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Abstract

Objective: To study the value of high-frequency sonography (HFS) and colour Doppler sonography (CDS) in
evaluating the 5 year metastatic potential of primary cutaneous melanomas (CM).

Materials and methods 111 CM were studied before surgical resection and 107 were depicted on HFS. The maximal
HFS thickness was measured and compared with the Breslow thickness. A CDS study was performed in each tumour.

Results HFS thickness ranged from 0.26 to 8.0 mm and Breslow thickness from 0.15 to 8.0 mm. HFS and Breslow
thickness correlated strongly > 0.93). Intratumour vessels were depicted in 43 of the 107 CM, of which 40
were thicker than 2 mm. The median follow-up was 61 months and 27 patients developed relapses. In the univariate
analyses, neovascularization visualized with CDS, sonographic thickness and the Breslow thickness were significantly
linked to relapsesp < 0.0001), as were lymph node status and ulceratipn= 0.007 and 0.004).

Conclusion Vascularization was observed mainly in thick primary melanoma. A median follow-up of 5 years showed
the prognostic value of angiogenesis evaluated by CDS.
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Introduction 4 mm. Several studies have demonstrated the accuracy of
sonography in the preoperative evaluation of melanoma
The Breslow thickness is considered to be the motticknes&%l. Colour Doppler sonography (CDS) has
accurate prognostic factor for the risk of metastasis gemonstrated its usefulness for the study of intratumour
malignant melanomd. During the first year, the metas-vascularization and the number and size of vessels
tasis rate after excision is less than 1% in tumours withwasualized with CDS are significantly correlated with
Breslow thickness of less than 0.76 mm, and it reachpathological parameters evaluated by immunochemical
33% in tumours with a Breslow thickness exceedingtudies using anti-factor VIII antibodf}. The purpose

*This study was presented at the ASCO meeting in 2002 (oral communication). This study was presented at the RSNA meeting in 2002 (oral
communication).
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of the present study was to investigate the accuracy mwiargin delineation and echogenicity compared with the

high-frequency sonography (HFS) in the preoperatiadjacent cutaneous tissue (hypoechoic or hyperechoic)

evaluation of melanoma thickness and the prognosénd to measure tumour thickness on the workstation

significance of vascularization evaluated with CDS iscreen using electronic calipers (accurate to the nearest

a series of patients with primary cutaneous melanom@®1 mm). Lesion maximal thickness was determined by

after a follow-up period of 5 years. measuring from the skin surface to the deepest point of
the posterior margin.

Materials and methods
Patients Ultrasonography Doppler study

The protocol was approved by our Institutional RevieMe used CDS with a pulse repetition frequency of
Board and all patients signed an informed consent form’.50 Hz, an imaging frequency of 9-16 images per second
The patients were included in the study from Novemb@nd a 50 Hz acoustic filter to search for intratumour
1995 to June 2001. The study population includedessels in 107 visible melanomas. Quantification of
111 patients, 49 males and 62 females (mean age tb# number of vessels per tumour was performed

years; age range 27-97 years). Four patients had t@y obtaining multiple cross-sections of the tumours.
synchronous primary melanomas. In these four patienfg/mours with more than one vessel were those in which
only the thickest melanoma was taken into account fé€everal pixels corresponding to tumour vessels were not
the survival analyses. Four patients with a melanoma regntiguous. Contiguity between vessels was assessed
identified by sonography were also excluded from th&cross all sections. A semi-quantitative assessment of
analyses. Thus the population analysed consisted of 1@ degree of angiogenesis was performed according to
patients (107 melanomas). the number of vessels visualized. Vascularization was
Surgical margins for re-excision were defined basepnsidered present when one vessel was visualized, and
on the Breslow index: fox1 mm thick lesions, the re- abundant when two or more vessels were visualized.
excision margin was 1 cm, between 1.1 and 4 mm, the
re-excision margin was 2 cm, and finally the re-excision
margin was 3 cm foe-4 mm thick lesions. The sentinel Histological analyses
node procedure was an option introduced in 1998 for t
treatment of primary melanoma thicker than 1.5 mm (
less in the case of pathological regressi®in)Follow-
up clinical examinations of patients were schedul
according to the following scheme over 5 years: (i
Breslow thickness<1.5 mm, visit every 6 months, and
(i) Breslow thickness>1.5 mm, visit every 3 months.
Follow-up data were updated in February 2004.

rlﬁter surgical resection, tumours were analysed his-
qologically to determine the Breslow thickness. The
epoathologist was unaware of the thickness of the lesion,
?s measured by sonography.

Statistical analyses

The study compared: (i) thickness measured both by
. sonography and according to the Breslow method,

Ultrasonography equipment (ii) Breslow thickness and vascularization detected by
The cutaneous melanomas were analysed with HFS &aBS, (iii) tumour progression with sonographic and

CDS before surgical excision. We used two ultrasourigithological parameters.

machines: The linear relationship between the Breslow measure-
e an AU 5 Idea Sonograph (Esaote-Biomedica, Genorgent and the, sonograp.hlc meas'urement was estimated
X ; : and Pearson’s correlation coefficient calculated. The
Italy) with a high-frequency probe (a 13 MHz linear . . :
electronic probe) association between Breslow thickness and vasculariza-

tion was tested with the Spearman rank correlation test.

e a PowerVision 8000 (Toshiba, Japan) with a high- The prognostic value of the Breslow thickness and of

frequency probe (12 MHz linear electronic probe). vascularization was based on the occurrence of the first

Standard sonographic gel was used to separate {ﬁglpse and tested by Ic_Jg-rank testsin univari_ate analys_es
probe face from the skin surface and to avoid ﬂattenirf@f]OI bY th? Cox propprtlonal hazards regression model in
the melanoma. The focal zone was adapted accordinggultivariate analysis.
the position of the tumour in the superficial tissue.

Results

Ultrasonography morphological study Among the 111 melanomas included, 107 were depicted

A sonographic morphological study was performed fasn sonography. They were hypoechoic with a homoge-
each tumour to analyse the structural sonographic pattemepus echostructure and well defined lower and lateral



26 N. Lassau et al.

Figure 1 Melanoma of the lumbar back in a 48-year-old man. (a) The tumour visualized by high-frequency
sonography is hypoechoic with a maximal tumour thickness measuring 3.3 mm. (b), (c) The colour Doppler
study depicted abundant vascularization in the tumour.

margins (Fig. 1). Four tumours were not visible aBreslow thickness of 4.22 mm (range 0.6—8 mm) (Fig. 1).
sonography; all had a Breslow thickness of less thanin 24 cases with abundant vascularization, the mean
0.80 mm. As measured by sonography, the thickness Bfeslow thickness was equal to 4.7 mm (range 2—-8 mm)
the remaining tumours ranged from 0.26 to 8.0 mmnand sonography thickness was 4.4 mm (range 1.9-8 mm).
their Breslow thickness ranged from 0.15 to 8.0 mnThe correlation between vascularization and the Breslow
Sonography measurements correlated strongly with ttieckness was highly significarp < 0.0001). In the
Breslow thickness (Pearson’s correlation > 0.93; presentstudy population, 22 patients underwent a sentinel
p < 0.0001). The mean difference between the Breslomode procedure. Only one patient with a non-vascularized
thickness and the sonography measurement was equagbionary melanoma had a metastatic sentinel node, but did
0.006 mm. not present any progression.

Three categories of melanomas were identified accord-The median follow-up of the 107 patients was 61
ing to vascularization: tumours without visible vesselsnonths (58.6+ 2.3 SD, range 1.8-98 months). Twenty-
vascularized tumours (one visible vessel), tumouseven patients developed progressive disease (Fig. 3). Of
with abundant (two or more vessels) vascularizatiothese, 19 patients presented a first relapse in regional
The relationship between the Breslow thickness amgmph nodes(n = 10) or visceral metastaséga = 9).
vascularization according to these three categories Ggly one patient had an isolated local recurrence as a
shown in Fig. 2. first relapse. The other seven patients had synchronous

On CDS, the 64 melanomas in which vessels weregional recurrences and distant metastases. Fourteen
not seen had a mean sonographic thickness of 1 npatients died: 12 of tumour progression and two of
(range 0.25-2.5 mm) and a mean Breslow thickness edrdiovascular problems without tumour relapse.

0.97 mm (range 0.26-3.2 mm). The 43 melanomas inin the univariate analyses, vascularization visualized
which vessels were visualized had a mean sonographic sonography, sonographic thickness and the Bres-
thickness of 4.18 mm (range 1.9-8 mm) and a medow thickness were significantly linked to relapses
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(p < 0.0001). The lymph node status and ulceratiorof new capillary blood vessels that vascularize the
were also significantly linked to relapsgs £ 0.007 and tumout!¥. Angiogenesis may be an important factor
0.004). for the development of metastasis from cutaneous
In the multivariate Cox proportional hazards regressianalignant melanom&%16l. In the present study, tumour
analysis, the factor significantly correlated with diseasescularity was investigated in order to determine its
progression was the Breslow thickngégs< 0.0001). prognostic value and to compare this value with that of
However, the Breslow thickness and vascularizatiahe Breslow thickness, which is currently considered the
were highly correlated. A second analysis was performadost important prognostic factor. Blood flow was studied
without taking into account the Breslow thicknessfor the first timein vivoin 71 melanomas by Srivastava
In this second analysis, vascularization was the onét al.using 10 MHz continuous Doppler sonograpty.
prognostic parameter tested. The probability of disea¥bey found that 44 melanomas had Doppler flow signals
progression with this second model was not significantgnd that this signal was present in all tumours with
different from that of the original model, suggestinga Breslow thickness exceeding 0.8 mm except for one
that vascularization and the Breslow thickness confewmour. They estimated that the onset of vascularization
equivalent prognostic information. begins at this thickness. They also found a significant
correlation between a higher peak systolic frequency in
tumours from patients who developed a relapse than in
Discussion tumours from patients without relapse. However, this was
) ] ] studied in a small number of patients = 21) with a
This study confirms the value of high-frequencyg)iow-up of 2 years. Itis not possible to directly visualize
(13 MHz) sonography for the preoperative assessme{)bod flow with their technique.
of primary cutaneous melanomas. Melanomas are VisUTnree studies have shown that CDS can visualize
alized and accurately measured with this techniffde!  essels in melanomas or in cutaneous metastases
and sonographic measurement is highly correlated wigh), melanomak8-2° We have previously shown that
the Breslow thickness. These findings are consisteffraiumour vessels can be visualized directly with
with the results of other St”d'.asq_ll]’ which reported Fg and CDS and that spectra can be recorded with
high Pearson correlation coefﬂqents (from 0.88 to 0-95%ulsed Doppler sonography. The correlation with three
In the present study, four primary melanomas weigsiological parameters (microvessel density, the number
not |dent|f|ed_ by sonography. These melanomas hag yessels measuring 100 xm in diameter, and the
a Breslow thickness ranging from 0.10 to 0.80 MNyiameter of the largest vessel) showed that CDS can

This observation is in accordance with another study, (s, alize vessels greater than 106 and thus evaluate
which some thin melanomas could not be identified bB(eoangiogenesis vivol21-23]

sonograph2l.
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Figure 2 Box plot showing the distribution between Figure 3 5 year follow-up of 107 patients according
the Breslow thickness and tumour vascularization to the vascularization detected by colour Doppler and
according to three categories: tumours without visible the Breslow thickness (US= ultrasonography, R =
vessels, tumours with one visible vessel, tumours with relapses, NR= no relapses).

abundant (two or more vessels) vascularization.

The present study shows that CDS allows the
Tumour growth is dependent on the developmemaluation of vascularization in melanomas and confirms
of neovesseld3l. Before the growth of tumour blood the relationship between the thickness of the melanoma
vessels, cell nutrients are delivered via passive diffusioand the extent of vascularization, in a larger number of
Rapid tumour expansion is dependent on the emergerpzdients. Vessels were mainly detected in melanomas that
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were thicker than 2 mm: 87% of melanomas thicker thameed to be assessed in a randomized prospective study.
2 mm were vascularized vs. 5% of melanomas thinnerContrast agents can also be used with sonography to
than 2 mm. Most tumourg10/13) with at least two improve tumour vessel detection. Ongoing studies are
vessels were thicker than 4 mm. In their pathologicahvestigating higher frequencies (40—100 MHz) for better
study, Srivastavaet al. noted that melanomas with atissue characterization and vessel detection with contrast
Breslow thickness between 0.76 and 4.0 mm and with @mhancemefi°l.
increased vascular area seen at histology were more likelyr his study confirms that high-frequency sonography is
to metastasize than tumours with a comparable thicknessimple, reliable, noninvasive method for accurate pre-
but significantly less neovasculatl@8. Barnhill and operative measurement of the thickness of melanomas.
Levy, who specifically studied the vascular aspects @urgical planning could be adapted according to this
melanomas with a very low metastatic potential in theomjpeasurement. The angiogenesis evaluated with CDS
(<1.0 mm thick), showed that melanomas associaté@uld be used to identify melanomas with a high
with angiogenesis had a poorer prognosis than thogetastatic potential.
without angiogenesi&®!. Pathological results reported
by Straume and Akslen also confirmed that microvessel
density (MVD) was an independent prognostic variable Acknowledgment
in vertical growth phase melanont&. In addition, they
showed that the intratumour/tumour base ratio for MvD he authors are grateful to Lorna Saint Ange for editing.
increased with tumour thickness.

The present study shows that angiogenesis assessed
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