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As the new year approaches, it is worth

noting that a significant change, perhaps

even a revolution, has occurred in the
search for better treatments for cancer. The
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National Cancer Center in Tokyo has joined
in the world-wide effort to use modern
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genetics to improve drug treatment. The
original drugs developed for cancer, many
coming from Japan, in the second half of
the 20th century were not designed to hit
specific types of cancer. Most were
discovered by screening chemicals against
mouse tumors or cell cultures of human
tumors, without knowledge of the specific
target that they would hit. Some, such as
methotrexate and 5-fluoro-uracil, did turn
out to have specific enzymatic targets, but
these targets were not unique to cancer, and
the drugs in general were not selectively
toxic for malignancies. While much was
learned about the molecular targets of
cytotoxic drugs, and the ways in which
cancers developed resistance to those drugs,
only in rare cases was there an attempt to
“fit the drug to the patient’s tumor”. Drugs
like methotrexate, cytoxan, doxorubicin,
and paclitaxel were used broadly, and with
considerable benefit, but for most patients
with widespread cancer, the drugs produced
significant damage to normal tissues, even
leading to the development of second
malignancies, especially leukemia. The
same could be said of radiation treatments
for cancer: highly effective in many cases
in which the cancer was well localized, but
with a relatively high price of toxicity to

tissues in the radiation field.

With the advancement of understanding of
the genetic basis for cancer, in the last two
decades it has been possible to develop
drugs that are specifically targeted to block
the errant genes that drive cancer cell
growth and survival. Many tumors display
very specific mutations (breaks or
substitutions in their DNA) that cause
sustained cancer cell growth, invasion of
nearby tissues, and spread through the

bloodstream to distant sites. These changes

£ 430 S=IckE

include mutations in cell surface receptors,
signaling pathways that control basic cell
function, and defects in the repair of DNA.
These specific mutations produce aberrant
proteins stimulate the survival and growth
of cancer cells. They can be targeted by
smarter drugs. The success of this
“targeted” approach in leukemia, lung
cancer (especially the kind that develops in
non-smokers), breast cancer, melanoma,
and other types of cancer has totally
changed the direction of research in the
field of cancer treatment. Single targeted
drugs, given as a pill once or twice per day,
have caused regression of tumors for many
months, with very few side effects in most
patients. The most impressive and
consistent responses have been seen in
patients receiving drugs such as crizotinib
in lung cancers that contain a mutated Alk
gene, and vemurafinib in patients with a
B-Raf mutant malignant melanoma. While
most patients eventually experience tumor
progression, much is being learned about
the causes of drug resistance by sampling
the resistant tumors. New combinations of
targeted drugs aimed at the resistant cells,
as recently reported for melanoma ( a
BRAF inhibitor and a MEK inhibitor), are
showing signs of greater efficacy.
vemurafinib. Thus, it is now possible to test
a patient’s tumor in the laboratory, uncover
the specific mutations that drive that tumor,
and assign treatment with a drug that hits
the right target. The list of malignant
diseases for which this strategy helps us
currently manage the care of patients,
using approved or experimental drugs,
includes several subsets of non-small cell
lung cancer (EML4-ALK, EGFR,
ROS1Kinase), melanoma (B-RAF and
C-KIT), colorectal cancer (K-RAS, B-RAF,
and PI3Kinase), breast cancer (estrogen

ARE
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$43E SREREREELERS LAV L 5BBE AH E—ER

EARE IR FE R &I K AR Y >
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12817 % EZE Y (Cancer Heterogeneity:
Impact on Carcinogenesis, Cancer Stem

Cell, Microenvironment, Diagnosis and

receptor, Her-2, PI-3Kinase), thyroid cancer
(RET), and many others. Intelligent
management of these patients requires
access to technology for molecular profiling

of tumors.

This approach is called “personalized” or
“precision” medicine. It was first developed
and shown to work in a few large cancer
centers around the world. These centers
have set up special laboratories that are
capable of testing tumor samples,
identifying mutations, and assigning the
appropriate treatments. The technology for
tumor testing is advancing rapidly, from
PCR and immuno-histochemistry to gene
sequencing. It is now possible to sequence
for mutations in 1000 cancer related genes
in a single series of tests conducted over a
24-48 hour period, and to assign standard or
experimental treatment accordingly. A
more limited number of tests for lung,
breast, and colon cancer, and for melanoma,
are now commercially available, while a
much broader range of tests is being studied

in cancer centers.

Not all mutations can currently be matched
to a specific drug. Two, notable exceptions
are K-RAS, p53, and MYC, but new drugs
are likely to emerge from ongoing research
in the near future. The field of targeted
therapeutics is advancing rapidly. Clinical
trials, or experimental studies, are underway
for more than 800 new “targeted” drugs,
and there are about 30 of these new ones
approved for use around the world. It is
possible to get information about such trials
by consulting the web sites of the major
cancer centers Progress in “precision
medicine” is one of the major avenues to
the eventual cure and prevention of this

terrible disease.
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