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Abstract Magnetic resonance imaging (MRI) has long been

considered the gold standard for evaluation of hepatic lesions.

There has, however, been much recent interest in functional

analysis of malignant lesions, and conventional imaging tests

are no longer able to answer all the clinical questions. In the

current era, anatomical characterisation, e.g. regarding size

and density, is no longer deemed adequate. Combined imaging

with PET/CT provides clarity and insight but at times can be

challenging, especially in certain parts of the body such as the

liver, pelvis and brain, where test sensitivity is compromised.

PET/MRI, a hybrid imaging technology, can be used to

improve upon the soft-tissue contrast offered by MRI and the

biochemical and metabolic information provided by PET,

with overall improvement in test sensitivity and hence

increased diagnostic accuracy and improved tissue charac-

terisation. Furthermore, various radiolabelled PET tracers can

be used to improve the accuracy of staging, determination of

the extent of disease, evaluation of treatment response, prog-

nostic assessment and differentiation between post-therapeu-

tic changes and tumour recurrence. In this article, we review

the advantages of PET/MRI over conventional imaging in

identifying and characterising liver lesions.
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Introduction

The aim of diagnostic imaging, particularly in the setting of

a previous history of tumour, is lesion characterisation,

allowing differentiation of benign from malignant lesions.

This important step in the diagnostic process underpins the

subsequent management of the patient. Magnetic resonance

imaging (MRI) has long been considered the gold standard

for the evaluation of hepatic lesions. There has, however,

been much recent interest in functional analysis of malig-

nant lesions since the conventional imaging tests are no

longer able to answer all the clinical questions.

The liver is a common site of metastatic disease owing

to its rich blood supply; there are occasional cases in which

a benign lesion in the liver presents with atypical features,

necessitating further evaluation [1]. Targeted treatment is

now available for isolated hepatic disease [2] but suc-

cessful treatment depends on accurate assessment of the

lesion, the extent of the liver disease, and the absence of

extrahepatic metastases [3].

The concept of combining functional with morphologi-

cal data during a single acquisition has been the subject of

much research conducted with the objective of improving

detectability and increasing diagnostic performance. Met-

abolic imaging with positron emission tomography (PET)

combined with computed tomography (CT) [4], and more

recently MRI [5], has enabled the acquisition of detailed

fused functional and morphological data.

MRI offers high-resolution structural data, superb soft-

tissue contrast and a range of acquisition techniques

capable of generating functional data. PET/MRI, a hybrid

imaging technology, can be used to improve upon the soft-

tissue contrast offered by MRI and the biochemical and

metabolic information provided by PET, with overall

improvement in test sensitivity and hence increased

Color figures online at http://link.springer.com/article/10.1007/

s40336-014-0057-z

A. Nasoodi

Nuclear Medicine Department, Imaging Center, Royal Victoria

Hospital, Belfast BT12 6BA, UK

R. Syed (&) � A. Afaq � J. Bomanji

Institute of Nuclear Medicine, University College London

Hospital, London NW1 2BU, UK

e-mail: rizwan.syed@uclh.nhs.uk

123

Clin Transl Imaging (2014) 2:129–137

DOI 10.1007/s40336-014-0057-z

http://link.springer.com/article/10.1007/s40336-014-0057-z
http://link.springer.com/article/10.1007/s40336-014-0057-z
http://link.springer.com/article/10.1007/s40336-014-0057-z
http://link.springer.com/article/10.1007/s40336-014-0057-z


diagnostic accuracy and improved tissue characterisation.

Although much of the experience has been with [18-

F]fluorodeoxyglucose (18F-FDG) [1, 6], various radiola-

belled PET tracers may be used to improve accuracy of

staging, determination of extent of disease, evaluation of

treatment response, prognostic assessment and differenti-

ation between post-therapeutic changes and tumour recur-

rence [7]. The value of PET/MRI will, however, need to be

proven through validation of its applications and its overall

impact on patient care [7].

The new technology of integrated PET/MRI within a

single hardware device [8] allows investigation of a range

of tumour biomarkers, such as those for proliferation,

apoptosis, angiogenesis, metabolism and hypoxia, using

various acquisition techniques and radiotracers. This can

result in sophisticated in vivo detection techniques that

permit better lesion characterisation at cellular and sub-

cellular levels [9].

This paper reviews the advantages and limitations of

using PET/MRI, in comparison with conventional imag-

ing, for the identification and characterisation of liver

lesions by highlighting the strengths of its individual

components, MRI and PET. Colorectal cancer (CRC) is

chosen as a model for imaging of liver metastasis owing

to the extensive available literature and the fact that liver

disease is commonly encountered in association with this

common malignancy. Furthermore, the application of

PET/MRI for imaging of metastatic neuroendocrine

lesions in the liver is addressed. Reference is also made to

what the future could hold in terms of further develop-

ment of hepatic imaging.

MRI as a powerful partner to PET in imaging

of the liver

Liver MRI is considered to be more accurate for detection

and characterisation of focal lesions than CT or ultrasound

(US) [10]. It is commonly used to evaluate indeterminate

focal hepatic lesions detected on other imaging studies and

to image patients with contraindications to iodinated con-

trast material.

MRI, using a multitude of imaging parameters, allows a

thorough assessment of the hepatobiliary system. Magnetic

resonance cholangiopancreatography is a very useful tool

in the non-invasive investigation of pathologies related to

the biliary tree and pancreas. The sequences rely heavily on

T2-weighted images to demonstrate these fluid-filled

structures [11].

Liver MRI protocols commonly use a combination of

T1- and T2-weighted imaging. Inversion recovery images

increase the sensitivity for detecting lesions [10]. Further-

more, out-of-phase imaging can be used to further

characterise fat-containing benign lesions, which lose sig-

nal on out-of-phase images as compared to in-phase images

[12].

T1-weighted post-contrast imaging is very useful for the

characterisation of focal hepatic lesions. The choices of

contrast include extracellular gadolinium-containing con-

trast agents, reticuloendothelial contrast agents and hepa-

tocellular-specific contrast agents [13]. Dynamic contrast-

enhanced (DCE)-MRI using gadolinium-based contrast

agents is helpful in differentiating benign from malignant

liver lesions and in assessing the vascularity of metastases.

Perfusion MRI has even shown high sensitivity for the

detection of micro-metastases in the liver, which are

associated with a poorer prognosis [14]. While pre-existing

liver disease may influence the analysis of dynamic

imaging, this has been observed only in animal models

[15]. Superparamagnetic iron oxide (SPIO), which belongs

to another category of contrast agents, is taken up by the

hepatic reticuloendothelial system (RES), resulting in a

generalised loss of signal. As a result, hyperintense hepatic

malignancies on T2-weighted images become more

apparent following contrast administration. Good results

have also been achieved in characterising lesions contain-

ing functional RES cells, such as focal nodular hyperplasia

(FNH) [12]. But it is the third group, liver-specific contrast

agents, that has caused most excitement in studies inves-

tigating the use of contrast-enhanced MRI for assessment

of focal liver lesions. Enhanced MRI using the hepatocel-

lular-specific agent, gadolinium-ethoxybenzyl-diethylene-

triamine penta-acetic acid (Gd-EOB-DTPA), is a highly

accurate method for the detection and characterisation of

liver lesions [13].

The sequence used in liver MRI is diffusion-weighted

imaging (DWI), which does not involve contrast adminis-

tration, but instead relies on Brownian motion of water

molecules in the tissue [16]. It is relatively quick to per-

form and widely used in the clinical setting for disease

evaluation in the liver. Restricted water diffusion in cel-

lular tissues gives rise to high signal intensity on DWI-MRI

and, upon quantitative evaluation, a lower apparent diffu-

sion coefficient. The evidence suggests that the use of

DWI-MRI can substantially improve the sensitivity for

detection and identification of liver metastases [14].

DWI-MRI and DCE-MRI with extracellular gadolinium

have been used for the diagnosis of liver metastases [16]

and the two may be employed interchangeably. Since

restricted diffusion is not exclusive to malignant lesions

[14], the information obtained from DWI-MRI cannot be

used in isolation to differentiate a malignant from a benign

lesion. Use of DWI-MRI in conjunction with hepatocellu-

lar-specific contrast-enhanced MRI may be a solution.

Although Gd-EOB-DTPA-enhanced MRI has shown better

performance than DWI in the detection and
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characterisation of focal liver lesions, using the two tech-

niques together offers increased confidence in the final

diagnosis, hence justifying additional DWI sequences in a

dedicated MRI protocol using hepatocyte-specific contrast

media [16]. Furthermore, Gd-EOB-DTPA-enhanced MRI

can be used in the characterisation of benign solid liver

lesions such as FNH and adenomas [13]. Overall, Gd-EOB-

DTPA-enhanced MRI and DWI-MRI are complementary.

Small lesions adjacent to the liver vessels may be better

seen on DWI-MRI. Conversely, small metastases adjacent

to the diaphragm or in the left hepatic lobe may be

obscured by motion artefacts or magnetic field inhomoge-

neity on DWI-MRI, but better illustrated with Gd-EOB-

DTPA-enhanced MRI [16].

18F-FDG PET/CT with and without contrast in liver

lesions

In recent years, DCE-CT has been an essential imaging

tool for the detection of liver metastases [17]. It has been

shown that by demonstrating arterialisation of flow within

the liver, it is possible to confirm the presence of a tumour

in the area of interest [14].

Functional imaging with 18F-FDG PET has been

reported to show higher sensitivity and specificity com-

pared with CT for the detection of viable liver metastases

following targeted treatment [18]. Since its introduction

approximately a decade ago, PET/CT has become an

important imaging tool in patients with oncological con-

ditions [17]. The reported sensitivity of US, CT, MRI and

FDG PET in hepatic metastases originating from colorec-

tal, gastric and oesophageal cancers has been reported to be

55, 72, 76 and 90 %, respectively [19]. Optimal detection

and characterisation of liver lesions require the use of fused

contrast-enhanced PET/CT owing to suboptimal sensitivity

of low-dose unenhanced PET/CT [3]. The unenhanced

technique is, however, preferred in patients with contrast

allergy or poor renal function.

The liver is a common site of metastasis in CRC, in

which there is an approximately 50 % chance of liver

disease within 5 years despite curative primary resection.
18F-FDG PET/CT is routinely used in the assessment of

the liver in patients with CRC hepatic metastasis. In the

absence of disease elsewhere, hepatic resection offers

suitable patients improved survival [20]. There is, how-

ever, a potential pitfall with PET/CT, in that, compared

with MRI, it has a relatively low sensitivity for the

detection of liver metastases smaller than 1 cm [21].

Research has illustrated that MRI and contrast-enhanced

PET/CT are the best tests for detection of liver lesions,

with MRI performing better in the characterisation of

metastases [3].

Where does PET/MRI stand in the detection

and characterisation of liver lesions?

Hybrid PET/MRI systems are now commercially available

as a result of the development of the whole-body MRI

technique, technological advances in the manufacturing of

MRI-compatible PET detectors, and the ability to carry out

attenuation correction of the PET data using the Dixon

sequence on MRI [22]. This novel imaging modality is

thought to play an important role in liver imaging, in which

both high soft-tissue resolution and functional information

are required. One of the greatest advantages of PET/MRI

over PET/CT is the simultaneous data acquisition, enabling

the achievement of excellent soft-tissue contrast, very good

spatial resolution and very accurate temporal and spatial

image fusion. Additionally, functional MRI, such as arte-

rial spin labelling or spectroscopy, can be performed with

PET/MRI [23]. Occasionally, assessment of a liver lesion

suspicious for a metastasis may require both 18F-FDG PET/

CT and MRI in the pre-surgical planning phase [24]. PET/

MRI can offer a clinically competitive solution in terms of

cost-effectiveness and patient acceptance, with a reason-

able examination time, allowing increased workflow and

patient throughput [25].

PET/MRI provides an impressive fusion of high-reso-

lution anatomy and metabolic activity in a one-stop shop

examination, which is particularly valuable in paediatrics,

and obviates the need for multiple hybrid imaging,

otherwise often required in patients with oncological

disease. This helps to reduce the ionising radiation dose

to patients. The radiation exposure in PET/MRI is from

the PET component and it is 3–4 mSv [26, 27]. The

typical effective dose for a child undergoing diagnostic

PET/CT is about 25 mSv [28]. Thus there is 80 % less

radiation exposure from a hybrid PET/MRI compared

with a PET/CT study [29]. Finally, in children, the

intensity of 18F-FDG uptake in neuroblastoma is thought

to be an adverse prognostic factor. 18F-FDG PET is

recommended in addition to MRI and metaiodobenzyl-

guanidine scintigraphy for the initial evaluation of high-

risk neuroblastoma with small liver and lung metastases.

It may be concluded that the combination of PET and

MRI offers complementary information regarding the

presence of small lesions and the degree of tumour dif-

ferentiation. When the two methods are concordant, the

confidence in identification of small lesions is improved,

and PET/MRI offers clear advantages over either

modality alone [29].

PET/MRI has been found to outperform PET/CT in

terms of conspicuity of liver lesions, with better sensitivity

and specificity [12]. Overall, co-registered PET and unen-

hanced MR images have been shown to outperform un-

enhanced PET/CT in the imaging of PET-positive liver
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lesions, with better delineation of small lesions as well as

reliable localisation of lesions to the corresponding liver

segment [5, 12].

Just as importantly, the standardised uptake value (SUV)

derived from PET/MRI can be used reliably in the clinical

setting [30, 31].
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Our PET/MRI protocol is performed as a complemen-

tary combination of whole-body imaging to determine the

spread of the cancer and includes additional regional MRI

to provide better characterisation of primary disease.

The contrast-enhanced MRI technique using all three

categories of contrast media can be adopted in combined

PET/MRI [12]. Dynamic gadolinium-enhanced T1-GRE

imaging depicts the pattern of enhancement of hepatic

neoplasms, which is very useful for the accurate charac-

terisation of focal hepatic lesions, with incremental value

being achieved through addition of quantitative data from

both PET and MRI [12].

The commonly encountered artefacts on stand-alone

MRI and PET studies can be tackled satisfactorily when

imaging with integrated PET/MRI systems. First, both MRI

and PET are lengthy studies and hence susceptible to

respiratory motion artefacts with the possibility of mis-

registration of the lesions, which can lead to a ‘‘smearing’’

effect of the tracer uptake [32]. The use of respiratory

triggering or phase reordering can minimise any significant

respiratory-related motion artefacts that may be present.

Second, the implementation of MR-based motion-correc-

tion technologies to correct for gross patient motion and

breathing in view of the relatively long PET data acquisi-

tion times seems promising [33]. Third, the susceptibility

artefacts in DWI can be minimised by using half-Fourier

acquisition single-shot turbo spin echo (HASTE) tech-

niques [34]. Finally, T1-weighted GRE images may con-

tain pulsation artefacts from the aorta that can be

misinterpreted as a focal lesion in the left lobe of the liver

[10]. Such artefacts can be easily recognised on a PET/MRI

study by virtue of the absence of metabolic activity as

revealed by lack of 18F-FDG uptake by the artefact.

By combining the functional information from 18F-

FDG PET with the anatomical information from MRI,
18F-FDG PET/MRI is capable of offering high sensitivity

and specificity in the detection of liver metastases and

better detection of extrahepatic disease in the same

examination [12]. Furthermore, the MRI component of

PET/MRI is considered the imaging modality of choice

for the assessment of lesions in the presence of pre-

existing chronic liver disease. PET/MRI is likely to

increase the diagnostic confidence when compared with

Gd-EOB-DTPA-enhanced MRI. Regardless of the size of

the focal liver lesion, PET/MRI is generally more sensi-

tive and specific than PET/CT (reported sensitivity and

specificity of up to 93 and 96 %, respectively, for PET/

MRI vs 76 and 85 %, respectively, for PET/CT [32]) and

offers significantly higher diagnostic confidence [21].

PET/MRI can be expected to display higher accuracy than

PET/CT when assessing the liver for metastatic spread.

An additional potential advantage of PET/MRI, due to the

inherently high-resolution anatomical images it provides,

may be increased specificity in characterising small,

indeterminate lesions found on MRI [32].

PET/MRI is likely to perform well in the assessment of

benign focal liver lesions. Benign liver lesions have a high

prevalence and can be differentiated with variable success

using anatomical techniques [1, 35]. Functional imaging

using PET and DWI-MRI is increasingly needed for liver

lesion assessment. Furthermore, DWI may be useful in the

assessment of suspicious, normal-sized, 18F-FDG-negative

portal nodes [34]. Diffusion-weighted sequences can be

performed with PET/MRI and heavily T2-weighted

sequences can help to identify cystic lesions and hae-

mangioma [36]. Benign focal lesions such as simple cysts,

abscesses, FNH, adenomas and haemangiomas are easily

recognised with the MRI component of the study [37]. In

addition, atypical haemangiomas, FNH and adenomas are

all usually associated with low or no FDG uptake on

combined PET/MRI [38]. Furthermore, a potential role of

PET in differentiating adenomas from FNH has been

suggested in a small prospective study, with SUVs of 1.22

or higher for FNH when using the tracer 18F-fluorocholine

[39].

Primary liver malignancies are less commonly encoun-

tered compared with metastatic and benign lesions. The

available data are supportive of an important role for PET/

MRI in patients with primary liver malignancies. Hepato-

cellular carcinoma (HCC) may be evaluated by DCE-MRI.

While there is evidence that detection and characterisation

of HCC can be significantly improved when imaging is

performed using 18F-choline PET/CT [40], in our experi-

ence the detection of HCC has been poor. Despite this, one

may infer that radiopharmaceuticals other than 18F-FDG

may represent an attractive option and, overall, might make

b Fig. 1 Ga DOTATATE PET/MRI in metastatic NETs. This study

shows a combination of simple hepatic cysts and a peripheral focal

lesion in the right hepatic lobe which is tracer avid and demonstrates

rim enhancement in keeping with a metastatic deposit. a Simple cysts

but no metastases. 1st row: T2 HASTE (white arrows show cysts),

inverted b800 diffusion-weighted image, Ga DOTATATE PET, fat-

suppressed T2 axial, pre-contrast T1 axial. 2nd row: sequential T1

contrast series. The cysts are hyperintense on T2, and are seen on the

DWI, despite not being of increased cellularity due to the ‘T2 shine

through effect’. There is no increased uptake on the PET images and

no enhancement on the contrast MRI series. b Right hepatic lobe

metastasis in the presence of simple cysts. 1st row: fused T2 HASTE

PET/MRI, inverted b800 diffusion-weighted image, Ga DOTATATE

PET, fat-suppressed T2 axial, pre-contrast T1 axial 2nd row:

sequential T1 contrast series. The white arrow on the top left image

shows the metastasis. On the diffusion-weighted image, the short

black arrow shows that the metastasis is hypercellular. Other areas

which are bright on DWI (dark on this inverted image) and do not

represent disease include partially images upper pole of the right

kidney (square dotted arrow), a cyst in the right hepatic lobe (dashed

arrow) and CSF. The white arrow on the second image on the second

row indicates mild rim enhancement of the metastasis (Color figure

online)
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PET/MRI a more accurate test in the diagnosis and char-

acterisation of liver lesions.

The wider use of PET/MRI scanners will be greatly

fostered by the use of agents that incorporate both PET

isotopes and MRI contrast agents. Research work has been

successful in developing combined probes, such as SPIO-

coated PET tracers, that show great potential for use in cell

tracking with PET/MRI [25, 41, 42].

Dedicated 7T liver MRI has revealed potential benefits

with promising unenhanced angiographic applications and

it may be used in combined PET/MRI in the future [36].

Finally, there has been a re-emergence of interest in

dynamic PET, but the significance of this technique in liver

imaging is unknown and multicentre studies would be key

in determining its clinical value for quantitative imaging

[43].

PET/MRI for imaging of NET hepatic metastases

Neuroendocrine tumours (NETs) are a rare group of neo-

plasms most commonly originating from the pancreas and

terminal ileum [44]. They have characteristically been

associated with overexpression of somatostatin receptor

Fig. 2 FDG PET/MRI in metastatic colorectal cancer. a 1st row, T2

HASTE, inverted b800 DWI, FDG PET. 2nd row, pre- and post-contrast

T1 axial images. White arrows show metastases. b Fused T2 HASTE

and FDG PET. White arrows show metastases. The small metastases are

seen in segment 4 and adjacent to the left hepatic vein, with peripheral

enhancement and increased FDG uptake. The lesions are partly treated

and cystic (bright on T2). This causes increased signal on DWI (T2

shine through). However, there is also some residual tumour, as can be

seen on the PET images. The more anterior of the two lesions is less

bright on DWI (dark on this inverted image) but demonstrates more

uptake of FDG relative to the more posterior lesion. This is because the

posterior lesion is more cystic (post-treatment) and contains less active

tumour, but appears more intense on the DWI image due to the T2 shine

through effect (Color figure online)
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subtype 2, which has long been exploited for imaging of

these tumours using the somatostatin analogue, octreotide

[45]. The liver is the most common site for metastasis [46],

and liver metastases are associated with worse 5-year

survival [47]. PET with somatostatin receptor analogues

such as 68Ga-labelled 1,4,7,10-tetra-azacyclododecane-

1,4,7,10-tetra-acetic acid (DOTA) peptides, which include

DOTA-D-Phe1-Tyr3-octreotide (DOTATOC), DOTA-1-

Nal3-octreotide (DOTANOC), or DOTA-D-Phe1-Tyr3-

octreotate (DOTATATE), has shown higher diagnostic

potential because of a higher affinity for the somatostatin

receptor subtype 2 [48]. 68Ga-DOTATOC PET/MRI

imaging of focal liver lesions has yielded promising results

based on better contrast resolution and detectability.

Additional diagnostic MR protocols may offer further

benefits. Fused 68Ga-DOTATOC PET/Gd-EOB-DTPA-

enhanced MRI is more sensitive than PET and more spe-

cific than MRI [49] for identifying and characterising liver

lesions and predicting a favourable response to peptide

receptor radionuclide therapy. PET/MRI has a higher

sensitivity and specificity (91 and 96 %, respectively) than

PET/CT (74 and 88 %, respectively) for the detection of

liver metastases [32]. The differential uptake by liver

lesions of 68Ga-DOTA-peptide PET/CT and 18F-FDG PET/

CT is valuable in lesion characterisation [50]. 18F-FDG-

positive, 68Ga-DOTA-peptide-negative status of the lesion

heralds poor differentiation and aggressive behaviour.
68Ga-PET/CT is currently considered the standard imaging

modality in the management of NETs [51] (Figs. 1, 2).

Available data suggest that 68Ga-DOTATOC PET/MRI

and 68Ga-DOTATOC PET/CT are of similar diagnostic

value in patients with gastroenteropancreatic NETs [52].

PET/MRI is thought to perform better in the character-

isation of small indeterminate lesions, in the presence of

contraindications to the use of contrast media [53].

Conclusions

PET/MRI is a versatile imaging tool which can improve

anatomical localisation and characterisation of hepatic

lesions.

PET/CT will remain the workhorse of cancer imaging

until PET/MRI is in wide clinical use and until more

clinical data become available. In liver imaging, PET/MRI

is superior to stand-alone PET/CT or MRI. PET/MRI can

be performed without contrast media and is associated with

reduced ionising radiation. The availability of protean

functional imaging techniques and multiple contrast media

makes PET/MRI a formidable imaging tool. The diversity

of PET tracers adds further specificity to PET/MRI. In

order for it to be viable in clinical routine, however, the

imaging workflow and use of various sequences must be

based on the specific clinical needs of patients in order to

maximise useful information whilst minimising acquisition

time. A definite killer application has not yet been defined

for PET/MRI, but in the authors’ opinion this is just a

matter of time as the potential is obvious. The next decade

will witness the development of more technologically

advanced combined PET/MRI machines with further

innovations to suit the era of personalised patient man-

agement. In the meantime, however, PET/MRI remains a

prominent research tool for answering complex clinical

questions in a selective manner.
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W, Röttgen R (2012) Evaluation of the potential of PET-MRI

136 Clin Transl Imaging (2014) 2:129–137

123



fusion for detection of liver metastases in patients with neuro-

endocrine tumours. Eur Radiol 22:458–467

50. Binderup T, Knigge U, Loft A, Mortensen J, Pfeifer A, Federspiel

B, Hansen CP, Højgaard L, Kjaer A (2010) Functional imaging of

neuroendocrine tumors: a head-to-head comparison of somato-

statin receptor scintigraphy, 123I-MIBG scintigraphy, and 18F-

FDG PET. J Nucl Med 51:704–712

51. Schreiter NF, Brenner W, Nogami M et al (2012) Cost compar-

ison of 111In-DTPA octreotide scintigraphy and 68Ga-DOTATOC

PET/CT for staging enteropancreatic neuroendocrine tumours.

Eur J Nucl Med Mol Imaging 39:72–82

52. Gaertner FC, Beer AJ, Souvatzoglou M et al (2013) Evaluation of

feasibility and image quality of 68Ga-DOTATOC positron

emission tomography/magnetic resonance in comparison with

positron emission tomography/computed tomography in patients

with neuroendocrine tumors. Invest Radiol 48:263–272

53. Beiderwellen KJ, Poeppel TD, Hartung-Knemeyer V et al (2013)

Simultaneous 68Ga-DOTATOC PET/MRI in patients with gas-

troenteropancreatic neuroendocrine tumors: initial results. Invest

Radiol 48:273–279

Clin Transl Imaging (2014) 2:129–137 137

123


	Use of PET/MRI for identification and characterisation of liver lesions
	Abstract
	Introduction
	MRI as a powerful partner to PET in imaging of the liver
	18F-FDG PET/CT with and without contrast in liver lesions
	Where does PET/MRI stand in the detection and characterisation of liver lesions?
	PET/MRI for imaging of NET hepatic metastases
	Conclusions
	Acknowledgments
	References


