmental exposure 

to herbicides and Q[her pesticides, exposure to 

organochlorines, and nitrates in drinking warer. 

NCI will soon begin a large-scale study to examine 

the role of these and other agents in rhe etiology 

of NHL. 

Effective and widespread communication 

plays a critical part in applying the knowledge 

gained in biology, epidemiology, and intervention 

research. The NCI supports research on cancer 

communication and innovative programs to pro­

vide information on cancer to rhe public and to 

rhe Nation's health care providers. The NCI's 

communication systems provide Americans -

patients, rhe public, and health professionals -

with current and comprehensive information on 

cancer treatments and on effective prevention, 

early detection, and supportive care technologies. 

New challenges for cancer control research 

abound. Our evolving health care system poses 

the dual challenges of introducing cancer discover­

ies in rapidly changing health care delivery set­

tings, and of finding ways that clinical cancer 

research can be integrated into health care cover­

age, regardless of payer. Developing cost-effective 

cancer interventions is an essential part of cancer­

relared health services research. Discoveries in 

generics and clinical science pose special challenges 

for cancer control: For example, more precise and 

individualized methods of assessing a person's risk 

of developing cancer have raised an array of new 

issues in living with and understanding risk. 

Cancer control research will be needed to help tai­

lor prevention. detection, and treatment to indi­

vidual needs. 

Cancer Control is rhe final step in carrying 

out rhe basic mission of the NCI: To understand 

rhe nature of cancer and to apply thar knowledge" 

to reduc:: rh:: cancer burden - the deaths and ci5-

abiii ci::s - so cha~ :ill Americans can lead healthier 

and longer lives. 
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The National 
·Investment in 
Cancer Research 

T he NCI conducts a wide-ranging. multi­

faceted program of scientific research and 

other initiatives. The cornersrone of 

NCI's research program is investigaror-initiated 

research - research that is proposed and conduct­

ed by scientists in laboratories, clinics and com­

munities around the country. Over one half of 

the Institute's budget is devoted to such research, 

which is funded under a variety of peer reviewed 

grant mechanisms. These different mechanisms 

focus on single projects unden:iken by individual 

investigators: on Program Projects that enable a 

team of investigators to develop a group of related 

projects: on awards for new investigarors ro enable 

them to develop a firm foothold in science: 

and on small business and industrv-academic 

collaborations. 

Peer review is fundamental to investigator ini­

tiated research. A grant application submitted to 

the NCI is reviewed by one of more than 100 

committees, known as study sections or peer 

review groups, which are composed of scientists in 

fields closely related ro the applicant's research. 

The reviewers give each grant a score reflecting the 

importance of the topic proposed, the rigor of the 

study design, and the investigaror's ability ro 

achieve the aims of the research. With the assis­

tance of its principal advisory body, the National 

Cancer Advisory Board. the NCI examines each 

application and weighs the evaluation of the peer 

review groups, then critically assesses cancer 

research priorities and its budget in order ro make 

funding decisions. 

Unfortunately, worthy scientific ideas far out­

pace our abilin· to fund them - onl;· about 25 
percent of grants judged eligible for funding b;· 

the peer re\·iew groups actual!;· receive funding. 

These ciifficuir funding decisions musL therefore, 

be guided b;· overarching concerns. 

Advocacy, in its broadest sense, 
is simply energetic support 
- support of a group, 
a cause, or an activity. 
NCI acts as a supporter/ 
advocate for its many 

diverse constituencies 
by listening to those groups, 

understanding their needs, and 
acting on their advice. 

To help us respond to the needs of the cancer 
community and forge productive partnerships with 
key groups, NCI has established several new offices: 

Office of Special Populations Research (OSPR). 
The economically disadvantaged, the elderly, certain 
racial and ethnic minority .groups - it is well known 
- that cancer burdens these groups in disproportion­
ate measure. The OSPR was formed to provide a 
focus for these special problems. OSPR staff advise 
and assist the NCI Director and provide leadership 
and coordination on research related to minorities 
and special populations. They work with other NCI 
staff to define the scientific questions that NCI needs 
to address concerning cancer and special populations. 
In addition, the office researches the effectiveness of 
outreach activities aimed at specific groups. 

Office of Liaison Activities. Throughout the Nation, 
hundreds of cancer advocacy and outreach organiza­
tions provide education and support to their commu­
nities. The Office of Liaison Activities is NCl's link to 
the national advocacy organizations and, through 
them, to the community-based groups. This office 
maintains ongoing communications and information 
exchange between the national cancer advocacy orga­
nizations and NCI, and cooperates and collaborates 
with these groups in areas of mutual interest. 

Office of Cancer Survivorship. It is estimated that 
more than eight million Americans alive today have 
had cancer, over two-thirds of them diagnosed five or 
more years ago. The Office of Cancer Survivorship 
addresses the unique physical, social, psychological, 
and economic issues faced by these individ.uals. In 
consultation with the medical and consumer commu­
nities, this office develops, coordinates, and promotes 
research that will result in a better quality of life for 
this rapidly growing group. 
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Research on c:rncer involves acti\'ities from the 

most fundamenral laborarory research to large­

sc:i.le rri:ils of cancer prevenrion ;rnd rrearmenr 

methods. The '\i Cl's c:rncer research funding 

srrateg:• is ro enable scienrists ro pursue the 

research areas with the grearesr ffientijic opporrunit)' 
- that is, rhe gre:irest opporruniry to incre:ise our 

knowledge of cancer. Funding decisions are based 

principally on the advice of scientists themselves as 

to those areas and projects rhat have the greatest 

potential ro advance our knowledge of cancer. 

The ways in which a particular project can expand 

our understanding of cancer may not be immedi­

ately apparent. For example, NCI-supporred sci­

entim recently identified the gene for Gorlin syn­

drome, an inherited disease predisposing indi\'idu­

als to basal cell carcinoma of the skin and to con­

genital skeletal defects. A wholly unexpected find­

ing was that the gene, known as PTC, is the 

human version of patched, a gene that has been 

studied ar length in the fruit fly and the mouse. 

The discovery of PTC, coupled with our already 

extensi\·e knowledge of patched, has paved the way 

for additional studies of basal cell carcinoma 

pathology and for the design of new therapies tar­

geted to the specific defects brought abour by PTC 

gene mutation. 

A second critical factor that guides funding 

priorities, in addition to scientific opportunity, 1s 

the burden of specific cancers. For example. 

breast cancer, of which there are more than 

180,000 new cases each year, is a major priorir:' 

for NCI. Prostate cancer is the most pre\'alent 

cancer among men and, in fact, is the single can­

cer (excluding non-melanoma skin cancers) with 

the greatest number of new cases each year -

approximately 209,900. Both of these cancers 

involve steroid hormone-dependent epithelial cells, 

and the tools and insights required to make 

progress against both are similar in many respects. 

Research on the hormonal aspects of testicular 

cancer. a relatively rare cancer with about 7,200 

cases annually, mav also provide clues to breast 

and prostate cancers. There is no research alloca­

tion schema thar can account for these essential 

interrelationships between cancers. Understanding 

one r:·pe of cancer has the potential to ad\·ance 

our understanding of orher cancers. For example. 
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The cancer research enterprise 
is vast, with many urgent 
and compelling needs and 
competing priorities. 
To ensure that it is wisely 
using its resources to meet 

the goals of the National 
Cancer Program, the NCI 

actively seeks out expert advice 
from a variety of advisory bodies from both within 
and outside the Institute. NCl's primary advisory 
groups include: •• 

President's Cancer Panel. The President's Cancer · · 
Panel is responsible for monitoring and reporting __ , -
annually to the President on the progress of the ,.._,, .. 

· National Cancer Program and any barriers to its effec- · · · 
tive implementation in all populations. ·· 

National Cancer Advisory Board. NCl's principal 
advisory body is the Presidentially-appointed National 
Cancer Advisory Board. The board advises the NCI 
Director on issues related to the entire National 
Cancer Program and provides a second level of review 
for grant applications referred to NCI. 

Boards of Scientific Counselors and Scientific 
Advisors. The Board of Scientific Counselors (BSC) 
reviews and advises Institute leadership on intramural 
research activities, whereas the Board of Scientific 
Advisors (BSA) makes recommendations for the extia- . 
mural programs. Both the BSC and BSA are com­
posed of outside scientists; in addition, the BSA 
includes members of the advocacy community. 

Intramural Advisory Board & Extramural Advisory 
Board. The Intramural Advisory Board (IAB) and 
Extramural Advisory Board (EAB), composed of NCI 
intramural scientists and staff responsible for the 
review, award, and scientific management of the -~( 

· lnstitute's grant programs, meet regularly to advise t 
. _ the Institute on policy and process. Members also ... -,,_ 

serve as information conduits for their staffs. 

NCI Executive Committee. The NCI Executive 
Committee, which includes chairs of the IAB, EAB, 
BSC, and BSA, as well as division directors and other 
key advisors to the Director, meets weekly to make 
major policy and operating decisions for the Institute. 
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research on rerinoblastoma. a rare eve cancer, has 

uncovered an alrerarion in rhe wav a cancer cell 

communicares internal!:;: rhis :Urerarion is now 

believed to be found in all cancer cells. Srudying 

this rare cancer, therefore. mav vield clues rn 

derecring common cancers earlier. Such advances 

may be made through rargered research, bur more 

often spring from non-rargered fundamental, 

translational, or applied research. 

Underlying rhe research conducred ar and 

funded by NCI is an exrensive ser of mechanisms, 

organizations, and networks linking researchers, 

faciliries, and information. This crucial infrastruc­

ture supports cancer research rhrough diverse 

endeavors, including developing central resources 

in rissue and dara banking; conducring directed 

programs in drug discovery and large scale screen­

ing for preventive agems; tracking changes in can­

cer incidence, monaliry, and morbidity; and fos­

tering rhe critically needed training of cancer 

researchers. 

Like invesrigator-iniriared research, mosr com­

ponents of rhis infrastructure, including a network 

of Cancer Centers, Community Clinical Oncology 

Programs, and Clinical Trials Cooperarive Groups, 

are funded rhrough peer reviewed grants. Other 

components are funded under contract, such as 

the Surveillance, Epidemiology and End Results 

(SEER) Program. a nerwork of cancer registries 

providing surveillance informarion on cancer inci­

dence, mortality. and survival. The NCI's 

Frederick Cancer Research and Development 

Center is also funded under contract. 

About the NCI Bu~oet Estimate 
This budget esrimare oudines three vitally 

important levels of national investment in 

cancer research. 

The first level of invesrmenr represents rhe 

Insrimre's Infrasuucmre for Discovery. This is rhe 

funding thar is essential to enable currem research 

to advance. Ir is sufficient ro ensure srabiiiry, con­

tinuity, and progress in NCI's existing research 

programs in laboraror;.-, clinical, and population 

srudies aimed ar rhe prevention. derecrion, diagno­

sis. and trearment of cancer and rhe rehabilirarion 

of cancer parients. Ir is through rhese research 

As NCI sets its research priori-
ties, we turn to our extramural 
community, constituents, 
and advisory groups for 
their invaluable advice and 
suggestions. We do this 
through informal communi-

cations on a continuing basis. 
We also have set up several new 

types of planning groups to bring 
individuals together to focus on a particular 

area. Their recommendations and plans form the basis 
for far reaching transformations of the lnstitute's pro­
grams. Recent advice has resulted in the reorganization 
of prevention and control activities and the unification of 
extramural programs under one director. Drawing 
extensively on this expertise outside the Institute pro­
vides a rich source of ideas to ensure the best choices are 
made to fulfill our mission. It also provides the cancer 
community with a voice in the planning of our future 
directions and in important priority setting activities. 

NCI Director's Working Groups. The NCI 
Director's Working Groups are ad hoc "think tanks" 
appointed to address key scientific issues such as cancer 
genetics, preclinical models of cancer, detection tech­
nologies, and developmental diagnostics. Their mem­
bers include leaders in laboratory, clinical, and popula­
tion-based research from the extramural and intramural 
research communities, staff of the NIH and other govern­
ment agencies, members of professional organizations, 
and interested consumers and patient advocates. These 
groups' recommendations will provide input for strategic 
and operational planning. 

Program Review Groups. Composed of outside 
experts, Program Review Groups provide in-depth 
reviews of broad organizational or trans-organizational 
programs. They focus on the effectiveness of a given 
program, solicit testimony fr9m NCI staff and representa­
tives of the scientific community, and provide recom­
mendations for enhancing the structure and function of 
the program under study. They attempt to answer the 
key question of "What should the program be doing and 
how should it be organized to take advantage of present 
and future scientific needs and opportunities?" 

Progress Review Groups. Progress Review Groups 
are composed of scientists, health professionals, industry 
representatives and lay advocates brought together to 
assess the state of our knowledge and identify scientific 
opportunity and need in such high-priority, cross-cutting 
areas of research as prostate cancer and breast cancer. 
NCI will use the Groups' recommendations to help set a 
national research agenda in these areas. Progress Review 
Groups in breast and prostate cancer were active during 
FY 1997 and will complete their work in FY 1998; a lung 
cancer Group will be under way by spring 1998. 
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Basal Cell Carcinoma 

I've had basal cell cancers removed six 
times over the last 15 years. I know 

· they are not as-dangerous as other 
kinds of cancer, but still, there's the 
pain and scars from the surgery, and 

-the cost. Time off from work, too. I 
also have to get checked every six 
months, and I can't help worrying that 
one of these things will go bad on me. 

. Each year, some 800,000 
. Americans are diagnosed with basal 
;,(ell carcinoma (BCC) of the skin. 
:·rhough rarely life-threatening, basal 
;_cell cancers cari invade and destroy 
.·:neighboring tissues, and can be 
:~· diSfiguring. -

BCC can occur in a rare hereditary 
form known as Gorlin's syndrome, but 
it is most commonly non-hereditary 

, . (sporadic). Individuals with inherited 
_ disease are predisposed to skin cancer 
and may suffer congenital skeletal 
defects. The gene for Gorlin's syn­
drome, called PTC, was recently identi­
_fied by NCI-supported _scientists 

. through studies of affected families, 
····· and also appears to be involved in 

some portion of sporadic BCC. An unexpected but exciting finding was that PTC is the human version of a gene 
known as patched that has been studied extensively in the fruit fly and the mouse. It has been shown to be impor-

-tant in the early stages of fruit fly development and for correct skeletal, limb, and neural development in the mouse. 
This extensive knowledge about the function of patched, developed in the laboratory by basic researchers, has provid­
ed crucial background information that dramatically accelerated study of the function of the human PTC gene. 

According to NCI researchers, discovery of the PTC gene in humans paves the way for studies to learn about 
the biologic behavior of BCC and for designing new therapies that target changes brought about by PTC mutations. -
PTC appears to be involved in watching over the cell's cycle of groWt:h and division - a tumor suppressor gene that, 
when working properly, shuts down tumor growth. It may b~ involved in or provide clues about other, more serious, 
epithelial tumors, such as breast and colon cancer. By studying PTC and other genes known to be ·muta-ted .in BCC, 
we hope to identify why BCC does 11ot spread, or metastasize, beyond the s~in and apply this knowledge to prevent-_ · 
ing metastasis of other kinds of cancer. 

My doctor says finding this gene that causes some basal cell cancers might lead to new treatments, like an oint­
ment you could just put on your skin that would stop the cancer from growing. Now wouldn't that be great! 
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programs char we have J.chieved some of rhe mosr 

imporranr recenr J.dvances in Gll1cer, bringing us 

ro a rhreshold of unprecedemed oppon:uniry. 

The second levei of invesrmem enables rhe 

Narion ro build rwidlv on rhe enormous advances 

in knowledge and rechnology in cen:ain J.reas 

rhrough a significJ.nr expJnsion imo crucial new 

J.reJ.s of reseJ.rch. These distinct research areas can­

nor be pursued subsranrially under currem fiscal 

consrrainrs wirhour damage ro orher viral research 

now under way. The proposed addirional invesr­

menr augmenrs rhe core research program across 

· rhe specrrum of inquiry in cancer biology, cancer 

risk, cancer inrervenrion, and cancer conrrol. 

If we reduce currenr expendirures to pursue 

rhese new opporrunities, we will undercut funda­

menral ongoing research, for example, on how 

cancer spreads from one organ ro anorher, on rhe 

efficacy of a new prosrare cancer rrearmenr, or on 

rhe impacr of <lier on breast cancer risk. Limired 

aspecrs of each new invesrmenr area will be pur­

sued under rhe mainrenance budget, as projecred 

here for FY 1999. Bur achieving rhe goals J.nd 

reaching rhe milestones ourlined in rhis documenr 

will require more resources rhan cJ.n be redirecred 

from rhe core budget. 

Finally, rhe rhird parr of rhis documenr, 

"NCI's Challenge." describes NCI's vision of rhe 

sreps we need to rake ro converr our knowledge of 

Because cancer knows no geographic bound­
aries, NCI maintains a comprehensive program of 
international activities, fostering information 
exchange and communication between American 
scientists and their colleagues around the world. 
NCl's international effort is coordinated by the 
Office of International Affairs (OIA). OIA acts as 
NCl's liaison with foreign and international agencies 
and coordinates cancer research activities under 
agreements between the U.S. and other countries. 

NCl's recent activities in the international arena 
include a key role in the formation of the Middle 
East Cancer Consortium, an intergovernmental 
organization dedicated to increasing knowledge 
and decreasing the burden of cancer through coop­
erative efforts by countries in the region. 

cancer, gained rhrough our discovery process, inro 

advances in cancer prevenrion, derecrion, diagno­

sis, and rrearmenr. Ir is viral rhar we pursue rhese 

mulriple srraregies of research, mainraining a solid 

foundari~n arid seizing opporruniries when rhey 

presenr rhemselves. Only by doing so can we 

sustain a srrong Narional Cancer Program. 
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Prostate Cancer 

There's a history of prostate cancer in my family, so I 
decided to get a PSA test after I turned 45. My doctor 
talked with me about the questions that surround PSA 
screening. I thought a lot about what she said and then, 
because of my family history, I decided to do it. 

Prostate cancer is the most common cancer and the 
second leading cause of cancer death among U.S. men. 
In 1997, an estimated 209,900 new cases will be diag­
nosed, and 42,000 men will die of the disease. African 
American men have about a 37 percent higher incidence 
of prostate cancer than white men. 

The PSA test for prostate cancer measures the level of 
prostate specific antigen (PSA) in a man's blood. It 
detects early stage tumors, and some have advocated the 
use of PSA for screening men 50 and older, and for men 
45 and older with a family history of the disease. Yet it is 
still unknown whether or not screening saves lives, and 
some men may receive unnecessarily aggressive treat­
ment for abnormalities found through screening. 
Because of these issues, most organizations of screening 
experts do not recommend it at this time and encourage 

men to understand the known risks and potential benefit:S of screening and aggressive treatment. 

I'm not as worried about prostate cancer as I used to be. The treatments are improving, with fewer side effects 
and better chances for a cure. 

Nerve-sparing surgery now reduces the risk of impotence or urinary incontinence, and for those who receive radi­
ation treatment, computer imaging techniques help focus the radiation beam on the tumor, away from healthy tissue. 
Other advances include blocking hormones the prostate tumor needs to grow, destroying small tumors by freezing, 
and implanting tiny radioactive pellets directly into the prostate to deliver high dose radiation without exposing other 
parts of the body. All of these treatment options are currently being evaluated in NCI-sponsored trials. 

The ongoing Prostate Cancer Prevention Trial (PCPT), a clinical trial involving 18,000 healthy men over age 55, 
will determine if the drug finasteride can prevent prostate cancer. The Prostate, Lung, Colorectal, and Ovarian Cancer 
Screening Trial (PLCO), a large NCI study, is assessing the efficacy of prostate cancer screening. Two trials, the 
Prostatectomy Intervention Versus Observation Trial (PIVOT) and Radiation Intervention Versus Observation Trial 
(RIVOT) are comparing patient outcomes with prostate removal surgery or radiation, respectively, and "watchful wait­
ing" to distinguish patients needing aggressive therapy from those with slow growing tumors that will never threaten 
their lives. 

My doctor also said scientists have just found the location of a gene they think may account for at least a third of 
prostate cancers in families where a lot of men are affected. 

An NCI-supported international study of families with high incidence of prostate cancer has narrowed the location 
of the first hereditary prostate cancer gene (HPC-1) to chromosome 1. The gene itself has not yet been identified, but 
researchers estimate that about one in 500 men has an alteration in HPC-1. Familial prostate cancer accounts for 
about one in 1 0 cases, and HPC-1 alterations are believed responsible for about a third of these. 

To help ensure that men have accurate information about the options, benefits, and side effects associated with 
detecting, treating, and managing prostate cancer, the NCI has entered into a new national educational partnership 
with US TOO International, the largest men's cancer organization worldwide. 

I'm hopeful that the new discoveries will mean that if I get prostate cancer we'll be able to make the best treatment 
decisions. Maybe by the time my sons are older, we'll know how to prevent prostate cancer altogether. 

30 N A T I 0 N A I. C r\ N C L R I N S T I T U T E 



. ~i··'~~,~CI's Infi-astructure for Discovery: 

li ~·~~w~~knisms and Requested Funding 

.,:·::; 
-~:~ 
_::·.~: 

.·:; 

.. :-::·:: 

·:~;~ ... 
.;-:.'i 

·· .. i 

. -.. ~ 

and cancer surveillance. In this section we briefly 

outline the components of the infrastructure for 

discovery, the funding necessary to continue mak-

ing advances against cancer, and examples of cut­

ting-edge research the NCI supports. The budget 

figures for FY 1999 reflect a level of support suffi-

cient to maintain the current discoven' infrastruc-

ture, bur insufficient to fund newly emerging areas 

of opporrunirv. New investment opportunities, 

along with rhe funding needed to support rhem, 

are outlined later in rhe document. 

Research Project Grants 
The "gold standard" of scientific accomplish­

ment is rhe creation of new knowledge through 

research. The Nation's researchers represent rhe sin­

gle most valuable resource of rhe research program. 

To foster the creativiry of this viral national 

resource and provide the freedom to pursue the 

best ideas that will yield progress against cancer, 

NCI offers researchers throughout the country the 

opportunity to compete for research project grams. 

The main pool of funds expended by the NCI 

on extramural research is known as rhe Research 

Project Grant (RPG) pool. These funds are com­

petitively awarded through peer review to support 

individual c:mcer investigators in hundreds of acad­

emic. medical, public, and private research institu­

tions loc:ued in almost every stare across the coun­

try. Through 10 different rypes of individual 

awards, the NCI in FY 1998 anticipates expending 

more than S 1.19 billion in support of over 3.700 · 

separate research grants. Over 1.000 of these 

awards \vill be new or competing renewal projects. 

Collectively, these research project awards span 

rhe full range of ha.sic. clinical. md population­

based studies of cancer etiology, biology, preven-

tion, detection. diagnosis, treatment, and control. 

These grant awards and the dedicated researchers 

behind them constitute the largest single categori­

cal expenditure of resources that rhe NCI, through 

the extramural research community, commits 

annually to combat cancer. The scientific and 

medic:J J.dvances that come from these invest-

STOPPING TUMOR GROWTH DEAD IN 
ITS TRACKS: ANTl-ANGIOGENESIS DRUGS 

just as a plant needs to be watered regularly in 
order to thrive, a tumor needs to be "fed" with fresh 
blood in order to grow. When the supply of nutrients is 
cut off, the tumor, like the plant, shrinks and dies. With 
this principle in mind, researchers are developing a new 
class of drugs to halt angiogenesis, the formation of 
new blood vessels that carry blood to the tumor. 

There are several ways in which anti-angiogenesis 
drugs can work, such as stopping a cell's release of 
chemicals. that send out the signal for new blood vessel 
development, or shutting down cellular communica­
tion at the vessel's construction site, making it impossi­
ble for the foundation for the new vessel to be laid. 

Several anti-angiogenesis drugs have been shown 
to stop tumor growth in preclinical studies, and the 
drugs have had consistent and impressive anti-tumor 
activity in numerous animal tumor models. A first 
generation of these drugs, as well as related agents 
that block cells from invading a new area and metas­
tasizing, are currently being tested in clinical trials. 
More potent compounds are being developed and 
should be entering clinical trials in the next one to 
two years. 
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RESEARCH PROJECT GRANTS (RPGs) 

(dollars in thouscnds) 

1996 1997 1998 1999 
Actuals Operating President's Core 

Level Budget Budget 

Ongo!ng ......... $752,683 $829,722 $877,624 $909,023 

*New ............. 267,062 264,942 266,520 281,794 

Subtotal ........... 1,019,745 1,094,664 1,144,144 1,190,817 

Small Business 
Innovation Research ... 35,643 45,952 47,399 49,058 

TOTAL ......... Sl,055,388 $1,140,616 Sl, 191,543 $1,239,875 

*Includes both New and Renewal Awards 

menrs represenr rhe irreplaceable inre!lecrual capiral 

upon which resrs rhe furure of cancer research ~d 
cancer care in rhis counrry and rhe world. 

The Single Research Project Grant and Its 

Derivatives. The mainsray of rhe RPG pool is rhe 

single research projecr granr (designared RO 1) 

awarded ro institurions on behalf of individual 

principal investig:uors. Recoanizina rhe kev role :;:, :;:, . 
thar individual investigarors play in rhe cancer 

research enrerprise, the NCI has, over the past 

year, shifted its funding prioriries ro increase sig­

nificrnrly rhe number of new, invesrigaror-initiat­

ed single project research grant applicarions that 

receive funding. This shifr ensures rhar a grearer 

number of promising research projects have the 

supporr rhey need to come to fruirion. The sin­

gle-investigator grant pay line rose from 15 per­

cent to 23 percent in FY 1996, and we expect this 

pay line robe 23 percenr in FY 1997. NCI has 

also instirured a second review process for unfund­

ed gram applicarions whose merit raring falls near 

the pay line. More than 50 additional granrs were 

funded rhrough rhis new mechanism in~ FY 1996. 

This support system has produced mJnv of 

the mosr significanr research Jdvances in rh~ NCI 

portfolio. For exJm pie. rhe discoverv of BRC4. J. 

the first confirmed hereditJrV aene for breJSt cJn-. :;:, 

cer. was announced bv an NCI-supported grantee. 

The discovery of oncogenes that leaJ ro c;rncer 

and rheir relationship ro cellular genes. which 
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eJrned rhe Nobel Prize for Phvsiology or Medicine . :;:, 

in 1989. was m::;,de rhrough rhis funding mechJ-

nism :ind conrinues rn advance under NCI 

:<warcis. A.JciirionJ..ilv, NCI has supported che dis­

cove:::; :ind de·e!opmenr of important drugs such 

:is paclic:Ld (T;i:wl@) md ramoxifen, new mech­

ods of therapy including conservative surgery cech­

niques for breast 3.11d prosure cJ.ncers, and :idju-

vanr chemother::;,p~· for all cJncers. . 

The Program Project Mechanism. The 

Program Project Granr is an investigator-initiated 

multi-componenr award through which groups of 

researchers pursuing thematically related reseJrch 

projects rhJt require additional shJred resources, 

such as specialized core research facilities, CJ.11 be 

peer reviewed and supported under a single Jward. 

The program project mechJnism gives investigators 

access ro a much broader range of projects and 

common access ro pJrienrs and tissue samples thJt 

would be difficult. if nor impossible, to arrange in 

a single project setting. This approach is especially 

useful in inrerdisciplinary and translational reseJrch 

in which basic md clinical projects are combined, 

fostering synergy between the invesrigarors. 

The value of this mechanism is exemplified by 

a large program project cenrered in Seanle that has 

led che way in developing both basic bone marrow 

trJnsplanr biology Jnd its clinical applicJrion in 

high dose chemotherapy regimens for several rypes 

of cancer. In 1990, the Nobel Prize for PhvsioloP-Y . 01 

or Medicine wJs awarded in conjunction with 

some of the work performed under rhis award. 

Intramural Research 
The NCI Inrramural Research Program (IRP), 

which includes rhe Divisions of Basic Sciences, 

Clinical Sciences, and Epidemiology and Generics, 

is dedicated ro rhe comprehensive understJnding of 

cancer. IRP scienrists. technical J.nd support suff. 

research fellows. and visiting scienrists from Jround 

rhe world conduct basic. clinical, Jnd population­

based srudies in all the areas of cJncer reseJrch. 

Many NCI inrrJmural reseJrchers are recog­

nized leaders in rheir fields, JS reflected bv cita­

tions of rheir work by other scienrisrs. rheir service 

on edirorial boards or' peer-reviewed scientific 

journals, and rhe prizes and honors chev receive. 



NCI imramural scientim colbborace with investi­

gators in academia and in che biotechnology and 

pharmaceutical indusrries across rhe Nation :ind 

around che world to accelerate the applicacion of 

new knowledge rn develo!Jmenr of products char 

will benefit human healrh. 

The lnstiruce r:ikes great care to ensure careful 

stewardship of resources and uniform standards of 

excellence in a stimulating environment where 

young people receive menrorship. training, and 

inspiration and where scientists at all stages of 

their careers are encouraged to be creative and 

strive for critically important knowledge. These 

efforts are derailed in rhe widely disrribured 

manual National Cancer Institute: Intramural 

Organization and Principles. 

The IRP has long served as a training locus 

for cancer researchers in all fields, and manv lead­

ing scientists across rhe country and in other 

nations have been trained in irs clinics and labora­

tories. Ir continues to be an important resource 

for training the next generation of men and 

women who will continue the quest for knowledge 

that we will use to prevent, control, and cure can­

cer. In fact, three new granting mechanisms have 

been initiated in the !RP to further support train­

ing of new researchers, foster collaboration among 

NCI sciemists, and promote the development and 

acquisition of advanced cechnologies. Depending 

upon rhe program, these grants will be awarded 

for from one ro three years at a level of $60,000 ro 

$65,000 per year and will enable intramural inves­

cigacors co obtain funding for innovative and col-

INTRAMURAL RESEARCH 

(dollars in thousands) 

1996 1997 1998 1999 
Actuals Operating President's Core 

Level Budget Budget 

Basic .............. $127,579 $130,377 $129,433 $136, 158 

Clinical ............... 93,929 95,990 95,293 100,245 

Epidemiology & Genetics .38,259 39,098 38,815 40,832 

NIH Central Services .... 147, 124 150,351 149,264 157,018 

TOTAL ............. $406,891 $415,816 $412,805 $434,253 

ADVANCED TECHNOLOGIES CONSORTIUM 

Staying on the cutting edge through the use of 
technology is one of the greatest challenges facing 
any research institution. In response to this chal­
lenge, NCI has recently created an Advanced 
Technology Consortium that will help investigators in 
NCl's Intramural Program acquire, develop and 
implement innovative, state-of-the-art technology 
that is relevant to the prevention, diagnosis, staging, 
understanding, and treatment of cancer. 

The Consortium will use various methods to 
accomplish its goals, including: organizing seminars 
for researchers and representatives from academic 
and commercial institutions to present their innova­
tive technologies; acting as a liaison between investi­
gators and outside organizations for the import, 
export, or refinement of a technology; and providing 
funds on a competitive basis for technology develop­
ment and implementation. 

By providing its Intramural Program scientists 
with an outlet to develop, refine, or acquire the tools 
necessary for them to succeed in their research 
efforts, NCI is clearly investing for success. 

laboracive research or technology research and 

development beyond their usual budgetary alloc:J.­

tion. The Division of Clinical Sciences' 

lmramural Research Award and Advanced 

Technology Awards programs have completed 

their firsr grant cycle, and the Division of BJ.sic 

Sciences' Intramural Gr:rnrs Award program will 

soon be under wav. 

The intramural clinical research program is 

housed principally in rhe NIH Warren G. 

Magnuson Clinical Center, where patients from 

across the country are rreared on research proro­

cols. The Clinical Center is a unique environment 

in which investigarors rhroughour the NIH 

communiry develop and rest novel therapies 

derived from our growing body of knowledge. 

focilitJting rhe rapid trJnsfer of new informarion 

from rhe laborarorv ro rhe parienr and back ro 

rhe laborarorv. 
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The IRP is cenrral to rhe idenrirv of rhc: 

Narional Canc::r Insrirure as a sciencific organiza­

tion. An imporranc benefir for many physicians 

wi:.o m:rnage NCI extramural gra . .nrs J.nci progr:.u'Tis 

is che opporruniry to spend part of eacn week 

doing research in rhe Clinical Cencer. Incerac:ion 

beC\veen rhe scienrisrs who manage rhe gram port­

folios and rhe scientisr-execurives who direcr the 

Insrirure and ser irs prioriries enriches rhe quality 

of decision making and continually reminds us of 

our mission: to learn how to reduce deam and suf­

fering from cancer. 

Cancer Centers 
The NCI-supported Cancer Centers are 57 of 

rhe strongest insrirurions in rhe Narion dedicared 

to scie:uific innovarion and excellence; to inrerdis­

ciplinary research. training and education; and ro 

rhe recognition and coordinated pursuit of new 

research opporruniries. Cancer Cenrers are com­

mirred to using new knowledge, gained rhrough 

research, to develop pracrical straregies rhar will 

reduce cancer incidence, morbidity, and morrality 

and to increase rhe survival and quality of life of 

cancer patients. These insrirurions have rhe 

dynamic, flexible research infrastructures and orga­

nizational capabilities rhar consisrendy promote 

and sustain rhe collaboration among basic, clini­

cal, and popularion research scientists needed ro 

address rhe complicated quesrions associared wirh 

CANCER (ENTERS 

(dollars in thousands) 

1996 1997 1998 1999 
Actuals Operating President's Core 

Level Budget Budget 

Clinical Comprehensive .$117,969 $118,761 $122,929 Sl 33,327 

Basic Research .......... 19, 325 19,635 20,206 21,566 

Subtotal, Core Grants ... 13 7,294 138,396 143, 135 154,893 

SPOREs (P50) .......... 25,374 28,402 28,000 29,280 

Planning ................ 723 381 

TOTAL ............. S163,391 Sl67,179 $171,135 $184,173 
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cancer c:rnsarion and progression. Research acrivi­

ries on rhe molecular and cellular dvnamics of 

cancer cells. vaccine developmenr. novel approach­

es LO gene rherapy. and pre';enrion md conrrol 

inrerve:uions all illusrr;.ae rhe need for suc!-1 effec­

ci\·e coibborarive enterprises. 

Crncer Centers achieve rheir objectives by pro­

viding a framework char srimulares rhe parricipa­

rion of researchers and clinics in highly diverse bur 

complementary scientific areas. They provide 

ready access to rhe mosr advanced research tech­

nologies and services, assure a close association 

berween srate-of-rhe-art research and srate-of-che­

arr care activities wirhin the insrirution, develop 

key colhborarions wirh industrial, community, and 

srate health organizations, and link the research 

capabilities and experrise of scientists within rhe 

institution to problems of cancer incidence and 

mortality in their communities and regions. With 

their broad geographic distribution, Cmcer 

Centers are key partners and the NCI's principal 

vanguard in bringing research benefirs directly to 

local communities and regions of the country. 

During FY 1996, the NCI conducted an in­

depch review of the Cancer Centers Program. The 

Program Review Group identified the program's 

strengths, as well as opportunities for improved 

performance, and made several major recommen­

darions regarding the designation, structure, func­

tion, and review of Cancer Centers and the distri­

bution and use of Cancer Center funds. The 

Program Review Group also proposed a greater 

role for Cancer Centers as key regional and 

national resources in the war against cancer. 

Clinical Trials 
A strong clinical research structure, including 

a comprehensive program of clinical trials in trear­

menr. early detection, and prevention, is a critical 

component of che NCI research program. The 

components of the program include the Cancer 

Centers described :ibove and che Cooperative 

Groups described in che following section. The 

Community Clinical Oncology Program (CCOP) 

is also a crucial component, extending the oppor­

tunity for participation in clinical trials ro com­

munities across che countrv. Hundreds oV clinical 

crials are supported through rh..:se ~ind orh..:r 
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:I Comprehensive Center Center ,. Clinical Cancer Center :) Cancer Center 

ALABAMA 
21 University of Alabama at Birmingham 

Comprehensive Cancer Center 
Birmingham, AL 

ARIZONA 
11 Arizona Cancer Center 

University of Arizona 
Tucson, AZ 

CALIFORNIA 
·t Beckman Research Institute, Gty of Hope 

Duarte, CA 
JI University of California at Irvine Cancer 

Center 
Orange, CA 

... University of California at San Diego 
Cancer Center 
LaJolla, CA 

i> The Burnham Institute 
LaJolla, CA 

i) Salk Institute Cancer Research Center 
LaJolla, CA 

ll Jonsson Comprehensive Cancer Center 
University of California at Los Angeles 
Los Angeles, CA 

i1 Norris Comprehensive Cancer Center 
University of Southern California 
Los Angeles, CA 

COLORADO 
:m University of Colorado Cancer Center 

Denver, CO 

CONNECTICUT 
3J Yale University Comprehensive Cancer 

Center 
New Haven, CT 

DISTRICT OF COLUMBIA 
:?J Lombardi Cancer Research Center 

Georgetown University Medical Center 
Washington, DC 

HAWAII 
+ Cancer Research Center of Hawaii 

University of Hawaii at Manoa 
Honolulu, HI 

ILLINOIS 
Ill Robert H. Lurie Cancer Center 

Northwestern University 
Chicago, IL 

~ University of Chicago Cancer Research 
Center 
Chicago, IL 

IN DIANA 
·~ Purdue University Cancer Center 

West Lafayette, IN 

MAINE 
) The Jackson Laboratory 

Bar Harbor, ME 

MARYLAND 
~ The johns Hopkins Oncology Center 

The Johns Hopkins University 
Baltimore, MD 

MASSACHUSETTS 
·'1 Dana-Farber Cancer Institute 

Boston, MA 

'I Center for Cancer l?esearch 
Massachusetts Institute of Technology 
Cambridge, MA 

MICHIGAN 
ll Barbara Ann Karmanos Cancer Institute 

Wayne State University 
Detroit, Ml 

il University of Michigan Comprehensive 
Cancer Center 
Ann Arbor, Ml 

MINNESOTA 
-> Mayo Cancer Center 

Mayo Foundation 
Rochester, MN 

NEBRASKA 
~ Eppley Cancer Center 

University of Nebraska Medical Center 
Omaha, NE 

NEW HAMPSHIRE 
J Norris Cotton Cancer Center 

Dartmouth-Hitchcock Medical Center 
Lebanon, NH 

NEW JERSEY 
) The Cancer Institute of New jersey 

Robert Wood Johnson Medical School 
New Brunswick, NJ 

NEW YORK 
}) Memorial Sloan-Kettering Cancer Center 

New York, NY 
:l Roswell Park Cancer Institute 

Buffalo, NY 
:! Kaplan Cancer Center 

New York University Medical Center 
New York, NY 

:;i Herbert Irving Comprehensive Cancer 
Center 
Columbia University College of 
Physicians and Surgeons 
New York, NY 

i!J Cancer Research Center 
Albert Einstein College of Medicine 
Bronx, NY 

~ University of Rochester Cancer Center 
Rochester, NY 

ft Cold Spring Harbor Laboratory 
Cold Spring Harbor, NY 

~ American Health Foundation 
New York, NY 

NORTH CAROLINA 
ll Duke Comprehensive Cancer Center 

Duke University Medical Center 
Durham, NC 

:J Lineberger Comprehensive Cancer Center 
Universitv of North Carolina School 
of Medicine 
Chapel Hill, NC 

J Wake Forest University Comprehensive 
Cancer Center 
Winston-Salem, NC 

OHIO 
1 Ohio State University Comprehensive 

Cancer Center 
Columbus, OH 

7 University Hospitals Ireland Cancer 
Cr?nter 
Case Western Reserve University 
Cleveland, OH 

OREGON 
,.. Oregon Cancr?r Center 

Oregon Health Sciences University 
Portland, OR 

PENNSYLVANIA 
:1J Fox Chase Cancer Center 

Philadelphia, PA 
'lJ University of Pennsylvania Cancer Center 

Philadelphia, PA 
:>'J University of Pittsburgh Cancer Institute 

Pittsburgh, PA 
-> Kimmel Cancer Center 

Thomas Jefferson University 
Philadelphia, PA 

~ Wistar Institute Cancer Center 
Philadelphia, PA 

TENNESSEE 
~ St. Jude Children's Research Hospital 

Memphis, TN 
'> Drew-Meharry-Morehouse Consortium 

Cancer Center 
Nashville, TN 

> Vanderbilt Cancer Center 
Vanderbilt University 
Nashville, TN 

TEXAS 
::il The University of Texas MD. Anderson 

Cancer Center 
University of Texas 
Houston, TX 

·3 San Antonio Cancer Institute 
San Antonio, TX 

UTAH 
> Huntsman Cancer Institute 

University of Utah 
Salt Lake City, UT 

VERMONT 
·~ Vermont Cancer Center 

University of Vermont 
Burlington, VT 

VIRGINIA 
•> Massey Cancer Center 

Virginia Commonwealth University 
Richmond, VA 

-.; University of Virginia Health Sciences 
Center 
Charlottesville, VA 

WASHINGTON 
:J Fred Hutchinson Cancer Research Center 

Seattle, WA 

WISCONSIN 
J University of Wisconsin Comprehensive 

Cancer Center 
Madison, WI 
McArdle Laboratory for Cancer Research 
University of Wisconsin 
Madison, WI 
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Specialized Programs of Re.:e:;rch Excelle:ice (SPOREs) are programs that focus on translational research (research designed 
to move laboratory discoveries into patie:it and population research settings). Cancer centers are eligible to obtain support 
through the SPORE program, although other research institutions are also eligible to compete for SPORE awards. Every 
year, SPOREs around the country produce important scientific findings and conduct groundbreaking translational research. 
For example: 

The breast and ovarian cancer susceptibility gene BRCA2 was identified by researchers at the Breast Cancer SPORE at the 
Duke University Comprehensive Cancer Center. Other studies have indicated that specific mutations in BRCA2 or in BRCA 7, 
the first identified "breast cancer gene," are present in as many as one in 40 Ashkenazi Jewish women Uewish women of 
Eastern European descent). While researchers at other institutions are beginning to understand more precisely the risk of 
breast and ovarian cancers conferred by mutations in BRCA 7 and BRCA2, the Duke team is continuing its study of both genes 
at the molecular level. Equal attention is being paid to practical issues of testing for these genes and helping women to make 
informed decisions about testing. 

Large numbers of women diagnosed with ductal carcinoma in situ (DCIS) are treated by mastectomy, although it is not 
known how many of these very small tumors will eventually develop into invasive cancer. The University of California, San 
Francisco (UCSF) Breast Cancer SPORE is collaborating with other SPOREs to establish a DCIS registry and tumor tissue and 
nucleic acid banks to facilitate research on the prognosis and treatment of DCIS. The work on DCIS at UCSF has expanded 
into a consortium involving all six Breast Cancer SPOREs - a networking effort that exemplifies the kind of activity at which 
SPOREs excel. 

research mechanisms, such as individual research 

grams, program project grams, cooperative agree­

ments, and contracts. 

Our abilirv ro conduct clinical trials is in dan­

ger of being compromised by changes in the health 

care system. In the past, instirutions have used sur­

plus revenues from patient care services ro supple­

ment government research support. The growth of 

CLINICAL TRIALS INFRASTRUCTURE 

(dollars in thousands) 

1996 1997 
Actuals Operating 

Level 

TREATMENT: 

Clinical Cooperative 
Groups .............. $89,244 $88,462 

Community Clinical 
Oncology Program ...... 20,500 25,150 

PREVENTION: 

Community Clinical 
Oncology Program ...... 17,463 21,424 

TOTAL ............. $127,207 $135,036 

1998 
Presiden~s 

Budget 

$92,96,0 

25,468 

21,695 

Sl40, 123 
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1999 
Core 

Budget 

$101,214 

26,629 

22,684 

$150,527 

m:rnaged care has all bur eliminated chose discre­

tionary funds. As a result, insrirurions can no 

longer sponsor research activities requiring capital 

expenditures and cannot support essential training 

for young invesrigarors. These changes pose a very 

real danger for the continuation of cancer research 

and our continued progress against cancer. 

To combat these undesirable effects of changes 

in the health care system, we have begun looking 

for wavs ro increase access ro clinical rrials. For 

example, an innovative 1996 agreement between 

NCI and the Department of Defense (DoD) has 

given thousands of DoD cancer patients more 

options for care and greater access ro state-of-the­

art treatments. Under the agreement, patients 

who are beneficiaries of TRlCARE/CHAJvlPUS, 

the DoD's health program, are allowed to partici­

pate in NCI-sponsored Phase II and Phase III 

clinical treatment trials. In the past. Do D cover­

age was limited for medical c::ire delivered as part 

of a clinical crial. NCI and DoD are refining a 

svstem that allows phvsicians and patients ro 

determine quickly what current triils meet their 

needs and where the\· are raking place. B:' increas­

ing enrollment in .:linical rrials. chis partnership 

will benefit patients and \vill help us answer mGre 

quick!:· key scienriflc questions abour c:rncer. 



An even wider-ranging agreement wirh rhe 

Vererans Administration. which provides medical 

care ro abour 2. 9 million vererans e;ich ye:;.r. will 

J.llow eligible •,ce~er:ins of rhe :urned services LO p;ir­

ricipare in NCI-sponsored pre'.'ention, diag!1osis. 

;ind cre:ument srudies. 

Cooperative Group Clinical Trials Program. 

The nationwide Cooperarive Group progr;im pro­

mores ;ind supports clinical rrials in cancer rre:u­

ment, prevention, :ind early detection. More rhan 

1,400 insrirutions and 8,500 investigators partici­

pate in rhese Cooperative Group srudies. 

The sheer number of different types of cancers 

and the biological complexity of individual cancers 

present extraordinary challenges ro rhe efficient 

clinical investigation of new anti-cancer agents or 

new treatmem straregies suggested by laboratory 

and animal experiments. To more rapidly rest 

porential trearment advances in parients, rhe NCI 

maintains a standing funded clinical trials program 

to conduct such invesrigarions. In rhis way, new 

clinical trial organizarions do nor have ro be creat­

ed each rime a porential new cancer treatment 

emerges. Nine NCI-sponsored Cooperarive 

Groups place approximarely 20,000 new patients 

onro cancer crearment protocols annuallv, princi­

oJ.llv iarge rmdomizeci Ph;ise III dinic:U trials rhar 
L • ~ 

have been responsible for esr;;.blishing rhe current 

st:lte of rhe ;J.It for cancer rreatmem worldwide. 

In addition. new :.;.mi-cmcer agents being stud­

ied for the first rime in patients J.re rested through 

Phase I and Phase II clinical trials; many of these 

e;J.Ilv treatment clinictl rrials are conducred under 

NCI lnvesrigarional New Drug (IND) sponsorship 

in institutions funded by NCI cooperative agree­

ment grants. Close ro 200 investigational agents or 

treatment strategies, ranging from new chemothera­

py drugs and cancer vaccines ro agents that pre\·ent 

rumor blood vessel development, are being studied 

under NCI INDs. Many of these agents are being 

developed clinically as a result of J.Ctive NCI cooper­

ation with biotechnology and pharmaceuricJ.l com­

panies, accelerating rhe clinical testing of scientific 

advances emerging from these sources. Others come 

from the sciemific laboratories and discovery pro­

grams of the NCI itself. Examples of imporranr 

When we think of cancer treatment, we think of surgery, radiation, and chemotherapy - the traditional mainstays of treat­
ment. NCI is committed to improving these standard treatments through research and is developing new agents which enhance 
the effectiveness of these approaches by making the cells more sensitive to the treatment. In addition, the NCI is exploring novel 
treatment approaches including inhibition of cellular signals which activate tumor growth and stimulation of the body's own 
immune system to destroy tumors. 

Signal Transduction Inhibitors: Scientists are now developing drugs that target the genes that enable cancer cells to prolif­
erate. One such drug, Flavopiridol, halts the activity of an enzyme required for cells to divide. After extensive preclinical testing 
at NCI, it has recently been used to treat cancer patients with promising· early results. Flavopiridol may also be useful in improv­
ing the effectiveness of conventional chemotherapy. 

Cancer Vaccines: The hope of eliminating growing cancers in patients might be realized through cancer vaccines made 
from tumor cells. After a patient receives vaccine, it is hoped that their immune system will react by attacking the tumor cells 
introduced by the vaccine, and in so doing begin to eliminate tumor cells already in the body. Vaccines have been made sub­
stantially more potent by an improved understanding of how the body's immune system gears up for action. Vaccines made 
from tumor cells are now being tested for patients with melanoma, colon cancer, breast cancer, prostate cancer, and lym­
phomas. 

Multi-Modality Treatment: Using combinations of treatments and drugs to combat cancer is not a new idea, but now 
advances are likely with the addition of agents that can improve the effectiveness of radiation. Gadolinium Texaphyrin appears 
to sensitize cells to the killing effects of both radiation and chemotherapy. It is absorbed by tumors to a much greater extent 
than by healthy tissue and, therefore, makes the tumor more susceptible to killing. Use of this drug holds particular promise for 
the treatment of brain tumors. It will be used to augment both conventional external beam radiation and the newer technique 
of stereotactic radiotherapy, which uses three-dimensional imaging to precisely deliver radiation to a tumor. 

I N V I'. ST !VI I: NT I N C :\ N l: E I~ R I'. S E :\ R l.: H 37 



·.·.·••·.-; 

Every day, teams of researchers around the globe venture forth 
to identify and collect plants and marine organisms that can be test­
ed for their anti-cancer activity. These NCI-supported teams can be 
found in Madagascar, Southeast Asia, Africa, the co;al reefs of the 
lndo-Pacific, or right here in the United States. In addition, samples 
are collected and sent to NCI through scientific collaborations that 
have been formed between NCI and organizations in countries such 
as Brazil, China, Costa Rica, New Zealand, and Zimbabwe. 

Each year NCl's Natural Products Branch receives about 2,000 
plants and 1,000 marine organisms for testing. From these samples, 
over 6,000 unique extracts are prepared and screened at the NCl's 
Frederick Cancer Research and Development Center for their ability 
to work against 60 human cancer cell lines. About 200 extracts per 
year show activity against three or more cell types, and these are 
examined in detail by NCI-supported intramural and extramural 
researchers. 

Once a compound showing promise against cancer has been 
discovered, the specific cancer-fighting chemical must be identified 
and the long process of drug development begun. Development 
may be done at NCI, but sometimes takes place at a pharmaceutical 
company that has an agreement with NCI. Following initial devel­
opment and preclinical trials, the drug is tested in people to deter­
mine its effectiveness. If the drug works well, it may be on its way 
to being approved by the Federal Food and Drug Administration 
and added to the growing arsenal of anti-cancer drugs. 

However, natural products active against cancer are hard to find. 
Even if an extract demonstrates anti-cancer activity when tested in the 
lab, there is no guarantee that the drug will work well in cancer 
patients. Effective natural products discovered by NCI-supported 
researchers include paclitaxel, which comes from the bark or needles of 
a yew tree, and is used to treat breast and ovarian cancers. Another 
success is the ovarian cancer drug topotecan made from the com­
pound camptothecin isolated from the bark of a Chinese tree. NCI 
also played a major role in the development of vincristine and vinblas­
tine, both of which come from the rosy periwinkle and helped turn the 
tide against some lymphomas and childhood leukemias. Being tested 
in early clinical trials against a broad spectrum of cancers are bryo­
statin-1 and dolastatin-10, 
both of which come from 
marine organisms. 

As you read this, the 
hunt for new cancer fight­
ing natural products con­
tinues in the hope that 
other effective cancer 
therapies exist in the 
natural world. 
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ami-cIDcer agenrs char have come from ~CI de-1e!­

opmenr include paclita.'Cel (Ta.'Col®) for ovarian u.nd 

bre:::st c:mcers. :me:+eron :ilpha-2b for malign:.u1t 

melmoma ;ind chronic mve!ocvtic leuke:7lia. flu­

darJbine for chronic lvmphocytic leukemiJ. mci ill­

rr:ms rerinoic acid for acure oromvelocn:ic leuke:niJ. . . . 

Science is increasingly deline:l(ing cne distinct 

biological basis for mm:v· rumors. A.s a resulr. 

manv clinical rriais of new rreatmems are linked ro 

particular laboratory studies, and many NCI trials 

now include laboratory componems in addirion to 

the clinical evaluations. For example, clinical stud­

ies of new acute leukemia rrearmems now routinelv 

include che analysis of generic changes in che 

malignant leukemia cells of the individual patient. 

The NCI has funded small clinical trials groups 

specifically ro evaluate potential new trearmenrs for 

parienrs with brain rumors, malignancies occurring 

in AIDS parienrs, and pedi:mic rumors, due rn the 

very specialized narure of these cancers. 

Participation of members of special popula­

tion groups in clinical research is a high priority 

for rhe Institute. A recent NCI evaluation has 

shO\vn that minority popularions participate in 

rreatmenr clinical trials in proportion ro their can­

cer incidence: rwo new gram programs are sup­

porting research on ways ro increase participarion 

of women and minority individuals in prevenrion 

and screening srudies. lnrervenrions are being 

tesred on recruitment methods and steps to retain 

participanrs through the course of a trial. 

Greater patient access ro advanced rherapeutic 

approaches has been a chief goal of the NCI clini­

cal trials program. The field of childhood cancers 

is a success in this regard. About 95 percent of 

children up ro age 14 who develop cancer are eval­

uated at a Cooperarive Group institution; of rhese, 

70 percent participate in one or more clinical tri­

als. The number of children participating in clini­

cal trials mav increase with [he esto.blishmenr of 

rhe Pediarric Cancer Care Nerwork. This net­

work. J cooperative agreement between [he 

Children's Cancer Group, the Pediatric Oncology 

Group. and rhe Blue Cross/Blue Shield Sysrem 

(BC/BS) nationwide. will ensure rhat children of 

BC/BS subscribers receive care at designated cen­

[ers or· cancer care excellence and will promme rhe 

enrollment of children in Cooperative Group clin­

ical trials. While the percenrage of adult c:rncer 
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Conservative Breast Cancer Therapy 

My gynecologist called to say my mammogram 
showed a change from last year. She sent me to a 
surgeon for a biopsy. The results came back -
breast cancer. I'm 50 years old, but the first thing I 
thought of was losing my breast. I was terrified at 
the prospect of being so disfigured, but they told me 
they could treat the cancer just as well without doing 
a mastectomy. I was so relieved, grateful - hopeful 
for the first time since my diagnosis. 

Breast cancer is expected to strike over 180,000 
American women in 1997; the lifetime risk of having 
the disease is one in eight. The total breast amputa­
tion suffered by past generations of women with 
breast cancer is no longer a necessary component of 
treatment for many women. Up to 15 years of 
patient follow-up in several randomized, controlled 
trials performed in the U.S. and abroad have shown 
that conservative therapy - defined as removal of 
only the tumor itself (lumpectomy) and the adjacent 
underarm lymph nodes, followed by radiation of the 
entire breast - results in survival equivalent to mod­
ified radical mastectomy. A surgical oncologist 
recounts: 

Previously, surgeons concentrated on removing as much breast tissue as possible because it was believed that 
breast cancer spread by permeating the surrounding tissues. Mastectomy did decrease recurrences in the region 
of the breast, but survival was not improved because patients died of distant metastases. Better understanding of 
breast cancer biology resulted from research demonstrating that metastatic spread occurred principally via lymph 
and vascular channels. This finding led us to suspect that radical breast surgery was unnecessary. 

The few remaining barriers to conservative therapy relate primarily to the size of the tumor relative to the breast 
size. With heightened patient and physician awareness and growing use of detection measures such as mammogra­
phy, breast tumors are increasingly being discovered when they are small, well-defined, and amenable to conservative 
treatment. Over half of breast tumors discovered today are under two centimeters in diameter with no lymph node 
involvement. In addition, recent studies by the National Surgical Adjuvant Breast and Bowel Project show that using 
chemotherapy before surgery (neoadjuvant therapy) actually shrinks tumors, enabling a larger percentage of women 
to have conservative treatment. Ongoing clinical trials have focused on testing whether breast irradiation is essential 
after breast conserving surgery. An NCI radiation oncologist sums up the results: 

Radiation of the breast is a critical part of the conservative approach. To date, we have not found any group of 
patients with invasive breast cancer that can safely have this therapy omitted. It is reasonable to continue to 
study this in carefully monitored clinical trials, but only in patients at low risk of local recurrence who are well 
informed and accept the risk of omitting radiation. 

Our challenge now is to rid the body of micrometastases that occur in many patients before the tumor is 
removed surgically. Systemic chemotherapy and hormonal therapies designed to combat these distant metastases 
have improved patient survival in clinical trials. Researchers are working to develop more potent adjuvant systemic 
therapies for patients whose tumors are unlikely to be cured by local therapy alone. We believe the recently achieved 
drop in breast cancer deaths for women reflects in part the wider use of effective adjuvant systemic treatment in the 
community at large. As these therapies improve, the day may even come when surgery is no longer required. 

My doctors gave me a choice - I chose breast conserving surgery because it left me whole and because it was the 
best choice for me and my family. The studies assured me that it was a safe thing to do. It has meant everything 
to have these options. 
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Cance~ is a burden for everyone it touches, but it hits certain groups 
particularly hard. The elderly, the economically disadvantaged, and 
certain racial and erhnic minority groups are diagnosed with cancer 
more often - frequently at later stages of the disease - and are 
cured less frequently than the national norm. The NCI is addressing 
this troubling and complex issue through a number of activities 
coordiriated by the Office of Special Populations Research. Some of 
NCl's recent activities related to special populations include: 

• Developing a publication that discusses cancer's impact on 
special populations and describes NCl's research activities and how 
they affect special populations. This book is expected to be released 
in fall 1997. 

• Convening a meeting in spring 1997 with minority leaders in 
the breast cancer community to discuss mammography screening, 
as well as future research on breast cancer. 

• Working with the American Cancer Society and the Centers 
for Disease Control and Prevention to develop guidelines for screen­
ing for prostate cancer, a disease that affects black men in dispropor­
tionate numbers. These groups designed materials to explain to 
men what is known, what is not known, and what various experts 
believe about prostate screening, providing for a more informed 
choice about whether or not to be screened. 

• Continuing the work of four Leadership Initiatives on Cancer 
- one serving black populations, two serving Hispanic populations, 
and one serving Appalachian communities - that research the most 
effective ways to convey information about cancer to those groups. 

patients rreared on clinical trials is me1ch smaller 

(about rwo percent), more than 8,500 oncologists 

participate in NCI trials, allowing patients to ben­

efit from advanced treatment approaches whether 

rhey are seen ar rhe most comprehensive Cancer 

Center or the smallest community hospital. 

Community Clinical Oncology Program (CCOP). 

CCOPs link community cancer specialises and pri­

mary care physicians wirh clinical Cooperative 

Groups and Cancer Centers to conduce cancer 

treatment, prevention, and conuol clinical trials. 

Currently, there are 51 CCOPs in 30 scares, wirh 

300 participating hospitals where some 2.000 

physicians cooperate to enter patients and individ­

uals at risk for cancer on NCI-approved clinical 

trials. An additional eight minoriry-based CCOPs 

are funded ro enhance the parricip:.irion of minori­

tY populations in clinical tri:.ils rese:.irch. These 
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progr:ims are located in nine stares and Puerto 

Rico. bringing :in additional 42 hospitals and 350 

physicians into the clinical trials nerwork. 

Through rhis network. individuals can access 

srare-of-rhe-:.irr clinical research trials while 

remaining in their home communities. 

Each ve:.u rhe CCOPs enter more than 4.000 

patients into cancer tre:irment clinical trials 

(accounting for about one third of all patients on 

NCI Phase III rre:ument efficacy trials). An addi­

tional 4.000 participants are entered into cancer 

?revention and control clinical trials from the 

CCOP communities. Support is also provided for 

university members and affiliates to participate in 

prevention and control research. 

The CCOP covers the spectrum from resting 

new combinations of :inti-rumor drugs in cancer 

patients to resting rhe ability of new :igents to pre­

vent first occurrences of cancer. Examples of the 

latter are the Breast Cancer Prevention Trial and 

the Prosr:ite Cancer Prevention Trial. CCOPs 

have also demonstrated successful interventions for 

symptom management and continuing c:ire of 

cancer patients, including rre:irment for mouth 

sores and hot flashes, both common side effects of 

chemotherapy. The program is evolving rapidly to 

include interventions for individuals whose genetic 

profile places them at increased risk of cancer. 

Training and Education 
The quality and progress of the Nation's can­

cer research effort tomorrow will depend direcrly 

on the quantity and quality of rhe individuals who 

are attracted to careers in cancer research today, 

and on the appropriateness of rhe strategies used 

ro train these individuals. Rapid advances in our 

basic understanding of generic and molecular 

changes conrriburing to the growth and spread of 

cancer cells provide increasing opporruniries to 

move rhis knowledge into patient and popularion 

research settings and ro have a direct impact on 

reducing cancer incidence and mortality through 

new screening, prevention. diagnostic. and rrear­

menr inrervenrions. Without adequate training, 

the Nation's scientific and medical workforce will 

be unable to bring these discoveries ro rhe benefit 

of [he people. 
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To Jddress these challenges, the NCI's rraining 

progr::i.rns support 3. broad r:mge of training JCtivi­

ties. individual fellowships Jnd cJ.Ieer awJ.Ids, Jnd 

educJ.tion grants in the finest institutions in the 

counrry. ~CI is c:.irremly pursuing four imercie­

pendenr rraining and education strategies. The 

fast is ro mainra.in the critical mass of indepen­

dent scientists studying cancer Jt its most funda­

mental levels; we know that new knowledge Jnd 

discoveries in genetics and molecular biology will 

continue to provide the raw material from which 

we will develop advances Jgainsr cancer. The sec­

ond srraregy is to encourage a greater proportion 

of well-trained basic scientists to expand their 

interests to include human biology and human 

dise;ise; it is clear that the complex objectives of 

cancer research will depend more Jnd more on 

effective colbborations between basic scientists 

and clinical and population scientists. 

NCI's third training strategy' focuses on 

attracting more young physicians and public 

health specialists into cancer reseJrch. An impor­

tant effort will be to develop and sustain trJining 

progr::i.rns that will markedly improve the quality 

and quantity of physicians trained in the clinical 

sciences, and to continue programs that will devel­

op a larger contingent of physicians and public 

health specialists in the biostatistical. epidemiolog­

ical, behavioral, and other prevenrion and comrol 

sciences. The fourth strategy is to use educJtion 

grants to improve medical Jnd public health cur-

TRAINING AND EDUCATION 

(dollars in thousands) 

1996 1997 1998 1999 
Actuals Operating Presiden~s Core 

Level Budget Budget 

National Research 
Service Awards ........ $41, 1 70 $43,669 $44,419 S47,554 

Research Career Program .. 16,898 20,973 20,486 24,003 

Cancer Education Program 11, 325 12, 199 11,262 12,756 

Minority Biomedical 
Research Support ........ 1, 8 7 4 3,624 2,788 3,026 

TOTAL .............. S?l,267 SB0,465 S78,955 S87,339 

ricula Jnd ro improve community educJtion md 

information dissemination programs. .'\. critical 

issue '.s how to encourage health c:i.re professionals 

md rhe lav public rn m:i.ke the most effective use 

of current information and knowledge. 

To incre::..se che number of biomedic~ scien­

tists from under-:e?resenred popubtion groups 

who will contribute co our advances against cmcer 

now and into the next century, NCI continues ro 

support extensive training and career development 

programs for minority individuals. NCI training 

programs support minority >rudenrs in the pre­

and post-doctoral phase of development, with 

awards made through rhe National Research 

Service Awards, career development awards. sup­

plements to institutional awards, and cancer edu­

cation grams. The Comprehensive Minorir;.' 

Biomedical ProgrJm also supports minority bio­

medic~ career development through several mech­

Jnisms, including recently developed minorirv 

medical oncology awards intended to encourJge 

newly trained clinicians to acquire clinicJl research 

experience in oncology. Of parricubr importJnce 

is the emphasis the program pbces on issues 

directly relared ro the healrh status of minorir;.' 

populations. 

A new award mechanism used ro "bridge the 

gap" between the mentored research environment 

to an independent research career is the Howard 

Temin Award. This special Jward is intended for 

scientists who have demonstrated unusually high 

potential during their initial srages of training Jnd 

development. It is aimed at fostering the research 

cJreers of outstanding junior basic, clinical, and 

behavioral scientists who are committed ro devel­

oping research programs highly relevant to the 

understanding of human biology Jnd humJn dis­

ease as it relates ro the etiology, pathogenesis, pre­

vention, diagnosis, and treJtment of cJncer. 

NCI has also launched the Scholars Program. 

a career development program designed ro provide 

ourstJnding young invesrigJrors the opporrunir: 

ro develop their first independent research pro­

gram within rhe supportive, inreracrive environ­

ment of NCI Jnd ro facilime their successful trJn­

sition ro :rn exrramurJI environment. NCI 

Scholars will independenrlv design. pursue. and be 

responsible for rese:.irch projects in their area or. 
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mreresr. They will be affiliared wirh a laborarory 

or Branch wirhin NCI's imramural program and 

will be provided wirh faciiiries, an operaring bud­

ger. salaries, :ind pe:-sonnel. Afrer completing the 

rhree :.rear inu:unural phase, successful Scholars 

c:m rece~ve supporr for up co rwo :'ears to contin­

ue rheir researc:-i :iwav from NCI. 

Resources for training are shrinking at many 

insrirurions, and some young sciemisrs and physi­

cians have quesrioned if chere will be adequate 

support for them if chey choose research careers. 

NCI is commirred ro supporting research training 

in che many disciplines rhat can contribute to 

understanding and ultimately solving cancer's mys­

reries. Strengrhening rhe skills of basic, clinical, 

behavioral, and population scientists is an essential 

underpinning of our effom to improve public 

health by reducing rhe burden of cancer. 

Research Support Contracts 
Research is a complex enterprise chat can only 

flourish within a strong, reliable support infra­

structure. The Institute uses contracts ro provide 

support for research, information dissemination, 

and management. 

Contracts support a variety of research acrivi­

ries, such as componems of drug development, 

cancer comroL epidemiology, surveillance, cancer 

biology, and information dissemination :icriviries. 

Contracts principally support program develop­

ment activities in which NCI defines the area of 

work, provides guidelines as ro how the work will 

RESEARCH SUPPORT CONTRACTS 

(dollars in thousands) 

1996 1997 1998 1999 
Actuals Operating President's Core 

Level Budget Budget 

Cancer Biology ........ $72,735 $75,035 $76,288 $79,994 

Cancer Risk ............ 38, 136 39,343 39,999 42,606 

Cancer Interventions .... 120, 994 124,820 126,904 135,176 

Cancer Control Contracts .44,621 46,032 46,800 49,851 

TOTAL ............. $276,486 $285,230 $289,991 $307,627 
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be accomplished, and establishes specific deliver­

ables. The use of contracrs is exemplified in che 

drug development program. where J. range of ser­

vices ;ire acquired co support cirug scre:::iing, syn­

thesis. acquisition. preclinical cesring, pharmacolo­

gy, coxicolog:;, J.nd drug formuLuion - ac:iviries 

necessary co produce a new drug. The programs 

rhar employ conuJ.crs J.re broad and diverse, wirh 

a viral role in supporting laborarory, clinical, J.nd 

popularion-based research, NCI's management 

infrasuucrure, and informarion disseminarion ro 

both rhe public and the scientific community. 

Cancer Control 
Consensus among experts on the usefulness of 

new medic:i.l knowledge does nor guarJ.ntee its 

widespreJ.d application. Barriers ro rhe adoprion 

of new medical practices may exisr at many levels, 

including rhe individual. medical centers, rhe 

communiry, the environment, or at rhe interface 

wirh rhe health care system. The barriers may 

include reliance on incomplete or inaccurate infor­

mation, limited access to he:i.lth care services, lack 

of recommendation by providers, or even cul rural 

conventions. Cancer control, as supponed by rhe 

NCI, addresses rhese challenges through reseJ.rch 

on rhe behavioral, psychosocial, health services, 

community, and cancer surveillance aspects of 

translating proven techniques and rested method­

ologies into routine practice in rhe community. 

NCI's cJ.ncer control activities include a spe­

cial focus on population groups who bear excessive 

risk for cancer or who lack access to state-of-rhe­

art cancer services, such as minorities, low-income 

persons, and older Americans. Research efforts 

have been undertaken in collaboration wirh com­

munity md private secror org:rnizarions char can 

be mobilized to assisr these popularion groups, 

and research networks of minority investigators 

and leadership groups of community representa­

tives have been established. In J.ddicion, studies ro 

assess rhe impact of cancer on underserved popu­

lation groups are ongoing. The Black/\'V'hire 

Cancer Survival Srudy, begun in 1983. investigates 

the effects of social. behavioral. lifesrvle. biological, 

treatment. anJ heJ.lrh CJ.re factors on surviv:i.l dif­

ferences among black and white cancer patients. 



Information Dissemination 

A diagnosis of cancer catapults a family into unfamiliar territory. Shock is 
soon replaced by a need for answers - for complete, trustworthy informa­
cion needed to make informed decisions about treatment and follow-up 
care. The NCI provides that information - by telephone, on the internet, 
and through a wealth of printed and audiovisual materials. 

Each day, NCl's Cancer Information Service (CIS), a nationwide cancer 
information and referral service, receives more than 2,000 calls - from 
patients, their loved ones, people at risk for cancer, and health professionals -
looking for help in finding the best treatment, for help with short term or late 
effects of treatment, for unbiased information, for support and hope. 
Information from the CIS also helps callers initiate health-promoting behaviors, 
like quitting smoking, getting a mammogram, or improving eating habits. One 

toll-free number, 1 -800-
4-CANCER (1 -800-422-6237), 
connects callers in all 50 states and 
Puerto Rico with the office that 
serves their area. Every call is kept 
confidential, and trained CIS staff 
answer questions in English or Spanish. 

Se que el fumar causa cancer en el pulm6n. 
£C6mo puedo ayudar a mi padre a dejar de 
fumar? 

CIS staff will conduct customized searches of NCl's Physician Data Query 
(PDQ) database containing the most current information on cancer preven­
tion, screening, treatment, supportive care, active research studies, and physi­
cians and organizations involved in cancer care. PDQ is updated monthly and 
reviewed by cancer experts. 

Patients with access to the Internet may also search for information 
about cancer on NCl's Web site (http://www.nci.nih.gov) or the 
International Cancer Information Center's award-winning CancerNet™ site 
(http://cancernet.nci.nih.gov). Health professionals can go to CancerNet for 

· The Cancer Information Service was my lifeline 
in a sea of medical terminology and 
paralyzing fear. They explained things so 
I could make the treatment decisions for my 
child that only I could make. 

state-of-the-art cancer information, 
including ongoing clinical trials in 
which they may enroll their 
patients. Access to selected PDQ 
information is also available by fax 
in either English or Spanish, 24 

hours a day, seven days a week, through CancerFax® (301 -402-5874). 

Use of these exciting communication technologies is growing rapidly, 
but NCI knows that most Americans still rely on the printed word for 
health information. Therefore, NCI makes available nearly 600 publica­
tions and audiovisual materials in Spanish and English. Designed for 
Americans of many cultures and literacy levels, these materials address a 
vast range of cancer-related topics - from coping with the emotional 
burden of cancer, to lowering the fat content of traditional ethnic foods, 
to understanding clinical trials. 

To meet the growing demand for up-to-date cancer information, 
;\JCI is continually exploring the latest technologies, optimizing 
community partnerships, and pursuing entrepreneurial ventures that will 
expand awareness and access while maintaining our "gold standard" of 
providing individualized service and the best information possible. 

I have two patients with breast cancer, both 
with a strong family history. Are there genetic 
counselors in our area to whom I can refer these 
patients? 
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CANCER CONTROL 

(dollars in thcu5ands) 

1996 1997 1998 1999 
Acruals Operating President's Core 

Level Budget Budget 

Grants . . . . . . . . . . . . . . $61,158 $70, 133 $76,488 $89,450 

Contracts ............ 11O,152 105,911 116,539 123,492 

Research Support ....... 44,877 55,664 47,321 50,659 

TOTAL ............. S216, 187 $231,708 $240,348 $263,601 

The study includes parienrs wirh breJ..SL colon, 

uterine, and bladder cancers. NCI is also con­

ducting rwo large studies of risk factors for 

prostate cancer, one among U.S. black :rnd white 

men at high risk and one among low risk Chinese 

men in Shanghai. These rwo studies investigate 

generic, biochemical. behavioral, and environmen­

tal factors rhat may affect rhe occurrence of 

prostate cancer. 

Cancer surveillance is a critical componenr of 

cancer control and, in fact, underlies the enrire 

NCI research portfolio. Tracking and analyzing 

trends in cancer incidence, morraliry, and sur.'ival 

rares srimulares new activities and allows us to 

monitor rhe effects of ongoing programs. The 

cornerstone of this effort is rhe Surveillance, 

Epidemiology, and End Results (SEER) Program, 

which monirors the Nation's cancer burden and 

provides rhe basis for assessing individual, organi­

zational, and societal factors rhar can reduce 

cancer rares. 

Spreading the Word; The NCI's 
Infonnation Dissemination Nlandate 

Communic:uing with cancer parienrs. individ­

uals at high risk for cancer. rhe general public. and 

the health care community is a cenrral component 

of NC I's mission and mandate. NC I's programs 

in communications. education, and ourreach are 

based upon needs identified rhrough epidemiolog­

ic studies and marker research among specific 
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popubrion groups. This allows rhe design of pro­

grams rhar are relevant and understandable to each 

group. The ~Cl's patient education program, 

leacieship initiatives for special popuLuions, and 

minorirv research networks are all acrive!v 

involved in spreading sr:i.re-of-che-arr information 

about CJ.J1Cer oreve:ition. derecrion. di:i.gnosis. 
' - . 

tre:i.tment, and care . 

The primary avenues NCI uses ro communicate 

with the public and the he:i.lth care community :ire: 

World Wide Web: NCI's Web sire can be 

found at http://www.nci.nih.gov. To fully realize 

the enormous information dissemination potenrial 

of the World Wide Web, rhe NCI is currently 

redesigning its Web sire to increase its usefulness 

as a communication tool. The new Web sire will 

be organized so that clinicians. researchers. and the 

public c:rn quickly and easily locate up to-rhe­

minure information that is relevant to rheir needs. 

Many NCI offices and laboratories already 

mainrain their own Web sires. In addition, the 

NCI Inrr:rnet, a special Web sire accessible to NCI 

staff only, facilitates information sharing among 

scienrisrs at che Institute. 

The Cancer Information Service (CIS): The 

CIS provides accurate, up-to-dare cancer informa­

tion ro parienrs and rheir families, rhe public, and 

health care professionals in every state rhrough 19 
offices located at NCI-funded Cancer Centers and 

other health care institutions. By dialing 1-800-4-
CA.1'\JCER, callers are automatically connected. 

free of charge, to the office serving their region. 

Information on specific cancer rypes, srare-of-rhe­

art care. clinic:1l trials,. and resources such as sup­

port groups or screening and smoking cessation 

programs is provided in English or Spanish by spe­

cialists who respond to more than 600,000 
inquiries annuallv. CIS offices cataloa local can-

• 0 

cer-relared services, catalyze community outreach 

efforts. and provide prinr materials and cechnical 

assistance to help local organizations sponsor can­

cer education programs, media campaigns. and 

other community programs. The CIS regional 

offices are also NCI's focal poinr for sr:He and local 

cancer education efforts thar target underserved. 

high risk. and IO\v literac.v populacions. 



The International Cancer Information 

Center (ICIC): The ICIC provides IB ;irrav of 

c.nc~r inform;irion for scie:1rim. he;ilrh care pro­

fossionals. ;imi cne pubiic. ICIC sraif J.re responsi­

ble for de,:e!oping and m;iimaining PDQ, rhe 

NCI's comprehensive cancer information darabase. 

J.S well as rhe bibliographic CA1'\iCERLIT data­

base. ICIC also maintains the CancerNer''1 Web 

sire (http://cancernet.nci.nih.gov), a repository of 

current cancer related information, including 

selected PDQ information, NCI Fact Sheers for 

patients and rhe public, and news and information 

from the cancer community. 

Selected PDQ information, NCI fact Sheers, 

and other materials are available in Spanish and 

English 24 hours a day, seven days a week through 

NCI's CancerFax® facsimile system. md via 

Internet elecuonic mail. All of the ICIC's scientific 

information services are ;ivailable through its innov­

ative Information A.ssoci;ires Program, J cusromer­

oriented membership service launched in 1994. 

One of the most frustrating aspects of treatment for HIV 
infection and AIDS is that eventually, the drugs stop working. 
Individual drugs can hold the virus at bay for a while, but at 
some point, the virus mutates in a way that renders it impervious 
to the treatment. This phenomenon is known as drug resistance. 
New regimens, led by the promising new class of drugs known as 
protease inhibitors, have made enormous headway in eliminating 
drug resistance, but the long term efficacy of these regimens is 
not yet known. . 

Solving the problem of drug resistance is the primary mission 
of a brand-new NCI-led effort, the HIV Drug Resistance Program 
at NCl's Frederick Cancer Research and Development Center. 
Drawing on NCl's already strong program of AIDS-related 
research, the new program will integrate existing and newly 
formed groups of investigators from numerous disciplines; the 
expertise of investigators at other institutes at the National 
Institutes of Health will also be called upon. Through a program 
of cutting-edge basic, translational, and clinical research, the HIV 
Drug Resistance Program is expected to become a center of excel­
lence in this extremely challenging area of AIDS and HIV research. 

AIDS Research 
Malignancies complic:ue more chan J!N'O of 

A.lDS cases ;ind conrribure J. gre:~r deal co A.lDS 

morbidity md mortality: mJ.nv are'.l.S of Fund:i­

mental biology developed in NCI programs, 

including virology, immunology, J.nd cell J.nd mol­

ecular biology, are directly applicable to under­

standing HIV and AIDS. Today, research into rhe 

fundamental biology of HIV and A.IDS, AIDS 

rreatment, and particularly AIDS-relared malig­

nancies rakes place throughout all programm:J.ric 

mechani.<ms of NCI. 

The NCI Intramural Research Program has 

been m important, intermrionally recognized cenrer 

for research in HIV md A.IDS, producing impor­

tant discoveries about HIV, pediatric md adult 

AIDS, AIDS malignancies, md AIDS rher:ipeurics. 

Among rhe NCI Extramural Progr:im's 

achievements in A.lDS research J.re: 

• An AIDS Malignancy Consortium rh:it brings 

together researchers, clinicians, and relev:inr sup­

port facilities at 13 insrirurions rhroughour the 

country to foster interdisciplinary rese:J.rch on 

A.IDS-associ:ired malignancies and rr3Jlsiate labo­

ratory discoveries inro new clinical interventions. 

• 

• 

• 

• 

• 

An AIDS maligmncy tissue bank that pro­

vides resources for resting hypotheses :ibout 

the development, progression, :J.nd response to 

therapy of these c:incers. 

AIDS malignancy initiatives in NCI's clinical 

trials programs. 

Epidemiologic and surveillance studies rhar 

provide invaluable resources for tracking HIV, 

AIDS :ind, in particular, AIDS malignancies. 

An AIDS Malignancies Working Group rhJ.r 

met during 1996-97 to :J.ssess progress to d:J.te 

in A.IDS malignancies rese:J.rch, identify and 

prioritize important rese:J.rch opporruniries 

and appro:iches, J.nd recom.mend future 

research di recrio ns. 

The Narional AIDS Malignancy Conference. 

held in April 1997 to discuss progress and 

srimubre rese:J.rch across diverse disciplines. 

AIDS/Oncology Clinical RtseJ.rch Training 

under rhe Clinical Scienrisr Devdopmenr 
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RESEARCH MANAGEMENT AND SUPPORT 

(dollars in thousands) 

1996 1997 
Actuals Operating 

Le'lei 

Research Management 
and Support ......... $100,831 $99,957 

OTHER RESEARCH SUPPORT 

(dollars in thousands) 

1996 1997 
Actuals Operating 

Level 

Scientific Evaluation 
(U09) ................ $4,534 $4,784 

Resource Grants (U24) .... 

Construction ............ 3,000 3,000 

Conference Grants ......... 954 1,104 

Continuing Education ...... 114 214 

TOTAL ............... $8,602 S9, 102 

1998 1999 
President's Care 

Budget Budget 

$100,793 $108,820 

1998 1999 
President's Core 

Budget Budget 

$5,234 $7,001 

3,000 

2,573 5,000 

705 1,100 

560 626 

$9,072 $16,727 

Progr:im Aw:irds, will support institutional, 

multidisciplinary tr:iining progr:ims focused 

on the AIDS oncology field. 

NCI's rese:irch programs have been at the 

forefront of progress against AIDS since the epi­

demic w:is first identified. The NCI, in coordina­

tion with all of the other Institutes and the NIH 

Office of AIDS Research, continues its commit­

ment to meeting the challenge of AIDS and is 

working to ensure integration of NCI-supported 

AIDS and AIDS-related rese:irch with n:itional 

AIDS str:itegies. AIDS research dollars are disrrib­

ured throughout the budger. 
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Research l\IIanagement and 
Support 

Rese:irch :Vfanagemenr ;ind Support inducies 

activities essenrial rn sustain. guide. md monirnr 

both me extramura1 and inrramura1 3Ctivities of 

NCI. These ;icrivities include overall scientific 

program direction and administr:ition by the 

Office of the Director, with assistance from grant 

and contract science m;inagers, finance, human 

resource, legislation, science program direction 

and assessment, and technology transfer st:iff The 

review and oversight :ictiviries of the National 

Cancer Advisory Board and Presidenr's Cancer 

Panel are also included. This pan of the budget 

also supports NCI's share of cenrral NIH facilities 

and operations, :ind exrramural staff salaries (intr:i­

mural staff salaries :ire included under rhe 

lntr:imural Rese:irch budget. ;is is inrr:imural facili­

ties mainrenance). 

Other Research Support 
. This are:i incorporates smaller granr activities 

such as Conference Gr:inrs, Scienrific Evaluation, 

and construction grams and conuacrs. 

Conference grams support meetings, conferences, 

and workshops relevanr to promoting rhe goals of 

NCI. Scientific Evaluation :iwards are rhe vehicle 

thar supports the scienrific review of granr and 

contract proposals. The gram reviews are con­

ducted by either the NIH Division of Rese:irch 

Grants or me NCI, depending on rhe gr:inring 

mech:inism. Construction funds provide partial 

support for the modernization or development of 

cancer research facilities at institutions loc:ired 

throughout the Nacion. Additionally, limited con­

struction funds are provided for repair and devel­

opment at the Frederick Cancer Rese:irch Center. 



Progress in cancer research involves foresighr, 

creativity, planning, hard and exacring 

work, serendipity, and, most critically, rec­

ognizing and acting on promising research oppor­

tunities at key points in rime. Since the National 

Cancer Institute was formed in 1938, we have 

established a multifaceted research program, a dis­

covery process that has enabled us to open many 

doors and make tremendous strides forward in our 

understanding of cancer and how to prevent, 

detect, diagnose, and treat ir. Yer we stiil have 

much to learn and much to do to alleviare rhe 

burden of cancer. We have reached a crirical junc­

ture at which we must again ask ourselves. "Whar 

will it rake for us to move forward?" 

The answer is rwofold. Firsr, we must contin­

ue to support rhe viral research char has broughr 

us this far; second, we must recognize extraordi­

nary new opportunities for further progress :rnd 

invest in rhem. Alrhough research is often driven 

by need, our history has raught char being pre­

pared to seize research opportunities is the best 

way ro meet those needs. 

With these challenges before US, in 1996 we 

began a process of looking critically at the field of 

cancer research and selecting areas of discovery 

with exceprional promise for achieving pivoral 

advances in our knowledge abour cancer and in 

benefits for patients and those at risk for cancer. 

\Ve identified four avenues of discovery with the 

potential to change the face of cancer research :rnd 

cancer care. These "Extraordinary Opportunities'' 

for immediate investment in cancer research are: 

• Cancer Genetics 

• Preclinical Models of Cancer 

• Imaging Technologies 

• Defining the Signatures of Cancer Cells: 

Detection and Diagnosis 

How can we best se!ze the many opportunities 

char flow from these diverse scientific areas'. 

During the pasr year, NCI has begun ro move for­

ward in each area through our intramural and 

extramural research programs. But to rake full 

advanrage of the enormous potential these oppor­

tunities offer, we need a more focused effort and 

an infusion of funds. Although the resources 

required are nor trivial. invesring now will yield 

tremendous benefits in the future. The knowledge 

we gain will lead ro nev and bener prevention. 

derecrion, diagnosis, and rre:umenr techniques. 

In the following pages. we describe how these 

four extraordinary opportunities were selecred. the 

broad goals and objectives for each opportuniry, 

how we are laying the foundation for success, and 

when we \viii reassess these opportunities. \'Ve 

then discuss each area of opportuniry in derail, 

describing irs specific goals. research opportunities, 

plans, progress ro dare. and the consequences of 

nor mvesung. 

Setting Priorities: 
Criteria and Selection Process 
for the Extraordinary 
Opportunities 

What makes an "extraordinary opportuniry" 

different from the many other important areas of 

research supported by the NCl: The four initia­

tives identified as extraordinary opportunities meer 

several important criteria. Firsr. rhey respond to 

import:mr recent changes or developments in 

knowledge and technulogy in all aspects of cancer 

research. Second. these opporruniries offer 

approaches ro CJ.ncer reseJ.rch that go beyond the 

size. scope. and runding or" our current research 

activities. Third. thev can be implemented wirh 

specific. ddlneJ investments. Fourth. rhc iniria-
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rives c:rn be described in rerms of achievable mile­

srones. wirh clear consequences for nor invesring. 

Fifrh, rhev promise advances that are needed for 

making progress againsr ~jl crncers. ?inalh·, each 

of chese ripe invesrmenr opporruniries address 

needs ar che inrerface berween basic ~nd clinical 

advances - so-called cransiarional research. 

\Y/e idenrified chese are:is for in\"escmenr 

through a simple process. In discussing rhe srate 

of cancer research wirh scienrists. educators, advo­

cates, and communiry leaders. we asked chem -

and ourselves - t>vo difficult quesrions: "\Y/here 

are we failing?" and "Whar must we do to suc­

ceed~" We found char our mosr serious deficits 

have been primarily ones of omission; rhat is, 

where we are failing to fully pursue promising 

leads. These discussions also highlighred areas in 

which a crirical mass of knowledge had been 

arrained so that significanr new initiarives could 

achieve remarkable new insights and discoveries. 

During a six-monrh period, GO differenr pro­

posals for new opporrunities were put forward. As 

rhe subjects of these 60 proposals were explored, 

analyzed, and refined. we realized rhat chey were 

ofren differenr views of the same issues. Relared 

merirorious ideas were blended rogether ro creare 

rhe lisr of four opporruniries rhar caprured rhe 

besr aspecrs of rhe many proposals. They are, in 

many ways. new doors ro disco•1ery thar have been 

opened by pasr successes. Orher invesrmenr 

opporruniries can be formulared and all opporru­

niries will be re-examined on a rhree-year cycle. 

Opportunities: 
Objectives and Goals 

For rhe four exrraordinary opporrunicies ready 

for invesrmenr, addirional resources will enable 

NCI ro accomplish rhe following: 

Cancer Genetics -
Objectives: Expand and inregrare basic, clinical. 

and epidemiologic research. facilities, and training 

in cancer generics ro idenrify and char:icrerize 

genes responsible for inherired predisposirion ro 

cancer: develop Jiagnoscic rests for alrerarions in 

these genes: provide training in generic counseling 

and in c:-mccr generics for healrh profrssion~ds: 

develo~1 rhe informarics 1H:edeJ ro collecr. srnre. 
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analyze, md inregrare rhe resulring molecular. 

epidemiologic. ~md clinical dara: :rnd educare 

rhe public J.nd high-risk persons :ibout cancer 

genencs. 

Goals: Idenri0· e·:erv m:ijor humm gene char pre­

disposes people rn c:;.ncer; use che k..10\viedge we 

gain as we idenrifv rhese genes ro help ~:iarienrs ar 

risk: :rnd deal wirh rhe psychosocial, erhic:J. and 

legal issues J.SSoci:Hed wirh inherired cJ.ncer sus­

cepribiliry. 

Preclinical Models of Cancer -
Objectives: Develop new preclinical models of 

cancer ro study gene mutations imporranr in 

human cancers: provide a natural serring for srudy­

ing all srages of rumor development: and racilirare 

more rapid resring of cancer prevenrion and derec­

rion srraregies and new rrearmenr regimens. 

Goals: Crea re J.nimal models of human cmcers: 

build rhe experimenral foundarion to use chese 

models effecrively: and develop rhe infrasrrucrure 

and procedures needed ro make rhese models 

available ro all researchers. 

Imaging Technologies -
Objectives: Improve diagnostic imaging rechnolo­

gy so char it is borh sensirive and specific enough 

ro derecr verv small numbers of rumor cells. 

Goals: Discover and develop techniques rhar will 

furrher increJ.se rhe precision, accuracy, and scope 

of imaging diagnosis: J.nd inregrare imaging fur­

rher inro rhe pracrice of clinical oncolog:'. 

Defining the Signatures of Cancer Cells: 
Detection and Diagnosis -
Objectives: Improve rhe early derecrion of cancer 

by idenrifying in body fluids rumor-specific secrer­

ed proteins and muranr genes rhar may signal rhe 

presence of small numbers of pre-malignanr or 

malignanr cells: use new knowledge of rhe molecu­

lar rrairs of rumor cells ro improve our abiliry borh 

ro diagnose cancer and to choose effecrive rhera­

pies and plan parienr care. 

Goals: Develop new merhods for derecring 

rumors ar rheir earliest stages, when rhe number oF 

rumor cells is small Jnd rhe chance for cure or 

conrrol is grearesr: develop diagnosric rescs rhar 

will enable rre:nmenr choice ro be hased on rhe 

fundamenral properries of ~1 rumor cell chJt Jerer­

mine rhe course of irs Jevdoprnenr. 



laying the Foundation for 
Success: Activities in FY 1996 
and 1997 

The foundarion for rhe success or· ~hese four 

opportuniries wiil be builr on che b1cciy of work 

amassed over the ye:m b:' rese:.uchers in che labo~ 

ratory, the clinic, :md che communiry. To fully 

exploit their exceptional potential for progress, we 

must incre:.J.Se and concentr:ue our efforts. During 

FY 1996-97, NCI has paved rhe way for capitaliz­

ing on rhese opportunities through a planning 

process fueled by rhe expertise of a unique group 

of advisory committees, the NCI Director's 

Working Groups. 

The Working Groups are ad hoc, scientific 

think ranks appointed to examine key scientific 

areas of importance ro NCI. Their members 

include leaders in laboratory, clinic1L and popula­

tion-based research drawn from rhe extramural 

and intramural research communities, NIH and 

other government agency staff, members of profes­

sional organizations, and consumer and parient 

advocates. We established the Working Groups to 

help us transform the broad goals discussed in last 

year's budger document into realisric plans with 

short-term and long-rerm scientific aims and 

objectives, including implementation srraregies 

and milestones for measuring progress. 

Recommendarions resulting from Working 

Group discussions provide a framework for strate­

gic planning in each opportuniry area and for the 

development of operational pbns by NCI divi­

sions. These plans will result in new extramural 

grant or contract awards: collaborative efforrs with 

orher Insrirures, government agencies, or the pri­

vate sector; and new or expanded scientific pro­

grams within rhe divisions at NCI. 

Two of rhese Working Groups, Cancer 

Generics and Developmental Diagnostics, mer sev­

eral rimes in 1996. Their recommendations 

resulted in exciting initiatives such as the Cancer 

Genome Anatomy Project rhar promise ro adv:rnce 

the science rapidly in chese :1rcas. The orher 

groups, formed more recendv. are in the early 

planning stages. For rhis reason. our pLms in 

some groups are more derailed chan in orhers. 

Reviewing and Recasting. 
Opportunities: 
A Three-Year Cvde 

" 
Our knowledge and undersranding of cancer 

are continually e·rolving. Many of rhe rrearmenrs 

and techniques char revolutionized cancer research 

and cancer care 25. 15 - even five years ago -

are considered routine today. Older treatments 

have been replaced by newer, more effective, and 

often less toxic therapies - the result of invest­

ment in research. Similarly, we expect that the 

current "extraordinary" opportunities will produce 

the future standards of practice, and will then 

quickly be replaced by new opportunities as scien­

tific discoveries continue to occur. 

Therefore, we have begun a rhree-year cycle 

for revisiting and recasring current investment 

opportunities and identifying emerging opportuni­

ties wirh me greatest potential for making progress 

against cancer. During each cycle, we will actively 

seek research opportunities that arise from impor­

tant new discoveries and meet other agreed-upon 

criteria. We expect these new opporruniries to 

come from many sources. including review groups, 

the scientific and advocacy communities, NCI 

program staff, and our constituents. However. the 

cycle of discovery, as wirh any enterprise, cannot 

begin wirhout the initial investment rhar will 

enable us to pursue fully the opporruniries now 

ar hand. 

OPPORTUNITY 1 
Cancer Genetics 

Years of inrensive research have enhanced our 

understanding of how rumors develop. Foremost, 

we have learned that cancer is a generic disease. 

Alrerarions in our own genes or rheir products, 

whether inherired or acquired, drive rhe develop­

menr of cancer. These murarions airer rhe normal 

processes rhar a cell uses ro t·egulare irs actions. 

\X'hen rhese processes are disrupred, conrrol is losr 

and rumor development is promnred. A cancer 

will :uise only ati:er several muurions occur in rhe 
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same cell. One mur:uion is never sufficient: mul­

tiple mutations are required to gener:ne rhe full ser 

of chang~s rh:.H make rumors ~•ggressive. These 

accumulated murarions give growth and sur.·iv::J 

advanraaes to rhe rumor cell and allow rhe :.:eds co 
0 

mulriplv our of control. They divide. obsrruc 

invade. and desrrov normal tissue architecture. 

Through rhe accumulation of generic changes, 

rhese ce!ls acquire properties rhar allow them to 

escape rhe normal biological defenses and controls 

and go on to pose a life-threatening problem to 

the individual in whom they live. 

We also have learned rhar rhe number of dif­

ferent aenes rhar can be mutated and conrribure to 0 

the many types of cancer is large - most likely in 

rhe hundreds. These numbers are large. daunting 

perhaps, bur nor impossible to manage. 

The most direct and ulrimarely rhe most effec­

tive approach to preventing, derecring, diagnosing, 

and rrearina cancer is to idenrifv rhe rrairs of the 0 . 

responsible genes. Recent advances in our under-

standina of human aenerics have provided an 0 0 

important new opportunity to identify cancer 

genes through studies of cancer-prone families; in 

just rhe past seven years, more than 20 such genes 

have been discovered in this way. This approach 

unlocks vast potential to expand our knowledge of 

rhe origins of cancer, to develop new ways to 

detect a rumor in an early stage, and to ident:i")r 

new targets for cancer therapies. With rhis oppor­

tunity, however. comes an important social respon­

sibility to provide effective and helpful generic 

counseling and protect the confidentiality of per­

sonal generic information. Our plan to extend 

our knowledge and use of cancer genetics address­

es scientific discovery, clinical research, medical 

application, and social responsibility. 

The Goals 
!. Identify every major human gene that predis­

poses people to cancer. 

2. Begin to apply these discoveries through clini­

cal practice to help parienrs ar risk. 

3. ldenrify and address psvchosocial. ethical. and 

legal issues associated wirh inherited cancer 

suscepribiliry. 
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The Oooommitv 
L L • 

Rec:::nt discoveries have ushered in a new era 

in c::rnce:- rese:irch. \Y/e !1ave long known that ir is 

imoorranr co identifv risks that predict ;:rn individ­

ual,'s like!ii1ood of d~·:eloping a particular cancer 

and hJ.ve eve:-i longer recognized rhar CJ...ricer mJ.v 

"run in families.·· For ceruin cancers, we now are 

able ro identifv in cancer-prone families rhe specif­

ic genes rhar predict an individual's risk for c:mce:-. 

The most successful approach ro identifying 

human "cancer genes" (genes whose alrerarions 

predispose ro c:i.ncer) has been to use rhe rools of 

human generics. About 10 percent of all cancers 

in rhe United Stares occur in individuals who have 

inherited a mutation rhar predisposes them to can­

cer. Se-1eral million Americans carry such inherit­

ed predispositions. The likelihood rhat a rumor 

will de·elop can be predicted ro an exrenr b~' rhe 

rules of heredit::'· In cz..ncer-prone families. for 

example, genes passed from one generation to the 

next influence rhe chance of developing a rumor. 

Tracing patterns of inheritance has provided 

an important method for studying cancer by giv­

ina scientists rhe molecular signposts rhar identifv 0 ~ . 

where ro look for cancer genes. By studying fami-

lies wirh a strona cancer hisrorv, we can gather rhe "' . 
clues rhar will enable us to identifv other culprit 

genes. Scienrisrs have learned that rhe same genes 

rhat predispose members of cancer-prone families 

ro disease quire often also contribute to the devel­

opment of cancers in individuals with no family 

historv. We now realize that rhere are not rwo dif­

ferent. sets of cancer genes, one group for inherited 

predisposition and one for sporadic (uninherired) 

tumor development. The mutations rhar result in 

inherited predisposition are a subset of the ones 

that spur all human rumor development. 

Therefore, using the rare predisposition genes ro 

learn more about common cancers is a promising 

research strategy, and rhe cancer generics iniriarive 

proposes a plan ro rake full advantage of rhis 

knowledge. 

Ir is also rrue. however. that most diseases and 

rrairs don't follow simple patterns of inheritance: a 

variet\' of factors rnav influc:nce :1 genc:'s effect. . . -
Idenrifving rhe fa.:rors that determine when ~t par-

ticular .ge;etic muurion will lead co cancer :rnd 
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when it won'r is a crucial p::m of our intensified 

efforts in c::mcer genetics research. We :ilso are 

learning char crncer risk cm be modified e·.'e:1 in 

individuals who c:.un· c:rncer-predisposing genes. 

Orher generic and environmental factors rhar 

influence rhe de•.'elopment of c:incer in rhese high­

risk indi·>'iciu:Js are also likelv to provide valuable 

insighrs about cancer development in rhe ge:-ieral 

population. 

Numerous lifesryle and environmental c:ir­

cinogens have been identified by investigating can­

cer in populations (epidemiology), and this knowl­

edge has led to new approaches for reducing can­

cer risk. Bur there is still much to learn about rhe 

causes of cancer, particularly why one person wirh 

the same cancer-causing exposure (such as smok­

ing) develops cancer, while the other does nor. 

New gene~ic discoveries and technologies :ire hav­

ing a dramatic impact on our ability to explore 

gene-environment interactions that may account 

for differing susceptibilities in rhe general popula­

tion. By applying advances in molecular generics 

to population-based studies, ir is possible to iden­

tify common generic alterations that comribure to 

cancer risk. For example, researchers found thar 

approximately half rhe population lack a common 

gene that helps ro detoxify cancer-causing chemi­

cals in cigarette smoke, a trait rhat places this 

group at higher risk for smoking-related cancers of 

the lung and bladder. Ideally, this information 

could be used to alert patients ro rheir risk for 

developing these cancers. In addition, there is 

growing evidence that the pattern of mutations 

derecred in certain rumors may be distinct enough 

to provide a molecular fingerprint traceable to spe­

cific environmental agents. 

Large, population-based studies are being con­

ducted to evaluate cancer risks associated with rhe 

combined effects of generic status and environ­

mental exposures, including those related ro 

lifestyle and dier. Using minute quantities of 

DNA in cells obtained from a simple mouth rinse. 

blood, or tissue, it is possible to detect gene muta­

tions whose functions or effects m;.1y poinr rhe wa:' 

ro environmental, nurririonJl. hormonJL and 

other facrors that contribute ro crncer. As more 

inf-(mnarion about human genes becomes Jvail-

able, there will be striking opportunities ro rest rhe 

importance of newly discovered genes nor only for 

their relation to c::mcer susceptibility. bur also for 

clues to environmental c:Hcinoge:is. The cools ro 

examine rhese comolex inrerac:ions benveen 

generic susce?tibiiirv md e:ivironmenta1 exposures 

are being de:eloped for studies rhJr could gre:idv 

advance our understanding of how inherir:ince, 

lifestyle, and environment combine to cause can­

cer. This knowledge will lead to new strategies for 

cancer prevennon. 

The opportunities afforded by adv:mces in 

cancer generics also raise enormous challenges. 

What clinical, medical, and surveillance issues 

arise from being able to determine inherited risk 

for cancer~ What are rhe psychologic:1L social, 

and family consequences? The cancer generics 

invesrment initiative also must ensure rhar individ­

uals are helped, nor harmed, by personal generic 

knowledge. 

The Plan 
To capitalize on rhese unprecedented opportu­

nities and ro meet rhe diverse challenges in cancer 

generics, support is needed for new acriviries [n a 

number of areas: 

• We need to support rhe identification of high­

risk families and rhe multidisciplinary research 

infrastructure required to identify and charac­

terize cancer predisposition genes. 

• We must make available ro clinical researchers the 

technology and resources they require to detect 

gene alterations and ensure that these alterations 

can be reliably and effectively measured. 

• Resources, including appropriate study popu­

lations and biospecimen collections, must be 

increased significantly for clinical and epi­

demiological rese::irch ro answer key quesrions 

about inherited mutations in cancer suscepri­

biliry genes. For example, what is the cancer 

risk for individuals who inherit different 

mutated forms of a particular cancer gene? 

Are rhere effective surveillance :md derecrion 

strategies to monitor for early signs of cancer? 

By integrating clinical. bborarory. and popula­

tion-based applic::irions. ir will be possible ro 
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develop more precise :ind effecrive srraregies 

designed rn prevenr cmcer, improve care. and 

address rhe erhicJ.l and psychosocial issues 

relared rn generic resring. 

• Supporr is needed for rr::.ining ;:rnJ che de•iel­
opmenr of eciuc::.rion;i] programs aimeci o.r rhe 

public, people ar high risk for c::.nce~, ndrh 

ca.re providers. and payers ro help rhem under­

srand rhe enormous imporrance of generics in 

oncology. A recenr survey of primary c::.re 

physicians found rhar mosr are nor prepared 

ro deal wirh generic informarion. As rhe vol­

ume and impacr of generic informarion 

increases, a medical work force wirh experrise 

in generics and counseling is required, and 
rhis must be achieved quickly. 

• We need rn develop an informarics sysrem ro 

collecr. srnre. analyze, and inregrare molecular 

dara wirh epidemiologic and clinical dara. 
Several pans of rhe cancer generics iniriarive 

will involve generaring and analyzing massive 

amounrs of dara about dozens of genes and 

hundreds of possible alterations in each gene. 
Dara on rhese gene alterarions must be corre­

lated with disease outcomes. These complex 

activities cannor be accomplished withour a 

dynamic and accessible informarics infrasrruc­

rure rhar allows a new level of exchange across 

scienrific di~ciplines. Ir is also of rhe urmost 

imponance to design a secure system thar pro­

tecrs rhe confidenriality of all collecred dara. 

• New rechniques in molecular generics musr be 

combined with more powerful srarisrical and 
epidemiologic approaches ro investigne gene­
environmenr inreracrions and rheir influence 
on cancer risk. By correlating our growing 

knowledge of rhe biological mechanisms rhat 

allow individuals to respond to rhe environ­

menr wirh derailed knowledge of generic vari­

ation among individuals, we can begin to 

idenrify rhose individuals who are consriru­

rionally susceprible to parricular environmen­

tal exposures. This can help to idenrify people 

ar high risk who mav bendlr from special 
. . 
1nren·enr1ons. 
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Together. chese areas of rhe cancer generics ini­

ciarive provide a unique opporrunity rn arrack rhe 

cancer problem ar irs core wirh speed. coorciinared 

ei-forr. anci insignr. ';Virh a narional etforr in chis 

are;;.. opporruniries for kt\' scienrific ~'d"·z.nces •.vill 

be gained. cancer c:.re advances will be ~acie more 

rapidlv, ;ind difficult ps~·chosocial and socier:i.l 

issues will receive rhe timely :menrion chey require. 

Progress in Pursuit of Our Goals 
As rhe first srep in planning a coordinared 

narional cmcer generics program, a group of our­

sranding scienrists. the Cancer Generics \'Vorking 

Group, was convened to discuss research opporru­

niries and barriers to scienrific progress. A new 

iniriarive, rhe Cancer Generics Nerwork, resulted 

from these discussions. The Network, a dynamic 

informarics infrastructure linking participating 

cemers rhat counsel. tesr. and monirnr individuals 

for cancer susceptibility, will be launched during 
rhis fiscal year. The Network will provide a plar­

form for genetics research and support rhe devel­

opmenr of critically needed educational resources. 
Ultimarely, rhe Network will' help to answer 

important questions, such as wherher preventive 

surgery reduces morraliry for people who have 

altered cancer susceptibility genes. This iniriarive 

will complement existing NIH-supported pro­

grams, increasing rhe access of individuals at risk 

for heredirary cancers to counseling and generic 

resting within a research setting. The Network 

also will enable NCI to rapidly launch critically 

needed srudies in rhis area. 

In 1996, to foster new generics research and 
generics counseling/education in the cancer 
research community, NCI solicited proposals from 

NCI-designared Cancer Centers for innovative 
projects in rhese areas. NCI provided supplemen­

tal funding for over 50 projects and resources 

addressing either heritable factors affecting cancer 
susceptibility in humans or generic 

counseling/education appro;iches. Resulrs from 

these shorr-rerm projects should provide a spring­
board for more extensive research studies ;ind 

conrribute valuable inform:.irion for pbnning ini­
riarives through J variety of funding mech:.inisms. 
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To meet rhe swiftly growing need ro educ:ue 

healrh professionals and rhe public :;.bour genetic 

resting and irs implic:.itions. in rhe next ~.·e:ir NCI 
\vi]] invire proposals for educ1rion :ind rr::Uning 

programs in genetic counseling. The J.im of rhis 

e~fort will be ro support projects rh:.ir develop new 

educ:.irional materials or use existing materials in 

innovarive ways to inform healrh professionals in 

training, oncology physicians :ind nurses. generic 

counselors, or individuals at high risk for cancers 

known to have :i subsr:imial genetic component. 

An imporr:im aspect of these projects will be ro 

deal '-Vith cultural issues and barriers associated 

wirn g~neic counseling among ethnic minoritv 

po~ubrions. 

Consequences: Investing versus Waiting 
The er:i of generic medicine is upon us. The 

plan oudined above is designed to complere rhe 

idemific:ition of all ;n:ijor cancer susceptibility 

genes within five years and to participate in 

preparing our Nation and its healrh c:ire system 

.GE_NETIC TESTING FOR CANCER SUSCEPTIBILITY:· AN OPPORTUNITY AND A CHALLENGE 

"Will I get cancer?" Although we can't answer this question with certainty for any individual, we do know that a 
small subset - perhaps. 10 percent - of the population carry inherited alterations in their genes that place them at a 
substantially increased risk. Hereditary genetic alterations are implicated in some cancers of the breast, prostate, colon, 
kidney, and ovary, as well as in other, less common, types of cancer. In addition, hereditary cancer syndromes such as Li­
Fraumeni and van Hippel-Lindau can afflict numerous family members across multiple generations. 

Tests to determine whether someone carries a genetic mutation rendering them susceptible to cancer are becoming 
i11creasingly available. While these tests are useful and appropriate in many instances, they also have serious, sobering 

. limitations. Cancer results from a complex interplay between genetic, environmental, and other factors. Even when a 
·test reveals ·that a person's risk of getting cancer is very high, the risk is not absolute; likewise, a negative result does not 
guarantee that the testee will never get cancer. A positive result for a. cancer s·usceptibility mutation can have profound 
psychological, social, and even legal consequences. We still do not have sufficient research data to address effectively the 
troubling ethical, legal, psychological, and social issues raised by gene testing. The most serious limitation to gene test­
ing, however, is the fact that test information is not matched by knowledge on how to prevent the cancers or lower risk 
of dying from them. · 

The NCI is responding to the challenges posed by genetic testing through these initiatives: 
. . 

Cancer Genetics Studies Consortium. Co-sponsored by the NCI and the National _Human Genome Research 
Institute, t~e Cancer Genetics Studies Consortium, a group of NCI-funded _research centers, examined testing and coun-

. seling methods for susceptibility to colon, breast, and ovarian cancers. Some of the centers' grants are being renewed, 
and some will receive supplemental funding to study counseling and testing for BRCA 7 mutations in the Ashkenazi Jewish 
population. · · · . : . 

... 
. .. . Familial Cancer Registries. The NCI supports a number of familial cancer registries, which provide an infrastructure 
of cancer-prone families in whom research about behavioral/psychosocial issues related to genetic testing can be conduct­
ed. Registri~s for breast cancer and breast-cancer related syndromes (for example, Li-Fraumeni Syndrome), ovarian can­
cer, and colorectal cancer are ongoing. 

Cancer Genetics Network. The Cancer Genetics Network will provide us with another platform for behavioral and 
psychosocial research related to genetic testing, as well as the opportunity to answer questions about the nature of vari­
ous prevention and early detection strategies for those with identified mutations. (See page 54.) 

Education and Outreach. Recognizing the importance of accurate consumer information on this complex topic, 
NCI has issued an informational booklet entitled Understanding Gene Testing. This booklet is meant for the general 
public, as well as people who are considering genetic testing, and is available through the Cancer Information Service at 
1-800-4-CANCER. In addition, NCI is working in partnership with the National Action Plan on Breast Cancer to produce a 
brochure and videotape on genetic testing for breast cancer susceptibility. 
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CANCER GENETICS RESOURC::.S 

FY 99 

MAP AND CLONE ALL i'vlAJOR HUMAN CANCER 
SUSCEPTIBILITY GENES ........................... S4.35M 

• Initiate project to map and clone cancer genes 
(1 0 genes/year) 

• Develop informatics associated with this effort 

GENE-GENE INTERACTIONS: 
IDENTIFICATION OF MODIFIER GENES ................ S7.5M 

• Initiate project to identify modifier genes (five modifiers/year) 

• Assess human homologues for correlation 
with familial cancers 

GENE ENVIRONMENT INTERACTIONS: 
MOLECULAR EPIDEMIOLOGY ...................... SlO.OM 

• Collect and maintain population-based 
repository of biological specimens 

• Measure exposure to environmental risk factors 

• Develop and employ questionnaire for 
environmental risks 

• Develop informatics associated with this effort 

CANCER GENETICS NETWORK ...................... S6.0M 

• Establish initial members of network 

• Develop informatics associated with the Network 

SUPPORT FOR BREAST AND COLON CANCER 
FAMILY REGISTRIES .............................. S0.85M 

• Develop informatics center linking registries 

COMPREHENSIVE MOLECULAR ANALYSIS ............. $25.0M 

• Establish six Technology, Development and 
Resource Centers 

• Conduct five pilots in comprehensive molecular analysis 
(breast, colon, prostate, lung, ovarian) 

• Identification and cloning of genes implicated 
by above pilot studies 

• Develop database of chromosomal aberrations in cancer 

• Create a BAC library representing chromosomal 
breakpoints and translocations in cancer 

CANCER GENETICS TOTAL ........................ S53.7M 
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to embr:i.ce rhe benefits md ;iddress rhe potential 

pitfalls of generic medicine. The consequences of 

nor esr:i.blishing a r,.;irional c:i.ncer generics pbn ;ire 

dire. [n rhe ::i.bsence of chis investment. we will nor 

be ;ible to resoond cO individuals who w:i.nr to 

know whether ci-ie- :.re J.t incre;ise<l risk for c:i.ncer 

due to an inherited predisposirion. \Virhour rhis 

investment, we m::i.y be unprepared for rhe ethical, 

legal, and ocher challenges associated with resting. 

Wirhour chis investment, we will be umble to 

answer rhe questions health c;ire providers wd indi­

viduals will have abour whar ro do wirh rhis porem 

information. Without chis added investment, we 

will be unable to offer participation in imporr:i.nr 

clinical trials :ind careful counseling ro millions of 

Arneric:i.ns who will seek guidance :i.nd answers. 

Finall;1, without rhis :i.dded investment, we wiil not 

be able ro utilize fully and rapidly rhe ;idv:i.nces in 

c:i.ncer generics ro improve our undersr:i.nding of 

cancer ::i.nd loosen irs grip on rhe N:i.rion. 

Missing rhis opportunity will slow rhe pace of 

all levels of rese::i.rch, :i.nd m:i.ny people who could 
have been helped will not be. Ulrimarely, we will 

have missed new possibilities for prevention, e:i.rly 
detection, and rre:i.rmen r. This is ;i pivotal oppor­

tunity ro provide le:i.dership in ;iddressing rhe fun­
damental societal issues rh;it :i.ccompany generic 
resting. We ;ire quickly approaching ;in erJ when 

generic resting will be widely ;ivailable. Alre:i.dy, 

tests for cert:i.in gene mutations are avaibble out­

side rhe research setting, :ind the benefits and 

drawbacks of using them are hody comes red. By 

establishing a cle;ir, inregrated plan, we will be able 

to pave rhe way for rhe ethical use of generic rest­

ing and provide rhe b;isis for responsible growth 

and development. The cancer generics initiative 

offers a plan ro m;ike rhe most of our recent dis­

coveries and, as imporrandy, ro generate new ones. 
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Preclinical 1Vfodels of Cancer 

\'Ve have gained subsrantd ground in our 

issaulr on rhe mountainous problem of cancer. 

Our research and discovery process has identified 

an inirial array of imponant c:mcer genes, :md we 

are now poised ro discover all of rhe genes rhar, 

when murared, contribure ro human cancers. As 
crucial as we know rhis work co be, we also know 

rhar we musr go be:10nd simply idenrifying rhese 

cancer genes - we musr undersrand how changes 

in rhese aenes contribute ro rhe rransformarion of :;, 

a normal cell into a life-rhrearening cancer. Whar 

is rhe aene's normal role in rhe celP How does a :;, 

murared version of rhe gene funcrion? How does it 

interacr wirh orher known cancer genes! We 

know rhese are critical quesrions rhar musr be 

answered ro achieve major advances in cancer 

research. Yer rhe srudy of cancer genes and how 

they chanae rhe prooenies of normal cells has . :;, ' 
been limired by rhe rypes of experimenral sysrems 

or serrings available for such srndies. 

To find rhese answers, we need ro manipulare 

aenes in a livina svsrem and rhen srudy rhe biolog-:;, :;, . . 
ical effecrs of rhe alrerarions we inrroduce. For 

borh rechnical and erhical reasons, we cannor per­

form rhese studies in humans; rherefore, we need 

experimental models rhar mimic human disease. 

New rechniques have enabled us co modify rhe 

genetic makeup of animals and simple organisms 

co serve as preclinical models of human cancer, 

faciliraring borh basic science invesrigarions and 

the resring of promising prevenrive or rherapeuric 

agents. This rechnology will be used responsibly, 

and the NCI is committed ro rhe humane care 

and use of animals in research. These models will 

be extremely imporranr co us, allowing us ro study 

and understand cancer in ways that were impossi­

ble even a few years ago. 

For example. new advances in mouse generics 

offer rhe opporruniry ro study rumors in J narural 

mammalian serring rhar accurately parallels hun1Jn 

cancer developmenr. Before rhis new rechnology. 

we could nor mah: :minds suscepriblc: ro specirlc 

cancers via rhe same gem:ric predisposirions now 

known in humans. Researchers can now airer 

mouse aenes and inrroduce rhe same murarions :;, 

rhar occur in human cancer. These muranr mice 

predicrably develop >pecific cancers and pass rhese 

suscepribiiiries ro rheir offspring in rhe same wav 

that humans mav inheri r J preciisposirion ro J par­

ricular rype of rumor. \'Virh rhese models. we c::rn 

examine every srage of cumor developmenr. from 

the very early srage \vhen J rumor firsr appe:m ro 

the advanced stages when rhe rumor spreads ro 

disranr sires wirhin che body. Moreover, rhese 

mouse strains provide previously unavailable ser­

tinas for resrina the vast number of new :i.pproach-:;, :;, 

es for cancer treatment or prevenrion rhar are in 

rhe developmenral pipeline. 

Models using even simpler organisms like 

flies, worms, and even baker's yeasr are orher pow­

erful examples of ho\v we can learn about human 

cancer bv srudvina non-human svsrems. In rhese . . :;, . 

simple organisms we have found biologic] sys-

rems we can use ro undersrand how cells make rhe 

decision ro divide or nor. Since cancer cells grow 

and divide in an uncontrolled way, a derailed 

understanding of cell division is critical ro under­

sranding cancer. W'e know that many of the can­

cer genes already idenrified play a role in cell divi­

sion, and now we have the opporruniry ro use 

chese relatively simple and easily manipulared bio­

loaical svsrems ro determine how rhe mur:i.tions :;, . 
rhar cause cancer force cells ro divide at inappro-

priate rimes. 

These are only a few of rhe opporrunities for 

which model systems can be created ro further our 

understanding of cancer :i.nd hasten our progress 

in developing new methods for derection, diagno­

sis, and rrearmenr. The applicarions of these rech­

noloaies mav be virruallv limidess. :;, . . 

The Goals 
1. Creare models of rumor developmenr in mice 

based on our knowledge of human cancer 

aenes and use these models ro srudv the biolo-:;, . 
f1V of rumor development. :;,. 

2. Use the mouse models of rumor developmenr 

ro srudv methods of cancer inrervention: 

(a) rest p()[enrial srrategies for prevenrive 

interventions ro block the development or" 

rnmors: (b) anal:ae new methods ro tre;ir 

rnmors afrer rhe:: ha,·e developed. and 
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(cl esr:iblish rhe best approaches for e:irlv 

c:incer dereGion and diJgnosis. 

3. l'se ;impie organisms rhJt c:in be mJnipubceu 

as rools for discover'.' to he!o unciersrand rhe 

norm;il role of" hurnJn cmcer genc::s :ind ro 

de::ermine both how cells mJ.ke decisions ro 

divide ;ind how cancer cells lose rhe ;ibiliry ro 

make these decisions correcrlv. 

4. Develop rhe infrastructure and procedures 

needed to make these models avaibble to all 

researchers. 

The Opportunity 
In the bboratory we have been able to identify 

a number of rhe mutations that drive c:.ncer for­

m;irion, and we now have a growing undersr:rnd­

ing of how these mutations trigger the initial steps 

in rnmor development. The better we understand 

these steps as J. normal cell progresses to J. rumor 

cell, rhe better we will be able to develop interven­

tions than can block the progression. Bur the 

study of these mutations and how they change the 

properties of a normal cell has been limited by the 

rypes of experimental settings in which we could 

examine these chmges. Our inabiliry to establish 

model sys rems to study the gre:it varier:: of human 

cancers, their development, and their progression 

has been a major roadblock to rhe discoveries 

needed to reduce rhe cancer burden in people. 

This roadblock has now been overcome by 

several recent advances that have led to unprece­

dented opportunities for: . 

Sudying cancer mutations in a living organism. 

Using techniques developed through NIH support, 
. . . . 
mvesngators can now insert any muranon or com-

bination of mutations into the genetic m;irerial of a 

mouse. These mice provide a natural setting to 

study all stages of rumor development J.nd the 

impact of multiple generic events at eJch stage. 

Understanding the early stages of rumor develop­

ment will help us develop berrer rools for detection 

and diagnosis. Also, these animal models will be 

parricubrly important for studying rhe complicJ.ted 

later suges of rumor spread ;ind invasion. areJ.s of 

re.~earch rh:ir deJ.l wirh the most threJ.rening ;ispects 

of hunun cancers. 
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Identifying new cancer genes. Our knowledge of 

the number ::;nd rvpe of genes char contribute ro 

Cl:!Ce~ is st'.ll growing. U~ing ~;nimal mode!s. we 

crn icie:1ti~..: ;:e'.v crncer :;e:1es ~tr a fas;:er ?ace. 

J..vo ;ippro:iches see:n most fruirfol. In che first. 

we c:rn ge1er!callv introduce rhe mutations 

invoived in rhe rlrsr steps of cancer de· .. elopment, 

and then let rhe next steps of rumor development 

proceed. Tumors that result can be analyzed ro 

identify the new mutations rhar h~J.Ye occurred. 

This approach may be rhe best way to identify and 

understand ocher genes :rnd environmental and 

dietary factors char affect cancer development and 

progression. A second ;.ipproach ro idenrifving 

new cancer genes rakes advantage of rhe existing 

large number of abnormal mouse strains that 

develop rumors. With NCI support. these mouse 

strains are currently being anal:'zed ro de:ermine 

their different rumor profiles (i.e., what rumors 

commonly occur in a given strain). \X.-irh chis 

information, we will be ;.ible to move forw:ird to 

identify rhe mouse genes responsible for generat­

ing the rumors. 

Applying knowledge of non-mammalian genetic 

systems to the study of human cancer. As each 

new cancer gene is discovered, we need to deter­

mine why its mutation cm lead to cancer. One 

approach to le;irning rhis is to study a relative of 

that human cancer gene in a model s:·srem where 

its normal role can be determined more e;.isily. 

The fly, worm, and ye;.ist versions of several 

hum;in c;.incer genes appe:ir to behave similarly to 

the human genes. These organisms will help us 

understand hum;.in cancer by providing accurate 

models that are easy to work with. Using these 

models, we can apply pmverful generic methods to 

learn more quickly all of the possible ways in 

which these genes and their protein products are 

controlled and determine how different ge:1es 

interact with one another. These findings can 

then be translated ro hum;.in systems Jnd refined 

- a dramatic shortcut to gaining imporunt new 

knowledge and ~1bbreviaring the rime berween 

gene discovery and the development of cherapies 

targeting the specific changes that lead to c;incer. 
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WHAT WE CAN LEARN FROM THE WORM 

What happens when cells "forget" their normal function? Studies 
of simple organisms such as flies and worms can give us important 
insights into this question and the development of cancer. For exam­
ple, researchers studying C. elegans, a worm frequently used in genetic 
studies, observed that certain genetic mutations produced a worm with 
multiple vul_vas. Further study of the mechanisms involved showed that 
one such mutation was in the worm version of ras, an oncogene that is 
mutated in a variety of human tumors and is thought to play a key role 
in huma_n carcinogenesis. 

The ras mutations in C. elegans caused the process of cell differen­
tiation to be disrupted - in effect, the cells on the surface of the worm 
"forgot" their usual function, were stimulated to undergo too many 
cell divisions, and formed extra vulvas. This finding provides impor­
tant clues into the role of the ras oncogene during growth and devel­
opment in both the worm and in humans, and, by demonstrating one 
manifestation of the effects of a ras gene gone awry, could eventually 
lead to innovative measures that prevent or reverse those effects. 

~-

Top: Normal C. elegans with a single vulva. 
Bottom: C. elegans with multiple vulvas due to mutation of the ras ongogene. 

Photos courtesy of Dr. H. Robert Horvitz, Massachusetts Institute of Technology 

Testing new therapeutic and preventive interven­

tions. Cancer therapeutics research will bend!t 

significantly from animal models rhat faithfully 

represent rhe great variety of dise::i.ses we call can­

cer. Developing animal models for human cancer 

predisposition and development will allow us ro 

test prevention strategies and facilitate the devel­

opment and evaluation of agents that could inter­

vene in and arrest the disease process. As we 

approach an era when cancer therapy will be tai­

lored to the particular mutations that promote 

rumor development, we will need these accurate 

mcdels to test new therapies more rapidly. These 

systems will allow us to answer the critical ques­

tions of why a particular therapy works in some 

cancers bur not in others. New ide:is and new 

approaches ro therapy abound, From manipulacion 

of the immune system to gene therapy; we require 

experimental settings such as these animal models 

to emubte quickly and safely the real problems 

and potentials of 21 sc cenrury therapeutics. 

The Plan 
Although the need for this technology and the 

potential for significant, concrete advances are 

great, at present we cannot fully exploit this extra­

ordinary opportunity for progress against cancer. 

Creating mouse and other models of human can­

cer is now technically possible, bur the infrastruc­

ture is lacking to develop the range of models nec­

essary to represent human cancer and to make 

these models available to researchers. The expense 

and logistics of creating and maintaining rhese 

animal models is beyond the budgets available to 

individual rese:uchers. We need the added invest­

ment and infrastructure to support, to help man­

age. and ro coordinate the use of these powerful 

new preclinical models. Specific steps in our plan 

include the following: 

• We need ro support the development of 

mouse :ind other non-mammalian models. 

These preclinical moJds must be rested Jnd 

refined to rnsure chac rhey :1ccurately reflect 

imporranr char::icteristic:s of human rumors. 
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PRECLINICAL MODELS RESOURCES 

Mouse Models to Study the Biology and 
Treatment of Human Cancers ................... S11.8M 

• Develop programs to improve technology 
and expertise, and to support, validate, 

.and disseminate models 

• Establish database of all mouse models 

• Conduct pilot projects to validate and improve 
the usefulness of models 

• Support training of scientists for optimum 
capability in the use of mouse models 

Non-Mammalian Organism Models to Find 
Oncogenes, Cancer Pathways, and Screens 
for Anti-Cancer Drugs .......................... S6.5M 

• Promote the study of cancer gene homologs 
in non-mammalian models 

• Develop resources (genetic tools) and centers 
to aid development of non-mammalian models 

• Establish a multi-organism gene database 

• Support development of screens for anti-cancer 
drugs in these systems 

Index of All Mouse Cancer-Related Genes -
Mouse Tumor Gene Index (TGI) ................. Sl 1.0M 

• Produce 50 cDNA libraries from mouse 
cancer models in one year 

• Produce 100 cDNA libraries from different stages 
of mouse development and from many organs 

• Use the Human TGI infrastructure to identify 
400,000 mouse transcripts for cancer research 

PRECLINICAL MODELS TOTAL ...................... S29.3M 

• Repositories, distribution mechanisms, and 

related procedures must be established co 

make these models available to all researchers. 

• The knowledge, expertise, and technology co 

use rhese biological models to their fullest 

potential in cancer research must be fostered. 

• A work force must be developed rhar is expert 

in rhe generic manipulation of mice, rhe 

manipulation of other relevant generic sys­

tems. complex generic anal:1sis, ~ind mouse 

pathology. 
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Progress in Pursuit of Our Goals 
A Working Group has been convened w 

deline:ue rhe major opportunities and barriers to 

developing and disseminating biolog!c:il models 

for cancer. The group's initial disrnssio"ns have 

focused on rhe issues outlined :ibove :rnci on more 

precisely defining goals, establishing priorities. :ind 

identifying related tasks rhar must be undertaken 

to realize goals. Subcommittees of experrs in rhe 

relevant fields have been established, :rnd we are 

now engaged in discussions to develop the derailed 

plans needed to exploit rhis opportunity. 

One of our first tasks, already under way. is to 

develop a database containing all of rhe available 

knowledge J.bour rhe natural occurrence of tumors 

in mode! organisms, particularly rhe mouse. Ir will 

provide baseline information on rumor incidence, 

type, md outcome for these animals. This infor­

mation is being collected for rhe first rime and will 

be an invaluable reseJ.rch resource. The d:.nabase 

will be extremely helpful both to invesrigacors 

needing appropriate animal models for studying 

tumor development and those seeking to identify 

the genes that predispose the animals to cancer. 

This database is one of rhe first steps in our plan­

ning process to expand rhe use of model organ­

isms in rhe study of human cancer. 

Consequences: Investing versus Waiting 
Good biological models quicken the pace of 

discovery. The use of simple generic systems has 

the potential to enhance greatly our understanding 

of the generic mechanisms involved in the cJ.ncer 

process and can be expected to uncover new tar­

gets for therapeutic and preventive interventions. 

Past reseJ.rch investments have yielded a wealth of 

innovative ideas and approaches to early detection, 

prevention, and treatment of disease. We believe 

mimal models represent the most rapid, efficient, 

and cost-effective way to assess the potential of 

these innovations. In all areas of medicine. the 

new ability ro create valid models of specific dis­

eases is revolutionizing safety and efficacy resting 

of these much needed interventions. Failure to 

make full use of this breakthrough technology in 

cancer will greatly limit rhe number and rvpes or· 

novel therapies rhar we can rest. Moreover. we will 

continue ro Ix: hampered in our ~1biliry to priori-
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tize promising interventions and assess their readi­

ness for human clinical rri:i.ls. The backlog of new 

ideas and new approaches is growing, bur we can 

neither illord nor justify trying them ill in 

humans. 

If we fail w enact this pbn. we will have abw­

doned a pr:.ictical way to test interventions that 

may allow us to prevent the development and pro­

gression of cancer. ~'ithout the tools this plan 

will provide, our understanding of the environ­

ment:i.l and dietary factors that alter cancer risk 

will remain limited. 

We are committed to discovering more rapid, 

more accurate, and more economic:i.l means to 

translate basic research to the benefit of patients, 

and we believe char animal model rechnology will 

increase rhe flow of ideas into resrable clinical 

applications. If we do not invest in designing new 

biological models and making them widely avail­

able to researchers, we will be tied to a slower pace 

of progress; too many worthy ideas will have to 

wait in the long queue for human clinical rrials 

without the guidance compelling results in ani­

mals could provide. \Y/e must enact this plan to 

capitalize on this technology's enormous potential 

to deepen our understanding of cancer and help 

us find ways to conquer it. 
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OPPORTUNITY 3 

Imaging Technologies 

One hundred years ago, Wilhelm Roentgen, a 

German physicist, demonstrated that x-rays can be 

used to visualize internal structures of the body. 

Progressive refinements in technique since then 

have steadily improved the quality and versatility 

of rhe x-ray picture, so that for many decades now, 

the diagnostic power of the x-ray has pervaded the 

practice of medicine - rhe chest film, barium 

contrast studies of the gasrroinrestinal tract, and 

derailed visualization of the coronary arteries are 

familiar examples. These :ind other imaging tech­

niques have made it possible co diagnose localized 

abnormalities, often before rhey have caused irre-

versible damage. In no field of medicine has rhe 

diagnostic usefulness of the x-ray been more phe­

nomenal rhan in oncology. In many parts of the 

body, cancers roo small co be de:e-::te::i bv ohvsicl 

examination can be oinoointed bv imaging and 
l - • ..... ._, 

rre:ned before the· can S?read. This is whv x-rav 

mammography saves che iives of many ·.vome:i 

diagnosed with e:iriy breast c:mcer. 

Over rhe past quaner centur:', che entire im;1g­

ing field has take:i a quantum b.p forward. 

Indeed, rhe practice of diagnostic radiology has 

been revolutionized, pe:-haps more dramaticall:» 

than any other area of clinical medicine. A Rip 

Van Winkle radiologist, awakening today afrer a 

25-year nap, would be utterly astounded by the 

sheer richness and precision of the information 

provided by a routine CT scan of the body. 

Organs deep within the body can now be biopsied 

by long, thin needles guided safe!;· to rheir targers 

by CT or ultrasound scanning; in many cases. this 

capabiliry has eliminated rhe need for general 

anesthesia and an open surgical procedure. The 

crude and often painful techniques of the past for 

visualizing rhe br;iin and spinal cord (myelography 

and pneumoencephalography) have given way to 

non-invasive, painless, and vastly more informative 

CT and MRl. Adaptations of MRl permit the 

refined visualization even of the arteries of major 

organs without rhe need for painful and potential­

ly hazardous injection of contrast material into 

these vessels. 

The Goal 
Discover and develop techniques that will 

increase the precision, accuracy, and scope of 

imaging diagnosis and integrate imaging further 

inro the practice of clinical oncology. 

The Opporrunity 
We already know that several different types 

of physical processes can interact with living tissue 

and produce useful images. X-rays can be collect­

ed, recorded, and analyzed to produce plain 

images on film or CT scans. Radioactive material 

called tracers. when introduced inro rhe body, seek 

our a particular organ or structure (such JS J 

rumor) and can yield :in image of rhJr organ or 
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structure when rhe dec1v of rhe tracer is detected 

by special sensing devices. The responses of tissue 

exposed ro ::t ch;;.nging magnetic field c::tn be 

recorcied :is m::tgnecic ~esonance images. Sound 

w;;.ves of hign frequenc.· (ultrasound) can pass 

through rhe bodv :rnd produce images in real rime 

of r;;.pid.ly moving or ;rarionary anaromicJ.l srruc­

rures. Yer we still have far to go to realize the full 

potential even of rhe techniques already available 

ro us. 

Consider just two ex:imples: 

First, most routine imaging techniques show 

us the anatomic size, shape, and in some cases the 

density of an organ or an abnormality within an 

organ. Sometimes the appearance of an abnormal­

ity is so characteristic rhar we can infer what the 

abnormality is (in orher words, it strongly suggests 

a specific diagnosis), bur most often ir is nor. 

Certain currently available techniques, such as 

positron emission rnmography (PET) or single 

photon emission computerized mmography 

(SPECT) im:lging permit ·,-isuJ.li:::ition of the 

physiologicJ.l or mer:ibolic charac::erisrics of a tis­

sue, including mmor tissue. These cna.rncrerisrics 

might include. for ex:lll1ple, the glucose urilizarion 

rare or the kinds of receprors covering the surface 

of the rumor. Such information may soon help us 

make decisions on how ro rarger particular kinds 

of therapy ro a rumor, or may rel! us, wirhour rhe 

need for biopsy, how a rumor is responding ro a 

recently administered treatment. Gazing much 

further into the future, it is even possible ro imag­

ine that metabolic imaging techniques eventually 

may be extended to give information about the 

disruption of cellular signaling pathways or specific 

patterns of gene expression. 

EDGE 

DRESS REHEARSALS FOR SURGERY: 3-0 PROSTATE CANCER SURGICAL REHEARSAL 

X-ray films, CT scans, and MRls in hand, a prostate surgeon heads down the hall of a hospital. But instead of donning 
scrubs, entering a surgical suite, and taking scalpel in hand, the surgeon enters a biomedical imaging laboratory, sits down 
at a computer, and takes mouse in hand. Like an actor rehearsing for the last time before opening night, the surgeon is, 
through the use of the latest computer technology, rehearsing for the prostatectomy he will perform tomorrow. 

Surgery for prostate cancer involves working in an area of a man's anatomy where several delicate organs are housed in 
close proximity, creating a tough situation for surgeons. More than half of the men who undergo a prostatectomy have 
surgery-related complications, including impotence and incontinence. But the technology for prostate cancer surgical 
rehearsal developed by a biomedical imaging resource team at the Mayo Clinic and Foundation, an NCI-designated 
Comprehensive Cancer Center in Rochester, MN, may provide the key to reducing surgical complications. 

Using data from the National Library of Medicine's "Visible Male" from 
the Visible Human Project, the team of researchers has developed and test­
ed imaging software that enables technicians to combine x-ray, CT scan, 
and MRI data to create a three-dimensional rendering of the patient's 
prostate and surrounding organs with the tumor highlighted in bright red. 
By manipulating the 3-D image, the surgeon can see the relationship of 
the prostate gland and tumor to the bladder, ureters, seminal vesicles, and 
other anatomic structures prior to surgery. This information enables the 
surgeon to determine the best way to conduct the operation. 

Testing of surgical rehearsals for prostate cancer patients has begun 
with a handful of surgeons at the Mayo Clinic, but past success with similar 
rehearsal techniques for patients undergoing brain surgery gives the 
researchers hope that once the technology is refined, surgeons will have a 
powerful tool to help them plan and perform prostatectomies 
and other surgeries. 

Prostate gland with tumor and surrounding structures 
computed from MRI of a prostate cancer patient. 

The tumor is highlighted and indicated by a circle. 

Photo courtesy of Dr Richard A Robb, Mayo Clinic and Foundation. 
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Second. che applicJ.tion of computer technolo­

o-ies to rnh:ince ;.rnd m:iniouhre images so rhar chev 
0 -

c:in be better appre:.:iared bv peopie fus been iilus-

rrared most dr:imaricailv in che picrures be:.uned 

back to earth from orbiring sarellires or from inrer­

plane[ary probes. Extensions of rhis rechnology 

have porenrially profound implicarions for am.lyz­

ino- and refinino- patterns detected in medical 
0 :::> -

images. Neural networks are a component ot some 

arrificia.l intelligence technologies rhar can be 

"rrained" to recognize parterns. The application of 

neural nerworks ro patterns imaged using srandard 

x-ray mammography has already suggested rhat 

neu~al nerworks can be "taughr" ro disringuish 

berween malignant and non-malignant breast 

images with impressive accuracy. Since we know 

rhar mammography saves lives, the demonsrrared 

potential of rhese new technologies ro enhance 

mammography has compelling implicarions for 

extending image enhancement and partern recogni­

tion to orher cancer medicine applicarions. 

Clearly, the richness of possibilities for med­

ical imaging is extensive and wide-ranging. 

Improved imaging will contribute ro a better 

understanding of human rumor biology, to better 

means of diagnosis and early detection, and to bet­

ter prevention and therapy. Paradoxically, rhis 

tremendous scientific promise comes at a relatively 

inhospitable time for the inrroduction of innova­

tive technologies in medicine. Healrh care 

providers are under severe pressure ro contain costs 

and are less willing than in the past ro make large 

capital investments; rhe promise of more accurate 

imao-es will nor be sufficient ro jusrify new equip-:::> 

ment purchases unless there also is evidence rhar 

the o-reater accuracv translates into cosr savings or 
0 ' 

better clinical results. These economic realities are 

makina rhe indusrrial developers of imaging tech-:::> 

nologies reluctant ro invest in risk."Y projects rhar 

have lirde or no prospecr of near-rerm gain, even 

if the porential long-rerm payoff is very high. 

Anorher issue is rhat device manufacrurers are 

rechnology oriented and frequently lack expertise 

in medicine or biology. This me:.ins rhar decisions 

on whar ro develop are ofren m:ide wirhour a 

srrong sense of biomedical prioriries. 

The Plan 
To ad\'ance medical !maging re:.:hnolcgy for 

rhe benefir of cancer parienrs and [hose ar risk, '.ve 

must address mree parricu.hrly tmportant cnal­

lenges. Specifically. we must: 

• Develop a plan for a comprehensive imaging 

research program. 

• Coordinare rhe de·1elopment of imaging rech­

nolcgy wirh medical need. 

• Creare a suitable infrastrucrure for rhe timely 

and definirive clinical evaluation of emerging 

imao-ino- rechnologies. :::> 0 v 

In response ro rhese challenges, NCI has 

created a Working Group devoted ro imaging 

rechnologies. Identical in concept to rhe very suc­

cessful Working Groups de·.'ored ro molecular 

diaanostics and cancer o-enerics. experts from :::> 0 

diverse disciplines have been challenged ro help 

NCI develop a plan for raking full advanr:i.ge of 

the current and developing scienrific opportunities 

relatina ro imaaina. The plan will include shorr, 
~ ::i ~ 

medium, and long-rerm goals with defined and 

attainable milestones against which progress can 

be measured. 

In parallel with rhe \'V'orking Group efforr .. 

NCI plans ro initiate a national forum ro bring 

rogerher biomedical scientists, technology develop­

ers, Federal regularors, and healrh care payer and 

provider organizations. This forum will provide 

a catalvst for information exchange and for rhe 

forma;ion of partnerships between those who 

can define the medical needs and those who 

have the technological expertise ro meet rhem. 

Inviting rhe Food and Drug Adminism.tion and 

payer/provider representatives ro participate in the 

process will ensure discussion of issues relaring ro 

regulatory and reimbursement decision m:iking. 

We expect that rhe ongoing dialogue resulting 

from rhis forum will have at least three important 

outcomes. Ir will make technology development 

more relevant ro rhe areas of greatest medic:il 

need, help speed rhe ~tpproval of devices. and 

improve decision making by payers concerning 

which diagnosric rests should be covered bv 

health care plans. 
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DIAGNOSTIC IMAGING RESOURCES 

F'f 99 

Metabolic and Physiologic Imaging .................. 511.0M 

• Develop functional and physiological imaging 
techniques for cancer 

Patter{l Recognition and Image Enhancement ......... Sl 2.0M 

.• Develop necessary hardware and software 

Integration of Imaging with Therapy ................ SlO.OM 

. • Develop image-guided therapy 

Clinical Trials .................................... S3.0M 

· ~· Establish a national network for the rigorous and 
~ , ·comprehensive assessment of new imaging techniques 

Training .. · .................... · ................... S2.0M 

· •.Establish programs for training the next generation 
of imaging researchers 

• Develop necessary hardware and software 

Accelerated Technology Transfer ..................... Sl.OM 

• Establish a national forum for information 
exchange relating to imaging technologies 
and biomedical need 

DIAGNOSTIC IMAGING TOTAL ..................... S39.0M 

NCI also pbns to establish a national network 

for evalmring imaging technologies. This cooper­

ative group will include academic centers of excel­

lence and affiliated hospitals in rhe community 

with particular expertise in clinical imaging. This 

group will have rwo important roles. First, it will 

work with academic and industrial technology 

groups to expedite the early clinical resting of 

promising prototype devices. This will provide 

rhe critical information necessary to decide 

whether innovations are promising and, if so, 

whether they need improvement before large-scale 

resting. Second. rhe group will have the capability 

ro conduct rhese large-scale, definitive evaluations 

of imaging innovations. usually comparing rhe 

innovation ro standard techniques, as soon as such 

resting is justified by the pilot clinical experience. 

Evaluations should include measures of diagnostic 

accuracv. medic:il benefit. ~ind cost effectiveness 

compared with wideh· used scrndard approaches. 

NCI anriciparcs rhar this cooperative network for 

assessing new imaging rechnoll)gies will be well 
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received by commercial cechnology developers, 

since ir wiil provide rhem access ro a high!~· skilled 

and commin:ed group of clinical invesrigarors for 

che cesring of novel produces and approacies. 

NCI also anticipates signific:mr cosr sharing wirh 

indusrr: for rhe support of rhis activity. 

Consequences: Investing versus Waiting 
All of these areas are of interest ro imaging sci­

entists in academia and industry. If NCI is able ro 

capitalize on the opportunities outlined here. 

translation of imaging science into clinical reality 

for people with cancer and those at risk will occur 

much sooner than is possible at our current level 

of involvement. The formation of productive con­

sortia between academia and industry will occur 

much more rapidly if catalyzed by NCI interest 

and resources. Our participation will ensure the 

application of emerging technologies ro the cancer 

problem. 

Imaging advances will bring earlier and more 

accurate diagnosis of many cancers, fewer invasive 

procedures for patients, and a heightened ability 

ro monitor rumor response ro treatment. 

Significant advances in imaging are now possible 

and will rranslate directly into larger numbers of 

lives saved, but their development will be stunted 

without NCI leadership and investment ar rhis 
. . 
important nme. 
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OPPORTUNITY 4 

Defining the Signatures of Cancer 
Cells: Detection and Diagnosis 

In the clinic of the future, jvfichael. age 65. has 

arrived for his annual physical examination. After 
the preliminaries - height, weight. blood pressure 

- are complete, it's time for some routine blood 

work. A needie-;"tick in the finger provides a drop of 

blood to test for signs of cancer. Sensitive rests look 

for the presence of tell-tale proteim that might have 
been secreted ftom a wmor at ii distant site. 1i'!ost of 
the results prove negatiue, but .ceverai tests rhar ,·heck 

for prostate tumor rr111rkers show increase',- in L"crraiu 
cirrnlating proteins since A1ichae!'s last c'Xilm. A .1pl'­

L"i1d t"omp11ter is used to itlllkt: t"omp1zrisow wir/1 his 
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past records and wirh profiles .from other men in the 

same risk groups as 1'vlichae!. These indicate the need 

to perform direc: ;es rs for prosrare cancer. ,znd il biop­

'Y finds a ima!l bm pomuzal~v dangerow growth of 
tumor cells. The DN,J,. of rhese cells is examined and 

a lighming-</1tic,& anai>sis shows subtle chailges in :1 

Jew genes. A computer is wed to cormecr to ti data­

base of DNA samples that can be compared to 
klichaelj· DNA. His DNA matches DNA consistem 

with early-stage prostate cancer that requires immedi­

ate treatment; outcome data on individuals with 

DNA like Michaelj· suggest his cancer will spread 

quick~y if left untreated Michael begins treatment 
soon afterward, and subsequent tests show that the 

cancer was removed just in time, before it had the 

chance to ;pread to distant organs. 

Just J.S each person's sign:iture and fingerprims 

are distinct from those of every other person, cells 

likewise have signatures - unique. identifiable 

characteristics rebred to rheir role in rhe body. 

During the transformation of a normal cell into a 

cancer cell, rhe signature changes, and rhar change 

becomes a unique signal of irs presence and char­

acrer. By reading rhese signals accurarely, we will 

be berrer able ro detect and diagnose individual 

cancers. Our progress ro dare in isolating unique 

identifiers of c:rncer cells makes this area of 

research one of extraordinary opportunity for 
. . . 
improving panent care. 

Detection 
Ir has b<::en shown over and over again thar 

earlv detection of cancer saves lives. We know 

rhat finding tumors when rhey are smaller and 

have nor spread usually results in a substantially 

better prognosis for the patient. In short, the ear­

lier a cancer is derecred, the berrer. Accurate early 

detection methods give us a chance ro catch a 

rumor before it has reached a stage ar which effec­

tive care is compromised. 

Currenrlv, rhree major approaches are used ro 

detect cancer. The first involves physically detect­

ing rhe rumor. such as by touch or by x-ray imag­

ing. ;1s in mammography for breast cancer. The 

second involves recognizing abnormalities caused 

by rhe rumor. such as the presence of blood in rhe 

swul - a potential sig_n of colon cancer. The 

newest merhod derecrs molecular changes that 

only occur in patients with cancer cells. One 

common use of chis method involves checking a 

blood s::unple for dented b·els of proteins ?ro­

duced by ce:tain rypes of cumor cells. One such 

protein, prosrare specific inti gen (PS . ..\.). is pro­

duced bv prostate c:rncer cells. This rhird :ire;;. of 

detection technology provides :.l we:.i.lrh of oppor­

runiries to develop more sensitive :md specific 

rnet:hods for detecting rhe presence of small 

rumors, greatly enhancing the chance for curing or 

controlling cancers. 

Diagnosis 
The behavior of each cancer - how ir 

responds to therapy, how it changes over rime, and 

whether it rhrearens rhe patient - is determined 

by molecular changes rhar occur during rumor 

development. The me::hods we currently use to 

diagnose rumors often do nor allow us to deter­

mine rhese changes. The problem is one of dis­

crimination. We need ro know enough about a 

particular tumor ro make correct choices about 

therapy and accurate predictions of outcome. 

Ar present, our ability ro determine rhese 

important rumor rrairs is roo limited. \'V'e have 

achieved significant progress in understanding rhe 

molecular basis of cancers, yer our current diag­

nostic rools do nor provide the clarity of informa­

tion we need for better patient care. For example, 

two apparently identical breast tumors may have 

distinct features rhar caused them to develop dif­

ferently and will cause rhem to respond differently 

ro treatment. The inability to identify such cru­

cial characteristics can result in vastly different 

outcomes for the parienr. We must design more 

sophisricared rools in order ro derermine the traits 

of rhe tumor that dicrare treatment choice and 

predict prognosis. 

The Goals 
1. Develop new methods for detecting tumors ar 

their earliest srages. when rhe number of 

rumor cells is small and rhe chance for cure or 

control is grearesr. 

1 Develop diagnostic rests rhar will enable us to 

base rrearment choice on rhe ri.inJamenral 

rrairs or· a rumor rhat determine rhe course of 

irs Jevelopmenr. 
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The Opportunities 
In rhe budget proposed by the National 

Cmce:- [nstitute for FY 1997/98, Derelopmemal 

Diagnostics :rnd Detection Technologies based on 

the unique signatures of cancer cells were identified 

as C\VO distinct areas of exrraordimry opporruniry 

bec1use of the diffe:ing impact they will have on 

rhe management of cancer in patients. Subsequent 

discussions with Jdvisors have made it clear that a 

unified approach will most rapidly accelerate rhe 

discovery process both for new molecular-based 

detection and diagnostic methods. Therefore, this 

year we present rhese opportunities as one, with a 

cohesive implementation plan to achieve key mile­

stones in both detection and diagnosis. 

Detection. Among the exciting new opportu­

nities for major advances in our ability to find 

cancers in rheir earliest and most tre::uable srages is 

to detect solid rumors by looking for protein mol­

ecules secreted only by the rumor cell. The pres­

ence of rhese proteins in body fluids, such as 

blood, signal cancer. In fact, cancer cells influence 

the behavior of both neighboring and distant 

tissues - blood vessels, the kidney, the brJin, 

endocrine glands, and other organs are all subject 

to changes as rumors grow. We are quickly discov­

ering rumor-secreted proteins that account for 

these changes, so that developing sensitive meth­

ods for detecting them is now feasible. 

In addition, subtle bur detectable changes in 

rhe DNA, cellular proteins, and other molecules 

in tissue surrounding the site where a rumor was 

removed may persist if only a few precancerous or 

cancerous cells remain around the margin. 

Detecting these changes will enable us to deter­

mine with greater confidence whether we have 

removed the entire tumor. Moreover, periodically 

moniroring patients for these changes may provide 

early signals of disease recurrence, or alert us to 

the exisrence of residual disease at locations distant 

from rhe original rumor site. For all of these rea­

sons, the ability ro detect a rumor's molecular sig­

nature in body fluids or tissue holds huge poren­

tial for catching rumors at their earliest. most con­

trollable stages, and rhereby improving rhe c1re 

and prognosis of people with cancer. 
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Diagnosis. New oppon:unities now e:cist for 

dr:imatically improving our ability to diagnose and 

distinguish differences among tumors, le·:eraging 

rhe knowledge we have gained from our invesr­

me::ir in rhe infrastructure for discover.'. The ri.rsr 

humm cancer gene - for rerinoblasroma, a rare 

childhood crncer of rhe eve - was icienrifid 

approximately 20 ye:.m ago, and progress in identi­

fying all of rhe genes impon:anr in human cancer 

has been rapid since then. The explosive growth in 

our knowledge of mechanisms that promore and 

regulate rumor development is one of rhe success 

stories of modern biology. \'V'e now understand rhe 

molecular basis for many of rhe changes responsi­

ble for rumor development. These advances in our 

knowledge provide the framework for more precise 

and complete diagnosis of c:rncers. 

Molecular diagnostics will provide a direcr 

link between rhe molecular description of crncer 

cells and patient c:ue. In its simplesr rerms. chis 

new era in cancer diagnostics will provide a "sn:.ip­

shot" or profile of rhe rumor's properties ar a p:.ir­

ricular point in rime. This sn:.ipshor will show rhe 

key differences between :.i normal cell and rhe can­

cer cell. Once identified, rhe abnorm:.il traits of 

the rumor cell will rhen be used to plan individual 

panent care. 

Developing a rapid :ind cost-effective method 

for raking this snapshot of rhe rumor cell will be 

an essential step toward m:.ijor advances in: 

Understanding tumor development by establish­

ing a natural history of rumors for all cancers. A 

snapshot of cancer cell properties taken at various 

stages of rumor development will chart rhe steps 

of cancer growth. We need ro le:.irn rhe changes 

rhar are linked ro each srage of rumor develop­

ment. Does one alteration dicrare the alteration 

that follows? When do rhe most h:.irmful ch:.inges 

rake place? 

Classifying rumors into groups based on their fun­

damental properties. We will rhen be able to iden­

tify rumors th:i.r have similar patterns of growth 

and will respond similarly ro various therapies. 

Selecting and developing tre:umenr bJ.Sed on mole­

cubr changes thar occur during rumor Je\·eloprnc:nr. 

Diagnostic rests that iJenrify these k.e\· rnolecuLir 
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ch::mges will make it possible ro make fully informed 

choices berween :i.v;;ibble therapies and evemually ro 

design new and more effective rherapies. 

Assessing progress based on a complete picture of 

rhe a.lrer:Hions char promote rumor developmem 

and a cle:u indic:i.rion of rhe original cancer sire. 

This information will make ir possible ro predict 

more accurarely rhe course of disease and will lead 

ro more effective ?atiem care. 

The Plan 
In rhe area of detection, our plan has rhree 

major components: 

• We will expand our currem knowledge about 

rhe proteins secreted by normal and cancer 

cells ro develop new cancer detection rools. 

Secreted proteins c:m be recognized, in parr. 

because rhey carry certain molecular "f1ags" 

rhar denote rhem as secreted. Using highly 

sensitive molecular rests. we will c:ualog pro­

teins secreted by specific rumor cell types. 

Individual proteins known ro be secreted by a 

particular tumor cell rype can rhen be meJ.­

sured in blood samples. This approach should 

be applied ro all of rhe common solid rumors 

- for example, breast. colon, lung, prostate. 

ovarian, brain. J.nd bladder. 

• We will adapt existing gene idemificarion sys­

tems, used ro find cancer-related genes. to 

derect extremely small numbers of rumor cells. 

These methods will enable us ro detect :iccu­

rarely and rapidly rumor cells in easily 

obtained samples of tissue, blood, and/or 

orher body fluids. 

• We will design methods of detecting the 

numerous protein and non-protein molecules 

m:ide by tumor cells rhar alter rhe behavior of 

borh neighboring :ind distam org:ins and ris­

sues. Detecting rhese molecules in tissue 

would signal rhe presence of rumor cells in a 

patiem; rhe rumor cells' locarion could rhen 

be pinpoimed bv clinical merhods. 

To increase the usefulness of diagnosrics in car­

ing for patiems, our efforts will be focused on rwo 

mJ.jor areas: developing better diagnostic rests :.ind 

creating rhe research srrucrure needed to correlate 

test results with clinic:il outcomes. The clear goal 

of rhe ne:-::t gener:Hion of diagnostic resrs will be to 

classifv rnmors into groups thar behave and 

respond in >imib.r '-vavs. As \Ve :.ire better able to 

see how rnmors :lre alike or differem. we wiil have 

recognizabie r::o.rgers for which we c::o.n select ::o.nd/ or 

develop effective therapies. 

Three approaches will be used: 

• We will deve!op methods for derecring rhe 

acrual mutations responsible for rumor devel­

opment in rhe cell's genes. 

• We will develop a picrure of key genes rhat are 

expressed in rhe rumor and esr:i.blish :i. profile 

of rhe proteins found in the rumor. The p:it­

tems of gene expression should also indic:ite 

the rumor's origin. 

• We will idemir:-' changes in ke~; communic::i­

tion pathways and orher regulatory conrrols in 

a rumor cell. Communic:i.rion or "signaling" 

pathways are like decrric:i.l circuits; rhey :i.re 

rhe mechanisms rhat cells use ro make deci­

sions. In cancer cells, these "circuits" function 

differenrly than in normal cells in ways thar 

we can identifv and moniror. 

The plan for improving c;incer di:i.gnosis must 

include rhe capacity ro evaluate whether the new 

rests result in berter parienr outcomes. To develop 

rhe research infrastructure needed ro do this, we 

need ro support research through which rhe gene 

alrerarions, gene and protein expression levels, and 

signaling pathway changes underlying rhe new 

di:i.gnostic approaches can be established. We will 

need repositories for tissue and rumor samples 

provided by parienrs who wish ro parricipare in 

rhis research. The repositories will also store clini­

cal records and will serve :J.S a resource for samples 

and for comparing prognosis with the various 

tumor m:i.rkers me::isured wirh the new diagnostic 

rests. Clinical rese:i.rch will be needed to correlate 

rhe rumor profiles \Virh response ro different thera­

pies. All of rhis d:i.r:i. musr be linked through a 

nerwork rh:i.r :i.llO\vs information exchange J.mong 

all of rhe reseJ.rchers and cancer ~are givers devel­

oping and using rhese new merhoJs. 
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Progress in Pursuit of Our Goals 

In !'vl::irch 1996. che De·relopmenral 

Oi;:;.gnosc:c., '-X .. or'.·:ing Grou::i w::is esr:1olisheci co 

provice :n?Ll( Cn ~:O\V CC:S[ ~O :1chie•:e ~ne 5o:Js 

oudine::i for Ck:e!opme::r::ii Di;:;,gnosrics in rhe FY 

l 997 /98 budgec requesr. lrs me:nbe::s :ue our­

sr::inding scie:1Cim from JC::idemi::i. indusrry. ;:;,nd 

gove:-nmenr. spanning rhe crncer rese::irch contin­

uum from basic ro clinic::il investigarion. The 

Working Group recommended rhar NCI support 

rhe cre:irion and expansion of rechnologies co 

me:isure generic changes :md establish rhe panerns 

of gene and protein expression and funcrion in 
rumor cells. 

The Cancer Genome Anatomy Project 

(CGAP) will be rhe principal vehicle for coordi­

mring :md achieving advances in molecubr 

de::ecrion and diagnostics. The overall goal of 

CGAP is rn de::e:-mine rhe complete prof-Ile of 

LASER CAPTURE MICRODISSECTION 

expressed genes in normal. precrncer. and cancer 

cells. with rhe J.im of making it possible rn recog­

nize :ill m:iior ste?s of rumor c.ie•:eiopme:-ir. \Y/e 

knO\V CD:.i[ c::rn.::::~ is :.l se::e::ic dise:.;se. me:ming rhar 

mur:uions in genes ''re ~esponsiolc: for ~he deve!op­
menr of crncer. Bur ·.ve don'r know for e•:e::-v c::in­

cer whar genes and proteins exist in rhe normal, 

rhe prec::incerous, and rhe c::incerous cell. 

Undersr::inding all of rhe changes cells undergo ro 

re::ich rhe malignant stare will help us develop new 

and better diagnostic rools - we will be able ro 

predict rhe behavior of e:ich particular c:incer and 

design new rrearmenrs by knowing ex:icrly what ro 

rarget ro halr rhe dise:ise process. 

The Cancer Genome An:iromy Project has 

rwo initial goals. They :ire: 

Establish the Titmor Gene Index. a complete 

index of all expressed genes in c::incer cells. 

This will be done by cre:iring cDNA libraries. 

EDGE 

A scientist looks at tissue through a microscope, focuses on a group of suspect cells, and then pushes a button on the 
side of the microscope that activates a low-powered laser. The laser passes through a plastic film placed over the tissue and 
heats it, making it sticky like adhesive tape. The target cells adhere to the plastic, then the plastic is lifted off the slide, 
removing only the selected cells. The cells' gene and enzyme activity are then immediately analyzed using other research 
tools to determine if they are precancerous. 

The procedure described sounds simple, but as recently as a year ago, scientists who looked at tissue biopsies and spot-
ted cells that appeared to have early signs of cancer had no way to confirm their observations while the tumor was in its 
earliest and most treatable stages. The tools to extract the cells from the tissue without tedious and inefficient processes did 
not exist - that is, until a team of researchers from NCI and 
the NIH's National Center for Research Resources developed a 
powerful new technique known as Laser Capture 
Microdissection (LCM), which allows a doctor to extract cells of 
interest with the simple click of a button. 

The possibilities for this new technology are just beginning 
to take shape. In addition to serving as a technique for detec­
tion of precancerous cells, LCM may help record patterns of 
gene expression in various cell types. It is already being used 
for the NCI Cancer Genome Anatomy Project's Tumor Gene 
Index, which seeks, in part, to define patterns of gene expres­
sion in normal, precancerous, and malignant cells. 

Using laser capture microdissection, researchers removed cells from a pathological sample of breast cancer in situ. 
H: pathological sample after tumor cells have been removed by LCM; I: Isolated breast cancer cells attached to transfer film. 

Photo courtesy of Dr. Robert Bonner, National Center for Research Resources. 
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an invenrory of synthetic DNA copies of che 

portions of genes char contain rhe directions 

for proJucing specific proteins. In sim?le 

cer:ns, chese Jre cne regions cbc speci h· che 

worKing blue?rints of genes. Sr:ming 'Nich 

bre:lSt. prostate, lung, colon, Jnd ovarim can­

cers, researchers will construct libraries of 

expressed gene sequences. \Ve will gain 

tremendous scientific insight from comparing 

cDNA from cancer cells ro rhar from normal 

cells from rhe same body sire. 

Support the development of new technolo­

gies that will enable rhe rapid, Jccurare analy­

sis of che changes rhar occur during rumor 

development. 

Sequencing, or deciphering rhe order of rhe 

base pairs of various cancers, is being done in lab­

orarories around che world, buc ir is a laborious, 

rime-consuming, and expensive process. This is 

why achieving a complete Tumor Gene Index is so 

important. As we establish. copy, and index che 

sequence for each expressed gene in each cancer, 

we will make it available to rhe entire scientific 

commumry. 

The next step will be to use the infrastructure 

created by the new technologies and rhe Tumor 

Gene Index ro identify rhe associations between a 

rumor's molecular and generic characteristics and 

rhe prognosis of someone who has char rumor. 

CGAP will coordinate rhe efforrs of scientists 

from government, industry, and academia. The 

research information, infrasrrucrure, and technolo­

gies developed through this project will form a 

springboard for revolutionary approaches to early 

decection, accurate diagnosis, and appropriate 

choice of treatment based on more precise molec­

ular knowledge of an individual patient's rumor. 

What we learn from the CGAP will transform rhe 

practice of oncology, expedite research to identify 

rhe causes of cancer, and provide rargers for rhe 

new treatments char we so desperately need. 

Ar rhe beginning of rhis section we cold mu 

rhe srory of Michael. whose prostate cancer was 

caught ar an early stage by a simple office proce­

dure rhar was quick. safe, Jnd highly accurate. 

\'V'har \Ve learn chrough rhe CCAP will make che 

characrerizarion of Micbel's prosr:i.re rumor possi­

ble. Ir will J.llow us ro le:irn how dangerous his 

cancer is md how best co cre:ir ir. This will 

become J realir:.·. noc just for prosrare cancer bur 

for all rypes of cancer. 

Consequences: Investing versus Waiting 
'1:1.'e have known for years rhar certain cumors, 

such as testicular cancer in men and choriocarci­

noma in women, have distinct signature molecules 

circulating in the blood, and we have been using 

these characteristic markers to detect and treat dis­

ease much earlier rhan if we had co wait for visible 

or palpable lumps. We have every reason co 

believe char all cancers have distinctive signatures 

that can be used to detect rumors at the earliest 

possible stage to ensure rhe best possible outcome 

for parienrs. Improved methods for diagnosing 

rumors are on the horizon. We need co make rhis 

vision a realirv. 

Through This initiative, we have rhe opporru­

nir:· ro convert our growing knowledge of rumor 

cell biology into practical advances in patient care. 

Over rime, these advances will transform many 

aspecrs of clinical cancer medicine. We will be 

able to diagnose based on biology, nor jusr on rhe 

microscopic appearance of a rumor. By pinpoint­

ing rhe molecular changes char occurred during 

rumor development, we will be able co predict 

wirh accuracy how a rumor will behave and what 

rhe patient's outcome will be. We will select ther­

apy based on rhe rumor's individual biological 

properties, rarher than on empirical guesses. We 

will uncover new therapeutic targets and make ir 

possible ro base clinical trials on rumor character­

istics and rhe patient's cancer risk. 

Without narional investment, chis fundamen­

tal transformation of cancer medicine will occur 

far more slowly, and many lives will be lost unnec­

essarily. A portion of rhe work necessary ro effect 

these developments would proceed in academia 

and industry, bur less rapidly and with less intensi­

r:· and coordinarion. Certain necessary steps mav 

nor occur ar all; ir is unlikely char rhe essential 

research infrasrrucrure co supporr a cancer derec­

rion and diagno.srics effort of chis l!'Pe (tissue 

b~rnks and che informarion links between banks. 
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SIGNATURES OF CANCER CELLS 

FY 99 

DETECTION: 

Identify Proteins Secreted from Tumor Cells ............ S9.5M 

• Prepare full length cDNA libraries and perform 5' sequencing 
(500,000 reads/year) 

• lest candidate secreted proteins (200 proteins/l 0 tumor types) 

• Test candidate antibodies for each tumor type (10 grants/year) 

Develop Sensitive Assays for Secreted Proteins ......... SS.OM 

• Development of high-throughput and sensitive assays for 
protein detection in blood samples (10 grants/year) 

Tumor Cell Detection ........ ' ..................... S2.0M 

• Promote research for technologies to detect tumor cells in 
bodily fluids and other easily sampled areas (10 grants/year) 

DIAGNOSIS: 

Tumor Gene Index (TGI) .......................... 518.SM 

• Clone and sequence 1,000,000 additional human ESTs. 

• Tag 50,000 clones at 5' end to provide protein encoding 
sequences for new genes 

• Develop human cDNA libraries with high proportion of 
full-length transcripts 

• Sequence full transcripts of 20,000 genes identified in TGI 

• Map 20,000 cDNAs from TGI using radiation hybrid panels 

• Develop vector systems to shuttle cDNA libraries into various 
expression systems, including yeast two-hybrid 

• Start development of high-resolution gene-based map of human 
genome - sequence tag 12,000 genes in eight individuals 

Mutation Detection ............................... S9.5M 

• Establish patterns of genetic changes that accompany 
tumor development 

• Establish five centers to test candidate genes and measure 
mutations 

Expression Detection ............................. SlO.SM 

• Establish five centers for expression detection -
capture data on informatics system 

• Make widely available new high-throughput detection 
technologies 

Pathway Detection .............................. . S 1.7M 

• Determine active pathways in various tumors by testing 
panels of antibodies against phosphorylation sites 

Clinical Trials .................................... S6.8M 

• Establish database and tumor registries of known outcomes 

DETECTION AND DIAGNOSIS TOTAL ................ S63.5M 
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rnmor regisuies. and che clinicil crials program) 

can be organized md supported by ;mother means. 

Wichout chis invescmem. cancer ueacmem 

choices 'viU continue rn be based on unsacisfacrnr.1 

and incomplete methods or· diagnosis. We wiil 

noc be able rn separate rnmors inrn classes based 

on cheir molecular differences. Since chese differ­

ences are che reasons chac rnmors behave ;ind 

respond differently, our insighcs inrn crearmem 

choice ;ind outcome will continue rn be blurred. 

Progress will noc be srnpped. bur an important 

opportunity for real advancemem will be missed. 
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W
e cannor conquer wh;ir we will nor 

fighr. We have founded our fiahr 
v ~ 

against cancer in rhe power and 

process of science and have enlisted rhe best scien­

risrs and clinicians to creare rhe knowledge and rhe 

rools we need to succeed. Bur will we? 

Knowledge abour rhe fundamental narure of 

cancer is exploding. Technology is giving us new 

insrruments with which to see and understand 

c;incer much as the Hubble relescope h:.is given us 

a new eye on rhe universe itself Investments 

made to achieve our accumulated knowledge :.ind 

technical capaciry are beginning to p;iy off - can­

cer morralirv rares overall, and rares for manv indi-, . 
vidua.l cancers, are finallv falling, rhouah nor ;is 

• v ~ 

quickly as we would like. And one thing is cle;ir: 

these successes have resulted from rhe application 

of research - research on how lifesryle :rnd envi­

ronment affect cancer risk, on ways ro prevent :.ind 

derecr cancers more readily, and on how ro rrear 

cancers more effecrivelv. 

Wirhour doubr, we are in a golden :.ige of dis­

covery, one unique in human history. The NCI 

has engaged rhe best minds from diverse disci­

plines to ;issess how best to foster discovery, facili­

tate its application to the care of people wirh can­

cer and rhose at risk, and topple b;irriers to 

progress. Throughour rhese intense deliberarions, 

all of us who are dedicated to rhe fighr against 

cancer rerurned ro this central question: "What 

more must we do ro convert this golden ;ige of 

discovery to rhe golden age in the prevention :.ind 

cure of cancer we have so sre;idfasrly soughr:" 

Rese;irch inro rhe causes of cancer is our onlv 

roure to effecrive prevention. Research into derec­

rion rechniques is enhancing uadiriona.llv success-

fu.l rherapy by enabling us ro derecr c:.incers ar 

their earliest. mosr curable srages. Research into 

the life and deam of cancer cells is bding ro 

incremental success in curarive rherapy. Our suc­

cesses have shown us rhat no one approach will 

conquer the many different diseases we call cancer. 

We know progress crn be made, and \Ve know ir 

will have its roots in discovery. Bur it is cle:.ir rhar 

rhe gap rhar srill exisrs between discover;.' and 

applicarion •.vii! nor be closed unless we now ser in 

place srrucrures rhar wiil speed rhe engine of dis­

covery. create bridges berween all components of 

the crncer research emerprise, ;ind encompass rhe 

care of rhose with cancer and rhose ;it risk into our 

national rese:.irch system. 

Ar the beginning of this budget document. we 

described three interconnecred cl:.isses of research: 

laborarory, clinic, and popularion. \'Vhile rhis 

budger is designed ro assure rh:.it e:.ich rhrives, we 

believe firmly rh:.ir timely movement rowards can­

cer cure and prevention will happen only when 

the current gap berween discovery and applicarion 

is spanned. To do this, we musr cre~te a sysrem of 

bridges - among all as peers of research, berween 

research and clinical practice, bel"\veen research 

and industry, and bel"\veen the cancer research 

enterprise and the American people. '\('e must 

nurrure and srrengthen the ries among rhese 

diverse research areas, and bel"\veen rhe rese:uch 

enterprise and rhose whose lives cancer touches, to 

ensure that the benefirs reaped by our new ide;is 

and new rechnologies flow direct!v into rhe reduc­

rion of suffering from cancer. 

In rhis fin:J secrion of NCI's budget, we pre­

sent our plan ro meer che ch;ilk:nge of building 

rhose bridges rh:.it will e•:entu;ill~' conquer crncer. 
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The Challenge and the Plan 
The challenge before us is immense. How 

wiil we convert our knowie:ige of c:;.r:c.:r :nco 

advances in pre•/enrion :rnci care on che scale char 

is needed ro conquer c:incer'. \Ve must mre a. 

new era - one in which scientific knowledge. 

rather rhan empiricism, directs our effom i~ rhe 

fight against cancer. As laboratory, clinical. and 

population research reveals ever more about the 

inner workings of cells and rhe ways in which peo­

ple and cancer cells behave. rhe challenue before us :::> 

is ro convert this knowledge quickly inro practical, 

affordable, and effective interventions char resrore 

cancer patients ro health or prevenr rhe develop­

ment of rhese diseases in all segments of our popu­

lation. 

To meet this challenge. we must have a clini­

cal research base char can brina rhe besr of our :::> 

de\·eloping knowledge - rhe best ide:J.s, rechnolo-

NCI CHALLENGE 
(dollars in millions) 

ADDITIONAL INCREASES BEYOND 
CORE AND INVESTMENT REQUESTS 

gies, Jnd people - to rhe problems of c:incer pre­

vention and care. The dismaying fact char only 

abour C\VO ?ercenr of adult cancer parienrs partici­

p~ue in anv type of clinic:U trial means char 

:rnswers come slowl~', and large numbers of 

parienrs do nor have access ro rhe laresr deve!op­

menrs. To acceler:J.te our ability ro t!nd mswers ro 

crucial clinic:il questions, we musr dramaric:illy 

increase access ro and participation in clinic:J.1 tri­

als. We must supply the srrucrures and mech:J.­

nisms char will nor just span rhe gap between dis­
covery and application bur wili transform rhe 

process by which we bring discoveries co rhe bene­

fit of people and allow us ro conquer all rypes of 

cancer. 

The response ro chis challenge requires 

increased invesrmenr in seven ke\' are:J.s lisred 
bdo~ . 

FY 1999 

1. National Clinical Trials Program ................... $170.0 

2. Investigator-Initiated Research ..................... .40.4 

3. Support for Clinical Investigators .................... 66.0 

4. Cancer Centers: Restructuring and Expansion ........... 70.0 

5. Cancer Informatics and Information Flow .............. 20.0 

6. Studying Emerging Trends in Cancer ................. 25.0 

7. Training and Education ........................... 34.1 

TOTAL ADDITIONAL INCREASE 
FOR THE NCI CHALLENGE ...................... $425.5 
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National Clinical Trials Program 
The ~moorr::ince of~• strong ciinic::il ui:i.ls pro­

gr::im - mci our :.uge'.l.r need co e:cp~rnci che 

NJ.•ion's curre:H dinicJ..i criJ.ls infr::isrrucrure -

c:mnor be oversrareci. Clinic:U trials J.re [he cu­

cial final steps in [he process of developing new 

cancer rre:itmenrs, prevenrive me:isures, and derec­

rion md diJ.gnosric techniques. As rhe pl:ice 

where promising new strategies from the laborato­

ry bench are applied for rhe first rime to real 

human problems at rhe bedside, clinical trials rep­

resent the best opportunity for parienrs to receive 

srare-of-rhe-art c:ire while J.dding gre:idy to our 

understanding of cancer and helping to cre:ire 

tomorrow's interventions. 

Why, then, do so few people - only about 

rwo percenr of adult cancer patients - p:irricip:ue 

in clinical trials? The barriers to parriciparion, 

some of which are discussed below, are nor insur­

mountable. Bur we need a robust clinical trials 

infrastructure to speed rhe way. We need to 

ensure that every American who wishes to partic­

ipate in a clinical trial is able to do so. In short, 

we need to break down the barriers ro clinical rrial 

participation for patients, their families, at-risk 

individuals, and ph;.·sicians. 

Initially, we are aiming for a five fold 

increase over the next five years in the number of 

people participating in cancer prevention, detec­

tion, diagnosis, and treatment trials through the 

NCI-supported Cooperative Treatment Trials 

Program. Currently, approximately 300,000 indi­

viduals participate in rre:irment clinical trials; 

increasing this number fivefold will ensure char 

over one million patients eJ.ch year will have access 

to the latest rre:irmenrs and preventive, detection, 

and diagnostic rechniq ues through a clinical trial. 

An expanded and srrengrhened clinical trials 

program will challenge us in orher J.reas, J.S well: 

Prevention wd early detection. As we are 

able to idenrifv more individu:ils who are at risk. 

\vherher because of their generic profile. their envi­

ronment, or other factors. we need trials of drugs. 

dietary intervenrions. J.nd new technologies ro 

prevent their cancer, or rn catch it earl;.·. before ir 

l1Js had rime ro spreJd. 

Diagnosis. Nev. minim::illy invasive diagnos­

tic techniques eme:-ging from rhe work of the 

NCI's Crncer Genome .-\n::iromv Projecr :rnd e!se­

whe:-e musr J.iso be :::sted in people. 

Treatment. For mosr rvpes of c:incer. current 

rre:irments are inaciequJ.re. New and highl;.1 

promising srr:iregies for cancer rre:ltmenr are 

emerging through our ever incre:ising understand­

ing of basic biology; \Ve must speed their deve!op­

menr by resting rhem in people as r:ipidly and dft­
ciendy as possible. 

A serious barrier to progress is rhe growing 

reluctance of health care payers and providers, par­

ticularly managed care organiz:irions, to pay even 

the routine clinical care costs of patients partici­

pating in early clinical trials, thus limiting 

parienrs· access to rese:irch srudies. Bur rrearmenr 

and prevention :idvances musr not be sacrificed to 

rhe cosr consciousness now driving the heJ.lth c::ire 

indusrry. Therefore, che NCI is actively negoriar­

ing with representati'. es of rhe industry to arri\·e ar 

mutually agree:ible solutions. NCI maintains rh::it 

ir is the legirim:ire responsibility of rhe insurance 

industry to reimburse the costs of routine medical 

care of cancer patiems in all phases of high-quality 

research rrials. For cerr:iin innovative trials in 

which patient care costs :ire significantly higher 

than routine care for the same condition, ir m:iv 

be appropriate co consider cost sharing between 

the insurer and rhe rese:irch sponsor. However, 

regardless of rhe cost, for certain people with oth­

erwise untreatable or incurable cancers, a clinical 

trial may represent rhe best available rrearmenr. 

New Therapeutic and Preventive Agents for 

Cancer. Our clinical trials system not only allows 

us to refine current therapies but provides rhe 

mechanism to rapidly rest new ide:is. The explo­

sion of biological discovery presents us wirh an 

additional challenge for rhe development of new 

rherapeucic :ind preventive agents for cancer. As 

academia and industrv have begun to re:ilize rhe 

porenrial for the discovery of c:incer therapeutics 

inherenc in biology. chemistry, Jnd engineering, 

rhe number or· discoveries thJr are worth develop­

ing inro rherapeurics or preventives exceeds rhe 

current capacity of the biomedical research com­

munity. Ac:idemic [nvesrig:1rors Jo nor themselves 

have rhe resources for ~1ni111al resting of new com­

pounds rhar rhe;· discover. nor rhe resources frir 
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rhe sc:ile-up synthesis and derailed pharmacology. 

formubrion. and :.rnimal roxicology rhar musr pre­

cede clinic:J resring in people. These t-Uncrions are 

orciin:.uiiv performed bv drug or biore:::hnologv 
• l • ,_ ........ 

companies. bur rhe wiilingness of a company ro 

:J.5sume rhese cosrs depends on m:.rnv faGors orher 

rhan rhe inherent promise of rhe discovery irself 

NCI's long experience wirh cancer drug develop­

ment will enable us ro expedire signific:mdy rhe 

flow of discoveries from bborarorv ro clinic. 

We propose, therefore, a significant expan­

sion of NCI's preclinical development capacity. 

Our goal is to begin clinical trials with 20 

promising new agents. NCI will solicir proposals 

from rhe research community and will selecr rhe 

mosr promising development candidares via a 

comperirive process. NCI will rhen commir ro 

de\'eloping rhese particularly promising drug can­

didares ro enable rheir resring in rhe clinic. 

Budget for the National Clinical Trials 

Program 

We requesr S 170 million for rhe Narional Clinical 

Trials Program in FY l 999. These funds will 

enable us to: 

• Include $30 million in rhe Research Projecr 

Gr:mt pool to support investigaror-initiareJ 

clinic:.U rrials. 

• Provide $60 million ro the Clinical 

Cooperarive Groups ro cover research cosrs for 

an addirional 20,000 parienrs. 

• 

• 

Provide 540 million for cancer prevention rri­

als, primarily through NCI's extramural pro­

gram. We anticipate targering 20,000 individ­

uals per sire for prosrare, breast. colon. and 

lung cancer prevenrion trials over four years 

(80.000 rotal). 

Use $20 million for clinical rrials conducted 

by rhe NCI Intramural Program. 

Devote $20 million ro enlunce rhe national 

capacirv ro get disco\·eries translared into new 

drugs and inro the clinic for initial resring in 

people 

Total for che National Clinical Trials Program: 

5170 Million 
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Investigator-Initiated Research 
An enh:.rnced level of suoporr for all types of 

investigaror-initi:lted rese:irch remains a ti.rnd:>­
me:-id need. Research in rhe bboraror..-, clinic, 

and communiry provides rhe pbrform on which 

[ransiarioml rese:;.rch and clinical resring srand. In 

basic invesrigarion, we now need ro complere rhe 

picture of how rhe cell works and how irs molecu­

lar circuirs go ;iwry in cancer. This is ;in enormous 

underta.king, bur ir is rhe founC.arion of future 

medicine - rhe pivoral base from which we will 

creare rhe inrerventions rhar rranslare our knowl­

edge inro real improvemenr in c;incer prevenrion 

and care. 

\'Ve also need ro make imporranr J.ddirions ro 

our research portfolios in areas rh;ir will support 

rhe crucial process of rranslarion - rhe generarion 

of clinical hyporheses from basic informarion and 

rhe resring of rhese hyporheses in applicarions for 

people. 

Tod;iy, NCI can only support J.pproximarely 

the rop 2 5 percent of rhe grams in rhe Rese;irch 

Project Gram pool. To ensure that excellent ideas 

have the chance to be tested, and new investiga­

tors are anracted to research on cancer, we need 

to fund the top 40 percent. 

Somerimes, however, important research Rows 

nor from rhe laborarory of an individual investiga­

ror bur from the collaborarion berween rwo or 

more cancer centers or other scientific organiza­

tions. Collaborative efforts ;ire particularly impor­

ram ro rhe development of new cancer rrearmenrs 

and preventive agents. The NCI supports such 

collaborarions in part through irs Progr;im Project 

Grant (see page 32) and Cooper;itive Agreement 

mech;inisms. To encour;ige and facilirare multidis­

ciplinary collaborarions, we wish to double the 

number of competing Program Project grants 

and Cooperative Agreements. 



Budget for Investigator-Initiated Research 

We are requesring 540.4 million beyond rhe core 

budger and Exrraordinary Opportuniries for 

lnvesrigaror-lniriared Research in FY 1999. These 

funds will enable us ro: 

Fund :ipproximarely 1.500 new :ind comper­

ing renewal research pro.jeer granrs ar peer­

reviewed approved recommended levels, :ir an 

average cosr of 5325 rhousand. 

• Fund rhe rop 40 percenr of single invesrigaror 

granrs. 

• Double rhe number of compering Program 

Projecr granrs and collaborarive agreemenrs. 

Fund more rranslarional rese:irch projecrs. 

Total Additional Funding for Investigaror­

Iniriared Research: 

$40.4 Million 

Support for Clinical Investigators 
In recenr years, changes in rhe organizarion 

and financing of healrh care have resulred in sig­

nificanrly decreased revenues ar many academic 

healrh cenrers. The resulring economic pressures 

have :idversely affecred clinic:il invesrigarors -

and, porenrially, rheir research - in those cenrers; 

in particular, roday's invesrigaror frequenrly finds 

prorecred rime for research ro be an exceedingly 

hard commodity ro secure. Unless clinical invesri­

garors receive rhe supporr rhey need ro carry our 

research, many of rhe high-quality rrearmenr, 

derecrion, diagnosis, and prevenrion srudies rhar 

we desperarely need will be delayed or even 

dropped. 

Therefore, we must create and maintain an 

environment that supports and encourages health 

care professionals who are involved in clinical 

research. We propose ro do rhis by providing par­

rial salarv expenses for ·'prorecred" research rime 

for 10 ro 15 invesrig:.1rors :.1r most of rhe 57 NCI­

designared Cancer Cenrers. Clinical invesrig:.1rors 

involved in prevenrion :md conrrol research 

through Communiry Clinical Oncology Programs 

will ;ilso receive partial sabrv support. In addi­

cion. '.Ve ~usr supporr rraining for health c::;.re pro­

fessionals ;ir :mv srage of rheir career who wish ro 

become involved in clinicJ.l research. 

This is a difficulr charge in :i. dynamic :i.nd 

rapidly changing health care environmenr, bur we 

cannot hope ro succeed in meeting our challenge 

wirhour a sufficienr workforce of invesrigarors 

appropriarely rrained ro bring our discoveries ro 

rhe benefir of parienrs. 

Budget for Support for Clinical Investigators 

We are requesring 566 million ro supporr clinical 

invesrigarors in FY 1999. These funds will enable 

us ro: 

• Use 560 million for partial salary support for 

10 ro 15 invesrigarors at mosr NCI-designated 

Cancer Cenrers. The first year, :i.pproxim:.1tely 

600 invesrig:i.rors will be supporred at 57 5 

thousand ro $I 00 thousand per year: this 

number will increase ro approximately 800 

invesrig:uors by 2001. 

• Use $6 million for partial salary support for 

approxim:.1tel:v 75 investigarors in prevenrion 

and conrrol research thrcugh the Community 

Clinical Oncology Program and through 

invesrigaror-initiated research at 575 rhousand 

to $100 thousand per year. 

Total Support for Clinical Investigators: 

$66.0 Million 
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Gncer Centers: 
Restructuring and E""qJansion 

There :ue current!:' Jbour 70 reseJrch centers 

mrionwide rh:u h;ive rhe criricJ.l mass of "NCI-sup­

ported rese:irch co benefir from core support under 

rhe :\j°CI Crncer C:.:nrers gr;inr mech;inism. Of 

rhese, NCI J\vards crncer cenrer supporr grams ro 

57. We believe that this program should grow 

over the next few years to include all institutions 

for which this program could be significantly 

beneficial. Therefore, we wish co expand rhe 

Cancer Centers Program co include 60 Centers 

in FY 1999, 65 in FY 2000, and 70 in FY 2001. 
Such an incre:ise .will incre;ise geographical disuib­

urion of Cenrers and increase rhe versarilirv of rhe 

Centers progr;im as an agenr of discovery. 

Budget for Cancer Centers: Restructuring 
and E'Cpansion 

We are requesring 570 million for rhis JreJ for FY 

1999. These funds will en;ible: 

• 

• 

• 

• 

530 million ro be used ro expand exisring 

core-supported NCI sponsored Cenrers. 

57.5 million will be used ro develop five new 

Cancer Cenrers. 

52. 5 million ro be used ro help five addirional 

insrirurions begin rhe process of qualifying for 

design;irion as Jn NCI Cancer Cenrer. 

$30 million ro permir rhe doubling of rhe 

funding for Specialized Programs of Rese;irch 

Excellence (SPOREs -- see p. 36) program. 

Total for Cancer Centers Restructuring 

and Expansion: 

$70.0 Million 
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Infonnatics and Information Flow 
The power of compurer-based communic1-

rions and che c:rnz,oilicies of ci-:.e Worid \~Vide Web 

will make :;ossioie unprecedenred le:els or· rese:.:rch 

coope:-:irion. SlO\v and cumbersome paper-based 

svsrems of d;ira collec;:ion for :nulri-c::-ire:- srudies 

will give wa:» ro e!ecuonic communicarion, facili­

rared by enhanced links benveen sires of care 

delivery (hospirals, offices. and clinics) :rnd rhe 

research dar;ibases of invesrigarors. Currendy, 

however, incomparible informarics sysrems are in 

use rhroughour NCI's clinicJ.l uials program. 

Because of rhis, rhe planning and execurion of 

large scale studies wirh mulriple cooperarive 

groups are !abor-inrensive and rime-consuming. 

We need to institute state-of-rhe-art informatics 

systems for clinical trials chat promote full com­

patibility among all participants in the program. 

To :i.ddress rhe opporruniries and challenges 

presenred by rhe revolurion in elecuonic commu­

nicarions. NCI is now planning J ne\v archirecrure 

for rhe flow of informarion in irs clinicJ.1 (rials 

programs - a Cancer Informarics Infr:i.srrucrure 

(CII). In collaborarion wirh orher Federal agen­

cies, and wirh (he parriciparion of many exrernal 

scienrisrs and clinicians, NCI is developing the 

CII ro expedire rhe conduct of all rypes of inrer­

venrion srudies - prevenrion, diagnosis, and 

rreacmenr. NCI is modernizing informarion links 

\virh irs invesrig;irors in a manner rhar will be 

comparible wich stJndards set by the inrernarional 

comminee now srudying rhis issue for Norrh 

America, Europe, and Japan. We are also revising 

our crirer!;:i and standards for reporting adverse 

evenrs. The resulr will be common rerminology 

and reporting requirements rhar will grearly 

increase rhe speed, efficiency, :i.nd accuracy of 

results reporting. 

The rwin goals of rhe CII are to lower the 

barriers for patients, families, at-risk individuals, 

and physicians to learn about available clinical 

trials, and co create an infrastructure char facili­

tates information exchange among researchers, 

clinicians, and the public. The CII will grearly 

enhance NCI's currenr acriviries ro provide rhe 

general public wirh up-rn-d:i.re inform~uion :1bour 

new rcse:uch resulrs. available ..::linical (rials in 



diagnosis, rre:umenr. and prevenrion, and conracr 

poinrs for addirional informarion. For example, 

insrrucrional modules on compurers. railored ro 

individual needs. can suppiemenr currenr srandard 

rechniques for reaching people abour difficulr con­

ceprs like rhe risk of gerring a disease give'.'! a cer­

rain generic predisposirion. When housed in 

kiosks in public places like libraries or malls, com­

purers can inform rhe public abour research resulrs 

or studies of personal inreresr and relevance. Such 

kiosks could also be an effective way ro reach peo­

ple in underserved areas. NCI is already exploring 

rhis possibility in collaborarion wirh rhe library 

sysrem in the srare of Maryland. Wirh rhe active 

participation of several parienr advocare groups, 

NCI is engaged in an effort ro creare a "parienr 

friendly" version of PDQ, rhe NCI's comprehen­

sive cancer informarion darabase, conraining infor­

marion in non-rechnic1l language on cancer and 

on opportuniries for parriciparing in investigarion­

al studies of new approaches ro prevention, diag­

nosis, and rreatmenr. 

Budget for Cancer Informatics and 
Information Flow 

We are requesting $20 million to facilitate rhis 

effort. These funds will: 

• 

• 

• 

Support multicenter clinical trials activity, as 

well as development of expert systems, data 

collection, and analysis systems. 

Ensure widespread availability of cancer infor­

mation for patients and rheir families. 

These effom will be supported through the 

Clinical Cooperarive Groups Program and the 

Cancer Prevention and Control activities. 

Total for Cancer Informatics and 

Information Flow: 

$20.0 Million 

Studying Emerging Trends 
Moniroring eme::ging rrends in cancer inci­

de:1ce, survival, and cie:irh among popularions -

changes in our narional cancer burden - anci che 

factors rhar influe:xe rhese :neasures. is exrre:nelv 

imporrant. The ~CI"s prim~-' means of stud\·ing 

such rrends is rhe Surve!IL111ce, Epidemiology, IDd 
End Resulrs (SEER) darabase, which rracks rhe 

impact of cancer on rhe general popularion. For 

over 20 ye:m, SEER has allowed us ro identi~' 

environmental carcinogens, to rrack rhe cancer­

related effecrs of robacco on men and women, ro 

identify geographic areas wirh higher rhan average 

rares of cancer, to study parrerns and ourcomes of 

cancer care, and to identify risk groups for 

research and public healrh intervention programs. 

all while maimaining rhe highesr level of confiden­

rialiry and privacy. 

SEER should be nor only a means of under­

standing rhe pasr bur serve as a window into rhe 

future. We want to ensure that SEER and related 

health information systems not only accurately 

track changes in cancer rates, but also contain 

information that will enhance researchers' ability 

to generate hypotheses and interpret observed 

changes in trends over time. 

Developing and linking darabases containing 

different kinds of health-relared information on 

popularions can provide a very powerful tool for 

analyzing factors (risk factors, screening, rrear­

menr, and healrh practices) rhat influence cancer 

rares, planning and evaluaring popularion-based 

prevenrion and control interventions, and con- . 

ducring orher special analyses. For example, link­

ages between SEER and the comprehensive 

Medicare adminisrrarive darabase are already pro­

viding valuable informarion on relationships 

bet;ween health care resource utilization. cosrs, and 

medicJ.l outcome. The Breasr Cancer Surveillance 

Consorrium, an enhanced information system cre­

ated to monitor rhe accuracy and performance of 

mammography screening in community pracrice. 

has led to rhe developmenr of dat;i linbges among 

radiologic pr;ictices. parhology laboratories, J.nd 

cancer regisrries to obrain dara on rhe specrrum of 

care from screening through rrearmenr. We need 

ro exrenJ rhese specialized surveillance efforrs rn 
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include informarion on orher c:mcer sires Jnd on 

underser,,ed Jnd special popubrions. 

A.civ::rnces in informarion rechnologv .. vi!! 
en:.;.ble !inbges iii.;c ci-;ese :o be -:sr:.;.blished m uc~ 

more e:isiiv rhJn in che p:isr :.;.nd in rime will faciii­

r:.;.re rhe cre:;.rion of darabases through deccronic 

rransfer of informarion from electronic source doc­

uments. As always, procedures and policies will be 

needed ro ensure individual privacy and confiden­

rialiry as rhese new sysrems develop. 

Budget for Smdying Emerging Trends 

Funds Jre requested ro facilirare rhe srudy of 

emerging rrends in cancer. 

• $5 million will be used ro enhance rhe Breasr 

Cancer Surveillance Consortium, collecting 

more complere dara on risk facrors for bre:isr 

c:incer incidence, prognosis, and qualirv of 

life. 

• $6 million will support development of a pop­

ularion-based Colorecral Cancer Surveillance 

Healrh Informarion Svsrem. 

• $5 million will be used ro conducr surveil­

lance research on rhe uriliry of new darabase 

linkages (for example. wirh orher Feder:il 

agencies and private-sector organizarions). 

• 

• 

• 

• 

$3 million will support infrasrrucrure sysrems 

for managing confidenrial he:ilrh dar:i, 

employing informarion rechnology advances. 

$2.5 million will expand SEER special srudies 

on parterns of care for diagnosis and rrear­

ment, risk facrors, and screening and rrear­

ment in communiry pracrice. 

$2 million will be used ro adapr geographic 

informarion systems for cancer surveillance, 

particularly concerning rhe impact of sociode­

mographic and environmenral facrors. 

$1. 5 million will enable us ro expand method­

ologic and modeling research rebred ro c:incer 

surveillance. 

Tora! Budget for Studying Emerging Trends: 

$25.0 Million 
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Training and Education 
\Y./e have been emphasizing che importance of 

new individu:Us ·.vho wiil be rhe leaders in :.;.ccom­

plishing the compiex c:isks of rransiaring discover­

ies inro inrervenions. \Y/e need nev kinds of sci­

enrists ·.vho cm cross <lisciplinarv bound:.;.ries. 

\YJhere will chey come from'. 

We must cake seeps now ro ensure char some 

of che brightest, mosc creative young people from 

every segment of che American populacion enter 

che cancer research field. We must convince some 

of chem char che field of cranslational research 

offers tremendous challenges and rewards. 

Moreover, we need ro persuade individuals from 

untapped segments of rhe research communiry ro 

change direcrion and join us in rhese rr:msbrional 

efforts. This kind of rese:irch is often conducted bv 

physician-scienriscs and orher investig:irors who 

possess J broad base of knowledge and expertise in 

basic science, epidemiology, clinic:il oncology. and 

clinical invescigarion. The training of such individ­

uals cakes many ;•ears. Despite che scienrif-lc and 

medical rewards of careers in rhis area. there are 

also substantial disincentives. 

We muse also put into place initiatives for 

us ro cross-train reseJrchers within a varierv of 

disciplines. 

Finally, it is rime for us ro focus Jddicional 

attention on che needs of minority srudents and 

young scienriscs and ro make these needs a major 

thrust of NCI's rr:iining activities. Current NCI 

minoriry iniciacives have shown some success in 

. broadening training opportunities for minoriry 

scientists, but more efforts are needed. We muse 

find ways ro acrracc more minoriry scudencs inro 

biomedic:il science and more minority biomedical 

trainees inro cancer reseJrch. Successful efforts ro 

do this will need ro be ambiciouslv conceived and 

will need ro start early in the educarional process. 

Enhancemenr of NCI's training programs for 

minority rrainees is needed in order ro provide 

promising young scienrisrs access to high-qualiry 

craining opponuniries in oucsranding laboratories 

Jnd clinics across rhe enrire biomedic:il spectrum. 



Budget for Training and Educarion 

We :.J.re requesring S34.1 million in FY 1999 rn 

facilir::ire Lr~;inir:g ::nu duc:.icion. 

S l 0 miilion will be used for eciuc:.irion J.nd 

u::iining :.;wards co individuals :.;nd insrirurions. 

Awards will r:.;nge from :522 chousand co 530 

rhousand and wiil be given rn 300 co 350 

rrainees, a porrion of which will be pre-doc­

toral. 

• $5 million will be used ro ::iward 20 ro 25 
NCI Research Career Awards ("K'' Awards), of 

which $1.0 million will be mgered for awards 

to minorirv studenrs. 

• $2.1 million wi'll be used ro support inrramur­

al research rraining programs (for example. the 

NCI Scholars Program), of which S 1.1 mil­

lion will be targeted for minoriry popub.rions. 

• $3 million will be used rn augmenr the 

Cancer Educarion Program (R-25) to further 

the cancer education curriculum :.J.nd srudent 

developmenr in cancer research. 

• 54 million will be used ro crain 30 to 50 indi­

viduals in prevenrion-relaced research, using 

both in-house and grant mechanisms. 

• 53 million will be used rn double rhe current 

number of investigarors supported through 

Temin Awards. This will increase the number 

of recipienrs of this prestigious award by 20 ro 

25 scienrisrs. 

• $7 million will be used ro provide addirional 

training support through Research Project 

Gram awards, which includes approximately 

· 54.0 million for minority-targeted programs. 

Total for Training and Education: 

$34.1 Million 
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National Cancer Institute 1999 Bypass Budget Request 
(dollars in thousands) 

1996 1997 1998 1999 
Actuals Operating Level President's Budget Bypass 3udger 

Research Project Granr.s (RPGs): 

Ongoing ..................... J752,683 $829,722 $877,624 $909,023 

New (New and Renewal) ........... 267,062 264,942 266,520 281,794 

Small Business Innovation Research .... .35,643 45,952 47,399 49,058 

Subtotal ...................... 1,055,388 1,140,616 1,191,543 1,239,875 

Intramural Research .................. .406,891 415,816 412,805 434,253 

Cancer Centers ...................... 163,391 167,179 171,135 184, 173 

Clinical Trials Infrastructure: 

Clinical Cooperative Groups .......... 89,244 88,462 92,960 101,214 

CCOPs ......................... .37,963 46,574 47, 163 49, 314 

Subtotal ........................ 127,207 135,036 140, 123 150,528 

Training and Education ................ .71,267 80,465 78,955 87,339 

Research Support Contracts ............. 276,486 285,230 289,991 307,627 

Cancer Control Management & Support ... .44,877 55,664 47,321 50,659 

Research Management & Support ........ 100,831 99,957 100,793 108,820 

Other ............................... 8,602 9, 102 9,072 16,726 

TOTAL ...................... $2,254,940 $2,389,065 $2,441,738 $2,580,000 

Cancer Control included above .......... . $216, 187 $231,708 $240,348 $263,601 

Additional Increases 

Extraordinary Opportunities ................................................. 185,500 

NCI Challenge .......................................................... .425,500 

TOTAL Bypass Budget .................................................. $3, 191,000 
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