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Abstract

Purpose To investigate whether there is an increased signal in-
tensity (SI) of dentate nucleus (DN) and globus pallidus (GP) on
unenhanced T1-weighted magnetic resonance imaging (MRI), in
patients who had undergone multiple administrations of
gadoxetate disodium.

Materials and methods We retrospectevely included stage 11
melanoma patients, who had been previously enrolled in a
trial of adjuvant therapy and who had undergone whole-body
contrast-enhanced MRIs with gadoxetate disodium every three
months for their follow-up. The SI ratios of DN-to-pons and GP-
to-thalamus on unenhanced T1-weighted images were calculat-
ed. The difference in SI ratios between the first and the last MRI
examinations was assessed and a linear mixed model was per-
formed to detect how SI ratios varied with the number of
administrations.
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Results Eighteen patients were included in our study. The

number of gadoxetate disodium administrations ranged from

2 to 18. Paired t-test did not show any significant difference in

DN-to-pons (p=0.21) and GP-to-thalamus (p=0.09) SI ratios

by the end of the study. DN-to-pons SI ratio and GP-to-

thalamus SI ratio did not significantly increase with increasing

the number of administrations (p=0.14 and p=0.06,

respectively).

Conclusion Multiple administrations of gadoxetate disodium

are not associated with increased SIin DN and GP in the brain.

Key Points

* Gadolinium may deposit in the human brain after multiple
GBCA administrations.

* Gadolinium deposition is associated with increased TIW
signal intensity

o Increase in signal intensity is most apparent within the DN
and GP

* Multiple administrations of gadoxetate disodium do not in-
crease TIW signal

Keywords Gadoxetate disodium - Gadolinium - Magnetic
resonance imaging - Dentate nucleus - Globus pallidus

Abbreviations

DN Dentate nucleus

GBCA  Gadolinium-based contrast agent

GP Globus pallidus

CE-MRI Contrast-enhanced magnetic resonance imaging
SI Signal intensity

WB Whole-body
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Introduction

Increased signal intensity (SI) of dentate nucleus (DN) and
globus pallidus (GP) has been reported on unenhanced T1-
weighted magnetic resonance imaging (MRI) in patients
with normal renal function, who received multiple admin-
istrations of gadolinium-based contrast agents (GBCAs)
for contrast-enhanced magnetic resonance imaging (CE-
MRI) [1-13]. The majority of these studies suggested a
correlation between the administration of GBCAs and
hyperintensity of DN and GP on unenhanced T1-
weighted MRI, without investigating the presence of gad-
olinium deposits in post-mortem brain specimens [1-5, 7,
9—13]. Some retrospective studies, using inductively
coupled plasma mass spectrometry, have demonstrated
gadolinium deposits in post-mortem brain specimens of
patients who received GBCAs for CE-MRI [6, 8, 14].
Further prospective animal studies have confirmed the
presence of gadolinium brain deposits in rats subjected to
multiple GBCAs administrations [15—18].

Different types of GBCAs have been investigated, try-
ing to understand whether the molecular structures of
GBCAs could influence the SI of the brain nuclei (DN
and GP) on T1-weighted MRI and the gadolinium brain
deposition: linear ionic (gadopenetate dimeglumine,
gadobenate dimeglumine), linear non-ionic GBCAs
(gadodiamide) and macrocyclic (gadoteridol, gadoterate
meglumine and gadobutrol) [19]. Linear GBCAs have
been reported to be more associated with high SI of brain
nuclei on unenhanced T1-weighted MRI and with gado-
linium brain deposition compared to macrocyclic GBCAs
[19]. In addition linear non-ionic GBCAs have been re-
ported to have a greater effect on MRI SI than the linear
ionic ones [9].

Gadoxetate disodium is a liver-specific GBCA, with a lin-
ear ionic molecule, that has up to 50% hepatobiliary excretion
in the normal liver [20]. For this reason, gadoxetate disodium
is indicated for liver CE-MRI, thereby making it difficult to
investigate the correlation between multiple administrations of
gadoxetate disodium and the SI of DN and GP using
intraindividual comparisons. A recent study has investigated
this correlation by comparing a group of subjects who re-
ceived multiple administrations of gadoxetate disodium with
a control group of subjects who did not receive prior GBCA
administrations [21].

In the present study we investigated the correlation be-
tween multiple administrations of gadoxetate disodium and
SI of DN and GP on unenhanced T1-weighted MRI, by
performing an intraindividual comparative analysis in a cohort
of patients with stage IIl melanoma at high risk of developing
distant metastases, who had undergone multiple whole-body
CE-MRIs (WB CE-MRI) using gadoxetate disodium for dis-
ease surveillance.

Materials and methods
Patients

From February 2009 to August 2013, at the European Institute
of Oncology, 23 melanoma patients were enrolled in a pro-
spective randomized trial evaluating the efficacy of
ipilimumab as adjuvant therapy. Inclusion criteria of the trial
were: 1) completely excised melanoma, based on hystological
confirmation; 2) a diagnosis of stage Il melanoma according
to AJCC criteria (i.e., absence of distant metastases) [22]; and
3) no in transit metastasis. Exclusion criteria of the trial in-
cluded unknown primary, ocular, or mucosal melanoma,
Eastern Cooperative Oncology Group performance status
greater than 1, autoimmune disease, uncontrolled infections,
cardio-vascular disease, white blood cell count lower than 2-5
x 10° cells per L, absolute neutrophil count lower than 1-0 x
10° cells per L, platelets lower than 75 x 10° cells per L,
haemoglobin concentration less than 9 g/dL, creatinine higher
than 2.5 times the upper normal limit, hepatic enzymes or
lactate dehydrogenase higher than two times the upper normal
limit, use of systemic corticosteroids, and previous systemic
therapy for melanoma. Patients were randomly assigned to
receive ipilimumab or placebo every 3 weeks for four doses,
then every 3 months for up to a maximum of 3 years, or until
disease recurrence, unacceptable toxicity, or treatment refusal.
The primary endpoint was recurrence-free survival by
intention-to treat analysis [23]. All patients underwent WB
CE-MRI for follow-up every three months. Radiological find-
ings have been partially published in a previous paper [24].
Institutional Review Board approval was obtained and all pa-
tients signed an informed consent.

In this study we retrospectevely reassessed the brain CE-
MRI examinations of the 18 out of 23 patients who had un-
dergone at least two gadoxetate disodium administrations and
had not previously undergone other GBCAs administration.
Previous GBCAs administrations were excluded relying on
the patient’s response to the specific question (i.e., “Have
you ever received an MRI contrast-agent?”) contained in the
questionnaire filled out before the first MRI scan. The demo-
graphic and clinical characteristics of all 18 patients are shown
in Table 1.

Imaging and data analysis

As part of the WB CE-MRI protocol, brain CE-MRI was
performed at a 1.5T scanner (Magnetom Avanto scanner,
Siemens Healthcare, Erlangen, Germany) with axial
unenhanced T1- and T2-weighted images, axial and coronal
contrast-enhanced T1-weighted images. Axial unenhanced
T1-weighted spin echo images were obtained using the fol-
lowing parameters: repetition time (msec)/echo time (msec),
500/10; section thickness, 5 mm; distant factor, 0; number of
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Table 1  Patients demographics and clinical characteristics Table 2  Hepatic and renal function at first and last MR examinations
Mean+SD Min-Max First examination Last examination p

Age (years) 54.66+11.85 30-73 AST 17.89+5.32 17.89+4.03 0.65%*

Body weight (kg) 77.89+14.87 50-118 ALT 22.89+19.10 20.39+8.83 0.95*

Gender (M/F) 11/7 Total bilirubin 0.68+0.58 0.60+0.39 0.35%

Number of administrations 11.11£5.59 2-18 eGFR 107+14.16 85.28+19.18 <0.05%*

Total amount of contrast administered (mL)  85.174+44.38  14-140

signals acquired, 2; and matrix size, 256 x 320; and acquisi-
tion time 4.53 min. Gadoxetate disodium (Primovist@,
Bayer) was administered at the recommended dose of 0.1
ml/kg (0.025 millimoles/kg) of body weight.

Two radiologists conducted the analysis blinded to the data.
The scans were firstly assessed for intracranial abnormalities
and patients with signal abrnormalities (i.e., infarcts,
parivascular spaces, hemorrhage, etc.) of the DN, GP,
Thalamus and Pons on T2-weighted images were excluded
from further analysis. Oval ROIs were placed around the right
DN, central pons, right GP , and right thalamus on the
unenhanced T1-weighted images (Fig. 1) according to a pre-
viously described method [13]. In cases where the assessment
of the right side of the brain could not be performed due to
metal or pulsation artefact, the left side was used. Agreement
on the correct ROI placement was reached by consensus and
all ROI measurements were conducted within a single session.
The mean ST within the DN was divided by the mean SI within
the central pons in order to calculate the DN-to-pons Sl ratio.
The mean SI within the GP was divided by the mean SI within
the thalamus in order to calculate the GP-to-thalamus SI ratio.

Statistical analysis

Qualitative data were expressed as absolute frequencies while
quantitative data were expressed as mean =+ standard deviation

Fig. 1 Oval ROIs were placed around the right DN and central pons (a),
right GP and right thalamus (b)

@ Springer

Paired t-test; ** Wilcoxon rank-signed test. Abbreviations: AST = aspar-
tate aminotransferase; ALT = alanine aminotransferase; eGFR = estimat-
ed glomerular filtration rate

(SD) and range. The normality of quantitative data was tested
by the Kolgomorov-Smirnov test. The comparison of means
between the first and the last brain CE-MRI examinations was
performed with a paired t-test for normal data (DN-to-pons
and GP-to-thalamus SI ratios, AST, ALT and total bilirubin)
and Wilcoxon signed-rank test for non-normal data (¢GFR).

To estimate the statistical power, DN-to-pons SI ratio was
considered as the target variable. Since there are no
intraindividual comparative studies which have investigated
the effect of the administration of gadoxetate disodium on the
DN-to-pons SI ratio, we considered data of the study by Cao
et al. who analyzed a similar type of GBCA (ionic, linear),
with a similar number of administrations (11.11 +5.59 in our
study versus 12.1 + 5.2 in the study by Cao et al.) and similar
method of image analysis. The authors reported a DN-to-pons
mean SI ratio of 0.98 £ 0.045 at first CE-MRI examination
and 1.063 £ 0.105 at the last CE-MRI examination in 25
paired subjects, which correspond to a large effect size
(Cohen’s d = 1.028). Assuming this effect size and using a
two-tailed paired t-test with &= 0.05, a sample of 18 subjects
was allowed to reach a statistical power of 83%.

A linear mixed model for repeated measures analysis was
applied to all the collected measures to detect how the relative
signal change varied on the basis of the number of adminis-
trations. Administrations of gadoxetate disodium were
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Fig. 2 DN-to-pons Sl ratio at first and last examinations (paired t-test; p
=0.21)
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Fig. 3 GP-to-thalamus SI ratio at first and last examinations (paired
t-test; p = 0.09)

considered as fixed effect, and patients were considered as
random effect.

The strength of association of the examined variables was
determined by the value of the Spearman’s rank correlation
coefficient (p). Statistical analysis was performed using the

SPSS 20.0 for Windows software package (SPSS Inc., USA)
and SAS software (SAS Institute Inc., Cary,IN, USA).

Results

A total of 216 brain CE-MRI examinations were performed in
18 patients. The number of gadoxetate disodium administra-
tion for all 18 patients ranged from 2 to 18 (median: 13; av-
erage, 11.114£5.59). The average total dose of contrast agent
administered was 85.17444.38 ml (range of 14—140 ml).
Renal and liver function parameters at the beginning and
end of the study are outlined in Table 2. A significant decrease
in eGFR was noted at the last CE-MRI examination (p<0.05).
All parameters of liver function remained normal.

In four out of 18 patients small focal infarcts were detected
in the subcortical and periventricular cerebral white matter,
which did not show any modification during the study period.
In the other patients no intracranial abnormalities were

Fig. 4 Effect of number of a1 3
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Table 3 Spearman’s correlation

of Pallidus to Thalamus SI ratio GP/Thalamus GP/Thalamus DN/Pons first ~ DN/Pons last
and Dentate Nucleus to Pons SI first exam last exam exam €xam
ratio with clinical data
Number of administrations p 0.229 -0.165 0.380 0.153
p 0.359 0.512 0.118 0.542
Total amount of contrast p 0.11 -0.398 0.198 0.181
administered p 0.662 0.100 0.429 0.470
eGFR first exam -.506* -0.041 0.012 -0.155
p 0.032 0.87 0.961 0.538
eGFR last exam p -A497* 0.104 0.228 0.073
p 0.035 0.68 0.362 0.772
AST first exam p -0.198 -0.376 -0.054 -0.051
p 0.430 0.123 0.830 0.840
AST last exam p -0.177 0.229 -0.149 0.063
p 0.481 0.359 0.553 0.802
ALT first exam p -0.405 -0.405 0.01 0,078
p 0,09 0,094 0,967 0,948
ALT last exam p -0274 0,146 0,067 0,232
p 0271 0.563 0.79 0.354
Total bilirubin first exam p -488* -0.209 -0.102 0.071
p 0.039 0.404 0.686 0.778
Total bilirubin last exam p -0.002 -0.022 0.048 -0.001
p 0.993 0.928 0.847 0.996

Abbreviations: p = Spearman’s correlation coefficient; p = p value; eGFR = estimated glomerular filtration rate;
AST = aspartate aminotransferase; ALT = alanine aminotransferase; eGFR = glomerular filtration rate

detected. In all patients no signal abnormalities were detected
within the DN, GP, Thalamus and Pons.

Paired t-test did not show a significant difference in GP-to-
thalamus (p=0.09; Fig. 2) and DN-to-pons (p=0.21; Fig. 3) SI
ratios at the end of the study. For both DN-to-pons SI ratio and
GP-to-thalamus SI ratio, the linear mixed model showed that
SI did not significantly increase with increasing the number of
gadoxetate disodium administration (slope=-0.00084, p=0.14
and slope= 0.000746, p=0.06, respectively; Fig. 4).

Using Spearman’s correlation coefficient, the correlations
between GP-to-thalamus and DN-to-pons SI ratios and num-
ber of administrations, total amount of contrast administered,
eGFR, AST and ALT are shown in Table 3.

The GP-to-thalamus and DN-to-pons SI in the last CE-
MRI examination did not show any statistically significant
correlation with the examined parameters (Table 3).

Discussion

Our study did not show a significant increase in SI within both
DN and GP on unenhanced T1-weighted MRI in patients with
stage III melanoma after multiple administrations of
gadoxetate disodium. Although there was a trend towards
the significance for an increase of GP-to-thalamus SI ratio

@ Springer

with increasing the number of administrations, we noted that
this result was mostly influenced by the last measure of the
patient who received 18 administrations. If we removed this
measure, slope was 0.000595 and p-value was 0.13. Our re-
sults suggest that the effect of the administration of gadoxetate
disodium on the SI of the indicator regions could be weak.
Future intraindividual comparative studies should confirm our
results using a smaller effect size to calculate the sample size.

To the best of our knowledge, this is the first intraindividual
comparative study which investigated the correlation between
the gadoxetate disodium administration and SI of DN and GP.
A recent study by Kahn et al. showed an increased SI in the
DN of patients who received from ten to 37 administrations of
gadoxetate disodium (subgroup A3), but not in those who
received less than ten administrations (subgroups Al and
A2) [21]. In addition, the authors showed a positive correla-
tion between the numbers of administrations and the SI in DN,
but they failed to detect the same correlation for the SI in GP.
Our results are partially in agreement with those by Kahn et al.
In our cohort the number of administrations was more similar
to that of the subgroups A1 (<5 administrations) and A2 (<10
administrations) of the study by Kahn et al., in which the
authors failed to detect an increased SI in both the DN and
GP. However some limitations of the study by Kahn et al.
should be acknowledged: 1) the authors did not perform
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intraindividual comparative analysis; 2) they included patients
with up to two non-liver-specific GBCAs in the past; and 3)
CE-MRIs were performed with different MR scanners and
protocols.

A recent pathological study on cadavers has revealed low
levels of gadolinium deposition in the brain tissue of a patient
with hepatocellular carcinoma who had undergone ten admin-
istrations of gadoxetate disodium, for a total dose of 100 ml
[14]. However, in this study gadoxetate disodium showed a
relatively low normalized gadolinium deposition ratios (gad-
olinium deposited in 1 g of tissue per millimole of GBCA
administered), corroborating the absence of increased SI in
our patients.

Gadoxetate disodium is a hepatospecific GBCA, with a
linear ionic molecular structure. Our results are not in agree-
ment with previous retrospective studies demonstrating an
increase of S in the brain tissue after administration of various
linear GBCAs: gadopenetate dimeglumine [1, 3, 5, 8, 11, 13],
gadodiamide [1, 2, 4, 8, 9, 15, 16], and gadobenate
dimeglumine [10, 11]. The discrepancy may be in part ex-
plained by the different stability of linear GBCAs: gadoxetate
disodium has been reported to release 1.1% of its gadolinium
in human serum at 37 °C after 15 days versus 1.9% of
gadopenetate dimeglumine and gadobenate dimeglumine.
This could be because of the slightly higher excess of free
ligand (0.5% vs. 0.1% or no excess in the other formulations),
which may attenuate the release of gadolinium [25].
Furthermore, the release of gadolinium from the ionic linear
GBCAs (gadopenetate dimeglumine, gadobenate
dimeglumine, gadoxetate disodium) has been reported to be
about ten times lower than that from the non-ionic GBCAs
(gadodiamide, gadoversetamide) [25]. This data may support
the reported differences in brain SI between linear ionic
(gadobenate dimeglumine) and linear non-ionic
(gadodiamide) GBCAs, showing that the linear non-ionic
GBCA has a greater effect than the linear ionic one [9].
Finally the reccomended dosage of gadoxetate disodium is
lower (0.025 mmol/kg) compared to other GBCAs (typically
0.1 mmol/kg), thus allowing a reduction of the cumulative
dose which has been demostrated to correlate with the signal
changes and the gadolinium deposition in the brain of de-
ceased patients [6].

The strength of our study consists in the fact that we ana-
lyzed patients of a clinical trial of adiuvant therapy, who had
locally advanced melanoma (stage I11) and underwent multi-
ple WB CE-MRI examinations for surveillance, because they
had an high risk of developing metastases. Thanks to the pro-
spective design of the trial, we used the same T1-weighted
spin-echo sequence to calculate the SI ratios at baseline and
final examinations, as suggested by a recent study [26]. In
addition, we reduced the number of pre-existing clinical fac-
tors that could affect hyperintensity on unenhanced T1-
weighted MRI in the brain nuclei. The first of these was poor

renal and/or liver function since gadoxetate disodium is
cleared from the body through the liver (50%) and the kidneys
(50%). A recent study conducted in haemodialysis patients
has confirmed that renal function may affect the rate of gado-
lintum deposition in the brain after CE-MRI with linear
GBCAs administrations [27]. We included patients without
brain disease and history of previous brain treatments (surgery
and/or radiotherapy). The majority of previous studies inves-
tigated linear GBCAs in patients with intracranial disease
[1-5, 8, 9], and only one of them included multiple sclerosis
patients [2]. Multiple sclerosis represents the major confound-
er as hyperintensity in the dentate nucleus has previously been
reported in patients with secondary progressive multiple scle-
rosis [28].

The foremost limitation of this study is the small number of
patients; however,the number of administrations for each pa-
tient (median = 13) and the cumulative dose of gadoxetate
disodium (mean: 85.17 ml) is considerable. We acknowledge
that there are no published reports on the use of gadoxetate
disodium in evaluating the brain. Gadoxetate disodium was
used for the whole-body surveillance of our patients in order
to have the highest sensitivity in liver metastases detection,
which is one of the most frequent sites. In addition, melanoma
brain metastases are intrinsically bright and also contain blood
products leading to brighter enhancement in brain images.
Finally, we note that the T1 relaxivity of this contrast agent
is almost twice in comparison to other GBCAs [29].
Furthermore, we highlight that CE-MRI was able to detect
brain metastases with a diameter less than 10 millimeters in
three out of 23 patients participating in the surveillance pro-
tocol. Finally, some of the enrolled patients could be treated
with Ipilimumab that might represent a confounder.

In conclusion, our results demonstrated that multiple ad-
ministrations of gadoxetate disodium are not associated with
increased SI in DN and GP in melanoma patients with normal
renal and liver functions.
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Methodology
* observational study
* retrospective
* performed at one institution
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