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ABSTRACT

Objective: The aim of this retrospective study was to analyze the predictive capabilities of preoperative mammography, dynamic contrast-enhanced-
magnetic resonance imaging (DCE-MRI), and diffusion-weighted imaging (DW1I) in determining hormone receptor (HRc) status for pure ductal carcinoma
in situ (DCIS) lesions.

Materials and Methods: The study included a total of 79 patients who underwent preoperative mammography (MG) and MRI between December
2018 and December 2023 and were subsequently diagnosed with pure DCIS after surgery. The correlation between MG, DCE-MRI, and DWI features

and estrogen receptor (ER) and progesterone receptor (PR) status was examined.

Results: Among the lesions, 44 were double HRc-positive (ER and PR-positive), 13 were single HRc-positive (ER-positive and PR-negative or ER-
negative and PR-positive) and 22 were double HRc-negative (ER and PR-negative). The presence of symptom (p = 0.029), the presence of comedo necrosis
(p = 0.005) and high histological grade (p<0.001) were found to be associated with ER and PR negativity. Amorphous microcalcifications were more
commonly observed in the double HRc-negative group, while linear calcifications were more prevalent in both double and single HRc-positive groups (p =
0.020). Non-mass enhancement (NME) with a linear distribution was significantly more common in double HRc-negative lesions (38%), and NME with
a segmental distribution in both double (43%) and single (50%) receptor-positive lesions (p = 0.042). Evaluation of DWI findings revealed that a higher
lesion-to-normal breast parenchyma apparent diffusion coefficient (ADC) ratio statistically increased the probability of HRc positivity (p = 0.033).

Conclusion: Certain clinicopathological, mammography, and MRI features, along with the lesion-to-normal breast parenchyma ADC ratio, can serve as
predictors for HRc status in DCIS lesions.
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Key Points
*  Ductal carcinoma i7 situ is a heterogeneous disease in terms of its histopathological features, which is a precursor to invasive breast cancer.
*  Evaluation of hormone receptor status is important for preoperative treatment planning.

*  The presence of symptoms, the presence of comedo necrosis, histological grade, microcalcification morphology, the distribution pattern of non-mass
enhancement, and tumor-to-normal parenchyma apparent diffusion coefficient ratio may be considered valuable in preoperatively predicting hormone
receptor status in cases of ductal carcinoma 77 sizu.

Introduction estrogen receptor (ER) and progesterone receptor (PR) (2). The few
Ductal carcinoma in situ (DCIS) is recognized as a precursor to published studies exploring the impact of molecular characteristics
invasive breast cancer, comprising approximately 25-30% of all breast ~ © Prognosis i DCIS indicate that HRe-negative lesions tend to be

cancers today (1, 2). DCIS is a heterogeneous disease depending on its associated with local recurrence (4, 5). The assessment of prognostic

histopathological and biological features (2, 3). Molecular subtyping
primarily relies on the analysis of hormone receptors (HRc), such as

Corresponding Author:
Almila Coskun Bilge; almilacoskun@gmail.com

factors holds significance in guiding treatment management. Based

on these evaluations, appropriate treatment strategies for DCIS
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are determined, encompassing surgical options (mastectomy/
lumpectomy), radiation therapy, and adjuvant hormone therapy (1,

2,5).

Core needle biopsies (CNBs) are regarded as the gold standard for
preoperative breast tumor diagnosis. However, under sampling
during CNBs and the highly heterogeneous internal pattern of DCIS
lesions can contribute to pathologically uncertain interpretations (6).
Radiological imaging methods play a crucial role in characterizing the
entire tumor. Mammography (MG) is the primary imaging modality
for diagnosing DCIS, with calcification being the dominant reported
feature (7). ER-positive DCIS commonly present as fine pleomorphic
and fine-linear branching calcifications (6). Additionally, the literature
defines other findings, such as architectural distortions, masses, and
focal densities (8). Dynamic contrast-enhanced-magnetic resonance
imaging (DCE-MRI) provides high sensitivity for breast lesions (7).
Preoperative MRI can provide essential data to reveal the extent of
disease and assist in surgical management planning for DCIS cases (9).
DCIS lesions typically manifest as clumped nonmass enhancement
(NME) in a segmental or linear distribution, with plateau or washout
kinetic curves (7, 10). While DCE-MRI reveals the morphology and
vascularization of lesions, diffusion-weighted imaging (DW1I) provides
insights into tissue cellularity and the integrity of cell membranes.
Quantitative evaluation of DWT features involves obtaining apparent
diffusion coefficient (ADC) values from DWI images. DCIS lesions
generally exhibit lower ADC values compared to normal breast tissue
and benign lesions (11).

The potential heterogeneous distribution of antigens within DCIS
lesions raises concerns about the accuracy of HRc profiling based on
samples obtained via CNB, as they may not fully represent the complete
tumor tissue (12). A non-invasive, biopsy-complementary method
capable of assessing the entire lesion is thus important for predicting
the presence of ER and PR in DCIS. Integrating preoperative MG and
DWTI into DCE-MRI protocols holds promise for differentiating the
HRc status of DCIS lesions (13). However, it is noteworthy that there
are fewer reports evaluating DCE-MRI and DWI findings according
to HRc status in pure DCIS lesions compared to investigations

focusing on MG findings (14, 15).

The aim of this study was to assess whether findings from MG, DCE-
MRI and DWT can predict the HRc status in cases of pure DCIS.

Materials and Methods

This retrospective study received approval from the Non-Interventional
Clinical Research Ethics Committee of Health Sciences University
Turkey, Dr. Abdurrahman Yurtaslan Ankara Oncology Health
Education Application and Research Center (no.: 2023-12/123,
date: 14.12.2023), and informed consent was obtained from each
participant.

Patients

Data from 489 patients histopathologically diagnosed with pure DCIS
following breast-conserving surgery or mastectomy at our institute
between December 2018 and December 2023 were retrospectively
accessed from the electronic medical record archive. From this
cohort, 124 patients with preoperative MG, DCE-MRI, and DW1I
images were identified in our radiology image archive. Exclusion
criteria were applied to ensure the study’s integrity, resulting in the

exclusion of 45 patients. Reasons for exclusion included receiving

neoadjuvant chemotherapy or endocrine therapy (z = 35), having
DWTI images unsuitable for measuring the ADC value due to artifacts
(n = 6), or having lesions smaller than 5 mm where region of interest
(ROI) measurements were not feasible (7 = 4). The final participant
count in the study stood at 79. Clinical characteristics such as age,
symptoms, risk factors, and histopathological features of the lesions
were meticulously extracted from the patients’ medical records.

Mammography Technique
MG was conducted using a digital MG system (LORAD, Hologic
Company, Selenia Mammography System, Danbury, USA).

Craniocaudal and mediolateral oblique views were acquired as part
of the routine MG imaging process. For a more detailed assessment
of low-density microcalcifications with ambiguous morphology
and distribution in standard MG, a magnification view was
employed, using a magnification factor of 1.8. A spot compression
view, employing a compression paddle, was conducted to discern
focal asymmetric densities or mass lesions visible in routine MG,
distinguishing them from superpositions with surrounding tissue and
enhancing visualization of lesion boundaries. The resulting images
were presented on a pair of high-resolution 5-megapixel 21-inch LCD
monitors (Coronis MDMG-5121, Barco, Belgium).

Mammography Findings

A radiologist with 13 years of experience in breast imaging conducted
retrospective review of the MG images without access to the clinical
information or pathological outcomes of the cases. Lesions were
categorized into four groups based on mammographic findings:
occult, mass, calcifications, and mass with microcalcifications.
The morphological features of calcifications and masses, as well as
the distribution of calcifications, were meticulously assessed using
the American College of Radiology Breast Imaging Reporting and
Data System (BI-RADS) lexicon (American College of Radiology,
2013) (16). The shape of the mass was described as either oval/
round or irregular, with its margin defined as either circumscribed or
indistinct/spiculated. Calcifications were morphologically classified
as amorphous, coarse heterogeneous, fine pleomorphic, and fine
linear/branching. The distribution of calcifications was subgrouped as
regional, grouped, linear, and segmental. Following the comprehensive
evaluation of the MG views, an MG-BI-RADS category was assigned

to each case.

MRI Technique

MRI examinations were conducted using a 1.5-Tesla MR scanner
(SignaHDx; GE Healthcare, Wisconsin, USA) with the patient
positioned prone and with a dedicated breast coil. The MRI sequences
and corresponding image parameters were as follows: Axial short tau
inversion recovery [repetition time/echo time (TR/TE): 6500/45,
inversion time: 150 ms, field of view (FOV): 320 mm, matrix: 416 x
224, number of excitations (NEX): 1, and slice thickness (ST): 5 mm];
axial T1-weighted (T1W) (TR/TE: 400/8.8, FOV: 320 mm, matrix:
448 x 224, NEX: 1, and ST: 5 mm); dynamic axial fat-saturated T1W
(before and after contrast injection) (TR/TE: 4/1.5, flip angle: 10°,
FOV: 320 mm, matrix: 350 x 350, NEX: 1, and ST: 2.8 mm); and
echo-planar imaging-based DWI (TR/TE: 1000/83, FOV: 320 mm,
matrix: 192 x 192, NEX: 4, ST: 5 mm, with b-values of 0 and 800 s/
mm?). Each patient underwent one pre-contrast scan, and dynamic
series comprising five post-contrast scans following intravenous
administration of a contrast agent injection (0.1 mmol/kg gadobutrol/
gadopentetate dimeglumine) at a dose of 0.1 mmol per kilogram
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of body weight, followed by a 20 mL saline flush. Subtraction,
multiplanar reconstruction, and maximum-intensity projection
images were automatically generated on a dedicated workstation.
Applying ROI drawing, ADC values were obtained. The ROI area was
adjusted based on the lesion size, with a mean ROI size of 54 mm?
(range, 35-110 mm?).

MRI Findings

The preoperative breast MRI images for all cases underwent
retrospective review on a workstation by a radiologist with 13 years of
experience in breast imaging. The radiologist conducted the analysis in
a blinded manner, without access to clinical information or pathologic
outcomes. MRI findings for each lesion were systematically analyzed
following the BI-RADS MRI lexicon, encompassing morphological
and enhancement features (16).

Lesion morphology was differentiated into mass and NME. For
mass lesions, shape features were characterized as oval/round or
irregular, while margin features were defined as circumscribed or not
circumscribed (irregular and spiculated), in accordance with the BI-
RADS MRI lexicon. NME lesion distributions were classified as focal,

linear, segmental, or regional.

Internal enhancement patterns were categorized as homogeneous,
heterogeneous, or rim for mass lesions, and as homogeneous,
heterogeneous, clumped, or clustered ring for NME lesions. A time-
intensity curve was automatically generated by placing the cursor on
the most intensely and suspiciously enhanced areas of the lesions on
postcontrast images. The obtained kinetic curves were scrutinized, and
the contrast enhancement patterns were determined for both the initial
phase (slow, medium, or rapid) and the delayed phase (persistent,
plateau, or washout).

ADC value measurements were conducted in areas corresponding to
the lesions identified in DCE-MRI images on ADC maps resulting
from the processing of DWI images. Oval or round ROIs were drawn

on ADC maps for both the lesion and normal breast parenchyma (in
the same quadrant as the lesion in the contralateral breast or in the
ipsilateral breast in cases with contralateral mastectomy/lumpectomy)
(Figure 1). Minimum ADC values were computed for the lesion and
maximum ADC values for the normal tissue. The measured minimum
ADC values of the lesions and the ratio of lesion ADC to normal
parenchyma ADC were documented.

Pathological Evaluation

Lumpectomy or mastectomy materials underwent evaluation by
a pathologist with 22 years of expertise in breast pathology. The
assessment included determining tumor tissues through ER and PR
staining, evaluating tumor viability, and ensuring the presence of a
sufficient tumor area. Under light microscopy, nuclear ER and PR
expression in areas of DCIS were examined in tissue samples. Tumors
with 210% nuclear staining were deemed receptor-positive. DCIS
lesions were further categorized into three groups based on their
immunohistochemical profile: Double hormone receptor-positive (ER-
positive, PR-positive), single hormone receptor-positive (ER-positive,
PR-negative or ER-negative, PR-positive), and double hormone
receptor-negative (ER-negative, PR-negative). Furthermore, DCIS
was stratified into low-, intermediate-, or high-grade. In addition, and
following the College of American Pathologists protocol, the presence
of comedo necrosis was defined. The pathology reports, encompassing
the aforementioned information, were retrospectively obtained from
the electronic medical archive of our hospital.

Statistical Analysis

Statistical analyses were executed using IBM SPSS software, version
20.0 (IBM Corporation, Armonk, NY, USA). Clinicopathological
and radiological data were stratified based on the hormone receptor
status of DCIS lesions, delineated as double positive (ER-positive/PR-
positive), single positive (ER-positive/PR-negative or ER-negative/PR-
positive), and double negative (ER-negative/PR-negative). Descriptive
statistics, including mean, standard deviation, median, minimum,

Figure 1. A 54-year-old woman with high-grade pure DCIS containing foci of comedo necrosis. Immunohistochemical analysis established
that ER was positive and PR was negative. A) Axial postcontrast subtraction image showed a heterogeneous nonmass enhancement with
segmental distribution in the left breast (arrow). B) ADC measurements were made from the lesion (empty arrow) and from the same quadrant
as the lesion in the contralateral breast parenchyma (arrow) in the ADC map. The minimum lesion ADC value was 1010x10-*mm?/second, the
maximum normal breast parenchyma ADC value was 1393x10-*mm?/second, and the lesion- normal breast parenchyma ADC ratio was 0.72

DCIS: Ductal carcinoma in situ; ER: Estrogen receptor; PR: Progesterone receptor; ADC: Apparent diffusion coefficient
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maximum, and percentages, were produced. For categorical variables,
such as clinicopathological data, MG, and DCE-MRI findings, the
chi-square test or Fisher exact test, if necessary, was employed to assess
their association with the hormone receptor status of DCIS lesions.
Normality analyses were conducted for continuous variables, including
patient age, lesion size, lesion ADC value, and lesion-to-normal breast
parenchyma ADC ratio, using the Kolmogorov-Smirnov goodness-
of-fit test and Shapiro-Wilk test. To evaluate significant differences in
continuous dependent variables between groups, the Kruskal-Wallis H
test was used for lesion size, ADC value, and lesion-to-normal breast
parenchyma ADC ratio, while One-Way ANOVA was employed
for the patient age variable. A p-value less than 0.05 was considered
statistically significant. The threshold value of the lesion/normal breast
parenchyma ADC ratio was determined using receiver operating
characteristic (ROC) analysis. The optimal cut-off for the lesion/
normal parenchyma ADC ratio was determined with reference to the
Youden index.

Results
Clinicopathological Features

In the histopathological assessment of 79 DCIS lesions, 44 were found
to be ER and PR-positive, 13 were ER-positive and PR-negative or
ER-negative and PR-positive, and 22 were ER and PR-negative. The
mean age of the study participants was 50.96x12.14 years (range 24
- 79 years). Upon comparing the groups, no significant relationship
was identified between the HRc status and patient age (» = 0.150).
Patients over the age of 50 were distributed in the double HRc-
positive, single HRc-positive, and double HRc-negative groups at
rates of 45%, 46%, and 63%, respectively (p = 0.356). The rate of
symptomatic patients in the ER and PR-negative group was 63%,
which was significant. Specifically, the rate of symptomatic patients
was 63% in the ER and PR-negative group, 29% in the ER and PR-
positive group, and 38% in the single HRc-positive group (p = 0.029).
No significant difference was observed between the groups regarding
the presence of breast cancer risk factors (p = 0.556) (Table 1). The
median histopathologically confirmed size of DCIS lesions was 25
mm (range 5 - 85 mm). The lesion size, even when subgrouped by 20
mm, did not exhibit statistically significant differences in intergroup
comparisons (p = 0.556). Comedo necrosis was identified in 77% of
ER and PR-negative lesions, 76% of single HRc-positive lesions, and
40% of ER and PR-positive lesions, showing a significant relationship
with the HRc status of the DCIS lesions (p = 0.005). Moreover, DCIS
with a high histological grade was predominantly found in the ER
and PR-negative group (95%), followed by the single receptor-positive
group (46%), and the ER and PR-positive group (43%) (p<0.001).

Mammography Findings
In each group, DCIS
microcalcifications on MG, with rates of 38% for the double HRc-

lesions predominantly manifested as

positive group, 69% for the single HRc-positive group, and 31%
for the double HRc-negative group (p = 0.348). The intergroup
distribution of shape and margin characteristics of lesions in mass
morphology is detailed in Table 2, revealing no statistically significant
differences (p = 0.494, p = 1.000, respectively). Examining the
distribution of microcalcification morphology between groups, fine
pleomorphic microcalcifications were detected in 50% and 60% of the
double and single HRc-positive groups, respectively, while amorphous
microcalcifications were observed in 50% of the HRc-negative group
(p = 0.020) (Figure 2). However, no significant correlation was found

between the distribution patterns of microcalcifications and the HRc
status of the lesions (p = 0.856). MG BI-RADS category 4C was
identified in 31% of double HRc-positive and HRc-negative lesions
and 38% of single HRc-positive lesions, with no significant difference
found between the groups (p = 0.998).

DCE-MRI Findings

In MRIs, the predominant lesion morphological types in the double
HRe-positive, single HRc-positive, and double HRc-negative groups
were NME in 84%, 92%, and 81%, respectively (p = 0.831). A single
mass lesion was identified in the single HRc-positive group with
an irregular shape and margin. For both ER and PR-positive and
-negative groups, the dominant mass shape was round/ovoid (71%
and 75%, respectively), while the predominant margin feature was
irregular/spiculated (71% and 100%, respectively). There were no
significant differences in the shape and margin characteristics of mass
lesions between the groups (p = 0.463 and p = 0.576, respectively).
While NME with a segmental distribution was commonly observed
in both double (43%) and single (50%) HRc-positive lesions, NME
with a linear distribution was more frequent in HRc-negative lesions
(38%) (Figure 3). Statistically significant differences were found in the
distribution of NME lesions between the groups p = 0.042. Regarding
the internal enhancement pattern of NME, the clumped pattern was
predominant in both double HRc-positive (51%) and negative (33%)
lesions, while the heterogeneous enhancement pattern prevailed in
single HRe-positive lesions (50%) (p = 0.186). The distribution of

Table 1. Clinicopathological features of the cases according
to hormone receptor subgroups

ER/PR Single ER/PR p-value
positive positive negative
(n) (%) (n) (%) (n) (%)
Age (grouped)
<50 years 24 (54.5) 7 (53.8) 8 (36.4) 0356
>50 years 20 (45.5)  6(46.2) 14 (63.6)
Symptom
No 31(70.5)  8(61.5) 8 (36.4)
0.029
Yes 13 (29.5) 5 (38.5) 14 (63.6)
Risk Factors
No 33 (75) 11(84.6)  15(68.2)
0.556
Yes 11 (25) 2 (15.4) 7(31.8)
Size (grouped)
<20 mm 20 (45.5) 4 (30.8) 9 (40.9) 0638
>20 mm 24(54.5)  9(69.2) 13 (59.1) '
Comedo necrosis
No 26 (59.1) 3(23.1) 5(22.7)
0.005
Yes 18(40.9) 10(76.9) 17 (77.3)
Histological grade
Low 6(13.6) 1(7.6) 0 (0)
Intermediate 19 (43.2) 6 (46.2) 1(4.6) <0.001
High 19 (43.2)  6(46.2) 21 (95.4)

ER: Estrogen receptor; PR: Progesterone receptor
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Table 2. Mammographic findings of the lesions according to hormone receptor subgroups

ER/PR positive (n) (%) Single positive (n) (%) ER/PR negative (n) (%) p-value

Mammography findings

Occult 9 (20.5) 0 (0) 6(27.3)

Mass 11 (25) 3(23.1) 6 (27.3)

Microcalcification 17 (38.6) 9 (69.3) 7 (31.8) 0348
Microcalcification+mass 7 (15.9) 1(7.6) 3(13.6)

Mass shape

Round/ovoid 4(22.2) 0 (0) 3(33.3) 0.494
Lobular/irregular 14 (77.8) 4 (100) 6 (66.7)

Mass margin

Smooth circumscribed 1 (5.6) 0(0) 1(11.1) 1000
Indistinct/spiculated 17 (94.4) 4 (100) 8 (88.9)

Microcalcification morphology

Amorphous 8 (33.4) 1(10) 5 (50)

Course heterogeneous 2 (8.3) 2 (20) 2 (20) e
Fine pleomorphic 12 (50) 6 (60) 0(0)

Fine linear/fine linear branching 2 (8.3) 1(10) 3(30)

Microcalcification distribution

Regional 1(4.2) 1(10) 0(0)

Grouped 12 (50) 4 (40) 4 (40)

Linear 0(0) 0 (0) 0 (0) 0.856
Segmental 11 (45.8) 5 (50) 6 (60)

MG-BI-RADS

Category 4A 5(14.3) 2 (15.4) 2(12.6)

Category 4B 11 (31.4) 3(23.1) 5(31.2) 0,993
Category 4C 11 (31.4) 5(38.4) 5(31.2)

Category 5 8 (22.9) 3(23.1) 4 (25)

ER: Estrogen receptor; PR: Progesterone receptor; MG: Mammography; BI-RADS: Breast imaging reporting and data system

Figure 2. A 45-year-old woman with high-grade pure DCIS containing foci of comedo necrosis. Immunohistochemical analysis established
that ER and PR were negative. A. A magnification view in the CC mammogram projection showed grouped amorphous calcifications (arrows).
B. Axial postcontrast subtraction MRI image showed a clumped nonmass enhancement with focal distribution in the right breast (arrow)

DCIS: Ductal carcinoma in situ; ER: Estrogen receptor; PR: Progesterone receptor; CC: Craniocaudal; MRI: Magnetic resonance imaging 245
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initial and delayed phase kinetic patterns is detailed in Table 3 and did ~ ADC Values

not exhibit significant differences between the three groups (p = 0.400  The median ADC value of DCIS lesions was 1323x10°mm?/sec in
and p = 0.105, respectively). The lesions were categorized as MRI BI-
RADS 4 in 72% of the double HRc-positive group, 61% of the single
HRec-positive group, and 81% of the double HRc-negative group.

ER and PR-positive group, 1196x10*mm?/sec in single HRc-positive
group and 1245x10°mm?/sec in the ER and PR-negative group.

However, no significant relationship was observed between the lesion
No statistically significant difference was found between receptor  ADC value and HRc status (p = 0.388).

subgroups in terms of the MRI BI-RADS category (p = 0.412).

Table 3. DCE-MRI findings of the lesions according to hormone receptor subgroups

ER/PR positive (n) (%) Single positive (n) (%) ER/PR negative (n) (%) p-value

MRI findings

Mass 7 (15.9) 1(7.6) 4(18.2)

NME 37 (84.1) 12 (92.4) 18 (81.8) 0831
Mass shape

Round/ovoid 5(71.4) 0(0) 3 (75) 0.463
Lobular/irregular 2 (28.6) 1(100) 1(25)

Mass margin

Circumscribed 2 (28.6) 0(0) 0(0) 0.576
Irregular/spiculated 5(71.4) 1(100) 4 (100)

Mass internal enhancement pattern

Homogeneous 3(42.8) 0 (0) 0 (0)

Heterogeneous 4(57.2) 1(100) 4 (100) 0.427
Rim 0(0) 0(0) 0(0)

NME distribution

Focal 12 (32.4) 5(41.7) 3(16.7)

Linear 2 (5.4) 0 (0) 7 (38.9)

Segmental 16 (43.3) 6 (50) 6(33.3) 0.042
Regional 7 (18.9) 1(8.3) 2 (11.1)

Diffuse 0 (0) 0 (0) 0 (0)

NME enhancement pattern

Homogeneous 3(8.1) 0 (0) 5(27.8)

Heterogeneous 8 (21.6) 6 (50) 4(22.2)

Clumped 19 (51.4) 5(41.7) 6(33.3) 0.186
Clustered ring 7 (18.9) 1(8.3) 3(16.7)

Initial phase kinetic pattern

Slow 14 (31.9) 3(23.1) 6 (27.3)

Medium 13 (29.5) 7 (53.8) 5(22.7) 0.400
Rapid 17 (38.6) 3(23.1) 11 (50)

Delayed phase kinetic pattern

Persistent 8(18.2) 6 (46.2) 6(27.2)

Plateau 26 (59.1) 3(23.1) 8 (36.4) 0.105
Washout 10 (22.7) 4(30.7) 8 (36.4)

MRI-BI-RADS

Category 4 32 (72.7) 8 (61.5) 18(81.8) R
Category 5 12 (27.3) 5(38.5) 4(18.2)

ER: Estrogen receptor; PR: Progesterone receptor; NME: Nonmass enhancement; DCE-MRI: Dynamic contrast-enhanced magnetic resonance imaging; BI-
RADS: Breast imaging reporting and data system
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The lesion-to-normal breast parenchyma ADC ratio showed notable
variation across HRc status, being highest in double HRc-positive
lesions (0.89) and lowest in double HRc-negative lesions (0.76). The
ADC ratio demonstrated a significant association with the HRc status
of DCIS lesions (p = 0.033) (Table 4). In the ROC curve analysis, the
highest AUC [0.66 (0.53-0.78)] was obtained using an ADC ratio of
0.80 as the threshold, with corresponding sensitivity and specificity
values of 66% and 65%, respectively (Figure 4).

Discussion and Conclusion

The current study assessed the predictive role of clinicopathological,
MG, DCE-MRI features, and ADC values in determining the HRc
status of pure DCIS lesions. Of the DCIS lesions in our study, 55%
were histopathologically diagnosed as ER and PR-positive. This rate
is slightly lower than that reported in a study with a larger patient
population, where the rate of double HRc-positive cases was 68% (5).
Hwang et al. (5) noted that younger mean patient ages were associated
with ER and PR positivity compared to other DCIS subtypes. In
our investigation, the relatively lower rate of HRc-positive cases was

considered to be associated with the older mean patient age in the
study. Furthermore, the present study revealed that age was not a
significant factor in predicting the HRc status of DCIS.

While DCIS is often asymptomatic, it can present with clinical
symptoms such as a palpable mass, nipple discharge, or Paget’s disease
(8, 17). Consistent with the literature, symptomatic DCIS cases were
observed more frequently in the HRe-negative group in our study (17,
18). Rapid growth and progression leading to symptoms are associated
with a poorer prognosis for DCIS (17, 18). HRc-positive DCIS
lesions are known to have a tendency to increase slowly in size (4). In
keeping with this, the smallest mean size among the three groups was
observed in the HRc-positive group in our study. Therefore, it was not
surprising that ER and PR-positive lesions were mostly asymptomatic.
Comedo necrosis and high histological grade are considered aggressive
histopathologic factors for DCIS lesions (19, 20). In the present study,
these poor prognostic factors were observed at a higher rate in ER and
PR-negative cases, consistent with previous studies in the literature
(19, 21). The mentioned histopathologic features and the HRc status

of the DCIS lesions showed a significant correlation.

Figure 3. A 55-year-old woman with high-grade pure DCIS without comedo necrosis. Immunohistochemical analysis established that ER and
PR were negative. A. A magnification view in the CC mammogram projection showed grouped fine pleomorphic and fine linear calcifications
(arrows). B. Axial postcontrast subtraction MRI image showed a homogeneous nonmass enhancement with linear distribution in the right

breast (arrow)

DCIS: Ductal carcinoma in situ; ER: Estrogen receptor; PR: Progesterone receptor; CC: Craniocaudal; MRI: Magnetic resonance imaging

Table 4. Comparison of patient’s age, lesion size, lesion ADC value, and lesion-to-normal breast parenchyma ADC ratio

according to hormone receptor subgroups

ER/PR positive Single positive ER/PR negative p-value
(n) (%) (n) (%) (n) (%)
Patient age (year) (mean * SD) 49.59+10.07 47.3149.34 55.86+15.89 0.150
Lesion size (mm) (median) (min-max) 23.5 (7-70) 36 (9-85) 35 (5-68) 0.240
Lesion ADC value (10°mm?/sec) (median) (min-max) 1323 (1015-1699) 1196 (1005-1599) 1245 (976-1895)  0.388
LT U IR E PRI A0 T (s i) 0.89 (0.63-0.99) 0.82 (0.66-0.95)  0.76 (0.66-0.98)  0.033

(min-max)

ER: Estrogen receptor; PR: Progesterone receptor; ADC: Apparent diffusion coefficient; SD: Standard deviation; Min: Minimum; Max: Maximum
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Figure 4. Graph shows ROC curve for differentiating double HRc
positive DCIS from other HRc status of DCIS on the basis of lesion-to-
normal breast parenchyma ADC ratio. The area under the ROC curve
was 0.66 (95% Cl: 0.53-0.78)

ROC: Receiver operating characteristic; HRc: Hormone receptor; DCIS: Ductal
carcinoma in situ; ADC: Apparent diffusion coefficient CI: Confidence interval

Microcalcification is the predominant and prevalent manifestation
of DCIS lesions in MG (2, 22, 23). The pathophysiology underlying
calcification formation involves the concentration of mucin secretions
within the duct/lobular acini or the calcification of endoluminal
necrotic material, which comprises cell debris and excretions (24). The
diversity in calcification morphologies and distributions stems from
the variance in developmental mechanisms (2, 22). In the present
study, a significant correlation was identified between calcification
morphology and HRc status. In line with earlier published findings,
the current investigation revealed that DCIS lesions with double
and single positive-HRc were more frequently associated with fine
pleomorphic calcifications, while ER and PR-negative DCIS lesions
were more likely to exhibit amorphous calcifications (2, 19, 25).
Moreover, across all three groups, the predominant distribution
of calcifications was segmental and grouped, with no significant
differences observed between the groups. This result is in keeping with
those reported by Kim et al. (19). Of note, in previous studies that
established a significant relationship between calcification distribution
and receptor status, the number of cases in the receptor-negative group
was notably low, potentially impacting the reliability of their results

(2,25).

In MG, the identification of DCIS lesions often hinges on the presence
of suspicious calcifications. However, lesions devoid of calcification can
also be encountered, rendering MG insufficient for DCIS diagnosis
in such instances (26). Previous studies have reported the incidence
of mammographically occult DCIS to range from 6% to 23% (8).
Our study corroborates this trend, revealing a 19% rate, aligning
with the existing literature. Given its high sensitivity for pure DCIS
(77-96%), MRI proves valuable in accurately delineating the extent
of the disease (6, 7). In MRI, the increased permeability of vascular
and basement membranes in DCIS results in the accumulation of

gadolinium contrast agent in ducts and terminal lobules, leading to
the most common presentation of DCIS on MRI as NME with a
segmental or linear distribution (6, 14, 26). Our study concurs with
these results, identifying NME as the most prevalent morphology
across all three groups, in line with the literature. Moreover, HRc-
positive lesions, both double and single, predominantly exhibited a
segmental distribution, while HRc-negative lesions displayed a more
frequent linear distribution on DCE-MRI. A notable correlation
was established between the distribution of NME and the HRc
status of the lesions. While previous studies have described typical
enhancement patterns of DCIS lesions as clumped or heterogeneous,
our investigation revealed a predominantly clumped pattern in both
HRc-positive and -negative groups, with a heterogeneous pattern
observed in the single HRc-positive group (7, 27). Notably, no
association was identified between the enhancement pattern of the
lesions and the groups. Kinetic data derived from DCE-MRI, when
evaluated alongside other imaging data, can aid in the differential
diagnosis of breast lesions. The kinetic curve of lesions, influenced by
factors such as angiogenesis, leaky vasculature, cellularity, and changes
in extracellular interstitial space, may vary for each lesion due to the
contribution of these pathophysiological factors at different rates (15,
28).

Numerous prior studies have consistently identified the rapid initial
phase with washout delayed phase enhancement as the prevailing
kinetic pattern for DCIS (7, 27, 28). Our study showed a predominant
display of a rapid initial enhancement with a plateau kinetic curve in
DCIS lesions, echoing the results reported by Kim et al. (15). Ina study
by Bharti et al. (29), heightened microvessel proliferation was notably
more common in ER-negative tumors. Building upon this insight,
significant intergroup differences in the kinetic characteristics of DCIS
lesions were initially anticipated in our investigation. Contrary to this
expectation, our study revealed no discernible differences in the kinetic
features of pure DCIS lesions based on HRc status.

DWT is an MRI technique that does not require a contrast agent,
relying on the assessment of the random Brownian motion of water
molecules within tissue (11, 13). The impedance of water molecular
diffusion is influenced by the degree of tissue cellularity and the
permeability of cell membranes (30). ADC serves as a quantifiable
measure to evaluate this diffusion. ER and PR, and intranuclear
receptors that impact DNA and participate in cell proliferation,
may also influence the expression of aquaporins responsible for
transporting water across cell membranes, thereby regulating tissue
water diffusion (13). In the present study, ADC values for pure DCIS
lesions were measured, with the aim of assessing their potential in
discriminating HRc status. Rahbar et al. revealed similar ADC values
for high nuclear grade and non-high nuclear grade DCIS lesions
(11). lima et al. (30) proposed that DCIS lesions with ADC values
below 1.3 were likely to be low-grade. In addition, Rocknsharifi et al.
(13) found lower ADC values in PR-negative breast cancer lesions,
including DCIS and invasive tumors. While our results indicated a
relatively lower ADC value in single HRec-positive pure DCIS lesions
compared to other groups, our investigation ultimately found no
significant difference in ADC values between the groups. To the best
of our knowledge, no studies comparable to the current investigation
have explored the correlation between ADC values and HRc status in
DCIS. The variation in hormonal levels influences the water content
in the interstitial area of breast tissue, as well as the proliferative
activity of luminal epithelial cells and mitotic activity in breast lobules.

Postmenopausal changes lead to a significant reduction in tissue water
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content and cell proliferation. Consequently, ADC values in the breast
parenchyma may vary significantly among individual patients (31,
32). Moreover, previous studies have established a correlation between
decreased ADC in breast tumors and increased cellularity compared
to normal fibroglandular tissue (10, 11). Recognizing this, it was
posited that a more accurate assessment could be derived from the
ratio of ADC values for DCIS lesions to normal breast parenchyma.
Our study found that the lesion-to-normal breast parenchyma ADC
ratio was associated with the HRc status of DCIS lesions. Thus it is
suggested that the likelihood of double HRc positivity increased at
values above 0.8, identified as the threshold. This observation aligned
with our discovery that the ER and PR-positive group exhibited the
highest ADC values.

Several limitations were inherent in our study. Firstly, the retrospective
nature and the single-center design with a limited sample size may
impact the generalizability of our results. Future research endeavors
should focus on multicenter prospective investigations involving
larger patient cohorts to validate our results and uncover potential
new associations. Secondly, our inclusion criteria, which involved
cases undergoing preoperative MG and MRI, may introduce selection
bias. Cases with dense artifacts in DW1I images and very small lesions
(<5 mm) were excluded, potentially limiting the representativeness of
our results for all DCIS lesions. Thirdly, the heterogeneous internal
structure of DCIS lesions posed challenges in standardizing kinetic
evaluation and ADC measurements. Fourthly, in our study HER-2
expression, which is indicated in the literature as a prognostic factor
for recurrence of DCIS lesions and response to radiotherapy, was not
investigated (33, 34). The reason for this is that HER-2 expression is
not routinely evaluated in DCIS at our center. Finally, the retrospective
interpretation of MG and MRI images by a single radiologist
may introduce variability, given the morphological intralesional
heterogeneity of DCIS. Different outcomes might have been observed
if multiple radiologists had evaluated the images.

In conclusion, our study identified clinicopathological features
such as the presence of symptoms and comedo necrosis, and high
histological grade, along with amorphous microcalcifications and the
linear distribution pattern of NME, as potential indicators for HRc-
negativity in DCIS. Furthermore, a lesion-to-normal parenchyma
ADC ratio threshold of 0.80 was established as predictive for ER and
PR-positive DCIS lesions. To the best of our knowledge, no study
in the literature has investigated MRI features based on HRc status
in pure DCIS lesions, making our study a potential guide in this
unexplored area.
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