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Foreword

Gadolinium-based contrast agents (GBCAs) have been used for decades to
enhance the diagnostic performance of magnetic resonance imaging (MRI).
Unfortunately, the discovery that gadolinium (Gd) can be retained in the brain

and bodily tissues in patients who have been administered GBCAs has led to
widespread concern over their safety. Although no clinical sequelae resulting from
Gd retention have been reported, GBCA guidelines recommend taking measures
to reduce patient Gd exposure during MRI examinations. However, while reducing
Gd exposure may decrease the levels of retained Gd, it may also lead to less-than-
Howard Rowley, MD, FACR optimal contrast enhancement and thus sub-optimal diagnostic performance.

GBCA relaxivity and stability are the key properties to consider when selecting a contrast agent
for MRI, and achieving the correct balance between high-quality images and low Gd exposure is
a primary aim of radiologists. To this end, risk-benefit analyses should be tailored to each patient.
For example, more stable macrocyclic GBCAs may be better suited to younger patients or those
requiring serial MRI examinations, whereas higher-relaxivity agents may be more appropriate in
cases where better diagnostic performance has the potential to impact the diagnosis, prognosis,
and/or treatment plan.

Ideally, an MR contrast agent would possess both high relaxivity and high stability, rendering moot
the need to choose between these two properties for a given MRI application.* Such an agent would
potentially permit a reduction in contrast dose, resulting in lower Gd exposure, without sacrificing
image quality or diagnostic performance.

Recently, a highly stable, high-relaxivity GBCA, gadopiclenol (Vueway™; Bracco Diagnostics Inc.),?
was approved by the U.S. Food and Drug Administration (FDA) for a wide range of MR imaging
applications at reduced dose. However, while gadopiclenol may fulfill many, if not all, of the
requirements of an ideal MR contrast agent, this agent has not entered clinical practice as of
this writing (October 2022), and radiologists must still choose between high-relaxivity and high-
stability agents.

This monograph summarizes the presentations, conclusions, and recommendations of a panel of
experts who reviewed the safety, efficacy, and use of GBCAs for several MRI applications. Much of
the discussion focuses on identifying situations more appropriate for GBCAs with greater stability
versus those for which higher relaxivity is of greater importance. The insights and information
presented here are intended to help radiologists make informed decisions with respect to selection
of a GBCA in clinical practice.

Howard Rowley, MD, FACR

Joseph F. Sackett Endowed Professor of Radiology
Professor of Radiology, Neurology, and Neurosurgery
University of Wisconsin School of Medicine and Public Health

1) Lancelot E, Raynaud JS, Desché P. Current and Future MR Contrast Agents: Seeking a Better Chemical
Stability and Relaxivity for Optimal Safety and Efficacy. Invest Radiol. 2020;55:578-588.

2) Robic C, Port M, Rousseaux O, et al, Physicochemical and Pharmacokinetic Profiles of Gadopiclenol: A
New Macrocyclic Gadolinium Chelate With High T1 Relaxivity. Invest Radiol. 2019;54:475-484.
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Gadolinium-based contrast
agents (GBCAs) are frequently
administered to improve the sensi-
tivity and/or specificity of diagnos-
tic magnetic resonance imaging
(MRI). With more than 450 million
doses administered worldwide over
the past 4 decades, GBCAs have a
proven record of both safety and
efficacy.! Currently, 6 general-use
GBCAs are available and approved
for a variety of MRI indications, in-
cluding brain, body, and breast im-
aging in adults and children. (Table
1) These agents are the macrocyclic
agents Dotarem” (gadoterate me-
glumine); Gadavist” (gadobutrol);
and ProHance’ (gadoteridol); the
high-relaxivity linear agent Multi-
Hance’ (gadobenate dimeglumine);
and the standard-relaxivity linear
agent Omniscan™ (gadodiamide).>*
In addition, Clariscan™ (gadoterate
meglumine), a generic version of
Dotarem, has recently become
available.’ The standard-relaxivity
linear agents, Magnevist (gadopen-
tetate dimeglumine) and OptiMARK
(gadoversetamide), have been
discontinued.”®

Gadolinium-based contrast
agents comprise a gadolinium (Gd)

ion bound to an organic ligand to
form a chelate. The structure of
each chelate imparts unique char-
acteristics to that GBCA. Specifical-
ly, whether the chelate is linear or
macrocyclic and ionic or nonionic
impacts the size and stability of
the Gd-chelate complex, as well as
its distribution and elimination.

In general, macrocyclic agents are
more stable than linear agents and,
therefore, are less likely to dissoci-
ate and release free Gd.'*'® (Tables
1 and 2) The chelate structure also
impacts the relaxivity, or r value, of
the GBCA, which dictates the abil-
ity to provide contrast relative to
background - the higher the r1, the
greater the signal intensity of the
enhancing tissue or structure on
T1-weighted images.! (Table 1) This
higher relaxivity has been demon-
strated in dozens of studies to
translate into superior performance
for MR applications in the central
nervous system, liver, breast, and
vascular system (as summarized in
the next section).'

GBCA selection should be
tailored to the individual patient
and clinical setting following
a careful risk-benefit analysis,

implemented at the individual or
protocol level by the radiologist.
Familiarity with different safety
and efficacy profiles of the various
GBCAs can be beneficial in the clin-
ical decision-making involved in
GBCA selection. Additional factors
may include cost, ease of use, and
approved indications, as well as
any physician, pharmacy, and/or
patient preferences.

Here, we present discussions
from a recent Expert Panel Forum
focused on the safety and efficacy
of GBCAs, as well as specific consid-
erations related to GBCA selec-
tion for neuroimaging, pediatric
imaging, body imaging, and breast
imaging applications.

Effects of Stability and
Relaxivity on Safety
and Efficacy

Greater Stability > Less Gd
Release

Starting in 2014, several groups
found that visible areas of T1 short-
ening could be identified on non-
contrast MR images of the brain,
specifically in the dentate, red
nucleus, and globus pallidus.'” Such
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Table 1. Properties of Currently Available Gadolinium-based Contrast Agents?°

Thermodynamic Stability
(¢]=107. ACR Group Log Kiherm

Dotarem®

Conditional Stability
L°g Kcond (pH 7-4)

Gadavist®

ProHance®

MultiHance®

Omniscan™

Magnevist®

OptiMARK™

ACR=American College of Radiology; GBCA=gadolinium-based contrast agent.

enhancement was confirmed to be Among the macrocyclic agents

the result of trace quantities of Gd Dotarem, Gadavist, and ProHance,
retained in the brain of patients there is some preliminary evidence
who had received a contrast-en- in animal studies to suggest that
hanced scan in the past. Early stud- lower levels of Gd are retained with
ies investigating this phenomenon ProHance?*?% and that ProHance is
showed that Gd retention tends to cleared more rapidly.?’* However,
be higher in patients who had re- larger confirmatory studies are war-
ceived multiple and/or higher doses ranted, especially in humans. Most
of a linear GBCA vs a macrocyclic importantly, despite MRI-visible and
GBCA.'*? However, Gd retention biochemical evidence of trace Gd
has been shown to occur to some retention, no related adverse clinical
degree with all GBCAs, even in sequelae have been identified.?*
patients with normal renal function Based on radiotracer studies con-
and an intact blood-brain barrier.? ducted decades ago, it was known

that some Gd is retained in the
body following GBCA administra-
tion.’®!* Yet the only known clinical
disease has been nephrogenic
systemic fibrosis (NSF), a potential-
ly fatal condition shown to occur
almost exclusively with administra-
tion of higher and/or repeat doses
of less stable agents to patients with
end-stage renal disease.?”””” Such
less-stable agents, which have been
deemed by the American College
of Radiology (ACR) to be Group I
GBCAs, include Omniscan, Mag-
nevist, and OptiMARK.** (Table 2)
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Figure 1. Images from a 46-year-old male with anaplastic carcinoma of the small bowel and metastatic disease following administration
of equivalent, single doses of high-relaxivity MultiHance and standard-relaxivity Omniscan. Note the single metastasis seen only with

MultiHance.*°

MultiHance

Omniscan

Figure 2. Results from the DETECT Trial comparing single doses of MultiHance and Magnevist for breast MR imaging. A mean of 11.8% more
cancers were detected with MultiHance. The study concluded that MultiHance is superior to Magnevist for breast cancer diagnosis.®?

MultiHance

Regulatory guidelines and institu-
tional protocols aimed at reducing
exposure of at-risk patients to
those specific GBCAs have all but
eradicated NSF.*

The Group I agents have been
contraindicated by the US Food and

Drug Administration (FDA) for use
in patients with acute kidney injury
(AKI) or chronic, severe kidney
disease (ie, an estimated glomer-
ular filtration rate [eGFR] <30 mL/
min/1.73 m?).*¥ The remaining
agents, ie, ACR Group II agents,

Magnevist

include the macrocyclic GBCAs and
the high-relaxivity, linear agent Mul-
tiHance.'? The European Union (EU)
response to Gd retention differed
from the FDA response: the EU
chose to exclude all linear agents,
including MultiHance, except for
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Figure 3. Results from the BENEFIT Study comparing standard-relaxivity Dotarem and high-relaxivity MultiHance for brain tumor imaging.
The study concluded both that significantly superior morphologic information and contrast enhancement were demonstrated on brain
MR images with a single dose of MultiHance vs a single dose of Dotarem and that no meaningful differences were recorded between a
half dose of MultiHance and a single dose of Dotarem, as shown here.*”

Half dose
MultiHance

Single dose
Dotarem

use in the liver, leaving no high-re-
laxivity option in the EU.

So, what is being done to inves-
tigate Gd retention? The NIH/ACR/
RSNA held a workshop to identify
known information and prioritize
research needed on Gd chelates.> A
chief priority is to collect more data
to ascertain where Gd is retained in
the body and for how long. For ex-
ample, in a recent evaluation of CSF
taken from patients administered
the macrocyclic agent Gadavist, Gd
could be detected in the spinal fluid
for weeks after administration.® In
the meantime, guidelines suggest

that radiologists: (1) consider
noncontrast scans whenever pos-
sible; (2) consider non-Gd-based
contrast agents (eg, ferumoxytol), if
appropriate; and (3) use lower-dose
Gd imaging, either by using a lower
dose of a high-relaxivity GBCA and/
or coupling low-dose imaging with
new technology to help simulate
full-dose images.*

Higher Relaxivity > Greater
Efficacy

The relative efficacy of GBCAs
is generally determined using a
crossover study design, in which

patients undergo MRI with one
GBCA, followed by a wash-out
period, and then undergo a second
MRI with the other GBCA. Other
than the contrast, all parameters
are kept constant. A side-by-side
comparison of the two sets of
images, therefore, shows only

the relative effect of the GBCAs.
Two contrast agents with different
properties are typically compared
in this way, at either similar or
different doses. For example, more
than a dozen MRI crossover studies
have been published comparing
GBCAs specifically in diagnostic
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Figure 4. Results from the Supra-Aortic Value Study comparing single dose MultiHance and double dose Magnevist for MRA of the supra-
aortic vasculature. The study concluded that the image quality and diagnostic performance achieved with single dose MultiHance is at
least equivalent to that achieved with double dose Magnevist.>®

MultiHance
8mL@ 0.8 mL/s

neuroimaging,** but also in imag-
ing of the body,** breast,** and
vasculature. >

Many of these studies have been
performed to assess whether a
single dose of the high-relaxivity
linear contrast agent MultiHance is
superior to an equivalent dose of a
standard-relaxivity agent, and also
whether a half-dose of MultiHance
can be used to obtain results sim-
ilar to a full, single dose of a stan-
dard-relaxivity agent. Such studies
have consistently shown that at
the same dose, the high-relaxivity
linear GBCA MultiHance performs
better in lesion detection and
characterization compared to stan-
dard-relaxivity GBCAs.3#1:47:52,5355
(See Figures 1 and 2 for exam-
ples) Additionally, a half dose of
MultiHance performs similarly to
a full dose of a standard-relaxivity
GBCA, potentially allowing for a
reduction in Gd exposure in at-risk

Magnevist
16 mL @ 1.6 mL/s

patients.*51%-% (See Figures 3 and
4 for examples)

Moreover, this improved perfor-
mance has been demonstrated to
be true even when the comparator
to MultiHance is the more concen-
trated 1M Gadavist: given equiv-
alent amounts of Gd, the higher
concentration of Gadavist has not
been shown to provide greater
lesion conspicuity compared to
MultiHance.* Also, Gadavist has
been shown in crossover studies to
perform similarly to ProHance, a
standard-relaxivity, 0.5M macro-
cyclic agent.>*

Contrast Selection for
Specific MRI Applications

When is GBCA stability a greater
consideration than relaxivity? In
general terms, greater stability is
more important in younger patients
and those requiring serial imaging.

Conventional
Angio

Higher relaxivity, on the other hand,
can be advantageous in cases where
a more accurate depiction of lesion
size and number may contribute to
clinical decision-making, as well as
in cases where immediate clinical
needs take precedence over poten-
tial long-term concerns related to
asymptomatic Gd retention.

In addition, there exists the over-
all goal of reducing GBCA exposure
to a minimum while still obtaining a
diagnostic scan. Methods to reduce
GBCA exposure include the use
not only of noncontrast sequenc-
es, but also of contrast-enhanced
sequences that may be abbreviated
or adaptive, and of lower GBCA
doses, which may be more feasible
using a higher-relaxivity agent. New
technologies are also available that
may be relevant to reducing GBCA
exposure; eg, artificial intelligence
(AI) to “enhance” scans and thereby
permit lower doses of Gd.
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The presentation and group
discussions from the Expert Panel
Forum are summarized below for
each MRI application (neuroim-
aging, pediatric imaging, body
imaging, and breast imaging).
Each group member focused
on the contrast agents they use
and why, as well as the tools and
techniques they use to minimize
GBCA exposure while still obtaining
diagnostic images.

Neuroimaging

Max Wintermark, MD, summa-
rized trends in the use of GBCAs in
neuroradiology. Dr. Wintermark
stated that his group relies on the
ACR-ASNR Position Statement on
the Use of Gadolinium Contrast
Agents,” which states:

“GBCAs provide crucial, life-sav-
ing medical information. Each time
a gadolinium-enhanced MRI study
is considered, it would be prudent
to consider the clinical benefit
of the diagnostic information or
treatment result that MRI or MRA
may provide against the unknown
potential risk of gadolinium deposi-
tion in the brain for each individual
patient. Particular attention should
be paid to pediatric and other
patients who may receive many
GBCA-enhanced MRI studies over
the course of their lifetimes. If the
decision for an individual patient
is made to use a GBCA for an MRI
study, multiple factors need to be
considered when selecting a GBCA,
including diagnostic efficacy, relax-
ivity, rate of adverse reactions, dos-
ing/concentration, and propensity
to deposit in more sensitive organs
such as the brain.”

Many studies have demon-
strated the benefit of the high-re-
laxivity linear agent MultiHance
in neuroimaging applications.
Compared to standard-relaxivity
agents, MultiHance provides more
contrast enhancement (better

10
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lesion-to-brain contrast and better
conspicuity of CNS lesions), leading
to increased diagnostic information
and/or dosing flexibility, and better
performance, with a similar acute
reaction safety profile.’>¥44347 Dr,
Wintermark, therefore, prefers
MultiHance for most neuro applica-
tions, save for patient insistence on
a different agent.

The panel discussed concerns
regarding Gd retention but noted the
need to balance those concerns with
the potential benefits to patients.

Dr. Wintermark acknowledged that
such calls can be controversial,
even among neuroradiologists. An
example he cited from his institu-
tion is Gd contrast use in patients
with multiple sclerosis (MS), who
typically require multiple MRIs over
their lifetime. Even among neu-
rologists caring for these patients,
consensus is difficult to achieve:
some request Gd for every exam,
while others are willing to alternate
with noncontrast exams.

Low-dose or noncontrast scans in
neuroradiology can be associated
with clinical risks. If Gd is deemed
unlikely to provide direct clinical
benefit, then contrast can be avoid-
ed; however, Gd is required for
many applications in neuroradiol-
ogy. For example, Dr. Wintermark
said that he and his colleagues at
Stanford Medicine tried unsuccess-
fully to use half-dose MR perfusion
to image stroke patients; while
results were obtained, the quanti-
tative assessment of the penumbra
was found to be suboptimal.®

New techniques are being evalu-
ated to reduce contrast use in neuro
MRI. Dr. Wintermark discussed
Al in some detail, noting that Al is
being used primarily for research,
but its clinical use is likely to
increase in the future. For exam-
ple, it was recently demonstrated
that by combining AI with other
technological advancements for

brain MR imaging, it is possible to
reduce the Gd dose by tenfold; such
“synthesized” images appear more
similar to full-dose than low-dose
exams.* (Figure 5)

Other ways to reduce Gd expo-
sure include adaptive or tailored
imaging, where the scan is checked
and the protocol potentially mod-
ified based on early findings or
prior scans. For some indications,
such as acute emergent stroke,
obtaining all possible information
immediately is critical; thus, a
fast but comprehensive exam with
no stopping points is preferred.
However, for other applications,
such as monitoring the size of a
meningioma over time, a much
more focused/adaptive protocol
is possible. Often, some combina-
tion of standardized and adaptive
imaging is optimal, and striking
a balance is important: the need
to stop for a “rad check” can be
valuable, but it can also negatively
impact workflow. Note that AI may
help alleviate workflow issues by
automatically checking for patient
positioning, FOV, and other factors
that concern technologists.

Pediatric Imaging

Lorna P Browne, MD, summa-
rized the state of current thinking
on Gd contrast use in children. A
trend toward using macrocyclics
in pediatric patients has been
documented: a 2017 survey of
children’s hospitals found that 80%
had just switched to a macrocyclic
GBCA, and 57% had switched in the
previous year.®* However, this trend
toward preference of macrocyclic
agents among pediatric radiologists
is not due primarily to concerns
for NSF, which is rare in children.®
Rather, it is the potential for un-
known clinical sequalae later in life
due to Gd retention.

Dr. Browne stated that in general,
but especially for pediatric imaging,



MRI Contrast Selection: Greater Stability or Higher Relaxivity?

EXPERT FORUM DISCUSSION

Figure 5. Comparison and statistics of two radiologists’ average ratings on different ce-MRI series (low-dose, synthesized, and true
full-dose). The synthesized images show significant* improvement compared with the acquired low-dose images, while there is no
significant difference compared with the true full-dose images for diagnostic contrast enhancement. The synthesized full-dose images
also show slight but significantly better artifact suppression.®?

Ratings (out of 5)

| k% |
1

4.38
3.84

2.47

Image Quality

the best strategy is to reserve contrast
administration for when it is deemed
clinically necessary and then to use
an agent most likely to provide a
diagnostic scan without risking repeat
scans and, potentially, re-sedation.
Her pediatric imaging practice, she
said, employs MultiHance for general
use based on its higher relaxivity

and overall excellent safety profile.
She also noted that MultiHance is
approved for use in children over 2
years of age at a dose of 0.2 mL/kg (0.1
mmol/kg) and in pediatric patients
below 2 years at 0.1 to 0.2 mL/kg.

Dr. Browne also reviewed the
literature on Gd retention following
administration of linear and macro-
cyclic GBCAs, pointing out that there
are confounders to studying Gd reten-
tion in children. For example, many
patients in the existing studies may
be exposed to whole-brain radiation,
and whether that might increase pre-
disposition to Gd retention remains
unknown. Also, there are inconsis-
tencies in methodology across pedi-
atric studies, making interpretation
problematic. But, while there is less
literature on Gd retention in children

I * %
1

Contrast Enhancement

Note: Significant differences are marked with *(P<0.05) or **(P<0.005).

than in adults, dose-dependent T1
signal intensity has been demon-
strated in children in deep-brain
nuclei on noncontrast scans after
administration of a linear GBCA.®
Initial studies suggested there was
no discernable retention of GBCA
in the deep brain nuclei following
macrocyclic GBCA administration.®%
However, two recent studies suggest
possible deep brain nuclei deposition
following serial macrocyclic GBCA
administration in linear-GBCA-naive
patients. Rossi Espagnet, et al,
demonstrated an increase in signal
intensity in the dentate nuclei after
serial administrations of Dotarem in
50 children;® and Topcuoglu, et al,
found increased T1 signal intensity
in the dentate nuclei in 45 children
after at least 3 doses of Dotarem.”
Additionally, Stanescu, et al, found
Gd deposits in the brain (white matter
and deep brain nuclei) of 5 autopsy
specimens exposed only to macrocy-
clic agents (both ionic and nonionic),
albeit at a significantly lower level
than linear agents.”

Finally, Murata, et al, found that
macrocyclic GBCA retention in

*

| % M Low dose
|__| m Synthesized

Full dose

Artifact Suppression

cortical bone can be 23 times higher
than in brain tissue, which may be
mobilized during rapidly growing
phases of childhood development
and in children with altered calcium
metabolism.” Hence, it is reason-
able to hypothesize that even a
single dose of a macrocyclic agent
may result in detectable deposition.
However, the clinical significance

of this deposition in childhood, and
whether there is long-term retention
in children who may have yearslong
intervals between doses, have not
been determined.

With so many unknowns re-
garding potential GBCA retention
in children, there is a trend in
neonatal and pediatric imaging
toward noncontrast MRI exam-
inations. This has been facilitated
by the fact that many diagnoses
in pediatric patients are not based
purely on contrast kinetics, but on
location and patient age, allow-
ing for accurate diagnoses based
upon noncontrast sequences. Also,
other imaging modalities, such as
ultrasonography, are frequently
employed first to evaluate patients

11
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prior to MRI and, therefore, the
diagnostic question can be more
focused and the MRI exam more
tailored, potentially permitting
noncontrast scanning. Also, when
attempting to image young children
without sedation or anesthesia, it
can be preferable to proceed with-
out contrast, as painful pokes for an
IV can upset the child significantly
and eliminate the opportunity to
avoid anesthesia. For all of these
reasons, noncontrast pediatric MRI
is becoming more common.

Body Imaging

Kevin Chang, MD, pointed out
that many body MRI applications
use contrast, particularly when solid
organs—eg, the liver, spleen, pancre-
as, kidneys, and heart—are being as-
sessed for suspected masses. Many
of these scans are dynamic con-
trast-enhanced, multi-phase exams
that call for specific timing intervals
for postcontrast acquisitions.

With respect to GBCA preference,
Dr. Chang indicated that his practice
no longer uses any Group I agents,
instead defaulting to the macrocy-
clic agent ProHance. However, their
formulary also contains MultiHance
and Eovist. Although not as high in
relaxivity as MultiHance, ProHance
is approved for up to a triple-dose
administration and, in preclinical
studies, the agent appears to be as-
sociated with the least amount of Gd
retention of any GBCA.???* There
is no robust evidence of efficacy
differences among the macrocyclics;
thus, if Gd retention is of concern,
using the agent with the lowest Gd
retention seems prudent.

Contrast considerations as they
pertain to liver and cardiac MRI,
and MRA, were discussed in some
detail by the panel. In liver imag-
ing, MultiHance or Eovist may be
used when a hepatobiliary agent is
warranted. MultiHance excretion is
5% biliary and 95% renal, requiring

a wait of 2 hours before acquiring
the hepatobiliary phase, whereas
Eovist is 50% biliary and 50% renal,
requiring a waiting time of only
15-20 minutes. These decisions can
impact workflow and throughput.
Dr. Chang noted that in cases of
suspected hepatocellular carcino-
ma (HCC), using an agent such as
MultiHance with the highest relax-
ivity can help to achieve maximal
arterial enhancement. Moreover,
high relaxivity is particularly bene-
ficial in cirrhotic livers.”™

Dr. Chang indicated that cardiac
imaging has been performed with
a double (0.2 mmol/kg) dose of a
GBCA since the 1990s. While some
radiologists have experience using
a 1.5x dose of MultiHance, achiev-
ing single-dose imaging is difficult.
However, there are some cardiac
applications for which too bright
a signal is not good; specifically, a
high dose of a high-relaxivity agent
can produce a signal so bright that
it masks endocardial lesions. There-
fore, a standard-relaxivity macro-
cyclic agent with low Gd retention
would be preferred in these cases.

In magnetic resonance angiogra-
phy (MRA), a high-relaxivity agent
provides some additional signal
with a slightly longer tail; therefore,
MultiHance is the agent of choice
for contrast-enhanced MRA. Dr.
Chang provided some technical tips
and tricks for MRA to ensure ade-
quate visualization of small, distal
branches. The panel also discussed
the advantages and caveats regard-
ing safe and efficacious administra-
tion of ferumoxytol for MRA.

Breast Imaging

Christopher Comstock, MD,
FACR, reviewed contrast-enhanced
breast MRI, focusing specifically
on breast cancer screening in both
normal- and high-risk women. The
goal of breast cancer screening is to
find tumors at their smallest, which
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can translate to earlier-stage cancer
detection and treatment.

Several studies show that lesion
size at detection is clearly linked to
outcomes and relative risk of mor-
tality; annual screening reduces the
risk of mortality from breast cancer
on the order of 20-40%.7+7 Finding
cancers earlier also lowers morbidi-
ty, owing to fewer mastectomies and
the potential to use less aggressive
therapeutic regimens.

Dr. Comstock discussed some of
the differences between morpho-
logic screening (eg, mammography,
ultrasound) and vascular-based
screening (eg, breast MRI, and the
newer contrast mammography).
First, they detect cancer in different
ways: vascular-based imaging shows
vascular changes, which can be
seen with smaller lesions at earlier
stages, compared to morphologic
features. Specifically, MRI detects
cancers at an average size of 0.7-0.8
centimeters, whereas morphology-
based screening tests typically detect
cancers at an average size of 1.4-1.5
centimeters.” In addition, in a study
designed to determine the “biological
detection profile” of each type of
modality, vascular-based screening
found more aggressive, higher-grade
entities, while mammography
tended to find lower grade tumors.”
Therefore, not only is vascular-based
screening finding smaller cancers, it
is also finding the more biologically-
concerning cancers.

Based on American Cancer Soci-
ety guidelines, patients who should
get annual breast MRI screening in
addition to mammography include:”

* BRCAI or BRCA2 gene
mutation carriers;

+ Untested first-degree relatives of
BRCA gene mutation carriers; and,

+ Those with a >20-fold lifetime
risk, defined by BRCAPRO or
other models, depending on
family history.
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The panel discussed the value
of abbreviated protocols for breast
MRI screening. The goal of the
abbreviated MR (AB-MR) protocol
is to increase access to the most

Table 3. Summary of Clinical Recommendations

Image Wisely:

Ensure a protocol/prescription for every exam

Ensure an appropriate indication for every exam
(may be “off label,” but still appropriate)

Consider longer intervals between follow-up exams

sensitive test in order to detect more
cancers. Regardless of advances

in breast cancer treatment, early
detection of smaller cancers will
always be beneficial. Kuhl, et al,
demonstrated that AB-MR protocols
stripped of some sequences retained
high sensitivity while significantly
lowering costs.” This shortened
protocol consists of one T2-weight-
ed, precontrast sequence with or
without fat saturation, one precon-
trast T1-weighted sequence, and one
postcontrast series.

A recent multicenter study com-
pared the performance of AB-MR
(performed in less than 10 minutes)
and digital breast tomosynthesis
(DBT) for breast cancer screening
in 1,444 average-risk women with
dense breasts.®® Abbreviated breast
MRI with MultiHance at 0.1 mL/
kg detected all invasive cancers in
all 17 women with the disease, and
ductal carcinomas in situ (DCIS) in 5
of 6 women with the disease, while
DBT detected invasive cancers in
7 of 17 women, and DCIS in 2 of 6
women. Sensitivity for both types of
cancer was significantly higher with
AB-MR than with DBT (95.7% vs
39.1% [P=0.001]).

Dr. Comstock summarized the
results of this study, noting that
AB-MR is well tolerated by patients,
can be performed in less than 10
minutes, and is significantly more
sensitive than DBT. In addition,
AB-MR appears to detect more bio-
logically significant breast cancers.
By shortening the time to perform
breast MRI, AB-MR will increase
access to the most powerful breast
cancer screening tool. However,
he stressed that the study was
performed in average-risk patients;
the full protocol is currently still

If Giving Gd:

Consider noncontrast approaches

Per the ACR, use the lowest dose required*®

For first pass, use <0.1 mmol/kg and split dose options

Use a high-relaxivity GBCA at 0.05-0.075 mmol/kg

Cap the total dose at 20 mL

*See the ACR Contrast Media Manual, 2021.

recommended in high-risk patients.

Dr. Comstock cautioned that the
same results attained in the trial
may not be achieved if centers
perform AB-MR differently than the
way it was performed in the trial.
For example, the high sensitivi-
ties seen in the study were based
on a specific protocol, the use of
high-relaxivity MultiHance, and AB-
MR reader training.

In addition, using a macrocy-
clic GBCA to minimize Gd reten-
tion may be prudent, as women
undergoing screening are typically
relatively young and require annual
screening with MRI. But a multi-in-
stitution assessment of moderate-
to high-risk women undergoing
screening breast MRI showed that
overall, women prioritized imaging
sensitivity over the potential for
immediate adverse events, Gd
retention, and procedure cost.
Low-income patients were an ex-
ception, prioritizing out-of-pocket
cost over the other factors.®! The
results of this study highlight the
importance of patient preferences
when selecting a GBCA.

Noncontrast sequences/protocols
for breast MRI remain in the de-
velopment stages.® Currently, they
do not appear to have detection

rates equal to those of contrast-en-
hanced breast MRI.®

GBCA Summary and Future
Considerations

When deciding whether to
prioritize stability or relaxivity in
a given contrast-enhanced MRI
setting, radiologists should employ
risk-benefit analyses that include
patient age and the need for repeat
exams: younger patients requiring
a lifetime of annual MRI may war-
rant the use of more stable agents
associated with lower Gd retention.
On the other hand, high-relax-
ivity agents may be preferred to
maximize the signal-to-noise ratio
in cases where sensitivity of MRI
will directly impact the diagnosis,
prognosis, and/or treatment plan,
or in patients where the diagnosis
or prognosis precludes long-term
safety concerns.

Imaging guidelines tend to focus
on GBCA risk; however, the poten-
tial benefit cannot be understated -
in many clinical scenarios, missing
or mischaracterizing a lesion can
have a devastating effect on patient
outcome. Table 3 summarizes the
expert panel’s recommendations
with respect to contrast-enhanced

13
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imaging. Ultimately, a patient-cen-
tered approach should be taken
with the goal of obtaining accurate
and clinically relevant diagnos-

tic information with maximum
patient safety.
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