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Abstract 

Background  Today, breast cancer is the most diagnosed cancer worldwide. There are many different clinical pres‑
entations, radiological characteristics, and histological types of breast cancer. HER2 is overexpressed in a significant 
number of breast cancer cases reaching 20% of all breast cancers, and its overexpression is seen directly proportion‑
ate with a poor outcome and prognosis.

Methods  We started this cross-sectional research from January 2022–December 2023 on 202 breast cancer patients 
who had 220 lesions. The molecular subtypes of the different lesions were determined in all the included cases. Mag‑
netic resonance imaging (MRI) studies were conducted in all included cases. The MRI parameters included conven‑
tional MRI, diffusion-weighted analysis, and dynamic post-contrast T1-weighted imaging.

Results  The prevalence of irregular margins (P < 0.001), linear and segmental distribution (P = 0.044), heterogeneous 
pattern (P < 0.001), and type 2 curve was statistically significantly higher in the HER2-positive lesions. Nipple infiltration 
incidence showed statistically significant elevation in the HER2-positive lesions (P = 0.017). The lesions’ ADC and per‑
ilesional ADC in the HER2-positive lesions were also statistically significantly elevated. The best cutoff point of ADC 
to detect lesions with positive HER2 expression was > 0.885 × 10–3 mm2/s, with 65.7% sensitivity and 60% specificity, 
with a statistically significant value (p = 0.005).

Conclusions  Magnetic resonance imaging of breast imaging is a promising noninvasive method for identifying 
breast tumors with the HER2 molecular subtype. Combining various radiological features by MRI may provide a con‑
clusion for recognizing positive HER2 lesions.
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Background
Breast cancer is the most common type of cancer among 
women worldwide [1]. In developing countries, particu-
larly in the Middle East, it is considered the leading cause 
of cancer death in women [2].

Immunohistochemical subtypes are widely used to 
classify breast cancers which in turn depend on recep-
tors’ expression such as estrogen receptor (ER), proges-
terone receptor (PR), and/or human epidermal growth 

factor receptor 2 (HER2/neu or ErbB2). This helps in 
determining their prognosis and therapy as well [3].

Hormone receptor (HR) positivity, which is the com-
bined result of both ER and PR positivity, is the most 
prevalent molecular subtype of invasive breast can-
cer. The greatest survival rates are seen in HR-positive 
tumors [4].

Before the emergence of HER2-receptor-targeted ther-
apeutic agents, cases displaying positive HER2 breast 
cancer had an overall poor outcome [5]. Preoperative 
targeted agents use can downstage the surgical deci-
sion from total mastectomy to just lumpectomy and also 
reduce the axillary surgery extent, from axillary lymph 
node dissection to the less invasive sentinel lymph node 
biopsy [6]. Moreover, the effectiveness of the neoadjuvant 
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therapy may determine whether further adjuvant therapy 
is needed [7].

In the context of neoadjuvant chemotherapy (NACT) 
for early-stage HER2-positive tumors, the radiologist 
assesses imaging characteristics that are related to the 
disease trajectory and surgical treatment. Mammogra-
phy, ultrasound (US), and magnetic resonance imaging 
(MRI) are important imaging modalities for evaluating 
HER2-positive malignancies and their response to ther-
apy [8].

MRI has surfaced as an important imaging modality in 
HER2-positive breast cancer assessment. Recent studies 
have discussed its potential to determine the molecular 
subtype of breast cancer, in particular HER2 overexpres-
sion. This information can be helpful for surgeons and 
clinicians to make informed decisions before starting 
treatment and can reduce the time and cost of possible 
further tests, especially in cases where results are equivo-
cal and more expensive tests are required at central labo-
ratory facilities [9].

Aim of work
To evaluate whether breast MRI could determine the 
HER2 molecular subtype of breast cancers and to identify 
biomarkers for intuitive imaging features, this will have 
a great impact on patients’ management and prognosis.

Methods
The Institutional Research Board approved our research 
work.

Study design
This study was conducted between March 2022 and 
December 2023. The inclusion criteria were female 
patients with various molecular subtypes of pathologi-
cally confirmed breast cancer with accurate clinical data 
for each case. The exclusion criteria were patients who 
have undergone neoadjuvant chemotherapy, patients 
who had a recent breast biopsy (within one month), 
patients who had absolute contraindications for under-
taking an MRI scan (like patients who had metallic pros-
thesis or cardiac pacemaker), patients who had renal 
function impairment, and patients who experience 
claustrophobia.

The research was performed following Helsinki Stand-
ards as declared in 2013 [10].

Study tools

•	 After a local examination of the breast and the axilla, 
a complete history was acquired from all the cases. 
Apart from the standard investigations, we also 
focused on the histopathological diagnosis and its 

molecular subtypes, such as tumor histopathologi-
cal type, Bloom–Richardson tumor grade, the pres-
ence or absence of lympho-vascular emboli, estro-
gen receptor (ER), and progesterone receptor (PR), 
HER2-neu receptor and Ki67 assessment.

MRI procedure

•	 All MRI studies were conducted using (MRI Phillips 
1.5  T). Following international recommendations, 
MRI was performed for all these women as a part of 
our institution’s standard preoperative work-up.

•	 For pre-menopausal women, the examination was 
scheduled to take place between days 7 and 14 of 
the menstrual cycle. To reduce aliasing artifacts and 
phase encoding artifacts, we position the patient so 
that her arms are comfortably above her head. The 
use of foam wedges inside the coil to reduce respira-
tory movement artifacts was implemented when the 
breast volume was low.

•	 To achieve symmetrical reading, we examined both 
breasts simultaneously to improve our ability to 
detect physiological glandular contrast uptake; how-
ever, this technique reduces the diagnostic value of 
the exam because it masks a certain amount of con-
trast uptake and eliminates aliasing artifacts, which 
happens when our field of view is smaller than the 
area of the patient being explored. The pixel size on 
each side was less than 1 mm, and the slice thickness 
was 3  mm. A voxel that is less than 1  mm and iso-
tropic is ideal for multiplanar reconstruction.

•	 To reduce respiratory and cardiac movement arti-
facts in axial plane acquisitions, phase encoding was 
done from right to left. Non-contrast imagining was 
used at the beginning of the scan. It incorporated 
taking axial weighted images in T1 and T2, with 
adipose tissue signal suppression by STIR followed 
by diffusion-weighted imaging (DWI), and lastly 
dynamic contrast-enhanced magnetic resonance 
imaging (DCE-MRI).

•	 To obtain diffusion-weighted images before dynamic 
images, single-shot spin-echo EPI sequences with 
TR/TE/NEX: 5800/139 ms and different b values of 
0, 500, and 1000  mm2/sec were used to acquire the 
standard T2-weighted images added with strong dif-
fusion gradients. The X, Y, and Z directions are the 
three orthogonal directions in which the diffusion 
gradients were applied successively. All images had 
sections with a thickness of 4  mm, an inter-slice 
gap of 1 mm, a field of view of 300–360 mm, and a 
128 × 256 matrix. The acquisition took 120 s in total. 
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In every instance, orthogonal (DWI) images and 
ADC maps were acquired.

•	 For every section, four sets of DWI were acquired. 
The sensitization gradients were applied successively 
in the X, Y, and Z planes, as shown by the first three 
sets of images (trace images). The final set (ADC 
map), which corresponds to the average diffusion 
images, allows one to measure the ADC at any point 
or ROI. After obtaining the trace images at various b 
values (b value (0), b value (500), and b value (1000), 
the MRI scanner software computed the ADC maps.

•	 Every dynamic study was conducted in the axial 
plane using fat-saturated pulse therapy to suppress 
fat. The FLASH 3 D GRE-T1W1 sequence was uti-
lized, and its parameters were as follows: flip angle 
of 20–25°, slice thickness of 3 mm without any inter-
slice gap, a field of view (FOV) of 300–360 mm, and 
matrix size of 384 × 384.

•	 An automated injector injected gadopentetate dime-
glumine (gadolinium) into the antecubital vein via an 
intravenous cannula with a gauge of 18–20  ml per 
second after the pre-contrast study. The dose of gad-
olinium was between 0.1 and 0.2 mmol/kg. The next 
step was to inject 20 ml of saline at a rate of 3–5 ml/
sec.

•	 Every dynamic scan had a pre- and post-contrast 
series, every one lasting approximately for 1.2  min. 
The initial two acquisitions, denoted as wash-in rate, 
marked the early contrast uptake, whereas the sub-
sequent acquisitions, denoted as washout kinetics, 
showed delayed enhancement.

•	 Images post-processing: making time-to-signal 
intensity curves (TIC) for lesions that show enhance-
ment and in-line images subtraction using the MIP 
algorithm in different projections (axial, coronal, and 
sagittal).

Imaging analysis
Image analysis was conducted by at least two experienced 
radiologists (7–12  years of experience). Images were 
interpreted regarding lesions’ morphology, as a mass, 
non-mass enhancement, or focus. Lesions numbers were 
evaluated as either single or multiple. Then, the imaging 
characteristics of each lesion were evaluated mass lesions 
and were described in terms of (I) shape (rounded, 
oval, or irregular masses), (II) margins (circumscribed, 
irregular, or speculated), (III) internal enhancement 
characteristics (homogeneous, heterogeneous, marginal, 
dark “non-enhancing” internal septations). While non-
mass lesions were described in terms of (I) distribution 
(focal, linear, ductal, segmental, regional, and diffuse 
enhancement) and (II) internal enhancement pattern 

(homogenous, heterogeneous, clumped, clustered ring 
enhancement). Also, all the lesions were assessed to 
detect if they showed nipple or chest wall infiltration. 
Background parenchymal enhancement was classified 
into (minimal, mild, moderate, and marked). Enhance-
ment dynamics (kinetics) analysis: by evaluating time sig-
nal intensity curve data. Accordingly, we identified three 
curve types: type 1 (persistent dynamic curve—more 
than 10% with time), type 2 (plateau dynamic curve—
does not alter following initial rise), or type 3 (washout 
dynamic curve—reduces more than 10%). Then, lesions 
were detected on DWI & ADC maps after evaluating the 
source images and using them for guidance. Afterward, 
lesions were delineated according to their signal intensity 
on b1000 images and classified into free diffusion (dis-
playing low signal intensity) or restricted diffusion (dis-
playing high signal intensity). Automatic measurements 
of ADC values followed (minimum 3 ROIs), calculating 
the mean ADC afterward and expressing it as 10−3 mm2/
sec.

Statistical analysis
Study data were analyzed using Statistical Package for 
Social Sciences (SPSS) version 25 for Windows (IBM, 
SPSS Inc, Chicago, IL, USA). Categorical data were 
expressed in number and percent. The Chi-square test 
(Monte Carlo test or Fischer’s exact test) made the com-
parison between two or more groups with categorical 
data. The quantitative data were tested whether normally 
distributed or not by using the Kolmogorov–Smirnov 
test and were expressed as median ± SD if was parametric 
or median (range) if nonparametric.

The independent samples t-test was used to compare 
two groups with quantitative variables that were regu-
larly distributed, and the Mann–Whitney U-test was 
employed if the data were abnormally distributed. The 
receiver operator characteristic (ROC) curve was used 
to detect the best cutoff point of the quantitative variable 
in differentiating two classes of binary categorical out-
comes. P values < 0.05 are considered significant.

Results
The study enrolled 202 females with breast can-
cer recruited from the Oncology center. Cases ages 
ranged from 27 to 74  years with mean age of the cases 
of 46.32 ± 11.29  years. The age group most represented 
was between 41 and 50 years old (34.7%), with 24.8% of 
respondents falling into this category.

The current study’s molecular type analysis revealed 
that triple negative (TN) was present in 28 lesions 
(12.7%), luminal A was present in 58 lesions (26.4%), 
luminal B was present in 64 lesions (29.1%) (Fig. 1), HER2 
positive was found in 70 lesions (31.8%) (Figs. 2 and 3). 
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Additionally, HER2 (Fig.  4) was positive in 134 lesions 
(60.9%), PR was positive in 114 lesions (51.8%), and ER 
was positive in 122 cases (55.5%). The range of the KI per-
cent was 5–90%, with a mean of 37.21 ± 20.85%. Detailed 
clinical and histopathological data are shown in Table 1.

After comparing HER2-positive lesions and other 
molecular subtypes lesions, there was no statistically 
significant difference between the cases with HER2-
positive lesions and other types; regarding the shape of 
the mass lesions (p = 0.200), the pattern of mass enhance-
ment (p = 0.160), the incidence of chest wall infiltration 
(p = 0.332), and background parenchymal enhancement 
(BPE) (p = 0.169).

On the other hand, the prevalence of irregular mar-
gins was statistically significantly higher in the HER2-
positive lesions (P < 0.001). Also, the prevalence of linear 

Fig. 1  Female patient aged 67 years old complaining of a left breast 
lump. She had a family history of breast cancer (mother), and she 
had not received hormonal contraception before. MRI revealed: 
A & B Pre-contrast T1- and T2-weighted axial image showing: 
Multicentric masses with irregular shape and margin associated 
with thickened overlying skin at the left breast’s upper outer 
quadrant (UOQ). C & D Post-contrast dynamic and subtraction axial 
images showing: heterogeneously enhancing masses with thickened 
enhanced overlying skin as well as clumped segmental non-mass 
enhancement at the UOQ of the left breast. D & E DWI of the lesion 
shows high signal intensity and low signal in ADC map with mean 
lesion ADC value measured at largest lesion = 0.79 × 10−3 mm/sec 
and perilesional ADC = 1.4 × 10−3 mm/s. Pathology proved to be 
Grade II invasive duct carcinoma—Luminal A subtype—Ki-60%

Fig. 2  Female patient aged 35 years old complaining of left breast 
mass with no known family history of breast cancer. MRI revealed: A & 
B Pre-contrast T1- and T2-weighted axial images showing: multifocal 
mass of irregular shape and margin seen at the lower half of left 
breast displaying low signal intensity on T1 and intermediate to low SI 
on T2-weighted images. C & D Post-contrast dynamic and subtraction 
axial images showing: heterogeneous enhancing multifocal mass 
seen at the lower half of the left breast. E & F DWI shows high signal 
and low signal in the ADC map, with mean lesion ADC value = 0.9 
× 10−3 mm/sec and perilesional ADC = 1 × 10−3 mm/s. Pathology 
proved to be high-grade invasive duct carcinoma—Luminal B 
HER2-positive subtype—Ki-30%



Page 5 of 11Bayoumi et al. Egypt J Radiol Nucl Med          (2024) 55:203 	

Fig. 3  A female patient aged 30 years old complaining of left breast 
lump. She had no previous family history of breast cancer, nor had 
she received hormonal contraception before. MRI revealed: A & 
B Pre-contrast T1- and T1-weighted axial images showing: a mass 
lesion of low signal intensity at the left breast’s upper outer quadrant 
(UOQ) surrounded by peritumoral high signal intensity on T2 WI. C 
& D Post-contrast dynamic and subtraction axial images showing: 
marginal heterogeneous enhancement. at UOQ of the left breast. 
E & F DWI shows marginal high signal intensity with low signal 
in ADC map with mean lesion ADC value = 0.85 × 10–3 mm/sec 
and perilesional ADC = 1 × 10–3 mm/sec. Pathology proved to be 
high-grade invasive ductal carcinoma—Triple-negative subtype—
Ki-60%

Fig. 4  Female patient aged 50 years old complaining of a right 
painful breast lump with a family history of breast cancer (sister). 
MRI revealed: A & B Pre-contrast T1- and T2-weighted axial image 
showing: a large retro-areolar breast mass with partially circumscribed 
margins infiltrating nipple-areolar complex and smaller satellite 
lesions, displaying low signal intensity on T1 and intermediate 
to low signal intensity on T2-weighted images. C & D Post-contrast 
dynamic and subtraction axial images showing: heterogeneous 
enhancement of retro-areolar mass infiltrating the nipple-areolar 
complex with enhancing satellite lesions. E & F DWI shows high 
signal intensity with low signal in ADC map with mean lesion ADC 
value = 0.7 × 10–3 mm/sec and perilesional ADC = 1.5 × 10–3 mm/sec. 
Pathology proved to be Grade II invasive duct carcinoma—HER2 
subtype—Ki-30%



Page 6 of 11Bayoumi et al. Egypt J Radiol Nucl Med          (2024) 55:203 

and segmental distributions was statistically significantly 
higher in the HER2-positive lesions (P = 0.044).

The most common enhancement pattern detected in 
HER2-positive lesions was a heterogeneous enhance-
ment pattern. The incidence of nipple infiltration was sta-
tistically significantly higher in the HER2-positive lesions 
(Fig. 5) (P = 0.017).

Type 2 curve was more prevalent in the HER2-pos-
itive lesions with a statistically significant difference 
(P < 0.001). Finally, the lesion ADC and perilesional ADC 
were statistically significantly higher in the HER2-pos-
itive lesions. Table  2 shows a more descriptive analysis 
of HER2-positive lesions versus other molecular lesion 
types.

We also assessed the diagnostic value of HER2-pos-
itive lesion ADC as well as perilesional ADC. Regard-
ing lesion ADC, by ROC curve the best cutoff point 
of ADC to identify lesions with positive HER2 expres-
sion was > 0.885 × 10–3  mm2/s, with 65.7% sensitiv-
ity and 60% specificity, with a statistically significant 

value (p = 0.005), while perilesional ADC; the best cut-
off point of perilesional ADC to identify lesions with 
positive HER2 expression was > 1.25 × 10–3 mm2/s, with 
48.6% sensitivity and 55.7% specificity, with non-statis-
tically significant value (p = 0.056). This is described in 
Table 3 and Fig. 6.

With univariate regression analysis, irregular mar-
gins, linear distribution, absence of regional pattern, 
segmental distribution, heterogeneous pattern, nipple 
infiltration, multiple number of lesions, decreased rep-
resentation of type 3 curves, increased ADC value, and 
increased perilesional ADC values were considered as 
diagnostic features of HER2 molecular types. However, 

Table 1  Clinical and histopathological data of the study cases

HER2 human epidermal growth factor 2, TN triple negative, ER estrogen receptor, 
PR progesterone receptor

Variables Number of cases N = 202

 Age (years) (Number of cases = 202)

  Mean ± SD 46.32 ± 11.29

  Median (Range) 44 (27–74)

 Age groups

  ≤ 30 years 14 6.9

  31–40 years 50 24.8

  41–50 years 70 34.7

  51–60 years 46 22.8

  61–70 years 16 7.9

  > 70 years 6 3

 Molecular types

  HER2 70 31.8

  LUMINAL B 64 29.1

  LUMINAL A 58 26.4

  TN 28 12.7

 ER

  Negative 98 44.5

  Positive 122 55.5

 PR

  Negative 106 48.2

  Positive 114 51.8

 HER2

  Negative 86 39.1

  Positive 134 60.9

 KI (%)

  Mean ± SD 37.21 ± 20.85

  Median (Range) 30 (5–90)

Fig. 5  Female patient aged 28 years old complaining of right 
breast lump with no family history of breast cancer. MRI revealed: 
A & B Pre-contrast T1- and T2-weighted axial image showing: large 
mass with irregular margin seen at the inner half of the right breast 
infiltrating the nipple-areolar complex. C & D Post-contrast dynamic 
and subtraction axial images showing: a large heterogeneous 
enhancing mass seen at the inner half of the right breast infiltrating 
the nipple-areolar complex with related medially located segmental 
non-mass enhancement. E & F DWI shows high signal intensity 
with low signal in ADC map with mean lesion ADC value = 0.9 × 10–

3 mm/sec and perilesional ADC = 1.18 × 10–3 mm/sec. Pathology 
proved to be Grade III invasive duct carcinoma associated 
with extensive high-grade ductal carcinoma in situ—HER2 subtype—
Ki-30%
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with multivariate regression analysis, the absence of 
regional pattern, heterogeneous pattern, and decreased 
representation of type 3 curves was shown as inde-
pendent diagnostic features of HER2 molecular types, 
as shown in Table 4.

Discussion
The goal of the current study was to identify intuitive 
imaging features as potential biomarkers and assess 
whether breast magnetic resonance imaging could 
reflect the HER2 molecular subtype of breast cancers.

Table 2  Comparison of the molecular types of all breast lesions

BPE background parenchymal enhancement, ADC apparent diffusion coefficient, t Independent samples t-test, MC Monte Carlo test, χ2 Chi-square test, FET Fischer’s 
exact test
* Statistically significant (p < 0.05)

HER2 [N = 70] Other types [N = 150] Test of significance

Mass (n = 134) N = 26 N = 108

Shape

Oval 4 (15.4%) 6 (5.6%) MC = 3.220
P = 0.200Rounded 2 (7.7%) 6 (5.6%)

Irregular 20 (76.9%) 96 (88.9%)

Margin (n = 134)

Speculated 22 (84.6%) 100 (92.6%) MC = 18.688
P < 0.001*Irregular 4 (15.4%) 0 (0%)

Circumscribed 0 (0%) 8 (7.4%)

Enhancement pattern

Heterogeneous 26 (100%) 102 (94.4%) FET = 1.324
P = 0.160Marginal 0 (0%) 6 (5.6%)

Non-mass (n = 86) N = 44 N = 42

Distribution

Diffuse 0 (0%) 2 (4.8%) MC = 5.874
P = 0.044*Linear 6 (13.6%) 0 (0%)

Regional 0 (0%) 14 (33.3%)

Segmental 38 (86.4%) 26 (61.9%)

Enhancement pattern

Heterogeneous 44 (76.9%) 42 (38.9%) χ2 = 16.279
P < 0.001*

Chest wall infiltration 0 (0%) 2 (1.3%) FET = 0.942
P = 0.332

Nipple infiltration 16 (22.9%) 16 (10.7%) χ2 = 5.706
P = 0.017*

Number of lesions

Single 54 (77.1%) 90 (60%) χ2 = 6.202
P = 0.013*Multiple 16 (22.9%) 60 (40%)

BPE

Minimal 2 (2.9%) 2 (1.3%) MC = 5.035
P = 0.169Mild 40 (57.1%) 92 (61.3%)

Moderate 26 (37.1%) 56 (37.3%)

Marked 2 (2.9%) 0 (0%)

Curve

Type 2 42 (60%) 50 (33.3%) χ2 = 13.949
P < 0.001*Type 3 28 (40%) 100 (66.7%)

Lesion ADC [× 10–3 mm2/s] 0.937 ± 0.165 0.875 ± 0.143 t = 2.847
P = 0.005 *

Perilesional ADC [× 10–3 mm2/s] 1.307 ± 0.248 1.229 ± 0.204 t = 2.442
P = 0.015*
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The study included 202 pathologically proven can-
cer breast patients with different molecular subtypes. 
Cases’ age varied from 27 to 74  years with a mean age 
of 46.32 ± 11.29  years. Between the ages of 41 and 50 
(34.7%) were the age group with the highest representa-
tion, followed by 31–40 (24.8%).

This was consistent with an age distribution for cases 
reported in another study by Metwally et  al., where the 
mean age was 41.3 years [11]. This was also in line with 
the findings of Ng et  al., who discovered that the age 
group of 20–40  years was the next largest, with most 
patients falling into the 41–60 age range [12].

Previous reports stated that 1–40% of HER2 BC have 
pathological intratumor heterogeneity related to varia-
tions in HER2 expression levels [13, 14]

In the current study, the molecular type was found to 
be HER2 positive in 70 cases (31.8%), 64 cases (29.1%) for 
luminal B, 58 cases (26.4%) for luminal A, and 28 cases 
(12.7%) for TN tumors. This was consistent with a differ-
ent study by Darwish et al. who found that 30.1% of cases 
had HER2-neu positivity [15].

The prevalence of HER2-positive breast cancer in the 
current study was slightly higher as compared to Algaz-
zar et al. who included 60 cases their age ranged from 41 
to 72 years and had a mean age of 56.48 ± 8.70. HR-posi-
tive receptors were found in 44 cases representing 73.3%, 
HER2/neu-positive receptors were found in 13 cases 
representing 21.7%, luminal A receptors were detected 
in 34 cases representing 56.7%, luminal B receptors were 
detected in 10 cases representing 16.7%, HER2/neu-
enriched were detected in 7 cases representing 11.7%, 
and triple-negative breast cancer was found in 9 cases 
representing 15% [16].

HER2-positive overexpression at MRI scan often 
appears as a multifocal irregular mass with plateau or 
washout kinetics and non-mass enhancement, with a 
pooled odds ratio of 2.45. While oval masses with cir-
cumscribed margins, non-mass enhancement, and peri-
tumoral edema characterize HR-negative HER2-positive 
cancers. Whereas HR-positive HER2-positive cancers 
have irregular shapes and spiculated margins [17, 18].

Many studies focused on the relationship between 
HER2 status and nipple involvement [19–22]. The HER2-
positive group had a higher nipple involvement rate than 
the negative group (RR = 1.760, 95% CI = 1.463–2.116) as 
reported by Zhang et al. previous study [19]. This agrees 
with our results that showed nipple involvement in 22.9% 

Table 3  Diagnostic value of lesion and perilesional ADC 
[× 10–3 mm2/s] to identify cases with positive HER2

AUC​ area under the curve, NPV Negative predictive value, PPV Positive predictive 
value, P probability
* significant p-value (< 0.005)

Diagnostic criteria Lesion ADC [× 10–3 
mm2/s]

Perilesional ADC 
[× 10–3 mm2/s]

AUC​ 0.619 0.580

Cutoff point  > 0.885  > 1.25

Sensitivity 65.7% 48.6%

Specificity 60% 55.4%

NPV 66.3% 52.4%

PPV 62.4% 51.6%

Accuracy 64.2% 50.4%

P 0.005* 0.056

Fig. 6  Receiver operating curve (ROC) curve of ADC × 10–3 mm2/s to identify cases with positive HER2. A lesion ADC and B perilesional ADC. 
Demonstrates that lesion ADC cutoff value of > 0.885 × 10–3 mm2/s and AUC: 0.619 while perilesional ADC > 1.25 × 10–3 and AUC = 0.606. ADC: 
Apparent diffusion coefficient, AUC: area under curve
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of the HER2-positive cases versus 10.7% of other molecu-
lar subtypes.

In the current study, there was a statistically significant 
higher prevalence of non-mass lesions in the HER2-pos-
itive lesions (62.9% versus 28%) (p < 0.001) with the seg-
mental non-mass enhancement pattern was the prevalent 
pattern among non-mass lesions in our work, represent-
ing 86.4% of the cases. This agreed with Algazzar et  al. 
who showed that there was a statistically significantly 
higher prevalence of non-mass lesions in the HER2-posi-
tive lesions (38.5% versus 12.8%) (p = 0.049) [16].

According to the current findings, there was no signifi-
cant statistical difference between the HER2 and other 
molecular subtypes concerning lesions’ size. This sup-
ported Mohammed et  al. findings that HER2 status did 
not affect tumor size (p = 0.745) [23].

In the current study, heterogeneous enhancement was 
reported in all HER2-positive cases with mass lesions as 
compared to 94.4% in cases with HER2-negative lesions, 

with no statistically significant difference (p = 0.160). This 
was in line with Algazzar et  al. who showed that het-
erogeneous enhancement was reported in 84.6% of the 
HER2-positive cases and 61.7% in HER2-negative lesions, 
with no discernible variation between the two categories 
(p = 0.29) [16].

The current results showed that irregular margins 
were statistically significantly higher in the HER2-posi-
tive cases (15.4% versus 0%) (p < 0.001). This copes with 
Algazzar et al. who showed that all cases with HER2-pos-
itive type had irregular shapes and non-circumscribed 
margins [16].

In our study, HER2-positive breast cancer 
showed statistically significantly higher lesional 
ADC value (0.937 ± 0.165 × 10–3  mm2/s ver-
sus 0.875 ± 0.143 × 10–3  mm2/s) and perilesional 
ADC value (1.307 ± 0.248 × 10–3  mm2/s versus 
1.229 ± 0.204 × 10–3  mm2/s) as compared to other 
molecular subtypes. This was following López–García 

Table 4  Univariate and multivariate regression analysis for prediction of positive HER2

CI Confidence interval, OR Odd’s ratio

Predictors Univariate regression Multivariate regression

P value Odds ratio 95% C.I. for odds ratio P value Odds ratio 95% C.I. for odds 
ratio

Lower Upper Lower Upper

Oval R

Rounded 0.766 1.174 0.622 1.572

Irregular 0.225 0.609 0.274 1.357

Speculated R

Irregular 0.014* 1.472 1.355 1.755 0.214 1.23 0.71 1.46

Circumscribed 0.488 1.200 0.794 2.260

Heterogeneous R

Marginal 0.078 0.329 0.095 1.135

Diffuse R

Linear 0.040* 4.510 1.074 8.929 0.532 1.254 0.630 1.245

Regional  < 0.001* 0.466 0.325 0.668 0.001* 0.546 0.238 0.762

Segmental 0.002* 1.472 1.355 1.755 0.214 1.23 0.71 1.46

Heterogeneous  < 0.001* 1.648 1.255 2.187  < 0.001* 1.740 1.425 2.207

Chest wall infiltration 0.225 0.609 0.274 1.357

Nipple infiltration 0.031* 2.147 1.479 2.436 0.096 1.030 0.887 1.257

Single R

Multiple 0.019* 0.403 0.188 0.863 0.289 0.712 0.380 1.334

Minimal R

Mild 0.882 0.716 0.128 1.487

Moderate 0.331 0.320 0.032 3.184

Marked 0.603 0.762 0.273 2.125

Type 2 R

Type 3 0.001* 0.092 0.022 0.379 0.005* 0.483 0.230 0.846

ADC 0.006* 4.266 1.129 5.348 0.532 1.254 0.630 1.245

Perilesional ADC 0.017* 2.833 1.324 7.648 0.452 1.327 0.580 1.397
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and Rupa et al. demonstrated that although lesions with 
HER2-neu-positive cases had higher mean ADC val-
ues than lesions with HER2-neu-negative cases, the dif-
ferences were not statistically significant [24, 25]. ADC 
values in HER2-positive breast cancer were found to be 
significantly higher than in HER2-negative breast cancer, 
according to multiple studies [26–28].

These findings, however, were at odds with those of 
Mao et al., who demonstrated that there was no statisti-
cally significant difference in ADC values between HER2-
positive and HER2-negative groups (p = 0.126) [29]. 
Furthermore, unlike our current results, Roknsharifi et al. 
stated that there was no meaningful association between 
HER2 status and ADC values [30].

HER2-positive BC may be more heterogeneous than 
HER2-negative breast cancer, which may explain this 
controversy. Recent research by Kim et al. revealed high 
intratumoral kinetic heterogeneity in HER2-positive 
breast cancer [31]. ADC value measurements in breast 
cancer might be affected by the higher heterogeneity.

The current study’s variation can be attributed to the 
enhanced angiogenesis that inhibits diffusion restriction 
[32].

According to the current results, with a moder-
ate sensitivity of 65.7% and specificity of 60%, the 
mean ADC value to identify cases with positive HER2 
was > 0.885 × 10–3 mm2/s.

Larger scale studies are still needed to confirm the use 
of MRI in identifying molecular subtypes of breast can-
cer. Still, in the meantime, it can be used as a noninvasive 
method of diagnosis.

Limitations
The number of cases was relatively large; however, more 
cases are still needed, especially the luminal b cases with 
HER2-negative receptors, to improve the statistical out-
come. The relatively long duration of the scan results in 
some motion artifacts, especially in older patients.

Conclusions
Magnetic resonance imaging of the breast is a promis-
ing noninvasive method for identifying breast cancers 
with the HER2 molecular subtype. Combining the vari-
ous radiological features could offer a conclusion with a 
sufficient degree of identifying the positive HER2 lesions.
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