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Abstract
Objectives To investigate whether whole-body diffusion-
weighted imaging (WB-DWI) alone is adequate for
detecting metastases in melanoma patients, or if stan-
dard WB contrast-enhanced magnetic resonance imaging
(WB-ceMRI) is required.
Methods Seventy-one WB-DWI studies were performed
quarterly along with whole-body MRI including contrast-
enhanced sequences (WB-ceMRI) in 19 patients with ad-
vanced melanoma. The reference standard was biopsy, other
imaging investigations, or changes observed on follow-up.

Findings of metastasis in separate WB-DWI and WB-DWI +
WB-ceMRI readings were compared using κ statistics. Addi-
tionally, the distribution of findings was examined and calcu-
lated per body region (brain, neck, chest, abdomen, liver,
pelvis, subcutaneous tissues, bones) and diagnostic accuracy
(DA), sensitivity, specificity, negative predictive value, and
positive predictive value were calculated per patient.
Results The eight examinations that were positive by the
reference standard contained a total of 14 metastatic findings.
With almost perfect agreement between techniques (κ=85 %,
95 % CI 70–100 %) for detection of examinations with
metastatic findings, and complete agreement in extracranial
metastasis detection, 10 metastases were detected using WB-
DWI and 13 using WB-DWI + WB-ceMRI. WB-DWI and
WB-DWI + WB-MRI had equivalent per patient DA (79 %).
Conclusions WB-DWI without additional WB-ceMRI se-
quences is promising for the detection of extracranial metas-
tases in melanoma patients, but contrast-enhanced MRI is
required for evaluating the brain.
Key Points
• Whole-body (WB) magnetic resonance imaging (MRI) is
increasingly used for oncological disease assessment.

• WB diffusion-weighted MRI detects extracranial metastases
in melanoma patients.

• Contrast-enhanced MRI is only required for detecting
brain metastases.

• WB-DWI is inferior to low-dose CT for detecting lung
metastases.

Keywords Whole-body imaging . Diffusion-weighted
MRI .Melanoma . Metastasis . Contrast-enhancedMRI

Abbreviations and acronyms
ADC apparent diffusion coefficient
MIP maximum intensity projections
MPR multi-planar reformatted images
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WB-ceMRI whole-body magnetic resonance imaging
WB-DWI whole-body diffusion-weighted imaging

Introduction

Although only about 1 % of all cancer deaths are attributed to
melanoma, in recent decades the incidence of this disease has
grown steadily in both sexes in almost all countries [1]. It is
estimated that 76,690 new cases of melanoma will be diag-
nosed and 9,480 deaths frommelanomawill be reported in the
USA in 2013 [2]. The American Joint Committee on Cancer
(AJCC) classifies melanoma into four stages. Stage III (any
thickness melanoma tumour with involvement of regional
lymph nodes and/or in-transit metastases) and stage IV
(presence of distant metastases) disease are considered as
advanced, with 5-year survival between 46 and 69 % for stage
III and between 18 and 62 % for stage IV [3].

Surgery remains the most effective treatment for melano-
ma even in advanced stages, because it improves the prog-
nosis of patients with metastases [4, 5]. Surgery is most
effective when performed early in the course of disease [6,
7]. As both timing and sites of melanoma dissemination are
unpredictable, it would be extremely useful to have a whole-
body imaging technique for the periodic follow-up of pa-
tients with advanced melanoma. This would enable metasta-
ses to be detected early, thereby making surgery both possi-
ble and less mutilating, with the aim not only of improving
patient survival but also of preserving the quality of life. At
present, however, diagnostic approaches tend to vary from
centre to centre as there is an absence of consensus guide-
lines for the follow-up of patients with advanced melanoma.

Computed tomography (CT) and fluorodeoxyglucose pos-
itron emission tomography (PET) are often used in clinical
practice because they have provided good performance and
availability [8, 9]. However, owing to the serial nature of
follow-up imaging, a strategy based on non-ionizing radiation
is highly desirable. Ultrasound is useful in the evaluation of
the primary tumour and regional lymph nodes [10], but is ill-
suited to whole-body evaluations for the detection of distant
metastases, with a resultant poor sensitivity (approximately
53 %, compared to 85 % for CT) [11]. Magnetic resonance
imaging (MRI) has shown encouraging results for detecting
metastases in melanoma patients, with performance compara-
ble to those of CT and PET/CT [12–17]. Whole-body MRI
(WB-ceMRI) using T1- and T2-weighted sequences (with or
without contrast injection) still sees limited use in clinical
routine because it is technically challenging, involves long
examinations that make it demanding on the patients, and the
protocols are not yet validated against established techniques.

There is growing evidence that whole-body diffusion-
weighted imaging (WB-DWI) is effective in metastases detec-
tion, with encouraging results having been shown in different

tumour types [18–20]. WB-DWI has the advantages overWB-
ceMRI of a relatively short acquisition, and straightforward
interpretation. An open question is whether, in the surveillance
of patients at high risk of developing metastases, such as those
with advanced melanoma, WB-DWI and WB-ceMRI provide
a cumulative benefit as part of a metastasis detection protocol.
Thus, the purpose of this studywas to investigate whetherWB-
DWI alone is adequate for detecting metastases in melanoma
patients, or if standard WB-ceMRI is required.

Materials and methods

Patients

All patients signed informed consent before enrolment into this
study that was approved by the institutional ethics committee.
Between February 2009 and May 2011, 71 WB-DWI and
WB-ceMRI studies were performed in the same session in 19
patients (mean age ± SD at first scan, 58±13.8 years; 7 female)
with stage III melanoma before treatment (baseline) and every
3 months until disease progression. The follow-up in our
cohort was between 3 and 27 months (median, 9 months).

All patients were part of a randomized double-blind phase
III multicentre study with the objective of evaluating the role of
adjuvant immunotherapy with monoclonal anti-cytotoxic T-
lymphocyte antigen 4 (anti-CTLA-4) antibody (ipilimumab,
Bristol-Myers Squibb, New York , USA) compared to placebo
after radical surgery in patients with stage III melanoma. Inclu-
sion criteria were histologically confirmed melanoma excised
within 90 days before the baseline MRI, a diagnosis of stage III
melanoma according to AJCC criteria [3], the absence of
contraindications to MRI or the administration of paramagnetic
contrast agent, and the absence of residual disease after surgery.
Exclusion criteria were marked renal impairment (glomerular
filtration rate <30 mL/min), a history of other cancer in the
5 years preceding the diagnosis of melanoma, or extra-nodal
stage III disease (e.g. in-transit metastases). The appearance of
distant metastases with subsequent transition to stage IVwas an
exit criterion of the study, following which patients underwent
alternative treatments. The trial allowed for post-surgical mon-
itoring by either CTor MRI (with low-dose chest CT), with the
modality remaining the same for the duration of a patient’s
participation in the trial. Those patients opting for MRI-based
surveillance formed the population for the present study.

Imaging technique

The protocol included WB-DWI and WB-ceMRI (including
a state-of-the-art MR imaging from head to pelvis and
contrast-enhanced sequences) performed at 1.5 T
(Magnetom Avanto, Siemens Healthcare Sector, Erlangen,
Germany), as summarized in Tables 1, 2 and 3. Before the
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availability of moving table acquisitions across anatomical
stations, a multi-station version of the T1- and T2- weighted
TSE sequences was used which provided equivalent

coverage, and spatial resolution, but required additional
MR machine time for repositioning. Of the 71 examinations
performed, 37 made use of the moving table and 34 the
multi-station acquisitions. This protocol made use of
anatomy-specific phased-array surface coils for all body re-
gions. A hepatobiliary-specific contrast agent (Gd-EOB-
DTPA, Bayer-Schering, Berlin, Germany) was used, admin-
istered at a dose of 0.025 mmol/kg body weight, via an
automatic injector at a flow rate of 1.5 mL/s, followed by a
normal saline solution bolus (20 mL) at the same flow rate.
The cumulative MR data acquisition time was 38 min 21 s,
including 8 min 20 s for WB-DWI, and 30 min 1 s for WB-
ceMRI, making for a total examination time of around
55 min (see “Results”).

Image analysis

The images were processed on a dedicated workstation
(Leonardo, Siemens Healthcare Sector, Erlangen, Germany)
to produce a unified axial series covering from head to pelvis
consisting of DW images with b=800 s/mm2, and of
greyscale apparent diffusion coefficient (ADC) maps. A
composite sagittal T1 series covering the entire spine was
likewise generated. Maximum intensity projections (MIPs)
around the cranio-caudal axis (120 projections, 3° separa-
tion) and multi-planar reformatted images (MPRs) in the
coronal plane (5/0 mm thickness/gap) were reconstructed
from the unified DW axial series with b=800 s/mm2 and
displayed in inverted greyscale.

Table 1 MR pulse sequence parameters for WB-DWI

Scanning parameters (1.5 T) WB-DWI

Image contrast DWI

Imaging sequence SSH SE EPI

Orientation Axial

Echo/repetition time (ms) 72/6,600

Field of view (mm) 360×400

Matrix 130×160

Slices per station/stations 40/4

Slice thickness/gap (mm) 6/0

Number of signal averages 4

Flip angle (°) 90

Fat suppression SPAIR

Respiratory control Free-breathing

Parallel imaging factora 2

Diffusion encoding

b values (s/mm2) 0, 800

Gradient pattern 3-scan trace

Acquisition time per station (min:s) 2:05

SSH SE EPI single-shot spin echo echo planar imaging, SPAIR spectral
adiabatic inversion recovery
aWhere applied, the GRAPPA (GeneRalized Autocalibrating Partially
Parallel Acquisition) algorithm was used

Table 2 MR pulse sequence parameters for post-contrast WB-MRI scans

Scanning parameters (1.5 T) WB-T1 Head & neck Abdomen Spined

Image contrast T1 Dixonc T1 T1 T1

Imaging sequence FLASH Spin echo VIB TSE

Orientation Axial Axial Axial Sagittal

Echo/repetition time (ms) 2.38, 4.764/124 9.7/501 1.75/4.88 11/395

Field of view (mm) 287.5×400 272×320 287.5×400 380×380

Matrix 179×320 190×320 161×320 224×448

Slices per station/stations 14/13 50/1 60/1 18/2

Slice thickness/gap (mm) 5/1 5/1 4/0 3.5/0.4

Number of signal averages 1 1 1 2

Flip anglea (°) 90 90 10 150

Fat suppression – – SPAIR –

Respiratory control Breath-hold – – –

Parallel imaging factor b 2 – 2 2

Acquisition time per station (min:s) 1:42 4:53 0:19 3:58

FLASH fast low-angle shot, VIBE volume interpolated breath-hold examination (gradient echo), SPAIR spectral adiabatic inversion recovery
a For TSE sequences, refocusing angle is given
bWhere applied, the GRAPPA (GeneRalized Autocalibrating Partially Parallel Acquisition) algorithm was used
cWith “water” and “fat” image reconstruction
d Sequence repeated for cervical, thoracic and lumbar spine
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Each MR examination was prospectively analysed by one
of four radiologists who had between 5 and 14 years of
experience in oncologic MRI. Two radiologists (randomly
chosen from the pool of four) each prospectively and sepa-
rately read one of WB-DWI and WB-DWI +WB-ceMRI for
a given patient exam. Each radiologist reported the presence
of a finding when one or more lesions were detected in any of
seven body regions (brain, neck, chest, abdomen, pelvis,
subcutaneous tissues and bones), measured their size (or in
the presence of multiple lesions, their minimum and maxi-
mum sizes), and categorized them as either benign or
suspicious/diagnostic for malignancy. The readers recorded
their findings for the study. Any clinical decisions were
based on consensus of the two readers.

The evaluation of the examinations was based on mor-
phological characteristics, enhancement pattern, and DWI
appearance. General radiological criteria for metastases were
areas with shape suggestive of tumour, abnormal signal
and/or pathological enhancement after intravenous contrast
agent injection, and hyperintense appearance on DWI with
b=800 s/mm2 and corresponding low apparent diffusion
coefficient (ADC) values. A lymph node was rated as suspi-
cious if its largest diameter was greater than 10 mm and its
appearance was round (as opposed to oval). Lymph nodes
smaller than 10 mm, but hyperintense on T1 sequences

(suggestive of the presence of melanin), were also rated as
suspicious [12].

Subcutaneous tissue findings were considered apart as a
single body region irrespective of location, and not included
in body region of origin in subsequent statistical analysis.
The readers recorded their findings for the study. Any clin-
ical decisions were based on consensus of the two readers.

Reference standard

For lung assessment, all patients underwent low-dose chest
CT performed using 16-slice multidetector CT (GE
Lightspeed, General Electric Healthcare, Milwaukee, WI,
USA) at each visit. The exposure at a single visit was
1 mSv (CT parameters in Table 4), with an estimated annual
radiation dose of 4 mSv (low-dose CT was performed quar-
terly, at 3-month intervals).

Lesions suspicious for malignancy on WB-DWI, or WB-
DWI + WB-ceMRI, that were accessible for ultrasound-
guided biopsy, underwent second-look ultrasound and, in
case of persistence of suspicion, needle biopsy under ultra-
sound guidance. Any lesion that was not accessible for
ultrasound-guided biopsy or that was too small to be
subjected to needle biopsy was referred for assessment on
other imaging modalities, or for monitoring of changes in

Table 3 Parameters used for post-contrast WB-ceMRI scans

Scanning parameters (1.5 T) WB-T1 WB-T2 Head & neck Abdomen

Image contrast T1 Dixonc T2d T1 T1 T2c Dynamic & late
phase T1

T2

Imaging sequence FLASH BLADE TSE SE SE TSE VIBE HASTE

Orientation Axial Axial Axial Coronal Axial Axial Axial

Echo/repetition time (ms) 2.38, 4.764/124 210/2,660 9.7/501 8.4/489 128/3,610 1.75/4.88 117/1,300

Field of view (mm) 287.5×400 400×400 272×320 195.5×230 270×320 287.5×400 256×320

Matrix 179×320 256×210 190×320 190×320 227×384 161×320 230×320

Slices per station/stations 14/13 128/1 50/1 24/1 50/1 60/1 30

Slice thickness/gap (mm) 5/1 5/1 5/1 5/1 5/1 4/0 6/1.2

Number of signal averages 1 1 1 1 2 1 1

Flip anglea (°) 90 130 90 90 150 10 150

Fat suppression – – – – – SPAIR –

Respiratory control Breath-hold Breath-hold – – – – Breath-hold

Parallel imaging factorb 2 2 – – 2 2 2

Acquisition time per
station (min:s)

1:42 2:40 4:53 3 : 12 2: 42 0:57 (dynamic)
0:19 (late phase)

0:39

FLASH fast low-angle shot, VIBE volume interpolated breath-hold examination (gradient echo), SSH SE EPI single-shot spin echo echo planar
imaging, SPAIR spectral adiabatic inversion recovery
a For TSE sequences, refocusing angle is given
bWhere applied, the GRAPPA (GeneRalized Autocalibrating Partially Parallel Acquisition) algorithm was used
cWith “water” and “fat” image reconstruction
d All T2-weighted images and the upper abdomen DWI were acquired after contrast administration and dynamic T1 scan of the abdomen to make use
of the time available prior to performing the hepatobilary “late” phase T1 scan (ca. 20 min)
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subsequent study examinations. If the size increased, they
were then considered malignant, whereas those whose size
was stable or decreased were considered benign.

In cases considered suspicious/diagnostic for malignancy,
malignancy was confirmed by histology or progression on
follow-up. All the remaining findings were considered be-
nign unless progression was observed at follow-up.

Statistical analysis

All findings reported on a first reading (using WB-DWI) and
on a second reading using (WB-DWI + WB-ceMRI) were
included in the statistical analysis according to their classifi-
cation as benign or suspicious/diagnostic for malignancy.
For these two sets of readings, we separately defined true
positives (TP) as those findings classified as suspicious for
malignancy that were found to be malignant by the described
reference standard; true negative (TN) as benign findings
that were confirmed by the reference standard; false positive
(FP) as findings that were suspicious for malignancy but then
proved to be benign; and false negative (FN) as findings that
were considered benign but then proved to be malignant.

The agreement between WB-DWI and WB-DWI + WB-
ceMRI in detecting examinations with any metastasis was cal-
culated using κ statistics, with 95 % confidence interval (CI).

The sensitivity (SE) of WB-DWI and WB-DWI + WB-
ceMRI in the detection of metastatic findings, and their

positive predictive value (PPV) were calculated using the
reference standard described above. McNemar’s test was
used to assess any significant difference in the detection of
metastasis with the two different protocols (WB-DWI and
WB-DWI + WB-ceMRI).

As further secondary analyses, we examined the distribution
of reported findings per body region and metastases detection
performance per patient. Because of the small numbers of find-
ings per body region, a statistical breakdown by body region was
excluded. For each per patient analysis, the diagnostic accuracy
(DA) of WB-DWI and WB-DWI + WB-ceMRI, defined as the
ratio between the sum of TP and TN and total number of patients
having reported lesions, was also calculated. We further calcu-
lated the sensitivity (SE), specificity (SP), the negative predictive
value (NPV) and the positive predictive value (PPV) of WB-
DWI and of WB-DWI + WB-ceMRI for the diagnosis of ma-
lignancy per patient. Confidence intervals (CIs) for these values
were calculated on the basis of a binomial distribution. In this
secondary per patient analysis precedence was given to FN
findings where multiple findings were present for a patient, as
opposed to TP findings in the per examination analysis.

Results

The average overall duration of the WB-DWI + WB-ceMRI
protocol was 55 min (range 53–72 min) from the start of the
examination to patient discharge, with the time in excess of
the 38 min 21 s dedicated to MR data acquisition occupied by
patient positioning, shimming, patient instruction, localiser
imaging, table movement, etc. All examinations were success-
fully completed, with no MR examinations considered
unreadable due to motion artefacts, and there were no adverse
reactions to injected contrast medium. Twelve of the 71 ex-
aminations performed (16.9 %) led to suspicious findings
requiring further investigation (five second-look ultrasounds,
six second-look ultrasounds with ultrasound-guided needle
biopsy, and one MRI of the pituitary gland), of which 3
(25 %) showed the presence of metastases (Fig. 1a–c).

Table 4 Acquisition parameters for low-dose thoracic CT

CT parameter Value

Tube current (mAs) 30–50

Tube voltage (kV) 100–120

Gantry rotation interval (s) 0.75

Field of view (mm) 400

Acquired slice thickness (mm) 2.5

Reconstructed slice thickness (mm) 1.25

Equivalent dose (mSv) 1

Fig. 1 A lesion of 7 mm in subcutaneous tissues in a 44-year-old woman
seen as a a hyperintense lesion (arrow) on axial WB-DWI images
(b=800 s/mm2) that b showed enhancement (arrow) in post-contrast T1-
weighted gradient echo “water” images. c The lesion (asterisk), located in

the subcutaneous fat of the left scapular region, was considered suspicious
for malignancy both using WB-DWI and WB-DWI + WB-ceMRI, and
therefore the patient underwent ultrasound-guided biopsy that was positive
for malignancy (the 18-gauge biopsy needle indicated by arrowheads)

3470 Eur Radiol (2013) 23:3466–3476



Per examination analysis

Seventy-one examinations were performed in 19 patients.
According to our standard of reference, there was at least one
metastatic finding in eight examinations (Supplementary
Table 1). WB-DWI revealed the presence of at least one
metastatic finding in 11 examinations (15 %), whereas
WB-DWI + WB-ceMRI did so in 14 examinations (20 %).
Both WB-DWI and WB-DWI + WB-ceMRI correctly iden-
tified the eight positive examinations that were positive by
the reference standard. The agreement of the two protocols in
detecting examinations with at least one metastatic finding
was almost perfect: κ=85 % (95 % CI 70–100 %).

In the eight examinations that were positive by the refer-
ence standard, there were a total of 14 metastatic findings. Of
these, 10 were detected using WB-DWI (10 TP, 4 FN find-
ings), whereas 13 were detected using WB-DWI + WB-
ceMRI (13 TP, 1 FN findings). Both WB-DWI and WB-
DWI + WB-ceMRI failed to detect a lung metastasis. The
remaining three metastatic findings that were not seen with
WB-DWI were in the brain. Thus, the overall SE and PPV
(95 % CI) of WB-DWI in detecting metastatic findings were
both equal to 0.71 (0.42–0.92), whereas SE and PPV (95 %
CI) of WB-DWI + WB-ceMRI were, respectively, 0.93
(0.66–1.00) and 0.57 (0.34–0.77). The difference in the
detection of metastatic findings with the two protocols was
not statistically significant (McNemar’s test P value 0.08).

Among the 63 examinations that were negative by the
reference standard, there were 4 FP findings for WB-DWI,
whereas WB-DWI + WB-ceMRI had 10 FP findings.

Per body region analysis

According to the reference standard, the distribution of the 14
metastatic findings by body region was as follows: three in the
brain, four in the chest (Fig. 2a, b), three in the abdomen, three in
subcutaneous tissues (Fig. 3a, b) and one in bone (Supplemen-
tary Table 1). There was complete agreement between the two
readings in the abdomen and bones, where all metastatic findings
were detected by both techniques, and in the neck and pelvis,

where no metastases were found. The techniques differed in
findings for the brain, chest, and subcutaneous tissues. In the
brain, WB-DWI + WB-ceMRI yielded three TP, three FP, and
twoTN findings, whichwere not seen byWB-DWI. In the chest,
WB-DWI + WB-ceMRI yielded one additional FP (enlarged
mediastinal lymph node) as well as four TN findings (two lung
inflammatory changes, one thymic hyperplasia, one hiatus her-
nia) not reported with WB-DWI. WB-DWI + WB-ceMRI also
yielded two additional FP findings in the subcutaneous tissues
(enhancing scars, one in the left scapular region, the other dorsal
region). The two smallest metastases foundwere of 2 and 3 mm,
in the brain and liver (Fig. 4a, b), respectively. No malignan-
cies besides melanoma were found.

Per patient analysis

In the reading using WB-DWI, nine out of the 19 enrolled
patients were considered to have findings suspicious for me-
tastases, of which six proved to be TP and three FP (by
patient) (Fig. 5a, b). The remaining 10 patients were all
considered to have benign findings, but whereas nine were
TN, one was FN. WB-DWI had an SE of 85.7 % (CI 42–
100 %) and SP of 75 % (CI 43–95 %) in the diagnosis of
metastases, with a PPVof 66.6 % (CI 30–93%), NPVof 90 %
(CI 56–100 %), and a DA of 79 % (CI 54–94 %) (Table 5).

In the reading using WB-DWI + WB-ceMRI, 11 patients
were considered to have findings suspicious for metastases,
of which seven proved to be TP and four FP (by patient)
(Fig. 5c, d). The remaining eight patients were considered to
have benign findings and all were TN. WB-DWI + WB-
ceMRI had an SE of 100 % (CI 59–100 %) and SP of 66.6 %
(CI 35–90 %) in the diagnosis of metastases, with a PPVof
63.6 % (CI 31–89 %), NPVof 100 % (CI 63–100 %), and a
DA of 79 % (CI 54–94 %) (Table 5).

Discussion

In our study, all examinations were completed successfully,
indicating good tolerance of the procedure. Patient compliance

Fig. 2 A lung nodule of 6 mm in the left upper lobe in a 57-year-old
man. a Axial WB-DWI images (b=800 s/mm2) show a hyperintense
lesion (arrow). b The T2-weighted TSE image also shows a lesion
(arrow) adjacent to mediastinum. The lesion was considered suspicious

for malignancy both using WB-DWI and WB-DWI + WB-ceMRI. The
diagnosis of malignancy was confirmed by observing its increase in size
in subsequent follow-up examinations

Eur Radiol (2013) 23:3466–3476 3471



in the general population is likely to be lower as our patients
were enrolled in a clinical trial, provided informed consent, and
may have been motivated by their awareness of the radiation
dose savings (4 mSv vs about 120 mSv per year) involved in
the present study in comparison to follow-up with whole-body
total-body CT.

Implications by examination

Both WB-DWI and WB-DWI + WB-ceMRI correctly iden-
tified the eight positive examinations, with very good agree-
ment between readings (κ=85%; 95%CI 70–100%) and no
significant difference in their detection of metastases.

Fig. 3 A lesion of 17 mm in
subcutaneous tissues in a 27-
year-old man. a Inverted
greyscale MPR of WB-DWI
images (b=800 s/mm2) show a
(inverted) hyperintense lesion
(arrow). b The post-contrast T1-
weighted gradient echo “water”
image show a contrast-
enhancing lesion (arrow) in the
subcutaneous fat of the left flank.
The lesion was considered
suspicious for malignancy both
using WB-DWI and WB-DWI +
WB-ceMRI. The diagnosis of
malignancy was confirmed by
ultrasound-guided biopsy

Fig. 4 A lesion of 3 mm in the liver in a 60-year-old woman. a Axial
WB-DWI images (b=800 s/mm2) show a hyperintense lesion in the
VIII segment of the liver. b The post-contrast T1-weighted gradient
echo “water” image performed 20 min after administration of
hepatobiliary-specific agent) shows a hypointense lesion in the VIII

segment of the liver. The lesion was considered diagnostic for malig-
nancy both usingWB-DWI andWB-DWI +WB-ceMRI. The diagnosis
of malignancy was confirmed by observing an increase in size in
subsequent follow-up examinations
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Overall, WB-DWI demonstrated a lower SE in detection of
metastases, primarily owing to its failure to detect brain
metastases. In fact, limited to extracranial metastases

detection, both techniques had an SE of 91 % (CI 59–
100 %). Despite the lower overall SE of WB-DWI, its PPV
was higher than WB-DWI + WB-ceMRI owing to the

Fig. 5 False positive lymph
nodes (arrows) in the neck in a
49-year-old man. Axial WB-
DWI images (b=800 s/mm2)
obtained at baseline (a) and after
3 months (b) show increase in
lymph node size as do the T2-
weighted TSE obtained at
baseline (c) and after 3 months
(d). An increase in the size of
lymph nodes was diagnosed both
using WB-DWI and WB-DWI +
WB-ceMRI, and therefore they
were considered suspicious for
malignancy. An ultrasound was
therefore performed, which
showed benign features. The
decrease in size of these lymph
nodes in the subsequent MRI
examinations (not shown)
confirmed their benign nature

Table 5 Findings, diagnostic accuracy, sensitivity, specificity and predictive values per patient

Reading True
positive
(TP)

False
positive
(FP)

True
negative
(TN)

False
negative
(FN)

Diagnostic
accuracy (DA, %)
(95 % CI, %)

Sensitivity
(SE, %)

Specificity
(SP, %)

Positive
predictive
value (PPV, %)

Negative
predictive
value (NPV, %)

WB-DWI 6 3 9 1 79 85.7 75 66.6 90

54–94 42–100 43–95 30–93 56–100

WB-DWI +
WB-MRI

7 4 8 0 79 100 66.6 63.6 100

54–94 59–100 35–90 31–89 63–100
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additional false positive findings obtained with the latter
(four FP using WB-DWI, and ten FP using WB-DWI +
WB-ceMRI).

As WB-DWI + WB-ceMRI did not show additional met-
astatic findings compared to WB-DWI in neck, abdomen,
pelvis, bones, and subcutaneous tissues, our results support
the argument that WB-DWI alone can be considered for
examination of these body regions in this clinical setting,
with substantial savings in MRI time. A tailored melanoma
metastases protocol consisting of extracranial WB-DWI and
intracranial pre- and post-contrast T1-weighted sequences
would require less than 15 min of MRI time as opposed to
the 38 min 21 s of the combined WB-DWI + WB-ceMRI
protocol used here, but would be expected to have identical
diagnostic performance.

Implications by body region

In the brain, WB-DWI did not detect the presence of brain
metastases in three cases, involving lesions of between 2 and
5 mm in diameter that were seen using WB-DWI + WB-
ceMRI. WB-DWI + WB-ceMRI was, however, prone to FP
findings (three out of a total of eight). The first of these results
suggests that the short interval (3 months) of WB-DWI MRI
did not play a role in the detection of brain metastases. The
brain FP findings appear to have been sites of transient en-
hancement not seen on subsequent follow-up, but we are
unable to attribute this observation to the therapy being ad-
ministered or to other causes. The design of the study, involv-
ing frequent examinations with the aim of detecting small,
asymptomatic metastases, may be expected to result in an
increase of FN and FP findings. Our observations are therefore
specific for our cohort and may not apply to clinical routine.

In the neck, both WB-DWI and WB-DWI + WB-ceMRI
had FP findings due to benign lymph nodes that were judged
suspicious because of their size. As it has been demonstrated
that patients receiving ipilimumab, which acts on T-
lymphocytes, may experience a reaction in benign lymph
nodes, the enlarged lymph nodes may have been a treatment-
specific response in patients randomized to the therapy arm
of this clinical trial [21, 22]. Supporting this hypothesis, one
of the two patients with an FP finding in neck lymph nodes
was confirmed to be receiving ipilimumab (study blinding
was broken because of acute toxicity). Although not on the
market at this time, ultrasmall paramagnetic iron oxide
(USPIO) contrast agents, owing to their uptake in reactive
lymph nodes [23, 24], may contribute to lymph node assess-
ment in patients undergoing anti-CTLA-4 treatment.

In the chest, WB-DWI and WB-DWI + WB-ceMRI read-
ings again yielded FP findings attributable to enlarged lymph
nodes, and one FN finding where both missed lung metasta-
ses that were no larger than 4 mm. This FN finding suggests
that improvement is still needed before WB-DWI or WB-

DWI + WB-ceMRI can be used as an alternative to CT in
routine clinical assessment of the lungs. The implications for
patient care of detecting such small lung metastases may
differ according to the specific clinical setting.

Our results for the abdomen, being equivalent for both
methods, suggest that WB-ceMRI made no diagnostic con-
tribution in our cohort. As the one FP abdominal finding in
our study was outside the liver, we considered our perfor-
mance for the liver to be comparable to studies that have
focused specifically on liver findings, where DAvalues up to
100 % have been reported [25, 26]. We note that we used a
hepatobiliary-specific contrast agent in order to obtain the
highest possible diagnostic performance in the liver, which is
a possible site of metastases in melanoma patients. Although
we know of no published reports on the use of Gd-EOB-
DTPA in evaluating extra-hepatic metastases, this contrast
agent has almost twice the T1 relaxivity of other agents, and
comparative studies have demonstrated that this has advan-
tages in terms of enhanced image contrast, image quality, and
diagnostic confidence. These considerations suggest that the
use of Gd-EOB-DTPAwould not compromise evaluation of
extra-hepatic metastases [27].

As a result of the lack of pelvic metastases in our cohort,
our results cannot be considered representative of the likely
performance of WB-DWI for pelvic metastases, though it
has shown potential for DWI in the assessment of pelvic
malignancies [28–30].

For the detection of metastases in subcutaneous tissues,
WB-DWI and WB-DWI + WB-ceMRI differed only in that
WB-DWI + WB-ceMRI found two fewer FP findings (both
associated with scarring). This differs somewhat from the only
prior study comparing WB-DWI with a WB-ceMRI protocol
for the assessment of melanoma, where WB-DWI allowed the
detection of more metastases in subcutaneous tissues [31].

For the evaluation of bony structures in our study, WB-
ceMRI did not add to the diagnostic performance of WB-
DWI. It is necessary to emphasize that these results are
specific to the context of the present study where bones were
assessed only for the presence of metastases, a role in which
WB-DWI has shown good results [32, 33].

Implications for patients

The CIs of DA, SE, SP, PPV, and NPV for the detection of
metastases at the patient level are rather broad because of the
small number of patients enrolled in the study. This limits the
possibilities for effective comparison between the two tech-
niques andwith other studies. Nonetheless, we can consider the
DA (79 %) of both WB-DWI and WB-DWI + WB-ceMRI in
our study to have been slightly lower than that in other studies
where WB-ceMRI has been used for early detection of metas-
tases, and DA values of 92 % [34] and 93 % [35, 36] reported
for the correct assessment of M stage. The moderate DA
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observed in our study was primarily due to the relatively high
number of false findings at a patient level (three FP and one FN
for WB-DWI, and four FP for WB-DWI + WB-ceMRI).

The foremost limitation of this study is the small number
of patients, which limited the incidence of findings in all
body regions, thus rendering the statistical analysis of the
results and their clinical significance rather coarse. In part,
this is compensated by repeated examinations in the same
patients that allow each patient to serve as their own control.
Further, except for the lung, the findings of WB-ceMRI and
of WB-DWI +WB-ceMRI were not compared to established
whole-body imaging techniques, such as CT and PET/CT. Our
results may consequently be biased as the confirmatory inves-
tigations were only performed for findings judged suspicious
on WB-DWI or WB-DWI + WB-ceMRI. Moreover, the small
study size, and lack of comparison with CT or PET/CT pre-
cludes us from commenting on the clinical value of WB-DWI
with or without WB-ceMRI for follow-up melanoma patients.
We used a comprehensive protocol for WB-ceMRI, from head
to pelvis in order to minimize any failure to identify metastases,
though this led to a relatively long exam duration. There also
still remains the need to validate the use of WB-DWI for
metastasis detection in comparison with CT or PET/CT as the
reference standard. An important implication of our results is
that the potential exists for reducing MR examination times in
such a study by avoiding unnecessary MR sequences.

In conclusion, whole-body diffusion-weighted imaging
without additional WB-ceMRI sequences is promising for
the detection of extracranial metastases, including lung me-
tastases greater than 5 mm and even smaller metastases in the
abdomen, pelvis, bones, and subcutaneous tissues. Contrast-
enhanced MRI is required for evaluating the brain.
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