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Introduction

 Commonest non-cutaneous female cancer

 Incidence has stabilized in developed 
countries, but has continued to rise in 
developing and other countries that hitherto 
had low rates

 Recent data shows a 7% year on year decline 
in incidence in the United States after decline 
in HRT use



Incidence

 Age-adjusted incidence rate in the USA 
is 113.7 per 100, 000 with 215, 990 
cases and 40, 110 deaths expected to 
develop in 2004

 Age-adjusted incidence in Nigeria is 
25.3 per 100, 000 women. If there are 
30 million women older than 25, then 
~7, 500 new cases will occur per year



Risk Factors

 Age

 Sex

 Endogenous exposure to estrogens
 Early onset of menarche

 Late menopause

 Low parity

 Nulliparity

 Late first full term pregnancy

 Menstrual irregularity

 Spacing of births



Risk factors

 Exogenous exposure to estrogens
 Use of hormonal contraceptives 

 Hormone replacement therapy

 Attained height and waist-hip ratio

 Dietary factors
 Animal fat

 Alcohol

 Obesity

 Tobacco smoking



Risk factors

 Positive first degree family history

 Some germline abnormalities
 BRCA 1 and 2, PTEN

 p53 gene abnormalities

 Benign breast disease with atypical hyperplasia

 Radial scar

 Mammographically dense breast

 Postmenopausal obesity

 Low physical activity 

 Other growth factors – IGF-I, prolactin



Genetic risk of breast cancer

 High penetrance, low prevalence genetic risk 
factors
 BRCA 1 and 2

 P53 gene 

 CHEK

 Low penetrance, high prevalence genetic risk 
factors
 Mostly of epidemiological, pharmacogenomic and 

public health importance (will not say any more 
about them)



High penetrance, low 
prevalence genes

 BRCA1 and BRCA2 - tumor suppressor genes’ 
mutations are the most studied

 These genes are critical for DNA repair

 It is estimated that BRCA1 mutations account 
for 50% of all familial early-onset female 
breast cancers, while BRCA2 mutations may 
be responsible for ~ 35% of hereditary breast 
cancers



High penetrance genes, low 
prevalence genes

 > 100 mutations have been identified in the BRCA1 -
majority in individuals belonging to families with 
either breast cancer or both breast and ovarian 
cancer

 Founder-effect mutations - common mutations 
presumably originating from a single ancestor within 
a historically isolated ethnic group - have been 
identified in several populations 

 Some have also been identified in African populations



Epidemiology of BRCA1 and 
BRCA2 mutations

 Exact population prevalence has been difficult to 
establish because of variation in ascertainment 
criteria

 Best population prevalence estimates in non-Hispanic 
non-Ashkenazi Caucasian American population is 
0.24%

 The prevalence in African-Americans and non-
Hispanic white Americans is similar

 Prevalence is about 3% among patients with invasive 
breast cancer



Does BRCA mutations act synergistically 
with other risk factors of breast cancer?

 Result of studies have been contradictory

 No evidence has been found for penetrance 
modifiers

 Reproductive risk factors for breast cancer 
may vary according to BRCA allele 

 Pregnancy may increase risk among BRCA2 
mutation carriers

 Breast feeding may be protective among 
BRCA1 mutation carriers



Does BRCA mutations act synergistically 
with other risk factors of breast cancer?

 Late age at menarche is associated with decreased 
risk of breast cancer among BRCA1 carriers

 Overall, these data suggest that reproductive risk 
factors have effects on BRCA1 carriers that is similar 
to that of the general population but different than 
BRCA2 carriers



Does BRCA mutations act synergistically 
with other risk factors of breast cancer?

 What about oral contraceptives and 
hormone replacement therapy? Data is 
contradictory

 Narod showed increased risk seen with use 
of oral contraceptives among BRCA1 
carriers

 The Breast Cancer Family Registry showed 
decreased risk



Other high penetrance, low 
prevalence genes

 STK11

 P53 Li-Fraumeni syndrome

 ATM

 CHK2 (CHEK2) – Li-Fraumeni families without 
p53 gene abnormalities

 1100delC appears particularly important in 
Caucasian populations

 S428F is probably more important among 
Ashkenazim



Biology of BRCA associated 
breast cancer

 BRCA1 associated cancers tend to be “basal-
epithelial” subtype of breast cancer, but this 
is age dependent being more common in 
women < 50 years of age
 High grade
 Hormone receptor negative
 HER2 over-expressing
 Express basal/myoepithelial markers like 

cytokeratins and P-cadherin

 BRCA2 associated tumors
 Tend to be hormone-receptor positive



Outcome of treatment

 In general basal subtype of breast cancer has poor 
prognosis regardless of BRCA mutation status. 

 BRCA2 tumors have been less extensively studied but 
since they do not tend to be predominantly basal 
subtype, they tend to have good prognosis

 BRCA mutation status is not yet used to guide 
adjuvant systemic treatment, however it may 
influence the choice of breast surgery – conservation 
is not advised in BRCA mutation carriers because of 
risk of metachronous tumors



Contralateral breast cancer and 
its implication

 BRCA mutations are associated with 29.5% 
10-year contralateral breast cancer risk

 This risk is lower if the mutation is in BRCA2, 
diagnosis was made at a late age, tamoxifen 
was used to treat the first cancer or 
oophorectomy was done

 Is there a role for bilateral risk reducing 
mastectomy?

 Many at risk women opt for this without even 
waiting for the genetic test result



Ovarian cancer and BRCA

 BRCA1 carriers have a 12.7% increased risk of 
ovarian cancer 10 years after diagnosis of breast 
cancer

 Hence bilateral oophorectomy, because it can reduce 
the risk of both breast and ovarian cancers is also 
feasible

 Studies suggest that BRCA associated tumors may be 
more sensitive to drugs such as cisplatinum and 
mitomycin C rather than CMF and CA

 BRCA1 gene product is involved in cellular response 
to taxanes but it is not clear if this has clinical 
implications



What about unaffected BRCA 
carriers

 By age 70, 2/3 of those with deleterious 
BRCA1 mutations and ½ of those with 
deleterious BRCA2 mutations will develop 
breast cancer

 Prophylactic mastectomy or oophorectomies 
are being done



What about unaffected BRCA 
carriers

 Can screening help to detect cancers early?

 Mammography is not useful younger than 40, 
while screening BRCA carriers is recommended to 
start at 25 years at which time the breasts are too 
dense for good mammographic imaging

 Breast cancer in BRCA carriers also tend to be 
“pushing” with smooth edges and fast growing 
therefore less likely to be diagnosed by 
mammography

 Breast US has low sensitivity of 33 to 47%, hence 
its use is limited



What about unaffected BRCA 
carriers

 MRI is more sensitive than US and 
mammography but more expensive
 It misses some tumors that mammography finds

 It may also be more effective among BRCA1 than 
BRCA2 carriers

 No evidence yet that MRI detection leads to 
improved survival or significant downstaging of 
tumors diagnosed compared to mammography

 Specificity is an issue, positive predictive value of 
MRI is about 50%



Putting screening in context
 A young high-risk woman embarking on an MRI 

screening will have a probability of about 2%-3% per 
year of developing cancer if she has an underlying 
BRCA mutation. 

 A program incorporating both MRI and 
mammography will detect cancer before it becomes 
palpable in 90%-95% of cases

 About 10% of diagnosed cancers will be DCIS, and 
about 10% of the invasive cancers will involve the 
axillary lymph nodes



Putting screening in context

 Every woman will have a 10% to 15% chance 
of being called back for additional studies at 
each screening episode and a 1% to 5% 
chance that some sort of tissue sampling will 
be required

 If advised to have a biopsy, every woman has 
a 50% chance that it will be malignant.



Predicting risk

 Gail model

 Claus model

 Myriad genetics model

 Pike

 Rosner and Colditz model



Early detection

 Breast self examination 

 Women are taught to examine their breast in a specific systematic 
manner in the follicular phase of the menstrual cycle when breast is 
not full or tender

 Done every month to increase a woman’s familiarity with her 
breast and increase her likelihood of detecting abnormal swellings, 
thickening, swellings and irregularities in the breast and arm pit

 It is simple and easy to teach

 However many women are not consistent in applying it. Others do 
not like “fishing for trouble” every month and therefore do not do it

 Most studies show that it has no effect on cause-specific mortality

 May still have a role in developing countries where patients tend to 
present with advanced disease, though not proven



Risk reduction

 Mammographic screening

 Deployed nationally in some, not all, developed countries. Women 
are invited once a year for radiological examination of their breast. 
Controversy about the appropriate age to start. Certainly from age 
50, but others recommend 40 or 45 years. Has implications for 
cost, sensitivity and specificity of the test as well as the 
downstream diagnostic and treatment costs 

 There is considerable controversy about the cost-benefit and risk-
reduction. Recent re-analysis suggest a risk reduction of about 
20% comparing those who had mammography with those who did 
not

 Not appropriate for developing country like Nigeria because of 
prevalence of disease, burden of disease, cost and benefit (See 
lecture on screening)



Risk reduction

 Clinical breast examination

 No systematic study of its effectiveness

 Given the controversy about BSE, it is now being suggested as an 
appropriate screening method

 Appealing for developing countries where mammographic screening is 
inappropriate and costly

 Best implemented by nurses, midwives and community health officers 
as part of routine clinical evaluation of patients

 Other methods of screening are being studied, e.g. Nuclear 
Magnetic Resonance, Digital mammography, Positron emission 
tomography, thermography, xerography



Non-surgical risk reduction 
strategies

 Adjuvant tamoxifen reduces risk of 
contralateral breast cancer but no study has 
demonstrated this in BRCA mutation carriers

 Subset analysis of NSABP-P1 suggests that 
risk is reduced among BRCA2 carriers

 Selenium may be useful in BRCA1 mutation 
carriers because it has been shown to reduce 
chromosome breakages in the healthy tissue 
of BRCA1 mutation carriers



Clinical implications

 Thorough general medical and family history that 
includes the detailed history of any cancers and 
surgeries, cardiovascular disease, osteoporosis, 
hormonal and reproductive history, medications, 
lifestyle (diet, exercise, exposures such as radiation), 
and cancer-screening practices. 

 The family history not only details the specific cancer 
cases, including the confirmation of diagnoses, but 
also covers the history of cardiovascular disease, 
osteoporosis, connective tissue disease, spontaneous 
abortions, other genetic diseases, and chromosomal 
or anatomic abnormalities



Clinical implications

 In families with evidence of autosomal dominant 
transmission of a BRCA mutation, genetic testing for 
BRCA1, BRCA2, P53, or other tumor suppressor 
genes is discussed. However, whether testing 
actually proceeds in an interested individual depends 
on a large number of variables very specific to each 
client and each family. 



Risk factor Direction of 
effect 

Well-confirmed risk factors 

Family history in first-degree relative or genetic 
predisposition (e.g. BRCA1) ↑↑

Height ↑

Benign breast disease ↑↑

Mammographically dense breasts ↑↑

Parity ↓

Age at first birth > 30 years versus at < 20 years ↑↑

Abbreviated risk factor summary



Lactation (longer durations) ↓

Menopause at > 54 years versus at < 45 years ↑↑

High endogenous estrogen levels ↑↑

Postmenopausal hormone use ↑

Ionizing radiation exposure in childhood ↑↑

Menarche at < 12 years versus at > 14 years ↑

High body mass index (postmenopausal) ↑

High body mass index (premenopausal) ↓

Alcohol use (~ 1 or more drinks/day) ↑

Abbreviated risk factor summary



Probable relationship exists, based on substantial 
data

Current oral contraceptive use ↑

Physical activity ↓

Limited study to date 

High prolactin levels ↑↑

High premenopausal insulin-like growth factor I 
levels 

↑↑

In utero exposures ↑

Nonsteroidal anti-inflammatory drug use ↓

Abbreviated risk factor summary



Implication of etiological factors for breast 
cancer incidence in developing countries

 Current understanding of etiology of breast 
cancer has significant implications for 
developing countries because of high fertility 
index and low average life expectancy

 These may account for a relatively higher 
proportion of young women with breast 
cancer in their population. 

 It is also the reason so many cases of breast 
cancer in pregnancy and lactation is seen. 



Implication of etiological factors for breast 
cancer incidence in developing countries

 With improving socio-economic conditions, increased 
life expectancy, changing reproductive, physical and 
dietary activities towards a more westernized pattern, 
increased incidence of obesity, the incidence of 
breast cancer is bound to increase

 These changes along with improved access to 
hospitals, better diagnosis, better reporting of 
disease, empowerment of women and enhanced 
ability to purchase health care will lead to increase in 
hospital incidence of breast cancer in the future. 


