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In the early 1970s, a failed post-coital contraceptive, ICI 46,474, was reinvented as tamoxifen,
the first targeted therapy for breast cancer. A cluster of papers published in the European
Journal of Cancer described the idea of targeting tamoxifen to patients with oestrogen recep-
tor positive tumours, and proposed the strategic value of using long-term tamoxifen therapy
in an adjuvant setting with a consideration of the antitumour properties of the hydroxylated
metabolites of tamoxifen. At the time, these laboratory results were slow to be embraced by
the clinical community. Today, it is estimated that hundreds of thousands of breast cancer
patients are alive today because of targeted long-term adjuvant tamoxifen therapy. Addi-
tionally, the first laboratory studies for the use of tamoxifen as a chemopreventive were pub-
lished. Eventually, the worth of tamoxifen was tested as a chemopreventive and the drug is
now known to have an excellent risk benefit ratio in high risk pre-menopausal women. Over-
all, the rigorous investigation of the pharmacology of tamoxifen facilitated tamoxifen’s ubig-
uitous use for the targeted treatment of breast cancer, chemoprevention and pioneered the
exploration of selective oestrogen receptor modulators (SERMs). This new concept subse-
quently heralded the development of raloxifene, a failed breast cancer drug, for the preven-
tion of osteoporosis and breast cancer without the troublesome side-effect of endometrial
cancer noted in post-menopausal women who take tamoxifen. Currently, the pharmaceuti-
cal industry is exploiting the SERM concept for all members of the nuclear receptor super-
family so that medicines can now be developed for diseases once thought impossible.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

In the 1960s, the use of combination cytotoxic chemother-
apy for the treatment of breast cancer had moved to centre

A new dynasty gives dominion over the ruling dynasty through per-
severance and not by sudden action (Ibn Khaldun 14th Century
Arab Historian) - and so it is with changes in the approach
to cancer therapy. This article will focus specifically on a clus-
ter of scientific papers'™ published in the European Journal of
Cancer that presaged the dramatic changes that have oc-
curred in the past 35 years in our approach to cancer therapy.
To set the scene, it is first appropriate to describe the research
and treatment philosophy for breast cancer before tamoxifen.
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stage in the wake of an abstract presented at the American
Association for Cancer Research.* The cytotoxic ‘cocktail’ pre-
sented by Cooper, containing cyclophosphamide, methotrex-
ate, 5 fluorouracil, vincristine and prednisone (CMFVP),
produced a dramatic response rate of >80% in patients with
advanced breast cancer. In the 1960s, there was every reason
to believe that cancer would be curable if (1) the right drug
combination could be found; (2) the patient could be kept
alive through the aggressive high dose regimens; and (3) pa-
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tients could be treated with a low tumour burden. Cytotoxic
chemotherapy became king and a new dynasty was estab-
lished with the initiation of a lexicon of drug combinations
and schedules and ultimately, bone marrow transplantation.
The introduction of adjuvant therapy, as it turned out, would
be essential for the successes we see today when the move
occurred from cytotoxic chemotherapy to tamoxifen treat-
ment. The initial hypothesis for the use of cytotoxic chemo-
therapy was reasonable and logical; adjuvant chemotherapy
would destroy undetected micrometastases harboured
around the patient’s body after surgical removal of the pri-
mary tumour. The perfect result would be enhanced cures
for women with breast cancer but the biology of breast cancer
conspired to defeat the best attempts of oncologists to deploy
non-specific cytotoxic chemotherapy effectively. The hypoth-
esis was flawed.

It is the responsibility of each new generation to challenge
the fashions in medicine created by the ruling dynasty. Pro-
gress by defying the dynasty can be profound and today we
witness the results of an unlikely revolution in thinking that
had its roots in the 1970s. Around the world, death rates from
breast cancer are declining and patients are living longer,
recurrence-free lives with less morbidity. Tamoxifen is an
integral reason for current progress, but this was unantici-
pated in the 1970s. Thirty-five years ago it would have been
unthinkable to suggest that ‘hormone therapy’ would en-
hance survivorship and that breast cancer risk reduction
would now be a clinical reality.

Our knowledge of human oncogenes, an unknown idea in
1972 (C-src the first oncogene was described in 1976) now pro-
vides invaluable clues to exploit, selectively, the metabolic
vulnerabilities in cancer. This knowledge is creating justifi-
able optimism by targeting the disease specifically with new
agents. The current generation has witnessed the clinical
(and economic!) success of agents like trastuzumab that tar-
gets gene amplified HER2-neu” in select breast cancers to pro-
duce disease control®® not previously thought possible.
However, the new era of individualised targeted medicines
that promises ‘to kill or prevent the cancer but not harm
the patient’ did not start with biotechnology.

The origins of targeted therapy started in the 1970s by
challenging cytotoxic chemotherapy with an alternative ap-
proach to treatment which was achieved by adapting the
pharmacological principles of drug receptor theory to cancer
care. At that time, cancer research was considered to be a
hopeless career choice, but a series of events put the right
people in the right place at the right time to recognise a
unique opportunity to advance cancer therapeutics. No
advances occur in isolation; they build on the work of
previous generations and in this case, by collegial inter-
action.

2. Tamoxifen (ICI 46,474) before targeting

ICI 46,474, the antioestrogenic trans isomer of a substituted
triphenylethylene, was discovered in the laboratories of
Imperial Chemical Industries (ICI) Ltd. Pharmaceuticals Divi-
sion (now AstraZeneca). The team, Dora Richardson (Chem-
ist), Michael J.K. Harper (Reproductive Endocrinologist) and
Arthur L. Walpole (Head of Reproduction Research) was

tasked with developing a post-coital contraceptive during
the early 1960s based on the structural clues already pub-
lished by other pharmaceutical companies. All of the studies
conducted at ICI throughout the 1960s were focused on repro-
duction and the patent issued throughout the world (except
the United States where the patent was denied for 20 years
because the findings did not demonstrate innovation) stated
‘the alkene derivatives of the invention are useful for the
modification of the endocrine status in man and animals
and they may be useful for the control of hormone dependent
tumours or for the management of the sexual cycle and aber-
rations thereof. They also have useful hypocholesteraemic
activity’. Claims that the compounds could be used as a
breast cancer treatment had to be removed from the patent
applications in America as they were considered to be fantas-
tic!° More importantly, there was no evidence to back up the
claim.

Walpole was not only interested in reproductive endocri-
nology but also cancer research and treatment.’® The scien-
tists at ICI had found an unusual species specificity with ICI
46,474, the compound was apparently a classical oestrogen
in the mouse vagina but an antioestrogen in rat tests.*™*?
The question was what was the pharmacology of ICI 46,474
in humans: an oestrogen or an antioestrogen? Walpole ad-
vanced clinical testing of ICI 46,474 in both ‘the control of hor-
mone dependent tumours’ and ‘the regulation of the sexual
cycle’. Clinical testing was initiated to evaluate activity to
treat breast cancer at the Christie Hospital in Manchester
and the Princess Margaret Hospital, Birmingham'*'* and
reproductive cycle studies proceeded elsewhere.’ In 1972,
all conclusions were reviewed by ICI Ltd. Pharmaceuticals
Division in Alderley Park, Macclesfield, Cheshire. Unlike the
results observed in the rat, ICI 46,474'® was not a contracep-
tive in humans. The drug induced ovulation and could poten-
tially be used as a profertility agent.’ ICI 46,474 exhibited
modest activity as a breast cancer therapy which was equiv-
alent to historical controls treated with high dose oestrogens
or androgens.’® The advantage of tamoxifen, that was to be
critical for future applications, was a low incidence of toxic
side-effects. However, the decision by senior management
was to abandon further development,®'” primarily because
the financial return for co-marketing a breast cancer drug
used by a limited number of patients for about a year for
the palliation of metastatic breast cancer was too small and
there was virtually no market for another agent to induce
ovulation in subfertile women. Clomiphene was already the
medicine of choice.’®

Walpole responded by electing to take early retirement if
ICI 46,474 did not get marketed. He was at the end of his sci-
entific career and he truly believed that tamoxifen had prom-
ise if only further studies could be completed on the ‘orphan
drug’. But how would this occur? Walpole and I met in Sep-
tember, 1972, when he was the external examiner of my
PhD entitled ‘Structure function relationships of some tri-
phenylethylenes and triphenylethanes’ at the University of
Leeds. Following this meeting, Walpole provided resources
for me to conduct the scientific work that reinvented a failed
contraceptive to become the first targeted therapy for the
treatment and prevention of breast cancer. We collaborated
until his untimely death in 1977.%°
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3. Foundations

In 1969, I was seduced by the idea of crystallising the oestro-
gen receptor (OER) with an oestrogen and a non-steroidal
antioestrogen. My supervisor thought it would be a little unin-
teresting, but at least the project would be straightforward as
Leeds had a premier X-ray crystallography department called
the Astbury Department of Biophysics. The OER protein could
be easily extracted from uteri,’®?° but I quickly found that
purification was not a simple task. I switched my PhD topic
to study the pharmacology of non-steroidal antioestrogens.
As it turned out, this was a good career choice as no one has
yet succeeded in crystallising the whole liganded OER!

I wanted to develop drugs for cancer, but there were no
opportunities to pursue this goal during my PhD. What made
life more complicated in 1972 was the fact that the University
could not find anyone to be my external examiner; no one
cared about the pharmacology of failed contraceptives!
Although administrators at the University protested against
the choice of someone from industry, Arthur Walpole was
eventually appointed as my examiner; a fortunate event that
was subsequently to advance the clinical application of
tamoxifen by establishing a scientific foundation through an
investigation of its antitumour actions in the laboratory.

During the final year of my PhD, I was invited to stay at
Leeds as a lecturer in Pharmacology. However, first I was re-
quired to go to the Worcester Foundation for Experimental
Biology (now the Worcester Foundation for Biomedical Re-
search, part of the University of Massachusetts Medical
School) to work with Michael Harper, Walpole’s former col-
league at ICI. When I arrived in September 1972, Harper de-
clared that he had accepted a job at the World Health

Organisation in Geneva and that ‘I could do anything I wanted
for the next two years’.

Here was the opportunity I wanted. A phone call to Walpole
at ICI secured his enthusiastic financial support to re-examine
ICI 46,474 in the laboratory, but this time the focus would be its
mechanism of action as an anticancer agent. I was made a
consultant to introduce ICI 46,474 to clinical trials groups in
American and Lois Trench, the drug monitor for Stuart Phar-
maceuticals (ICI Americas in Wilmington, Delaware) coordi-
nated all administrative details between 1972 and 1974 to get
the project off the ground. But how to start?

Elwood V. Jensen, Director of the Ben May Research Labora-
tory was on the scientific advisory board for the Worcester
Foundation in 1972 (Fig. 1). During his visit in late 1972, we
spent time going over my thesis and I explained what I wanted
to do with ICI 46,474. He generously invited me to Chicago the
next year to learn sucrose density gradient analysis in order to
study whether tamoxifen blocked oestradiol binding to the
human and animal OER. I also learned how to induce mam-
mary tumours in rats using dimethylbenzanthracene (DMBA)
so that the mechanism of antitumour action of tamoxifen
could be evaluated under controlled laboratory conditions.
The DMBA model was the only model available at the time
to study hormones and cancer. The work commenced at the
Worcester Foundation in the summer of 1973 and by the end
of the year, results were pouring out. Lois Trench secured hu-
man tumours for sucrose density gradient analysis, but I felt
no pressure to publish as no one was really interested. Chemo-
therapy was king and no one anticipated that another ‘hor-
mone therapy’ would be an advance. As a pharmacologist, I
was just happy to be contributing to the development of an
anticancer drug.

Fig. 1 - V. Craig Jordan and Elwood V. Jensen on the occasion of learning they were going to be the inaugural recipients of the
Dorothy P. Landon/AACR Prize (2002) for Translational Research. This is the highest award presented by the AACR and
recognised the seminal work for both of these scientists; Elwood Jensen identified OER as the mediator of oestrogen action in
its target tissues and some breast tumours, and Craig Jordan’s research that reinvented ICI 46,474 from being a failed
contraceptive to the first targeted therapy for breast cancer as the drug tamoxifen.
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Avoiding writing up my results could not last forever. Dr.
Eliahu Caspi, a senior scientist at the Worcester Foundation,
was directed to interview me to explore the possibility of
me staying at the Worcester Foundation and not returning
to Leeds. This was a surprise, but there was an even bigger
surprise in store when he glared at me over his desk and an-
nounced ‘that I did not have a CV because I had not any pub-
lications’. I announced I had not yet solved any problems so
what was the point? And he proceeded to give me the best ad-
vice of my academic career up to that time. ‘Tell them the
story so far; each paper should take no longer than two weeks
to write-up and link together a series of studies with a theme’.
I have not stopped writing since; which brings me back to the
three papers I eventually published in the European Journal of
Cancer.”

4. Transition to targeting Tamoxifen (Jordan
VC, Koerner S. Tamoxifen (ICI 46,474) and the
human carcinoma 8S oestrogen receptor. Eur ]
Cancer 1975;11:205-6)

Lars Terenius published two important papers in the Euro-
pean Journal of Cancer that described the action of nafoxidine
for the treatment of DMBA-induced rat mammary tumours?*
and the ability of the first non-steroidal antioestrogen MER
2572 to prevent rat mammary carcinogenesis.?> These studies
demonstrated ‘proof of principle’ for the application of anti-
oestrogens to treat breast cancer, but neither compound
showed any promise in the clinic because of serious toxic
side-effects.?*?" In fact, this was the consistent story for all
of the antioestrogens, except for tamoxifen.

ICI, 46,474 was examined systematically in my laboratory
to explore mechanisms and applications that could be
exploited in the clinic. These studies were supported by ICI
with unrestricted funds, first at the Worcester Foundation
(1972-1974) and subsequently at the University of Leeds as a
University Joint/Research Scheme (1974-1979). Most impor-
tantly, ICI arranged for thousands of rats to be chauffeured
from Alderley Park to Leeds so I could complete my work.
Those free rats, as it turned out, would be worth their weight
in gold with the billions of pounds of profits earned with
tamoxifen! Simultaneously, Rob Nicholson, at the Tenovus
Institute in Cardiff started to use tamoxifen as a laboratory
tool to investigate oestrogen and antioestrogen action in the
DMBA-induced rat mammary tumour model. Again, these
studies were published in the European Journal of Cancer.?*"?®

The studies I conducted in the laboratory initially focused
on the ER as a therapeutic target. The questions that were ad-
dressed were ‘can tamoxifen block oestrogen binding?’ and ‘is
tamoxifen the active agent?’ ICI 46,474 has a very low binding
affinity for the ER and we used sucrose density gradient anal-
ysis to provide the first consistent evidence that tamoxifen
blocks the binding of oestradiol to the human breast and
endometrial cancer 8S oestrogen receptor." We focused spe-
cifically on the role of the OER in tamoxifen action during
the mid 1970s so that there would be a better understanding
of tamoxifen action in its target tissues, the mammary tu-
mour and uterus.?*>*

At this time, we also made the observation that hydroxyl-
ated metabolites played an important role in the antioestro-

genic and antitumour actions of tamoxifen.®3® We
concluded that it was an advantage, but not a requirement,
for tamoxifen to be metabolically activated to 4-hydroxytam-
oxifen. As a result of these studies, 4-hydroxytamoxifen be-
came the standard laboratory tool to study the molecular
biology of antioestrogen action in vitro and in 1998 was used
to crystallise the ligand binding domain of the OER with an
antioestrogenic molecule.’” The key to this accomplishment
was that 4-hydroxytamoxifen has about a 100x higher binding
affinity for the OER than tamoxifen.

5. Tamoxifen for prevention? (Jordan VC.
Effect of tamoxifen (ICI 46,474) on initiation and
growth of DMBA-induced rat mammary
carcinoma. Eur J Cancer 1976;12:419-24)

In 1936, Profession Antoine Lacassagne suggested, based on
his animal studies, that ‘a therapeutic antagonist should be
found to prevent the congestion of oestrone in the breast’ so
that breast cancer could be prevented.®® Forty years later,
the first experiment I was to complete with tamoxifen
showed that just two injections of the ‘antioestrogen’ would
almost completely prevent carcinogenesis in the rat mam-
mary gland.?*® I concluded that the mechanism was most
likely blocking oestrogen action at the level of the OER in
the mammary tissue and nascent tumour. These and subse-
quent studies?®*? provided the scientific foundation for the
eventual examination of the worth of tamoxifen to prevent
breast cancer in high risk pre- and post-menopausal wo-
men.***¢ The key to tamoxifen’s success in this application
was a sustained duration of action and its ability to produce
antitumour actions long after the therapy has stopped.***’

6. Long-term adjuvant tamoxifen therapy
(Jordan VG, Allen KE. Evaluation of the
antitumour activity of the non-steroidal
antioestrogen monohydroxytamoxifen in the
DMBA-induced rat mammary carcinoma model.
Eur ] Cancer 1980;16:239-51)

In the 1970s, the initial clinical studies of tamoxifen were fo-
cused entirely on its application as a treatment for metastatic
breast cancer. The efficacy of tamoxifen was the same as that
of high dose oestrogen therapy (diethylstilboestrol 15 mg dai-
ly), but the advantage of tamoxifen was fewer serious side-ef-
fects.’*® The translation of the early laboratory findings with
tamoxifen™? to the treatment of advanced breast cancer
showed an association between the efficacy of tamoxifen as
an antitumour agent and OER status.*® However, it was the
transition from the use of tamoxifen as a palliative therapy
to adjuvant therapy that was to have the greatest impact on
survivorship and to establish tamoxifen as the gold standard
for antihormonal therapy from 1980 to 2000.

The goal of adjuvant therapy is to destroy the micrometas-
tases that have spread around the body at the time of primary
surgery. Early results with chemotherapy were extremely
promising®>*! and some significant improvements were
noted once the overview analysis of worldwide randomised
clinical trials was analysed and published.’” However, the
use of tamoxifen in this application was less readily accepted
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because of the belief that tamoxifen was only a palliative
therapy. As a prelude to the application of tamoxifen as an
adjuvant therapy, I introduced the antioestrogen first to the
Eastern Cooperative Oncology Group (ECOG)**** and subse-
quently to the National Surgical Breast and Bowel Project
(NSABP).>® Early adjuvant clinical trials selected one year of
adjuvant therapy®®®® because of the fact that tamoxifen
was effective in unselected patients with advanced breast

'

cancer for about one year and there was a sincere concern
that longer therapy would induce pre-mature drug resistance.
These beliefs were to change in the mid 1970s with the labo-
ratory finding that long-term antihormonal therapy was more
effective than short-term therapy.

Marc Lippman published an important paper in 1975 on
the actions of tamoxifen in cell culture.® He demonstrated
that oestradiol could reverse the action of tamoxifen to stop

Fig. 2 - Participants at a Breast Cancer Symposium in September 1977 at Kings College, Cambridge, England. The concept of
extended adjuvant tamoxifen treatment was first proposed at this meeting. Clinical studies of a 1-year adjuvant tamoxifen
were in place; regrettably, a decade later this approach was shown to produce little survival benefit for patients. In the insets
(top), the author, who presented the new concept (bottom left); Professor Michael Baum, the session chairman who was about
to launch the Nolvadez Adjuvant Trial Organization (NATO) 2-year adjuvant tamoxifen trial”>°%; and (bottom right) Dr. Helen
Stewart, who was a participant at the conference. She would initiate a pilot trial in 1978 and, led by Sir Patrick Forest, would
later guide the full randomised Scottish Trial of 5 years’ adjuvant tamoxifen treatment versus control in the 1980s.°” Both
clinical trials were later proven to produce survival advantages for patients. The concept of longer tamoxifen treatment
producing more survival benefits for patients was eventually established indirectly by the Oxford Overview Analysis in 1992

and directly by the Swedish group led by Dr. Lars Rutqvis

t98
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cell replication and that tamoxifen could actually kill breast
cancer cells at high concentrations. We decided to test the
idea that tamoxifen was cytotoxic in vivo using the DMBA-in-
duced rat mammary carcinoma model.

We reasoned that daily treatment with tamoxifen for a
month in the rat would be equivalent to a year in a woman.
Administration of DMBA (20 mg in 2 ml peanut oil po) to 50-
day-old female Sprague-Dawley rats resulted in the develop-
ment of multiple mammary tumours in all animals about
150d later.®> The experimental approach we used was to
administer different daily doses of tamoxifen for a month
starting one month after DMBA administration. This design
was to allow carcinogenesis to proceed following DMBA
administration so that we could assess the effectiveness of
tamoxifen to destroy the microfoci of deranged cells in the
mammary tissue. This was as close as one could get to an
endocrine adjuvant model in the 1970s.

Tamoxifen was compared with 4-hydroxytamoxifen be-
cause we had found it was the most potent antioestrogen
then known?'; at least 10 times more potent than tamoxifen.
We chose to test 4-hydroxytamoxifen because we antici-
pated that it would be a more potent antitumour agent than
tamoxifen. To our surprise, not only was 4-hydroxytamoxi-
fen not as effective as tamoxifen, but short-term tamoxifen
was unable to ‘cure’ animals. High doses of tamoxifen were
superior to low doses of tamoxifen in reducing tumour num-
bers and controlled tumour appearance, but all animals
eventually developed at least one tumour. Clearly, there
was a link between dose and anticancer action, but it was
because higher doses were cleared from the body more
slowly and not that the higher dose was more active. Tamox-
ifen was acting as a tumouristatic agent - the drug was
effective as long as the drug was present to suppress tumour
growth (Fig. 2).>¢%%* We proved this concept experimentally
by showing that antioestrogens were effective at controlling
tumourigenesis as long as treatment was continued. Indeed,
if tumours occurred during antioestrogen therapy, they
would respond to a second antihormone therapy, in this
case, oestrogen withdrawal following ovariectomy. We con-
cluded ‘It was clear that anticestrogens do not destroy all the foci
of hormone dependent tumour cells and long courses of therapy or
the use of antihormonal methods e.g. ovariectomy are essential to
control tumour growth’.> This notion lead to the idea that
longer was going to be better as a strategy to employ for
adjuvant tamoxifen therapy and provided a scientific foun-
dation for the successful use of subsequent oestrogen depri-
vation, i.e. an aromatase inhibitor following 5 years of
tamoxifen treatment.®>®¢

The overview analysis of randomised clinical trials that oc-
curs about every five years at Oxford has really revolutionised
clinical thinking. The publications summarise treatment pro-
gress through the clinical trials mechanism. The clinical proof
that longer tamoxifen therapy is better than shorter tamoxi-
fen therapy is most readily demonstrated in the OER positive
pre-menopausal patients. One year of tamoxifen was ineffec-
tive, but 5 years produced a dramatic effect on disease-free
survival and overall survival.”” More importantly, tamoxifen
produced a survival advantage for women, of a magnitude
that would change the perception of endocrine agents as only
palliative. The key to success was targeting women with the

right tumour with the correct duration of treatment at the
right stage.

7. Conclusion

What were the consequences of reinventing a failed contra-
ceptive IC146,474° to become tamoxifen, the first targeted
agent for the treatment of breast cancer®? The laboratory
strategy of targeting OER positive tumours® with long-term
adjuvant therapy>®* ultimately resulted in the improved sur-
vivorship of hundreds of thousands of women %”°® around
the world. Indeed, the fact that tamoxifen is cheap and acces-
sible to under-funded healthcare systems worldwide means
that this form of targeted therapy continues to save lives.
However, unlike the targeted therapies of today that usually
have a single anticancer application, tamoxifen became the
gold standard for the targeted therapy of all stages of breast
cancer (including male breast cancer), the treatment of ductal
carcinoma in situ,® a pioneering agent for the chemopreven-
tion of breast cancer in high risk women*>’%’! and the lead
compound for the new drug group, the SERMs.”>7¢

The extensive laboratory studies of tamoxifen and the re-
lated non-steroidal antioestrogen LY156,758 (keoxifene) under-
taken as a prelude to initiating major trials in breast cancer
prevention, described the pharmacology of SERMs that switch
on and switch off target sites throughout the body. As an exam-
ple of the immediate translation of the discovery of SERM ac-
tion, tamoxifen was noted to block breast cancer growth but
enhances the growth of endometrial cancer growth under lab-
oratory conditions.”” This laboratory concept translated to im-
proved clinical care through awareness that tamoxifen
increased the incidence of endometrial cancer in post-meno-
pausal women treated for breast cancer. In another example
of the application of SERMs, a failed breast cancer drug, keoxif-
ene, was reinvented*>’?’2 as raloxifene, the first SERM to be
successfully used to treat osteoporosis with the beneficial
side-effect of preventingbreast cancerindirectly.”®#° Following
rigorous testing in clinical trials,®! raloxifene is now also avail-
able to preventbreast cancer in high risk post-menopausal wo-
men. The overall result of 30 years of translational research in
breast cancer prevention is that there are now two therapeutic
options, tamoxifen and raloxifene, for women who choose to
reduce their risk of breast cancer.®>®? Thirty years ago there
were no choices. Based on clinical testing, tamoxifen has a
good risk benefitratio in pre-menopausal women®® and raloxif-
ene has a better safety profile in post-menopausal women.®* It
should be stressed, however, that raloxifene cannot be used to
reduce breast cancer risk in premenopausal women.

Perhaps of greater significance is the fact that tamoxifen
has become a pioneering agent to initiate new investigations
in therapeutics. A study of the pharmacology of tamoxifen
has been the catalyst to study the pharmacogenomics of
tamoxifen which is redefining healthcare.®* It appears that
the specific metabolism of tamoxifen to a hydroxylated
metabolite endoxifen is important for anticancer actions. This
topic has recently been reviewed.® Finally, the importance of
understanding the unique pharmacology of tamoxifen can be
placed in perspective. In retrospect, tamoxifen could, in fact,
be viewed as the lead compound that was essential to initiate
the synthesis of a broad range of new SERMs for the treatment
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of diseases as diverse as osteoporosis®®°? and rheumatoid

arthritis®*®* and the subsequent extrapolation of the SERM
concept to all members of the nuclear receptor superfamily.”®
The advances documented with targeting tamoxifen now of-
fer the promise of designing drugs to treat diseases previously
thought to be impossible.
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