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Magnetic resonance imaging in the diagnosis of
melanoma: in vivo preliminary studies with
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The aim of this study was to analyse the potential of fast
dynamic subtraction magnetic resonance (MR) imaging in
differentiating in vivo melanomas from benign melanocytic
lesions. Dynamic MR imaging was performed after intra-
venous administration of gadopentetate dimeglumine (Gd-
DTPA) in 18 patients with melanocytic skin lesions. Using a
post-processing algorithm, time-signal intensity curves
were obtained for the lesions and classified according to
their shapes as type | (steady enhancement increase), type
Il (plateau of signal intensity) or type lll (wash-out of signal
intensity). Other parameters evaluated for their potential to
differentiate melanomas from benign lesions were the
enhancement rate (percentage of signal intensity increase)
in the first minute after Gd-DTPA administration, the peak
value of the enhancement rate, and the wash-out slope.
The pigmented lesions were then surgically excised and
the MR results compared with the histological assessment.
In melanomas, the mean value of the enhancement rate in
the first minute was 611%, whereas in benign lesions it was
131% (P=0.001). The distribution of curve types was also
different: seven of the nine naevi showed type | curves,
while eight of the nine melanomas displayed a type Il
curve. In addition, distinctive wash-out dynamics were
observed: the enhancement rate began to decrease be-
tween the first and third minutes for melanomas, but
continued to increase until the sixth minute for naevi
(P=0.000). These findings, which are most likely related to
the neoangiogenesis present in melanomas, indicate that
dynamic MR imaging can be helpful in the differential
diagnosis of pigmented skin lesions. © 2002 Lippincott
Williams & Wilkins
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Introduction

The use of unenhanced magnetic resonance (MR)
imaging to characterize melanoma has yielded con-
troversial results.'™ Various studies designed to
differentiate benign from malignant skin lesions
based on the evaluation of morphological para-
meters such as size, demarcation of margins, signal
homogeneity, surrounding soft tissue oedema and
measurement of relaxation times have shown that
these parameters demonstrate low specificity and
sensitivity.4’5

Recently, the development of MR software and the
use of a gadolinium contrast agent in dynamic MR
imaging have led to promising results in the differ-
ential diagnosis of benign and malignant breast
lesions. The contrast enhancement obtained in
breast cancer has been related to tumour
neoangiogenesis o1

An increase in angiogenic factor production and
vascularization is also present in malignant mel-
anoma.'>"> MR may therefore be able to distinguish
in vivo the benign or malignant nature of pigmented
skin lesions by evaluating contrast distribution. In
the present study, the MR image technique used in
breast diseases was applied to the analysis of
pigmented skin lesions, in particular melanomas and
melanocytic naevi. Despite specific problems related
to skin examination, such as tissue thinness, move-
ment artefacts and low enhancement values, our
results show a significant difference in enhancement
curves obtained in melanomas compared with naevi.
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Materials and methods
Patients

The study design and protocol were reviewed and
approved by the local Medical Ethical Committee; all
patients gave informed consent to be examined after
the nature of the procedure had been fully ex-
plained.

Among patients hospitalized in the Division of
Plastic Surgery between September 1999 and March
2000 in order to undergo surgical excision of
pigmented skin lesions, 29 agreed to participate in
the study. Exclusion criteria were the presence of
prostheses incompatible with MR, claustrophobia,
and lesions located on a very concave or convex
surface, which make use of the MR coil difficult. In
addition, three patients were excluded from the
study because they moved during the examination,
invalidating the results. In total, 18 patients (age
range 21-78 years, mean 41 years) completed the
study.

MR imaging

All patients were examined with a 1.5 T MR system
(Magnetom Vision, Siemens, Erlangen, Germany)
using a dedicated surface coil 3.5 cm in diameter.
Before the examination an intravenous catheter was
inserted into the patient’s arm. Two-dimensional
unenhanced T1-weighted spin-echo MR images with
a short repetition time and a short echo time
(repetition time in ms/echo time in ms = 400/17)
and T2-weighted images with a long repetition time
and a long echo time (4000/120) were performed in
a plane perpendicular to the cutis. The slice thick-
ness was 2 mm, the field of view was 250—320 mm,
and the matrix used was 192 X 256 pixels.

The T2-weighted images were always combined
with fat-selective presaturation. Three to four sec-
tions displaying the largest and most representative
tumour dimensions were selected for a dynamic
contrast-enhanced study.

An intravenous bolus of gadopentetate dimeglu-
mine (Gd-DTPA) (0.1 mmol Gd-DTPA/kg body
weight) was administered by an automatic injector
at a rate of 3 ml/s (total injection time approximately
12s) followed by 30ml of saline solution flush
immediately after contrast administration. At the
same time dynamic MR imaging was started, consist-
ing of a consecutive series of Flash-T1 sequences.
The time resolution was 22 s and the duration of the
dynamic studies was 6 min.
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The enhancement rate was quantified by means of
a region of interest-based determination of lesion
signal intensity before and after contrast injection. At
each time point, the enhancement rate (percentage
of signal intensity increase) was calculated according
to the formula

(STpost — SIpre)/SIpre X 100

where Sl is the signal intensity after contrast
agent and Sl is the signal intensity before contrast
agent (Figures 1 and 2). By plotting the enhance-
ment rate over time, time—signal intensity curves
were obtained to depict the lesion’s enhancement
behaviour in the early (first minute), intermediate
(between the first and third minutes) and late
(between the third and sixth minute) post-contrast
period. The regions of interest (ROIs) were drawn to
include as much of the lesion as possible in areas of
homogeneous and strongest enhancement to mini-
mize noise in the time—signal intensity data. Particu-
lar care was taken to identify any patient motion,
which may lead to faulty time signal-intensity
curves if the ROI includes different skin areas from
one dynamic image to the other.

All the lesions were then excised surgically, and
enhancement characteristics were related to histo-
pathological findings.

Data and statistical analysis

On the basis of the preliminary experiences trigger-
ing this study and from data in the literature,” we
distinguished three types of time-signal intensity
curves (Figure 3): type I is a straight or curved line
with a steady enhancement rate increase, where the
signal intensity continues to augment over the entire
dynamic period; type II is a plateau in which there is
an initial upstroke followed by an enhancement
plateau in the intermediate and late post-contrast
periods; and type III is a wash-out in which there is
an initial upstroke, followed by an abrupt cut-off of
enhancement and a decrease in the signal intensity
in the intermediate and late post-contrast periods.

The following outcome measures were consid-
ered: (i) enhancement rate at the first minute post-
contrast; (i) qualitative evaluation of the curve type;
(iii) slope of the enhancement rate curves in the
intermediate and late post-contrast periods; (iv) time
taken to reach the maximum enhancement rate; and
(v) maximum enhancement rate (peak value).

The statistical significance of differences between
benign and malignant lesions was evaluated using
the Mann—Whitney test.
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Figure 1. MR imaging and post-processing of a benign naevus. T1 and T2 fat suppression MR images show a thin hyperintense
superficial area (a, b). In contrast imaging, a region of interest is chosen, depicted by a circle (¢, arrow). The post-processing time—
signal intensity curve is a straight line, with the signal intensity continuing to augment over the entire dynamic period (d).

Results

Out of the 18 lesions examined, nine were primary
melanomas (Breslow’s thickness < 0.75 mm in three
cases, including one melanoma in situ, 0.75—
3.00 mm in four cases, and >4 mm in two cases)
and nine were benign naevi (one congenital, two
junctional and six composite).

The enhancement rate in the first post-contrast
minute was significantly different (P = 0.001) in
malignant lesions (mean + SD = 611 + 327%) com-

pared with benign ones (131 + 124%) (Figure 4).
The shapes of the time—signal intensity curves of
benign and malignant lesions also differed (Figure
5). In seven of the nine benign tumours a type I
signal intensity—time curve was obtained, while
eight of the nine melanomas showed a type III
curve. A type II curve was identified in two of the
nine naevi and in one of the nine melanomas.
Analysis of the enhancement rate curve slope
during the intermediate and late post-contrast peri-
ods confirmed the results of the qualitative evalua-
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Figure 2. MR imaging and post-processing of melanoma. T1- and T2-weighted MR images show a superficially altered area (a, b). In
contrast imaging, a region of interest is chosen (c, arrow) and the time—signal intensity curve obtained demonstrates a typical rapid

increase in signal intensity followed by an abrupt cut-off (d).

tions. Growth speed values were already negative
between the first and third minutes for melanomas
(mean + SD = —99 4+ 106), while at this time they
were positive for naevi (48 £+ 41) (P = 0.000). Simi-
larly, negative (—32 4+30) and positive (30 & 31)
slope values were obtained between the third and
sixth minutes for melanomas and naevi, respectively.
The peak of maximum enhancement was reached
on average after 81 s for melanomas and after 333 s
for naevi (P = 0.000) (Figure 6). Finally, the average
peak enhancement rate reached for melanomas was

368 Melanoma Research - Vol 12 - 2002

700 £+ 414%, while for naevi it was 316 + 214%
(P = 0.038) (Figure 7).

Discussion

The evaluation of melanoma is made nowadays
through various instrumental examinations with the
aim of improving the differentiation between benign
and malignant lesions in the pre-surgery phase. The
use of high frequency ultrasound has allowed the
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Figure 3. Schematic drawing of the time-signal intensity curve
types.
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Figure 4. Mean (+ SD) enhancement rates in the first post-
contrast minute for melanomas and naevi.

Dynamic magnetic resonance imaging in melanoma

evaluation of tumour thickness, but has proven
unhelpful in the differential diagnosis of pigmented
lesions due to the similar ultrasound features of
melanoma and melanocytic naevi.'*"” The addition
of colour Doppler has facilitated differentiation,
although numerous false negative results are still
obtained in small size melanomas due to lack of
colour signal.16

MR has also been used in cutaneous tumours and
particularly in melanoma detection.'”” However,
attempts to differentiate benign from malignant
lesions either through different signals in T1 and T2
sequences or on the basis of morphological features
have been unsuccessful.® In addition, evaluation of
the quantity and distribution of contrast in patients
as well as in an animal model of melanoma did not
provide univocal indications.>'®

The theoretical basis for the use of dynamic MR in
cancer diagnosis is that malignant lesions are char-
acterized by neoangiogenesis phenomena. MR is a
potentially useful method for the measurement of
the perfusion rate in human tumours. Following the
intravenous administration of a contrast agent, dy-
namic imaging can record the kinetics of its distribu-
tion in the vascular and extracellular spaces of a
tumour. Dynamic MR studies in human melanoma
xenografts have shown that reliable estimates of
tumour perfusion rates can be obtained by contrast
agent kinetic evaluation."”

Various histological and immunohistochemical
studies have demonstrated that the vertical growth
phase of melanoma is accompanied by rich capillary
growth occurring in response to endothelial growth
factors produced by the tumour.?**? Highly invasive
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Figure 5. Enhancement rate curves for the examined lesions.
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Figure 6. Mean (+ SD) time to reach the signal intensity peak
for melanomas and naevi.
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Figure 7. Mean (+ SD) maximum enhancement rate of signal
intensity (peak value) for melanomas and naevi.

melanoma cells also appear to be able to mediate
the formation of vascular channels not covered by
endothelial cells, leading to a marked increase in the
neoplasm’s perfusion.12 The increased vasculariza-
tion is therefore also associated with augmented
permeability. Indeed, in dynamic MR the signal
intensity variations during intravenous infusion of
the contrast medium are related first to its distribu-
tion in the capillary bed and then to its leakage into
the extracellular matrix."

The results of our study demonstrate that melano-
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mas are characterized by an extremely rapid increase
in the signal intensity, as revealed by the short time
to the maximum enhancement rate (mean 81 s). In
addition, the enhancement rate in the first post-
contrast minute is significantly higher in melanomas
compared with naevi. Therefore, MR sequences with
an adequate temporal resolution must be used in
order to show the different behaviour of malignant
lesions compared with benign naevi and to achieve
diagnostic efﬁcacy.23 Indeed, if the evaluation is
limited to the maximum enhancement rate of skin
pigmented lesions, a less evident but still significant
difference is obtained between malignant and be-
nign lesions.

In addition to the rapid increase in signal enhance-
ment, melanomas are also characterized by a rapid
decrease in the signal. In fact, the signal intensity—
time curve in these tumours tends to wash-out (type
I curve), while naevi display a longer enhancement
(type I curve). A decrease in contrast medium
intensity during a 6 min sequence, quantitatively
expressed by the slope of the enhancement rate
curves in the intermediate and late post-contrast
time, is typical of melanomas and could be related to
an increase in microcirculation permeability and
tumour leakage space.

Some technical problems encountered during
dynamic MR examination of pigmented skin lesions
should be underlined. Since necrotic or haemorrha-
gic zones are frequently present in larger tumours,
the ROI must be accurately selected in order to
cover an area of significant and homogeneous
enhancement. Another practical difficulty is related
to patient movements during dynamic scans, possi-
bly resulting in a modification of the area designated
for the curve. This is particularly relevant for
respiration movements when imaging melanomas on
the thorax and abdomen. Automatic injection is
useful in standardizing the injection time so as to
produce a rapid and stable increase in plasma
enhancement. On the other hand, different circula-
tion times or kidney and heart conditions did not
modify our evaluations.

Conclusion

Based on our findings, dynamic MR demonstrates a
difference in behaviour between melanomas and
melanocytic naevi. Lesions can be differentiated on
the basis of signal variation in time after the
administration of the paramagnetic contrast medium
by analysis of intensity—time curves. These differ-



ences are most likely due to neoangiogenesis phe-
nomena that characterize melanomas.

Despite these promising results that indicate the
possibility of employing MR to differentiate melano-
mas from benign pigmented skin lesions, the cost
and limited availability of MR machines represent
major obstacles to the use of this technique in
clinical practice. Future technical MR developments,
such as coils that enable the examination of more
lesions at one time or dedicated machines, might
facilitate the use of dynamic MR in the differential
diagnosis of pigmented skin lesions. Further studies
on larger series of patients are required to assess the
role of MR in combination with other non-invasive
procedures, in particular epiluminescence micro-
scopy, in increasing the diagnostic accuracy in
melanoma and as a decision aid for the diagnosis of
pigmented skin lesions.
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