
Marwa Mohammed salama /Afr.J.Bio.Sc.6(2)(2024)                                                         ISSN: 2663-2187  
 
https://doi.org/10.48047/AFJBS.6.2.2024.1633-1652 
 

  

ResearchPaper OpenAccess 

AfricanJournalofBiological 
Sciences 

 

 
Role of Dynamic Magnetic Resonance Imaging in characterization of 
benign and malignant Breast mass lesions 
 
Marwa Mohammed salama, Fathy Ahmed Tantawy, Ahmed Sabry Ragheb, 

Mohammed Ibrahim Amin 

Department of Radiodiagnosis, Faculty of Medicine, Zagazig University, Egypt 

Email:marwasalama774@gmail.com 

 

 
 

Article History 

 

Volume 6, Issue 2, April 2024 

Received:3June2024 

Accepted: 11 July 2024 

Published: 11 July 2024 

doi:  

10.48047/AFJBS.6.2.2024.1633-1652  

 

 

 

Introduction 
Magnetic resonance imaging (MRI) is an essential tool in breast imaging with multiple clinical indications, 

including preoperative staging, monitoring of neoadjuvant chemotherapy, differentiation between scar and 

recurrence, evaluation of breast implants, evaluation of patients with cancer of unknown primary (CUP), and 

screening of high-risk patients (1, 2). When lesions are found to be suspicious on mammography, digital 

breast tomosynthesis, or sonography, MRI provides further non-invasive analysis and can obviate 

unnecessary biopsies (3). When breast cancer is detected or confirmed, MRI provides concurrent staging of 

disease for treatment planning. Dynamic contrast-enhanced MRI (DCE-MRI) offers morphological and 

functional tumour information, with excellent sensitivity and variable specificity for breast cancer diagnosis 
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(4–6). To overcome limitations in specificity and assess more functional data, additional MRI parameters can 

be combined with DCE-MRI; this approach is defined as multiparametric MRI (MP MRI) and has been 

successfully implemented in clinical routine. Recent studies demonstrated that MP MRI can provide 

additional information regarding the hallmarks of cancer, thereby increasing its specificity (7–9). Diffusion-

weighted imaging (DWI) and proton MR spectroscopy imaging (1H-MRSI) are examples of techniques that are 

already established in breast imaging for providing additional parameters, while newer techniques such as 

chemical exchange saturation transfer (CEST), blood oxygen level-dependent (BOLD), sodium imaging (23Na-

MRI), phosphorus spectroscopy (31P-MRSI), lipid MRSI or hyperpolarised MRI (HP MRI) are still being 

investigated. Meanwhile, breast MRI is steadily moving to 3 T and even 7 T, as the application of high and 

ultra-high field strengths can improve diagnostic accuracy of breast cancer detection. Abbreviated MRI 

protocols for breast cancer assessment and screening are currently being developed.  

  DYNAMIC CONTRAST-ENHANCED MRI (DCE-MRI) 

DCE-MRI is the backbone of any MRI protocol, enabling the simultaneous assessment of tumour morphology 

and semi-quantitative enhancement kinetics that evaluate neoangiogenesis as a tumour-specific feature 

(4, 7). Cancers typically develop abnormal vasculature and increased vessel permeability to support its high 

metabolic demand for oxygen and nutrients (10). At present, DCE-MRI is generally recognised as the most 

sensitive imaging modality and aids in the non-invasive differentiation of benign and malignant lesions, while 

it may obviate unnecessary breast biopsies (6, 11, 12). 

In 2003, the American College of Radiology (ACR) introduced the Breast Imaging-Reporting and Data System 

(BI-RADS) MRI lexicon to standardize breast MRI reports worldwide; a revised version was released in 2013 

(13). This lexicon provides a standardized terminology for breast MRI findings, report structure, and 

classification system. The final BI-RADS category determines the probability of malignancy and is based on 

the most suspicious finding in each breast. A BI-RADS category 0 is assigned when the examination is 

incomplete, while category 1 indicates a negative examination, category 2 a benign, and category 3 a probably 

benign lesion. A BI-RADS category 4 suggests that the finding is suspicious enough to justify biopsy, while 

category 5 is highly suggestive of malignancy, and category 6 is assigned in the case of a histologically verified 

malignancy. 

Imaging parameters 

Image acquisition is performed in an axial plane with 2 mm (or finer) sections. Sagittal and coronal 

reconstructions are made from this dataset. Sagittal image acquisition is usually preferred for biopsy 

procedures. The primary pulse sequences are fat-suppressed axial T1-weighted (T1W) without and with 

contrast and fat suppressed axial T2-weighted (T2W) or short TI inversion recovery (STIR). For the contrast 

portion of the exam, a paramagnetic gadolinium-based intravascular contrast (0.1 mmol/kg) is injected at a 

rate of 2 mL/s. A minimum of two postcontrast T1-weighted series should be obtained, with initial post-

contrast images within 2 minutes and delayed post-contrast images within 8 min after contrast 

administration. Kinetic curves are generated from these T1W post-contrast images. Fat suppression is used 

because an enhancing cancer can be confused with nonsuppressed fat as they both have high signal intensity 

on T1W images. The most common way to reduce or remove fat signal and show enhancement more clearly is 

to use spectral fat saturation. Homogeneous fat suppression may not be possible with large breasts. 

Image interpretation 

ACR BI-RADS® Lexicon  

The American College of Radiology (ACR) has created a breast imaging and reporting data system (BI-RADS®) 

atlas[2,3] which contains terminology for describing lesion architecture and enhancement characteristics. 

Use of this terminology allows a comprehensive analysis of both morphological and kinetic features used in 

image interpretation and helps radiologists and other clinicians communicate more clearly and consistently. 

A radiological description should include lesion information including clock-face location and distance from 

nipple, morphologic assessment of enhancement, associated findings such as nipple retraction or inversion 

and skin changes (retraction, thickening, and invasion), and a kinetic curve assessment [Table 1]. 
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Background enhancement  

Assessment of background parenchymal enhancement pattern can be described with 4 M's: minimal, mild, 

moderate, and marked. This is analogous to mammographic breast tissue density in that breasts with greater 

background enhancement (or greater density in mammography) may limit accuracy of underlying lesion 

detection.[4] Background parenchymal enhancement fluctuates with the menstrual cycle, being highest 

during weeks 1 and 4 and lowest during week 2. Thus, imaging between days 7–14 of the menstrual cycle is 

recommended, unless precluded by clinical urgency. With background enhancement in mind, one must 

determine if there is a lesion that is conspicuous among its surroundings. 

Morphologic assessment of enhancement  

A lesion of less than 5 mm should be described as a focus. A focus or multiple foci may result from hormonal 

changes (eg, fibrocystic changes) and are often stable on follow-up exams. 

A 3-dimensional lesion (mass) should be characterized according to shape (round, oval, lobulated, or 

irregular), margins (smooth, irregular, or spiculated), and internal enhancement (homogenous, 

heterogeneous, rim, dark internal septations, enhancing internal septations, or central). More irregular and 

spiculated masses have a higher likelihood of malignancy. Specific internal enhancement patterns are often 

associated with certain entities: rim-enhancement is seen with high-grade invasive ductal carcinoma, cysts 

with inflammation, and fat necrosis; dark internal septations may be seen with fibroadenomas; enhancing 

internal septations are often seen with malignancy; central enhancement is seen with high-grade ductal 

carcinoma and vascular tumors. 

If enhancement is located in an area that is not associated with a mass (nonmasslike enhancement), the 

description should give details of the distribution (focal, linear, ductal, segmental, regional, or diffusive), 

internal enhancement (homogenous, heterogeneous, clumped, stippled, punctate, reticular or dendritic), and 

whether it is symmetric or asymmetric. Ductal and segmental distribution of enhancement can be seen with 

ductal carcinoma in situ (DCIS) or invasive ductal cancer, sclerosing adenosis, atypical ductal hyperplasia, or 

papillary neoplasms. Diffuse enhancement is seen with benign processes and normal fibroglandular tissues. 

Reticular or dendritic internal enhancement is seen with lymphatic involvement such as that seen with 

inflammatory breast cancer. 

Enhancement kinetics  

Three basic curve shapes have been described [Figure 1].[5] Type-I curves are slowly enhancing, in which 

gradual, steady enhancement occurs over about 5 min. Malignancy is seen in approximately 6% of lesions 
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with a Type-I curve.[6] Type-II curves show early strong enhancement (increase over a 1–2 min period) with 

a subsequent plateau phase. Malignancy is seen in approximately 6–29% of lesions with a Type-II curve.[6] 

Type III or “washout” curves show early strong enhancement (over 1–2 min), with subsequent decline in 

enhancement. This produces a characteristic peak dubbed the “the cancer corner,” and is strongly associated 

with malignancy. Malignancy is seen in approximately 29-77% of lesions with a Type-III curve.[6] Both Type-

II and Type-III curves should be considered suggestive of malignancy. 

 
Figure 1 

Three types of enhancement kinetics curves seen with breast MRI. 

Diffusion-weighted imaging (DWI) is a technique that takes into account the differences in diffusion rate of 

water molecules in normal and pathologic tissue. This technique, although not commonly used, has a higher 

specificity to differentiate between benign and malignant breast lesions compared to that of contrast-

enhanced MRI (84% compared to 37%).[7] It relies on differences in cellularity to distinguish between 

benign and malignant lesions. Malignant lesions, which frequently have a higher degree of cellularity 

compared with benign lesions, often demonstrate restricted diffusion. 

Computer-aided detection in breast MRI  

Computer-aided detection (CAD) can be performed using a software adjunct package for enhancement 

kinetics. A maximal intensity projection (MIP), kinetics curve, and color map overlay can be generated [Figure 

2]. CAD does not evaluate anatomy or pathology. Advantages of CAD include the ability to quickly analyze 

large numbers of images, aid in visual subtraction, and facilitate reconstructions and future comparisons. 

 
Figure 2 

(a) MIP, (b) kinetics curve, and (c) color map overlay obtained using CAD software. 
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Artifacts  

Breast MRI is susceptible to artifacts common in MRI of all organ systems: ghosting, motion, wrap-around, 

magnetic susceptibility, signal void, field inhomogeneity, and chemical shift. Artifacts specific to breast 

imaging include background parenchymal enhancement (discussed above), which can be avoided by imaging 

between days 7–14 of the menstrual cycle, and artifact due to breast tissue (usually large breasts) abutting 

the radiofrequency coil, leading to signal voids and magnetic susceptibility. Poor fat saturation, which can be 

due to incorrect identification of the fat peak or field inhomogeneity, is often seen with breasts composed of 

larger amounts of fat. Care must be taken that the proper fat peak is selected, shimming is used to improve 

field uniformity, and appropriately sized breast coils are used to ensure adequate fat suppression. 

Common benign lesions 

Benign breast lesions can have a variable appearance on MRI. However, a few important principles regarding 

benign lesions have been described. Lesions with high signal on T1W imaging often contain fat and are thus 

most often benign, unless they are rapidly growing. Lesions that show intensely high signal on T2W imaging 

often contain water and are also generally benign. One important exception is colloid carcinoma, which also 

exhibits high signal on T2W images. Benign lesions often do not show enhancement. However, as described 

above, variable enhancement kinetics can be seen with benign lesions. Benign lesions often do not show 

restricted diffusion. 

A simple cyst is the most common benign breast lesion. It is best seen with ultrasound as a well circumscribed, 

anechoic mass, with an imperceptible wall and posterior acoustic enhancement. On MRI, simple cysts show 

low signal on T1W images, high signal on T2W images, and do not enhance. Mammography cannot 

distinguish between cyst and solid mass. 

 
Figure 3 

Simple cyst. (a) CC and (b) ML views of the left breast demonstrate several well-circumscribed round/oval 

masses nearly isodense to the parenchyma (circles). MR images demonstrate these masses to be (c) 

hypointense on T1WI, (d) hyperintense on T2WI, and (e) nonenhancing. 

A fibroadenoma [Figure 4] is the second-most common benign breast lesion behind the simple cyst. On MRI, it 

is a focus or mass of enhancement with benign morphologic characteristics (without spiculations or 

microlobulations), nonenhancing dark internal septations, and follows a Type-I kinetics curve. 

 
Figure 4 
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Fibroadenoma. MIP image demonstrates an enhancing mass without spiculations or microlobulations. 

An intramammary lymph node appears as an intraparenchymal breast mass with an eccentric fatty hilum. It is 

often small, oval, and smoothly marginated. Though it may be located anywhere in the breast, it is more 

commonly located in the upper-outer quadrant. MRI characteristics include a high-signal fatty hilum on T1W 

images, high signal on T2W images, and rapid, intense enhancement with contrast. On mammography, an 

intramammary lymph node may have a reniform or lobulated mass with a fatty hilum or notch. On 

ultrasound, it is a hypoechoic reniform mass with an echogenic fatty hilum. 

Common malignant lesions 

Malignant breast lesions can also have a variable appearance on MRI. These lesions often show low-signal 

intensity on T1W imaging, and low or moderate signal intensity on T2W imaging. Malignant lesions enhance 

with variable enhancement kinetics, as above. They often show restricted diffusion. 

Ductal Carcinoma in situ (DCIS is a neoplasm of variable grade and may not be visualized on MRI. It may have 

non-mass-like enhancement that can be clumped, ductal, linear, or segmental in shape. Enhancement kinetics 

are not useful because this lesion shows slow initial enhancement without washout (Type-I curve). 

 
Figure 5 

DCIS. (a) CC and (b) MLO views of left breast with microcalcifications (not well projected), soft tissue density, 

and biopsy clip in the outer aspect (white ovals). Axillary lymphadenopathy (black oval) is noted on the MLO 

view. (c) Post-contrast MR image of left breast showing clumped non-masslike enhancement in the outer 

aspect (oval). Note central low-signal artifact from a biopsy tract. 

Invasive ductal carcinoma is the most common primary malignant tumor of the breast. MRI demonstrates an 

irregularly shaped, spiculated mass, with rim or heterogeneous enhancement. These lesions often display 

Type-II or Type-III washout curves. However, morphology is always more significant a tool for diagnosis than 

kinetic curve assessment. 

 
Figure 6 
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Invasive ductal carcinoma. (a) CC and (b) MLO views of the left breast demonstrate an irregular mass with 

indistinct spiculated margins (white ovals) (c) Ultrasound image demonstrates a taller-than-wide hypoechoic 

irregular mass with indistinct margins. (d) Postcontrast MR images demonstrate heterogeneous 

enhancement of the mass (oval). Note (e) the color map overlay and (f) type III enhancement curve of the 

mass. 

Invasive lobular carcinoma comprises about 10% of all breast carcinomas. It is very difficult to detect 

mammographically due to an insidious growth pattern and a density equal or less than that of normal breast 

tissue. Both mammography and ultrasound often underestimate the lesion size, which has implications for 

staging and treatment. MRI has a higher sensitivity for lobular carcinoma and can more accurately assess the 

lesion size.[8] It commonly appears as multicentric/multifocal, spiculated focus or mass with architectural 

distortion. Enhancement can be asymmetric and nonmasslike in a ductal, segmental, regional, or diffuse 

pattern. 

 
Figure 7 

Invasive lobular carcinoma. (a) CC and (b) MLO views of the right breast demonstrate a spiculated focus 

(ovals). (c) Ultrasound image demonstrates a hypoechoic lesion with echogenic rim. (d) Postcontrast MR 

image demonstrates rim-enhancement of the mass with extension of enhancement within adjacent tissue 

(oval). 

 

In DCE-MRI, when a contrast agent is administered, different enhancement kinetics can be identified. A slow, 

continuous enhancement curve (type I) is attributed to a benign lesion. A medium or strong enhancement 

followed by a plateau or persistent enhancement (type II) is indicative of either a benign or malignant lesion. 

A fast initial enhancement and wash-out (type III) is typically seen in malignancies, due to increased vascular 

permeability, density, and interstitial fluid (14). According to several studies and recommendations in the 

revised BI-RADS lexicon, the combination of functional and morphological information is necessary for the 

optimal evaluation of breast lesions (4). 

The ACR recommends that the morphology of lesions should be reported using standardised BI-RADS 

descriptors. Larger tumour size, spiculate or irregular margins and shape, a wash-out curve or heterogeneous 

enhancement are descriptors that most strongly indicate malignancy (4, 15–17). In contrast, typically benign 

morphological features include round or oval shape, circumscribed margins, dark septa, and homogeneous 

slow-to-medium/persistent enhancement (15, 18). With 97–100% of histologically confirmed benign lesions 

showing smooth margins, this feature has the highest predictive value for the presence of a benign lesion 

(18, 19). For non-mass-like enhancement, benign lesion criteria include cystic changes, and diffuse bilateral 

enhancement (20). According to a modified interpretation scheme, a lesion should be assigned a BI-RADS 

category 4 if both shape and margin are suspicious but enhancement kinetics suggest a benign lesion, or if 

lesion shape and margin are both non-suspicious but a wash-out is observed (21). Although DCE-MRI aids in 
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the differentiation between benign and malignant breast lesions, needle biopsy is still generally 

recommended for newly diagnosed BI-RADS 4 or 5 lesions. 

When cancer is detected, DCE-MRI can be used for simultaneous assessment of disease extent, satellite 

lesions, and multifocal, multicentric, and bilateral disease. DCE-MRI seems particularly more useful than 

mammography and ultrasound for evaluating invasive lobular cancer (ILC), ductal carcinoma in situ (DCIS), 

multifocal/multicentric disease, and lesions with a suspected associated extensive intraductal component 

(EIC; Fig. 1) (22, 23). If additional suspicious lesions are found on preoperative MRI, histopathological 

verification before alteration of treatment strategies is mandatory. Although DCE-MRI improves the pre-

treatment assessment of disease, it remains controversial whether or not it improves overall or disease-free 

survival (24). 

 
Figure 8 

Invasive ductal carcinoma grade 3 in the right breast in a 40-year-old woman at 3 T. (a) Unenhanced, (b) 

contrast-enhanced, and (c) maximum-intensity-projection DCE-MRI images showing irregular-shaped and 

marginated masses with extensive associated non-mass enhancement indicative of an extensive intraductal 

component in different quadrants of the right breast. (d) The index lesion demonstrates fast initial 

enhancement and a washout delayed phase (Type 3 curve). (e) On DWI with ADC mapping there is restricted 

diffusivity with decreased ADC values (0.971×10−3 mm2/s) associated with malignancy. (f) On the T2-

weighted non-fat-saturated image there is associated peritumouralparaseptal oedema indicative of 

lymphangiosiscarcinomatosa. 

 

DCE-MRI can be performed at different field strengths from 1.5 to 7 T, and so far has yielded excellent results 

for the assessment of breast cancer, with a sensitivity of up to 99% and a specificity of up to 97% 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R22
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(9, 14, 25, 26). Its relatively high rate of false-positives occurs due to a significant overlap between benign 

and malignant lesions, and may result in additional work-up and unnecessary breast biopsies. To reduce 

background enhancement of normal parenchyma and hence the rate of false-positives, DCE-MRI should 

ideally be performed in the second week of the menstrual cycle (27). 

Ways to improve DCE-MRI include the utilisation of high-resolution protocols, enabling a more accurate 

assessment of tumour morphology and neoangiogenesis. Its diagnostic value can be further improved by 

parallel imaging techniques and higher field strengths leading to increased spatial and temporal resolution; 

thus breast MRI is increasingly moving towards 3 T (26, 28) and possibly even higher field strengths. 

With the implementation of high-resolution DCE-MRI protocols at 3 or 7 T, more sophisticated approaches 

than the above-described BI-RADS recommendations have been explored. A prime example is semi-

quantitative curve type analysis by means of pharmacokinetic modelling. MRI pharmacokinetic models allow 

the quantification of the exchange of contrast agent between the intravascular and the interstitial space, 

thereby capturing tumour blood flow, microvasculature, and capillary permeability. The Tofts two-

compartment model is the most commonly used model and provides MRI pharmacokinetic parameters of 

Ktrans, Kep, and Ve (%) from post-processed DCE-MRI (29, 30). Ktrans is related to the rate of contrast agent 

uptake into tumour from blood; Kep is the rate of contrast agent transport from tumor to blood; Ve (%) is the 

leakage of fractional volume from the extravascular extracellular space into the plasma compartment 

(29, 30). Ktrans >0.25/min and Kep >1/min are associated with malignancy, and therefore, have been suggested 

as parameters to aid in the differentiation between benign and malignant breast tumours (31–33). Li et 

al. found that Kep might be the best indicator when discriminating malignant from benign breast lesions (34) 

and Huang et al. showed that that the application of a cut-off for Ktrans values can obviate unnecessary biopsies 

in lesions (35). In addition, pharmacokinetic MRI parameters have been investigated for differentiation of 

different breast cancer subtypes. Yim et al. found that Ve values were significantly lower in tumors with high 

tumor-to-stroma ratio, whereas Kep values were significantly lower in breast cancers with dominant collagen 

type and higher in cancers with high nuclear grade (36). Pharmacokinetic MRI parameters have also been 

proven useful in patients who have undergone neoadjuvant chemotherapy for response assessment. Data 

from a recent meta-analysis from Marinovich et al. indicate that Ktrans is an earlier predictor of response and 

outperforms standard measures such as tumor size (37, 38). 

Although results for pharmacokinetic modelling in breast MRI are promising, a seamless implementation in 

clinical practice is challenging. Several parameters, e.g., the pre-contrast T1 relaxation times of the 

tumour/tissue and the arterial input function, have to be known and can influence the results. In addition, the 

use of different aging techniques and modelling algorithms may also lead to varying results of quantitative 

measurements. More data and rigorous technique are necessary to employ the potential of quantitative DCE-

MRI. 

ULTRA-HIGH FIELD MRI 

Ultra-high field MRI at 7 T has become available recently, providing a further increase in intrinsic signal-to-

noise ratio, which can then be translated into higher spatial and temporal resolution (26). MRI at ultra-high 

field strength has its limitations, such as longer T1 relaxation times, shorter T2 decay time, greater specific 

absorption rate (SAR), and increased transmit field inhomogeneity, resulting in reduced image quality (39); 

however, according to several recent studies, these challenges in breast MRI at 7 T could be overcome (Fig. 9) 

(3, 39). In the first clinical study, Pinker et al. found that bilateral breast MRI at 7 T is feasible and offers high 

image quality, with a diagnostic accuracy of 96.6% (3). As the acquisition of T2-weighted images is limited at 

7 T due to greater SAR, Bogner et al. developed a DWI protocol for 7 T MRI, which yields apparent diffusion 

coefficient (ADC) maps and additional T2-weighted images (40). Nevertheless, MRI at ultra-high field 

strength remains challenging and is still not routinely used. 
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Figure 9. 

Fibroadenoma in the right breast in a 23-year-old woman at 7 T. (a) Unenhanced and (c) contrast-enhanced 

DCE-MRI images show that there are two oval masses with partly irregular margins centrally in the right 

breast. The medial lesion demonstrates a homogeneous and the lateral mass a heterogeneous internal 

enhancement pattern, but also non-enhancing septa. (d) Both lesions demonstrate an initial medium and then 

persistent enhancement. (b) On DWI, there is no restricted diffusivity with ADC values of 1.547×10−3 mm2/s. 

MP MRI of the breast accurately classified the lesion as BI-RADS 2 benign. 

 

Although the utility of breast MRI for screening of high-risk patients is well established (1, 2, 41), its high cost 

and longer examination time compared with mammography may limit its widespread use for screening of 

patients at average risk of breast cancer (42). Therefore, several recent studies investigated abbreviated and 

ultra-fast MRI protocols for breast cancer screening and diagnosis. Abbreviated protocols consisting, for 

instance, of a pre-contrast and an early post-contrast T1-weighted sequence (43–47), or, alternatively, a high-

resolution ultrafast dynamic imaging protocol (48), were found suitable to diagnose breast cancer with high 

accuracy. In a recent study, Mango et al. investigated the diagnostic value of an abbreviated protocol 

consisting of a pre-contrast T1-weighted sequence and an initial postcontrast T1-weighted sequence, both 

with fat saturation in 100 cancers. Readers interpreted the first post-contrast T1-weighted image, post-

processed subtracted first post-contrast image, and maximum intensity projection images (43). Mean 

sensitivities of 93–96% for each sequence were reached, at a mean interpretation time of 44 seconds. In 

previous studies, abbreviated protocols with a total scan time of 3–10 minutes were investigated. The authors 

concluded that an abbreviated examination could translate into decreased cost and make breast MRI a more 

accessible modality. Hence, substantially shortened MRI protocols are feasible for breast cancer detection, 

and after refinement might be implemented into clinical routine in the future. Nevertheless, prospective trials 

with larger patient numbers are warranted to evaluate the true value of abbreviated MRI for breast cancer 

screening. Unfortunately, an inherent limitation of DCE-MRI is the fact that it can provide only limited 

functional information, and still yields too many false-positive findings. In addition, recent controversy about 

gadolinium-containing contrast agents and recommendations to use them only when unenhanced MRI cannot 

obtain essential information emphasise the need for additional unenhanced MRI parameters. 

BEYOND CONTRAST 

During their development, cancers acquire multiple functional capabilities, known as the hallmarks of cancer, 

which to some extent can be evaluated using MRI (8). While DCE-MRI provides excellent information on 

tumour morphology and limited data on neoangiogenesis, not all benign and malignant lesions can be 

differentiated using this method alone. To assess additional functional tumour information and increase 
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specificity while preserving sensitivity, other MRI parameters, such as those derived from DWI and MRSI, 

have been developed and introduced into the clinical routine. 

DWI and ADC mapping 

In DWI, the random movement of water molecules in body tissue, i.e., Brownian motion, can be visualised and 

quantified by calculating the ADC. Malignancies typically show restricted water molecule diffusivity with high 

signal on DWI and lower signal on ADC maps due to increased cell density, which leads to compression of 

extracellular space, and microstructural changes. Technical developments, such as parallel imaging, better 

gradient systems, and multi-channel coils have overcome earlier limitations, such as susceptibility and 

motion artefacts, and DWI is now an essential part of oncological imaging (49). DWI can be easily 

implemented in every breast MRI protocol without substantially increasing the total scan time. The optimal 

choice of b-values remains controversial, with a recent meta-analysis recommending b-values of 0 and 1000 

s/mm2 (1.5 T) (50), while other studies found the optimal quality of DWI to be b-values of 50 and 850 

s/mm2 (3 T) (51). Although DWI is valuable, it should not be used as a standalone parameter as it detects 

significantly fewer malignancies compared with DCE-MRI. Conversely, adding DWI to DCE-MRI provides 

higher specificity (75–84%) than DCE-MRI alone (67–(52)72%), as well as additional functional information 

(53). As DWI is easy to perform and provides important functional information, it should be part of a routine 

breast MRI protocol. DWI has been found to be potentially useful as a non-invasive biomarker for the 

assessment of tumour subtype, receptor status, aggressiveness, tumour grade, and recurrence scores. For 

instance, ADC values were shown to be higher in ER-negative than in ER-positive tumours, while human 

epidermal growth factor receptor (HER2)-enriched tumours had the highest ADC values. ADC values also 

differed significantly between DCIS and invasive cancers as well as grades (52, 54, 55). In addition, DWI can 

be used for the monitoring of treatment response, as changes in ADC values occur earlier than changes in 

lesion size or vascularisation (56). 

 
Figure 10. 

Comparison of a benign and malignant breast tumour on DWI with ADC mapping at 7 T. (a) On DCE-MRI, the 

benign lesion, which is a fibroadenoma, is oval, circumscribed, and shows non-enhancing septa. (b) On the 

high b-value (b=850) images the lesion is hyperintense due to a T2-shinethrough, but on the ADC map (c) 

there is no restricted diffusivity with ADC values of 2.226×10−3 mm2/s. (d) On DCE-MRI, the malignant lesion 

(invasive ductal carcinoma grade 3) is irregular shaped and marginated and shows heterogeneous 

enhancement. (e) On the high b-value (b=850) images, the lesion is hyperintense, and (f) on the ADC map, 

there is restricted diffusivity (i.e., hyperintense) with ADC values of 0.728×10−3 mm2/s. 

Emerging techniques 

MP MRI allows the non-invasive visualization of different aspects of tumour biology. New MRI parameters, 

such as 23Na-MRI, 31P-MRSI, 1H-lipid MRSI, CEST, BOLD, and hyperpolarised MRI, as well as advanced DWI 
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approaches and hybrid imaging methods, such as positron-emission tomography (PET)/MRI, have been 

developed to further improve this imaging method (74–76). 
23Na-MRI has been introduced to provide information on the physiological and biochemical state of the tissue, 

with sodium concentration being an indicator of cellular metabolic integrity and ion haemostasis. The 

breakdown of cell membranes and failure of the Na+/K+ ATPase pump leads to increased sodium levels, a 

sensitive marker for malignancy (77). 23Na-MRI benefits from ultra-high field strength and aids in the 

differentiation of benign and malignant breast tumours with complementary information about 

pathophysiological changes, with a diagnostic accuracy similar to DWI  (78). 

 
Figure  11 

Invasive ductal carcinoma (grade 3) in the left breast of a 49-year-old female patient at 7 T. (a) Axial contrast-

enhanced T1-weighted, fat-saturated, time-resolved angiography with stochastic trajectories MRI image 

shows initial strong contrast enhancement. (b) Corresponding axial Na-MRI image shows higher signal 

intensity in tumour tissue than the surrounding glandular tissue. (c) ADC map shows low ADC values inside 

the lesion (red region of interests [ROIs] are placed in lesions, and green ROIs are placed in healthy glandular 

tissue; 78). Reprinted with permission from: Zaric O, Pinker K, Zbyn S, et al. Quantitative sodium MR imaging 

at 7 T: initial results and comparison with diffusion-weighted imaging in patients with breast tumours. 

Radiology. 2016;280(1):39-48. 
31P-MRSI measures membrane phospholipid metabolism, which serves as a biomarker for tumour 

progression and therapy response. Breast cancers typically show elevated levels of phosphocholine and 

phosphoethanolamine compared to healthy breast tissue. This method also benefits from higher field 

strengths and is expected to be a useful imaging tool for breast cancer diagnosis, staging, and therapy 

response (79, 80). Currently, the clinical use of 31P-MRSI is limited, as specific coils are necessary and ultra-

high field scanners are not widely available. 
1 H-lipid MRSI measures lipid metabolism, which may serve as a biomarker for breast cancer diagnosis and 

therapy response. Some ex vivo NMR and in vivo MRSI studies have shown differences in fat between 

malignant, benign, and normal fibroglandular tissue with lower methylene (-CH2-) lipid peak intensities at 1.3 

ppm in breast cancer at 1.5 T (81, 82). Due to the possibility of high field clinical scanners at 3 T and higher, 

and consequently, the increased signal-to-noise ratio, it is expected that an even broader spectrum of lipid 

metabolites for breast cancer diagnosis and molecular subtyping can be imaged. A recent study in patients 

with breast lesions demonstrated the detection of polyunsaturated fatty acids within the adipose tissue 

lipid 1H-MRSI; this information may be valuable as polyunsaturated fatty acids, apart from being a marker of 

obesity, is also related to an increased risk in breast cancer (83). The clinical use of 1 H-lipid MRSI is gaining 

attention in breast cancer and methods to collect lipid spectrum spatially over the whole breasts with the 

availability of multi-channel phased array coils and high field strength clinical magnets are being developed 

with the potential to further provide valuable insights into tumour biology. CEST can differentiate tumour 

from healthy tissue through the amide proton transfer effect (ATP), providing information about the 

association of protons with mobile proteins (84, 85). A recent feasibility study at 3 T indicated similar lesion 
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detection and differentiation between ATP CEST MRI using contrast generated by endogenous molecules and 

DCE-MRI (86). Other CEST contrasts besides ATP are currently being investigated in animal studies. Dynamic 

CEST after the administration of glucose (glucoCEST) enables the evaluation of glycolysis (74). Amide, amine, 

and aliphatic CEST (aaaCEST) allows the differentiation of areas of apoptosis/necrosis from actively 

progressing cancer (87). 

BOLD MRI, on the other hand, depicts tissue hypoxia, which is typically associated with tumour progression, 

recurrence, treatment resistance, and metastasis. This technique might therefore serve as a valuable imaging 

biomarker for breast cancer diagnosis and treatment response in the future (75, 88). 

HP MRI is one of the most recent techniques in molecular imaging, allowing a non-invasive investigation of 

metabolic pathways by using contrast agents that have been “hyperpolarised”. In conventional MRI nuclear 

spins are polarised on the order of a few parts per million, whereas in HP MRI, spins reach near-unity 

polarisation, resulting in a substantially increased signal intensity (89). HP probes are injected into living 

organisms and their metabolism can be visualised in real-time with chemical shift imaging. Recent animal 

studies have demonstrated that HP MRI enables the differentiation of benign and malignant tumours through 

real-time measurement of the transformation of 13C pyruvate into lactate and alanine (90, 91). Other probes 

to visualise different metabolic pathways, such as necrosis (13C fumarate), and glutamine metabolism (13C 

glutamine) are still under investigation (92). Although, to date, its future clinical role is unclear, several pre-

clinical studies indicate that this technique might be valuable for the detection of breast cancer. 

In addition to simple isotropic DWI model, several advanced DWI approaches are currently under 

investigation, such as diffusion tensor imaging (DTI), intravoxel incoherent motion (IVIM), and diffusion 

kurtosis imaging (DKI). DTI is an extension of DWI and provides detailed information about structural 

anisotropy. Whereas DWI can only capture molecular movements along the direction of the gradient, 

diffusion is truly a three-dimensional, anisotropic process, which can be captured with DTI and thus subtle 

micro-anatomical tissue alterations can be visualised; however, a clear incremental value compared with 

conventional ADC imaging has yet to be demonstrated (93, 94), with background parenchymal enhancement 

having a significant influence on primary diffusion coefficient as measured from DTI in control subjects. In 

contrast, microvascularity can be derived using the DWI-derived IVIM, thus enabling the separation and 

visualisation of perfusion and diffusion components that are combined in standard DWI signal in breast 

cancer diagnosis (95)  

FURTHER BEYOND 

Predictive and prognostic 

MRI has a high predictive and prognostic value that has been demonstrated in multiple previous studies. A 

smooth margin of breast cancer in DCE-MRI proved to be predictive for positive lymph nodes, large tumour 

size, and low oestrogen receptor (ER) expression (96-100). Conversely, MR BI-RADS descriptors “skin 

thickening” and “internal enhancement” were found to be significantly associated with lymph node 

metastases, one of the most important prognostic factors in breast cancer (101,102). Prepectoral oedema also 

proved to be a strong prognostic indicator for lymphatic metastases, as well as high tumour grading (103). A 

very recent study suggested that heterogeneous enhancement of tumour-adjacent parenchyma is associated 

with tumour necrosis pathways and poor survival (104). In triple-negative (TN) cancers, peritumoural 

oedema has been associated with decreased recurrence-free survival, while central tumour necrosis and 

irregular mass on DCE-MRI were found to be prognostic factors for failure of neoadjuvant chemotherapy 

(105). 

Several recent studies suggested that also DWI has great prognostic potential, as ADC values were found to 

predict tumour aggressiveness (106, 107). ADC values were also found to serve as prognostic factors for the 

presence of distant metastases at 3 years (108). 

Established functional MRI parameters, such as DWI and MRSI, as well as emerging techniques, such as BOLD, 

are currently investigated as early biomarkers for response to neoadjuvant chemotherapy, as metabolic 

alterations seem to occur earlier than morphological changes, with promising results (56, 61). 
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Radiogenomics 

The discovery that breast cancer is a genetic disease has had substantial implications on how to treat it. It is 

now crucial to develop strategies that target specific genetic features of a malignant lesion, rather than 

employing a one-size-fits-all approach. Although well-established MRI factors, such as histological type, 

tumour size, grade, and receptor status, remain of great prognostic importance, these conventional 

approaches cannot fully cover the heterogeneity of breast cancer. Gene-expression profiling has 

revolutionised breast cancer classifications, and the traditional classifications based on 

immunohistochemistry (IHC) have been replaced by molecular subtypes. The Cancer Genome Atlas (TCGA) 

Network has defined four intrinsic molecular subtypes for the classification of breast cancer by extensive 

profiling at the DNA, microRNA, and protein levels: luminal A (ER- or progesterone [PR]-positive and HER2-

negative), luminal B (ER- or PR-positive and HER2-positive), HER2-enriched (ER- and PR-negative and HER2-

positive), and TN/basal-like (ER-, PR-, and HER2-negative) (109, 110). These subtypes show variations 

according to age, race, and menopausal status, and are not equally distributed among breast cancer patients 

(109). More importantly, they have distinct prognoses and outcomes, allowing different systemic therapy 

recommendations to be made based on subtype classification (111). Unfortunately, subtype classification is 

limited as there is no low-cost genetic testing readily available. Moreover, molecular subtypes derived from 

IHC surrogates have been shown to be less robust for predicting patient outcomes; however, with substantial 

advances in medical imaging techniques, image analysis, and the development of high-throughput methods to 

extract and correlate multiple imaging parameters with genomic data, a new direction has entered the clinical 

area and is rapidly evolving. Radiogenomics is a novel non-invasive approach that aims to associate imaging 

findings with molecular subtypes, gene mutations, and other genome-related features of cancers. To date, the 

field of radiogenomics in breast imaging is dominated by MRI with recent attempts to also include functional 

parameters such as DWI. So far, radiogenomics of breast cancer has focused incorporating genomic data from 

either breast cancer molecular subtypes, individual genomic signatures, or clinically used recurrence scores 

(OncotypeDx, Genomic Health, CA, USA; MammaPrint, Agendia, CA, USA; Mammostrat, Clarient Diagnostic 

Services, CA, USA; PAM50/Prosigna, NanoString, WA, USA). 

For instance, it has been demonstrated that the luminal B subtype, having a worse prognosis than luminal A 

subtypes, is associated with a higher enhancement ratio of tumour to normal breast parenchyma in DCE-MRI 

(112, 113). At the same time, breast cancers with HER2 overexpression tend to present with fast initial 

enhancement or wash-out (114). A circumscribed margin has been described to be associated with HER2-

enriched subtypes, while multifocal/multicentric disease is more often found in HER2 or luminal B subtypes 

(115). In DWI, HER2-enriched cancers were demonstrated to have the highest ADC values, while luminal B, 

HER2-negative tumours had the lowest ADC values; these findings might be explained by increased neo-

angiogenesis in HER2 subtypes (54, 116). Most triple-negative tumours are classified as basal-like, and were 

found to be associated with rim enhancement and high signal intensity on T2-weighted sequences (117). In 

attempts to develop imaging biomarkers as surrogates for genetic testing, several studies investigated the 

correlation of radiogenomics with molecular subtypes . Whereas Waugh et al. had only limited success (118), 

Grimm et al. found a strong association between the morphological, kinetic, and textural imaging features and 

both luminal A (p=0.0007) and luminal B (p=0.0063) subtypes (119). Li et al. investigated the performance of 

a classifier model for molecular subtyping and the computer-extracted tumour phenotypes were shown to 

distinguish between molecular prognostic indicators. Different investigators also evaluated radiogenomics 

for predicting the risk of recurrence (120–122) and found that there were significant associations between 

breast cancer MRI radiomics signatures and multigene assay recurrence scores. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R113
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R114
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R115
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R116
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R117
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R120
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6788454/#R122


 Marwa Mohammed salama /Afr.J.Bio.Sc.6(2)(2024)                                                    Page 1647 of 20 

 

 
 

 
Figure 12 

Radiogenomics. A machine-learning-based predictive model using image features extracted from MRI can 

distinguish invasive ductal carcinoma (IDC) subtypes based on some image features that are imperceptible to 

the eye. (a) Sagittal T1-weighted fat-suppressed post-contrast MRI of an ER and PR positive (ERPR+) invasive 

ductal carcinoma. (b) Sagittal T1-weighted fat-suppressed postcontrast MRI of an ERPR−/HER2 invasive 

ductal carcinoma. (c) Sagittal T1-weighted fat-suppressed post-contrast MRI of a triple-negative invasive 

ductal carcinoma (121). Reprinted with permission from: Sutton EJ, Dashevsky BZ, Oh JH, et al. Breast cancer 

molecular subtype classifier that incorporates MRI. J Magn Reson Imaging. 2016;44(1):122-129. 

Radiogenomics is a promising field with the aim to pair information derived from genetic tests and diagnostic 

imaging, but is still limited by heterogeneity of datasets by different institutions and challenges in genetic 

testing. Larger prospective studies are warranted to meaningfully implement radiogenomics in the clinical 

routine in the future. 

CONCLUSIONS 

DCE-MRI has been an essential method in the field of breast imaging, providing excellent morphological and 

to some extent functional information, with multiple clinical indications. Nevertheless, there are several 

improvements being investigated. Abbreviated and ultra-fast MRI protocols are being investigated to save 

costs and hence make breast cancer screening with MRI more available for women. Moreover, with advances 

in medical imaging techniques, image analysis, and the development of high-throughput methods to extract 

and correlate multiple imaging parameters with genomic data, the field of radiogenomics has emerged and 

aims to correlate imaging phenotypes with genomic cancer characteristics to provide deeper insights in 

pathologic processes. A paradigm shift establishing advanced morpho-functional imaging with MRI and the 

implementation of radiogenomics is expected to further improve the diagnosis, prediction, and prognosis of 

breast cancer, ultimately realising the goal of precision medicine. 
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