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Risks and Benefits of Estrogen Plus Progestin

in Healthy Postmenopausal Women
Principal Results From the Women's Health Initiative
Randomized Controlled Trial

Context Despite decades of accumulated observational evidence, the balance of risks
and benefits for hormone use in healthy postmenopausal women remains uncertain.

Invasive Breast Cancer

{Reprinted) JAMA, July 17, 2002—Vol 282, Mo, 3



Effects of Conjugated Equine Estrogens
on Breast Cancer and Mammography
Screening in Postmenopausal Women
With Hysterectomy
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RESEARCH NEWS

New Role for Estrogen in Cancer?

Although estrogen was supposed to act mainly as a growth factor in promoting cancers, new work
suggests that products it forms in the body may also cause the initiating mutations

e

JFhelink between the female hormone estro-
Cgen and cancer is hard to miss. Both epide-

miological and cell biology studies have
dicated that it contributes to the develop-
ment of three of the top five cancers of

women—those of the breast, uterus, and ova
ries—which together account for an estimated
249,000 new cancer cases a year in the United
States alone. Now there is new evidence that

estrogen’s involvement in these cancers may
be much deeper than was thought.
Researchers have long known that the
hormone is a‘powerful stimulator of cell pro-
liferation. The common belief has been that
cell growth promotes cancer development
- by increasing the chances that a LL“ bearing

1 potentially’ Cancer-causing m
muhl]l s for [{ N
itself, nxg.ml\u\l 1V (o (rlhlllu it

éither to spontaneous mistakes in DNA rep-
lication as cells divide or to damagegr FE
by external sources: egric i G
cals, such as those in &gz <

rays ‘and other forms of radiation. But rhc
néw evidence points to another culprit origi-
nally fingered as a suspect years ago: the
metabolic byproducts formed by estrogen

in'theé body.

Cell culture studies show,  for ex
ample, that estrogen metabolites can
bind to DNA and trigeger damage. The
same compounds also produce cancer in

lab animals. And recent epidemiologi-
cal work suggests that wornden who havé
reduced amounts of the enzymes that
help sop up those reactive estrogen by-
products are at higher risk for developing
breast cancer. Taken together, these
studies provide “pretty good data that,
by themselves, hormones, cin be com-
plete carcinogens,” says David Longfellow, a
chemist with the National Cancer Institute
in Bethesda, Maryland, who is organizing a-
conference on the topic, set to take place next
week.* If the data hold up, they could force
researchers to take a closer look at the role of
hormones in the body, and ultimately offer
new avenues for cancer prevention by remov-
ing potentially damaging compounds befére
they build up.

But there is likely to be plenty of debate at

* "Estrogens as Endogenous Carcinogens in
the Breast and Prostate,” Westfields Interna-
tional Conference Center, Chantilly, Virginia,
16-17 March.

4-Hydroxyestrone

3,4-Semiquinone
and 3,4-Quinone
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Longfellow’s conference. The view that hor-
mones initiate as well as promote cancer
remains far from universal. “This has been
hugely controversial,”, says Craig Jordon, a
pharmacologist at Northwestern University
Medical School in Evanston, Illinois: “It's
an interesting possibility,” adds Jan-Ake
Gustafsson, an estrogen metabolism' expert
at the Karolinska Institute in Huddinge,
Sweden. “But the hard data are still lacking.”

Disputes rage within the ranks of true
believers as well. Estrogen produces several
metabolites, and competing research teams—

cach backing its own horse in
argue for dif ﬁm@o 1* as
EN

11. 19

' 2,3-Semiquinone
and 2,3-Quinone

.

Reactive oxygen compounds
Reactive lipid compounds O
trigger cancer

most important gene disrupter. “It's a mess,”
says Patricia Thompson, a molecular biolo-
gistat the National Center for Toxicological
Research (NCTR) in Jefferson, Arkansas. “But
it's a very hot area, and some people feel very
strongly about what they think is going on.”

Starting from scratch

As early as Z0Rears ago, researchers reco,
nized that estrogen’s growth-stimulating ef-
fects could make it a cancer promoter. Rats,
for example, more 6ften develop mammary
tumors if they are subjected to both a chemi-
cal carcinogen and estrogen than to either
alone. That picture also fits with epidemiol-
ogy \md es showing that women who are

E @ VOL. 279 ¢
o

2-Hydroxyestrone 16a-Hydroxyestrone

Natural causes? Natural
estrogens are metabo-
lized into a variety of
compounds, including
some (in red) that may

13 MARCH 1998

for longer—eithe:
through early onset of menstruation or lat
menopause—have an increased risk for de|
veloping breast cancer.

Proponents of the estrogen metabolite hy
pothesis don’t doubt that estrogen promote
cancer grow th. Those effects “are clearly ve:
important,” says James Yager, atoxicologista
the Johns Hopkins University School of Hy|
giene and Public Health in Baltimore. Bul
when ‘it comes m umlam ind ng
u!ll\s th( Inl[L

exposed to estrogens

\
n numulw and estroger

Bl NGO
mu 1|mllrc hypothesis supporter at the Strang
v Yor

$ 0 :ﬁm\ ever
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Atfect the lc\ cl~ of enzymes designed 1o clea
out active compounds that might initiat
]1 it sugeested another possibility
slites themselves might be involvey

canger,
ih possible mechz inism, says Bradlow]

“we hz

(,,mur Resea ml
Al

¢ a more cogent case.”

The suspects
Just what that mechanism is def

pends on who you listen to, how]
ever. The list of possible suspect
is long. For example, the principaj
natural estrogen, estradiol, is trans|
i formed in cells into three maiy
components: 2-hydroxyestrone (2
4-hydroxyestrone (4-F
and 16-o-hydroxyestrone (16-0t)
These can react directly with DN
orbe metabolized further into othe]
reactive compounds.
Most researchers agree tha
2-HE isn't dangerous, because i
fails to show up as a mutagen in cell cultury

studies or as a carcinogen in animals. Instead
proponents of the metabolite hypothesis fal
into two main camps, one blaming 4-HE and
the other 16-0.

For members' of the first camp—led by
Joachim Lichr of the University of Texa
Medical Branch in Galveston and Ercol
Cavalieri. of the University of Nebraskj
Medical Center’s Eppley Institute for Re
search in Cancer and Allied Diseases—on
touchstonesis a 1986 experiment Lichr ang
his colleagues performed with male Syriar
golden hamsters. These animals are unusuaj
in that their kidneys express the receptor
through which estrogens turn on cell growth|

Science 13 March 1998:
Vol. 279. no. 5357, pp. 1631 - 1633
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Mechanisms of Disease

PRODUCTION AND ACTIONS
OF ESTROGENS

CHrisTiaN J. Gruser, M.D., WaLTER TscHuGGUEL, M.D.,
CHRISTIAN SCHNEEBERGER, PH.D.,
AND JoHaNNES C. Huser, M.D., PH.D.

tase monooxvgenase enzyme complex that is present
in the smooth endoplasmic reticulum and functions
as a demethylase. In three consecutive hydroxylating
reactions, estrone and estradiol are formed from
their obligatory precursors androstenedione and tes-
tosterone, respectively (Fig. 1). The final hydroxylat-
ing step 1n aromatization does not require enzymatic
action and 1s not product sensitive.

Several plant compounds have structural and func-
tional similarities to estrogens and are therefore re-
ferred to as phytoestrogens (Fig. 1). Genistein and
daidzein are 1soflavonoids found in soybeans and clo-

N Engl J Med 346:340, January 31, 2002




The NEW ENGLAND JOURNAL ¢f MEDICINE

REVIEW ARTICLE

MECHANISMS OF DISEASE

Estrogen Carcinogenesis in Breast Cancer

James D. Yager, Ph.D., and Nancy E. Davidson, M.D.

N THIS ARTICLE, WE REVIEW RECENT FINDINGS RELATED TO ESTROGEN EX-
posure and the risk of breast cancer, the mechanisms that may be involved, and
the clinical implications of these findings. The weight of evidence indicates that
exposure to estrogen is an important determinant of the risk of breast cancer. The
mechanisms of carcinogenesis in the breast caused by estrogen include the metabo-
lism of estrogen to genotoxic, mutagenic metabolites and the stimulation of tissue
growth. Together, these processes cause initiation, promotion, and progression of car-

N Engl ] Med 2006,354:270-82.
Copyright £ 2006 Massachusetts Medical Society.




Pathways for Estrogen Carcinogenesis

E, metabolism E, estrogen receptor

1\
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L? No¥
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Modulation of cytochrome P450 activity: implications for
cancer therapy

Charity D Scripture, Alex Sparreboom, William D Figg

Figure 1: Cytochrome P450 mediates metabolism of drugs in the liver

Lancet Oncology 2005; 6(10):780-789.
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To further explore the potential relationship between deficiencies in
the CYP2D6 gene and outcomes achieved with tamoxifen among
women with hormone-positive breast cancer, researchers from the
Mayo Clinic conducted a retrospective analysis of a subgroup of
patients from the Austrian Breast and Colorectal Study Group-8
(ABCSG-8) trial. The ABCSG-8 was a prospective clinical trial
conducted between 1996-2004 in which 3,901 women with hormone-
positive breast cancer were randomized prior to treatment to two
years of adjuvant tamoxifen followed by three years of Arimidex®
(anastrozole) or five years of adjuvant tamoxifen.
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* At five years poor metabolizers who were randomized to tamoxifen had a 3.8-
fold increased risk of recurrence compared with extensive metabolizers of
tamoxifen.

* However, poor metabolizers who were randomized to switch to Arimidex
after two years of tamoxifen did not experience an increased recurrence risk at
years three and five.

The researchers concluded that these results provide further evidence that
testing for CYP2D6 variances can help determine which patients may respond
to tamoxifen and that testing prior to adjuvant therapy should be considered
following discussion with the patient.

Reference: Goetz M, Ames M, Gnant M et al. Pharmacogenetic (CYP2D6) and gene
express profiles (HOXB13/IL17BR and molecular grade index) for prediction of adjuvant
endocrine therapy benefit in the ABCSG 8 trial. Presented at the San Antonio Breast
Cancer Symposium. December 13, 2008. Abstract 57



CYP2D6 Gene Variants May Affect Responses to Tamoxifen Among
Breast Cancer Patients

By CancerConsultants.com

January 5, 2009

CYP2D6 Gene Variants May Affect Responses to Tamoxifen Among Breast
Cancer Patients

Among postmenopausal women with estrogen receptor-positive breast
cancer, those with certain variations in the CYP2D6 gene derived little benefit
from tamoxifen (Nolvadex®); based on these findings, researchers at the
Mayo Clinic recommend CYP2D6 testing for postmenopausal women being
considered for adjuvant tamoxifen therapy. These results were presented at
the 2008 San Antonio Breast Cancer Symposium



CYP2D6 Polymorphisms and the Impact on
Tamoxifen Therapy

JACOB N. BEVERAGE," TRISTAN M. SISSUNG," AMY M. SION," ROMANO DANESI,> WILLIAM D. FIGG'

"Clinical Pharmacology Research Core, Medical Oncology Branch, Center for Cancer Research, National Cancer Institute,
9000 Rockville Pike, Building 10, Room 5AQ1, Bethesda, Maryland

2Department of Oncology, Transplants and Advanced Technologies in Medicine,
University of Pisa, Pisa, Italy
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Chapter 4: Estrogens as Endogenous Genotoxic
Agents—DNA Adducts and Mutations

Ercole Cavalieri, Krvstyvna Frenkel, Joachim G. Liehr, Eleanor Rogan,
[.-J{-!'.'qu"f fta .l,‘_n_.-"."l.
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Paria, B.C., et. Al
Embryo Implantation Requires Estrogen-Directed Uterine

Preparation and Catecholestrogen-Mediated Embryonic

Activation
Advances in Pharmacology, Vol. 42, pp. 840-842
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CANCER CHEMOPREVENTION WITH
DIETARY PHYTOCHEMICALS

Young-Joon Surh

Chemoprevention refers to the use of agents to inhibit, reverse or retard tumorigenesis.
Numerous phytochemicals derived from edible plants have been reported to interfere with a
specific stage of the carcinogenic process. Many mechanisms have been shown to account
for the anticarcinogenic actions of dietary constituents, but attention has recently been
focused on intracellular-signalling cascades as common molecular targets for various

chemopreventive phytochemicals.

Cancer is a growing health problem around the world
— particularly with the steady rise in life expectancy,
increasing urbanization and the subsequent changes in
environmental conditions, including lifestyle. According
to a recent report by the World Health Organization

A wide array of substances derived from the diet
have been found to stimulate the development, growth
and spread of tumours in experimental animals, and to
transform normal cells into malignant ones. These are

arded as suspected human carcinogens.

www.nature.com/reviews/cancer
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Plasma Phytoestrogens and Subsequent Breast Cancer Risk

Martijn Ve arla H. van Gils, Lital Keinan-Boker, Philip B. Grace, Sheila A. Bingham, and
Petra H .M. Pee

Purpose

Pf‘lyl']toestrogens are plant compounds that are structurally and functionally similar to mammalian
estrogens. By competing for estrogen receptors, phytoestrogens possibly inhibit binding of the
more potent endogenous estrogens and decrease their potential effects on breast cancer risk. We
investigated the association between plasma phytoestrogen levels and breast cancer risk in a
prospective manner.

Verheus M et .al., J Clin Oncol. 2007 Feb 20;25(6):648-55. Epub 2007 Jan 2.
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Plasma Isoflavone Level and Subsequent Risk of Breast

Cancer Among Japanese Women: A Nested Case-Control
Study From the Japan Public Health Center-Based
Prospective Study Group

Motoki Iwasaki, Manami Inoue, Tetsuya Otani, Shizuka Sasazuki, Norie Kurahashi, Tsutomu Miura,
Seiichiro Yamamoto, and Shoeichiro Tsugane

From the Epidemiclogy and Prevention
Division, Research Center for Cancer
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Prevention and Screening, Mational

Cancer Center; Department of Sport Purpose L . . . . . .
and Exercise Nutrition, School of Physi- Because they have large variations in consumption, Asian countries are suitable settings for

cal Education, Sendai University: and studies of the effect of relatively high-dose isoflavone intake on breast cancer risk. Nevertheless,

the Cancer Information Services and no prospective study from Asia has assessed blood or urine levels as biomarkers of isofla-
Surveillance Division, Center for Cancer vone Intake.

lwasaki M et al. J Clin Oncol. 2008 Apr 1;26(10):1677-83. Epub 2008 Mar 3.
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Genome-wide association study identifies
novel breast cancer susceptibility loci

Douglas F. Easton', Karen A. Pooley”, Alison M. Dunning®, Paul D. P. Pharoah®, Deborah Thompson',

Dennis G. Ballinger’, Jeffery P. Struewing”, Jonathan Morrison®, Helen Field*, Robert Luben”, Nicholas Wareham®,
Shahana Ahmed*, Catherine S. Healey”, Richard Bowman®, the SEARCH collaborators**, Kerstin B. Meyer’,
Christopher A. Haiman®, Laurence K. Kolonel”, Brian E. Henderson®, Loic Le Marchand”, Paul Brennan',
Suleeporn Sangrajrang'’, Valerie Gaborieau'’, Fabrice Odefrey'’, Chen-Yang Shen'?, Pei-Ei Wu'?,

Hui-Chun Wang'*, Diana Eccles'’, D. Gareth Evans'?, Julian Peto'®, Olivia Fletcher'®, Nichola Johnson'®,

Breast cancer exhibits familial aggregation, consistent with variation in genetic susceptibility to the disease. Known
susceptibility genes account for less than 25% of the familial risk of breast cancer, and the residual genetic variance is likely
to be due to variants conferring more moderate risks. To identify further susceptibility alleles, we conducted a two-stage
genome-wide association study in 4,398 breast cancer cases and 4,316 controls, followed by a third stage in which 30 single
nucleotide polymorphisms (SNPs) were tested for confirmation in 21,860 cases and 22,578 controls from 22 studies. We
used 227,876 SNPs that were estimated to correlate with 77% of known common SNPs in Europeans at r* > 0.5. SNPsiin five
novel independent loci exhibited strong and consistent evidence of association with breast cancer (P < 10~ 7). Four of these
contain plausible causative genes (FGFR2, TNRC9, MAP3K1and LSPT). At the second stage, 1,792 SNPs were significant at the
P < 0.05 level compared with an estimated 1,343 that would be expected by chance, indicating that many additional common
susceptibility alleles may be identifiable by this approach.
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NAD(P)H:quinone oxidoreductase 1 NQO1*2 genotype
(P187S) is a strong prognostic and predictive factor in
breast cancer

Rainer Fagerholm'!7, Barbara Hofstetter™!”, Johanna Tommiska''”, Kirsimari Aaltonen™?, Radek Vrtel®'®,
Kirsi Syrjikoski!, Anne Kallioniemi®, Outi Kilpivaara', Arto Mannermaa®®, Veli-Matti Kosma®*®,

Matti Llursilupu?, Matti Eskelinen®, Vesa Kulujuﬁ'm, Kristiina Aittomiki'!, Karl von Smitten'?, Piivi Heikkila!”,
Jiri Lukas?®, Kaija Holli', Jirina Bartkova®, Carl Blomqvist™", Jiri Bartek™!® & Heli Nevanlinna'

NQOT guards against oxidative stress and carcinogenesis and stabilizes p53. We find that a homozygous common missense
variant (NQOT72, rs1800566(T), NM_ 000903, 2:c.558C > T) that disables NOQO1 strongly predicts poor survival among two
independent series of women with breast cancer (P = 0.002, N = 1,005; P = 0.005, N = 1,162), an efiect particularly evident
after anthracycline-based adjuvant chemotherapy with epirubicin (P = 7.52 < 107% and in p53-aberrant tumaors

(P = 615 = 107%, Survival after metastasis was reduced among NQOT*2 homozygotes, further implicating NQO1 deficiency in
cancer progression and treatment resistance, Consistently, response to epirubicin was impaired in NQOT*2-homozygous breast
carcinoma cells in vitro, reflecting both p53-linked and p53-independent roles of NQOD1. We propose a model of defective
anthracycline response in NQO1-deficient breast tumaors, along with increased genomic instability promoted by elevated reactive
oxyegen species (ROS), and suggest that the NQOT genotype is a prognostic and predictive marker for breast cancer.

VOLUME 40 | NUMBER 7 | JULY 2008 NATURE GENETICS
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Progesterone metabolites in breast cancer

John P Wiebe

Department of Biology, Hormonal Regulatary Mechanisms Laboratory, University of Western Ontaro, London, Ontario,
Canada MN6A 5B7

{Requests for offprints should be addressed to J P Wiebe; Email: jwiebe @ uwo.ca)

Abstract

In the 70 years since progesterone (P) was identified in corpus luteum extracts, its metabolism has
been examined extensively in many tissues and cell lines from numerous species. In addition to the
reproductive tissues and adrenals, every other tissue that has been investigated appears to have one
or more P-metabolizing enzyme, each of which is specific for a particular site on the P molecule. In
the past, the actions of the P metabolizing enzymes generally have been equated to a means of
reducing the P concentration in the tissue microenvironment, and the products have been dismissed
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Androgens and mammary growth and
neoplasia

Constantine Dimitrakakis, M.D., Jian Zhou, M.D., and Carolyn A. Bondy, M.D.

| Institute of Child Health and Human Development, National
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