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Abstract
Background Gadoteric acid is a paramagnetic gadolinium
macrocyclic contrast agent approved for use in MRI of cere-
bral and spinal lesions and for body imaging.
Objective To investigate the safety and efficacy of gadoteric
acid in children by extensively reviewing clinical and post-
marketing observational studies.
Materials and methods Data were collected from 3,810 chil-
dren (ages 3 days to 17 years) investigated in seven clinical
trials of central nervous system (CNS) imaging (n=141) and
six post-marketing observational studies of CNS, musculo-
skeletal and whole-body MR imaging (n=3,669). Of these,
3,569 children were 2–17 years of age and 241 were younger
than 2 years. Gadoteric acid was generally administered at a
dose of 0.1 mmol/kg. We evaluated image quality, lesion de-
tection and border delineation, and the safety of gadoteric
acid. We also reviewed post-marketing pharmacovigilance
experience.
Results Consistent with findings in adults, gadoteric acid was
effective in children for improving image quality compared
with T1-W unenhanced sequences, providing diagnostic im-
provement, and often influencing the therapeutic approach,

resulting in treatment modifications. In studies assessing neu-
rological tumors, gadoteric acid improved border delineation,
internal morphology and contrast enhancement compared to
unenhanced MR imaging. Gadoteric acid has a well-
established safety profile. Among all studies, a total of 10
children experienced 20 adverse events, 7 of which were
thought to be related to gadoteric acid. No serious adverse
events were reported in any study. Post-marketing
pharmacovigilance experience did not find any specific safety
concern.
Conclusion Gadoteric acid was associated with improved le-
sion detection and delineation and is an effective and well-
tolerated contrast agent for use in children.
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Introduction

Magnetic resonance imaging (MRI) is being increasingly used
in children as advances in technology address many of the
inherent challenges of pediatric imaging, including the small
size of anatomical structures, limited breath-holding capability
and motion artifacts [1]. The benefits of paramagnetic contrast
agents for improving the sensitivity and specificity of MR
imaging in children have been recognized for some time
[2–7], and there are numerous clinical indications for post-
contrast MR imaging in children [8]. The examination of
known or suspected central nervous system (CNS) tumors is
a common indication for MRI in children, and MRI has be-
come the primary imaging modality for both initial diagnosis
and treatment follow-up of established tumors [9, 10]. The use
of contrast material in evaluating pediatric CNS tumors leads
to enhanced lesion delineation, additional characterization of
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internal lesion morphology, and improved differentiation of
post-treatment changes from disease recurrence. Post-
contrast MRI is also very useful in diagnosing the
leptomeningeal spread of tumor, which otherwise would re-
quire repeated, invasive lumbar punctures. Another important
clinical use for post-contrast MR imaging in young children is
to assist in the diagnosis and assessment of complications
from CNS infections. Similarly, because of its facilitation in
visualizing abnormalities of bone and soft-tissue structures,
MRI is becoming increasingly important in the evaluation of
thoracic, abdominal, pelvic and musculoskeletal disorders in
children [11].

The need to balance the clinical benefits of using contrast
agents against the effects of drug administration during an
otherwise noninvasive procedure is particularly relevant in
children [5, 12]. As such, the use of gadolinium-based contrast
agents (GBCAs) that are effective and well-tolerated is espe-
cially important in young children and adolescents [5, 13].
Ideally a contrast agent for use in children should have high
stability given that children have a lifetime to express any
potential delayed adverse event, a concern particularly rele-
vant in children who undergo multiple examinations with ex-
posure to large cumulative doses of contrast agents.

Gadoteric acid (gadoterate meglumine) (Dotarem®;
Guerbet, Villepinte, France) is a paramagnetic gadolinium
macrocyclic chelate. It has been marketed in Europe since
1989 and was approved by the U.S. Food and Drug Admin-
istration (FDA) in March 2013 for use in imaging of cerebral
and spinal lesions and associated tissues with disrupted
blood–brain barrier or abnormal vascularity in adults and chil-
dren older than 2 years. Because of its unique chemical struc-
ture as a macrocyclic, ionic gadolinium complex, gadoteric
acid has the highest thermodynamic and kinetic stability
among the GBCAs [14]. Pre-clinical studies in rat models
[15] demonstrated that there was neither a detectable release
of dissociated gadolinium, nor skin or systemic lesions, and
no long-term gadolinium retention [16]. Although people giv-
en GBCAs are known to be at risk for nephrogenic systemic
fibrosis (NSF) [17], no single-agent reports of NSF have been
reported or published for gadoteric acid (gadoterate
meglumine full prescribing information available on FDA
website http://www.accessdata.fda.gov/drugsatfda_docs/
label/2013/204781s000lbl.pdf. Accessed 5 May 2015). The
safety and efficacy of gadoteric acid were first evaluated in
adults [18–20], and based on favorable results a number of
studies have since evaluated the safety and efficacy of
gadoteric acid in children from neonates up to 17 years old.
GBCAs are approved and commonly used in all age groups,
including children younger than 2 years, throughout the world
[21]. Gadoteric acid is approved for use in children without
age restrictions in 70 countries. However, in the United States
GBCAs are not approved by the FDA for use in children
younger than 2 years, and this is also the case for gadoteric

acid. This article summarizes the findings of the FDA
submission data, which include data from the use of
gadoteric acid in clinical trials in a pediatric population of
141 children and post-marketing observational studies in
3,669 children, along with an evaluation of the post-
marketing pharmacovigilance experience.

Materials and methods

Trial designs and pediatric populations

This investigation was performed with the aid of the Guerbet
company. Data from published and unpublished studies and
from post-marketing pharmacovigilance studies were provid-
ed to the authors by Guerbet. These clinical studies and post-
marketing observational studies are listed in Table 1.

We reviewed and summarized data from seven clinical tri-
als, including four children aged 12–17 years who were inad-
vertently included in three adult studies (DGD-3-4, DGD-3-5,
DGD-3-21), and six post-marketing observational studies
evaluating the use of gadoteric acid in children (Table 1).
These were open, non-randomized studies in children who
required MRI of the central nervous system; the most recent
was an international multicenter investigation. All studies
were conducted in France and other countries in accordance
with the Declaration of Helsinki and the regulations of the
respective countries and institutions at the time the studies
were conducted.

The DGD-3-15 study in 29 children, 3 of whom were
younger than 2 years, and the DGD-3-16 study in 20 children,
2 of whom were younger than 2 years, were designed to de-
termine the clinical safety and diagnostic efficacy of gadoteric
acid in children undergoing CNS MR imaging who had al-
ready had unenhanced MR examinations. The DGD-3-15
study investigated the etiological diagnosis in 8 cases, lesion
staging in 14 cases and tumor recurrence in 7 cases. The
follow-up time was 2 h and 24 h after contrast administration.
Similarly, the DGD-3-16 study, in which 13 boys and 7 girls
received an average dose of 0.1 mmol/kg gadoteric acid, in-
vestigated the etiological diagnosis in 7 cases, tumor staging
in 8 cases and tumor recurrence in 5 cases. Children were
followed up for 20 min. The DGD-3-29 study assessed the
safety and efficacy of gadoteric acid in 50 children, including
two younger than 2 years of age, who required an MR exam-
ination for CNS tumors or for the diagnosis or surveillance of
CNS diseases, and children were followed up for 45 min. The
Sentio study (DGD-44-050) included 38 children who were
undergoing MR imaging for the visualization of known or
suspected CNS lesions in the pediatric arm. The radiologist
assessed children immediately after the MR investigation and
at 24 h post-injection during a follow-up visit. The study de-
sign allowed direct efficacy comparison of both MR imaging
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conditions (with and without gadoteric acid injection) in
adults and children, and internal validation of gadoteric acid
as an effective MR contrast agent in adults by comparing it
with gadopentetic acid (Magnevist®; Bayer Schering Pharma,
Berlin, Germany).

Post-marketing observational studies were conducted
based on routine contrast-enhanced MRI using gadoteric acid.
The first study was published by Neiss et al. [22] and involved
a pediatric population of 305 children, 6 of whom were youn-
ger than 2 years. The second study was conducted by Briand
et al. [23] and investigated the safety and efficacy of gadoteric
acid in 402 children, 26 of whom were younger than 2 years.
CNS evaluations accounted for the majority of the MRI pro-
cedures. These open, non-drug comparative trials followed a
similar protocol. Children (0–17 years old) who had under-
gone MRI without contrast medium were eligible after
obtaining written consent from both parents to participate.

Maurer et al. [19] conducted a large study (n=84,621) in
Germany that included 1,760 children (ages 5 weeks to
17 years) with CNS, whole-body and musculoskeletal MRI
and MR angiography. Each child was monitored for adverse
reactions during the MR examination and for 30–60 min after

theMR examination. The study described by Pathkar [26] was
an interim analysis (n=24,961) of the SECURE trial conduct-
ed in France, Germany, India, Saudi Arabia, China, Austria,
Spain and the United Kingdom as of April 1, 2012. This
international study investigated the safety profile of
0.1 mmol/kg gadoteric acid and included 1,057 children ages
0–17 with CNS or other conditions. This pediatric population
included 86 children younger than 2 years [24]. In children
with renal insufficiency, a follow-up of at least 3 months was
established to record any signs of nephrogenic systemic fibro-
sis (NSF).

Emond and Brunelle [25] conducted a single-center, open-
label study in France that included 104 children younger than
18 months; children were followed up on site for 2 h post-
injection. Finally, the Ishiguchi and Takahashi [20] study was
conducted in Japan and included 41 children, 2 of whomwere
younger than 2 years. Children undergoingMR imaging of the
brain/spinal cord or trunk/limbs were followed up for at least
2 h on-site. After gadoteric acid administration, 13 baseline
characteristics were used to investigate factors that
might predict a greater likelihood of acute non-renal
adverse reactions [20].

Table 1 Overview of open, non-randomized clinical trials and post-marketing observational studies evaluating the use of gadoteric acid in pediatric
MR imaging

Study no. (ref.) No. of
patients

Boys/Girls <2 yrs old Mean age
± SD (range)

Inclusion diagnosis Mean dose of gadoteric
acid (ml/kg)

Clinical studies

Study DGD-3-4a 1 1 - - 17 yrs CNS MRI 0.20 (0.1 mmol/kg)

Study DGD-3-5a 1 1 - - 12 yrs CNS MRI 0.20 (0.1 mmol/kg)

Study DGD-3-21a 2 2 - - 16–17 yrs CNS MRI 0.20 (0.1 mmol/kg)

Sentio study DGD-44-050a 38 16 22 - 9.2 yrs±4.49 (2.9–17.3 yrs) CNS MRI 0.20 (0.1 mmol/kg)

Study DGD-3-16a 20 13 7 2 10.1±5.6 yrs (6 m–17 yrs) CNS MRI 0.21 (0.1 mmol/kg)

Study DGD-3-15a 29 16 13 3 7.9 yrs (2 w–17 yrs) CNS MRI 0.21 (0.1 mmol/kg)

Study DGD-3-29a 50 30 20 2 8.8±4.8 yrs (1–17 yrs) CNS Brain=33 Spine=15b 0.20 (0.1 mmol/kg)

Subtotal 141 7

Post-marketing observational studies

Neiss study,1991 [22] 305 6 10.7 yrs (0–17 yrs) CNS MRI 0.15–0.25 (0.075–0.125
mmol/kg)

Briand study, 1992 [23] 402 26 10 yrs (0–17 yrs) CNS MRI (331)d

Musculoskeletal (46)d
0.22 (0.1 mmol/kg)

Maurer study, 2012 [19] 1,760 10 14.4 yrs (37 d–17 yrs) Various including CNS 0.22 (0.1 mmol/kg)

SECURE study, 04/12a [24] 1,057 548c 502c 86 10.1±5.3 yrs (0–17 yrs) Various including CNS 0.20 (0.1 mmol/kg)

Emond study, 2011 [25] 104 58c 45c 104 8.1±5.2 m (3 d–18 m) CNS in most cases 0.20 (0.1 mmol/kg)

Ishiguchi study, 2010 [20] 41 27 14 2 1 m–14 yrs 11 m Various including CNS 0.20 (0.1 mmol/kg)

Subtotal 3,669 234

Total 3,810 241

CNS central nervous system, d days, m months, w weeks, yrs years
a Unpublished study sponsored by Guerbet
b Cerebral and spinal in one patient, location not specified in another
c Gender not known in the remaining patients
d Indication not known in the remaining patients
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In addition, cumulative post-marketing pharmacovigilance
data for gadoteric acid were compiled in the Guerbet safety
database using Register software version 5.3 (ArisGlobal,
Stamford, CT) and were reviewed. Safety data were received
by the Guerbet Pharmacovigilance Department from world-
wide sources, beginning with the initial European Marketing
Authorization in France on March 8, 1989, and continuing
through March 31, 2012. More than 30 million patients, in-
cluding more than 51,000 children younger than 2 years, are
estimated to have been exposed to gadoteric acid (Guerbet
source data).

Contrast agent administration and MR imaging

Gadoteric acid contrast medium was injected through an in-
travenous cannula to achieve a mean dose of approximately
0.1 mmol/kg of a 0.5 mol/L solution, i.e. 0.2 ml/kg, at an
injection rate of 1–3 ml/min for slow infusion or 1–2 ml/s
for rapid bolus injection. MR scanners, most often 1.5-T
field-strength, were used in all studies to obtain T1-W and
T2-W spin-echo or gradient-echo sequences before the admin-
istration of gadoteric acid. T1-W spin-echo sequences were
then repeated in the same section planes as pre-contrast
sequences.

Efficacy assessments in children during clinical trials

The open, non-drug comparative trials DGD-3-15, DGD-3-16
and DGD-3-29 implemented similar protocols to evaluate
CNS MRIs; these evaluations were based on image quality,
diagnostic performance, and effects on treatment approach.
The quality of images obtained post-contrast versus pre-
contrast was assessed overall and with respect to improve-
ments in localization or delineation of various anatomical
structures. Diagnostic improvement was evaluated by com-
paring MR images obtained before and after gadoteric acid
administration, and it was noted whether gadoteric acid led
to modifications in treatment or management. The Sentio
study was designed to demonstrate the superiority of gadoteric
acid-enhanced vs. unenhanced MR imaging in terms of CNS
lesion visualization (border delineation, visualization of inter-
nal morphology, and degree of contrast enhancement) in “pre”
(unenhanced) vs. “paired” (unenhanced + enhanced) images
for each patient. Three off-site, blinded readers independently
reviewed all images from pre and paired MR imaging modal-
ities and rated each lesion up to a limit of the five largest
representative lesions identified using a 3-point scale (0=not
evaluable, 1=seen but imperfectly, 2=seen completely/per-
fectly). Mean image quality and diagnostic confidence were
also assessed. Image quality was evaluated for each lesion
according to a 3-point scale (1=poor, 2=fair, 3=good), and
an overall score per patient was calculated. Diagnostic confi-
dence when evaluating MRI modalities was graded using a 5-

point scale (1=nil, 2=poor, 3=moderate, 4=high, 5=
excellent).

Efficacy assessments in children during post-marketing
observational studies

The study conducted by Briand et al. [23] was a continuation
of the study by Neiss et al. [22]. Prior to gadoteric acid injec-
tion, a score on a 3-point scale (1=worse, 2=identical, 3=
better) was assigned to evaluate the T2-W vs. T1-W MR im-
ages. After injection, the T1-WMR imaging was compared in
the sameway (scored on a 3-point scale) with the pre-injection
T1-W and T2-W MR images. The post-injection diagnosis
was rated as worse, identical to, better than, or complementary
to the pre-injection diagnosis. The radiologist was also asked
to indicate whether the use of gadoteric acid resulted in a
change in treatment strategy and the reasons for any such
change. The post-gadoteric acid MR imaging was compared
with pre-injection T1-Wand T2-WMR images with respect to
lesion/edema limit, lesion/central necrosis limit, lesion/
healthy tissue limit, edema/surrounding tissue limit, evalua-
tion of vascularization, and detection of other lesions inside or
outside or on the border of the organ examined.

In the Maurer et al. study [19], which included 1,760 chil-
dren, radiologists from 129 German centers completed stan-
dardized questionnaires for their patients who were undergo-
ing MR imaging exams with the administration of gadoteric
acid from January 2004 through January 2010. These ques-
tionnaires included patient data, any risk factor for contrast
administration such as renal impairment, type and indication
of MR imaging examination being performed (neurological,
body or musculoskeletal), amount and mode of contrast injec-
tion, and any premedication given. Image quality was
assessed as excellent, good, moderate, poor or very poor (no
noticeable signal enhancement). Finally, the radiologist iden-
tified the number and type of adverse events and any possible
association with contrast medium administration.

In the Emond and Brunelle study [25], image quality was
assessed with a 5-point scale (excellent, good, average, poor,
nil) and diagnostic contribution with a 5-point scale (definitely
normal, probably normal, indecisive, probably abnormal, def-
initely abnormal); consequences for therapeutic decisions
were defined according to four items (choice of initial treat-
ment, continuation of treatment, change of treatment, no treat-
ment). The SECURE [24] and Ishiguchi and Takahashi [20]
studies also evaluated whether images were of diagnostic
quality for CNS indications. The SECURE study was a safety
evaluation, although efficacy was assessed as a secondary
endpoint as image quality [24]. In the Ishiguchi and Takahashi
study [20], the efficacy of gadoteric acid as an image-
enhancing agent was assessed by the physician’s appraisal
according to the following grades: 1=very effective, i.e.
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diagnostic performance highly improved; 2=effective, i.e.
diagnostic performance improved, and 3=ineffective.

Safety assessments in children during clinical trials
and post-marketing observational studies

The study investigator monitored adverse events, including
injection-associated discomfort. The investigator recorded the
type of event, outcome and whether it was related to
gadoteric acid. Follow-up usually ranged from 20 min to
2 h post-gadoteric acid injection, based on local clinical prac-
tices, but was as long as 3 months in patients with renal
failure in the SECURE study [24]. The severity and duration
of adverse events were also reported in some studies. In the
DGD-3-15 study, safety was also assessed using a battery of
laboratory safety tests, including liver and renal function
tests, routine hematology and urinalysis. In the Sentio study
electrocardiograms (ECGs) were recorded in addition to stan-
dard safety assessments, e.g., injection site reactions, labora-
tory tests and vital signs. In this study, standard blood tests
were obtained at baseline and after 24 h, and ECGs were
recorded in a subset of 12 children exposed to gadoteric acid
at baseline.

To complete the safety assessment, the post-marketing
pharmacovigilance experience — based on more than 30 mil-
lion doses given (as ofMarch 31, 2012) and including >51,000
children younger than 2 years — was reviewed by Guerbet
from the company safety database. A total of 1,791 spontane-
ous case reports involving 3,947 adverse drug reactions were
recorded in either adults or children who were exposed to all
dosages of gadoteric acid from the launch in 1989 to the cut-
off date of March 31, 2012. Adverse drug reactions were
coded in the safety database according to the MedDRA dic-
tionary (version 15.0; MedDRA MSSO, Mclean, VA). Anal-
ysis was performed on both qualitative and quantitative as-
sessment. We only considered case reports in the pediatric
population for this review.

Statistical analysis

Descriptive statistics were used for each study.

Results

Data were collected from 3,810 pediatric patients (ages 3 days
to 17 years) exposed to gadoteric acid in 7 clinical trials of
CNS imaging (n=141) and six post-marketing observational
studies of CNS, musculoskeletal and whole-body imaging
(n=3,669) (Table 1). Of these, 3,569 children were 2–17 years
of age and 241 were younger than 2 years. Data from all
patients were assessed for safety and efficacy (although

efficacy results from the SECURE study were not available
at the time of the interim analysis).

Efficacy in children during clinical trials

The diagnostic efficacy of gadoteric acid was investigated in 7
clinical studies involving 141 children (DGD-3-4, DGD-3-5,
DGD-3-21, Sentio, DGD-3-15, DGD-3-16 and DGD-3-29).
The Sentio study and three open-label, single group, non-
randomized trials (DGD-3-15, DGD-3-16 and DGD-3-29)
were conducted for CNS indications, and children exposed
to gadoteric acid were present in all age ranges (7 younger
than 24 months, 33 ages 2–6 years, 58 ages 6–12 years and 43
ages 12–17 years). Globally, in these clinical studies efficacy
results were consistent with those obtained in the adult popu-
lation. Gadoteric-acid-enhanced MR imaging produced sig-
nificant improvement in the detection and visualization of
CNS lesions, with more accurate delineation of the lesion/
normal tissue or lesion/edema borders. Gadoteric-acid-
enhanced MR imaging provided a good diagnostic contribu-
tion and allowed better patient management.

In the Sentio study mean image quality and diagnostic con-
fidence were higher with paired (unenhanced and enhanced)
images vs. pre (unenhanced) imaging scores (mean image
quality score ranges were 2.91–3.0 vs. 1.55–2.32, respective-
ly, and mean diagnostic confidence score ranges were 3.94–
4.74 vs. 2.71–3.24, respectively). Because a relatively small
number of children were included in the study according to the
study design, only descriptive analysis of efficacy in this pop-
ulation was presented and no statistical tests were performed.
Gadoteric acid was found to improve the visualization of CNS
lesions over unenhanced MR imaging alone, with the paired
images being superior to the pre images for all three co-
primary endpoints (border delineation, internal morphology,
contrast enhancement) reported by all three off-site readers.
The mean lesion visualization endpoint across three variables
(lesion border delineation, internal morphology and contrast
enhancement) for paired images ranged from 1.36 to 3.51,
whereas it ranged from 0 to 1.42 for pre images. Descriptive
statistics for the efficacy evaluation in the Sentio study were of
an order of magnitude similar to those reported in the adult
population.

In the DGD-3-15 and DGD-3-16 studies, the image quality
of gadoteric acid-enhanced T1-WMR imaging sequences was
considered better than that of unenhanced T1-W sequences in
69% and 84% of cases, respectively, and better than
unenhanced T2-W sequences in 62% and 24% of cases, re-
spectively. More specifically, the diagnostic contribution was
considered better than or complementary to pre-contrast diag-
nostic performance in 94% of cases in the DGD-3-16 study
and resulted in a change in treatment in 15% of cases. The
DGD-3-15 and DGD-3-16 studies also assessed specific
criteria where gadoteric acid provided improved image
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quality; gadoteric acid was associated with improvement in
lesion/edema delineation in 16% and 21% of cases, respec-
tively, lesion/normal tissue delineation in 26% and 55% of
cases, respectively, visualization of blood supply in 42% and
41% of cases, respectively, and visualization of other lesions
in 11% and 14% of cases, respectively.

In the DGD-3-29 study, gadoteric acid markedly improved
the diagnostic quality ofMR imaging examinations, providing
more accurate diagnosis in 40 of 50 patients (80%) and mod-
ifying the diagnosis in eight patients (16%). Gadoteric acid
enhancement improved tumor visualization and facilitated lo-
calization of lesions. Post-contrast sequences were considered
to be of good (8%) or excellent (92%) image quality in all
patients, which was significantly better than pre-contrast se-
quences (50% and 48%, respectively). Post-contrast images
influenced the therapeutic approach in 96% of patients (48/
50), including modification of initial treatment in 5 patients
(10%), change in choice of initial treatment in 6 patients
(12%), a decision not to initiate treatment in 23 patients
(46%) and a decision to continue of treatment in 15 patients
(30%).

Efficacy in children found in post-marketing
observational studies

Because of the variability of efficacy endpoints, efficacy re-
sults cannot be pooled for the total population (n=3,669) en-
rolled in these studies [19, 20, 22–25].

Of these, two open post-marketing observational studies
were conducted in France involving 402 children [22, 23].
Among this pediatric population, 81% was 15 years or youn-
ger and 6.5% was 2 years or younger. CNS investigations
accounted for 82.4% of MR imaging exams and bone and
soft-tissue imaging for 11.4%. Mean gadoteric acid injected
dose was 0.22 ml/kg (range 0.10–0.80 ml/kg). Overall, diag-
nostic evaluation was considered to be improved post contrast
administration in 85% of neuroradiologic exams and 95% of
musculoskeletal investigations. Improved diagnostic perfor-
mance resulted in treatment modifications in 15–34% of
patients.

In the Maurer study [19] efficacy assessments were simple
but demonstrated that approximately half of the images were
rated either excellent (49%) or good (47%), and almost all
(99.7%) were of diagnostic grade in the total population, in-
cluding the 1,760 children. At-risk patients also had slightly,
but significantly, poorer image quality: good or excellent im-
age quality was achieved in 95.7% of at-risk patients vs.
97.5% of patients without known risk factors. The proportion
was 93.2% in patients with renal failure and 94.2% in patients
with liver dysfunction.

In the Emond and Brunelle study [25], image quality was
rated “excellent/good” for gadoteric-acid-enhancedMR imag-
ing in 102 (98.0%) children. The diagnostic contribution was

assessed as optimal (definitely abnormal/normal diagnosis) in
101 children (97.1%). The examination with gadoteric-acid-
enhanced MR imaging confirmed the choice of initial treat-
ment in 50 children (48.1%).

The Ishiguchi and Takahashi study [20] showed that in a
large majority of cases (99.5%) the efficacy of gadoteric acid
was rated “effective” or “very effective.” An analysis of the
factors that affected efficacy revealed that the presence of
kidney disorders was associated with a greater likelihood of
inefficacy (2.1% vs. 0.4% for patients without kidney disor-
ders); however, no further information was provided by the
authors as to the reason for inefficacy associated with kidney
disorders. Other patient characteristics, including gender, age,
weight, indications, liver disorder and gadoteric acid dose,
were not associated with any significant differences in
efficacy.

Safety in children during clinical trials
and post-marketing observational studies

The safety of gadoteric acid was assessed in 3,810 children
(Table 2). In the 141 children from clinical trials, who were
exposed to gadoteric acid, 7 were ages 1–24 months, 33 were
ages 2–6 years, 58 were ages 6–12 years and 43were ages 12–
17 years. Gadoteric acid was well-tolerated overall. There
were no treatment-related serious adverse events and no
treatment-related adverse events that required treatment with-
drawal. As shown in Table 3, treatment-related adverse events
included headache, dizziness, hematuria, pruritus, vomiting,
asthenia, injection site urticaria and nausea.

No related adverse events occurred in children in the youn-
gest age group (1–24 months). In 2- to 6-year-olds pruritus
was the only related adverse event reported, in one child.
Headache in two children and dizziness, hematuria and
vomiting (each in one patient) were the only related adverse
events reported in the 6- to 12-year-olds. Asthenia, injection
site urticaria and nausea were the only related adverse events
reported in 12- to 17-year-olds. A single adverse event was
observed in the DGD-3-16 study, which was a brief episode of
vomiting in one child whowas also receiving sodium oxybate.
This adverse event could be a result of gadoteric acid, sodium
oxybate or the combination of both. In addition, no adverse
events were reported with previous gadoteric acid injections in
the 50 children from the DGD-3-29 study, including one child
who had received four previous gadoteric acid administra-
tions. In the DGD-3-15 study, in which safety was assessed
using routine laboratory tests, no clinically significant changes
were related to gadoteric acid administration, which was
found to be safe in both laboratory and clinical terms.

The Sentio study showed evidence of occasional mild to
moderate adverse events in 10 (26.3%) of 38 children ex-
posed to gadoteric acid. Of these, treatment-emergent adverse
events were reported in eight patients, six (15.8%) of whom
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exhibited adverse events considered treatment-related: dizzi-
ness in one child, vomiting and injection site urticaria in one
child, nausea and urticaria in one child, injection site pruritus
in one child and headache in two children. No related serious

adverse events were recorded, and all children recovered
without any specific treatment. Similar adverse event profiles
were seen in the pediatric and adult populations. Data are
descriptive-only and no statistical comparisons were

Table 2 Safety profile of gadoteric acid in pediatric MR imaging

Study no. (ref.) Number of patients Number of adverse
events (%)

Nature of events Number of serious
adverse events (%)

Number of adverse
events probably or
possibly related to
gadoteric acid (%)

Clinical studies

DGD-3-4 study 1 0 - - -

DGD-3-5 study 1 0 - - -

DGD-3-21 study 2 0 - - -

Sentio study DGD-44-050 38 10 (26.3) Headache, nausea/vomiting,
application site erythema

0 6

Study DGD-3-16 20 1 (5.0) Vomiting 0 0

Study DGD-3-15 29 0 - - -

Study DGD-3-29 50 0 - - -

Subtotal 141

Post-marketing observational studies

Neiss study, 1991 [22] 305 1(0.26) Papule on right thigh 0 1 (0.26)

Briand study, 1992 [23] 402 1 (0.25) Papule at injection site 0 1 (0.25)

Maurer study, 2012 [19] 1,760 9 (0.4) Nausea (4), taste alteration (1),
dizziness (1), pre-syncope (1),
injection site pain (1), vertigo (1),
extravasation (1)a

0 3 (0.15)

SECURE study, 04/12 [24] 1,057 0 - - -

Emond study, 2011 [25] 104 0 - - -

Ishiguchi study, 2010 [20] 41 0 - - -

Subtotal 3,669

Total 3,810 20 0 10

a 10 events occurred in 9 children

Table 3 Number of patients with related adverse events and incidences of related adverse events during clinical trials

Pediatric population exposed to gadoteric acid by age range and related adverse events

1–24 months 2–6 years 6–12 years 12–17 years
n=7 n=33 n=58 n=43

Pediatric patients with related adverse eventsa

Total affected children (%) 0 1 (3.0%) 4 (6.9%) 1 (2.3%)

Incidence of related adverse events by preferred terms: number (%)

Pruritus 0 1 (3.0%) 0 0

Headache 0 0 2 (3.4%) 0

Dizziness 0 0 1 (1.7%) 0

Hematuria 0 0 1 (1.7%) 0

Vomiting 0 0 1 (1.7%) 0

Asthenia 0 0 0 1 (2.3%)

Injection site urticaria 0 0 0 1 (2.3%)

Nausea 0 0 0 1 (2.3%)

aOne patient may have more than one adverse event
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performed in these children. However, no clinically relevant
changes were detected with respect to laboratory tests, vital
signs or ECG recordings. A small increase in mean QTc
(using both Fridericia and Bazett QT correction formulas)
was observed with gadoteric acid in adults and children when
comparing baseline ECGs to recordings at 30 min post injec-
tion (the mean change in QTc Fridericia from baseline to
30 min post injection was 7.25 ms). In the adults who were
exposed to the comparable contrast agent gadopentetic acid,
an equivalent increase in mean QTc was observed (mean
change in QTc Fridericia from baseline to 30 min post injec-
tion was 10.32 ms).

Post-marketing observational studies in 3,669 children re-
vealed that gadoteric acid also had an excellent safety profile
in clinical use. In the Briand et al. study [23], a single mild and
transient adverse event was reported: a 16-year-old girl devel-
oped a papule at the injection site, which resolved without
treatment. In the Maurer et al. [19] study, involving a popula-
tion of 1,760 children, 9 children (0.4%) experienced adverse
events (mainly nausea). No serious adverse events were ob-
served. Ten children from theMaurer study [19] were younger
than 2 years and none developed adverse events. The same
was true in the SECURE [24], Emond and Brunelle [25] and
Ishiguchi and Takahashi [20] studies, in which no children
developed adverse events.

The post-marketing pharmacovigilance experience is based
on more than 30 million doses given (as of March 31, 2012),
including doses to >51,000 children younger than 2 years
(Guerbet source data). In the Guerbet safety database, a total
of 1,791 case reports involving 3,947 adverse drug reactions
were recorded in either adults or children exposed to all dos-
ages of gadoteric acid. Spontaneous reports of adverse reac-
tions from the launch in 1989 to March 2012 are consistent
with the adverse drug reactions observed in clinical trials and
the known safety profile of gadoteric acid. Guerbet analyzed
the pharmacovigilance data obtained throughMarch 31, 2012,
and found eight case reports in children younger than 2 years
(one girl, seven boys) that correspond to 10 adverse drug
reactions. Two cases were serious (including one case of
tremors in a baby breastfeeding with a mother previously ex-
posed to gadoteric acid and one case of a decrease in heart rate
in an infant who underwent concomitant administration of
gadoteric acid and sedation medications) and six were non-
serious. Adverse events observed in these children younger
than 2 years were most frequently a result of medication er-
rors, such as overdose or extravasation, with no associated
adverse outcome. All cases for which the outcome was avail-
able are reported as having recovered. There were no fatal
outcomes. As of March 31, 2012, there were 88 case reports
in children (46 girls, 41 boys, 1 unknown) ages 2–16 years
that correspond to 197 adverse drug reactions, i.e. 5% of the
total number of cases cumulatively. Thirty-five of these cases
were serious and 53 were non-serious. In most cases, patients

recovered. Among the serious cases, there was one fatal out-
come (a 3.5-year-old girl who died of the underlying disease, a
posterior fossa tumor with meningeal metastasis). Most cases
in this pediatric population of 2- to 16-year-olds were associ-
ated with hypersensitivity reactions (anaphylaxis; vascular re-
actions including swelling of the dermis, subcutaneous tissue,
mucosa and submucosal tissues; urticaria/hives, and skin
rash). This analysis of post-marketing pharmacovigilance data
concluded that the reactions observed in all pediatric age
groupswere similar to those reported in the general population
of patients in terms of nature, intensity and outcome [19].

Discussion

Considerable advances have been made in pediatric body,
CNS, cardiac and musculoskeletal MR imaging that enable
high-quality imaging of even the smallest children and expand
the range of indications amenable to MRI [1, 13]. Major ad-
vances have also occurred in the investigation of children with
suspected brain tumors, with MRI becoming the primary im-
aging modality. MRI is recognized as the procedure of choice
in pediatric neuroimaging because it provides high sensitivity
for the detection and characterization of disease, avoids child-
hood exposure to ionizing radiation (repeated CT scans can
result in in excess risk for cancer in childhood and early ado-
lescence [10, 27]) and requires smaller volumes of contrast
agent compared with the typical volumes of iodinated contrast
agent used with CT [27, 28]. However, even considering the
small volume of MR contrast agent required for an imaging
procedure, the clinical benefits must be balanced against the
potential risks of administering a drug, particularly in the pe-
diatric population.

In the CNS studies presented here, gadoteric acid enhance-
ment markedly improved the diagnostic quality of the MR
examination and frequently influenced the therapeutic ap-
proach. Furthermore, gadoteric acid was associated with im-
provements in delineation between lesion and edema or nor-
mal tissue, and improved visualization of the blood supply
compared to unenhanced sequences. In summary, the results
from CNS indications demonstrate that gadoteric acid is clin-
ically effective, providing images of good or excellent quality
that improve diagnostic information, help guide treatment,
and detect recurrence. Gadoteric acid also had an excellent
safety profile, and no clinically significant abnormalities in
the safety laboratory tests were considered to be related to
gadoteric acid. These findings are consistent with studies of
other contrast agents in children, many of whom had CNS
presentations [5–7, 10, 29]. A limitation of the present review
is that it used only descriptive statistics for each study. Ameta-
analysis was not possible because the studies had different
objectives (efficacy and safety) and different assessment
criteria. On the other hand, the scope of this review is broader
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than that of the clinical trials alone, because post-marketing
observational studies and pharmacovigilance experience were
analyzed together.

In addition to the studies including the musculoskeletal
imaging already mentioned [3, 11], gadoteric acid enhance-
ment was found to be useful in four published studies of pe-
diatric musculoskeletal imaging [2, 4, 30, 31]. Contrast en-
hancement with gadoteric acid has been shown to provide a
reliable method for the early detection and monitoring of ju-
venile rheumatoid arthritis [2], considerably improving patient
management. Gadoteric acid enhancement also proved useful
in the evaluation of Legg–Calvé–Perthes disease, which can
be difficult to diagnose and stage radiographically [4, 30, 31].
Gadoteric acid permitted accurate staging of Legg–Calvé–
Perthes disease, which may help in the determination of the
optimal time for surgery. Another study evaluated the role of
gadoteric acid in the management of painful osseous crises,
which occur frequently in children with sickle cell anemia [3].
Although gadoteric acid-enhanced imaging could not differ-
entiate between acute infarcts or acute osteomyelitis as causes
of the crises, enhanced imaging helped to determine the ana-
tomical site and extent of acute infarcts or acute osteomyelitis,
and contributed to the planning of orthopedic treatment.
Whenever feasible, contrast enhancement is recommended
in the evaluation of suspected infectious or neoplastic condi-
tions that affect the pediatric CNS, visceral organs and mus-
culoskeletal systems.

Similarly, cardiac MR imaging has been found to be appro-
priate for the assessment of complex congenital heart disease,
including anomalies of the coronary circulation, great vessels,
cardiac chambers and valves. Cardiac MR imaging is partic-
ularly useful in this regard in children in whom exposure to
ionizing radiation is to be avoided [32].

Results from the post-marketing observational studies con-
firm the safety and efficacy of gadoteric acid in clinical prac-
tice. Efficacy results showed a high level of diagnostic im-
provement obtained with gadoteric acid versus unenhanced
imaging, with 95–100% of scans rated good or excellent for
image quality. Few adverse events were recorded among the
large cohort of children in the post-marketing observational
studies, which included children with an allergic history, those
requiring an anesthetic and those receiving concomitant
treatment.

Adverse events observed in children younger than 2 years
were most frequently a result of medication errors, such as
overdose or extravasation (without associated adverse out-
come), and the majority of cases in the 2- to 16-year-old pop-
ulation were associated with hypersensitivity reactions. Expe-
rience in children did not find any specific safety concern.
Post-marketing pharmacovigilance experience of more than
20 years of clinical radiology practice was consistent with
the known safety profile of gadoteric acid, as obtained during
clinical trials.

Gadolinium use has been associated with the development
of a serious, potentially fatal, adverse reaction, i.e.
nephrogenic systemic fibrosis (NSF), in patients with im-
paired renal function [17]. According to European and Amer-
ican guidelines, patients most at risk for NSF are those with
chronic kidney disease stages 4 or 5. Patients with chronic
kidney disease stage 3 and children younger than 1 year are
considered at moderately increased risk [33]. The European
guidelines classify GBCAs into three categories regarding
NSF risk: high risk, medium risk and low risk. All macrocy-
clic GBCAs, including gadoteric acid, are classified as low
risk. The European guidelines also recommend that high-risk
GBCAs be avoided in neonates and the minimum dose of
GBCA is to be used in infants up to 1 year of age, as well as
in patients with chronic kidney disease stage 3. In the United
States, no GBCA is approved for use in children younger than
2 years. An update on NSF and its guidelines has been pub-
lished [34]. Although there is no evidence that children are at
greater risk for NSF than adults, there are reports of NSF in
children with severe renal failure [35], and one recent report
identified 23 non-redundant pediatric cases of NSF, most with
chronic kidney disease; however none of these cases received
gadoteric acid [36].

At the time of this report no non-confounded case of NSF
had been reported with gadoteric acid in adults or children
(gadoterate meglumine full prescribing information on FDA
website http://www.accessdata.fda.gov/drugsatfda_docs/
label/2013/204781s000lbl.pdf. Accessed 5 May 2015). In
2011, among 17 NSF cases 1 adult case was attributed to
gadoteric acid, but that patient received another GBCA, as
noted in a table in that article, thus ruling out the possibility
of a non-confounded case [37]. Subsequently the same author
published an update of the Danish NSF cases, and there was
no mention of gadoteric acid when patients were exposed to
only one GBCA [38]. Furthermore, although the follow-up
was limited to 3 months and in a population not at risk, no
case of NSF has been reported in the ongoing SECURE study
[24]. A new study, NSsaFe, has begun to evaluate the long-
term safety of gadoteric acid in an at-risk populationwith renal
insufficiency, with a longer follow-up period of up to 2 years
(Available via https:/ /cl inicaltr ials.gov/ct2/show/
NCT01467271?term=NCT01467271&rank=1. Accessed 5
May 2015).

Conclusion

The experience gained from clinical trials and post-marketing
observational studies in 3,810 children, including infants, chil-
dren and adolescents, indicates that gadoteric acid has both
clinical efficacy and a well-established safety profile in MR
imaging examinations of the CNS and other body parts. The
use of gadoteric acid resulted in contrast enhancement of
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regions of interest, improved image quality, provided
additional diagnostic information compared with non-
enhanced sequences and often led to changes in patient
management. In addition, based on clinical trials, post-
marketing observational studies and pharmacovigilance
analysis, experience in children did not find any safety
concern, thus confirming the excellent safety profile of
gadoteric acid.
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