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ABSTRACT

PURPOSE: Contrast-enhanced magnetic resonance imaging (MRI) of the central nervous system (CNS) with gadolinium-based contrast agents
(GBCAY) is standard of care for CNS imaging and diagnosis because of the visualization of lesions that cause blood—brain barrier breakdown. Gadobutrol
is a macrocyclic GBCA with high concentration and high relaxivity. The objective of this study was to compare the safety and efficacy of gadobutrol 1.0 M
vs unenhanced imaging and vs the approved macrocyclic agent gadoteridol 0.5 M at a dose of 0.1 mmol/kg bodyweight.

MATERIALS AND METHODS: Prospective, multicenter, double-blind, crossover trial in patients who underwent unenhanced MRI followed by
enhanced imaging with gadobutrol or gadoteridol. Three blinded readers assessed the magnetic resonance images. The primary efficacy variables included
number of lesions detected, degree of lesion contrast-enhancement, lesion border delineation, and lesion internal morphology.

RESULTS: Of the 402 treated patients, 390 patients received study drugs. Lesion contrast-enhancement, lesion border delineation, and lesion internal
morphology were superior for combined unenhanced/gadobutrol-enhanced imaging vs unenhanced imaging (P < 0.0001 for all). Compared with gado-
teridol, gadobutrol was non-inferior for all primary variables and superior for lesion contrast-enhancement, as well as sensitivity and accuracy for detection
of malignant disease. The percentage of patients with at least one drug-related adverse event was similar for gadobutrol (10.0%) and gadoteridol (9.7%).
CONCLUSION: Gadobutrol is an effective and well-tolerated macrocyclic contrast agent for MRI of the CNS. Gadobutrol demonstrates greater contrast-

enhancement and improved sensitivity and accuracy for detection of malignant disease than gadoteridol, likely because of its higher relaxivity.
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Introduction

Gadolinium-based contrast agents (GBCAs) have been used
in contrast-enhanced magnetic resonance imaging (MRI) for
defining and characterizing intracranial and spinal lesions of
the central nervous system (CNS) for more than 20 years.'™
Normally, the blood-brain barrier prevents GBCAs from

diffusing out of the vascular space into the extracellular fluid
in the brain. However, many pathological conditions, such
as primary or metastatic brain tumors, cause local disruption
of the blood-brain barrier, allowing GBCAs to diffuse into
the lesions, increasing their visual conspicuity (ie bright-
ness on contrast-enhanced sequences). Therefore, combined
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unenhanced/GBCA-enhanced MRI is the gold standard
for the non-invasive detection and delineation of most CNS
lesions.®”

Gadobutrol is a non-ionic, macrocyclic molecule with
high kinetic stability.>’ Gadobutrol is formulated in a 1 M
concentration with an osmolarity of 1603 mOsm/kg. Gado-
teridol 0.5 M is a chemically similar macrocyclic GBCA at
630 mOsm/kg, which was approved for use in CNS imaging
in the USA at the time of this study.!®" Gadobutrol is highly
hydrophilic owing to the trihydroxybutyl group attached to
the macrocyclic ligand. Gadobutrol has a greater T'1-relaxivity
than most GBCAs, including all other macrocyclic agents,
which may improve the visualization of lesions.}%1213 At 1.5 T,
gadobutrol hasaT'1-relaxivity of 5.2 mmol/second vs 4.1 mmol/
second for gadoteridol.

The objective of this trial was to evaluate the safety and
efficacy of gadobutrol 0.1 mmol/kg bodyweight (BW) in
contrast-enhanced MRI of CNS lesions.

Materials and Methods

Study design. This was a Phase III, prospective, mul-
ticenter, double-blind, crossover trial conducted between
June 2008 and April 2009; it was designed to evaluate the safety
andefficacy of combined unenhanced and gadobutrol-enhanced
(combined gadobutrol) imaging vs unenhanced imaging and
vs combined unenhanced and gadoteridol-enhanced (com-
bined gadoteridol) imaging in patients referred for contrast-
enhanced MRI of the CNS. The ethics committees of the par-
ticipating centers granted approval of the study.

The study was conducted in accordance with the Declara-
tion of Helsinki and International Conference on Harmoni-
sation (Good Clinical Practice guidelines), and all patients
provided written informed consent.

Patients. Men and women, aged =18 years referred for
contrast-enhanced MRI of the CNS, based on current clinical
symptoms or results of previous imaging, were recruited from
51 centers in Australia, Austria, Colombia, Germany, Japan,
Switzerland, and the USA. Exclusion criteria included pregnant
or breastfeeding women, history of severe allergic or anaphy-
lactoid reaction, administration of any contrast agent within
24 hours prior to the study MRI, and underlying diseases or
concomitant medications that may have interfered with efficacy
or safety evaluations (ie severe cardiovascular disease, unstable
angina, acute stroke [<48 hours], acute renal insufficiency, hep-
atorenal syndrome, or the perioperative liver transplant stage).

The final diagnosis for each patient was determined by
a region/country-specific independent truth committee con-
sisting of two experienced neurologists not affiliated with the
study. All available patient-related information from referral
for contrast MRI was collected for three months pre- and
post-study enrollment. Study-specific MR image sets and
interpretations were excluded from the truth committee
evaluations. The truth panel’s final diagnosis for each patient
was reached by consensus using a list of >30 pre-specified

CNS diagnoses, each of which was prospectively categorized
as either benign or malignant (according to the 2007 World
Health Organization classification of tumors of the CNS)
so that sensitivity, specificity, and accuracy for the detection of
malignant disease could be calculated based on the standard of
truth diagnosis. A majority reader (agreement of =2 blinded
readers) diagnosis was utilized for the combined gadobutrol
and the combined gadoteridol image sets.

Matching of diagnoses was performed by a computer
algorithm using coded CNS diagnoses.

Contrast administration and MRI. Patients were
randomized 1:1 to gadobutrol followed by gadoteridol, or
gadoteridol followed by gadobutrol, which were administered
by an onsite unblinded nurse or technologist, who ensured
the fully blinded administration of the agent on separate days
(mean time between injections 4.6 days) at the standard dose
of 0.1 mmol/kg BW by single intravenous injection at a rate
of 2 mL/second, followed by 20 mL 0.9% saline flush at the
same rate by a power injector. No local or systemic therapy or
biopsy/interventional therapeutic procedure occurred between
the two MRI examinations. Patients underwent MRI with
a 1.5 Tesla (T) MR system and a standard dedicated head
or spine coil for imaging of respective regions. Both single-
element and multi-element coils utilizing 8-32 elements were
used at the multiple sites evaluated in this study. A standard-
ized MRI protocol was used in all patients that T'1-weighted
(T'1w) fast spin echo (SE) and transverse relaxation time
(T2)-weighted (T2w) fast SE sequences, and either a fluid-
attenuated inversion recovery (FLAIR) sequence for brain
imaging or a short time inversion recovery (STIR) sequence
for spine imaging of the unenhanced imaging protocol. For
the contrast-enhanced imaging, T1w SE image acquisition
was repeated following injection of the contrast agent in all
patients. The same protocol was used for both MRI sessions
for each patient. Quality control and assurance of the correct
MR image sequences, as well as conduct of the blinded read-
ings, were carried out at DIGIMA, the image core laboratory
of Bayer Pharma AG, in Berlin, Germany.

Efficacy variables. The primary objective was to demon-
strate superiority of combined gadobutrol vs unenhanced MRI
for three visualization parameters (degree of lesion contrast-
enhancement, lesion border delineation, and lesion internal
morphology) and non-inferiority for total number of lesions.
'This trial was also designed to demonstrate non-inferiority vs
the approved agent gadoteridol per regulatory requirements.
Non-inferiority of combined gadobutrol to combined gado-
teridol imaging was evaluated for all four parameters (degree
of lesion contrast-enhancement, lesion border delineation,
lesion internal morphology, and total number of lesions).
Additional objectives to evaluate non-inferiority for combined
gadobutrol vs combined gadoteridol imaging included sen-
sitivity, specificity, and accuracy for the detection of malig-
nant CNS lesions, and image quality based on direct paired
comparison (based on T1w images only). The primary efficacy
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analysis was based on lesion/normal structure visualization
scores; therefore, even if a patient had no pathological lesion,
he/she was included in the primary analysis on the basis of the
scoring of normal brain structures.

Image evaluation. All images were provided electroni-
cally by the centers and were reviewed for quality, clinical
appropriateness, and protocol adherence by a central core lab-
oratory. Images were evaluated by both the investigator and by
three experienced (>10 years), independent neuroradiologists
selected as fully blinded readers who also performed image
quality assessment. Investigator and readers evaluated the fol-
lowing image sets separately: (i) combined unenhanced (T'1w,
T2w, FLAIR/STIR)/gadobutrol-enhanced T1w MR image
sets, (ii) unenhanced MR image sets (not carried out by the
investigator for degree of lesion contrast-enhancement), and
(iii) combined unenhanced/gadoteridol-enhanced (T1w) MR
image sets. The three image sets were randomized to ensure
that only one of the three image sets for each patient was read
in the same session. The primary efficacy analysis was evaluated
using the average of three blinded reader assessments (average
reader), and the sessions were separated by at least two weeks
in order to minimize recall bias. The investigator and readers
scored the lesion/normal structures using the image sequence
that best depicted each efficacy variable in the particular
image set. For each image set, the presence/absence of lesions
and the total number of lesions, as well as the availability of
images, were recorded. The degree of contrast-enhancement
and border delineation were scored on a 4-point scale, where
1 = none and 4 = excellent. Internal morphology was scored
on a 3-point scale, where 1 = poor (the structure and internal
morphology of the lesion was poorly visible), 2 = moderate (the
structure and internal morphology of the lesion was partially
visible), and 3 = good (the structure and internal morphol-
ogy of the lesion was sufficiently visible). Image quality was
assessed by the direct paired comparison by the blinded read-
ers of the T'1w image sets for gadobutrol and gadoteridol, ran-
domized on two display screens. Reader preference was rated
on a 5-point scale (-2 to +2), where negative values indicated
a worse image and positive values indicated a better image for
gadobutrol vs gadoteridol, respectively. For determination of
malignancy, diagnoses from the blinded readers and the truth
committees were assessed as malignant, not malignant, or not
assessable. For the malignant or non-malignant assessments,
sensitivity, specificity, and accuracy were calculated.

Safety analysis. Vital signs and physical examinations
were carried out at baseline. Laboratory parameters were
monitored within one hour of contrast administration and
up to the next contrast agent injection or >72 hours post-
injection. Adverse events (AEs) were monitored >72 hours
tollowing the crossover MRI study with the second contrast
agent (study Period 2) for all patients who received either
gadobutrol or gadoteridol. As all subjects had normal renal
function, >90% of gadobutrol or gadoteridol is excreted by
the kidneys in 24 hours.

Statistical considerations. Sample size calculations were
made based on non-inferiority of gadobutrol vs gadoteridol.
A sample size of 231 patients was needed to provide 80%
power to demonstrate non-inferiority. Additional patients
were planned to be enrolled to account for patients having no
lesions. Based on Phase II data in CNS imaging, the non-
inferiority margin was set at —0.35, as this was the acceptable
difference between means of the studied variable between the
groups. The primary efficacy variables were analyzed using
the arithmetic mean of the values for the four visualization
parameters evaluated by the three blinded readers. For com-
bined unenhanced/enhanced MR image sets, the three vari-
ables were analyzed separately for superiority using two-sided
paired #tests (P < 0.05 level of significance). Non-inferiority
for the number of lesions was evaluated with one-sided #tests
(P < 0.025 level of significance). If the detected numbers of
lesions were different, the denominator used to calculate the
average of each modality of the other visualization parameters
was determined by the modality with the greater number of
lesions, which rewarded the detection of extra lesions. For
image quality, frequency tables and descriptive statistics were
generated on the scores given and the relative image qualities
were tested for equality using a Wilcoxon signed-rank test.
SAS version 9.1 was used for all statistical tests.

Results

Patient disposition is shown in Figure 1. In all, 54 patients
were not included in the primary efficacy analysis, with the
majority of these cases being the initial training cases used for
site validation and blinded reader training. Of the 402 treated
patients, 390 patients received both gadobutrol and gadoteridol
and 380 completed the study. The full analysis efficacy set
included 336 patients. Patient baseline characteristics were
similar between groups (Table 1). The most commonly reported
lesion types were described as other (epilepsy/seizure/syncope,
headache including migraines/pain/dizziness, transient isch-
emic attack/rule-out cerebral vascular accident/vascular mal-
formations/subdural hematoma/trauma, depression/dementia
and/or cognitive decline, infection/inflammation, and spinal
pain including sciatica/extremity pain/radiculopathy; 36.3%),
multiple sclerosis (15.9%), metastasis (14.9%), and meningi-
oma (10.9%). Of the 60 patients considered to have metastasis,
the primary tumor sites were lung (n = 35), breast (z = 11),
other (n=9), kidney (n = 2), stomach (» = 1), colon (n=1), and
unknown (z = 1).

Visualization parameters.

Test for superiority. Combined gadobutrol imaging dem-
onstrated superiority over unenhanced imaging for the
three co-primary visualization variables—lesion contrast-
enhancement, lesion border delineation, and lesion internal
morphology (P < 0.0001 for all) (Table 2). In an analysis of
combined gadoteridol vs unenhanced imaging, superiority was
also demonstrated for these first three variables (P < 0.0001
for all).
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N =419 subjects Discontinued prior to receiving any study drug, N =17
screened Reasons:

Inclusion/exclusion criteria not met, n = 10

Withdrew consent, n = 2

N = 402 randomized Other’, n=5
N =228 randomized to N =174 randomized to
gadobutrol; gadoteridol® gadoteridol: gadobutrol
Period 1 N =228 N =174 E N = 402 :
Received gadobutrol Received gadoteridol : Safety analysis set :
L R
Discontinued, N = 8
Reasons: - -
Withdrew consent, n = 4 Discontinued, N =3
Protocol deviation, n = 1 Re.asons:
Inclusion/exclusion Withdrew consent, n =2
criteria not met, n = 1 Other*, n = 1
Adverse event,n=2 | |
E 391 patients received study E
Period 2 N =220 N=171 : medication in Periods 1and 2
Received gadoteridol Received gadobutrol . 390 received gadobutrol .
; and gadoteridol :
Discontinued, N =9
Reasons: Discontinued, N = 2
Lost to follow-up, n =1 Reasons:
Protocol deviation, n = 4 Protocol deviation, n = 1
Adverse event, n =1 Adverse event, n = 1
Other, n =3
................................ .
380 patients completed the

consisted of 336 patients?

N = 211 N =169 E study. The full analysis set
completed completed E

Figure 1. Patient disposition.

Notes: 2Other reasons included no venous access, intolerance to MRI scanner, lost to follow-up, metal in head, and surgical clipping discovered.

bWith the exception of the sample patients (one per site, n = 51), the sequence in which patients received gadobutrol and gadoteridol was randomized
(1:1). Two patients received gadoteridol in Period 1 and gadobutrol in Period 2. °Defective scanner; patient unwilling to return. One patient received
gadobutrol in Period 1 and Period 2. The patient did not receive any gadoteridol. The patient experienced one AE in Period 2, and this was included in
the safety analysis. ®No 72-hour follow-up. fOne patient died after the follow-up period of the study. 9Of the 390 treated patients, 336 were included in the
full analysis set. Sample patients (one from each site) were not randomized and were excluded from the full analysis set. Additionally, two patients did
not complete both MRI scans and two patients were excluded because of severe protocol violations.

Abbreviation: MRI, magnetic resonance imaging.

Table 1. Baseline characteristics.

VARIABLE GADOBUTROL FOLLOWED GADOTERIDOL FOLLOWED TOTAL N =402
BY GADOTERIDOL n =228 BY GADOBUTROL n =174
Mean age, years (SD) 49.9+15.9 51.90+15.3 50.8 £ 15.6
Female, n (%) 132 (57.9) 95 (54.6) 227 (56.5)
Race, n (%)
Caucasian 128 (56.1) 107 (61.5) 235 (58.5)
Black 13(5.7) 10 (5.7) 23 (5.7)
Hispanic 20 (8.8) 11 (6.3) 31(7.7)
Asian 66 (28.9) 46 (26.4) 112 (27.9)
Other 1(0.4) 0(0) 1(0.2)
Mean weight, kg (SD) 72.7+20.8 72.5+20.0 726 +£20.4
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Table 2. Results of primary efficacy variables—combined unenhanced and gadobutrol-enhanced vs unenhanced imaging (N = 336).

READER UNENHANCED COMBINED DIFFERENCE P-VALUE
Contrast enhanced, mean (SD)

1 0.94 (0.14) 2.21(0.57) 1.26 (0.61) <0.0001
2 1.01 (0.28) 2.60 (0.70) 1.59 (0.77) <0.0001
3 0.96 (0.16) 2.02 (0.46) 1.06 (0.51) <0.0001
Average 0.97 (0.15) 2.26 (0.52) 1.29 (0.56) <0.0001
Border delineation, mean (SD)

1 2.03(0.37) 2.70 (0.53) 0.67 (0.66) <0.0001
2 2.19 (0.49) 2.91 (0.60) 0.72 (0.78) <0.0001
3 1.73 (0.32) 2.16 (0.35) 0.43 (0.50) <0.0001
Average 1.98 (0.30) 2.58 (0.43) 0.60 (0.53) <0.0001
Internal morphology, mean (SD)

1 1.16 (0.26) 1.78 (0.44) 0.62 (0.47) <0.0001
2 1.46 (0.37) 2.28 (0.47) 0.82 (0.61) <0.0001
3 1.34 (0.32) 1.76 (0.39) 0.41 (0.52) <0.0001
Average 1.32 (0.24) 1.93 (0.36) 0.61(0.42) <0.0001

Abbreviation: SD, standard deviation.

Test for non-inferiority. Combined gadobutrol vs unen-
hanced MRI did not achieve the pre-specified non-inferiority
margin (the non-inferiority margin of 0.35 was met for only
two of three blinded readers) for number of lesions. The
mean number of lesions detected for the average reader was
8.08 for unenhanced MRI vs 8.25 for combined gadobutrol
(difference = 0.17; 95% CI: —0.439, 0.780). As a support-
ive analysis, a non-parametric test was calculated using a
pre-specified non-inferiority margin of —10% (which was
considered clinically meaningful), for which non-inferiority
was demonstrated for combined gadobutrol vs unenhanced
images (difference for average reader = 8.9%; 95% CI: —0.5%,
18.4%).1> Similarly, combined gadoteridol vs unenhanced
MRI did not achieve the non-inferiority margin (the non-
inferiority margin of 0.35 was met for only one of three
blinded readers) for number of lesions. The mean num-
ber of lesions detected for the average reader was 8.08 for
unenhanced MRI vs 8.24 for combined gadoteridol (differ-
ence = 0.16; 95% CI: —0.532, 0.851). Non-inferiority was
demonstrated for combined gadoteridol vs unenhanced MRI
for number of lesions for the non-parametric analysis at the
margin of —10% (difference for average reader score = 3.6%;
95% CI: —=5.9%, 13.1%).

For the average reader, combined gadobutrol was non-
inferior (and actually demonstrated superiority) to combined
gadoteridol  for contrast-enhancement (average reader
score: 2.28 vs 2.24, respectively; 95% CI: 0.004, 0.078). Non-
inferioritywasalso demonstrated for border delineation (average
reader score: 2.60 vs 2.56, respectively; 95% CI: —0.009, 0.082)
and internal morphology (average reader score: 1.94 vs 1.91,
respectively; 95% CI: —0.006, 0.059). The number of lesions
detected was similar for combined gadobutrol- and combined

gadoteridol-enhanced images (average reader score: 8.25 vs
8.24, respectively [difference = 0.01; 95% CI: —0.601, 0.622]).
As the lower limit of the 95% CI exceeded the pre-specified
margin of —0.35, non-inferiority was not demonstrated.

Image quality. All three readers rated more positive scores
for gadobutrol vs gadoteridol T1-enhanced images (indicating
higher quality with gadobutrol) than negative scores (indi-
cating higher quality with gadoteridol). The rates were 36.0%,
35.1%, and 62.2% in favor of gadobutrol vs 7.5%, 7.5%, and
24.4% in favor of gadoteridol. Mean scores ranged from
0.33 to 0.53 for the three readers (P < 0.0001 for each
reader) (Fig. 2).

Detection of malignancy. For evaluation of sensitivity,
specificity, and accuracy, 71 patients were excluded because

Image Quality — Reader Preference
Study 310123: Gadobutrol vs. Gadoteridol
O Gadobutrol @ Gadoteridol

100% -
(]
o
% 80% -
S 6o 022
Y= o 1
[
n; 40% 4 36 35.1
) 24 .4
S .
® 20% -
& 7.5 7.5

0% I T I
Reader 1 Reader 2 Reader 3

All readers P < 0.0001

Figure 2. Preference rates for image quality for combined gadobutrol-
enhanced vs combined gadoteridol-enhanced for the three blinded
readers.
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Determination of Malignancy
Gadobutrol vs. Gadoteridol
Study 310123: Majority Reader Diagnosis
Higher Sensitivity and Accuracy without Change in Specificity

Nominal
Gadobutrol Gadoteridol P-value

Sensitivity

'
;

(n=93)  667%  602% P=0014 i I = |
:

Specificity _ H

(n=199) 97:5%  97.5% P=1.000 :
H

Accuracy !

(n=202) B877%  856% P=0034 |—I—|
:

T t T T T T T 1
2% 0% 2% 4% 6% 8% 10% 12%
95% CI Limits

Figure 3. Sensitivity, specificity, and accuracy in determination

of malignancy for combined gadobutrol-enhanced vs combined
gadoteridol-enhanced imaging (majority reader diagnosis). Full analysis
set (n = 336).

the truth diagnoses were classified as not assessable. Based
on the majority blinded reader, both the sensitivity and accu-
racy of combined gadobutrol were significantly greater than
for combined gadoteridol (66.7% vs 60.2% [P = 0.014] and
87.7% vs 85.6% [P = 0.034], respectively). The improvement
in sensitivity and accuracy for gadobutrol did not result in a
corresponding decrease in specificity (specificity for both
agents: 97.5%) (Fig. 3).

Adverse events. A total of 40 (10.0%) patients in the
gadobutrol group and 38 (9.7%) patients in the gadoteridol
group reported at least one treatment-related AE during the
study (Table 3). One patient prematurely discontinued because

of two serious AEs (worsening of general condition and
somnolence) 26 hours after receiving gadobutrol and died after
the follow-up period. This patient had high-grade glioma and
died of his disease, and death was not considered to be related
to the study drug or study conduct. Two patients experienced
one serious AE during the gadobutrol period and one patient
experienced two serious AEs during the gadoteridol period,
none of which were considered to be related to the study
drugs. Three patients in the gadobutrol period and one in the
gadoteridol period discontinued because of AEs (reasons for
discontinuation were allergic reaction with respiratory slow-
ing, injection-site swelling, and blurred vision). There were no
clinically relevant changes in laboratory evaluations, including
serum creatinine levels in any patient.

Case studies. Three patient case studies are presented
that show a combination of gadobutrol-enhanced, gadoteridol-
enhanced, or unenhanced images (Figs. 4-6). Figure 4 shows a
follow-up evaluation after a glioma diagnosis, showing a small
subdural hematoma with enhancement of the adjacent dura
and a ring of parenchymal enhancement adjacent to the resec-
tion cavity. High relaxivity can give better lesion delineation;
if the margins of the lesion are broader, they will be depicted
more clearly by the high relaxivity agent. Figure 5 shows a
patient with a recurrent glioma. The gadobutrol-enhanced
T1w image showed increased intensity and fullness adjacent
to the left temporal horn, which was interpreted as a glial
tumor by the blinded readers (two of three readers) (Fig. 5A),
whereas the gadoteridol-enhanced T1w image (b) had lower
conspicuity as the blinded readers did not diagnose recurrent/
residual glial tumor (one of three readers) (Fig. 5B). Figure 6

Table 3. Adverse events.

GADOBUTROL 0.1 mmol/kg BW

(n=399) n (%)

GADOTERIDOL 0.1 mmol/kg BW
(n=393) n (%)

=1 treatment-related AE 40 (10.0) 38 (9.7)
=1 serious AE 2(0.5) 1(0.3)
Discontinued owing to an AE 3(0.7) 1(0.3)
Death* 1*(0.0) 0(0.0)
=1 serious AE 6 (1.5) 3(0.8)
Common AEs in =1% of patients

Headache 13 (3.3) 10 (2.5)
Nausea 11 (2.8) 17 (4.3)
Diarrhea 7(1.8) 5(1.3)
Dizziness 7(1.8) 5(1.3)
Dysgeusia 5(1.3) 3(0.8)
Blood glucose increased 4 (1.0) 0
Fatigue 4 (1.0) 1(0.3)
Vomiting 3(0.8) 4 (1.0)
Ecchymosis 2(0.5) 5(1.3)

Note: *One patient died after the follow-up period of the study, which was not considered to be related to study treatment.

Abbreviations: AE, adverse event; BW, bodyweight.
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Figure 4. Follow-up evaluation for a glioma diagnosis. (A) Gadobutrol-enhanced T1w image showed enhancement with sharp delineation of the
anatomic involvement, which was diagnosed as residual/recurrent high-grade glial tumor by the blinded readers (two of three readers). (B) Gadoteridol-
enhanced T1w image shows less sharp rings of enhancement that were characterized by the blinded readers as infection rather than tumor (none of the

three readers), which is in disagreement with the truth panel diagnosis.

shows a patient with a parietal-occipital metastasis. The gado-
butrol-enhanced T1w image showed a ring-enhancing lesion
in the right parietal-occipital region that extended to the dura
but had no dural tail. The lesion involved both white and gray
matter, had significant edema, and a central area of necrosis
that was not enhanced, with a central dot probably represent-
ing a central feeding vessel (arrow) to the tumor. Two of the
blinded readers interpreted this as a tumor but only one as
metastatic disease and the other one as a glioma (Fig. 6A).
The gadoteridol-enhanced T1w images showed an enhanced
lesion in the parietal-occipital region; however, the internal

morphology was poorly delineated. The area of necrosis was
not as well defined, and the central vessel was not observed.
Only one of the blinded readers interpreted this as a tumor
(Fig. 6B). The FLAIR (non-contrast) images revealed the sig-
nificant edema, but the lesion was hard to identify and the
internal morphology was not depicted at all. A diagnosis was
not possible from the non-contrast image alone (Fig. 6C).

Discussion
This Phase III trial supports previous findings that gadobutrol
is efficacious at the dose tested (0.1 mmol/kg BW), with asafety

Figure 5. Patient referred for evaluation of brain metastasis. (

A) Gadobutrol-enhanced T1w Spin Echo image through the left temporal lobe showing

approximately a 1.5 mm metastatic foci. (B) Gadoterldol-enhanced T1w Spin Echo image at the same level demonstrates a vague intensity that was not
identified as metastasis. More lesions were seen with Gadobutrol then with Gadoteridol.
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Figure 6. Parietal-occipital metastasis. (A) Gadobutrol-enhanced T1w image. (B) Gadoteridol-enhanced T1w image. (C) FLAIR (non-contrast) image.

profile consistent with previous studies and other approved
extracellular MR contrast agents.>®1¢71? The intra-individual
crossover design of this study eliminated patient population
variation between the treatment groups.

Gadoteridol was chosen as the comparator in this study
as it is a macrocyclic agent approved for CNS imaging in the
USA and was considered the best choice for patients receiving
two gadolinium contrast agents within a short period of time.
Both combined gadobutrol imaging and combined gadoteridol
imaging were superior to unenhanced imaging for lesion
contrast-enhancement, lesion border delineation, and lesion
internal morphology and, based on non-parametric analyses,
non-inferior for the number of lesions detected. The success of
both contrast agents in comparison to unenhanced imaging
was expected and strengthens the validity of the direct com-
parison of gadobutrol and gadoteridol. Non-inferiority of
gadobutrol vs gadoteridol was demonstrated. For contrast-
enhancement, the lower limit of the 95% CI was greater
than zero, which demonstrates superiority of gadobutrol over
gadoteridol for this parameter.

Image quality assessment for the paired T1w images
from gadobutrol and gadoteridol was also overwhelmingly in
tavor of gadobutrol. As this was a prospective, intra-individual
comparison study, most of the factors impacting the degree
of contrast-enhancement, including subject/pathology vari-
ability, magnet field strength, contrast dose, post-dose image
acquisition timing, and machine variability, were all controlled.
The most likely reason for the enhancement differences is,
therefore, likely to be based on the rl relaxivity of the agents.
All imaging was performed on 1.5 T systems, and the rl
relaxivity at this field strength is 5.2 L-mmol™second™ in
plasma at 37°C for gadobutrol and 4.1 L-mmol™second™ for
gadoteridol.!® The type of coil used during imaging may also
have some influence on image quality, although this was not
investigated in this study. Another important aspect is the use
of an acceleration factor that results in good image quality, and
there is a balance between increasing imaging time and degree

of acceleration. Each site tried to optimize image quality;
however, it is not expected that this played a significant role in
this study. The results here should, therefore, be representative
of typical clinical CNS imaging.

Contrast-enhancement and image quality are both sub-
jective assessments. The critical question therefore becomes:
was there a difference in diagnostic outcome? An important
diagnostic outcome is the ability to correctly detect or exclude
malignancy. All CNS diagnoses were prospectively catego-
rized as either malignant or non-malignant based on WHO
criteria 2007. The majority blinded reader assessment of com-
bined gadobutrol imaging had significantly higher sensitivity
and accuracy for the detection of malignancy compared to
combined gadoteridol imaging without a decrease in speci-
ficity. This diagnostic performance increase may be a result
of improved enhancement in poorly enhancing malignant
lesions. This is certainly a clinically relevant result as a missed
malignancy could delay appropriate therapeutic intervention.
It should be noted that, in this post-nephrogenic systemic
fibrosis environment, gadobutrol has the highest T'1-relaxivity
among the three currently approved macrocyclic agents. Since
gadoterate has a slightly lower relaxivity than gadoteridol,
similar results in favor of gadobutrol would be expected in
comparison with this agent.? In addition, the relaxivity of
gadobutrol is only slightly decreased at a field strength of 3 T
(5.0 L-mmol™second™ at 3 T vs 5.2 L-mmol-second™ at
1.5 T) compared with gadoteridol (3.7 L-mmol™second™ at
3T and 4.1 L-mmol*second™ at 1.5 T).13

Conclusions

The Phase III trial demonstrated that gadobutrol at a dose of
0.1 mmol/kg BW is an effective and well-tolerated contrast
agent for MRI of the CNS. Gadobutrol-enhanced imag-
ing significantly improved lesion contrast-enhancement,
lesion internal morphology, and lesion border delineation vs
unenhanced imaging. In comparison to gadoteridol, superior
contrast-enhancement, good image quality, and improved
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differentiation of malignantvs benign lesions was demonstrated,
which is attributed to the higher relaxivity of gadobutrol.
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