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Rezumat 

Introducere: Inteligenţa artificială (IA) este din ce în ce mai integrată în imagistica
oncologică, însă capacitatea sa de a prezice caracteristici histopatologice detaliate pe
baza mamografiei standard rămâne insuficient studiată. Acest studiu a avut ca scop
evaluarea performanţei unui model de limbaj extins (ChatGPT-4, Open AI, mai
2025) în prezicerea gradului nuclear, a subtipului arhitectural, a comedonecrozei şi
a invaziei stromale din mamografia de control a piesei.
Materiale şi Metode: Am efectuat un studiu retrospectiv şi metodologic pe 29 de
paciente cu CDIS confirmat histologic sau carcinom invaziv cu componente CDIS.
Protocolul nostru clinic se bazează pe ghidurile NCCN/ESMO privind tratamentul
carcinomului ductal in situ. Preoperator, toate pacientele cu boală confirmată au
beneficiat de localizarea leziunii mamare cu ghidaj metalic. Pacientele au fost apoi
supuse exciziei chirurgicale (chirurgie conservativă mamară urmată de mamo-
grafie de control a piesei pentru a confirma excizia macroscopică completă). Pentru
fiecare dintre aceste cazuri, imaginile mamografice au fost analizate utilizând un
model de IA conceput pentru a extrage şi procesa caracteristicile radiomice.
Rapoartele modelului de IA au fost comparate cu rapoartele histopatologice, care au
servit drept standard de aur. Performanţa diagnostică a fost evaluată pentru patru
parametri: gradul nuclear CDIS, subtipul arhitectural, comedonecroza şi invazia
stromală. Au fost calculate acurateţea, sensibilitatea, specificitatea, precizia şi
scorurile F1.
Rezultate: Dimensiunea leziunilor (măsurată mamografic) a variat de la 1,2 la 10,0
mm (medie ± SD: 4,46 ± 2,25 mm). Diagnosticele histopatologice au inclus CDIS pur
(n = 17), carcinom NST invaziv cu CDIS (n = 10) şi histologii mixte (n = 2). Modelul
de IA a atins o precizie de 65,5% pentru detectarea comedonecrozei (sensibilitate
75,0%, specificitate 53,8%) şi o precizie de 72,4% pentru detectarea invaziei 
stromale (specificitate 94,1%, sensibilitate 41,7%). Clasificarea gradului nuclear a
corespuns histopatologiei în 20,7% din cazuri, în timp ce clasificarea subtipurilor
arhitecturale a atins o concordanţă de 17,2%. Predicţiile multi-clasă au arătat
scoruri F1 scăzute pentru majoritatea categoriilor.
Concluzie: Deşi modelul de IA a demonstrat o utilitate acceptabilă pentru
detectarea comedonecrozei şi excluderea invaziei stromale, s-a confruntat cu o serie
de dificultăţi în ceea ce priveşte gradarea nucleară şi clasificarea subtipurilor 

Received: 23.11.2025
Accepted: 30.01.2026

AI-Powered Predictions of Breast Ductal in Situ Carcinoma
Morphology and Surgical Outcomes

David Andraæ1,2, Radu Alexandru Ilieæ3 *, Victor Eæanu1,2 and George Cãlin Dindelegan1,2

11st Surgical Clinic, Department of General Surgery, Iuliu Haåieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania
2Emergency County Hospital Cluj, First Surgical Unit, Cluj-Napoca, Romania
3Faculty of Medicine, Iuliu Haåieganu University of Medicine and Pharmacy, Cluj-Napoca, Romania

Abbreviations:
AI: Artificial Intelligence;
DCIS: Ductal Carcinoma In Situ;
NCCN: National Comprehensive Cancer
Network;
ESMO: European Society for Medical
Oncology;
NST: No Special Type;
NAT: Neoadjuvant Treatment;
SLNB: Sentinel Lymph Node Biopsy;
R0: Complete resection with negative margins;
PACS: Picture Archiving and Communication
System;
DICOM: Digital Imaging and Communications
in Medicine;
IDC: Invasive Ductal Carcinoma;
IMC: Invasive Mixed Carcinoma;
NOS: Not Otherwise Specified;
CI: Confidence Interval;
SD: Standard Deviation;
ROC: Receiver Operating Characteristic;
AUC: Area Under the Curve;
ER: Estrogen Receptor;
HER2: Human Epidermal Growth Factor
Receptor 2;
ANOVA: Analysis of Variance;
LASSO: Least Absolute Shrinkage and
Selection Operator;
H&E: Hematoxylin and Eosin 
(histological stain).



D. Andraæ et al

Introduction

Recently, artificial intelligence (AI) has emerged 
as a transformative feature across multiple fields,
including healthcare, particularly directed towards
large language models such as ChatGPT, which have
become widely accessible to both medical professionals
and the public, including patients (1,2). The strength
of AI lies in its capability to execute complex cognitive
tasks (problem-solving, decision-making, and even
pattern recognition or predictions) using sophisticated
algorithmic methods. By copying aspects of human
reasoning and learning, AI systems can adapt to
diverse data types and decision contexts, making them
highly versatile tools in data-rich disciplines such as 
medicine (3-6).

Within the broader AI spectrum, machine learning

and deep learning stand out for their capacity to
autonomously identify patterns within large sets of
data and continuously improve their performance
through iterative training. Their application in
radiomics (a field concentrating on the extraction of
high-dimensional, quantitative features from medical
images) has opened new directions for non-invasive
characterization of the diseases. Radiomics allows for
the quantification of subtle imaging patterns that
might reflect underlying pathology or pathophysiology,
often imperceptible to the human eye. When 
integrated with clinical and pathological data, these
approaches have the potential to enhance the 
precision of diagnosis, support risk stratification, and
improve individualized management in breast cancer
evaluating response to therapy. This fusion of AI,
radiomics, and imaging science holds significant

arhitecturale. Deşi limitat de dimensiunea mică a eşantionului şi de imagistica 2D, acest studiu metodologic oferă o 
perspectivă asupra viitoarelor abordări bazate pe IA şi radiomică în caracterizarea tumorilor mamare.

Cuvinte cheie: radiomică; inteligenţă artificială; carcinom ductal in situ; mamografie; histopatologie

Abstract
Background/Objectives: Artificial intelligence (AI) is increasingly integrated into oncological imaging, but its ability to 
predict detailed histopathological features from standard mammography remains understudied in ductal 
carcinoma in situ (DCIS). This study aimed to evaluate the performance of a large language model (ChatGPT-4, Open AI,
May 2025) in predicting nuclear grade, architectural subtype, comedo necrosis, and stromal invasion from specimen 
mammography. 
Materials and Methods: We conducted a retrospective and methodological study of 29 patients with histologically confirmed
DCIS or invasive carcinoma with DCIS components. Our clinical protocol is based on NCCN/ESMO guidelines of treatment
ductal carcinoma in situ. Preoperatively, all patients with confirmed disease benefited from wire guide localization of the
breast lesion. Patients were then submitted to surgical excision (lumpectomy) and surgical specimen mammography to 
confirm the complete macroscopic excision. For each of these cases, mammographic specimens were analyzed using an AI
model designed to extract and process radiomic features. AI-model reports were compared with histopathological reports
which served as the gold standard. Diagnostic performance was evaluated for four parameters: DCIS nuclear grade, 
architectural subtype, comedo necrosis, and stromal invasion. Accuracy, sensitivity, specificity, precision, and F1 scores were
computed. 
Results:  The size of mammographic lesions ranged from 1.2 to 10.0 mm (mean ± SD: 4.46 ± 2.25 mm). Histopathological
diagnoses included pure DCIS (n = 17), invasive NST carcinoma with DCIS (n = 10), and mixed histologies (n = 2). The AI
model achieved 65.5% accuracy for detecting comedo necrosis (sensitivity 75.0%, specificity 53.8%) and 72.4% accuracy for
detecting stromal invasion (specificity 94.1%, sensitivity 41.7%). Nuclear grade classification matched histopathology in
20.7% of cases, while architectural subtype classification achieved 17.2% agreement. Multiclass predictions showed low F1
scores for most categories. 
Conclusion: Although the AI model demonstrated acceptable utility for detection of comedo necrosis and excluding stromal
invasion, it faced several difficulties regarding nuclear grading and architectural subtype classification. Although limited 
by the small sample size and 2D imaging, this methodological study provides an insight for future AI and radiomics
approaches in breast tumor characterization.

Keywords: radiomics, artificial intelligence, ductal carcinoma in situ, mammography, histopathology
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potential to advance various medical specialties, with
radiology and diagnostics in the first position (7-9).

In a previous study, as part of the same institutional
research project, we evaluated the performance of a
large language model (ChatGPT-4, Open AI, May 2025
release) in analyzing intraoperative specimen mammo-
grams for the evaluation of the status of surgical 
margin status in patients with early-stage breast cancer
(9). Our model was able to localize the lesion, delineate
resection margins, and estimate the minimal margin
distance. Interestingly, it achieved high specificity 
for negative margins. When stratified by tumor 
invasiveness, the AI achieved an accuracy of 73.4% in
invasive cancers (sensitivity 60.0%, specificity 89.8%)
and 79.3% in non-invasive cancers (sensitivity 75.0%,
specificity 80.0%), with no statistically significant 
differences between groups. In the neoadjuvant 
treatment (NAT) analysis, accuracy was 82.8% in the
NAT group (sensitivity 42.9%, specificity 86.7%) and
85.4% in the non-NAT group (sensitivity 100%, 
specificity 84.6%). Although the NAT group showed
lower sensitivity, differences were not statistically 
significant. Taken together, these patterns imply that
model performance is more favorable in settings resem-
bling DCIS biology and treatment pathways (non‑
invasive phenotype, typically no NAT). Because DCIS
aligns with the non‑invasive and predominantly
non‑NAT features (in which our model performed 
better), we hypothesize that a DCIS‑only cohort will
yield equal or improved accuracy and sensitivity for
detecting positive margins compared with the mixed
cohort. Consequently, we believe that this AI model
might be capable of detecting certain morphological 
patterns which were associated with DCIS.

Ductal carcinoma in situ (DCIS) represents a non-
invasive form of breast cancer that is characterized 
by the proliferation of malignant epithelial cells 
originating from the ductal-lobular system, without
any extension beyond the basal membrane. Although
it does not display stromal invasion, DCIS is clinically
significant (because of its potential to progress to 
invasive carcinoma if left untreated). The disease 
presents with a wide variety of histopathological 
features, including variations in nuclear grade, 
architectural growth pattern, and the presence (or
absence) of comedo necrosis (all of which have their
own prognostic value and potential to influence 
treatment decisions) (10-12). Accurate preoperative
characterization of these features can influence the
selection of the appropriate surgical management,
determine the need for adjuvant therapy, and 
estimate the risk of recurrence (13-15).

High-grade DCIS, particularly when associated
with comedo necrosis, carries a substantial risk 

of harboring invasive carcinoma, even when pre-
operative biopsy shows only in situ disease. In many
cases, final histopathology reveals incidental stromal
or microinvasion, which may influence surgical 
management and prognosis (15-18).

While our earlier investigation addressed assess-
ment of the resection margins, this study particularly
focuses on a different predictive task: evaluating if a
radiomics component applied to mammogram of the
operative specimen can predict key histopathological
features of DCIS: grade, architectural subtype, 
presence of comedo necrosis, and presence of stromal
invasion, using histo-pathology as the gold standard.

By limiting the analysis only to patients with DCIS
component, either pure or associated with invasion, we
aimed to explore whether AI-based radiomic signa-
tures can accurately provide histo-pathological charac-
terization in a subgroup where our previous results
indicated an encouraging imaging-pathology correla-
tion. Our goal is to generate complementary evidence
within the same clinical research framework, with full 
methodological and ethical transparency to ensure 
compliance with publication ethics and to avoid 
redundancy with the earlier study.

Materials and Methods

This research was conducted as part of the institutional
research project “Improving Postoperative Outcomes in
Breast Surgery through the Use of Artificial Intelligence
and Augmented Reality Programs”, carried out at the
First Surgical Department, Cluj County Emergency
Clinical Hospital, Cluj-Napoca, Romania, in collabora-
tion with the Iuliu Haţieganu University of Medicine
and Pharmacy, Cluj-Napoca, Romania. Designed retro-
spectively, this study was conducted in a surgical unit
specialized in breast cancer, with the approval of the
institutional review board and ethics committee
(Approval No. 3387/31 January 2025). The present work
was designed as a companion to our previously 
published study (9), which evaluated the performance of
an artificial intelligence model in predicting surgical
margin status using intraoperative specimen mammo-
graphy (in patients with early-stage breast cancer).
While that earlier analysis focused on margin assess-
ment, the current study targets radiomic evaluation of
DCIS and associated histopathological features. Both
studies share the same research protocol, ethical 
considerations, and methodological framework, 
providing complementary perspectives within the same
clinical research project.

We explicitly acknowledge the relationship between
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the two studies to guarantee transparency and to avoid
any issue of duplicate publication. Even though the
present work shares certain conceptual and procedural
elements with the earlier study, it addresses a distinct
scientific topic (AI-based prediction of DCIS histopatho-
logical features from mammographic specimen images)
rather than assessment of surgical margins. Neither the
data, nor the figures have been duplicated from the 
earlier publication.

Data processing and analysis were conducted in
accordance with the institutional and international
standards for patient confidentiality, with all images
fully anonymized prior to evaluation with the AI model,
ChatGPT.

We extracted from our database patients with
histopathological confirmation of DCIS component, who
underwent breast lumpectomy at the Cluj County
Emergency Hospital, Cluj-Napoca, Romania, between
2020 and 2025. All included patients had a preoperative
Tru-Cut core needle biopsy confirming the presence of
DCIS. The study population was selected based on this
biopsy result, regardless of whether final surgical
histopathology subsequently revealed incidental foci of
stromal invasion or microinvasion. Such invasive 
components, when present, were considered incidental
findings and did not alter the inclusion criteria. Only
patients with complete clinical, imaging, surgical and
histopathological data were included in our analysis.

Preoperative localization of the tumor was realized in
each case using wire and/or clip marking. All surgical
interventions were realized in concordance with
ESMO and NCCN guidelines for the management of
ductal carcinoma in situ. Following preoperative locali-
zation, patients underwent breast-conserving surgery
(lumpectomy) with the intention of achieving negative
surgical margins. In selected cases with high-risk
histopathological features on preoperative biopsy 
(e.g., nuclear grade 3, comedo necrosis), sentinel lymph
node biopsy (SLNB) was performed at the same time
as the procedure. Immediately after excision, the 
specimen underwent mammographic assessment to
verify macroscopic completeness of excision. Resection
margins were considered clear (R0) when the minimal
distance from tumor to ink was >2 mm, in accordance
with current recommendations. Postoperatively, all
the cases were discussed in a specialized, multi-
disciplinary tumor board, and adjuvant treatment
(composed of radio-therapy and/or endocrine chemo-
prophylaxis) was administered according to individual
risk profiles. Immediately after surgical excision,
mammographic imaging of the lumpectomy specimens

was achieved to verify complete removal of the tumor
and to enable the breast radiologist to assess 
surgical margins intraoperatively, based on the 
radiographic findings.

For this study, we employed the ChatGPT-4 model
(OpenAI, May 2025 release), accessed via a GPT-4 Plus
subscription in a secure setting, with a stable internet
connection. Image interpretation was carried out
directly within the model interface, without any 
external software, and in a zero-shot configuration (no
prior fine-tuning). Mammo-graphic images of the
resected specimens were uploaded one at a time and
evaluated using a predefined text prompt (which is
available in Appendix A). The prompt incorporated
essential metadata, including breast laterality, the
tumor localization approach (e.g., wire or clip), and 
relevant intraoperative details. Based on this 
information and the image alone, ChatGPT was asked
to predict the following: the nuclear grade of the tumor
(low, intermediate, high, mixed or undefined), the
architectural type of the lesion solid, comedo, 
cribriform, mixed (and specify which), unspecified/
inconclusive. the presence of comedo necrosis (yes/no)
and the presence of stromal invasion (yes/no).

Mammograms of the surgical specimens were 
retrospectively extracted from the hospital’s Picture
Archiving and Communication System (PACS), using
DICOM files (between 2020 and 2025). All images had
been obtained intraoperatively, within 10 to15 minutes
following tumor excision, on a high-resolution digital 
mammography unit (GE Senographe Pristina® or
equivalent). Standard craniocaudal and lateral projec-
tions were captured under mild compression, making
use of a dedicated specimen radiography platform.

The extracted DICOM datasets contained 
full-resolution pixel information, with a native 
spatial resolution of approximately 70-100 microns per
pixel. To obtain compatibility with the AI analysis
environment, images were converted to JPEG or 
PNG format. In accordance with institutional protocol,
orientation markers (radio-paque needles) were 
present in all cases. Image acquisition had been 
supervised by a breast radiologist to ensure optimal
visualization.

For each patient, one representative image (most
commonly the craniocaudal projection) was selected
based on the best visualization of lesion. No manual
annotations or segmentations were applied before the
evaluation of the AI model.

All excised lesions underwent histopathological 
examination, performed by a specialized pathologist,
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which served as the reference standard for both 
diagnosis and assessment of histopathological 
features. The pathological spectrum included various
subtypes of breast cancer: DCIS in 18 cases, invasive
ductal carcinoma of no special type (IDC NST) 
associated with DCIS in 9 cases, invasive mixed 
carcinoma (IMC) associated with DCIS in 1 case,
respectively invasive mixed carcinoma, not otherwise
specified (IMC NOS) associated with DCIS in 1 case. 

All these histopathological findings were used for
the validation of the AI-generated classifications and
determine their clinical applicability.

To perform the comparison, the dataset 
contained paired values for four primary histo-patho-
logical outcomes and their corresponding AI-predicted
classifications: (1) DCIS grade (ordinal variable: low,
intermediate, high), (2) architectural subtype (nominal
variable with multiple categories, including cribriform,
comedo, papillary, solid, mixed, unspecified/inconclu-
sive), (3) comedo necrosis (binary variable: present/
absent), and (4) invasion (binary variable: present/
absent). The concordance between AI predictions and
histo-pathological findings was evaluated using 
accuracy, sensitivity, specificity, precision (positive 
predictive value), and F1-score. For binary outcomes
(comedo necrosis and stromal invasion), the correspon-
ding confusion matrices were constructed, and 95%
confidence intervals (CIs) for accuracy, sensitivity,
specificity, and precision were calculated using the
Clopper-Pearson exact method. Agreement for binary
variables was further assessed using McNemar’s test
for paired proportions. For multiclass outcomes (DCIS
nuclear grade and architectural subtype), per-class,
macro-averaged, and weighted-average F1-scores were
computed. 

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 29.0 and Microsoft
Excel for Microsoft 365 (Version 2407).

Results

A total number of 29 patients with DCIS met 
the inclusion criteria. On histopathological examina-
tion (Table 1), pure DCIS was identified in 17 cases
(58,62%). Additionally, 10 cases (34.48%) 
consisted of invasive carcinoma of no special type
(NST) with an associated DCIS component, and 2
cases (6.9%) represented other mixed histologies,
including combinations with cribriform-micro-
papillary or lobular elements.

Lesion size (measured on mammography) ranged

between 1.2 and 10.0 mm (Fig. 1). The mean size was
4.46 mm (SD: 2.25 mm), the median was 4.1 mm, and
the interquartile range was 2.7–6.3 mm. Lesions ≤ 3.0
mm were recorded in 8 cases (27.6%), lesions between
3.1 and 5.0 mm in 11 cases (37.9%), and lesions over
5.0 mm in 10 cases (34.5%).

Histopathological grading of the DCIS component
(Table 2) revealed 4 low-grade cases (13.8%), 13 inter-
mediate-grade cases (44.8%), 8 high-grade cases
(27.6%), and 4 cases (13.8%) with mixed or undefined
grades. Furthermore, the AI model assigned low grade
DCIS in 2 cases (6.9%), intermediate in 10 cases
(34.5%), high in 14 cases (48.3%), and mixed grades in
3 cases (10.3%). Exact agreement between the AI
model and histopathology was observed in 6 cases
(20.7%). Class-specific F1-scores were as follows:
intermediate grade 0.52, low grade 0.00, high grade
0.00, mixed grade 0.00. The macro-average F1-score

Histopathological diagnosis Count Percentage
(%)

Pure DCIS 17 58,62

DCIS + Invasive carcinoma NST (incidental) 10 34.48

Mixed histology (other types) 2 6.9

Table 1. Histopathological assessment of the surgical specimens

Figure 1. Distribution of lesion sizes on mammography. A histogram 
illustrating the distribution of lesion sizes (in mm) measured on
mammographic images of the surgical specimens.

Nuclear grade Histopathology (n) AI prediction (n)
Low grade 4 2

Intermediate grade 13 10

High grade 8 14

Mixed/undefined grade 4 3

Total 29 29

Table 2. DCIS nuclear grade distribution. 
Comparison between histopathology and AI-prediction.
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for DCIS grading was 0.05, and the weighted average
was 0.23.

The architectural subtype distribution (Table 3)
based on histopathological examination was: solid 
pattern in 4 cases (13.8%), comedo in 4 cases (13.8%),
cribriform in 1 case (3.4%), solid combined with 
cribriform in 4 cases (13.8%), other mixed patterns in
13 cases (44.8%), and unspecified or inconclusive in 3
cases (10.3%). The AI model predicted solid pattern in
4 cases (13.8%), comedo in 8 cases (27.6%), cribriform
in 5 cases (17.2%), cribriform plus papillary in 1 case
(3.4%), comedo plus cribriform in 1 case (3.4%), solid
plus cribriform in 1 case (3.4%), and undetermined in
2 cases (6.9%). Agreement between AI and histo-
pathology was found in 5 cases (17.2%). Class-specific
F1-scores: cribriform/papillary 1.00, solid 0.44, comedo
0.25, all other categories 0.00. The macro-average 
F1-score for architectural subtype classification was
0.10, and the weighted average was 0.13. 

Comedo necrosis was present in 16 cases (55.2%)
and absent in 13 cases (44.8%), according to histo-
pathology (Fig. 2 A). The AI model predicted comedo
necrosis as present in 18 cases (62.1%) and absent in 11
cases (37.9%). This yielded 12 true positives, 4 false
negatives, 6 false positives, and 7 true negatives.
Performance metrics for comedo necrosis detection:
accuracy 65.5% (95% CI: 0.46–0.82), sensitivity 75.0%
(95% CI: 0.48–0.93), specificity 53.8% (95% CI:
0.25–0.81), precision 66.7% (95% CI: 0.41–0.87), and
F1-score 0.71. McNemar’s test did not reveal a 
statistically significant difference between AI and
histopathology (p = 0.754).

Incidental stromal invasion was present in 12 cases
(41.4%) and absent in 17 cases (58.6%) on histopathol-
ogy (Fig. 2 B). The AI model predicted invasion in 6

cases (20.7%) and absence in 23 cases (79.3%). This
resulted in 5 true positives, 7 false negatives, 1 false
positive, and 16 true negatives. Corresponding 
performance metrics: accuracy 72.4% (95% CI:
0.53–0.87), sensitivity 41.7% (95% CI: 0.15–0.72),
specificity 94.1% (95% CI: 0.71–1.00), precision 83.3%
(95% CI: 0.36–1.00), and F1-score 0.56. McNemar’s
test indicated no statistically significant discordance (p
= 0.070).

Discussion

The AI model showed moderate performance in 
detecting comedo necrosis, with a sensitivity of 75.0%
and an F1-score of 0.71. These results point that the AI
may be able to identify necrosis in most true-positive
cases. Clinically, this is important when considering
the prognostic significance of comedo necrosis in DCIS.
Conversely, the specificity was relatively low (53.8%),

D. Andraæ et al

Architectural subtype Histopathology (n) AI prediction (n)
Solid 4 4

Comedo 4 8

Cribriform 1 5

Solid + Cribriform 4 1

Cribriform + Papillary 0 1

Comedo + Cribriform 0 1

Other mixed patterns 13 0

Unspecified/inconclusive 3 0

Undetermined 0 2

Total 29 29

Table 3. Architectural subtype distribution. 
Comparison between Histopathology and AI-prediction.

Figure 2. Confusion matrices of: (A)
Comedo necrosis detection: accuracy
65.5%, sensitivity 75.0%, specificity
53.8%, precision 66.7%; (B) Detection
of stromal invasion: accuracy 72.4%,
sensitivity 41.7%, specificity 94.1%,
precision 83.3%. Histopathological 
diagnosis (reference standard) was 
compared with AI predictions.

AA BB
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being responsible for a considerable number of false
positives. This may be the cause of an overestimation
of lesion aggressiveness. The overall accuracy of 65.5%
slightly supports the use of such models as supportive 
diagnostic aids, but it highlights the need for 
further refinement (probably achieved via pre-trained
models) to improve specificity.

Regarding the stromal invasion assessment, the AI
model showed high specificity (94.1%), indicating a
strong capability of detecting non-invasive cases. This
feature has several applications, such as guiding 
decisions about the extent of surgery (and verifying
surgical margins) and the potential need for additional
treatment. However, its sensitivity was low (41.7%),
with more than a half of the truly invasive cases being
wrongly diagnosed. Even though the precision of the
model was acceptable (83.3%), the overall F1-score of
0.56 shows a limited reliability in the detection of cases
with stromal invasion. Thus, the model may be too
conservative in predicting invasion and risks, 
likely to underestimate the severity of the disease in a
category of patients.

The AI model’s ability to precisely determine the
nuclear grade of DCIS was limited. Only 6 out of 29
cases matched the histopathological grading, leading
to an overall accuracy of 20.7%. Analysis of each 
category revealed that its performance was acceptable
only for intermediate grade lesions, with an F1-score of
0.52. Our model completely failed to predict low-grade,
high-grade, and mixed-grade cases, in each of these
cases scoring an F1 of 0.00. The weighted average F1-
score of 0.23 supports the fact that the AI program
faces difficulties with this multiclass classification
task.

The AI model also showed a poor performance in
identifying the architectural subtype of DCIS, with an
accuracy of only 17.2%. Even if its performance was
acceptable for some isolated classes such as cribriform
(F1-score of 1.00), most patterns (particularly mixed or
less distinct forms) were not predicted with accuracy.
The macro-average F1-score of 0.10 and the weighted
F1-score of 0.13 highlight the fact that the model lacks
robustness across the wide morphological spectrum of
DCIS. This further supports its difficulty in detecting
architectural heterogeneity based on 2D specimen
mammograms, especially in the cases where histologi-
cal subtypes overlap or coexist within the same lesion.

To begin with, our observations on incidental stromal
invasion in non-invasive disease align with published
evidence that DCIS, particularly high-grade lesions
with comedo necrosis, is frequently associated with

microinvasion on final histo-pathology despite a 
purely in situ diagnosis at biopsy (15,16). Such
microinvasive foci have been linked to more aggressive
clinicopathological features and worse prognostic out-
comes compared with pure DCIS (16,17). Moreover,
long-term follow-up data indicate that microinvasive
breast cancer can have distinct treatment responses
and survival patterns, highlighting the importance 
of tailoring adjuvant therapies in this subgroup 
(16-18). 

Together, these findings underscore the clinical 
relevance of preoperative identification of occult 
invasion in DCIS and support the exploration of AI-
based tools for margin status prediction in this 
context.

Yu et al. conducted a multicenter retrospective
study that involved 1,088 patients to create and 
validate an MRI radiomics approach for predicting
axillary lymph node status in the preoperative period,
in early-stage invasive breast cancer. Radiomic 
features from both the lymph nodes and the primary
tumor were extracted using a random forest algorithm
and combined into a signature of the tumor with a 
support vector machine classifier. This model achieved
areas under the ROC curve of 0.88 in the training
cohort, 0.87 in an external validation cohort, and 0.87
in a prospective-retrospective validation cohort. When
radiomics was combined with clinicopathologic and
molecular subtype information into a multiomic 
signature, predictive performance further improved,
achieving AUC values up to 0.93. In patients who
received neoadjuvant treatment, a few changes were
noticed in certain radiomic features, particularly gray-
level dependence matrix measures, which were linked
to alterations inside the tumor microenvironment such
as immune cell composition, expression of long non-
coding RNAs, and DNA methylation patterns (found
via blood sampling) (15). The findings indicate that
MRI radiomics, when combined with clinical and
molecular data, is able to provide a reliable and non-
invasive method for evaluating lymph node metastasis
preoperatively and might offer insight into underlying
tumor biology. 

Mao et al. performed a multicenter retrospective
study including 304 patients with ER-positive, lymph
node-negative invasive breast cancer to develop a
mammography-based radiomics model for predicting
risk of recurrence as defined by Oncotype DX.
Radiomic features were extracted using preoperative
mammograms, reduced through correlation analysis,
ANOVA, and LASSO selection, and combined into a
radiomics signature. A multivariate logistic regression
model which integrated the radiomics signature with
clinical factors (tumor grade and HER2 status)
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achieved a strong predictive performance, with AUCs
equal to 0.92 in the training set, 0.88 in the internal
test set, respectively 0.84 in the external test set.
Decision curve analysis indicated a greater clinical
benefit of the model over “treat all” or “treat none”
approaches (across a wide variety of threshold 
probabilities) (19). Hence, the combination of 
mammography radiomics with clinical variables was
found to provide a non-invasive, preoperative tool for
estimating recurrence risk in such a patient subgroup.

Wu et al. retrospectively analyzed data extracted
from 611 breast cancer patients across multiple 
hospitals to develop a multimodality deep learning
radiomics nomogram (DLRN) for preoperative 
prediction of malignancy. The model integrated clinical
information with ultrasound brightness mode (B-
mode) and color Doppler flow imaging characteristics.
Patients were divided into a primary cohort, a valida-
tion cohort, and two external test cohorts. The DLRN
achieved high discriminatory performance, with AUCs
of 0.983, 0.972, 0.897, respectively 0.993 in the cohorts, 
consistently outperforming the three unimodal 
models. Decision curve analysis indicated a strong
potential for clinical benefit (21). The integration of
deep learning radiomics into multimodality ultra-
sound might be able to enhance preoperative malig-
nancy assessment and to support computer-aided
diagnosis in breast cancer.

Other applications of AI-based radiomics in the
field of breast cancer extend beyond DCIS and include
features like prognostic prediction, molecular sub-
typing, and the assessment of intratumoral hetero-
geneity. For instance, a multicentric study by Yu et al.
described an interpretable deep-learning radiomics
model relying on MRI for predicting recurrence-free
survival in non-metastatic, invasive breast cancer,
achieving high AUCs across multiple moments in time
and stratifying patients into different risk groups, with
radiomic features in relation to specific long non-
coding RNAs (22). Peng et al. applied MRI radiomics 
to split tumors into the updated HER2 categories,
reporting AUCs between 0.75 and 0.89, and showing
that the addition of pathological predictors improved 
classification performance (23). In another multicenter
investigation, Chen et al. made use of habitat-based
MRI radiomics to calculate intra-tumoral heterogeneity
for HER2 classification, achieving AUCs up to 0.94,
especially for improving discrimination between HER2-
low and HER2-zero cancers (24). Moreover, Huang et al.
developed a deep learning radiopathomics model 
combining preoperative ultrasound images and biopsy
whole-slide H&E images, which significantly out-
performed single-variable models in distinguishing
luminal from non-luminal early-stage breast cancers

(AUC 0.929 internal, 0.900 external) (25). Generally,
such studies underscore the versatility of AI in breast
cancer radiomics, demonstrating its ability to non-
invasively predict prognosis, update molecular sub-
typing, and use multimodal data to enhance pre-
operative decision-making.

This research represents one of the few existing 
studies that focus specifically on AI-based predictions
of multiple histopathological features of DCIS, derived
from specimen mammography, conducted within a
clearly defined and approved research project. By 
concentrating on a well-defined DCIS cohort, selected
from the subgroup where our previous margin-
assessment study indicated favorable AI performance
(9), we aimed to maximize the likelihood of obtaining
meaningful imaging-pathology correlations. The study
also addressed four distinct histopathological features
(comedo necrosis, stromal invasion, nuclear grade, and
architectural pattern), providing a general assessment
of the model’s versatility. The design allowed for a
direct, paired comparison between AI predictions and
histopathological exam, offering details regarding how
the model aligns with clinical reality and where it
diverges. Moreover, by integrating these evaluations
into a multi-categorical and binary task framework,
the generated evidence could lead to future model 
optimization for specific diagnostic objectives rather
than general-purpose use.

Despite these strengths, several limitations should
be noted. The model’s performance was inconsistent,
showing more reliability in simpler binary tasks 
compared to complex classifications that imply 
discrimination between subtle morphological subtypes.
Such variability suggests the fact that the current 
feature extraction could be insufficiently sensitive to the
imaging characteristics that correspond to nuclear
grade or architectural heterogeneity in DCIS. The 
relatively small sample size and class imbalances, 
particularly for certain architectural subtypes and other
rare grades, have contributed to reduced accuracy and
precision. Additionally, the model’s reliance on 2D 
specimen mammograms alone limits the capture of 3D
morphological complexity, potentially diminishing its
predictive accuracy. Finally, the model remains a proof
of concept, requiring further validation in larger, multi-
institutional datasets, probably with pre-training 
models on domain-specific images, before any validation
into clinical workflows.

The small sample size, as result of the narrow
inclusion criteria that we adopted, limits the statistical
power of the present analysis and drawing definitive
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conclusions. Our intention was not to establish 
conclusive clinical evidence, but rather to conduct a
primarily methodological exploration which aimed to
open a pathway toward future studies. By focusing on
a DCIS subgroup in which our previous AI-based 
margin assessment study (9) showed promising
results, we wanted to investigate if similar 
performance could be achieved for histopathological
feature prediction. This approach allowed us to work
with a restricted cohort and to test the feasibility of
correlating imaging and histopathological features
through radiomics, artificial intelligence, and large 
language models such as ChatGPT-4. The retrospective
design of the study, combined with the use of a 
specific, pre-selected subgroup, inevitably influenced
the findings, but the methodology reflects our aim to
introduce an innovative approach and encourage 
further research to focus on AI-driven radiomic 
analysis into breast cancer diagnosis.

Conclusions

All in all, in this study, the AI model demonstrated 
limited agreement with histopathology for DCIS
nuclear grading and architectural subtype classifica-
tion, with low macro-average F1-scores. Its performance
was moderate for detecting comedo necrosis and 
stromal invasion, showing higher specificity than 
sensitivity in the latter. These findings suggest that,
while current AI performance is not sufficient for 
accurate stand-alone characterization of DCIS subtypes
and grades, it holds potential for specific morphological
assessments. Further optimization in extended training
datasets, and combination with multimodal imaging
might enhance diagnostic accuracy and clinical applica-
bility.
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Prompt for ChatGPT (Instructions section): “A mammo-
graphy image of the operative breast lesion specimen is
provided. The lesion was localized preoperatively by
the radiologist using a percutaneous guide wire. The
resection specimen was subsequently oriented with
radiopaque marking needles: the shorter needle 
indicates the 3 o’clock surgical margin, while the
longer needle indicates the 12 o’clock margin. Based 
on the provided image, please assess the following
parameters:

• Nuclear grade: low, intermediate, high, mixed, or
undefined.

• Architectural type: solid, comedo, cribriform, 
papillary, mixed (specify subtypes), or unspecified
/ inconclusive.

• Presence of comedo necrosis: present or absent.
• Presence of stromal invasion: present or absent.”
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