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Topodermatographic Image Analysis
for Melanoma Screening and the
Quantitative Assessment of Tumor
Dimension Parameters of the Skin

Holger Voigt, M.D., and Richarda Claflen, M.D.

Background. The clinical need to identify and evalu-
ate changes of cutaneous lesions in melanoma screening
or follow-up of patients with cancer is of paramount im-
portance. Because skin-lesion changes may be small and
numerous, clinical assessment alone does not meet the
requirements of quantitative assessment. Using the com-
puter as a diagnostic tool for the image analysis of se-
quentially captured skin surface images has resulted in
the technical problem of insufficient registration repro-
ducibility. This paper describes the technical logistics,
setup procedure, and clinical evaluation of the novel
technique termed ‘‘topodermatography,” which per-
forms the quantitative videographic image analysis of
skin-lesion changes over time.

Methods. Digitized measurements of skin-surface
image parameters were performed using a high-speed
processor with an onboard coprocessor, a high-resolution
video camera, specifically designed image processing
software, and a position framework for the adjustment of
the patient’s standing position. The topodermatographic
image analysis was performed on 109 consecutive pa-
tients who were at risk for melanoma (N = 98), had le-
sions from Kaposi’s sarcoma (N = 4), had metastatic skin
deposits from melanoma (N = 3), and had breast cancer
(N =4).

Results. Skin lesion changes over time could be iden-
tified reliably within a few millimeters of diametric en-
largement. In this series, a 0.51% early melanoma detec-
tion rate was assessed in 19 of 98 patients followed for 12
menths. By monitoring manifest neoplastic skin lesions,
tumor growth kinetics were analyzed quantitatively to
determine the total area of skin involvement, thus facili-
tating precise response assessment.

Conclusions. Topodermatographic image analysis
helps to optimize screening and follow-up procedures for
patients with melanoma and populations at risk for mel-
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anoma. In addition, metastatic tumor lesions on the skin
can be monitored dynamically, facilitating the accurate
evaluation of the impact of systemic therapy on multiple
skin deposits from melanoma and nonmelanoma cancers.
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Cutaneous tumor manifestations can be detected and
evaluated directly by visual perception versus those
that are hidden internally. However, besides subjective
inspection, quantitative assessment of multiple skin-
surface alterations and their dynamic changes over time
is nearly impracticable because of inadequate objective
registration modalities. Concerning melanoma screen-
ing'™ and relative educational programs,” attempts to
improve assessment scrutiny and thus to extend the
quantity and quality of skin-surface information have
led to a variety of technical procedures including exten-
sive manual body charting,® photographic documenta-
tion (total body photography),”” epiluminescence mi-
croscopy (nevoscopy),'”"* ultrasonography,'*'” and,
finally, introducing the computer as a technical tool as-
sisting the clinician in diagnosing selected skin manifes-
tations.”®° In oncology, the clinical need to detect,
measure, and follow skin-surface changes over time or
during therapy is influenced crucially by the inevitable
requirement to obtain comparable information based
on reproducible registration conditions. Thus far, the
reproducibility of positioning skin-surface areas for dig-
itized videographic imaging has been a major technical
obstacle that has not yet been mastered successfully.
Computerized image analysis systems described in the
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Cutaneous tumor manifestations can be detected and
evaluated directly by visual perception versus those
that are hidden internally. However, besides subjective
inspection, quantitative assessment of multiple skin-
surface alterations and their dynamic changes over time
is nearly impracticable because of inadequate objective
registration modalities. Concerning melanoma screen-
ing'™ and relative educational programs,” attempts to
improve assessment scrutiny and thus to extend the
quantity and quality of skin-surface information have
led to a variety of technical procedures including exten-
sive manual body charting,® photographic documenta-
tion (total body photography),”” epiluminescence mi-
croscopy (nevoscopy),'”"* ultrasonography,'*'” and,
finally, introducing the computer as a technical tool as-
sisting the clinician in diagnosing selected skin manifes-
tations.”®° In oncology, the clinical need to detect,
measure, and follow skin-surface changes over time or
during therapy is influenced crucially by the inevitable
requirement to obtain comparable information based
on reproducible registration conditions. Thus far, the
reproducibility of positioning skin-surface areas for dig-
itized videographic imaging has been a major technical
obstacle that has not yet been mastered successfully.
Computerized image analysis systems described in the
literature deal primarily with the structural analysis of
selected single lesions to diagnose the primary lesion
more accurately.”"** Extending the region of interest
from one single lesion to areas including multiple or of-
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ten almost countless lesions for simultaneous quantita-
tive assessment is still under investigation because it
suggests the need to detect multiple lesion-border con-
tours reliably and to solve the reproducibility problem
of the target registration area.?* In this article, we report
the results of a clinical screening study of the comput-
erized analysis of digitized skin-surface images, intro-
ducing a newly developed technique termed ““topoder-
matography,”*> which allows patients with multiple
skin lesions to be followed by quantitative videographic
image processing with more reliable reproducibility.

Patients and Methods

Hardware

Digitized measurements of skin-surface image parame-
ters were performed using a plug-in set of a high-speed
processor with an on-board coprocessor, a high-resolu-
tion video camera source, a specifically designed image-
processing software (Areascan 4.0), and a position
framework (Fig. 1) for adjusting the patient’s standing
position.

Measurement Procedure

To avoid axial and transversal spinal flexion and thus to
provide reliable registration reproducibility, the pa-
tient’s standing position was fixed at the thoracic and
iliac level by symmetrically fitting the lateral extent of
the trunk shape into horizontally adjustable scaled slid-
ers of the position framework, the positions of which
were recorded and identically readjusted for serial fol-

‘ Figure 1. Topodermatographic
— position framework (schematic).

N ‘
\ Patient’s median standing level

(left), median video camera/
bilateral lighting level (right), and
scanned sector field (middle)

Halogen Lights CameraSlider ' petween camera and preset skin-

SO surface area.

low-up measurements. In addition, the vertical height
of the video camera was adjusted on a scaled-camera
slider, and its framework position was recorded. Cali-
bration for camera setting and position reproducibility
was considered adequate if the image boundaries, the
framework slider position settings, and the depicted an-
atomic match points were identical. Images were cap-
tured three times sequentially under identical illumina-
tion conditions provided by halogen lights fixed later-
ally at the position framework.

Imaging System

The image processing software used was installed on
a 32-bit TMS 34020 math processor/TMS 34082 math
coprocessor system (Texas Instruments Inc., Dallas,
TX). Embedded in an IBM (International Business Ma-
chines, Armonk, NY)-compatible personal computer on
a plug-in board setup, the processing unit operates at
10 million instructions per second and 40 Mega floating
point operations per second. The image processing
board provides a 16-Mbyte dynamic memory and a 2-
Mbyte video memory for fast handling and processing
of serial high-resolution images of greater than or equal
to 1024 X 1024 picture elements (pixels). Images were
captured from a Hitachi black/white charge-coupled
device camera (KP-Mlek, Hitachi Ltd., Tokyo, Japan),
digitized at 8 bits as gray-level images, and were dis-
played at 256 levels of gray or at 256 different false col-
ors to be selected from a set of 16.8 million colors. For
comparison analysis and storage, digitized images were
saved on removable hard disks.
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Figure 2. Topodermatographic juxtaposition monitor display.
Adjustment of the binary threshold of the converted black and white
images with the threshold focus adjusted at the follicular skin-
surface pattern (for demonstration) and displaying the calculated
total lesion count of the preset mole threshold for melanoma
screening.

Image Analysis

In this investigational series, the total front (ventral) and
back (dorsal) trunk areas were selected for computed
videographic image analysis. Initial images of the se-
lected target regions were captured at resolutions of 512
pixels horizontally and 768 pixels vertically, thus equal-
ing spatial image resolutions of 1 mm per pixel. Total
in-depth object illumination was given special attention
to prevent any artificial shadowing possibly leading to
incorrect gray-level discrimination. To detect any
change of skin-surface image parameters (i.e., growth
of a lesion, new lesions, change of border contours etc.),
images were captured in sequence bimonthly at the
same registration settings. Images captured for compar-
ison analysis were arranged in a juxtaposition monitor
display, resulting in a total display resolution of 1024 X
768 pixel. For mathematic calculation of image param-
eters, a set of preprocessing operators and digital filters
was then applied in sequence.”®** Averaging operators
eliminated image noise by filtrating unwanted high-fre-
quency image details, and median operators were ap-
plied to arrange pixel information sequentially, thereby
equilibrating image data inhomogeneity. In addition,
Sobel operators were used to enhance and optimize the
detection of border contours as a presupposition for cal-
culating target-lesion parameters. Finally, the target le-
sions for analysis were selected by image binarization
and adjustment of the binary threshold (threshold fo-
cus) so that only skin lesions were depicted, exceeding
the critical preset threshold focus diameter. Conse-
quently, the total number of target objects selected for
the image processing workup was defined, likewise pro-
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Figure 3. Topodermatographic juxtaposition monitor display.
Comparison of images displaying total count of identified skin
lesions. Changed lesions are highlighted (red). The area and the
dimension of lesion size were calculated, compared, and significant
changes were highlighted (red).

viding the opportunity to analyze different individual
lesion distribution patterns in specific separate layers
with distinct threshold focus adjustments (Fig. 2). Arti-
ficial objects not related to target structures, but yet im-
peding mathematic image processing (e.g., hair fila-
ments, scars, wrinkles, unwanted target objects such as
telangiectatic angiomas, folliculitis papules, seborrheic
keratoses, etc.) were removed from the image screen.
This procedure regularly takes only a few seconds and
does not necessarily require the patient’s presence if the
image has been stored already and can be magnified for
better detail differentiation, if needed. Finally, a set of
specifically designed, multiple pass, search, and com-
parison algorithms was applied that was capable of
identifying, counting, and labeling objects within a de-
fined preset range of lesion size magnitude (0.5-30
mm). Because overlaying images for comparison analy-
sis can provide misleading data because of axial image
distortion, relational search algorithms were applied in-
stead, recognizing and calculating the topographic im-
age position of fixed external match points (given by the
framework slider contours) and the relational positions
of reference-target lesions depicted within the image
boundaries. By digitized comparison, objects not detect-
able in the initial image (new lesions) or found missing
in the sequential image (excised lesions) were labeled.
In addition, by operating subpixel algorithms®”** ap-
plied on the gray-level images, the area and the dimen-
sion of the selected objects were calculated and com-
pared, and significant changes were highlighted (Fig. 3).

Statistical Considerations

By processing the gray-level luminance gradients at the
lesion boundaries, object areas could be calculated with
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an accuracy of a 0.25-pixel area equaling 0.25 mm?®. Set-
ting the binary threshold focus selects the target lesions
for analysis for the expected critical lesion dimension
that should be detected if changed. This setting varies
according to the objectives pursued, depending on the
mean dimension of the target objects selected for anal-
ysis. Once defined, this setting must be maintained for
the entire investigation. For mathematic reasons, en-
largement of lesion-area size expressed as a percentage,
especially in small lesions, may indicate misleadingly
significant lesion growth, whereas the enlargement of
the lesion dimension indicates only slight changes in
transversal lesion magnitude. Generally, image object
growth was, therefore, defined as clinically useful /sig-
nificant if a small object (lesion) of 1-5 mm in greatest
dimension increased by 30% of its area (corresponding
to a 15% increase in dimension), or, if a larger sized ob-
ject of greater than or equal to 6 mm in greatest dimen-
sion increased by 20% of its area (corresponding to a
10% increase in dimension). Because an increase in le-
sion-area size basically is attributable to diametric en-
largement, the object dimension was, therefore, consid-
ered the most reliable and sensitive lesion parameter to
be assessed. To assure measurement accuracy, test-
layer plates with contoured test lesions of defined area
and dimension size were inserted into the position
framework before every image-capture session for cali-
bration. Images were then captured three times sequen-
tially to provide adequate reproducibility at short in-
tervals (i.e., minutes). Images were included into the
final analysis only if short-term reproducibility of de-
tecting, counting, and calculating contoured lesions was
found to be greater than 90%.

Patients

A total of 109 consecutive patients was investigated.
Patients were prepared for image analysis only if they
had a dense hair coat requiring shaving of the target
registration area. In most cases, however, the applica-
tion of correctional operators sufficiently filtered un-
wanted effects induced by crossing-hair filaments.
Among the individuals investigated, 11 patients receiv-
ing non surgical therapy with skin lesions from meta-
static melanoma (N = 3), Kaposi's sarcoma (N = 4), and
breast cancer (N = 4) were included for the quantitative
monitoring of growth kinetics over time. Patients’ char-
acteristics are shown in Table 1. Patients were consid-
ered eligible if they had multiple flat-skin lesions origi-
nating from moles (dysplastic nevi), Kaposi’'s sarcoma,
or skin metastasis from melanoma or breast cancer. To
avoid mathematic miscalculation, target lesions could
not have circumferential indentations; otherwise, these
lesions were excluded from the final analysis. Image
captures were taken serially in bimonthly intervals, and

Table 1. Patient Characteristics

N

Total 109
Median age (yr) (range) 32(17-62)
Male:female 43:66
Melanoma screening: multiple /dysplastic moles 98
Melanoma screening: melanoma in history (excised) 11
Skin metastasis from melanoma 3
Cutaneous Kaposi sarcoma 4
Skin metastasis from breast cancer 4

a minimum of six images in 12 months for melanoma
screening and 6 months for cancer monitoring was con-
sidered adequate for the final analysis of accuracy and
reliability of the technique used. Changes of skin-sur-
face parameters were assessed by digitized comparison
of sequential images. Mathematic processing allowed
changes in number, distribution, dimension, perimeter,
and area size to be recorded. In this series, no analysis
was drawn from possible causative factors that may
have induced size changes of the lesions assessed. His-
tologic clarification was performed if it was diagnosti-
cally indicated or considered necessary to avoid a treat-
ment delay in individual situations. Patients provided
written informed consent for entrance in the study.

Results

Topodermatographic image analysis results are shown
in Table 2. In the melanoma screening and follow-up
series, of 9672 contoured lesions detected and followed
for 12 months, 647 (6.69%) were identified as growing
lesions showing significant size changes suspicious of
early tumor growth. They included a total of 173 lesions
identified as new lesions but, likewise, were processed
as changed or enlarged lesions because they had no
matching correlate from the previous images. After his-
tologic clarification, a total of 49 (0.51%) lesions in 19 of
98 patients was identified as early melanomas (radial
growth phase), whereas the remaining 598 (6.18%) le-
sions proved to be benign, yet growing melanocytic
nevi. Because the target threshold focus was adjusted to
detect a lesion-dimension enlargement of 1.0 mm, and
because lentiginous spots thus were detected likewise,
the total number of detected lesions did not indicate
that they all were definitely melanocytic nevi, which
was possible if the target threshold focus was adjusted
toward larger dimensions. In patients with manifest
skin lesions from metastatic melanoma, Kaposi's sar-
coma, and breast cancer, the target threshold focus was
adjusted to 2.0 mm. In this group, tumor growth kinet-
ics could be monitored quantitatively for the total lesion
count, detection of new lesions, regressed lesions, and

Page 5 of 9



Topodermatographic Image Analysis/Voigt and Clafen 985

Table 2. Topodermatographic Image Analysis (Trunk Series):
Results in 109 Individuals

Melanoma Metastatic Kaposi Metastatic
screening melanoma  sarcoma breast cancer
Patients (N) 98 3 4 4
Images (N) 5982 228 312 336
Target threshold focus [diameter (mm)] 1.0 2.0 2.0 2.0
Median lesion count [ventral trunk (N)] 41 — — —
Median lesion count [dorsal trunk 58 — — —
N1
Median lesion count [target area (N)] — 38 24 39
Median area size (pixel) 16.7432 36.6022 55.6482 45.6734
Median diameter size (pixel) 4.6238 6.8314 8.4211 7.6255
Median measurement accuracy (%) 95.2 95.6 93.2 92.0
Total analyzed lesions (N) 9672 125 91 151
New lesions (N) 173 89 0 67
Enlarged lesions (N /(%)) 647 (6.69) — — —
Histology: benign (N /(%)) 598 (6.18) — — —
Histology: early melanoma (N /(%)) 49 (0.51) — — —
Quantified tumor regression (N) — 2 (partial)* 4 (partial)* 1
Quantified tumor progression (N) — 1 0 3

* Progressed again later.

calculation of the total lesion area (melanoma: partial
regression [>50% total lesion area] 2 /3, progressive dis-
ease 1/3; Kaposi’'s sarcoma: partial regression 4/4;
breast cancer: partial regression 1/4, progressive dis-
ease 3/4). Eighty-nine new lesions were identified in
patients with metastatic melanoma, none in patients
monitored for Kaposi’s sarcoma, and 67 in those moni-
tored for metastatic breast cancer. All patients with par-
tial tumor regression progressed again at a later stage of
follow-up.

Discussion

Melanoma screening, early diagnosis, and prevention
must be emphasized in the clinical management of ma-
lignant melanoma. A practical routine workup, there-
fore, should consist largely of a thorough clinical skin
examination. Any advances in the early detection of po-
tential melanoma precursors or early melanomas at su-
perficial growth stages substantially enhance definite
cure rates.”* Although of paramount importance, clini-
cal skin inspection often is limited in length and scru-
tiny. In a neurophysiologic regard, recognizing struc-
tural features on the skin surface is based on the per-
ception of luminance gradients mediated by retinal
rods, whereas color perception is accomplished through
retinal cone receptors. Both components are predeter-
mined anatomically by their quantitative distribution
ratio, and their superimposing cooperation is optimized
functionally relative to adequate object illumination.
Viewing images primarily means that pictures are sub-

divided into a multiplicity of picture elements (pixels),
the number of which defines the image resolution. As
is known from professional photographic procedures,
brightness variations of viewed objects under illumina-
tion are critical in discriminating object contours. In bi-
ologic systems, visual perception also is influenced in-
dividually by optical refraction and cortical recognition
patterns, which define the terminal cognitive resolution
of viewed images. Identification of distinct structural
features on the skin surface, thus, presupposes that lu-
minance gradients can be perceived and allocated ste-
reologically as a complex array of luminance distribu-
tion within viewed images. In transferring these physi-
ologic conditions to a computerized image processing
system and applying computed models for skin-surface
analysis, brightness information must be processed
quantitatively by digitizing the luminance of each pic-
ture element. In doing so, each pixel is given a binary
brightness value (0 or 1). If 8-bit discrimination systems
are used {charge-coupled device camera), this allocation
is spread over 2° = 256 intervals resulting in 256 distin-
guishable gray levels representing a luminance profile.
As a whole, any image thus is composed of a multiplic-
ity of specific unequivocal image information defined
by pixel number (resolution) and luminance values
(gray level, 0-256). Distinct structural features on the
skin surface can, therefore, be depicted quantitatively
as pixel-oriented brightness histograms, which are vis-
ualized fingerprints of the object’s image structure.
These image profiles can be captured videographically,
compared, and mathematically calculated.
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A distinct lesion feature on the skin surface is de-
fined by its boundaries that separate lesional from non-
lesional skin. In luminance profiles, lesion boundaries
are merely brightness decrements. Characteristically,
they are basin-shaped luminance pits as a bidimensio-
nal measure of lesion size (Fig. 4). Applying this corre-
lation to a three-dimensional object surface model,
White et al. developed the terrain concept, presenting
skin-surface features as three-dimensional arrange-
ments of pits and peaks within distinct lesion bound-
aries. Using this model for image feature detection, the
pit volume was considered an indicator of the image-
feature size.>

In a practical view, automated detection and mea-
surement of multiple features on the skin surface are
focused primarily on feature dimensions that are clini-
cally relevant. For example, an initial malignant trans-
formation of a melanocytic lesion was found to corre-
spond clinically with a bidimensional enlargement of
the diametric shape dimensions.’” Without metric
measurement, this early growth phase is almost invisi-
ble and unrecognizable to the patient. Looking daily at
the same shape of a slightly changing lesion, patients
often disregard minor enlargement over longer time pe-
riods. In melanoma, radial enlargement of lesion size
precedes vertical tumor growth, thus indicating the
early tumor growth phase in a flat lesion.* Using com-
puterized image analysis, this feature must, therefore,
be detected sensitively so that curative therapy is feasi-
ble. If the image analysis system used can detect minor
changes of lesion size within the dimensions of a few
millimeters, it would detect and process dimension pa-
rameters of larger lesions likewise. Assessing patients
with multiple/dysplastic nevi for melanoma screening

level gradients over lesion pits.

thus can be considered a technical model evaluating the
reliability of digitized image analysis for monitoring
multiple skin-surface features of any origin. To auto-
matically detect discernible skin lesions and calculate
lesion-dimension parameters accurately, border con-
tours must be defined reproducibly. Although this
definition must be considered arbitrary because it only
approximates real detail separation, edge-finding algo-
rithms (convolution filters) can be used with a high
grade of consistency, processing gray-level-based lumi-
nance profiles at the circumferential lesion contours.***!
In addition, these lesion border contours must be en-
hanced or complemented automatically if the lumi-
nance profiles at the perimetric lesion border do not re-
veal luminance gradients distinct enough to be pro-
cessed for digitized measurement. This also suggests
that lesional border contours must not have circumfer-
ential indentations that may lead to mathematic miscal-
culation. Furthermore, any impact of image artifacts in-
duced by electronic image noise (computer system,
photodetector, camera, frame grabber, etc.), inhomoge-
nous illumination, hair filaments, follicles, wrinkles,
etc., must be eliminated or at least reduced by system
calibration, application of preprocessing operators, and
thresholding of the binarized images at defined regis-
tration settings. Among others, the Laplacian-of-a-
Gaussian filter has been shown to meet the require-
ments described above for boundary detection and cu-
taneous lesion localization in digital images appropri-
ately.?**

For comparison analysis, reproducible registration
settings also must be provided for the patient’s position-
ing. Because overlaying images for comparison analysis
regularly results in erroneous information because of
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nonlinear axial image distortion, registration reproduc-
ibility must be obtained differently. By mathematically
regarding skin lesions as image points, Perednia et al.
proposed the application of a point-pattern matching
procedure using a three-point geometric transformation
algorithm, which was found to have an average match-
ing accuracy of 97%.>* For this purpose, the Gabriel-
Graph representation technique of paired images was
implemented to detect sets of appropriate match points
in captured images automatically.®® In the present
study, reproducibility of image registration was, in con-
trast, provided by additionally using a specifically de-
signed position framework for the patient’s positioning.
Consequently, any axial or transversal spinal flexion
was effectively prevented. For image processing, a set
of specifically designed relational search algorithms was
then applied. These were able to recognize and calcu-
late the image positions of fixed external match points
(given by the frameworks slider contours and thus be-
ing identical in subsequent images) relative to the topo-
graphic positions of reference-target lesions on the skin
surface depicted within the image boundaries. Calcu-
lating the interlesional distance parameters between
pixel-based brightness pits, contoured skin lesions were
reproducibly detected, counted, and compared, and
their dimension parameters were calculated with a me-
dian registration accuracy of > 95%.

In the field of clinical application, there is to date
no literature on large-scale investigations introducing
computerized image analysis systems in a clinical set-
ting to monitor multiple skin-surface features. To as-
sess objectively the clinical parameters for the primary
diagnosis of a single pigmented skin lesion, the com-
puterized image analysis system ‘‘skinview” was in-
troduced, which was based on image capturing and
mathematic sources processing morphologic and an-
amnestic parameters (indicators). This process strived
to supply the non- or less experienced clinician with
measurement parameters, providing processed data
sufficient enough to give proper assistance in diagnos-
ing a suspicious pigmented skin lesion correctly.”? The
image analysis system described by Green et al. was
designed to process 16 different parameters indepen-
dently to obtain precise data for diagnostic purposes.??
Both systems were found to be capable of accumulat-
ing data sets that analyzed image-feature details of
single pigmented skin lesions reproducibly, thus, like-
wise improving the diagnosis and early diagnosis of
a primary melanoma. The topodermatographic image
analysis system presented here was, in contrast, pri-
marily focused on the requirement to capture and pro-
cess detailed surface information for instant metric de-
termination of shape changes in multiple skin lesions
in defined time periods. In melanoma screening, for
instance, the total mole number has been found to be
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indicatively correlated with melanoma risk.**** When-
ever patients present with numerous cutaneous le-
sions, only counting them on the accessible skin sur-
face appears mostly impracticable. Topodermatogra-
phy, however, allows to capture defined views of
reference skin-surface areas automatically and to store
and process images independently. Any growing le-
sion of concern thus may be identified and selected for
further workup. The system does not give a definite
diagnosis itself but optimizes the reproducible assess-
ment of structural skin-surface changes for selective
approaches to clarify identified and altered lesions.
Consequently, skin lesions that had earlier been con-
sidered evaluable rather than measurable can be as-
sessed and evaluated quantitatively. In melanoma
screening, topodermatography helps not only to iden-
tify lesion changes over time, but also helps to quantify
the risk burden indicated by the multiplicity of poten-
tial melanoma precursors. In a pilot series evaluating
22 patients with multiple/dysplastic nevi (>30 trunk
lesions) and/or a history of melanoma, it was shown
that even minor size changes could be detected reli-
ably, finally revealing a 9.38% detection rate of early
melanomas in a high-risk population.”® Using a posi-
tion framework for better registration reproducibility,
the results of the monitoring study presented here in-
dicate that topodermatographic image analysis pro-
vides a comprehensive, reproducible, and quantifiable
diagnostic access to any skin lesion distribution rela-
tive to time changes. Because patients were entered
consecutively in this monitoring trial, the patient pop-
ulation as a whole cannot be considered representa-
tive. Thus, no final clues can be drawn from the early
melanoma detection rate in this series relative to epi-
demiologic prevalence.

To the authors” knowledge, this series is the first
large-scale study indicating the practical feasibility of
using computerized image analysis systems for mela-
noma screening and monitoring of patients with cancer
with cutaneous deposits. Using this technique, risk le-
sions can be identified timely so that curative surgery
can be applied without delay. Concerning costs, the to-
podermatographic image analysis system approximates
$60,000 in U.S. dollars, depending on the hardware
used. Once installed, however, the consecutive cost/
benefit ratio soon reverses favorably, and then is basi-
cally calculable relative to image-storage capacities. To-
podermatography may, therefore, effectively help to
optimize screening and follow-up procedures for pa-
tients with melanoma patients and populations at risk
for melanoma. In addition, metastatic tumor lesions can
be monitored dynamically, providing the means to
evaluate the impact of systemic therapy on multiple
skin deposits from melanoma and nonmelanoma can-
cers accurately.
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