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Background: An extensive intraductal component (EIC) in breast cancer is an independent risk factor for local recurrence 

after surgery, especially in young, premenopausal women. Few studies have analyzed long-term outcomes or imaging 

features of EIC-positive breast cancer. 
 

Purpose: To assess the prognostic value of EIC on recurrence-free and overall survival in breast cancer and evaluate imaging 

features of EIC-positive breast cancer by using mammography, US, and MRI.  
 

Materials and Methods: A retrospective study of 6816 consecutive women with surgically diagnosed invasive breast cancer 

between January 2007 and December 2012 was performed. After individual matching, women were allocated into either an 

EIC-positive or an EIC-negative group. Imaging factors associated with prognosis were investigated. The recurrence-free and 

overall survival rates were compared. Univariable and multivariable analyses were performed to analyze the effect of EIC.  
 

Results: Among 6136 included women (mean age, 48.9 years 6 9.8), 1800 EIC-positive and 4336 EIC-negative breast 

cancers were identified. After matching according to EIC presence was performed, 1551 women were allocated into each 

group. The mean follow-up period was 79.9 months. The local-regional recurrence rate in the EIC-positive group was higher 

than that in the EIC-negative group (39.4% [63 of 160] vs 25.5% [37 of 145]; P = .001). However, there were no significant 

differences in total recur-rence rate (hazard ratio [HR]: 1.2; 95% confidence interval [CI]: 0.9, 1.4; P = .21) or death (HR: 1.1; 

95% CI: 0.8, 1.5; P = .45). EIC was not a significant independent factor for recurrence-free survival (HR: 1.1; 95% CI: 0.9, 

1.4; P = .45) or death (HR: 1.1; 95% CI: 0.8, 1.6; P = .44) in multivariable analyses. Calcification and non-mass lesions were 

more commonly seen at US and MRI in the EIC-positive group than in the EIC-negative group (P , .001). 
 

Conclusion: The presence of an extensive intraductal component in women with invasive breast cancer did not affect overall 

survival or recurrence-free survival. 
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n extensive intraductal component (EIC) is found in of these features alone (39% vs 4%, P , .001) (2). There 

A30%–40% of all invasive breast carcinomas (1). It is de- is little published literature regarding long-term outcomes 

fined as the presence of 25% or more intraductal neoplasia in EIC-positive breast cancer, and, to our knowledge, no 

in invasive breast carcinoma (2). EIC is an independent recent studies have addressed this issue. 

risk factor for residual disease and local recurrence after A recently published study (7) investigated the role of 

breast-conserving surgery, especially in young, premeno- breast MRI in EIC and showed improved depiction of 

pausal women (3,4). About 26% of women with EIC have ductal carcinoma in situ (DCIS), as well as low positive- 

local recurrence, compared with 7% of women without margin and mastectomy rates. Precise assessment of the ex- 

EIC (5). However, when a negative margin is obtained tent of breast cancer, including the presence or absence of 

after breast-conserving surgery, there is no difference in EIC, is necessary for preoperative planning and improved 

local recurrence between EIC-positive and EIC-negative long-term outcomes. Studies have described the imaging 

cancers (6). For breast cancer with EIC, a low 5-year lo- features of EIC-positive breast cancer (8–17), but findings 

cal recurrence rate can be achieved when enough tissue are inconsistent. 

is excised to achieve negative surgical margins combined We hypothesized that there would be an effect of EIC 

with appropriate radiation therapy (6). Women with both on the long-term outcome of breast cancer and specific 

EIC-positive breast cancer and a high nuclear grade had a imaging features associated with recurrence-free and over- 

higher 5-year local recurrence rate than women with either all survival. Thus, the aim of our study  was to assess the  
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Abbreviations   
CI = confidence interval, DCIS = ductal carcinoma in situ, EIC = 

extensive intraductal component, ER = estrogen receptor, HER2 = 

human epidermal growth factor receptor type 2, HR = hazard 

ratio, PR = progesterone receptor 
 

Summary 
 

The presence of an extensive intraductal component does not affect 

overall survival or recurrence-free survival in invasive breast cancer.  
Key Points 

 
■n Extensive intraductal component (EIC)-positive breast cancers 

mainly manifest as masses with suspicious calcification at mam-

mography or as non-mass findings at US and MRI.  
■n EIC-positive breast cancers contribute to the higher incidence 

of local-regional recurrence (39.4% vs 25.5%, P = .001) with 

higher positive margins after surgery (7.5% vs 4.3%) 

compared with EIC-negative breast cancers.  
■n EIC presence is not an independent prognostic factor for recur-

rence-free survival (hazard ratio [HR]: 1.1; P = .45) or death 

(HR: 1.1; P = .44) after adjustment for confounding prognostic 

factors in invasive breast cancer. 
 

 

prognostic value of EIC positivity on recurrence-free and 

overall survival in breast cancer. In addition, imaging features 

of EIC-positive and EIC-negative breast cancer were 

compared by using mammography, US, and MRI. Imaging 

features associated with prognosis were also investigated. 

 

Materials and Methods   
Approval for this retrospective study was obtained from the 

in-stitutional review board. The requirement for written 

informed consent was waived. 

 

Study Cohort  
Using our hospital database, we retrospectively identified 6816 

consecutive women with a surgical diagnosis of invasive 

ductal breast cancer between January 2007 and December 

2012 at Asan Medical Center, an academic tertiary referral 

hospital in South Korea. From this group, women who had 

received neoadjuvant chemotherapy (n = 653), women who 

had previously undergone breast surgery (n = 8), and women 

for whom immunohistochemical information (n = 19) was not 

available were excluded (Fig 1). The postoperative tumor 

pathology reports were reviewed to determine whether EIC 

was present. If the pathologic report noted that EIC was pres-

ent or that the intraductal component was greater than 25%, the 

patient was considered to have EIC-positive disease. 

 

Preoperative Evaluation and Imaging with 

Mammography, US, and MRI 

For preoperative staging, clinical and imaging examinations 

(mammography, US, and MRI) were performed. Preopera-

tive mammography, US, and MRI were performed in 2942 

(94.8%), 3006 (96.9%), and 530 (17.1%) of 3102 women, 

respectively. Mammography was performed by using a full-

field digital mammography system (Senographe DS; GE 

 
 
Healthcare, Milwaukee, Wis). US was performed with a 14–

16-MHz linear array transducer (IU 22; Philips Medical 

Systems, Bothell, Wash) . Patients underwent dynamic con-

trast material–enhanced MRI with either a 1.5-T or 3.0-T 

system (Magnetom Avanto or Skyra, Siemens Medical Solu-

tions, Erlangen, Germany; Achieva, Philips Medical Systems, 

Best, the Netherlands) and a dedicated breast coil. Imaging 

protocols included a T2-weighted sequence and a dynamic 

contrast-enhanced fat -suppressed axial three-dimensional T1-

weighted sequence that consisted of unenhanced and at least 

three contrast-enhanced acquisitions. Contrast material 

(Magnevist; Schering, Berlin, Germany) at 0.2 mL per kilo-

gram of body weight was injected by using an MRI-compati-

ble power injector (Spectris; Medrad, Pittsburgh, Pa). 

 

Image Analysis  
Two radiologists (S.M.H. and J.H.C., with 8 and 18 years of 

experience, respectively, specializing in breast imaging) retro-

spectively reviewed the images from the preoperative mam-

mographic, US, and MRI examinations and measured the 

extent of lesions while blinded to any information about the 

surgical and final pathologic results. The reviewers reached a 

consensus in describing imaging findings according to the 

guidelines of the American College of Radiology Breast Im-

aging Reporting and Data System, or BI-RADS, 5th edition  
(18) and previously published articles (9,13,19–21), and the 

following findings were defined as positive: (a) a suspicious 

calcification outside or adjacent to the mass or calcification 

without a mass at mammography; (b) a satellite nodule, a 

suspicious nodule within 2 cm of the main tumor, linear and 

long ductal dilatation adjacent to the main mass with or with-

out intraductal lesions and ductal dilatation or echogenic foci at 

US; and (c) non-mass enhancement with or without an adjacent 

mass at MRI. We measured the largest diameter in-cluding the 

mass and any surrounding abnormalities at each of the three 

imaging modalities, and the maximum diameter measured 

using any of the three modalities was recorded. If the difference 

in the maximum diameter measured at imag-ing and that 

measured at final histopathologic examination was less than 10 

mm, the size measurement was considered adequate, and, if the 

difference was larger than 10 mm, the lesion was regarded as 

underestimated or overestimated. 

 

Histopathologic Analysis  
We recorded tumor size, histologic type, histologic or nuclear 

grade, resection margin status, lymphovascular invasion, and 

expression of estrogen receptor (ER) and progesterone recep-

tor (PR). Positive staining for ER or PR was defined as strong 

nuclear staining in at least three-eighths of the tumor cells 

examined. Human epidermal growth factor receptor type 2 

(HER2) positivity was defined as a score of 3+ at immuno-

histochemical staining or as HER2 gene amplification at fluo-

rescence in situ hybridization. A dedicated breast patholo-gist 

evaluated the extent of DCIS, and EIC was defined as 

prominent DCIS within the confines of the invasive tumor 

occupying at least 25% of the tumor and DCIS in the grossly 
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Figure 1:  Flowchart shows study inclusion and exclusion criteria. EIC = extensive 

intraductal component. 

 

normal adjacent breast tissue, as defined by Schnitt et al (2) 

and Schnitt and Harris (22). At pathologic examination, the 

maximum diameter of all malignant lesions, including the 

invasive cancer and EIC, were reported. 
 
Postoperative Care and Follow-up  
After surgery, we administered radiation therapy, chemotherapy, 

or hormonal therapy according to the patient and tumor char-

acteristics. We examined patients annually with mammography 

(with or without US) for the surveillance of local-regional or 

contralateral breast recurrence. Chest radiography, chest CT, bone 

scanning, or whole-body fluorine 18 fluorodeoxyglucose PET was 

performed for surveillance of distant metastasis. The last date of 

follow-up was July 5, 2018. The follow-up duration was calculated 

from the date of surgery to the last date of follow-up or to the 

occurrence of any event or death. Recurrence-free survival was 

defined as the interval between the date of surgery and the date on 

which cancer recurrence was first detected. Data in women 

without evidence of an event were censored on the date of the 

most recent follow-up (23). Recurrence was classified as local-

regional (limited to the ipsilateral breast or chest wall and/or to the 

axillary, infraclavicular, or supraclavicular lymph nodes), 

occurring in the contralateral breast, or distant (metas-tasis to other 

parts of the body), according to the first detected recurrence site in 

each patient. Overall survival was defined as the time from the 

date of breast cancer diagnosis to the date of death from any cause, 

the last date the patient was known to be alive, or the date of the 

most recent follow-up. 

 

Statistical Analysis  
To compare the EIC- positive and EIC-negative groups, an 

individual matching method was used. Individuals were 

matched in the following nine covariates: age (65 years), 

pathologic tumor size (610 mm), histologic grade (I or II; 

III), nuclear grade (I or II; III), pathologic lymph node 

 
 

status (negative or positive), ER expression (negative or 

positive), PR expression (negative or positive), HER2 ex-

pression (negative or positive), and lymphovascular inva-

sion (negative or positive) . Total recurrences were divided 

into subgroups according to the first breast cancer recur-

rence in each patient. A Cox proportional hazards model 

was used to analyze the independent effects of EIC on 

local-regional, contralateral, and distant recurrence and 

death. Overall survival was determined for the matched 

data, and the 95% confidence intervals (CIs) of the haz-ard 

ratios (HRs) were calculated. The recurrence-free and 

overall survivals in the two groups were compared by using 

Kaplan-Meier estimates. Univariable analyses of clinical 

and pathologic variables associated with re-currence-free 

and overall survival in the matched cohort were performed. 

Subsequent multivariable analyses were performed by 

using Cox proportional hazards models with backward 

elimination to analyze the independent effect of EIC on 

recurrence- free and overall survival. Paired t tests and 

McNemar tests were used for comparisons of categori-cal 

variables. To analyze the association between EIC pres-

ence and imaging features at mammography, US, or MRI, 

marginal homogeneity tests were used. All statistical analy-

ses were performed by using SPSS software, version 14.0 

(IBM, Armonk, NY). P , .05 was considered to indicate a 

statistically significant difference. 
 
 

Results  
 

Demographics  
Among the 6136 included women (mean age, 48.9 years 6 9.8; 

age range, 25–78 years), 1800 EIC-positive and 4336 EIC-

negative breast cancers were identified. Before individ-ual 

matching, the EIC-positive women were younger (47.8 
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Table 1: Baseline Characteristics of the Matched Study Patients  

 
Characteristic EIC-Negative Group (n = 1551) EIC-Positive Group (n = 1551) P Value 
      

Age at diagnosis (y)* 47.9 6 9.0 (25–78) 47.8 6 8.9 (25–78) .52 

Nuclear grade 3 452 (29.1) 452 (29.4) ..99 

Histologic grade 3 442 (28.5) 442 (28.5) ..99 

Lymph node metastasis positive 455 (29.3) 455 (29.3) ..99 

Lymphovascular invasion positive 307 (19.8) 307 (19.8) ..99 

Estrogen receptor positive 1178 (76.0) 1178 (76.0) ..99 

Progesterone receptor positive 1036 (66.8) 1036 (66.8) ..99 

HER2 positive 405 (26.1) 405 (26.1) ..99 

Pathologic tumor size (mm)* 18.35 6 10.25 (1–90) 17.41 6 11.25 (2–85) .52 

Symptomatic 1046 (67.4) 939 (60.5) ,.001 

Adequate measurement† 1416 (91.3) 804 (51.8) ,.001 

Mastectomy 356 (23.0) 691 (44.6) ,.001 

Breast conservation 1195 (77.1) 860 (55.5) ,.001   
Note.—Unless otherwise specified, data are numbers of patients, with percentages in parentheses. EIC = extensive intraductal compon ent, 

HER2 = human epidermal growth factor receptor 2. P , .05 was considered to indicate a statistically significant difference. 

* Data are means 6 standard deviations, with ranges in parentheses. Continuous variables such as age were matched within 5 years.  
† A difference of 10 mm or less between size assessed on imaging and size at histopathologic examination is considered an 

adequate mea-surement.  

 
Table 2: Survival Outcomes in the Matched Patients  

 
  All Patients EIC-Negative Group EIC-Positive Group  95% CI  

Parameter (n = 3102) (n = 1551) (n = 1551) HR for HR P Value 
          

Total recurrence* 305 (9.8) 145 (9.4) 160 (10.3) 1.2 0.9, 1.4 .21 

Site of recurrence         .001 
  Local-regional 100 (32.8) 37 (25.5) 63 (39.4)    

  Contralateral breast 48 (15.7) 20 (13.8) 28 (17.5)    

  Distant 118 (33.7) 73 (50.3) 45 (28.1)    

  Local-regional plus distant 35 (11.5) 12 (8.3) 23 (14.4)    

   Contralateral breast plus distant 3 (1.0) 3 (2.1) 0     

   Local-regional plus contralateral breast 1 (0.3) 0  (0.6)    
Overall survival 147 (4.7) 71 (4.6) 76 (4.9) 1.1 0.8, 1.5 .45   
Note.—Data are numbers of patients, with percentages in parentheses. CI = confidence interval, EIC = extensive intraductal 

component, HR = hazard ratio. 
* Total recurrences were divided into subgroups according to the first breast cancer recurrence in each patient. 

 

 

years 6 9.3 vs 49.5 years 6 10.0; P , .001) and had a higher rate 

of ER positivity (73.3% [1320 of 1800] vs 66.3% [2876 of 

4336]; P , .001), PR positivity (63.1% [1136 of 1800] vs 

57.5% [2492 of 4336]; P , .001), and HER2 positivity (31. 0% 

[558 of 1800] vs 20.2% [874 of 4336]; P , .001). The EIC-

negative tumors had a larger pathologic size (18.2  
mm 6 13.8 vs 20.8 mm 6 10.9; P , .001), a higher nuclear 

grade (42.1% [1824 of 4336] vs 30.4% [548 of 1800]; P , 

.001), and a higher histologic grade (41.4% [1794 of 4336] vs 

29.3% [528 of 1800]; P , .001), and more women had lymph 

node metastasis (36.2% [1568 of 4336] vs 30.6% [550 of 

1800]; P , .001) and lymphovascular invasion (23.0% [999 of 

4336] vs 21.2% [382 of 1800]; P , .001) (Table E1 [online]). 

The matched population according to EIC pres-ence consisted 

of 1551 women in each group. Baseline char-acteristics of the 

matched women are provided in Table 1. Adequate lesion size 

measurement was more prevalent in the 

 
 

 

EIC-negative group (91.3% [1416 of 1551] vs 51.8% [804 

of 1551]; P , .001). 
 
Survival Outcomes  
The mean follow-up period was 79.9 months (range, 7–133 

months). The percentage of recurrences was 9.8% overall (305 

of 3102), 9.4% (145 of 1551) in the EIC-negative group, and 

10.3% (160 of 1551) in the EIC-positive group (HR: 1.2; 95% 

CI: 0.9, 1.4; P = .21) (Table 2). There was a higher percentage 

of local-regional recurrence (39.4% [63 of 160] vs 25.5% [37 

of 145]) in the EIC-positive group and a higher percentage of 

distant metastasis (50.3% [73 of 145] vs 28.1% [45 of 160]) in 

the EIC-negative group (P = .001). There was no significant 

difference in overall survival (P = .45) between the two groups. 

Kaplan-Meier analysis confirmed that the EIC-positive and 

EIC-negative groups were similar with respect to the rate of 

recurrence-free and overall survival (Fig 2). 
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Figure 2:  Kaplan-Meier survival curves for (a) recurrence-free survival and (b) overall survival in patients with invasive breast cancer with 

and without an extensive intraductal component (EIC). 
 

 

Table 3: Multivariable Cox Proportional Hazards Analysis of Variables Associated with Recurrence-free Survival and Overall 

Survival in the Matched Cohort  
 

  Recurrence-free Survival     Death  
          

Variable  Hazard Ratio 95% Confidence Interval P Value  Hazard Ratio 95% Confidence Interval P Value 
         

EIC positivity 1.1 0.9, 1.4 .45  1.1 0.8, 1.6 .44 

Age at diagnosis 1.0 0.96, 0.99 ,.008  1.0 1.0, 1.1 .005 

Lymph node metastasis positive      1.8 1.3, 2.6 .001 

Lymphovascular invasion positive 1.6 1.2, 2.1 ,.001  1.7 1.2, 2.4 .007 
Estrogen or progesterone receptor 0.5 0.4, 0.6 ,.001  0.3 0.2, 0.5 ,.001 
   positive          

Pathologic tumor size 1.0 1.01, 1.03 ,.001  1.0 1.0, 1.1 ,.001 
Breast conservation 0.7 0.6, 0.9 .01        
Note.—EIC = extensive intraductal component. P , .05 was considered to indicate a statistically significant difference. 

 
 

Univariable analyses of clinical and pathologic fac-tors 

potentially associated with recurrence-free survival and 

death in the matched cohort are listed in Table E2 (online). 

Age at the time of diagnosis (P = .01), nu-clear or 

histologic grade (P , .001), lymph node me-tastasis (P , 

.001), lymphovascular invasion (P ,  

.001), ER and PR status (P , .001), pathologic tumor size (P 

, .001), type of surgery (P , .001), adjuvant radiation (P ,  
.001), and chemotherapy or endocrine therapy (P , .001) were 

associated with the rate of recurrence-free survival. Age at the 

time of diagnosis (P = .009), nuclear or histologic grade (P , 

.001), lymph node metastasis (P , .001), lymphovas-cular 

invasion (P , .001), ER and PR status ( P , .001), pathologic 

tumor size (P , .001), type of surgery (P , .001), and adjuvant 

chemotherapy or endocrine therapy (P , .001) were statistically 

associated with the rate of death. 

 

 

The multivariable Cox regression model indicated that 

EIC was not a significant independent factor for recurrence-

free survival (P = .45) or death (P = .44) (Table 3) . 

Lympho-vascular invasion, negative ER or PR expression, 

and larger tumor size remained significant independent 

factors for poor recurrence-free survival, and older age, 

lymph node metasta-sis, lymphovascular invasion, negative 

ER or PR expression, and larger tumor size were significant 

independent factors as-sociated with death. 
 

Imaging Features: Mammography  
The most common mammographic feature in the EIC-posi-tive 

group (n = 1471) was a mass with calcification (37.7% [554 of 

1471]), followed by a mass (29.7% [437 of 1471]), 

calcification alone (20.2% [297 of 1471]), and negative find-

ings (10.1% [148 of 1471]), whereas the most common fea- 

 
 
Radiology: Volume 292: Number 2—August 2019  ■  radiology.rsna.org 303 



Imaging for Assessing Outcomes of Invasive Breast Cancer with EIC  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3:   Images of a palpable invasive breast cancer without an  
extensive intraductal component in the left breast of a 43-year-old  
woman. (a) Mammogram shows an irregularly shaped hyperdense,  
spiculated mass without calcification (arrow). (b) US image shows a  
spiculated hypoechoic mass in the left breast (arrow). (c) First post-  
contrast subtracted T1-weighted image at preoperative MRI reveals  
an invasive cancer without any surrounding abnormal enhancement  
(arrow). (d) Photomicrograph shows the extent of the tumor (arrow).  
(Hematoxylin-eosin stain; original magnification, 312.5.) The maxi-  
mum size of the malignant mass was 1.9 cm at MRI and 2.1 cm at  
pathologic examination. The extent of malignancy was adequately   
assessed.  

 
 
 
 

 
Table 4: Mammographic Features  

 
Variable  EIC-Negative Group (n = 1471) EIC-Positive Group (n = 1471)   P Value 
      

Lesion type     ,.001 
  No visualization 205 (13.9) 148 (10.1) 
  Mass  896 (60.9) 437 (29.7) 

  Calcification only 44 (3.0) 297 (20.2) 

  Mass with calcification 323 (22.0) 554 (37.7) 
  Architectural distortion 1 (0.1) 5 (0.3) 
  Asymmetry 2 (0.1) 30 (2.0) 

Mass shape     ,.001 
  Oval/round 56 (3.8) 62 (4.2) 

  Irregular  1163 (79.1) 934 (63.5) 

Mass margin     ,.001 
  Circumscribed 17 (1.2) 29 (2.0) 
  Noncircumscribed 1202 (81.7) 1020 (69.3) 

Calcification morphology    ,.001 

  Amorphous 47 (3.2) 156 (10.6) 
  Coarse heterogeneous 3 (0.2) 19 (1.3) 
  Fine pleomorphic 317 (21.6) 550 (37.4) 
  None  1104 (75.1) 617 (41.9) 

Calcification distribution    … 
  Regional  27 (1.8) 68 (4.6) 
  Grouped  227 (15.4) 377 (25.6) 

  Segmental  106 (7.2) 386 (26.2) 

  Diffuse  0  4 (0.3) 
  None  1104 (75.1) 617 (41.9)   
Note.—Data are numbers of patients, with percentages in parentheses. EIC = extensive intraductal 

com-ponent. P , .05 was considered to indicate a statistically significant difference. 
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Table 5: US Features  

 
Variable EIC-Negative Group (n = 1503) EIC-Positive Group (n = 1503) P Value 
      

Lesion type     ,.001 
  Not visualized 7 (0.5) 12 (0.8)  

  Mass 1488 (99.0) 1225 (81.5)  

  Non-mass 2 (0.1) 179 (11.9)  

  Mass plus non-mass 6 (0.4) 87 (5.8)  

Shape     ,.001 

  Oval/round 80 (5.3) 117 (7.8)  

  Irregular 1414 (94.1) 1213 (80.7)  

Margin     ,.001 
  Circumscribed 32 (2.1) 55 (3.7)  

  Noncircumscribed 1463 (97.3) 1359 (90.4)  

Echo pattern     ,.001 
  Complex 22 (1.5) 41 (2.7)  

  Hypoechoic 1354 (90.1) 1120 (74.5)  

  Isoechoic 8 (0.5) 23 (1.5)  

  Heterogeneous 111 (7.4) 299 (19.9)  

Posterior features     ,.001 
  None 815 (54.2) 1169 (77.8)  

  Enhancement 482 (32.1) 160 (10.7)  

  Shadowing 176 (11.7) 155 (10.3)  

  Combined 30 (2.0) 19 (1.3)  

Calcification     ,.001 

  Present 151 (10.1) 589 (39.2)  

  Absent 1352 (90.0) 914 (60.8)    
Note.—Data are numbers of patients, with percentages in parentheses. EIC = extensive intraductal 

compo-nent. P , .05 was considered to indicate a statistically significant difference. 
 

 

ture in the EIC- negative group (n = 1471) was a mass alone 

(60.9% [896 of 1471]). Women in the EIC-negative group 

were more likely to have an irregularly shaped mass with non-

circumscribed margins than were women in the EIC -positive 

group (P , .001) (Fig 3). Overall, calcification was more fre-

quent in the EIC-positive group than in the EIC-negative group 

(57.9% [851 of 1471] vs 25.0% [367 of 1471]; P ,  
.001). In addition, suspicious calcifications in the EIC-posi-

tive group were more likely to manifest as fine, pleomorphic 

morphology with segmental distribution (Table 4). 

 
 

Imaging Features: US  
All US findings showed significant differences between the 

EIC-positive and EIC-negative groups (P , .001) (Table 5). 

In the EIC-positive group, a non-mass lesion (11.9% [179 of 

1503]), a mass with non-mass changes (5.8% [87 of 1503]), 

and associated findings such as satellite nodules within 2 cm 

of the main tumor, ductal extension, long ductal dilatations 

adjacent to the main tumor, and calcification were more fre-

quently encountered (P , .001) (Fig 4). 
 
Imaging Features: MRI  
At MRI, non-mass enhancement (19.6% [52 of 265]) and 

mass with non -mass enhancement (6.4% [17 of 265]) were 

more frequent in the EIC-positive group than in the EIC- 

 
 

 

negative group (P , .001). There were no statistical differ-

ences in enhancement kinetics or morphologic features be-

tween the two groups (Table 6). 
 
Association between Imaging Features and 

Outcome 

Associations between imaging features and survival outcomes 

were analyzed in both groups. Mass with calcification or fine 

pleomorphic calcification at mammography and non-mass le-

sions with associated calcification at US were significant 

factors associated with recurrence-free and overall survival at 

univariable analysis (P , .001). However, at multivariable 

analysis, only calcification at US was associated with 

recurrence-free survival (HR: 1.4; 95% CI: 1.1, 1.8; P = .01). 
 

Discussion   
The presence of an extensive intraductal component (EIC) in 

breast cancer was not associated with recurrence-free survival 

(HR: 1.1; 95% CI: 0.9, 1.4; P = .45) or death (HR: 1.1; 95% 

CI: 0.8, 1.6; P = .44). EIC presence was not a significant in-

dependent prognostic factor after adjustment for confound-ing 

prognostic factors such as pathologic tumor size, tumor grade, 

receptor status, and the presence of lymph node me-tastasis 

and lymphovascular invasion. However, a higher in-cidence of 

local-regional recurrence was observed in the EIC-positive 

group (39.4% [63 of 160] vs 25.5% [37 of 145]), 
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Figure 4:  Images of a palpable invasive breast cancer with an extensive intraductal component (EIC) of 50% in the left breast of a 54-year-old 

woman. (a) Mammogram shows irregularly shaped hyperdense mass (arrow). There are segmental pleomorphic calcifications within and around the 

mass (arrowheads). (b, c) US images show a microlobulated hypoechoic mass in the left breast (arrow). There is duct dilatation extending from the 

main tumor and calcifications (arrowheads). (d) First postcontrast subtracted T1-weighted image at preoperative MRI reveals an invasive cancer 

(arrow) with non-mass-like enhancement extending anteriorly (arrowheads). (e) Photomicrograph shows the extent of tumor (black arrow  
= invasive ductal cancer; white arrow = EIC). (Hematoxylin-eosin stain; original magnification, 312.5.) The maximum size of the malignant 

mass was 4.4 cm at MRI and 3.6 cm at pathologic examination. The extent of malignancy was adequately assessed.  

 

despite the higher rate of mastectomy, while the EIC-

negative group was more likely to have been treated with 

breast con-servation and had a higher incidence of distant 

metastasis (50.3% [73 of 145] vs 28.1% [45 of 160]). At 

imaging, EIC-positive cancers mainly manifested as masses 

with suspicious calcification at mammography or as non-

mass changes at US and MRI.  
The evidence regarding EIC and long-term outcomes in 

breast cancer is inconsistent. EIC -positive breast cancer is 

known to be associated with HER2 overexpression, a high tu-

mor grade, and younger age (24,25), and is less likely to have 

lymph node involvement or distant metastasis (10). Thus, to 

exclude the impact of these clinical and pathologic factors, an 

individual matching method was used to investigate the as-

sociation between EIC presence and long-term outcomes in 

breast cancer. EIC positivity was not a significant risk factor 

for overall or recurrence-free survival. In our cohort, 116 of 

1551 women with EIC-positive cancer (7.5%) had positive 

margins after surgery, and among them, 10 women (8.6%) had 

recurrence (three local-regional, five contralateral, and two 

distant recurrences), whereas 66 of 1551 of women with EIC-

negative cancer (4.3%) had positive margins and 

 

 

six (9%) had recurrence (three local-regional and three dis-tant 

recurrences). The presence of EIC has been considered a 

significant histopathologic factor for local recurrence after 

breast-conserving surgery (1,6,26). Conversely, other inves-

tigators have reported no association between EIC and lo-cal 

recurrence rates (2,27,28). One previous study found that, 

when women with breast cancer and EIC were treated with 

total mastectomy, long- term survival was improved (24), 

which is contrary to our findings. On the other hand, if breast- 

conserving surgery is used, intraductal spread can lead to a 

high risk of local recurrence (1). However, another study 

showed that EIC did not have an effect on overall or disease-

free survival if negative margins were achieved after breast 

conservation surgery (29). In our study, although the local-

regional recurrence was significantly more frequent in the 

EIC-positive group, the total recurrence rate was not dif-ferent 

between the two groups and thus there was no signifi-cant 

impact of EIC on overall or recurrence-free survival.  
We found that EIC-positive cancers were more likely to 

have mass-associated suspicious calcification at mammogra-

phy; non-mass lesions with associated satellite nodules, duct 

extension, long ductal dilatation adjacent to the tumor, or 
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Table 6: MRI Features  

 
Variable EIC-Negative Group (n = 265) EIC-Positive Group (n = 265) P Value 
      

Lesion type     ,.001 
  Mass 258 (97.4) 196 (74.0)  

  Non-mass 3 (1.1) 52 (19.6)  

  Mass plus non-mass 4 (1.5) 17 (6.4)  

Shape     .74 
  Oval/round 4 (2.1) 5 (2.6)  

  Irregular 186 (97.9) 185 (97.4)  

Margins     .71 
  Circumscribed 4 (2.1) 3 (1.6)  

  Noncircumscribed 186 (97.9) 187 (98.4)  

Internal enhancement     .12 
  Homogeneous 24 (12.6) 35 (18.4)  

  Heterogeneous 160 (82.2) 145 (76.3)  

  Rim 6 (3.2) 10 (5.3)  

Kinetic curve type     .84 

  Type 1: persistent 1 (0.4) 2 (0.8)  

  Type 2: plateau 21 (7.9) 22 (8.4)  

  Type 3: washout 243 (91.7) 237 (90.8)  

Peritumoral edema     ,.001 
  Yes 207 (78.1) 166 (63.1)  

  No 58 (21.9) 97 (36.9)    
Note.—Data are numbers of patients, with percentages in parentheses. EIC = extensive intraductal 

compo-nent. P , .05 was considered to indicate a statistically significant difference. 
 

 

calcification at US; and non-mass enhancement at MRI. Also, 

size measurement was less accurate in the EIC-positive group, 

which may explain the higher mastectomy rate. Because the 

presence of EIC is a significant risk factor for postoperative 

recurrence, it is important to recognize the imaging features of 

EIC and identify the extent of EIC preoperatively. Indeed, there 

is variability in the imaging references for EIC, which may 

account for different conclusions. Continuous calcifica-tion 

from the nipple or calcification surrounding the tumor at 

mammography and hypoechoic tubular structures contigu-ous 

with the breast mass at US represent imaging evidence of EIC 

(8–17). Women with EIC are more likely to have suspi-cious 

calcifications at mammography and are less likely to have 

masses detected at mammography than are those without EIC 

(10,12,13). However, approximately 23% of intraductal carci-

nomas do not show calcifications at mammography (15,16). 

Some studies report that invasive carcinomas with calcification 

at mammography are more likely to be associated with EIC, es-

pecially if the calcifications are larger than 3 cm (13). Features 

of US that characterize the intraductal component include a 

dilated duct, a tubular hypoechoic structure radiating from the 

tumor, and the presence of satellite lesions or daughter tu-mors 

around the main tumor (10,11). However, the sensitiv-ity of US 

for the detection of intraductal components varies widely, from 

21% to 89% (10–12). In a previous study, US showed lower 

performance (area under the receiver operat-ing characteristic 

curve [AUC], 0.622) than mammography (AUC, 0.706) and 

MRI (AUC, 0.803) (21). Detection rates of invasive cancer 

with EIC at MRI range between 45% and 

 
 

 

100% (8–12,19,20,30,31). In a study of MRI (9), 71.2% of 

histologically confirmed cancers with EIC manifested as spotty 

or linear continuous enhancement from the main tumor to the 

nipple or as segmental enhancement from the main tumor to 

the nipple. Additionally, another study (8) showed that diffuse 

patchy enhancement adjacent to the enhancing mass correlated 

with the presence of EIC with high sensitivity and specificity 

(81% and 93%, respectively). A previous study (32) reported 

that invasive breast cancer with EIC can be visualized at MRI 

and that its size correlates significantly with histopathologic tu-

mor size compared with mammography (r = 0.65 vs r = 0.20; P 

, .01). Ductal dilatation at US correlated with linear, regional, 

or segmental enhancement at MRI (10), and the sensitivity of 

MRI (76%) was higher than that of mammography (52%) (17). 

Our data also suggest that EIC of invasive breast cancer can be 

predicted by using imaging features at mammography, US, and 

MRI.  
Our study had several limitations. The first limitation was 

its retrospective design within a single tertiary referral 

institution, and we excluded women who received neoad-

juvant chemotherapy. Therefore, selection bias is conceiv-

able. Because of our retrospective study design, we had to 

rely on pathologic reports, without review of the sur-gical 

specimens. Because the number of patients was too large, we 

could not reanalyze the pathologic and imaging concordance 

of the extent of EIC. In addition, the mean follow -up period 

of 79.9 months may not have been suf-ficient for assessment 

of the prognostic effect. The low rates of events such as 

contralateral breast and distant (1.0%) or 
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local- regional recurrences (0.3%) must also be considered 

when interpreting our data. In addition, we did not evalu-ate 

which imaging modality (mammography, US, or MRI) was 

the most accurate and reliable for assessing EIC posi-tivity. 

We also did not evaluate interobserver variability in the 

analysis of imaging features. Last, we used an individual 

matching method to match women with and those without EIC 

based on clinical and pathologic factors, but there may be 

other characteristics that should have been considered that 

would have resulted in different clinical outcomes.  
In conclusion, the presence of an extensive intraductal com-

ponent (EIC) did not affect overall survival or recurrence-free 

survival in invasive breast cancer. However, preoperative knowl-

edge of EIC is still crucial to improve outcomes by reducing the 

need for additional surgery and lowering the recurrence rate. 

Prospective follow-up studies should include longer follow-up 

periods to determine the relationship between EIC and patient 

outcome in terms of recurrence and overall survival. 
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QUESTIONNAIRE 
A8 (21) 

Mammography, US, and MRI to Assess Outcomes of Invasive Breast Cancer with Extensive 
Intraductal Component: A Matched Cohort Study 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Question 1: Which of the following are CORRECT regarding 
extensive intraductal component (EIC)? 
 

A: It is found in 43% of almost all invasive breast 
carcinomas 

B: It is defined as the presence of 25% or more 
intraductal neoplasia in invasive breast carcinoma  

C: It is an independent risk factor for residual disease 
and local recurrence after breast-conserving 
surgery, and is rarely seen in young, premenopausal 
women 

D: About 26% of women with EIC have local 
recurrence, compared with 7% of women without 
EIC  

E: When a negative margin is obtained after breast-
conserving surgery, there is no difference in local 
recurrence between EIC-positive and EIC-negative 
cancers  

 
Question 2: Which of the following imaging findings were 
defined as positive?  
 

A: A suspicious calcification outside or adjacent to the 
mass or calcification without a mass at 
mammography  

B: A suspicious nodule within 3 cm of the main tumor, 
linear and long ductal dilatation adjacent to the 
main mass with or without intraductal lesions and 
ductal dilatation or echogenic foci at US 

C: Non-mass enhancement with or without an 
adjacent mass at MRI  

D: All of the above 
 
Question 3: In the histopathologic analysis included which of 
the following? 
 

A: Tumor size, histologic type, histologic or nuclear 
grade, resection margin status, lymphovascular 
invasion; expression of estrogen receptor (ER) and 
progesterone receptor (PR) were recorded  

B: Positive staining for estrogen receptor (ER) or 
progesterone receptor (PR) was defined as strong 
nuclear staining in at least three-eighths of the 
tumor cells examined  

C: Human epidermal growth factor receptor type 2 
(HER2) positivity was defined as a score of 2+ at 
immunohistochemical staining or as HER2 gene 
amplification at fluorescence in situ hybridization 

D: EIC was defined as prominent DCIS within the 
confines of the invasive tumor occupying at least 
fifteen percent of the tumor and DCIS in the grossly 
normal adjacent breast tissue 

 

Question 4: Which of the following are TRUE regarding the 
results this study? 
 

A: Before individual matching, the EIC-positive women 
were younger and had a higher rate of ER positivity, 
PR positivity and HER2 positivity 

B: Among the 6136 included women, 1800 EIC-
positive and 4336 EIC-negative breast cancers were 
identified  

C: Less women had lymph node metastasis and 
lymphovascular invasion 

D: The EIC-negative tumors had a larger pathologic 
size, a higher nuclear grade, and a higher histologic 
grade  

 
Question 5: Is TRUE or FALSE that the Kaplan-Meier analysis 
confirmed that the EIC-positive and EIC-negative groups 
were similar with respect to the rate of recurrence-free and 
overall survival? 
 

A: TRUE  
B: FALSE 

 
Question 6: Which of the following options best describe the 
results of the imaging findings of this study? 
 

A: The most common mammographic feature in the 
EIC-positive group was a mass with calcification, 
followed by a mass, calcification alone, and 
negative findings  

B: All US findings showed significant differences 
between the EIC-positive and EIC-negative groups  

C: At MRI, non-mass enhancement and mass with 
non-mass enhancement were more frequent in the 
EIC-positive group than in the EIC negative group  

D: None of the above 
 
Question 7: Which of the following are CORRECTLY matched 
regarding imaging of a palpable invasive breast cancer 
without an extensive intraductal component in the left 
breast of a 43-year-old woman (Figure 3)? 
 

A: Image (c): US image shows a spiculated hypoechoic 
mass in the left breast 

B: Image (a): Mammogram shows an irregularly 
shaped hyperdense, spiculated mass without 
calcification  

C: Image (b): First postcontrast subtracted T1-
weighted image at preoperative MRI reveals an 
invasive cancer without any surrounding abnormal 
enhancement 

D: Image (d): Photomicrograph shows the extent of 
the tumor  

 



Question 8: What was the finding of a previous study which 
contradicts the findings of this study? 
 

A: When women with breast cancer and EIC were 
treated with total mastectomy, long-term survival 
was improved  

B: If breast-conserving surgery is used, intraductal 
spread can lead to a high risk of local recurrence 

C: Local-regional recurrence was significantly more 
frequent in the EIC-positive group 

D: EIC did not have an effect on overall or disease-free 
survival if negative margins were achieved after 
breast conservation surgery 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Question 9: Which of the following are features of US that 
characterize the intraductal component? 
 

A: A contracted duct 
B: A tubular hypoechoic structure radiating from the 

tumor  
C: The presence of satellite lesions or daughter tumors 

around the main tumor  
D: All of the above 

 
Question 10: Is it TRUE that the presence of an extensive 
intraductal component did not affect overall survival or 
recurrence-free survival in invasive breast cancer? 
 

A: YES  
B: NO 
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