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A B S T R A C T

Patient management and treatment strategies for metastatic melanoma depend largely

on the stage of metastatic disease. The aim of this study was to compare contrast-

enhanced whole-body magnetic resonance imaging (wbMRI) and whole-body computed

tomography (wbCT) to detect distant metastases for staging. A total of 43 patients (41

with completed wbCT and wbMRI examination) with known American Joint Committee

on Cancer (AJCC) stage III–IV malignant melanoma were examined and 775 metastases

were identified by both methods. Whole-body CT was able to detect 522 metastases,

whereas wbMRI found 730 metastases. Whole-body CT identified 188 pulmonary metas-

tases, compared with 143 metastases detected by wbMRI. In kidneys, adrenal glands

and lymph nodes, respectively, wbCT and wbMRI detected the same number of lesions.

Whole-body MRI detected more metastases than wbCT in liver (detection rate 122/199),

spleen (26/54), subcutaneous tissue (39/61), muscle (4/11), bone marrow (23/132) and brain

(15/25). Therapy was modified as a consequence of wbMRI findings in 10/41 (24%)

patients. In conclusion, wbMRI detected clearly more malignant melanoma metastases

in most organ systems with the exception of lung metastases. More accurate and com-

plete staging by wbMRI has an impact on treatment strategy in about one-quarter of

the patients.

� 2005 Elsevier Ltd. All rights reserved.
er Ltd. All rights reserved.
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1. Introduction

Malignant melanoma is responsible for the majority of deaths

due to skin cancer. During the past decades, the incidence of

cutaneous melanoma has been rising continuously in both

sexes in nearly all developed countries. In 2004, 55,100 new

cases were expected in the United States of America (USA)

[1]. The prognosis of cutaneous malignant melanoma is

strongly related to the stage of the disease. The prognosis of

advanced melanoma with visceral metastases is poor, with

a 5-year survival of 5–14% [1,2].

To date, no sufficient treatment has been established for

advanced melanoma [3]. Treatment with the single agent

dacarbazine is considered to be a reference treatment for ad-

vanced melanoma. Response rates to dacarbazine and other

chemotherapeutic treatments are low and of short duration.

Therefore, the option of surgical metastasectomy is examined

regularly and this indication depends on the chance to com-

pletely resect all recognisable metastases [4]. Complete iden-

tification of all organ metastases is a precondition for this

invasive treatment strategy.

In daily routine staging, a variety of imaging techniques,

such as computed tomography (CT) scan, ultrasound, scintig-

raphy, positron emitting tomography (PET) or part-body mag-

netic resonance imaging (MRI) is used and the combination of

CT and PET (PET-CT) has also been introduced for clinical use.

Recently, high-resolution whole-body MRI (wbMRI) became

practical in one single examination by a method applying mul-

tiple phased array coils (up to 72) and receiver channels (up to

32) and using parallel imaging technology. In a first feasibility

study, wbMRI was found to show great potential for the rapid

assessment of individual tumour spread and total tumour bur-

den during initial and follow-up staging examinations [5]. Dif-

ferent methods implemented earlier used either a moving

table platform in combination with the body-coil or a specially

designed rolling table platform with one body phased-array

coil [6–8]. However, field-of-view, spatial and/or contrast reso-

lution were slightly restricted compared with separately per-

formed conventional state-of-the-art MRI examinations.

Here, we present the results of a prospective study investi-

gating the efficacy of examinations with wbMRI compared

with standard imaging with conventional whole-body (wb)

spiral CT in 43 patients suffering from advanced malignant

melanoma. Both techniques in each patient were applied

consecutively after obtaining informed consent.

2. Patients and methods

2.1. Patient selection

After excluding contraindications to MRI (cardiac pacemaker,

metal devices in the body, allergy to contrast medium, re-

stricted renal function, pregnancy, claustrophobia) and CT

(pregnancy, allergy against contrast medium, hyperthyreosis,

restricted renal function), contrast-enhanced wbMRI and CT

examinations were performed in patients with advanced

metastatic cutaneous melanoma American Joint Committee

on Cancer (AJCC) stage III–IV, which had to be staged in rou-

tine follow-up. A total of 43 patients were included in the

study, but two patients refused the MRI examination due to
claustrophobia. The Local Ethical Committee of the Medical

Faculty of the University of Tübingen approved the study

and patients gave their written consent after having been in-

formed about the trial in detail.

All patients had to complete both examinations within 14

d in order to avoid changes in number and size of metastases

due to progression or regression of the tumour between both

examinations.

2.2. CT examination

For contrast-enhanced CT examinations a conventional spiral

CT (Volume Zoom (4 row scanner), Somatom Sensation 16 (16

row scanner); Siemens AG, Erlangen, Germany) was used.

Whole-body CTwas performed in two separate examinations,

first CT of the head (contrast medium (CM)-enhanced base,

120 kV, slice thickness 3 mm, in plane resolution about

4 mm; CM-enhanced cerebrum, 120 kV, slice thickness/recon-

struction interval 9 mm/3 mm, in-plane resolution about

4 mm) and then CT of the liver (native, 120 kV, 80 mA, slice

thickness/reconstruction interval 5 mm/5 mm, 0.75 collima-

tion, in-plane resolution about 7 mm), of the thorax (CM-en-

hanced, 120 kV, 120 mA, first thickness/reconstruction

interval 5 mm/5 mm, second thickness/reconstruction inter-

val 10 mm/5 mm MIP THIN 3D-Mode, 1.5 collimation, in-plane

resolution about 7 mm), of abdomen/pelvis (CM-enhanced,

120 kV, 140 mA, first thickness/reconstruction interval

5 mm/5 mm, second thickness/reconstruction interval

3 mm/2.5 mm 3D-Mode, 0.75 collimation, in-plane resolution

about 7 mm) and of the neck (CM-enhanced, 120 kV, 200 mA,

first thickness/reconstruction interval 4 mm/4 mm, second

thickness/reconstruction interval 3 mm/3 mm 3D-Mode, 0.75

collimation, in-plane resolution about 4 mm). The amount

of contrast medium was 150 ml + 50 ml, delay 35 s for thorax,

60 s for abdomen/pelvis and 25 s for neck. Distal femur with

knee and the lower leg were not examined. The total exami-

nation time for CT from neck-thorax-abdomen-pelvis and

CT from head lasted about 10–15 min.

2.3. MRI examination

For wbMRI examinations a novel whole-body 1.5 T system

was used (Avanto, Siemens AG, Erlangen, Germany). Without

repositioning of the patient a state-of-the-art MR imaging

from head to toe is feasible using high-performance gradients

(maximum amplitude: 45 mT/m; minimum rise time 200 ls,

maximum slew rate 200 T/m/s), integrated parallel acquisi-

tion technique (iPAT) in three spatial directions and a total

scan range of 205 cm by combining the large field-of-view

(500 mm) with automatic table move. Whole-body MRI was

performed in five subsequent table positions in the coronal

direction (head/thorax; thorax/abdomen; pelvis; upper leg;

lower leg) and in the axial direction (head; thorax; abdomen;

pelvis). Additional contrast-enhanced MRI after intravenous

application of Gadolinium-diethyltriaminepentaacetic acid

(Gd-DTPA) (Magnevist, Schering, Berlin, Germany) was per-

formed in the axial direction of the head, the thorax, the

abdomen and the pelvis. The total examination lasted about

1 h. The complete wbMRI sequence protocol is shown in Table

1 and an example of images is shown in Fig. 1.



Table 1 – Magnetic resonance imaging (MRI) sequence protocol

Site Sequences Imaging
plane

Spatial
resolution (mm3)

TR (ms) TE (ms) TI (ms) Acquisition
time (s)

Whole body T2w STIR-TSE Coronal 1.8 · 1.3 · 5.0 8540 87 150 877

Brain Flair Axial 1.2 · 0.9 · 4.0 8800 108 2500 160

T1w-SE Axial 0.9 · 0.9 · 4.0 500 7.8 – 183

Neck STIR Axial 1.2 · 0.9 · 5.0 6180 59 150 137

Thorax T2w STIR-TSE (multi breath-hold) Axial 1.8 · 1.2 · 6.0 3800 100 150 46

T1w-VIBE 3D (breath-hold) Axial 2.0 · 2.0 · 2.0 3.37 1.21 – 2 · 18

Abdomen T2w-TSE fatsat (respiration triggered) Axial 2.1 · 1.5 · 6.0 242 4.13 – 57

T1w-FLASH2D fatsat (multi breath-hold) Axial 1.6 · 1.2 · 6.0 >3800 95 – >106

Pelvis T2w STIR-TSE Axial 1.5 · 1.2 · 4.0 7100 70 150 271

After intravenous Gd-DTPA administration

Brain T1w-SE Axial 1.8 · 1.3 · 5.0 400 7.8 – 228

T1w-SE Coronal 0.9 · 0.9 · 4.0 599 7.8 – 254

Neck T1w-FLASH2D fatsat Axial 1.1 · 0.8 · 5.0 554 4.13 – 75

Thorax T1w-VIBE 3D (breath-hold) Axial 2.0 · 2.0 · 2.0 3.37 1.21 – 2 · 18

Abdomen T1w-FLASH2D fatsat (multi breath-hold) Axial 2.1 · 1.5 · 6.0 242 4.13 – 57

Pelvis T1w-FLASH2D fatsat Axial 2.1 · 1.5 · 4.0 242 4.13 – 57

T2w STIR-TSE, T2-weighted short tau inversion recovery turbo spin echo; T1w-SE, T1-weighted spin echo; FLAIR, fluid attenuated inversion

recovery; T1w-VIBE 3D breath-hold, T1-weighted volumetric interpolated, three-dimensional breath-hold; T2w-TSE, T2-weighted turbo-spin

echo; T1w-FLASH, T1-weighted fast low angle shot; Gd-DTPA, Gadolinium-diethyltriaminepentaacetic acid.

Fig. 1 – Example of a whole-body magnetic resonance imaging (wbMRI) examination (sequence parameters see Table 1).
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Table 2 – Patients’ characteristics (n = 41)

Characteristics Patients n (%)

Sex

Male 24 (59)

Female 17 (41)

Age (years)

0–40 5 (12.2)

41–50 7 (17.1)

51–60 10 (24.4)

>60 19 (46.3)

Clinical stage

III 9 (22)

IV M1a 4 (9.7)

IV M1b 7 (17.1)

IV M1c 17 (41.5)

Not assessed 4 (9.7)

Organs involved

Lung 20 (48.8)

Liver 19 (46.3)

Spleen 9 (22)

Kidneys 3 (7.3)

Adrenal glands 7 (17.1)

Subcutaneous tissue 12 (29.3)

Muscle 8 (19.5)

Bone marrow 13 (31.7)

Brain 9 (22)

Lymph nodes 27 (65.9)
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2.4. Evaluation

Two experienced radiologists (11 years and 25 years of pro-

fessional experience, respectively) interpreted the wbMRI

and whole-body CT (wbCT) images independently without

knowledge of respective findings. In case of differences in

the reports of the two investigators, the images were re-

viewed again by both and a consensus on the interpretation

of the images was obtained.

By using a two-point scale (metastasis/no metastasis), tu-

mour suspicious lesions were documented in the following

locations (lung, liver, spleen, kidneys, adrenal glands, subcu-

taneous fat, muscle, bone marrow and brain). CT and MR

images were interpreted according to general radiological cri-

teria. Metastases were characterised by areas with tumour

suspicious shape, abnormal attenuation or signal and/or

pathological enhancement after intravenous (i.v.) contrast

medium. Similarly suspicious lymph nodes were documented

in different draining regions (cervical/nuchal, axillar, medias-

tinal, hilar, mesenterial, retroperitoneal, pelvic/iliacal and

inguinal). Most lymph nodes without metastatic involvement

have an oval shape, whereas enlarged nodes appear round.

A lymph node was rated as suspicious if its diameter was

greater than 10 mm and its appearance was round. In case

of malignant melanoma, malignant lymph nodes often have

increased signal intensity on native T1-weighted images

because melanin-containing cells decrease the T1-relaxation

time. Consequently, MR also detected lymph nodes smaller

than 10 mm, but with increased signal intensity on T1-

weighted images these were rated as suspicious and the size

was included in the evaluation. In this case, the size of the

corresponding lymph node on CT images was also included

in the evaluation. The largest diameter of each lesion dis-

played on CT and MRI was recorded and compared. If a lesion

was detected only by CT (MRI) or MRI (CT), the diameter was

noted as zero on MRI or CT, respectively.

The diameters of the lesions were registered in Sigma

Plot� 2000 (SPSS Inc., Illinois, USA) in mm and then box plots

from each organ were created. The median, 10th, 25th, 75th

and 90th percentiles were plotted as vertical boxes with error

bars. Additionally, all outliers above the 90th percentile or un-

der the 10th percentile were plotted as crosshairs. In case the

numbers of lesions were less than 6, only crosshairs of each

lesion was plotted.

As each organ box plot was created separately from the

lesions that were found with wbMRI as well as with wbCT

(labelled ‘MRI’ and ‘CT’, respectively), from lesions that

were only found with wbMRI (labelled ‘MRI only’) and from

lesions that were only found with wbCT (labelled ‘CT only’).

In addition, the number of lesions is displayed above each

box plot.

The number of patients with lesions in lung, liver, spleen,

kidneys, adrenal glands, subcutaneous fat, muscle, bone mar-

row, and brain are illustrated in circle diagrams as percent-

ages of the number of patients with lesions detected in

wbMRI and wbCT (labelled ‘MRI = CT’), more lesions with

wbCT than wbMRI (labelled ‘CT > MRI’), more lesions with

wbMRI than in wbCT (labelled ‘MRI > CT’) and with lesions

only detected by wbCT or wbMRI (labelled ‘CT only’ and ‘MRI

only’).
Additionally, circle diagrams show the percentage of the

number of the overall lesions from each organ over all pa-

tients, detected by wbCT as well as by wbMRI (labelled

‘MRI = CT’), only detected by wbCT (labelled ‘CT only’) and

only detected by wbMRI (labelled ‘MRI only’). The mean diam-

eter with standard deviation of the lesions is also depicted.

3. Results

Between February 2004 and October 2004, wbMRI and wbCT

were performed successfully in 41/43 patients. Two patients

refused the MRI examination due to claustrophobia. Thirty-

seven of these 41 patients had cutaneous malignant mela-

noma and four patients had choroid malignant melanoma.

A total of 775 metastases were identified by both methods

in 41 patients. Whole-body CTwas able to detect 522 metasta-

ses, whereas wbMRI found 730 metastases. Four patients

were examined after excision of suspicious lymph nodes.

No further tumour spread was found in these four patients

using both CT and MRI. A complete overview of patients’ char-

acteristics is shown in Table 2 and the number of metastases

according to different organ systems detected by wbCT and

wbMRI scans is shown in Table 3.

3.1. Lung

Whole-body CT detected more lung metastases than wbMRI

(Table 2). In 2/20 patients (10%) lung metastases were depicted

by CT with a mean diameter of 5 ± 1 mm. All lung nodules

larger than 5 mm were correctly identified using MRI.

Whole-body CT detected more lung metastases than MRI in

6/20 patients (30%), but this had no impact on further therapy.



Fig. 2 – Upper row: Circle diagrams showing the percentage of the number of patients with detected lesions by magnetic

resonance imaging (MRI) and computed tomography (CT), respectively. Middle row: Box plots showing lesion diameter.

Horizontal bars indicate median, 10th, 25th, 75th and 90th percentiles of the lesions, outliers are plotted as crosshairs. Lower

row: Circle diagrams showing the percentage of the number of all lesions detected by MRI and CT, respectively.

Table 3 – Number of metastases according to different organ systems detected by whole-body computed tomography
(wbCT) and whole-body magnetic resonance imaging (wbMRI) scans

Organ involvement CT MRI

Patients
(n)

Metastases
(n)

Size of
metastases
(mean ± SD)

(mm)

Minimum/
maximum
sizes (mm)

Patients
(n)

Metastases
(n)

Size of
metastases
(mean ± SD)

(mm)

Minimum/
maximum

sizes
(mm)

Lung 20 188 9 ± 6 2/40 18 143 7 ± 7 3/40

Liver 16 122 12 ± 12 5/62 19 199 16 ± 11 3/65

Spleen 8 26 16 ± 11 5/61 9 54 8 ± 10 3/55

Kidneys 3 4 17 ± 8 10/30 3 4 16 ± 7 9/30

Adrenal glands 7 7 30 ± 8 20/41 7 7 30 ± 8 20/43

Subcutaneous tissue 10 39 12 ± 10 5/60 12 61 11 ± 9 3/64

Muscle 3 4 17 ± 23 38/60 8 11 33 ± 17 10/67

Bone marrow 5 23 3 ± 7 5/39 13 132 16 ± 12 5/105

Brain 7 15 8 ± 9 6/30 9 25 9 ± 7 2/28

Lymph nodes 26 94 19 ± 14 10/100 27 94 20 ± 19 10/100

Total number of metastases 522 730

Except for the lung, MRI detected more or at least the same number of metastases in all examined regions than did CT. In total, 775 metastases

were detected, which corresponds to 730 metastases detected by MRI plus 45 lung metastases detected only by CT.
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3.2. Liver

MRI was superior to CT in the detection of small liver

metastases and was able to detect more lesions than CT

in 8/19 patients (42%) (Figs. 2 and 3). In 3/19 patients (16%)

the diagnosis of liver metastases was established only by

MRI. The smallest lesion detected by MRI (CT) had a diam-

eter of 3 (5) mm. MRI was particularly superior for the
detection of small liver lesions with a mean diameter of

9 ± 5 mm.

3.3. Spleen

CTwas able to detect 26/54 lesions (48%) in 6/9 patients (67%).

In 2/9 patients (22%) MRI detected more lesions than CT and

in 1/9 patients (11%) lesions were detected only by MRI.



Fig. 3 – (a, e, j) T1-weighted magnetic resonance imaging (MRI), (b, f) T2-weighted MRI, (c, g, k) contrast-enhanced

T1-weighted MRI and (d, h, i) contrast-enhanced computed tomography (CT) of three patients with liver metastases,

with bone marrow involvement and with brain metastases. (a–d) In the first patient, only MRI shows a small (3 mm)

liver metastasis not seen in the T2-weighted sequence and on CT. (e–h) In the second patient, only MRI shows a

diffuse bone marrow infiltration of the pelvis. (i–k) In the third patient, only MRI shows a very small brain metastasis

(3 mm).
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3.4. Kidneys and adrenal glands

In kidneys and adrenal glands, MRI and CT were able to detect

the same number of lesions in 3/41 and 7/41 patients,

respectively.
3.5. Subcutaneous metastases

Sixty-one subcutaneous metastases in 12/41 patients were

found by MRI. CT detected 39/61 (64%) in 4/12 patients

(33%). In 6/12 patients (50%) MRI was able to detect more
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lesions than CT and in 2/12 patients (17%) lesions were only

detected by MRI.

3.6. Muscle

Eleven muscle metastases were detected by MRI in 8/41 pa-

tients. CT detected only 4/11 metastases (36%) in 2/8 patients

(25%). In 1/8 patients (13%) MRI detected more lesions than CT

and in 5/8 patients (62%) only MRI detected 7/11 metastases

(64%).

3.7. Bone marrow

In bone marrow, 132 lesions in 13/41 patients were detected by

MRI. CT detected 23/132 lesions (17%) in 5/13 patients (38%). In

4/13 patients (31%) MRI was able to detect more lesions than

CT and in 8/13 (61%) only MRI detected 109/132 lesions (83%).

Additionally, in 1/41 patients a diffuse infiltration of the pelvic

bone marrow was only detected by MRI (Figs. 2 and 3).

3.8. Brain

In brain, MRI was able to detect 25 metastases in 9/41 pa-

tients. CT detected 15/25 metastases (60%) in 5/9 patients

(56%). In 2/9 patients (22%) MRI was able to detect more

metastases than CT and in 2/9 patients (22%) only MRI de-

tected 10/25 metastases (40%) (Figs. 2 and 3).

3.9. Lymph nodes

A total of 97 suspicious lymph nodes were detected. In cervi-

cal/nuchal, axillar, inguinal, mesenterial and pelvic/iliacal re-

gion MRI and CT both detected the same number of
Fig. 4 – (b) T1-weighted magnetic resonance imaging (MRI), (a, c

metastasis of the vertebra body with infiltration of the surroun

depicted by MRI. A lung metastasis is shown by both methods.
metastatic lymph nodes. In mediastinal region MRI was able

to detect six suspicious lymph nodes, whereas CT was only

able to detect three of them. In the hilar region CT found 11

suspicious lymph nodes with a mean diameter of

22 ± 10 mm, whereas MRI was able to detect 8/11 only.

3.10. Modifications of treatment strategy due to wbMRI
findings

The treatment plans were initially based on findings of con-

ventional CT, which is usually performed for staging. The

panel was allowed to change the treatment plan after disclo-

sure of MRI results in an interdisciplinary conference consist-

ing of dermatologists, surgeons, oncologists, radio

oncologists and radiologists. So treatment modalities were

modified as a consequence of wbMRI findings in 10/41 pa-

tients (24%). Three of them received bisphosphonates and

one a palliative irradiation of the pelvis and the lumbar spine

due to bone marrow metastases only detected by MRI. A che-

motherapy schedule was applied to one patient prior to the

wbMRI examination where a diffuse bone marrow infiltration

of the pelvis was diagnosed. After the examination chemo-

therapy was discontinued and bisphosphonates were applied.

In one patient suspicious lesions in liver were detected by

wbCT and were classified as cysts and haemangiomas on

wbMRI. Hence, no chemotherapy was applied. In another pa-

tient wbCT detected 1 liver lesion but wbMRI detected 5. In

this case, a polychemotherapy instead of surgery was chosen

as treatment. In the 8th patient wbMRI detected bone metas-

tases in the spine and an emergency irradiation was per-

formed because of imminent danger of paraplegia (Fig. 4).

The 9th and 10th patients suffered from cerebral metastases,

which were only detected by MRI. One of these patients had
) T2-weighted MRI, (d) contrast-enhanced CT. A large

ding soft tissue with a compress of the myelin is clearly
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only one metastasis measuring 5 mm, which was resected by

surgery. The other patient had seven metastases, all <4 mm

and irradiation of the whole brain was carried out.

4. Discussion

The primary objective of this study was to evaluate possible

advantages of a wbMRI examination in comparison with a

wbCT examination as a staging procedure for patients with

advanced melanoma. The study proved that wbMRI is more

sensitive in detection of metastases in parenchymal organs,

particularly liver and brain as well as bone marrow involve-

ment. Whole-body MRI is confirmed as an improvement in

the diagnostic armamentarium.

The brain is rarely the initial site where solitary melanoma

metastasis is identified [9]. Usually, CT scans and MRI of the

brain do not show occult metastases in asymptomatic AJCC

stage I, II and III patients [10]. However, Reider-Growasser

and colleagues [11] have reported by means of CT scans AJCC

stage IV in 2/28 patients with asymptomatic cerebral metasta-

ses. When brain metastases are suspected, MRI scan with

gadolinium contrast is reported to be superior to the CT scan

with contrast enhancement in detecting cerebral metastases

and is clearly superior for metastases to the meninges and

spinal cord. Median survival after complete surgical resection

of brain metastases has been reported to be 5–15 months [12].

Commonly, brain metastases that could not be surgically

resected are treated with whole-brain irradiation and/or

gamma knife [13].

In liver very small metastases with diameters of 2 or 3 mm

were only visible in the wbMRI because of their higher signal

in the native T1-weighted (T1w) sequence due to melanin

containing cells. Melanin-containing melanomas are dis-

played by high signal on T1w MRI. But small liver metastases

from non-melanin-containing melanoma with 2–3 mm size

can also be detected with wbMRI. Studies comparing wbMRI

using the novel MRI system and wbPET-CTwere currently per-

formed and the results will be reported of the following

studies.

Generally, bone marrow metastases occur in 11–17% of mel-

anoma patients with widespread metastatic disease. In the

present study we were able to confirm the superiority of wbMRI

compared with wbCT in detecting bone marrow infiltration.

As in liver, wbMRI detected more metastases in spleen

than wbCT because of the higher soft tissue contrast of

wbMRI compared with CT. However, these findings did not af-

fect treatment decisions.

Regarding metastases in kidneys and adrenal glands this

study revealed no benefit of wbMRI in comparison with con-

ventional CT.

In case of subcutaneous metastases, due to the lower soft

tissue contrast of CT compared with MRI the lesions can eas-

ily be overlooked in the CT examination. However, those pa-

tients also suffered from lung and bone marrow metastases,

the detection of additional subcutaneous metastases had no

impact on the current treatment.

In muscle, MRI showed its superior soft tissue contrast

compared with CT, but in all cases liver lesions or lung nod-

ules were simultaneously found by CT and MRI. Therefore,

we conclude that the higher sensitivity for the detection of
muscle metastases by MRI was not associated with a clear

advantage for the patients.

Lung metastases early in their development are frequently

asymptomatic. The median survival time with pulmonary

melanoma metastases is 8.3 months and the estimated 5-

year survival rate is 3–4% [14]. Resection of solitary pulmonary

metastases was reported to increase the median survival

from 8–11 months to 17–31 months [12]. In several cases nod-

ules of only 3 mm were also seen in wbMRI examination.

However, 24% of the 199 nodules detected by CTwere not vis-

ible on MRI. At present CT should still be the gold standard in

detecting lung nodules. The clinical value of MRI for detecting

pulmonary nodules is still under investigation [15].

The most common sites of malignant melanoma metasta-

ses in early metastases are near the site of the primary malig-

nant melanoma in the skin, in the soft tissue, and in the

regional lymph nodes. Their early detection may permit ben-

eficial surgical therapy. Physical examination and ultrasound

is best at detecting regional lymph node metastases [16].

However, metastases may be obscured by obesity, scarring

or location in difficult-to-palpate anatomical sites. MRI is

comparable to CT in identifying lymph nodes. Nevertheless,

even quantitative assessment of signal intensity does not per-

mit reliable follow-up of disease activity. In mediastinal re-

gion CT was able to detect only 50% of the suspicious lymph

nodes. This may be due to the higher soft tissue contrast of

MRI. On the other hand, in hilar region MRI gave a false neg-

ative in 3 of 11 nodes detected by CT. In this region pulsation

artefacts often appear in MRI examination because of the

vicinity of big vessels. Further studies should be carried out

in order to examine whether wbMRI has advantages over

PET-CT that can aid to determine the localisation of diseased

lymph nodes and gives valuable information regarding the

activity of residual tumour tissue.

Overall, this first prospective single-centre study clearly

indicates the superiority of wbMRI over wbCT in detecting

bone marrow involvement and small metastases in brain, li-

ver and soft tissue. The technique was consequently well ac-

cepted by the referring physicians.

Follow-up examinations by wbMRI have the advantage,

particularly in young patients, of avoiding high radiation

doses (29% of the patients were 50 years old or younger). It

is hoped that this novel method may additionally optimise

the workflow in staging patients with solid tumours and re-

duce their hospitalisation time.

However, until now it is unclear whether wbMRI examina-

tions will be cost effective, because the reimbursement for a

wbMRI study is uncertain thus far and inconsistent for differ-

ent institutions, and therefore can be only roughly estimated.

Whole-body MRI costs about twice that of conventional wbCT

and wbPET-CT about three times as much as normal wbCT.

Additionally, the availability of wbMRI scanners is pres-

ently much scarcer than CT scanners. The costs per examin-

ations with CT are clearly lower than for MRI.

Another relatively new method in examining cancer pa-

tients is the PET-CT, which is, so far, the most expensive

modality compared with CT and MRI. Prospective clinical

studies have now to be planned in order to examine whether

wbMRI examinations will have economic and medical bene-

fits compared with CT and PET-CT.
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It is of practical importance to define clearly the current

role of wbMRI scanning in the staging and follow-up of mela-

noma and other solid tumours. It is probable that the method

is too expensive to use in the primary staging or regular fol-

low-up examinations of patients with low risk for recur-

rences. Hence, wbMRI examinations are particularly for

patients with already known disseminated metastases, in

whom the extent of metastasis and the kind of organ involve-

ment influence the treatment strategy. Thus, the more accu-

rate and complete staging information obtained by wbMRI

is able to guide therapeutic decision-making.

In conclusion, wbMRI clearly proved to be more sensitive

than wbCT for the detection of solid cancer metastasis; alto-

gether, 41% more metastases were detected compared with

the results of the wbCT technique. On the other hand, wbCT

examination was more sensitive for the detection of lung

metastases. The more accurate and complete staging by

wbMRI had an impact on treatment strategy in about one-

quarter of patients and influenced decisions on the indication

for surgery, for radiation therapy, for chemotherapy and for

administration of bisphosphonates. Therefore, patients may

benefit from wbMRI examinations, allowing therapeutic deci-

sions to be based on the most accurate staging information.

To evaluate lung metastases, however, CT of the thorax

should still additionally be performed.
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