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Sir Alexander Haddow discovered the first chemical therapy
to treat cancer [1]. Based on Paul Ehrlich’s pioneering work
that resulted in chemical therapy or chemotherapy to treat
bacterial infections [2], Haddow investigated the therapeutic
potential of numerous polycyclic hydrocarbons to cause
tumour regression in experimental animals. Some compounds
were effective, but the fact that they were known carcinogens
prohibited further exploration in humans. Nevertheless, the
triphenylethylene-based oestrogens [3] have a structural
similarity to polycyclic hydrocarbons and they were also
observed to cause tumour regression in animals. This was the
translational basis of Haddow's landmark clinical experiments
to evaluate the efficacy of high-dose oestrogen on the growth
of breast and prostate cancer. Responses were noted but
Haddow later commented [4] in 1970 during the inaugural
David A Karnofsky lecture that, ‘The extraordinary extent of
tumour regression observed in perhaps 1% of postmenopausal
cases has always been regarded as of major theoretical
importance and it is a matter of some disappointment that so
much of the underlying mechanisms continue to elude us.’

High-dose oestrogen therapy was introduced into clinical care
during the 1950s [5] for the treatment of postmenopausal
women with metastatic breast cancer. This approach
complemented the use of ovarian ablation (using radiation at
that time) in premenopausal patients, but the observation that
high-dose oestrogen was an effective treatment for one in
three elderly postmenopausal breast cancer patients remained
a mechanistic paradox until recently [6].

Through serendipity, a young endocrinologist, Leonard Lerner
at Merrell Dowe Pharmaceuticals in the USA, recognized that
a triphenylethanolic compound being tested as a cardio-
vascular drug had a structure similar to the triphenylethylenes
[7]. He asked to test the compound but found that there was
no oestrogenic activity in any species tested, only anti-
oestrogen activity. The compound, MER25 or ethamoxy-
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triphetol, was the first nonsteroidal anti-oestrogen [8].
However, it was the fact that nonsteroidal anti-oestrogens
were postcoital antifertility agents in rats that drove the
structural evolution of triphenylethylene-based oestrogens to
become a whole range of novel anti-oestrogenic compounds
[9]. Regrettably, the promise of preventing pregnancy was
premature because the compounds actually induced
ovulation [10]. Also, drug toxicities noted during the 1960s
and 1970s retarded any serious consideration of the non-
steroidal anti-oestrogens as therapeutic agents for indica-
tions such as breast cancer therapy [10]. Only ICI 46,474,
the trans isomer of a substituted triphenylethylene [11], took
a tenuous path to clinical testing in breast cancer [10,12] and
was subsequently kept on life support to be reinvented [13]
as a potential targeted therapy for the long-term adjuvant
treatment and prevention for oestrogen receptor positive
breast cancer.

Today, the advance with the clinical implementation of the
scientific strategy is profound [14,15], and the practice of
oncology has progressed significantly over the past three
decades [6]. However, the consequences of long-term
antihormonal therapy is drug resistance, and it is the
laboratory study of the drug resistance of tamoxifen and
subsequently the aromatase inhibitors that has provided the
opportunity to solve the paradox of high-dose oestrogen
therapy in breast cancer. Solving this mystery has had the
potential to show the way forward for future advances in
cancer care.

Models to study the development of drug resistance to long-
term tamoxifen resistance were first reported 20 years ago
[16,17]. Drug resistance to tamoxifen develops within about a
year in MCF-7 breast cancer cells. Inoculated cells grow into
transplantable tamoxifen-stimulated tumours in ovariectomized
athymic mice [16], and drug resistance (subsequently also
noted for raloxifene [18,19]) is consistent with clinical

VEGFR = vascular endothelial growth factor receptor.
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experience. However, it should be stressed that tamoxifen-
stimulated growth is a unique form of drug resistance.
Tumours stop growing when tamoxifen is withdrawn, but
oestrogen also stimulates tumours to grow. This is the
scientific basis for the use of an aromatase inhibitor or
fulvestrant, the pure anti-oestrogen, after the development of
tamoxifen resistance [20]. However, the finding that tamoxifen
resistance actually evolves into new phases [21] provided an
experimental basis for solving the mystery of the mechanism
of high-dose oestrogen therapy and an opportunity to
enhance the effectiveness of antihormonal therapy in patients
rendered refractory to multiple anti-oestrogenic treatments.

Tamoxifen-stimulated MCF-7 breast tumours can only be
maintained as a model of human disease by serial trans-
plantation into tamoxifen-treated athymic mice; no appropriate
cellular model is available. However, the realization that the
model does not replicate adjuvant treatment with tamoxifen (5
or more years) raised the question of what occurs under
these clinical circumstances. The discovery that physiological
oestrogen causes rapid tumour regression of long-term (5
plus years) tamoxifen-resistant MCF-7 tumours [22] and the
subsequent finding that the oestrogen-stimulated regrowth of
regressed tumour would again respond to the anti-oestrogen
tamoxifen [23] indicated a new strategic approach to cancer
care. Simply stated, for the first time there was a novel
method for killing antihormone-resistant breast cancer cells
and then effectively retreating with tamoxifen to maintain
responding patients for longer periods. The development of
mechanistic studies and the important observations that the
principle of oestrogen-stimulated tumour cell regression and
apoptosis also applied to oestrogen-deprived cells
(aromatase inhibitor resistant) [24-26] enhanced the overall
relevance of the observations and provided opportunities for
further mechanism based clinical trials.

The important study conducted by Lenning and coworkers
[27] provides the laboratory-to-clinic translation of the fact
that high-dose oestrogen treatment can produce a response
rate of up to 30% among patients who have been treated
with exhaustive antihormone therapy. The question now being
addressed in multiple clinical studies is whether low-dose
oestrogen therapy will be as effective in treating patients with
a sensitized breast tumour.

With the evolution of thinking about oestrogen action
following Haddow's success with the first chemical therapy
[1], it is reasonable to examine how we can improve the
efficacy of long-term antihormonal therapy and the putative
30% response rate of low-dose oestrogen therapy in
metastatic breast cancer. We are pursuing two paths. To
improve long-term antihormone therapy, we are investigating
the value of long-term vascular endothelial growth factor
receptor (VEGFR)2 inhibitors [28] to block residual oestrogen
or selective oestrogen receptor modulator induced VEGF
secretion [29]. The recent report that VEGF creates drug
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resistance to tamoxifen [30] implies that dual long-term
adjuvant treatment with tamoxifen and a VEFGR2 inhibitor will
have potential clinical merit. However, the key to success, we
believe, is the use of low-dose VEGFR2 inhibitor with the
adjuvant antihormone to avoid toxicity during long-term therapy.

To improve the value of low-dose oestrogen therapy
treatment after exhaustive antihormonal therapy, we believe
that the real question is why do 70% of tumours in the clinic
not respond to oestrogen induced apoptosis? We have
developed cell lines that either respond rapidly or have a
delayed response to oestrogen. Using this approach, we
have examined the inhibitor of glutathione synthesis buthio-
nine sulfoximine, which has previously been evaluated in the
clinic to improve responses to chemotherapy [31]. In prelimi-
nary studies, buthionine sulfoximine dramatically enhanced
the response of refractory antihormone resistant cells to the
early apoptotic actions of oestrogen.

We suggest that there is now a clinical opportunity to use our
proposed clinical trial [6,32] design that employs a yet to be
determined 12-week course of low-dose oestradiol therapy to
treat patients after exhaustive antihormonal therapy. A
succession of combined antisurvival agents could potentially
improve response rates to well above the 30% rate in
metastatic breast cancer rendered refractory by exhaustive
antihormonal therapy. The novel test platform is rapid and has
tumour response as the end-point. We believe that new
combinations of agents could subsequently be employed in
much larger trials without oestrogen once its apoptotic
efficacy is established.

In closing, it is gratifying that the story of oestrogen action
through the oestrogen receptor has continued to offer
surprises in each decade since Haddow's report in 1944 [1].
By looking back, we have been able to plan a way forward to
benefit patients.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements

Supported by the Department of Defense Breast Program under award
number BC050277 Center of Excellence (views and opinions of, and
endorsements by the author(s] do not reflect those of the US Army or
the Department of Defense), FCCC Core Grant NIH P30 CA006927,
The Avon Foundation, The Genuardi's Foundation and the Weg Fund
of Fox Chase Cancer Center (VCJ), KO1 grant #15031-01 (JSL),
5T32CA10365-03 (RRP).

This article has been published as part of Breast Cancer Research
Volume 10 Supplement 4, 2008: Controversies in Breast Cancer
2008. The full contents of the supplement are available online at
http://breast-cancer-research.com/supplements/10/S4

References

1. Haddow A, Watkinson JM, Paterson E: Influence of synthetic
oestrogens upon advanced malignant disease. BMJ 1944, 2:
393-398.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Baumler E: Paul Ehrlich, Scientist for Life. New York, NY: Holmes
& Meier; 1984,

Robson JM, Schonberg A: Oestrous reactions including mating
produced by triphenylethylene. Nature 1937, 140:196.
Haddow A: David A. Karnofsky memorial lecture. Thoughts on
chemical therapy. Cancer 1970, 26:737-754.

Kennedy BJ, Nathanson IT: Effects of intensive sex steroid
hormone therapy in advanced breast cancer. JAMA 1953, 152:
1135-1141.

Jordan VC: The 38th David A. Karnofsky Lecture. The paradox-
ical actions of estrogen in breast cancer: survival or death? J
Clin Oncol 2008, 26:3073-3082.

Lerner LJ: The first non-steroidal antiestrogen-MER 25. In Non-
steroidal Antioestrogens: Molecular Pharmacology and Antitu-
mour Activity. Edited by Sutherland RL, Jordan VC. Sydney,
Australia: Sydney Academic Press; 1981:1-6.

Lerner LJ, Holthaus JF, Thompson CR: A non-steroidal estrogen
antagonist  1-(p-2-diethylaminoethoxyphenyl)-1-phenyl-2-p-
methoxyphenylethanol. Endocrinology 1958, 63:295-318.
Jordan VC: Biochemical pharmacology of antiestrogen action.
Pharmacol Rev 1984, 36:245-276.

Jordan VC: Tamoxifen: a most unlikely pioneering medicine.
Nat Rev Drug Discov 2003, 2:205-213.

Harper MJ, Walpole AL: A new derivative of triphenylethylene:
effect on implantation and mode of action in rats. J Reprod
Fertil 1967, 13:101-119.

Cole MP, Jones CT, Todd ID: A new anti-oestrogenic agent in
late breast cancer. An early clinical appraisal of ICI 46474. Br J
Cancer 1971, 25:270-275.

Jordan VC: Tamoxifen: Catalyst for the change to targeted
therapy. Eur J Cancer 2008, 44:30-38.

Early Breast Cancer Trialists' Collaborative Group: Effects of
chemotherapy and hormonal therapy for early breast cancer
on recurrence and 15-year survival: an overview of the ran-
domised trials. Lancet 2005, 365:1687-1717.

Fisher B, Costantino JP, Wickerham DL, Cecchini RS, Cronin
WM, Robidoux A, Bevers TB, Kavanah MT, Atkins JN, Margolese
RG, Runowicz CD, James JM, Ford LG, Wolmark N: Tamoxifen
for the prevention of breast cancer: current status of the
National Surgical Adjuvant Breast and Bowel Project P-1
study. J Nat/ Cancer Inst 2005, 97:1652-1662.

Gottardis MM, Jordan VC: Development of tamoxifen-stimu-
lated growth of MCF-7 tumors in athymic mice after long-term
antiestrogen administration. Cancer Res 1988, 48:5183-5187.
Gottardis MM, Wagner RJ, Borden EC, Jordan VC: Differential
ability of antiestrogens to stimulate breast cancer cell (MCF-
7) growth in vivo and in vitro. Cancer Res 1989, 49:4765-47609.
O'Regan RM, Gajdos C, Dardes RC, De Los Reyes A, Park W,
Rademaker AW, Jordan VC: Effects of raloxifene after tamox-
ifen on breast and endometrial tumor growth in athymic mice.
J Natl Cancer Inst 2002, 94:274-283.

Liu H, Lee ES, Gajdos C, Pearce ST, Chen B, Osipo C, Loweth J,
McKian K, De Los Reyes A, Wing L, Jordan VC: Apoptotic action
of 17beta-estradiol in raloxifene-resistant MCF-7 cells in vitro
and in vivo. J Nat/ Cancer Inst 20083, 95:1586-1597.

Howell A, Robertson JFR, Quaresma Albano J, Aschermannova A,
Mauriac L, Kleeberg UR, Vergot |, Erikstein B, Webster A, Morris
C: Fulvestrant, formerly ICI 182,780, is as effective as anastro-
zole in postmenopausal women with advanced breast cancer
progressing after prior endocrine treatment. J Clin Oncol
2002, 20:3396-3403.

Jordan VC: Selective estrogen receptor modulation: concept
and consequences in cancer. Cancer Cell 2004, 5:207-213.
Wolf DM, Jordan VC: A laboratory model to explain the survival
advantage observed in patients taking adjuvant tamoxifen
therapy. In Recent Results in Cancer Research, vol 127. Heidel-
berg, Germany: Springer-Verlag; 1993:23-33.

Yao K, Lee ES, Bentrem DJ, England G, Schafer JI, O'Regan RM,
Jordan VC: Antitumor action of physiological estradiol on
tamoxifen-stimulated breast tumors grown in athymic mice.
Clin Cancer Res 2000, 6:2028-2036.

Song RX, Mor G, Naftolin F, McPherson RA, Song J, Zhang Z,
Yue W, Wang J, Santen RJ: Effect of long-term estrogen depri-
vation on apoptotic responses of breast cancer cells to
17beta-estradiol. J Nat/ Cancer Inst 2001, 93:1714-1723.
Lewis JS, Osipo C, Meeke K, Jordan VC: Estrogen induced
apoptosis in breast cancer model resistant to long-term

Available online http://breast-cancer-research.com/content/10/S4/S16

26.

27.

28.

20.

30.

31.

32.

estrogen withdrawal. J Steroid Biochem Mol Biol 2005, 94:131-
141.

Lewis JS, Meeke K, Osipo C, Bell E, Kidawi N, Chandel NS,
Jordan VC: Intrinsic mechanism of estradiol-induced apopto-
sis in breast cancer cells resistant to estrogen deprivation. J
Natl Cancer Inst 2005, 97:1746-1759.

Lonning PE, Taylor PD, Anker G, Iddon J, Wie L, Jorgensen LM,
Mella O, Howell A: High-dose estrogen treatment in post-
menopausal breast cancer patients heavily exposed to
endocrine therapy. Breast Cancer Res Treat 2001, 67:111-116.
Bhide RS, Cai ZW, Zhang YZ, Qian L, Wei D, Barbosa S, Lom-
bardo LJ, Borzilleri RM, Zheng X, Wu LI, Barrish JC, Kim SH,
Leavitt K, Mathur A, Leith L, Chao S, Wautlet B, Mortillo S,
Jeyaseelan R Sr, Kukral D, Hunt JT, Kamath A, Fura A, Vyas V,
Marathe P, D'Arienzo C, Derbin G, Fargnoli J: Discovery and pre-
clinical studies of (R)-1-(4-(4-fluoro-2-methyl-1H-indol-5-
yloxy)-5- methylpyrrolo[2,1-fl[1,2,4]triazin-6-yloxy)propan-2-ol
(BMS-540215), an in vivo active potent VEGFR-2 inhibitor. J
Med Chem 2006, 49:2143-2146.

Takei H, Lee ES, Jordan VC: In vitro regulation of vascular
endothelial growth factor by estrogens and antiestrogens in
estrogen-receptor positive breast cancer. Breast Cancer 2002,
9:39-42.

Qu Z, Van Ginkel S, Roy AM, Westbrook L, Nasrin M, Maxuitenko
Y, Frost AR, Carey D, Wang W, Li R, Grizzle WE, Thottassery JV,
Kern FG: Vascular endothelial growth factor reduces tamox-
ifen efficacy and promotes metastatic colonization and
desmoplasia in breast tumors. Cancer Res 2008, 68:6232-
6240.

Bailey HH, Ripple G, Tutsch KD, Arzoomanian RZ, Alberti D,
Feierabend C, Mahvi D, Schink J, Pomplun M, Mulcahy RT,
Wilding G: Phase | study of continuous-infusion L-S,R-buthio-
nine sulfoximine with intravenous melphalan. J Nat/ Cancer
Inst 1997, 89:1789-1796.

Jordan VC, Lewis-Wambi J, Kim H, Cunliffe H, Ariazi E, Sharma C,
Shupp HA, Swaby R: Exploiting the apoptotic actions of
oestrogen to reverse antihormonal drug resistance in oestro-
gen receptor positive breast cancer patients. Breast 2007, 16
(suppl 2):105-113.

Page 3 of 3

(page number not for citation purposes)



	Competing interests
	Acknowledgements
	References

