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OPEN A novel biomarker for identifying

HER2-low breast cancer using
synthetic MRI
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Linkun Li, Longjiang Fang?, Huanlei Zhang? & Shiying Ju*™’

A total of 150 patients with pathologically confirmed unilateral invasive breast cancer who underwent
preoperative 3.0T MRI (including SyMRI sequences) at our institution were enrolled in the development
set, while an external validation cohort consisted of 98 patients fromYidu Central Hospital. Based on
IHC/FISH results, patients were categorized into HER2-low, HER2-zero and HER2-over groups. Two
radiologists independently measured T1, T2, PD, and ADC values of the lesions. Logistic regression
analysis was employed to identify the most effective predictors of HER2 expression status, and ROC
curve analysis was performed to evaluate their discriminative ability. Univariate logistic regression
indicated that the T2 value was a significant predictor for differentiating HER2 expression status. In
the development set, T2 values demonstrated moderate diagnostic performance, with AUC values of
0.813 for HER2-low vs. over, 0.816 for HER2-zero vs. over and 0.876 for HER2-zero vs. low. Similarly, in
the external validation set, T2 values showed moderate diagnostic efficacy, with AUCs of 0.837, 0.808
and 0.835 for the respective comparisons. T2 quantification derived from SyMRI shows promise as a
noninvasive biomarker for identifying HER2-low-expressing breast cancer, supporting its potential role
in guiding individualized treatment strategies.
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Breast cancer is the most prevalent malignancy among women globally, accounting for approximately one-
third of all female cancers and representing the leading cause of cancer-related mortality in women!. It is now
widely recognized as a heterogeneous disease comprising distinct molecular and histological subtypes. Based on
these classifications, breast cancer is broadly divided into three principal categories: hormone receptor-positive
(estrogen receptor-positive [ER+] and/or progesterone receptor-positive [PR+]), human epidermal growth
factor receptor 2-positive (HER2+), and triple-negative breast cancer (TNBC)%. HER?2 is a transmembrane
tyrosine kinase receptor that plays a crucial role in promoting tumor cell proliferation, invasion, and metastasis.
It is both a key oncogenic driver and an important biomarker for prognostication and therapeutic targeting in
breast cancer’~. Traditionally, breast cancers have been dichotomized into HER2-positive and HER2-negative
groups based on the extent of HER2 expression. Standard treatment for HER2-positive breast cancer involves a
combination of anti-HER2 monoclonal antibodies—such as trastuzumab and pertuzumab—with chemotherapy.
In contrast, patients with HER2-negative tumors have historically derived no clinical benefit from anti-HER2
monoclonal antibodies®. However, the development of novel anti-HER2 antibody-drug conjugates (ADCs) with
demonstrated efficacy in HER2-low breast cancers has prompted the recognition of HER2-low as a potential new
therapeutic subtype’. Approximately 45%-55% of breast cancers exhibit HER2-low expression, emphasizing the
need for accurate identification of this subgroup*.

Currently, HER2 expression is assessed using immunohistochemistry (IHC) and in situ hybridization (ISH),
typically performed on core needle biopsy specimens. These procedures are invasive and may fail to capture
tumor heterogeneity, potentially leading to misclassification or underestimation of disease burden®. Moreover,
HER?2 expression is known to be biologically dynamic, with status changes observed during disease progression,
possibly influenced by prior treatments”!?. Recent advances in imaging and radiomics have introduced non-
invasive, dynamic frameworks for evaluating tumor biology. Radiomic analyses using ultrasound and magnetic
resonance imaging (MRI) have shown promise in HER2 status assessment!'!"!2. Nonetheless, their clinical
application remains limited due to variability in diagnostic accuracy and poor reproducibility. Consequently,
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there is a growing demand for rapid, reproducible, and standardized imaging-based methods to evaluate HER2
expression levels in breast cancer.

Synthetic magnetic resonance imaging (SyMRI) is an emerging quantitative MRI technique that employs
a multi-dynamic, multi-echo (MDME) sequence within a single scan to acquire T1-weighted, T2-weighted,
proton density (PD)-weighted, and inversion recovery images, along with generating quantitative T1, T2, and
PD maps. This approach reduces scan time while producing measurements that reflect intrinsic tissue properties,
independent of scanner model or imaging parameters at a given magnetic field strength>!3. SyMRI has been
successfully applied in various oncologic contexts, including tumor grading, quantitative assessment of bone
metastases in prostate cancer, and prediction of response to neoadjuvant therapy in locally advanced rectal
cancer!*"7. A prior study demonstrated that SyMRI-derived quantitative parameters could differentiate IHC
expression profiles in breast cancer with greater accuracy than apparent diffusion coefficient (ADC) values's.
However, the utility of SyMRI in identifying HER2-low breast cancer remains unconfirmed.

We hypothesize that differences in HER2 expression among patients with invasive breast cancer are reflected
in the quantitative parameters derived from SyMRI. This study aims to evaluate the diagnostic performance of
SyMRI-based quantitative metrics in identifying HER2-low breast cancer. We present this article in accordance
with the STARD reporting checklist.

Materials and methods

Ethics approval

Due to the retrospective nature of this study, the Ethics Committee of Weifang People’s Hospital waived the
requirement for informed consent (Ethics Review No. KYLL20230526-9) and approved all experimental
protocols, which adhered to the Declaration of Helsinki.

Study participants

Data were collected from 248 female patients who underwent breast magnetic resonance imaging (MRI) at
Weifang People’s Hospital and Weifang Yidu Central Hospital between March 2023 and September 2024 for
evaluation of breast mass lesions. All patients subsequently underwent surgical resection, and final diagnoses
were confirmed via histopathological examination of the surgical specimens. Inclusion criteria were as follows:
(1) histopathological confirmation of invasive breast cancer and (2) completion of breast MRI before surgery.
Exclusion criteria included: (1) non-invasive breast cancer on postoperative pathology; (2) prior neoadjuvant
therapy or biopsy before MRI; (3) suboptimal MRI image quality or significant artifacts that compromised image
interpretation. A total of 201 patients met the eligibility criteria. All had unilateral lesions, although two patients
exhibited multifocal tumors in the same breast; in these cases, the largest lesion was selected for analysis. HER2
expression status—categorized as HER2-zero, HER2-low, or HER2-overexpressing—was determined using
immunohistochemistry and in situ hybridization. A flowchart detailing the patient selection process is outlined
in Fig. 1.

MRI examination

All MRI scans were performed using a 3.0T scanner equipped with a dedicated 16-channel phased-array breast
coil. Patients were positioned prone, feet-first, with both breasts suspended within the coil and arms elevated
above the head. Standard sequences included axial T1-weighted imaging (T1WT), T2-weighted imaging (T2WT),
fat-suppressed T2WI, and diffusion-weighted imaging (DWI). This was followed by acquisition of the axial
SyMRI sequence (Magnetic Resonance Image Compilation, MAGIC) and ultrafast dynamic contrast-enhanced
imaging (DISCO). Prior to contrast administration, three baseline phases were obtained. In the course of
standard magnetic resonance imaging (MRI), the parameters for the conventional non-contrast scan utilizing
the axial T1-weighted imaging (T1WI) sequence without fat saturation were established as follows: recovery
time (TR) was set to 770 milliseconds, echo time (TE) to 7.56 milliseconds, field of view (FOV) to 512 mm x
512 mm, and slice thickness to 5 mm. For the axial T2-weighted imaging (T2WI) sequence with fat saturation,
the parameters included a TR of 3000 milliseconds, a TE of 85.54 milliseconds, an FOV of 512 mm x 512 mm,
and a slice thickness of 5 mm. In the case of the axial diffusion-weighted imaging (DWI) sequence, the TR was

Initial examination suspected breast cancer Independent validation set
(n=150) (n=98)

11 patients who received neoadjuvant

therapy or biopsy prior to MRI

6 patients with lesions < Smm

19 patients diagnosed pathologically

non-invasive breast cancer

The same exclusion criteria (n=11)

Breast cancer in development set Breast cancer in extenal set
(a=114) (=87

Fig. 1. Flowchart illustrating the patient selection methodology utilized in the current study.
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6530 milliseconds, TE was 77.20 milliseconds, slice thickness remained at 5 mm, and the b value was set at
0/1000 s/mm”. Subsequently, an axial synthetic MRI (SyMRI) sequence was performed with parameters of TR at
4000 milliseconds, TE at 12 milliseconds, and an FOV of 512 mm X 512 mm. Following this, an axial dynamic
contrast-enhanced MRI (DCE-MRI) was executed with a TR of 5.43 milliseconds, TE of 1.67 milliseconds, FOV
of 512 mm x 512 mm, and slice thickness of 3.2 mm. A gadolinium-based contrast agent (Gd-DTPA, 0.1 mmol/
kg) was then injected via the antecubital vein at 2.0 mL/s, followed by an equal volume of saline flush at the same
rate. Each of the 23 imaging phases was acquired at 5-second intervals.

Image analysis

Post-processing was performed on a GE Healthcare workstation using proprietary SyMRI software to
automatically generate quantitative T1, T2, and proton density (PD) maps. Apparent diffusion coefficient (ADC)
maps were generated automatically during DWT acquisition (Figs. 2 and 3). Image analysis was independently
conducted by two radiologists with over five years of experience in breast MRI, both blinded to clinical and
pathological data. Discrepancies were resolved by consensus. Initially, the radiologists used DWTI and contrast-
enhanced T1WI to identify the slice with the largest tumor diameter. From this slice, the clearest corresponding
quantitative parameter map was selected, and each radiologist manually delineated the region of interest (ROI).
The ROIs were automatically propagated to the corresponding T1, T2, and PD maps. Each measurement was
repeated three times, and the average values were recorded. During ROI placement, care was taken to exclude
necrotic areas and peritumoral edema. In multifocal cases, only the largest lesion was evaluated. ADC values
were obtained in a similar manner, with efforts made to maintain consistent ROI size across all parameter maps.

Pathological evaluation

Clinical and pathological data were extracted from the electronic medical record system. All pathological
evaluations were based on surgical breast cancer specimens. Tumor size was determined using imaging-based
measurements of maximum tumor diameter. Histological grade was classified as low grade (Grade I or II) or

Fig. 2. Human epidermal growth factor receptor 2 (HER2)-low-expressing breast cancer confirmed by
surgical pathology in the right breast of a 62 -year-old woman. The ADC (a) showed a solid mass (red arrow).
The SyMRI values of ADC (a), PD (b), T1 (c) and T2 (d) are 1.01 x 10-3mm?2/s,75ms,1155ms and 80.6ms
respectively.

Scientific Reports | (2026) 16:1512 | https://doi.org/10.1038/s41598-025-31322-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Fig. 3. Non human epidermal growth factor receptor 2 (HER2)-low-expressing breast cancer confirmed by
surgical pathology in the left breast of a 64 -year-old woman. The ADC (a) showed a solid mass (red arrow).
The ADC (a) showed a solid mass (red arrow). The SyMRI values of ADC (a), PD (b), T1(c) and T2 (d) are
1.03x10-3mm?2/s,72ms,1135ms and 97.7ms respectively.

high grade (Grade III). HER2 status was categorized as HER2-zero (IHC score of 0), HER2-low (IHC score
of 1+or 2+with negative FISH), or HER2-positive (IHC score of 3 +or 2+ with positive FISH). Estrogen and
progesterone receptor (ER/PR) status was considered positive when expression exceeded 1%, and negative when
<1%. The Ki-67 proliferation index was dichotomized using a 14% threshold, with values <14% denoting low
expression and > 14% indicating high expression.

Statistical analysis

In our study, all statistical analyses were performed using the R software (version 4.2.2), along with MSTATA
software (www.mstata.com). Comparisons of T1, T2, proton density (PD), and apparent diffusion coefficient
(ADC) values between HER2-low and non-HER2-low breast cancers were conducted using either independent
sample t-tests or Mann-Whitney U tests, depending on data distribution and variance homogeneity. Inter-
observer agreement between the two radiologists was assessed using the intraclass correlation coefficient (ICC).
A p-value <0.05 was considered statistically significant. Receiver operating characteristic (ROC) curve analysis
was employed to evaluate the diagnostic performance of quantitative parameters in distinguishing HER2-low
expression, with the area under the curve (AUC) used to quantify discriminative ability.

Results

Patient characteristics

A cohort of 201 female patients diagnosed with invasive breast cancer was analyzed. Based on
immunohistochemistry and fluorescence in situ hybridization, patients were stratified into three groups: HER2-
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low, HER2-zero and HER2-over expression. The clinicopathological characteristics of the cohort are summarized
in Table 1. No statistically significant differences were detected among the groups for age, menstrual status,
diameter, location, histologic grade, ER status, PR status, Ki-67 index and or ALN status, indicating balanced
baseline characteristics between the groups.

Assessment of interobserver agreement

Interobserver agreement between the two radiologists was excellent, with intraclass correlation coefficients
(ICC) 0f 0.994 (95% CI: 0.988-0.997) for T1, 0.991 (0.982-0.995) for T2, 0.995 (0.991-0.998) for PD, and 0.985
(0.970-0.993) for ADC.

Comparisons of quantitative values among Her2-zero, HER2-low and HER2-over breast
cancer

Table 2 summarizes the differences in SyMRI-derived quantitative parameters and ADC values between HER2-
low, HER2-zero and -HER2-over expression breast cancer. Notably, a variance analysis demonstrates significant
group-wise variations in both ADC and T2 metrics. No significant differences were observed in Tland PD
values in three groups.

Table 3; Fig. 4 present the diagnostic performance of SyMRI-derived T2 and conventional ADC metrics in
distinguishing HER2-subtyped breast cancers (BCs).

In development set, for differentiation between HER2-low and HER2-overexpressing tumors, T2 values
exhibited excellent discriminative ability (AUC: 0.813; sensitivity: 85.40%; specificity: 69.00%; accuracy:
77.80%). ADC metrics demonstrated superior performance (AUC: 0.827; sensitivity: 93.80%; specificity:
76.20%; accuracy: 85.60%). For distinguishing HER2-zero from HER2-overexpressing cases, both T2 and
ADC parameters showed high diagnostic efficacy, with AUCs of 0.816 and 0.877, respectively. In differentiating
HER2-zero from HER2-low expression, T2 (AUC: 0.876) and ADC (AUC: 0.927) both exhibited exceptional
discriminatory power, with ADC approaching near-perfect classification (AUC>0.9). Similarly, in the external
validation set, T2 values also demonstrated excellent discrimination for HER2-low versus HER2-overexpressing
tumors (AUC: 0.837; sensitivity: 96.9%; specificity: 65.50%; accuracy: 82.0%), while ADC metrics performed
comparably (AUC: 0.835; sensitivity: 89.7%; specificity: 56.2%; accuracy: 72.1%). For HER2-zero versus HER2-
overexpressing classification, T2 and ADC achieved AUCs of 0.808 and 0.806, respectively. In distinguishing
HER2-zero from HER2-low expression, T2 and ADC yielded AUCs of 0.835 and 0.867, respectively.

Development set External set

HER2-low | HER2-over | HER2- zero HER2-low | HER2-over | HER2- zero
Characteristic n=48 n=42 n=24 p-value | n=29 n=32 n=26 p-value
Age(years), Mean = SD 52.25+10.19 | 56.86+9.65 | 51.79+9.45 | 0.058 58.34+10.26 | 61.31+8.74 | 60.88+8.84 | 0.421
Menstrual, n (%) 0.164 0.573
Premenopausal 24 (50.00%) | 14 (33.33%) | 13 (54.17%) 14 (48.28%) | 12 (37.50%) | 13 (50.00%)
Postmenopausal 24 (50.00%) | 28 (66.67%) | 11 (45.83%) 15 (51.72%) | 20 (62.50%) | 13 (50.00%)
Diameter (mm), Mean+SD | 21.58+6.98 | 20.67+7.02 | 21.65+6.93 | 0.789 20.99+7.02 |21.09+6.98 |22.19£6.92 |0.778
Location, n (%) 0.887 0.883
Left breast 24 (50.00%) | 19 (45.24%) | 12 (50.00%) 14 (48.28%) | 14 (43.75%) | 13 (50.00%)
Right breast 24 (50.00%) | 23 (54.76%) | 12 (50.00%) 15(51.72%) | 18 (56.25%) | 13 (50.00%)
Histologic grade, n (%) 0.982 0.974
Torll 29 (60.42%) |26 (61.90%) | 15 (62.50%) 18 (62.07%) | 19 (59.38%) | 16 (61.54%)
III 19 (39.58%) | 16 (38.10%) | 9 (37.50%) 11 (37.93%) | 13 (40.63%) | 10 (38.46%)
ER, n (%) 0.560 0.683
Negative 9 (18.75%) 10 (23.81%) | 3 (12.50%) 6 (20.69%) 6(18.75%) |3 (11.54%)
Positive 39 (81.25%) | 32 (76.19%) |21 (87.50%) 23(79.31%) | 26 (81.25%) | 23 (88.46%)
PR, n (%) 0.741 0.665
Negative 9 (18.75%) 9(21.43%) |3 (12.50%) 6 (20.69%) 5(15.63%) |3 (11.54%)
Positive 39 (81.25%) | 33 (78.57%) | 21 (87.50%) 23 (79.31%) | 27 (84.38%) | 23 (88.46%)
Ki-67 index, n (%) 0.823 0.656
>14 13 (27.08%) |9 (21.43%) | 6 (25.00%) 8(27.59%) 6(18.75%) | 5(19.23%)
<14 35(72.92%) | 33 (78.57%) | 18 (75.00%) 21 (72.41%) | 26 (81.25%) | 21 (80.77%)
ALN, n (%) 0.990 0.995
Negative 12 (25.00%) | 11 (26.19%) | 6 (25.00%) 8(27.59%) 9(28.13%) |7 (26.92%)
Positive 36 (75.00%) | 31(73.81%) | 18 (75.00%) 21(72.41%) |23 (71.88%) | 19 (73.08%)

Table 1. Clinicopathological characteristics of breast cancer Patients. HER2, human epidermal growth
factor receptor 2; ER, estrogen receptor; PR, progesterone receptor; ALN, axillary lymph node; SD, Standard
Deviation.
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Parameters Group Mean+SD 95% CI p-value
ADC(x10-3mm2/s) <0.001
HER2-low 1.02+0.13 0.98-1.05
HER2-over 1.15+0.15 1.10-1.20
HER2-zero 0.86+0.19 0.78-0.93
PD (pu)

HER2-low 76.25+14.21 72.23-80.27

HER2-over 71.57+13.59 67.46-75.68

HER2-zero 77.73+13.30 72.4-83.07

T1(ms) 0.390

HER2-low | 1154.40+305.71 | 1067.91-1240.89

HER2-over | 1136.20£244.99 | 1062.11-1210.30

HER2-zero | 1190.72+302.52 | 1069.68-1311.75

T2(ms) <0.001

HER2-low 81.73+£12.60 78.17-85.30

HER2-over 98.73+£13.72 94.53-102.93

HER2-zero 88.66+15.39 82.50-94.82

Table 2. Comparison of quantitative parameter values between HER2-zero, HER2-low and HER2-over
expression breast Cancer. ADC, apparent diffusion coeflicient; PD, proton density; SD, Standard Deviation; CI,
Confidence Interval.

HER?2 Group | Set Variable | AUC | SEN SPE PPV NPV ACC
T2 0.813 | 85.40% | 69.00% | 75.90% | 80.60% | 77.80%
Development
ADC 0.827 | 93.80% | 76.20% | 81.80% | 91.40% | 85.60%
Low vs. Over
T2 0.837 | 96.90% | 65.50% | 95.00% | 75.60% | 82.00%
External
ADC 0.835 | 89.70% | 56.20% | 65.00% | 85.70% | 72.10%
T2 0.816 | 92.90% | 62.50% | 83.30% | 81.20% | 81.80%
Development
ADC 0.877 | 99.00% | 71.40% | 66.70% | 99.00% | 81.80%
Zero vs. Over
T2 0.808 | 87.50% | 65.40% | 75.7% | 81.00% | 77.60%
External
ADC 0.806 | 90.6% | 73.10% | 80.6% | 86.40% | 82.80%
T2 0.876 | 91.70% | 79.00% | 81.80% | 88.00% | 86.10%
Development
ADC 0.927 | 83.30% | 87.50% | 76.90% | 91.30% | 86.10%
Zero vs. Low
T2 0.835 | 93.10% | 65.40% | 75.0% | 89.5% 80.00%
External
ADC 0.867 | 96.20% | 79.30% | 95.80% | 80.60% | 87.30%

Table 3. Diagnostic performance of ADC andT2 values in identifying HER2 status. AUC, Area Under the
Curve; SEN, Sensitivity; SPE, Specificity; PPV, Positive Predictive Value; NPV, Negative Predictive Value; ACC,
Accuracy.

Discussion

This study evaluated the clinical relevance of quantitative parameters derived from SyMRI in conjunction with
ADC values for identifying HER2-low invasive breast cancer. Results revealed that the T2 relaxation time in
HER2-low breast cancer was significantly lower than in non-HER2-low cases, with AUC values exceeding 0.80
in both the development and external validation sets, underscoring the diagnostic potential of T2 mapping
for HER2-low identification. In contrast, T1 and proton density (PD) values did not demonstrate statistically
significant differences in the three groups of development set.

Breast cancer is a heterogeneous disease comprising distinct molecular subtypes that differ in prognosis and
therapeutic responsiveness. The HER2 gene plays a central role in breast cancer pathophysiology, informing
both treatment decisions and prognostic assessments. The advent of anti-HER2 monoclonal antibodies
targeting HER2 overexpression has significantly improved outcomes for patients with HER2-positive breast
cancer. However, only approximately 15% of breast cancers are classified as HER2-positive, leaving a substantial
proportion of patients ineligible for HER2-targeted therapies'®. Recently, a Phase I1I clinical trial demonstrated
that trastuzumab deruxtecan—an antibody-drug conjugate—markedly improved progression-free and overall
survival in patients with HER2-low metastatic breast cancer?’. These findings have elevated HER2-low status
to clinical prominence, prompting the adoption of a three-tier classification system based on HER2 expression
levels: HER2-positive, HER2-low, and HER2-zero.

Current research efforts increasingly focus on the accurate identification of HER2-low breast cancer
patients who may benefit from antibody-drug conjugate therapies. Bannier et al. developed a deep learning
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Fig. 4. Receiver operating characteristic (ROC) curve analysis evaluating the diagnostic efficacy of
quantitative indices in HER2 expression classification in development (a, b,c) and external set (d, e,f). (a, d)
HER2-zero vs. HER2-low discrimination, (b, e) HER2-zero vs. HER2-overexpression discrimination, (c, f)
HER2-low vs. HER2-over expression discrimination.

(DL) model to aid pathologists in diagnosing HER2-low cases, achieving identification rates as high as 97%
for both HER2-low and HER2-positive breast cancer subtypes®!. Zheng et al. reported that radiomics features
derived from diffusion-weighted imaging (DWI) could effectively differentiate HER2-low breast cancers from
HER2-overexpressing and HER2-zero tumors, with AUC values ranging from 0.778 to 0.782 across multiple
validation cohorts?2. Similarly, Liu et al. proposed an integrated model that combines conventional MRI features
with radiomics data to predict HER2 status in invasive breast cancer, outperforming a radiomics-only model
(AUC:0.842vs.0.797), thereby enhancing noninvasive preoperative stratification for HER2-directed therapy®.
Chen et al. demonstrated that radiomics features extracted from dynamic contrast-enhanced MRI (DCE-MRI)
could be leveraged to build a machine learning model capable of reliably distinguishing HER2-low from HER2-
positive breast cancer cases??.

Quantitative MRI techniques offer objective and reproducible metrics that minimize inter-observer variability
in disease characterization. DWI, in particular, provides the ADC as a quantitative measure that reflects tissue
microstructure and histopathological features?®~?’. In clinical breast imaging, ADC values are widely used to
discriminate between benign and malignant breast lesions and to evaluate prognostic biomarkers!®8-30, Several
studies have explored associations between ADC values and HER2 expression, yielding inconsistent results. Park
et al,, in a study involving 110 invasive ductal carcinoma (IDC) cases, found significantly higher ADC values in
HER2-positive tumors compared to HER2-negative ones (p = 0.02)3.. Similarly, Lee et al. reported a statistically
significant correlation between HER2 status and ADC measurements>2. However, Duc et al., in a cohort of 49
breast cancer patients, observed no significant relationship between HER2 expression and either mean ADC or
minimum ADC values®. This lack of consensus is further reflected in additional studies reporting comparable
null associations'®*. Previous investigations employed binary classifications of HER2 expression; however, the
criteria for stratification varied across studies, potentially contributing to inconsistent findings. In the context of
a ternary HER2 classification, we assessed the potential of ADC values to distinguish breast cancers exhibiting
HER2-low expression. Our analysis revealed significant difference in ADC values in HER2-low, HER2 zero
and HER?2 over breast cancer subtypes. While earlier studies reported a significant inverse correlation between
HER? expression and ADC values, our results did not align with this trend. The established association between
ADC values and tumor cell density—wherein high-grade tumors, due to increased cellularity, exhibit reduced
ADC values—may not sufficiently explain the heterogeneity observed in HER2-low cases®!. Whether HER2-low
breast cancer constitutes a distinct biological or clinical entity remains unresolved. Prognostic studies on HER2-
low expression have yielded inconsistent outcomes®>*, which may partly account for the lack of a significant
correlation with ADC values observed in our study.

SyMRI is an emerging, single-sequence multiparametric imaging technique that quantifies intrinsic tissue
magnetic properties, including longitudinal (T1) and transverse (T2) relaxation times, as well as PD*. This
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contrast-free, time-efficient, and scanner-independent modality is increasingly applied in breast MRI. Gao et
al. demonstrated that SyMRI-derived quantitative parameters could serve as imaging biomarkers for stratifying
breast cancers by receptor status and proliferation rate*. Notably, HER2-positive tumors exhibited significantly
lower PD values compared to HER2-negative tumors (p = 0.048; AUC = 0.629 for predicting HER2 status).
Similarly, Li et al. divided 56 patients with invasive ductal carcinoma into high and low HER2 expression
groups, reporting that the standard deviations of pre-contrast PD and T1 values were significantly associated
with HER2 status (AUC = 0.746)'3. In our study, HER2-low breast cancers showed significantly lower T2 values
than other subtypes (p < 0.001), although no significant differences were observed in T1 or PD values. The
diagnostic performance of T2 values for identifying HER2-low expression yielded AUCs of 0.813 and 0.876 in
development set. These differences in SyMRI parameters across molecular subtypes likely reflect variations in
tumor microstructure and interstitial fluid content associated with receptor status. Variations in intrinsic tissue
properties—specifically T1, T2, and PD—are ultimately influenced by these biological differences***”. Although
the precise mechanisms remain unclear, the significantly reduced T2 values observed in HER2-low breast
cancers may reflect a combination of factors, including altered intracellular and extracellular water distribution,
microvascular perfusion, and increased tumor cell density. The T2 value is predominantly sensitive to alterations
in water content (e.g., edema) and serves as an indirect indicator of ECM remodeling linked to fibrosis (e.g.,
collagen degradation) or inflammatory processes involving cellular infiltration and necrosis*®*. While T2
mapping has a well-established relationship with water distribution, its correlation with tumor density remains
understudied. Further investigations with larger cohorts are warranted to elucidate the variation in SyMRI-
derived quantitative parameters across more refined subgroups, such as HER2-negative, HER2-low, and HER2-
positive breast cancers. Such research could enhance our understanding of the pathological underpinnings
driving the quantitative differences observed in HER2-low expression tumors relative to other subtypes.

This retrospective, single-center study is subject to inherent limitations, including potential selection bias and
a relatively modest sample size (excluding patients with HER2 zero), which may limit the generalizability and
statistical power of the findings. Therefore, multicenter, large-scale prospective studies are essential to validate
and extend these preliminary results. Moreover, our analysis was confined to mean values of SyMRI-derived
quantitative parameters. Future work should consider incorporating texture analysis, which may offer a more
nuanced assessment of tumor heterogeneity and provide deeper insights into the phenotypic characterization
of breast cancer.

In conclusion, our findings suggest that quantitative T2 values obtained via SyMRI hold promise for
identifying patients with HER2-low expression breast cancer. This technique may serve as a non-invasive,
dynamic imaging biomarker for monitoring HER2-low status, thereby contributing to the advancement of
personalized and precision-based treatment strategies.

Data availability
The datasets generated and analyzed during the current study are available from the corresponding author on
reasonable request.
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