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Chapter 1 

Location of Triple-Negative Breast Cancers: 

Comparison with Estrogen Receptor-Positive 

Breast Cancers on MR Imaging 
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INTRODUCTION 

Previous studies have shown that the location of a primary cancer could affect tumor growth 

patterns and have a prognostic significance (1). One such study reported that patients with tumors in 

the medial location of the breast have worse prognosis (2, 3), and occult spread to internal mammary 

lymph nodes was attributed to an increased risk of relapse and breast cancer death for patients with 

tumors in the medial location of the breast. Moreover, research has demonstrated that lymph node 

metastasis occurs more commonly in tumors located in the lateral portion of the breast (4, 5).  

In addition to their prognostic significance, familial breast cancers have been reported to have a 

preferential location. One study showed that more than half (42 of 75) of their sample of familial 

breast cancers resided in the posterior region of the breast, and most frequently (40 of 42 cancers) the 

immediate prepectoral region of the breast (6). Furthermore, a posterior or prepectoral tumor location 

has been regarded as a reason for missed cancers on mammography, particularly when combined with 

dense parenchyma (7-9).  

Recently, there has been a major need to better understand the biological characteristics of triple-

negative (estrogen receptor [ER]-negative, progesterone receptor [PR]-negative, and human epidermal 

growth factor receptor 2 [HER2]-negative) breast cancer, which accounts for 15% to 20% of newly 

diagnosed breast cancer cases (10-12). Triple-negative breast cancers have been reported to have less 

axillary lymph node metastasis but poorer prognosis due to distant metastasis compared with ER-

positive cancers (11, 13). The imaging and histopathologic features of triple-negative breast cancers 

have been described in the literature (14). Compared with ER-positive cancers, several magnetic 

resonance (MR) imaging findings, such as smooth margin, rim enhancements, and intratumoral 

necrosis, have been reported as characteristic findings (14-16). However, information regarding their 

location, to our knowledge, has not been described. Our hypothesis was that triple-negative breast 

cancers, the most aggressive and common type of breast cancer in younger women with a family 

history, may have a tendency to be located in the medial or posterior region of the breast. Anatomical 

and lymphoscintigraphic studies have revealed that tumors in the medial and posterior locations have 
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considerable lymphatic dissemination to the internal mammary node chain, which is the most 

important destination for lymph drainage outside of the axilla (17). 

Thus, the aim of this study was to compare the location of triple-negative breast cancers with that 

of ER-positive breast cancers using MR imaging. 

 

 



４ 

 

MATERIALS AND METHODS 

Patients  

Institutional review board approval was obtained, and the requirement for informed consent was 

waived for this retrospective analysis. Between June 2009 and May 2012, a search of a computerized 

MR imaging and pathology database identified 411 patients with triple-negative breast cancers and 

1244 patients with ER-positive breast cancers who were diagnosed with invasive breast cancer and 

underwent breast MR imaging prior to surgery at our institution. Among these 1655 patients, patients 

who received neoadjuvant chemotherapy (n = 114), patients who underwent excisional biopsy or had 

prior breast surgery before MR imaging (n = 79), and those without immunohistochemistry (IHC) or 

fluorescence in situ hybridization (FISH) for HER2 (n = 15) were excluded. Patients with 

microinvasive breast cancers (n = 15), multifocal or multicentric breast cancers (n = 336), and those 

with breast implants (n = 6) were also excluded due to difficulty in determining the exact location of 

the invasive cancer. Finally, 1102 primary breast cancers (256 triple-negative and 846 ER-positive) in 

1090 patients (bilateral cancers in 12 patients) comprised our study group. The mean age of the 

patients was 52.1 years (range, 25 – 84 years). A total of 432 cancers (39.2%) were detected at 

screening. The mean size of the tumors was 2.5 cm (range, 0.2 cm – 5.9 cm). A total of 924 of the 

1102 cancers (83.8%) were treated with breast-conserving surgery, and 178 cancers (16.2%) were 

treated with mastectomy. During this period, MR imaging was routinely performed in all patients 

prior to surgery for breast cancer in our institution.  

 

MR Imaging Examination  

MR imaging was performed with the patient placed in a prone position. MR examinations were 

performed using a 1.5-T scanner (Signa; General Electric Medial Systems, Milwaukee, WI) with a 

dedicated breast coil (8-channel HD breast array, General Electric Medical Systems). After obtaining 

a bilateral transverse localizer image, sagittal fat-suppressed T2-weighted fast spin-echo images were 

obtained (TR/TE, variable from 5500 to 7150/82; 256x160 matrix; field of view, 200x200 mm; 1.5-
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mm slice thickness, no gap). Dynamic contrast-enhanced examinations included one pre-contrast and 

five post-contrast bilateral sagittal image acquisitions using a fat-suppressed T1-weighted three-

dimensional (3D) fast spoiled gradient echo sequence (TR/TE, 6.5/2.5; 256x160 matrix; flip angle, 

10˚; field of view, 200x200 mm; 1.5-mm slice thickness, no gap). Gadobenate dimeglumine (0.1 

mmol/kg Multihance; Bracco Imaging, Milan, Italy) was injected using an automated injector 

(Spectris MR, Medrad Europe, Maastricht, Netherlands) through an indwelling IV catheter. Five post-

contrast image series were obtained at 76, 165, 345, 434, and 583 seconds after contrast 

administration. For all studies, early subtraction (i.e., first post-contrast images minus pre-contrast 

images), axial reformatted images, and 3D maximum intensity projection (MIP) images were 

generated. 

 

Image Analysis  

A retrospective analysis for the tumor location was performed by two radiologists in consensus 

(*** and *** with 6 and 15 years of experience in breast MR imaging, respectively), and they were 

blinded to the clinicopathologic data. To determine the location of the tumor, the whole series of MR 

images, including axial reformatted and MIP images, were comprehensively reviewed with a picture 

archiving and communication system (PACS) workstation. The tumor locations were classified as 

follows: 1) quadrant location (upper-outer quadrant, upper-inner quadrant, lower-outer quadrant, 

lower-inner quadrant, and periareolar); 2) mediolateral location (medial, central, and lateral); and 3) 

anteroposterior location (anterior, middle, and posterior) (18). The mediolateral and anteroposterior 

locations of the breast were determined based on trisection of the breast hemisphere. 

To overcome subjectivity in determining the tumor location, one radiologist (***, with 6 years of 

experience in breast MR imaging) who was blinded to clinicopathologic data identified the tumor 

location using 3D coordinates (19). In axial MR images, the x-axis measurement was recorded as the 

transverse distance from the posterior nipple line, an imaginary line running across the nipple back to 

and perpendicular to the pectoralis muscle. Tumors that were located lateral to the posterior nipple 

line were recorded as positive numbers, and those medial to the posterior nipple line were recorded as 
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negative numbers. In sagittal MR images, the y-axis measurement was recorded as the anteroposterior 

distance from the chest wall; thus, this is equivalent to the distance from the chest wall. To account for 

the curvature of the chest wall, the shortest distance from the chest wall at an imaginary line that is 

perpendicular to the surface of the chest wall projected from the tumor was recorded. The z-axis 

measurement was recorded as the superoinferior distance from the posterior nipple line. Tumors that 

were located superior to the posterior nipple line were recorded as positive numbers and those inferior 

to the posterior nipple line were recorded as negative numbers. As the tumors have various 

morphologic features including mass and non-mass enhancement, we measured the shortest distance 

from the margin of the lesions rather than using center of the mass as the reference points (Figure 1). 

Because each patient has a different breast size, measurements for breast size were performed in 

the x-, y-, and z-axes for each patient. For the x-axis measurement, the maximum transverse 

dimension of the breast size was recorded; for the y-axis measurement, the anteroposterior distance 

from the nipple to the chest wall was recorded; and for the z-axis measurement, the craniocaudal 

distance from the upper edge of the breast to the lower edge was recorded. To obtain breast size-

adjusted x-, y-, and z-axes distances, the recorded x-, y-, and z-axes distances were divided by the 

corresponding breast size measurements. For example, the breast size-adjusted y-axis distance 

equaled the y-axis distance divided by the maximum distance from the nipple to the chest wall.  

Because the large tumor may have an effect on the determination of tumor location due to its 

growth direction, we performed subgroup analysis of T1-tumors (tumor size < 2cm, n = 347) for the 

tumor location according to the breast cancer subtype to minimize the potential bias. 

 

Histopathologic Analysis 

Histopathologic diagnoses were performed by a pathologist with 25 years of experience. The 

histopathologic analysis included histologic type, tumor size, histologic grade (Elston and Ellis 

method (20), and axillary nodal status. The routinely formalin-fixed, paraffin-embedded tissue blocks 

were sectioned to 4 μm thickness and then used for IHC. The expression of ER, PR, and HER2 was 

evaluated with the avidin-biotin complex IHC technique. ER and PR positivity was defined as the 
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presence of 1% or more positively stained nuclei in ten high-power fields (21). The HER2 expression 

was initially scored as 0, 1+, 2+, or 3+ by IHC staining. Tumors with 3+ scores were classified as 

positive for HER2 overexpression, whereas tumors with 0 or 1+ scores were considered as negative. 

We performed FISH for tumors with 2+ scores using the PathVysion HER2 DNA probe (Abbott 

Molecular Inc., Downers Grove, IL). HER2 expression was considered positive if the ratio of HER2 

gene copies to chromosome 17 signals was greater than 2.2. The ER-positive breast cancers was 

defined as ER-positive, HER2-negative, and PR may be positive or negative; the triple-negative 

subtype as ER-negative, PR-negative, and HER2-negative tumors (22). 

 

Data Collection and Statistical Analysis 

The patient age, family history of breast cancer, palpability, and mammographic density 

according to Breast Imaging Reporting and Data System (BI-RADS) (18), and histopathologic data 

were collected. To compare the clinicopathologic findings and location of the triple-negative and ER-

positive breast cancers, the chi-square or Fisher’s exact tests, and the Student’s t test were used. For 

more than two groups of comparison, one-way analysis of variance (ANOVA) and Bonferroni-Dunn 

posthoc tests were performed. We used the chi-square test for trend (two sided) to assess whether a 

location trend existed among the histologic grades and mammographic breast densities. The 

independent relationship between absolute/breast size-adjusted x-, y-, z-axes distances and tumor 

subtype was assessed using multiple linear regression with age, family history of breast cancer, 

mammographic density, tumor size, and histologic grade as potential confounding variables. A P 

value of less than .05 was considered to indicate statistical significance. All statistical analyses were 

performed using SPSS version 12.0 software (SPSS, Chicago, IL). 
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Figure 1. Axial (left) and sagittal (right) schematic drawing showing x-axis (X), y-axis (Y), and z-

axis (Z) measurements of breast cancer in relation to the imaginary lines from the nipple. 
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RESULTS 

Clinicopathologic Findings 

Patients with triple-negative breast cancers had more frequent family history of breast cancer (P 

= .014), palpable symptom (P < .0001), higher tumor size (P < .0001), higher histologic grade (P 

< .0001), and negative axillary nodal status (P = .001). Age and mammographic breast density were 

not significantly different between patients with triple-negative and ER-positive breast cancers. Table 

1 demonstrates the clinicopathologic characteristics of patients with triple-negative breast cancers and 

those with ER-positive breast cancers. 

  



１０ 

 

Table 1. Clinicopathologic characteristics  

Variables 
Triple-Negative 
Cancer 
(n = 256) 

ER-Positive  
Cancer 
(n = 846) 

P value 

Age (y)* 51 (20 – 78) 52 (22 – 84) .069 

Family history of breast cancer 26 (10.2) 47 (5.6) .014 

Palpability   < .0001 

No 60 (23.4) 379 (44.8)  

Yes 196 (76.6) 467 (55.2)  

Mammographic breast density   .934† 

Grade 1 25 (9.8) 75 (8.9)  

Grade 2 56 (21.9) 185 (21.9)  

Grade 3 127 (49.6) 436 (51.5)  

Grade 4 48 (18.8) 150 (17.7)  

Histologic type    

Invasive ductal  235 (91.8) 755 (89.2) .288 

Invasive lobular 0 45 (5.3) < .0001 

Mucinous  0 32 (3.8) < .0001 

Metaplastic 13 (5.1) 0 < .0001 

Tubular 0 5 (0.6) .596 

Apocrine 4 (1.6) 0 .003 

Adenoid cystic 2 (0.8) 0 .054 

Invasive papillary 1 (0.4) 6 (0.7) 1.000 

Invasive micropapillary 0 2 (0.2) 1.000 

Medullary 1 (0.4) 
1 (0.1) 

.411 

Tumor size* 2.2 (0.2 – 5.4) 1.9 (0.2 – 5.9) < .0001 

Histologic grade   < .0001† 

I 2 (0.8) 125 (14.8)  

II 35 (13.7) 478 (56.5)  

III 219 (85.5) 243 (28.7)  

Axillary nodal status    .001 

Negative 216 (84.4) 628 (74.2)  

Positive 40 (15.6) 218 (25.8)  

Surgery   .628 

Breast-conserving surgery 212 (82.8) 712 (84.2)  

Mastectomy 44 (17.2) 134 (15.8)  

Note.― Unless otherwise indicated, data are numbers of patients and numbers in parentheses are 

percentages. 

* Data are mean values, with ranges in parentheses. 

† Chi-square test for trend. 
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Distribution of Tumor Location  

Among 1102 breast cancers, we found no significant differences in the distribution of quadrants 

and mediolateral locations between triple-negative and ER-positive breast cancers (Table 2). However, 

the distribution of the anteroposterior location was significantly different between triple-negative and 

ER-positive breast cancers. Triple-negative breast cancers tended to be located more posteriorly 

compared to ER-positive breast cancers (P = .0026): 55% (140/256) of the triple-negative breast 

cancers had a posterior location, whereas 44% (370/846) of the ER-positive breast cancers had a 

posterior location. For the subgroup of T1-tumors, the distribution of the anteroposterior location was 

also significantly different between triple-negative and ER-positive breast cancers. Triple-negative 

breast cancers tended to be located more posteriorly compared to ER-positive breast cancers (P 

= .0163): 62% (34/55) of the triple-negative breast cancers had a posterior location, whereas 41% 

(292/347) of the ER-positive breast cancers had a posterior location. 

The distribution of the locations according to the other clinicopathologic findings is also 

demonstrated in Tables 3-5. Patients with tumors in the medial location were significantly younger 

than with tumor in the central location (P < .0001; posthoc analysis). Patients with tumors in the 

posterior location were significantly younger than those with tumors in the anterior and middle 

locations (all P < .0001; posthoc analysis). Patients with denser mammographic density tended to 

have tumors more posteriorly located (P < .0001; test for trend, dichotomized into posterior vs. 

anterior/middle). Tumors with positive axillary nodal status tended to be more laterally and anteriorly 

located (P = .012 and P = .0085; test for trend). 
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Table 2. Distribution of tumor location  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note.― Data are numbers of patients and numbers in parentheses are percentages  

* Chi-square test for trend. 

  

Variables 

Triple-Negative  

Cancer 

(n = 256) 

ER-Positive  

Cancer 

(n = 846) 

P value 

Quadrants    

Upper outer 126 (49.2) 375 (44.3) .174 

Upper inner 73 (28.5) 225 (26.6) .574 

Lower outer 26 (10.2) 112 (13.2) .235 

Lower inner 18 (7.0) 61 (7.2) 1.000 

Periareolar 13 (5.1) 73 (8.6) .064 

Mediolateral location   .755* 

Medial  51 (19.9) 186 (22.0)  

Central  100 (39.1) 310 (36.6)  

Lateral 105 (41.0) 350 (41.4)  

Anteroposterior   .0026* 

Anterior 17 (6.6) 80 (9.5)  

Middle 99 (38.7) 396 (46.8)  

Posterior 140 (54.7) 370 (43.7)  
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Table 3. Quadrants location of tumors according to the clinicopathologic features 
 

 

Note.― Unless otherwise indicated, data are numbers of patients and numbers in parentheses are percentages. 

* Data are mean values, with ranges in parentheses.

 
 

 

Variables 

Upper 

Outer 

Quadrant 

Upper Inner 

Quadrant 

Lower Outer 

Quadrant 

Lower Inner 

Quadrant 
Periareolar P value 

Age (y)* 52 (20 – 82) 51 (22 – 78) 52 (22 – 78) 49 (28 – 77) 55 (31 – 84) .013 

Family history of breast 
cancer 

     .990 

No 469 (45.6) 279 (27.1) 128 (12.4) 73 (7.1) 80 (7.8)  

Yes 32 (43.8) 19 (26.0) 10 (13.7) 6 (8.2) 6 (8.2)  

Palpability      .772 

No 205 (40.9) 108 (36.2) 58 (42.0) 30 (38.0) 38 (44.2)  

Yes 296 (59.1) 190 (63.8) 80 (58.0) 49 (62.0) 48 (55.8)  

Mammographic breast 
density 

     .695 

Grade 1 43 (43.0) 22 (22.0) 12 (12.0) 9 (9.0) 14 (14.0)  

Grade 2 113 (46.9) 61 (25.3) 32 (13.3) 16 (6.6) 19 (7.9)  

Grade 3 253 (44.9) 161 (28.6) 67 (11.9) 41 (7.3) 41 (7.3)  

Grade 4 92 (46.5) 54 (27.3) 27 (13.6) 13 (6.6) 12 (6.1)  

Histologic type      .356 

Invasive ductal  446 (45.1) 274 (27.7) 117 (11.8) 74 (7.5) 79 (8.0)  

Invasive lobular 22 (48.9) 9 (20.0) 11 (24.4) 2 (4.4) 1 (2.2)  

Mucinous  15 (46.9) 8 (25.0) 3 (9.4) 1 (3.1) 5 (15.6)  

Metaplastic 6 (46.2) 3 (23.1) 2 (15.4) 2 (15.4) 0  

Tubular 4 (80.0) 1 (20.0) 0 0 0  

Apocrine 2 (50.0) 0 1 (25.0) 0 1 (25.0)  

Adenoid cystic 1 (50.0) 1 (50.0) 0 0 0  

Invasive papillary 2 (28.6) 1 (14.3) 4 (57.1) 0 0  

Invasive 
micropapillary 

2 (100.0) 0 0 0 0  

Medullary 1 (50.0) 1 (50.0) 0 0 0  

Tumor size* 
2.0 (0.2 – 
5.9) 

2.0 (0.2 – 
5.8) 

2.0 (0.2 – 
4.9) 

2.2 (0.5 – 
5.0) 

2.1 (0.2 – 
5.5) 

.448 

Histologic grade       .589 

I 62 (12.4) 38 (12.8) 14 (10.4) 5 (6.3) 8 (9.3)  

II 234 (46.7) 141 (47.3) 67 (48.6) 33 (41.8) 38 (44.2)  

III 205 (40.9) 119 (39.9) 57 (41.3) 41 (51.9) 40 (46.5)  

Axillary nodal status       <.0001 

Negative 373 (74.5) 260 (87.2) 103 (74.6) 57 (72.2) 51 (59.3)  

Positive 128 (25.5) 38 (12.8) 35 (25.4) 22 (27.8) 35 (40.7)  

Surgery      <.0001 

Breast-conserving 
surgery 

445 (88.8) 258 (86.6) 115 (83.3) 63 (79.7) 43 (50.0)  

Mastectomy 56 (11.2) 40 (13.4) 23 (16.7) 16 (20.3) 43 (50.0)  
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Table 4. Mediolateral location of tumors according to the clinicopathologic features 

 
Variables 

Medial Central Lateral P value 

Age (y)* 50 (22 – 77) 54 (30 – 84) † 51 (20 – 81) < .0001 

Family history of breast cancer    .544‡ 

No 221 (21.5) 387 (37.6) 421 (40.9)  

Yes 16 (21.9) 23 (31.5) 34 (46.6)  

Palpability    .463‡ 

No 74 (31.2) 195 (47.6) 170 (37.4)  

Yes 163 (68.8) 215 (52.4) 285 (62.6)  

Mammographic breast density    .004 

Grade 1 23 (23.0) 47 (47.0) 30 (30.0)  

Grade 2 45 (18.7) 99 (41.1) 97 (40.2)  

Grade 3  116 (20.6) 213 (37.8) 234 (41.6)  

Grade 4  53 (26.8) 51 (25.8) 94 (47.5)  

Histologic type    .532 

Invasive ductal  219 (22.1) 368 (37.2) 403 (40.7)  

Invasive lobular 6 (13.3) 21 (46.7) 18 (40.0)  

Mucinous  7 (21.9) 6 (18.8) 19 (59.4)  

Metaplastic 4 (30.8) 6 (46.2) 3 (23.1)  

Tubular 0 2 (40.0) 3 (60.0)  

Apocrine 0 2 (50.0) 2 (50.0)  

Adenoid cystic 0 1 (50.0) 1 (50.0)  

Invasive papillary 1 (14.3) 3 (42.9) 3 (42.9)  

Invasive micropapillary 0 0 2 (100.0)  

Medullary 0 1 (50.0) 1 (50.0)  

Tumor size* 2.1 (0.2 – 5.8) 2.0 (0.2 – 5.5) 2.0 (0.2 – 5.9) .083 

Histologic grade     .576 

I 23 (9.7) 45 (11.0) 59 (13.0)  

II 106 (44.7) 196 (47.8) 211 (46.4)  

III 108 (45.6) 169 (41.2) 185 (40.6)  

Axillary nodal status     .012‡ 

Negative 196 (82.7) 312 (76.1) 336 (73.8)  

Positive 41 (17.3) 98 (23.9) 119 (26.2)  

Surgery    .0013‡ 

Breast-conserving surgery 198 (83.5) 315 (76.8) 411 (90.3)  

Mastectomy 39 (16.5) 95 (23.2) 44 (9.7)  

Note.― Unless otherwise indicated, data are numbers of patients and numbers in parentheses are percentages. 

* Data are mean values, with ranges in parentheses 

† P < .05 vs. medial location 

‡ Chi-square test for trend   
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Table 5. Anteroposterior location of tumors according to the clinicopathologic features 

 
Variables 

Anterior Middle Posterior P value 

Age (y)* 56 (31 – 78) 53 (30 – 84) 50 (20 – 79) < .0001† 

Family history of breast cancer    .283‡ 

No 88 (8.6) 468 (45.5) 473 (46.0)  

Yes 9 (12.3) 27 (37.0) 37 (50.7)  

Palpability    .0001‡ 

No 42 (43.3) 232 (46.9) 165 (32.4)  

Yes 55 (56.7) 263 (53.1) 345 (67.6)  

Mammographic breast density    < .001 

Grade 1 20 (20.0) 50 (50.0) 30 (30.0)  

Grade 2 26 (10.8) 136 (56.4) 79 (32.8)  

Grade 3 39 (6.9) 249 (44.2) 275 (48.8)  

Grade 4 12 (6.1) 60 (30.3) 126 (63.6)  

Histologic type    .307 

Invasive ductal  90 (9.1) 448 (45.3) 452 (45.7)  

Invasive lobular 3 (6.7) 27 (60.0) 15 (33.3)  

Mucinous  3 (9.4) 10 (31.3) 19 (59.4)  

Metaplastic 0 5 (38.5) 8 (61.5)  

Tubular 0 1 (20.0) 4 (80.0)  

Apocrine 1 (25.0) 1 (25.0) 2 (50.0)  

Adenoid cystic 0 0 2 (100.0)  

Invasive papillary 0 3 (42.9) 4 (57.1)  

Invasive micropapillary 0 0 2 (100.0)  

Medullary 0 0 2 (100.0)  

Tumor size* 2.1 (0.2 – 5.5) 2.0 (0.2 – 5.8) 2.0 (0.2 – 5.9)  

Histologic grade     .078 

I 8 (8.2) 66 (13.3) 53 (10.4)  

II 51 (52.6) 239 (48.3) 223 (4371)  

III 38 (39.2) 190 (38.4) 234 (45.9)  

Axillary nodal status     .0085‡ 

Negative 67 (69.1) 370 (74.7) 407 (79.8)  

Positive 30 (30.9) 125 (25.3) 103 (20.2)  

Surgery    < .0001‡ 

Breast-conserving surgery 53 (54.6) 411 (83.0) 460 (90.2)  

Mastectomy 44 (45.4) 64 (17.0) 50 (9.8)  

Note.― Unless otherwise indicated, data are numbers of patients and numbers in parentheses are percentages. 

* Data are mean values, with ranges in parentheses 

† P < .05 vs. between all groups 

‡ Chi-square test for trend 
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3D Coordinates of Breast Cancers 

Triple-negative breast cancers were significantly closer to the chest wall (absolute y-axis distance) 

than ER-positive breast cancers (1.8 cm, 95% confidence interval [CI]: 1.64 – 2.04 vs. 2.3 cm, 95% 

CI: 2.17 – 2.43; P < .0001) (Figures 2, 3). The breast size-adjusted y-axis distance from the chest wall 

was also significantly shorter for triple-negative breast cancers compared with ER-positive breast 

cancers (0.21, 95% CI: 0.19 - 0.23 vs. 0.25, 95% CI: 0.24 - 0.27; P < .0001) (Table 6). The x- and z-

axes distances were not significantly different between triple-negative and ER-positive breast cancers. 

For the subgroup of T1-tumors, triple-negative breast cancers were also significantly closer to the 

chest wall (absolute y-axis distance) than ER-positive breast cancers (1.7 cm, 95% confidence interval 

[CI]: 1.24 – 2.21 vs. 2.4 cm, 95% CI: 2.20 – 2.61; P < .0001). The breast size-adjusted y-axis distance 

from the chest wall was also significantly shorter for triple-negative breast cancers compared with 

ER-positive breast cancers (0.20, 95% CI: 0.15 - 0.26 vs. 0.27, 95% CI: 0.25 - 0.29; P < .0001). 

Younger patients and patients with denser mammographic density tended to have tumors that 

were more posteriorly located (all P < .0001) (Tables 7, 8). Tumors with palpability and higher 

histologic grade also tended to be more posteriorly located (all P < .05).  

Multiple linear regression analysis revealed that age, mammographic density, and triple-negative 

subtype were significantly correlated with the absolute and breast size-adjusted y-axis distances from 

the chest wall (all P < .05) (Table 9). For the subgroup of T1-tumors, multiple linear regression 

analysis revealed that age, mammographic density, and tumor size were significantly correlated with 

the absolute and breast size-adjusted y-axis distances from the chest wall, however, triple-negative 

subtype was not significantly correlated with the absolute and breast size-adjusted y-axis distances 

from the chest wall (Table 10). 
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(A)  

 

(B) 
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Figure 2. A triple-negative breast cancer in the posterior location of the left breast in a 41-year-

old woman.  

(A) Sagittal early contrast-enhanced nonsubtracted T1-weighted MR image with fat suppression 

shows a 1.5 cm round mass (arrow) with rim enhancement. Note the tumor location in the immediate 

prepectoral region. (B) Subtracted axial reformatted image. 
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(A) 

 
 
(B) 
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Figure 3. An ER-positive breast cancer in the middle location of the right breast in a 47-year-old 

woman.  

(A) Sagittal early contrast-enhanced nonsubtracted T1-weighted MR image with fat suppression 

shows a 2.5 cm round mass (arrow) with rim enhancement. Note the tumor location in the immediate 

prepectoral region. (B) Subtracted axial reformatted image. 
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Table 6. Location of tumors in 3D coordinates 
 

Note.― Data are mean values, with 95% confidence intervals in parentheses.  

* Ranges are (-0.5 – 0.5) for X- and Z-axes distances from the posterior nipple line and (0 – 1.0) for 

Y-axis distance from the chest wall.

 

Parameters  

Triple-Negative 

Cancer 

(n = 256) 

ER-Positive 

Cancer  

(n = 846) 

P value 

Distance (cm)       

X-axis distance from the posterior 

nipple line 
0.5 (0.31, 0.68) 0.4 (0.33, 0.53) .528 

Y-axis distance from the chest wall 1.8 (1.64, 2.04) 2.3 (2.17, 2.43) < .0001 

Z-axis distance from the posterior 

nipple line 
1.2 (0.92, 1.44) 0.9 (0.78, 1.05) .068 

Breast size-adjusted distance*       

X-axis distance from the posterior 

nipple line 
0.06 (0.04, 0.08) 0.05 (0.04, 0.07) .771 

Y-axis distance from the chest wall 0.21 (0.19, 0.23) 0.25 (0.24, 0.27) < .0001 

Z-axis distance from the posterior 

nipple line 
0.07 (0.06, 0.09) 0.06 (0.05, 0.07) .087 
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Table 7. Location of tumors in 3D coordinates according to the clinicopathologic features 
 
Variables 

X-axis Distance  P value Y-axis Distance  P value Z-axis Distance  P value 

Age (y)  .097  < .0001*  .405 

20 - 39 0.48 (0.19, 0.79)  1.0 (1.13, 1.64)  0.8 (0.38, 1.20)  

40 - 60 0.50 (0.39, 0.61)  2.0 (1.92, 2.17)  1.0 (0.88, 1.18)  

≥ 60 0.27 (0.09, 0.45)  3.0 (2.76, 3.30)  0.9 (0.67, 1.14)  

Family history of breast cancer  .596  .670  .015 

No 0.44 (0.35, 0.54)  2.19 (2.08, 2.31)  1.00 (0.87, 1.12)  

Yes 0.34 (-0.04, 0.71)  2.29 (1.79. 2.80)  0.34 (-0.17, 0.86)  

Palpability  .342  < .0001  .346 

No 0.05 (0.37, 0.62)  2.57 (2.39, 2.75)  0.90 (0.73, 1.08)  

Yes 0.41 (0.29, 0.54)  1.94 (1.81, 2.08)  1.02 (0.86, 1.18)  

Mammographic breast density  .191  < .0001*  .587 

Grade 1 0.23 (-0.07, 0.52)  3.50 (3.04, 3.95)  0.77 (0.37, 1.17)  

Grade 2 0.45 (0.26, 0.65)  2.81 (2.55, 3.06)  0.89 (0.66, 1.13)  

Grade 3 0.42 (0.30, 0.54)  1.97 (1.84, 2.11)  1.01 (0.84, 1.18)  

Grade 4 0.62 (0.38, 0.85)  1.41 (1.20, 1.62)  1.06 (0.74, 1.38)  

Histologic type  .457  .595  .933 

Invasive ductal 0.42 (0.33, 0.52)  2.20 (2.09, 2.32)  1.00 (0.88. 1.13)  

Invasive lobular  0.60 (0.18. 1.02)  2.40 (1.87, 2.93)  0.55 (-0.07, 1.17)  

Mucinous  0.69 (0.04, 1.33)  1.89 (1.14, 2.65)  0.69 (-0.13, 1.50)  

Metaplastic  0.01 (-1.32, 1.33)  1.64 (1.13, 2.15)  0.87 (-0.58, 2.32)  

Tubular  1.28 (0.12, 2.44)  1.20 (0.12 , 2.28)  2.38 (-0.01, 4.77)  

Apocrine  0.90 (-0.11, 1.91)  2.80 (-0.85, 6.45)  -0.68 (-2.19, 0.84)  

Adenoid cystic  0.15 (-14.46, 14.76)  1.75 (-5.24, 8.74)  1.20 (-1.34, 3.74)  

Invasive papillary  1.14 (-0.37, 2.66)  2.96 (0.83, 5.09)  0.59 (-1.90, 3.08)  

Invasive micropapillary  1.55 (0.91, 2.19)  1.50 (-15.01, 18.02)  1.20 (-15.32, 17.72)  

Medullary  0.60 (-19.73, 20.93)  0.55 (-5.17, 6.27)  1.35 (-29.78, 32.48)  

Tumor size*  .630  .672  .547 

≤ 2cm 0.43 (0.29, 0.56)  2.30 (2.12, 2.47)  0.92 (0.73, 1.10)  
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> 2cm 0.47 (0.34, 0.60)  2.12 (1.97, 2.28)  1.00 (0.82, 1.17)  

Histologic grade  .371  <.0001  .351 

I 0.60 (0.35, 0.86)  2.39 (2.08, 2.69)  1.22 (0.90, 1.54)  

II 0.45 (0.32, 0.58)  2.38 (2.20, 2.56)   0.95 (0.78, 1.12)  

III 0.39 (0.25, 0.53)  1.93 (1.77, 2.09) †  0.93 (0.73, 1.13)  

Axillary nodal status  .002  .007  .020 

Negative 0.34 (0.26, 0.47)  2.10 (1.98, 2.23)  1.06 (0.92, 1.20)  

Positive 0.69 (0.52, 0.86)  2.49 (2.24, 2.74)  0.72 (0.47, 0.97)  

Surgery  .318  .529  .804 

Breast-conserving surgery 0.50 (0.40, 0.60)  2.10 (1.99, 2.22)  1.10 (0.97, 1.24)  

Mastectomy 0.15 (-0.04, 0.35)  2.65 (2.36, 2.95)  0.31 (0.05, 0.57)  

Note.― Data are mean values, with 95% confidence intervals in parentheses. 

*P < .05 between all subgroups 

†P < .05 vs. low and moderate grade 
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Table 8. Location of tumors in breast size-adjusted 3D coordinates according to the clinicopathologic features 

Variables 
Breast size-adjusted 
X-axis Distance  

P value 
Breast size-adjusted 
Y-axis Distance 

P value 
Breast size-adjusted 
Z-axis Distance  

P value 

Age (y)  .154  < .0001*  .645 

20 - 39 0.05 (0.02, 0.09)  0.18 (0.150 – 0.21)  0.05 (0.03, 0.08)  

40 - 60 0.06 (0.05, 0.07)  0.23 (0.22 – 0.24)  0.06 (0.06, 0.07)  

≥ 60 0.03 (0.02, 0.06)  0.31 (0.28 – 0.33)  0.06 (0.04, 0.07)  

Family history of breast cancer  .558  .861  .024 

No 0.04 (0.04, 0.07)  0.24 (0.23, 0.25)  0.06 (0.06, 0.07)  

Yes 0.04 (-0.00, 0.08)  0.25 (0.21, 0.30)  0.04 (-0.01, 0.06)  

Past history of breast cancer  .051  .422  .382 

No 0.06 (0.05, 0.07)  0.24 (0.23, 0.25)  0.06 (0.05, 0.07)  

Yes -0.01 (-0.08, 0.05)  0.27 (0.20, 0.35)  0.08 (0.03, 0.14)  

Palpability  .712  < .0001  .436 

No 0.06 (0.04, 0.07)  0.28 (0.26, 0.30)  0.06 (0.05, 0.07)  

Yes 0.05 (0.04, 0.07)  0.22 (0.20, 0.23)  0.06 (0.05, 0.08)  

Mammographic breast density  .041  < .0001*  .417 

Grade 1 0.02 (-0.01, 0.05)  0.34 (0.30, 0.38)  0.05 (0.02, 0.08)  

Grade 2 0.05 (0.03, 0.07)  0.29 (0.27, 0.31)  0.06 (0.04, 0.07)  

Grade 3 0.05 (0.04, 0.07)  0.23 (0.22, 0.25)  0.06 (0.05, 0.07)  

Grade 4 0.08 (0.05, 0.11)  0.17 (0.15, 0.20)  0.07 (0.05, 0.09)  

Pathologic type  .555  .414  .787 

Invasive ductal  0.05 (0.04, 0.06)  0.24 (0.23, 0.25)  0.06 (0.06, 0.07)  

Invasive lobular  0.08 (0.03, 0.13)  0.28 (0.22, 0.34)  0.02 (-0.02, 0.06)  

Mucinous  0.09 (0.01, 0.16)  0.22 (0.14, 0.29)  0.05 (-0.01, 0.10)  

Metaplastic  0.01 (-0.13, 0.14)  0.19 (0.13, 0.25)  0.04 (-0.06, 0.14)  

Tubular  0.14 (-0.00, 0.28)  0.18 (-0.00, 0.36)  0.14 (-0.00, 0.28)  

Apocrine  0.13 (-0.03, 0.28)  0.33 (-0.07, 0.72)  -0.05 (-0.14, 0.04)  

Adenoid cystic  0.00 (-1.27, 1.27)  0.15 (-0.49, 0.79)  0.10 (0.10, 0.10)  

Invasive papillary  0.13 (-0.02, 0.28)  0.29 (0.11, 0.46)  0.04 (-0.11, 0.19)  

Invasive micropapillary  0.20 (0.20, 0.20)  0.15 (-1.76, 2.06)  0.10 (-1.17, 1.37)  

Medullary  0.05 (-1.86, 1.96)  0.10 (-1.17, 1.37)  0.10 (-1.17, 1.37)  
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Tumor size*  .767  .634  .455 

≤ 2cm 0.05 (0.04, 0.07)  0.25 (0.24, 0.27)  0.06 (0.05, 0.07)  

> 2cm 0.06 (0.04, 0.07)  0.23 (0.22, 0.25)  0.06 (0.05, 0.08)  

Histologic grade   .200  .002  .252 

I 0.08 (0.05, 0.11)  0.27 (0.24, 0.30)  0.08 (0.06, 0.10)  

II 0.05 (0.04, 0.07)  0.26 (0.24, 0.28)  0.07 (0.05, 0.77)  

III 0.05 (0.03, 0.63)  0.22 (0.20, 0.24) †  0.06 (-0.05, 0.73)  

Axillary nodal status  .003  .002  .011 

Negative 0.05 (0.03, 0.06)  0.23 (0.22, 0.24)  0.07 (0.06, 0.08)  

Positive 0.08 (0.06, 0.10)  0.28 (0.25, 0.30)  0.04 (0.03, 0.06)  

Surgery  .002  < .0001  < .0001 

Breast-conserving surgery 0.06 (0.05, 0.07)  0.23 (0.22, 0.24)  0.07 (0.06, 0.08)  

Mastectomy 0.02 (-0.00, 0.04)  0.30 (0.27, 0.33)  0.02 (0.00, 0.03)  

Note.― Data are mean values, with 95% confidence intervals in parentheses. Ranges are (-0.5 – 0.5) for X- and Z-axes distances from the posterior nipple line and (0 – 

1.0) for Y-axis distance from the chest wall. 

*P < .05 between all subgroups 

†P < .05 vs. low and moderate grade 
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Table 9. Multiple linear regression analysis of association of variables with distance from the 

chest wall 

 

  

Parameters 
Coefficient 

(B) 

Standard 

Error 
B P Value 

Absolute y-axis distance     

Age 0.027 0.007 0.146 < .0001 

Family history of breast cancer 0.221 0.246 0.026 .370 

Mammographic density -0.521 0.081 -0.233 < .0001 

Triple-negative breast cancer -0.156 0.075 -0.069 .037 

Tumor size 0.000 0.045 0.000 .999 

Histologic grade -0.073 0.098 -0.026 .460 

Breast size-adjusted y-axis distance     

Age 0.002 0.001 0.120 .001 

Family history of breast cancer 0.021 0.024 0.026 .387 

Mammographic density -0.039 0.008 -0.181 < .0001 

Triple-negative breast cancer -0.016 0.007 -0.071 .034 

Tumor size -0.002 0.004 -0.013 .686 

Histologic grade -0.007 0.010 -0.024 .494 
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Table 10. Multiple linear regression analysis of association of variables with distance from the 

chest wall for T1-tumors 

 

  

Parameters 
Coefficient 

(B) 

Standard 

Error 
B P Value 

Absolute y-axis distance     

Age 0.030 0.012 0.156 .011 

Family history of breast cancer -0.631 0.528 -0.059 .233 

Mammographic density -0.695 0.132 -0.320 < .0001 

Triple-negative breast cancer -0.199 0.144 -0.076 .168 

Tumor size -0.552 0.260 -0.110 .035 

Histologic grade -0.073 0.133 -0.031 .585 

Breast size-adjusted y-axis distance     

Age 0.002 0.001 0.091 .149 

Family history of breast cancer -0.081 0.054 0.077 .131 

Mammographic density -0.058 0.013 -0.272 < .0001 

Triple-negative breast cancer -0.020 0.015 -0.078 .172 

Tumor size -0.071 0.026 -0.015 .0008 

Histologic grade -0.003 0.014 -0.015 .802 



28 

 

DISCUSSION 

Our results show that triple-negative breast cancers have a tendency toward posterior and 

prepectoral locations on MR imaging compared to ER-positive breast cancers. We also found that age, 

palpability, and mammographic breast density are associated with tumor location. The frequent 

association of triple-negative breast cancers with a posterior or prepectoral location, dense breasts, 

and rapid tumor growth rate may explain why triple-negative breast cancers often present as interval 

cancers on mammography (23). There was no difference in the distribution of quadrants and 

mediolateral locations between triple-negative and ER-positive breast cancers. We compared the 

tumor location of triple-negative and ER-positive breast cancers and our results show that tumor 

location may partially explain the different patterns of metastatic spread between these two subtypes 

(13, 17). 

Schrading and Kuhl investigated imaging features in women with familial risk and found that the 

imaging phenotypes of cancers differ among risk categories (6). Compared with breast cancers in 

women with moderate familial risk, breast cancers in women with high familial risk and BRCA1 

mutation carriers often exhibit benign morphologic features (noncalcified mass with an oval shape 

and smooth margin) and were located in the posterior or prepectoral region of the breast. However, 

these authors did not analyze the results according to tumor subtype. Our results may account for their 

observation that BRCA1-associated breast cancers more frequently had a posterior location because 

BRCA1 mutation carriers have a greater tendency to have triple-negative cancers (24, 25).  

Most published research regarding tumor location has utilized mammograms or clinical 

examinations, and has assessed the two-dimensional (2D) plane with respect to quadrants or 

mediolateral location (1-5). Tumor location has rarely been investigated using the sagittal plane and 

anteroposterior location (6, 26). Compared with mammography, MR imaging has many advantages 

for assessing the tumor location in a breast including imaging without compression, multiplanar 

imaging planes, and the ability to image the chest wall (27). In addition, the sensitivity of MR 

imaging is higher than that of mammography, particularly in women with dense breasts (28). These 

advantages are especially important when identifying the location of small cancers in the prepectoral 
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region. To the best of our knowledge, this study is the largest series of patients in whom the location 

of breast cancers was assessed using MR imaging.  

Hypothetical explanation for our observation is that posterior or prepectoral location may have a 

favorable environment for developing triple-negative breast cancers. The idea that microenvironment 

shapes the course of carcinogenesis, and hence breast cancer subtype has been discussed recently (29). 

In the breast development, mammary gland branching morphogenesis led by terminal end buds begins 

from the nipple, extends into the fat pad, and ends near to the chest wall (30). It is interesting to note 

that age and mammographic density are also associated with posterior location of the tumor in our 

study. 

Our study has several limitations. First, we did not analyze all of the intrinsic subtypes of breast 

cancers including luminal, luminal/HER2, HER2-enriched, and basal-like subtypes (22, 31). The 

definition and classification of molecular subtypes based on IHC profiles are still controversial (32). 

In this study, we attempted to demonstrate an asymmetrical distribution of location according to breast 

cancer subtypes by comparing triple-negative and ER-positive breast cancers, which are known to be 

the most contrasting breast cancer subtypes. Second, we did not analyze the results according to the 

triple-negative breast cancer subtype or BRCA1 mutation status. Triple-negative breast cancer is a 

heterogeneous disease, and the basal-like, mesenchymal-like, immune modulatory, and luminal 

androgen receptor subgroups have been reported (33). Further studies are warranted to explore the 

impact of tumor location on the prognosis of women with triple-negative breast cancers. Third, we did 

not provide mechanisms for the skewed location toward the posterior and prepectoral breast in triple-

negative breast cancers. In various tumors, a correlation between distinctive tumor location and 

genetic signatures or clinical behaviors has been reported (34-36). Further biological and 

radiogenomic studies are needed to explain the relationship between distinctive locations and breast 

cancer subtypes. Lastly, the method we measured the x-, y-, z axes distance of the tumor was limited. 

In this study, we measured the distance from the reference point to the margin of the tumor, not in the 

center of the tumor which may induce potential bias due to the tumor size. Larger tumor may tend to 

be measured with shorter distance because the tumor itself occupies the distance between the 
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reference point and the margin of the tumor. However, for the y-axis distance, larger tumor can also be 

measured with longer distance because the tumor may broaden the gap the tumor and the chest wall. 

Thus, we provided the result for the multivariate analysis after adjustment of the tumor size.  

In conclusion, triple-negative breast cancers have a tendency toward a posterior and prepectoral 

location on MR imaging compared with ER-positive breast cancers. Age and mammographic density 

are also associated with posterior location of the tumor. 
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Chapter 2 

Radiogenomic Analysis of Breast Cancer 

Using MRI: Relationship between Tumor 

Location and Gene Expression Patterns 
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INTRODUCTION  

Advances in the molecular analysis of breast cancers enable a better understanding of the breast 

cancers and may provide an individualized treatment (31). To better characterize the molecular 

features of breast cancers, applications of genomic analysis such as DNA microarrays, are becoming 

increasingly routine methods of molecular analysis (37, 38). This technology enables a genome-wide 

analysis of the transcriptional state of the breast cancers, providing detailed molecular portraits. 

In parallel with this advance, the development of MRI has led to an improvement in the diagnosis 

and staging of breast cancers (39). In addition, anatomic and functional characteristics can also be 

evaluated with contrast-enhanced breast MRI, the emerging field of radiogenomics has shown that 

greater biologic information from existing image data (40, 41). Radiogenomic study correlating 

imaging features to global gene expression patterns in cancer including breast cancers have shown 

that imaging can capture the expression profiles of cancers. In part of our study (chapter I), we 

identified that the breast cancers have preferential location within the breast according to the tumor 

subtype; triple-negative breast cancers have a tendency toward a posterior location compared with 

ER-positive breast cancers. However, the relationship between global transcriptomic profiles and the 

tumor location provided by breast MRI remains to be examined. Thus, this study was to provide a 

radiogenomic analysis linking MR tumor location to underlying global gene expression patterns in 

breast cancers. 
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MATERIALS AND METHODS 

Patients and Tissue Samples 

The tissue samples analyzed in this study were derived from patients enrolled in previous study 

(chapter I). A subset of 53 patients (30 ER-positive cancers, 23 triple-negative cancers) with 

pathology-confirmed breast cancers was analyzed for global gene expression profiling in this study. 

These tissue samples were obtained during surgery at our hospital, immediately frozen in liquid 

nitrogen and stored at -80°C until analysis. Breast cancer tissue samples were macrodissected through 

the centers of carcinomatous regions. 

 

MRI Technique and Image Analysis 

MRI technique and image analysis were performed as previously described in “Materials and 

Methods” of our aforementioned study (chapter I). We divided samples into two groups according to 

the tumor distance from the chest wall (prepectoral group, tumors located from the chest wall < 1cm; 

control group, tumors located from the chest wall ≥ 1cm).  

 

Microarray Analysis 

RNA Preparation 

Total RNA from each sample was extracted using TRIZOL reagent (GibcoBRL, Rockville, MD, 

USA) according to the manufacturer’s instructions. Total RNA was isolated using RNeasy Mini Kit 

columns as described by the manufacturer (Qiagen, Hilden, Germany). RNA quality was assessed by 

Agilent 2100 bioanalyser using the RNA 6000 Nano Chip (Agilent Technologies, Amstelveen, The 

Netherlands), and quantity was determined by ND-1000 Spectrophotometer (NanoDrop Technologies, 

Inc., DE, USA). Total RNA was measured by determining UV absorbance at 260 nm. Purity of 

samples was assessed by measuring OD 260:280 nm and OD 260:230 nm. The purity of samples of 

total RNA was judged adequate if the ratios of the absorbencies at 260/280 nm and 260/230 nm were 

greater or equal than 1.8. The integrity of RNA samples was confirmed by the appearance of distinct 
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28S and 18S bands of ribosomal RNA. We considered RNA to be good quality when the rRNA 

28S/18S ratios were greater or equal than to 1.5. RNA integrity number (RIN) was determined using 

the RIN algorithm of the Agilent 2100 expert software (42). The maximum RIN score is 10. We 

considered RNA to be good quality when the RIN number was greater or equal than 7. 

 

RNA Isolation and Gene Expression Profiling 

In the present study, we performed global gene expression analyses using Affymetrix GeneChip® 

Mouse Gene 1.0 ST oligonucleotide arrays. The sample preparation was performed according to the 

instructions and recommendations provided by the manufacturer. Per RNA sample, 300 ng were used 

as input into the Affymetrix procedure as recommended by protocol (http://www.affymetrix.com). 

Briefly, 300 ng of total RNA from each sample was converted to double-strand cDNA. Using a 

random hexamer incorporating a T7 promoter, amplified RNA(cRNA) was generated from the 

double-stranded cDNA template though an IVT( in-vitro transcription) reaction and purified with the 

Affymetrix sample cleanup module. cDNA was regenerated through a random-primed reverse 

transcription using a dNTP mix containing dUTP. The cDNA was then fragmented by UDG and APE 

1 restriction endonucleases and end-labeled by terminal transferase reaction incorporating a 

biotinylated dideoxynucleotide. Fragmented end-labeled cDNA was hybridized to the GeneChip® 

Human Gene 2.0 ST arrays for 16 hours at 45℃ and 60 rpm as described in the Gene Chip Whole 

Transcript (WT) Sense Target Labeling Assay Manual (Affymetrix). After hybridization, the chips 

were stained and washed in a Genechip Fluidics Station 450 (Affymetrix) and scanned by using a 

Genechip Array scanner 3000 7G (Affymetrix). 

 

Data Analysis 

After the final wash & staining step, Affymetrix GeneChip® Mouse Gene 1.0 ST oligonucleotide 

array was scanned using Affymetrix Model 3000 G7 scanner and the image data was extracted 

through Affymetrix Commnad Console software1.1. The raw excel file generated through above 

procedure meant expression intensity data and was used for the next step. Expression data were 
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generated by Affymetrix Expression Console software version1.1. For the normalization, RMA 

(Robust Multi-Average) algorithm implemented in Affymetrix Expression Console software was used.  

To determine whether genes were differentially expressed between the two groups (prepectoral vs. 

control) in each ER-positive and triple-negative cancer, a one-way ANOVA was performed on the 

RMA expression values. A multiple testing correction was applied to the p-values of the F-statistics to 

adjust the t-test. Genes with adjusted t-test p-values < .05 were extracted.  

Highly expressed genes that showed over 1.5 fold differences comparing the signal value of 

control and each test group, were selected for the further study. In order to classify the co-expression 

gene group which has similar expression pattern, we performed Hierarchical clustering and K-mean 

clustering in MEV (MultiExperiment Viewer) software 4.4 (www.tm4.org). The purpose of generating 

this hierarchic clustering was to validate the robust breast subtypes as well as to determine whether 

our samples shared similar biology at a molecular profiling level compared with that described by 

other investigators. For the subgroups of triple-negative cancer, unsupervised hierarchical clustering 

was also performed to evaluate if any functional clustering exist between groups (prepectoral vs. 

control) according to the tumor distance from the chest wall. 

To provide an impression of the biologic process involved in the tumor location, we analyzed our 

differentially expressed genes that were annotated in Gene Ontology and certain Gene Ontology 

descriptions were over-represented using the web-based tool, DAVID (the Database for Annotation, 

Visualization, and Integrated Discovery) Bioinformatics Resource 6.7 online software (NIAID, NIH) 

(43). Then, these genes were classified based on the information of gene function in Gene ontology, 

KEGG Pathway database (http://david.abcc.ncifcrf.gov/home.jsp). DAVID analytic modules aim to 

extract biological meaning from the given gene list from different biological angles with highly 

consistent and expected results for a given study. Using this database, we investigated over-

represented annotations point to biological processes, which potentially are linked to the tumor 

location.  
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RESULTS 
 

Identification of Robust Molecular Subtypes by Hierarchical Clustering 

As depicted in Figure 4, the tumors were separated into two main subtypes based on differences 

in gene expression. The cluster dendrogram showing two subtypes of tumors are colored as: luminal 

type A, yellow; basal-like, red. The luminal type A subtype was characterized by expression of X-box 

binding protein 1(XBP1), ESR1, trefoil factor 3 (TFF3). The basal subtypes showed distinct clusters 

of KRT5, KRT17, TRIM29, which were previously identified as basal-like tumor markers. Dataset 

showed similar results, recapitulating two main subtypes previously described (37, 38). 

  



37 

 

Figure 4. Supervised hierarchic cluster analysis of gene expression patterns of 53 samples 

representing estrogen receptor-positive and triple-negative cancers. The tumor samples were 

divided into two subtypes based on the differences in gene expression. The cluster dendrogram shows 

the two subtypes of tumors colored as: luminal type A, yellow; basal-like, red.  
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Radiogenomic Analysis 

For triple-negative cancers, there were a total of 277 genes (90 genes for overexpression and 187 

genes for underexpression) including 164 annotated genes (61 genes for overexpression and 103genes 

for underexpression) that differentially expressed in prepectoral group compared to control group. 

Genes with minimum 2-folds difference are listed in Table 11 (overexpressed genes) and Table 12 

(underexpressed genes). Gene Ontology analysis with differently expressed 164 annotated genes 

revealed that 17 Gene Ontology Descriptions were over-represented (Table 13).  

For ER-positive cancers, there were a total of 2024 genes (1516 genes for overexpression and 

507 genes for underexpression) including 792 annotated genes (441 genes for overexpression and 350 

genes for underexpression) that differentially expressed in prepectoral group compared to control 

group. Genes with minimum 2-folds difference are listed in Table 14 (overexpressed genes) and Table 

15 (underexpressed genes). Gene Ontology analysis with differently expressed 792 annotated genes 

revealed that 31 Gene Ontology Descriptions were over-represented (Table 16).  
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Table 11. Genes significantly overexpressed in prepectoral tumor in triple-negative cancers 

Gene symbol Fold 
change 

P value Accession number Gene description 

TCN1  17.398  0.030953 NM_001062  
transcobalamin I (vitamin B12 
binding protein, R binder family)  

TMC5  4.447  0.045958 NM_001105248  transmembrane channel-like 5  

ENPP3  3.784  0.044176 ENST00000414305  
ectonucleotide 
pyrophosphatase/phosphodiesterase 
3  

CHST9  3.608  0.033838 NM_031422  
carbohydrate (N-
acetylgalactosamine 4-0) 
sulfotransferase 9  

FOXC2  3.078  0.019304 NM_005251  
forkhead box C2 (MFH-1, 
mesenchyme forkhead 1)  

SLC6A14  2.783  0.022292 NM_007231  
solute carrier family 6 (amino acid 
transporter), member 14  

SLC28A3  2.632  0.00524 NR_037638  
solute carrier family 28 (sodium-
coupled nucleoside transporter), 
member 3  

CLDN8  2.574  0.049501 NM_199328  claudin 8  

IGHV4-34  2.571  0.045244 ENST00000390616  
immunoglobulin heavy variable 4-
34  

ACSM3  2.553  0.041887 ENST00000501740  
acyl-CoA synthetase medium-chain 
family member 3  

IGLJ3  2.344  0.032564 AB001736  immunoglobulin lambda joining 3  

SLC7A5  2.260  0.006211 NM_003486  
solute carrier family 7 (amino acid 
transporter light chain, L system), 
member 5  

SLC5A1  2.191  0.048912 NM_000343  
solute carrier family 5 
(sodium/glucose cotransporter), 
member 1  

DHCR24  2.173  0.00378 NM_014762  24-dehydrocholesterol reductase  

CXADR  2.168  0.018925 NM_001207066  
coxsackie virus and adenovirus 
receptor  

RBP1  2.160  1.90E-04 NM_002899  retinol binding protein 1, cellular  

ZNF257  2.152  0.038059 NM_033468  zinc finger protein 257  

CEACAM1  2.131  0.011387 NM_001712  
carcinoembryonic antigen-related 
cell adhesion molecule 1 (biliary 
glycoprotein)  

SMC1B  2.130  0.015929 NM_148674  
structural maintenance of 
chromosomes 1B  

TTYH1  2.120  0.048786 ENST00000301194  tweety homolog 1 (Drosophila)  

DHCR24  2.053  0.015425 ENST00000539536  24-dehydrocholesterol reductase  
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Table 12. Genes significantly underexpressed in prepectoral tumor in triple-negative cancers 

Gene symbol 
Fold 
change 

P value Accession number Gene description 

SCGB2A2  0.162  0.035784 NM_002411  secretoglobin, family 2A, member 2  

ACAN  0.164  0.011146 NM_013227  aggrecan  

FBN2  0.223  0.020294 ENST00000508053  fibrillin 2  

SNORD115-22 0.279  0.046676 NR_003314  small nucleolar RNA, C/D box 115-22  

SNORD115-39 0.318  0.041507 NR_003354  small nucleolar RNA, C/D box 115-39  

SNORD115-42 0.339  0.03401 NR_003357  small nucleolar RNA, C/D box 115-42  

SNORD115-42 0.339  0.03401 NR_003357  small nucleolar RNA, C/D box 115-42  

CNTFR  0.350  0.030042 NM_001207011  ciliary neurotrophic factor receptor  

SNORD115-20 0.358  0.048191 NR_003312  small nucleolar RNA, C/D box 115-20  

SNORD115-1  0.390  0.033245 NR_001291  small nucleolar RNA, C/D box 115-1  

SNORD115-1  0.390  0.033245 NR_001291  small nucleolar RNA, C/D box 115-1  

SDK2  0.393  0.023948 NM_001144952  sidekick cell adhesion molecule 2  

EPHA3  0.401  0.008625 NM_005233  EPH receptor A3  

STAC2  0.415  0.013055 NM_198993  SH3 and cysteine rich domain 2  

FZD8  0.419  0.022055 NM_031866  frizzled family receptor 8  

ELN  0.445  0.02863 NM_000501  elastin  

SCIN  0.460  0.007451 NM_001112706  scinderin  

PTGFR  0.462  0.040761 ENST00000370758  prostaglandin F receptor (FP)  

RET  0.463  0.032779 ENST00000355710  ret proto-oncogene  

TIAM2  0.464  0.00994 NM_012454  T-cell lymphoma invasion and metastasis 2  

AVPR1A  0.469  0.030828 NM_000706  arginine vasopressin receptor 1A  

PDE1C  0.473  0.017498 NM_001191057  
phosphodiesterase 1C, calmodulin-dependent 
70kDa  

ZNF385B  0.490  0.047777 NM_152520  zinc finger protein 385B  

FBXW10  0.491  0.008352 NR_051988  F-box and WD repeat domain containing 10  
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Table 13. Over-represented gene ontology descriptions in prepectoral tumor in triple-negative 

cancers 

Gene Ontology descriptions Count % P value 

cell surface receptor linked signal transduction 11 17.7 5.40E-02 

cell adhesion 9 14.5 1.20E-03 

biological adhesion 9 14.5 1.20E-03 

regulation of cell proliferation 8 12.9 1.00E-02 

extracellular matrix organization 5 8.1 2.90E-04 

extracellular structure organization 5 8.1 1.60E-03 

cell-cell adhesion 5 8.1 1.00E-02 

regulation of growth 5 8.1 2.10E-02 

positive regulation of cell proliferation 5 8.1 3.90E-02 

regulation of cell growth 4 6.5 2.20E-02 

transmembrane receptor protein tyrosine kinase signaling pathway 4 6.5 3.20E-02 

regulation of cellular component size 4 6.5 5.10E-02 

enzyme linked receptor protein signaling pathway 4 6.5 8.90E-02 

homophilic cell adhesion 3 4.8 6.20E-02 

parturition 2 3.2 3.40E-02 

vascular endothelial growth factor receptor signaling pathway 2 3.2 3.40E-02 

negative regulation of angiogenesis 2 3 6.9E-2 
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Table 14. Genes significantly overexpressed in prepectoral tumor in estrogen receptor-positive 

cancers 

Gene symbol 
Fold 
change 

P 
value 

Accession number Gene description 

SULT1B1  9.498  0.044  ENST00000310613  
Sulfotransferase family, cytosolic, 1b, 
member 1  

MIR509-3  3.812  0.024  NR_030629  Microrna 509-3  

OR8H2  3.141  0.017  NM_001005200  
Olfactory receptor, family 8, subfamily 
h, member 2  

OR8H1  3.126  0.029  ENST00000313022  
Olfactory receptor, family 8, subfamily 
h, member 1  

RN5S98  3.120  0.031  ENST00000363158  Rna, 5s ribosomal 98  

MIR514A2  2.952  0.042  NR_030239  Microrna 514a-2  

USP41  2.942  0.023  AK303463  Ubiquitin specific peptidase 41  

OR5H15  2.880  0.021  NM_001005515  
Olfactory receptor, family 5, subfamily 
h, member 15  

USP41  2.862  0.027  AK303463  Ubiquitin specific peptidase 41  

LOC10013215
4  // 
LOC10013200
4  // 
ANKRD30BL  

2.816  0.030  

ENST00000465868  
//  
ENST00000465868  
//  
ENST00000465868  

Putative ankyrin repeat domain-
containing protein ensp00000330211-
like  // putative ankyrin repeat domain-
containing protein ensp00000330211-
like  // ankyrin repeat domain 30b-like  

GAGE12C  2.767  0.027  NM_001098408  G antigen 12c  

MIR4501  2.676  0.043  NR_039723  Microrna 4501  

PSG6  2.676  0.014  NM_002782  Pregnancy specific beta-1-glycoprotein 6  

LOC10028852
0  

2.675  0.031  NM_001256894  
Ubiquitin carboxyl-terminal hydrolase 
17-like  

OR2J2  2.647  0.015  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

HMGB3P1  2.634  0.034  NR_002165  High mobility group box 3 pseudogene 1  

OR2J2  2.630  0.026  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

RN5S501  2.624  0.032  ENST00000410990  Rna, 5s ribosomal 501  

OR2J2  2.618  0.014  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

OR2J2  2.618  0.014  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

OR2J2  2.618  0.014  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

OR2J2  2.618  0.014  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

ROCK1P1  2.543  0.041  NR_033770  
Rho-associated, coiled-coil containing 
protein kinase 1 pseudogene 1  

MIR509-1  2.541  0.023  NR_030236  Microrna 509-1  

OR11H1  2.538  0.018  NM_001005239  
Olfactory receptor, family 11, subfamily 
h, member 1  

MIR509-1  2.503  0.024  NR_030236  Microrna 509-1  
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OR2J2  2.501  0.014  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

OR2J2  2.501  0.014  NM_030905  
Olfactory receptor, family 2, subfamily j, 
member 2  

OR5D18  2.471  0.008  ENST00000333976  
Olfactory receptor, family 5, subfamily 
d, member 18  

PDE3B  2.454  0.009  ENST00000532740  Phosphodiesterase 3b, cgmp-inhibited  

OR8K5  2.419  0.041  NM_001004058  
Olfactory receptor, family 8, subfamily 
k, member 5  

NLGN1-AS1  2.418  0.036  ENST00000423873  
Nlgn1 antisense rna 1 (non-protein 
coding)  

REXO1L1  2.410  0.020  NM_172239  
Rex1, rna exonuclease 1 homolog (s. 
Cerevisiae)-like 1  

TRAJ10  2.383  0.042  ENST00000390527  T cell receptor alpha joining 10  

RN5S26  2.374  0.016  ENST00000362406  Rna, 5s ribosomal 26  

OR10G8  2.338  0.044  ENST00000431524  
Olfactory receptor, family 10, subfamily 
g, member 8  

GAGE12G  2.303  0.038  NM_001098409  G antigen 12g  

MIR1261  2.270  0.020  NR_031663  Microrna 1261  

OR4K13  2.267  0.024  NM_001004714  
Olfactory receptor, family 4, subfamily 
k, member 13  

REXO1L1  2.250  0.022  NM_172239  
Rex1, rna exonuclease 1 homolog (s. 
Cerevisiae)-like 1  

MIR153-2  2.238  0.004  NR_029689  Microrna 153-2  

TRDJ4  2.232  0.032  ENST00000390474  T cell receptor delta joining 4  

OR4K14  2.209  0.050  NM_001004712  
Olfactory receptor, family 4, subfamily 
k, member 14  

LOC441242  2.190  0.015  NR_038378  Uncharacterized loc441242  

GAGE12H  2.168  0.042  NM_001098410  G antigen 12h  

GAGE2A  2.153  0.039  NM_001127212  G antigen 2a  

RNU1-20P  2.150  0.026  ENST00000363314  Rna, u1 small nuclear 20, pseudogene  

RN5S205  2.149  0.030  ENST00000364653  Rna, 5s ribosomal 205  

CCDC168  2.148  0.024  NM_001146197  Coiled-coil domain containing 168  

UIMC1  2.148  0.026  AF284753  Ubiquitin interaction motif containing 1  

GAGE12C  2.145  0.040  NM_001098408  G antigen 12c  

GAGE12C  2.145  0.040  NM_001098408  G antigen 12c  

GAGE12C  2.145  0.040  NM_001098408  G antigen 12c  

OR5B3  2.141  0.015  NM_001005469  
Olfactory receptor, family 5, subfamily 
b, member 3  

OR5J2  2.140  0.047  NM_001005492  
Olfactory receptor, family 5, subfamily j, 
member 2  

RNY4P18  2.138  0.012  ENST00000391107  Rna, ro-associated y4 pseudogene 18  

RN5S35  2.124  0.022  ENST00000391257  Rna, 5s ribosomal 35  

TMEM68  2.117  0.028  BC043417  Transmembrane protein 68  

MIR507  2.115  0.024  NR_030234  Microrna 507  

GAGE2A  2.108  0.045  NM_001127212  G antigen 2a  

SMC1B  2.106  0.025  NM_148674  Structural maintenance of chromosomes 
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1b  

OR5M1  2.099  0.031  NM_001004740  
Olfactory receptor, family 5, subfamily 
m, member 1  

OR1J2  2.099  0.042  NM_054107  
Olfactory receptor, family 1, subfamily j, 
member 2  

DUX2  2.098  0.046  NM_012147  Double homeobox 2  

DUX2  2.098  0.046  NM_012147  Double homeobox 2  

GAGE12G  2.092  0.030  NM_001098409  G antigen 12g  

LINC00470  2.085  0.009  NR_023925  
Long intergenic non-protein coding rna 
470  

OR5F1  2.076  0.022  NM_003697  
Olfactory receptor, family 5, subfamily f, 
member 1  

NBEA-AS1  2.072  0.037  ENST00000430191  
Nbea antisense rna 1 (non-protein 
coding)  

C3ORF79  2.070  0.013  AF086445  Chromosome 3 open reading frame 79  

AGAP5  2.069  0.043  NM_001144000  
Arfgap with gtpase domain, ankyrin 
repeat and ph domain 5  

RN5S318  2.067  0.030  ENST00000516352  Rna, 5s ribosomal 318  

OR12D2  2.063  0.031  NM_013936  
Olfactory receptor, family 12, subfamily 
d, member 2  

OR12D2  2.063  0.031  NM_013936  
Olfactory receptor, family 12, subfamily 
d, member 2  

OR12D2  2.063  0.031  NM_013936  
Olfactory receptor, family 12, subfamily 
d, member 2  

ANKRD30BP2  2.058  0.017  NR_026916  
Ankyrin repeat domain 30b pseudogene 
2  

ANKRD30BP2  2.058  0.017  NR_026916  
Ankyrin repeat domain 30b pseudogene 
2  

OR4K15  2.050  0.021  ENST00000305051  
Olfactory receptor, family 4, subfamily 
k, member 15  

MRPL33  2.049  0.020  ENST00000448427  Mitochondrial ribosomal protein l33  

HTN3  2.044  0.034  NM_000200  Histatin 3  

MIR4447  2.043  0.034  NR_039649  Microrna 4447  

RN5S456  2.043  0.006  ENST00000364002  Rna, 5s ribosomal 456  

MIR3913-1  2.042  0.008  NR_037475  Microrna 3913-1  

DDX4  2.035  0.047  NM_024415  Dead (asp-glu-ala-asp) box polypeptide 4  

DUX4  2.032  0.049  NM_033178  Double homeobox 4  

RN5S335  2.031  0.045  ENST00000363817  Rna, 5s ribosomal 335  

CXADRP2  // 
CXADRP2  

2.028  0.009  
NR_024387  //  
NR_024387  

Coxsackie virus and adenovirus receptor 
pseudogene 2  // coxsackie virus and 
adenovirus receptor pseudogene 2  

CPLX4  2.027  0.022  NM_181654  Complexin 4  

GLYATL3  2.025  0.017  NM_001010904  Glycine-n-acyltransferase-like 3  

OR4C16  2.024  0.037  NM_001004701  
Olfactory receptor, family 4, subfamily c, 
member 16  

MIR4454  2.022  0.017  NR_039659  Microrna 4454  

RN5S106  2.011  0.010  ENST00000517274  Rna, 5s ribosomal 106  

RNU6-65  2.007  0.041  ENST00000516332  Rna, u6 small nuclear 65  
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Table 15. Genes significantly underexpressed in prepectoral tumor in estrogen receptor-positive 

cancers 

Gene symbol 
Fold 
change 

P 
value 

Accession number Gene description 

SNORA14A  0.151  0.000  NR_002955  Small nucleolar rna, h/aca box 14a  

MAOB  0.248  0.001  NM_000898  Monoamine oxidase b  

MT1G  0.264  0.019  NM_005950  Metallothionein 1g  

RANBP3L  0.307  0.008  NM_001161429  Ran binding protein 3-like  

SNORA38B  0.327  0.028  NR_003706  Small nucleolar rna, h/aca box 38b  

MT1A  0.337  0.018  NM_005946  Metallothionein 1a  

GJA1  0.340  0.020  NM_000165  Gap junction protein, alpha 1, 43kda  

DUSP4  0.349  0.004  NM_057158  Dual specificity phosphatase 4  

ITGB8  0.376  0.003  NM_002214  Integrin, beta 8  

SNORD93  0.386  0.008  NR_003075  Small nucleolar rna, c/d box 93  

LINC00173  0.392  0.001  NR_027346  Long intergenic non-protein coding rna 173  

MMP3  0.396  0.029  ENST00000299855 Matrix metallopeptidase 3 (stromelysin 1, 
progelatinase)  

EPHX4  0.406  0.020  NM_173567  Epoxide hydrolase 4  

COMP  0.408  0.002  ENST00000222271 Cartilage oligomeric matrix protein  

MIR568  0.409  0.007  NR_030293  Microrna 568  

ITGA11  0.413  0.021  NM_001004439  Integrin, alpha 11  

MATN3  0.425  0.001  NM_002381  Matrilin 3  

GDAP1  0.426  0.035  ENST00000220822 Ganglioside induced differentiation 
associated protein 1  

ESM1  0.428  0.008  ENST00000381405 Endothelial cell-specific molecule 1  

NUDT4P1  
// NUDT4P1  

0.442  0.002  NR_002212  //  
NR_002212  

Nudix (nucleoside diphosphate linked 
moiety x)-type motif 4 pseudogene 1  // 
nudix (nucleoside diphosphate linked moiety 
x)-type motif 4 pseudogene 1  

ITGB6  0.444  0.014  ENST00000283249 Integrin, beta 6  

ANTXR1  0.446  0.009  NM_032208  Anthrax toxin receptor 1  

F3  0.447  0.028  NM_001993  Coagulation factor iii (thromboplastin, tissue 
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factor)  

MIR1245A  0.452  0.037  NR_031647  Microrna 1245a  

PPIP5K1  0.457  0.010  NM_001130858  Diphosphoinositol pentakisphosphate kinase 
1  

DHCR24  0.457  0.002  ENST00000539536 24-dehydrocholesterol reductase  

TMEM158  0.461  0.003  NM_015444  Transmembrane protein 158 
(gene/pseudogene)  

SNHG7  0.461  0.005  BC042667  Small nucleolar rna host gene 7 (non-protein 
coding)  

PCDHB4  0.461  0.010  NM_018938  Protocadherin beta 4  

CRAT  0.467  0.012  NM_001257363  Carnitine o-acetyltransferase  

NSUN7  0.467  0.000  NM_024677  Nop2/sun domain family, member 7  

CA11  0.470  0.009  NM_001217  Carbonic anhydrase xi  

RN5S355  0.471  0.033  ENST00000365317 Rna, 5s ribosomal 355  

PADI2  0.475  0.008  NM_007365  Peptidyl arginine deiminase, type ii  

LOC440993  0.477  0.033  ENST00000451982 Uncharacterized loc440993  

NRARP  0.479  0.001  NM_001004354  Notch-regulated ankyrin repeat protein  

SEMA6D  0.479  0.041  NM_001198999  Sema domain, transmembrane domain (tm), 
and cytoplasmic domain, (semaphorin) 6d  

ALOX15B  0.481  0.004  NM_001141  Arachidonate 15-lipoxygenase, type b  

NTRK3  0.482  0.018  NM_001007156  Neurotrophic tyrosine kinase, receptor, type 
3  

GRP  0.483  0.002  NM_002091  Gastrin-releasing peptide  

MIR548T  0.488  0.009  NR_036093  Microrna 548t  

SNORA14B  0.489  0.001  NR_002956  Small nucleolar rna, h/aca box 14b  

TM4SF1  0.491  0.031  ENST00000305366 Transmembrane 4 l six family member 1  

LINC00472  0.493  0.011  NR_026807  Long intergenic non-protein coding rna 472  

FRZB  0.493  0.003  ENST00000295113 Frizzled-related protein  

LAMP5  0.498  0.003  NM_012261  Lysosomal-associated membrane protein 
family, member 5  

HRASLS5  0.499  0.026  NM_054108  Hras-like suppressor family, member 5  
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Table 16. Over-represented gene ontology descriptions in prepectoral tumor in estrogen 

receptor-positive cancers 

Gene Ontology descriptions Count % P value 

cell surface receptor linked signal transduction 15 17.9 8.70E-03 

G-protein coupled receptor protein signaling pathway 12 14.3 3.10E-03 

response to organic substance 9 10.7 5.90E-03 

regulation of cell proliferation 9 10.7 9.80E-03 

neurological system process 9 10.7 8.90E-02 

sensory perception 8 9.5 3.40E-02 

cognition 8 9.5 5.80E-02 

response to hormone stimulus 6 7.1 1.30E-02 

response to endogenous stimulus 6 7.1 1.90E-02 

sensory perception of chemical stimulus 6 7.1 3.60E-02 

wound healing 5 6 6.10E-03 

response to steroid hormone stimulus 5 6 6.30E-03 

positive regulation of developmental process 5 6 2.20E-02 

cellular ion homeostasis 5 6 5.50E-02 

cellular chemical homeostasis 5 6 5.80E-02 

ion homeostasis 5 6 7.20E-02 

cellular di-, tri-valent inorganic cation homeostasis 4 4.8 5.70E-02 

sensory organ development 4 4.8 5.80E-02 

di-, tri-valent inorganic cation homeostasis 4 4.8 6.40E-02 

cellular cation homeostasis 4 4.8 7.40E-02 

cation homeostasis 4 4.8 9.70E-02 

regulation of ossification 3 3.6 3.60E-02 

extracellular matrix organization 3 3.6 6.10E-02 

response to estrogen stimulus 3 3.6 6.20E-02 

regulation of DNA metabolic process 3 3.6 7.10E-02 

detection of stimulus 3 3.6 7.50E-02 

epithelial cell differentiation 3 3.6 9.70E-02 

negative chemotaxis 2 2.4 1.90E-02 

transepithelial chloride transport 2 2.4 3.40E-02 

transepithelial transport 2 2.4 4.90E-02 

platelet-derived growth factor receptor signaling pathway 2 2.4 7.10E-02 
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DISCUSSION 

In this study, we demonstrated radiogenomic data, integrating MRI tumor location with 

microarray genomic studies for breast cancers. Using this radiogenomic approach, a number of gene 

sets were potentially correlates with breast tumor location. Our result showed some possible means of 

associating breast cancer biology to tumor location determined by breast MRI. Although these will 

need to be validated through large studies, our analysis nonetheless provides a starting point. This, in 

turn, may facilitate the development of new image biomarker related to individualized diagnosis and 

management. 

A number of genes which differently expressed in prepectoral tumor was found in each triple-

negative and ER-positive cancers, although the genes in each triple-negative and ER-positive cancers 

were not significantly overlapped. To make sense of the genomic expression contributing to the 

biologic processes of breast cancer, we analyzed gene expression data in the context gene sets, which 

are formed to represent biologic processes. We found a number of potentially interesting biologic 

processes between tumor location and gene sets that may have underlying biologic significance. For 

example, prepectoral tumors in both ER-positive and triple-negative cancers shared the over-

represented biologic process of “cell surface receptor linked signal transduction”, although the 

involved genes of each group of ER-positive and triple-negative cancers were different.  

We found that transcobalamin I (TCN1) was significantly overexpressed in prepectoral tumor of 

triple-negative breast cancer (fold change, 17.398; P = .030953). TCN1 encodes a member of the 

vitamin B12-binding protein family. This protein is a major constituent of secondary granules in 

neutrophils and facilitates the transport of vitamin B12 (cobalamin) into cells. Vitamin B12 is known 

to play important roles in cell metabolism especially for cancers (44, 45). Mishra et al. found that 

human bone-marrow-derived mesenchymal stell cells grown in tumor-conditioned medium exhibited 

an upregulation of TCN1 (46). For breast tumors, stromal expression of TCN1 was correlated with 

tumor grade, stromal hypercellularity, and mitotic activity of phyllodes tumor in previous study (45). 

Their finding may support our hypothetical explanation for our observation that posterior or 

prepectoral location may have a favorable environment for triple-negative breast cancers.  
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This study has several limitations. Tumor samples involved in this study were small with gene 

expression data. Large sample size with additional gene expression data will be required to validate 

our study and to discover additional radiogenomic associations. We are also interested in looking 

further into clinical significance using radiogenomic data of tumor location. Tumor location 

determined by MRI can potentially provide additional clinical significances, for example, prognosis 

or probability of metastasis. However, the prognostic significance of tumor location was not examined 

in this study.   

In conclusion, this radiogenomic analysis of breast cancer linking tumor location determined by 

MRI to underlying global gene expression patterns in breasts is a novel approach and shows that 

information about tumor location can be systemically correlated with the global transcriptomic level 

in breast cancer.  
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국   

 

: 원  암  는 종양  장 과 후에 향  미  수 있다. 본 연구  

목  자  공명 상  이용하여 삼   암   에스트 겐 양  암

 를 하고 종양   자   시키는 상 자  분  

공하고자 한다. 

법: 1090 명  여 에  견  (평균 연 , 52.1 )1102 개  암 (271 개  삼

  암과 831 개  에스트 겐 양  암)  를 3 차원  상 법인 

 자  공명 상  이용하여 분 하 다. 인 평가 법 는 존 논 들이 사

용한 식   4 분  (상외 , 상내 , 하외 , 하내 )  근처  나

어 분 한다. 또한  삼분  나 어 암  내외면 (medial, central, lateral) 

그리고 후면 (anterior, middle, posterior)에  평가한다. 량 인 평가 법 는 

상 학과 사가 각각 암에 하여 를  내외축  x-축, 벽과  거

리를 y-축, 를  아래를 z-축  가 하여 거리를 cm  한다. 또

한  체  크 (  높이)를 하여 x-, y-, z-축  거리를 구한다. 

분 한 암    량   임상  병리  요인들과  상 계를 통계

학  (chi-squre test, t-test, p value for trend) 분  시행한다. 또한 에 향  

주는 변수들 ( , 나이,  도, 종양  크 )   통 하  하여 다변량 분

 이용하여 종  에 향  주는 변수를 알아본다. 1102 개  암 53

개  암  종양   보  자  계를 알아보  한 분  하 다. 

우리는 암  근에  거리에 라 근 앞 종양 그룹 (거리 <1cm)과 조군 (거리

≥1cm)  나 었다. 

결과:  분 에는 암  후면 가 삼   암과 에스트 겐 양  

암 사이에 한 차이를 보 다 (P = .001). 44% (370/846)  에스트 겐 양  
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암이 후  를 보인 면 55% (140/256)  암이 후  에 보 다. 량  

분 에 도 삼   암  가 에스트 겐 양  암보다 하게 벽과 가

운 거리를 보 다 (  거리, 1.8 cm, 95% confidence interval [CI]: 1.64 - 2.04 

vs. 2.3 cm, 95% CI: 2.17 - 2.43; P < .0001;  거리, 0.21, 95% CI: 0.19 - 

0.23 vs. 0.25, 95% CI: 0.24 - 0.27; P < .0001). 다변량 분 에 는 나이, 종  감

지양상,  도, 삼   암이 하게 벽과   거리   거리에 

향  주었다 (all P < .05). 많  자 (삼   암, 277 개; 에스트 겐 양  

암, 2024 개)가 근 앞 종양 그룹이 조군에 해 다르게 이 었다. 

결 : 이 연구는 삼   암  가 에스트 겐 양  암에 하여 후 에 

하 는 경향  보인다는 것  알 다. 또한 나이   도 역시 종양  후  

 이 있었다. 종양   자   짓는 상 자  분

 새 운 시도이며 종양  에 한 보는 체계  자 벨과 이 있  

수 있다는 것  보여 다 

--------------------------------------------------------------------------------------------------------------------------- 

주요어 : 암, 자  공명 상, 종양  , 삼  , 에스트 겐 양 , 자 , 

자 톨 지 

학  번 : 2012-30781 
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ABSTRACT 
 

Introduction: The location of a primary cancer could affect tumor growth patterns and have a 

prognostic significance. This study was to compare the location of triple-negative breast cancers with 

that of estrogen receptor (ER)-positive breast cancers using magnetic resonance (MR) imaging and to 

provide a radiogenomic analysis linking tumor location to global gene expression patterns. 

Methods: The locations of 1102 primary breast cancers (256 triple-negative and 846 ER-positive) in 

1090 women (mean, 52.1 years) were reviewed using MR imaging. Mediolateral and anteroposterior 

locations were determined, and absolute and normalized distances of the tumor from the chest wall 

were recorded. The association between breast cancer subtype and tumor location was evaluated using 

multiple linear regression analysis. A subset of 53 cancers was analyzed for global gene expression 

profiling to correlate gene expression and location data. We divided samples into two groups 

according to the tumor distance from the chest wall (prepectoral group, tumors located from the chest 

wall < 1cm; control group, tumors located from the chest wall ≥ 1cm). 

Results: The anteroposterior location was significantly different between triple-negative and ER-

positive breast cancers (P = .001): 55% (140/256) of the triple-negative breast cancers had a posterior 

location, whereas 44% (370/846) of the ER-positive breast cancers had a posterior location. Triple-

negative breast cancers were significantly closer to the chest wall than ER-positive breast cancers in 

absolute (1.8 cm, 95% confidence interval [CI]: 1.64 - 2.04 vs. 2.3 cm, 95% CI: 2.17 - 2.43; P < .0001) 

and normalized (0.21, 95% CI: 0.19 - 0.23 vs. 0.25, 95% CI: 0.24 - 0.27; P < .0001) distances. 

Multiple linear regression analysis revealed that age, palpability, mammographic density, and triple-

negative subtype were significantly associated with absolute and normalized distances from the chest 

wall (all P < .05). A number of genes (277 genes in triple-negative cancers; 2024 gene in ER-positive 

cancers) showed a significantly different expression in prepectoral tumors compared to control group. 

Gene ontology analysis revealed that 17 gene descriptions in triple-negative cancers and 31 gene 

descriptions in ER-positive cancers were over-represented. 
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Conclusions: Our results show that triple-negative breast cancers have a tendency toward a posterior 

location compared with ER-positive breast cancers. Age and mammographic density are also 

associated with posterior location of the tumor. Radiogenomic analysis of breast cancer linking tumor 

location determined by MRI to underlying global gene expression patterns shows that information 

about tumor location can be systemically correlated with the global transcriptomic level in breast 

cancer.  

 

--------------------------------------------------------------------------------------------------------------------------- 

Keywords: Breast cancer, Magnetic Resonance Imaging, Tumor location, Triple receptor 

negative, Estrogen receptor, Gene expression, Gene ontology 

Student number: 2012-30781 
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