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1. The American College of Radiology (ACR) recommends annual breast cancer
screening for an average-risk woman beginning at what age?
(a) 30.
(b) 40.
(c) 50.
(d) 60.
2. What is the lifetime risk of developing breast cancer for an average-risk woman?
(a) <5%.
(b) <15%.
(c) <25%.
(d) <35%.
3. Screening mammography is appropriate for which of the following individuals?
(a) A 50-year-old asymptomatic female with a history of one first-degree rela-
tive with breast cancer diagnosed in her 50s.
(b) A 40-year-old asymptomatic female with a “probably benign” finding
identified at a diagnostic exam 6 months prior.
(c) A 60-year-old male with bilateral palpable retroareolar masses.
(d) A 35-year-old breastfeeding female with strong family history of breast
cancer and left-sided breast pain, swelling, and redness.
(e) A 55-year-old asymptomatic female with smoking history and incidentally
noted right breast mass on low-dose lung cancer screening chest CT.
4. Which of the following factors places a woman in the high-risk category for
breast cancer screening?
(a) History of fibroadenoma.
(b) First-degree relative with history of breast cancer diagnosed in her 70s.
(c) History of cigarette smoking.
(d) A 3l1-year-old untested daughter whose mother has a BRCA gene mutation.
5. A 38-year-old female is diagnosed with biopsy-proven lobular carcinoma in
situ. At what age should she begin breast cancer mammography screening?
(a) 38 years of age.
(b) 40 years of age.
(c) 45 years of age.
(d) 50 years of age.
6a. A 25-year-old female with a confirmed BRCA1 mutation and no personal his-

tory of breast cancer presents to her primary care doctor with questions regard-
ing breast cancer screening. This patient meets criteria for which of the
following breast cancer screening risk categories?

(a) Low-risk.

(b) Average-risk.

(¢) Intermediate-risk.

(d) High-risk.
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6b. Based on her risk category, at what age should she start breast cancer screen-

6c.

ing with mammography?

(a) At the time of BRCA1 mutation detection.
(b) Atage 30 years.

(c) Atage 40 years.

(d) Atage 50 years.

What breast screening modality(ies) is (are) indicated for this patient?
(a) Mammography only.

(b) Mammography with molecular breast imaging.

(¢) Mammography with breast MRI or ultrasound.

(d) Mammography with dedicated FDG-PET breast.

A 40-year-old female with an average risk for breast cancer and extremely
dense breasts presents for baseline screening. In addition to mammography, she
inquires about a whole breast screening ultrasound. Which of the following is
an indication for screening ultrasound?

(a) Palpable mass in woman aged under 30 years.

(b) High-risk and unable to tolerate MRI.

(c) Breast cancer screening during pregnancy.

(d) Fatty breasts.

Which of the following statements is true regarding breast cancer screening and

dense breast tissue?

(a) Dense breast tissue lowers the sensitivity of mammography and increases
breast cancer risk compared to patients with fatty breast tissue.

(b) Dense breast notification laws suggest women with dense breast tissue are
informed of risks related to dense breast tissue.

(c) Screening breast ultrasound performed with mammography decreases the
false-positive rate of breast cancer.

(d) Screening breast MRI is indicated.

A 33-year-old female with no known increased risk factors for breast cancer

presents with a palpable mass which is ultimately diagnosed as invasive ductal

carcinoma. She undergoes lumpectomy followed by radiation therapy. Which

of the following statements is true?

(a) Based on her individual risk factors, she should be screened with annual
mammography and FDG-PET.

(b) Based on her age, she should start screening with breast MRI and transition
to mammography at age 40 years.

(c) Based on her history, she should start breast cancer screening 6—12 months
post-radiation.

(d) Screening is not recommended since she is aged under 40 years.
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10.

11.

12.

13.

In which of the following scenarios is screening mammography indicated dur-
ing pregnancy?

(a) A 35-year-old pregnant female with high-risk of breast cancer.

(b) A 40-year-old pregnant female with bloody nipple discharge.

(c) A 32-year-old pregnant female with palpable breast mass.

(d) A 28-year-old lactating female with average-risk for breast cancer.

What is the earliest age at which it is recommended that patients with a BRCA
gene mutation begin annual breast cancer screening with contrast-enhanced
breast MRI?

(a) 20 years old.

(b) 25 years old.

(c) 30 years old.

(d) 35 years old.

Which of the following is NOT considered a risk factor for breast cancer?
(a) Age.

(b) Early menstrual periods before the age of 12 years.

(c) Fatty breasts.

(d) First pregnancy after the age of 30 years.

The imaging finding indicated by the circle:

(a) Could be suspicious in a patient with cancer.
(b) Represents a normal anatomical variant.

(c) Is most often bilateral.

(d) Is easily seen on MLO views.
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14. Which of the following is true regarding an increase in breast density detected
on screening mammogram

CURRENT

(a) Tamoxifen causes an increase in breast density.

(b) This finding could be explained by a typical age-related change in breast
density.

(c) This finding is typical after a period of weight gain.

(d) If unilateral, additional diagnostic workup is indicated.
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15. Which of the following is true regarding accessory breast tissue:

(a) It results from abnormal migration during embryologic development.

(b) It most commonly occurs in the axilla, but may be present anywhere along
the “milk line”.

(c) Incidence is approximately 70%.

(d) Itis not responsive to hormonal stimulation as typical breast tissue and any
symptom associated with accessory breast tissue should be considered
suspicious.
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16. An 18-year-old patient presents with a hard, palpable breast lump. Targeted
ultrasound was performed directly over her area of concern. What is the
next step?

FR 53Hz
RS

Lt Breast AREA OF PALP PER MD

(a) Reassure the patient that the mass she is feeling is a normal anatomical
structure.

(b) Recommend cross-sectional imaging to better characterize the mass.

(c) Perform a biopsy.

(d) Refer the patient to a breast surgeon.

17. When is the optimal timing to perform a breast screening MRI in relationship
to a patient’s menstrual cycle?
(a) Week 1 (days 1-7).
(b) Week 2 (days 7-14).
(c) Week 3 (days 14-21).
(d) Week 4 (days 21-28).



82 N. Yaghmai et al.

18. Which of the following is FALSE regarding the structures indicated by
the arrows?

(a) On ultrasound, they can create posterior acoustic shadowing which could
appear suspicious.

(b) Force on these ligaments can create skin retraction.

(c) They are absent in the male breast.

(d) They decrease with age.
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19. The nipple areolar complex contains all of the following except:
(a) Montgomery glands.
(b) Acini.
(c) Morgagni tubercles.
(d) Lactiferous sinuses.

20. What is the appropriate BI-RADS designation for this screening ultrasound?
The remainder of the study is negative.

—

—

Right Breast Survey

(a) BI-RADS Category 0.
(b) BI-RADS Category 1.
(c) BI-RADS Category 2.
(d) BI-RADS Category 3.
(e) BI-RADS Category 4.

21. What structure is responsible for the majority of milk production?
(a) Lactiferous sinus.
(b) Lobular acini.
(c) Terminal ducts.
(d) Segmental ducts.
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22. Where do most ductal breast cancers begin?
(a) Terminal ducts.
(b) Lactiferous sinus.
(c) Segmental ducts.
(d) Collecting ducts.

23a.What is the appropriate management of this axillary lymph node detected on
ultrasound?

(a) Nothing; recommend a return to normal screening.
(b) Recommend short-term follow-up ultrasound.

(c) Call the patient back for additional imaging.

(d) Call the patient back for biopsy.
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24a.

How would you describe the abnormality on this baseline screening
mammogram

24b.

24c.

(a) There is a round mass in the left upper outer quadrant.
(b) There is an asymmetry in the left upper outer quadrant.
(c) There is an asymmetry in the left superior breast.

(d) There is a focal asymmetry in the left superior breast.

The above single view finding can be localized using the methods except:
(a) Use relative information from tomosynthesis.

(b) Perform a 90-degree lateral view.

(c) Perform medial and lateral exaggerated craniocaudal views.

(d) Perform a rolled craniocaudal view.

Why is this lesion seen on left MLO, and not seen on CC view?
(a) There is inadequate compression on the CC view.

(b) Nipple is not in profile on the CC view.

(c) The posterior nipple line (PNL) is too short on the CC view.
(d) There is motion on the CC view.
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25a. A 65-year-old female presents for screening mammogram. What is the best
management?

(a) BI-RADS Category 2: Benign. Routine annual follow up is suggested.
(b) BI-RADS Category 4: Suspicious. Tissue diagnosis is suggested.

(c) BI-RADS Category 0: Incomplete. Additional workup is recommended.
(d) BI-RADS Category 0: Incomplete. MRI is recommended.
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25b. The mammogram from the previous year is now uploaded and the asymme-

26.

try noted on the current screening mammogram is partly seen in the old
study. What is your BI-RADS assessment now?

A

Current 13 months ago

(a) BI-RADS Category 2: Benign. Routine annual follow-up is
recommended.

(b) BI-RADS Category 3: Probably Benign. Return for follow-up mammo-
gram in 6 months.

(c) BI-RADS Category 4: Suspicious. Tissue diagnosis is recommended.

(d) BI-RADS Category 0: Incomplete. Additional workup is recommended.

The following are all factors that can cause a false NEGATIVE screening mam-
mogram except:

(a) Improper positioning.

(b) Breast density.

(c) Stable mass.

(d) Interrupted workflow.

(e) Scattered bilateral calcifications.
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27. What is the BI-RADS assessment for the calcifications?

(a) BI-RADS Category O.
(b) BI-RADS Category 2.
(c) BI-RADS Category 3.
(d) BI-RADS Category 4.
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28. A 54-year old presents for a baseline screening mammogram. Based on the
below images what is your assessment?

(a) BI-RADS Category 1: Negative.

(b) BI-RADS Category 0: There are abnormal nodes in the left axilla.

(c) BI-RADS Category 0: There is an asymmetry in the left lateral breast.

(d) BI-RADS Category 0: There is a mass and abnormal nodes in the left breast.
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29. What is the best management for the findings on this screening mammogram?

(a) BI-RADS Category 2: Benign findings.

(b) BI-RADS Category 3: Probably benign findings. Short-term follow-up is
suggested.

(c) BI-RADS Category 0: Incomplete. Recommend bilateral ultrasound.

(d) BI-RADS Category 0: Incomplete. Recommend additional mammographic
views and ultrasound.
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30. Left-sided screening mammogram in a 55-year-old female with a history of
right mastectomy 10 years ago in Europe recently immigrated to the USA. What
is your assessment?

(a) BI-RADS Category 0: Incomplete. Recommend comparison with old films.

(b) BI-RADS Category 0: Incomplete. Recommend ultrasound.

(c) BI-RADS Category 2: Benign. Routine follow-up suggested.

(d) BI-RADS Category 3: Probably Benign. Recommend short-term follow-up
mammography in 6 months.
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31.

32.

33.

The new ACR/SBI guidelines recognize African-American women at high risk

for breast cancer secondary to which of the following factors:

(a) The incidence of breast cancer is higher in African-American women than
in non-Hispanic white women.

(b) African-American women are more likely to die from breast cancer than
non-Hispanic white women.

(c) African-American women are more likely to be diagnosed with stage I
breast cancer.

(d) African-American women have a lower risk of aggressive tumors.

Which of the following is true for breast cancers caused by the BRCA1 and

BRCA2 mutations?

(a) Approximately 20% of breast cancers are caused by the BRCAI and
BRCA?2 mutations.

(b) The average age of breast cancer onset is 60 years in patients who are
BRCA mutation carriers.

(c) Cancers in patients with the BRCA1 mutation tend to be of higher grade
with an overall poorer prognosis than cancers in the general population.

(d) The sensitivity of mammography for the detection of cancer in patients
with a BRCA mutation is higher than that in the general population.

Which breast screening modality has been shown to have a mortality benefit?
(a) Breast MRI.

(b) Breast Ultrasound.

(c) Mammography.

(d) FDG-PET.
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34. This screening mammogram was considered technically inadequate. Standard
views as well as magnified views of the left breast are provided. What is the
technical issue?

(a) Pacemaker left chest.

(b) Motion left MLO.

(c) Skin folds.

(d) Inadequate visualization of posterior tissues on right CC.
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35a. How would you describe the abnormality in the screening mammogram?

(a) Asymmetry in the left upper breast.
(b) Mass in the right upper outer breast.
(c) Focal asymmetry in the right lower outer breast.
(d) Bilateral axillary lymphadenopathy.

35b. What is the correct BI-RADS Final Assessment for this screening mammo-
gram, and what is the correct recommendation?
(a) BI-RADS Category 4. Recommend biopsy.
(b) BI-RADS Category 0. Recommend additional evaluation with MRI.
(c) BI-RADS Category 0. Recommend additional evaluation with diagnostic
mammography and ultrasound.
(d) BI-RADS Category 3. Recommend short-term follow-up.
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36. Representative images at the same level of a screening breast MRI are shown.
Regarding MRI technique for this study, which is true?

T1 Post Contrast
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37.

38.

39.

40.

41.

(a) Inadequate technique, motion.

(b) Adequate technique.

(c) Inadequate technique, insufficient field of view.

(d) Inadequate technique, insufficient contrast enhancement.

The advantages of Digital Breast Tomosynthesis versus Full Field Digital
Mammography include:

(a) Improved Cancer Detection Rate.

(b) Reduced Screening Recall rate.

(c) Improved Screening Specificity.

(d) All of the above.

Digital Breast Tomosynthesis (DBT) reduces screening recall rates as com-
pared to Full Field Digital Mammography (FFDM). Which type of finding is
mostly responsible for false positives seen on FFDM?

(a) Asymmetries.

(b) Masses.

(c) Architectural Distortions.

(d) None of the above.

The advantages of the use of commercially available Computer-Aided Detec-
tion (CAD software) in the interpretation of screening mammography include:
(a) Improved Cancer Detection Rate.

(b) Improved Screening Mammography Specificity.

(c) Both of the above.

(d) None of the above.

Regarding screening with whole breast ultrasound, which of the following

are true?

(a) Screening ultrasound is a supplemental test to mammography, and does not
replace screening mammography.

(b) Whole breast ultrasound can detect cancers, which would have been missed
by mammography in dense breast tissue.

(c) The addition of screening ultrasound to screening mammography can
reduce advanced breast cancer.

(d) All of the above.

Which of the following are true regarding automated breast ultrasound versus

handheld ultrasound?

(a) Studies have shown no significant differences in sensitivity, specificity, and
predictive values between automated breast ultrasound and handheld
ultrasound.

(b) Automated breast ultrasound requires recall for targeted handheld ultra-
sound of lesions.

(c) False-positive rates are the most significant criticism of both techniques,
but this can be reduced with experience.

(d) All of the above.
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Answers

1.

2.

b. 40.

Various organizations recommend beginning screening mammography at dif-
ferent ages. The ACR recommends annual screening beginning at 40 years of
age, based on the benefits of life years gained which is higher for women with
screen-detected breast cancer in their 40s than in the 50-70 year-old population
[1]. Per ACR guidelines, annual screening should continue as long as a wom-
an’s life expectancy exceeds 5—7 years [1]. Table 3.1 summarizes age and fre-
quency recommendations for breast cancer screening with mammography in
average-risk women [2].

b. <15%.

Average-risk women have a < 15% lifetime risk of breast cancer. A lifetime risk
of 15-20% is considered intermediate-risk. A lifetime risk of >20% is consid-
ered high-risk [1].

Table 3.1 Screening age and frequency recommendations for breast cancer screening with mam-
mography in average-risk women by organization [3]

Organization Start age End age Frequency
U.S. Preventive 50 years 74 years Every 2 years
Services Task Force Choice to start
at age
40-49 years
American Cancer 45 years No upper limit; Age 45-54 years: Every
Society Choice to start continue as long as year
at age life expectancy is Age 55 years and older:
40-44 years >10 years Every year or every
2 years
American College of 50 years No upper limit; Every year or every
Obstetricians and Choice to start continue based on 2 years
Gynecologists age 40-49 years | woman’s health status
and longevity
International Agency 50 years 74 years Not addressed
for Research on Cancer
American College of 40 years No upper limit; Every year
Radiology continue based on
woman’s health status
and life expectancy of
at least 5-7 years
American College 50 years No upper limit; Every 2 years
of Physicians Choice to start continue as long as
age 4049 years | life expectancy is
>10 years
American Academy of | 50 years 74 years Every 2 years
Family Physicians Choice to start
age 4049 years
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6a.

6b.

a. A 50-year-old asymptomatic female with a history of one first-degree relative
with breast cancer diagnosed in her 50s.

The purpose of screening mammography is to detect early, unsuspected breast
cancer in asymptomatic women. The individual described in answer choice A is
most appropriate for screening mammography. Answer choices b and e require
diagnostic mammography and/or ultrasound for further evaluation, regardless of
symptoms. Answer choices ¢ and d require diagnostic mammography and ultra-
sound to further evaluate symptoms and clinical findings [1, 3].

d. A 31-year-old untested daughter whose mother has a BRCA gene mutation.

High-risk breast cancer screening recommendations should be followed for
women with a BRCA gene mutation and their untested first-degree relatives,
history of chest irradiation between 10 and 30 years of age, and 20% or greater
lifetime risk of breast cancer due to family history. Intermediate-risk factors
include personal history of breast cancer, lobular neoplasia, atypical ductal
hyperplasia, or 15-20% lifetime risk of breast cancer [1].

a. 38 years of age.

Women with biopsy-proven lobular neoplasia or atypical ductal hyperplasia
should undergo annual breast cancer screening with mammography beginning
at age of diagnosis, but not younger than 30 years of age [1].

d. High-risk.

Based on this patient’s history, she would be considered at high-risk for breast
cancer. Table 3.2 outlines the American College of Radiology designations of
each risk group. Low-risk is not a risk category.

b. At age 30.

Women with genetics-based increased risk and their untested first-degree rela-
tives should begin breast cancer screening with mammogram at the age of
30 years [1, 4].

Table 3.2 Risk-based categories for breast cancer screening [1]

Risk category Description

Average-risk * Less than 15% lifetime risk of breast cancer.

Intermediate-risk | * Personal history of breast cancer.

* Personal history of lobular neoplasia.
 Personal history of atypical ductal hyperplasia.
* 15-20% lifetime risk of breast cancer.

High-risk « Patients with BRCA gene mutation and their untested first-degree relatives.

 History of chest irradiation between 10 and 30 years of age.
* 20% or greater lifetime risk of breast cancer.
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6¢c. c. Mammography with breast MRI or ultrasound.

The American College of Radiology, American Cancer Society, and Society
of Breast Imaging recommend high-risk screening with digital mammogra-
phy with or without digital breast tomosynthesis, in addition to annual sup-
plemental screening with breast MRI. For those unable to undergo MRI,
screening ultrasound is indicated. The combination of mammography and
supplemental screening has the highest sensitivity for breast cancer detec-
tion in high-risk women, especially those with a genetic predisposition, than
mammography alone [1, 4]. There is a lack of evidence in large screening
populations to support supplemental screening with molecular breast imag-
ing or FDG-PET [1].

7. b. High-risk and unable to tolerate MRI.

Screening ultrasound is indicated as an adjunct to mammography for high-
risk patients who cannot tolerate MRI [1]. A woman presenting with a pal-
pable mass should undergo diagnostic ultrasound rather than a screening
ultrasound, with or without diagnostic mammography depending on her age.
Breast cancer screening during pregnancy at the age of 40 years is usually
performed with mammography, as the dose to the fetus is negligible and lead
shielding can be done safely [5]. Screening whole-breast ultrasound during
pregnancy has not been well evaluated, but may be used as a screening
adjunct while keeping in mind the possibility of increased false-positive
rates prompting additional biopsies [5]. In women with dense breasts, such
as the patient described in the question stem, screening ultrasound may be
considered in addition to screening mammography but is not clearly recom-
mended [1]. For women with dense breasts, the benefit of increased cancer
detection with adjunct screening ultrasound should be balanced with the
increased risk of a false-positive result [1].

8. a. Dense breast tissue lowers the sensitivity of mammography and increases
breast cancer risk compared to patients with fatty breast tissue.

Answer choice a is true. Answer choice b is false because dense breast notifica-
tion laws mandate, not suggest, that mammogram reports include information
regarding the risks related to dense breast tissue. Answer choice c is false
because screening ultrasound in women with dense breasts increases the false-
positive rate of breast cancer as well as a number of short-interval follow-up
and biopsy recommendations, with decreased positive predictive value of biop-
sies [1]. Answer choice d is false as a blanket statement; however, screening
breast MRI in women with dense breast tissue is recommended for women with
a personal history of breast cancer and dense breast tissue [4].
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9.

10.

11.

12.

c. Based on her history, she should start breast cancer screening 6—12 months
post-radiation.

Women with a personal history of breast cancer should start screening with
mammography 6—12 months post-radiation if the breast is conserved; otherwise
mammography every 12 months is indicated. Women with a personal history of
breast cancer diagnosed before the age of 50 years, or who also have increased
lifetime risk greater than 20% are recommended to undergo screening with
mammography supplemented with contrast-enhanced MRI [1, 4].

a. A 35-year-old pregnant female with high-risk of breast cancer.

Screening mammography remains indicated in pregnant women at high-risk
under the age of 30 years, and at elevated risk (intermediate or high risk)
between the ages 30 and 39 years. At age 40 years or older, breast cancer screen-
ing during pregnancy is recommended for all levels of risk. The fetal radiation
dose from a 4-view mammogram is <0.03 mGy, which is well below the
50 mGy threshold below which no teratogenic effects have been demonstrated.
Lead shielding can also be safely used with pregnant women undergoing mam-
mography [4]. Answer choices b and ¢ require diagnostic imaging due to symp-
toms. There is no indication for screening mammography with answer choice d.

b. 25 years old.

For BRCA gene mutation carriers, annual breast cancer screening with con-
trast-enhanced MRI is recommended to start as early as age 25 years [4, 6].
Most societies recommend starting annual screening with contrast-enhanced
MRI between the ages of 25 and 30 years [6]. Annual MRI breast cancer screen-
ing should be obtained in addition to annual screening mammography at and
beyond age 30 years. In practice, these two modalities are often alternated every
6 months starting at age 30 years.

c. Fatty breasts.

Dense breasts, not fatty breasts, are considered a risk factor for breast cancer
because the increased amount of connective tissue can make it harder to see
tumors on a mammogram. General risk factors for breast cancer include:

* Age (most breast cancers are diagnosed after age 50 years).

e Genetic mutations (e.g., BRCA1 and BRCA 2).

e Reproductive history with longer exposure to hormones (e.g., early menses
before age 12 years, menopause after age 55 years, first pregnancy after age
30 years, never breastfeeding, never having a full-term pregnancy).

* Dense breasts.

e Personal history of breast cancer or high-risk lesion.

e Family history of breast or ovarian cancer.

* Prior radiation therapy to the chest or breasts before age 30 years.

* Prior exposure to diethylstilbestrol (DES).

* Sedentary lifestyle/obesity.

* Hormone replacement therapy after menopause for greater than 5 years.

e Alcohol consumption [7].
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13. b. Represents a normal anatomical variant.

The sternalis muscle is a normal anatomical variant of the chest wall muscula-
ture present in approximately 8% of the general population. When present, it is
twice as often unilateral as bilateral. It is important to be aware of this variant
as it can often be seen on screening mammography and should not be confused
for a suspicious mass. It appears as a mass-like density in the medial aspect of
the breast at posterior depth on the craniocaudal view (indicated by the red
arrow below). It is essentially never seen in the MLO projection due to its far
medial and posterior location on the chest wall [8].

14. d. If unilateral, additional diagnostic workup is indicated.

The breast is composed of fibroglandular tissue as well as fatty elements. The ratio
of these two components determines the fibroglandular density of a breast on
screening mammogram, which is reported in every screening mammography report
as “almost entirely fatty (A),” “scattered areas of fibroglandular density (B),” “het-
erogeneously dense (C),” and “extremely dense (D).” Common factors affecting
breast density are detailed in the table below. Bilateral increase in density detected
at screening mammogram typically does not warrant further workup, but a unilat-
eral increase could suggest lymphatic obstruction and could be malignant [10-12].

Common causes for changes in breast density [10-12]

Increased density Decreased density
Hormonal stimulation (e.g., hormone replacement therapy and Tamoxifen
pregnancy) Increasing age
Systemic conditions causing edema (e.g., congestive heart failure) | Weight gain
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b. It most commonly occurs in the axilla, but may be present anywhere along
the “milk line”.

Accessory breast tissue, also known as ectopic breast tissue, refers to any breast
tissue outside of the expected location of the breast. While the precise etiology of
accessory breast tissue is not definitively understood, one theory purports that the
mammary ridges, derived from the ectoderm, migrate along the “milk line”” on the
ventral surface of the fetus and regress everywhere except at the breasts. If the
ridges do not regress, accessory breast tissue is left behind along the pathway of
normal migration which extends from the anterior axilla to the medial thigh, most
commonly in the axilla. Incidence of accessory breast tissue is approximately 6%
and is frequently bilateral. Just like breast tissue within the breast, accessory
breast tissue responds to hormonal stimulation and may thus display the same
benign/physiologic and malignant processes as the breast [11, 12].

a. Reassure the patient that the mass she is feeling is a normal anatomical
structure.

It is important to be familiar with the normal sonographic appearance of the breast
and surrounding structures. The breast parenchyma demonstrates varying echo-
genicity based on its composition of fat (hypoechoic), fibrous (hyperechoic), and
glandular (intermediate echogenicity) tissue. The structures of the chest wall,
including the pectoralis muscle (which appears as a longitudinally oriented struc-
ture with linear bands of alternating hyper- and hypoechoic lines), the ribs, and
the costal cartilage are often seen. In this case, the patient’s palpable abnormality
corresponds to a rib (indicated by the circle on the image below), which can be
easily identified by its thin echogenic rim with dense posterior acoustic shadow-
ing and location posterior to the pectoralis and anterior to the lung [13, 14].

Glandular Tissue Fatty Tissue

——

Lt Breast AREA OF PALP PER MD
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17.

18.

19.

b. Week 2 (days 7-14).

Background parenchymal enhancement is highest during days 1-6 and 21-28
of the menstrual cycle. A breast MRI is ideally performed during the second
week of the menstrual cycle (days 7—14) to maximize the sensitivity of lesion
detection [15, 16].

d. They decrease with age.

Cooper’s ligaments, which make up the underlying ligamentous supporting
structure of the breast, are seen as fine white lines on mammography. Any
straightening or distortion of Cooper’s ligaments should be viewed with suspi-
cion as an indication of underlying malignancy. Similarly, a mass that is exert-
ing force on Cooper’s ligaments can create skin or nipple retraction, a suspicious
physical exam finding. On ultrasound, Cooper’s ligaments are seen as thin
hyperechoic lines that can create acoustic shadows. These shadows are typi-
cally thin and hypoechoic, but have the potential to mimic malignancy if the
shadow is wider. Differentiating features include the lack of an associated mass
and the disappearance of the shadow with increased transducer pressure and
changes in the angle of insonation. Cooper’s ligaments are stable over a wom-
en’s lifetime and are not present in the male breast [18-20].

b. Acini.

The breast is composed of approximately 15-20 segments, each of which has a
corresponding mammary duct that converges at the nipple. These draining
ducts come together in the subareolar breast to form lactiferous sinuses, which
each measure approximately 5-8 mm. Occasionally, a palpable normal lactifer-
ous sinus will bring in a woman for a diagnostic exam. The nipple-areolar com-
plex also contains the Montgomery glands, which secrete milk into the
Morgagni tubercles. The Morgagni tubercles are seen as tiny (1-2 mm) raised
lesions on the surface of the areolar skin [20].
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20. b. BI-RADS Category 1.

The image above demonstrates the normal sonographic appearance of the nip-
ple. On ultrasound, the nipple produces severe attenuation of the sound beam
from whirled smooth muscle bundles. When seen on static images, the nipple
can be occasionally misinterpreted as a shadowing breast mass. Thus, it is
important to interpret images knowing the relative position of the nipple and to
interrogate the subareolar parenchyma using different angles of insonation [17].
In this case, the body marker to the left of the image demonstrates that the
sonographer is imaging directly over the nipple, and this study should be given
a BI-RADS 1: Negative.

Posterior acoustic
shadowing deep to i

&| the nipple due to
attenuation of the
sound beam

—
— —

Right Breast Survey

21. b. Lobular acini.

The terminal duct lobular unit (TDLU) is considered a “functional unit” of the
breast (see image below) and contains the lobular acini which are responsible
for milk production. The epithelial cells lining the acini produce milk which is
then transferred through the terminal ducts to segmental ducts to the lactiferous
sinus. The outer lining of the acini is formed by myoepithelial cells which help
excrete the milk into the terminal ducts [21].
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22. a. Terminal ducts.

Most cancers in the breast begin in the terminal duct-lobular unit (TDLU), the
functional unit of the breast. The two most common types of breast cancer,
which account for approximately 90% of breast cancers are ductal carcinoma
and lobular carcinoma. The majority of ductal carcinomas begin in the terminal
ducts. The lobular carcinomas begin in the lobules of the TDLU. Invasive ductal
carcinoma is the most common breast cancer, accounting for 70-80% of inva-
sive breast cancers [22-24].

Intralobular
terminal
duct

Ductules

Y

Segmental duct

o"

Collecting
duct <
=,
() - ” D ! -
Lactiferous 1%
sinus

Extralobular Lobule
terminal
duct

{

Terminal duct-
lobular unit
TDLU

(Image from Hindle W.H. (1999) Breast Disease for Primary Health Care
Providers for Women: An Overview. In: Hindle W.H. (eds) Breast Care.
Springer, New York, NY. https://doi.org/10.1007/978-1-4612-2144-9_1,;
Reprinted with permission)
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23. a. Nothing; recommend return to normal screening.

This ultrasound depicts a morphologically normal axillary lymph node, which
is commonly imaged as part of breast screening ultrasound. Normal lymph
nodes are oval in shape with thin, uniform hypoechoic cortices measuring 3 mm
or less (image A below). There is preservation of a fatty hilum, where a feeding
vessel can often be seen. Suspicious features include focal or diffuse cortical
thickening (image B), loss of the fatty hilum, round shape, and non-hilar corti-
cal blood flow (image C). Since this lymph node lacks any suspicious feature,
no further imaging is required and the patient should return to routine screening
[24, 25].

S Faity hilum

Non-hilar cortical
blood flow
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24a. c. There is an asymmetry in the left superior breast.

The lesion is a single view finding only seen on the left MLO view superiorly
and hence labeled an “asymmetry.” An asymmetry is a planar finding seen on
only one of the two mammographic views, usually lacking convex margins, and
with or without interspersed fat. It is different from a focal asymmetry, which is
defined as a finding having a similar appearance on two orthogonal views, lack-
ing convex margins, with or without interspersed fat, and occupying less than
one quadrant of the breast. It also differs from a mass, which is defined as a
three-dimensional (3D) structure with convex margins that is visible on two
orthogonal views. According to the BI-RADS lexicon, an apparent mass (round
or oval shape with convex margins) seen on only one mammographic view is
termed an asymmetry until it is localized in 3D space [26, 27].

Answer choices a and d are incorrect as the finding is not seen on craniocaudal
view and cannot be labeled as a mass or focal asymmetry both of which are two
view findings.

Answer choice b is incorrect as an asymmetry is a single view finding and
hence without 3D data can only be localized to a hemisphere of breast (i.e.,
lateral, medial, superior, or inferior) but not to a quadrant.
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24b. d. Perform a rolled craniocaudal view.

a. The relative 3D information from breast tomosynthesis can be used to esti-

mate whether the lesion is lateral or medial and guide additional views.

If a lesion shifts inferiorly relative to the nipple from the MLO view to the
ML view, then it is Lateral in location (Lead drops). If a lesion shifts supe-
riorly relative to the nipple from the MLO view to the ML view, then it is
Medial in location (Muffins rise). If a lesion does not move significantly, it
is likely more central/retroareolar in location.

CC view MLO view ML view

c. Exaggerated lateral and medial CC views can be performed to visualize

the deeper portions of the relative hemispheres of the breast.

. Rolled CC views can be used to assess whether an asymmetry seen on CC
view is real or localize a finding only seen on CC view to the superior or
inferior breast depending upon the relative movement of the lesion. For
example, if a lesion on a “rolled lateral CC view” (meaning superior breast
is rolled laterally as the inferior breast is rolled medially) moves medially
relative to a routine CC view, that lesion is in the inferior breast. In our
case, the finding is not seen on the original CC view and rolled views are
of no additional value.
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24c. c. Posterior nipple line (PNL) is too short on the CC view.

Proper positioning criteria exist for breast imaging modalities aimed to ensure
greatest amount of tissue has been included in the examination.

On the MLO view:

— Pectoralis muscle should be visible down to at least the PNL (line drawn
from the nipple, perpendicular to surface of pectoralis muscle).

— Anterior margin of pectoralis should be convex (relaxed muscle to allow
maximum pulling of tissue).

— Inframammary fold should be included and open.

— Nipple should point anterior and not inferior to allow spreading of tissue
and uniform compression (avoid sagging tissue with a “Camel nose”
appearance).

On CC view:

— PNL should be within 1 cm of the length of the line on MLO view.
— Try to include as much posteromedial tissue without exaggerating as this
part of the breast may be excluded on MLO [28, 29].

Left MLO Left CC Repeat Left CC

Left MLO and CC views show that the PNL on the left CC view is not within 1 cm from that on the
left MLO view. The patient was called back, and a repeat left CC view was performed with improved
positioning. Now, the PNL line on the left CC view is within 1 cm of the PNL line on the MLO view
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25a.

25b.

c. BI-RADS Category 0: Incomplete. Additional workup is recommended.

There is an asymmetry with convex somewhat spiculated margins overlying
the left pectoralis muscle only seen on the left MLO view that needs further
evaluation. Hence, assignment of “Benign” to this mammogram is inaccurate.

Category 4 can only be assigned after a diagnostic workup and not from a
screening mammogram. The asymmetry requires verification (whether it is a
true lesion versus overlapping tissue), localization and further characterization
(either with additional mammographic views and/or ultrasound) and workup
to assess how the biopsy is to be performed.

MRI is not used for diagnostic workup from a screening mammogram.

d. BI-RADS Category 0: Incomplete. Additional workup is recommended.

A suspicious finding, whether it has been stable or increasing, warrants addi-
tional workup and potential biopsy.

Comparison should preferably be made to multiple older mammograms to
detect slowly growing tumors. Women taking tamoxifen may have breast
lesions that appear stable or even decreasing.

Any abnormality noted on screening mammography needs to be worked up
before a BI-RADS 3, 4, or 5 can be assigned [30].

Current 13 months ago



3 Screening Mammogram m

26. e. Scattered bilateral calcifications.
Causes of missed breast cancer:

1. Technical factors (improper positioning, suboptimal exposure, motion, etc.).

2. Patient factors (breast size and breast density).

3. Lesion factors (one view finding, developing asymmetry, slow-growing
mass, malignancy with benign features, subtle calcifications/architectural
distortion).

4. Reader factors (distractions, interruptions and cognitive bias such as diffi-
cult location of an obvious mass, blind spots, and satisfaction of search).

In order to reduce Cognitive bias, the reader should:

— Be strict about technical factors to ensure optimal quality.

— Follow a systematic review of the screening mammogram and check the
common blind spots which are located overlying and anterior to the pectora-
lis muscle, inferior and medial breast, retroareolar region, and the retroglan-
dular fat).

— Compare the current mammogram to multiple prior mammograms 5-7 years
old if possible (slowly changing lesions or relatively stable lesions with sus-
picious or indeterminate features still require workup and biopsy) [31].

Causes of missed breast cancer and potential strategies to improve

Type Example Potential remedies

Technical factors | Positioning Provide proper training and continuous
Motion feedback to technologists and repeat the image
Exposure when needed

Breast size
Tissue density

Patient factors

Ensure appropriate positioning and technique

Lesion factors One view finding or
developing asymmetry
Subtle calcifications or
architectural distortion
Stable or benign

appearing masses

* Be aware of interval changes and suspicious
features

* Be aware if the finding is in an area of

palpable concern

Be careful of areas in the breast that are only

seen in one view

» Compare current mammograms to older
mammograms up to 5-7 years old

* Do appropriate workup with additional views

* Be aware of stable calcifications with
suspicious features

* Be aware of new or slowly increasing
calcifications

* Do not trust negative ultrasound, especially
when an architectural distortion is suspected
on the mammogram, proceed with biopsy

* Be aware of stable lesions with suspicious

features

Be sure all features of a benign mass are present

* Have a low threshold for biopsy in high-risk
patients
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Causes of missed breast cancer and potential strategies to improve

Type

Example

Potential remedies

Reader factors
(most common)

1. Cognitive bias:
— Satisfaction of
search
— Inattention
blindness
— Difficult location
2. Distraction and
interruptions

» Systematic search method and secondary
search

e Careful when correlating findings on
different modalities

¢ Check blind spots and “forbidden zones”

 Pay attention to areas of clinical concern

» Be vigilant on positioning and triangulation

 Try toread in a quiet place when possible

Dedicated screening time when feasible

Focus and double check

27. b. BI-RADS Category 2.

Prominent bilateral “tram-track” calcifications are seen, consistent with vascu-
lar calcifications. This type of calcifications can be seen in older patients or
patients with chronic diseases such as diabetes, cardiovascular disease, or renal
failure [32]. Early calcifications can mimic cancer if only one edge of the artery
is calcified [33].

28. d. BI-RADS Category 0: There is a mass and abnormal nodes in the left breast.

There is a spiculated mass in the left 3 o’clock as well as prominent nodes in
the left axilla. An additional asymmetry with architectural distortion in the left
superior breast was also noted on tomosynthesis images. Patient was called
back and an additional workup was performed confirming two masses with
distortion at the left 2 and 3 o’clock posteriorly
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There was a sonographic correlate for the 3 o’clock mass but the 2 o’clock
lesion could not be seen sonographically. Multiple axillary nodes showed bor-
derline cortical thickening with preservation of fatty hila.

3.5cm
Left Breast Survey A Rad 3:00 4 CHFN

Left Axilla Trans

Stereotactic core needle biopsy of both masses showed invasive carcinoma with
ductal and lobular features.

“Satisfaction of search” is defined as decreased vigilance regarding and/or
decreased awareness of additional abnormalities after the first abnormality has
been identified. This form of cognitive bias, has been reported to account for
22% of missed radiologic finding, and can result in missed breast cancers [31].
Once an obvious (benign or malignant appearing) finding is seen (in this case
spiculated 3 o’clock mass), make sure to search for additional sites of potential
disease or associated findings (such as calcifications outside of a suspicious
mass or more than one mass or groups of calcification) on the image(s).

29. a. BI-RADS Category 2, benign findings.
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30.

Multiple bilateral benign-appearing masses are defined as at least three circum-
scribed or mostly circumscribed masses, with at least one mass in each breast.
To be considered partially circumscribed, at least 75% of the margins of a mass
should be circumscribed, with the remaining margins obscured by adjacent
fibroglandular tissue. No part of the margins may be indistinct or spiculated.
The multiple masses must have a similar appearance in that not one of them can
be substantially different from the others in terms of size, margin characteris-
tics, or density. Studies have suggested that interval cancer rate for patients with
multiple benign-appearing masses as described above, was similar to that
reported for the general population undergoing routine mammography in vari-
ous screening studies and hence no further workup is necessary [34].

b. BI-RADS Category 3 should not be assigned based on screening mammog-
raphy and is not indicated based upon low rate of cancer development as
mentioned.

¢ and d. Again based on the above no additional workup is necessary.
Furthermore, correlation of sonographic with mammographic findings in case
of multiple bilateral masses may be confusing and ultrasound may yield find-
ings other than simple cysts requiring follow-up and or aspirations with no
apparent benefit given no increased risk of interval cancers.

c. BI-RADS Category 2—Benign. Routine follow-up suggested.

The oval mass with mostly circumscribed margins containing coarse popcorn-
like calcification in the left 11-12 o’clock is a classic appearance of a calcified/
degenerating fibroadenoma. Once these classic calcifications appear, no further
workup is necessary. Earlier calcifications however can appear more pleomor-
phic, mimicking a malignant mass with calcifications, necessitating a biopsy.
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31.

32.

33.

b. African-American women are more likely to die from breast cancer than non-
Hispanic white women.

Although the incidence of breast cancer is not higher in African-American
women, they have higher mortality.

Factors that contributed to the ACR/SBI reclassification of African-American

women include that:

e African-American women are 42 percent more likely to die from breast can-
cer than non-Hispanic white women despite similar incidence rates.

e African-American women have a two-fold higher risk of aggres-
sive breast cancer, including the triple-negative breast tumors.

e African-American women are less likely to be diagnosed with stage I breast
cancer, but twice as likely to die of early breast cancers.

e African-American women have a higher risk of BRCA1 and BRCA2 genetic
mutations than women of Western European ancestry [4].

c. Cancers in patients with the BRCA1 mutation tend to be of higher grade with
an overall poorer prognosis than cancers in the general population.

Answer choice a is incorrect. The vast majority of breast cancers occur sporadi-
cally, and only approximately 6% of breast cancer cases are caused by BRCA1
and BRCA?2 mutations.

Answer choice b is incorrect. The age at breast cancer onset is much younger in
BRCA1 and BRCA2 mutation carriers than in the general population. The aver-
age age of breast cancer onset is 40 years in patients who are BRCA mutation
carriers, but 61 years in the general population. Approximately 55%—65% of
women with BRCA1 mutation and 45% of women with BRCA2 mutation will
develop breast cancer by 70 years.

Answer choice c is correct. Breast cancers in patients with BRCA1 mutation
tend to be of a higher grade, are negative for hormone receptors, and are larger
in size, with an overall poorer prognosis than those in the general population.

Answer choice d is incorrect. The sensitivity of mammography for the detec-
tion of breast cancer in patients with a BRCA mutation is significantly lower
than that in the general population. This is likely due to the fact that patients
with a BRCA mutation are younger at diagnosis and tend to have denser breast
tissue [35].

¢. Mammography.

Screening mammography is the only breast imaging modality that has been
evaluated in case controlled studies and shown to reduce the death rate from
breast cancer. In the late 1970s, a Swedish trial of over 130,000 women, showed
a 30% reduction in breast cancer mortality with invitation to screening. Since
then, numerous observational trials and follow-up of these patients have also
shown mortality benefit. No other breast screening modality has been evaluated
with such extensive case controlled studies [36].
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34. b. Motion left MLO.

The left MLO view is degraded by motion. This is visualized as blurring of the
lines in the left MLO view. Also, the round calcification in the left subareolar
breast is much sharper on the left CC view than the left MLO view.

A is incorrect. The pacemaker does not make the study inadequate. It limits
visualization of the axilla, and should be mentioned in the report.

C is incorrect. There are no significant skin folds.

D is incorrect. The right CC view includes adequate tissue as the retroglandular
fat is visualized and the posterior nipple line on the right CC views measures
within expected limits.

35a. b. Mass in the right upper outer breast.

Answer choice b is correct. There is a space-occupying mass visualized on
two views in the right upper outer breast. The pertinent finding is a mass, not
an asymmetry or a focal asymmetry. There are lymph nodes in the axilla bilat-
erally, which are of normal size and appearance.

35b. c. BI-RADS 0.

Recommend additional evaluation with diagnostic mammography and ultra-
sound. Additional evaluation of the mass must be obtained to further charac-
terize the mass.

A is incorrect. Although the abnormality is suspicious, the choices for
BI-RADS assessment from screening mammography include 1,2, or 0.
Additional evaluation must be obtained for further evaluation before any other
BI-RADS category can be assigned.

B is incorrect. Breast MRI is not indicated in the evaluation of this lesion at
this point. Breast MRI can be used for equivocal mammographic lesions,
including one-view findings with no US correlate. It is not the first-line evalu-



Screening Mammogram 17

36.

37.

38.

ation of breast masses. Breast MRI should never be used as a substitute for
complete imaging evaluation (with mammography or ultrasound) or for
biopsy [37].

d is incorrect. This mass requires further evaluation before a decision can be
made if it is probably benign or requires biopsy. BI-RADS 3 cannot be
assigned to a screening mammogram.

d. Inadequate technique, insufficient contrast enhancement.

There is no contrast in the study. There is a lack of contrast enhancement in
the vessels, heart, and breast. The technologist did not notice that the contrast
had not been injected and inadvertently obtained the post-contrast images.

a is incorrect. There is minimal, but not significant motion.

b is incorrect. This study is non-diagnostic. Breast MRI for detection of breast
cancer must be performed following contrast administration. The most sensi-
tive sequences for detection of breast abnormalities are dynamic T1-weighted
contrast-enhanced series.

c is incorrect. The positioning of the breast is adequate. The nipples are in
profile and centered and the entire breast is in the field of view.

Breast MRIs should be obtained on a scanner with a field strength of at least
1.5 T, to allow for adequate spatial resolution. Breast MRI must be obtained
with a dedicated breast coil, with at least four channels. Newer coils have over
16 channels (increasing the number of channels improves the signal-to-noise
ratio). Protocols can vary, and many centers include T2-weighted and
Diffusion-Weighted imaging, however, the basis of the study are the dynamic
T1-weighted post-contrast series. A pre-contrast T'1-weighted sequence (most
commonly axial) is followed by contrast infusion at a rate of approximately
2 mL/sec, followed by 2-5 post-contrast series. The use of dynamic series
allows for evaluation of the rate of contrast enhancement and washout. This
evaluation can be expedited with the use of commercially available CAD soft-
ware. Abbreviated MRI protocols have recently been developed allowing
reduction in cost and duration of breast MRI and increasing accessibility [38].

d. All of the above.

Multiple large studies have shown Digital Breast Tomosynthesis (DBT)
detecting more cancers while reducing the screening call back rate as com-
pared to Full Field Digital Mammography (FFDM). This leads to improved
sensitivity and specificity of screening mammography. The improved cancer
detection rate is mostly due to improved detection of invasive breast cancers.
The detection of DCIS (Ductal Carcinoma in Situ) appears to be similar
between DBT and FFDM [39, 40].

a. Asymmetries.

Asymmetries are responsible for a large number of false-positive screening
mammograms. Asymmetries are often caused by overlapping breast tissue on
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39.

40.

41.

FFDM. DBT reduces the overlapping breast tissue as the breast can be visual-
ized through a series of slices. Therefore, there are fewer unnecessary call-
backs for asymmetries with DBT. Architectural distortions are much better
visualized with DBT, and many times are caused by radial scars or other
benign processes. So, DBT recall rates for distortions are actually higher than
that of FFDM. Masses are better detected by DBT, but these are often cancers
and lead to improvement in cancer detection rates [41].

d. None of the above.

The FDA approved computer-aided detection (CAD) for mammography in
1998, and the Centers for Medicare and Medicaid Services (CMS) provided
increased payment in 2002 for mammograms interpreted with the use of
CAD. Since then, CAD technology disseminated rapidly. Even though there
has been little evidence that CAD improves the accuracy of mammographic
interpretations, CAD is currently used by a large percentage of breast imaging
centers in the USA. A very large-scale study for the Breast Cancer Surveillance
Consortium published in 2015 showed no significant improvement with the use
of CAD in interpreting screening mammograms. However, there are new
investigational artificial intelligence-based computer-aided detection (AI-CAD)
systems that have shown improved accuracy and sensitivity for detection of
breast cancer in small trials. As of the time of this publication, these are not yet
fully evaluated and are not widely commercially available [42, 43].

d. All of the above.

Whole breast ultrasound can be used as a supplementary screening tool, in
conjunction with screening mammography, especially in women with dense
breast tissue. Ultrasound can detect some lesions missed by mammography,
especially in dense breast tissue. In women with dense breast tissue, screen-
ing mammography alone reduced advanced breast cancer by 31% over no
screening mammography, while the combination of screening mammography
and ultrasound reduced advanced breast cancer by 40% [44].

d. All of the above.

Whole breast screening by ultrasound can be performed by Automated Breast
Volume Scanning (ABVS) or handheld ultrasound. Handheld ultrasound is
the technique used in the diagnostic evaluation of the breast. These two tech-
niques have been shown to have similar specificity and sensitivity. The advan-
tage of the automated device is time saving. However, this will require eventual
review by a radiologist who will bring the patient back for re-evaluation of
any indeterminate lesion, similar to screening mammography.

The major criticism of screening ultrasound (as with screening mammogra-
phy) is the relatively high false-positive rate (identification of lesions that are
eventually shown to be benign). However, the false-positive rate can be
reduced with long-term experience [45].
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