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Efficacy and Safety of Gadopiclenol for Contrast-Enhanced
MRI of the Central Nervous System

The PICTURE Randomized Clinical Trial
Laurie A. Loevner, MD,* Balint Kolumban, MD,† Gábor Hutóczki, MD,‡ Katarzyna Dziadziuszko, MD,§||
Daniel Bereczki, MD, PhD,¶ Attila Bago, MD,# and Anna Pichiecchio, MD**††
Objectives: Developing new high relaxivity gadolinium-based contrast agents
(GBCAs) for magnetic resonance imaging (MRI) allowing dose reduction
while maintaining similar diagnostic efficacy is needed, especially in the con-
text of gadolinium retention in tissues. This study aimed to demonstrate that
contrast-enhanced MRI of the central nervous system (CNS) with gadopiclenol
at 0.05 mmol/kg is not inferior to gadobutrol at 0.1 mmol/kg, and superior
to unenhanced MRI.
Materials and Methods: PICTURE is an international, randomized, double-
blinded, controlled, cross-over, phase III study, conducted between June 2019 and
September 2020. Adult patients with CNS lesions were randomized to undergo 2
MRIs (interval, 2–14 days) with gadopiclenol (0.05 mmol/kg) then gadobutrol
(0.1 mmol/kg) or vice versa. The primary criterion was lesion visualization based
on 3 parameters (border delineation, internal morphology, and contrast enhance-
ment), assessed by 3 off-site blinded readers. Key secondary outcomes included
lesion-to-background ratio, enhancement percentage, contrast-to-noise ratio, overall
diagnostic preference, and adverse events.
Results: Of the 256 randomized patients, 250 received at least 1 GBCA adminis-
tration (mean [SD] age, 57.2 [13.8] years; 53.6% women). The statistical noninfe-
riority of gadopiclenol (0.05 mmol/kg) to gadobutrol (0.1 mmol/kg) was achieved
for all parameters and all readers (n = 236, lower limit 95% confidence interval of
the difference ≥−0.06, above the noninferiority margin [−0.35], P < 0.0001), as
well as its statistical superiority over unenhanced images (n = 239, lower limit
95% confidence interval of the difference ≥1.29, P < 0.0001).

Enhancement percentage and lesion-to-background ratio were higher with
gadopiclenol for all readers (P < 0.0001), and contrast-to-noise ratio was higher
for 2 readers (P = 0.02 and P < 0.0001). Three blinded readers preferred images
with gadopiclenol for 44.8%, 54.4%, and 57.3% of evaluations, reported no pref-
erence for 40.7%, 21.6%, and 23.2%, and preferred images with gadobutrol for
14.5%, 24.1%, and 19.5% (P < 0.001).
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Adverse events reported after MRI were similar for gadopiclenol (14.6% of pa-
tients) and gadobutrol (17.6%). Adverse events considered related to gadopiclenol
(4.9%) and gadobutrol (6.9%) were mainly injection site reactions, and none
was serious.
Conclusions: Gadopiclenol at 0.05 mmol/kg is not inferior to gadobutrol at
0.1 mmol/kg for MRI of the CNS, confirming that gadopiclenol can be used at half
the gadolinium dose used for other GBCAs to achieve similar clinical efficacy.

KeyWords: gadopiclenol,GBCA, contrast agent, relaxivity,MRI,CNS, phase III,
efficacy, safety

(Invest Radiol 2023;58: 307–313)

C ontrast-enhanced magnetic resonance imaging (MRI), using
gadolinium-based contrast agents (GBCAs), significantly improves

the detection and characterization of diseases compared with unenhanced
MRI. These agents are administered intravenously and enhance the detail
of pathology allowing more accurate diagnoses. The overall use of
GBCAs is generally considered to be safe. However, there is mounting
evidence that, after the administration of GBCAs, traces of gadolinium
may be retained within various tissues such as the brain, bone, and other
organs.1–3 Gadolinium-based contrast agents can be categorized based
on their molecular structure as linear or macrocyclic. It is acknowl-
edged that linear GBCAs show higher propensity to induce gadolinium
retention in the body compared with macrocyclic GBCAs.4–6

After reports of nephrogenic systemic fibrosis and gadolinium
retention associated with the use of some GBCAs, the major health au-
thorities recommend reducing the dose of gadolinium wherever possible,
but without affecting diagnostic quality.7–9 Similarly, although the reten-
tion of gadolinium in the brain has not been directly associated with any
clinically significant consequences, reducing the use and/or dose of gad-
olinium when possible without compromising care is desired.

Increasing the relaxivity of the GBCA is one way to accentuate
contrast enhancement. Higher relaxivity can be achieved by increasing
the hydration number (number of bound water nuclei per Gd3+ ion).
Gadopiclenol (Elucirem, Guerbet, France) is a GBCAwith a hydration
number of 2, allowing a 2- to 3-fold greater relaxivity than currently
approved GBCAs.10 Thus, it could be hypothesized that using a
lower gadolinium dose of a GBCA, whose relaxivity is twice higher
than that of currently available GBCAs, may result in fine in similar
contrast enhancement obtained with other GBCAs used at the usual
dose of 0.1 mmol/kg.

In a previous phase IIb study on patients with central nervous
system (CNS) diseases, gadopiclenol at 0.05 mmol/kg provided similar
contrast-to-noise ratio (CNR) as gadobenate dimeglumine at 0.1 mmol/
kg, whereas the statistical superiority of gadopiclenol over gadobenate
dimeglumine, both at 0.1 mmol/kg, was demonstrated with an increase
in CNR >30%.11

Given the aforementioned relaxivity data, and the results from
the phase IIb study, the objective of this study was to demonstrate that
gadopiclenol at 0.05 mmol/kg is statistically not inferior to gadobutrol
at 0.1 mmol/kg for contrast-enhancedMRI of the CNS, and that it is su-
perior to unenhanced MRI, in terms of lesion visualization.
www.investigativeradiology.com 307
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MATERIALS AND METHODS

Study Design and Population
PICTURE (gadopiclenol for CNS magnetic resonance) is a

multicenter, prospective, randomized, double-blinded, controlled, and
cross-over phase III study, conducted in 33 medical centers from 11 coun-
tries (in Europe, America, and Asia), between June 2019 and September
2020. The study was approved by independent ethics committees and au-
thorized by national regulatory authorities. All patients provided informed
written consent. The study was registered on ClinicalTrials.
gov (NCT03996447).

Adult female or male patients aged 18 years or older, with known
or highly suspicious brain or spinal lesions based on previous imaging ex-
amination, were eligible for inclusion. Patients with multiple sclerosis
and acute or chronic renal insufficiency (estimated glomerular filtration
rate <30 mL/min/1.73 m2) were excluded.

MRI Examination
Patients received both gadopiclenol and gadobutrol (as an active

comparator), in a random order (using an interactive Web response sys-
tem, in a 1:1 ratio), separated by 2 to 14 days. Magnetic resonance im-
aging was performed before and after administration of each contrast
agent. A safety visit was scheduled 1 day after each MRI examination.

Magnetic resonance imaging was performed using 1.5 T or 3 T
systems, and the same system had to be used for a single patient. The
following unenhanced sequences in the axial plane of the brain were
applied: 2D T1-weighted spin echo (SE)/turbo spin echo (TSE), 3D
T1-weighted gradient echo (GRE), 2D T2-weighted fluid attenuated
inversion recovery (FLAIR), and T2-weighted TSE. After contrast
administration, the following sequences were applied: 2D T1-weighted
SE/TSE and 3D T1-weighted GRE. For the spine, unenhanced sagittal
T2-weighted TSE and T1-weighted SE/TSE sequences, as well as
contrast-enhanced axial T1-weighted SE/TSE and sagittal T1-weighted
SE/TSE sequences, were applied.

Both gadopiclenol at 0.05 mmol/kg (0.5 M solution, 0.1 mL/kg)
and gadobutrol at 0.1 mmol/kg (1.0 M solution, 0.1 mL/kg) were ad-
ministered, manually or with a power injector, as a single intravenous
bolus injection at a recommended rate of 2 mL/second followed by a
saline flush.

Efficacy Evaluation
Images evaluations were performed both off-site and on-site. For

off-site reading, the evaluations were performed in a centralized manner
by 3 independent blinded readers. Three other readers were involved for
overall diagnostic preference evaluation, as well as one additional reader
for lesion tracking to allow an unambiguous matching of lesions between
pre and paired images of the same MR examination, and between the 2
MR examinations for the same patient. All off-site readers were neurora-
diologists with more than 5 years of experience. For on-site reading, at
least 1 radiologist with more than 5 years of experience was appointed
at each site to read images of patients.

Primary Criteria
Primary criteria were based on off-site evaluations. Lesion visu-

alization was based on 3 parameters: border delineation, internal mor-
phology, and contrast enhancement. Up to 3 most representative lesions
(based on lesion size and contrast enhancement) were scored using a
4-point scale (1 = poor [internal morphology] or none [border delinea-
tion, contrast enhancement], 2 = moderate, 3 = good, 4 = excellent), and
a mean of scores was calculated. Lesion visualization parameters were
compared between unenhanced (pre) and combined unenhanced and
contrast-enhanced (paired) images with gadopiclenol, and between
gadopiclenol and gadobutrol paired images.
308 www.investigativeradiology.com
Secondary Criteria
The off-site readers evaluated the number of detected lesions,

quantitative parameters, and the overall diagnostic preference. The quan-
titative parameters (ie, lesion-to-background ratio [LBR], CNR, and en-
hancement percentage [E%]) were calculated for each patient (a mean
was calculated for up to 3 most representative lesions) as follow:

LBR ¼ SIpost
SIht

CNR ¼ SI lesion−SIht
SDnoise

E% ¼ SIpost−SIpre
SIpre

� 100

wherein SIlesion indicates lesion signal intensity (SI); SIht, healthy tissue
SI; SDnoise, background noise standard deviation; SIpost, lesion SI on
postinjection images; and SIpre, lesion SI on preinjection images.

Overall diagnostic preference was evaluated in a global matched
pairs fashion (a reader evaluates paired images with gadopiclenol and
gadobutrol from the same patient side by side).

The on-site investigators evaluated lesion visualization parame-
ters and assessed, overall and according to tumor malignancy (assessed
before contrast administration), if treatment plan could have been changed
for each contrast-enhanced MRI, and if yes, to specify the proposed
therapeutic management.

Safety Evaluation
Adverse events (AEs) were recorded throughout the entire study

period and evaluated by intensity (mild, moderate, severe) and serious-
ness.12 Blood samples were collected before and 1 day after each MRI
to measure hematology and biochemistry parameters. Vital signs and
tolerance at injection site were assessed before, 1 hour, and 1 day after
each contrast agent administration.

Statistical Methods
Based on the phase IIb study results,11 and taking into account a

possible greater heterogeneity of patient population to be included and a
patient dropout rate of 20%, an enrollment of 250 patients was deemed
necessary for the 95% confidence interval (CI) lower limit to exceed the
noninferiority margin set to −0.35 (10% of the expected mean score).

Differences in terms of lesions visualization were analyzed using
a general linear model. Lesion visualization parameter was the depen-
dent variable; contrast agent, period (ie, first or second MRI; for nonin-
feriority analysis), and MRI modality (for superiority analysis) were the
fixed factors; and patient was the random factor. A paired t test was used
for statistical analyses of the primary criteria. To conclude on the supe-
riority of gadopiclenol paired over pre images, the difference in mean
scores had to be significantly greater than 0 for at least 2 of 3 readers
and for all 3 parameters (type 1 error set at 0.025). The analysis was per-
formed on patients who had both pre and paired images with gadopiclenol
assessable for at least 1 matching lesion for at least 1 off-site reader (full
analysis set). The noninferiority of gadopiclenol toward gadobutrol could
be concluded if the lower limit of the 95% CI of the difference in mean
scores was above the noninferiority margin (−0.35) for at least 2 of 3
readers and for all 3 parameters. The analysis was performed on pa-
tients, without major protocol deviation, who have both paired images
for gadopiclenol and gadobutrol assessable for at least 1 matching le-
sion for at least 1 off-site reader (per-protocol set).

All secondary and subgroup analyses are considered as explor-
atory; therefore, no adjustment for type 1 error was performed.
© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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Differences between contrast agents in quantitative parameters
were analyzed using a general linear model. The quantitative parameter
was the dependent variable; contrast agent, period, and unenhanced value
(only for LBR and CNR) were the fixed factors; and patient was the ran-
dom factor. Differences were tested using a t test. Diagnostic preference
results were evaluated using a Wilcoxon signed rank test. Safety results
were compared descriptively. Statistical analyses were performed using
SAS (Version 9.4; SAS Institute Inc, Cary, NC).

RESULTS
Overall, 260 patients were screened, and 256were randomized to

a sequence of 2MRIs (128 patients in each sequence). Among random-
ized patients, 250 underwent the first MRI with gadopiclenol (n = 125)
or gadobutrol (n = 125) and the first safety follow-up, and 242 underwent
the secondMRI with gadobutrol (n = 120) or gadopiclenol (n = 122) and
the second safety follow-up, and completed the study (Fig. 1). Fourteen
patients prematurely discontinued the study: due to the COVID-19 pan-
demic preventing patients from following the protocol schedule (n = 3),
inclusion criteria not met/noninclusion criteria met (n = 1), withdrawal
of patient's consent (n = 4), AE (n = 4), patient unavailable the day of visit
(n = 1), and due to planned surgery (n = 1).

Patients were 18 to 84 years old, with a mean (SD) age of 57.2
(13.8) years and a mean (SD) weight of 78.3 (20.4) kg. Overall, 53.6%
were women (see Table, Supplemental Digital Content 1, http://links.
lww.com/RLI/A781). Magnetic field strength was 1.5 T for 45.6% of pa-
tients and 3 T for 54.4% of patients. The most frequent diagnoses after
MRI were meningiomas (32.1%), brain metastases (22.9%), and glial tu-
mors (21.7%) (see Table, Supplemental Digital Content 2, http://links.
lww.com/RLI/A782).

Efficacy Results
The per-protocol set included 236 patients, and full analysis set

included 239 patients. When comparing gadopiclenol to gadobutrol paired
images, the differences in mean of scores for border delineation, internal
morphology, and contrast enhancement were close to 0 in all cases, with
a lower limit of the 95% CI of the difference (≥−0.06) above the noninfe-
riority margin for all 3 readers (P < 0.0001 in all cases) (see Table, Supple-
mental Digital Content 3, http://links.lww.com/RLI/A783; Fig. 2). There-
fore, the statistical noninferiority of gadopiclenol (0.05 mmol/kg) versus
FIGURE 1. Flowchart of patients from PICTURE study. FU indicates follow-up;
(pre) and combined unenhanced and contrast-enhanced (paired) images with
off-site reader; per-protocol set (noninferiority analysis), patients without majo
gadobutrol assessable for at least 1 matching lesion for at least 1 off-site reade

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
gadobutrol (0.1 mmol/kg) paired images was achieved. The differences
in mean of scores were significantly in favor of gadopiclenol paired com-
paredwith pre images for all 3 readers and all 3 parameters (P < 0.0001 in
all cases) (see Table, Supplemental Digital Content 4, http://links.lww.
com/RLI/A784; Fig. 2). Therefore, the statistical superiority of paired
gadopiclenol (0.05 mmol/kg) over pre images was achieved.

With on-site reading, the noninferiority of gadopiclenol versus
gadobutrol was also achieved (lower limit of the 95% CI of the difference,
≥−0.05). Subgroup analyses showed homogeneous results within each
demographic parameter (age, sex, race, ethnicity, geographic region) and
for 1.5 T and 3 T systems.

Most patients presented with only 1 lesion, and the number of
identified lesions was similar for gadopiclenol and gadobutrol paired im-
ages (95%CI of the difference: [−0.21; 0.45], [−0.60; 0.61], [−0.72; 0.16]
for the 3 readers, respectively [P ≥ 0.22]) (see Table, Supplemental Dig-
ital Content 5, http://links.lww.com/RLI/A785).

LBR and E%were significantly higher with gadopiclenol for all 3
readers (95%CI of the difference not including 0, P < 0.0001). For CNR,
the differencewas statistically significant for 2 readers (95%CI of the dif-
ference: [3.14; 33.52], P = 0.02; [8.70; 18.22], P < 0.0001; Fig. 3).

Imageswith gadopiclenolwere inmajority preferred to imageswith
gadobutrol (44.8%, 54.4%, and 57.3% of cases, depending on the
reader, P < 0.001). The readers reported no preference for 40.7%,
21.6%, and 23.2% of cases, and images with gadobutrol were preferred
in 14.5%, 24.1%, and 19.5% of cases (Fig. 4).

Examples of contrast-enhancedMRI scans obtainedwith gadopiclenol
(0.05 mmol/kg) and gadobutrol (0.1 mmol/kg) are shown in Figure 5.

The change in treatment plan was similar between gadopiclenol
(23.3% of patients) and gadobutrol (23.7%). There was no differ-
ence in the proposed therapeutic management based on paired im-
ages with gadopiclenol or gadobutrol, with chemotherapy, radiother-
apy, or surgery being the most frequent. The treatment plan could be
changed for 28% of patients with malignant lesions and approxi-
mately 12% patients with nonmalignant lesions, similarly for both
contrast agents.

Safety Results
Overall, 49 AEswere reported for 36 patients (14.6%) after MRI

with gadopiclenol and 55 AEs for 43 patients (17.6%) after MRI with
full analysis set (superiority analysis), patients who had both unenhanced
gadopiclenol assessable for at least 1 matching lesion for at least 1

r protocol deviation, who had both paired images for gadopiclenol and
r.
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FIGURE 2. Noninferiority and superiority analyses for lesion visualization. Up to 3 most representative lesions in each patient were qualitatively scored
(from 1 to 4) for each parameter by 3 offsite independent blinded readers, and a mean of scores was calculated. A noninferiority analysis between
gadopiclenol (0.05mmol/kg) and gadobutrol (0.1 mmol/kg) combined unenhanced (pre) and contrast-enhanced (paired) images (A), and a superiority
analysis between pre and gadopiclenol (0.05mmol/kg) paired images (B) were performed. Data are presented as bar graphs showing the least squares
(LS)mean (standard error [SE]) of the scores, and the confidence interval (CI) of the difference between the scores are shown above eachbar graph, with a
P value >0.0001 for all readers and all visualization criteria.
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gadobutrol, most of which were of mild intensity (48/49 [98%] with
gadopiclenol and 50/55 [91%] with gadobutrol). Adverse events con-
sidered related to gadopiclenol (12 patients [4.9%]) and gadobutrol
(17 patients [6.9%]) were mostly similar in nature and mainly injection
site reactions (Table 1).

Four serious AEs were reported during the study: 3 occurred be-
fore any contrast agent administration, and 1 (fatal respiratory failure) oc-
curred 5 days after the first MRI performed with gadobutrol and was due
to patient's underlying disease.

No safety concerns were raised from laboratory results and
vital signs.
FIGURE 3. Quantitative parameters for MRI with gadopiclenol (0.05 mmol/kg
calculated for each patient (mean for up to 3 most representative lesions) by 3
showing the least squares (LS) mean (standard error [SE]) of the quantitative p
gadobutrol (0.1 mmol/kg) were statistically significant for LBR and E% for all 3
P < 0.0001, respectively).

310 www.investigativeradiology.com
DISCUSSION
Within the context of nephrogenic systemic fibrosis and gadolinium

retention in the brain and other organs, using the lowest dose of GBCA
and/or limiting repeated examinations while not compromising diagnostic
quality and efficacy in routine practice is recommended.13 Deep learning
MRI solutions were recently developed for this purpose and showed that
they could potentially help in reducing the injected gadolinium dose for
brain MRI while maintaining a good image quality and contrast en-
hancement.11,14 Nevertheless, these approaches are still exploratory
and have not been validated in larger cohorts. Another means to main-
tain image quality and diagnostic accuracy while reducing contrast dose
) versus MRI with gadobutrol (0.1 mmol/kg). CNR, E%, and LBR were
offsite independent blinded readers. Data are presented as bar graphs
arameters. Differences between gadopiclenol (0.05 mmol/kg) and
readers (P < 0.0001), and with CNR for readers 2 and 3 (P = 0.02 and

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 4. Overall diagnostic preference. Side by side comparison of paired images of 241 patients, from MRI with gadopiclenol (0.05 mmol/kg) and
gadobutrol (0.1 mmol/kg). Data are presented as bar graphs. The preference for images with gadopiclenol was statistically significant for all 3 readers
(P < 0.001).
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is by increasing GBCA relaxivity.7 Gadopiclenol has the advantage of
having the highest relaxivity compared with currently available GBCAs,
with a stable r1 relaxivity value with increasing clinical magnetic field
FIGURE 5. Examples of contrast-enhanced MRI scans after gadopiclenol (0.05
T1-weighted GRE MRI scans of a 65-year-old male patient with brain metastas
glioblastoma (D–F) obtained before (A and D) and after gadopiclenol adminis
1 mmol/kg (B and E). Arrows point toward the corresponding lesion of each M

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc.
(r1 = 12.8 mM−1·s−1 at 1.41 T and 11.6 mM−1·s−1 at 3 T measured in hu-
man serum at 37°C).10 Bendszus and colleagues11 previously showed
that, for CNS, gadopiclenol at 0.1 mmol/kg was statistically superior
mmol/kg) or gadobutrol (0.1 mmol/kg) administration. Axial 3D
es from lung cancer (A–C) and a 48-year-old female patient with
tration at 0.05 mmol/kg (C and F) or gadobutrol administration at 0.
RI scan.

www.investigativeradiology.com 311
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TABLE 1. Postinjection Adverse Events Related to Contrast Agent

Gadopiclenol
(n = 247)

Gadobutrol
(n = 245)

At least 1 adverse event related to
contrast agent

12 (4.9%) 17 (6.9%)

Injection site pain 2 (0.8%) 4 (1.6%)
Injection site coldness 2 (0.8%) 1 (0.4%)
Injection site warmth 1 (0.4%) 2 (0.8%)
Dysgeusia 1 (0.4%) 2 (0.8%)
Blood creatinine increased 1 (0.4%) 2 (0.8%)
Injection site paraesthesia 1 (0.4%) 1 (0.4%)
Headache 1 (0.4%) 1 (0.4%)
Nausea 1 (0.4%) 1 (0.4%)
Drug ineffective* 1 (0.4%) 0
Feeling hot 1 (0.4%) 0
Injection site hypoaesthesia 0 1 (0.4%)
Dizziness 1 (0.4%) 0
Paraesthesia oral 1 (0.4%) 0
Vomiting 0 1 (0.4%)
Ecchymosis 0 1 (0.4%)
Erythema 1 (0.4%) 0
Rash macular 0 1 (0.4%)
Groin pain 0 1 (0.4%)

*Extravasation was suspected in this patient.
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to gadobenate dimeglumine at 0.1 mmol/kg in terms of CNR (at least
32% higher), and gadopiclenol at 0.05 mmol/kg had a similar CNR
as gadobenate dimeglumine at 0.1 mmol/kg.

The linear GBCA gadobenate dimeglumine has the highest
relaxivity among marketed GBCAs with an r1 value in biological me-
dium of 5.5mM−1·s−1 at 3 T.10 However, since 2017, its usewas restricted
in Europe to liver scans.15

In this study, gadobutrol was chosen as comparator, as it has the
highest relaxivity among currently marketed macrocyclic GBCAs with
an r1 value in biological medium of 5 mM−1·s−1 at 3 T.10 The interval
between the 2 MRI examinations (2 to 14 days) was strictly controlled,
in line with previous investigations,16 to allow contrast agent washout
between the 2 examinations and avoid potential changes due to tumor
growth or disease progression. This study demonstrated that gadopiclenol
at 0.05 mmol/kg is statistically not inferior to gadobutrol at 0.1 mmol/kg
in terms of lesion visualization and superior to unenhancedMRI. This re-
duction in the injected gadolinium dose could be beneficial for patients
needing repeated contrast-enhancedMRI for screening, follow-up, or dis-
ease management,17–19 but also in pediatric20 and renally impaired pa-
tients.21 The increased use of GBCAs, especially in neuroimaging, has
raised concerns about their potential environmental impact.22–25 After be-
ing eliminated in urine, and released intowastewater systems, gadolinium
ends up in rivers and seawater where its concentrations are regularly in-
creasing, with potential consequences on aquatic organisms.26–28 There-
fore, reducing the gadolinium dose, as with gadopiclenol, could lower the
environmental impact of GBCAs.

At equivalent dose (0.1mmol/kg), gadobenate dimeglumine achieved
greater morphologic information and lesion enhancement compared with
gadobutrol, in patients who underwent brain contrast-enhanced MRI.16

Given these results, and those from the phase IIb study,11 better CNR
was expected when comparing gadopiclenol at 0.05 mmol/kg with gad-
obutrol at 0.1 mmol/kg. In this study, E%, CNR, and LBR were 20%,
16%, and 11% higher with gadopiclenol than gadobutrol and may ex-
plain the difference in global paired reads. Images with gadopiclenol
312 www.investigativeradiology.com
were in majority preferred to images with gadobutrol, mainly for supe-
rior contrast enhancement and better delineation of normal structures
and lesions, but also better visualization of lesions internal structure.
Although the intraindividual side by side comparison used to assess
the overall diagnostic preference is not usually performed in the clinical set-
ting, the higher lesion contrast enhancement obtained with gadopiclenol
could facilitate the diagnostic process for the radiologist in the usual
clinical setting.

A precise identification of lesions, especially cerebral metastases, is
important for patient management. Furthermore, a change in the number of
identified lesions could have major clinical implications and impact patient
management, especially regarding stereotactic radiosurgery, or when inva-
sive surgery was the treatment option.29 In this study, no difference in the
number of detected lesions was observed between gadopiclenol and gado-
butrol. Furthermore, the change in treatment plan and the proposed thera-
peutic management were similar between gadopiclenol and gadobutrol.

Because both gadoterate meglumine and gadoteridol have lower
relaxivity than gadobutrol, similar results, if not more favorable for
gadopiclenol at 0.05 mmol/kg, would be expected in comparison with
these GBCAs.

The good safety profile of gadopiclenol has been previously high-
lighted in studies including healthy volunteers,30,31 patients with CNS le-
sions,11,30 pediatric patientswith CNS and other body lesions,32 and patients
with renal impairment.33 Results from this study showed a slightly lower rate
of AEs related to gadopiclenol (4.9%) as compared with gadobutrol (6.9%),
and the most frequent AEs were various types of reactions at the injection
site for bothGBCAs. The safety profilewas consistent with previous studies
with gadopiclenol and other approved GBCAs.34

This study comes with some limitations. Patients without previ-
ous imaging undergoing contrast-enhanced MRI for a first diagnosis
were not included. However, this would have further increased the un-
der representation of some contrast-enhancing CNS diseases. Patients
with multiple sclerosis were not included, as it is very challenging in
such cross-over study. Indeed, enhancement in inflammatory demyelin-
ating lesions is a short-lived feature, and as patients were undergoing 2
MRIs, it could potentially produce bias for the direct comparison between
the 2GBCAs. Therewas no long-term safety follow-up performed, as the
study was not designed for this purpose. The diagnostic performance
(sensitivity and specificity) of gadopiclenol and gadobutrol was not eval-
uated in this study, as no histopathology data were collected.

In summary, PICTURE study demonstrated that gadopiclenol at
0.05 mmol/kg, which is half the dose of gadolinium injected as com-
pared with other approved GBCAs, was as good as gadobutrol at
0.1 mmol/kg, and superior to unenhanced MRI, in terms of CNS lesion
visualization. Furthermore, images with gadopiclenol were in majority
preferred, in correlation with the higher values for lesion quantitative
parameters observed with gadopiclenol. Gadopiclenol showed a good
safety profile.
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