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Abstract

Introduction: Ductal carcinoma in situ (DCIS) is a non-invasive precursor of breast can-
cer, usually detected on mammography as clustered microcalcifications. Many cases,
however, lack calcifications and require complementary imaging. This study aimed to
describe the multimodal imaging features of DCIS and evaluate the radiology—pathology
correlation. Methods: We retrospectively reviewed 75 women (aged 36-52 years) with
biopsy-proven DCIS (January 2023-June 2025). All underwent mammography, targeted
ultrasound, and dynamic contrast-enhanced 1.5T MRIL Imaging findings were correlated
with histopathology, and logistic regression was used to explore predictors of MRI ki-
netics. Results: Mammography detected microcalcifications in 53.8% of patients, while
46.2% showed no calcifications. Ultrasound frequently revealed non-mass, duct-oriented
hypoechoic abnormalities in non-calcified cases. MRI consistently demonstrated non-
mass enhancement, with weak or persistent kinetics without washout in 69.2% and
washout in 30.8%. A moderate correlation between MRI and histological extent was
found (r = 0.62, p < 0.001), with MRI tending to overestimate lesion size. Oral contraceptive
use was common (61.5%) but not significantly associated with kinetic pattern or grade.
Conclusions: Mammography remains essential for calcified DCIS, whereas MRI enhances
detection of non-calcified lesions. Persistent kinetics without washout may represent a
typical imaging feature of DCIS. However, moderate radiology—pathology concordance
and frequent overestimation highlight the need for careful interpretation. These findings
support a multimodal diagnostic approach that can improve detection accuracy and assist
in more tailored surgical planning.

Keywords: DCIS; breast MRI; non-mass enhancement; washout; microcalcifications; oral
contraceptives; radiology—pathology correlation

1. Introduction

Ductal carcinoma in situ (DCIS) represents a non-invasive proliferation of malignant
epithelial cells confined to the ductal-lobular system of the breast [1-4]. Although it does
not invade the surrounding stroma, DCIS is considered a precursor lesion with the potential
to progress to invasive carcinoma if untreated [5-7]. The widespread implementation of
screening mammography has led to a marked increase in the detection of DCIS, which now
accounts for up to 20-25% of newly diagnosed breast cancers [8-13].
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On mammography, DCIS is most frequently identified as clustered microcalcifications,
which remain the most characteristic and widely recognized imaging feature [14-17]. How-
ever, nearly half of cases present without calcifications, making diagnosis more challenging
and raising the need for complementary imaging modalities [18-20]. Ultrasound may
reveal subtle, non-mass, duct-oriented hypoechoic changes, but its sensitivity is variable
and highly dependent on radiologist expertise [21-25].

Magnetic resonance imaging (MRI) has emerged as a valuable tool in the assessment
of DCIS, particularly in cases without calcifications [7,26-28]. The most common MRI
manifestation is non-mass enhancement (NME), often distributed in a ductal or segmental
pattern. However, the kinetic characteristics of DCIS on dynamic contrast-enhanced MRI
remain less well defined than those of invasive carcinoma [29-32]. While invasive cancers
typically show a rapid initial rise followed by washout, DCIS often demonstrates more
subtle patterns of persistent or progressive enhancement [33,34]. Identifying these imag-
ing signatures may aid in distinguishing DCIS from invasive disease and in improving
preoperative planning [35-39].

Another important clinical challenge is the radiology—pathology correlation. MRI
frequently depicts a broader extent of disease than what is confirmed histologically, leading
to a potential risk of surgical overtreatment [40—46]. Understanding the frequency and
nature of this discrepancy is essential for tailoring surgical strategies [47].

Finally, hormonal influences, particularly oral contraceptive (OC) exposure, have
been discussed as potential risk factors for both invasive and in situ breast carcinoma.
However, their impact on DCIS biology remains incompletely understood and warrants
further investigation [48-54].

Despite the growing evidence on the individual performance of mammography, ul-
trasound, and MR], relatively few studies have systematically compared these modalities
within the same patient cohort to clarify their complementary roles in the evaluation of
DCIS. In particular, the extent to which MRI overestimation influences radiology—pathology
correlation remains incompletely defined, and the added diagnostic value of ultrasound in
non-calcified DCIS is still debated. This gap is especially relevant in clinical practice, where
optimal preoperative mapping relies on integrating morphological and kinetic information
across modalities.

Mammography remains fundamental for detecting clustered microcalcifications, but
it may fail in non-calcified lesions. Ultrasound, although less sensitive, can reveal subtle
duct-oriented abnormalities and guide biopsy when mammography is inconclusive. MRI
provides superior sensitivity and spatial definition, particularly in non-calcified or multifo-
cal disease, but its tendency to overestimate extent necessitates careful interpretation.

Our study therefore aims to bridge these gaps by systematically evaluating DCIS
through a multimodal imaging framework—combining mammography, targeted ultra-
sound, and dynamic contrast-enhanced MRI—and correlating imaging features with
histopathology. By doing so, we aim to clarify the diagnostic balance among modali-
ties and to identify imaging patterns that may guide personalized surgical planning.

In this single-center study, we retrospectively analyzed 75 consecutive cases of biopsy-
proven DCIS to describe multimodal imaging features across mammography, ultrasound,
and MRI. Specific objectives were to highlight the prevalence of persistent MRI enhance-
ment without washout, to assess the concordance between imaging-based extent and
histology, and to explore the distribution of nuclear grade in relation to OC exposure.

2. Materials and Methods

The study protocol was approved by the local ethics committee at the University
Hospital “Luigi Vanvitelli” (Naples, Italy), Prot. 175/i/2023. An exemption from the
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requirement for patient-informed consent was granted by the ethics committee due to the
retrospective nature of the study.

2.1. Patitent Cohort

This single-center retrospective study was conducted at the Istituto Diagnostico Varelli
of Naples, Italy. We reviewed 75 consecutive women, aged between 36 and 52 years, who
were diagnosed with ductal carcinoma in situ (DCIS) by core biopsy between January 2023
and June 2025.

Women were eligible for inclusion if they (1) had a histopathological diagnosis of
ductal carcinoma in situ (DCIS) confirmed by core needle biopsy; (2) underwent complete
preoperative imaging assessment including full-field digital mammography, targeted breast
ultrasound, and contrast-enhanced MRI at our institution; and (3) had available surgical
pathology correlation.

Exclusion criteria included (1) prior breast surgery or neoadjuvant therapy, which
could alter tissue architecture; (2) presence of invasive carcinoma or microinvasion on
initial biopsy; (3) incomplete or poor-quality imaging data in any modality; and (4) lack of
final histopathological confirmation following surgery.

These criteria were applied to ensure a homogeneous and representative cohort focused
exclusively on pure DCIS lesions evaluated through a standardized multimodal protocol.

All identifiable patient data were anonymized prior to analysis. The study was per-
formed in accordance with institutional regulations on retrospective reviews and complied
with the principles of the Declaration of Helsinki.

2.2. Imaging Acquisition and Analysis

All patients underwent full-field digital mammography, targeted breast ultrasound,
and dynamic contrast-enhanced magnetic resonance imaging (MRI) prior to definitive
surgery. Mammographic examinations were performed using a Fujifilm Amulet sys-
tem (FUJIFILM Holdings Corporation, 7-3, Akasaka 9-chime, Minato-ku, Tokyo 107-0052,
Japan), a digital full-field platform equipped with automatic exposure control. Standard
craniocaudal and mediolateral oblique views were acquired in all patients, and additional
magnification views were obtained whenever microcalcifications were suspected.

Ultrasound was performed with a Canon Aplio i800 (Canon Medical System Cor-
poration: Otawara, Tochigi, Japan) using a high-frequency linear transducer operating
at 9-15 MHz. Targeted examinations were conducted in the quadrant corresponding to
mammographic or clinical findings to better characterize parenchymal changes and to
guide biopsy when required.

MRI examinations were acquired on a 1.5T Siemens Magnetom Sola Scanner (Siemens
Healthineers, Erlangen, Germany) using a dedicated 16-channel bilateral breast coil. The
dynamic contrast-enhanced protocol consisted of a fat-suppressed T1-weighted 3D gradient-
echo sequence (VIBE) with the following parameters: repetition time (TR) 4.7 ms, echo
time (TE) 1.7 ms, flip angle 10°, matrix 448 x 448, slice thickness 1 mm, and field of view
320 mm. One unenhanced and five post-contrast series were obtained at 60 s intervals after
intravenous injection of gadobutrol (0.1 mmol/kg, Gadovist®, Bayer Schering Pharma,
Berlin, Germany) at a rate of 2 mL/s, followed by a 20 mL saline flush. Additional T2-
weighted fast spin-echo and diffusion-weighted sequences (b-values of 0 and 800 s/mm?)
were also acquired.

All imaging examinations were reviewed by a breast radiologist with more than
fifteen years of experience in diagnostic senology. A secondary independent reading was
performed by a fellowship-trained breast radiologist with at least five years of experience,
and consensus was reached in cases of disagreement. BI-RADS lexicon descriptors were
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applied consistently across all modalities. On mammography, lesions were evaluated
for the presence or absence of clustered microcalcifications. Ultrasound studies were
classified as mass- or non-mass-like abnormalities, with assessment of echogenicity, ductal
orientation, margins, and posterior acoustic features. On MRI, lesions were categorized
as mass or non-mass enhancement (NME), and the distribution (ductal, segmental, or
linear) as well as internal enhancement patterns were documented. Kinetic behavior
was assessed from the most suspicious subregion of the lesion and was categorized as
weak /progressive/ persistent enhancement without washout or as rapid washout.

2.3. Pathological Correlation

Pathological correlation was available for all patients from surgical specimens fol-
lowing core biopsy. Nuclear grade was recorded when available, and the size of any
invasive component was measured. Radiology—pathology concordance was evaluated
by comparing the extent of disease estimated by imaging with the histological findings.
Radiology—pathology discordance was defined as a discrepancy exceeding 3 cm between
MRI-estimated and histological lesion extent in cases where the invasive component mea-
sured less than 5 mm on final pathology. This threshold was selected in accordance with
prior studies that used similar criteria to identify clinically meaningful overestimation
of disease on MRI, as such differences can influence surgical planning and the extent of
resection [40,41,55,56].

2.4. Statystical Analysis

All statistical analyses were performed using SPSS Statistics (version 29, IBM Corp.,
Armonk, NY, USA). Categorical variables were expressed as absolute frequencies and
percentages, whereas continuous variables were summarized as means with standard
deviations or as medians with interquartile ranges. Comparisons between subgroups—
including women with and without mammographic microcalcifications, persistent versus
washout kinetic curves, and oral contraceptive users versus non-users—were performed
using the Chi-square test or Fisher’s exact test for categorical variables and Student’s
t-test or Mann—-Whitney U test for continuous variables. Logistic regression analysis was
conducted to identify potential predictors of MRI kinetic pattern, including age, presence
of microcalcifications, and oral contraceptive exposure. Agreement between imaging-based
extent and histological extent was assessed with Cohen’s kappa coefficient. A p-value < 0.05
was considered statistically significant.

3. Results

Seventy-five women with biopsy-proven ductal carcinoma in situ (DCIS) were in-
cluded in the final analysis. The mean age was 44.8 £ 4.5 years (range 36-52). Most lesions
were detected during screening or the assessment of subtle clinical or imaging findings. A
summary of patients’ demographic and clinical features, including age distribution and
imaging findings, is presented in Table 1.

Table 1. Demographic and clinical characteristics of the study cohort (n = 75).

Variable Mean + SD or n (%) Description
Age (years) 44.8 £ 4.5 (range 36-52) -
Microcalcifications on mammography 40 (53.8%) Present

No microcalcification on mammography 35 (46.2%) Absent




Med. Sci. 2025, 13, 245 5o0f 14

Table 1. Cont.

Variable Mean =+ SD or n (%) Description
MRI kinetics: persistent 52 (69.2%) -
MRI kinetics: washout 23 (30.8%) -
Radiology—pathology discordance 17 (23.1%) Overestimation on MRI
Oral contraceptive use 46 (61.5%) -
Low grade DCIS among OC users 23 (30.7%) -

Mammography revealed clustered microcalcifications in 40 of 75 patients (53.8%),
while 35 patients (46.2%) presented without diagnostic calcifications (Figures 1 and 2).

Figure 1. A 46-year-old woman with a 10-year history of oral contraceptive use. (a) Targeted
breast ultrasound of the upper outer quadrant of the right breast shows an 18 mm hypoechoic
area with scattered echogenic foci (yellow dotted line). (b,c) Digital mammography, craniocau-
dal and mediolateral oblique views, demonstrates a corresponding 2 cm lesion associated with
clustered microcalcifications.

Figure 2. Contrast-enhanced MRI corespective for targeted breast ultrasound and digital mammog-
raphy of patient of Figure 1. Contrast-enhanced dynamic MRI (a-c) depicts gradual enhancement
without washout, consistent with a type II kinetic curve. Histopatology confirmed low-grade ductal
carcinoma in situ (DCIS), despite the 2 cm radiological extension.

These findings confirm that a substantial proportion of DCIS cases are not calcified
and would remain undetected if mammography were used in isolation.

Targeted breast ultrasound frequently identified non-mass, duct-oriented hypoechoic
abnormalities in patients without mammographic calcifications. Overall, the sonographic
appearance was predominantly non-mass-like, with regular margins and minimal posterior
acoustic features, offering useful guidance for biopsy in otherwise mammographically
occult cases.

On MR], all lesions manifested as non-mass enhancement (NME) with ductal or
segmental distribution and fine or aggregate internal architecture. Kinetic curve analysis
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demonstrated that 52 patients (69.2%) showed weak or persistent enhancement without
washout, while 23 patients (30.8%) exhibited rapid washout (Figures 3-5).

Figure 3. A 53-year-old woman with no history of oral contraceptive use. (a) Digital mammography,
craniocaudal view, demonstrates architectural distortion in the right breast associated with clustered
microcalcifications. (b—d) Contrast-enhanced MRI depicts a 6 mm lesion with gradual enhancement
without washout, consistent with a type II kinetic curve. Surgical pathology confirmed high-grade
ductal carcinoma in situ (DCIS).

Figure 4. A 49-year-old woman with no history of oral contraceptive use. Contrast-enhanced MRI
demonstrates a 7 mm lesion with rapid initial enhancement (a) followed by washout (b-d), consistent
with a type III kinetic curve. Histopathology confirmed high-grade ductal carcinoma in situ (DCIS).
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Figure 5. A 36-year-old woman with bilateral breast implants and no history of oral contraceptive
use. Contrast-enhanced MRI: a 1.5 cm lesion in the upper outer quadrant of the right breast (a),
showing gradual enhancement (b,c) without washout (d). The kinetic curve demonstrates a type II
enhancement pattern. Histopathology confirmed low-grade ductal carcinoma in situ (DCIS).

The predominance of persistent kinetics over washout was consistent with DCIS
imaging characteristics described in the literature. Radiology-pathology comparison
revealed discordance in 17 patients (23.1%). The scatter plot demonstrates a tendency for
MRI to overestimate disease size compared with pathology (Figure 6). A moderate positive
correlation was observed between MRI and histological measurements (Pearson’s r = 0.62,
p < 0.001), consistent with partial overestimation of lesion extent on imaging.

4 5Radiology—pathology correlation in DCIS
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Figure 6. Correlation between MRI-estimated lesion extent and histological measurements in 75
patients with DCIS. A moderate positive correlation was observed (Pearson’s r = 0.62, p < 0.001). The
scatter plot demonstrates a tendency for MRI to overestimate disease size compared with pathology.
The dashed line indicates the line of identity (y = x).
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In these cases, imaging suggested disease extension greater than 3 cm, whereas his-
tological evaluation demonstrated invasive components measuring less than 5 mm. The
overall agreement between imaging and pathology was therefore moderate, highlighting
the potential risk of overestimation of disease extent on MRI.

A history of oral contraceptive (OC) use was reported by 46 patients (61.5%), while
29 patients (38.5%) denied prior exposure.

Among OC users, 23 women had low-grade DCIS, representing a notable proportion,
although this observation did not reach statistical significance in subgroup analysis. No
significant association was observed between OC use and MRI kinetic pattern (Figure 7).

DCIS nuclear grade according to oral contraceptive use (n=75)

Low-grade DCIS
I Intermediate/high-grade DCIS
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Figure 7. Distribution of DCIS nuclear grade according to oral contraceptive (OC) exposure in
75 patients. Among OC users (1 = 46), low-grade DCIS was observed in 23 cases, whereas among
non-users (n = 29), low-grade disease was documented in 8 cases.

Logistic regression analysis did not identify age, presence of mammographic calcifica-
tions, or oral contraceptive exposure as independent predictors of MRI washout kinetics
(Figure 8).

Age (>45 years)

Mammographic calcifications

Oral contraceptive usef g

0.5 1.0 1.5 2.0 2.5
QOdds ratio (95% ClI)

Figure 8. Logistic regression analysis evaluating potential predictors of MRI washout kinetics in
75 patients with DCIS. None of the tested variables, including age, presence of mammographic
calcifications, and oral contraceptive use, reached statistical significance. The vertical dashed red line
indicates the null value (odds ratio = 1).

Patients’ characteristics are available in Table 2.
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Table 2. Distribution of imaging and clinical features in 75 women with biopsy-proven ductal
carcinoma in situ (DCIS). Percentages are reported relative to the entire cohort. Persistent MRI
kinetics without washout were the most frequent pattern, while mammographic microcalcifications
were present in just over half of cases. A history of oral contraceptive use was common, and nearly
half of these women presented with low-grade DCIS.

Number (n—Out of

Variable Cohort of 75) % of Cohort

Mammography: microcalcifications 40 53.8%
present

Mammography: no microcalcifications 35 46.2%
MRI kinetics: persistent 52 69.2%
MRI kinetics: rapid washout 23 30.8%
Radiology—pathology mismatch 17 23.1%
Any OC exposusre 46 61.5%
Low-grade DCIS among OC users 23 30.7%

4. Discussion

Our study provides an updated characterization of ductal carcinoma in situ (DCIS)
through a multimodal imaging approach in a cohort of seventy-five women. The analysis
highlights both the diagnostic strengths and limitations of mammography, ultrasound, and
MRI, while also exploring the relationship between imaging features, pathological extent,
and clinical factors such as oral contraceptive (OC) exposure.

On mammography, clustered microcalcifications were detected in just over half of the
patients (53.8%), a proportion consistent with published reports describing calcifications
as the most frequent sign of DCIS. However, 46.2% of our cohort lacked mammographic
calcifications, confirming that a substantial subset of DCIS cases would remain undetected
without complementary imaging modalities.

Ultrasound frequently identified non-mass, duct-oriented hypoechoic abnormalities,
particularly in patients without calcifications. These subtle findings, often associated with
regular margins and minimal posterior features, underscore the importance of experienced
radiologists in guiding biopsy in mammographically occult disease.

MRI proved to be the most sensitive modality, with all lesions presenting as non-
mass enhancement (NME) with ductal or segmental distribution. The kinetic analysis
revealed that 69.2% of patients demonstrated weak or persistent enhancement without
washout, while only 30.8% exhibited rapid washout. This predominance of subtle kinetic
behavior aligns with previous observations that invasive carcinomas more commonly
display washout, whereas DCIS tends to enhance progressively. Recognition of this pattern
is crucial, as it may prevent underestimation of suspicious lesions lacking the “classic”
malignant curve.

Radiology—pathology correlation showed a discordance rate of 23.1%. In these patients,
MRI suggested an extension greater than 3 cm, while pathology revealed invasive com-
ponents smaller than 5 mm. The scatter plot (Figure 4) clearly demonstrates the tendency
of MRI to overestimate lesion size compared with histology. Although this characteristic
improves sensitivity, it also introduces the risk of unnecessarily extensive surgery. Agree-
ment between imaging and pathology was only moderate, reinforcing the need for cautious
surgical planning.

With respect to hormonal risk factors, a history of OC exposure was reported by
61.5% of patients. Nearly half of these women had low-grade DCIS, compared with a
smaller proportion in the non-user group. Although this association did not reach statis-
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tical significance, it is visually highlighted in the stacked bar chart (Figure 6), which
suggests a potential relationship between long-term hormonal exposure and less ag-
gressive histological subtypes. These findings echo prior epidemiological studies but
remain exploratory.

The logistic regression analysis, summarized in the forest plot (Figure 5), did not
identify age, presence of calcifications, or OC exposure as independent predictors of
MRI kinetic behavior. This result indicates that imaging enhancement patterns are likely
influenced by intrinsic tumor biology rather than patient-level risk factors.

Our findings support and extend the current understanding of DCIS imaging behavior.
The predominance of persistent enhancement without washout observed in our cohort
(69.2%) is consistent with prior reports describing DCIS as demonstrating slower, progres-
sive enhancement compared with invasive carcinoma [22,40,42]. This supports our initial
hypothesis that weak or persistent kinetics may represent a characteristic feature of in situ
disease rather than invasive cancer.

The moderate correlation between MRI-estimated and histological extent (r = 0.62)
aligns with previous studies showing that MRI often overestimates the size of DCIS [37,55].
This finding confirms that while MRI remains invaluable for detecting non-calcified lesions,
it may lead to overstaging and should be interpreted cautiously in preoperative planning—
a consideration that directly addresses our hypothesis regarding the limitations of MRI-
pathology concordance.

In addition, although our analysis did not demonstrate a statistically significant
relationship between oral contraceptive (OC) use and DCIS grade, the higher prevalence
of low-grade DCIS among OC users (50%) suggests a potential hormonal modulation of
disease biology. Similar trends have been reported in epidemiological studies, supporting
the rationale for further investigation of hormonal influences on DCIS progression.

Overall, our results reinforce the value of a multimodal diagnostic strategy that inte-
grates mammography, ultrasound, and MRI to improve the detection and characterization
of DCIS, particularly in non-calcified cases. Future studies should prospectively validate
these findings and explore molecular correlates that could explain the observed imaging—
pathology patterns.

The strengths of our study include the relatively large sample size for a single-center
DCIS series, the comprehensive use of multimodal imaging, and the systematic correlation
with pathology. Nonetheless, several limitations must be acknowledged. The retrospective
design, the single-institution setting, and the absence of complete receptor status data
restrict the generalizability of our findings. Furthermore, although our cohort is larger than
those in many previous imaging studies, larger multicenter series would be required to
validate the predominance of persistent kinetics as a hallmark of DCIS.

In conclusion, our results confirm that mammography remains critical for the detec-
tion of calcified DCIS, but that MRI plays an essential role in identifying non-calcified
diseases. The recognition of weak, persistent enhancement without washout as a typical
kinetic signature of DCIS, combined with the moderate concordance between radiology
and pathology, should inform clinical practice and surgical decision-making. Hormonal
influences such as OC exposure warrant further investigation in larger cohorts.

5. Conclusions

In this single-center cohort of 75 women with biopsy-proven ductal carcinoma in situ
(DCIS), mammography identified clustered microcalcifications in just over half of the cases,
while ultrasound frequently revealed non-mass, duct-oriented hypoechoic abnormalities
in calcification-negative lesions. MRI consistently demonstrated non-mass enhancement,
with weak or persistent kinetics without washout representing the most frequent pattern.
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Radiology—pathology correlation showed moderate agreement, with MRI tending to
overestimate disease extent—a finding of critical importance for surgical planning. Oral
contraceptive exposure was common, and nearly half of OC users presented with low-grade
DCIS, although this association did not reach statistical significance.

Taken together, these findings reinforce the diagnostic value of a multimodal imaging
strategy that integrates mammography, ultrasound, and MRI to improve the detection and
characterization of DCIS. From a clinical perspective, recognizing the typical MRI kinetics
and the risk of overestimation can help radiologists and surgeons refine patient selection
for conservative treatment and avoid unnecessary extensive surgery.

Overall, this study contributes new evidence supporting the complementary roles
of different imaging modalities in DCIS assessment and highlights the need for larger,
multicenter research to validate these findings and further explore the hormonal influences
on disease biology.
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