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Abstract Radial scars (RS’s) are benign breast lesions

known to be associated with carcinomas and other high-

risk lesions (HRL’s). The upgrade rate to carcinoma after

core biopsy revealing RS is 0–40 %. We sought to deter-

mine the outcomes of RS with and without HRL diagnosed

by core biopsy. Patients who underwent core biopsy

revealing RS without carcinoma at our institution between

1/1996 and 11/2012 were identified from a surgical

pathology database. Retrospective chart review was uti-

lized to classify patients as RS-no HRL or RS-HRL. HRL

was defined as ADH, LCIS, and/or ALH. We determined

upgrade rate to carcinoma at surgical excision, and upgrade

to HRL for RS-no HRL patients. Univariate analysis was

performed to identify risk factors for upgrade in RS-no

HRL patients. 156 patients underwent core biopsy reveal-

ing RS, 131 RS-no HRL (84 %), and 25 RS-HRL (16 %).

The overall rate of upgrade to invasive carcinoma was

0.8 % (1/124). 1.0 % (1/102) of RS-no HRL and 13.6 %

(3/22) of RS-HRL patients were upgraded to DCIS

(P = 0.0023). The upgrade of RS-no HRL to HRL at

excision was 21.6 % (22/102). By univariate analysis, RS-

no HRL with radiologic appearance of a mass/architectural

distortion had a significantly higher rate of upgrade to HRL

or carcinoma compared with calcifications (P = 0.03).

Excision of RS to rule out associated invasive carcinoma is

not warranted, given a\1 % rate of upgrade at excision.

However, excision to evaluate for non-invasive cancer or

HRL may be considered to help guide clinical decision-

making about use of chemoprevention.
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Introduction

Radial scar (RS) or complex sclerosing lesion is a rare,

benign lesion of the breast with unknown etiology. Histo-

logically, RS’s consist of a central fibroelastotic core with

outwardly radiating ducts, creating a stellate appearance

[1]. RS’s can be indistinguishable from invasive carcinoma

by radiologic appearance alone, often presenting as a spi-

culated mass or architectural distortion [2–10]. As a result,

core needle biopsy is commonly recommended for histo-

logic confirmation of suspected RS’s.
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For HRL’s such as atypical ductal hyperplasia (ADH),

core biopsy alone is considered unreliable and surgical

excision is recommended to rule out malignancy. RS’s are

known to be associated with carcinoma and proliferative

breast disease [2, 4, 7, 11–14], and have a 0–40 % reported

rate of upgrade to malignancy at excision [15–25]. Given

the lack of consistency in rate of associated malignancy,

the role of surgical excision following core biopsy dem-

onstrating RS remains controversial. In addition, factors

predictive of upgrade for RS’s diagnosed by core biopsy

have not been definitively identified in previous studies.

The purpose of this study was to evaluate the outcomes

of RS’s without carcinoma diagnosed by core biopsy. We

sought to determine the rate of upgrade to carcinoma upon

surgical excision of RS’s with or without associated HRL

on core biopsy. In addition, we analyzed factors predictive

of an upgrade to carcinoma or HRL for patients diagnosed

with RS without HRL on core biopsy.

Methods and patients

With approval from Massachusetts General Hospital/Part-

ners Healthcare institutional review board, we identified

patients from the surgical pathology department’s database

who underwent a core biopsy at our institution revealing

RS without carcinoma between 1/1996 and 11/2012. Ret-

rospective medical record review was utilized to collect

data on surgical, pathologic, and radiologic procedures and

findings, as well as patient characteristics.

Core needle biopsies were performed with stereotactic,

sonographic, or MRI guidance, and marker clips were placed

routinely for each type of biopsy. Stereotactic biopsy was

performed with a dedicated prone stereotactic biopsy table

(MultiCare Platinum, Lorad). The Mammotome system with

11-gauge devices were used from 1997 to 2007, after which

vacuum-assisted 7-gauge (EnCor, SenoRx) and 9-gauge

(Eviva, Hologic) devices were used with at least four and six

specimens routinely acquired, respectively, per institutional

protocol. Additional specimens were acquired at the discre-

tion of the performing radiologist. Specimen radiography and

post-biopsy mammography were routinely performed for all

patients. Ultrasound-guided biopsy was performed with the

patient in a supine position using a 12.5-MHz linear array

(iU22, Philips Healthcare). Fourteen-gauge core biopsy nee-

dles (Monopty, Bard) were used, and, according to institu-

tional protocol, five specimens were routinely acquired.

Additional specimens were acquired at the discretion of the

performing radiologist. Mammography was routinely per-

formed after biopsy for all patients to document the accuracy

of clip deployment. We began performing MRI-guided

biopsies at our institution in 8/2007, whichwere performed on

a 1.5-T magnet with a 4-channel coil (GE Breast Array Coil,

GE Healthcare) and an immobilization and biopsy system

(Breast Immobilization and Biopsy Device MR-BI 160,

NORASMRIProducts). During the study, a 9-gauge vacuum-

assisted device (SurosATEC,Hologic)was used. Post-biopsy

mammography was routinely performed for all patients to

document clip deployment. All percutaneous and excisional

pathology specimenswere reviewedbyone of six pathologists

specializing in breast pathology (with 10–30 years of expe-

rience). Pathology specimens at core biopsy were immedi-

ately placed in formalin, and all tissue specimens had

histologic slides prepared and stained with hematoxylin and

eosin according to institutional protocols. All patients who

underwent excisional biopsy had the percutaneous biopsy site

identified in the excisional biopsy specimen.

Patients were classified as RS-no HRL or RS-HRL

based on pathologic findings on core biopsy. Pathologic

diagnoses of complex sclerosing lesions were classified as

RS for the purpose of this study. HRL was defined as

identification of ADH, lobular carcinoma in situ (LCIS), or

atypical lobular hyperplasia (ALH). Core biopsies of RS

containing flat epithelial atypia (FEA), and/or other types

of epithelial atypia were excluded from the analysis.

Surgical excision is recommended per standard of care at

our institution for patients with a core biopsy demonstrating

RS. For this study, the upgrade rate to carcinoma was

determined for RS-no HRL and RS-HRL patients who

underwent surgical excision subsequent to core biopsy. Final

pathology of the excisional biopsy specimen was utilized to

determine upgrade to carcinoma, which included invasive

ductal carcinoma (IDC), invasive lobular carcinoma (ILC),

or ductal carcinoma in situ (DCIS). For RS-no HRL patients,

we also determined the rate of upgrade to HRL at surgical

excision using final pathology of the excised specimen.

Additional clinicopathologic data for the patient cohort

was collected. Patient characteristics included age at core

biopsy, history of breast cancer or concurrent contralateral

breast cancer. Patients with a diagnosis of concurrent ipsilat-

eral breast cancer were excluded from the analysis. Presen-

tation prompting the core biopsywhich resulted in a diagnosis

of RS was classified as screening mammogram, screening

MRI, or clinical detection. Clinical detection included a pal-

pable change in the breast exam, breast pain, or bloody/non-

bloody discharge. Radiologic appearance of the abnormality

biopsied was classified as calcifications, architectural distor-

tion/mass, orMRI enhancement. Core biopsies utilized in this

study were stereotactic, ultrasound-guided, or MRI-guided.

The most recent report from a visit with a primary care phy-

sician, breast radiologist, or breast oncologist was utilized to

determine which patients were diagnosed with a new breast

cancer during the period of follow-up after core biopsy

revealing RS and subsequent surgical excision.

The R Project was utilized for statistical analyses, with a

P value of \0.05 considered statistically significant.
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Univariate analysis was performed to identify risk factors for

upgrade to carcinoma or HRL in RS-no HRL patients.

Results

Patient cohort

11,816 image-guided core biopsies were performed during

the study period (1/1996–11/2012), from which we iden-

tified 180 (1.5 %) core biopsies corresponding to 179

patients revealing RS without carcinoma. 1 of the 180 RS

patients was diagnosed with RS-no HRL, did not undergo

surgical excision, and approximately 96 months later

underwent a repeat core biopsy again revealing RS-no

HRL in the same area of the breast. Only the later diagnosis

was included in this analysis. 15 core biopsies contained

RS with FEA and 8 contained other types of epithelial

atypia, and were therefore excluded from this analysis.

Therefore, the study cohort included 156 patients with

core biopsy revealing RS without carcinoma, 131 (84 %)

RS-no HRL and 25 RS-HRL (16 %) (Table 1). Of the 25

RS-HRL patients, 88 % (22) had ADH, 12 % (3) ALH, and

0 % (0) LCIS in association with RS on core biopsy.

A total of 124 of the 156 patients (80 %) underwent

surgical excision subsequent to the core biopsy revealing

RS (Fig. 1). This includes 102 of the 131 (78 %) RS-no

HRL patients and 22 of 25 (88 %) RS-HRL patients, who

underwent excision at a median of 1.05 months (range

0.23–11.0) and 1.15 months (range 0.46–9.61) post-core

biopsy, respectively.

Upgrade to carcinoma or HRL

The overall rate of upgrade to invasive carcinoma at sur-

gical excision for the patient cohort was 0.8 % (95 % CI

0.02–4.41 %, 1/124), 1.0 % (95 % CI 0.02–5.34 %, 1/102)

for RS-no HRL, and 0.0 % (95 % CI 0.0–15.4 %, 0/22) for

RS-HRL patients (P = 0.64). 1 % (95 % CI 0.0–5.34 %,

1/102) of RS-no HRL patients and 13.6 % (95 % CI

2.91–34.9, 3/22) of RS-HRL patients were upgraded to

DCIS at surgical excision (P = 0.0023). Clinical, patho-

logic, and radiologic data for the five patients upgraded to

invasive carcinoma or DCIS at surgical excision are listed

in Table 2. Of the four patients upgraded to grade 1 DCIS,

1 subsequently began tamoxifen, 2 were offered tamoxifen

but opted not to take it, and 1 was already on tamoxifen due

to a history of ipsilateral DCIS.

The rate of upgrade to HRL at surgical excision for RS-no

HRL patients was 21.6 % (95 % CI 14.0–30.8 %, 22/102).

TypeofHRLdetected at surgical excisionwas 36 %(8)ADH,

36 % (8) ALH, 23 % (5) LCIS, 5 % (1) ADH and ALH.

Of the 41 patients found to have HRL on core biopsy or

subsequent surgical excision (and not upgraded to carci-

noma), five began chemoprevention as a result of the

finding, three were already on chemoprevention, two were

unknown, and 31 did not begin chemoprevention.

Table 1 Clinicopathologic characteristics of the patient cohort at

core biopsy, as median (range) or n (%)

Total cohort

n = 156 (100 %)

RS-no HRL

131 (84 %)

RS-HRL

25 (16 %)

Patient characteristics

Age, years 48 (23–81) 55 (40–76)

Previous/concurrent

contralateral breast cancer

9 (7 %) 4 (16 %)

Initial presentation

Screening mammogram 96 (73 %) 22 (88 %)

Screening MRI 12 (9 %) 2 (8 %)

Clinically detected 22 (17 %) 1 (4 %)

Other imaginga 1 (1 %) 0 (0 %)

Radiologic appearance

Calcifications 55 (42 %) 20 (80 %)

Architectural distortion/mass 64 (49 %) 1 (4 %)

MRI enhancement 12 (9 %) 4 (16 %)

Type of core biopsy

Stereotactic 69 (53 %) 22 (88 %)

Ultrasound-guided 49 (37 %) 1 (4 %)

MRI-guided 13 (10 %) 2 (8 %)

a Incidental findings on liver MRI

Fig. 1 Outcomes of patients diagnosed with RS by core biopsy.

Abbreviations: RS radial scar, HRL high risk lesion, DCIS ductal

carcinoma in situ, INV invasive
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Factors associated with upgrade for RS-no HRL

patients

By univariate analysis, RS-noHRLpatientswith a radiologic

appearance of a mass/architectural distortion by ultraso-

nography ormammography had a significantly higher rate of

upgrade to HRL or carcinoma compared with calcifications

(33 vs. 13 %, P = 0.03) (Table 3). Age at core biopsy, his-

tory of breast cancer or concurrent contralateral breast can-

cer, initial presentation, and type of core biopsy were not

significant (P[ 0.05) predictors of upgrade.

Breast cancer development

111 patients who underwent surgical excision without

upgrade to invasive carcinoma or DCIS after core biopsy

revealing RS had post-excision follow-up at our institution.

Of the 111 patients included, 2.7 % (3) were on chemo-

prevention prior to the core biopsy with RS due to history

of HRL or breast cancer, and 10.8 % (12) began chemo-

prevention subsequent to surgical excision of the RS. At a

median post-excision follow-up of 45.5 months (range

1.2–158.6), three patients (1 RS-HRL and 2 RS-no HRL)

were diagnosed with a new ipsilateral or contralateral

breast cancer (Table 4).

33 patients did not undergo surgical excision at our

institution due to co-morbidities, personal preference,

transfer of care to another institution, or lack of follow-up.

3 RS-HRL and 22 RS-no HRL patients who did not

undergo excision had follow-up at our institution, with a

median of 79.2 months (range 5.51–142.9) post-biopsy

follow-up. Of the 25 patients with follow-up information, 1

RS-HRL patient with a history of contralateral IDC was

diagnosed with 0.3 cm grade 1 DCIS ipsilateral to the RS

at 15.4 months post-biopsy.

Table 3 Univariate analysis of risk factors for upgrade to HRL or

carcinoma for RS-no HRL patients

Risk factor P value

Patient characteristics –

Age at biopsya 0.51

Previous/concurrent contralateral breast cancer 0.92

Initial presentation 0.82

Screening mammo vs. screening MRI 0.75

Screening mammo vs. clinically detected 0.55

Screening MRI vs. clinically detected 0.87

Radiologic appearance 0.08

Calcs vs. arch distortion/mass 0.03

Calcs vs. MRI abnormality 0.76

MRI abnormality vs. arch distortion/mass 0.27

Type of core biopsy 0.32

Stereotactic vs. ultrasound-guided 0.20

Stereotactic vs. MRI-guided 0.76

MRI-guided vs. ultrasound-guided 0.27

Mammo mammogram, Calcs calcifications, Arch distortion architec-

tural distortion
a Analyzed as a continuous variable

Table 2 Clinical, pathologic, and radiologic data for patients upgraded to invasive carcinoma or DCIS at surgical excision

Patient Core

pathology

Initial

presentation

Radiologic

finding

Type of

core biopsy

Surgical

excision

pathology

History of breast

cancer

Concurrent

contralateral

breast cancer

1 RS-no HRL Screening MRI Arch

distortion/

mass

Ultrasound-

guided

Small focus

of DCIS,

grade 1

Ipsilateral DCIS

1 year preceding

with clear margins

No

2 RS-no HRL Screening

mammo

Arch

distortion/

mass

Ultrasound-

guided

0.7-cm ILC,

grade 1

No No

3 RS-HRL [ADH] Screening

mammo

Calcs Stereotactic \0.1-cm DCIS,

grade 1

No No

4a RS-HRL [ADH] Screening

mammo

Calcs Stereotactic 0.2-cm DCIS,

grade 1

No No

5 RS-HRL [ADH] Screening

mammo

MRI enhancement MRI-guided 0.7-cm DCIS,

grade 1

No No

RS radial scar, arch distortion architectural distortion, DCIS ductal carcinoma in situ, mammo mammogram, ILC invasive lobular carcinoma,

ADH atypical ductal hyperplasia, Calcs calcifications
a Patient diagnosed with contralateral invasive ductal carcinoma 8 months later
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Discussion

In this series of 156 patients,we found a\1 % rate of upgrade

to invasive carcinoma at surgical excision following core

biopsy revealing RS with or without an associated HRL.

Fourteen percent of RS’s with HRL on core biopsy were

upgraded toDCIS at excision, and 22 %ofRS’swithoutHRL

on core biopsy were found to be associated with HRL at

excision. Therefore, excision to rule out invasive carcinoma

is notwarranted. Excision to evaluate for non-invasive cancer

or an associated HRL may be considered to help predict

future risk of breast cancer and guide clinical decision-

making regarding the potential benefit of chemoprevention.

Core needle biopsy has become the standard procedure

for evaluation of suspicious breast lesions. Surgical exci-

sion is commonly recommended when core biopsy results

in the diagnosis of a high-risk breast lesion to rule out the

possibility of an associated malignancy [26]. Although

rates of upgrade to carcinoma vary, HRL’s such as ADH or

lobular neoplasia (ALH or LCIS) are generally considered

to have an unacceptably high rate of malignancy underes-

timation and thereby warrant surgical excision [27–31].

The need for surgical excision when core biopsy reveals

a RS remains unclear. Previous studies have reported a rate

of upgrade to carcinoma at surgical excision ranging from

0 to 40 % [15–25]. The wide variability in malignancy

underestimation is likely due to small, retrospective cohorts

and differences in standard clinical practice regarding use

of surgical excision for RS. A recent study surveying 477

members of the American Society of Breast Surgeons

demonstrated that only 57 % of respondents recommended

routine excision of biopsy-proven RS’s [32]. Forty percent

of the respondents reported use of selective excision, with

criteria based on radiologic–pathologic correlation (71 %),

lesion size (53 %), and the coexistence of atypia (37 %).

The argument in favor of excision of RS’s diagnosed by

core biopsy is based on the finding of a high rate of upgrade to

malignancy orHRL, as demonstrated in a number of previous

studies [20, 22–25]. In a series of 62 RS’s without atypia,

Linda et al. found an 8 % rate of upgrade tomalignancy (3 %

invasive carcinoma, 5 % DCIS), and demonstrated that

mammographic and sonographic features are insufficient to

predict which lesions will have associated malignancy [20].

The authors concluded that all RS’s diagnosed at imaging-

guided core biopsy should be surgically excised. Douglas-

Jones et al. evaluated the false negative rate of needle core

biopsy for the pre-operative diagnosis of RS, and found that

3.9 % (11/281) contained carcinoma at surgical excision

[22]. A review of 118 patients with biopsy-proven RS diag-

nosed in theWelsh Breast Screening Programme revealed an

upgrade to carcinoma or HRL of 26 % (25/95), thereby

warranting surgical excision [23].

Others argue that routine imaging follow-up is sufficient

given the low rate of upgrade to malignancy for biopsy-

confirmed RS’s [15, 16, 18]. In 2008, Resetkova et al.

analyzed 80 cases of RS with or without atypia and

reported a 0 % rate of upgrade to carcinoma [18]. In their

evaluation of a mammographic screening population,

Cawson et al. also reported a 0 % rate of upgrade to car-

cinoma for mammographically detected RS’s without aty-

pia, and suggested that these patients can be safely

managed with regular mammographic surveillance rather

than excision [16]. Utilizing one of the largest cohorts in

the literature, Brenner et al. reported an 8 % (13/157)

malignancy underestimation rate (3 % invasive carcinoma,

5 % DCIS) for RS’s with (28 %) and without (4 %) atypia

[15]. The authors suggest that excision of RS’s can be

avoided when certain criteria are met, including no asso-

ciated atypical hyperplasia at core biopsy, C12 biopsy

specimens collected, and concordant histologic and mam-

mographic findings. Finally, a study by Rajan et al. rec-

ommended use of mammotome excision to avoid surgical

excision for the management of RS without atypia [33].

In our series, we found a\1 % overall rate of upgrade to

invasive carcinoma for RS’s diagnosed on core biopsy,

which is relatively low compared with previous reports.

Table 4 Data for patients diagnosed with a new breast cancer after core biopsy and surgical excision of RS

Patient RS

pathology

Breast cancer prior to/concurrent with RS Time from RS

excision to

diagnosis

Pathology Location

1 RS-HRL

[ADH]

Concurrent contralateral IDC, underwent breast

conservation therapy followed by tamoxifen

62 months 1.1-cm invasive

metaplastic,

grade 3

Contralateral to RS

Ipsilateral to previous IDC

2 RS-no

HRL

No 42 months NOS breast cancer Ipsilateral to RS

3 RS-no

HRL

Concurrent contralateral high-grade DCIS,

underwent mastectomy and opted not to take

tamoxifen

30 months 0.9-cm IDC, grade

1

Ipsilateral to RS

Contralateral to side of

previous mastectomy for

DCIS

RS radial scar, ADH atypical ductal hyperplasia, IDC invasive ductal carcinoma, NOS not otherwise specified, DCIS ductal carcinoma in situ
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One patient with RS-no HRL on core biopsy was upgraded

to grade 1 ILC at excision. An additional four cases of RS

(3 with HRL and 1 without HRL) were upgraded to grade 1

DCIS. Review of mammographic imaging and histologic

findings from core biopsy suggested radiologic–pathologic

discordance for the upgrade to ILC. Therefore, based on

this series, one may consider forgoing surgical excision and

instead utilizing close follow-up if there is radiologic–

pathologic concordance and if the goal of excision is to rule

out associated invasive carcinoma rather than detect HRL

or non-invasive breast cancers.

The rate of upgrade to DCIS in our series was 14 % for

RS-HRL patients and 1 % RS-no HRL patients. Impor-

tantly, the rate of upgrade to invasive carcinoma was\1 %

for RS with and without HRL. A higher rate of upgrade to

invasive or non-invasive breast cancer for RS with asso-

ciated HRL has been similarly demonstrated in previous

studies, which is expected given the known association of

HRL’s with carcinoma [15, 19, 24]. Core biopsies resulting

in a diagnosis of RS with an associated HRL may therefore

warrant excision to rule out non-invasive cancer and

to better estimate a patient’s risk of developing breast

cancer. Patients with high-risk breast lesions diagnosed by

core biopsy and/or surgical excision have consistently been

shown to have an increased risk of future breast cancer

compared to patients with benign breast biopsies [34].

Findings from our series demonstrated that RS’s without

HRL on core biopsy are frequently associated with HRL’s

at surgical excision. We found a low rate of associated

invasive or non-invasive cancer (2.0 %, 2/102) at excision

of RS’s without HRL on core biopsy, however, 22 % (22/

102) were upgraded to HRL at excision. Therefore, 22

patients would have missed the opportunity for counseling

regarding chemoprevention had they not undergone surgi-

cal excision for RS. Andacoglu et al. similarly demon-

strated a high rate of upgrade to HRL (22.4 %) at surgical

excision of RS without atypia [24]. Based on these find-

ings, surgical excision of RS’s diagnosed by core biopsy

without HRL may be considered, if the goal is to identify

associated high-risk breast lesions for which chemopre-

vention or high-risk surveillance may be indicated.

Factors predictive of upgrade to malignancy or HRL for

RS’s diagnosed by core biopsy have not been definitively

identified in previous reports. The presence of an associ-

ated HRL or atypia on core biopsy, core needle gage,

number of samples obtained at core biopsy, as well as

patient age and menopausal status have been suggested as

potential predictive factors [15, 19, 24]. We were unable to

evaluate risk factors of upgrade to carcinoma for RS’s with

HRL due to the small number of events in this series, but

did analyze factors associated with upgrade to carcinoma

or HRL for RS’s without HRL on core biopsy. Interest-

ingly, we found that RS’s with a radiologic appearance of a

mass or architectural distortion (by mammography or

ultrasound) were more likely to be upgraded to carcinoma or

HRL comparedwith RS’s presenting as calcifications (33 vs.

13 %, respectively). This suggests a target cohort of patients

who could potentially benefit from surgical excision of RS

diagnosed by core biopsy. Althoughwe did not evaluate core

needle gauge or number of samples obtained as risk factors,

we did analyze type of core biopsy performed (stereotactic,

ultrasound-guided, or MRI-guided) and found no statisti-

cally significant difference in risk of upgrade. In addition, we

did not find patient age, history of breast cancer, concurrent

contralateral breast cancer, or type of presentation (screening

mammogram, screening MRI, or clinical detection) to sig-

nificantly predict upgrade to carcinoma or HRL for RS’s

without HRL on core biopsy.

The utility of breast ultrasound or MRI to evaluate the

necessity of surgical excision for RS’s has been suggested

[35–37]. Linda et al. evaluated the utility of breast MRI to

rule out malignancy in patients with HRL diagnosed at core

biopsy, concluding that patients with biopsy-confirmed

RS’s without suspicious MRI findings can safely undergo

follow-up instead of excision [35]. Similarly, Perfetto et al.

suggest that breast MRI could be used to decide between

follow-up or surgical excision of suspected RS’s given the

finding that MRI enhancement rate and time–intensity

curve are useful in the differential diagnosis between

benign and malignant breast lesions [36]. Cawson et al.

analyzed 75 consecutive mammographic screen-detected

RS’s, and found that sonographic differences could help

discriminate between RS’s and carcinomas prior to per-

forming a core biopsy [37]. In our series, 47 % (73/156) of

patients underwent an ultrasound and 17 % (27/156)

underwent a breast MRI as part of their diagnostic work-up

prior to core biopsy; patients did not routinely undergo

evaluation with ultrasonography or MRI after a biopsy

demonstrating a RS. Due to the low incidence of upgrade

to carcinoma in our series, we were unable to conclude

whether ultrasound or MRI helps distinguish RS’s associ-

ated with malignancy.

It has been speculated that RS’s may be a precursor or

risk factor for breast cancer [38–43]. Recently, Aroner

et al. utilized data from the Nurses’ Health Studies to

perform an updated analysis on the association between

RS’s and risk of breast cancer [43]. The authors confirmed

their previous findings, reporting that RS was associated

with a nearly twofold increased risk of breast cancer even

after accounting for concurrent proliferative disease. In our

series, at a median of 46 months follow-up, three patients

(3 %) who underwent surgical excision following core

biopsy revealing RS were diagnosed with a new breast

cancer. Of note, two of these three patients had history of

breast cancer and one had history of atypia. Due to the low

number of events in our series, we are unable to determine

336 Breast Cancer Res Treat (2014) 145:331–338
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whether RS is an independent risk factor for development

of breast cancer.

The efficacy of chemoprevention with tamoxifen, ra-

loxifene, and exemestane in reducing future risk of breast

cancer for patients with atypical breast lesions has been

established in numerous previous studies [34, 44–46].

Despite this, a relatively low percentage (4–20 %) of high-

risk women elect to take chemoprevention [34, 47]. In our

series, only 5 of 36 (14 %) patients with HRL on core

biopsy and/or excision who were eligible for chemopre-

vention elected to begin taking it.

Our series of 156 patients (124 with surgical excision)

represents one of the larger cohorts of patients diagnosed

with RS by core biopsy and assessed for subsequent

upgrade to carcinoma or HRL. In addition, our study

includes long-term follow-up (median 46 months) for

patients with RS who underwent excision to evaluate future

breast cancer incidence. Our study has a number of limi-

tations, including bias inherent to any retrospective study.

This may be particularly relevant regarding the selection of

patients who did and did not undergo excision following

core biopsy; overall 80 % of patients underwent excision in

this cohort. In addition, we were unable to evaluate lesion

size, core needle gauge, or number of specimens collected

per core biopsy as risk factors for upgrade. Finally, a small

number of patients (8) did not undergo follow-up at our

institution after surgical excision and therefore were not

evaluable for subsequent breast cancer development.

In conclusion, RS’swith orwithoutHRLdiagnosed by core

biopsy are associated with a\1 % rate of upgrade to invasive

carcinoma at surgical excision. Therefore, excision to rule out

invasive carcinoma is not warranted. However, excision may

be considered to evaluate for the presence of an HRL, which

could provide valuable information regarding thepotential role

for chemoprevention to reduce the risk of future breast cancer.
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