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Introduction

A radial scar (RS), also known as a radial sclerosing lesion or complex sclerosing lesion when larger than 1 cm, is a proliferative, low-risk breast 
lesion characterized histologically by a central fibroelastic core with ducts and lobules radiating outward, giving the lesion its characteristic stellate 
appearance (1, 2). This appearance often translates mammographically to architectural distortion or a spiculated mass, commonly prompting 
core needle biopsy (CNB). Atypia or other high-risk breast lesions, when found in conjunction with a RS, are strong risk factors for malignancy 
with upgrade rates, defined as rate of transformation into malignant or other high-risk breast lesions, reportedly varying widely (0–20%) (3-5). 
It is therefore standard practice to surgically excise all RS with atypia found with percutaneous CNB, although most of these procedures will 
yield benign disease. The management of benign RS without atypia diagnosed with image-guided CNB remains controversial. Historically 
at our institution, we have referred patients with benign RS without atypia for surgical excision if vacuum assisted biopsy (VAB) was not 

Key Points

• Upgrade rate to malignancy was low in patients with radial scar lesions without atypia (1%).

•  Close imaging surveillance rather than surgical excision is an acceptable management option for radial scar lesions without atypia.

•  Vacuum-assisted biopsy and a larger number of samples allow better evaluation of the lesion and facilitate the follow-up decision for radial scars 
without atypia.
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ABSTRACT

Objective: Radial scar (RS) is a low-risk breast lesion that can be associated with or mimic malignancy. Management guidelines remain controversial 
for patients with RS without atypia on core needle biopsy (CNB). The aim was to evaluate the upgrade rate of these lesions and factors associated with 
malignancy risk and excision rate to more definitively guide management.

Materials and Methods: In this retrospective study, 123 patients with RS without atypia, diagnosed with CNB between January 2008 to December 
2014 who were either referred for surgical excision or followed-up with imaging, were reviewed. The differences in clinical presentation, imaging features, 
and biopsy technique among the benign RS patients and those upgraded, as well as the excised versus the observed patients were compared.

Results: Of 123 RS reviewed, 93 cases of RS without atypia as the highest-grade lesion in the ipsilateral breast and with either 24-month imaging follow-
up or surgical correlation were included. Seventy-four (79.6%) lesions were surgically excised and 19 (20.4%) were followed-up for at least 24 months. A 
single upgrade to malignancy (1%) and 15 upgrades to high-risk lesions (16%) were found. There was no association of any upgraded lesion with presenting 
symptoms or imaging features. The use of vacuum-assistance and larger biopsy needles, along with obtaining a higher number of samples, was associated 
with fewer upgrades and lower surgical excision rates.

Conclusion: The upgrade rate of RS without atypia in our population was low, regardless of the imaging features and biopsy technique utilized. Close 
imaging surveillance is an acceptable alternative to surgical excision in these patients.
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performed or if fewer than 12 core samples were obtained, regardless of 
the biopsy technique used. More recently, however, after institutional 
review of all RS diagnosed at CNB, we now return patients without 
atypia to screening and only review cases of RS with atypia at our 
Multidisciplinary Breast Conference to determine whether these 
patients will be referred for surgical excision or mammographic follow-
up. Although benign RS without atypia lesions carry a low cancer 
upgrade risk, treatment decisions remain non-uniform, often based on 
surgeon, radiologist, and patient preferences, patient clinical history 
and correlation of radiological and pathological characteristics (2-5).

Multiple small series have shown that, in the appropriate setting, RS 
diagnosed as benign at CNB can be safely followed-up (4, 6-9). Biopsy 
and pathologic criteria, such as the absence of atypical hyperplasia 
in biopsy samples, retrieval of at least 12 specimens, and extensive 
sampling with vacuum-assisted large-core biopsy devices have been 
identified as factors that may spare RS lesions from surgical excision (6, 
9-11). National Health Service, Arbeitsgemeinschaft Gynäkologische 
Onkologie guidelines and the Swiss Consensus recommend excision 
of RS lesions with or without atypia with VAB, followed by routine 
screening (12-14). Alternatively, some studies have recommended that 
all RS be surgically excised because of possible underestimation of 
malignancy due to sampling limitations (15-17). Additionally, it can 
be challenging for pathologists to histologically identify a RS, as the 
presence of glands trapped at the center of this lesion can be confused 
with entities such as tubular carcinoma (18).

Studies looking at RS without atypia range in size from 50–400 cases, 
with most of them focusing on the pathologic features of the lesion (3-
5, 7-9, 19-22). The primary aim of the present relatively large cohort 
study was to evaluate the surgical upgrade rate to malignancy of RS 
without atypia diagnosed with image-guided percutaneous CNB from 
a radiologic standpoint. Secondarily, we aimed to understand if any 
clinical or imaging factors correlate with the decision to excise the 
lesion and/or the rate of upgrade to malignancy to better understand 
the current variable practice patterns and consequently develop more 
standardized management algorithms.

Materials and Methods

This study is approved by the University of Texas Southwestern 
Institutional Review Board (IRB) with IRB number “STU 122013-
053”. In this study, we retrospectively reviewed all cases of RS without 
atypia detected by mammography, ultrasound (US) or magnetic 
resonance imaging (MRI) and confirmed with CNB or VAB, between 
January 1, 2008 to December 31, 2014 at our comprehensive hospital-
based imaging centers: A safety-net community hospital, in which 
patients from a wide range of socioeconomic backgrounds are cared 
for, regardless of their insurance status or financial ability to pay for the 
care they received, and a tertiary-care university hospital.

Patient Selection and Data Collection

Patients with a pathologic diagnosis of RS without atypia as the 
highest-grade lesion in the ipsilateral breast and with either 24-month 
imaging follow-up or surgical correlation were included in this study. 
Patients with other ipsilateral high-risk breast lesions, including 
atypical ductal hyperplasia (ADH), atypical lobular hyperplasia 
(ALH), flat epithelial atypia (FEA), and/or lobular carcinoma in situ 
(LCIS), ductal carcinoma in situ (DCIS) or invasive breast cancer were 
excluded from the study, while patients with contralateral high-risk 
lesions or breast cancer were not excluded. If a lesion was unchanged 

with 24 months or longer imaging follow-up, it was considered benign 
and the patient returned to routine screening. Patients who were not 
compliant with a 24-month follow-up were excluded, if surgery was 
not performed instead.  Surgical pathologic correlation included both 
focal lesion excision and mastectomy specimens.

The imaging and pathology report was reviewed for each case 
by a radiologist specializing in breast imaging. For cases deemed 
concordant, pathology was not re-reviewed. If the RS was thought to 
be an incidental finding (for instance, RS diagnosed with several other 
associated benign pathologies), pathology was re-reviewed to confirm 
that the targeted lesion seen with imaging represented the dominant 
RS without atypia diagnosed pathologically.  

Medical records were reviewed for patient demographics, patient 
symptoms (asymptomatic, palpable mass, pain bloody or non-bloody 
nipple discharge), history of ipsilateral or contralateral breast cancer, 
imaging modality of lesion detection, imaging guidance method for 
biopsy, radiologic lesion size, type of biopsy device (spring-loaded 
versus vacuum), needle size, and number of specimens obtained. Our 
cohort includes patients referred from screening and patients presenting 
with symptoms. Imaging and pathology reports were reviewed for all 
lesions. Histologic lesion size (mm), presence or absence of atypia, 
radiological lesion type (architectural distortion, focal asymmetry or 
mass, calcifications, MRI mass, MRI non-mass enhancement), and 
histologic classification of cancers (invasive cancer or in situ lesion) 
or high-risk lesions (ADH, ALH, FEA, LCIS) found upon surgical 
excision were recorded for each lesion.

Imaging and Biopsy Techniques

Digital mammographic examinations performed included at least 
standard mediolateral oblique and craniocaudal images (Hologic 
Selenia and Hologic Selenia Dimensions). Targeted sonography was 
performed using a broadband, 5–12 MHz linear array transducer 
(HDI 5000, GE E9, Philips iU22). Contrast enhanced breast MRI 
was performed using a 1.5 T magnet (GE 450W Optima and Philips 
Achieva). Percutaneous biopsy was performed using MRI, US or 
stereotactic (Hologic, Marlborough, MA, USA) guidance and a clip 
was placed to mark the biopsy site. In patients with mammographically 
detected microcalcifications, a specimen radiograph was obtained to 
confirm the presence of calcifications in the obtained biopsy samples. 
The biopsies were performed either with vacuum-assisted or spring-
loaded devices.

All examinations were performed and/or interpreted by fellowship-
trained breast radiologists, with 4–38 years of practice experience.

Reference Standard

The surgical pathology report for each excised lesion was classified 
according to the highest-grade lesion in one of the following categories: 
malignant (DCIS or invasive carcinoma), high-risk (ADH, ALH, 
FEA, or LCIS), or benign (proliferative changes without atypia, other 
benign lesions). These final pathology results upon excision served as 
the reference standard. Also, imaging follow-up without radiologic 
upgrade for >24 months are accepted as reference standard.

Data Storage and Statistical Analysis

Data were stored using a computerized spreadsheet (Microsoft Excel; 
Microsoft Corporation, Redmond, WA, USA). Statistical analysis 
was performed according to the reference standard with commercial 
software (SPSS, IBM Inc., Armonk, NY, USA). Differences in 
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categorical variables, imaging features and biopsy techniques among the 
benign vs upgraded (to malignancy or high-risk lesions) and observed 
vs excised RS were compared using the chi-square test. The number of 
biopsy cores obtained and biopsy needle sizes were categorized as <12 
vs ≥12 cores and <14-gauge vs ≥14-gauge, respectively. The means, 
standard deviations (SD), and ranges of continuous variables (lesion 
size, patient age) were compared across the groups using the t-test and 
Wilcoxon–Rank Sum test. 

Results

Patient and Lesion Characteristics

Of the 123 RS without atypia reviewed, 93 lesions diagnosed at 
percutaneous biopsy in 92 women were included in the study. The 
other 30 (24.4%) lesions were excluded due to history of ipsilateral 
breast cancer (n = 5) or insufficient imaging or surgical follow-up (n 
= 25). The patient selection is illustrated in a flowchart in Figure 1. 

Among the 93 lesions from 92 patients included in the study, 79 
(85%) patients were asymptomatic and were referred from screening, 
while 14 (15%) patients presented with symptoms. Of these, 74 
(79.6%) lesions were surgically excised and 19 (20.4%) were followed-
up with imaging for at least 24 months. The median (range) length of 
follow-up was 41 (24–61) months. The mean ± SD radiologic lesion 
size was 13.7±8.6 mm (range: 3–50 mm) and mean ± SD patient age 
was 51.5±9.3 years (range: 29–71 years). Of the 82 lesions diagnosed 
either with mammography or breast US, 31 (33.3%) were identified as 
architectural distortion, 24 (25.8%) were calcification and 27 (29%) 
were focal asymmetry or mass. Of the 59 VABs performed, 44 (74.6%) 
were stereotactic, 8 (13.5%) were US-guided and 7 (11.8%) were MRI 
guided. The other 34 lesions were biopsied with spring-loaded devices 
(≥14 gauge). Lesion features and information about detection and 
biopsy modalities are summarized in Table 1. 

Factors Associated with Surgical Upgrade

Only one lesion among 93 [1.1%, 95% confidence interval (CI), 
0–5.8%] was upgraded to malignancy after surgery. This single case 
of malignancy (intermediate grade DCIS) presented in a 62-year-
old, asymptomatic woman as a 1 cm area of architectural distortion 
detected independently with both screening mammography and 
automated whole breast screening sonography. Six 14-gauge biopsy 
samples were obtained using US-guidance (Figure 2).

There were 15 (15/93, 16.1%, 95% CI: 9–25%) cases of high-risk 
pathology identified after surgical excision. These cases included ADH, 
ALH, FEA, and LCIS. There was no significant association of these 
lesions with upgrade to either atypia or malignancy with respect to 
patient symptoms, imaging modality of detection, lesion size, imaging 
guidance method for biopsy, type of biopsy device, needle size, or 
number of specimens. A meaningful statistical analysis could not be 
performed due to the limited number of upgrades. The mean lesion 
size of benign lesions was 13.2±8.5 mm and that of high-risk lesions 
was 15.3±9.0 mm (p = 0.4). The mean patient age was 51.0±9.2 years 
in the benign group and 53.5±9.5 years in the high-risk group (p = 
0.3). The features of the high-risk lesions and the one malignant lesion 
are summarized in Table 2. 

None of the 19 lesions followed-up for 24 months or longer developed 
any suspicious interval change and all were therefore considered benign 
at the end of the follow-up period. A case successfully followed up for 
24 months is demonstrated in Figure 3.

Factors associated with Excision 

The surgical excision rate was significantly lower in the university 
hospital (30/45, 66.7%) patients as compared to the safety net hospital 
patients (44/48, 91.7%) [odds ratio (OR): 0.18, 95% CI: 0.05–0.6, 
p = 0.003]. MRI masses (6/6, 100%), architectural distortion (27/31, 

Figure 1. Flowchart describing patient selection
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87.1%) and palpable masses (23/27, 85.2%) were excised more 
frequently than calcifications without masses (15/24, 62.5%) and 
MRI non-mass enhancement (3/5, 60%) (p = 0.07). The surgery 
rate was significantly lower among VAB (43/59, 72.9%) compared to 
spring-loaded CNB (31/34, 91.2%) (OR: 0.26, 95% CI: 0.07–0.97, 
p = 0.035).

Although the biopsy modality was not significantly associated with the 
surgical excision rate (p = 0.08), lesions biopsied with smaller needles 
(≥14 gauge) were excised more frequently than those biopsied with 
larger needles (<14 gauge) [31/34 (91.2%), 43/59 (72.9%), OR: 3.8, 
95% CI: 1.0–14.4, p = 0.03]. The number of core samples obtained 
during biopsy was also significantly associated with the excision rate, 
with lesions sampled with less than 12 cores being excised more 
frequently than lesions sampled with greater than or equal to 12 cores 
[44/48 (91.7%) vs 29/41 (70.7%), OR: 11.0, 95% CI: 0.7–2.4, p = 
0.01].

The mean size of the observed lesions was 12±8.1 mm and that of 
the surgically excised lesions was 14.1±8.6 mm (p = 0.3). The mean 
patient age was 54.6±9.1 years in the follow-up group and 50.7±9.2 
years in the surgery group (p = 0.1). The presenting symptoms and 
radiographic lesion types were not significantly associated with the 
decision to excise. The features of excised vs observed lesions are 
further summarized in Table 3.

Discussion and Conclusion

The rate of upgrade to malignancy was 1% (n = 1) among the 93 
RS lesions without atypia in our series. The single case upgraded 
to malignancy was shown to be an intermediate grade DCIS upon 
surgical excision identified in an asymptomatic 62-year-old patient 
sampled with a 14-gaude needle using US guidance. There were no 
cases of invasive malignancy identified. Sixteen percent (15/93, 16.1%) 
of high-risk lesions were detected upon surgical excision including 
ADH, ALH, FEA, and LCIS. None of the 19 lesions followed-up 

Table 1. Lesion and biopsy features

Features Frequency (%)

Hospital
University Hospital 45 (48.4)

Safety Net Hospital 48 (51.6)

Presenting symptom

Asymptomatic 79 (85)

Mass 11 (11.8)

Pain 1 (1.1)

NBNDC 1 (1.1)

BNDC 1 (1.1)

Lesion type

Architectural distortion 31 (33.3)

Calcification 24 (25.8)

Focal asymmetry or mass 27 (29)

MRI mass 6 (6.5)

MRI non-mass enhancement 5 (5.4)

Detection modality

US 9 (9.2)

Mammography 73 (78.5)

MRI 11 (11.8)

Biopsy modality

US 41 (44.1)

Stereotactic 45 (48.4)

MRI 7 (7.5)

VAB
Yes 59 (63.4)

No 34 (36.6)

Needle gauge

9 53 (56.9)

14 32 (34.4)

Other 8 (8.6)

Number of biopsy samplesa
<12 48 (51.6)

≥12 41 (44)

NBNDC: non-bloody nipple discharge; BNDC: bloody nipple discharge; VAB: vacuum assisted biopsy; US: ultrasound; MRI: magnetic resonance imaging;  
a: This information is missing for 4 (4.3%) cases
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with imaging for at least 24 months developed malignancy. Our 
results agree with and further support those of other studies suggesting 
that concordant RS without atypia diagnosed with CNB have a low 
malignancy risk and can be safely followed-up rather than excised (9, 
15, 20, 22-25).

Studies addressing the malignant upgrade of percutaneously diagnosed 
RS without atypia have reported variable upgrade rates, ranging from 
0 to 20% (3-5, 8, 9, 19, 20, 26, 27). Such variability is attributable 
primarily to limited study cohort sizes, differences in inclusion criteria, 
and possible biases when making excision decisions. In addition to 

differences in sample size, variability in pathologists’ interpretations 
of core biopsy specimens may also account for the differing results, 
as it can be challenging to distinguish RS from low grade carcinoma, 
especially those of tubular subtype (28). Despite numerous published 
studies, management of RS remains controversial. Radiologists 
and surgeons still routinely recommend excision of RS. Moreover, 
with tomosynthesis becoming commonplace in both the screening 
and diagnostic setting, there is increasing detection of architectural 
distortion that frequently yield RS. Thus, this study is more relevant 
than ever and has increasing ramifications on health care costs and 
overall patient care.

Figure 2.  A benign radial scar case in a  62-year-old asymptomatic screening patient  upgraded to DCIS upon surgical excision, 
A. Screening whole breast ultrasound revealed architectural distortion (arrow) in the lower inner quadrant of the left breast, 
B. Left craniocaudal (CC) image confirms distortion (arrow) medially within the left breast. C. Targeted ultrasound confirms 
an irregular hypoechoic mass with obscured margins (arrow) in the 9 o’clock left breast, located 4 cm from the nipple. 
An ultrasound-guided biopsy was performed with a 14-gauge core needle biopsy device, taking 6 cores.  The pathology 
yielded benign radial scar with fibrocystic changes associated with microcalcifications.  D. Left CC image following the 
biopsy  confirms the placement of a ribbon-shaped clip (arrow) in close proximity to the distortion. Subsequent wire-guided 
localization (not shown) and excision also revealed intermediate grade ductal carcinoma in situ with positive margins requiring  
re-excision

DCIS: ductal carcinoma in situ
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Our study further supports imaging follow-up of RS as reasonable 
management, in that these lesions have a low probability of causing 
clinically overt disease (29-32). In our series, there was no significant 
difference in upgrade to atypia or malignancy with respect to patient 
symptoms, imaging modality of detection, lesion size, imaging 
guidance method for biopsy, type of biopsy device, needle size, or 
number of specimens. In contrast, some smaller studies have shown 
patient age, lesion size and calcifications within the lesion to be 
associated with an increased malignancy risk of these RS lesions (4, 
5, 19).

The use of percutaneous CNB for the initial evaluation of clinically 
occult breast lesions is now widespread and is a practical alternative to 
open surgical biopsy for most patients. In previous studies, investigators 
have reported high rates of concordance between the histologic findings 
of percutaneous biopsy and surgical biopsy (9, 33-35). Compared with 
spring-loaded biopsy needles, VAB usually provides pathologists with 
larger individual samples, thereby inherently improving visualization 
of the architecture of RS (8). It has been suggested that the highest 
diagnostic yield with stereotactically-guided VAB can be achieved with 

12 specimens per lesion and that this yield is not improved with more 
than 12 specimens (36). Although we did not observe any significant 
association between upgrade rate and the use of vacuum-assistance, 
biopsy modality guidance, needle size or number of cores obtained; the 
surgery rate was significantly lower when vacuum-assistance or a larger 
needle (<14 gauge) was used or when more cores were obtained (≥12 
cores). Although there were no firmly adopted policies at either facility 
regarding excision or imaging follow-up of RS, these identifiable 
procedural parameters seen to be associated with excision of these 
lesions are important to highlight in order to better understand the 
current variable practice patterns and consequently develop more 
standardized management algorithms. This trend in and of itself 
introduces a bias regarding excision decisions.

Limitations of our study include apparent bias, as above, in regard 
to the decision to surgically excise lesions. Also, we did not perform 
pathologic re-evaluation to confirm the diagnoses of RS without atypia, 
except for pathologically discordant lesions and suspected incidental 
lesions. Additionally, if a patient in our cohort was not an established 
patient of a breast surgeon and the radiologist recommended follow-up 

Figure 3.  Radial scar case successfully managed with 24-month imaging follow-up  in a  53-year-old woman 
who presented for screening mammography prior to planned lung transplantation, A and B.  Left MLO and CC 
tomosynthesis slices depict architectural distortion (arrows) in the upper inner quadrant of the left breast.   
C. A targeted ultrasound of the distortion reveals an irregular hypoechoic mass with spiculated margins (arrow) in the 11 o’clock left breast, 
located 2 cm from the nipple. An ultrasound-guided biopsy was performed with a 14-gauge core needle biopsy device, taking three cores. The 
pathology yielded benign radial scar without proliferative changes. D and E. Left MLO and CC digital mammogram images 3 years after the 
initial biopsy show stable architectural distortion (arrows) and a nearby biopsy clip in the upper inner quadrant of the left breast

MLO: mediolateral oblique; CC: craniocaudal
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after CNB based on concordance and confidence in adequate sampling 
of the RS, that patient was not referred to a surgeon and excision was 
not performed. If, however, a patient was already established with a 
breast surgeon, the radiologist recommendation of excision versus 
imaging follow-up was noted, but the ultimate decision to excise was 
based on the surgeon and patient preference.

Notably, the excision rate was higher in the safety net hospital 
population compared to the university hospital (91.7% vs 66.6% p = 
0.003). These variable excision rates are largely the result of the varying 
management of these lesions by the surgeons at our institution. One 
explanation for this difference in management is that the follow-
up of safety net patients has proven to be difficult due to observed 
compliance issues within that population stemming from lack of 
transportation and language barriers. Additionally, the management 
of asymptomatic lesions, not otherwise managed by a surgeon, is 
driven by the radiologist and the radiologists’ recommendations after 
biopsy of a benign RS without atypia was not consistent or formally 
standardized for concordant lesions. If the imaging appearance was 
discordant with the biopsy results, or if clinical symptoms warranted 
excision, these patients were referred for surgical consultation. With 
the present study, it was hoped to determine if any imaging features 
and/or the biopsy technique correlated with the decision to excise the 
lesion in order to better understand these discrepancies and hopefully 
develop more uniform management algorithms.

Another possible limitation of this study was the use of a 24-month 
imaging follow-up period as a surrogate for benign status. Although 
it is possible that a RS can develop associated high-risk lesions or 
malignancy beyond two years, it is highly unlikely (37). Furthermore, 
the median follow-up period in our study was 41 months (n = 19). 

In addition, practice guidelines regarding management of RS lesions 
without atypia was changed within the timeframe of our study, which 
could have caused variations in the management. Another potential 
limitation is that lesions without surgical correlation or 24-month 
imaging follow-up were excluded from the study (n = 27), decreasing 
our cohort size and statistical power. Given that our academic site is 
a tertiary care center, a subset of these patients may have returned to 
their referring institutions after the diagnosis and may not be truly lost 
to follow-up. The possibility of subsequent breast cancer among these 
patients could not be ruled out, as this information was not provided 
to us. Lastly, although this study included seven years of data and 
93 RS, the relatively low rate of upgrade to malignancy among RS 
resulted in a lack of statistical power for finding predictors of upgrades. 
Future studies using an enriched population of RS cases with upgrade 
to malignancy may reveal factors associated with the malignancy risk 
of RS.

This study represents one of the largest multi-institution studies of 
RS without atypia diagnosed with CNB. RS without atypia has a 
sufficiently low upgrade rate to malignancy (1%) and high-risk lesions 
(16%) that imaging surveillance seems to be an acceptable alternative 
to surgical excision in the absence of another high-risk lesion that could 
change management. At our institution patients upgraded to high-
risk lesions are individually presented at our Multidisciplinary Breast 
Conference to discuss the need for risk reduction chemoprophylaxis 
and/or enhanced imaging surveillance. Larger prospective studies or 
a meta-analysis of multiple studies may be helpful to determine if 
the patient’s presenting symptoms, imaging features of the lesions or 
biopsy techniques are associated with the decision to excise and/or the 
upgrade rates.

Table 2. Features of lesions upgraded to malignancy or atypia after surgical excision

Site Modality 
diagnosed

Lesion 
type

Modality 
biopsied

Age Needle 
gauge

No of 
samples

Size 
(mm)

Vacuum 
biopsy?

Symptoms

M1 UH Mammo AD US 62 14 6 10 No Asymptomatic

HR1 SNH Mammo AD US 52 14 4 15 No Asymptomatic

HR2 SNH Mammo AD Stereo 63 9 7 5 Yes Asymptomatic

HR3 SNH Mammo AD Stereo 55 9 12 13 Yes Asymptomatic

HR4 SNH Mammo Calc Stereo 40 9 12 35 Yes Asymptomatic

HR5 SNH Mammo AD US 61 14 3 8 No Asymptomatic

HR6 SNH Mammo AD Stereo 42 9 12 23 Yes Asymptomatic

HR7 SNH Mammo AD Stereo 39 9 12 12 Yes Pain

HR8 UH Mammo Calc Stereo 53 9 12 4 Yes Asymptomatic

HR9 UH Mammo Calc Stereo 67 9 12 10 Yes Asymptomatic

HR10 UH Mammo AD Stereo 72 9 12 25 Yes Asymptomatic

HR11 UH US Mass US 60 14  N 5 No Asymptomatic

HR12 UH Mammo AD US 48 14 7 25 No Asymptomatic

HR13 UH Mammo Calc Stereo 53 9 12 20 Yes Asymptomatic

HR14 UH MRI NME MRI 46 9 12 10 Yes Mass

HR15 UH US Mass US 49 14 4 20 No BNDC

M1: malignant lesion 1; HR1-15: high-risk lesions 1 to 15; SNH: safety Net Hospital, UH: university hospital, Stereo: stereotactic; AD: architectural distortion; 
Calc: calcification; BNDC: bloody nipple discharge; N: this information is missing for this case
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