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Abstract

Background: The relationship between biomarkers and imaging features is important because imaging findings can predict
molecular features.
Objectives: To investigate the relationship between clinicopathologic and radiologic factors and the immunohistochemical (IHC)
profiles associated with breast cancer.
Patients and Methods: From December 2004 to September 2013, 200 patients (mean age, 56 years; range, 29 - 82 years) were di-
agnosed with breast cancer and underwent surgery at our institution. Their medical records were reviewed to determine age,
symptom presence, mammographic findings (including mass, asymmetry, microcalcifications, or negativity), sonographic Breast
Imaging-Reporting and Data System (BI-RADS) category, pathologic type of cancer (invasive ductal, mucinous, medullary, or papil-
lary carcinoma), histologic grade, T-stage, and IHC subtypes. Based on the IHC profiles, tumor subtypes were classified as luminal A,
luminal B, human epidermal growth factor receptor 2 (HER2) enriched, or triple-negative (TN) cancers. Using univariate and multi-
variate logistic regression analyses, we looked for correlations between four IHC subtypes and two IHC subtypes (TN and non-triple
negative [non-TN]) and clinicopathologic and radiologic factors, respectively.
Results: Based on our univariate analyses with the four subtypes, the TN subtype showed a higher incidence of masses on mam-
mography compared to the other subtypes (P = 0.037), and the TN subtype also tended to have the highest histologic grade among
the subtypes (P < 0.001). With regard to the two IHC subtypes, the TN subtype had a significant association with medullary cancer
(P = 0.021), higher histologic grade (grade 3; P < 0.001), and higher T stage (T2; P = 0.027) compared to the non-TN subtypes. In a
multivariate logistic regression analysis of the clinicoradiologic factors compared to luminal A, the HER2 subtype had a significant
association with BI-RADS category 4b (odds ratio [OR], 9.005; 95% confidence interval [CI], 1.414 - 57.348; P = 0.020) and borderline
significance with category 4c (OR, 4.669; 95% CI, 0.970 - 22.468; P = 0.055). In a multivariate logistic regression analysis of the clin-
icoradiologic factors associated with the non-TN subtypes, the TN subtype was significantly correlated with medullary carcinoma
(OR, 7.092; 95% CI, 1.149 - 43.772; P = 0.035).
Conclusion: These results suggest that patients with the TN subtypes are more likely to have higher-histologic-grade tumors and
medullary cancer. The HER2 subtype was typically associated with a higher BI-RADS category.
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1. Background

Breast cancer is a highly heterogeneous disease with a
variety of morphologic and clinical manifestations, which
results in a range of responses to treatment (1-3). Recently,
targeted therapies based on the genetic, hormonal, or im-
munohistochemical (IHC) subtypes of breast cancer have
been used. Therefore, the examination of IHC subtypes
using breast cancer tissue is actively performed. IHC de-
terminations of estrogen receptor (ER), progesterone re-
ceptor (PR), human epidermal growth factor receptor 2
(HER2), and Ki67 statuses are used to define these sub-

types (4-6). With DNA microarray-expression profiling
techniques, we can use a hierarchical clustering method
to identify four distinct molecular subtypes: 1) luminal A
(ER- and/or PR-positive, HER2-negative); 2) luminal B (ER-
and/or PR-positive, HER2-positive or Ki67 > 14%); 3) HER2-
enriched (HER2 amplified, ER- and PR-negative); and 4)
triple-negative (TN) (ER-, PR-, and HER2-negative) subtypes.
Prognosis and survival are different according to these sub-
types (6). Luminal tumors are associated with the most fa-
vorable prognoses, while HER2-overexpressing and triple-
negative tumors are associated with the worst prognosis
(2, 7).
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Due to these different prognoses and treatment strate-
gies, prior knowledge of molecular subtypes is essential to
managing breast cancer patients. Thus, the relationship
between biomarkers and imaging features is important
because imaging findings can predict molecular features
(8). The imaging features most commonly associated with
triple-negative breast cancer (TNBC) are generally morpho-
logically benign, and several reports show a correlation
between clinical, pathological, and radiologic features of
these molecular subtypes (9-13). However, comparisons be-
tween TNBC and non-TNBC have not been well described.

2. Objectives

The purpose of our study was to evaluate the four IHC
subtypes and to compare TNBC and non-TNBC with regard
to clinicopathologic and radiologic features.

3. Patients and Methods

This retrospective study was approved by the Kyung
Hee University hospital’s institutional review board, and
informed consent was waived. Written informed consent
for biopsy or surgery was obtained from all patients before
undergoing any procedures.

3.1. Patients

From December 2004 to September 2013, 403 patients
were initially diagnosed with primary breast cancer at our
institution. Among them, we excluded patients who: 1)
were transferred to other hospitals according to their pref-
erence (n = 103); 2) underwent neoadjuvant chemotherapy
(n = 56); 3) were without available preoperative mammog-
raphy or ultrasound (US) (n = 29); or 4) were without suffi-
cient clinicopathological data (n = 15). Finally, 200 patients
with 200 cancers were enrolled in current study.

3.2. Imaging Analyses

Mammograms were obtained with standard cranio-
caudal (CC) and mediolateral oblique (MLO) views for each
breast using dedicated full-field digital mammography
(Senographe DS; GE Healthcare, Milwaukee, WI, USA). One
board-certified radiologist (S.Y.M.) with eight years of expe-
rience in breast imaging reviewed all mammograms and
recorded the status (mass, asymmetry, microcalcifications
with or without mass, negativity), and also conducted a fi-
nal Breast Imaging-Reporting and Data System (BI-RADS)
assessment based on the mammographic findings (14).

Breast US examination, including the axillary area, was
performed with a high-resolution sonographic unit using
5 - 10-MHz or 5 - 12-MHz linear-array transducers (ATL HDI

5000, Philips healthcare-advanced technology laborato-
ries, Bothell, WA, USA; Logic 9, GE Healthcare, Milwaukee,
WI, USA) operated by full-time board-certified radiologists
with seven years of experience in breast imaging. Lesion
size was measured in two different orthogonal views, and
the final assessment of US images was performed accord-
ing to BI-RADS (15).

3.3. Clinicopathological Features

We reviewed the patients’ medical records for clinico-
pathologic findings, including age, mean size of primary
breast cancer, presence of symptoms, T-stage, ER status, PR
status, HER2 status, and histologic grade. Tumor size was
determined based on the pathology report, and was cate-
gorized according to the guidelines of the American joint
committee on cancer, 7th Edition (16).

ER, PR, and HER2 expression in primary tumors were
analyzed by IHC staining of formalin-fixed, paraffin-
embedded whole sections of resected breast cancer
specimens. Primary antibodies for ER (1: 200, 6F11, Novo-
castra, Newcastle, UK), PR (1: 200, PGR, Novocastra), and
HER2 (1: 500, A0485, DAKO, Denmark) were used. ER and
PR were considered positive if tumors had more than 10%
nuclear-stained cells. HER2 staining was scored on a scale
of 0 to 3+, according to the HercepTest guidelines (17);
HER2 was considered positive when graded as 2+, while 0
to 1+ were negative. Histologic grade was classified into
two groups, non-high-grade and high-grade, according to
the Scarff-Bloom-Richardson grade system (18). According
to hormonal status, each case was designated into one of
four distinct molecular subtypes: luminal A, luminal B,
HER2-enriched, and TN.

3.4. Statistical Analyses

Clinicopathological features and radiological findings
were compared statistically between the four subtypes and
also between two subtypes (TN and non-TN) using the t-test
for continuous variables and Chi-Square or Fisher’s exact
test for non-continuous variables.

A multivariate logistic analysis was performed to iden-
tify the variables that were independently associated with
the different cancer subtypes. Data were analyzed using
SAS, version 9.2 (SAS Institute, Cary, NC, USA). Differences
were considered statistically significant at P < 0.05.

4. Results

The mean age of the patients in our study was 56 years
(range, 29 - 82 years). The mean size of the primary breast
cancers was 20.6 mm (range, 4 - 70 mm). One hundred
twenty-two patients had symptoms, including palpability
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Figure 1. A 57-year-old woman complained of a palpable mass in her right breast. A, Right craniocaudal and B, Mediolateral oblique views on mammography showed an
indistinct margin, with a round mass and without calcifications on the BB marker site in the right upper outer area (arrows). An enlarged lymph node is also seen in the
right axillary area. C, Transverse ultrasound revealed a hypoechoic mass that was microlobulated with a round shape (arrows), and which we categorized as BI-RADS category
4b. US-CNB was performed, and the case was confirmed to be medullary carcinoma. The patient underwent breast-conservation surgery and was subsequently labeled as a
histologic grade 3, TNBC. TNBC: Triple-negative breast cancer; US-CNB: Ultrasound-guided core needle biopsy

(n = 112), pain (n = 3), nipple discharge (n = 5), and axillary
mass (n = 2). IHC profiles revealed that 77 patients (38.5%)
had luminal A type tumors, 54 (27.0%) had luminal B type
tumors, 35 (17.5%) had HER2-enriched tumors, and 34 (17.0
%) had TN tumors.

Among the four IHC subtypes, TN had the highest in-
cidence of mass presence (P = 0.037) based on mammo-

graphic findings (Table 1). The TN subtype also had the
highest histologic grade among the four subtypes (P <
0.001). The HER2-enriched and TN subtypes were signifi-
cantly associated with T2 stage, compared to the luminal
A and luminal B subtypes (P < 0.001). Patient age, pres-
ence of symptoms, sonographic BI-RADS category, and can-
cer type were not significantly associated with any of the
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Figure 2. A 46-year-old woman complained of a palpable mass in her right breast. A, Right mediolateral oblique view on mammography showed an ill-defined marginated
mass (arrows) on the BB marker site in the right lower area. B, Transverse and C, Longitudinal ultrasound revealed a hypoechoic mass with an irregular shape and a spicu-
lated margin (arrows); we categorized it as BI-RADS category 5. US-CNB was performed, and confirmed invasive ductal carcinoma. The patient underwent modified radical
mastectomy, after which the mass was labeled histologic grade 2, luminal A breast cancer. US-CNB: Ultrasound-guided core needle biopsy

four subtypes.

In the analysis of the two IHC subtypes, TN had a signif-
icant association with medullary cancer (P = 0.021), higher
histologic grade (grade 3; P < 0.001) and higher T stage (T2;
P = 0.027) compared to the non-TN subtype. The TN sub-
type showed a higher incidence of masses than the non-
TN subtype on mammography, with no significant differ-
ence. There were also no significant associations among
these two subtypes and age, the presence of symptoms, or
sonographic BI-RADS category (Table 2).

We ran multivariate logistic regression analyses that
compared clinicoradiologic factors to luminal A subtypes
after adjustment of histologic grade, and found that the
HER2 subtype had a significant association with BI-RADS

category 4b (odds ratio [OR]= 9.005; 95% confidence inter-
val [CI]= 1.414 - 57.348; P = 0.020) and was weakly associated
with category 4c (OR= 4.669; 95% CI= 0.970 - 22.468; P =
0.055). There was also a significant difference in risk for T2
and T3 staging (OR= 3.173; 95% CI= 1.248 - 8.066; P = 0.015 and
OR= 6.552; 95% CI= 1.252 - 34.296; P = 0.026, respectively) (Ta-
ble 3).

Our multivariate logistic regression analysis compar-
ing clinicoradiologic factors to non-TN subtypes after ad-
justment of histologic grade found that the TN subtype
was significantly correlated with medullary carcinoma
(OR= 7.092; 95% CI= 1.149 - 43.772; P = 0.035) and T3 stage
(OR= 23.652; 95% CI= 14.211 - 132.830; P = 0.003) (Table 4).
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Table 1. Clinicoradiologic and Pathologic Features Stratified by Four IHC Subtypesa

Variable Luminal A (n=77) Luminal B (n = 54) HER2+ (n = 35) TN (n = 34) P Value

Patient age (mean ± SD, range) 57.4 ± 11.3 (29 - 82) 55.3 ± 10.3 (34 - 78) 60.9 ± 9.0 (45 - 78) 54.9 ± 11.3 (33 - 80) 0.064

Symptoms 0.263

Yes 49 (63.6) 27 (50) 24 (68.6) 22 (64.7)

No 28 (36.4) 27 (50) 11 (31.4) 12 (35.3)

MMG finding 0.037

Asymmetry 11 (14.3) 4 (7.4) 4 (7.4) 2 (5.9)

Mass 48 (62.3) 34 (62.9) 20 (57.1) 25 (73.5)

Microcalcification ± mass 11 (14.3) 16 (29.6) 11 (31.4) 4 (11.8)

Negative 7 (9.1) 0 (0) 0 (0) 3 (8.8)

US BI-RADS 1.0 0.109

4a 18 (23.4) 11 (20.4) 2 (5.7) 6 (17.7)

4b 8 (10.4) 2 (3.7) 7 (20.0) 5 (14.7)

> 4c 51 (66.2) 41 (75.9) 26 (74.3) 23 (67.6)

Cancer type 0.284

IDC 70 (90.9) 50 (92.6) 34 (97.1) 30 (88.2)

Mucinous 5 (6.5) 3 (5.6) 1 (2.9) 0 (0)

Medullary 1 (1.3) 1 (1.9) 0 (0) 3 (8.9)

Papillary 1 (1.3) 0 (0) 0 (0) 1 (2.9)

Histologic grade < 0.001

1 28 (37.3) 12 (23.1) 3 (8.6) 1 (3.0)

2 38 (50.7) 30 (57.7) 19 (54.3) 6 (18.2)

3 9 (12.0) 10 (19.2) 13 (37.1) 26 (78.8)

T stage < 0.001

T1 47 (64.0) 32 (59.3) 10 (28.6) 12 (35.3)

T2 27 (35.1) 21 (38.9) 20 (57.1) 22 (64.7)

T3 3 (3.9) 1 (1.9) 5 (14.3) 0 (0)

Abbreviations: BI-RADS, breast imaging reporting and data system; IDC, invasive ductal carcinoma; IHC, immunohistochemical; MMG, mammographic; SD, standard
deviation; TN, triple negative; US, ultrasound.
aValues are expressed as No. (%).

5. Discussion

Currently, breast cancer treatment is typically adjusted
according to the particular IHC characteristics of the tu-
mor. Therefore, researchers have sought to determine
how well imaging findings can reveal the molecular sub-
type of a tumor, which would improve the potential for
preoperatively-planned treatment strategies. Several stud-
ies have explored the correlations between various imag-
ing findings, including mammography, US, and magnetic
resonance imaging (MRI), and the clinical features based
on various histopathologic markers (8, 9, 12, 13, 19-23).

In this study, when analyzing four different subtypes,

we found that the TN subtypes were more likely to be asso-
ciated with a mass on mammography than the other sub-
types. This finding is consistent with other studies, despite
differences between study designs (9, 11, 13, 20, 24, 25). TN
subtypes are generally described as relatively well-defined
noncalcified masses that mimic benign breast lesions, or
sometimes as ill-defined or spiculated marginated masses
or focal asymmetry (9, 11, 13, 20, 24-29). In fact, the TN sub-
type is aggressive, rapidly proliferating, and less associated
with ductal carcinoma in situ (DCIS) than other subtypes
(23). Also, the TN subtype has been found to have a lower as-
sociation with microcalcifications (9, 11, 23, 28, 29), in accor-
dance with our own findings. TN subtypes were also associ-
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Table 2. Clinicoradiologic and Pathologic Features, Stratified by Two IHC Subtypesa

IHC Subtype Non-TN (n = 166) TN (n = 34) P Value

Patient age (mean ± SD, range) 57.5 ± 10.7 (33 - 80) 54.9 ± 11.3 (33 - 80) 0.222

Symptoms 0.627

Yes 49 (63.6) 22 (64.7)

No 28 (36.4) 12 (35.3)

MMG finding 0.215

Asymmetry 19 (11.5) 2 (5.9)

Mass 102 (61.5) 25 (73.5)

Microcalcification ± mass 38 (22.8) 4 (11.8)

Negative 7 (4.2) 3 (8.8)

US BI-RADS 0.750

4a 31 (18.7) 6 (17.7)

4b 17 (10.2) 5 (14.7)

> 4c 118 (71.1) 23 (67.6)

Cancer type 0.021

IDC 154 (92.8) 30 (88.2)

Mucinous 9 (5.4) 0 (0)

Medullary 2 (1.2) 3 (8.9)

Papillary 1 (0.6) 1 (2.9)

Histologic grade < 0.001

1 43 (26.5) 1 (3.0)

2 87 (53.7) 6 (18.2)

3 32 (19.8) 26 (78.8)

T-stage 0.027

T1 89 (53.6) 12 (35.3)

T2 68 (11.0) 22 (64.7)

T3 9 (5.4) 0 (0)

Abbreviations: BI-RADS, breast imaging reporting and data system; IDC, invasive ductal carcinoma; IHC, immunohistochemical; MMG, mammographic; SD, standard
deviation; TN, triple negative; US, ultrasound.
aValues are expressed as No. (%).

ated with the highest histologic grade compared to other
subtypes in some studies (30, 31).

With regard to T stage, HER2-enriched and TN subtypes
were both associated with a T-stage of > 2. HER2-enriched
types have been described as involving larger-sized masses
and more advanced stages than the other subtypes (21, 31,
32).

In our analyses with two categories of IHC subtypes,
we found a significant association between the TN subtype
and medullary cancer (P = 0.021). Uematsu et al. (27) re-
ported that medullary and metaplastic carcinomas were
significantly associated with TN breast cancer, similar to
Cadarella et al.’s (26) report. Leidy et al. (33) also found that

TN subtypes were frequently associated with adenoid cys-
tic carcinoma, apocrine carcinoma, medullary carcinoma
and metaplastic carcinoma; all of which have better prog-
noses than basal-like breast cancer.

Our study only evaluated mammogram and sonogram
features; however, several studies have looked at MRI
and positron emission tomography/computed tomogra-
phy (PET/CT) imaging for breast cancer subtypes. Youk et al.
(13) reported that TNBC was larger, better defined, and had
more necrotic tissue than other cancers, and that necrosis
yielded high T2-weighted signal intensity and apparent dif-
fusion coefficient values. Uematsu et al. (27) found simi-
lar MR features for TN cancers, including very high intratu-
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Table 3. Multivariate Logistic Regression Analysis of IHC Subtypes for Clinical and Radiologic Factors Compared to the Luminal A Subtype After Adjustment for Histologic
Grade

Variable Luminal B (n = 54) HER2+ (n = 35) TN (n = 34)

OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value

Age 0.981 (0.947 - 1.015) 0.268 1.029 (0.987 - 1.072) 0.178 0.973 (0.929 1.019) 0.245

Symptoms

No 1.0 1.0 1.0

Yes 0.531 (0.255 - 1.106) 0.091 1.099 (0.449 - 2.691) 0.836 0.856 (0.315 - 2.323) 0.761

MMG finding

Negative 1.0 1.0 1.0

Asymmetry/mass > 999.999 (< 0.001 ->
999.999)

0.951 > 999.999 (< 0.001 - >
999.999)

0.962 0.364 (0.049 - 2.734) 0.407

Mass with
calcification

> 999.999 (< 0.001 -
>999.999)

0.948 > 999.999 (< 0.001- >
999.999)

0.958 0.285 (0.027 - 2.983) 0.295

US BI-RADS

4a 1.0 1.0 1.0

4b 0.427 (0.075 - 2.417) 0.336 9.005 (1.414 - 57.348) 0.020 2.027 (0.329 - 12.475) 0.446

> 4c 1.284 (0.538 - 3.065) 0.573 4.669 (0.970 - 22.468) 0.055 1.398 (0.402 - 4.865) 0.598

Cancer type

IDC 1.0 1.0 1.0

Mucinous 1.200 (0.189 - 7.638) 0.847 3.000 (0.218 - 41.351) 0.412 < 0.001 (< 0.001 - > 999.999) 0.956

Medullary > 999.999 (< 0.001 - >
999.999)

0.970 0.515 (< 0.001 - > 999.999) 0.999 < 0.001 (< 0.001 - > 999.999) 0.967

Papillary < 0.001 (< 0.001 - > 999.999) 0.978 < 0.001 (< 0.001 - > 999.999) 0.982 < 0.001 (< 0.001 - > 999.999) 0.984

T-stage

T1 1.0 1.0 1.0

T2 1.226 (0.579 - 2.597) 0.595 3.173 (1.248 - 8.066) 0.015 2.376 (0.876 - 6.446) 0.089

T3 0.469 (0.046 - 4.783) 0.523 6.552 (1.252 - 34.296) 0.026 < 0.001 (< 0.001 - > 999.999) 0.989

Abbreviations: BI-RADS, breast imaging reporting and data system; IDC, invasive ductal carcinoma; MMG, mammographic; TN, triple negative; US, ultrasound; OR, odds
ratio; HER2, human epidermal growth factor receptor 2; CI, confidence interval; IHC, immunohistochemical.

moral signal intensity on T2-weighted MR imaging and in-
tratumoral necrosis. Bae et al. (19) reported that androgen-
receptor-positive TN cancers were more likely to be associ-
ated with non-mass types and a higher incidence of irregu-
lar and spiculated lesions on MRI than androgen-receptor-
negative TN cancers. Koo et al. (34) found that 18F fluo-
rodeoxyglucose (FDG) PET showed higher FDG uptake in
the TN subtype (1.67-fold) and the HER2 subtype (1.27-fold)
than in the luminal A type.

As prior studies have reported, TN subtype cancers dis-
play well-defined benign masses on mammography and
US, as well as a higher necrotic portion and rim-enhanced
lesions on MRI, and advanced T-staging and histologic
grade (13). Another study (35) reported that TNBC was asso-
ciated with younger age; however, in this study, we found
no significant differences associated with age.

The present study has several limitations. First, it is
retrospective and therefore may be affected by selection
bias, so only excised cases and known IHC profiles were
included. Second, the sample size (n = 200) was fairly
small, and to draw clearer conclusions, another study with
a larger sample size and a prospective design will be neces-
sary. Third, this study evaluated the mammographic and
sonographic features of breast cancer according to the IHC
subtypes. However, MRI and other modalities would also
be useful to study.

In conclusion, TNBC exhibited well-defined, benign
masses on mammography and US, and was significantly as-
sociated with medullary cancer. Higher histologic grade
and higher T-stage were typically seen among TNBC cases,
as shown by HER2-enriched subtypes.
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Table 4. Multivariate Logistic Regression Analysis of TN Subtype for Clinical and Radiologic Factors Compared to non-TN Subtypes After Adjusting for Histologic Grade

Variable TN (n = 34)

OR (95% CI) P Value

Age 0.970 (0.931 - 1.011) 0.149

Symptoms

No 1.0

Yes 1.026 (0.422 - 2.496) 0.954

MMG finding

Negative 1.0

Asymmetry/mass 0.173 (0.025 - 1.192) 0.075

Mass with microcalcification 0.246 (0.045 - 1.345) 0.106

US BI-RADS

4a 1.0

4b 1.520 (0.403 - 5.723) 0.536

> 4c 1.007 (0.377 - 2.688) 0.989

Cancer type

IDC 1.0

Mucinous 0.267 (0.013 - 5.479) 0.391

Medullary 7.092 (1.149 - 43.772) 0.035

Papillary 5.061 (0.308 - 83.153) 0.256

T-stage

T1 1.0

T2 2.155 (0.345 - 13.444) 0.411

T3 23.652 (4.211 - 132.830) 0.003

Abbreviations: BI-RADS, breast imaging reporting and data system; IDC, invasive ductal carcinoma; MMG, mammographic; TN, triple negative; US, ultrasound; OR, odds
ratio; CI, confidence interval; IHC, immunohistochemical.
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