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Purpose: To assess intra- and inter-reader agreement of the Node-RADS v1.0 score for axillary lymph node
evaluation in breast cancer (BC) patients undergoing preoperative breast MRI (bMRI), and to explore its patient-
level association with pathological nodal involvement. Contrast-enhanced CT was evaluated as a subgroup

Node-RADS .

Breast MRI exploratory analysis.

Computed tomography Methods: This retrospective study included 100 women with biopsy-proven BC who underwent preoperative
Reproducibility bMRI; 25 also underwent contrast-enhanced CT. Four readers (two expert breast radiologists and two junior

readers) independently assigned Node-RADS v1.0 scores to the most suspicious axillary lymph node on MRI (n =
100) and CT (n = 25). Thirty bMRI examinations were re-evaluated after a 3-week washout to assess intra-reader
agreement. Agreement was assessed using percent agreement and quadratic-weighted Cohen's k. Exploratory
patient-level diagnostic performance for pathological nodal involvement was evaluated using ROC analysis and
AUC values.

Results: Inter-reader agreement on bMRI was moderate among junior readers (x = 0.59; 95%CI: 0.39-0.79) and
almost perfect among expert readers (k = 0.98; 95%CI: 0.96-1.00). Intra-reader agreement ranged from sub-
stantial to almost perfect. Diagnostic performance on bMRI was moderate for most readers (AUC 0.62-0.64),
with higher AUC in one junior reader (AUC 0.79). In the clinically selected CT subgroup, AUC values ranged from
0.74 to 0.90. A Node-RADS threshold >2 showed the most balanced sensitivity-specificity trade-off in this cohort.
Conclusion: Node-RADS v1.0 showed good to excellent reproducibility for axillary lymph node assessment,
particularly among expert readers. Diagnostic performance was exploratory and variable, reflecting the patient-
level reference standard and the one-node-per-axilla approach. A Node-RADS threshold >2 may represent a
pragmatic exploratory cut-off for patient-level risk stratification.

1. Introduction

Breast cancer (BC) staging is based on the TNM classification system
developed by the American Joint Committee on Cancer (AJ CC),1 which
defines disease extent according to the size of the primary tumor (T),
regional lymph nodes involvement (N), and distant metastases (M).
Among these parameters, nodal status is a key prognostic factor and a
major determinant in therapeutic decision-making, particularly
regarding surgical planning and systemic treatment.

While axillary ultrasound (US) remains the first-line imaging mo-
dality for lymph node evaluation and biopsy guidance, breast MRI

(bMRI), used for locoregional staging, and computed tomography (CT),
typically employed in patients with advanced-stage BC, provide a more
standardized, operator-independent, and wide-field assessment of axil-
lary and internal mammary lymph nodes.” However, despite the routine
description of lymph node findings in bMRI and CT reports, interpre-
tation criteria have historically been heterogeneous and subjective.”>
To address this gap, the Node Reporting and Data System (Node-
RADS v1.0)® was introduced in 2021, proposing a structured 5-point
scale to estimate the likelihood of nodal malignancy on CT and bMRI.
The system is based on two descriptors, “size” and “configuration”,
whose combination yields a 5-point Node-RADS score, as shown in
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Fig. 1. The study design. NST: No Special Type; DCIS: Ductal Carcinoma In-situ; bMRI: breast Magnetic Resonance Imaging, CT: Computed tomography; SLNB:
sentinel lymph node biopsy; ALND: axillary lymph node dissection. Figure created using Canva.
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Fig. 2. Inclusion and exclusion criteria flow-chart. IDC-NST: Invasive Ductal Carcinoma — No Special Type; BC: breast cancer; DCIS: Ductal Carcinoma In-situ; bMRI:
breast MRI; CT: chemotherapy; RT: radiotherapy; nCT: number of patients who underwent computed tomography. Figure created with BioRender.com.
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Fig. 3. The Node Reporting and Data System (Node-RADS v1.0) Adapted from Elsholtz FHJ et al. Introducing the Node Reporting and Data System 1.0, 2021.

Figure created with BioRender.com.

Fig. 3. A score of 1 indicates a “very low probability,” and a score of 5
indicates a “very high probability” of nodal involvement by malignancy.
The aim is to improve reproducibility and reporting consistency across
imaging modalities and clinical scenarios both in primary staging and in
treatment response assessment.

More recently, the American College of Radiology (ACR) introduced
in the Sixth Edition of the Breast Imaging Reporting and Data System
(BI-RADS), released as the BI-RADS® v2025 Manual,” a dedicated sec-
tion for lymph node assessment across breast imaging modalities,
including bMRI. Node-RADS may provide a complementary categorical
framework to support standardized and reproducible nodal assessment
within existing bMRI reporting. In the preoperative bMRI setting, its
intended role is to support nodal risk stratification, rather than to serve
as a stand-alone diagnostic test for nodal metastasis.

Although Node-RADS v1.0 has potential applications in several
clinical settings,” its clinical validation in BC remains limited. To date,
only one study has specifically investigated Node-RADS on bMRI in BC
patients with a primary focus on inter-reader agreement among expert
readers.® Building on this preliminary evidence, our investigation
further evaluates reader agreement across different experience levels
and explores the applicability of Node-RADS to contrast-enhanced CT.

The primary aim of this study was to evaluate intra- and inter-reader
agreement in assigning Node-RADS v1.0 scores for axillary lymph node
assessment in BC patients undergoing preoperative bMRI for local
staging. Secondary aims were to assess inter-reader agreement for the
individual Node-RADS descriptors (size and configuration) and to
explore the patient-level association between Node-RADS and patho-
logical nodal involvement on bMRI and contrast-enhanced CT, when
available.

2. Materials and methods
The study was approved by the Institutional Review Board, and the
requirement for written informed consent was waived due to the

retrospective study design. The study workflow is summarized in Fig. 1.

2.1. Study population and reference standard

Consecutive patients with biopsy-proven invasive ductal carcinoma

of no special type (IDC-NST) or grade 3 ductal carcinoma in situ (DCIS)
who underwent preoperative bMRI at our university hospital between
October 1, 2022 and June 30, 2024 were retrospectively included. In-
dications for preoperative imaging followed the European Society of
Breast Cancer Specialists (EUSOMA) criteria’ or were based on clinical
assessment. At our institution, preoperative bMRI is not routinely per-
formed in all BC patients but is requested selectively after multidisci-
plinary or breast radiology evaluation, mainly in cases requiring more
accurate local staging or assessment of disease extent. Exclusion criteria
included prior neoadjuvant chemotherapy or radiotherapy, breast sur-
gery performed before bMRI, bMRI performed at another institution,
definitive treatment carried out at another center, or other reasons
leading to incomplete imaging or histopathological data, as detailed in
the study flowchart (Fig. 2). The final study cohort comprised 100
women. Among them, a subgroup of 25 patients also underwent
contrast-enhanced CT. CT was performed based on clinical indication,
mainly for suspected advanced disease or staging work-up according to
institutional practice. This subgroup was therefore clinically selected
and enriched for nodal involvement, and CT analyses were considered
exploratory rather than a head-to-head comparison with bMRI.

The reference standard consisted of histopathological assessment
obtained after sentinel lymph node biopsy (SLNB) or axillary lymph
node dissection (ALND). In patients with grade 3 DCIS, axillary surgery
was not routinely performed but was reserved for selected cases ac-
cording to multidisciplinary evaluation and institutional surgical path-
ways, including patients considered at risk of occult invasive disease or
undergoing mastectomy. Histopathological evaluation was performed
by one of three board-certified pathologists with 5-25 years of subspe-
cialty experience in breast pathology, in accordance with College of
American Pathologists guidelines.® Histopathological results were
available at the patient level and served as the reference for imaging-
based nodal assessment, reflecting routine clinical practice. Lymph
node involvement was defined by the presence of micrometastases
(0.2-2 mm) or macrometastases (>2 mm), whereas isolated tumor cells
(<0.29mm) were considered node-negative for the purposes of this
study.
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2.2. Breast MRI and CT technique

Breast MRI examinations were performed on one of two 1.5-T
scanners (MAGNETOM Aera or MAGNETOM Avanto; Siemens Health-
care, Erlangen, Germany) using a bilateral 16-channel breast coil, with
patients in the prone position. The standard bMRI protocol included
diffusion-weighted imaging (DWI), T2-weighted imaging, and non-fat-
suppressed T1-weighted dynamic contrast-enhanced (DCE) imaging,
with subtraction images reconstructed from pre- and post-contrast ac-
quisitions. Gadoteridol (ProHance; Bracco Imaging S.p.A., Milan, Italy)
was administered intravenously at a dose of 0.1 mmol/kg and an in-
jection rate of 2 mL/s, followed by a 20-mL saline flush. Post-contrast
T1-weighted acquisitions were obtained at 1, 3, 5, 7, and 9 min after
contrast administration, according to the institutional protocol (Sup-
plementary Table 1).

All CT examinations were performed using 64-row multidetector CT
scanners (Discovery CT750 HD or Optima CT660; GE Healthcare, Mil-
waukee, WI, USA), with patients in the supine position during full
inspiration. Images were acquired in the venous phase after intravenous
administration of iodinated contrast agent, either iomeprol (lomeron;
Bracco Imaging S.p.A., Milan, Italy) or iobitridol (Xenetix; Guerbet,
Villepinte, France), with an iodine concentration of 350-400 mg/mL,
according to the institutional protocol (Supplementary Table 2).

2.3. Image analysis

A study coordinator organized two independent reading sessions
separated by a 3-week washout interval and recorded, in a dedicated
worksheet, the axillary side for which histopathological reference data
were available.

Image analysis was performed independently by four radiologists
(R1-R4) with different levels of experience in breast imaging. Readers
R1 and R2 were classified as expert radiologists, defined as board-
certified radiologists meeting the criteria recommended by the Euro-
pean Society of Breast Cancer Specialists (EUSOMA) and the European
Cancer Concord (ECC) for international Breast Unit certification, 10 each
with 5 years of continuous clinical activity in breast imaging. Readers R3
and R4 were classified as junior readers (radiology residents), each with
2 years of experience in breast imaging and approximately 200 previ-
ously interpreted bMRI examinations. All readers were blinded to clin-
ical, histopathological, and follow-up information, except for knowledge
of the laterality of BC.

Image interpretation followed the Node-RADS v1.0 recommenda-
tions and was supported by a three-step flowchart and a concise
checklist summarizing the scoring criteria (Fig. 3). When multiple
lymph nodes were present in the same axilla, readers assessed the node
expected to receive the highest Node-RADS v1.0 category after com-
bined evaluation of size and configuration. In case of equivalent suspi-
cion, the node with the most suspicious configuration was selected; if
still equivalent, the largest node was selected. Diagnostic performance
analyses compared this single-node imaging assessment with patient-
level pathological nodal status and were therefore considered explor-
atory. During the first reading session, each reader assigned a Node-
RADS score to the most suspicious lymph node on all bMRI examina-
tions (n = 100) and, when available, on contrast-enhanced CT exami-
nations (n = 25). In the second reading session, each reader re-evaluated
30 of the 100 bMRI examinations, randomly selected by the study
coordinator using Randomizer.org, to assess intra-reader agreement.

All bMRI and CT examinations were reviewed on a dedicated picture
archiving and communication system (PACS) workstation (Suitestensa;
Ebit Srl, an Esaote Group company, Genoa, Italy).

2.4. Data analysis

Continuous variables are reported as mean + standard deviation or
median and interquartile range (IQR), as appropriate, after assessment
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Table 1
The main histological and surgical characteristics of the 100 women included in
the study.

Features N (%; 95% CI)

Histological type IDC-NST G1 9/100 (9; 3-15)
IDC-NST G2 61/100 (61; 51-71)
IDC-NST G3 11/100 (11; 4-17)
DCIS G3 19/100 (19; 11-27)

Breast surgical treatment Mastectomy 24/100 (24; 16-32)
Quadrantectomy 76/100 (76; 68-84)

Axillary surgical treatment ALND 19/100 (19; 11-27)
SLNB 81/100 (81; 73-89)

of normality using the Kolmogorov-Smirnov test. Categorical variables
are presented as counts and percentages.

Node-RADS v1.0 score assignments were summarized descriptively
for each reader. Inter- and intra-reader agreement was assessed using
percent agreement and quadratic-weighted Cohen's « statistics with 95%
confidence intervals (CI), accounting for the ordinal nature of the Node-
RADS categories.''!? Agreement strength was interpreted according to
the Landis and Koch criteria.®

Secondary analyses evaluated inter-reader agreement for the indi-
vidual Node-RADS descriptors (“size” and “configuration”) using the
same statistical approach. The “size” descriptor was categorized as
normal, enlarged, or bulky, whereas “configuration” was defined based
on combined assessment of internal texture, nodal borders, and shape,
according to Node-RADS recommendations.®

Diagnostic performance for predicting pathological lymph node
involvement was assessed by calculating sensitivity, specificity, positive
predictive value (PPV), and negative predictive value (NPV) across all
Node-RADS thresholds. Cut-off analysis was performed by progressively
grouping Node-RADS categories: score 1 versus scores 2-5 (cut-off >1),
scores 1-2 versus scores 3-5 (cut-off >2), scores 1-3 versus scores 4-5
(cut-off >3), and scores 1-4 versus score 5 (cut-off >4). For each
threshold, likelihood ratios (LR+ and LR-) were also calculated.

Receiver operating characteristic (ROC) curve analysis was used to
assess overall diagnostic performance, with area under the curve (AUC)
values calculated for each reader. Threshold-specific sensitivity, speci-
ficity, PPV, NPV, and LR were calculated descriptively across Node-
RADS cut-offs. At the exploratory Node-RADS >2 threshold, exact
binomial 95% confidence intervals were calculated for sensitivity and
specificity. All reader comparisons were exploratory and intended to
describe between-reader variability rather than support formal hy-
pothesis testing.

All statistical analyses were performed using Stata/BE, version 19.5
(StataCorp LLC, College Station, TX, USA).

Table 2
Distribution of Node-RADS v1.0 scores according to the readers in the first
reading session.

Expert readers Junior readers

R1 R2 R3 R4
Node-RADS v1.0 70/100 71/100 66/100 75/100
score 1 (70%) (71%) (66%) (75%)
Node-RADS v1.0 15/100 14/100 22/100 11/100
score 2 (15%) (14%) (22%) (11%)
Node-RADS v1.0 8/100 (8%) 7/100 (7%) 8/100 (8%) 6/100 (6%)
score 3
Node-RADS v1.0 3/100 (3%) 4/100 (4%) 3/100 (3%) 5/100 (5%)
score 4
Node-RADS v1.0 4/100 (4%) 4/100 (4%) 1/100 (1%) 3/100 (3%)
score 5

Footnotes: R1, reader 1; R2, reader 2; R3, reader 3; R4, reader 4.
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Table 3
Intra-reader agreement results for Node-RADS v1.0.
PA 95% CI Interpretation Cohen's Kappa 95% CI Interpretation
Expert readers R1 0.94 0.80-0.99 Almost perfect 0.64 0.28-1.00 Substantial
R2 0.95 0.83-1.00 Almost perfect 0.68 0.34-1.00 Substantial
Junior readers R3 1.00 1.00-1.00 Almost perfect 1.00 1.00-1.00 Almost perfect
R4 0.98 0.95-1.00 Almost perfect 0.86 0.70-1.00 Almost perfect
Footnotes: R1, reader 1; R2, reader 2; R3, reader 3; R4, reader 4; PA, percent agreement; 95% CI, 95% confidence interval.
Table 4
Inter-reader agreement results for the Node-RADS v1.0 descriptors.
PA 95% CI Interpretation Cohen's Kappa 95% CI Interpretation
Size
Expert readers R1 0.99 0.99-1 Almost perfect 0.90 0.75-1 Almost perfect
R2
Junior readers R3 0.97 0.94-1 Almost perfect 0.75 0.48-1 Substantial
R4
Configuration
Expert readers R1 0.99 0.99-1 Almost perfect 0.99 0.97-1 Almost perfect
R2
Junior readers R3 0.93 0.80-0.94 Almost perfect 0.46 0.27-0.66 Moderate
R4

Footnotes: R1, reader 1; R2, reader 2; R3, reader 3; R4, reader 4; PA, percent agreement; 95% CI, 95% confidence interval.

3. Results
3.1. Study population and lymph node status

The final study cohort comprised 100 women (median age, 50.7
years; range, 29-79 years). The main histological and surgical charac-
teristics of the study population are summarized in Table 1. Axillary
lymph node involvement was identified in 27/100 patients in the bMRI
cohort (27%) and in 20/25 patients in the CT subgroup (80%). The mean
number of lymph nodes removed during sentinel lymph node biopsy was
2.8 £+ 1.8, whereas the mean number excised during axillary lymph node
dissection was 15.0 + 3.9.

3.2. Inter- and intra-reader agreement of Node-RADS v1.0 scores

Table 2 summarizes the distribution of Node-RADS v1.0 scores
assigned by each reader during the first reading session.

Inter-reader agreement for Node-RADS v1.0 scoring was almost
perfect among expert readers (R1-R2; k = 0.98; 95% CI: 0.96-1.00) and
moderate among junior readers (R3-R4; k = 0.59; 95% CI: 0.39-0.79).

Intra-reader agreement results for Node-RADS v1.0 scoring are re-
ported in Table 3. Agreement ranged from substantial to almost perfect
for both expert and junior readers, with quadratic-weighted Cohen's k
values between 0.64 and 1.00.

Table 5

Diagnostic Performance of the Node-RADS v1.0 score for bMRI and CT per Reader.

3.3. Inter- reader agreement of Node-RADS v1.0 descriptors

During the first reading session, inter-reader agreement for the in-
dividual Node-RADS v1.0 descriptors varied according to reader expe-
rience and descriptor type. For the size descriptor, agreement was
almost perfect among expert readers (x = 0.90; 95% CI: 0.75-1.00) and
substantial among junior readers (x = 0.75; 95% CI: 0.48-1.00). For the
configuration descriptor, agreement was almost perfect among expert
readers (k = 0.99; 95% CI: 0.97-1.00) but moderate among junior
readers (k = 0.46; 95% CI: 0.27-0.66). Detailed inter-reader agreement
results for each descriptor are summarized in Table 4.

3.4. Diagnostic performance and cut-off analysis of the Node-RADS score

On bMRI, ROC analysis showed moderate exploratory patient-level
diagnostic performance, with AUC values ranging from 0.62 to 0.79
across readers (Table 5, Fig. 4a). In this cohort (n = 100; 27 node-
positive and 73 node-negative patients), a Node-RADS threshold >2
showed the most balanced sensitivity-specificity trade-off. Detailed
metrics at this threshold are reported in Table 5. These findings indicate
that, despite good reproducibility, the diagnostic value of Node-RADS
on bMRI was limited and variable at the patient level.

In the clinically selected CT subgroup, in which pathological nodal
involvement was present in 20/25 patients (80%), AUC values ranged

Modality Metric Expert readers Junior readers
R1 R2 R3 R4

bMRI AUC (95% CI) 0.62 (0.50-0.73) 0.64 (0.53-0.75) 0.64 (0.53-0.76) 0.79 (0.70-0.89)
Sensitivity at >2, % (95% CI) 26 (11-46) 26 (11-46) 26 (11-46) 44 (26-65)
Specificity at >2, % (95% CI) 89 (80-95) 89 (80-95) 93 (85-98) 97 (91-100)
TP/FP/TN/FN at >2 7/8/65/20 7/8/65/20 7/5/68/20 12/2/71/15

CT AUC (95% CI) 0.78 (0.59-0.96) 0.79 (0.59-0.98) 0.74 (0.53-0.94) 0.90 (0.79-1.00)
Sensitivity at >2, % (95% CI) 65 (41-85) 60 (36-81) 30 (12-54) 75 (51-91)
Specificity at >2, % (95% CI) 80 (28-100) 80 (29-100) 100 (48-100) 100 (48-100)
TP/FP/TN/FN at >2 13/1/4/7 12/1/4/8 6/0/5/14 15/0/5/5

Footnotes: R1, reader 1; R2, reader 2; R3, reader 3; R4, reader 4; AUC, area under the curve; 95% CI, 95% confidence interval; bMRI, breast magnetic resonance
imaging; CT, computed tomography; TP, true positive; FP, false positive; TN, true negative; FN, false negative.

At the >2 threshold, scores 3-5 were considered positive.
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Fig. 4. ROC curves and AUC in a) bMRI and b) CT for Expert Radiologist R1 (yellow), Expert Radiologist R2 (green), Radiologist in training R3 (blue), Radiologist in
training R4 (red). ROC: receiver operating characteristic; AUC: area under the curve. (For interpretation of the references to color in this figure legend, the reader is

referred to the web version of this article.)

Fig. 5. Node-RADS 1 (A, C) — 44-year-old woman with grade 1 invasive breast carcinoma of no special type (IBC-NST) in the left breast undergoing preoperative MRI.
(A) Axial T2-weighted image shows an oval lymph node with smooth borders and preserved fatty hilum (arrow); (C) Axial subtracted contrast-enhanced T1-weighted
image confirms normal size and shows homogeneous enhancement (arrow). These features are consistent with Node-RADS 1.

Node-RADS 5 (B, D) - 56-year-old woman with multifocal grade 2 IBC-NST in the right breast undergoing preoperative MRI. (B) Axial T2-weighted image shows a
bulky lymph nodal mass (arrow); (D) Axial subtracted contrast-enhanced T1-weighted image confirms these findings (arrow). These features are consistent with

Node-RADS 5.

from 0.74 to 0.90 across readers (Table 5, Fig. 4b). Within this subgroup,
a Node-RADS threshold >2 showed the most balanced sensitivity-
specificity trade-off (Table 5).

Cut-off analysis showed the expected threshold-dependent pattern:
lower thresholds were associated with high sensitivity and low speci-
ficity, whereas higher thresholds increased specificity and positive
likelihood ratios at the expense of sensitivity. Detailed cut-off analyses

are reported in Supplementary Tables 3 and 4.
Representative examples of Node-RADS v1.0 score assignments are
shown in Figs. 5, 6, and 7.

4. Discussion

Overall, Node-RADS v1.0 demonstrated high reproducibility for
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Fig. 6. Node-RADS 3-52-year-old woman with multicentric grade 3 breast
carcinoma of no special type (IBC-NST) in the right breast undergoing preop-
erative MRI. (A) Axial T2-weighted image shows a kidney-bean-like lymph
node with irregular borders, without fatty hilum (arrow); (B) Axial contrast-
enhanced T1-weighted image confirms normal size and shows heterogeneous
enhancement (arrow). These features are consistent with Node-RADS 3.

axillary lymph node assessment on preoperative bMRI, with almost
perfect inter- and intra-reader agreement among expert readers and
moderate to substantial agreement among junior readers. These findings
are consistent with previously published data on Node-RADS repro-
ducibility in bMRL° while indicating that reader experience may influ-
ence agreement, particularly at the descriptor level. The reproducibility
observed among junior readers suggests that the structured and
simplified architecture of Node-RADS may facilitate consistent nodal
classification even in less experienced hands, supporting its role as a
standardized reporting framework.

Agreement for the individual Node-RADS descriptors, namely lymph
node size and configuration, was generally high, although it varied by
descriptor and reader experience. Agreement was consistently higher for
the size descriptor than for configuration, particularly among junior
readers, suggesting greater interpretative variability when more com-
plex morphological features are considered. Overall, the use of a limited
set of predefined descriptors appears to support reproducible nodal
assessment, while still leaving room for an effect of reader experience.

A key observation of this study is the dissociation between the high
reproducibility of Node-RADS scoring and its more modest discrimina-
tive performance on bMRI. Despite good inter- and intra-reader agree-
ment, diagnostic accuracy remained only moderate for most readers,
indicating that reproducibility alone does not ensure clinically sufficient
diagnostic performance when relying on morphological criteria.
Accordingly, ROC analysis on bMRI yielded modest AUC values for three
readers (0.62-0.64), with higher accuracy observed for one junior
reader (AUC 0.79). Compared with previous reports,6 these findings
likely reflect the lower prevalence of nodal disease in our cohort, dif-
ferences in MRI protocol and field strength (1.5 T vs 3 T), variability in
reader experience, and differences in study design.

Our results are consistent with a meta-analysis reporting high spec-
ificity but only moderate sensitivity for Node-RADS, together with
substantial heterogeneity across studies and imaging modalities.'* A
comparative study reported lower sensitivity but preserved specificity of
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Node-RADS compared with conventional MRI-based nodal assessment,
supporting a potential role as a standardized rather than sensitivity-
driven tool.'® In addition, a single-center study applying Node-RADS
in BC imaging reported a mismatch between reader agreement and
diagnostic accuracy, highlighting that these should be interpreted as
related but distinct properties of the score.'® This variability has also
been emphasized in a narrative review summarizing the heterogeneous
methodologies and partially conflicting results reported across Node-
RADS studies, particularly regarding diagnostic performance and
inter-observer agreement.

Cut-off analysis helped characterize the behavior of the Node-RADS
score across its categories. On bMRI, lower thresholds were associated
with high sensitivity and low specificity, whereas higher thresholds
progressively increased specificity and positive likelihood ratios at the
expense of sensitivity. A similar pattern was observed on contrast-
enhanced CT, where Node-RADS >2 maintained high sensitivity with
modest specificity, while higher thresholds achieved very high speci-
ficity for most readers. In this study population, a Node-RADS threshold
>2 represented the most balanced sensitivity-specificity trade-off and
should be considered a hypothesis-generating, population-specific
operating point rather than a definitive diagnostic boundary. Like pre-
vious studies,® we adopted a patient-level analytical approach based on
the highest Node-RADS score per patient, reflecting routine clinical
practice. The CT analysis was performed in a small, clinically selected
subgroup enriched for nodal involvement and should therefore be
regarded as exploratory rather than as a direct comparison with bMRI.

From a practical perspective, the combination of high reproducibility
and an exploratory Node-RADS >2 operating point suggests that Node-
RADS may facilitate a more standardized approach to axillary lymph
node assessment within the preoperative bMRI pathway. In this context,
scores >2 may help identify patients who could require targeted axillary
evaluation according to existing diagnostic workflows.

This study has several limitations. First, the lack of a node-by-node
analysis precluded a direct correlation between individual Node-RADS
categories and histologically proven metastatic involvement at the
single-lymph-node level. Second, the analysis focused on a single, most
suspicious lymph node per axilla, which may not fully capture the
complexity of nodal disease in patients with multiple abnormal lymph
nodes. Third, the CT subgroup was small and clinically selected, as CT
was performed only when clinically indicated, typically in patients with
suspected advanced disease. This resulted in enrichment for nodal
involvement and precluded direct comparison with bMRI. Fourth, the
retrospective, single-center design may limit the robustness and gener-
alizability of the results and may have introduced selection bias. Fifth,
invasive lobular carcinoma (ILC) was not represented in our cohort
because the study population was restricted to IDC-NST and grade 3
DCIS. Recent evidence has shown that the diagnostic performance of
Node-RADS on bMRI may vary according to tumor histology, with
reduced sensitivity reported in invasive lobular carcinoma, highlighting
potential  biological constraints of morphology-based nodal
assessment. '

5. Conclusion

Node-RADS v1.0 showed high reproducibility for preoperative axil-
lary lymph node assessment on bMRI in patients with IDC-NST and
grade 3 DCIS, with almost perfect agreement among expert readers and
moderate to substantial agreement among junior readers. In this study
population, a Node-RADS threshold >2 represented a pragmatic,
hypothesis-generating cut-off balancing sensitivity and specificity. This
study also explored the application of Node-RADS on contrast-enhanced
CT in a small clinically selected subgroup; these findings should be
considered preliminary. Overall, Node-RADS may support more stan-
dardized nodal assessment in the preoperative bMRI setting.
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Fig. 7. Node-RADS MRI vs CT - 39-year-old woman with unifocal grade 2 breast carcinoma of no special type (IBC-NST) in the left breast undergoing preoperative
MRI and CT staging. (A) Axial T2-weighted image shows a spherical, enlarged lymph node with smooth borders, without fatty hilum (arrow); (B, C) Axial contrast-
enhanced T1-weighted image and MIP projection show homogeneous enhancement (arrow). These features are consistent with Node-RADS 3. (D) Axial venous phase
shows the same features as above, but enhance the irregular border, upgrading Node-RADS score from 3 to 4.
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