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STAGING, RISK ASSESSMENT AND SCREENING OF BREAST CANCER
B. Yalcin
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Breast cancer is the most common female malignant disease in the western countries where a woman’s lifetime risk of developing 
the disease is more than 10%. Nulliparity or use of hormonal replacement therapy, strong family history, or a history of therapeu-
tic thoracic radiation are considerable high risk factors for the development of breast cancer. Nowadays more new effective thera-
peutic agents have been developed for the intervention of the breast cancer, but prognosis is still remained poor in the metastatic 
disease. For the general population, screening mammography in women older than 40–45 years has been shown to be effective 
in identifying early-stage breast cancer and in decreasing the mortality rate. In randomized screening mammography trials for 
breast cancer, it has been established that screening mammograms reduced breast cancer mortality in women older than 50 years 
of age by 25 to 30%. This review article summarizes the risk factors for developing breast cancer, methods for risk assessment and 
the accepted screening guidelines.
Key Words: breast cancer, locally advanced, screening.

INTRODUCTION
Breast cancer is the most common female malignant 

disease in the western countries where a woman’s life-
time risk of developing the disease is more than 10% [1]. 
Nowadays more new effective therapeutic agents 
have been developed for the intervention of the breast 
cancer, but prognosis is still remained poor in the 
metastatic disease. To identify the cancers at an early 
stage is critical so that potentially curative therapy may 
be delivered. For the general population, screening 
mammography in women older than 40–45 years of age 
has been shown to be effective in identifying early-stage 
breast cancer and in decreasing the mortality rate [2]. 
 However mammographic screening may be less effec-
tive to determine early cancers in women who are at high 
risk of breast cancer. So, newer radiologic technologies 
like magnetic resonance imaging (MRI) may be ad-
vocated in that setting. Nulliparity or use of hormonal 
replacement therapy, strong family history, or a history 
of therapeutic thoracic radiation are considerable high 
risk factors [3]. Here reviews the risk factors for deve-
loping breast cancer, methods for risk assessment and 
the accepted screening guidelines.

STAGING
Today, the determination of the disease stage is still 

remaining as the most important factor in evaluating 
prognosis and choosing the most appropriate treat-
ment for patients with breast cancer. The staging 
procedure is based of combining several findings: 
whether the cancer has metastasized, the diameter 
of the primary tumor and whether it exhibits invasive 
characteristics, and the number of malignant lymph 

nodes. Using tools for disease staging are containing 
a physical exam and pathological exam of the tumor 
biopsy as well as imaging and laboratory blood tests.

For diagnostic or staging setting, chest x-ray, breast 
imaging (mammogram, ultrasound and/or MRI), bone 
scan, computed tomography, and positron emission 
tomography (PET) are used as imaging tools.

Routinely, chest x-ray for determining the pres-
ence of pulmonary metastases; mammogram for 
 determining potentially malignant tissue in the breast; 
bone scanning for determining the presence of me-
tastases to bone (using imaging agent for bone scan 
shows “hot spots” on the skeleton in presence of me-
tastases); frequently used computed tomography 
either for determining metastatic regions or for using 
to guide needle biopsy placement; MRI for determi-
ning potentially malignant tissue in the breast and/
or metastatic regions out of the breast; ultrasound for 
determining potentially malignant tissue in the breast 
and/or metastases in abdominal organs; PET for de-
termining metastases especially in disease staging 
among patients with clinically locally advanced breast 
cancer, are commonly used.

After completed imaging procedures, patients are 
assigned a disease stage in terms of American Joint 
Committee on Cancer (AJCC) “TNM” system, most 
often using staging system (Table 1) [4].

BREAST CANCER RISK ASSESSMENT
Three decades ago, Gail et al. developed a multi-

variate logistic regression model for determining the 
probability that an individual woman would develop 
breast cancer [5]. Breast cancer risk is estimated 
as an overall score that describes the relative risk 
of developing breast cancer contributed individually 
by current age, age at menarche, age at first live birth, 
number of first-degree relatives with breast cancer, 
number of breast biopsies and presence of atypi-
cal ductal hyperplasia on biopsy. The probability 
of developing breast cancer at 5 years and the indi-
vidual’s lifetime risk are reported as percentages. Due 
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to the composition of the study population, the first Gail 
Model was only useful among white women. Then, the 
model was upgraded to the Gail Model-2 by including 
Surveillance Epidemiology and End Results (SEER) 
data regarding both race/ethnicity [6]. The validation 
studies of the second model have been completed and 

have been shown to predict cancer rates in population 
effectively [7–10]. The Gail risk model has been ef-
fectively used to determine eligibility for participation 
in chemoprevention trials. These trials enrolled healthy 
women whose risk of developing breast cancer was 
calculated by the Gail model to be 1.66% within 5 years 
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[11–14]. However the Gail model is an effective tool for 
determining cancer risk it is not as useful in pre dicting 
second primary cancers in women having history 
of invasive or noninvasive breast cancers.

INHERITED FORMS OF BREAST CANCER
The probability of family history of breast cancer 

is approximately 25% of women with newly diagnosed 
disease. The suspicion of hereditary breast cancer 
is increased in individuals whose family histories in-
clude at least one of the following factors: multiple 
cases of breast cancer, breast cancer occurring 
at younger than 50 years of age; bilateral breast can-
cer; breast cancer in male relatives; ovarian, fallopian 
tube, primary peritoneal cancers in female relatives; 
and Ashkenazi Jewish heritage. Studies of twins sug-
gest that as many as one quarter of breast cancer 
cases are hereditary [15]. Many genes will likely 
be identified related on breast cancer in the future 
but mutations in 4 genes are currently recognized 
and responsible for 5 to 10% of all new breast cancer 
diagnoses — BRCA1, BRCA2, TP53, and PTEN which 
are tumor suppressor genes and associated with auto-
somal dominant disorders [16]. Genetic testing should 
be considered for women, who have been diagnosed 
with breast cancer at an early age or who are from 
Ashkenazi Jewish ancestry [17].

MUTATIONS IN BRCA1 AND/OR BRCA2
Mutations in BRCA1 and/or BRCA2 account for the 

majority of inherited breast cancers and are the most 
common in individuals of Ashkenazi Jewish ancestry. 
The incidence of a BRCA1/2 mutation in the general 
white population is 1 in 800, whereas in the Ashkenazi 
Jewish population the rate is 1 in 50 [18].

It has been reported that the risk of developing 
breast and ovarian cancers have increased among 
women with mutations in BRCA1 [19]. In these women 
population, the risk of developing breast cancer 
by 40 years of age and a lifetime risk is 20 and 82%, 
respectively. Similarly the risk of ovarian cancer is 17% 
by 40 years of age and 54% by 80 years of age. The 
primary breast cancers related on BRCA1 mutations 
often have similar characteristics, including high-
grade histology; estrogen/progesterone receptor 
negative (–), and human epidermal growth factor 
2-negative status (“triple negativity”); p53 positivity; 
and epidermal growth factor receptor overexpression 
[20–22]. Although medullary breast cancer is seen 
as an uncommon histology it is accounts for 20% of pri-
mary breast cancers diagnosed in BRCA1 mutation 
carriers. Despite of poor prognosis in triple-negative 
phenotype associated with medullary carcinomas, the 
presence of BRCA1 mutation in these tumors is as-
sociated with a more favorable prognosis [23–25]. 
However the breast cancers developing in women 
with BRCA1 mutations are associated with poor 
prognosis is consistent with the “basal-like” intrinsic 
subtype [26]. The BRCA1 pathway is very important 
for homologous repair of breaks in double-stranded 
DNA. It has been indicated that this pathway is inacti-

vated by mutations in BRCA1 and is diminished in spo-
radic triple-negative breast cancers [27]. But, it has 
not shown that the presence of the BRCA1 mutations 
is predictive in choosing of therapeutic tools [28–30].

Breast cancers in both male and female relatives, 
ovarian cancer, and a higher incidence of cancers 
of the prostate, stomach, skin (melanoma), and pan-
creas are the most important features of family history 
of individuals with BRCA2 mutations includes [31]. 
For these women, a lifetime risk for developing breast 
cancer and for ovarian cancer is 45 and 11%, respec-
tively [19]. By contrast to BRCA1 mutations, primary 
cancers that develop in BRCA2 mutation carriers are 
most often hormone receptor positive and have a more 
favorable prognosis [28, 29].

A greater lifetime risk of cancer is associated with 
BRCA1 mutation among women, whereas a higher 
breast cancer risk with BRCA2 mutation among 
men [32]. Although incidence of breast cancer 
is only 1% of all cancers diagnosed among men, 
the risk of breast cancer is increased up to 100-fold 
with a breast cancer incidence of 1.3 to 6.3% in male 
BRCA2 mutation carriers [33, 34].

A population-based analysis demonstrated 
the BRCAPRO tool, a computer-based Bayesian 
probability model, accurately predicted the num-
ber of BRCA1/2 carriers in women aged 30 years 
or younger. Genetic testing remains the gold standard 
tool [35–37].

INHERITED SYNDROMES
Li-Fraumeni syndrome and Cowden’s syndrome 

is very important inherited diseases related to high 
risk of breast-cancer, and indicated P53 mutations and 
PTEN mutations which are tumor suppressor genes. 
So, multiple cancers may develop including bone 
and soft tissue sarcomas, leukemias, primary brain 
tumors, and adrenocortical cancer in individuals with 
Li-Fraumeni syndrome [38–40]. Cowden’s syndrome 
is known as tricholemmomas (hamartomas of the in-
fundibulum of hair follicles) and an increased incidence 
of thyroid and breast cancers. Lifetime risk of breast 
cancer in women with this syndrome has been reported 
as 25 to 30% [41–43].

BREAST CANCER RISK AFTER CANCER 
TREATMENT
Hodgkin’s disease (HD) is known as a curable 

malignancy with effective chemotherapy and radiation 
therapy. Because these patients have an increased 
long-term survival, the development of secondary 
cancers following curative treatment for HD is well 
recognized. Swerdlow et al. has been reported that 
the incidence of secondary cancers which are lung, 
breast, and gastrointestinal cancers, is 5.8% in a series 
of 5519 individuals treated for HD. In this report, the 
greatest risk of second malignancy was associated 
with a younger age at diagnosis of HD [44]. Initial 
reports suggested a 5–17-fold increased incidence 
of breast cancer in female patients treated for HD at the 
age of 30 years or younger [45–48]. Then, the risk 
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of breast cancer (hormone receptor-positive or -nega-
tive) has been reported that it is increased up to 10-
fold in survivors of HD, compared with the general 
population. Another population-based cohort study 
of HD survivors has been demonstrated that younger 
age before 30 at diagnosis of HD and presence of ra-
diation therapy is associated with an increasing in the 
absolute cumulative risk of breast-cancer [48, 49]. So, 
it has been shown that the reduction of the radiation 
volume is associated with a decreased risk of breast 
cancer after HD [50].

The efforts which are changing of chemotherapy 
regimen and lowering of radiation doses and fields 
have been continued for minimizing long-term compli-
cations due to treatment for HD. The impact of these 
modifications instead of conventional therapeutic tools 
(ABVD regimen for MOPP) on secondary breast cancer 
is unknown [51]. Therefore all HD survivors should 
be considered to be at high risk of secondary breast 
cancer, and more stringent screening procedures are 
recommended on these population.

SCREENING MAMMOGRAPHY
The aim of screening mammography is to identify 

breast cancer at an early stage when treatment may 
be curative. Many national guidelines for screening 
mammography recommend an annual mammogram 
beginning at age 40 years [52, 53]. A Cochrane analy-
sis consisting of 7 randomized clinical trials [54–61], 
assessing mammography in women who had no breast 
cancer history and for whom mortality was endpoint, 
was published in 2006 [62]. In this analysis, total 
of 500,000 women from 7 trials were included, and the 
summary of studies is depicted in Table 2.

As seen, all trials in Cochrane analysis have sig-
nificant limitations and heterogeneity in study design 
and/or methods (see Table 2). First of all, the poten-
tial implications of lead-time (early diagnosis) and 
length-time biases (detection of indolent disease) are 
eloquently discussed in the Cochrane analysis [62]. 

In total, 6 of the 7 trials invited women to participate 
in one or the other study arms; only the Canadian trial 
consented women for trial before randomization. Many 
of the trials included women with a history of breast 
cancer and these women were excluded from the study 
only after they had been randomized. All 7 screening 
studies were conducted before genetic testing was 
available and may have included women who would 
now be considered high risk and for whom screening 
mammography alone may not be adequate. Second, 
no consistent method of screening was used in these 
trials in terms of screening intervals and screening 
views. For example, baseline imaging was gene rally 
with 2 views, but follow-up mammography often 
employed a single view. The Malmö study employed 
a single view unless the woman had dense breasts, 
in which case 2 views were performed. Screening 
intervals also varied from an annual exam to an exam 
every 2 years. Participant compliance in the screening 
arms varied significantly. A baseline mammogram was 
obtained in only two thirds of women in the screening 
arm of the Edinburgh trial, and only 50% of women 
underwent mammography at last follow-up. For Malmö 
trial, 24% of women who were enrolled in the control 
arm often underwent screening mammography. The 
methods used to verify a diagnosis of breast cancer 
in the study participants also varied from review of the 
pathology and autopsy data to registry reports. Finally, 
all studies were statistically underpowered to demon-
strate a decrease in breast cancer mortality.

Lastly, the US Preventive Services Task Force 
(USPSTF), incorporating 2 models using data from 
SEER and the US population-based mammography 
outcomes from the Breast Cancer Surveillance Con-
sortium, updated their recommendations on scre ening 
mammography [63, 64]. Three recommendations 
of the USPSTF include: 1) Screening mammography 
should begin at 50 years of age — not 40.  According 
to the statistical modeling used by the USPSTF, 
screening mammography prevents 1 death for every 

Table 1. Breast Cancer Staging according to AJCC “TNM” System [4]
Disease Stage Primary Tumor (T) Node (N) Metastasis (M)
Stage 0
Tis, N0, M0 Tis, carcinoma in situ N0, no regional lymph node metastases M0, no clinical or radiographic 

evidence of distant metastases
Stage IA
T1,* N0, M0 T1, tumor ≤ 20 mm in greatest 

dimension
N0, no regional lymph node metastases M0, no clinical or radiographic 

evidence of distant metastases
Stage IB
T0, N1mi, M0 T0, no evidence of prima-

ry tumor
N1, metastases to movable ipsilateral level I, II axillary lymph node(s) M0, no clinical or radiographic 

evidence of distant metastases
T1, *N1mi, 
M0

T1, tumor ≤ 20 mm in greatest 
dimension

N1mi
N1, metastases to movable ipsilateral level I, II axillary lymph node(s)

M0, no clinical or radiographic 
evidence of distant metastases

Stage IIA
T0, N1,† M0 T0, no evidence of prima-

ry tumor
N1, metastases to movable ipsilateral level I, II axillary lymph node(s) M0, no clinical or radiographic 

evidence of distant metastases
T1*, N1,† M0 T1, tumor ≤ 20 mm in greatest 

dimension
N1, metastases to movable ipsilateral level I, II axillary lymph node(s) M0, no clinical or radiographic 

evidence of distant metastases
T2, N0, M0 T2, tumor > 20 mm but 

≤50 mm in greatest dimension
N0, no regional lymph node metastases M0, no clinical or radiographic 

evidence of distant metastases
Stage IIB
T2, N1, M0 T2, tumor > 20 mm but 

≤50 mm in greatest dimension
N1, metastases to movable ipsilateral level I, II axillary lymph node(s) M0, no clinical or radiographic 

evidence of distant metastases
T3, N0, M0 T3, tumor > 50 mm in greatest 

dimension
N0, no regional lymph node metastases M0, no clinical or radiographic 

evidence of distant metastases
Stage IIIA
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1900 women aged 40–49 years who are screened for 
10 years. That ratio improves to 1 in 1300 for women 
aged 50–59 years and 1 in 400 in women aged 60–
69 years. 2) Screening should be performed every 
2 years for those aged 50–69 years. The increased 
duration between mammography increases the risk-
benefit ratio [65]. 3) Women should undergo screening 
up to 74 years of age. According to statistical modeling, 
1 death is prevented for every 500 screened. The last 
USPSTF recommendations for screening have resulted 
in significant criticism and debate. These debates 
are likely to continue until a safer and more effective 
screening test is developed.

Despite these limitations, the Cochrane analysis 
concludes that screening mammography does re-
duce breast cancer mortality by 20%, which translates 
to an absolute risk reduction of 0.05% [62]. After now 
on, it is unlikely that additional screening studies will 
be performed because women would likely feel un-
comfortable giving consent to a new randomized trial 
that included a “no imaging” arm. As the Cochrane 
study concluded, “for every 2000 women participated 
for screening through 10 years, 1 will have her life 
prolonged, and 10 healthy women who would not have 
had breast cancer diagnosed if there had not been 
screening will be diagnosed as cancer patients and will 
be treated unnecessarily. In addition, it is likely that more 
than 200 women will experience important psychologi-
cal distress for many months because of false-positive 
findings”. Also, it is estimated that 30% of abnormalities 
identified on screening mammography lead to overdi-
agnosis and overtreatments [66].

The treatment for breast cancer has evolved from 
a surgical disease to one that requires a multidisci-
plinary team approach including surgeons, radiation 
oncologists, and medical oncologists. Adding sys-
temic adjuvant therapy regimens to surgery is largely 
credited with the recent decline in deaths from breast 
cancer [67]. On one hand, the multidisciplinary treat-
ment of early-stage breast cancer results in increasing 
numbers of long-term survivors and individuals who 
are likely cured. The impact of early detection may 
be little. On the other hand, more therapies (chemo-
therapy and endocrine) come with the potential for 
increased complications related to those therapies. 
The Cochrane analysis incorporated unfavorable ef-
fects of radiation therapy such as an increased risk 
of heart disease and lung cancer [68, 69]. Radiation 
therapy techniques have improved so that the dose 
of radiation to the heart and lung are negligible. The 
long-term complications of adjuvant chemotherapy 
and endocrine therapy are increasingly being defined. 
Finally, according to Cochrane analysis an annual 
2-view mammogram is recommended for all women 
at average risk of breast cancer, beginning at age 
40 years [53, 70, 71]

MAMMOGRAPHY FOR OLDER WOMEN
Age is the most common risk factor for breast can-

cer for women; the median age at diagnosis is 61 years 

[72]. Breast cancers that arise in older women tend 
to have more favorable pathologic features. In general, 
the primary tumor is most often hormone receptor 
positive (HR-positive), human epidermal growth fac-
tor 2 negative (HER2-negative), and node negative 
in women older than 60 years of age. Although age 
defines a high risk group, data from screening mam-
mography in this population are limited as the eligi-
bility criteria of the mammography trials frequently 
excluded women older than 70 years of age. A cohort 
study of 2011 older women than 80 years of age who 
were screened between 1994 and 2004 concluded 
that the rate of diagnosis of breast cancers, stage, 
and death rate were not affected by screening [73]. 
Individual patient preferences and life expectancy 
should be considered in the decision to offer screening 
mammography to elder patients [74].

MAGNETIC RESONANCE IMAGING FOR 
SCREENING
In women with BRCA mutations, it has been em-

phasized that the risk of developing breast cancer 
increases after 25 years of age, with a peak incidence 
between 30 and 50 years of age [75]. As known, con-
ventional screening mammography may not be the 
optimal screening procedure for these predomi-
nantly young, high-risk individuals. Also, the sensitivity 
of mammography is lowest in young women who have 
dense breasts [76, 77]. Because the BRCA genes 
play an important role in homologous repair of DNA 
 damage, a theoretical concern is that the  ionizing 
radiation from radiographies may increase local tis-
sue damage and result in predisposition to cancer. 
In a case control study compared 1600 women with 
breast cancer with 1600 age-matched women without 
cancer, adjusting for known endocrine-associated risk 
factors and ethnicity, the investigators found no in-
crease in incidence of breast cancer among mutation 
carriers, suggesting that mammography was safe 
in this population [78]. More importantly, conventional 
screening mammography in women with BRCA muta-
tions may not be effective in identifying early cancers. 
Some observational studies in this population suggest 
that only half of new breast cancers are identified 
by screening mammography and the remaining are 
“interval cancers” — cancers diagnosed between 
screening mammograms [79, 80].

Comparing mammography, MRI has a high sen-
sitivity for breast cancer regardless of breast density 
and avoids the patient being exposed to radiation. 
But, MRI is associated with 35% of the false-positive 
findings and lacking in identifying microcalcifications 
associated with ductal carcinoma in situ [81, 82]. 
In addition, it has been notified that screening MRI 
in younger women with dense breast tissue is associ-
ated with a 3-fold increase in the number of benign 
biopsies, comparing mammography [83]. So, these 
data support the use of both an annual mammogram 
and MRI in women aged 25 years and older with BRCA 
mutations despite of high rate of false-positive results.
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OVERVIEW OF CURRENT SCREENING 
RECOMMENDATIONS
In randomized screening mammography trials for 

breast cancer, it has been established that  screening 
mammograms reduced breast cancer mortality 
in women older than 50 years of age by 25 to 30% [84]. 
According to the American Cancer Society recommen-
dations mammogram should be performed in women 
aged 40 years and older for breast cancer screening 
and should be continued every year in women who 
remain in good health [85]. Mammograms should 
be performed on the basis of whether comorbidities 
exist for older women. If female individuals are be-
tween 20 and 40 years of age, clinical breast exams 
should be done at least once every 3 years. A clinical 
breast exam should be given once per year, beginning 
at the 40 years of age. According to the American 
Cancer Society, clinical breast exam when performed 
by a health professional represents a teaching oppor-
tunity and a chance to discuss any medical history that 
may put a woman at increased risk of breast cancer. 
At this time, women 20 years of age or older can also 
be instructed to perform breast self exam [85]. In ad-
dition, the National Comprehensive Cancer Network 
(NCCN) guidelines are accepted that mammography 
and ultrasound is complementary imaging methods 
used to diagnose breast cancer (Table 3) [70].

Table 3. NCCN Guidelines for Screening of Women at High Risk (NCCN 
Breast Screening 2011) [70]

Factor Con-
tributing 

to High-Risk 
Status

NCCN recommendations for screening

Personal his-
tory of LCIS 
or atypical hy-
perplasia

•	Annual mammogram
•	Consider annual MRI (for women with LCIS)
•	CBE every 6–12 mos by healthcare professional
•	Periodic BSE
•	Risk-reduction strategies, including surgical and medi-

cation interventions considered
Family history 
or hereditary 
(genetic) syn-
drome

Younger than 25 yrs of age:
Annual CBE and periodic BSE
25 yrs of age or older:
•	Annual mammogram and CBE every 6–12 mos
Begin at age 25 for hereditary breast and ovarian can-
cer syndromes
Others begin 5–10 yrs before youngest family cancer 
case (breast cancer or related cancer)
•	Periodic BSE
•	Breast MRI in conjunction with mammogram considered
•	Risk-reduction strategies, including surgical and medi-

cation interventions considered
Aged 35 yrs 
or older and 
Gail Model risk 
≥ 1.7%

•	Annual mammogram and CBE every 6–12 mos
•	Periodic BSE encouraged
•	Risk-reduction strategies, including surgery and phar-

macologic agents considered
Personal his-
tory of man-
tle radiation 
for HD

Younger than 25 yrs of age:
Annual CBE and periodic BSE
25 yrs of age or older:
•	Annual mammogram and CBE every 6–12 mos
Begin 8–10 yrs after radiation therapy or at 25 yrs of age, 
whichever occurs last
•	Periodic BSE encouraged

Previous diag-
nosis of breast 
cancer

•	Mammogram every 12 mos
•	Clinician exam every 4–6 mos for 5 yrs, then every 

12 mos
BSE — breast self-exam; CBE — clinical breast exam; LCIS — lobular car-
cinoma in situ.

Also, the American Cancer Society recommends 
that women with high risk who have a 20% or higher 
lifetime risk should undergo MRI and a mammogram 
every year. Women at moderately increased risk, be-
tween 15 and 20%, should consult with their healthcare 
professional about whether they should undergo MRI 
in addition to a yearly mammogram (Table 4). MRI 
is not indicated for women at low increased risk who 
have less than 15% lifetime risk [85].

Table 4. High and moderately high risk of developing breast cancer, 
as defined by the American Cancer Society (ACS 2011) [85]
Degree of risk Risk factors
Women at high 
risk (> 20% 
lifetime risk)

•	Known BRCA1 or BRCA2 gene mutation
•	First-degree relative (parent, brother, sister, or child) 

with a BRCA1 or BRCA2 gene mutation, and have not 
had genetic testing themselves

•	Li-Fraumeni syndrome, Cowden syndrome, Bannay-
an —Riley — Ruvalcaba syndrome, or hereditary diffuse 
gastric cancer (or have a first-degree relative with one 
of these syndromes)

•	Radiation therapy to the chest between 10 and 30 years 
of age

Moderately in-
creased risk 
(15% to 20%)

•	Extremely dense breasts or unevenly dense breasts 
on mammogram

•	Personal history of breast cancer, ductal carcinoma 
in situ, lobular carcinoma in situ, atypical ductal hyper-
plasia, or atypical lobular hyperplasia

CONFLICT OF INTEREST
There is no conflict of interest.

REFERENCES
1. Jemal A, Siegel R, Xu J, Ward E. Cancer statistics. 

CA Cancer J Clin 2010; 60: 277–300.
2. Gøtzsche PC, Nielsen M. Screening for breast cancer with 

mammography. Cochrane Database Syst Rev 2006; CD001877.
3. Chlebowski RT, Kuller LH, Prentice RL, et al. Breast 

cancer after use of estrogen plus progestin in postmenopausal 
women. N Engl J Med 2009; 360: 573–87.

4. American Joint Commission on Cancer. Breast. 
In: SB Edge, DR Byrd, CC Compton, AG Fritz, FL Greene, 
A Trotti III, eds. AJCC cancer staging manual. 7th edition. 
New York, NY: Springer; 2010: 345–77.

5. Gail MH, Brinton LA, Byar DP, et al. Projecting indi-
vidualized probabilities of developing breast cancer for white 
females who are being examined annually. J Natl Cancer Inst 
1989; 81: 1879–86.

6. Costantino JP, Gail MH, Pee D, et al. Validation studies 
for models projecting the risk of invasive and total breast cancer 
incidence. J Natl Cancer Inst 1999; 91: 1541–8.

7. Rockhill B, Spiegelman D, Byrne C, et al. Validation 
of the Gail et al. model of breast cancer risk prediction and 
implications for chemoprevention. J Natl Cancer Inst 2001; 
93: 358–66.

8. Spiegelman D, Colditz GA, Hunter D. Validation of the 
Gail et al. model for predicting individual breast cancer risk. 
J Natl Cancer Inst 1994; 86: 600–7.

9. Marchbanks PA, Mcdonald JA, Wilson HG, et al. The 
NICHD women’s contraceptive and reproductive experiences 
study: methods and operational results. Ann Epidemiol 2002; 
12: 213–21.

1 0 .  B r e a s t  C a n c e r  R i s k  A s s e s s m e n t  To o l . 
(http://www.cancer.gov/bcrisktool/).

11. Fisher B, Costantino JP, Wickerham DL, et al. 
Tamoxifen for prevention of breast cancer: report of the Na-
tional Surgical Adjuvant Breast and Bowel Project P-1 study. 
J Natl Cancer Inst 1998; 90: 1371–88.



244 Experimental Oncology 35, 238–245, 2013 (December)

12. Fisher B, Costantino JP, Wickerham DL, et al. 
Tamoxifen for the prevention of breast cancer: current status 
of the National Surgical Adjuvant Breast and Bowel Project 
P-1 study. J Natl Cancer Inst 2005; 97: 1652–62.

13. Vogel VG, Costantino JP, Wickerham DL, et al. Effects 
of tamoxifen vs raloxifene on the risk of developing invasive 
breast cancer and other disease outcomes: the NSABP study 
of tamoxifen and raloxifene (STAR) P-2 trial. JAMA 2006; 
295: 2727–41.

14. Vogel VG, Costantino JP, Wickerham DL, et al. 
Update of the National Surgical Adjuvant Breast and Bowel 
Project Study of Tamoxifen and Raloxifene (STAR) P-2 Tri-
al:  Preventing breast cancer. Cancer Prev Res (Phila) 2010; 
3: 696–706.

15. Lichtenstein P, Holm NV, Verkasalo PK, et al. Envi-
ronmental and heritable factors in the causation of cancer-
analyses of cohorts of twins from Sweden, Denmark, and 
Finland. N Engl J Med 2000; 343: 78–85.

16. Kenemans P, Verstraeten RA, Verheijen RH. On-
cogenic pathways in hereditary and sporadic breast cancer. 
Maturitas. 2008; 61: 141–50.

17. Weitzel JN, Lagos VI, Cullinane CA, et al. Limited 
family structure and BRCA gene mutation status in single cases 
of breast cancer. JAMA 2007; 297: 2587–95.

18. Struewing JP, Hartge P, Wacholder S, et al. The risk 
of cancer associated with specific mutations of BRCA1 and 
BRCA2 among Ashkenazi Jews. N Engl J Med 1997; 336: 1401–8.

19. Antoniou A, Pharoah PD, Narod S, et al . 
 Average risks of breast and ovarian cancer associated with 
BRCA1 or BRCA2 mutations detected in case series unselected 
for family history: a combined analysis of 22 studies. Am J Hum 
Genet 2003; 72: 1117–30.

20. Armes JE, Trute L, White D, et al. Distinct molecular 
pathogeneses of early-onset breast cancers in BRCA1 and 
BRCA2 mutation carriers: a population-based study. Cancer 
Res 1999; 59: 2011–7.

21. Lakhani SR, Gusterson BA, Jacquemier J, et al. 
The pathology of familial breast cancer: histological fea-
tures of cancers in families not attributable to mutations 
in BRCA1 or BRCA2. Clin Cancer Res 2000; 6: 782–9.

22. Lakhani SR, van de Vijver MJ, Jacquemier J, et al. The 
pathology of familial breast cancer: predictive value of im-
munohistochemical markers estrogen receptor, progeste rone 
receptor, HER-2, and p53 in patients with mutations 
in BRCA1 and BRCA2. J Clin Oncol 2002; 20: 2310–8.

23. Bertucci F, Finetti P, Cervera N, et al. Gene expression 
profiling shows medullary breast cancer is a subgroup of basal 
breast cancers. Cancer Res 2006; 66: 4636–44.

24. Eisinger F, Jacquemier J, Charpin C, et al. Mutations 
at BRCA1: the medullary breast carcinoma revisited. Cancer 
Res 1998; 58: 1588–92.

25. Turner NC, Reis-Filho JS. Basal-like breast cancer 
and the BRCA1 phenotype. Oncogene 2006; 25: 5846–53.

26. Sotiriou C, Neo SY, McShane LM, et al. Breast cancer 
classification and prognosis based on gene expression profiles 
from a population-based study. Proc Natl Acad Sci USA 2003; 
100: 10393–8.

27. Miyoshi Y, Murase K, Oh K. Basal-like subtype and 
BRCA1 dysfunction in breast cancers. Int J Clin Oncol 2008; 
13: 395–400.

28. Kriege M, Seynaeve C, Meijers-Heijboer H, et al. 
Sensitivity to first-line chemotherapy for metastatic breast 
cancer in BRCA1 and BRCA2 mutation carriers. J Clin Oncol 
2009; 27: 3764–71.

29. Verhoog LC, Brekelmans CT, Seynaeve C, et al. 
Survival in hereditary breast cancer associated with germline 
mutations of BRCA2. J Clin Oncol 1999; 17: 3396–402.

30. Rennert G, Bisland-Naggan S, Barnett-Griness 
O, et al. Clinical outcomes of breast cancer in carriers 
of BRCA1 and BRCA2 mutations. N Engl J Med. 2007; 
357: 115–23.

31. Garber JE, Offit K. Hereditary cancer predisposition 
syndromes. J Clin Oncol 2005; 23: 276–92.

32. Liede A, Karlan BY, Narod SA. Cancer risks for male 
carriers of germline mutations in BRCA1 or BRCA2: a review 
of the literature. J Clin Oncol 2004; 22: 735–42.

33. Easton DF, Steele L, Fields P, et al. Cancer risks in two 
large breast cancer families linked to BRCA2 on chromosome 
13q12–13. Am J Hum Genet 1997; 61: 120–8.

34. Tai YC, Domchek S, Parmigiani G. Breast cancer risk 
among male BRCA1 and BRCA2 mutation carriers. J Natl 
Cancer Inst 2007; 99: 1811–4.

35. Berry DA, Iversen ES Jr, Gudbjartsson DF, et al. 
BRCAPRO validation, sensitivity of genetic testing of BRCA1/
BRCA2, and prevalence of other breast cancer susceptibility 
genes. J Clin Oncol 2002; 20: 2701–12.

36. Parmigiani G, Berry D, Aguilar O. Determining carrier 
probabilities for breast cancer-susceptibility genes BRCA1 and 
BRCA2. Am J Hum Genet 1998; 62: 145–58.

37. Evans DG, Moran A, Hartley R, et al. Long-term 
outcomes of breast cancer in women aged 30 years or younger, 
based on family history, pathology and BRCA1/BRCA2/
TP53 status. Br J Cancer 2010; 102: 1091–8.

38. Garber JE, Goldstein AM, Kantor AF, et al. Follow-
up study of twenty-four families with Li-Fraumeni syndrome. 
Cancer Res 1991; 51: 6094–7.

39. Gonzalez KD, Noltner KA, Buzin CH, et al. Beyond 
Li Fraumeni syndrome: clinical characteristics of families 
with p53 germline mutations. J Clin Oncol 2009; 27: 1250–6.

40. Hisada M, Garber JE, Fung CY, et al. Multiple primary 
cancers in families with Li-Fraumeni syndrome. J Natl Cancer 
Inst 1998; 90: 606–11.

41. Eng C. Will the real Cowden syndrome please stand 
up: revised diagnostic criteria. J Med Genet 2000; 37: 828–30.

42. Sansal I, Sellers WR. The biology and clinical re levance 
of the PTEN tumor suppressor pathway. J Clin Oncol 2004; 
22: 2954–63.

43. StatBite. Lifetime risk of selected cancers for people 
with Cowden syndrome. J Natl Cancer Inst 2011; 103: 363.

44. Swerdlow AJ, Barber JA, Hudson GV, et al. Risk 
of second malignancy after Hodgkin’s disease in a collaborative 
British cohort: the relation to age at treatment. J Clin Oncol 
2000; 18: 498–509.

45. Henry-Amar M. Second cancer after the treatment for 
Hodgkin’s disease: a report from the International Database 
on Hodgkin’s Disease. Ann Oncol 1992; 3: S117–28.

46. Hancock SL, Tucker MA, Hoppe RT. Breast cancer 
after treatment of Hodgkin’s disease. J Natl Cancer Inst 1993; 
85: 25–31.

47. Travis LB, Hill D, Dores GM, et al. Cumulative abso-
lute breast cancer risk for young women treated for Hodgkin 
lymphoma. J Natl Cancer Inst. 2005; 97: 1428–37.

48. Travis LB, Hill DA, Dores GM, et al. Breast cancer fol-
lowing radiotherapy and chemotherapy among young women 
with Hodgkin disease. JAMA 2003; 290: 465–75.

49. Dores GM, Anderson WF, Beane Freeman LE, et al. 
Risk of breast cancer according to clinicopathologic features 
among long-term survivors of Hodgkin’s lymphoma treated 
with radiotherapy. Br J Cancer 2010; 103: 1081–4.



Experimental Oncology 35, 238–245, 2013 (December)35, 238–245, 2013 (December) (December) 245

50. De Bruin ML, Sparidans J, van’t Veer MB, et al. Breast 
cancer risk in female survivors of Hodgkin’s lymphoma: lower risk 
after smaller radiation volumes. J Clin Oncol 2009; 27: 4239–46.

51. Cutuli B, Kanoun S, Tunon De Lara C, et al. Breast 
cancer occurred after Hodgkin’s disease: clinico-pathological 
features, treatments and outcome: analysis of 214 cases. Crit 
Rev Oncol Hematol 2012; 81: 29–37.

52. Humphrey LL, Helfand M, Chan BK, et al. Breast can-
cer screening: a summary of the evidence for the U.S. Preven-
tive Services Task Force. Ann Intern Med 2002; 137: 347–60.

53. Smith RA, Saslow D, Sawyer KA, et al. American 
Cancer Society guidelines for breast cancer screening: update 
2003. CA Cancer J Clin 2003; 53: 141–69.

54. Shapiro S, Strax P, Venet L. Periodic breast cancer 
screening in reducing mortality from breast cancer. JAMA 
1971; 215: 1777–85.

55. Andersson I, Aspegren K, Janzon L, et al. Mammo-
graphic screening and mortality from breast cancer: the Malmö 
mammographic screening trial. BMJ 1988; 297: 943–8.

56. Duffy SW, Tabar L, Vitak B, et al. The Swedish Two-
County Trial of mammographic screening: cluster randomisa-
tion and end point evaluation. Ann Oncol 2003; 14: 1196–8.

57. Alexander FE, Anderson TJ, Brown HK, et al. 14 years 
of follow-up from the Edinburgh randomised trial of breast-
cancer screening. Lancet 1999; 353: 1903–8.

58. Miller AB, To T, Baines CJ, et al. Canadian National 
Breast Screening Study-2: 13-year results of a randomized 
trial in women aged 50–59 years. J Natl Cancer Inst 2000; 
92: 1490–9.

59. Miller AB, To T, Baines CJ, et al. The Canadian 
National Breast Screening Study-1: breast cancer mortality 
after 11 to 16 years of follow-up. A randomized screening trial 
of mammography in women age 40 to 49 years. Ann Intern 
Med 2002; 137: 305–12.

60. Frisell J, Lidbrink E. The Stockholm Mammographic 
Screening Trial: risks and benefits in age group 40–49 years. 
J Natl Cancer Inst Monogr 1997; 49–51.

61. Bjurstam N, Bjцrneld L, Warwick J, et al. The Go-
thenburg Breast Screening Trial. Cancer 2003; 97: 2387–96.

62. Gшtzsche PC, Nielsen M. Screening for breast can-
cer with mammography. Cochrane Database Syst Rev 2006; 
CD001877.

63. Nelson HD, Tyne K, Naik A, et al. Screening for breast 
cancer: an update for the US Preventive Services Task Force. 
Ann Intern Med 2009; 151: 727–37.

64. US Preventive Services Task Force. Screening for breast 
cancer: US Preventive Services Task Force recommendation 
statement. Ann Intern Med 2009; 151: 716–26.

65. Mandelblatt JS, Cronin KA, Bailey S, et al. Effects 
of Mammography screening under different screening sche-
dules: model estimates of potential benefits and harms. Ann 
Intern Med 2009; 151: 738–47.

66. Zahl PH, Jшrgensen KJ, Maehlen J, et al. Biases 
in estimates of overdetection due to mammography screening. 
Lancet Oncol 2008; 9: 199–201.

67. Jatoi I, Miller AB. Why is breast-cancer mortality 
declining? Lancet Oncol 2003; 4: 251–4.

68. Early Breast Cancer Trialists’ Collaborative Group. Ef-
fects of radiotherapy and surgery in early breast cancer: an over-
view of the randomized trials. N Engl J Med 1995; 333: 1444–55.

69. Early Breast Cancer Trialists’ Collaborative Group. 
Favourable and unfavourable effects on long-term survival 

of radiotherapy for early breast cancer: an overview of the 
randomised trials. Lancet 2000; 355: 1757–70.

70. National Comprehensive Cancer Network. Clinical 
guidelines in oncology: breast cancer screening and diagnosis. 
v.1.2011. Available at: http://www.nccn.org. Accessed September 
6, 2011.

71. The American Congress of Obstetricians and Gynecolo-
gists. Annual mammograms now recommended for women be-
ginning at age 40. July 20, 2011. Available at: http://www.acog.org/ 
from_home/publications/press_releases/nr07–20–11–2.cfm. 
Accessed September 6, 2011.

72.  Survei l lance,  Epidemiology and End Re-
sults. SEER Stat Fact Sheest: Breast. 2011. Available 
at: http://www.seer.cancer.gov/statfacts/html/breast.html. 
Accessed September 6, 2011.

73. Schonberg MA, Silliman RA, Marcantonio ER. Weigh-
ing the benefits and burdens of mammography screening among 
women age 80 years or older. J Clin Oncol 2009; 27: 1774–80.

74. American Cancer Society. Can breast cancer be found 
early? Available at: http://www.cancer.org/docroot/ CRI/con-
tent/CRI_2_4_3X_Can_breast_cancer_ be_found_early_5.asp?sitearea=. 
Accessed September 6, 2011.

75. Burke W, Daly M, Garber J, et al. Recommendations 
for follow-up care of individuals with an inherited predisposi-
tion to cancer. II. BRCA1 and BRCA2. Cancer Genetics Studies 
Consortium. JAMA 1997; 277: 997–1003.

76. Carney PA, Miglioretti DL, Yankaskas BC, et al. 
Individual and combined effects of age, breast density, and 
hormone replacement therapy use on the accuracy of screening 
mammography. Ann Intern Med 2003; 138: 168–75.

77. Buist DS, Porter PL, Lehman C, et al. Factors contri-
buting to mammography failure in women aged 40–49 years. 
J Natl Cancer Inst 2004; 96: 1432–40.

78. Narod SA, Offit K. Prevention and management 
of hereditary breast cancer. J Clin Oncol 2005; 23: 1656–63.

79. Scheuer L, Kauff N, Robson M, et al. Outcome of pre-
ventive surgery and screening for breast and ovarian cancer 
in BRCA mutation carriers. J Clin Oncol 2002; 20: 1260–8.

80. Brekelmans CT, Seynaeve C, Bartels CC, et al. Ef-
fectiveness of breast cancer surveillance in BRCA1/2 gene 
mutation carriers and women with high familial risk. J Clin 
Oncol 2001; 19: 924–30.

81. Riedl CC, Ponhold L, Flöry D, et al. Magnetic reso-
nance imaging of the breast improves detection of invasive 
cancer, preinvasive cancer, and premalignant lesions during 
surveillance of women at high risk for breast cancer. Clin 
Cancer Res 2007; 13: 6144–52.

82. Kuhl CK, Schrading S, Leutner CC, et al. Mammo-
graphy, breast ultrasound, and magnetic resonance imaging for 
surveillance of women at high familial risk for breast cancer. 
J Clin Oncol 2005; 23: 8469–76.

83. Leach MO, Boggis CR, Dixon AK, et al.  Screening 
with magnetic resonance imaging and mammography 
of a UK po pulation at high familial risk of breast cancer: a pro-
spective multicentre cohort study (MARIBS). Lancet 2005; 
365: 1769–78.

84. de Koning HJ. Mammographic screening: evidence 
from randomised controlled trials. Ann Oncol 2003; 14: 1185–9.

85. The American Congress of Obstetricians and Gynecolo-
gists. Annual mammograms now recommended for women be-

Copyright © Experimental Oncology, 2013


