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Individual risk factors for skin cancer
fair skin

blue, green or hazel eyes

light-coloured hair

tendency to burn rather than suntan
history of severe sunburns

many moles or/and freckles

a family history of skin cancer
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Used diagnostic modalities

Dermatoscopy — combined in vivo microscopic
investigation with optical clearing of the
epidermis

Ultrasound — evaluation of lesion thickness and
structures of tumors and foreign bodies

NMR — information about tissue metabolism —

sensitive

intracellular pH, biochemical changes in s s iy o e X
cutaneous layers, hydrogenation, skin aging " | el
I It l ,f-m. lr,"“/(; ! j |
Doppler diagnostics — monitoring of vascular m'::i:L,‘ ’ il
———Changes during pathology development, UV-
rad|at|0n, VaSO_aCtlve dl’ugS and Cosmetlc Left: Sketch of the single-sided sensor. Right: T, profile of the palm of the hand

products

* M. Landeghem et al., J MR, 215:74, 2012 ** http://us.moor.co.uk/
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subtypes — Signet-ring cell, Clear cell, Adenoid, Basaloid SCC

Keratoacanthoma (KA) — several subtypes - giant, multiple,
generalized eruptive, subungual keratoacanthoma, and
keratoacanthoma centrifugum marginatum

Melanoma ~ 10% of the cases

Uncommon kinds of skin cancer - dermatofibrosarcoma
protuberans, Merkel cell carcinoma, Kaposi's sarcoma, spindle cell
tumors, sebaceous carcinomas, microcystic adnexal carcinoma,
atypical fibroxanthoma, etc.




Skin tumours diagnosis — human factor

Comparison of Surface microscopy diagnoses
before and after the training course

Diagnostic
Indicator
SENS (%)
SPEC (%)
DA (%) Heamangioma Base-cell
papilloma

Dermatoscopic pictures of different skin lesions, magnification x100

Comparison of Epiluminescence microscopy
diagnoses before and after the training course

Diagnostic Before
Indicator
SENS (%) 75.31
_ _ SPEC (%) 83.44
Pigmented Malignant DA (%) 62.92

BCC melanoma

Troyanova P., A beneficial effect of a short-term formal training course in epiluminescence microscopy on the diagnostic performance of
dermatologists about cutaneous malignant melanoma, Skin Res Tech 2003; 9: 269-273.



Highly sensitive

Repeatable results

Biochemical and morphological correlations
Multiple applications

Monitoring of therapeutic procedures

High diagnhostic accuracy

Exclude human factor
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Endogenous fluorophore
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Fluorophores
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Requirements for in vivo measurements in clinics

Noninvasive (intact lesion)
Reliable

User-friendly equipment

Fast measurement ~ 1-2 min
(EEM needs ~18-20 min.)
Allows to reach high sensitivity
(presence of lesion)

Allows to reach high specificity
(type and stage of lesion)

Repeatable results

(for therapy monitoring goals)

Sensible level of the optical signal —
need to combine optical techniques due
to highly pigmented cutaneous lesions
(MM, pigm BCC, dysplastic nevi, etc.)

I
Fluorescence

(+) Biochemical information
(+) High sensitivity

(+) Repeatable

(+) Noninvasive

(-) Moderate specificity

(-) Require sensitive detectors
(-) Signal complex analysis

Refle nce

(+) Morphological information
(+) Repeatable

(+) Noninvasive

(+) Not require sens. detectors
(+) Pigmentation sensitive

(-) Moderate sensitivity

(-) Moderate sensitivity




FluoroLog 3 system (HORIBA Jobin Yvon, France)
It consists of Xe lamp (200-650 nm), scanning

double monochromators, and PMT detector with
high performance in the region 200-800 nm.

Ethical committee approval #286/24.07.2012

1. Initial clinical observation and diagnosis;
2.
3. Clinical investigations (blood, scanner, etc.) -

Histological/cytological analysis;

decision for surgical treatment

. Excision of tumours — sampling for histology

and for fluorescent spectroscopy detection

. Transport from the hospital to spectral lab in

isothermal conditions and safe-keeping solution

. Fluorescence EEM measurements— up to 2

hours after surgical removal

. Comparison of the spectral data b/n samples

and histological diagnosis

Compound Concentration
[mg/500ml]

NaCl 3680
KCI 210
Glucose 1800
Taurine 1250
Hepes 1190
Piruvic acid 275

In volume 20ml physiological
solution are added 100ul
CaCl,2H,0 at concentration
0,1mM. pH is fixed on 7 4.



Methods and materials

FluoroLog 3 (HORIBA Jobin Yvon, France)
and F-3000 fiber-optic module

SFS regime

exciation — 280-440 nm,

AN = Aem — Aexc, 0-200 nm, step 10 nm
emission — 300-800 nm, step 1 nm

Light source (broad band)

: | ;
Sample

Sample compartment

Detector
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EEM and steady-state autofluorescence spectra of cancerous tissue - BCC



Materials and methods — In clinics
| |

— Set-up used for the initial clinical investigations
-Halogen lamp (400-900 nm) for diffuse reflectance spectroscopy
-LEDs - emission max at 365, 385, and 405 nm, 10-15 nm FWHM, 3-5 mW optical power — as
excitation sources for autofluorescence spectroscopy
Y-fiber bundle with 6 fibers for excitation light and 1- central fiber — as optical fiber probe
USB4000 microspectrometer (USB4000, OceanOptics Inc.) 350-1000 nm detection range
PC - storage and visualization of the spectral data
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Comparison of the fluorescence spectra obtained from lateral part of the forearm
of six volunteers with phototype I, excitation used at 385 nm

-spectral shape is similar for all cases
-slight differences in max intensity, related to pigmentation and blood
content deviations



Normal skin
4000 - BCC
exc. at 365 nm
~ 3000+ ’;
= S
s =
£ 2000 - 2
& =
=
1000 -
0
o L =] T % T & T x T T 1
500 550 600 650 700 750 800
Wavelength (nm)
BCC - Exc. at 365 nm 12000
= Normal skin
10000 —KA
8000 +
3
=
< 6000-
E
= 4000
2000 +
0

= Normal skin
= SCC

T T T T 1
500 550 600 650 700 750 800
Wavelength (nm)

¥ T ) T i T y T ¥ T ¥
500 550 600 650 700 750 800
Wavelength (nm)

SCC - Exc. at 365 nm

KA - Exc. at 405 nm



Tu

8000

6000

Intensity (a.u.)

4000 -

2000

Normal skin
—BCC
initial stage - 8 months old lesion

T
500

Initial BCC

T
550

1 v 1 y T L
600 650 700 750 800
Wavelength (nm)

Intensity (a.u.)

10000 -

8000

6000 -

4000 —

2000

Normal skin
—BCC
advanced stage - 2 years old lesionii

I
600 650 700 750 800
Wavelength (nm)

T T
500 550

~  Two BCC lesions of one patient, one of the lesions has appeared about two years before
the observation; second has appeared about eight months before the light-induced

fluorescence measurements carried out.

© No needs for compensation related to inter-patients differences. Intra-patient differences
could be taken as negligible, due the fact that both pathologies were nearby.
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- Porphyrin-like signal from advanced lesions

Treatment decision:

Lesions 2 and 5 — advanced
stage — surgical removal and
chemotherapy

Lesion 4 — intermediate stage
— chemo- and radiotherapy, 2
months later

Lesions 1 and 3 — initial stage
— local chemotherapy, 3
months later
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Issue absorbers selectively
absorb light on the different
wavelengths

3) Light is scattered in the tissue
volume and part of it scattered
back to the surface

4) Reflectance signal consisted
from specular reflectance
component and diffuse back-
scattered signal form the tissue
volume could be detected by
spectrometer
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Comparison SN % SP % . DA %
Compound nevus/ 82,1 77,6 ' 61,8 '
Dysplastic nevus
Dysplastic nevus/ 92,4 77,6 75,3
Malignant melanoma
Normal skin/ BC papilloma 95,7 98,5 89,2
Normal skin/ BCC 94,0 98,2 86,8
BC papilloma/BCC 91,0 87,2 83,8

Statistical values of reflectance diagnosis

of skin lesions

Algorithm for differentiation

R,;=Inorm(500)*Ipigm(700)/Inorm(700)*Ipigm(500)
R,=Inorm(500)*Ipigm(575)/Inorm(575)*Ipigm(500)
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[ |LIAFS+DRS+SHY 1/3
I LIAFS + DRS + SHY 3/3

24 MM, DN and BN patients

Borisova et al., QE 38(6), p. 597-605, 2008
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Method and compared lesions | SE, % | SP,% | PPV, % | NPV, % DA, %
AF — NMSC vs. benign 100 99,2 99,4 100 99,3
AF — MM vs. benign 100 99,2 97,6 100 98,4
AF — MM vs. NMSC 99,1 90,5 98,4 95,1 93,6
RS — NMSC vs. benign 86,6 41,3 68,8 67,4 69,4
RS — MM vs. benign 92,7 85,3 77,6 95,5 90,1
RS — MM vs. NMSC 92,7 99,1 97,4 97,4 96,1







