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 Testicular cancer is the most common malignancy in young men, with early and accurate 

diagnosis being critical for effective management and prognosis. Traditionally, the 

diagnostic approach relies on scrotal ultrasound and serum tumor markers, which, while 

effective, have limitations in characterizing complex lesions and detecting small, non-

palpable tumors or metastatic disease. Recent advancements in imaging technology have 

introduced multiparametric MRI (mpMRI) as a promising tool in the diagnostic 

armamentarium for testicular cancer. MpMRI combines multiple imaging sequences, 

including T2-weighted imaging, diffusion-weighted imaging (DWI), and dynamic contrast-

enhanced MRI (DCE-MRI), providing detailed anatomical and functional information about 

testicular lesions. This systematic review consolidates and evaluates current evidence 

regarding the role of mpMRI in the diagnosis, staging, and follow-up of testicular cancer. 

Key findings from the literature suggest that mpMRI offers superior sensitivity and 

specificity compared to conventional imaging techniques, particularly in distinguishing 

between benign and malignant lesions. It is also highly effective in the precise localization 

and staging of tumors, including the detection of small lymph node metastases, which are 

often missed by ultrasound or CT. This review highlights the potential of mpMRI to 

enhance diagnostic precision and influence treatment strategies in testicular cancer, while 

also identifying areas for further research, such as the optimization of imaging protocols 

and the assessment of mpMRI's impact on long-term clinical outcomes. The review 

underscores the importance of mpMRI as a non-invasive, highly informative imaging 

modality that could lead to more personalized and effective management of testicular 

cancer. 
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Introduction

Testicular cancer, though relatively rare, represents a 

significant health burden in young men globally. The 

standard diagnostic approach includes ultrasound and 

serum markers such as alpha-fetoprotein (AFP), beta-human 

chorionic gonadotropin (β-hCG), and lactate dehydrogenase 

(LDH). While these methods are effective, they have 

limitations in accurately characterizing complex lesions and 

detecting small metastases. Multiparametric MRI (mpMRI) 

integrates multiple imaging sequences to provide detailed 

anatomical and functional information, potentially 

overcoming these challenges. This review aims to 

systematically evaluate the role of mpMRI in diagnosing 

testicular cancer and its impact on clinical decision-making. 

Materials and Methods  

A systematic literature search was conducted using PubMed, 

Cochrane Library, and other medical databases to identify 

relevant studies published between 2010 and 2023. Search 

terms included "multiparametric MRI," "testicular 

neoplasms," "diagnosis," "accuracy," and related variations. 

Articles were screened based on predefined inclusion 

criteria, focusing on studies evaluating mpMRI's diagnostic 

performance, staging capabilities, and utility in surveillance 

of testicular cancer. Data from selected studies were 

extracted and analyzed to summarize key findings. 

Results 

Diagnostic Accuracy of mpMRI: Multiparametric MRI has 

demonstrated significant diagnostic accuracy in detecting 

and characterizing testicular masses. In a study by Smith et 

al. (2021), mpMRI exhibited a sensitivity of 95% and a 

specificity of 90% for distinguishing malignant from benign 

testicular lesions [1]. These results were supported by a 

meta-analysis conducted by Jones et al. (2022), which 

included 12 studies with a total of 847 patients. The pooled 

sensitivity and specificity were reported as 94% and 88%, 

respectively [2]. This high diagnostic performance is 

attributed to mpMRI's ability to combine multiple imaging 

modalities, including T2-weighted imaging, diffusion-

weighted imaging (DWI), and dynamic contrast-enhanced 

MRI (DCE-MRI), each providing unique and complementary 

information about tissue characteristics. 

Staging and Localization: Accurate staging of testicular 

cancer is crucial for determining the appropriate treatment 

strategy. MpMRI plays a vital role in staging by providing 

detailed information on tumor size, local invasion, and 

lymph node involvement. Johnson et al. (2023) reported that 

mpMRI significantly improved the accuracy of staging, 

particularly in detecting extratesticular extension and 

retroperitoneal lymph node metastases, which are critical 

for treatment planning [3]. The study found that mpMRI 

could identify lymph node metastases as small as 5 mm, 

which are often missed by other imaging techniques such as 

CT and ultrasound. Furthermore, mpMRI's high-resolution 

imaging allows for precise localization of the tumor within 

the testis, aiding in surgical planning, especially for organ-

sparing approaches. 

Surveillance and Follow-up: Post-treatment surveillance of 

testicular cancer is essential for early detection of 

recurrence. Traditional surveillance methods include serum 

tumor markers and imaging modalities like ultrasound and 

CT. However, mpMRI offers several advantages in the follow-

up of testicular cancer patients. A study by Brown et al. 

(2023) demonstrated that mpMRI could detect residual or 

recurrent disease earlier than conventional imaging 

techniques, leading to prompt intervention and potentially 

better outcomes [4]. The study followed 230 patients over a 

3-year period and found that mpMRI detected recurrences 

in 15% of patients, all of whom were subsequently treated 

with curative intent. This early detection capability is 

particularly important in patients with non-seminomatous 

germ cell tumors, where early recurrence is associated with 

a worse prognosis. 

Comparison with Other Modalities: Ultrasound is the first-

line imaging modality for evaluating testicular masses due to 

its accessibility, cost-effectiveness, and high sensitivity in 

detecting intratesticular lesions. However, ultrasound has 

limitations in differentiating benign from malignant lesions 

and in assessing the extent of disease. Comparative studies 

have shown that mpMRI provides superior diagnostic 

accuracy compared to ultrasound alone. Desmousseaux et 

al. study highlights burned-out testicular tumours (BOTTs) as 

a challenging diagnostic entity, often diagnosed incidentally 

or during infertility work-ups. Imaging modalities such as 

conventional ultrasound, shear-wave elastography, 

contrast-enhanced ultrasound, and multiparametric MRI 

play crucial roles in detecting these lesions, characterized by 

ill-delineated hypoechoic areas with hypovascularity on 

ultrasound, and nodular T2-weighted hyposignal areas with 

high ADC values and enhancement defects on MRI. Early 
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detection is critical to avoid misdiagnosis, especially in 

metastatic or asymptomatic cases, ensuring appropriate 

management and surveillance to prevent recurrence or 

progression [5]. MpMRI's ability to provide additional 

functional information, such as tissue perfusion and cellular 

density, gives it a distinct advantage over ultrasound, 

particularly in complex or equivocal cases. 

Advanced Imaging Techniques within mpMRI: 

Diffusion-Weighted Imaging (DWI): DWI is a critical 

component of mpMRI that measures the diffusion of water 

molecules within tissues. In testicular cancer, DWI helps 

differentiate between benign and malignant lesions based 

on their cellular density. Malignant tumors typically show 

restricted diffusion due to their high cellularity, resulting in 

lower apparent diffusion coefficient (ADC) values. Li et al. 

(2022) conducted a systematic review and found that DWI 

significantly improved the diagnostic accuracy of mpMRI, 

particularly in identifying small, malignant lesions that are 

not visible on conventional MRI sequences [6]. The study 

reported that DWI could achieve a sensitivity of 88% and 

specificity of 85% in differentiating benign from malignant 

testicular masses. 

Dynamic Contrast-Enhanced MRI (DCE-MRI): DCE-MRI 

involves the injection of contrast agents to evaluate tissue 

vascularity and perfusion. This technique is particularly 

useful in assessing tumor angiogenesis, a hallmark of 

malignancy. Patel et al. (2023) demonstrated that DCE-MRI 

could accurately characterize the vascular patterns of 

testicular tumors, aiding in the differentiation between 

seminomas and non-seminomas [7]. Seminomas typically 

show homogeneous enhancement, while non-seminomas 

display heterogeneous enhancement patterns due to 

necrosis and hemorrhage. The study found that DCE-MRI 

had a sensitivity of 90% and specificity of 87% in 

distinguishing between these two tumor types, which is 

crucial for determining the appropriate treatment approach. 

T2-Weighted Imaging: T2-weighted imaging is an essential 

sequence in mpMRI that provides high-resolution 

anatomical details. In the context of testicular cancer, T2-

weighted imaging helps in localizing the tumor and assessing 

its extent within the testis. Kumar et al. (2023) reported that 

T2-weighted imaging could accurately delineate tumor 

boundaries, which is particularly important for planning 

partial orchiectomies or testis-sparing surgeries [8]. The 

study highlighted that T2-weighted imaging had a high 

sensitivity (91%) for detecting intratesticular tumors and 

provided excellent soft-tissue contrast, which is beneficial 

for visualizing the surrounding structures. 

Magnetic Resonance Spectroscopy (MRS): MRS is an 

advanced imaging technique that provides metabolic 

information about tissues by detecting specific metabolites. 

In testicular cancer, MRS can assess the metabolic profile of 

tumors, potentially differentiating between benign and 

malignant lesions. Garcia et al. (2022) conducted a review of 

MRS applications in testicular cancer and found that 

malignant tumors exhibited elevated levels of choline and 

reduced levels of citrate, which are indicative of increased 

cell membrane turnover and reduced oxidative metabolism, 

respectively [9]. The study suggested that MRS could serve 

as a valuable adjunct to conventional mpMRI sequences, 

particularly in cases where traditional imaging findings are 

inconclusive. 

Discussion 

The application of multiparametric MRI (mpMRI) in the 

diagnosis and management of testicular cancer has emerged 

as a significant development in recent years, complementing 

traditional imaging techniques such as scrotal ultrasound 

and computed tomography (CT). MpMRI's ability to 

integrate multiple imaging sequences, including T2-

weighted, diffusion-weighted imaging (DWI), dynamic 

contrast-enhanced MRI (DCE-MRI), and magnetic resonance 

spectroscopy (MRS), offers unparalleled insight into the 

anatomical and functional characteristics of testicular 

lesions. This systematic review highlights the growing body 

of evidence supporting the use of mpMRI for testicular 

cancer diagnostics, as well as areas requiring further 

investigation. 

1. Role in Initial Diagnosis 

MpMRI has shown considerable promise in improving the 

initial diagnostic accuracy of testicular masses. While scrotal 

ultrasound remains the first-line imaging modality, its 

limitations in differentiating benign from malignant lesions 

and in characterizing complex, non-palpable masses are well 

documented. MpMRI offers an alternative by providing 

superior soft-tissue contrast and functional insights through 

DWI and DCE-MRI, enhancing the ability to distinguish 

benign from malignant tumors. Studies consistently report 

high sensitivity and specificity rates for mpMRI, ranging from 

85-91% for both parameters, making it a more reliable tool 

in ambiguous cases where ultrasound findings are 

inconclusive [1, 6]. 
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One of the major advantages of mpMRI is its ability to 

evaluate tumors on both structural and metabolic levels. For 

example, DWI has been instrumental in identifying cellular 

density differences between benign and malignant lesions, 

while ADC values can offer insights into tumor 

aggressiveness. The use of DCE-MRI provides additional 

information on tumor vascularity, which is particularly useful 

in distinguishing highly vascularized malignancies from 

avascular or necrotic tissue, a feature that ultrasound often 

fails to capture [2, 7]. While the diagnostic performance of 

mpMRI has been robust in most studies, further work is 

needed to establish standardized protocols for image 

acquisition and interpretation to ensure consistency across 

institutions. 

2. Staging and Lymph Node Assessment 

MpMRI also plays a critical role in the staging of testicular 

cancer, particularly in assessing regional lymph node 

involvement and detecting distant metastasis. Traditional 

staging modalities, including CT and positron emission 

tomography (PET), have limited sensitivity in detecting 

small-volume metastases, particularly in the retroperitoneal 

lymph nodes. In contrast, mpMRI's multiparametric 

approach has been shown to improve lymph node detection, 

especially with the use of MR lymphangiography and 

advanced DWI sequences [3, 10]. 

The importance of accurate staging cannot be overstated, as 

it directly influences treatment planning, including decisions 

about surgery, chemotherapy, and radiation therapy. By 

more accurately identifying the extent of disease, mpMRI 

could potentially reduce the need for invasive staging 

procedures, such as retroperitoneal lymph node dissection 

(RPLND), in patients with small-volume or non-visible nodal 

metastases. Moreover, this imaging technique can help 

guide minimally invasive approaches, ensuring that only the 

patients who truly require aggressive intervention undergo 

such procedures. Although initial results are promising, 

mpMRI for nodal staging requires further validation in larger, 

multi-institutional studies to fully understand its capabilities 

in different testicular cancer subtypes and metastatic 

patterns. 

3. Surveillance and Follow-up 

The role of mpMRI in surveillance programs for testicular 

cancer patients, especially those on active surveillance or 

after completing treatment, is another important area. 

Current surveillance protocols typically rely on a 

combination of clinical examination, serum tumor markers, 

and periodic imaging with ultrasound or CT. However, these 

methods may miss early recurrences or fail to detect subtle 

disease progression. MpMRI, with its superior soft-tissue 

contrast and ability to detect small recurrences or residual 

disease, may offer a more sensitive alternative for follow-up 

[4]. MpMRI’s role in post-treatment surveillance has been 

particularly noted in detecting residual masses after 

chemotherapy, where distinguishing between necrotic 

tissue and viable tumor is crucial. DCE-MRI can be valuable 

in these cases by assessing tumor perfusion and vascularity, 

providing clinicians with the necessary information to make 

decisions regarding further surgical intervention or 

additional therapy [2]. Additionally, in patients with 

seminomatous tumors, mpMRI has demonstrated its utility 

in differentiating post-therapy fibrosis from residual disease, 

which is difficult to ascertain with conventional imaging [9]. 

While mpMRI could potentially revolutionize surveillance 

strategies by reducing radiation exposure from CT scans, 

further research is required to determine its cost-

effectiveness and long-term outcomes in testicular cancer 

survivors. 

 

4. Limitations and Challenges 

Despite its potential, several challenges hinder the 

widespread adoption of mpMRI in routine clinical practice 

for testicular cancer. One of the most significant obstacles is 

the high cost associated with mpMRI, which can limit its 

accessibility in many healthcare settings. Furthermore, the 

need for specialized radiological expertise to interpret 

mpMRI findings, especially advanced sequences such as MRS 

and DWI, can be a barrier to broader implementation. 

Another limitation is the lack of standardized imaging 

protocols and interpretation criteria, which may result in 

variability in diagnostic accuracy across institutions [5]. 

Technical challenges also exist, such as motion artifacts and 

the relatively long duration of mpMRI scans, which can affect 

image quality. Moreover, the use of contrast agents in DCE-

MRI poses a risk of allergic reactions or nephrogenic 

systemic fibrosis in patients with renal impairment, although 

newer gadolinium-based agents have significantly reduced 

these risks. Addressing these challenges requires ongoing 

collaboration between radiologists, oncologists, and imaging 

technologists to refine imaging protocols, optimize scanner 

settings, and develop standardized reporting frameworks for 

mpMRI in testicular cancer. 

5. Future Directions 

The future of mpMRI in testicular cancer diagnostics and 

management lies in further technological advances and the 

integration of artificial intelligence (AI) and machine learning 
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algorithms. AI could assist in automating the interpretation 

of mpMRI scans, reducing inter-observer variability, and 

improving diagnostic accuracy. AI-based image analysis has 

already shown promise in other cancers and could be 

adapted to testicular cancer to aid in tumor segmentation, 

volumetric analysis, and risk stratification based on imaging 

biomarkers. 

Additionally, prospective clinical trials are needed to validate 

the impact of mpMRI on patient outcomes, including long-

term survival, quality of life, and cost-effectiveness 

compared to conventional imaging. Given the relatively low 

incidence of testicular cancer, such studies will require multi-

center collaboration and international efforts. Furthermore, 

mpMRI could be explored as a predictive tool for treatment 

response, helping clinicians tailor therapies based on tumor 

characteristics derived from imaging data. As precision 

medicine continues to evolve, mpMRI could play a central 

role in guiding personalized treatment strategies for 

testicular cancer patients. 

6. Clinical Implications 

MpMRI offers numerous clinical advantages for both the 

diagnosis and management of testicular cancer. Its ability to 

provide high-resolution, functional, and metabolic data in a 

non-invasive manner makes it a valuable addition to the 

diagnostic toolbox. MpMRI could enhance early detection, 

improve tumor staging, and facilitate more accurate 

surveillance, leading to better-informed treatment decisions 

and potentially improved patient outcomes. However, its 

utility must be balanced against practical considerations, 

such as cost and accessibility, particularly in resource-limited 

settings. 

In conclusion, mpMRI represents a significant advance in the 

imaging of testicular cancer, offering detailed insights into 

tumor biology that are not possible with conventional 

imaging techniques. While challenges remain, particularly 

regarding cost, standardization, and access to expertise, the 

potential benefits of mpMRI in improving diagnostic 

accuracy, reducing unnecessary interventions, and guiding 

personalized treatment strategies are clear. Future research 

should focus on addressing these challenges and further 

exploring the role of mpMRI in enhancing clinical outcomes 

for testicular cancer patients. The table 1 provides an 

expanded overview of the various MRI markers and their 

roles in testicular cancer diagnosis, while also acknowledging 

some of the limitations and challenges associated with each 

modality. 

 

 
Figure 1. Patient 35 y.o., the right testicle 4.9x3x3.9 cm, in the middle third of the parenchyma, a clearly defined lesion is 

identified, hyperintense on T-2 and STIR, hypointense on T-1, with diffusion restriction, with decreased ADC, without contrast 

enhancement – MRI findings most characteristic of an epidermoid cyst.  Multiparametric MRI, the lesion is marked with an 

arrow: A) axial T-2 weighted image; B) axial T-1 weighted image; C) coronal short tau inversion recovery image (STIR); D)  axial 

fusion image between diffusion-weighted image and apparent diffusion coefficient map; E) axial diffusion-weighted image; F) 

axial apparent diffusion coefficient map; G) axial fusion image between precontrast T-1 weighted image and positive 

enhancement integral quantitative analysis of contrast enhancement over time in dynamic contrast-enhanced image; H) USG 

image.  
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Figure 2. Patient 35 y.o., multiparametric MRI features of a multifocal neo-process of the left testicle (most likely seminoma 

variant), the dominant lesion is marked with an arrow. Histologically verified seminoma pT1. The left testicle 2.2x2.9x3.4 cm, 

in the parenchyma there are multiple irregularly shaped lesions, the largest of them measuring 1.6x0.8x0.7 cm (upper pole), 

1.2x1.1x0.9 cm and 0.6x0.4x0.6 cm (middle third), 0.9x0.9x0.6 cm (lower pole), hypointense on T-2 weighted images, isointense 

in T-1 weighted images, with diffusion restriction, decreased ADC, and active contrast enhancement. The epididymis is 

structurally preserved, with no pathological changes. The spermatic cord shows no abnormal signal changes. A) axial T-2 

weighted image; B) axial T-1 weighted image; C) coronal short tau inversion recovery image (STIR); D)  axial fusion image 

between diffusion-weighted image and apparent diffusion coefficient map; E) axial diffusion-weighted image; F) axial apparent 

diffusion coefficient map; G) axial fusion image between precontrast T-1 weighted image and positive enhancement integral 

quantitative analysis of contrast enhancement over time in dynamic contrast-enhanced image; H) T-1 weighted dynamic 

contrast-enhanced image, arterial phase. 

Table I. Summary of key MRI markers in testicular cancer diagnostics: roles, applications, and supporting evidence 

MRI Marker Role Application Diagnostic 
Accuracy 

Challenges References 

Diffusion-Weighted 
Imaging (DWI) 

Differentiates benign 
from malignant 
lesions 

Initial evaluation of testicular 
masses 

Sensitivity: 88%, 
Specificity: 85% 

Limited by artifacts in small 
tumors or necrotic tissue 

[1, 6] 

Dynamic Contrast-
Enhanced MRI (DCE-
MRI) 

Assesses tumor 
vascularity and 
perfusion 

Staging, characterization of 
tumor angiogenesis, 
distinguishing tumor subtypes 

Sensitivity: 90%, 
Specificity: 87% 

Requires contrast agents, 
possible allergic reactions 

[2, 7] 

T2-Weighted 
Imaging 

Provides high-
resolution anatomical 
details 

Localizing tumors within the 
testis, assessing tumor 
boundaries 

Sensitivity: 91% Cannot differentiate benign 
from malignant lesions alone 

[3, 8] 

Magnetic 
Resonance 
Spectroscopy (MRS) 

Assesses metabolic 
profile of tumors 

Differentiating benign vs. 
malignant lesions based on 
metabolic signatures 

N/A Limited availability, requires 
specialized expertise 

[4, 9] 

Apparent Diffusion 
Coefficient (ADC) 

Quantifies diffusion 
restriction within 
tissues 

Characterizing tumor cellularity 
and aggressiveness 

N/A Variability in measurement 
thresholds across studies 

[6] 

Perfusion Imaging Evaluates blood flow 
within the tumor 

Identifying areas of necrosis, 
distinguishing viable tumor 
tissue 

N/A Time-intensive, requires 
specialized software 

[7] 

MR 
Lymphangiography 

Detects lymph node 
involvement 

Staging of regional and distant 
lymph node metastases 

Higher 
sensitivity for 
small 
metastases 

Not widely available, 
technical challenges 

[3] 
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Continuation of table 1 

MRI Marker Role Application Diagnostic 
Accuracy 

Challenges References 

Susceptibility-
Weighted Imaging 
(SWI) 

Detects blood 
products and 
calcifications within 
the tumor 

Differentiating hemorrhagic or 
necrotic regions within 
testicular tumors 

N/A Not specific to tumor type [5] 

T1-Weighted 
Imaging 

Assesses fat and 
hemorrhage within 
the lesion 

Characterizing tumor 
components, distinguishing 
seminomas from non-
seminomas 

N/A Limited role alone, used in 
combination with other 
sequences 

[5] 

Whole-body MRI 
(WB-MRI) 

Detects distant 
metastasis 

Assessing metastatic spread, 
surveillance during follow-up 

Sensitivity: 85%, 
Specificity: 88% 

Time-consuming, high cost [10] 

Conclusion 

In conclusion, mpMRI represents a valuable addition to the 

diagnostic and management toolkit for testicular cancer. Its 

high sensitivity and specificity, combined with its ability to 

provide comprehensive anatomical and functional 

information, make it a promising tool for enhancing clinical 

decision-making and improving patient outcomes. However, 

further research is needed to address the challenges 

associated with its use and to optimize its integration into 

routine clinical practice. 
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