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PURPOSE

This study aimed to evaluate the diagnostic performance of breast magnetic resonance imaging
(MRI) in predicting extracapsular extension (ECE) and axillary nodal status in the axillary metastatic
lymph nodes of patients with breast cancer.

METHODS

The preoperative MRI scans of 92 patients with breast cancer and axillary metastases who did not
receive neoadjuvant treatment between January 2018 and January 2024 were retrospectively ex-
amined. The presence of an increased signal in the axillary fatty tissue surrounding the lymph node
(flare sign) on T2-weighted images, irregular nodal contour (shaggy margin), axillary asymmetry
(difference in the number and size of lymph nodes compared with the unaffected axilla), loss of the
fatty hilum in the most suspicious lymph node, and morphological features on T1-weighted images
were assessed. Each dissected axillary lymph node was examined for ECE, and the histopathological
results were recorded.

RESULTS

Axillary flare sign was significantly associated with the presence of ECE (P < 0.001), number of lymph
nodes with ECE (P < 0.001), the presence of >4 axillary metastatic lymph nodes (P < 0.001), size of
the primary tumor (P = 0.033), lymphovascular invasion in the primary tumor (P < 0.001), and pres-
ence of perineural invasion (P = 0.001). The flare sign exhibited 65.7% sensitivity, 96% specificity,
97.8% positive predictive value, 51.1% negative predictive value, and 73.9% accuracy in predicting
ECE. Additionally, the receiver operating characteristic curve analysis revealed an area under the
curve of 0.808 (95% confidence interval: 0.719-0.898).

CONCLUSION
The flare sign has high performance in predicting ECE and axillary nodal status and is associated
with primary tumor aggressiveness, indicating its potential utility in preoperative evaluation.

CLINICAL SIGNIFICANCE
The flare sign on breast MRI may play a crucial role in preoperative planning, surgical decision-mak-
ing, and axillary status assessment by accurately predicting ECE.

KEYWORDS
Axilla, breast neoplasms, extranodal extension, lymphadenopathy, lymph node, magnetic reso-
nance imaging

he clinical evaluation of patients with breast cancer involves determining the presence
of axillary node metastases as a prognostic indicator, in addition to tumor size." Assessing
the axilla using radiology is essential for managing breast cancer, as it provides crucial

insights into locoregional staging for surgical procedures. The Breast Imaging Reporting and

You may cite this article as: Ozgiir C, Sunal BS, Hereklioglu S, Oznur M, Ozkan Giirdal S. Diagnostic value of the flare sign in predicting extracapsular
extension in metastatic axillary lymph nodes and nodal status on breast magnetic resonance imaging. Diagn Interv Radiol. 2025;31(4):333-339.

333


https://orcid.org/0000-0001-8163-9815
https://orcid.org/0000-0002-3540-3737
https://orcid.org/0000-0002-5467-046X
https://orcid.org/0000-0002-6396-3168
https://orcid.org/0000-0001-5649-6699

Data System lexicon for preoperative breast
magnetic resonance imaging (MRI) assess-
ment evaluates axillary lymph nodes within
the field of view as“associated features,” even
though ultrasound remains essential for de-
termining axillary status.? Extracapsular ex-
tension (ECE) occurs when malignant cells
invade the surrounding tissue by breaching
the capsule of a lymph node.? There is still a
lack of understanding regarding the specific
biological mechanisms responsible for ECE.
Increased vessel permeability, inflammation
around the lymph nodes, and the obstruc-
tion of lymphatic channels may indicate that
the tumor is aggressive in lymph nodes and
lymphatic vessels.* Unlike the previous tu-
mor-node-metastasis classification, the cur-
rent classification excludes the evaluation of
ECE.The most recent reporting protocol from
the College of American Pathologists recom-
mends documenting the presence of ECE in
metastatic axillary lymph nodes.® Yang et al.6
linked the presence of ECE in sentinel lymph
nodes (SLNs) to advanced tumor stage, pro-
gesterone receptor (PR) status, lymphovas-
cular invasion, increased metastasis rates
in non-SLNs, nodal burden, the number of
affected non-SLNs, and the total number of
positive lymph nodes. Patients with ECE ex-
hibit a significantly higher incidence of pN2
disease. In SLNs, ECE significantly decreases
disease-free and overall survival® Further-
more, ECE in metastatic SLNs is a strong in-
dicator of residual axillary disease.”® Based
on these results, it may be more beneficial to
forgo SLN biopsy and opt for axillary lymph
node dissection (ALND) if ECE is detected.

An irregular shape, unclear margins, and
infiltration into nearby tissues observed on

* The flare sign is characterized by in-
creased signal intensity surrounding the
lymph nodes observed on fat-suppressed
T2-weighted images.

* Breast magnetic resonance imaging, par-
ticularly when assessing the presence of
the flare sign, demonstrated a sensitivity of
65.7%, specificity of 96%, positive predictive
value of 97.8%, negative predictive value of
51.1%, and accuracy of 73.9% in detecting
extracapsular extension during preopera-
tive evaluation.

* The presence of the axillary flare sign was
associated with several factors indicating
the aggressiveness of the primary tumor,
including the presence of >4 axillary met-
astatic lymph nodes (P < 0.001), larger pri-
mary tumor size (P = 0.033), lymphovascular
invasion in the primary tumor (P < 0.001),
and perineural invasion (P = 0.001).

sonography are indicative of ECE. Only a few
studies have reported MRI findings, defined
as increased T2 signal intensity surrounding
the lymph nodes.** Researchers have also
used these findings to predict lymph node
malignancy.’® Baltzer et al.”® proposed the
term ‘perifocal edema’ to describe this find-
ing, and researchers have reported that it
has a sensitivity of 29.4% and a specificity of
100% in accurately discriminating between
malignant and benign lymph nodes.

Given the challenges of directly detecting
metastatic spread beyond the lymph node
capsule with current imaging techniques,
this study aimed to determine the utility of
breast MRI in correlating changes in fat sig-
nals around the axillary lymph nodes with
ECE.

Methods

Patients

This retrospective study was approved
by the Non-Interventional Clinical Research
Ethics Committee of Tekirdag Namik Kemal
University (protocol number: 2024.36.02.20,
date: 27.02.2024). The requirement for in-
formed consent was waived because of the
retrospective nature of the study. The study
initially included 352 patients with patho-
logically confirmed axillary metastases from
breast cancer who underwent axillary dis-
section (SLN biopsy and/or ALND) between
January 2018 and January 2024. Patients
without a preoperative MRI examination (n
= 52), those with low image resolution or
artifacts (n = 30), and those receiving neo-
adjuvant chemotherapy (NAC) or hormone
therapy (n = 178) were excluded. A total of
92 women who underwent breast MRI with-
in 3 months preoperatively were included in
the study (Figure 1).

Breast cancer patients with axillary
metastasis between January
2018 and January 2024 (n=352)

92 cases were included
in the study.

Patients with Patients without

(n=67) (n=25)

The evaluation of cases also considered
age; postoperative tumor and node stages;
maximum tumor size; tumor histology; hor-
mone status; Ki67 index; human epidermal
growth factor receptor 2 (HER2) positivity;
lymphovascular invasion in the primary tu-
mor; the presence of perineural invasion; the
number of total, metastatic, and non-meta-
static lymph nodes detected in the axilla;
and the number of metastatic lymph nodes
with ECE.

Histopathological assessment

A pathologist with 16 years of experi-
ence in breast pathology conducted the
histopathological evaluation of the sur-
gical specimens. The tumor, histological,
and molecular subtypes were determined.
Hormone (estrogen and progesterone)
receptor status, HER2 status, histology
(modified Richardson-Bloom score), and
nuclear grade were recorded. Patients with
estrogen receptor and PR levels >1% were
considered positive for hormone receptors.
In cases where the HER2 receptor level was
+2 (equivocal), the receptor level was veri-
fied using fluorescence in situ hybridization
analysis. Cases in which both receptors
were detected as level 0 and +1 were con-
sidered negative, and cases in which level
+3 was detected were considered positive.
The tumor and node stages were evaluated
according to the 8" edition of the American
Joint Committee on Cancer staging manu-
al."

In addition, SLNs were identified using
1% isosulfan blue dye solution on biopsies
of dye-retaining nodes. During surgery, im-
print cytology and the sequential sectioning
of SLNs were performed. Tissue blocks were
examined for metastatic cells, and positive
cases underwent additional ALND. The final
diagnosis was determined using paraffin-em-

Excluded patients from the study (n=260)
Neoadjuvant chemotheraphy (n=178)
Patients without a preoperative MRI examination (n=52)
Poor MRI quality (n=30)

Figure 1. Study participant flow diagram. MRI, magnetic resonance imaging.
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bedded tissues stained with hematoxylin
and eosin, and metastasis was classified as
isolated tumor cells, micrometastasis, and
macrometastasis.® Patients with macrome-
tastases in paraffin sections but negative im-
print cytology underwent further ALND. His-
topathology helped estimate the number of
excised benign and metastatic lymph nodes.
ECE was defined as positive if a metastatic
tumor had spread to the extranodal fat, with
or without a desmoplastic stromal response
(Figure 2).° The number of metastatic lymph
nodes on ECE was also recorded. The length
of the ECE, presence of extranodal blood
vessel tumor emboli, and extranodal tumor
deposits in the metastatic lymph nodes were
not evaluated.

Magnetic resonance examination and im-
age acquisition

MRI examinations were performed in
the prone position using a 1.5T MRI device
(Ingenia; Philips Healthcare, Amsterdam,
Netherlands) with a seven-channel dedi-
cated breast coil. The MRI protocol was as
follows: axial T2-weighted fat-suppressed
sequence [repetition time (TR): 4,317 ms,
echo time (TE): 70 ms, slice thickness 3.5 mm,
matrix 300 x 258] and T1-weighted turbo
spin echo sequence (TR: 490 ms; TE: 8 ms;
slice thickness 3.5 mm, matrix 300 x 364); for
contrast-enhanced MRI, the gadobutrol dose
was 0.1 mmol/kg, and images were obtained
six times after saline was injected at a rate
of 20 mL/s and then at 2 mL/s. The first im-
aging was performed 60 s after the contrast
injection. Post-contrast sagittal reformatted
images were obtained. Images were evaluat-
ed using a Picture Archiving Communication
System (ISD7, Sectra, Linkdping, Sweden).
The presence of an increased signal in the
axillary fatty tissue surrounding the lymph
node (flare sign) on the T2-weighted imag-
es, irregular nodal contour (shaggy margin),
axillary asymmetry (diagnosed when lymph
nodes in the affected axilla differed in num-
ber or size compared with the opposite side),
loss of the fatty hilum in the most suspicious
lymph node, and morphological features
(long- and short-axis diameters) were exam-
ined on T1-weighted images (Figure 3). Two
radiologists with 7- and 6-years’ experience
in breast radiology retrospectively evaluated
the results. The radiologists were blinded to
patients’ ECE status. Images were reassessed,
and a consensus was obtained if the results
varied. In case of discrepancies, the two ra-
diologists reached a final decision through
discussion.

Statistical analysis

Descriptive analysis was used to deter-
mine the frequency and distribution of pa-
tient age; postoperative tumor and node
stages; maximum tumor size; tumor histolo-
gy; hormone status; Ki67 index; Cerb2 posi-
tivity; lymphovascular invasion in the prima-
ry tumor; presence of perineural invasion;
number of total, metastatic, and non-meta-
static lymph nodes detected in the axilla; and
number of metastatic lymph nodes with ECE.

Data analysis was performed using the
Statistical Package for Social Sciences (v.25.0,
IBM, Armonk, NY, USA). The suitability of
continuous variables for a normal distribu-
tion was examined using the Shapiro-Wilk
test. Receiver operating characteristic (ROC)

curve analysis was performed for parameters
that had a significant effect on ECE, and re-
sults are presented as area under the curve
(AUQ), sensitivity and specificity, and 95%
confidence intervals (Cls). Sensitivity and
specificity were calculated using the Youd-
en index. A logistic regression analysis was
performed to determine the effects of vari-
ous parameters on ECE. Pearson’s chi-square
test, Fisher’s exact test, the Fisher-Freeman-
Halton exact test, and Yates correction were
used to analyze independent categorical
variables. The Mann-Whitney U test was
used in two independent group analyses
because the data did not exhibit a normal
distribution. The statistical significance level
was accepted at 0.05.

Figure 2. Photomicrograph of a lymph node revealing metastatic cells spreading into extranodal fat (arrows).

Figure 3. Axial fat-suppressed T2-weighted magnetic resonance image of the axilla in a 65-year-old female
patient with invasive ductal carcinoma revealing an increased signal around the metastatic lymph nodes
(flare sign) (arrows). Extracapsular extension was detected in five out of eight metastatic lymph nodes as a

result of axillary lymph node dissection.
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Results

Patient, clinical, and histopathological data

The average age of the 92 women was
55.9 (range: 32-75) years. The most common
histological subtype was invasive ductal car-
cinoma (68.5%). Of the 92 patients, 67 exhib-
ited ECE, whereas the remaining 25 did not
exhibit any signs of ECE. The clinical and his-
topathological data are presented in Table 1.

The mean interval between MRI and sur-
gery was 48 days, with a range of 4-92 days
(£25.5 days). Overall, 35 patients (38%) un-
derwent SLN biopsy, 24 (26.1%) underwent
both SLN biopsy and ALND, and 33 (35.9%)
underwent ALND. The median number of
harvested SLNs was 9 (range: 3-25). Table 2
summarizes the axillary lymph node data.

Statistical analysis

The flare sign, shaggy margin, and pres-
ence of at least one of these (flare sign or
shaggy margin) were identified as distin-
guishing variables for ECE in the ROC analy-
sis. The flare sign had an AUC of 0.808 (95%
Cl: 0.719-0.898; P < 0.001); shaggy margin,
0.731 (95% Cl: 0.623-0.840; P < 0.001); and
presence of at least one of these findings,
0.823 (95% Cl: 0.723-0.923; P < 0.001). The
sensitivity of the flare sign was 65.7%, with
a specificity of 96.0%, whereas the sensitiv-
ity of the shaggy margin was 58.2%, with a
specificity of 88.0%. We calculated the sen-
sitivity and specificity for the presence of at
least one of the findings (flare sign or shaggy
margin) to be 80.6% and 84.0%, respectively
(Table 3).

Logistic regression analysis revealed that
the existence of a flare sign was associated
with an odds ratio (OR) of 45.913 for ECE,
whereas a shaggy margin was associated
with an OR of 10.214 (P < 0.001). The OR was
21.808 when there was either a flare sign or
a shaggy margin (P < 0.001). The presence of
flare signs and/or shaggy margins in cases
with ECE was much more frequent than in
cases without ECE (Supplementary Table 1).

Patients with flare signs had a greater
number of lymph nodes with ECE (P < 0.001)
and a larger maximal tumor diameter (P =
0.004) than those without flare signs. Pa-
tients exhibiting flare signs had increased
rates of lymphovascular invasion, perineural
invasion, and the presence of >4 metastatic
lymph nodes in the axilla. The presence of a
flair sign was not associated with the Ki67 in-
dex or histological grade (Table 4).

Discussion

Multiple studies have examined the
edema surrounding breast masses, while
research on the axilla remains limited. This
finding is associated with malignancy' and
is a key indicator of breast cancer aggressive-
ness, recurrence, and prognosis.’>'

Prediction of the presence of ECE has
been frequently studied in head and neck
malignancies in the radiology literature.
Kimura et al."” defined the characteristics
that they investigated for the existence of

ECE as flare sign and shaggy margin. Re-
searchers determined that the flare sign has
the following diagnostic performance met-
rics for detecting ECE: sensitivity, 77%; speci-
ficity, 93%; accuracy, 88%; positive predictive
value, 83%; and negative predictive value,
90%. We determined that some diagnostic
metrics, specifically the positive predictive
value, sensitivity, and specificity, were similar
in our study, despite focusing on completely
different anatomical locations.

The literature contains only a limited num-
ber of publications aimed at detecting ECE

Table 1. Clinical and histopathological features of the patients

Patients (n =92)

Median age (years) (range)
Median tumor size (mm) (range)
Receptor status
HR+/HER2-
HR+/HER2+
HR-/HER2+
HR-/HER2-
Histologic subtype
Ductal
Lobular/mixed
Other
Lymphovascular invasion
Absent
Present
Perineural invasion
Absent
Present
Necrosis
Absent
Present
Calcification
Absent
Present
Ki67 (%)
<14
=14
Clinical T stage
T1(<2cm)
T2 (>2-5cm)
T3 (>5cm)
T4
Tumor grade (Scarff-Bloom-Richardson)
1
2
3

55.9 (32-75)
28.6 (7-160)

77 (83.7%)
7 (7.6%)
3(3.3%)
5 (5.4%)

63 (68.5%)
15 (16.3%)
14 (15.2%)

39 (42.4%)
53 (57.6%)

34 (37%)
58 (63%)

79 (85.9%)
13 (14.1%)

62 (67.4%)
30 (32.6%)

7 (7.6%)
85 (92.4%)

40 (43.5%)
42 (45.7%)
8 (8.7%)
2 (2.2%)

4 (4.3%)
57 (62%)
20 (21.7%)

HER2, human epidermal growth factor receptor 2; HR, hormone receptor.
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using breast MRI. In a review by Gupta et al.’s,
perinodal edema was identified as a specific
ECE indicator. It manifests as a hyperechoic
halo surrounding the lymph nodes on ultra-
sound, blurring of the lymph node margins
on computed tomography, and areas of T2
hyperintensity in the perinodal fat on MRL.'®
However, these findings are not support-
ed by specific studies. In the study by Kim
et al.%, ECE was defined as “the presence of
strand-like or circumferential T2 high-signal
intensities surrounding the nodes.” A similar
methodology was used in the present study.
The study reported strong agreement in the
assessment of perinodal infiltration (k: 0.74;
95% Cl: 0.64-0.85), emphasizing that cases
with perinodal infiltration were associated
with sentinel node identification. However,
that study did not conduct a histopatholog-
ical examination of the axillary lymph nodes
in the presence of ECE, and it included pa-
tients with a history of NAC. The perinodal
infiltration area also has the potential to re-
spond to NAC. By contrast, our study did not
include patients who received NAC, and we
assessed the presence of ECE individually in
each dissected lymph node. The study by
Loiselle et al.", which involved small patient
groups, reported the sensitivity of the peak
enhancement level on MRI for detecting ECE
as 60% and specificity as 100%. However, this
study included only five patients with ECE.
Misselt et al.’® discovered on ultrasonogra-
phy that unclear margins, node matting, and
perinodal edema had high specificity (87%,
84%, and 75%, respectively) but low sensitiv-
ity (34%, 52%, and 64%, respectively) in de-
tecting ECE. In our study, we considered the
presence of perinodal edema to be equiv-
alent to a flare sign. Notably, MRI has com-
parable sensitivity but greater specificity.
When the presence of a shaggy margin was
evaluated alongside a flare sign, sensitivity
increased considerably, although this was
accompanied by a decrease in specificity.

Our findings suggest that the flare sign is
useful in nodal staging, as we found a signif-
icant association between its presence and
N2 or higher axillary involvement. These re-
sults are consistent with those of other stud-
ies that have reported the utility of breast
MRI in predicting advanced axillary involve-
ment."?' The American College of Surgeons
Oncology Group Z0011 study revealed that
ALND may not be necessary in early-stage
breast cancer with metastases detected in
one or two SLNs.”2 However, the study did
not establish specific exclusion criteria for
patients with ECE. Our findings indicate that
ECE may influence axillary management. The

high number of metastatic axillary lymph
nodes observed in patients with ECE may
support the consideration of ALND without

Table 2. Features of axillary lymph nodes

prior SLN biopsy. Supporting this, a study
involving 655 patients demonstrated that
ECE detected in SLNs was associated with

All patients Patients with Patients
(n=92) ECE without ECE
(n=67) (n=25)
Axillary surgery
Sentinel lymph node biopsy 35 17 18
Axillary lymph node dissection 33 27 6
Conversion to axillary lymph node dissection 24 23 1
Number of lymph nodes removed (median, 9(3-25) 10 (3-25) 5 (3-20)
range)
Number of positive lymph nodes removed
0 0 0 0
1-3 56 32 24
>4 36 35 1
N stage
NOi+ 1 0 1
N1mi 3 0 3
N1 (1-3) 54 34 20
N2 (4-9) 24 24 0
N3 (=10) 10 9 1
Number of examined lymph nodes (mean) 9.6 10.5 6.9
Number of metastatic lymph nodes (mean, range) 4.1 (1-22) 5(1-22) 1.6 (1-11)
ECE in metastatic lymph nodes
Number of patients 67 67 0
Number of lymph nodes (mean, range) 3.13(1-12) 0
Asymmetry 55/92 (63%) 46 9
Loss of fatty hilum 20/92 (21.7%) 16 4
Long-axis diameter (mm) (range) 18.3 (6-44) 18.7 (6-44) 17.3 (8-35)
Short-axis diameter (mm) (range) 9,9 (4-23) 10.4 (4-23) 8.4 (5-22)
Long/short axis ratio 1.9(1.1-3.8) 1.8 (1.1-3.3) 2.1(1.3-3.4)
Cortical thickness (mm) (range) 417(;/99_2; L 47(5?/16_7; L 36(;/92_56;3)
Cortical thickness type
Homogeneous 26/92 (28.2%) 17 9
Non-homogeneous 58/92 (63%) 44 14
Nodular 8/92 (8.7%) 6 2
Flare sign 45/92 (48.9%) 44/67 (65.7%) 1/25 (4%)
Shaggy margin 42/92 (45.7%) 39/67 (58.2%)  3/25(12%)

ECE, extracapsular extension.

Table 3. Receiver operating characteristic
significant effect on extracapsular extension

analysis results for parameters that have a

Variables AUC (95% Cl) P* Sensitivity  Specificity PPV~ NPV  Accuracy
(%) (%)

Flare sign 0.808 (0.719-0,898) <0.001  65.7 % 978 511 739

Shaggy margin  0.731(0.623-0.840)  0.001 58.2 88 929 44 663

Flare signand/or ) oo5 (793.0923) <0001 8056 84 931 618 815

shaggy margin

*Receiver operating characteristic analysis, AUC, area under the receiver operating characteristic curve; Cl, confidence

interval; PPV, positive predictive value; NPV, negative predictive value.
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Table 4. Relationship of the flare sign to various parameters

Variables B P* OR 95% Cl
Number of metastatic lymph nodes with ECE 1.019 <0.001 2771 1.746 4.399
Tumor size 0.037 0.033 1.038 1.003 1.074
Lymphovascular invasion 1.954 <0.001 7.059 2.752 18.108
Perineural invasion 1.514 0.001 4.545 1.796 11.501
Four or more metastatic lymph nodes 2.338 <0.001 10.357 3.777 28.398
Tumor ki67 index 1.034 0.232 2.812 0.517 15.307
Grade 0.057 0.897 1.059 0.448 25

*Logistic regression analysis; OR, odds ratio; Cl, confidence interval; ECE, extracapsular extension.

increased axillary nodal burden, disease re-
currence, and overall mortality.* Additional-
ly, we noted a significantly higher number of
non-SLN-positive metastatic axillary lymph
nodes in these cases. Another study involv-
ing 221 patients indicated that the presence
of ECE was directly proportional to the num-
ber of involved axillary lymph nodes and dis-
ease stage,* highlighting its potential impli-
cations in clinical decision-making.

Our study demonstrated that the flare
sign was significantly associated with peri-
neural and lymphovascular invasion in the
primary tumor. Reports suggest that peri-
neural and lymphovascular invasion play a
significant role in predicting survival out-
comes.?>* Therefore, the flare sign, which in-
dicates tumor aggressiveness, has the poten-
tial to serve as a prognostic biomarker.

This study has some limitations. Owing
to the prolonged interval between MRI and
surgery, the findings may change, potential-
ly affecting the results of the study. Further-
more, the length of ECE was not assessed in
our study. The length of the ECE may be valu-
able in certain cases in which false negativity
is reported. In their study of 11,730 patients,
Gooch et al.?’ identified ECE in 2.8% of cases.
The study revealed a higher rate of detection
of >4 metastatic lymph nodes in cases with
ECE measuring >2 mm than in cases with ECE
measuring <2 mm. Extranodal tumor blood
vessel embolisms (ENBTVE) and deposits can
occur concurrently or independently in the
axilla, but ENBTVE was not assessed during
pathological examinations conducted in
our study. Some cases in which the axillary
flare sign is observed may be attributed to
these factors. Further studies are required to
address this issue. We performed only SLN
surgery in some cases. The literature reports
a false negative rate of 8.3% for SLN biopsy,
and pathological sampling may not have in-
cluded all cases with possible ECE.?® Similarly,
the pathology specimens did not reveal any
extranodal tumor deposits. The increased

signal intensity in the axillary fatty tissue may
also be caused by isolated tumor deposits.
We excluded certain cases from the evalua-
tion due to MRI artifacts and inadequate ax-
illary inclusion in the field of view. This may
have also affected our results.

In conclusion, this study demonstrates
that the flare sign on breast MRI is a highly
valuable diagnostic marker for predicting
ECE and axillary nodal status in patients with
breast cancer. It exhibits high specificity and
positive predictive value. Furthermore, its as-
sociation with tumor aggressiveness, includ-
ing lymphovascular and perineural invasion,
highlights its prognostic value. Incorporat-
ing flare sign into preoperative assessment
shows promise in determining the status
of metastatic axillary lymph nodes. Further
studies with larger patient cohorts are war-
ranted to validate these findings.
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