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Abstract

Breast cancer risk is increased by early menarche and late menopause, suggesting that the long
duration of exposure of the breasts to the high levels of ovarian steroids in premenopausal women
increases risk. Recent prospective studies have shown that postmenopausal women who develop
breast cancer have significantly greater prediagnostic serum concentrations of oestradiol than
postmenopausal women who remain healthy. Estimation of long-term oestradiol concentrations in
premenopausal women is difficult, and few data are available from prospective studies, but these are
compatible with the hypothesis that relatively high oestradiol concentrations in premenopausal women
are also associated with an increase in breast cancer risk. Women in populations with low breast
cancer rates have low serum oestradiol concentrations both before and after the menopause. The
serum concentration of oestradiol is probably a major determinant of breast cancer risk, but more data
are needed to confirm this and to investigate the possible roles of other sex hormones.
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Introduction The simplest hypothesis in relation to hormones and

breast cancer is that oestradiol is the major determinant of

lBreast cancer nSkKlsl |ncrle§7s§d _It%/_early menarﬁhe ﬁnﬂ_lﬂ)(e mitotic rate of human breast epithelial cells and that
ate menopause (Kelsey ). This suggests that the hi I?east cancer risk is increased by relatively high serum

serum concentrations of oestradiol, progesterone, or bot oncentrations of oestradiol in both premenopausal and

n premenopausa_ll women cause a greater increase rE)stmenopausal women. The results of epidemiological
breast cancer risk per year than the much_ lowe tudies that have tested this hypothesis are described in
concentrations of oestra_ldlol and progesterone in posfp;q paper. The relationship of circulating oestradiol with

_rnenopausgl women. N_elth_er oestradiol nor Progesterong.q st cancer risk is described first for postmenopausal
IS genotoxic, and it is likely that Fhe high serum omen, because hormonal exposure in premenopausal
concentr_atlons of these hormon(_es in Premenqpausajomen is more complex and more difficult to estimate in

women increase breast cancer risk by increasing th@pidemiological studies.
mitotic rate of the breast epithelial cells (Cohen & Ellwein

1990, Preston-Martint al. 1990, Pikeet al. 1993).

Oestradiol alone has been shown to stimulate breaQeStraCIIOI and breast cancer risk in
cell mitosis in model systems (McManus & Welsch 1984) Postmenopausal women
but the observation that the mitotic rate of human breadfarly studies examined oestradiol concentrations and
epithelial cells is greatest during the luteal phase of thbreast cancer risk by measuring serum concentrations or
menstrual cycle led to the hypothesis that progesterongrinary excretion of oestrogens in women diagnosed with
might augment the mitotic action of oestradiol (Andersorbreast cancer and in women without breast cancer. Most
etal. 1982, Key & Pike 1988, Piket al. 1993). A recent of these case-control studies showed that postmenopausal
study of the effects of hormones on normal breast tissuwomen with breast cancer had higher oestrogen concen-
implanted into athymic mice showed that progesterone dittations than control women (Key & Pike 1988, Thomas
not cause a further increase in the mitotic rate of breadt al. 1994), but these findings must be interpreted very
cells exposed to a maximally stimulatory dose ofcautiously because the oestrogen levels in the women with
oestradiol (Laidlavet al. 1995), but it is possible that the cancer could be affected by the presence of the cancer or
doses used in this study were not representative of humday the treatment for cancer. To eliminate this problem, it
physiology and that progesterone may augment mitosis iis necessary to conduct prospective studies in which
normal premenopausal women (Pétel. 1996). oestrogen concentrations are measured in serum samples
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collected from women before the diagnosis of breasthe six prospective studies in the review included only 329
cancer and compared with oestrogen concentrations imomen with breast cancer, therefore firm conclusions
serum from women of the same age who did not develophould not be drawn until more data are available.

breast cancer during the same period.

Results from several studies of this type have no -
been published. The earlier studies did not indicate thvt:[he possible roles of chgr Sex hormones
aind of sex hormone binding globulin

women who developed breast cancer subsequent to blo
collection had higher oestradiol concentrations than thgdhe prospective studies that have reported data on
control women (Wysowsket al. 1987, Garlandetal.  oestradiol and breast cancer risk in postmenopausal
1992, Helzlsoueet al. 1994), but the numbers of cases inwomen have also reported data for several other sex
these studies were relatively small (39, 15 and 2%ormones and for sex hormone binding globulin (SHBG),
respectively). The more recent, generally larger studiesithough the hormones measured have varied between
have reported that relatively high oestradiol concenstudies. For testosterone, five studies reported that cases
trations are related to an increased risk for breast cancgad higher mean concentrations than controls (Wysowski
(Toniolo et al. 1995, Berrinoet al. 1996, Dorgaret al. etal. 1987, Berrinoetal. 1996, Dorganetal. 1996,
1996, Thomat al. 1997). The results of a systematic Thomaset al. 1997, Zeleniuch-Jacquottet al. 1997),
review of the six prospective studies for which com-and only the small study by Garlaetal. (1992; 15 cases)
parable data were available are shown in Fig. 1, in whicldid not observe this difference. Four studies reported that
the data from each study are summarized as the me@ie mean concentration of dehydroepiandrosterone
concentration in cases divided by the mean concentratiofulphate was greater in cases than in controls (Gordon
in controls (Thomagt al. 199%). Overall, women who et al. 1990, Berrineet al. 1996, Dorgaret al. 1996, 1997,
were diagnosed with breast cancer subsequent to blogleniuch-Jacquottet al. 1997), and only the small study
collection had a 15% higher mean serum concentration @fy Barrett-Connoet al. (1990; 15 cases) did not observe
oestradiol than the control women; this difference washis difference. Three studies that measured androstene-
statistically highly significant and there was no significantdione reported higher mean concentrations in cases than in
heterogeneity between the results of the six studies. controls (Wysowskiet al. 1987, Helzlsoueet al. 1994,

Thus the data available from prospective studiePDorganet al. 1996), and only the small study by Garland
strongly support the hypothesis that relatively high serunet al. (1992; 15 cases) did not observe this difference.
oestradiol concentrations in postmenopausal women afehree studies reported that cases had lower mean concen-
associated with an increase in breast cancer risk. Howevérations of SHBG than controls (Berringt al. 1996,

Reference Cases/Controls Ratio & 95% Cl

Garland et al. 1992 15/400 »

Helzlsouer et al. 1994 29/58 — .

Toniolo et al. 1995 130/251 —.—

Berrino et al. 1996 24/88 |

Dorgan et al. 1996 71/133 S —

Thomas et al. 1997a 60/175 ——

All studies 329/1105 <> 2P=0.0003
L 1 1 1 1 J

04 06 08 10 12 14 16
Test for heterogeneity: x%s = 8.7; P>0.1

Figure 1 Ratios of serum oestradiol concentrations in cases and controls: data from
prospective studies (adapted from Thomas et al. 1997d).
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Dorganet al. 1996, Thomast al. 1997), and only the studies have reported that cases have lower serum
small studies by Garlanétal. (1992; 15 cases) and concentrations of SHBG than controls (described above),
Helzlsoueret al. (1994; 29 cases) reported marginally and two studies have reported that breast cancer risk is
higher SHBG in cases than in controls. more strongly associated with bioavailable oestradiol than

These data suggest that, in addition to having relawith total oestradiol (Toniolet al. 1995, Dorgaret al.
tively high serum concentrations of oestradiol, post-1996).
menopausal women who develop breast cancer also have
relatively h|gh serum concentrations of testostero_neOeS,[radioI and breast cancer risk in
dehydroepiandrosterone sulphate and androstenediong,
and relatively low serum concentrations of SHBG. Thepremer‘c’paus‘al women
coexistence of relatively high levels of these four seXrour prospective studies have reported on oestrogens and
hormones might be expected, because serum concelpreast cancer in premenopausal women (Table 1). The two
trations of these hormones are correlated; for examplearlier, relatively small studies from the Washington
among the 133 control women in the study by DorgarCounty Cohort (Wysowsket al. 1987, Helzlsoueet al.
etal. (1996), the Pearson correlation coefficients of 10g1994) reported no significant differences in oestradiol
oestradiol concentration with the log concentrations otoncentrations between cases and controls. The more
testosterone, dehydroepiandrosterone sulphate and andrecent, slightly larger studies (Rosenbegal. 1994,
stenedione were 0.39, 0.34 and 0.44 respectively. Thréehomas etal. 199%h) suggested that mean oestradiol
studies have presented the odds ratios for breast cana@ncentrations may be greater in cases than in controls, but
associated with oestradiol and testosterone adjusted fémis difference was not statistically significant in either
each other. In the relatively small study by Berrat@l.  study.
(1996), these analyses suggested that (free) testosterone Together, these four prospective studies included only
was more closely associated with risk than was oestradiol,79 women who developed breast cancer subsequent to
but in the larger studies of Thomasal. (1997) and  blood collection. Few conclusions can be drawn from
Zeleniuch-Jacquotteet al. (1997), the association of these scant data — they suggest that oestradiol concen-
testosterone with risk was explained by its associatiofrations are not grossly increased in women who subse-
with oestradiol, implying that oestradiol is the h0rm0n8quent|y develop breast cancer, but they are fully
more directly involved in the aetiology of breast cancercompatible with the hypothesis that breast cancer risk is
More data are needed to confirm this tentative conclusiothcreased by the existence of moderately increased oestra-
and to understand the possible roles of other sex hormongf| concentrations in premenopausal women.
in breast cancer risk.

The serum concentration of SHBG is a determinant o . .
the proportion of oestradiol that is available to enter th ody mass index and breast cancer risk
breast epithelial cells. However, the major determinant oBreast cancer risk is increased by greater body mass index
the amount of available oestradiol is the total concenin postmenopausal women (Hunter & Willett 1993). The
tration of oestradiol; for example, among the 133 controprincipal source of oestradiol in postmenopausal women
women studied by Dorgaet al. (1996), non-SHBG- s via the extraglandular aromatization of androstenedione
bound oestradiol had a correlation of 0.97 with total(Siiteri & MacDonald 1973), and oestradiol increases with
oestradiol, but of only —0.23 with SHBG. The majority of increasing body mass index in postmenopausal women

Table 1 Prospective studies of oestradiol and breast cancer in premenopausal women

Cases Controls Cycle Oestradiol ratio
Reference (n) (n) phase (cases/controls)?
Wysowski et al. 1987 17 67 Any, matched 0.83
Helzlsouer et al. 1994 12 24 Follicular 1.17

10 20 Luteal 0.72
Rosenberg etal. 1994 79 306 Any, matched +0.20°
Thomas et al. 1997b 61 179 Any, matched® 1.12

aRatio of mean or median concentration in cases to mean or median concentration in controls. "Mean
difference between cases and controls in units of standard deviations, after adjustment for cycle phase by
three-piece spline model. “Controls were matched to case by day of cycle, and mean results were further
adjusted for day of cycle.
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(Vermeulen & Verdonck 1978, Caulegtal. 1989, concentrations in premenopausal women is not well
Thomaset al. 199%). It is likely that the relationship understood.

between body mass index and breast cancer risk can

largely be explained by the relationship of body mass

index with serum oestradiol concentrations. Limitations of epidemiological studies of

serum oestradiol and breast cancer risk

Oestradiol in populations at di  fferent The studies reviewed here have relied on one blood

risk for breast cancer sample to characterize a woman’s long term exposure to
. . endogenous oestradiol. This is a serious limitation,

Breast cancer rates vary about sixfold between dn‘fererBecause oestradiol concentrations change so greatly at

countries. Some of the low risk in countries with low L
enopause and because, even within the premenopausal

breast_ cancer rates can be explained by differences in Wegl postmenopausal period of a woman's life, one blood
established risk factors: late menarche, younger age at first

; . : ample may be very poorly correlated with her average

birth, and higher parity. However, these factors canno? pie may y poorly 9
. . - . oestradiol concentration.

explain all of the difference between high-risk and low-
risk countries, and Piket al. (1983, 1993) have therefore  Several recent studies have examined the intraclass
suggested that the remainder of the difference may b@vithin-person) correlations between measurements of
explained by lower oestradiol concentrations in women iserum oestradiol concentration in two samples collected at
the low-risk populations. least 1 year apart from each woman (Table 2). Among

There is now good evidence that serum oestradigPostmenopausal women, intraclass correlation coeffici-
concentrations are indeed substantially lower in women i§Nts were moderately high for oestradiol and somewhat
low-risk countries than in women in high-risk countrieshigher for testosterone and SHBG. This shows that a
(Goldin etal. 1986, Bernsteiretal. 1990, Key et al. single blood sample can give substantial information
1990). These differences have been observed among bgtRout a postmenopausal woma’s usual, long-term
premenopausa| and postmenopausa| women and, togetmstradiol concentration. However, in the one Study with
with the differences in age at menarche and parity, aréata for premenopausal women, the intraclass correlation
large enough to explain all the difference in breast canceoefficient for oestradiol was very low, although the
rates (Pikeet al. 1993). Much of the difference between correlation for testosterone was moderately high (Muti
countries in terms of oestradiol concentrations inetal.1996). The important implication of this study is that
postmenopausal women can probably be explained by single blood sample is a very poor measure of an
differences in body mass index. The differences irindividual premenopausal woman's usual, long-term
premenopausal women are probably not directly due toestradiol concentration. Ideally, future prospective
differences in body weight (Bernstedt al. 1990); they studies of oestradiol and breast cancer risk in premeno-
might be explained by differences in diet (Gol@inal.  pausal women should collect several samples from each
1986), but the relationship of diet with oestradiol woman.

Table 2 Reliability of serum sex hormone concentrations in women: intraclass correlation coefficients
between two samples collected at least 1 year apart

Mean interval

Study n (years) Oestradiol Testosterone SHBG
Premenopausal
Muti et al. 1996 60 1 0.062 0.60 —
Postmenopausal
Cauley et al. 1991 174 2 0.36 — —
Hankinson etal. 1995 79 2-3 0.68 0.88 0.92
Muti et al. 1996 47 1 — 0.88 —
Thomas et al. 1997a 64 8 0.56 0.57 0.63

a8Samples collected on the same day of the luteal phase of the menstrual cycle.
n, number studied.
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Conclusions Dorgan JF, Longcope C, Stephenson HE Jr, Falk RT, Miller R,

A t | b t isk i Franz C, Kahle L, Campbell WS, Tangrea JA & Schatzkin A
mong postmenopausal women, breast Cancer risk 1S, 9q4 pojation of prediagnostic serum estrogen and androgen

StF°"9'¥ rela_ted to the serum concentration (?f oestrgdiol. levels to breast cancer rigkancer Epidemiology, Biomarkers
High risk is also associated with relatively high 5,4 preventiors 533-539.

concentrations of other sex hormones. Mechanistigorgan JF, Stanczyk FZ, Longcope C, Stephenson HE, Jr, Chang
arguments suggest that oestradiol is likely to be the most | Miller R, Franz C, Falk RT & Kahle L 1997 Relationship
important hormone in determining risk, but the epidemi- of serum dehydroepiandrosterone (DHEA), DHEA sulfate,
ological data are currently insufficient to establish this. and 5-androstene@3l78-diol to risk of breast cancer in

There are relatively few data for premenopausal women; postmenopausal wome@ancer Epidemiology, Biomarkers

the data available are inconclusive, but are compatible and Preventioré 177-181.

with the hypothesis that breast cancer risk is increased i§yarland CF, Friedlander NJ, Barrett-Connor E & Khaw K-T

relatively high oestradiol concentrations in premeno- 1992 Sexhormones and postmenopausal breast cancer: a
pausal women prospective study in an adult communfyerican Journal of

Epidemiologyl351220-1230.
Goldin BR, Adlercreutz H, Gorbach SL, Woods MN, Dwyer JT,
Note added to proof Conlon T, Bohn E & Gershoff SN 1986 The relationship

Two recent papers have strongly confirmed the hypothesis between estrogen levels and diets of Caucasian American and
that relatively high serum oestradiol concentrations in [C\])Stiir:itg:—]Izzln;fgagé;vomemmencan Journal of Clinical
postmenopausal women are associated with an increase in e )

. . n GB, Bush TL, Helzl r KJ, Miller SR mstock
breast cancer risk. Hankinsen al. (1998) reported that, Crdon G  OUS , Helzlsouer KJ, Miller SR & Coms

- - . . GW 1990 Relationship of serum levels of dehydro-
0,
median oestradiol was 14% higher in 154 women who epiandrosterone and dehydroepiandrosterone sulfate to the

subsequently developed breast cancer than in 306 g o developing postmenopausal breast ca@ancer
controls, and Caulegt al. (1999) reported that median  Researcts0 3859-3862.
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