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} There has been a 400% increase risk of 
in-situ breast cancer in women under 50 by SEER data

} There has been a 2% per year increase in metastatic 
breast cancer in women under 40
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1. Understand biologic basis of all breast cancer 
risks

2. Learn about the “susceptibility window” when the 
breast is most susceptible to cancer formation

3. Learn the breast cancer risks associated with 
reproduction

4. Understand the pathophysiology of breast 
maturation during pregnancy which accounts for 
these known risks including the association with 
induce abortion and preterm birth
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1. Mutated genes which account for 
approximately10% of all breast cancers 
(e.g. inherited BRCA genes 1 & 2 or radiation, 
virus or chemically induced injury)

2. Cumulative lifetime exposure to estrogen both 
as a mitogen and genotoxin

3. Breast differentiation from Type 1 lobules, the 
most primitive type to Type 4 lobules, the 
most differentiated
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uThe more estrogen a woman is 
exposed to in her lifetime, 
the higher her risk for breast cancer

uThe sooner a woman differentiates her breast 
lobules, from Type 1 and 2 to Type 3 and 4, 
the lower her risk of breast cancer.

Type 1 lobule     Type 2 Lobule     Type 3 lobule



1. Mitogen
§ Acts to cause proliferation 
§ Cancer promoter 

2. Carcinogen
§ Acts as mutagen and genotoxin
§ Cancer initiator
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Uterus Breast Ovary
Endometrial 
proliferative 
phase

Stroma No edema
Cellular density

Follicular 
phase

EstrogenLobules Simple
No secretions
No mitoses

Endometrial  
secretory phase
differentiated

Stroma Edema Corpus luteal 
phase

Estrogen
Progesterone

Lobules Increase number and size
Luminal secretions
Increase epithelial mitoses

Menstruation Stroma Dense with lymphocytic infiltration
Lobules Epithelial cells degenerate & 

slough
Decrease epithelial mitoses
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Endometrial  
secretory 
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differentiated
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UN’s 
World Health 
Organization

International 
Agency on 
Research of 
Cancer 
(IARC)



12

Lancet Oncology, August 2005



Estrogen – progestin combination drugs used in 
oral contraceptives and hormone replacement 

u Carcinogenic for 
● Breast cancer
● Cervical cancer
● Liver cancer

u Protective of
● Endometrial cancer
● Ovarian cancer
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There is a progression of:

u Normal growth (menstrual cycle)

u Hyperplasia (ductal epithelial hyperplasia)

u Neoplasia (cancer without needing initiator 
such as radiation)
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Hyperplasia to Neoplasia
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Risk Disease type

No increased risk Mild hyperplasia
Duct ectasia
Apocrine metaplasia
Simple fibroadenoma
Microcysts
Periductal mastitis
Adenosis

Slight increased risk 1.5-2 times Gross cysts
Moderate and florid hyperplasia
Papilloma
Sclerosing adenosis
Complex fibroadenoma

Moderately increased risk 4-5 times Atypical hyperplasia



17

Estrogen as a Mitogen

High
estrogen

The Menstrual Cycle
Days

4 14 28

Breast cell deathBreast cell proliferation

Low
estrogen



uEstrogens (in the presence of progesterone) 
stimulate breast cells to proliferate, 
i.e., multiply through division (mitosis)

uThis sometimes results in errors in cell 
division (mutations) which can result in 
malignancy
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Estrogen as a mitogen
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Estrogen-Induced 
Stimulation of Cell Proliferation

High estrogen concentration

Breast or uterine cell
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Estrogen-Induced Proliferation and
Spontaneous New Mutations

Normal breast cell

Increased proliferation

Estrogen stimulation

Mistake in DNA duplication



21

Estrogen-Induced Proliferation 
of Existing Mutant Cells

Mutant breast cells
(caused by error, inheritance, 
and/or environmental factors)

Estrogen stimulation
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Cancer Arises From 
DNA Mutations in Cells

Last DNA mutation from:
• heredity

or
• radiation or chemicals

or
• spontaneous errors

during DNA duplication

DNA mutationsNormal cell Uncontrolled proliferation



1. Mitogen
§ Acts to cause proliferation 
§ Cancer promoter 

2. Carcinogen
§ Acts as mutagen and genotoxin
§ Cancer initiator
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Cancer Research 48, 246-253,  January 15, 1988
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Philadelphia 
Inquirer

Dec. 16, 2001

Michelle Medinsky, National 
Toxicology Program Advisory 
Committee. “They only discuss the 
benefits. Listing might force it on 
the table.”
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Journal of the National Cancer Institute, 
Vol. 95, No. 2, 100-102, January 15, 2003

“It has been an uphill battle to convince the 
mainstream that estrogen initiates cancer by 
damaging DNA, said David Longfellow, Ph.D., 
chief of the Chemical and Physical 
Carcinogenesis Branch at the National Cancer 
Institute.”
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Article explains the metabolism and 
metabolites of the forms of estrogen 
(estradiol, estriol, and estrone) associated 
with breast cancer formation



uEstrogen ® metabolized in 4 steps to catechol
estrogen quinone (CE-quinone) 

u4 OH-CE Quinone pulls purine bases out of 
DNA strands directly damaging DNA

u185delAG is a common 
mutation of the 
BRCA genes
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Women with breast cancer have 
higher levels of 4 hydoxy catechol
estrogen quinone than women 
without breast cancer.
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Rogan, Ph.D., University of Nebraska,
San Antonio Breast Cancer Symposium 2002
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NEJM   January 16, 2006
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Studies of breast cancer have consistently 
found an increased risk associated with …the 
use of exogenous estrogen plus progestin … 
and use of oral contraceptives.

NEJM   January 16, 2006
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uThe more estrogen a woman is exposed to in 
her lifetime, the higher her risk for breast 
cancer

uThe sooner a woman differentiates her 
breast lobules, from Type 1 and 2 to 
Type 3 and 4, the lower her risk of 
breast cancer.

Type 1 lobule Type 2 Lobule     Type 3 lobule



It is the biology of the breast lobule 
maturation that occurs during 
pregnancy which accounts for the 
abortion breast cancer link.
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Before pregnancy After a full-term 
pregnancy
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Breast Changes with Pregnancy

1st half of 
pregnancy

Stroma Increase fat and connective tissue

Lobules Breast volume doubles by 
increasing the number of Type 1 
and 2 lobules

2nd half of 
pregnancy

Lobules Decrease proliferation
Maturation to Type 4 lobules
Milk synthesis (inhibited by   
placental hormones from 
lactating)

1st half of 
pregnancy

Lobules Breast volume doubles by increasing 
the number of Type 1 and 2 lobules
Proliferation

2nd half of 
pregnancy

Lobules Maturation to Type 4 lobules
Differentiation
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u At full development, the breast 
is comprised of 15-25 lobes 
which are in turn 
comprised of lobules. 

u Lobules in turn are 
composed of breast cells.

Lobes ® lobules ® cells
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Type 1, 2 & 3 lobules are differentiated by the 
average number of ductules per lobular unit:

Type 1 has 11
Type 2 has 47
Type 3 has 80

Type 4 lobules are fully 
matured and contain 
colostrum or milk.

Ductules become the milk glands
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uType 1 lobules mature into Type 2 lobules under 
the cyclic influence of the female hormones, 
estrogen and progesterone, during menstrual 
cycles. 

uType 2 lobules only become fully mature into 
Type 4 lobules under the influence of the 
hormonal changes of a full-term pregnancy.

uType 4 regress to 
Type 3 after weaning.

Type 1 lobule       Type 2 Lobule     Type 3 lobule
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Type 1 Lobule
(TDLUs)

85% of all breast 
cancers arise in 
Type 1 Lobules 
(Ductal cancer)

Type 2 Lobule
10-15% of all 
breast cancers 
arise in 
Type 2 Lobules 
(Lobular cancer)

Type 3 Lobule

Cancer resistant

Types of Breast Lobules
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u Human chorionic gonadotropin (hCG) which stimulates the 
ovaries to produce estrogen and 
progesterone within a few days after conception

(PROLIFERATION) 
u A major influence in this final stage of maturation into 

Type 4 lobules is human placental lactogen (hPL) which 
sharply rises during the second half of pregnancy. 

(DIFFERENTIATION)
u HCG and hPL are made by 

the fetus in the mother’s 
womb during 
pregnancy. 
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uHPL made by the fetal-placental unit during 
pregnancy induces full differentiation of breast 
tissue to Type 4 lobules, which are cancer resistant

uWhen Type 4 lobules regress to Type 3 post-
weaning, Type 3 lobules are cancer resistant 

uHCG also stimulates the 
ovary to produce inhibin, 
a cancer suppressing hormone, increasing 
protection of the mother 
even more
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Type 1 Lobule
(TDLUs)
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Type 1 Lobules 
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Type 2 Lobules 
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Cancer resistant
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} The longer a woman waits before having her 
first child, the higher her risk because she has 
a longer “susceptibility window.”
◦ For example, a woman 

who gives birth at 18 
has a 50-75% lower risk 
of breast cancer than a 
woman who waits until 
she is 30. 

Susan Love’s Breast Book
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Parous women smoking within 5 yrs of       
menarche

RR 1.69

Nulliparous women smoking 1 pack a 
day

RR 7.08

Nulliparous women smoking 20 pack 
years

RR 7.48

Parous postmenopausal women, started 
smoking after FFTP 

RR .49

Lancet, Vol 360, October 2002

Nulliparous women smoking 1 pack a day RR 7.08
Nulliparous women smoking 20 pack yearsRR 7.48

Parous women smoking within 5 yrs of       RR 1.69
menarche

Parous postmenopausal women, started RR .49 
smoking after FFTP 
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uControl of fertility 
● Hormonal methods: OCP’s, injections, 

implanted, intravaginal intrauterine and 
transdermal

● Induced abortion
● Abortifacients: IUDs, RU-486, morning after 

pill
● Fertility drugs: Clomid, Perganol

uMenstrual cycles
● Number of lifetime cycles (age at menarche, 

age at menopause)
● Number of anovulatory cycles                               
● Length of time to develop regular cycles post 

menarche
51



uBreast maturation
u Nulliparity
u Parity 
u Multiparity
u Pregnancy Outcomes: 

●spontaneous abortions, induced 
abortions, premature delivery, still birth, 
and ectopic pregnancies

u Age at 1st birth (FFTP): 
Length of “susceptibility window”

u Lactation/breast feeding
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Type 1 lobule       Type 2 Lobule     Type 3 lobule
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Risk of Breast Cancer
Decreases Risk Increases Risk

Late menarche 
(age at 1st period)

Early menarche

Early menopause Late menopause
Early first full-term pregnancy n Nulliparity (no children)

n Late child bearing

Oophorectomy
(removal of ovaries)

n Hormone replacement therapy
n Birth control pills

Benign proliferative breast disease
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Risk factor Comparison 
category

Risk category Typical 
relative risk

Age at menarche 16 years 11-14 years
15 years

1.3
1.1

Age at 
menopause

45-54 years After 55 years
Before 45 years
Oophorectomy before 35 years

1.5
0.7
0.4

Age at birth of 
first child

Before 20 
years

20-24 years
25-29 years
30 years
Nulliparous

1.3
1.6
1.9
1.9

Family history of 
breast cancer

No first-degree 
relatives 
affected

Mother affected before age of 60
Mother affected after age of 60
Two first-degree relatives affected

2.0
1.4
4.0-6.0

Benign breast 
disease

No evidence 
of 
proliferation

Proliferation only 
Atypical hyperplasia

2.0
4.5

Age at birth of 
first child

Before 20 
years

20-24 years
25-29 years
30 years
Nulliparous

1.3
1.6
1.9
1.9

Family history 
of breast cancer

No first-degree 
relatives 
affected

Mother affected before age of 60
Mother affected after age of 60
Two first-degree relatives affected

2.0
1.4
4.0-6.0

Benign breast 
disease

No evidence 
of 
proliferation

Proliferation only 
Atypical hyperplasia

2.0
4.5
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Risk factor Comparison 
category

Risk category Typical 
relative risk

Alcohol use Non-drinker 1 drink/day
2 drinks/day
3 drinks/day

1.4
1.7
2.0

Radiation No special 
exposure

Atomic bomb (100 rad)
Repeated fluoroscopy

3.0
1.5-2.0

Oral contraceptive Never used Current use*
Prolonged use before first 

pregnancy
Past use

1.5
2.0

1.0
Postmenopausal 
oestrogen 
replacement therapy

Never used <5 years use
10 years use
15 years use

1.04
1.13
1.27

*Relative risks may be higher for women with diagnosis of breast cancer before 
the age of 40
- Handbook of Diseases of the Breast, 2nd ed, 1998;97.

Alcohol use Non-drinker 1 drink/day
2 drinks/day
3 drinks/day

1.4
1.7
2.0

Radiation No special 
exposure

Atomic bomb (100 rad)
Repeated fluoroscopy

3.0
1.5-2.0

Oral contraceptive Never used Current use*
Prolonged use before first 
pregnancy
Past use

1.5
2.0

1.0
Postmenopausal 
oestrogen 
replacement 
therapy

Never used <5 years use
10 years use
15 years use

1.04
1.13
1.27
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The protective effect of a full-term 
pregnancy on breast cancer risk has
been known since the Middle Ages 
when it was noted that nuns had a 
higher risk of breast cancer than 
women with children.

57



58

§Today we know the molecular 
basis of the protective effect of 
a full-term pregnancy.

§In the18th century the protective 
effect was observed and published 
by Ramazzini of Padua 
in 1743.
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Stem cell paradigm for breast cancer
Preneoplasia of the Breast (2006) Boecker, W.  

“It is not until 
Pregnancy and lactation 
that they (CK8/18) 
undergo terminal 
differentiation to 
become secretory
end cells.”
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Stem Cell Stem 13, July 3, 2013

§ Many cancers originate in stem cells in the 
breast

§ Having a full-term pregnancy reduces the 
number of stem cells in the breast, 
thereby reducing breast cancer risk
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Breast Cancer Research
Jose Russo, MD

And Irma H. Russo, MD
Fox Chase Cancer Center

Philadelphia, PA, USA
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Breast
Cancer

Diet
Life style
Hormonal Control
SERMs
Aromatase Inhibitors

Conventional
Thinking

Early first full term
pregnancy confers 

protection
New Paradigm

From: Russo et al., Eur. J. cancer 2002
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Diet, Lifestyle and 
Breast Cancer Risk

Barbour S Warren, PhD
Program on Breast Cancer & Environmental Risk Factors
Sprecher Institute for Comparative Cancer Research



Cells at Risk Are Analogous 
to a Target’s Bull’s-eye

Cel l s
at  

Ri sk

Cel l s
at  

Ris k

Cel ls
at  

Risk

Carcinogens

• A larger number of cells at risk produces a larger (and 
easier to hit) bull’s-eye.



P u b erty  
M e n a rc he M eno p a us eB i rth

A ge
Ev e nt s D u rin g  A W om a n’s  L ife tim e

Nu
mb

er 
of 

Ce
lls

 at
 Ri

sk
 

To
 Be

co
me

 Br
ea

st 
Tu

mo
rs

L ife tim e  C ha n ge s  in  Nu m b e r  o f 
C e lls  a t R isk  to  B e c o m e  B re a s t  T u m ors  

in  a  T h e o re t ic a l C h i ldle s s  W o m a n



Pub erty 
Men arche

Menopau sePreg nancy
Childb irthBirth

Age
Events During A Wom an’s Lifetim e

Nu
mb

er
 of

 C
ell

s a
t R

isk
 

To
 B

ec
om

e B
re

as
t T

um
or

s

Lifetime Changes in N um ber of 
Cells at Risk to Becom e Breast Tum ors 

in a Theo retical Childbearing Woman



72



73



74

The longer the pregnancy proceeds 
before abortion, the greater the number 
of undifferentiated lobules are left and 
the higher the risk. 
(Melbye’s 1997 and Daling’s 1994)1994 studies)
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J. KUNZ and P.J. KELLER
Department of Gynaecology and 
Obstetrics
University of Zurich, Switzerland

Spontaneous abortion and hormone levels
British Journal of Obstetrics and 
Gynaecology August 1976.   Vol 83  

Women who spotted blood 
while pregnant had 
spontaneous abortions 
if their estrogen levels were 
found to be low. 
If their estrogen levels were 
normal, they did not 
spontaneously abort. 



76



77





Risk of 
breast 
cancer and 
age at 
delivery
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For each year a woman delays her 
pregnancy after age 20: 
she increases her risk of 
premenopausal breast cancer 5% 
per year 
post menopausal breast cancer 3% 
per year. 



}Each additional birth results in a 
further 10% risk reduction.

Lambe M, et al. Parity, Age at First 
and Last Birth, and Risk of Breast 
Cancer: A population based study in 
Sweden. Breast Cancer Res Treat
1996;39:305-11.



Breast feeding reduces risk in 
proportion to the 
cumulative length
of lactation. 



The longer lifetime breast feeding, the lower 
risk of cancer

1 yr RR .94 3 yr RR .89
2 yr RR .89 <6 yr RR .73

Lancet, Vol 360, July 2002
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Premature births before 32 weeks more than 
doubled the risk of breast cancer. The breast 
tissue has not gone through differentiation 
into Type 3 & 4 lobules

Melbye M, et al… Brit J Cancer 
1999;80:609
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Table 2   Adjusted relative risk of breast cancer in 474, 158 parous women
According to gestational age at delivery

Gestational No of cases Person-years RR (95% CI)
Age (weeks (in thousands)

<29 7 9 2.11 (1.00-4.45)
29-31 13 17 2.08 (1.20-3.50)
32-33 11 26 1.12 (0.62-2.04)
34-35 22 58 1.08 (0.71-1.56)
36-37 82 214 1.04 (0.83-1.32)
38-39 350 949 1.02 (0.89-1.17)
40 552 1526 1
Ø 40 326 985 1.03 (0.90-1.18)

*Adjusted for age, calendar period, parity and age at first childbirth.

Melbye M, et al. Brit J Cancer 1999;80:609

29-31 13 17 2.08 (1.20-3.50)
32-33 11 26 1.12 (0.62-2.04)
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July 2006
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Prior first trimester induced abortion

July 2006

TABLE B-5 Immutable Medical Risk Factors 
Associated with Preterm Birth
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Journal of American Physicians and Surgeons, Vol 8, No 2, Summer 2003
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Premature delivery, the delivery 
of a live infant, 

is NO different physiologically in its 
effect on the mother’s breast than

Induced abortion, the delivery 
of a dead infant
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