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Radiopharmaceuticals have long been used to study the

liver, giving interesting results. Nonetheless, for most

indications, radionuclide imaging has not tended to be a

first-choice approach, due to the better diagnostic perfor-

mance of other imaging methods, namely, contrast-

enhanced computed tomography (ceCT) and ultrasound

(US). However, the emergence, in recent years of radio-

labelled tracers for use with positron emission tomography

(PET) has led to renewed interest in radionuclide imaging

of the liver. Applications (both new and more established

ones) include the evaluation of hepatocellular carcinoma

using choline PET, the use of FDG PET/CT for identifying

secondary liver lesions and for localising unknown primary

tumours in patients with liver metastases, as well as

innovative approaches, such as the use of hybrid PET/

magnetic resonance imaging (PET/MRI) and PET-guided

liver biopsies. Furthermore, radioembolisation as a treat-

ment for liver lesions has recently been successfully

introduced.

This issue of Clinical and Translational Imaging is

devoted to these topics. It has been compiled by a group of

experts in this field, some of whom are pioneers and leaders

at European and international level. In addition to setting

out the rationale and background behind these approaches,

they have endeavoured to provide an overview of the

current state of the art, comparing their experience with

that of their contemporaries in an effort to reach to a

consensus.

An increasingly important area is that of PET/CT

imaging of hepatocellular carcinoma (HCC) using different

radiopharmaceuticals. The group of Jean-Noël Talbot in

Paris pioneered the use of 18F-fluorocholine (FCH), the

fluorinated analogue of choline, for imaging HCC with

PET [1], obtaining promising results. It is, in fact, well

known that 18F-fluorodeoxyglucose (FDG), the reference

PET tracer in oncology, has limitations in the detection of

intra-hepatic well-differentiated HCC, and therefore, does

not allow accurate study of affected patients. At present,

dual-tracer PET with FCH and FDG could constitute a

better approach, as the aggressiveness of lesions can vary

and some lesions may take up only one tracer. Dual-tracer

PET can also be used for disease staging and for predicting

recurrence [2] and can therefore be useful in the selection

of patients for liver transplantation or HCC tumour resec-

tion. Metastases from non-HCC liver malignancies, on the

other hand, are not usually FCH avid, while cholangio-

carcinoma (CC) can be visualised as a hot focus.

As regards benign liver tumours, it is important from a

prognostic point of view to differentiate hepatocellular

adenoma, which can degenerate in up to 4 % of lesions

from FNH, which is composed of normal hepatocytes

occurring in a normal liver: promising results have recently

been published which suggest that FCH PET/CT could play

a role in differentiating between these two benign lesion

types.

Despite the aforementioned limitations of FDG as a

radiopharmaceutical for HCC imaging, there are some

indications for the use of this tracer in liver lesion imaging,

and this issue is covered by Ilaria Grassi et al. from the

Bologna group. The identification of secondary lesions

using FDG is undoubtedly the most frequent such
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indication, as metastatic disease accounts for the majority

of malignant lesions in the liver and up to 25 % of patients

with known solid malignant tumours have hepatic metas-

tases at the time of diagnosis. Liver metastases can origi-

nate from numerous primary cancers (colorectal,

mammary, lung, pancreatic, gastric, oesophageal, mela-

noma and sarcoma among others), and the use of FDG

PET/CT in liver metastases has proved effective for staging

purposes, as well as for planning a more correct therapeutic

approach to the disease [3].

FDG has also been shown to be useful in CC, in which

there is evidence to suggest that it could have roles in

staging, metastatic disease assessment and diagnostic

management of patients with para-hilar or central lesions

not detected through conventional imaging [4].

PET/MRI is definitely the most exciting of the new

hybrid approaches to nuclear medicine imaging: Afshin

Nasoodi et al., from UCL in London, discuss the use of

PET/MRI in identifying and characterising liver lesions.

MRI offers high-resolution structural data, superb soft-tis-

sue contrast and a range of acquisition techniques capable

of generating functional data. PET/MRI can be used to

improve upon the soft-tissue contrast offered by MRI and

the biochemical and metabolic information provided by

PET, with an overall improvement in test sensitivity and

hence increased diagnostic accuracy and improved tissue

characterisation. In liver imaging, PET/MRI is superior to

stand-alone PET/CT or MRI [5]. PET/MRI can be per-

formed without contrast media and is associated with

reduced ionising radiation; the diversity of PET tracers

adds further specificity to the technique. In order for PET/

MRI to be viable in clinical routine, however, the imaging

workflow and the use of various sequences must be based

on patients’ specific clinical needs, so as to maximise

useful information whilst minimising acquisition time. The

next decade will witness the development of more tech-

nologically advanced combined PET/MRI machines with

further innovations to suit the era of personalised patient

management. In the meantime, however, as the authors

conclude, PET/MRI remains a prominent research tool for

answering complex clinical questions in a selective

manner.

The differentiation of benign from malignant liver

lesions is another area, in which PET/CT may play an

effective role. Swati Rachh et al., from the Tata Memorial

Centre in Mumbai, in their comprehensive literature

overview, describe the existing results in this field. Benign

liver lesions have a high prevalence; therefore, accurate

lesion characterisation (in addition to detection) is a very

important requirement. However, it is one that anatomical

techniques such as US, CT, and MRI struggle to meet.

Functional imaging is an additive modality in this setting,

aiding in the differentiation of atypical benign vascular and

other liver lesions from malignancy, and obviating the need

for biopsies and histopathological assessments [6]. MRI is,

in general, a more accurate and useful modality than PET

for small cystic lesions; small lesions (especially those

below 5–10 mm in size) can be beyond the resolution

capacity of PET, while cystic metastases and disease with

mucinous histology are also often false negative or show

low intensity on FDG imaging, due to these lesions’ low

tumour cell density. Haemangioma is the most common

benign liver tumour and in a small proportion of cases

morphological imaging results are indeterminate: FDG

PET can differentiate benign atypical haemangioma from

metastatic disease, thus avoiding the need for histopathol-

ogical correlation and therefore, the risk of haemorrhage

resulting from biopsy of a benign vascular liver lesion. PET

is also useful in indeterminate cases of focal nodular

hyperplasia and hepatic adenoma [7].

A completely new approach for studying the liver is

PET/CT-guided biopsy. It is a method only recently

introduced, and Juliano Cerci et al. from Curitiba, describe

the technique and report their experience in this innovative

and promising setting. In general, PET/CT-guided biopsy is

regarded as a technique that is still evolving, and its value

is challenged, given the other imaging-guided biopsy pro-

cedures already extensively used in clinical practice. CT is

commonly used to guide abdominal biopsies, but some

tumours are not visible without intravenous contrast

material; MRI can also be used, although open or wide-

bore magnets are typically needed to reach abdominal

masses, and biopsy equipment must be MR compatible.

Moreover, the information provided by these methods is

usually anatomical. PET/CT, on the other hand, provides

both anatomical and metabolic information which naturally

makes it an attractive prospect not only for application in

diagnostic imaging, but also as a means of refining per-

cutaneous interventions. Most notably, it is useful in

accessing lesions visible with PET but not with CT, and

masses with heterogeneous patterns of FDG uptake (where

PET could guide the needle to the part of a lesion with

higher metabolic uptake, i.e. the part more likely to contain

representative oncological cells) [8].

Finally, radionuclide therapies are becoming increas-

ingly widespread in clinical oncology: Henry Tam et al.

from Imperial College, London, review the use of radio-

embolisation with 90Yttrium-microspheres for treating liver

lesions. The rationale for radioembolisation rests on evi-

dence that both primary and metastatic liver lesions derive

95 % of their blood supply from the hepatic artery, whereas

normal liver parenchyma receives 25 % of its blood supply

from the hepatic artery. Therefore, loco-regional treatment

of selected liver lobes or segments is feasible. This treat-

ment can be performed using chemotherapeutic agents

(transarterial chemoembolisation) or radiopharmaceuticals
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(selective internal radiation therapy). 90Y-labelled micro-

scopic resin or glass beads are delivered through intra-

arterial infusion of selected branches of the hepatic artery;

once injected, the radiolabelled microspheres lodge within

the tumour vascular bed permanently; accumulating at the

edge of tumours, they deliver activity upward of 100 Gy to

tumour tissues [9]. The article provides a complete

description of available methodologies, a definitive litera-

ture review and an illustration of the authors’ experience in

this emerging field.

In conclusion, we hope that this issue, in addition to

providing an update of the present state of the art in this

field and an overview of the available techniques, also

offers a glimpse of what the future holds for this exciting

area of nuclear medicine.
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