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Abstract: Mangafodipir trisodium is a hepatobiliary contrast agent, taken up by the hepatocytes
and largely excreted via the bile ducts. The agent increases the signal intensity of the normal liver,
and to a lesser extent of the pancreas, adrenal glands, kidneys and myocardium, on T1-weighted
imaging. The increase of the signal intensity on the T1 images allows better visualization of
focal lesions, especially of those that are of non-hepatocitary origin such as metastases. For this
reason the most important indication for the use of mangafodipir trisodium is in detecting liver
metastases, especially when the information may influence therapeutic planning, which in many
cases is surgical resection. New data show that this liver-specific contrast agent is accurate in
detecting small lesions and in assessing the liver status following neoadjuvant chemotherapy,
where other imaging techniques, such as CT and PET, fail. Other lesser indications for studies
with mangafodipir trisodium are: in characterizing liver and pancreatic lesions; in identifying
biliary leakage following bile duct and/or liver surgery; and possibly in the future in the assess-
ment of the extent of myocardial damage.
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Introduction

The magnetic resonance (MR) contrast agents have been developed to improve the
detection and characterization of liver lesions, and they are classified into five classes:
extracellular agents, reticuloendothelial agents, hepatobiliary agents, blood pool agents,
and combined agents.

The commonest and most frequently used agents for obtaining imaging of the
liver are low-molecular-weight gadolinium (Gd) chelates belonging to the class of
extracellular agents. They make it possible to carry out multiphase hepatic MR studies
(CE-MRI) of the arterial and venous phases, thus rendering a detailed map of the
intrahepatic vascular tree and providing some degree of characterization of different
lesions according to the different behavior of their blood supply and wash-out. The
differences in signal intensity between a focal lesion and the surrounding normal
parenchyma that is obtained using these extracellular agents is, however, not always
optimal.

To overcome the limitations of the low-molecular-weight Gd chelates, a new class
of contrast agents has been developed specifically for liver imaging. The two main
groups of contrast agents in this liver specific class are superparamagnetic iron oxides
(SPIO), taken up via the reticulo-endothelial system (RES) mainly into the liver and
the spleen, and hepatobiliary contrast agents, taken up mainly by the hepatocytes
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and largely excreted via the bile ducts. Three hepatobiliary
contrast agents have been approved for clinical use, and are
commercially available: mangafodipir trisodium (Teslacan®;
GE Healthcare Milwaukee, WI, USA), gadobenate dimeglu-
mine (MultiHance®; Bracco Imaging S.p.a., Milan Italy) and

®

gadoxate (Primovist®; Bayer Schering Pharma AG, Berlin,
Germany). Although these agents differ in the way they char-
acterize and detect various liver lesions,' all of them produce
a strong increase in the signal intensity of the liver, bile ducts
and of some hepatocyte-containing lesions at the T1-weighted
imaging.? Mangafodipir trisodium is a manganese (Mn)
chelate [manganese (II)-N,N-dipyridoxylethylenediamine-N,
N'-diacetate-5,5"-bis(phosphate) sodium salt], which has
been developed as a MR contrast agent designed to study
the hepatobiliary system. It consists of the organic ligand
fodipir (DPDP) and Mn. Mn binds to the plasma proteins and
is rapidly cleared from the blood. The uptake occurs mainly
in the liver, and to a lesser degree in the pancreas, adrenal
glands, kidneys and myocardium.’

The aim of this review is to provide information on the
properties, development and clinical applications of man-
gafodipir trisodium.

Properties
Following intravenous administration, mangafodipir is
metabolized by dephosphorylation to Mn-DPMP and
Mn-PLED, then transmetallated by zinc (Zn) to the corre-
sponding compounds.* Mn** ions released from mangafodipir
trisodium are most probably bound by alpha2-macroglobulin
and transported to the liver, although the chemical similarity
of DPDP to vitamin B6 may also contribute to the uptake
by the hepatocytes.’ The agent increases the signal intensity
of the liver, bile ducts and some hepatocyte-containing
lesions at the T1-weighted imaging. Due to the presence
of five unpaired electrons, Mn is moderately paramagnetic,
thus determining a shortening of the T1 and T2 relaxation
times of water protons. T1 shortening predominates at low
Mn concentrations and results in a high signal intensity on
the T1-weighted images; T2 shortening predominates at
high concentrations, resulting in a low signal intensity on
the T2-weighted images.? T1 relaxivity of mangafodipir in
aqueous solution is similar to that of Gd; however, because
of the intracellular uptake of Mn?, its T1 relaxivity in the
liver tissue is three times greater than that of Gd.’
Extrahepatic uptake is observed when some of the Mn
dissociates from its ligand within the blood circulation.
Uptake of free Mn?* ions occurs in the pancreas, heart
and liver through nonspecific transport mechanisms.?

Biodistribution studies in rats have shown that 30 minutes
after injection, 13% of mangafodipir trisodium is present in
the liver, 9% in the small intestine, 3% in the blood, 1.3% in
the kidneys and less than 1% in various other locations.’

The recommended adult dose of mangafodipir is
5 umol/kg body weight, which corresponds to 0.5 mL/kg.6
The dose is administered with a relatively slow intravenous
injection over 10 to 20 minutes. Hepatic enhancement begins
at approximately one minute after administration, peaks at
approximately 15 minutes, and persists for several hours.'
Elimination occurs mainly through the biliary system. Within
5 days 59% of mangafodipir is excreted via the bile ducts,
while only 15% is eliminated through the kidneys in the
first 24 hours.” Renal excretion is enhanced in patients with
hepatic insufficiency. Biliary excretion can be seen starting
5 minutes after injection; complete delineation of the biliary
system may require more than 15 minutes.®’

The chemical toxicity of mangafodipir has been studied in
detail.'” Mn is an essential trace metal in humans whose normal
whole body content is 12 to 20 mg. Although the intravenous
dose of Mn ions after administration of mangafodipir is close
to the total whole body amount of Mn and far exceeds the
recommended daily supplementation of Mn, no acute or
subchronic toxicity has ever been observed.>! The LD50
(lethal dose, which kills 50% of the animals) of mangafodipir
in mice was 5.4 mmol/kg, compared to 5.5 to 10 mmol/kg for
Gd-DTPA .’ The range of safety, as expressed by the ratio of
LD50 to the dose used for imaging, is 540 for mangafodipir
and 60 to 100 for GAd-DTPA ° In phase 1 to 3 studies, both on
normal volunteers and patients, several adverse events have
been observed with variable frequency: warmth/flush, nausea,
heart pounding (increase in blood pressure and heart rate) and
dizziness.’ In a phase 2 study, 55% of patients experienced
facial flushing; mild to moderate nausea was observed in
9%."" A transient increase in blood pressure and heart rate
occurred immediately after injection, but returned to baseline
after 5 minutes in all patients. In a European phase 3 study,
14 of 82 patients (17%) experienced adverse events other
than discomfort.!? In a second phase 3 study, only 2.5% of
patients reported facial flush and 1.7% mild adverse events
other than flush.!* Bernardino et al'' reported that facial
flushing was referred more often after rapid intravenous bolus
injection than after slow infusion. However, facial flushing
was not significantly increased when a slow bolus injection
was performed over a 2- to 2.5-minute period, by comparison
with a slow infusion over a period of 10 to 20 minutes; the
latter is the suggested way of administering mangafodipir
in Europe.'*
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Postcontrast imaging may start as soon as maximal
enhancement is achieved, usually around 20 minutes after
the beginning of the intravenous infusion; however, longer
delays are possible because liver parenchyma enhancement
persists for a long time.

Mangafodipir is labeled a class C drug and should not
be administered to pregnant woman. Also, the effect of the
mangafodipir excreted in breast milk on breast-fed infants
is unknown.

Clinical developments

Detection of liver metastases

Liver is the most common site of metastatic cancer seeding.'
Liver metastases can be treated using many different
strategies, including mainly surgery, chemotherapy, radio-
therapy, selective arterial injection of cytotoxic agents with or
without embolization, and ablation via percutaneous access,
aiming either at a curative or palliative intent. The choice of
the optimal strategy depends on the general clinical data, but

is mainly decided by an accurate assessment of the imaging
characteristics of both the liver and the lesions, including their
number, size and location, type of tissue, and the number of
involved liver segments.'® A detailed mapping of metastatic
liver involvement is therefore essential to establish the most
adequate and effective treatment.

Lesion-to-liver contrast is significantly improved by the
administration of mangafodipir, resulting in higher detec-
tion rates with respect to conventional imaging techniques
(Figure 1). In a European phase 3 trial, mangafodipir-
enhanced MRI identified a greater number of lesions than
unenhanced MRI in 22% to 36% of patients; in the same
study, by comparison with contrast enhanced computed
tomography (CT), mangafodipir-enhanced MRI identified a
greater number of lesions in 31.1% of the cases, and fewer
lesions in 13.4%." In the US phase 3 trial, mangafodipir-
enhanced MRI was comparable or superior to CT."7

As a limit of both studies, not all patients underwent
spiral CT.

Figure | Large colorectal cancer liver metastasis involving most of the left liver lobe. (A) The CT scan shows a large, hypodense, inhomogeneous mass. (B) The lesion is
hypointense on the T|-weighted image and (C) slightly hyperintense and inhomogeneous on the T2-weighted scan. (D) At mangafodipir-enhanced MRI the metastasis is very
hypointense and has well defined margins with respect to the normal hepatic parenchyma.
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There is evidence that mangafodipir-enhanced MRI
is likely to influence the operative decision in candi-
dates to surgical resection of liver metastases by detecting
small lesions that were not shown at CT scan. In 2004,
Bartolozzi et al'® presented the results of a prospective,
multi-institutional trial, whose primary end-point was to
compare the sensitivity of unenhanced and mangafodipir-
enhanced MRI with that of spiral CT scan in the detection of
liver metastases from colorectal cancer (CRC). The authors
used as the standard of reference intraoperative ultrasound
(IOUS), which detected a total of 128 metastatic lesions,
ranging from 0.2 to 12.0 cm in diameter. Forty-seven of the
128 lesions were =1 cm in diameter; 31 ranged from 1.1
to 2 cm, and 45 were >2 cm. Histological confirmation of
the metastases was obtained in the 89 of 128 lesions that
were surgically removed; the remaining 39 lesions under-
went intra-operative radio-frequency thermal ablation.
Results from the per-lesion analysis showed an overall
detection rate of 71% (91 of 128 lesions) for spiral CT,
72% (92 of 128) for unenhanced MRI, and 90% (115 of
128) for mangafodipir-enhanced MRI. The latter was
signifcantly more sensitive than both unenhanced MRI
(P < 0.0001) and spiral CT (P = 0.0007). The difference
in sensitivity of mangafodipir-enhanced MRI versus spiral
CT and unenhanced MRI was even more significant for
lesions =1 cm in their largest diameter. Finally, all lesions
undetected by mangafodipir-enhanced MRI and discovered
at the time of surgery by IOUS did not exceed 1 cm in
diameter (Figure 2).

Kim et al” evaluated 69 patients with colorectal cancer,
finding a total of 181 liver lesions, both benign and
malignant, ranging from 0.2 to 12.5 cm in largest diameter.

The authors did not find significant differences between the
detection rate of mangafodipir-enhanced MRI and that of
helical CT, whether considering all the hepatic lesions or only
the metastases (P =0.383 and 0.143, respectively). However,
if only small (=2 cm) hepatic metastases were considered,
then the detection rate of mangafodipir-enhanced MRI was
significantly higher than that of helical CT both overall
(P =0.022) and for those with histopathologic confirmation
(P=0.043).

In our experience, mangafodipir was very accurate in
detecting liver metastases in patients with colorectal cancer.?
We reviewed the findings of spiral CT and mangafodipir-
enhanced MRI in 125 consecutive patients undergoing
surgery for primary or metastatic disease, for a total of
192 lesions. Sixty-two of the 125 patients had at least 1 liver
metastasis; in the remaining 63 patients no lesions were
detected at IOUS. The per-patient diagnostic accuracy and
sensitivity of mangafodipir-enhanced MRI were signifi-
cantly higher than those of spiral CT in the detection of
liver metastases from colorectal cancer, the difference being
most evident for lesions with a =1 cm largest diameter.
In this group spiral CT, unenhanced MRI and enhanced
MRI detected respectively 31 (48%), 35 (54%) and 44 (68%)
of the 65 metastases.

Koh et al?' compared the sensitivity and specificity of
mangafodipir alone with the diffusion weighted imaging
(DWI) with or without mangafodipir in 38 patients and a total
of 133 lesions (83 metastases, 49 cysts and 1 hemangioma).
The authors demonstrated that the best results are obtained
by combining the two sequences. A possible explanation
may be due to the fact that on the one hand DWI overcomes
the limitations of mangafodipir in detecting small metastases

Figure 2 Small superficial colorectal cancer metastasis. (A) Mangafodipir-enhanced MRI shows a small subcapsular lesion of the 6th hepatic segment (arrow) that (B) was
not detected at CT.
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placed near vascular structures, and on the other mangafo-
dipir improves the detection of lesions obscured by DWI
because of cardiac motion and susceptibility effects.

Sahani et al?> compared high-spatial-resolution
mangafodipir trisodium—enhanced liver MRI and whole-
body FDG-PET (fluorodeoxyglucose-positron emission
tomography) in 30 patients with colorectal cancer and
pancreatic adenocarcinoma, with a total of 79 liver metastases.
FDG-PET provided additional information about extrahepatic
disease and was useful in the initial cancer staging. The
per-patient analysis showed that sensitivity, positive predictive
value and diagnostic accuracy of MRI in detecting liver
metastases were 96.6%, 100%, and 97.1%, respectively versus
93.3%, 90.3% and 85.3% respectively for FDG-PET. MRI
detected more hepatic metastases than FDG-PET (P=0.016);
all of the 33 lesions measuring <1 cm and confirmed at the
reference standard were identified by MRI, whereas only
12 were detected by FDG-PET (P =0.0001).

Evaluation of liver metastases following

neoadjuvant chemotherapy

One of the potential applications of contrast enhanced MRI
is to assess the extent of metastatic liver disease in patients
following neoadjuvant chemotherapy (CHT). In this group
of patients, liver imaging is essential to assess both the
treatment response and the surgical resectability of the
metastases. Two studies have shown that 15% to 20% of
patients become operable following CHT, thus offering to
them the only available curative treatment.?*?* Furthermore,
even though IOUS is very accurate in detecting liver
lesions, pre-operative liver imaging accurately localizes
the metastases in the liver, allowing the surgeon to plan the
intervention and avoid unnecessary removal of excessive
liver parenchyma.

The detection of liver metastases at CT is more difficult
following CHT.? Although this may occur because the
lesions have decreased in size and are less conspicuous,
there is the possibility that they become difficult to detect
because of drug-induced steatosis, which modifies the density
of normal liver parenchyma. We have recently evaluated
the diagnostic accuracy of spiral CT and mangafodipir MRI
in detecting liver metastases from colorectal cancer in a
series of patients undergoing surgery following neoadjuvant
CHT.?® The study group included 36 patients (14 females
and 22 males, median age = 61.1 to 11.46 SD) with a total
of 132 lesions. The standard of reference was histology of
the surgically excised lesions, or IOUS in the cases where
pathological assessment was not possible. We used a

16-slice CT scanner and a 1.5 Tesla MRI unit. The per-lesion
sensitivity, specificity and accuracy were, respectively: 64.5%
(69/107), 36% (9/25) and 59.1 % (78/132) for CT and 83.2%
(89/107), 40% (10/25) and 75% (99/132) for mangafodipir
MRI. Sensitivity and accuracy were significantly higher
for MRI with tissue-specific agent by comparison with CT
(P=0.0023 and P < 1073 respectively).

There are no published studies comparing the detection
of liver metastases by FDG-PET and MRI with tis-
sue specific agent in patients undergoing neoadjuvant
treatment. However, a recent paper by Nir Lubezky et al*
compared the detection rate of metastases by FDG-PET,
using MDCT (multidetector CT) as a reference standard,
in order to assess its diagnostic value. Interestingly, while
FDG-PET was superior to CT in the detection of liver
metastases of non-treated patients (93.3% versus 87.5%,
P < 0.0001), its sensitivity following CHT dropped dra-
matically to almost half the values, being far lower than
CT (49%, versus 65.3% for MDCT, P < 0.0001). Failure
of FDG-PET to detect metastases following CHT may be
due to the shut down effect of CHT on cellular metabolism,
on the low spatial resolution of the test, on the time inter-
val between the FDG-PET and surgery and on the fact
that some tumors become metabolically “non-avid” of
glucose;? it has been reported that FDG-PET has a poor
sensitivity for mucinous adenocarcinoma, and therefore
liver metastases from this tumor may fail to be visualized
by the test.

Changes in intraoperative staging

and MRI as prognostic factor

Staging with IOUS is more accurate than preoperative
evaluation with CT and MRI. Additional metastases have
been found in 22.8% of patients when preoperative staging
was performed with single-slice helical CT and MRI without
the use of extracellular agents.?”

A recent work by Tamandl et al*® has evaluated the
role of contrast enhanced MDCT and MRI with specific
agents in the preoperative assessment of liver metastases,
giving a different perspective on the role of imaging in
the surgical planning. The authors reviewed data from 194
consecutive liver resections in patients with liver metastases
from colorectal cancer, with a total of 408 lesions; MDCT
and MRI with hepatospecific agent (either mangafodipir
or gadoxate) were performed in all the cases prior to
surgery. Images were routinely evaluated and reviewed by
attending radiologists with a great expertise in hepatobiliary
diagnostics and results were regularly discussed at weekly
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multidisciplinary meetings with liver surgeons, medical
oncologists, radiologists, and radiation oncologists.

Additional lesions were detected intraoperatively in only
16 of the 194 patients (8.2%); in 11 cases (5.7%) the lesions
were <1 cm and subcapsular. Even though all additional
lesions were removed, detection of additional tumors was
associated with a shorter median recurrence-free survival.
The authors concluded that preoperative imaging with con-
trast enhanced MDCT and MRI with liver-specific contrast
agent is efficient and very seldom leads to a change in the
surgical strategy, and that patients with additional resectable
liver metastases have a higher risk of recurrence and should
be monitored carefully.

Characterization of liver lesions

Liver metastases

By comparison with the normal hepatic tissue, metastases
usually produce a low signal intensity on unenhanced
T1-weighted MR images and a moderately high signal on
unenhanced T2-weighted images.?

The vast majority of liver metastases do not take up liver-
specific contrast agents, including mangafodipir.*® Therefore,
as reported in the previous section, an increase in the liver-
to-lesion and contrast-to-noise ratios are observed, allowing
a better identification of lesions.>'** A peripheral rim of
enhancement, or a wedge shaped enhancement has been
occasionally observed both in the early phase (20 minutes
following contrast administration) and in delayed imaging
(4 to 24 hours following contrast administration) (Figure 3).
The peripheral enhancement involves the normal liver paren-
chyma and is probably due to compression secondary to the
tumor growth, that determines a functional biliary obstruction
with a subsequent retention of the contrast agent.

Mangafodipir may be useful to distinguish metastases
from benign lesions, such as focal nodular hyperplasia
(FNH), and from well-differentiated hepatocellular
carcinoma (HCC), that take up the contrast agent.** Other
nonhepatocellular liver lesions, such as hemangiomas and
cysts, also do not show an uptake of the contrast agent and
the peripheral rim enhancement is rarely seen, because
of their slow growth.>> However, differentiation between
cysts or hemangiomas and metastases is primarily based on
T2-weighed pulse sequences, where the former lesions appear
highly hyperintese. Enhancement of neuroendocrine tumor
metastases has been described rarely.>® The pathophysiology
of enhancement of these metastases has not been clarified,
but it may be related to the increased metabolism of these
tumors.

Figure 3 Image shows a small colorectal cancer metastasis of the second segment,
with a thin peripheral rim of enhancement (arrow).

Hepatocellular carcinoma (HCC)
HCC is the most common primary liver neoplasm.3¢
Long-standing cirrhosis, induced mainly by chronic hepatitis
B or C viral infections or to abuse of alcohol intake, is
the main cause of HCC.?” At the time of diagnosis HCC
may present itself as a solitary nodule in approximately
50% the cases, it is multifocal in 40% and diffuse in less
than 10% of the cases. In 50% to 80% of the cases a thin
pseudo-capsule surrounding the tumor can be seen using the
various imaging techniques.’® The MR appearance of HCC
is variable depending on its degree of differentiation. Poorly
differentiated lesions are typically moderately hypointense on
T1-weighted images and mildly hyperintense on T2-weighted
images;* well-differentiated lesions are isointense on both
T1- and T2-weighted images.*®

HCC shows a considerable variability in the uptake of
liver-specific contrast agents depending on the amount of
functioning hepatocytes. Well-differentiated HCC usually
show a significant uptake of the contrast agent;**** sometimes
enhancement is greater than the surrounding parenchyma.
However, well-differentiated nodules do not always behave
in the same way; sometimes enhancement is heterogeneous
and with capsular sparing.*' Undifferentiated or poorly dif-
ferentiated HCC usually show only minimal or no enhance-
ment after mangafodipir administration, because of the lack
of functioning hepatocytes (Figure 4).4

Occasionally, well-differentiated or moderately
differentiated nodules may appear highly hyperintense in
the delayed T1-wheighted post-contrast images.** These
lesions, sometimes termed green hepatomas, show a high
concentration of biliary pigments within the cytoplasm of
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Figure 4 Poorly differentiated hepatocellular carcinoma. (A) The unenhanced
T I-weighted image shows a slightly hypointense lesion of the 4th hepatic segment (arrow)
that is (B) slightly hyperintense at T2-weighted imaging (arrow). (C) The lesion is mark-
edly hypointense at T | -weighted imaging following mangafodipir infusion (arrow).

the hepatocytes. Differentiation of dysplastic liver nodules
from well-differentiated HCC is not possible with liver-
specific contrast agents, because both lesions show similar
degrees of contrast agent uptake.**

Evaluation of the liver in patients with chronic liver
diseases is still a major diagnostic challenge, as the uptake
of mangafodipir and its metabolism are related to the liver
cell function.**** In animal studies, after the adminis-
tration of mangafodipir trisodium, liver enhancement is
reduced if chronic liver damage is present.’® Murakami
et al*® showed that patients with cirrhosis have a reduced
liver enhancement; as a consequence, the detection of focal
lesions may be impaired. Indeed, this was demonstrated
by a study from Youk et al*” who compared the detection
rate of HCC using slow intravenous infusion of mangafo-
dipir, and the extracellular contrast agent gadopentetate
dimeglumine (Magnevist®; Shering, AG, Berlin, Germany)
during multiphasic dynamic T1-weighted 3D imaging. The
authors evaluated 46 patients with a total of 96 HCCs. The
sensitivity of mangafodipir and gadopentetate dimeglumine
was 72.4% and 87.5% respectively (P < 0.05). The reasons
for the low rate of detection of HCC with mangafodipir
were attributed both to the high number of isoenhanced
lesions and to an abnormal liver enhancement due to hepatic
dysfunction.

Hemangioma

Hemangioma is the most frequent benign liver tumor that
can develop at all ages, most commonly in premenopausal
women.’*> Hemangiomas are typically asymptomatic and
are usually incidental findings. At histopathology, hemangio-
mas are represented mainly by endothelium-lined vascular
spaces separated by fibrous septa and derive their blood
supply from the hepatic artery.*

On unenhanced T1-weighted images, hemangiomas are
usually well defined, lobulated and hypointense nodules.
On unenhanced T2-weighted images, hemangiomas appear
markedly hyperintense.” Uptake of mangafodipir is not
expected in hemangiomas, due to the lack of hepatocytes.
Therefore hemangiomas are hypointense on mangafodipir-
enhanced images (Figure 5).

Focal nodular hyperplasia (FNH)

FNH is the second most common benign liver tumor, for
which there is no surgical indication. The overall inci-
dence of FNH is around 3% to 5% and this lesion is most
commonly found in younger women. The histological struc-
ture of FNH is similar to that of normal hepatic parenchyma,
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Figure 5 Liver hemangioma. (A) Focal lesion of the 8th segment, hypointense at
T1-weighted imaging (arrow) and (B) markedly hyperintense at T2-weighted imaging
(arrow). (C) Lesion is not enhanced by the administration of mangafodipir (arrow).

but there may be present abnormal bile ducts that are not
connected to the rest of the biliary tree.’** FNH is usually
less than 5 cm in diameter but occasionally >10 cm
lesions have been observed. A thin central scar, consisting
of an enlarged abnormal artery supported by a collagen

infrastructure, may occasionally be recognized, especially
in large nodules.

FNH is difficult to detect without administering contrast
agent. On unenhanced T1-weighted MR images, the lesion
is isointense or minimally hypointense with respect to
the normal liver parenchyma; occasionally a hypointense
central scar may be recognized in the lesion center. On
unenhanced T2-weighted MR images, FNH is isointense
to mildly hyperintense with an occasional hyperintense
central scar.>

Typically, FNH shows a homogeneous enhancement
following mangafodipir administration. FNH is isointense
or slightly hyperintense compared to the surrounding paren-
chyma in approximately 90% of cases (Figure 6); when
present, the central scar does not enhance after mangafodipir.
Therefore the radial or spoke-wheel appearance of the central
scar is better depicted on post-contrast images.! Mangafo-
dipir, similarly to the other liver-specific hepatic agents, is
therefore of great help for confidently characterizing FNH
thus avoiding unnecessary liver surgery.

Hepatocellular adenoma
Hepatic adenoma is a benign neoplasm typically found
in young women taking oral contraceptives, occasionally
also in men using anabolic steroids or in patients with
glycogen storage diseases.’® Adenomas can regress after
the cessation of oral contraceptives, although some may
continue to grow and eventually bleed, which may result in
a clinical presentation of acute onset right upper quadrant
pain owing to intralesional hemorrhage. Since rupture and
malignant transformation do occur rarely, hepatic adenomas
are usually removed by surgery when they are larger than
3 c¢m.’” Hepatic adenomas are composed of larger than
normal benign hepatocytes containing glycogen and lipids,
arranged in sheets and cords, and are typically 5 to 10 cm
in diameter and surrounded by a capsule;’! they contain
Kupffer cells, but in variable numbers and variably func-
tioning. Although they contain functioning hepatocytes,
they lack bile ducts and therefore bilirubin excretion is
blocked.®

The appearance of hepatic adenomas on unenhanced MR
imaging is variable. If the vascular support is adequate, they
are usually hypointense on T1-weighted images and mildly
hyperintense or isointense on T2-weighted images. However,
if fat and hemorrhagic areas are present within the lesion,
T1- and T2-weighted images may show inhomogeneous
patterns.” Because mangafodipir is taken up by the abnormal
hepatocytes, tumors show up enhanced and they appear as
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Figure 6 Small focal nodular hyperplasia. (A) T | -weighted imaging during bolus injection of extracellular agent shows a hyperenhanced focal lesion of the 5th segment (arrow).

(B) Lesion is not enhanced at T | -weighted imaging following infusion of mangafodipir.

iso- or hyperintense on delayed-phase images. Therefore, by
using mangafodipir it is possible to differentiate between
metastases and adenomas.*

Adenomas do not have central scars, and this may help
in the differential diagnosis with FNH. However, some
lesions show only a negligible uptake of mangafodipir, which
does not help in a reliable differentiation with HCC.* Uncer-
tainty is not clinically relevant in most cases, as treatment
is usually required for both lesions.

Fibrolamellar carcinoma
Fibrolamellar carcinoma is a distinct subtype of HCC
and is considered as a separate pathological entity for its
peculiar clinical characteristics. It occurs predominantly
in young adults with no underlying liver disease. Fibrola-
mellar carcinomas are solitary lesions and are usually
diagnosed when they are large; a central star-like scar
with radiating fibrous strands is commonly found within
the lesion. Calcification of the scar is present in up to 50%
of cases.®"¢

On MRI, fibrolamellar carcinoma is heterogencous
and moderately hypointense or isointense on T1-weighted
images and moderately hyperintense on T2-weighted images.
The central scar is mostly hypointense on both T1- and
T2-weighted images. Compared with FNH, the central
scar is generally much larger, more irregular and more het-
erogeneous in signal intensity and contrast enhancement.
With hepatocyte-specific or RES-specific contrast agents,

fibrolamellar carcinoma usually does not show significant
enhancement;® this may be helpful for distinguishing this
tumor from FNH.

Cholangiocellular carcinoma
Cholangiocellular carcinoma (CCC) is the second most
common form of primary hepatic malignancy and derives
from the biliary epithelium. Depending on the site of origin,
CCC is divided into an intrahepatic form (ICC), which
accounts for approximately 50% of all the CCC, and an
extrahepatic from, which accounts for the other 50% and
derives from the extra-hepatic bile ducts.®

On unenhanced T1-weighted MR images, CCC has a
generally iso- to hypointense signal intensity relative to the
normal liver and on T2-weighted images, it has a mild to
markedly increased signal intensity, depending on the amount
of fibrous tissue (responsible for the lower signal intensity
on T2-weighted images) and mucin content (responsible for
higher signal intensity). One of the problems with hepatobili-
ary contrast agents in the delineation of the Klatskin tumors is
their low signal intensity, which is very similar to that of the
portal vein on mangafodipir enhanced MRI. In this respect,
SPIO-enhanced MRI might be superior.

Other uses of mangafodipir

The pancreas
Pancreatic cancer is the fourth-leading cause of cancer death
in the Western world. The prognosis is dismal, with an
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overall 5-year survival rate of approximately 5%.% Over the
past 25 years, the radiologist’s ability to diagnose pancreatic
cancer has improved enormously due to the development
of cross-sectional imaging techniques such as ultrasound
and especially MDCT, with its capability for 3D imaging.
MRI is therefore usually not routinely indicated in patients
with pancreatic cancer. However, there may be cases were
MRI is useful. MRI can provide a definitive diagnosis in
patients with equivocal findings at ultrasound and/or CT as
to the presence or absence of a tumor; it also helps provid-
ing a correct staging of the cancer in critical cases, which
may help reduce the number of unnecessary laparatomies;
it may also aid to differentiate cancer cases from patients
with focal pancreatitis, which can often be managed
conservatively.* On unenhanced MRI, small tumors are
best detected on T1-weighted breath-hold fat-suppressed
gradient recalled echo (GRE) images as hypointense
masses. If the tumor involves the peri-pancreatic tissues,
fat-suppressed T1-weighted GRE images show a lack of
contrast between the low tumor signal intensity and the
suppressed background fat signal; therefore, the acquisi-
tion of T1-weighted GRE images without fat suppression
is also advisable. The delineation of the tumors is difficult
on T2-weighted images, as they may appear iso- or only
mildly hyperintense. Mangafodipir-enhanced MR studies
may help detecting tumors in difficult cases, as the tumor is
markedly hypointense with respect to the normal pancreatic
parenchyma (Figure 7). Liver-specific agents also provide
an accurate regional staging of pancreatic cancer. In a series
of 105 patients studied with mangafodipir-enhanced MRI,
Schima et al® have reported a diagnostic accuracy of over
90% for local staging of the disease. The authors concluded
that mangafodipir trisodium is a versatile contrast agent for

A

pancreas MRI as it increases the reader’s confidence in the
detection or exclusion of small pancreatic tumors in patients
with equivocal CT findings.

Assessment of metastatic disease to the liver is an impor-
tant factor in staging pancreatic cancer patients, since this
event tends to occur early in patients with pancreatic tumors.
As detailed previously, MRI with liver-specific contrast
agents is superior to CT in the detection of liver metastases.
In pancreatic cancer the most important information is to
know whether the disease has spread to the liver. In fact,
even if one small liver metastasis is present, the disease
is considered generalized and therefore not amenable to
surgical treatment. MR with liver-specific contrast agents
may reveal the presence of small metastases in patients with
negative CT findings. In these patients the surgical approach
must be avoided; laparoscopy may be performed prior to
laparatomy in order to detect and confirm histologically
small metastases.

The biliary tree

Imaging of the bile ducts with MR cholangio-pancreatography
(MRCP) does not require intravenous contrast material
infusion. The degree of bile duct dilatation, and the site
and nature of bile duct obstruction can be readily assessed
by this non-invasive and fast imaging technique. However,
conventional MRCP examination does not provide information
on possible biliary leakages. Leakages can occur following
surgical interventions such as liver transplantation, liver resec-
tion or cholecistectomy. Ultrasound or CT can demonstrate
postoperative supramesocolic fluid collections but cannot pro-
vide a direct evidence of the hyatrogenic injury. To confirm
the presence of biliary leakage contrast material should be
introduced in the biliary tree by direct cholangiography, either

B

Figure 7 Small pancreatic carcinoma. (A) T | -weighted imaging shows a slightly hypointense focal lesion of the pancreatic head (arrow). (B) Axial T |-weighted scans showing

that lesion visualization is improved following mangafodipir infusion (arrow).
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by retrograde approach or percutaneously. However, even
using this approach a complete visualization of the biliary
tree may be difficult to obtain if a stricture is present above
or below the level of the leakage.

Mangafodipir-enhanced MRCP was first reported by
Vitellas et al in 2001.% The authors described a case of
bile duct leakage following cholecystectomy performed in
a difficult condition using coelioscopy; the site and extent
of the bile leakage were clearly depicted by mangafodipir-
enhanced MRCP. Since then, other studies have confirmed
the excellent diagnostic performance of this technique.®’° In
a later study, including 11 patients with a suspicion of bile
duct leakage, Vittelas et al obtained sensitivity and specificity
values of 86% and 83% respectively.”! One of the limits of
mangafodipir-enhanced MRCP is that it may overestimate
the degree of bile duct stenosis.

Both vascular and extravascular complications may
occur following liver transplantation.”? Vascular complica-
tions can cause ischemic cholangitis or necrosis of the bile
ducts. Mechanical bile duct complications can be of two
types: anastomotic stenosis or leakage, and they both require
rapid diagnosis for optimal management. In this setting
mangafodipir-enhanced MRI is valuable and probably
better than the more commonly used heavily T2-weighted
fat-suppressed sequences.”’ In a series of 25 transplanted
patients, mangafodipir MRCP was superior to conventional
MRCEP in the assessment of both biliobiliary and bilioenteric
anastomoses (P < 0.001).7

Patients with a bilioenteric anastomosis may develop
complications such as bile duct obstruction, cholangitis,
stenosis of the intrahepatic ductules, and calculi. However,
bilioenteric anastomoses are very difficult to evaluate by
conventional MRCP due to the presence of reflux aerobilia
that may hinder visualization of the anastomosis and the
underlying bile ducts. Morphological studies may be difficult
in these conditions because of the orientation and small size
of the anastomosis. These limitations can be overcome by
using mangafodipir MRCP: the anastomosis can be then well
opacified and the study performed using thin 3D T1-weighed
sequences. Hottat et al”> demonstrated that mangafodipir
enhanced MRCP was able to detect the bilioenteric anasto-
mosis in all the cases, whereas conventional T2-weighted
MRI cholangiography detected the anastomosis in only 85%
of cases. MRCP false positives are most frequently due to
the superimposition of abdominal fluid over the region of
interest. If visualization of the bile ducts is delayed by more
than 2.5 to 3 hours then the anastomosis is to be considered
obstructed.”

Mangafodipir-enhanced MRCP also allows accurate
mapping the intrahepatic bile ducts in the normal indi-
vidual and is useful in the selection of living donors for
transplantation. %

The myocardium

The myocardial cells actively accumulate manganese ions,
in an additive fashion through L-type voltage operated
calcium channels in the cell membrane.”*” Animal stud-
ies have shown that Mn can be used to identify infarction
regions.®*®* This is possible because Mn uptake leads to
a larger increase in longitudinal relaxation rate (R1) in
the normal compared to the necrotic myocardium.”*8!84-86
Recent studies also show that Mn uptake is reduced in the
“stunned” myocardium.®”* In a study on healthy human
volunteers,* a 37% increase in R1 in left ventricular (LV)
myocardium was observed starting from one hour after
infusion of a normal liver dose of 5 umol/kg body weight
of mangafodipir. In the same study, only a negligible
additional R1 enhancement was achieved by doubling the
dose to 10 umol/kg, and 15 umol/kg yielded no further
enhancement. In another study on healthy volunteer,” 5- and
30-minute infusions with 5 umol/kg of MnDPDP yielded
equal elevations in R1 in normal LV myocardium. In a
recent study, mangafodipir was administered to 10 patients
with recent myocardial infarction.”’ The authors were able
to show that a reduced wall thickness was associated with
a reduction both in the pre-contrast R1 and in the contrast
enhancement. Furthermore, both remote and infarcted
regions showed rapid initial contrast accumulation. Manga-
fodipir-enhanced MRI may be a promising method to assess
the extent of the infarcted myocardium. However, more
studies are necessary to confirm these initial results.

Conclusions

Mangafodipir-enhanced MRI is mainly utilized to detect
and characterize focal liver lesions. There is strong evidence
that the liver-specific agent increases the sensitivity of MRI
in detecting liver metastases and this is useful in selecting
patients for liver resection and for surgical planning. Differ-
ences between MRI and other imaging techniques, such as
MDCT and FDG-PET, are more pronounced when lesions
are of small size and following neoadjuvant CHT. There-
fore, we believe that MRI with liver-specific agent should
be performed routinely in all patients planned for surgery
following CHT. Images should be evaluated and reviewed
by radiologists with a proven expertise in hepatobiliary diag-
nostics, and results should be discussed in multidisciplinary
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meetings that involve liver surgeons, medical oncologists,

radiologists, and radiation oncologists.

Mangafodipir-enhanced MRI may be useful in selected

cases to characterize focal liver or pancreatic lesions that are

controversial at conventional imaging. It is of help in distin-

guishing between liver metastases and FNH, between well

and poorly or non-differentiated hepatocellular carcinomas

in patients with liver cirrhosis, or between focal pancreatitis

and pancreatic cancer. Finally, MRI with the liver-specific

agent is occasionally used for a non-invasive assessment of

bile duct leakage complicating hepatobiliary surgery.
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