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O R I G I N A L  A R T I C L E

Contrast-enhanced mammography findings of idiopathic 
granulomatous mastitis: a retrospective analysis of seventy 
histopathologically proven cases

PURPOSE
This study aimed to characterize the contrast-enhanced mammography (CEM) findings of histo-
pathologically confirmed idiopathic granulomatous mastitis (IGM), compare isolated mass and 
non-mass enhancement (NME) phenotypes, and explore the cumulative burden of malignan-
cy-mimicking imaging features using an exploratory malignancy-mimicking feature score (MMFS).

METHODS
This retrospective single-center study included 70 women with histopathologically confirmed IGM 
who underwent CEM between 2021 and 2024. Imaging findings were reviewed in consensus by 
two breast radiologists according to the Breast Imaging Reporting and Data System Manual (2025 
edition). Lesion morphology, enhancement characteristics, temporal enhancement patterns, con-
spicuity, and associated imaging findings were recorded. Patients with isolated mass lesions and 
isolated NMEs were compared. The MMFS was calculated from 12 predefined malignancy-mimick-
ing CEM features, including moderate/high enhancement conspicuity, plateau/washout temporal 
enhancement patterns, suspicious mass morphology, segmental/linear NME distribution, and asso-
ciated findings, such as skin thickening and axillary lymphadenopathy.

RESULTS
The mean patient age was 41.7 ± 8.7 years, and the mean lesion size was 57.3 ± 26.8 mm. NME was 
the predominant imaging presentation (55.7%), and 14.3% of patients demonstrated both mass 
and NMEs. Contrast enhancement was present in all lesions, with heterogeneous enhancement 
(44.3%), high enhancement conspicuity (44.3%), and axillary lymphadenopathy (47.1%) being com-
mon findings. Compared with isolated mass lesions, isolated NMEs were significantly larger (medi-
an = 70 vs. 50 mm; P = 0.017) and more frequently associated with skin thickening (46.2% vs. 9.5%; P 
= 0.004). The mean MMFS was 3.41 ± 1.66. All patients demonstrated at least one malignancy-mim-
icking imaging feature; 90.0% had two or more features, and 65.7% had three or more features.

CONCLUSION
IGM demonstrates a broad spectrum of CEM findings, including multiple imaging features conven-
tionally considered suspicious for malignancy. NME is the predominant imaging phenotype and 
is associated with larger lesion size and more frequent skin thickening than isolated mass lesions. 
The high cumulative burden of malignancy-mimicking imaging features highlights the diagnostic 
challenge posed by IGM on CEM.

CLINICAL SIGNIFICANCE
IGM frequently mimics breast cancer on CEM because multiple suspicious imaging features often 
coexist within the same lesion. Familiarity with the CEM spectrum of IGM may facilitate the appro-
priate interpretation of suspicious findings and contribute to informed patient management.

KEYWORDS
Breast imaging, contrast-enhanced mammography, idiopathic granulomatous mastitis, malignan-
cy-mimicking features, non-mass enhancement
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Idiopathic granulomatous mastitis (IGM) is 
a chronic benign inflammatory disorder 
of the breast with an incompletely un-

derstood etiology. It predominantly affects 
parous women of reproductive age and typ-
ically presents with a palpable breast mass, 
pain, erythema, nipple retraction, abscess 
formation, or fistulous tracts. Despite its 
benign nature, the clinical presentation of 
IGM frequently overlaps with that of breast 
cancer, leading to diagnostic uncertainty 
and concern for malignancy and often ne-
cessitating histopathological confirmation.1-3 
Multiple etiological factors have been impli-
cated in its development, such as hormonal 
dysregulation, autoimmune reactions, un-
identified infectious agents, smoking, and 
α1-antitrypsin deficiency.4 IGM is often a 
self-limiting condition that may be managed 
conservatively with corticosteroids or other 
immunomodulatory agents. However, sur-
gical excision remains an effective treatment 
option in patients with suspected abscess 
formation or when corticosteroid therapy is 
contraindicated.5 Recent evidence suggests 
that topical and intralesional corticosteroid 
administration provides efficacy comparable 
with that of oral corticosteroid therapy, lead-
ing to its increasing adoption as a first-line 
treatment approach.6

Imaging evaluation of IGM is particularly 
challenging because its radiologic manifes-
tations are highly variable and often non-
specific. On mammography, findings may 
include focal asymmetry, irregular masses, 
architectural distortion, or skin thickening. 
Ultrasonography commonly demonstrates 
irregular hypoechoic masses, tubular exten-

sions, abscesses, and sinus tracts. Doppler 
ultrasonography may reveal increased vas-
cularity within the lesion and surrounding 
breast tissue. Magnetic resonance imaging 
(MRI) has also been reported to show sus-
picious features such as heterogeneous or 
rim enhancement, non-mass enhancement 
(NME), and kinetic patterns that may mimic 
malignancy. Consequently, IGM is frequent-
ly assigned suspicious imaging assessments 
despite representing a benign inflammatory 
process.2,7,8

Contrast-enhanced mammography (CEM) 
has emerged as a valuable breast imaging 
modality by combining morphologic infor-
mation from low-energy mammographic 
images with functional assessment of lesion 
vascularity. Owing to its high sensitivity for 
lesion detection and characterization, CEM is 
increasingly incorporated into the diagnostic 
evaluation of suspicious breast findings.9-11 
However, inflammatory breast diseases may 
also demonstrate contrast enhancement, 
limiting the specificity of the technique. Al-
though the CEM appearance of breast ma-
lignancies has been extensively investigated, 
data regarding the imaging characteristics of 
IGM on CEM remain limited. Existing imag-
ing literature on IGM has largely focused on 
mammography, ultrasonography, and MRI. 
Consequently, the characteristic findings 
and potential diagnostic role of CEM in this 
disease remain undefined. Therefore, the aim 
of this study is to characterize the CEM find-
ings of histopathologically confirmed IGM, 
compare isolated mass and NME pheno-
types, and explore the cumulative burden of 
malignancy-mimicking CEM features using 
an exploratory descriptive malignancy-mim-
icking feature score (MMFS).

Methods
This retrospective study was approved by 

the Manisa Celal Bayar University Faculty of 
Medicine Clinical Research Ethics Committee 
(approval number: E-85252386-050.04.04-
503989, date: 06.03.2023). Owing to the 
retrospective nature of the study, the ethics 
committee waived the requirement for writ-
ten informed consent. A total of 927 consec-
utive patients who underwent CEM between 
2021 and 2024 because of clinical suspicion 
of breast cancer or suspicious findings on 
other breast imaging modalities were retro-
spectively evaluated (Figure 1). The inclusion 
criteria were as follows: (1) histopathologi-
cally confirmed granulomatous mastitis, (2) 
absence of an identifiable underlying cause, 
consistent with IGM, and (3) availability of 
CEM images of sufficient quality for imaging 

assessment. Patients with granulomatous 
mastitis attributable to a specific underlying 
cause, those without histopathological con-
firmation, and those with incomplete or in-
adequate CEM examinations were excluded.

Contrast-enhanced mammography acqui-
sition protocol 

All CEM examinations were performed 
using a dual-energy digital mammography 
system (Senographe Pristina, GE Medical Sys-
tems SCS, Buc, France). A low-osmolar, non-
ionic contrast agent was administered at a 
dose of 1.5 mL/kg (maximum 100 mL) using 
an automatic injector at a rate of 3 mL/s. CEM 
imaging was initiated 1.5–2 minutes after 
contrast injection. The CEM acquisition pro-
tocol was standardized across the study co-
hort. Craniocaudal and mediolateral oblique 
(MLO) images were acquired bilaterally, start-
ing with the target breast. An additional de-
layed MLO image of the affected breast was 
obtained at approximately 8 minutes after 
contrast administration, following acquisi-
tion of the MLO image of the contralateral 
breast for all patients. The total examination 
time was approximately 8–9 minutes, de-
pending on patient compliance. Low-energy 
images were obtained using tube voltages 
ranging from 28 to 32 kVp, whereas high-en-
ergy images were acquired at 45–49 kVp. The 
system automatically selected the appropri-
ate filtration material and exposure parame-
ters. Recombined images were subsequently 
generated by the system using the low- and 
high-energy image datasets.

Image analysis

All CEM examinations were reviewed in 
consensus by two breast radiologists with 
6 and 35 years of experience, respectively. 
During this consensus review, the radiolo-
gists evaluated the CEM images exclusively; 
ultrasonography or other imaging modali-
ties were not retrospectively re-evaluated. 
All CEM imaging variables, including those 
used to calculate the MMFS, were deter-
mined solely from this retrospective con-
sensus CEM review. As image interpretation 
was performed by consensus rather than in-
dependently, interobserver agreement was 
not assessed. The CEM image evaluation was 
conducted according to the American Col-
lege of Radiology Breast Imaging Reporting 
and Data System (BI-RADS®) Manual (2025 
edition).

The following variables were recorded for 
each patient: age, BI-RADS category from the 
final clinical reports, lesion size measured in 
the longest single-plane dimension on re-

Main points

•	 Idiopathic granulomatous mastitis (IGM) 
demonstrates a broad spectrum of malig-
nancy-mimicking findings on contrast-en-
hanced mammography (CEM).

•	 Non-mass enhancement is the predominant 
CEM presentation of IGM and is associated 
with larger lesion size and more frequent 
skin thickening than isolated mass lesions.

•	 Multiple malignancy-mimicking imaging 
features frequently coexist within the same 
lesion, highlighting the diagnostic chal-
lenge of IGM on CEM.

•	 The proposed malignancy-mimicking fea-
ture score provides an exploratory descrip-
tive index of the cumulative burden of ma-
lignancy-mimicking CEM features in IGM.

•	 Familiarity with the CEM spectrum of IGM 
may facilitate appropriate interpretation of 
its malignancy-mimicking imaging features 
within the clinical context.
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combined images, background parenchymal 
enhancement (BPE), lesion type (mass, NME, 
or both), mass shape (oval, round, lobulated, 
or irregular), mass margins (circumscribed, 
indistinct, or spiculated), NME distribution 
(diffuse, regional, focal, linear, or segmental), 
and enhancement patterns (homogene-
ous, heterogeneous, rim, or clumped). The 
BI-RADS categories were not reassigned by 
the reviewing radiologists during the retro-
spective CEM evaluation. Instead, the final 
BI-RADS categories were extracted directly 
from the original clinical reports, in which 
BI-RADS assessment had been based on 
the combined evaluation of CEM and ultra-
sonography findings in routine clinical prac-
tice.

Lesion conspicuity was assessed on re-
combined CEM images and categorized 
as low, moderate, or high according to the 
degree of contrast enhancement relative to 
the surrounding breast parenchyma. Lesion 
visibility on low-energy images was also as-
sessed and classified as none/low, moderate, 
or high. For temporal enhancement assess-
ment, the change in lesion enhancement in-
tensity relative to the background between 
the early and delayed images was visually 
evaluated. Based on this temporal change, 
enhancement was classified as persistent, 
plateau, or washout. No quantitative sig-
nal-intensity thresholds were applied; classi-
fication was based on visual comparison of 
enhancement between the available early 
and delayed acquisitions. In addition, asso-
ciated imaging findings, including nipple 
retraction, skin retraction, skin thickening, 
fistula formation, and axillary lymphade-
nopathy, were documented. For descriptive 
analysis, lesions were categorized as isolat-
ed mass, isolated NME, or combined mass + 
NME. Mass-specific morphological features, 
including shape and margin, were evaluated 
in all lesions containing a mass component 
(n = 31), including combined mass + NME 
lesions. NME distribution was evaluated in 
patients with isolated NME (n = 39). For the 
direct comparison of isolated mass and iso-
lated NME phenotypes, patients with com-
bined mass + NME (n = 10) were excluded to 
ensure mutually exclusive groups. Lesion size 
and rim enhancement were also compared 
between patients with and without fistula 
formation.

The MMFS was calculated using 12 prede-
fined malignancy-mimicking CEM features. 
These included moderate or high conspi-
cuity on recombined images, a plateau or 
washout enhancement pattern, an irregu-
lar mass shape, an indistinct or spiculated 

mass margin, heterogeneous enhancement, 
rim enhancement, segmental or linear NME 
distribution, clumped enhancement, skin 
thickening, skin retraction, nipple retraction, 
and axillary lymphadenopathy. Each feature 
was assigned 1 point to provide a simple de-
scriptive measure of the cumulative burden 
of malignancy-mimicking findings; equal 
weighting was not intended to imply equiv-
alent diagnostic or predictive significance of 
the individual features. 

Statistical analysis 

Statistical analyses were performed using 
IBM SPSS Statistics (Version 27.0; IBM Corp., 
Armonk, NY, USA). Continuous variables 
were assessed for normality and are present-
ed as mean ± standard deviation or median 
[interquartile range (IQR)], as appropriate, 
and categorical variables are presented as 
frequencies and percentages. Comparisons 
between patients with isolated mass and 
isolated NME were performed using the in-
dependent-samples t-test or Mann–Whitney 
U test for continuous variables and the χ2 test 
or Fisher’s exact test for categorical variables, 
as appropriate. The association between 
rim enhancement and fistula formation was 
evaluated using Fisher’s exact test, and le-
sion size was compared between patients 
with and without fistula formation using 
the Mann–Whitney U test. All statistical tests 
were two-sided, and a P value of < 0.05 was 
considered statistically significant.

Results
A total of 70 women with histopatholog-

ically confirmed IGM were included in the 
study. The mean age was 41.7 ± 8.7 years 
(range: 24–65 years). The mean lesion size 

was 57.3 ± 26.8 mm (range: 12–130 mm). 
Minimal BPE was the most common pattern, 
observed in 48 of 70 patients (68.5%). NME 
was observed in 49 patients (70.0%) (Figures 
2, 3), including 10 patients who also demon-
strated an associated mass lesion (Figures 4, 
5). Mass lesions were identified in 31 patients 
(44.3%) (Figure 6), with 21 patients show-
ing a mass without accompanying NME. 
Among mass lesions, lobulated (32.3%) and 
oval (29.0%) shapes were the most common 
morphologies. Indistinct or spiculated mar-
gins were identified in 8 patients (25.8%). 
Contrast enhancement was observed in all 
lesions, with no cases showing complete 
absence of enhancement. Heterogeneous 
enhancement was the predominant en-
hancement pattern (44.3%), followed by 
rim enhancement (22.9%). High conspicuity 
on recombined images was observed in 31 
patients (44.3%). Associated findings includ-
ed axillary lymphadenopathy in 33 patients 
(47.1%), skin thickening in 23 (32.9%), nipple 
retraction in 20 (28.6%), skin retraction in 11 
(15.7%), and fistula formation in 12 (17.1%). 
Persistent enhancement was the most com-
mon pattern, occurring in 48 patients (68.6%) 
(Table 1).

Fistula formation was observed in 4 of 16 
patients (25.0%) with rim enhancement and 
in 8 of 54 patients (14.8%) without rim en-
hancement. Although fistulas were numeri-
cally more frequent among lesions demon-
strating rim enhancement, the association 
did not reach statistical significance (Fisher’s 
exact test, P = 0.45). Lesion size did not dif-
fer significantly between patients with and 
without fistula formation. The median lesion 
size was 48.0 mm (IQR: 39.5–62.5 mm) in the 
fistula group and 60.0 mm (IQR: 37.0–76.5 
mm) in the non-fistula group (P = 0.651).

Figure 1. Flowchart of the study.
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Patients with isolated mass lesions (n 
= 21) and isolated NME (n = 39) were com-
pared (Table 2). Isolated NME lesions were 
significantly larger than isolated mass lesions 
(median size, 70 mm vs. 50 mm; P = 0.017) 
and were more frequently associated with 
skin thickening (46.2% vs. 9.5%; P = 0.004). 
No significant differences were observed 
regarding age, BPE, conspicuity, low-energy 
image visibility, temporal enhancement pat-
tern, or other associated imaging findings (all 
P > 0.05).

The frequencies of individual malignan-
cy-mimicking imaging findings are summa-
rized in Table 3. Moderate or high conspicu-
ity on recombined images (62.9%), axillary 
lymphadenopathy (47.1%), and heterogene-
ous enhancement (44.3%) were the most fre-
quently encountered malignancy-mimicking 
features. The mean MMFS was 3.41 ± 1.66, 
with a median score of 3 (IQR: 2–5; range: 
1–8). All patients demonstrated at least one 
malignancy-mimicking imaging feature. 
Sixty-three patients (90.0%) exhibited two 
or more features, and 46 (65.7%) exhibited 
three or more features. The most frequent 
MMFS values were 2 and 3, each observed in 
17 patients (24.3%), followed by a score of 5 
in 12 patients (17.1%). Four patients (5.7%) 
had MMFS values of ≥ 7 (Table 4).

Discussion
The present study demonstrates that IGM 

exhibits a heterogeneous spectrum of CEM 
appearances, with multiple imaging fea-
tures conventionally associated with breast 
malignancy frequently coexisting within 
the same lesion.12,13 NME emerged as the 
predominant imaging phenotype and was 
associated with larger lesion size and more 
frequent skin thickening than isolated mass 
lesions, suggesting a more extensive pattern 
of inflammatory involvement. Another no-
table finding was the discrepancy between 
lesion visibility on low-energy images and 
contrast enhancement on recombined im-
ages. Although approximately one-third 
of lesions showed none or low visibility on 
low-energy images, all lesions demonstrated 
enhancement on recombined images. This 
finding is particularly relevant given that pre-
vious studies have reported normal or subtle 
mammographic findings in a subset of pa-
tients with IGM.14 Finally, the frequent coex-
istence of malignancy-mimicking features, 
reflected by their cumulative burden in the 
MMFS, further illustrates the substantial im-
aging overlap between IGM and breast ma-
lignancy. Collectively, these findings expand 
the limited literature on the CEM appearance 

Figure 3. A 51-year-old woman with idiopathic granulomatous mastitis. (a) Low-energy image demonstrates 
increased opacity in the upper breast (arrow), associated with skin thickening and skin retraction (curved 
arrow), nipple retraction (dashed arrow), and axillary lymphadenopathy (asterisk). (b) The corresponding 
recombined image demonstrates high-conspicuity, segmental, heterogeneous non-mass enhancement in 
the upper breast (arrow).

Figure 2. A 38-year-old woman with idiopathic granulomatous mastitis. (a) Low-energy image demonstrates 
diffuse increased breast opacity (arrow). (b) The corresponding recombined image demonstrates diffuse, 
high-conspicuity heterogeneous non-mass enhancement involving the breast (arrow).
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of IGM and provide a framework for inter-
preting its heterogeneous and potentially 
misleading imaging manifestations.

Previous studies have shown that IGM 
commonly manifests as focal asymmetry 
on mammography, irregular hypoechoic 
masses with increased vascularity and flu-
id collections on ultrasound, and irregular 
enhancing lesions with associated NME on 
MRI.14-16 MRI studies have demonstrated that 
IGM may present as either mass lesions, NME, 
or a combination of both.17,18 NME was the 
predominant imaging presentation in this 
cohort, with segmental distribution being 
the most frequent pattern consistent with 
previous MRI studies.17,19-21 Because segmen-
tal enhancement on CEM is generally con-
sidered a suspicious feature associated with 
breast carcinoma,22 its presence in IGM may 
further contribute to the malignancy-mim-
icking appearance of the disease. Consistent 
with previous studies, most mass lesions in 
this cohort exhibited circumscribed margins 
despite their suspicious enhancement char-
acteristics.17

In the present study, isolated NME lesions 
were significantly larger and more frequent-
ly associated with skin thickening than iso-
lated mass lesions. These findings suggest 
that different imaging phenotypes of IGM 
may reflect distinct patterns of inflamma-
tory involvement on CEM. The larger size of 
isolated NME lesions is not unexpected, as 
NME often represents diffuse inflammatory 
infiltration along the ductal-lobular system 
and surrounding parenchyma rather than a 
localized inflammatory focus. Similarly, the 
significantly higher prevalence of skin thick-
ening in the NME group may indicate more 
extensive inflammatory involvement beyond 
the primary lesion, resulting in secondary 
skin involvement. Although differences in 
fistula formation, nipple retraction, and skin 
retraction did not reach statistical signifi-
cance, these findings were also numerically 
more common in the NME group.

In contrast, plateau or washout temporal 
enhancement patterns were more frequent 
in isolated mass lesions than in isolated NME 
lesions (52.4% vs. 25.7%); however, the over-
all distribution of temporal enhancement 
patterns did not differ significantly between 
the groups (P = 0.100). Although this finding 
should be interpreted cautiously, the rela-
tively higher frequency of plateau or wash-
out patterns in mass lesions may contribute 
to the malignancy-mimicking appearance of 
focal IGM on CEM. Nevertheless, conspicuity, 
BPE, and other associated imaging findings 

Figure 4. A 44-year-old woman with idiopathic granulomatous mastitis. (a) Low-energy image demonstrates 
increased retroareolar opacity (arrow) associated with skin thickening and nipple retraction (curved arrow). 
(b) The corresponding recombined image demonstrates an irregular mass with indistinct margins and high-
conspicuity, heterogeneous enhancement, with associated focal non-mass enhancement in the retroareolar 
region (arrow).

Figure 5. A 65-year-old woman with idiopathic granulomatous mastitis. (a) Low-energy image demonstrates 
a retroareolar opacity (arrow) with mild nipple retraction (dashed arrow). (b) The corresponding recombined 
image demonstrates a high-conspicuity round mass with rim enhancement (arrow). Enhancement extends 
from the mass toward the nipple as a contiguous non-mass enhancement component (curved arrow).
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were largely comparable between the two 
groups, underscoring the substantial overlap 
in CEM appearances across different mani-
festations of IGM.

As in previous studies, temporal enhance-
ment patterns demonstrate considerable 
variability, further supporting the notion that 
IGM may mimic breast malignancy not only 
morphologically but also functionally.14,15 
MRI studies have consistently demonstrat-
ed a high prevalence of plateau and wash-
out enhancement patterns in patients with 
IGM.17,23 This proportion was only 31.4% in 
our CEM cohort. This discrepancy may reflect 
inherent differences between MRI and CEM 
in the assessment of contrast enhancement 
kinetics, as CEM provides a simplified eval-
uation based on limited early and delayed 
acquisitions rather than continuous dynam-
ic imaging. Therefore, direct comparisons 
between temporal enhancement patterns 
observed on CEM and kinetic patterns de-
rived from dynamic contrast-enhanced MRI 
should be interpreted cautiously.

Several imaging features on CEM have 
been associated with breast malignancy, in-
cluding linear or segmental NME, clumped 
enhancement, moderate or high enhance-
ment conspicuity, nipple retraction, skin in-
volvement, axillary lymphadenopathy, irreg-
ular mass shape, and indistinct or spiculated 
margins.24-27 These descriptors were there-
fore incorporated into the exploratory MMFS 
evaluated in the present study. Abscess and 
fistula formation have been reported as im-
aging findings that may favor the diagnosis 
of IGM over invasive breast carcinoma.19 Nev-
ertheless, on CEM, rim enhancement alone 
may not reliably distinguish inflammatory 
abscesses from necrotic malignancies, as 
both entities may exhibit this enhancement 
pattern. Accordingly, rim enhancement 
was considered a malignancy-mimicking 
imaging feature in the MMFS. Plateau and 
washout temporal enhancement were also 
included in the MMFS based on evidence 
from previous MRI and CEM studies demon-
strating their association with breast malig-
nancy.28-31

One of the most notable findings of this 
study was the high cumulative burden of 
malignancy-mimicking imaging features 
among patients with IGM. Although individ-
ual suspicious findings have previously been 
described in IGM, our results demonstrate 
that these features frequently coexist within 
the same lesion. All patients exhibited at least 
one malignancy-mimicking imaging feature, 
90% demonstrated two or more features, and 

Figure 6. A 45-year-old woman with idiopathic granulomatous mastitis. (a) Low-energy image demonstrates 
a retroareolar opacity (arrow). (b) The corresponding recombined image demonstrates an oval, high-
conspicuity mass with rim enhancement (arrow). Axillary lymphadenopathy with cortical thickening is also 
visible (asterisk).

Table 1. Patient characteristics and contrast-enhanced mammography findings of 
idiopathic granulomatous mastitis (n = 70)

Characteristic Value

Age (years) 41.7 ± 8.7

Lesion size (mm) 57.3 ± 26.8

Final Breast Imaging Reporting and Data System category from the original clinical reports*

4A 52 (74.3)

4B 5 (7.1)

4C 11 (15.7)

5 2 (2.9)

Background parenchymal enhancement

Minimal 48 (68.5)

Moderate 16 (22.9)

Marked 6 (8.6)

Lesion type

Mass 21 (30)

NME 39 (55.7)

Mass + NME 10 (14.3)

Mass shape (n = 31)

Oval 9 (29.0)

Round 5 (16.1)

Lobulated 10 (32.3)

Irregular 7 (22.6)

Mass margin (n = 31)

Circumscribed 23 (74.2)

Indistinct 5 (16.1)
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nearly two-thirds exhibited at least three fea-
tures. Furthermore, 40% of patients showed 
four or more suspicious imaging character-
istics. These findings illustrate the substan-
tial overlap between the CEM appearance 
of IGM and imaging features conventionally 
associated with breast malignancy. The fre-
quent occurrence of enhancement-related 
suspicious findings in our cohort is also bi-
ologically plausible. Granulomatous inflam-
mation is characterized by increased vascu-
lar permeability, inflammatory hyperemia, 
and disruption of normal tissue architecture, 

all of which may contribute to contrast en-
hancement patterns that resemble those 
of malignant tumors. However, the present 
study did not include a malignant control 
group and therefore cannot determine the 
discriminatory value of these enhancement 
characteristics or of the MMFS. Rather than 
representing an isolated imaging pitfall, IGM 
appears to constitute a constellation of over-
lapping suspicious imaging findings, collec-
tively contributing to its well-recognized ten-
dency to mimic breast cancer on CEM. 

This study has several limitations. First, its 
retrospective, single-center design may limit 
the generalizability of the findings. Second, 
although this represents one of the largest 
reported cohorts of histopathologically con-
firmed IGM evaluated with CEM, the sam-
ple size remains relatively limited because 
of the rarity of the disease. Third, image in-
terpretation was performed by consensus 
rather than independently; therefore, inter-
observer agreement for individual CEM fea-
tures and the MMFS could not be assessed. 
Future studies incorporating independent 
reader assessments are needed to estab-
lish the reproducibility of these findings 
across observers. Fourth, the requirement 
for histopathological confirmation may have 
introduced selection bias toward more sus-
picious lesions, as patients with clinically or 
radiologically typical benign inflammatory 
findings are less likely to undergo biopsy. 
Consequently, the high prevalence and cu-
mulative burden of malignancy-mimicking 
features observed in our cohort may not 
fully represent the broader spectrum of IGM, 
and the MMFS distribution should therefore 
be interpreted within the context of this se-
lected population. Fifth, the absence of a 
histopathologically confirmed malignant 
control group precluded assessment of the 
discriminatory performance of individual 
CEM features or the MMFS in differentiating 
IGM from breast malignancy. Sixth, although 
lesion size was assessed by measuring the 
maximum lesion dimension on recombined 
images, the extent of enhancement rela-
tive to the corresponding abnormality on 
low-energy images was not systematically 
recorded. Finally, temporal enhancement 
patterns on CEM were derived from early 
and delayed acquisitions rather than contin-
uous dynamic imaging and therefore should 
not be considered directly comparable with 
kinetic assessments obtained with dynamic 
contrast-enhanced MRI.

Taken together, these findings demon-
strate that IGM may exhibit multiple malig-
nancy-mimicking features on CEM, often co-
existing within the same lesion. Awareness of 
this spectrum may facilitate the appropriate 
interpretation of suspicious CEM findings 
in the clinical context. The MMFS should be 
regarded as an exploratory descriptive meas-
ure of the cumulative burden of malignan-
cy-mimicking features rather than a diagnos-
tic or discriminatory tool. Future prospective, 
multicenter studies incorporating histo-
pathologically confirmed malignant control 

Table 1. Continued

Characteristic Value

Spiculated 3 (9.7)

NME distribution (n = 39)

Focal 3 (7.7)

Linear 1 (2.6)

Segmental 17 (43.6)

Regional 11 (28.2)

Diffuse 7 (17.9)

Internal enhancement pattern

Homogeneous 18 (25.7)

Heterogeneous 31 (44.3)

Clumped 5 (7.1)

Rim 16 (22.9)

Conspicuity on recombined images

Low 26 (37.1)

Moderate 13 (18.6)

High 31 (44.3)

Visibility on low-energy images

None/low 24 (34.3)

Moderate 10 (14.3)

High 36 (51.4)

Temporal enhancement pattern

Persistent 48 (68.6)

Plateau 19 (27.1)

Washout 3 (4.3)

Associated findings

Axillary lymphadenopathy 33 (47.1)

Skin thickening 23 (32.9)

Nipple retraction 20 (28.6)

Fistula formation 12 (17.1)

Skin retraction 11 (15.7)

Data are presented as mean ± standard deviation or n (%), as appropriate. 
Mass-specific morphological features were evaluated in all lesions containing a mass component (n = 31). Non-mass 
enhancement distribution was evaluated in patients with isolated non-mass enhancement (NME) (n = 39). 
*The Breast Imaging Reporting and Data System (BI-RADS) categories represent the final clinical assessment 
extracted from the original clinical reports and were based on the combined evaluation of contrast-enhanced 
mammography (CEM) and ultrasonography findings; they were not retrospectively assigned on the basis of CEM 
alone and should not be interpreted as CEM-specific BI-RADS assessments. 
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Table 2. Comparison of patients with isolated mass lesions and isolated non-mass enhancement 

Variable Isolated mass (n = 21) Isolated NME (n = 39) P value

Age, years 41 (37–50) 41 (36.5–48.5) 0.901

Lesion size, mm 50 (30–70) 70 (40–87.5) 0.017

Moderate/marked background parenchymal enhancement 6 (28.6%) 13 (33.3%) 0.778

Low conspicuity on recombined images 8 (38.1%) 15 (38.5%)

Moderate conspicuity on recombined images 2 (9.5%) 5 (12.8%)

High conspicuity on recombined images 11 (52.4%) 19 (48.7%) 0.921*

None/low visibility on low-energy images 5 (23.8%) 16 (41.0%)

Moderate visibility on low-energy images 2 (9.5%) 7 (17.9%)

High visibility on low-energy images 14 (66.7%) 16 (41.0%) 0.166*

Persistent enhancement 10 (47.6%) 29 (74.4%)

Plateau enhancement 9 (42.9%) 9 (23.1%)

Washout enhancement 2 (9.5%) 1 (2.6%) 0.100*

Axillary lymphadenopathy 11 (52.4%) 17 (43.6%) 0.593

Skin thickening 2 (9.5%) 18 (46.2%) 0.004

Nipple retraction 4 (19.0%) 13 (33.3%) 0.369

Skin retraction 2 (9.5%) 8 (20.5%) 0.470

Fistula formation 1 (4.8%) 8 (20.5%) 0.142

Data are presented as median (interquartile range) or n (%). Statistically significant P values  are shown in bold. Patients demonstrating both a mass lesion and non-mass 
enhancement (n = 10) were excluded from this subgroup analysis to allow comparison of mutually exclusive imaging phenotypes. *P values calculated for the overall distribution 
of the corresponding categorical variable. NME, non-mass enhancement.

Table 3. Frequency of malignancy-mimicking imaging findings (n = 70)

Imaging feature n (%)

Moderate or high conspicuity on recombined images 44 (62.9)

Plateau or washout temporal enhancement pattern 22 (31.4)

Irregular mass shape 7 (10.0)

Indistinct or spiculated mass margin 8 (11.4)

Heterogeneous enhancement 31 (44.3)

Rim enhancement 16 (22.9)

Segmental or linear non-mass enhancement distribution 18 (25.7)

Clumped enhancement 5 (7.1)

Skin thickening 23 (32.9)

Skin retraction 11 (15.7)

Nipple retraction 20 (28.6)

Axillary lymphadenopathy 33 (47.1)

Data are presented as n (%), calculated for the entire study cohort (n = 70).

Table 4. Cumulative distribution of the malignancy-mimicking feature score

Cumulative MMFS level Patients, n (%)

≥ 1 feature 70 (100.0)

≥ 2 features 63 (90.0)

≥ 3 features 46 (65.7)

≥ 4 features 28 (40)

≥ 5 features 19 (27.1)

≥ 6 features 7 (10.0)

≥ 7 features 4 (5.7)

≥ 8 features 1 (1.4)

The MMFS represents an exploratory descriptive measure of the cumulative burden of malignancy-mimicking contrast-enhanced mammography features and is not intended to 
represent a diagnostic or discriminatory scoring system. MMFS, malignancy-mimicking feature score.
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groups are needed to determine whether 
individual CEM features or their cumulative 
burden can contribute to the differentiation 
of IGM from breast malignancy.

Footnotes
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