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The liver is the most common site of metastatic 
spread in malignancies. In autopsy studies the inci- 
dence of hepatic metastases is up to 100%, depend- 
ing on the primary tumor. Even if this fact repre- 
sents the final status of a malignancy, about half of 
all patients dying from a malignant disease will have 
apparent hepatic metastases. The risk of developing 
hepatic metastases varies widely among different 
types of primary malignancy. 

In the case of predominant metastatic spread 
to the liver, the long term survival is mostly deter- 
mined by the extent of this particular tumor mani- 
festation. 

Presently, numerous palliative hepatic-directed 
therapies are available for the treatment of non- 
resectable liver tumors, including conformal radi- 
ation therapy, 90y microsphere brachytherapy, 
hepatic arterial infusion chemotherapy, transarte- 
rial chemoembolization, radiofrequency ablation 
and combinations of these treatments. 

Therefore, reliable tumor assessment with high 
diagnostic accuracy is a fundamental precondition 
for selecting the appropriate therapy and is indis- 
pensable for assessing patient's response to treat- 
ment. Consequently, applied diagnostic methods 
should be as sensitive and specific as possible. An 
effective treatment of hepatic tumors is crucial for 
improved survival outcome. So far, a complete eval- 
uation of tumor spread in patients with advanced 
cancer requires various imaging procedures, such 
as computed tomography (CT), magnetic resonance 
imaging (MRI), ultrasound, radiography, radio- 
graphic skeletal survey and bone scintigraphy. This 
approach is time-consuming, inconvenient for the 
patient, expensive and can miss lesions outside the 
fields of study. 
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Recently, whole-body imaging modalities like 
dual-modality positron emission tomography/com- 
puted tomography (PET-CT) and whole-body MRI 
have been introduced and offer a complete head-to- 
toe coverage of the patient in a single examination 
with an accurate and sensitive detection of tumor 
spread [1, 33, 40]. 

Methods of Assessment 

The RECIST (Response Evaluation Criteria in Solid 
Tumors) [46] and the WHO (World Health Organi- 
sation) method [28] define standard measurement 
methods for converting visual image observations 
into a quantitative and statistically tractable frame- 
work for measuring tumor size response to therapy. 
Although the WHO method was first developed for 
radiography and computed tomography (CT), it was 
modified in the RECIST publication (dated 2000) 
to make measurement practices procedurally more 
consistent across multiple trials and accommodate 
improvements in CT and MRI technology. Both 
methods offer simple approaches to determining ana- 
tomic size and time-evolving lesion-changes during 
treatment as an indicator of response. Each method 
uses a pragmatically simplistic technique dependent 
on observer judgment of lesion boundaries. WHO 
defines its tumor measurement by summing a group 
of individual masses, each lesion of which is assessed 
by the cross product of its greatest diameter and larg- 
est perpendicular diameter. RECIST was designed to 
be sufficiently aligned with WHO practices such that 
no major discrepancy would occur in the concept of 
partial response between the old and new guidelines. 
It also provides a clearly understandable look-up 
table defining response classification (Table 9.1). 

9.2.1 
WHO and REClST 

Once target lesions (up to five per organ) are mea- 
sured using either single linear summation (RECIST) 
or the bilinear product approach (WHO), the results 
are subsequently assigned to response-defined cat- 
egories of complete response (CR), partial response 
(PR), stable disease (SD) and progressive disease (PD). 
By somewhat arbitrary decision making, RECIST 
defined PR as a more than 30% linear decrease of the 
linear sums of the target lesions (thus, by extrapola- 
tion, implying a 65% volumetric decrease) and PD as 
a more than 20% increase (implying a 73% volumet- 
ric increase). This contrasted with WHO criteria, in 
which those boundaries are set volumetrically at 
65% and 40%, respectively. 

9.2.1.1 
Advantages of WHO and RECIST 

As a simply implemented procedure, RECIST has 
both its advocates and critics. Publications both 
supportive and critical can be cited in the scien- 
tific literature [15, 26, 31]. RECIST and WHO have 
their devotees as easily understood methods that 
allow simple ruler analysis of printed films as well 
as workstation use of electronic calipers to produce 
comprehensible results. Clinical imaging usually 
provides correlative or mostly secondary trial end 
points, so RECIST and WHO criteria provide prag- 
matically adequate tools that satisfy a non-critical 
role relative to other data and clinical outcome that 
take primacy. They are accommodating of a vari- 
ety of imaging acquisition circumstances and place 
minimal added demand on routine clinical prac- 
tices. In sum, they have been perceived as simple 
tools adequate to imaging's supportive role. To date, 
few widely available alternatives exist that are as 
easily executed or of provably greater benefit to jus- 

Table 9.1. RECIST criteria offer a simplified, conservative, extraction of imaging data for wide 
application in clinical trials. They presume that linear measures are an adequate substitute for 
2D methods and register four response categories 
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tify further expense, time demands, or operational 
complexity [49]. 

9.2.1.2 
Disadvantages of WHO and RECIST 

As RECIST was framed in the context of individ- 
ual slices, the research community is currently re- 
exploring the obvious gaps in both RECIST and 
WHO criteria, which admittedly were constrained 
by the limits of earlier technology. To list the most 
obvious shortcomings, neither linear nor bilin- 
ear based methods address intratumor heteroge- 
neity and its change over time, as it might occur 
after tumor targeted therapy (e.g. 90y microsphere 
therapy, radiofrequency ablation etc.), nor do they 
reflect appropriate measures for tumor metabolism 

(Fig. 9.1). They do not incorporate multi-slice inte- 
grated understanding, register information about 
time-sequence change of shape or morphologic 
complexity, or address statistical uncertainties aris- 
ing from low-intensity lesion edges. The techniques 
do not provide methodological distinctions between 
tumors of inherently high contrast compared with 
their surrounding tissue (e.g. lung), nor do they 
prescribe specific approaches to the use of contrast 
materials usually needed to enhance intra-abdomi- 
nal soft tissue findings [16]. Most importantly, little 
attention was paid in the guidelines the to incon- 
sistencies inherent in the expert observer. The 
reader makes his/her measurements unassisted by 
anything other than the most rudimentary form of 
image-processing technology (often simply the use 
of electronic calipers on a workstation display). Nei- 

Fig. 9.1a-d. A 47-year-old female patient with hepatic metastases from pancreatic cancer. Contrast enhanced CT (a) shows 
multiple liver lesions with rim enhancement. The corresponding fused PET-CT image (c) demonstrates high FDG-uptake due 
to increased tumor metabolism. The CT scan 4 months after radioembolization (b) delineates hypovascular tumor lesions 
without significant change concerning their size. According to RECIST this displays the response category "stable disease". 
The fused PET-CT image (d) proves that there is no increased tumor metabolism in the area of the former metastases, 
therefore indicating that this result represents a "complete remission" 
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ther RECIST nor WHO provide especially rigorous 
guidance on the subject of observer variability aside 
from recommending review panels and independent 
observers. Disagreement among observers has been 
noted to be as high as 15%-40% in these contexts 
and may not be ideally remedied by consensus [5]. 
Besides providing only nominal guidance on slice 
thickness, RECIST does not address at any length 
image acquisition components that inevitably result 
in significant lesion contrast differences within 
and between studies, such as lack of uniformity of 
machine settings for kVp (peak kilovolts) and mAs 
(milliampere seconds) in CT, and pulse sequences 
in MRI. As a simply adoptable, widely applicable 
method, posing no impediment to accrual from a 
wide range of CT and MRI sites, RECIST has served 
a useful historic purpose in grouping image data 
into the rough four-group response classifications 
(CR, PR, SD, PD). But since diameter measurements 
are best determined on smoothly shaped, distinct 
tumor boundaries, an ideal circumstance encoun- 
tered infrequently, measurement variability inher- 
ent in such judgments is not adequately reflected in 
the recorded data. Tumors with irregular or diffuse 
boundaries pose the most significant challenge to 
data extraction and are highly observer dependent. 
Indeed, tumor boundary distinctiveness varies on a 
disease- or organ-specific basis. Observer recogni- 
tion of boundaries may be further complicated by 
necrosis-caused internal heterogeneity that perme- 
ates the tumor or expresses itself asymmetrically on 
the lesion edge. Especially in the liver, tumor bound- 
ary sharpness in both CT and MRI may be enhanced 
by injection of contrast agents. But contrast agent 
pharmacokinetics are variable, and image acqui- 
sition routines are often compromised because 
they are usually prescribed by time from contrast 
administration, rather than the more definitive, but 
harder to obtain, contrast arrival time within spe- 
cific organs. 

9.2.2 
Alternative Measurements 

Technological advances in tomographic scan- 
ners, both CT and MRI, have been unrelenting. In 
the span of less than a decade, CT scanners have 
advanced from single-detector arrays that scanned 
body segments in more than a minute (thus nearly 
always subject to motion artifacts), to present-day 
instruments with two simultaneous X-ray sources, 

64 detector arrays, submillimeter voxel resolution 
and motion-resistant body-segment acquisition 
speed of less than 10 s. These have been matched by 
post-processing display improvements that provide 
real-time visualization from any arbitrary (multi- 
planar) view. Image processing based on voxel inten- 
sity neighborhoods is sufficiently commonplace 
that near immediate three-dimensional display of 
selected organs or the entire body are an expected 
part of conventional image reconstruction routines. 
In reality though, the advantages of tomography 
that offers submillimeter, isovolumetricic imaging 
has yet to be fully absorbed into routine diagnostic 
practice, not to mention exploited for its potential 
to enhance the measurement processes in cancer 
patients' follow-up. Most clinical trial tomographic 
imaging is still conducted at slice thicknesses of 5 or 
7 mm in the intuitive conviction that those param- 
eters are sufficient for the task required and for the 
convenience of the observer, who does not wish to 
be burdened by a vast number of images. 

The availability of potentially more accurate and 
reproducible tumor volume data could motivate 
a re-examination of the foundations of the estab- 
lished categories of CR, PR, SD, and PD. RECIST, as 
it does not specify whole-body imaging at the time 
of each evaluation which may register conclusions 
that fail to account for non-imaged parts of the 
body. Assignment to CR, PR, etc. in following an 
abdominal malignancy could be misleading if there 
is not apparent presence of non-imaged metastases 
in lung or brain when those body regions were not 
prescribed in the protocol. Imaging techniques that 
are whole-body oriented, like PET, combined PET- 
CT and whole-body MRI, thus have advantages from 
this perspective. RECIST addresses this possibility 
by acknowledging that events that can occur in the 
non-measurable targets, such as the growth of non- 
measurable lesions or the appearance of new lesions 
despite unchanged size of target lesions. In these cir- 
cumstances RECIST mandates a classification shift 
from SD to PD. But these body regions must first be 
imaged in order to trigger those rules. Image-pro- 
cessing algorithms, mathematically and globally 
operating in true three-dimensional data space, as 
exemplified by techniques known as auto-contour- 
ing, region growing, nearest neighbor, annealing, 
gradient following, water shed and statistical mod- 
elling, have been effective in a variety of scientific 
fields. They hold sufficient promise to deserve an 
opportunity to contribute to oncology. It is evident 
from image processing's operational sphere that it is 
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powered by mathematical approaches far exceeding 
the innate comprehension capacity ofhuman observ- 
ers. These sophisticated tools have already made key 
contributions to advances in medical image recon- 
struction and are the cornerstone of the remarkable 
anatomic detail we usually take for granted in our 
clinical environment. 

Efforts to develop reproducible methods for mea- 
suring volumes of infiltrative tumors that lack clear 
margins, already recognized as a serious problem 
for linear and two-dimensional area measurement. 
Pathologic or histologic validation is unlikely to be 
clinically practicable. Given that ultimate validation 
is difficult, the mere task of generating a convinc- 
ing test, whether precise or statistical, to compare 
alternative algorithms poses a challenge. In the past 
it has been convenient to accept expert consensus 
despite the obvious flaw of relying on human opin- 
ion as a gold standard. 

Promising recent developments for validation 
might be inferred from data derived from co-reg- 
istration of MRI and CT images or PET-CT, which 
permit three-dimensional anatomic CT to be com- 
bined with simultaneous tumor metabolic activity 
from the PET in fused, spatially registered images. 
This might be a first step in a path toward more rig- 
orous validation. 

Imaging 

In heavily pretreated patients with known malig- 
nancy, possible further therapeutic strategies depend 
on the stage of disease, liver involvement and whether 
multiple organ systems have been affected. In the 
past, patients had to undergo a variety of different 
diagnostic procedures to achieve a comprehensive 
staging or screening, including imaging studies 
such as ultrasonography, CT, MRI, PET and X-ray 
examinations. The combination of these procedures 
is often time-consuming and inconvenient for the 
patient. Thus, a single imaging examination provid- 
ing information of different organ systems (ideally of 
the entire body) would be of great interest. 

Due to the mentioned limitations of conventional 
tomographic imaging (CT and MRI) in assessing 
the tumor response after tumor targeted therapy 
like 90y local radiation therapy, some studies have 
suggested that PET or PET-CT represent valuable 

tools in assessing tumor response [41, 55-57]. As 
described earlier, anatomic imaging by CT or MRI 
is more or less insensitive in correctly determining 
tumor response by simply measuring the change in 
diameters because of the presence of central necro- 
sis, edema, cystic changes and hemorrhage. Given 
the lack of reliability of tumor markers (where appli- 
cable) in the presence of extrahepatic tumor mani- 
festation, PET appears to be an excellent adjunct 
to define response after regional treatment of liver 
metastases [3]. 

9.3.1 
DuaI-Modality Positron Emission Tomography/ 
Computed Tomography (PET-CT) 

Whole-body PET using [18F]-fluoro-2-deoxy-D- 
glucose (FDG) is an imaging modality enabling 
detection of cancerous disease by tracing increased 
accumulation of FDG in tumor tissue. The introduc- 
tion of combined PET-CT scanners has made a new 
modality available for whole-body imaging, com- 
bining the functional data of PET with the detailed 
anatomical information of CT imaging in a single 
examination [6]. 

FDG-PET provides a functional metabolic map of 
glucose uptake in the whole body. FDG is a glucose 
analogue that is labeled with the positron emitting 
radioisotope fluorine-18 that is produced by a cyclo- 
tron. The resulting radiopharmaceutical agent F-18 
FDG is taken up by metabolically active tumor cells 
using facilitated transport similar to that used by 
glucose. The rate of uptake of FDG by tumor cells is 
proportional to their metabolic activity. Since FDG 
is a radiopharmaceutical analog of glucose, it also 
undergoes phosphorylation to form FDG-6-phos- 
phate like glucose. However, unlike glucose, it does 
not undergo further metabolism, thereby becom- 
ing "trapped" in metabolically active cells [17]. In 
general, PET is limited by poor anatomic detail, and 
therefore, anatomical correlation with some other 
form of imaging, such as CT, is desirable for differ- 
entiating normal from abnormal radiotracer uptake 
and accurate lesion localization. 

First study results indicate that a fusion of both 
modalities (PET and CT) improves diagnostic accu- 
racy as well as lesion localization and report prom- 
ising results for the staging of different oncological 
diseases compared to PET and CT alone [21, 32]. The 
total standard uptake value (SUV) of the entire axial 
slices of the liver as well as of the individual lesion 
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correlated well with the laboratory and tomographic 
imaging results [56]. However, PET-CT in some 
cases holds a risk of diagnostic misinterpretation, 
e.g. due to increased FDG-uptake in muscle or fat 
tissue, reduced spatial resolution or incorrect lesion 
localization caused by an inadequate fusion of the 
PET and CT data due to breathing artifacts. 

9.3.1.1 
Proposal for a PET-CT Scan Protocol 

Before performing the PET-CT scan patients have to 
have been fasting for at least 6 h to keep blood sugar 
levels below 120 mg/dl. After an intravenous injec- 
tion of Furosemide and Butylscopolamin (20mg 
each), the application of approximately 370 MBq 
[18F]-fluoro-2-deoxy-D-glucose (FDG) is followed. 
At 60 min after the tracer application, a low dose- 
CT scan is performed from the skull base to the 
proximal femur for attenuation correction. Using a 
3D-mode (144 x 144 matrix) the emission scans are 
then conducted with 3 min per bed position (FOV 
10 cm). For a whole-body examination an average 
of 12 positions is needed. After the emission scan, 
patients have a diagnostic spiral-CT scan (40 mAs, 
120 kV, collimation 2 x 5 mm, pitch 1,5; using e.g. a 
two-detector row PET-CT system) covering thorax, 
abdomen and pelvis with 120 ml of nonionic iodin- 
ated i.v. contrast agent in the venous phase (70-80 s 
delay). Multiplanar reconstructions are performed 
on the diagnostic CT data set. Using the emission 
data, a reconstruction of the PET data with and 
without attenuation correction (Ramla-3D) and a 
reorientation in axial, sagittal and coronal direc- 
tion is followed. Finally, with the use of dedicated 
software the PET and CT data are fused. 

9.3.2 
Whole-Body Magnetic Resonance Imaging 
(WB-MRI) 

9.3.2.1 
Technical Requirements 

Whole-body MRI has not been used in routine clini- 
cal care either because of extensively long examina- 
tion times when diagnostic-quality sequences are 
employed, or because of inferior quality when fast 
sequences are utilized. To overcome these prob- 
lems, different strategies have been explored. One 
approach has been the implementation of a slid- 

ing table platform that enables data acquisition of 
different anatomical regions in rapid succession 
[4]. Signal reception can be accomplished using 
posteriorly-located spine coils (integrated in the 
patient table) and an anteriorly positioned torso 
phased-array coil, which remains fixed to the sta- 
tionary patient table in the isocenter of the magnet. 
Hence, data acquisition can be performed with the 
same stationary coil set. A rolling table platform 
has been successfully employed for the detection of 
bone metastases, parenchymal metastases including 
hepatic, cerebral, and lung metastases [23]. Other 
technological advances provide MRI systems with 
multiple input channels, which allow the simulta- 
neous use of specialized surface coils [39]. A com- 
bination of coils, for example, a head coil with two 
or more phased-array body coils, can be employed 
simultaneously. Thus, high-resolution images of 
multiple regions of the body can be acquired with- 
out the need for coil repositioning. Automatic table 
motion can acquire a total scan range of over 200 cm 
in the z-axis. Beyond the technical improvements 
in system hardware, concurrent developments have 
been made in MRI sequence protocols and imaging 
techniques. An important innovation is the use of fat 
suppressed three-dimensional (3D) gradient echo 
(GRE) sequences with nearly isotropic resolution, 
which has been developed for imaging of paren- 
chymal organs [24, 35]. These 3D data sets can be 
acquired within a single breath-hold and provide 
excellent image quality. Furthermore, 3D data also 
offers the advantage of multiplanar reconstructions. 
In conjunction with rapid table motion, these T1- 
weighted (Tlw) sequences permit dynamic imag- 
ing of various parenchymal organs after a single 
intravenous injection of paramagnetic contrast 
agents. Further improvement of whole-body MRI 
is achieved by using parallel acquisition techniques 
(PAT). These techniques allow data acquisition 
with either increased spatial resolution or shorter 
acquisition time, or a combination of both [14, 19]. 
Combining a high number of surface coil elements 
and receiver channels now enables PAT imaging in 
all three spatial directions. In principal, the image 
reconstruction can be facilitated by two different 
algorithms: either by calculation of the missing 
k-space lines before Fourier transformation (SMASH 
or GRAPPA) or by later fusion of the generated 
incomplete images (SENSE) [14, 34]. Thus, the com- 
bined effect of hardware and sequence advances has 
allowed whole-body MRI to be performed more rap- 
idly while maintaining diagnostic image quality. 
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9.3.2.2 
MRI Sequences for Whole-Body Imaging 

Examination protocols should be tailored to specific 
clinical circumstances. However, all whole-body pro- 
tocols should include gadolinium enhanced Tlw 3D 
GRE sequences of all different organ systems, and 
especially the liver for evaluation of the efficacy of 
regional tumor therapy. Whole-body MRI using only 
unenhanced imaging would substantially shorten 
examination times, but diagnostic accuracy would be 
substantially reduced. After contrast administration, 
data collection should be started in the abdomen with 
an arterial, portal venous and late venous contrast 
phase of the liver. With this type of protocol, high 
sensitivity and specificity for focal liver lesions can be 
achieved. Moreover, anti-tumoral effects after liver- 
directed, minimal invasive therapies can be assessed. 
As compared to PET/CT, whole-body MRI has a higher 
sensitivity in the detection of liver metastases and pri- 
mary liver tumors. Whole-body MRI is also definitely 
superior in the detection of skeletal and brain metas- 
tases. In the assessment of lymph node involvement, 
on the other hand, PET/CT is most accurate. 

9.3.2.3 
Proposal for a Whole-Body MR Scan Protocol 

First, coronal STIR (short tau inversion recovery)- 
sequences (TR 5620/TE 92, 5-mm slices, matrix 

384 X 269), at five levels (head, neck, pelvis, thighs 
and lower leg), as well as thorax/abdomen (TR 
3380/TE 101) in breath-hold technique with pro- 
spective 2D navigation correction of the inspira- 
tion phase (PACE, prospective acquisition correc- 
tion) are acquired. Using PAT, image acquisition 
can be completed within an acceptable time with a 
1.8 • 1.3 mm in-plane resolution. Additionally, the 
lung is examined in axial orientation with STIR (TR 
3800/TE 100, 6-mm slices, matrix 320 x 156) and 
HASTE sequences (TR ll00/TE 27). After a navi- 
gator-triggered "free-breathing" T2w fat saturated 
SE scan of the liver (TR 2010/TE 101, 6-mm slices, 
matrix 320 x 240) the five body levels are examined 
with Tlw SE sequences (TR 79/TE 12, 5-mm slices, 
matrix 448 x 385; thorax/abdomen TR 400/TE 8.2), 
followed by Tlw (TR 849/TE 11, SD 3 mm, matrix 
384 x 384) and STIR imaging (TR 5700/TE 59) of 
the spine in sagittal orientation. After application 
of gadolinium-DTPA (3 ml/s; 0.2 mmol/kg) and 
saline flushing (20ml), axial dynamic (arterial, 
portal venous, late venous phase) liver scans are 
performed (TR 4.38/TE 1.61, 3-mm slices), as well 
as axial Tlw and T2w imaging (TR 635/TE 17, 5-mm 
slices, matrix 320 x 240 and TR 1420/TE 109, matrix 
512 x 250) of the brain. The last examination step 
consists of a fat saturated Tlw GRE sequence of the 
whole abdomen in axial orientation (TR 179/TE 3.33, 
matrix 320 x 193, 6-mm slices). Table 9.2 gives an 
overview of the scan protocol. A PAT factor of 3 is 

Table 9.2. Overview of a possible scan protocol applied to a whole-body magnetic resonance scanner with 32-receiver chan- 
nels. Total scan time approximately 55 min 
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used for the coronal Tlw/STIR whole-body imaging 
apart from the lower leg. A PAT-factor of 2 is used 
for axial imaging of brain, lung and abdomen, as 
well as for the sagittal scans of the spine and for the 
coronal scans of the lower leg. 

Discussion 

9.4.1 
Detection of Liver Metastases 

Imaging plays a major role in detecting and follow- 
up of metastatic disease in the liver, which strongly 
influences the treatment strategy. Contrast enhanced 
CT has been reported as the most sensitive test for 
the detection of hepatic metastases. However, it has a 
considerable rate of false-positive findings, lowering 
the positive predictive value [29, 43]. False-positive 
results from FDG-PET in the liver are rare and occur 
primarily in hepatic abscesses. Delbeke et al. [9] 
reported a lower sensitivity (91% versus 97%) but 
higher specificity (95% versus 50%) for FDG-PET 
resulting in a superior overall diagnostic accuracy 
compared to contrast enhanced CT. In the study 
of Topal et al. [47], PET was shown to be capable 
of detecting liver metastases with 99% sensitivity. 
Several studies have compared the accuracy of FDG- 
PET and CT in the detection of hepatic metastases [2, 
7, 30]. Overall, FDG-PET was more accurate than CT. 
Ogunbiyi et al. [30] reported high sensitivity (95%) 
and specificity (100%) of FDG-PET for detecting 
liver metastases. In their study the sensitivity and 
specificity of CT were 74% and 85%, respectively. In 
a meta-analysis, Kinkel et al. [18] compared ultraso- 
nography, CT, and MRI and FDG-PET in the detec- 
tion of hepatic metastases from colorectal, gastric, 
and esophageal cancer. In this study, the sensitivity 
of the modalities with specificity higher than 85% 
was 55% for ultrasonography, 72% for CT, 76% for 
MRI, and 90% for FDG-PET. 

Nevertheless, controversy still remains over the 
role of FDG-PET in the detection and follow-up of 
liver tumors. In several articles comparing PET and 
CT, there were potential sources of bias that could 
benefit PET over CT including the interval between 
CT and PET, unequal skill in test performance, vari- 
ations in CT technology and bias in test interpreta- 
tion. Recently, Truant et al. [50] reported equivalent 

sensitivities for FDG-PET and CT for the detection 
of colorectal liver metastases (76%). Concerning the 
comparison with MRI, Yang et al. [58] found no sig- 
nificant difference in the detection of liver metasta- 
ses with gadolinium chelate-enhanced liver MRI and 
FDG-PET. In the study of Bohm et al. [7] compar- 
ing FDG-PET with other cross-sectional anatomi- 
cal imaging techniques, FDG-PET performed better 
than sonography and CT. However, gadolinium-che- 
late enhanced MRI had comparable results. In this 
study, the sensitivity and positive predictive value of 
PET for hepatic lesions from colorectal cancer were 
94% and 99%, respectively, compared with 86% and 
100% for abdominal sonography; 88% and 98% for 
CT; and 91% and 100% for MRI. Recently, Sahani et 
al. [38] compared mangafodipir trisodium-enhanced 
liver MRI and FDG-PET for the detection of hepatic 
metastases from the adenocarcinoma of the colon 
and pancreas and found accuracies of 97.1% for 
MRI and 85.3% for FDG-PET. However, apart from 
its high sensitivity in the detection of hepatic met- 
astatic lesions, FDG-PET provides a survey of the 
whole body for metastatic disease. Sahani et al. [38] 
reported that FDG-PET identified extrahepatic dis- 
ease in nine of the 34 patients involved in their study. 
In the study of Arulampalam et al. [2] FDG-PET had 
an overall sensitivity of 100% and an overall speci- 
ficity of 91% for intra- and extrahepatic metastatic 
disease. The overall sensitivity and specificity of CT 
were 47% and 91%, respectively. FDG-PET might 
be not far superior to CT or MRI in the detection of 
hepatic metastases, but it surely adds to the decision 
making power of the oncologist and interventional 
radiologist and may impact on the management of 
many patients due to its high sensitivity for intrahe- 
patic and extrahepatic metastatic disease. 

9.4.2 
Follow-Up of Recurrent Metastatic Disease 

The measurement of tumor markers (where applica- 
ble) may' be used to monitor recurrence, with a sensi- 
tivity of 59% and a specificity of 84% [10]. In addition 
to its low sensitivity, tumor markers do not enable 
localization of recurrent lesions. CT has been the 
established imaging modality to demonstrate recur- 
rent hepatic metastases or tumor progression after 
regional therapy. However, CT is unable to detect 
hepatic lesions in up to 7% of patients and underes- 
timates the number of lobes involved in up to 33% 
of patients [10]. Selzner et al. [41] compared CT and 
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FDG-PET in 76 patients evaluated for liver resection 
for metastatic colorectal cancer. CT and FDG-PET 
provided comparable findings for the detection of 
intrahepatic metastases with a sensitivity of 95% 
and 91%, respectively. However, the specificity of 
FDG-PET (100%) was significantly superior to that 
of CT (50%) in establishing the diagnosis of intra- 
hepatic recurrences in patients with prior treatment. 
Selzner et al. [41] reported that in half of the patients 
with local recurrences in the liver, CT provided no 
or inconclusive information; whereas all recurrent 
metastases exhibited positive FDG-uptake in their 
study. In fact, this finding is not surprising because 
it is well known that differentiation of postoperative 
or postinterventional changes after regional tumor 
therapy and tumor recurrence based on morphologic 
findings alone is difficult [41]. Since PET has the abil- 
ity to give information about the metabolic activity 
of a particular tissue, it has great potential to predict 
response to systemic chemotherapy or regional ther- 
apy much earlier than with morphological imaging 
methods which require evidence of morphological 
changes that may take some weeks [51]. 

Apart from systemic chemotherapy, hepatic 
metastases can also be treated with regional ther- 
apy. Various procedures such as selective chemoem- 
bolization, radiofrequency ablation, cryoablation, 
alcohol ablation and 90y microsphere therapy have 
been investigated. Vitola et al. [53] and Torizuka 
et al. [48] showed that FDG-uptake decreases in 
responding lesions after chemoembolization and 
the presence of residual uptake in some lesions can 
help in guiding further therapy. Langenhoff et al. 
[20] have prospectively monitored 23 patients with 
liver metastases following radiofrequency ablation 
and cryoablation. At 3 weeks following therapy, 51 
of 56 (91%) metastases became FDG negative, and no 
recurrence was detected during the follow-up period 
of 16 months. Wong et al. [56] compared PET, CT or 
MRI and serum levels of CEA to monitor the thera- 
peutic response of hepatic metastases to 90y micro- 
sphere brachytherapy. They found significant differ- 
ences between PET, CT and MRI; and the changes in 
FDG-uptake correlated better with the serum levels 
of CEA. 

9.4.3 
PET or PET-CT 

PET and PET-CT have changed the management of 
patients with liver malignancies as a result of their 

enhanced ability to detect recurrent or metastatic 
lesions compared with CT alone [27, 36]. Despite its 
limitations, PET has also proved to be more accurate 
than CT in detecting recurrent liver metastases [13, 
52]. The inability to provide detailed anatomic infor- 
mation is, however, an important limitation of PET 
imaging. It is impossible, for example, to assess the 
proximity of liver lesions to important anatomical 
structures such as vena cava, portal vein, or biliary 
duct [18]. Thus, it is frequently necessary that PET 
imaging be complemented by other studies such as 
CT or MRI [37]. PET-CT is a recently developed inte- 
grated imaging modalitythat combines CT (anatom- 
ical information) and PET (functional information). 
Compared to PET alone, PET-CT greatly improves 
confidence concerning lesion location [8]. In a study 
comparing PET alone with PET-CT, the number of 
lesions with uncertain location was reduced by 55% 
(from 42 to 19). Moreover, the number of equivocal 
and probable lesion characterizations was reduced 
by 50% (from 50 to 25). Confidence in lesion local- 
ization and characterization are linked with each 
other, as better localization of a lesion probably 
also improves the accuracy of its characterization 
as benign or malignant, leading to fewer equivocal 
lesions and fewer lesions that are considered prob- 
ably benign or probably malignant. 

9.4.4 
What Does MRI Add? 

Initial studies describing whole-body MRI focused 
on the detection of osseous metastases in patients 
with primary malignancies that had a high likeli- 
hood to spread to the skeletal system [12, 44]. Bone 
scintigraphy served as the reference standard in 
these studies. Dedicated MRI had been found to be 
more accurate in the detection of bone metastases 
compared to scintigraphy. In the detection of skel- 
etal metastases, distinct regional advantages and 
disadvantages were observed for both skeletal scin- 
tigraphy and whole-body MRI. Scintigraphy proved 
more sensitive in the assessment of metastases to 
the ribs, scapula, and skull. However, scintigraphy 
has some substantial limitations, including expo- 
sure to ionizing radiation, difficulty in differenti- 
ating degenerative disease, and healing fractures 
from metastases. MRI has a unique detection rate 
for osseous metastases in the spine and the pelvis 
and was found to be definitely superior to skeletal 
scintigraphy. 
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To justify the higher costs of whole-body MRI, 
the range of diagnostic capabilities must be broad. 
Imaging must be performed to detect not only osse- 
ous metastases but also metastases in all other organ 
systems and tumor recurrences after regional ther- 
apy. This may be accomplished with Tlw 3D-GRE 
with nearly isotropic resolution and gadolinium 
enhancement [24, 35]. Data are acquired within 
breath-hold periods, rendering image quality con- 
sistent. Good correlation with standard staging 
examinations including CT was observed. Dynamic 
imaging of the liver was accurate in the detection and 
characterization of hepatic mass lesions [42]. Other 
abdominal organs, including the pancreas, adrenal 
glands, and kidneys were imaged by MRI with a 
high level of diagnostic accuracy [25]. Lauenstein et 
al. [22] detected all cerebral and osseous metastases 
shown by the reference examinations. Image qual- 
ity of the lungs proved to be slightly inferior to CT 
scanning. All pulmonary metastases except a single 
small lesion were correctly detected. These results 
were confirmed by other authors indicating that 
lesions larger than 5 mm in size can be adequately 
depicted with MRI [54]. A follow-up study which 
enrolled a larger patient cohort [23], comprising 51 
patients with known malignant tumors, which all 
have the propensity to metastasize to different organ 
systems including brain, lungs, liver, lymph nodes, 
and bones. Reference staging was based on CT, dedi- 
cated MRI, and nuclear scintigraphy. In addition to 
gadolinium-enhanced Tlw 3D GRE of the entire 
body, supplemental imaging of the thorax and abdo- 
men was acquired with fat-suppressed T2-weighted 
(T2w) single-shot echo-train spin-echo. All 43 
patients who were proven to have metastatic disease 
were found to have metastases on whole-body MRI. 
However, the reference examinations revealed meta- 
static disease in 42 patients only. In one patient with 
a single hepatic metastasis, which was proved by his- 
tology, only whole-body MRI was able to depict this 
lesion. There were distinct differences in the sensi- 
tivity of metastases detection depending on the ana- 
tomical region. More liver metastases were shown 
on MRI than on CT. Whole-body MRI did not reveal 
some lung lesions detected by CT. The addition of 
T2w sequences to a protocol employing only gado- 
linium-enhanced 3D-GRE images may improve the 
diagnostic information in lung involvement. 

In another study comprising 98 patients, whole- 
body MRI was compared to dual-modality FDG-PET- 
CT in patients with a variety ofmalignancies [1]. Both 
modalities showed high accuracy using TNM staging 

(77% PET-CT versus 54% with whole-body MRI). The 
extent of primary tumors and lymph nodes metas- 
tases was more reliably staged with PET-CT, while 
whole-body MRI was more sensitive and specific in 
the detection of hepatic and skeletal lesions. PET-CT 
performed particularly well in staging patients with 
primary lung cancer, which was the largest group in 
this study, reflecting the well established utility of 
PET/CT in patients with lung cancer. 

The recent hardware developments of multiple 
phased-array surface coils and receiver channels 
combined with parallel imaging offer considerable 
reduction in data acquisition times, thereby per- 
mitting acquisition of a variety of sequences while 
maintaining acceptable study times. 

Using these new techniques, the data published 
by Schmidt et al. [40] revealed distinctly better 
results and indicate that the tumor-stage can be as 
reliably assessed with whole-body MRI as with PET- 
CT. Both modalities showed high accuracy in TNM 
staging (96% PET-CT versus 91% with whole-body 
MRI). PET-CT achieved a diagnostic sensitivity and 
specificity of 82% for the detection of distant metas- 
tases, whereas whole-body MRI showed a sensitivity 
of 96% and a specificity of 82%. Whole-body MRI 
proved more reliable in the detection of skeletal 
and liver metastases by revealing 76 compared with 
50 bone manifestations in PET-CT and 71 versus 
62 liver manifestations, respectively (Fig. 9.2). The 
cutoff value for lesion detection in the liver was 
lower in MRI compared to PET-CT (3 mm versus 
5 mm, respectively). PET-CT enabled the detection 
of more lung metastases and was also more accurate 
in the detection of soft tissue metastases. The option 
of implementing a dynamic MRI scan with PAT 
acceleration including contrast enhanced imaging, 
obviously contributed to a high detection rate and 
accurate evaluation of liver tumors [40]. 

Fig. 9.2a-f. A 55-year-old female patient with hepatic metas- 
tases from breast cancer. The coronal (a) and axial (c) view 
of the fused PET-CT demonstrate only very few liver lesions 
with a high FDG-uptake. The contrast enhanced CT image 
(b) delineates some more hypodense liver lesions, which are 
apparently too small for the detection of an increased tumor 
metabolism. However, the Tlw 3D-GRE with nearly isotropic 
resolution and gadolinium enhancement (d), as well as the 
T2w fat-saturated turbo spin-echo image (e) and the coronal 
STIR image (f) detect more metastases then PET-CT. There- 
fore, MRT with dedicated sequences is superior to PET-CT in 
the detection of smaller liver metastases. Especially in PET- 
negative tumors this is of special interest 
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Schlemmer et al. [39] analyzed the diagnostic 
performance of a multi-channel whole-body MRI 
scanner with the use of PAT in 71 patients with onco- 
logical diseases in comparison to conventional CT 
imaging. The protocol employed in this study was 
based on coronal STIR and axial pre- and post-con- 
trast Tl-weighted imaging ofthe whole body. Whole- 
body MRI showed promising performance for the 
detection of distant metastatic disease by revealing 
more metastases to the brain, abdominal organs, 
bone marrow and soft tissue in 17% of the patients. 
In six patients, therapy was modified according to 
these findings. 

The presence of cerebral metastases, knowledge of 
which is crucial for patient management and progno- 
sis, are usually not assessable in FDG-PET-CT due to 
the normal high FDG uptake in the cerebrum when 
a whole-body protocol is used. Cerebral pathologies 
are imaged with high resolution in whole-body MRI 
which is a clear advantage of this modality, espe- 
cially in tumors that frequently spread to the brain, 
like breast carcinoma or bronchial carcinoma. In 
summary, whole-body MRI using T2w and con- 
trast-enhanced Tlw imaging includes all properties 
needed for detection of metastases: it is fast, provides 
high-quality MR data, and allows reliable detection 
of metastatic disease in various organ systems. 

Conclusion 

Today, PET has an important role in the manage- 
ment of patients with liver metastases from various 
primaries. It provides functional information that 
can be used to detect hepatic metastases, to predict 
their response to therapy, and to follow-up them 
effectively. PET-CT has the unique advantage of 
combining functional and anatomic imaging in an 
integrated scanner and allows for a comprehensive 
evaluation of patients with liver metastases. 

Both whole-body MRI and PET-CT are promising 
modalities for diagnostics in the oncological patient 
and seem suitable for accurate tumor staging and 
may replace extensive and costly multimodality 
diagnostics. Both modalities have particular diag- 
nostic strengths and weaknesses: whilst PET-CT is 
superior in lymph node detection and assessment of 
tumor viability after regional therapy, high resolu- 
tion MRI with the use of PAT represent a promis- 
ing alternative. Particularly in the staging of tumors 
with known poor FDG uptake, like renal cell carci- 
noma or hepatocellular carcinoma, and of tumors 
with frequent metastatic spread to the bone, liver or 
CNS (e.g. breast cancer), whole-body MRI may rep- 
resent an attractive alternative to PET-CT. 

Outlook 

Early detection of the response of hepatocellular 
carcinoma (HCC) to 90y microsphere brachytherapy 
may be important to permit repeat radioemboliza- 
tion or to alter treatment strategies. Water-mobil- 
ity measurements with use of diffusion-weighted 
MRI appear useful for noninvasive interrogation 
of microstructural tissue properties. Findings of 
diffusion-weighted MRI may serve as an early bio- 
marker of HCC response and represents a promis- 
ing technique for non-invasive assessment of tumor 
response after radioembolization [11]. 

Potentially a so-called MRI-diffusion-PETgraphy 
described by Takahara et al. [45] may facilitate diag- 
nosis of metastatic lymph node disease with the use 
of STIR-EPI-diffusion-sequences. The authors dem- 
onstrated pathological lymph nodes at high resolu- 
tion and adequate fat suppression as a promising 
application in whole-body MRI. 
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