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ABSTRACT 

Background: Breast cancer remains a leading cause of morbidity and mortality among women worldwide. Early and accurate 

detection plays a crucial role in improving treatment outcomes and survival rates. Imaging modalities such as Diffusion-

Weighted Imaging (DWI) and Dynamic Contrast-Enhanced Magnetic Resonance Imaging (DCE-MRI) offer promising non-

invasive diagnostic approaches. These methods provide valuable anatomical and functional information, particularly in cases 

where biopsy is limited by lesion size or location. 

Objective: To assess and compare the diagnostic accuracy of DWI and DCE-MRI in differentiating between benign and 

malignant breast tumors, using histopathology as the gold standard. 

Methods: This cross-sectional study was conducted at the Armed Forces Institute of Radiology and Imaging (AFIRI), 

Rawalpindi, from September 2022 to August 2024. A total of 100 female patients aged 18–75 years were enrolled through 

purposive sampling after obtaining informed consent. All participants underwent breast MRI using a 1.5 Tesla machine, 

incorporating both DWI with b-values of 0 and 750 s/mm² and DCE-MRI. Time-Intensity Curves (TIC) were generated, and 

tumor classification was performed according to ACR BI-RADS. Imaging findings were compared with histopathological 

outcomes to calculate sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic 

accuracy (DA). 

Results: The mean age of patients with benign tumors was 39.76 ± 12.30 years, while for malignant tumors it was 44.62 ± 

11.68 years. Histopathological evaluation confirmed 29% benign and 71% malignant tumors. DWI showed a sensitivity of 

97.18%, specificity of 89.66%, PPV of 95.83%, NPV of 92.86%, and diagnostic accuracy of 95%. DCE-MRI demonstrated 

sensitivity of 97.18%, specificity of 86.21%, PPV of 94.52%, NPV of 92.59%, and diagnostic accuracy of 94%. Combining 

both modalities improved diagnostic accuracy to 97%. 

Conclusion: DWI and DCE-MRI demonstrated high diagnostic performance in distinguishing breast tumor types. Combined 

use further enhances accuracy and may reduce the need for invasive procedures, especially in diagnostically challenging cases. 

Keywords: Apparent Diffusion Coefficient, Breast Neoplasms, DCE-MRI, Diagnostic Imaging, DWI, Magnetic Resonance 

Imaging, Tumor Detection. 
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INTRODUCTION 

Breast cancer remains one of the most prevalent and life-threatening malignancies affecting women worldwide. Its early detection and 

timely intervention significantly improve patient survival and quality of life. Over the years, advances in awareness, regular clinical 

evaluations, and the integration of imaging technologies have played a critical role in the prompt identification and effective management 

of breast cancer (1–3). These developments have led to earlier diagnoses, enabling the adoption of less invasive treatment strategies 

with improved prognoses (4). Among the diagnostic protocols, the “triple assessment” approach—comprising physical examination, 

radiological imaging, and histopathological analysis—has become a cornerstone for evaluating palpable breast lesions and guiding 

clinical decision-making (5). Mammography and breast ultrasound are widely used imaging techniques for the detection and initial 

evaluation of breast abnormalities. Their accessibility and cost-effectiveness make them suitable as frontline tools in breast cancer 

screening, especially in resource-constrained settings (6,7). However, while effective, these modalities may have limitations in 

characterizing lesion types, particularly in dense breast tissue or ambiguous cases. In recent years, dynamic contrast-enhanced magnetic 

resonance imaging (DCE-MRI) has emerged as a highly sensitive modality for identifying and characterizing breast tumors, offering 

detailed visualization of vascular patterns associated with malignancy (6). 

 Diffusion-weighted imaging (DWI), which does not require contrast administration, has also shown promise in distinguishing between 

benign and malignant lesions based on cellular density and water molecule diffusion properties. Apparent diffusion coefficient (ADC) 

values derived from DWI provide quantitative insight, adding diagnostic confidence, particularly for patients with contraindications to 

contrast agents, such as impaired renal function or previous allergic reactions (8). Magnetic resonance imaging further demonstrates 

superiority in preoperative planning by offering detailed anatomical delineation of posterior breast tissues, axillary lymph node 

involvement, and the presence of multifocal or bilateral tumors. Its capacity to assess tumor extent more precisely than conventional 

methods is of particular value in surgical decision-making and treatment planning for invasive carcinomas (9–11). Given the evolving 

landscape of breast imaging, there is a growing need to establish which modality provides greater diagnostic accuracy in differentiating 

benign from malignant breast lesions. Therefore, the objective of this study is to assess and compare the diagnostic performance of DWI 

and DCE-MRI, using histopathological findings as the gold standard, to determine their respective roles in accurate tumor 

characterization and breast cancer diagnosis. 

METHODS 

This cross-sectional study was conducted at the Armed Forces Institute of Radiology and Imaging (AFIRI), Rawalpindi, from September 

29, 2022, to August 29, 2024, following approval from the institutional ethical review committee (ERC Letter No: Afiri-Rwp-Erc-

Appv:08). Written informed consent was obtained from all participants prior to study enrollment. The study included female patients 

aged 18 to 75 years who underwent diffusion-weighted imaging (DWI) in combination with dynamic contrast-enhanced magnetic 

resonance imaging (DCE-MRI) for the evaluation of breast tumors. Eligibility criteria included women with either a palpable breast 

mass or an ultrasound-detected tumor, referred for core needle biopsy by their consulting physician. Patients were excluded if they had 

undergone surgery within the previous three months, had contraindications to MRI, reported adverse reactions to contrast agents, or 

were unable or unwilling to comply with study procedures, including biopsy. A non-probability purposive sampling technique was 

employed. The required sample size was calculated to be 100 using the WHO sample size calculator, with a 95% confidence interval, 

an estimated disease prevalence of 45%, and assumed sensitivity and specificity of 82% and 86%, respectively, for DWI in differentiating 

malignant from benign tumors. All MRI scans were conducted using a 1.5 Tesla machine equipped with a dedicated breast coil. Imaging 

was performed by a female radiologist to maintain patient comfort and compliance. Prior to imaging, metallic objects were removed, 

and intravenous access was secured for gadolinium-based contrast (GC) administration. Patients were positioned prone with breasts 

placed centrally in the coil and nipples directed downward, and were instructed to remain motionless throughout the scan. 

The imaging protocol consisted of axial T1- and T2-weighted spin echo sequences, axial STIR (Short Tau Inversion Recovery) sequences 

for fat suppression, and axial DWI echo planar sequences with b-values of 0 and 750 s/mm². Post-contrast images were acquired and 

subtracted from pre-contrast images to generate subtraction maps. Maximum intensity projection images were created, and kinetic curves 
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(KC) were plotted to assess tumor enhancement. These curves were categorized into three types: Type I (progressive enhancement), 

typically suggestive of benign pathology; Type II (plateau), indicating suspicion for malignancy; and Type III (washout pattern), strongly 

associated with malignant tumors. Initial tumor detection was achieved via STIR imaging, while T1-weighted and STIR sequences were 

used to assess tumor morphology, including margins and shape. DCE-MRI provided enhancement features that were evaluated based 

on late-phase KC classification. DWI signal intensity and apparent diffusion coefficient (ADC) values were recorded, using the tumor 

region with the highest signal as the region of interest. An ADC cut-off value of 1100 × 10⁻⁶ mm²/s was applied to distinguish malignant 

from benign lesions, based on existing literature. 

All lesions detected by imaging were further classified using the American College of Radiology Breast Imaging Reporting and Data 

System (ACR BI-RADS). Tumors categorized as BI-RADS 2 and 3 were considered benign, while those in categories 4 and 5 were 

classified as malignant. Final confirmation of tumor type was established via histopathology, following ultrasound-guided percutaneous 

core needle biopsy, which was performed within 30 days of the MRI in accordance with protocol. Two board-certified radiologists, each 

with a minimum of three years of experience in breast MRI interpretation, independently evaluated the imaging findings. In case of 

discrepancy, consensus was reached through discussion. Data were analyzed using IBM SPSS software (version 25.0). Frequencies and 

percentages were calculated for tumor types, anatomical location, and imaging features. Descriptive statistics were applied based on the 

data type. A 2×2 contingency table was constructed to compute sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV), and diagnostic accuracy (DA) of DWI and DCE-MRI, using histopathological diagnosis as the gold standard. 

RESULTS 

The mean age of all participants was 43.21 ± 12.0 years. Tumor location was most frequently observed in the upper quadrant in 59% of 

cases, followed by the lower quadrant in 36%, the retroareolar region in 4%, and the subareolar region in 1%. According to the BI-

RADS categorization, 9% of tumors were classified as category 2 or 3, 34% as category 4, and 48% as category 5. The mean apparent 

diffusion coefficient (ADC) value for all cases was 904.19 ± 576.79 ×10⁻⁶ mm²/s. A total of 72% of tumors showed restricted diffusion, 

while 28% demonstrated facilitated diffusion on DWI. DWI identified 28% of tumors as benign, whereas DCE-MRI detected 27%, and 

their combination diagnosed 26% as benign. Histopathology confirmed 29% of tumors as benign and 71% as malignant. Patients with 

benign tumors had a mean age of 39.76 ± 12.30 years, compared to 44.62 ± 11.68 years among those with malignant tumors. The most 

common tumor location was the upper outer quadrant (41%), followed by the lower outer quadrant (22%), upper inner quadrant (18%), 

and lower inner quadrant (14%). Retroareolar and subareolar regions accounted for 4% and 1%, respectively. Histopathological analysis 

revealed that among the malignant tumors, 71.83% were invasive ductal carcinoma, 22.54% were invasive lobular carcinoma, and 2.82% 

each were ductal carcinoma in situ and invasive medullary carcinoma. Benign tumors included fibroadenomas (65.52%), followed by 

abscesses, chronic granulomatous mastitis, fibrocystic disease, and inflammation (each 6.90%), while duct ectasia and papilloma 

accounted for 3.45% each. Based on DCE-MRI findings, 19 benign tumors (62%) were categorized as BI-RADS 2 or 3, while 11 benign 

tumors were assigned BI-RADS 4. All malignant tumors were categorized as BI-RADS 4 or 5, with 32.4% falling into category 4 and 

67.6% into category 5. The association between BI-RADS category and tumor type was statistically significant (p < 0.001). 

Out of 100 tumors, 72 showed restricted diffusion on DWI, suggesting malignancy, while 28 had facilitated diffusion indicating benign 

pathology. The mean ADC value of malignant tumors was 682.69 ± 507.18 ×10⁻⁶ mm²/s, significantly lower than that of benign tumors, 

which was 1446.48 ± 322.82 ×10⁻⁶ mm²/s (p < 0.001). Evaluation of time-intensity curves (TIC) after contrast administration showed 

that Type I curves, suggestive of benign pathology, were observed in 18 benign tumors (55.2%) and in none of the malignant ones. Type 

II curves were seen in 13 benign (44.8%) and 38 malignant tumors (53.5%), while Type III curves, indicating malignancy, were observed 

in 33 malignant tumors (46.5%) and none of the benign cases (p < 0.001). Diagnostic accuracy analysis revealed that DWI alone had a 

sensitivity of 97.18%, specificity of 89.66%, PPV of 95.83%, NPV of 92.86%, and overall accuracy of 95%. DCE-MRI demonstrated 

similar sensitivity (97.18%) but slightly lower specificity (86.21%), with a PPV of 94.52%, NPV of 92.59%, and diagnostic accuracy 

of 94%. When DWI and DCE-MRI were combined, diagnostic performance improved further, yielding a sensitivity of 100%, specificity 

of 89.66%, PPV of 95.95%, NPV of 100%, and diagnostic accuracy of 97%. 

The comparative accuracy of DWI and DCE-MRI in identifying specific malignant tumor subtypes revealed important differences in 

performance across histopathological categories. Among the 51 cases of invasive ductal carcinoma, DWI correctly identified 50 

(98.04%) and DCE-MRI identified 49 (96.08%). For invasive lobular carcinoma (n=16), DWI detected 14 (87.5%) cases accurately, 

while DCE-MRI correctly identified 13 (81.25%). Both DWI and DCE-MRI achieved 100% detection rates in the smaller subgroups of 
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ductal carcinoma in situ and invasive medullary carcinoma (2 cases each). These findings suggest that both imaging modalities perform 

exceptionally well in detecting common subtypes such as invasive ductal carcinoma, but their accuracy may be somewhat reduced in 

less prevalent forms like invasive lobular carcinoma. This subtype-specific analysis adds depth to the diagnostic utility of DWI and 

DCE-MRI and underscores the value of their combined application in comprehensive breast cancer assessment. 

 

Table 1: Classification of Tumor Types on the basis of histopathology(n=100) 

Histopathological Diagnosis Patient Count (n, %) 

Tumor Type Subtype N Percentage (%) 

Malignant   71 71.0% 

Ductal Carcinoma In Situ 2 2.82% 

Invasive Medullary carcinoma 2 2.82% 

Invasive Ductal Carcinoma 51 71.83% 

Invasive Lobular Carcinoma 16 22.54% 

Benign   29 29.00% 

Abscess 2 6.90% 

Chronic Granulomatous Mastitis 2 6.90% 

Duct Ectasia 1 3.45% 

Fibroadenomas 19 65.52% 

Fibrocystic Disease 2 6.90% 

Inflammation 2 6.90% 

Papilloma 1 3.45% 

 

Table 2: Discriminating power of DWI, DCE-MRI and combination of both DWI+DCE-MRI, to distinguish between malignant 

ad benign breast tumors by keeping histopathology as gold standard. (n=100) 

  Histopathology   

Malignant Benign Total   

DWI Malignant 69(95%) 3(5%) 72 Sensitivity= 97.18%,  

Specificity = 89.66%,  

PPV = 95.83%,    

NPV = 92.86%, 

DA = 95% 

Benign 2(7.14%) 26(92.86%) 28 

DCE-MRI Malignant 69(94.5%) 4(5.5%) 73 Sensitivity= 97.18%,  

Specificity = 86.21%, 

PPV = 94.52%, 

NPV = 92.59%, 

DA = 94% 

Benign 2(7.4%) 25(92.6%) 27 

DWI + 

DCE-MRI 

Malignant 71(95.9%) 3(4.1%) 74 Sensitivity= 100%,  

Specificity = 89.66%,  

PPV = 95.95%, 

NPV = 100%, 

DA = 97% 

Benign 0(0%) 26(100%) 26 
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Table 3: Comparative Accuracy of DWI and DCE-MRI by Tumor Subtype 

Histopathological 

Subtype 

Total 

Cases (n) 

Correctly Identified 

by DWI (n) 

Accuracy 

DWI (%) 

Correctly Identified by 

DCE-MRI (n) 

Accuracy DCE-

MRI (%) 

Invasive Ductal 

Carcinoma 

51 50 98.04% 49 96.08% 

Invasive Lobular 

Carcinoma 

16 14 87.50% 13 81.25% 

Ductal Carcinoma In 

Situ 

2 2 100.00% 2 100.00% 

Invasive Medullary 

Carcinoma 

2 2 100.00% 2 100.00% 

 

 

 

Figure 1 Comparison of Diagnostic Performance Figure 2Mean ADC Values of Breast Tumors 
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DISCUSSION 

MRI continues to be regarded as a highly reliable imaging modality for breast tumor detection and characterization due to its superior 

resolution and capacity to assess both anatomical and functional features of lesions. However, its use is often limited by high cost, 

contraindications in certain patients, and the potential for adverse reactions to intravenous contrast agents. In the present study, MRI 

was employed using both diffusion-weighted imaging (DWI) and dynamic contrast-enhanced MRI (DCE-MRI), either alone or in 

combination, to evaluate their diagnostic performance in differentiating between malignant and benign breast tumors. A higher frequency 

of breast tumors was observed in the upper outer quadrant, a finding that mirrors previous reports which attributed this distribution to a 

greater volume of breast tissue in this region or possibly to external exposures such as cosmetic product use (12). The current study also 

reinforced earlier findings that malignant lesions tend to demonstrate significantly lower apparent diffusion coefficient (ADC) values 

compared to benign ones, a diagnostic hallmark supported by several previous investigations (13–15). The study utilized a b-value 

combination of 0 and 750 mm²/s for optimal DWI resolution, minimizing image artifacts while preserving diagnostic clarity. Higher b-

values, such as 1000 mm²/s, though commonly used, were avoided due to their tendency to introduce susceptibility artifacts and 

compromise image quality (16). 

Enhancement patterns from time-intensity curves (TIC) on DCE-MRI provided valuable insight into tumor vascularity and behavior. In 

this cohort, benign tumors predominantly exhibited Type I and II kinetic curves, while malignant lesions showed a strong tendency 

toward Type II and III curves. These observations are in alignment with prior studies that emphasized the clinical relevance of TIC 

patterns in tumor differentiation (17–19). Specifically, washout-type (Type III) curves were predominantly associated with malignancy, 

reinforcing the functional value of contrast dynamics in diagnostic imaging. The study demonstrated that DWI and DCE-MRI 

independently had a sensitivity of 97.18%, with DWI showing marginally higher specificity (89.66%) than DCE-MRI (86.21%). 

Notably, the combined application of both modalities improved the overall diagnostic accuracy, achieving a sensitivity of 100% and 

specificity of 89.66%. This synergistic improvement echoes the results from earlier studies, which similarly concluded that a multi-

parametric MRI approach outperforms individual techniques when used alone (13,20). Moreover, the combined modality mitigates the 

limitations of each technique—DWI's lower spatial resolution and DCE-MRI's dependency on contrast administration—resulting in a 

more robust diagnostic pathway. 

This study also provided a stratified evaluation of DWI and DCE-MRI across specific malignant subtypes. While both modalities 

exhibited excellent accuracy in identifying common tumors such as invasive ductal carcinoma, a slight decline in accuracy was noted 

for less common subtypes like invasive lobular carcinoma. This differential performance underscores the need for nuanced application 

of imaging techniques, especially in histologically diverse tumor populations. The study's key strengths included the use of 

histopathology as a gold standard, the employment of standardized imaging protocols, and the incorporation of dual radiologist 

evaluation to reduce interpretative bias. The structured use of b-values in DWI and the analysis of kinetic enhancement curves in DCE-

MRI contributed to comprehensive tumor characterization. Nevertheless, the study was limited by its relatively small sample size and 

short study duration. The financial burden of MRI procedures, limited awareness of its benefits, and patient reluctance due to contrast 

concerns contributed to the restricted participant pool. These factors constrained the generalizability of findings, especially across 

underrepresented tumor subtypes. Future studies should aim for larger, multicenter cohorts with cost-effective MRI access and broader 

inclusion criteria. Inclusion of contrast-free imaging techniques such as synthetic MRI or advanced DWI protocols could also be 

explored to address contrast-related limitations. In conclusion, while both DWI and DCE-MRI proved highly effective in identifying 

breast tumor types, their combined application significantly enhanced diagnostic performance. These findings support the clinical utility 

of integrating both techniques in routine diagnostic workflows, particularly in complex or ambiguous cases where standalone imaging 

may fall short. 

CONCLUSION 

This study concluded that both diffusion-weighted imaging (DWI) and dynamic contrast-enhanced MRI (DCE-MRI) are highly 

valuable, non-invasive imaging modalities for distinguishing between benign and malignant breast tumors. Their ability to provide 

detailed anatomical and functional insights significantly supports early and accurate diagnosis, particularly in cases where biopsy is not 

feasible due to lesion location or size. When used in combination, DWI and DCE-MRI demonstrated enhanced diagnostic performance, 

reinforcing the clinical value of multiparametric MRI in breast cancer evaluation. These findings highlight the potential of integrated 

imaging strategies to reduce unnecessary biopsies and guide more precise, patient-centered management of breast tumors. 
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