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The aim of our study was to compare whole-body MRI (Magnetic Resonance Imaging) with a
multi-contrast protocol including a DW (Diffusion Weighted) sequence to PET-CT (Positron Emission
Tomography) using 18FDG (18F-fluoroDeoxyGlucose) for staging advanced melanoma. In a first part, we
compared the respective overall accuracy of each modality. We analyzed in a second part the benefits of a
DW sequence added to the standard whole-body MRI protocol. Among the population of the 35 patients
who experienced the two examinations of our prospective blinded study, we were able to detect 120
iffusion
RI

ET-CT
ncology
hole-body
elanoma

lesions and 70 of them were found malignant. The sensitivity and specificity for whole-body MRI were
respectively 82% and 97%, while PET-CT reached 72.8% and 92.7%. DW sequence allowed the detection
of 14 supplementary malignant lesions (20%) in comparison with standard MRI protocol. Moreover, this
technique has been shown to be the most accurate for detecting metastases in the liver, bone, subcu-
taneous and intra-peritoneal sites. Consequently, a DW sequence should be added systematically to the

I onc
standard whole-body MR

. Introduction

In the case of advanced melanoma, a reliable and highly accu-
ate tumor staging encompassing the entire body is a fundamental
rerequisite for choosing the best therapeutic approach between
urgical and palliative treatment and it is of vital importance when
ssessing patient prognosis.

As a consequence, an exhaustive investigation of the tumoral
pread requires several different imaging techniques to be achieved.

The introduction of PET-CT scanners has given access to a new
ype of whole-body imaging that combines, in a single examina-
ion, functional data of PET with the detailed anatomic information
ielded by CT. Thus, the fusion between these two modalities
mproves the diagnostic accuracy of the tumoral lesions, and shows
romising results for staging different oncologic diseases compared

o either PET or CT alone.

On the other hand, PET-CT can also suffer from false positives
rising from the increase of 18FDG uptake in muscle or tissue, or
rom imprecise localization of the tumors caused by an inadequate
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ologic protocol because of its high added-value for metastasis detection.
© 2009 Elsevier Ireland Ltd. All rights reserved.

fusion between PET and CT data; the mismatch resulting most of the
time from respiratory motions. In addition, PET-CT has two major
limitations that are spatial resolution (lesion size must be at least
5 mm) and uptake, the latter being dependent on the histologi-
cal type of the tumor. Nevertheless, PET-CT is currently considered
as the most sensitive imaging modality for detecting metastases
measuring more than 1 cm in diameter.

MRI (Magnetic Resonance Imaging) benefits from its lack of
ionizing radiation, excellent soft tissue contrast, and high spatial
resolution. Therefore, it is an excellent candidate for evaluating
metastatic disease spread [1] since MRI imaging allows the com-
bination of the advantages listed above with entire body coverage
while maintaining high image quality and a reasonable acquisition
time using T2 and T1 weighted sequences [2–5].

Several preliminary studies show that DW-MRI (Diffusion
Weighted MRI) can have non-neurological applications such as
whole-body examinations, this novel technique appearing to be
very interesting in oncologic applications [6–10].
To the best of our knowledge, there does not yet exist any pub-
lished study comparing whole-body MRI examination including a
DW sequence with PET-CT. We propose here a prospective blinded
study dealing with patients affected by advanced melanoma in
order to determine the benefit of including a DW sequence in the

dx.doi.org/10.1016/j.ejrad.2009.04.059
http://www.sciencedirect.com/science/journal/0720048X
http://www.elsevier.com/locate/ejrad
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hole-body MRI protocol on one hand and, on the other hand, to
ompare the respective staging accuracies of whole-body MRI (with
DW sequence) and PET-CT.

. Materials and methods

.1. Patient selection

From August 2006 to April 2007, 35 consecutive patients affected
y cutaneous melanoma and presenting a risk of metastatic spread
ere referred to the department of dermatology for staging by PET-
T and whole-body MRI. They were included according to the usual
ontraindications to MRI (cardiac pace maker, metal devices in the
ody, allergy to contrast medium, restricted renal function, preg-
ancy, claustrophobia) and to PET-CT (pregnancy). All examinations
ere performed within a 24–72 h time interval. The Local Ethics
ommittee of the Faculty of Medicine of Nancy approved the study.
he patients gave their written consent after the study had been
xplained to them in detail.

.2. PET-CT imaging

PET-CT examinations were made on an integrated PET-CT Scan-
er Biograph (Siemens, Erlangen, Germany) combining a 2-row CT
OMATOM Emotion Duo CT and a LSO-based PET imager. CT scan
as performed under free breathing and without using any oral or

njected contrast agent. A helical acquisition mode has been used,
he related experimental parameters being 75 mAs and 130 kV,
he coverage being from the top of the head to the toes. Recon-
truction has been made in axial plane with a slice thickness of
mm and a slice interval of 3.4 mm. PET acquisition coverage was

he same as for CT with 14–16 bed positions. The examination
tarted approximately 60 min after the injection of 5.5 MBq per kilo-
ram of body weight of 18F-FDG (Flucis, CIS bio, Saclay, France)
ith an acquisition time of 3 or 4 min by bed position (accord-

ng to the patient weight). The mean effective dose was 10 mSv
or the PET acquisition and 10 mSv as well for the CT part. Patients
ere asked to have not eaten anything for 6 h before the examina-

ion.

.3. Whole-body MRI

MRI examinations were made on a 1.5T GE Signa HDx scanner
General Electric HealthCare, Waukesha, WI, USA). The protocol was
omposed of a 2D STIR (Short Time Inversion Recovery) sequence,
DW sequence and a 3D T1 sequence with injection of a contrast

gent (0.2 ml/kg with no specific flow rate) (Fig. 1). The 2D STIR
nd 3D T1 weighted sequences were performed in coronal plane in
uch a way that five stations using a FOV (Field Of View) of 45 cm
ach were needed to investigate the entire body, the slice thick-
ess being 8 mm (with a gap of 1 mm for the 2D STIR). For both
equences and all stations, the voxel dimensions remained fixed
t 1.5 mm × 3 mm × 8 mm. The DW sequence used a diffusion fac-
or b fixed at 600 s/mm2 and provided two sets of images, one
or the expected b value and the other one for b = 0. These two
ets enabled us to discriminate between malignant and benign
esions. The acquisition was done in axial plane, using a FOV of
6 cm and a slice thickness of 7 mm with no gap, with an in-
lane resolution of 3 mm × 5 mm. Seven stations were needed to
over the whole-body from the top of the head to the toes. The
factor was fixed at 600 s/mm2 because this value constituted
he best compromise between SNR (Signal to Noise Ratio) and
esion detection sensitivity on our MRI system. All sequences were
erformed in free breathing, except for STIR and T1 sequences
t the abdominal level for which they were respectively done
riggered on respiration and with breath hold. Concerning the
Radiology 75 (2010) 376–383 377

instrumental part, the body coil was systematically used for emis-
sion and reception, except for the abdominal station for which a
12-element phased-array coil was systematically used with par-
allel imaging technique (ASSET, factor 2). The gradient amplitude
was 33 mT/m. The duration of the entire examination was about
1 h.

2.4. Methodology for interpreting examinations

In a first time, each examination was interpreted independently.
Two specialists in nuclear medicine were in charge of PET-CT exam-
inations whereas two practiced radiologists interpreted MR scans.
The nuclear physicians did not consider the non-attenuation cor-
rected images.

The readers were blind to the results of the other imaging tech-
nique. In the following week, results of MRI and PET-CT were
re-evaluated in consensus by all specialists.

For each patient and for each modality, lesion size, site-based
localization, number of lesions and their characteristic (benign,
malignant or indeterminate) were recorded. In addition, the largest
lesion diameter measured with PET-CT and MRI was evaluated as
well.

2.5. Benefits of Diffusion Weighted MRI

MRI examinations were interpreted in consensus by two expe-
rienced radiologists without (session 1) and with (session 2) DW
images so as to determine the actual benefit of the DW sequence.

DW images were analyzed qualitatively by focusing on the sig-
nal intensity. The latter was classified by using visual assessment
(hypo-intensity or hyper-intensity) in comparison with the signal
intensity of adjacent tissues. The same window level was used for
all examinations. During session 2, the two radiologists noted inten-
sity abnormalities and then they compared them with the two other
conventional sequences to determine whether lesions were benign
or malignant. A malignant lesion appeared hyper-intense on STIR
images and displayed a signal enhancement on T1 (with gadolin-
ium) sequence. In any other case, the lesion is considered as benign
from a MRI point of view. The results obtained during sessions 1
and 2 were compared with the standard of reference.

2.6. Gold standard

The standard of reference was established according either to
histology, or to imaging or clinical follow-up including tumors
markers (S100 and lactate dehydrogenase) proven to be specific of
melanoma. A given lesion was considered malignant whether it was
proven by histology or an increase of the lesion size was revealed
by clinical or imaging follow-up. In the case of none of these criteria
was fulfilled, the lesion was considered as benign.

False negative was considered as soon as a given lesion was
shown benign by MRI or PET-CT examination whereas either
follow-up indicated a progression or histology proved the malig-
nity of the lesion. On the contrary, false positive occurred when a
lesion was considered malignant by MRI or PET-CT whereas there
was no progression on follow-up or histological proof.

Patients were observed for six months. A physician unaware
of the results of PET-CT and MRI collected all data related to the
standard of reference.
2.7. Statistical analysis

Sensitivity, specificity, positive predictive value, negative predic-
tive value and accuracy value were calculated by using the software
SAS (SAS Institute Inc., North Carolina, USA). Whole-body MRI and
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ig. 1. Examples of images representing the three types of contrast used for whole-
nd 3D T1 (on the right). The STIR and 3D T1 sequences are usually acquired in corona

ET-CT were compared lesion by lesion. A p-value smaller than 0.05
as considered as statistically significant.

. Results

.1. Overall accuracy

A total number of 120 lesions were spotted in the population of
5 patients that we considered for the present study. Each lesion

as validated with respect to the standard of reference defined pre-

iously, the detailed analysis revealing that 32 were confirmed by
istology, 43 by imaging follow-up and 45 by clinical follow-up.
ccording to the standard of reference, 70 lesions were proven to
e melanoma metastases (all the results are summarized in Table 1).

able 1
ensitivity, specificity, positive predictive value and negative predictive value obtained fo

Sensitivity Specificity Positive predictive va

RI 82.6% 97.6% 98.3%
ET-CT 72.9% 92.7% 94.4%
RI examination. The three sequences used are STIR (on the left), diffusion (center)
e while diffusion sequence is performed in axial plane and reconstructed in coronal.

3.2. Analysis of staging for specific metastatic sites

The comparison of whole-body MRI with PET-CT for each spe-
cific metastatic site pointed out a significant difference between
their respective sensitivities. The related results are enclosed in
Table 2.

All hepatic lesions were correctly identified by whole-body MRI,
while PET-CT missed two malignant lesions. The most accurate
method for classifying bone lesions was whole-body MRI with a
noteworthy difference compared with PET-CT; whole-body MRI

detected indeed more subcutaneous metastases. One patient devel-
oped one cerebral metastasis that was missed by all the readers
(PET-CT and MRI) on the first interpretation session, but the ret-
rospective evaluation showed that this lesion was nevertheless
detectable on the MRI examination.

r each modality in the case of the overall accuracy evaluation.

lue Negative predictive value p Kappa

76.9% 0.0023 0.76
66.7% 0.0006 0.61
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Table 2
Sensitivity and specificity obtained for each metastatic site considered in our study.
The number of true positive, false negative and false positive has been reported to
allow a more convenient comparison between modalities.

True positive False negative False positive Sensitivity Specificity

Lung
MRI 8 5 0 61.5% 100%
PET-CT 4 9 0 30.7% 100%

Bone
MRI 13 1 0 82.8% 100%
PET-CT 10 4 0 71.4% 100%

Liver
MRI 4 0 0 100% 100%
PET-CT 2 2 0 50% 100%
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accuracy from 91% up to 93% with PET-CT and from 79% up to 78%
ymph nodes
MRI 26 3 1 89.6% N/A
PET-CT 24 5 0 82.7% 100%

.3. Impact of Diffusion Weighted imaging on the overall accuracy

The combination of a DW sequence with the usual STIR and
ontrast-enhanced T1 sequences increased dramatically the sensi-
ivity of the MRI examination. This protocol allowed the detection
f 14 lesions (one in the hepatic parenchyma, 2 bone lesions,
adenopathies, 7 subcutaneous and a last located in the intra-

eritoneal area) that were not revealed when interpretation was
ade without taking the DW sequence into consideration (session

). In terms of detection, a difference of 14 lesions can be considered
tatistically significant.

. Discussion

A prior study comparing the accuracy of whole-body MRI
ith whole-body CT in the case of patients affected by advanced
elanoma reported the superiority of the form [11]. Another study

ealing with the same disease and contrasting whole-body MRI
ith PET-CT concluded that PET-CT has an overall accuracy of

6.7% compared to 78.8% for whole-body MRI (p = 0.0007) [12].
he respective specificities have been found different as well, for
oth specific and overall values. Indeed, PET-CT is more efficient
or N-staging and detection of skin and subcutaneous metastases,
hile whole-body MRI is more sensitive for detecting liver, bone

nd brain metastases [12]. On the contrary, it was pointed out that
hole-body MRI is less sensitive but more specific than PET-CT for

lassifying pulmonary lesions.

.1. Overall accuracy

The results of our prospective study demonstrated the poten-
ial of whole-body imaging techniques for staging metastatic

elanoma. Whole-body modalities simplify and shorten the clini-
al investigation of patients affected by melanoma by replacing the
onventional multimodality imaging approach. DW sequence can
e easily implemented for whole-body examinations.

In the population of patients that we considered for this study,
hole-body MRI was significantly more accurate than PET-CT

xcept for adenopathies. Nevertheless, a more detailed analysis of
ll metastatic sites underlines that sensitivity and specificity of PET-
T and whole-body MRI notably differ between from one site to
nother site.

The comparison of diagnostic performance of PET-CT with

hole-body MRI in the case of patients experiencing a melanoma

r another oncologic disease has already been studied, but without
ncluding a DW sequence in the MRI protocol [13–18].

Three studies have concluded that PET-CT provides a better diag-
ostic than MRI.
Radiology 75 (2010) 376–383 379

In 2003, Antoch et al. [19] collated results provided by whole-
body MRI and PET-CT for TNM staging of a population of 98 patients
affected by various malignant diseases. Global performance of PET-
CT was 95% for sensitivity and 79% for specificity, while diagnostic
performance of whole-body MRI was respectively evaluated at 79%
and 78%. This study demonstrated the superiority of PET-CT but, the
considered population being mainly composed of patients present-
ing pulmonary tumors, it can be argued that, in this specific case,
tumor localization is obviously better performed with CT than with
MRI. Due to their respective scan length, MRI is indeed much more
sensitive to respiratory motions than CT and, as a consequence, it
provides worse results than CT at the chest level.

Schmidt et al. [20] compared whole-body MRI to PET-CT for
metastasis detection in the case of 41 patients affected by various
oncologic diseases. The resulting overall accuracy for TNM clas-
sification was 95% for PET-CT, and 91% for MRI. The difference of
accuracy between the two modalities is likely due to their respec-
tive accuracy concerning adenopathies.

Finally, we can mention a study concerning malignant
melanoma led by Pfannenberg et al. [12] that proposed a compar-
ison between PET-CT and MRI. The sensitivity of PET-CT was also
evaluated at 86.7% whereas MRI reached a value of 78.8%.

The study that we carried out demonstrated that the modality
providing the best results for staging patients affected by melanoma
was whole-body MRI including a DW sequence. This result can
be explained by the use of the DW sequence that improved
significantly the diagnostic sensitivity. Indeed, we showed that
whole-body MRI examinations interpreted without DW images
yield the same conclusion as the 3 other studies cited previously,
i.e. the superiority of PET-CT versus MRI; but as soon as the DW
sequence was taken into account for interpreting MRI examina-
tions, it appeared that PET-CT was outperformed.

4.2. Accuracy of N-staging

The major drawback of the MRI concerning adenopathies is that
staging solely based on size is not applicable in numerous cases.
The characterization of all lymph nodes is the biggest challenge
for the future in such a way that it can change the therapeutic
approach in many oncologic diseases. Radiology plays an impor-
tant role for staging lymph nodes. A sub-microscopic metastasis
can indeed exist in a small lymph node while a large lymph node
can be only inflammatory. Consequently, the single size criterion
cannot be considered as pertinent.

PET-CT provides additional information that seems to be a
great advantage over other imaging modalities, but unfortunately
it remains some false positives that are problematic as well. These
false positives arise from inflammatory lymph nodes uptaking the
18FDG molecule. Then, it cannot be considered as specific. In addi-
tion, one has to take into account that metastatic necrotic lymph
nodes are not spotted by PET-CT because they do not uptake 18FDG.
Finally, it must be noticed that sub-microscopic metastases cannot
be seen as well because of the poor spatial resolution of the current
PET-CT scanners.

A last drawback that is common to all imaging modalities is the
lack of histopathological control for each adenopathy. Thus, a rele-
vant gold standard for the most of adenopathies is very difficult to
obtain.

Antoch et al. [19] and Schmidt et al. [20] achieved a diagnostic
with whole-body MRI for the proper assessment of N-staging. Pfan-
nenberg et al. [12] considered that the difference in performance
was the most significant in the assessment of lymph nodes with
a clear superiority of PET-CT, with an overall accuracy of 86% in
comparison with 69.6% obtained with whole-body MRI.
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ig. 2. 65 years old woman. DWI, STIR and PET-CT images are respectively depicted
ET-CT (orange arrows). Its size is around 25 mm. On the contrary, small bilateral ilia

In our study, whole-body MRI seemed to be similar to PET-CT for
denopathy. The first explanation of these differences is the absence
f a DW sequence in the previous studies. Therefore, with only
TIR and T1 sequences, spatial resolution is not optimal (between
and 5 mm for both sequences). With DW-MRI, all lymph nodes

an be individualized whatever their size because this sequence
ermits the differentiation of abnormal signal intensities from sur-
ounding organs. The remarkable difference in contrast between
ymph nodes and surrounding adjacent tissue enables detection of
ymph nodes (Fig. 2). We considered that abnormal signal intensity
f lymph nodes reflects a decrease of ADC (Apparent Diffusion Coef-

cient) due to a high cellularity and to a T2 shine-through effect.
onetheless, these assumptions still need to be verified.

The second explanation given by Antoch et al. [19] is that fre-
uent locations of metastatic lymph nodes were the hilum and the
ediastinum because most of the patients in this study had lung

ig. 3. 58 years old woman. Case of two secondary hepatic metastases (segments V and VI
is not seen by PET-CT (on the right) because of a moderate physiological hyper-metabo

echniques.
the left to the right. The left axillar lymph node is well visualized by both MRI and
h nodes, whose size is 5–7 mm, are only displayed on DWI sequence (black arrows).

cancer. These regions cannot be well studied by MRI because of res-
piratory motion artifacts. Another factor reducing accuracy is the
low specificity caused by borderline sized lymph nodes that rep-
resents a significant issue for MRI investigation. Our study did not
include hilar and mediastinal adenopathies. Three false negatives
were yielded by MRI (concerning axillar, inguinal and retroperi-
toneal areas, 10 mm in diameter) whereas we obtained five false
negatives with PET-CT (soeliac and retroperitoneal areas). The sin-
gle false positive of the whole study concerned MRI and was actually
a sus-clavicular adenopathy which did not appear on any other
examinations.
4.3. Staging accuracy for specific metastatic sites (M-staging)

Antoch et al. [19] found an overall accuracy of 94% for PET-CT
and 93% for whole-body MRI. For the same characteristic, the study

) clearly observed on a DW sequence (on the left). The lesion located in the segment
lism. One can notice an anterior intra-peritoneal node properly shown by the two
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ig. 4. 27 years old man. Examples of secondary distant bone metastases only visib
reas on the STIR sequence (on the left, white arrows) while they appear as hypo
rrows). On the right, no significant 18FDG uptake can be visualized on PET-CT.

arried out by Schmidt in 2005 established 92% for whole-body
RI and 82% for PET-CT, but if the M-staging was considered solely
hole-body MRI reached a value of 96% and PET-CT 82%.

Our study did not consider the so-called “global” M-staging
ut only the specific metastatic sites, because we considered that
ome areas such as lungs are too difficult to investigate by MRI.
n addition, M-staging should not be considered, from our point
f view, as the most relevant criterion for comparing these two
echniques insofar as performances of PET-CT and whole-body MRI
iffer greatly from a given specific metastatic site to another.

.3.1. Pulmonary metastases
Antoch et al. [19] showed that PET-CT was more reliable for

ulmonary metastasis detection than whole-body MRI. On the con-
rary, Pfannenberg et al. [12] demonstrated that PET was the less
ccurate whole-body imaging modality for lungs.

Likewise, we showed that PET-CT provided the worst results
ith a sensitivity of 30.7% compared to 61.5% for MRI. In com-
arison, a sensitivity value of 26.4% for PET was reached in
fannenberg’s study.

In our case, the apparent below-average performance of MRI
an be explained by the fact that we were committed to use the
ody coil for the thorax study (the phased-array coil was dedicated
o the abdominal level and our scanner did not allow the use of
everal phased-array coils at the same time) and, as a consequence,
e were unable to avoid motion artifacts by means of short apnea

r respiratory trigger because the body coil was compatible neither
ith such a device or parallel imaging technique.

The lack of sensitivity of PET-CT can be related to the lesion size
riterion, the size having to be superior to 5 mm to allow detection
nd, on the other hand, to the fact that some pulmonary lesions are
nown to not fix 18FDG independently of their size.

We encountered five false negatives with MRI and nine with
ET-CT.

.3.2. Hepatic metastases (Fig. 3)
We found that MRI was the best modality for staging liver metas-

ases considering that it allowed us to detect all hepatic metastases.
he use of the DW sequence enabled to bring out one additional

esion that was not revealed by both STIR and T1.

Two lesions were not detected by PET-CT. It turns out that the
ain problem of this technique remains the detection of small

esions because of a moderate physiologic uptake of 18FDG in the
iver. It is commonly admitted that lesions that have a size infe-
the MRI examination. These metastases are clearly seen as abnormal hyper-signal
l areas on the DW sequence visualized in negative contrast (middle image, black

rior to 10 mm are not detected by PET-CT, and this is precisely the
reason for which these two hepatic metastases were not revealed.
Their size was effectively measured smaller than 10 mm. Antoch’s
et al. [19] studies considered that MRI was the best modality as well
and revealed 132 hepatic metastases for 13 patients compared with
117 lesions for 12 patients in the case of PET-CT.

Schmidt et al. [20] detected 15 hepatic metastases by means of
MRI and only 8 by using PET-CT. All lesions missed by PET-CT had a
mean size of 7 mm, whereas the mean size of detected lesions was
16 mm. In comparison, the smallest lesion detected on MRI images
measured 5 mm.

MRI allowed Pfannenberg et al. [12] to discover 35 lesions
whereas 33 were revealed by PET-CT on the same population. The
two hepatic metastases missed by PET-CT measured less of 10 mm
in diameter.

Our results confirmed the observations made by the three other
mentioned studies that indicated a higher accuracy of whole-body
MRI in comparison with PET-CT for hepatic [12] metastases.

MRI examinations did not display false negatives. On the con-
trary, PET-CT yielded 2 false negatives in segments IV and V
concerning lesions measuring respectively 12 mm and 7 mm.

4.3.3. Bone and skeletal metastases (Fig. 4)
Antoch’s study [19] showed that PET-CT failed to detect bone

metastases twice. Incorrect M-staging is likely due to histological
characteristics of the tumors on one hand, and to the metastasis
size on the other hand. It is indeed commonly admitted that micro-
metastases cannot be seen no PET-CT images because of the poor
spatial resolution of this technique. Schmidt et al. [20] and Pfannen-
berg et al. [12] demonstrated as well the superiority of whole-body
MRI over PET-CT (in spite of the lack of DW sequence in the MRI
protocol).

In our case, whole-body MRI showed 13 lesions and PET-CT only
10. For these metastatic sites, DW sequence appeared to be crucial
in that sense that it allowed the detection of 2 additional lesions.

Numerous studies have already stated the superiority of MRI for
detecting skeletal metastases [10,21–24] over skeletal scintigraphy.
Several recent studies comparing 18FDG PET-CT and whole-body
MRI confirmed as well our observations and stressed the high sen-

sitivity of MRI for bone marrow imaging and thus for detecting
skeletal metastases. For instance, Schmidt et al. [22] proved that
whole-body MRI allowed to detect more bone metastases than
PET-CT did and whole-body MRI including a DW sequence has
been shown to be superior to skeletal scintigraphy for detecting
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ig. 5. 42 years old man. On the left: lumbar subcutaneous metastatic node (white
ode is not visible because of the lack of 18FDG uptake.

one metastasis [10]. The latter fact was confirmed in the present
tudy considering that the DW sequence enabled us to detect

additional marrow lesions. This fact can be easily explained
y the high contrast between tissues provided by a diffusion-
eighted contrast, making therefore possible the detection of small

esions.
MRI provided only 1 false negative (T6, 10 mm in diameter). Four

alse negatives had to be considered for PET-CT (3 in the iliac bone
nd 1 in the sacrum).

.3.4. Subcutaneous metastases (Fig. 5)
Schmidt et al. [20] and Pfannenberg et al. [12] considered that
ET-CT was the most accurate modality, whereas we found that, on
he contrary, whole-body MRI was the most accurate.

Pfannenberg’s study showed that PET-CT revealed twice as many
esions as MRI did. An explanation might be the coronal orienta-
ion chosen for whole-body MRI imaging. The coronal plane can

ig. 6. 38 years old man. Examples of multiple subcutaneous and intra-peritoneal nodes
nd on the middle, white circles) with a size inferior to 7 mm. Only one node was detectab
) as seen by DW-MRI. On the right: the corresponding PET-CT image on which the

cause the miss or the misinterpretation of lesions that are localized
superficially in the skin and subcutaneous tissues. Thus, they can be
considered as vessel structures or as so-called partial volume phe-
nomena. This is the reason for which we consider that the coronal
orientation may be more difficult to interpret than the axial plane
for detecting small subcutaneous metastases.

DW sequence that we used in our standard MRI protocol had
here the benefit of its native axial acquisition plane. In this way,
we had access at the same time to the most relevant acquisition
plane for detecting subcutaneous lesions and to an excellent con-
trast between lesions and surrounding tissues due to diffusion
phenomenon on one hand, and to the absence of fat signal on the

other hand, the DW sequence we used being based on a selective
water peak excitation. For the sake of convenience, DW sequence
was reconstructed in coronal plane so as to be simultaneously inter-
preted with STIR and T1 images. This technique enabled us to detect
7 additional subcutaneous lesions.

well visualized on a coronal reconstruction of the DW sequence (images on the left
le on the images provided by PET-CT examination (image on the right, white arrow).
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.3.5. Central nervous system metastases
It is important to mention that MRI is the best imaging modality

or detecting tumor of the central nervous system. In the population
e studied, there was only a single brain metastasis that was missed

y both PET-CT and MRI. As previously mentioned, a retrospective
nalyze showed that it was detectable on MRI images only.

Several studies showed that the most accurate modality for brain
etastasis detection was MRI because of normal uptake of 18FDG

nto the brain that leads to a great uncertainty in terms of detection
ith PET-CT.

.3.6. Intra-peritoneal metastases
A single patient was concerned by an intra-peritoneal carcino-

atosis (Fig. 6). The latter was only seen on the DW sequence,
ikely due to the very small size of intra-peritoneal nodes (inferior
o 4 mm). PET-CT examination was negative.

.3.7. Partial conclusion about M-staging
To sum up, the comparison between our results and those

btained by Antoch et al. [19], Schmidt et al. [20] and Pfannen-
erg et al. [12] showed that the use of a DW sequence in the
RI protocol improves significantly the capability of detecting sec-

ndary lesions; especially in bone, liver, subcutaneous areas and
ntra-peritoneal carcinomatosis. As a matter of fact, DW sequence
llowed us to finally detect 14 additional malignant lesions among
he considered population of 35 patients. These lesions were mainly
mall (inferior to 10 mm) and were found in the bone marrow, in
he liver, and in the subcutaneous and intra-peritoneal areas.

Another point of discussion in the future is certainly the cost
nd the availability of whole-body imaging. PET-CT costs twice as
uch or more than a whole-body MRI. Moreover, PET-CT is associ-

ted with X-ray exposure and the tracer production, transport and
ts application are more labor and cost-effective. Sensitivity and
pecificity of PET-CT depend on three major points that are tumor
istology, localization and lesion size.

Diffusion-weighted sequence seems to be required in addition to
he standard oncologic protocol composed by STIR and T1 weighted
equences. Among the advantages of DW-MRI, one can cite the fact
hat this technique is totally non-invasive and cost-effective. More-
ver, DW-MRI does not require any radiation exposure, any oral or
ntravenous administration of contrast material and does not cause
atient discomfort. It can also be easily added to the standard MRI
rotocol to improve examination efficiency. We suggest that DW

mages should be analyzed before STIR and T1 weighted sequences
ecause it is not helpful for differential diagnosis between malign
nd benign tissues in any circumstances. In this last particular case,
t can be just used to depict abnormal lesions because of its high
ensitivity but poor specificity. Lichy et al. [25] suggested that the
omputation of ADC maps could help to solve differential diagnosis.

The study we made yielded interesting results, but it has several
imitations. First, the population studied was relatively small and
he results we obtained need to be confirmed with another study
aking into account more than 35 patients. The second point is that
he PET-CT we used (performed without any contrast agent) has
nly two channels for its CT part, which is rather poor compared to
he current PET-CT scanners available. The results provided by using
ur devices are likely worse than results which would be obtained
ith an up-to-date device (at least for the CT part). The last limita-

ion that we can point out is the following up results for the lymph
odes.
. Conclusion

Finally, it appears that none of the methods ensured 100% stag-
ng accuracy, preventing that way from using only one modality as

[
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the sole basis for diagnosis. Our data suggest that whole-body MRI
including a DW sequence is the most accurate method for detecting
secondary lesions; particularly for liver, bone marrow and subcuta-
neous area. In the case of adenopathies, the problem remains that all
modalities are sensitive, but not enough specific to clearly evaluate
the presence of metastases.
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