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Editorials
J

The Development of Anticancer Agents
Over the last many years new anticancer agents have developed intermittently in
nature, but prolonged effort by industry and research institutions has not been
successful. Enthusiasm for and investment in drug discovery programmes wax and
wane as new classes of anticancer agents enter clinical trials.

Fol\owing the demonstration of the anticancer activity of nitrogen mustard in the
1940s, coordinated programmes were set up with funding by government, industry
and cancer charities, particularly in Europe and the USA. This soon led to the
demonstration of clinical effectiveness of several new classes of agents particularly
the antimetabolites. the first antitumour antibiotics. spindle poisons and intercalating
agents (later recognized as topoisomerase inhibitors). In the early days it was thought
that relatively simple laboratory tests using. for example. malignant cells in culture
or transplanted rodent tumours would uncover agents effective in the treatment of
cancer. Clinical trials using drugs in combination at optimum schedules and with
other therapies in an adjuvant or neoadjuvant setting, have utilized the present day
agents to their best advantage in such a way that chemotherapy seems successful,
though only for the rare types of cancers. Occasional discoveries have rekindled
interest because of the possibility of genuine advances in the treatment of solid
cancers. However, there have not been any fundamental\y new discoveries since the
demonstration of the effectiveness of cisplatin in the therapy of metastatic teratoma.'

Many scientists now recognize that a fundamentally new approach is required for
effectively control\ing the common solid cancers and thereby reducing the resulting
overall mortality. Firstly, classes of anticancer agents other than those acting by
unselective antiproliferative mechanisms must have priority in clinical trials as little
wi\l be gained by continuing studies of new combinations of present day anticancer
agents. The introduction of positron emission tomography using, for example, CII
thymidine has been useful as very early during treatment this technique can show
smal\ effects which might be missed by more conventional methods of measurement. 2

Secondly, if many new classes of agents are to be tested in clinical trials a rapid and
inexpensive preclinical toxicology is required, rather than the conventional approach
used for all medicines which involves extensive studies in rodents and dogs and is so
expensive that it limits the number of agents that can be included in clinical trials.

Rapid advances in our understanding of the nature of malignancy has led to the
identification of numerous differences in normal and malignant cel\s, which can be
the basis for the design of many different novel types of anticancer agents. Clinical
protocols now require sophisticated measurements and allow use of biopsies for
validating the proposed mechanism of action. Some organizations such as the UK
CRC (Cancer Research Campaign) and the EORTC (European Organization for
Research and Treatment of Cancer) have introduced rapid toxicology protocols in
which the safe starting dose for clinical trials and some indication of target organ
toxicity is obtained from short term tests in rodents, thus reducing the time and
expense considerably and al\owing many more new classes of agents to be tested. J

The newly formed EMEA (European Medicines Evaluation Agency) wil\ publish
guidelines on the preclinical evaluation of anticancer products in the near future and
will hopefully endorse the CRCIEORTC view that clinical trials of anticancer agents
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can be based on preclinical toxicology of rodents alone. If this proves to be the case
there should be even more clinical trials of new anticancer agents.

Some of the potential anticancer agents being developed for clinical trials include:

I. Analogues.v'Platinum complexes. camptothecins. taxols, retinoids, TS inhibitors
2. Bioreductive prodrugs:? EO 9, tirazapam
3. Polymers:" HPMAlDoxorubicin (PK I), pegylated asparaginase, SMANCS
4. Inhibitors of cell signalling:"!' Inhibitors of ras, raf, EGF, protein kinases and

cyclin/CDK interactions
5. Inhibitors of metastasis: IW Batimastat
6. Inhibitors of angiogenesis: 16,\7 Carzelesin
7. Inhibitors of tumour blood vessels: I" Dimethyl XAA, combretastatin phosphate
8. Tumour associated/specific antibodies: Linked to enzymes (ADEPT), I <J,21l toxins

and radioisotopes
9. Vaccines:" Naked DNA, cloned antigens, anti-idiotypes, and allogeneic,

transfected and dendritic cells
10. Antisense oligonucleotides: Inhibitors of protein kinase C and C-rafkinase
II. Gene therapy:22-24VDEPT/GDEPT, restoration of wild type genes
12. Inhibitors of cachexia:" Antibodies to tumour cachectic protein
13. Inhibitors of telomerase"

In ADEPT (antibody directed enzyme prodrug therapy), a tumour-associated
antibody is linked chemically or by genetic engineering to an enzyme which on intra-
venous injection accumulates around the tumour. Sometime later, after the antibody-
enzyme conjugate has cleared from the general circulation, an innocuous prodrug is
given which the tumour-targeted enzyme converts to a metabolite that is more toxic
by several orders of magnitude." Early clinical trials using an antibody against colon
cancer linked to a bacterial enzyme have already demonstrated the feasibility of this
approach. The enzyme can be targeted at the tumour. where some days after treatment
its concentration increases in the blood in sufficient quantity to ensure adequate
conversion of the prod rug to the highly toxic metabolite, In the pilot clinical trial.
remissions have already been observed in colonic metastases in the liver." Since there
are a large number of enzymes which can release a range of active drugs from
prod rugs of various classes, a general treatment for solid cancers for which tumour-
associated or tumour-specific antibodies are known can be envisaged in future.

Some simple molecules, quite different in structure from antiproliferative agents,
have been shown to be highly specific in inhibiting growth factor receptors. signalling
pathways such as ras and cyclin/CDK interactions, Since these simple agents also
cause regression of human tumour xenografts showing mutations or overexpression
of the relevant pathway, there is every hope that the many ongoing trials of these
agents might be effective in 50% of colon cancers that have mutated ras. Of particular
interest are recent results obtained using antisense nucleotides. Antisense nucleotides
are designed to hybridize specifically to a target mRNA sequence and thus inhibit the
formation of a specific protein. One of the problems in the past has been to deliver
nucleotides to tumour cells because of their size and their charge which restricts
internalization. However, 20mer deoxyribonucleotide phosphorothioates, in which the
charge is reduced, have recently been shown to accumulate in tumours. The targets
for these antisense molecules are kinases involved in cell signalling which operate
abnormally in cancer cells. The excellent anti tumour effects observed in human tumour
xenografts offer considerable hope that the clinical trials in progress may be successful
in many types of cancers,

Recent studies on telomerase offer possibly the greatest hope for an entirely novel
form of treatment applicable to several types of cancers. Quantitative measurements
of telomerase on fresh tissue samples obtained at biopsy from different types of
cancers have shown that telomerase levels are consistently high, whereas the enzyme
is very low or absent in most normal tissues so far examined. An important recent
finding has been that telomers in the DNA of cancer cells are at a critical level; that
is, unless replaced the cells would die within a few cycles. In practice, high telomerase
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levels ensure constant replacement. Most normal cells have a high number of telomers
and thus inhibition oftelomerase would represent a crucial target for cancer cells. The
introduction of combinatorial chemistry and robotic screening should uncover many
inhibitors of telomerase in the next few years and the results of such clinical trials
would be interesting.

Thus the development of anticancer agents is entering one of its most exciting
phases. Academic and commercial organizations are developing a vast range of new
classes of agents and procedures are in place to carry out rapid clinical trials. in which
the mechanism of action of these agents will be studied. Significant advances in
chemotherapy for cancer are expected within the next ten years. Clearly. the majority
of new agents will be discovered in Europe. USA and Japan where most of the
research and clinical trials are taking place. However. it is likely that some of the most
important new treatments will be based on relatively simple molecules. for example
farnesyl transferase inhibitors which might be inexpensive to produce. easy to
administer and suitable for worldwide use.

Of course. if such advances do not materialize we will be forced to consider other
approaches such as early detection or prevention.
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