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The National Cancer Institute: Cancer Drug Discovery and 
Development Program 

Michael R. Grever, Saul A. Schepartz, and Bruce A. Chabner 

The discovery end development of novel therapeutic 
products for the treetment of melignancy is vitally 
important to those physicians responsible for the 
menegement of cencer petients. A description of the 
ongoing efforts et the Netionel Cancer Institute (NCI) 
is intended to provide insight into those complex 
processes necessery to eccomplish this mission. An 
update on the NCl's revised cancer screen is accompa· 
nied by a brief summary of those new agents sched· 
uled to be entered into clinical investigetion in the near 
future. The tremendous potential advantages and cha I· 
lenges associated with the use of a molecular ap· 
proach to cancer drug design are discussed. Despite 
the differences of opinion that may exist regerding the 
optimel strategies for accomplishing the mission, there 
is no disegreement regarding the importance of the 
effort to find effective new therapies for cancer pa· 
tients. 
This is • US government work. There •re no restric­
tions on its use. 

ALTHOUGH THE DISCOVERY of effec­
tive ant icancer agents has occurred in 

academic centers and industry, the National 
Cancer Institute (NCI) has played a pivotal role 
in cancer drug discovery and development. 1•3 In 
1955, the Cancer Chemotherapy National Ser­
vice Center (CCNSC) at the NCI was estab· 
lished. 1 Since the creation of this national re­
source, the NCI has been involved with either 
the discovery o r developmental tasks that were 
essential for the approval of the majority of 
comme rcially ava ilable anticancer agents. 

The primary responsibility of the NCl's pre­
clinical drug evaluation program was intended 
to focus on the treatment of malignancy. How· 
ever, the public health emergency that emerged 
over the past decade from the human immuno­
deficiency virus (HIV) necessitated the involve­
ment of the NCI in the discovery and develop­
ment of effective therapeutic products to treat 

From tire Oevt!lopmental V1erapeutics Program, and tire 
Office of tire Director, D111isio11 of Cancer Treatment. National 
Cancer lnstitllle, Btthesda, MO. 

Address repn111 requests to Michael R. Grever, MD. National 
Canctr Jnstit11te. Executive Pla:a North, Room 843, Bethesda. 
MD20892. 

This is a US go1'emment work Tlrere are no restrictions on 
its rise. 
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patients with acquired immunodeficiency syn­
drome (AIDS). Although substantial changes in 
the organizational structure occurred, many of 
the preclinical functions (ie, pharmacology, tox­
icology, analytical chemistry, formulation re­
search, etc.) are essentia lly ide ntical for both 
programs. Thus, resources already in existence 
for cancer drug discovery and development 
were rapidly mobilized in response to the criti· 
cal public health issues associated with HIV­
induced illness. The National Institute of AJ­
lergy and Infectious Diseases (NIAID) a lso 
maintains a preclinical drug evaluation program 
that works closely with the NCI to address this 
major crisis. 

The NCI will remain committed to the ardu­
ous tasks of drug discovery and development 
because a meaningful extension of high-quality 
life for patients with either cancer or AIDS 
hinges on continued success in these areas. T he 
propensity for malignancies to develop in pa­
tients receiving effective treatment for A IDS 
underscores the necessity for the NCI to be 
integrally involved in the search for novel thera­
peutic agents for both fatal diseases. The Devel­
opmenta l Therapeutics Program (DTP) of the 
Division o f Cancer Treatment (OCT) at the 
NCI is responsible for those preclinical activi­
ties necessary for both cancer and AIDS drug 
discovery and development. It is important to 
emphasize that promising drugs may be submit­
ted to the program for consideration at virtually 
any stage in development in order to maximally 
use the preclinical and clinical resou rces of the 
NCI. This willingness to cooperate with industry 
is reflected in the growing number of Investiga­
tio nal New Drug Appl ications (INDs) being 
fi led in recent years, many of these representing 
cooperative drug development efforts with indus­
try. The purpose of this article is to describe the 
current structure and functional operation of 
this important preclinical program. 

OVERVIEW OF NCI CANCER DRUG DISCOVERY 
AND DEVELOPMENTAL EFFORTS 

The actual preclinical responsibilities and 
tasks of the DTP are accomplished through the 
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CANCER DRUG DISCOVERY AND DEVELOPMENT AT NCI 

use of intramural research efforts and extramu­
ral resources involving diverse mechanisms (eg, 
contracts, grants, cooperative agreements). 
There are five intramural laboratories and nine 
extramural branches within the DTP that bring 
agents from the point of discovery to clinical 
trial (Table I). Although many of the research 
functions are conducted within a specific labora­
tory or branch, the majority of the projects 
require an interdisciplinary collaboration be­
tween these well-defined administrative units. 
The basic preclinical drug discovery and devel­
opmental tasks are summarized in Table 2. 

Over the past 2 years, an emphasis has been 
placed on the use of agent-specific working 
groups to usher each agent over the many 
preclinical hurdles in the drug evaluation 
"pipeline. ·· This general approach to project 
management directed at a specific therapeutic 
product has been successfully used by the phar­
maceutical industry. In the past at the NCI , 
specific agents were handed on to individual 
administrative units as each defined task was 
completed. This change in product manage­
ment will expedite the complex processes en­
countered with drug development. 

Although various approaches could be used 
to describe the NCl's drug discovery and devel­
opmental efforts, the schematic diagram de­
picted in Fig 1 outlines the current functional 
components of the DTP. The procurement of 
defined chemical entities and crude natural 
products for testing in either the NCl's cancer 
screen or the antiviral screen is coordinated 

Table 1. Developmental Therapeutics Program of the 
National Cancer Institute Administrative Units 

Intramural Laboratories 
Biological chemistry 

Molecular pharmacology 
Medicinal chemistry 

Drug discovery research and development 
Pharmaceutical chemistry 

Extramural Branches 

Drug synthesis and chemistry 

Biological testing 
Natural products 

Antiviral evaluation 
Pharmacology 

Toxicology 

Pharmaceutical resources 
Information technology 

Grants and contracts operations 

Table 2. National Cancer Institute Preclinical Program 

Drug Discovery: 
functions 

Acquisition 

Defined chemical enti· 
ties 

Crude natural products 

Chemical modification: 
Lead optimization 

Retest modified struc· 

Drug Development: 
Functions 

In vivo testing 

Evaluate therapeutic 
index 

Optimize dose/route/ 

schedule 

Scale· up bulk drug pro· 
duction 

623 

tu res 
Formulation research and 

Examine structure·ac· 
tivity relationship 

production 

Pharmacological studies 

Toxicological evaluation 

File investigational new 

drug application (IND)" 

"This task performed by CTEP, OCT. and NCI. 

through two extramural branches (ie, Drug 
Synthesis and Chemistry Branch and the Natu­
ral Products Branch). Vigorous programs of 
acquisition are supported to search for novel 
chemical structures or natural products to be 
tested in the in vitro screens. Substantial effort 
has been made to seek submissions from aca­
demic institutions and industrial sources. The 
advent of the in vitro screens has made the 
requirement for large quantities of material for 
the initial submission less important. In the 
past, the cancer screen used in vivo models for 
the initial antitumor evaluation and thus re­
quired submission of gram quantities of mate­
rial. In contrast, the current screen can provide 
an initial evaluation using an amount in the 
range of 25 to 50 mg. This microacquisition 
approach has enabled individual chemists work­
ing with limited resources to contribute novel 
chemical structures for evaluation and has al­
tered the profile of the suppliers to the program 
as shown in Fig 2. Whereas past acquisition of 
agents for evaluation was somewhat limited to 
those suppliers with resources for making large 
quantities of new chemicals, the current ap­
proach should optimize the chemical diversity 
of compounds submitted to the program. 

Acquisition 

The chemical acquisition program is aided by 
an extramural contractor with an annual target 
to procure approximately 10,000 new chemical 
structures that have not been previously exam-
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624 GREVER, SCHEPARTZ. AND CHABNER 

Agudsttion lnosn Committee Extramural 

Biological Tesllng 

.. 

and 
~ Natural Product Branches 

,...--,--..,,.-----,~ ~~~ 
Primary Cancer 

Screen 
(In Vitro) 

Drug Syn1hesls .. 
and Chemtslry 

Branch 

LO ORO 
(ln1ramural Lab) 

LPC // ~~~ 
I ~ !~~~.!:~~-=----~ 

------.. Decision Network I ~ 

(lnlfamural lab) 

~ t 

'Pharmaceutlcal Committee Tesllng 
Academic 
lndlvlclual L 
Intramural ....... 

OTP 
Exiramural 
Branches 

Operating Committees ------­
(Wort<ing Groups) 

Fig 1. Preclinical cancer drug 
discovery and development at 
the NCI. This schematic represen· 
tation of the major components 
of the preclinical program out­
lines the overall flow that agents 
traverse at the NCI during the 
processes involved with drug dis­
covery and development. Suppli· 
ers may enter agents Into this 
system at any stage in their de· 
velopment in order to use the 
preclinical and clinical resources 
of the NCI. 

.. 
Phase I Cl!o)ca! lnyesllgAJign 

ined by the NCI. A major stipulation for submis­
sion of an agent is disclosure of the chemical 
structure to permit the NCI staff to verify that 
the compound has not been previously submit-

1980 - 1903 1084 - 1987 1988 - 1992 

Year or Assignment 

Fig 2. Agents acquired for testing by the NCI: Industry 
versus university. Over the past decade, there has been a 
change in the relative contribution of various suppliers of 
chemical agents for testing in the NCI cancer screen. The 
previous cancer drug screens used In vivo testing procedures 
that required the submission of gram quantities of prospective 
egents for Initial testing. Since the NCl's development of the 
current in vitro screening procedures permits en initiel analy­
sis of antitumor activity to be made with much smaller 
amounts of material. the diversity of chemicels acquired for 
testing can now be increased by extending the opportunity for 
compound submission to many suppliers with limited re· 
sources for lerge-scale production. • . Industry; and El, univer­
sity. 

ted by another supplier. After testing, the NCI 
will provide a full report of the results from the 
in vitro assay(s) for anticancer and/or anti-HIV 
activity. In general, suppliers are encouraged to 
permit compound testing in both NCI screens 
(ie, the anticancer screen and the anti-HIV 
screen).4·s This testing is performed at no cost to 
the supplier, and the results are maintained in 
strict confidence. 

The NCI has recognized that natural prod­
ucts represent a tremendous potential resource 
for cancer drug discovery. Many of the currently 
used anticancer agents are natural products or 
are derived from leads discovered from natural 
sources.6 The complex chemical structures that 
are found within nature far exceed the imagina­
tion and synthetic capabilities of medicinal 
chemists. The chemical entities that are discov­
ered to have potential medicinal value may 
serve either as a drug candidate or as a critically 
important lead for structural modification. Thus, 
careful assessment of the chemical repository 
existing within nature provides substantial op­
portunity to secure novel drug candidates. 

Collection contractors for the NCI have made 
a concerted effort to use native expertise to 
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