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Abstract

Background—Radial scars (RS) or complex sclerosing lesions (CSL) of the breast are benign 

radiological and histological entities. Radiologically, they appear as architectural distortion with 

central radiolucency. These stellate lesions are frequently identified on screening mammography 

and, with the introduction of population-based screening programs; their incidence has increased 

to 0.03%–0.09% of all core needle biopsies (CNB). However, they can pose diagnostic difficulty 

as their radiologic and histologic appearance mimic carcinoma. Because of the high incidence of 

atypia or associated occult malignancy, the current literature recommendation is excision of all 

mammographically detected RS/CSL diagnosed on CNB.

Aims and Objective—Our aim was to review all RS/CSL that were previously diagnosed on 

image-guided CNB from January 1st, 1994 to August 31st, 2013, and assess the pathology from 

the excisional biopsy to identify cases upstaged to atypia or neoplasm.

Results—There were a total of 113 CNB from 109 women with radial scar without concomitant 

atypia on CNB diagnosed during that period; five cases were excluded because of concurrent 

cancer. Average age of these women was 52.9 years (range: 23.0 – 82.0 years). Thirty-five women 

(38/100 CNB; 38.0%) have follow-up excision. The median size of the excised radial scars is 1.2 

cm (range: 0.4 – 3.3 cm). More than two-thirds of excised cases (68.6%; 24/35) were greater than 

1.0 cm. The mammographic and ultrasonographic imaging features were listed as architectural 

distortion in 53.1% (17/32) and hypoechoic nodules with irregular margins in 36.4% (12/33) 

respectively. Almost all excised cases 91.7%; 33/36) showed radiologic and pathologic 

concordance, and more than three-quarters (23/29; 79.3%) are designated as Bi-Rads level 4 

(suspicious for malignancy). The 38 follow-up excisional biopsies revealed: 2 (5.3%) invasive 

mammary carcinomas (2 metaplastic carcinomas including adenoid cystic carcinoma); 2 (5.3%) 

in-situ ductal carcinoma; 1 (2.6%) lobular carcinoma in-situ; 5 (13.2%) atypical lobular 
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hyperplasia; 1 (2.6%) atypical ductal hyperplasia; 22 (57.9%) residual radial scars; and 5 (13.2%) 

with no residual lesions on follow-up.

Conclusion—Follow-up excisional biopsy is warranted for RS/CSL specifically if they are 

larger than 1.0 cm with worrisome radiographic images or showed radiologic and pathologic 

discordance, as approximately 29% (11/38) of these cases will have an upgrade to in-situ or 

invasive carcinomas or other high risk lesions on follow-up.
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INTRODUCTION

Radial Scar (RS) or Complex Sclerosing Lesion (CSL) is a pathological entity characterized 

by a fibroelastotic core with entrapped ducts. [1] Radiologically it reveals radiolucent central 

core and radiating spicules, which is indistinguishable from invasive carcinoma 

mammographically as well as histopathologically. [2, 3] It may be associated with atypical 

and typical usual epithelial hyperplasia, adenosis, papillomatosis, ductal carcinoma in situ 

(DCIS) or even invasive carcinoma within or adjacent to RS.[2, 4]

The incidence of RS is reported as 0.03% – 0.07%. [5] The pathogenesis of RS is uncertain. 

Reaction to an unknown trauma which results in scarring with elastosis or inflammation 

have been hypothesized.[3] It has been suggested that RS is a premalignant lesion for the 

development of breast cancer (BC), whereas it has also been proposed that coexistent 

proliferative epithelial lesions were the underlying causative factors for developing breast 

carcinoma. [6, 7]

Some groups advocate that all RS diagnosed on a prior CNB should be excised [2, 5, 8–13], 

whereas others do not support surgical excision. [14–18]

This study was initiated to evaluate the complete spectrum of RS and CSL and to define the 

clinical, mammographic and histopathologic characteristics in correlation with follow-up 

excisional biopsies in a single medical center.

MATERIAL and METHODS

Institutional Board Review from the Mayo Clinic, Rochester, MN, was obtained and 

approved to perform the study. This is a retrospective analysis of RS (≤ 1.0 cm) and CSL (> 

1.0 cm) retrieved from the anatomic pathology at Mayo Clinic database. Study population 

consisted of patients with a diagnosis of RS or CSL who proceeded onto excisional biopsy at 

Mayo Clinic, Rochester, MN between January 1st, 1994 – August 31st, 2013. Cases in 

which the pathological diagnosis in the core biopsy was RS/CSL associated with atypical 

epithelial hyperplasia, lobular neoplasia, DCIS and malignancy were excluded. Patient’s 

demographic features such as age, body mass index, menopausal status, age at menarche, 

history of oophorectomy and/or hysterectomy, age at first live birth, number of births, 

smoking history, family history of BC, oral contraceptive use, hormonal therapy, and the 

reason for imaging were retrieved from the hospital records. All core and excisional biopsy 
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specimens as well as radiological images were re-evaluated by two pathologists (BC, AN) 

and a radiologist (AC) respectively. Radiological evaluation was done using Breast Imaging 

Reporting and Data System (BI-RADS) score. Radiologic information including 

ultrasonography, mammography and MRI (magnetic resonance imaging) were captured. 

Size of the mass was noted from the radiology report. The size of the needle gauge and 

number of cores obtained during sampling were recorded. Core biopsy and follow-up 

excisional biopsy specimens were correlated with the diagnosis. Follow-up biopsy was 

classified as either having residual RS/CSL or associated Fibrocystic Disease (FCD), 

papillary lesion, atypical epithelial hyperplasia (ductal or lobular), in-situ carcinoma (DCIS 

or LCIS), invasive carcinoma and its subtype, presence of calcifications, following the 

histologic criteria developed by Page & Anderson (16).

Characteristics were summarized for each CNB using number and percentage for categorical 

variables and mean and standard deviation (SD) or median and interquartile range or range 

(as appropriate) for continuous variables. Three women had CNB performed at more than 

one site; all other women had a single CNB performed. Each CNB was treated 

independently for analysis. Characteristics for CNB that proceeded to excision were 

compared to CNB that had no excision using t-test or Wilcoxon rank sum test for continuous 

variables, and using chi-square or Fisher’s exact text for categorical variables, as appropriate 

for the data. All analyses were performed using SAS version 9.3. P-values less than 0.05 

were considered statistically significant.

RESULTS

Patients diagnosed as RS/CSL using CNB in Mayo Clinic, Rochester, MN between January 

1st, 1994 – August 31st, 2013 were a total of 109 women. Three women were excluded 

because the excision was done at a site different from the initial core biopsy (2 had invasive 

carcinoma on the excised site). Two women excluded because they had known invasive 

carcinoma one week earlier. Two women were excluded because they declined the use of 

their medical records for research purposes. There were a total of 96 women included in the 

study with a total of 100 CNB (three women had multiple sites examined). (Table 1) Thirty 

eight (38.0 %) CNB have follow-up excision (Table 2); whereas 62 (62.0%) cases did not 

have. Women who had follow-up excisional biopsies have lower BMI (body mass index), 

and has a higher proportion with history of cigarette smoking compared to those with no 

excision. Seventy (72.9%) CNB were identified through mammographic screening. Eleven 

CNB (11.5%) had palpable mass. (Table 1) The median time for surgical excision was 25.5 

days; and median days from excision to follow-up were 4.2 years (range 26 days – 10.2 

years). The median size of the excised radial scars is 1.2 cm (0.4 – 3.3 cm). (Table 1) More 

than two-thirds of excised cases (68.6%; 24/35) were greater than 1.0 cm.

Demographical Analysis of RS/CSL with follow-up excision

Mean age of patients at CNB was 50.2 years (range 23.0–74.0) [Table 1]. Laterality of the 

radial scar was 15 (44.1%) right breast, and 19 (55.9%) on the left breast [Table 1]. Women 

with follow-up excision have a statistically significant larger median size of RS (1.2 cm vs. 
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0.9 cm) than those with no follow-up excision [Table 1]. In addition, women with follow-up 

excision have larger median CNB needle gauge (median 14.0 vs. 11.0) [Table 1].

Pathological Analysis

All core biopsies consisted of pure RS/CSL except for one with associated flat epithelial 

atypia. Residual RS/CSL was present in 22 (68.8%; 22/32) follow-up excisional biopsy. 

There was no residual RS/CSL on five patients (15.6%; 5/32).

Most cases were macroscopic radial scars (75.0%; 24/32) i.e. lesion greater than 5.0 mm. 

Most cases were surrounded by fat (81.3%; 26/32), and had stellate shape (90.6%; 29/32). 

Microcalcifications were present in 17 (53.1%; 17/32) radial scars detected on either core or 

excision.

Fibrocystic disease (FCD) was present in 28 (87.5%) patients with radial scar. Thirteen 

women (43.3%) had associated papilloma with the radial scar. Twelve women (40.0%) had 

associated flat epithelial atypia/columnar cell change (one from the carcinoma patients, and 

three from the high risk lesion patients). Five women (16.7%) had atypical lobular 

hyperplasia.

The upgrade to cancer (in-situ ductal carcinoma/DCIS and invasive carcinoma) at excision 

was 10.5% (4/38), while the upgrade to high risk lesion (lobular carcinoma in-situ/LCIS; 

atypical lobular hyperplasia; atypical ductal hyperplasia) at excision was 18.4% (7/38) 

(Table 2). Two women (5.3%) had invasive carcinoma (metaplastic and adenoid cystic 

carcinoma) [Figure 1] and another two (5.3%) had in-situ ductal carcinoma (DCIS) [Figure 

2] on follow-up excisional biopsies. One woman (2.6%) had lobular carcinoma in situ 

(LCIS), one (2.6%) had atypical ductal hyperplasia, and 5 patients (13.2%) had isolated 

atypical lobular hyperplasia.

Radiological Analysis

There was radiologic concordance in 33 cases (91.7%) and discordance in only three cases 

(8.3%). The average size of the RS detected by mammographic imaging was 1.30 cm 

(range: 0.40 – 3.30 cm). Mean lesion size for cases in which high-risk lesion detected was 

1.39 cm (range 0.4 – 2.7 cm), and for malignancy was 1.45 cm (range 1.20 – 1.90 cm). 

Almost half (51.4%; 36/70) of women have a mass with or without shadowing on ultrasound 

imaging. The mammographic and ultrasonographic imaging features were listed as 

architectural distortion in 53.1% (17/32) and hypoechoic nodules with irregular margins in 

36.4% (12/33) respectively. Almost all excised cases (91.7%; 33/36) showed radiologic and 

pathologic concordance, and that 79.3% (23/29) are designated as Bi-Rads level 4 

(suspicious for malignancy).

DISCUSSION

Our study has shown that the upstaging rate to a high risk lesion was 29.0% (11/38) with in-

situ and invasive ductal carcinoma in 10.5% (4/38). Upstaging was noted more in women 

with radial scar greater than 1.0 cm, and with those with radiologic/pathologic discordance 

on the initial core biopsies.
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RS was first described by Hamperl in 1975, and later by Eusebi in 1972[13, 19, 20]. The 

incidence rates of RS have been reported as 0.03% and 0.09% in screening populations.[3, 

12] Lesions smaller than 1.0 cm has been referred to as radial scars, whereas those greater 

than 1.0 cm is being described as “complex sclerosing lesions”.[3] RS poses diagnostic 

challenges for the following reasons: first its mammographic similarity to breast cancer, and 

secondly its association with cancer on further excision. [2] In some cohort studies of benign 

breast disease, radial scar was not found to be independently associated with an increased 

BC risk, and attributed the mild elevation in cancer risk secondary to the frequent 

association of RS with other proliferative disease [6, 7, 21]; however others have found that 

RS is independently associated with an increased BC risk.[7] The presence of atypia and 

carcinoma are usually seen at the periphery of the lesion. [3, 4, 7]

About 7.0% of women with RS developed invasive BC. [6] Metaplastic carcinoma was 

noted to be very commonly associated with radial sclerosing lesions.[10, 22] This 

observation was also noted by our group in the current study as two of the women with 

follow-up invasive cancers have metaplastic carcinoma.

In a survey of breast surgeons (members of the American Society of breast surgeons) 

excision of radial scar was much more variable with only 50% recommending routine 

excision. [23] In one study, using a larger-gauge needle (8 or 11) sampled radial scars 

adequately, that there were no upgrade lesions on follow-up surgical excision. [14, 15]. 

Therefore, some investigators recommend that no excisional biopsy of RS is required if the 

initial CNB was obtained using a large-gauge needle with vacuum–assisted biopsy 

specifically when the RS is not associated with atypia on prior needle biopsy and radiologic 

and histologic findings are concordant. [3, 15, 17, 18] Furthermore, if 12 or more cores are 

sampled, there is no upstaging to cancer. [18]

Some investigators have found several risk factors associated with cancer upstaging of radial 

scar including older postmenopausal women (greater than 50 years of age), large 

radiographic size of radial scar and presence of atypical hyperplasia within RS. [4, 7, 9] The 

average size of radial scars associated with cancer was reported as 1.4 cm [2, 10, 24]. Some 

groups did not find cancer when the RS was an incidental microscopic finding. [2, 24]. 

However, when radial scar was the targeted lesion, several investigators have found an 

association with atypical hyperplasia and carcinoma in situ. [2, 4, 7, 11]

Some investigators has found that RS is associated with high-risk lesions such atypical 

hyperplasia, in-situ and invasive carcinoma on follow-up excisional biopsy. [9, 15]. 

However, others did not find an increased risk of malignancy on follow-up excisional 

biopsy.[15] The high-risk lesion and cancer upstage rate in follow-up excisional biopsies 

ranged from 3% – 46% in several reports. [2, 5, 6, 8–10, 12, 13, 17, 18, 25]

Sloane and Mayers have found atypical hyperplasia and carcinoma in situ in 10.8% (8/74) 

and 9.5% (7/74) of RSs respectively.[4] Similarly, Jacobs et al. have identified atypical 

hyperplasia in 8.1% (8/99) of RSs. [7]. Moreover, King et al. have found atypical 

hyperplasia and carcinoma in situ in 31% (5/16) and 6.3% (1/16) of RSs respectively. [2] 

Patterson et al. have found atypical hyperplasia and carcinoma in situ in 18.9% (33/175) and 
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10.9% (19/175) respectively.[11] The latter group found invasive carcinoma in 9.1% 

(16/275) of women with follow-up excisional biopsy.[11]

Some investigators have found that women with RS do not need any additional follow-up 

beyond routine mammographic screening.[26]

In conclusion, our data support that women with a larger radial scars greater than 1.0 cm, 

and those with pathologic and radiologic discordance should undergo follow-up excisional 

biopsy to detect more significant lesions.
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Figure 1. 
Medium-power magnification of low grade metaplastic adenosquamous carcinoma with 

infiltrating glands showing squamous differentiation (H&E stain; 40×)
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Figure 2. 
Medium-power magnification of low-grade apocrine ductal carcinoma in situ showing 

several duct units with solid proliferation of atypical neoplastic cells with apocrine 

differentiation (H&E stain; 40×)
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Table 1

Clinical and Pathologic characteristics of all CNB included in the study

No Excision
(N=62 CNB,
62 women)

Excision
(any time)

(N=38 CNB,
35 women)

Total
(N=100 CNB,

97 women) p value

Age at CNB 0.071

  Mean (SD) 54.6 (11.7) 50.2 (11.8) 52.9 (11.9)

BMI 0.031

  Mean (SD) 27.0 (6.1) 24.4 (5.2) 26.0 (5.9)

Cigarette Smoking 0.0052

  N 56 35 91

  No 43 (76.8%) 18 (51.4%) 61 (67.0%)

  Ex 1 (1.8%) 7 (20.0%) 8 (8.8%)

  Yes 12 (21.4%) 10 (28.6%) 22 (24.2%)

Family History of Breast Cancer 18/51 (35.3%) 19/35 (54.3%) 37/86 (43.0%) 0.083

Age at Menarche 0.103

  N 38 34 72

  ≤ 12 years 16 (42.1%) 8 (23.5%) 24 (33.3%)

  > 12 years 22 (57.9%) 26 (76.5%) 57 (79.2%)

Oral Contraceptive Use 24/41 (58.5%) 20/34 (58.8%) 44/75 (58.7%) 0.983

Age at First Birth 0.413

  N 33 25 58

  ≤ 30 years 28 (84.8%) 23 (92.0%) 51 (87.9%)

  > 30 years 5 (15.2%) 2 (8.0%) 7 (12.1%)

Number of Births 0.903

  N 53 34 87

  ≤ 2 32 (60.4%) 21 (61.8%) 53 (60.9%)

  > 2 21 (39.6%) 13 (38.2%) 34 (39.1%)

Menopause 0.273

  N 61 37 98

  Post-menopausal 35 (57.4%) 17 (45.9%) 52 (53.1%)

  Pre-menopausal 26 (42.6%) 20 (54.1%) 46 (46.9%)

Age at Menopause 0.671

  N 19 13 32

  Mean (SD) 44.9 (10.5) 46.3 (7.3) 45.5 (9.2)

Hormone Replacement Therapy 17/51 (33.3%) 8/35 (22.9%) 25/86 (29.1%) 0.293

Hysterectomy 21/60 (35.0%) 11/36 (30.6%) 32/96 (33.3%) 0.653

Oophorectomy 12/59 (20.3%) 4/36 (11.1%) 16/95 (16.8%) 0.243

Presentation 0.052

  N 62 34 96
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No Excision
(N=62 CNB,
62 women)

Excision
(any time)

(N=38 CNB,
35 women)

Total
(N=100 CNB,

97 women) p value

  Mammographic screening 51 (82.3%) 19 (55.9%) 70 (72.9%)

  Palpable mass 5 (8.1%) 6 (17.6%) 11 (11.5%)

  Focal breast pain 1 (1.6%) 2 (5.9%) 3 (3.1%)

  Screening MRI 2 (3.2%) 4 (11.8%) 6 (6.3%)

  Other 3 (4.8%) 3 (8.8%) 6 (6.3%)

Modality of Measurement

  N 58 35 93

  MBI 0 (0.0%) 1 (2.9%) 1 (1.1%)

  MRI 4 (6.9%) 8 (22.9%) 12 (12.9%)

  Mammogram 26 (44.8%) 4 (11.4%) 30 (32.3%)

  Ultrasound 28 (48.3%) 22 (62.9%) 50 (53.8%)

Mammogram Findings

  N 57 32 89

  Architectural distortion + Calcifications 5 (8.8%) 7 (21.9%) 12 (13.5%)

  Architectural distortion 9 (15.8%) 10 (31.3%) 19 (21.3%)

  Calcifications 21 (36.8%) 5 (15.6%) 26 (29.2%)

  Mass 6 (10.5%) 0 (0.0%) 6 (6.7%)

  Mass with calcifications 1 (1.8%) 0 (0.0%) 1 (1.1%)

  Mass with distortion 4 (7.0%) 3 (9.4%) 7 (7.9%)

  Occult 8 (14.0%) 6 (18.8%) 14 (15.7%)

  Other 3 (5.3%) 1 (3.1%) 4 (4.5%)

BI-RADS Level

  N 1 29 30

  3 (probably benign) 0 (0.0%) 5 (17.2%) 5 (16.7%)

  4 (suspicious) 1 (100.0%) 23 (79.3%) 24 (80.0%)

  5 (highly suggestive of malignancy) 0 (0.0%) 1 (3.4%) 1 (3.3%)

Ultrasound Findings

  N 37 33 70

  Hypoechoic area 4 (10.8%) 5 (15.2%) 9 (12.9%)

  Hypoechoic area with shadowing 5 (13.5%) 7 (21.2%) 12 (17.1%)

  Iso/Hyperechoic 1 (2.7%) 0 (0.0%) 1 (1.4%)

  Mass with no shadowing 13 (35.1%) 10 (30.3%) 23 (32.9%)

  Mass with shadowing 6 (16.2%) 7 (21.2%) 13 (18.6%)

  Occult 6 (16.2%) 4 (12.1%) 10 (14.3%)

  Other 2 (5.4%) 0 (0.0%) 2 (2.9%)

MRI Findings

  N 6 10 16

  Enhancing mass 1 (16.7%) 7 (70.0%) 8 (50.0%)

  Non-mass enhancement 3 (50.0%) 1 (10.0%) 4 (25.0%)

  Occult 2 (33.3%) 1 (10.0%) 3 (18.8%)
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No Excision
(N=62 CNB,
62 women)

Excision
(any time)

(N=38 CNB,
35 women)

Total
(N=100 CNB,

97 women) p value

  Other 0 (0.0%) 1 (10.0%) 1 (6.3%)

MBI Findings

  N 2 9 11

  Mass Moderate 0 (0.0%) 1 (11.1%) 1 (9.1%)

  Mass shadowing 0 (0.0%) 1 (11.1%) 1 (9.1%)

  Nonmass Marked 0 (0.0%) 1 (11.1%) 1 (9.1%)

  Nonmass Mild 1 (50.0%) 0 (0.0%) 1 (9.1%)

  Nonmass Moderate 1 (50.0%) 2 (22.2%) 3 (27.3%)

  Occult 0 (0.0%) 4 (44.4%) 4 (36.4%)

Laterality

  N 0 34 34

  Left 0 (0.0%) 19 (55.9%) 19 (55.9%)

  Right 0 (0.0%) 15 (44.1%) 15 (44.1%)

Size 0.0434

  N 58 35 93

  Median 0.9 1.2 1.1

  Q1, Q3 0.5, 1.5 0.7, 1.7 0.6, 1.6

CNB Needle Gauge

  N 59 36 95 <0.0014

  9 17 (28.8%) 3 (8.3%) 20 (21.1%)

  11 22 (37.3%) 6 (16.7%) 28 (29.5%)

  14 16 (27.1%) 25 (69.4%) 41 (43.2%)

  16 4 (6.8%) 2 (5.6%) 6 (6.3%)

  * Gauges 1 and 2 combined with 9

Number of Cores 0.603

  N 57 36 93

  ≤ 4 12 (21.1%) 6 (16.7%) 18 (19.4%)

  > 4 45 (78.9%) 30 (83.3%) 75 (80.6%)

1
Unequal Variance T-Test

2
Fisher Exact

3
Chi-Square

4
Wilcoxon Rank Sum
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