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Abstract
Among the 28 reporting and data systems (RADS) available in the literature, we identified 15 RADS that can be used in 
Magnetic Resonance Imaging (MRI). Performing examinations without using gadolinium-based contrast agents (GBCA) 
has benefits, but GBCA administration is often required to achieve an early and accurate diagnosis. The aim of the present 
review is to summarize the current role of GBCA in MRI RADS. This overview suggests that GBCA are today required in 
most of the current RADS and are expected to be used in most MRIs performed in patients with cancer. Dynamic contrast 
enhancement is required for correct scores calculation in PI-RADS and VI-RADS, although scientific evidence may lead 
in the future to avoid the GBCA administration in these two RADS. In Bone-RADS, contrast enhancement can be required 
to classify an aggressive lesion. In RADS scoring on whole body-MRI datasets (MET-RADS-P, MY-RADS and ONCO-
RADS), in NS-RADS and in Node-RADS, GBCA administration is optional thanks to the intrinsic high contrast resolution 
of MRI. Future studies are needed to evaluate the impact of the high T1 relaxivity GBCA on the assignment of RADS scores.
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GBCA  Gadolinium-based contrast agent
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ISMRM  International Society for Magnetic Reso-
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for prostate cancer
MRI  Magnetic resonance imaging
MY-RADS  Myeloma response assessment and diag-

nosis system
NI-RADS  Neck imaging reporting and data system
Node-RADS  Node Reporting and Data System 1.0
NS-RADS  Neuropathy score reporting and data 

system
ONCO-RADS  Oncologically relevant findings reporting 

and data system
O-RADS  Ovarian-adnexal reporting and data 

system
OT-RADS   Osseous tumor reporting and data 

system
PI-RADS  Prostate imaging reporting and data 

system
RADS  Reporting and data systems
STIR  Short tau inversion recovery
TSE  Turbo spine echo
uMRI  Unenhanced MRI
VI-RADS  Vesical imaging reporting and data 

system
WB-MRI  Whole body-magnetic resonance 

imaging

Introduction

In recent years, there has been a large-scale dissemination 
of clinical reporting guidelines in radiology in the form of 
Reporting and Data Systems (RADS), which have been 
proposed as standardized systems for imaging reporting to 
minimize variations and ambiguous terminology, facilitating 
images interpretation and outcomes monitoring [1]. Many 
RADS have been developed by the American College of 
Radiology (ACR), starting in 1993 with the Breast Imaging-
Reporting and Data System (BI-RADS), while some RADS 
were developed by other groups [2, 3]. The RADS are both 
modality and technique specific. The role of gadolinium-
based contrast agents (GBCA) is still a topic of strong 
debate, as evidenced by the increasing literature and dis-
cussions at international conferences, including the ISMRM-
ESMRMB hot topic debate in the 2022 joint annual meeting 
[4], on the role of GBCA and opportunities for reduced dose 
and non-contrast imaging. In fact, GBCA administration is 

often required to achieve an early and accurate diagnosis 
[5–8]; in addition, the use of contrast agent can improve the 
diagnostic ability of less experienced readers. On the other 
hand, performing examinations without using GBCA has a 
number of benefits such as: reduced contrast agent-related 
operational issues, including less pre-MRI patient documen-
tation, blood tests, and safety checks (e.g., allergies and renal 
function assessments); no concerns regarding potential con-
trast agent side effects (e.g., contrast extravasation, hema-
toma, nephrogenic systemic fibrosis, gadolinium deposition, 
and allergic reactions) [9–11]; no contrast agent-related 
infrastructure (e.g., additional staff, inserting and removing 
cannulas, and preparing contrast injectors) with cost sav-
ings in terms of decreased material and infrastructural use; 
shortened examination times [12, 13]. In addition, reducing 
the use of GBCA will reduce their unintended impact on 
aquatic ecosystems and drinking water resources [14, 15].

The scope of the present review is to summarize the cur-
rent role of GBCA only in clinical reporting guidelines for 
MRI that have adopted the “RADS” approach, focusing on 
three specific questions per each RADS: A. what is the scope 
of the scoring system; B. how are GBCA used in the scoring 
system; C. what is the impact of GBCA enhancement on the 
scoring. Table 1 summarizes the main RADS currently in 
use in MRI and the role of GBCA.

Literature search strategy

We identified 24 RADS through websites [2, 3]; a subse-
quent search on PubMed (timeframe between January 1, 
2005 and April 29, 2023) was performed, identifying four 
additional RADS in the literature. Thirteen RADS were 
excluded, because they did not involve MRI. In the final 
analysis, we found 15 RADS suitable for use in MRI out 
of the 28 RADS described in the literature. See Fig. 1 for 
the flow diagram of the search strategy and study selection 
and Appendix for details on the search terms used on Pub-
Med. We read the original articles for each latest version of 
RADS.

Five RADS were endorsed and developed by the ACR: 
American College of Radiology Breast Imaging-Reporting 
and Data System (ACR BI-RADS) 5th edition [16, 17], 
American College of Radiology Liver Imaging-Reporting 
and Data System (ACR LI-RADS) version 2018 [18], Amer-
ican College of Radiology Neck Imaging-Reporting and 
Data System (ACR NI-RADS) [19–22], American College 
of Radiology Ovarian-Adnexal Reporting and Data System 
(ACR O-RADS) [23–25], and American College of Radi-
ology Prostate Imaging-Reporting and Data System (ACR 
PI-RADS) version 2.1 [26, 27].
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Ten RADS were proposed by other scientific groups: 
Bone Reporting and Data System (Bone-RADS) [28], 
Bone Tumor Imaging-Reporting and Data System (BTI-
RADS) [29], Brain Tumor Reporting and Data System 
(BT-RADS) [30, 31], METastasis Reporting and Data Sys-
tem for Prostate Cancer (MET-RADS-P) [32], Myeloma 
Response Assessment and Diagnosis System (MY-RADS) 
[33], Node Reporting and Data System 1.0 (Node-RADS) 
[34], Neuropathy Score Reporting and Data System (NS-
RADS) [35], Oncologically Relevant Findings Reporting 
and Data System (ONCO-RADS) [36], Osseous Tumor-
Reporting and Data System (OT-RADS) [37], and Vesical 
Imaging-Reporting and Data System (VI-RADS) [38].

Current RADS used in MRI

ACR BI‑RADS 5th edition [16, 17, 39, 40]

A. It is a risk assessment and a standardized system of 
reporting breast pathology that relates categories to 
management recommendations. It applies to mammog-
raphy, contrast-enhanced mammography, ultrasound, 
and contrast-enhanced MRI.

B. T1-weighted dynamic contrast enhancement (DCE) 
imaging (GBCA dosage of 0.1 mmol/kg body weight) 
with a maximum acquisition time of 60–120  s per 
sequence of both breasts is included in the standard MRI 
protocol combined with bright-fluid and T1-weighted 

Table 1  Summary of the main RADS currently used in MRI and the role of the contrast agent for each, listed in alphabetical order

Magnetic resonance imaging reporting 
and data system

Clinical indication Scope Contrast enhancement

American College of Radiology Breast 
Imaging-Reporting and Data System 
(ACR BI-RADS)

Breast cancer Diagnosis Dynamic contrast enhancement is required

American College of Radiology Liver 
Imaging-Reporting and Data System 
(ACR LI-RADS)

Liver cancer Diagnosis Multiphase contrast enhancement is 
required

American College of Radiology Neck 
Imaging-Reporting and Data System 
(ACR NI-RADS)

Head and neck cancer Surveillance Contrast enhancement is required

American College of Radiology Ovarian-
Adnexal Reporting and Data System 
(ACR O-RADS)

Ovarian-adnexal mass Diagnosis Dynamic contrast enhancement is required; 
if not available contrast enhancement 
should be used

American College of Radiology Prostate 
Imaging-Reporting and Data System 
(ACR PI-RADS)

Prostate cancer Diagnosis Dynamic contrast enhancement is required; 
greater evidence is needed to define which 
patient groups can safely avoid gado-
linium administration

Bone Reporting and Data System 
(Bone-RADS)

Bone lesion Diagnosis Contrast enhancement is often required

Bone Tumor Imaging-Reporting and Data 
System (BTI-RADS)

Bone lesion Diagnosis Contrast enhancement is required

Brain Tumor-Reporting and Data System 
(BT-RADS)

Brain cancer Surveillance Contrast enhancement is required

METastasis Reporting and Data System 
for Prostate Cancer (MET-RADS-P)

Bone and nodal disease 
in advanced prostate 
cancer

Diagnosis and surveillance Contrast enhancement is optional

Myeloma Response Assessment and 
Diagnosis System (MY-RADS)

Multiple myeloma Diagnosis and surveillance Contrast enhancement is optional

Node Reporting and Data System 1.0 
(Node-RADS)

Lymph nodes in cancer Diagnosis Contrast enhancement is optional

Neuropathy Score Reporting and Data 
System (NS-RADS)

Peripheral neuropathy Diagnosis Contrast enhancement is optional

Oncologically Relevant Findings Report-
ing and Data System (ONCO-RADS)

Cancer screening Diagnosis Contrast enhancement is optional

Osseous Tumor Reporting and Data Sys-
tem (OT-RADS)

Bone lesion Diagnosis Contrast enhancement is required

Vesical Imaging-Reporting and Data 
System (VI-RADS)

Bladder cancer Diagnosis Dynamic contrast enhancement is required; 
recent studies highlight the possibility of 
avoiding GBCA administration
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pre-contrast sequences, preferably with fat suppression; 
subtraction imaging and kinetic curve assessment may 
be desired. An additional suggested sequence is diffu-
sion weighted imaging (DWI).

C. Enhancement is essential in the assessment of back-
ground parenchymal enhancement and in the descrip-
tion of any area of abnormal enhancement, including 
focus, mass, and non-mass enhancement for the final 
assignment of the score (from 0 to 6).

ACR LI‑RADS v2018 [18, 41–43]

A. It is a risk assessment for hepatocellular carcinoma 
(HCC) and a standardized system of reporting imaging 
findings in liver lesions of patients with risk factors for 
HCC, that relates categories to management recommen-
dations. It also allows to assess the response of HCC to 
locoregional treatment. It applies to contrast-enhanced 
computed tomography (CT), contrast-enhanced ultra-
sound, ultrasound, and contrast-enhanced MRI.

B. Multiphase post-contrast T1-weighted imaging (GBCA 
dosage of 0.1 mmol/kg body weight) [arterial phase (late 
arterial phase strongly preferred), portal venous phase, 
delayed phase, and hepatobiliary phase if using gadox-
etate disodium (GBCA dosage of 0.025 mmol/kg body 
weight)] is combined with unenhanced T1-weighted in- 
and opposed-phase imaging and T2-weighted sequences. 
Subtraction imaging may be desired. Additional sug-
gested sequences are DWI and 1- to 3-h hepatobiliary 
phase if using gadobenate dimeglumine (GBCA dosage 
of 0.1 mmol/kg body weight).

C. Enhancement is essential in the assessment of some 
major features: arterial phase hyperenhancement, non-
peripheral washout, and the presence of an enhancing 
capsule. Contrast enhancement is also needed for the 
investigation of some ancillary features: corona enhance-
ment, transitional phase hypointensity, hepatobiliary 
phase hypointensity or isointensity, mosaic appear-
ance, and parallel blood pool enhancement. In addition, 
administration of contrast agent allows identification of 

Fig. 1  Flow diagram of the 
search strategy and study selec-
tion
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the targetoid dynamic enhancement (favorable for LR-
malignant but not HCC specific) and enhancement of a 
venous thrombus. Thus, multiphase imaging is critical 
for the final assignment of the category (from negative 
to 5 including LR-tumor in vein and LR-malignant but 
not HCC specific) and to highlight any residual tumor 
in the post-treatment LI-RADS assignment.

ACR NI‑RADS [19–22]

A. It is a structured head and neck surveillance reporting 
system after treatment with categories tied to follow up 
recommendations. Originally developed for surveillance 
using contrast-enhanced CT with or without PET; NI-
RADS can also be applied to contrast-enhanced MRI, 
mostly for the evaluation of perineural spread.

B. A post-contrast T1-weighted sequence (GBCA dosage 
of 0.1 mmol/kg body weight) is included in the stand-
ard MRI protocol combined with T1-weighted and 
T2-weighted pre-contrast sequences; an additional sug-
gested sequence is DWI.

C. Enhancement is essential in the evaluation of the pri-
mary site and the neck (nodal assessment), in the assign-
ment of all categories (from 1 to 4).

ACR O‑RADS [23–25, 44, 45]

A. It is a risk assessment and a standardized system of 
reporting ovarian-adnexal pathology that relates cat-
egories to management recommendations. It applies to 
ultrasound and contrast-enhanced MRI.

B. A DCE-MRI should be performed using a T1-weighted 
sequence before and after intravenous administration of 
GBCA (GBCA dosage of 0.1 mmol/kg body weight) 
to evaluate the time-intensity curves (temporal reso-
lution < 15 s). If DCE-MRI is not possible, then non-
DCE-MRI can be performed as a pre- and post-contrast 
T1-weighted sequence performed 30–40 s after the end 
of contrast agent injection. Imaging protocol should 
include at least T2-weighted sequences without fat satu-
ration, T1-weighted in- and opposed-phase images, and 
DWI.

C. Enhancement is essential in the identification of solid 
tissue within an adnexal lesion, that raises the suspicion 
of malignancy. Thus, post-contrast imaging is critical for 
the final assignment of the category (from 0 to 5) and, 
in particular, DCE is the key in discriminating between 
categories 3, 4, and 5 based on the time-intensity curves 
relative to the outer myometrium.

ACR PI‑RADS v2.1 [26, 27, 46, 47]

A. The scope is to improve detection, localization, char-
acterization, and risk stratification in patients with sus-
pected prostate cancer in treatment naïve glands.

B. A DCE with rapid T1-weighted gradient echo sequence 
(temporal resolution: ≤ 15 s) before, during, and after the 
intravenous administration of GBCA (GBCA dosage of 
0.1 mmol/kg body weight) is currently included in the 
multi-parameter MRI protocol. Fat suppression or sub-
traction techniques are proposed to improve the detec-
tion of enhancement. Imaging protocol should include 
at least also a pre-contrast T1-weighted sequence.

C. Although DCE is a component of the multiparametric 
MRI prostate examination, its role in the determination 
of PI-RADS v2.1 score is secondary to T2-weighted 
images and DWI. A positive DCE (defined as focal and 
earlier than or contemporaneously with enhancement 
of adjacent normal prostatic tissues and corresponds to 
suspicious finding on T2-weighted images and/or DWI) 
upgrades a DWI + PI-RADS 3 in the peripheral zone 
to PI-RADS 4 (3 + 1). DCE may improve the sensitiv-
ity and detection of cancer in both the peripheral and 
transitional zones, especially when DWI is degraded by 
artifacts or when less experienced readers are reporting.

Bone‑RADS [28]

A. It is a risk assessment and a standardized system of 
reporting incidental solitary bone lesions that relates 
categories to management recommendations. It applies 
to CT and MRI.

B. Post-contrast imaging is often required to exclude a 
malignancy, but its evaluation is secondary to pre-con-
trast T1- and T2-weighted sequences (the latter also with 
fat suppression).

C. In the presence of a T1 hyperintense solitary bone 
lesion without macroscopic intralesional fat, the type 
of contrast enhancement allows to classify the lesion as 
Bone-RADS 1 (none or thin peripheral enhancement) or 
Bone-RADS 4 (nodular and/or central enhancement). In 
the presence of a T1 hypointense solitary bone lesion, 
the evidence of solid mass enhancement categorizes the 
lesion as Bone-RADS 4.

BTI‑RADS [29]

A. It is a classification system for solitary bone lesions 
based on various benign and malignant indicators. It 
applies to CT and MRI.

B. A T1-weighted post-contrast sequence, 5  min after 
GBCA administration (GBCA dosage of 0.1 mmol/kg 
body weight), is included in the MRI protocol along 
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with at least two orthogonal T2-weighted with fat sup-
pression images.

C. The absence of contrast enhancement is included in the 
“benign indicators”, while the type of contrast enhance-
ment (homogenous or heterogeneous) is listed in the 
“indeterminate features”.

BT‑RADS [30, 31, 48]

A. It is a structured primary brain tumor surveillance 
reporting system with categories tied to management 
recommendations using contrast-enhanced MRI.

B. A T1-weighted post-contrast sequence (GBCA dosage 
of 0.1 mmol/kg body weight) is included in the standard 
MRI protocol combined with T2-weighted Fluid Attenu-
ated Inversion Recovery (FLAIR) sequences; additional 
suggested sequences are dynamic susceptibility contrast 
perfusion (to evaluate relative cerebral blood volume) 
and DWI.

C. Enhancement is essential for the overall assessment of 
the examination, especially in the assignment of catego-
ries 3b, 3c, and 4.

MET‑RADS‑P [32]

A. The scope is to promote standardization in the reporting 
of whole body-MRI (WB-MRI) in advanced prostate 
cancer at the baseline study and in the follow-up of the 
patient, evaluating response to treatment in metastatic 
disease. The main purpose is the evaluation of bone and 
nodal disease, while a more extensive assessment should 
be used for patients with established visceral disease. 
The assessment of the prostate or prostatectomy bed is 
not an essential requirement of the scoring system.

B. Post-contrast imaging is not mandatory in the “core 
protocol”, when the aim is to obtain information on 
bone and nodal disease. The main sequences used are: 
T1-weighted [Turbo Spin Echo (TSE) and Dixon], Short 
Tau Inversion Recovery (STIR), and DWI.

C. GBCA can be used in a more comprehensive assess-
ment, including dedicated prostate or brain studies.

MY‑RADS [33, 49]

A. The scope is to promote standardization in the reporting 
of WB-MRI in myeloma at the baseline study and in the 
follow-up of the patient, evaluating response to treat-
ment. The main purpose is the evaluation of bone mar-
row, while a more extensive assessment should be used 
for appraisal of soft tissue, extramedullary disease, or 
for those patients in whom serial tumor response assess-
ments (including clinical trials) are planned.

B. Post-contrast imaging is not mandatory in the “core 
clinical protocol”, when the aim is to obtain information 
on bone marrow involvement. The main sequences used 
are: T1-weighted (TSE and Dixon), STIR, and DWI.

C. GBCA can be used in a more comprehensive assess-
ment, including soft tissue or extramedullary disease 
evaluation.

Node‑RADS [34]

A. The scope is to stratify the risk of having cancer involve-
ment in regional and distant lymph nodes, increasing 
consensus among radiologists for primary staging and in 
response assessment settings. It applies to CT and MRI.

B. Post-contrast imaging is not mandatory for MRI because 
of the intrinsic high soft-tissue contrast, while the use of 
contrast agents is required for CT scans. The sequences 
to be evaluated are those where the assessment of the 
criteria “size” and “configuration” succeeds best.

C. Although it is not strictly necessary for the nodal evalu-
ation, GBCA are often essential in tumor staging and 
follow-up.

NS‑RADS [35, 50]

A. The scope is to improve the reporting and evaluation of 
peripheral neuropathy on MRI.

B. Post-contrast imaging is not mandatory. The main 
sequences used are fat-suppressed T2-weighted 
sequences and either proton density weighted or 
T1-weighted sequences.

C. Enhancement can be useful especially when there is 
suspicion of nerve neoplasia (subclass N of the scoring 
system).

ONCO‑RADS [36]

A. The scope is to stratify the risk of having malignant 
tumors in individuals undergoing WB-MRI for cancer 
screening in the general population and in predisposition 
syndromes.

B. Post-contrast imaging is not mandatory for WB-MRI 
and should be avoided in general population cancer 
screening. The standard protocol is based on the fol-
lowing sequences: T1-weighted (TSE, Dixon and gra-
dient echo for the lung), STIR, T2-weighted, DWI, and 
T2-FLAIR (for the brain).

C. GBCA should be used in a more comprehensive assess-
ment when there is a requirement for investigating 
additional body parts (e.g., soft-tissue mass or breast 
evaluations) or for brain evaluation in patients with Li-
Fraumeni syndrome, neurofibromatosis, constitutional 
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mismatch repair deficiency syndrome, and hereditary 
retinoblastoma.

OT‑RADS [37]

A. The scope is to standardize the classification of osseous 
tumors to facilitate the differentiation between benign 
and malignant lesions, achieving good-to-excellent 
interreader agreement. It applies to MRI.

B. A post-contrast T1-weighted fat-suppressed sequence 
(GBCA dosage of 0.1 mmol/kg body weight) is required 
in a “complete MRI study”. Imaging protocol also 
includes unenhanced T1-weighted images, fat-sup-
pressed T2-weighted or STIR sequences, and DWI.

C. Contrast enhancement features are needed for the final 
assignment of the score (from II to V). An incomplete 
examination, for example without GBCA administration, 
is classified as OT-RADS 0 and requires further imag-
ing.

VI‑RADS [38, 51–53]

A. It is a systematic approach to reporting MRI of bladder 
cancer defining, in particular, the risk of muscle layer 
invasion.

B. A T1-weighted DCE imaging (GBCA dosage of 
0.1 mmol/kg body weight) is required before and at 30 s 
after the beginning of injection and is followed by the 
same sequences four-to-six times every 30 s to depict the 
early enhancement of the inner layer followed by tumor 
enhancement. The late phase is useless in local staging, 
because signal contrast among the inner and outer layers 
and tumor decreases. Imaging protocol must include at 
least T2-weighted sequences without fat saturation and 
DWI. Quantitative measurements, such as apparent dif-
fusion coefficient measurement and perfusion curves, 
are optional.

C. DCE is a key component for the final assignment of VI-
RADS score (from 1 to 5). The final category is first 
based on T2-weighted sequences for the morphology. 
The presence of definitive muscular invasion is decided 
using DWI and DCE-MRI (especially when DWI is 
tainted by artifacts).

Discussion

This overview suggests that GBCA are today required in 
most of the current RADS and, thus, are expected to be 
used in most MRIs performed in patients with cancer. 
Several authors, different from those who have proposed 
RADS, have analyzed the possible role of unenhanced MRI 
(uMRI) in RADS protocols also with the support of artificial 

intelligence, aiming to carry gadolinium-analog information. 
As an example, regarding BI-RADS, unenhanced MRI with 
STIR and DWI sequences had the same diagnostic perfor-
mance compared to contrast-enhanced MRI in patients with 
BI-RADS 0 (lesions that need further investigation for com-
plete analysis) [54]. Another study, comparing uMRI + Digi-
tal Breast Tomosynthesis (DBT) with DCE-MRI, concluded 
that DCE-MRI was the most sensitive imaging technique 
in breast cancer preoperative assessment despite the good 
accuracy of uMRI + DBT [55]. In a 3.0 T scanner setting, 
diagnostic performance and interreader agreement of both 
uMRI and DCE-MRI were high, with inferior lesion conspi-
cuity and lower interreader agreement of uMRI [56].

Regarding the O-RADS, a recent study has highlighted 
that the morphological and qualitative DWI assessment by 
gynecological radiologists could be an alternative when 
intravenous contrast agent and a dynamic curve assessment 
for the formal O–RADS score cannot be provided [57].

In recent years, many studies have investigated the pos-
sible role of uMRI in PI-RADS, based on T2-weighted and 
DWI sequences (so-called biparametric MRI) in patients 
with treatment naïve prostate cancer. Most works compared 
uMRI versus DCE-MRI in screening and evaluating pros-
tatic gland, showing that contrast enhancement had no or 
only a marginal effect on the diagnostic performance for 
detecting clinically significant cancers. However, the role 
of DCE-MRI in increasing the score from PI-RADS 3 to 
PI-RADS 4, the diagnostic impact of GBCA enhancement 
when T2-weighted and DWI sequences are degraded by 
artifacts, or the importance of contrast agents in helping 
radiologists with less experience were not often evaluated 
[58]. A simplified PI-RADS based on biparametric MRI 
has also been proposed, with the scope to assist radiolo-
gists and urologists in the detection and management of 
prostatic cancer [59]. Additionally, artificial intelligence 
tools have been exponentially developed in the setting of 
prostate cancer diagnosis by taking advantage of the oppor-
tunities of uMRI. A recent review summarized the role of 
machine-learning or deep-learning in biparametric prostate 
MRI, showing promising results in terms of cancer detec-
tion and differentiation from non-cancerous tissue. However, 
the authors pointed out that there was still great variability 
between reports and only a few multicenter studies were 
available [60–62]. Therefore, if machine-learning could help 
in avoiding the systematic use of GBCA in prostate MRI 
and the use of deep learning-based softwares could improve 
reporting times, the clinical applicability of these approaches 
still requires more robust validation across scanner vendors, 
field strengths, and institutions. The PI-RADS Committee 
concluded that the biparametric MRI requires optimal image 
acquisition and data interpretation, the possibility of institut-
ing patient recalls or on-table monitoring of images when 
there is insufficient quality and in indeterminate cases. As an 
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alternative approach, it remains desirable to tailor the need 
for GBCA-enhanced MRI according to patient risk. In fact, 
men at intermediate risk might undergo contrast-enhanced 
MRI as the default approach. The PI-RADS Committee 
underlined the need for further higher quality data before 
issuing evidence-based recommendations about unenhanced 
MRI as an initial diagnostic approach for prostate cancer 
workup [13].

Similar to PI-RADS, an alternative “biparametric” pro-
tocol has been proposed in VI-RADS, consisting only of 
T2-weighted and DWI sequences without the use of GBCA, 
employing 1.5 and 3.0 T MRI scanners, with a compara-
ble diagnostic accuracy to the standard MRI protocol for 
the detection of muscle-invasive bladder cancer [63–66]; a 
meta-analysis confirmed these results [67]. In these cases, a 
denoising deep-learning reconstruction could significantly 
improve the diagnostic accuracy of T2-weighted sequences 
[68]. On the other hand, the use of DCE-MRI could pro-
vide additional value to the radiomics-based identification 
of muscle-invasive cancer [69].

Although these studies show promising results, the use of 
artificial intelligence applied to the field of RADS in clinical 
practice is still uncommon.

Another aspect to consider relates to the increasing use 
of high T1 relaxivity contrast agents, which allow reducing 
the GBCA dose without compromising image quality and 
diagnostic accuracy. Gadopiclenol 0.5 mmol/ml is a new 
GBCA approved for clinical use in September 2022 by the 
Food and Drug Administration at a dosage of 0.05 mmol/
kg body weight [70]. It is based on a pyclen macrocyclic 
structure, offering good stabilities (thermodynamic and 
kinetic) and high r1 relaxivity (about twofold that of other 
macrocyclic GBCA). These characteristics confer a dou-
ble benefit: use half of the standard dose to get the same 
efficacy and use the standard dose to get a higher enhance-
ment [71]. Another high T1 relaxivity contrast agent, 
named gadoquatrane, is currently under development with 
a preclinical profile characterized by favorable physico-
chemical properties and the same pharmacokinetic profile 
as currently used GBCA; thus, gadoquatrane represents an 
excellent candidate for further clinical development [72]. 
In most oncology imaging, and therefore also in the RADS 
for MRI that we have listed, 0.1 mmol/kg body weight of 
GBCA is used, delivered at a flow rate of 2–4 mL/s [73]. 
In particular, the signal change observed in DCE-MRI 
depends on the concentration of the contrast agent applied; 
at low-to-modest GBCA concentrations T1 shortening 
leads to signal increases, while at high GBCA concentra-
tions, signal losses due to T2* shortening occur, affecting, 
for example, the time–intensity curves [74]. Therefore, 
the use of these new high-relaxivity GBCA could affect 
the longitudinal evaluation of oncological patients when 

examinations performed with different classes of contrast 
agent are compared. Future studies are needed to evalu-
ate the impact of these new GBCA on the assignment of 
RADS scores, especially when DCE is required.

Conclusion

• Currently GBCA administration plays a key role in 
most MRI RADS.

• Dynamic contrast enhancement is required for score 
calculation in ACR PI-RADS and VI-RADS, although 
scientific evidence may lead in the future to avoid the 
GBCA administration in these two RADS also with the 
aid of artificial intelligence tools.

• In Bone-RADS contrast enhancement is often required 
to classify a lesion as Bone-RADS 4.

• In RADS where WB-MRI is applied (MET-RADS-P, 
MY-RADS, and ONCO-RADS), in NS-RADS and in 
Node-RADS, GBCA is optional due to the intrinsic 
high contrast resolution of MRI.

• Future studies are needed to evaluate the impact of 
the next-generation high T1 relaxivity GBCA on the 
assignment of RADS scores.
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