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Commentary

Intrauterine exposures, pregnancy estrogens and breast cancer
risk: where do we currently stand?
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Abstract

nancy toxaemia [11] and birth order [12] - have been interpreted as suggesting that higher levels of pregnancy oestrogens may increase breast cancer risk in offspring.

Since 1990, when a hypothesis on intrauterine influences on
breast cancer risk was published, several studies have provided
supportive, indirect evidence by documenting associations of birth
weight and other correlates of the prenatal environment with breast
cancer risk in offspring. Recent results from a unique cohort of
women with documented exposure to diethylstilbestrol in utero
have provided direct evidence in support of a potential role of
pregnancy oestrogens on breast cancer risk in offspring.

In the 1980s several investigators evaluated whether prenatal
characteristics may be related to breast cancer risk in
offspring [1,2]. However, it was not until 1990 that a hypothesis on roots of breast cancer in early life was articulated
[3]. Trichopoulos postulated that higher concentrations of
oestrogens in pregnancy increase the probability of
occurrence of breast cancer in daughters. The concept was
subsequently elaborated into an integrated model of the
natural history of breast cancer that accommodates most
established risk factors for this disease [4-6].
Until recently, the evaluation of whether exposure to
pregnancy oestrogens, and conceivably other mammotropic
hormones, increases breast cancer risk in offspring has relied
on correlates of pregnancy oestrogens. These correlates
include birth weight, which tends to increase with higher
pregnancy oestrogen levels; twinning, which is characterized
by higher pregnancy oestrogen levels than in singleton
pregnancies; pregnancy toxaemia, in which oestrogen levels
have been reported to be lower than those in normal
pregnancies; and first versus higher birth orders, with first
pregnancies reportedly being associated with higher levels of
oestrogens. Most, although not all, studies that evaluated the
association of these markers of pregnancy oestrogen levels
with breast cancer risk in the offspring - including
investigations into birth weight [7-9], twinning [10], preg-

However, investigations such as those cited above do not
directly address the possible role played by pregnancy
oestrogens. This became possible in a unique study that
made the best of a tragic natural experiment [13-15]. In 1971
the daughters of mothers prescribed diethylstilbestrol (DES),
a synthetic oestrogen that supposedly protects against
spontaneous abortion, were found to be at a dramatically
increased risk for developing clear cell carcinoma of the
vagina and cervix, in a striking demonstration of transplacental carcinogenesis in humans [16]. DES had been
prescribed to more than a million pregnant women in the
USA from the 1940s to the 1960s.
Since 1992, all US cohorts of DES-exposed persons for
whom there was an appropriate comparison group of
unexposed persons and for whom there was medical record
documentation of exposure (or not) to this substance are
being followed in a study supported by the US National
Cancer Institute. Slightly more than 4800 women exposed in
utero to DES and approximately 2070 unexposed women are
included in this cohort. Results concerning breast cancer in
offspring have been reported in three reports [13-15]. The
risk for developing breast cancer in the earliest report [13],
when women exposed to DES in utero were still very young
(38 years on the average), was barely 18% higher in exposed
to nonexposed women. However, the increase became
progressively greater with longer follow up.
In the most recent report [15], for breast cancer occurring at
age 40 years or older the risk was significantly higher, by
91%, in women exposed to DES in utero than in those who
were not exposed. For breast cancer at age 50 years or older

DES = diethylstilbestrol.
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the corresponding excess was 200%, which again was
significant but with a wide confidence interval. The overall
pattern does not come as a surprise because breast cancer
among young women is known frequently to have genetic
roots [17], so an excess risk on account of intrauterine
exposure to oestrogens is likely to become more evident with
advancing age.

7.

How can the evidence now be summarized? It is highly likely
that intrauterine exposures are involved in breast cancer
aetiology. The results of the studies conducted by Palmer and
coworkers [14,15] specifically point to intrauterine exposure
to oestrogens as affecting the bulk of breast cancer cases
that are not genetically determined, perhaps by increasing the
number of mammary gland stem cells and thus the risk for
malignant transformation of one of them [4,6,18]. Nevertheless, even if further follow up of this cohort were to confirm
the patterns already noted, a number of questions would
remain. First, are oestrogens the only relevant hormones, or
do other growth-enhancing mammotropic hormones also play
a role? Second, are growth processes in the intrauterine
environment of unique importance or just a phase in the
growth process in childhood and adolescence, as speculated
several years ago on the basis of the association of height
with breast cancer risk [19]? Third, are the described
phenomena unique to breast cancer, perhaps on account of
the fact that human mammary gland remains inactive - and
the related stem cell pool dormant - until puberty, or are they
relevant to other forms of cancer [20]?
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These and perhaps other questions are important and need
to be addressed, but the recent report from Palmer and
colleagues [15] goes a long way toward documenting that
intrauterine environment is relevant to the aetiology of breast
cancer and that pregnancy oestrogens are involved in this
process. This is also an opportune time to express
appreciation to those who had the vision to establish and
pursue this important cohort.

Competing interests
The author declares that they have no competing interests.

References
1.

2.
3.
4.
5.
6.

Rothman KJ, MacMahon B, Lin TM, Lowe CR, Mirra AP, Ravnihar
B, Salber EJ, Trichopoulos D, Yuasa S: Maternal age and birth
rank of women with breast cancer. J Natl Cancer Inst 1980, 65:
719-722.
Le Marchand L, Kolonel LN, Myers BC, Mi MP: Birth characteristics of premenopausal women with breast cancer. Br J Cancer
1988, 57:437-439.
Trichopoulos D: Hypothesis: does breast cancer originate in
utero? Lancet 1990, 335:939-940.
Trichopoulos D, Lipman R: Mammary gland mass and breast
cancer risk. Epidemiology 1992, 3:523-526.
Adami H-O, Signorello LB, Trichopoulos D: Towards an understanding of breast cancer etiology. Semin Cancer Biol 1998, 8:
255-262.
Trichopoulos D, Lagiou P, Adami HO: Towards an integrated
model for breast cancer etiology: the crucial role of the
number of mammary tissue-specific stem cells. Breast Cancer
Res 2005, 7:13-17.

Page 2 of 2
(page number not for citation purposes)

19.
20.

Michels KB, Trichopoulos D, Robins JM, Rosner BA, Manson JE,
Hunter DJ, Colditz GA, Hankinson SE, Speizer FE, Willett WC:
Birth weight as a risk factor for breast cancer. Lancet 1996,
348:1542-1546.
Vatten LJ, Maehle BO, Lund Nilsen TI, Tretli S, Hsieh C-c, Trichopoulos D, Stuver SO: Birth weight as a predictor of breast
cancer: a case-control study in Norway. Br J Cancer 2002, 86:
89-91.
Ahlgren M, Sorensen T, Wohlfahrt J, Haflidadottir A, Holst C,
Melbye M: Birth weight and risk of breast cancer in a cohort of
106,504 women. Int J Cancer 2003, 107:997-1000.
Cerhan JR, Kushi LH, Olson JE, Rich SS, Zheng W, Folsom AR,
Sellers TA: Twinship and risk of postmenopausal breast
cancer. J Natl Cancer Inst 2000, 92:261-265.
Ekbom A, Hsieh C-c, Lipworth L, Adami H-O, Trichopoulos D:
Intrauterine environment and breast cancer risk in women. J
Natl Cancer Inst 1997, 88:71-76.
Hsieh C-c, Tzonou A, Trichopoulos D: Birth order and breast
cancer risk. Cancer Causes Control 1991, 2:95-98.
Hatch EE, Palmer JR, Titus-Ernstoff L, Noller KL, Kaufman RH, Mittendorf R, Robboy SJ, Hyer M, Cowan CM, Adam E, et al.:
Cancer risk in women exposed to diethylstilbestrol in utero.
JAMA 1998, 280:630-634.
Palmer JR, Hatch EE, Rosenberg CL, Hartge P, Kaufman RH,
Titus-Ernstoff L, Noller KL, Herbst AL, Rao RS, Troisi R, et al.:
Risk of breast cancer in women exposed to diethylstilbestrol
in utero: prelimiinary results (United States). Cancer Causes
Control 2002, 13:753-758.
Palmer JR, Wise LA, Hatch EE, Troisi R, Titus-Ernstoff L,
Strohsnitter W, Kaufman R, Herbst AL, Noller KL, Hyer M, et al.:
Prenatal diethylstilbestrol exposure and risk of breast cancer.
Cancer Epidemiol Biomarkers Prev 2006, 15:1509-1514.
Herbst AL, Ulfelder H, Poskanzer DC: Adenocarcinoma of the
vagina. Association of maternal stilbestrol therapy with tumor
appearance in young women. N Engl J Med 1971, 284:878881.
Loman N, Johannsson O, Kristoffersson U, Olsson H, Borg A:
Family history of breast and ovarian cancers and BRCA1 and
BRCA2 mutations in a population-based series of early-onset
breast cancer. J Natl Cancer Inst 2001, 93:1215-1223.
Baik I, Becker PS, DeVito WJ, Lagiou P, Ballen K, Quesenberry
PJ, Hsieh CC: Stem cells and prenatal origin of breast cancer.
Cancer Causes Control 2004, 15:517-530.
DeWaard F, Trichopoulos D: A unifying concept of the aetiology of breast cancer. Int J Cancer 1988, 41:666-669.
Baik I, Devito WJ, Ballen K, Becker PS, Okulicz W, Liu Q,
Delpapa E, Lagiou P, Sturgeon S, Trichopoulos D, et al.: Association of fetal hormone levels with stem cell potential: evidence
for early life roots of human cancer. Cancer Res 2005, 65:358363.

