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Summary
Liver metastases are the most frequent malignant liver
lesions. Besides colorectal carcinoma, gastric carcinoma,
pancreatic carcinoma, breast cancer, lung cancer, and
neuroendocrine tumors are the most common entities
that metastasize to the liver. The morphology of these
metastases depends on the primary tumor. For morpho-
logic and functional imaging of non-colorectal liver me-
tastases, multiple imaging techniques such as ultra-
sonography, computed tomography (CT), magnetic reso-
nance imaging (MRI), and positron emission tomogra-
phy coupled with CT or MRI are available. This review
summarizes morphologic and functional characteristics
of different non-colorectal liver metastases.

© 2015 S. Karger GmbH, Freiburg

Introduction

Liver metastases are the most common malignant liver lesions
and arise about 18-40 times more frequent than primary liver tu-
mors [1]. In previous autopsy studies, approximately 55% of pa-
tients with diagnosed malignant tumors were suffering from liver
metastases [2]. Since metastatic disease has a major impact on the
morbidity and prognosis of the patient, the detection of potential
liver metastases must be considered of utmost importance. There-
fore, the identification of liver metastases is one of the most fre-
quent indications for diagnostic imaging of the liver.

Besides colorectal carcinoma, gastric carcinoma, pancreatic car-
cinoma, breast cancer, lung cancer, and neuroendocrine tumors

(NETs) are the most common entities that metastasize to the liver
[3]. The morphologic characteristics of liver metastases depend on
the primary tumor. Typically, metastases from adenocarcinomas
are centrally hypovascularized and may show a hypervascularized
peripheral rim encircling the hypovascularized central zone [4]. In
contrast, metastases from NETs, thyroid cancers, renal cell carci-
noma, and malignant melanomas are usually predominantly hy-
pervascularized compared to the adjacent liver parenchyma. Thus,
the imaging protocol needs to address different contrast-enhancing
phases. For morphologic and functional imaging of non-colorectal
liver metastases, different imaging techniques are available.

Imaging Techniques

Ultrasonography

Ultrasonography (US) plays a pivotal role in morphologic and
functional imaging of non-colorectal liver metastases. Due to its
ubiquitous and rapid availability, the lack of radiation exposure,
and its low cost, US is the most frequently used imaging technique
in clinical routine.

Depending on the primary tumor, non-colorectal liver metasta-
ses can show a great variety of appearances with different echo-
genicity on gray-scale US compared to the adjacent liver tissue.
Tumors may appear hypo-, iso-, or hyperechoic on non-contrast-
enhanced gray-scale US. Additional sonographic patterns include
cystic, calcific, or mixed echogenic appearance. The presence of a
hypoechoic halo surrounding a liver mass is suggestive of liver me-
tastases [5]. However, there is no typical appearance of a liver me-
tastasis on non-contrast-enhanced gray-scale ultrasound. Apart
from the wide range of appearances, detection of liver metastases
may be influenced by the experience of the examiner [6]. Thus,
compared to computed tomography (CT) and magnetic resonance
imaging (MRI), conventional non-contrast-enhanced gray-scale
US suffers from a lower detection rate of focal liver lesions [7]. The
development of US contrast agents accompanied by the use of con-
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Fig. 1. A Coronal and B transversal abdominal
CT scan of a 51-year-old female patient suffering
from sarcoma of the uterus. Both images show
multiple hypodense liver metastases in the right
liver lobe during the portal venous contrast phase.

Fig. 2. CT scan of the liver of a 75-year-old fe-
male patient with a histologically proven NET of
the pancreas. A Arterial contrast enhancement of a
metastasis in segment 8 of the liver (white arrow).
B In the portal venous contrast-enhancing phase,
there is similar enhancement of the metastasis and
the surrounding liver parenchyma which leads to
masking of the metastasis.

Table 1. Imaging
characteristics of dif-
ferent non-colorectal

Hypovascularized®
Pancreatic adenocarcinoma
. ric carcinom:
liver metastases Gastric carcinoma
Lung carcinoma

Genitourinary (prostate, bladder)

Hypervascularized
Neuroendocrine tumors
Renal cell carcinoma
Thyroid carcinoma
Breast carcinoma
Malignant melanoma
Sarcoma

Calcified

Breast carcinoma

Testicular carcinoma

Renal cell carcinoma

Neuroblastoma

Mucinous carcinoma from pancreas,
gastrointestinal, ovary

Osteosarcoma

Thyroid carcinoma

*Sometimes with hypervascular rim.

trast-specific imaging modes significantly improved both sensitiv-

ity and specificity in the detection of hepatic metastases [8, 9].
Liver metastases have similar characteristics on contrast-en-

hanced US as compared with contrast-enhanced CT and MRI
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(table 1). Contrast-enhanced US offers the detection and charac-
terization of liver lesions by assessing their contrast dynamics. A

major limitation of contrast-enhanced US is the limited field of
view that depends on the US probe being used [10]. Typically, only
one or a limited number of liver lesions can be assessed
dynamically.

Computed Tomography

Due to its wide availability CT is the preferred modality for liver
imaging in most centers [10]. In particular, modern multidetector
contrast-enhanced CT is the standard imaging technique for liver
imaging. Depending on the primary tumor, non-colorectal liver
metastases may present with a different appearance on CT imag-
ing. Therefore, the use of a triphasic contrast-enhanced CT proto-
col is advantageous for the characterization of primary metastases.
The non-enhanced phase may detect calcifications inside metasta-
ses, whereas with the arterial and portal venous contrast phases the
vascularization of liver metastases can be evaluated. Most of the
non-colorectal liver metastases are hypovascularized and therefore
appear hypodense compared to healthy liver tissue in the portal ve-
nous or venous contrast-enhancing phase (fig. 1). However, metas-
tases from hypervascular tumors demonstrate an early contrast
enhancement in the arterial contrast phase. These hypervascular
metastases typically demonstrate with a wash-out in the portal ve-
nous or venous contrast-enhancing phase [3]. This wash-out either
leads to a hypodense appearance compared with normal liver pa-
renchyma or to an isodense appearance in the portal venous or ve-
nous contrast-enhancing phase. In cases of an isodense appear-
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Fig. 3. A MRI of the liver in a 42-year-old male
patient with a liver metastasis from malignant
melanoma in the right liver lobe, not clearly visible
in the T2-weighted scan. In the non-contrast-
enhanced T1-weighted scan the metastasis appears
hyperintense compared with the adjacent liver
tissue. Hyperintensity is caused by melanin.

B Axial image; € coronal image.

Fig. 4. A MRI scan of the liver of a 75-year-old
male patient with a NET of the pancreas shows
arterial contrast enhancement of a hepatic metasta-
sis in segment 6 of the liver. B In the liver-specific
contrast-enhancing phase 40 min after i.v. contrast
injection using a hepatocyte-specific contrast
agent, the metastasis appears hypointense
compared with the adjacent liver parenchyma.

ance, metastases may be masked by their similar appearance as
compared to the surrounding liver parenchyma and may be over-
looked if only a portal venous or venous phase are acquired (fig. 2).
Therefore, an arterial contrast-enhancing phase is mandatory
when suspecting hypervascular liver metastases. Non-colorectal
primaries that are associated with hypervascularized hepatic me-
tastases are listed in table 1.

In order to optimize tumor delineation of hypervascularized
liver lesions and to better delineate vascular structures, Kamel et al.
[11] have demonstrated the superiority of multiplanar volume ren-
dering and maximum intensity projection of multislice CT com-
pared with routine axial images. Regarding detection rates of he-
patic metastases, CT offers a sensitivity of about 85% [12], but has
lower sensitivity in the detection of small lesions with a diameter of
<1l cm.

Magnetic Resonance Imaging

Due to the lack of ionizing radiation and the high sensitivity
caused by the good lesion-to-liver contrast, MRI is rapidly evolving
as the imaging modality of choice for the characterization and de-
tection of hepatic lesions [13]. One of the most characteristic MRI
features for the detection and characterization of focal liver metas-
tases is based on the typical appearance in T1- and T2-weighted
pulse sequences [14]. Usually, most non-colorectal liver metastases
show a hypo- to isointense appearance in T1-weighted images and
an iso- to slightly hyperintense appearance in T2-weighted images.
However, some liver metastases provide a hyperintense signal on
T1-weighted images, e.g. liver metastases from malignant mela-
noma caused by melanin and extracellular methemoglobin [13]
(fig. 3). As with CT, a gadolinium-based MRI contrast agent can be
applied to acquire a dynamic liver MRI in order to differentiate be-
tween hypo- and hypervascularized focal liver lesions. The intrave-

Imaging of Non-Colorectal Liver Metastases

nous use of hepatocyte-specific contrast agents can further increase

the diagnostic accuracy of MRI for the detection and characteriza-
tion of focal liver lesions. Besides imaging of the hepatic arterial
and portal venous phases, hepatocyte-specific contrast agents allow
the visualization of the delayed hepatocyte uptake and partial ex-
cretion of the contrast agent into the biliary system. This combina-
tion of hepatocyte uptake and biliary excretion results in the addi-
tional so-called hepatocellular phase of imaging [15]. As hepatic
metastases do not usually contain functioning hepatocytes or bile
ducts, they do not enhance in the hepatocellular phase (also called
the liver-specific phase) and therefore appear hypointense com-
pared to healthy liver parenchyma [15] (fig. 4).

Apart from liver-specific contrast, MRI offers other functional
parameters that are frequently used in the diagnosis of liver dis-
ease, e.g. diffusion-weighted imaging (DWI). DWI is based on the
Brownian motion of water and enables quantification of the appar-
ent diffusion coefficient (ADC). Malignant lesions provide lower
ADC values due to a combination of higher cellularity and tissue
disorganization, contributing to reduced motion of water. DWI
has high sensitivity for detection of liver metastases and has been
adopted as part of the protocol for MRI of the liver by many cen-
ters [16]. Due to the bright appearance of malignant liver lesions
on high-b-value DWT images, DWI can serve as a ‘search-sequence’
in MRI protocols of the liver (fig. 5). However, DWI suffers from
its low specificity in characterizing focal liver lesions [17, 18].
Hence, there is still an ongoing debate whether DWT can be seen as
areasonable alternative to contrast-enhanced MRI [19] or may just
serve as an add-on to the contrast-enhanced data set [20].

PET Imaging
Positron emission tomography (PET) with (18F)-fluorodeoxy-
glucose (FDQG) is frequently used in the setting of a whole-body
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Fig. 5. A High-b-value DWI (b = 800 s/mm?)
and B corresponding ADC map of a metastasis in
segment 7 of the liver in a 67-year-old male patient
with NET of the small bowel. Increased signal on
high-b-value images and decreased signal on ADC
will be expected in a liver metastasis.

Fig. 6. A (18F)-FDG-avid liver metastases in
both liver lobes in a 53-year-old female patient
with malignant melanoma of the forehead on
non-enhanced CT image, B PET, and C on fused
FDG-PET/CT data set.

Fig. 7. A Small contrast-enhancing liver metasta-
sis in segment 5 of the liver in a 63-year-old male
patient suffering from uveal melanoma. B, C The
metastasis does not show on FDG-PET mainly
based on its small size.

Table 2. Tumors
frequently FDG-PET-
positive

FDG-avid tumors

Malignant melanoma
Non-small cell lung cancer
Lymphoma

Colorectal cancer
Esophageal cancer
Stomach cancer / GIST
Head and neck cancer
Thyroid cancer

Cervical cancer

Breast cancer

PET/CT or PET/MRI for tumor staging of FDG-PET-positive tu-
mors (table 2). In this setting, FDG-PET may allow for a more ac-
curate characterization of focal liver lesions due to the added mo-
lecular information on glucose metabolism [21] (fig. 6). However,
the sensitivity of FDG-PET in small liver metastases (<1 cm in di-
ameter) is limited due to liver motion while acquiring the PET,
PET resolution, and the rather non-specific radiopharmaceutical
FDG [22, 23]. Thus, if the primary clinical question is to detect or
exclude liver metastases, MRI must be considered the imaging mo-
dality of choice (fig. 7).

PET/CT has a clear indication in the diagnosis of NETs and
their metastases. The detection and evaluation of NET metastases

390 Viszeralmedizin 2015;31:387-392

benefits from overexpression of somatostatin receptors, reflecting a

specific target for molecular imaging techniques using somatosta-
tin analogs such as octreotide or lanreotide. Scintigraphy or single-
photon emission CT with (111In-diethylenetriamine pentaacetic
acid-0-)octreotide are basic tools for the detection of NETs, though
with a weakness in delineating anatomical detail [24]. PET/CT or
PET/MRI with 68-Gallium (68Ga)-labeled 1,4,7,10-tetraazacyclo-
dodecane-1,4,7,10-tetraacetic acid (DOTA) peptides such as DOTA-
D-Phel-Tyr3-octreotide (DOTATOC), DOTA-1-Nal3-octreotide
(DOTANOC), or DOTA-D-Phel-Tyr3-octreotate (DOTATATE)
have shown a higher diagnostic accuracy than scintigraphy-based
examinations due to a higher affinity for the somatostatin receptor
subtype 2 (SSTR2), an increased spatial resolution, and a more
distinct detail delineation based on the corresponding CT [25, 26].
Using PET/CT or PET/MRI with specific somatostatin-based radi-
opharmaceuticals, small NETs and their metastases can be easily
detected [27] (fig. 8). The specific radionuclide offers good lesion-
to-background contrast which allows detection of liver metastases
even below 1 cm. However, even in this setting with a specific
somatostatin-based radiopharmaceutical, MRI has been found to
be more sensitive for detection of very small liver metastases. An
MRI of the liver is therefore performed preoperatively (before the
resection of liver metastases) in all our patients to exclude further
metastases which may alter patient management. Those patients
that are eventually operated on undergo intraoperative ultrasound
additionally.

Heusch/Antoch



Fig. 8. A 62-year-old female patient with a

NET liver metastasis in the right liver lobe on CT.
B This liver lesion shows increased (68Ga)-
DOTATOC signal on PET and C on the fused
DOTATOC-PET/CT. D The same liver metastasis
of the same patient on contrast-enhanced T1w MR
image, E clearly visible on PET, and F on fused
(68Ga)-DOTATOC-PET/MRIL

In some institutions PET/MRI has been available. This imaging
modality is currently being evaluated for potential indications. The
addition of MRI to PET offers a superior soft tissue contrast of
MRI as compared with CT. Based on this superior soft tissue con-
trast of MRI, the accuracy of detecting liver metastases will proba-
bly be higher with PET/MRI than with PET/CT. For the evaluation
of liver metastases of NETs, studies on retrospective PET/MRI fu-
sion have already shown promising results. For example, Schreiter
et al. [28] demonstrated that the high soft tissue contrast of MRI, as
well as the information provided by DWI, enabled a higher detec-
tion rate and diagnostic confidence when compared to PET/CT,
especially for metastases <1 cm in size. By now, only a few studies
focusing on the detection or characterization of liver lesions using
a real hybrid PET/MRI are available. Beiderwellen et al. [29] dem-
onstrated a higher lesion conspicuity and diagnostic confidence of
FDG-PET/MRI compared to FDG-PET/CT. In this study, FDG-
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