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contrast, as well as the properties of

Introduction

Magnetic resonance imaging
(MRI) is an essential imaging tech-
nique that enables disease diagnosis
and guides treatment. Gadolini-
um-based contrast agents (GBCAs)
are the most commonly used media
to enhance the diagnostic ability of
MRI. As with any medical interven-
tion, the administration of a GBCA
must undergo a careful risk-benefit
analysis that considers a patient’s
clinical presentation, the need for

the selected GBCA. While the current
commercially available GBCAs carry
an excellent safety profile,! two areas
of consideration are nephrogenic
systemic fibrosis (NSF) and gadolin-
ium retention. Such considerations
are reflected in the development of
agents with lower gadolinium dosing,
the most recently approved of which
is gadopiclenol.? This article discuss-
es considerations relevant to GBCA
use for body MRI applications, with a
focus on gadopiclenol.

Background: GBCA Use
in MRI

GBCAs contain gadolinium in the
form of a paramagnetic metal ion
(Gd*), which alters tissue magnetic
properties to enable the visualization
of certain pathological conditions
that may be otherwise challenging
or impossible to detect.>*In simple
terms, the presence of GBCA
within the tissue environment
results in T1 shortening, increas-
ing the tissue’s signal intensity

Table 1. Properties of US Food and Drug Administration-Approved Gadolinium-Based Contrast Agents.®13:2125

GENERIC NAME BRAND NAME DISTRIBUTION rit r2t
(MANUFACTURER) 1.5 T/3.0T 1.5T/3.0T
(S*mM?) (S*mM?)
Gadobenate MultiHance (Bracco) ~95% ECF 6.3/5.5 8.7/11.0
dimeglumine ~5% HB
Linear
Gadoxetic acid Eovist, Primovist (Bayer) ~50% ECF 6.9/6.2 8.7/11.0
~50% HB
Gadoteridol ProHance (Bracco) ECF 41/37 50/5.7
Gadobutrol Gadavist (Bayer) ECF 5.2/5.0 6.1/7.1
Macrocyclic Gadoterate Dotarem (Guerbet)/ ECF 3.6/3.5 43/4.9
meglumine Clariscan (GE Healthcare)
Gadopiclenol Vueway (Bracco)/ ECF 12.8/15.1 11.6/14.7
Elucirem (Guerbet)
ECF=extracellular fluid; HB=hepatobiliary.
tListed as value at 1.5T / value at 3.0T.
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Figure 1. Successful dynamic contrast-enhanced imaging of the abdomen using
0.05 mmol/kg of gadopiclenol. Three-dimensional gradient recalled-echo fat-
suppressed T1-weighted images of the abdomen prior to administration of contrast
(A), during the hepatic arterial phase (B), and during the portal venous phase (C),
demonstrating appropriate timing of the contrast bolus and excellent image quality.
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on T1-weighted MRI.> How bright

a tissue appears on a given MRI
pulse sequence after administra-
tion of GBCA depends on several
factors, including but not limited
to the tissue’s inherent properties,
MRI magnet field strength, image
acquisition parameters, timing of
image acquisition after GBCA ad-
ministration, and physiochemical
properties of the GBCA. A funda-
mental property of the GBCA that
determines tissue brightness is its
intrinsic relaxivity, which reflects

a change in the solution relaxation
rate as a function of GBCA concen-
tration. GBCAs often affect both r1
and r2 relaxivity. Agents with higher
rl relaxivity have been demonstrated
to have a favorable performance

for detection of enhancing lesions.*
Hence, the ideal GBCA would have
both high relaxivity (to optimize diag-
nostic performance) and tolerability
(to maximize safety).

While the current commercially
available GBCAs exhibit differenc-
es in physiochemical properties
and tissue distribution (Table 1),
they are generally well tolerated;
adverse reactions are rare, and
most are mild and self-limiting.>¢*
Moreover, proper screening of
at-risk patients and the availabil-
ity of more stable GBCAs have
significantly decreased the risk of
serious adverse reactions such as
NSF. Although the associated risk
of NSF with GBCAs is established,
NSF is exceedingly rare and only
a few cases have been reported
after 2008.1* Another topic of recent
interest is gadolinium retention in
healthy tissue among those with
normal kidney function. Gadolini-
um retention occurs to some extent
with all GBCAs, but as macrocyclic
agents exhibit faster clearance, it is
more pronounced with linear agents
and after repeated administrations.®
However, no currently available data
support a link between gadolinium
retention and adverse clinical effects,
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Figure 2. Top row (left to right): pre-contrast and dynamic post-contrast three-dimensional gradient recalled-echo fat-suppressed T1-weighted
images using 0.05 mmol/kg of gadopiclenol demonstrating an enhancing right renal mass (arrows), consistent with biopsy-proven oncocytoma.
Bottom row: images from the same patient using the same acquisition technique at the same magnetic field strength (1.5T) using 0.1 mmol/kg of

gadobenate dimeglumine demonstrating the same right renal oncocytoma with comparable image quality and lesion conspicuity.

Gadopiclenol
(0.05 mmol/kg)

Gadobenate
dimeglumine
(0.1 mmol/kg)

even among linear GBCAs with the
relatively highest rates of reten-
tion.*1*? Naturally, the ideal GBCA
would simultaneously provide high
relaxivity (allowing for administra-
tion of small doses), high structural
stability (minimizing potential for
gadolinium release), and minimal
adverse clinical effects.

Gadopiclenol for Contrast-
Enhanced Body MRI

Gadopiclenol is the most recent
addition to the class of US Food and
Drug Administration (FDA)-approved
GBCAs. This macrocyclic molecule
offers approximately two to three
times higher relaxivity than the other
commercially available extracellular
fluid GBCAs. The higher relaxivity
enables administration of a lower
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gadolinium dosage of 0.05 mmol/
kg (compared with 0.1 mmol/kg
for other extracellular fluid agents
approved with similar indications in
the US).12132

In terms of clinical utility in
body MRI, the efficacy and safety
of gadopiclenol was evaluated in
a phase 3 study where gadopicle-
nol at the dose of 0.05 mmol/kg
was compared with gadobutrol
at the dose of 0.1 mmol/kg in 273
patients who underwent MRI of
different body regions.?? The body
regions comprised the abdomen
(including the liver, pancreas, and
kidneys) in 35% of the patients,
pelvis (including the uterus, ovary,
and prostate) in 22% of patients,
head and neck in 8% of patients,
breast or thorax for 28% of patients,
and the musculoskeletal system in

8% of patients. Considering that
gadopiclenol was administered at
only half the gadolinium dose of
gadobutrol, there was no prefer-
ence between gadopiclenol-en-
hanced images and gadobutrol-en-
hanced images in 75% to 83% of
the cases. When a preference was
reported, 12% to 15% were in favor
of gadopiclenol while 5.5% to 11%
were in favor of gadobutrol. The
quantitative analysis indicated that
the enhancement percentage was
significantly higher with gadop-
iclenol than with gadobutrol for
two of the three reading groups,
but no difference was noted in the
lesion-to-background enhance-
ment ratio between the two agents.
Moreover, there was no difference
in the rate, intensity, or type of
adverse events between the two
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Figure 3. Multiparametric prostate MRI of a patient with elevated PSA demonstrating two adjacent lesions in the left
peripheral zone that are suspicious for clinically significant prostate cancer (yellow arrows) based on (A) hyperintensity
on high b-value diffusion weighted imaging (DWI) and (B) low values on the apparent diffusion coefficient map (ADC).
(D) DCE demonstrates early and focal enhancement of the lesions.

A (DWI [B = 1500])

Applied Radiology July / August 2024




SPONSORED BY BRACCO

agents. Hence, it was concluded
that gadopiclenol at 0.05 mmol/kg
was comparable to gadobutrol at
0.1 mmol/kg with respect to lesion
visualization and safety.?

Selecting a GBCA for Body
MRI Applications

The selection of a GBCA for body
MRI applications involves careful
consideration of several factors,
including the GBCA’s diagnostic
performance and its functionality
specific to the clinical indication
being evaluated.®** Each GBCA pos-
sesses unique properties that can
influence efficacy in various clinical
scenarios (Table 1). For example,
while extracellular fluid GBCAs
with high relaxivity can provide
excellent depiction of hypervas-
cular lesions as well as anatomic
delineation of the majority of the
organs in the abdomen and pelvis,
hepatocyte-specific contrasts are
often preferred for characterizing
lesions with possible functioning
hepatocytes, evaluating the biliary
system, or detecting metastases in
the liver through high-resolution
delayed postcontrast imaging.*
Nearly all contrast-enhanced body
MRI examinations are performed
with either an extracellular or a
hepatocyte-specific GBCA. Several
factors weigh into the choice of
the extracellular GBCA (several
of which depend on regional/
institutional practices), such as
relaxivity, structure (linear vs mac-
rocyclic), cost, radiologist experi-
ence/preference, etc. Moreover,
there is a growing emphasis on
adopting strategies to help mini-
mize gadolinium exposure while
preserving diagnostic efficacy—a
concept similar to ALARA (as low
as reasonably achievable) in utiliz-
ing ionizing radiation to achieve
diagnostic images.* As noted by
the American College of Radiology
for GBCAs, group II agents should
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only be administered if deemed
necessary, and in general, the
lowest dose needed for diagnosis
should be used, including for at-risk
patients in whom the dose should
not exceed the recommended single
dose.® Hence, when the relaxivity
and resulting efficacy of two GBCAs
are comparable, opting for a more
stable agent with lower gadolinium
exposure appears to be the most
reasonable decision.

Given its high relaxivity, macrocy-
clic structure, and half the amount
of gadolinium exposure compared
with the other extracellular GBCAs,
gadopiclenol may appear as the
natural choice for the extracellular
agent used in body MRI applica-
tions. However, even if this is the
case, adopting a new GBCA in a
clinical practice requires crossing
several hurdles, including introduc-
tion to the institution’s formulary,
technologist/radiologist education,
internal diagnostic performance
validation, cost analysis, and rate
of adverse events. Our practice
has successfully implemented
gadopiclenol as the extracellular
GBCA for all body MRI applications,
achieving essentially the same
image quality as before without the
need for major changes in proto-
cols or workflow. Gadopiclenol has
not negatively impacted dynamic
contrast-enhanced imaging at our
institution (Figures 1-3), which is
significant in terms of generating
high-quality diagnostic images and
maintaining a consistent workflow
with little-to-no change for the
imaging technologists.

Summary

GBCA-enhanced body MRI
continues to play a pivotal role in
disease diagnosis and management.
Gadopiclenol exposes patients
to half the gadolinium, due to its
approximately two to three times
higher relaxivity versus other current

commercially available extracellular
agents. This macrocyclic agent also
provides image quality comparable
to that of other agents. These benefits
position gadopiclenol as an attractive
extracellular agent for body MRI
applications. Our institutional expe-
rience with implementing gadopi-
clenol for body MRI has been rather
straightforward; through appropriate
technologist/radiologist education
and using a team-based approach to
internal image quality validation, we
have maintained high-quality body
MRI image acquisition with no major
change in workflow.
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VUEWAY’ (gadopiclenol) solution for injection

Indications
VUEWAY injection is indicated in adults and children aged 2 years and older for use with magnetic
resonance imaging (MRI) to detect and visualize lesions with abnormal vascularity in:

* the central nervous system (brain, spine and surrounding tissues),

* the body (head and neck, thorax, abdomen, pelvis, and musculoskeletal system).

IMPORTANT SAFETY INFORMATION
WARNING: RISK ASSOCIATED WITH INTRATHECAL USE and NEPHROGENIC SYSTEMIC FIBROSIS
Risk Associated with Intrathecal Use
Intrathecal administration of gadolinium-based contrast agents (GBCAs) can cause serious adverse
reactions including death, coma, encephalopathy, and seizures. VUEWAY is not approved for
intrathecal use.

NEPHROGENIC SYSTEMIC FIBROSIS

Gadolinium-based contrast agents (GBCAs) increase the risk for NSF among patients with impaired
elimination of the drugs. Avoid use of GBCAs in these patients unless the diagnostic information is
essential and not available with non-contrasted MRI or other modalities. NSF may result in fatal or
debilitating fibrosis affecting the skin, muscle and internal organs.

* The risk for NSF appears highest among patients with:
¢ Chronic, severe kidney disease (GFR < 30 mL/min/1.73 m?), or
¢ Acute kidney injury.

* Screen patients for acute kidney injury and other conditions that may reduce renal function. For
patients at risk for chronically reduced renal function (e.g. age > 60 years, hypertension,
diabetes), estimate the glomerular filtration rate (GFR) through laboratory testing.

* For patients at highest risk for NSF, do not exceed the recommended VUEWAY dose and allow a
sufficient period of time for elimination of the drug from the body prior to any re-administration.

Contraindications
VUEWAY injection is contraindicated in patients with history of hypersensitivity reactions to VUEWAY.

Warnings and Precautions

There are risks associated with intrathecal use of GBCAs that can cause serious adverse reactions
including death, coma, encephalopathy, and seizures. The safety and effectiveness of VUEWAY have not
been established with intrathecal use and VUEWAY is not approved for intrathecal use.

Risk of nephrogenic systemic fibrosis is increased in patients using GBCA agents that have impaired
elimination of the drugs, with the highest risk in patients with chronic, severe kidney disease as well as
patients with acute kidney injury. Avoid use of GBCAs among these patients unless the diagnostic
information is essential and not available with non-contrast MRI or other modalities.

Hypersensitivity reactions, including serious hypersensitivity reactions, could occur during use or shortly
following VUEWAY administration. Assess all patients for any history of a reaction to contrast media,
bronchial asthma and/or allergic disorders, administer VUEWAY only in situations where trained
personnel and therapies are promptly available for the treatment of hypersensitivity reactions, and
observe patients for signs and symptoms of hypersensitivity reactions after administration.

Please see Important Safety Information continued on next page.

July / August 2024 Applied Radiology 7



CLINICAL APPLICATIONS OF GADOPICLENOL IN BODY MRI

Important safety information (continued)

Gadolinium retention can be for months or years in several organs after administration. The highest
concentrations (nanomoles per gram of tissue) have been identified in the bone, followed by other
organs (brain, skin, kidney, liver and spleen). Minimize repetitive GBCA imaging studies, particularly
closely spaced studies, when possible.

Acute kidney injury requiring dialysis has occurred with the use of GBCAs in patients with chronically
reduced renal function. The risk of acute kidney injury may increase with increasing dose of the contrast
agent.

Extravasation and injection site reactions can occur with administration of VUEWAY. Ensure catheter
and venous patency before the injection of VUEWAY.

VUEWAY may impair the visualization of lesions seen on non-contrast MRI. Therefore, caution should
be exercised when VUEWAY MRI scans are interpreted without a companion non-contrast MRI scan.

The most common adverse reactions (incidence > 0.5%) are injection site pain (0.7%), and headache
(0.7%).

You are encouraged to report negative side effects of prescription drugs to the FDA. Visit
www.fda.gov/medwatch or call 1-800-FDA-1088.

Please obtain full Prescribing Information for VUEWAY® (gadopiclenol) solution for injection including
BOXED WARNING on Nephrogenic Systemic Fibrosis at
https://www.bracco.com/sites/default/files/2022-11/us-en-spc-vueway.pdf.

Manufactured for Bracco Diagnostics Inc. by Liebel-Flarsheim Company LLC - Raleigh, NC, USA
27616.

VUEWAY is a registered trademark of Bracco Imaging S.p.A.

Bracco Diagnostics Inc.

259 Prospect Plains Road, Building H Monroe
Township, NJ 08831 USA

Phone: 609-514-2200

Toll-Free: 1-877-272-2269 (U.S. only)

Fax: 609-514-2446

© 2024 Bracco Diagnostics Inc. All Rights Reserved.
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