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Effectiveness of Combined (585 and 1064 nm) Laser Radiation
for Treatment of Basal Cell Skin Cancer
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Background: Basal cell skin cancer is the most common skin malignancy, and its incidence has been
rapidly increasing throughout the world in recent decades.

Objectives: To investigate the effectiveness of combined sequential laser radiation (585 and 1064 nm)
treatment of superficial and nodular forms of basal cell skin cancer using dermoscopic and confocal
microscopic in vivo examination.

Materials and methods: The study included 30 patients with histologically confirmed basal cell skin cancer
treated using a 585-nm pulsed dye laser and a 1064-nm long-pulse neodymium laser at Consultation and
Diagnostic Center of State Research Center of Dermatovenereology and Cosmetology from 2020 to 2021.
Results: Among the patients with nodular carcinoma (n=15), 11 underwent 1 procedure, 3 patients 2
procedures and 1 patient 3 procedures. Among the patients with superficial carcinoma (n=15), 2 patients
underwent 2 procedures, and 13 patients 1 procedure. All included patients have now completed the
treatment and are followed up every 6 months during 3 years. According to their dermoscopic and confocal
microscopic results, there have been no evidence of continued growth or relapse in all patients. No side
effects or adverse events have been recorded so far.

Conclusions: The combined sequential laser radiation may be an effective treatment for basal cell skin
cancer with low-risk of recurrence. The results of our study indicate that the tumor can be effectively
removed without scarring and may be an alternative treatment option for those patient who want to avoid
traditional surgical procedures.
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:9 dpekTHBHOCTD HCIIOAB30BAHIA KOMOMHAITIN AA3€PHOTO
HU3AYIEHHUA C AAMHON BOAHBI 585 m 1064 aM B AcUueHUT ITAITUEHTOB
C 0a3aAPHOKAETOYHBIM PAKOM KOKH

© CaittbypxaHos P.P.*, lnaxosa K.W., Kongpaxuxa A.H., Ky6aHos A.A.

[0CYAAPCTBEHHbIV HayYHbIVi LIEHTP AepMaToBeHeponorun i kocmetonorin, Mocksa, Poccus

O60cHOBaHMe. ba3anbHOKNETOUHBIN PaK KOXWU ABMSETCA Hanbonee pacnpoCTPaHEHHbIM 310Ka4ECTBEHHBIM
HOBOOGPA30BaHNEM KOXU, U B NOCNeQHNE OecaTuneTns 3abonesaemMocTb 6bICTPO pacTeT BO BCEM MUpe.
Lienb uccneposaHus. 3y4mtb a(pheKTMBHOCTb NCNOMb30BaHUSA Na3epHOro U3nyyeHus ¢ JIMHON BOSHbI
585 HM 1 1064 HM B nocnenoBaTeslbHOM (CEKBEHTANIbHOM) KOMOUHMPOBAHHOM peXume Ans fnevYeHns na-
LMEHTOB C NOBEPXHOCTHOM M HOQyNsipHON hopMamMm 6a3arbHOKNIETOYHOIrO paka KoXu ¢ NoMOLLbIO AepMa-
TOCKOMUYECKOro N KOH(DOKabHO-MUKPOCKONMNYECKOrO MPUXU3HEHHOIO UCCNeaoBaHNs.

MeToabl. B nccnepgosarme BktoyeHo 30 NaLMEHTOB C MTMCTONOrMYecky NoaTBepXAeHHbIM 6a3anbHOKIe-
TOYHBIM PaKOM KOXM, NMOSy4aBLUNX NlIeYEeHNE B YCNOBUSAX KOHCYNBLTAaTUBHO-AMArHOCTUYECKOro LeHTpa
Orby «MHUOK» MuHsgpasa Poccum B nepuog ¢ 2020 rno 2021 r., ¢ npMMeHeHneM MMnNysbCHOro nasepa
Ha KpacuTene (onavHa BOSNHbI — 585 HM) 1 ANMHHOMMIMYNILCHOrO HEOAMMOBOrO fladepa (auHa BOMHbI —
1064 HM™).

Pe3ynbTaThl. B nogrpynne naumMeHToB ¢ HOQynsipHOM hopMor 6a3anbHOKIETOMHOIO paka Koxu (n = 15):
y 11 nauneHTOB ONNTENBLHOCTL Kypca fedeHus coctasuna — 1 npouegypy, y 3 naumMeHToB — 2 nNpo-
uenypsl, y 1 nayneHta — 3 npoueaypsl. B nogrpynne nauneHToB ¢ NOBEPXHOCTHOM (hopmoin 6asarnb-
HOKJETOYHOro paka Koxu (n = 15): y 2 naumMeHToB Kypc NneveHnss coctaBun — 2 npouegypsl, y 13 na-
uneHtoB — 1 npouenypy. B HacTosiLLee BpeMs naumeHTbl 3aBepLUniv fiedeHne 1 HaxogaTcesa nog
HabngeHneM ¢ BU3MTamMu kaxasle 6 mecsues B TedeHue 5 net. o gaHHbIM AepMaToCKONUYEeCKoro

N KOH(POKabHO-MUKPOCKOMUYECKOro UCCrefoBaHni faHHble 3a NPOAOSIKEHHBIN POCT N peLnamnB y BCEX
naumeHToB OTCYTCTBYIOT. [1060YHbIX 3(PHEKTOB N HEXenaTenbHbIX ABMEHNN He 3addMKCMPOBaHO.
3aknto4yeHue. Vcnonb3oBaHne KOMOMHUPOBAHHOMO CEKBEHTASIbHOIO NTa3ePHOro U3MyHYeHUs C ANNHOM
BOJTHbI 585 HM 1 1064 HM aABnAeTcs 9PMEKTUBHBIM METOOOM JIeHEeHUA NaUMEHTOB C KIIMHUYEeCKMMN dhop-
MaMn 6a3arbHOKIETOYHOIO paka KoXu, UMEIoLLMMU HU3KUA PUCK peumamsa. Pe3ynsraTbl nccnegosaHms
NoKasbIBaloT, YTO KIIMHUYECKOE yaaneHue onyxonu 6e3 pyoLeBaHuUs MOXeT OblTb JOCTUTHYTO ansTepHa-
TMBHbIM BapUaHTOM JfleYeHus B criyyasx, Korga TpaguumoHHble XMpyprvdeckune nogxonbl HexxenartesbHbl
WNW HEJOCTYMHbI.

Kno4eBbIle COBa: 6a3anbHOKNETOUHbIN PaK KOXW; MybCUPYIOLLMIA Nasep Ha KpacuTene; HeOQMMOBbIN nasep
KOHMNMKT MHTEPECOB: aBTOpbI AaHHOW CTaTbi NOATBEPAMIIM OTCYTCTBUE KOH(DSIMKTA UHTEPECOB, O KOTOPOM
Heob6XxoaMMO COOBLLUMNTD.

NCTOYHNK hHAHCUPOBAHUSA: UCCefoBaHUs BbIMOSHEHbI MY (PUHAHCOBOM nopaepxke MuHUcTepcTBa
3apaBooxpaHeHuns Poccuiickon ®epepaunn (MocynapcteeHHoe 3agaHve MHUOK Ne 056-00116-21-00-6 Ha nepuog
2021-2023 rr.).

Ona yntuposaHus: CaitéypxaHos P.P., Mnaxosa K.U., KongpaxuHa U.H., Ky6aHos A.A. OhheKTUBHOCTb
MCMONb30BaHNA KOMOMHALMM Na3epHOro N3nyyeHns ¢ AnuHon BonHel 585 n 1064 HM B neveHnn NnaumeHToB
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I Background

Basal cell skin cancer (BCSC) is the most common
skin malignancy in the United States, Australia, and
Central Europe. Its annual incidence worldwide has been
increasing consistently by 3—10%[1], which poses a major
challenge for public healthcare systems.

In 2022, the percentage of nonmelanoma skin tumors
(including BCSC) in the structure of oncological diseases
in Russian Federation was 10.8% at 298.9 cases per
100 thousand inhabitants [2].

Compared to two other common clinical and
histological types (nodular and sclerodermiform BCSC),
superficial BCSC may occur at earlier ages, and it currently
accounts for 31% of BCSC cases, with the percentage
almost doubled in recent 20 years [3].

Surgical excision of the tumor followed by a pathology
study and an excision radicality control is still considered
the standard of care for BCSC.

However faster, safer, and more effective therapeutic
options ensuring acceptable aesthetic outcomes are
increasingly sought for, especially with the younger
population being affected.

The list of nonsurgical options includes locally
destructive techniques not requiring histological control
(e.g., cryotherapy, laser vaporization, and photodynamic
therapy), as well as local pharmacological treatment with
imiquimod or 5-fluorouracil [4]. The disadvantages of both
approaches are well known: destructive methods are
often characterized with complicated wound healing and
questionable aesthetic outcomes compared to surgical
excision (especially in cases of multiple lesions), while local
pharmacological treatment relies heavily on the patient’s
ability to follow the prescribed regimen.

Vascular-specific selective laser destruction that
employs radiation wavelengths of 578, 585-595, 1064 nm,
and their combinations appears to be a viable alternative for
the techniques above. The use of this approach in BCSC
cases may be justified by the presence of the supporting
vascular network macroscopically visible at the tumor
surface. In addition to macroscopic vessels, tumor-feeding
vessels are an integral part of the microvascular architecture
of a tumor [5]. Microscopic studies in vivo confirmed that
blood vessels in BCSC foci were significantly larger, than in
those healthy skin [6].

The potential advantage of vascular-specific
photothermal treatment compared to conventional
destruction or excision techniques is preservation of the
healthy tissue surrounding the tumor.

The technique is based around the concept of selective
photothermolysis [7]. Selective heat damage inside the
target lesion can be achieved, if we can ensure wavelength-
selective absorption, sufficient power, and pulse duration
shorter than the target’s cooling time.

Vascular-specific selective lasers may selectively
affect oxyhemoglobin and deoxyhemoglobin at various
penetration depths depending on laser wavelength.

Pulsed dye laser (PDL) generating laser radiation with
wavelengths of 585-595 nm, which is well absorbed by
oxyhemoglobinin blood vessels with partial transformation
into methemoglobin, is limited in its penetration depth
to papillary dermis and used to treat port-wine stains,
hemangiomas, and facial telangiectasia.

Long-pulse neodymium laser (Nd:YAG laser)
generating laser radiation of 1064 nm well absorbed by
deoxyhemoglobin and methemoglobin in blood vessels
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has a penetration depth of up to 8 mm below the skin
surface and is used for coagulation treatment of venules,
phlebectasia, and venous malformations.

There is a number of papers studying the use of
585/595-nm laser radiation for treatment of various BCSC
types that show the complete regression of 71-92% BCSC
focal lesions after 4 laser therapy sessions at 2-week
intervals. Treatment effectiveness depends on histological
subtype of a tumor, and the best results are observed in
superficial BCSC and for a treatment mode with stacked
pulse setting [8—10].

Confocal microscopic in vivo study in our previous paper
[11] showed the persistent vascular circulation in reticular
dermis both in unchanged skin and around nodular BCSC
lesions following 585-nm laser treatment, which is why this
technique was only used in superficial BCSC cases.

A study of 1064-nm Nd:YAG continuous wave laser
therapy in 36 BCSC cases showed the cure rate of 97.3%
after 2—4 sessions with a single relapse observed in 5
years post-treatment [12]. Moskalik et al. (2010) analyzed
the outcomes of neodymium laser treatment in 2915 facial
BCSC lesions and reported the relapse rate of 3.1% for
primary basaliomas and 4.1% for recurrent basaliomas
in over five years of follow-up [13], while the respective
relapse rates in Markowitz et al. (2021) were 2% and 11.8%
in 12 months of follow-up [14].

With these results, an assumption can be made that
combined treatment with sequential PDL (585 nm) and
Nd:YAG (1064 nm) laser pulses makes it possible to increase
the effectiveness of tumor removal, while maintaining
selectivity and minimizing the side-effects. In addition to
higher penetration depth ensured by this approach, the
transformation of oxyhemoglobin into methemoglobin after
PDL pulses creates the second target chromophore for
Nd:YAG laser. 1064-nm laser radiation is well absorbed
by methemoglobin and penetrates deeper-seated vessels.
This technique makes it possible attack the anomalous
vascular network of BCSC lesionsat two levels.

In this respect, the objective of the present study
was to investigate the therapeutic effectiveness of
combined sequential laser radiation (585 and 1064 nm) in
patients with superficial and nodular types of BCSC, using
dermoscopy and confocal microscopy in vivo.

To investigate the therapeutic effectiveness of the
laser treatment in focal BCSC lesions, 30 patients with 15
superficial and 15 nodular basaliomas were treated, and
pathophysiological changes observed during treatment and
post-treatment were assessed, using real-time dermoscopy
and confocal laser scanning microscopy (CLSM).

Methods

The study included 30 patientswith 30 histologically
confirmed focal BCSC lesions, who received combined
pulsed dye laser and long-pulse neodymium laser treatment
at the facilities of Consultati and Diagnostic Center of
the State Research Center of Dermatovenerology and
Cosmetologyfrom 2021to 2022.

Dermoscopic examination, CLSM examination in vivo,
and skin biopsy with subsequent pathological analysis were
performed in patients with suspected BCSC. Skin biopsy
samples were taken from the most pronounced focal lesions,
including from the edges and the center of neoplasms.

With the diagnosis confirmed, the patients were
informed about the proposed therapy, and their informed
consent was requested.
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Inclusion criteria:
Age of 18 or above;
Availability of an informed consent form documenting
that the patient was properly informed about all
significant aspects of the study signed by the patient in
person and citing the signature date;
The patient’s willingness and ability to comply with
scheduled visits, treatment plans, laboratory tests, and
other procedures relevant to the research;
Confirmed diagnosis of superficial or nodular BCSC
with lesions not exceeding 20 mm in diameter for torso
and extremities (excluding hands, feet, and periungual
areas) and 10 mm for neck, scalp, forehead, and
cheek.

Noninvasive verification of neoplasms using confocal
microscopy was performed before skin biopsy, right
after laser treatment sessions, 4 weeks after treatment
completion under condition of complete re-epithelialization
of the laser treatment site, 6 months post-treatment, and
later, if prescribed due to clinical and dermoscopic signs of
relapse during the 3-year follow-up.

Exclusion criteria: focal lesions exceeding 2 cm in
diameter, infiltrative growth pattern of the tumor, and
recurrent lesions.

Treatment technique in patients with basal cell skin cancer

The patients were divided into two groups based on the
histological BCSC subtype (superficial or nodular).

The intended treatment for the patients included in the
study was sequential high-intensity selective laser (585 and
1064 nm) coagulation.

Sequential selective laser coagulation technique
is based on simultaneous sequential use of radiation
with short interpulse delay. The effect of 585-nm laser
radiation on oxyhemoglobin is 60% coagulation and 40%
methemoglobin transformation. Methemoglobin is 3-5
times as effective in absorbing the energy of 1064-nm laser
radiation, which allows reducing pulse energy density to
make the procedure safer for the patient. Higher absorption
and penetration depth improve the therapeutic effect.

The regimen included one to three sessions at 3-week
intervals depending on the therapeutic effectiveness.
The parameters were as follows: pulse energy density at
585 nm was 8 J/cm?; pulse duration 3 ms; pulse energy
density at 1064 nm was 60 J/cm?; pulse duration 10 ms;
interpulse delay 250 ms; laser beam diameter 7 mm;
pulse overlap rate 10%; dynamic cooling level 4; number
of passes 2.

Effectiveness criteria for the parameters selected were
as follows: visible purpura, darkening or grey pigmentation
at the laser treatment site including at least 5 mm of healthy
tissue around the tumor.

Laser treatment sessions were followed by repeated
CLSM examinations in vivo of the focal lesions to check
circulation persistence in tumor vessels. Additional session
was performed if such blood circulation was observed.

Characteristics of patients included in the study

The studied sample included 30 patients with
histologically confirmed BCSC, who received laser
treatment at the Consultative and Diagnostic Center from
2020 to 2022.

The study was approved by the Local Ethics Committee,
certificate of approval no. 1 dated January 31, 2022.

T. 99, Ne6, 2023
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The patients were under supervision for 12 to 24
months (mean 20.2 months on average). Age and sex
stratification was as follows: 9 males (30%) aged 53 to
88 (mean 66) and 21 females (70%) aged 38 to 76 (mean
63.8). The largest subgroups in the superficial BCSC group
were the patients aged 60-70 and over 71 (7 (46%)
patients to comprise 92% of the studied cohort). The largest
subgroup in the nodular BCSC group included the patients
aged 50—60 (7 (46%) patients). Skin phototype stratification
was as follows: phototype | was 10 (30%); phototype I
was 14 (46%); phototype Il was 6 (24%).

Basedonclinical,dermoscopic,andpathomorphological
descriptions of focal lesions, the following distribution by
clinical BCSC types was obtained: 15 (50%) superficial
lesions (the most common type) and 15 (50%) nodular
lesions. Lesions varied from 5 to 20 mm in diameter (the
average of 8 mm), with the ones under 10 mm observed in
12 (40%) cases being the most common and the ones over
15 mm or under 5 mm observed in 4 (15%) cases each
were the rarest.

The most common locations of focal lesions were back
and chest in 12 (40%) and 7 (23%) cases respectively,
the other areas affected were facial skin in 1 (3%) case,
abdominal area in 3 (10%) cases, upper limb in 3 (10%)
cases, and lower limb in 4 (14%) cases (Table 1).

Results

The total of 30 BC S C patients were included in the
study. Age and sex stratification was as follows: 9 males
(30%) aged 53 to 88 (mean 66) and 21 females (70%)
aged 38 to 76 (mean 63.8).

Skin phototype stratification was as follows: phototype |
was 10 (30%); phototype Il was14 (46%); phototype Ill was
6(24%).

The stratification in the nodular BCSC group (n = 15)
was as follows: 6 males (40%) with the average age of
65 and 9 females (60%) with the average age of 56.
The regimen included one session in 11 patients, two in
3 patients, and three in 1 patient. All patients have completed
their treatment and attend routine visits every 6 months
during the 5-year follow-up. According to dermoscopy and
confocal microscopy findings, no evidence of continued
growth or relapse was found in the patients. No side-effects
and adverse events were observed as well (Fig.1).

The stratification in the superficial BCSC group (n = 15)
was as follows: 12 females (80%) their mean age 69.6
and 3 males (20%) their mean 67. The regimen included
two sessions in 2 patients and one session in 13 patients.
According to dermoscopy and confocal microscopy
findings, no evidence of continued growth or relapse was
found in the patients. No side-effects and adverse events
were observed as well (Fig. 2).

Lasertreatmentturned outto have only temporary side-
effects. The immediate effect in the form of purpura was
indicative of effectively selected laser radiation parameters
and was observed in all sessions. Gradual reduction of the
emerging erythema and purpura was observed, when the
regimen included more than one session. The patients,
who received the regimens of more than one session,
developed temporary hyperpigmentation.

Discussion
The use of 585 and 1064-nm laser radiation shows
promise as a BCSC therapy due to its ability to affect tumor
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Table 1. Characteristics of lesions of examined patients (7= 30, abs.)
Tabnuua 1. XapakTepucTiiKa NatonoriYeckmx 04aros 06cnenoBaHHbIx natyeHTo (7 = 30, ac.)

Value
Parameter

abs %
Face 1 3
Chest 7 23
Abdomen 3 10

Location
Back 12 40
Upper limb 3 10
Lower limb 4 14
Under 5 4 15
Under 10 12 40

Size, mm
Under 15 10 30
>15 4 15
Nodular 15 50

Histological type

Superficial 15 50

Fig. 1. Clinical and dermoscapic dynamics during the treatment of the nodular basal cell carcinoma: a, b — before treatment; ¢, d — immediately after the procedure; e — 1 month
after treatment

Puc. 1. [InHamuvka KNMHN4ECKOIA 1 1EPMATOCKONMYECKOI KAPTUHBI NPV NIEYeHN HOZYNAPHON (hOPMbI 633aNbHOKMETOHHOI KApLMHOMbI B NPOLIECCE NEYeHNs: @, b — [0 NeYeHns;
¢, d — cpa3y nocne npoLezaypbl; € — Yepe3 1 Mecsill nocne neyeHns
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Fig. 2. Confocal microscopy of the lesion before treatment (top row), 1 month after treatment (bottom photo)
Puc. 2. KoHhokanbHas MUKPOCKONMS 04ara nopaxeHus 4o neyeHns (BepxHuil paa), 4epe3 1 Mecsi nocne neyveHns (HikHee oTo)

arteries. To date, most papers on therapeutic options for
BCSC based on selective laser coagulation have focused
on 585-nm PDL.

According to various authors, PDL therapy resulted
in complete regression of 71 to 92% BCSC focal lesions
after four sessions at 2-week intervals. Treatment
effectiveness depended on histological subtype of the
tumor, with higher effectiveness observed in superficial
BCSC cases and in those treated with stacked pulse
setting [8—11]. 585-nm laser radiation is well absorbed
by hemoglobin and oxyhemoglobin, but the penetration
depth is limited to reticular dermis, which makes it
possible to effectively use this approach to attack
superficial BCSC focal lesions.

1064-nm laser radiation is characterized by higher
penetration depth (up to 8 mm), which makes it possible
to use it in nodular BCSC focal lesions. The relapse rate in
post-treatment BCSC patients during the 5-year follow-up
was 3.1% for primary basaliomas and 4.1% for recurrent
basaliomas [13], and the respective values in Markowitz
(2021) were 2% and 11.8% during the 12-month follow-
up [14].

The use of combined sequential (585 and 1064 nm)
laser radiation as a BCSC therapy was described by
Jalian et al. (2013). The total of 10 patients with 13 BCSC
focal lesions received up to 4 laser treatment sessions at
2—4-week intervals. Almost half of all focal lesions showed
full response to 4 sessions (n = 7/12; 58%). Given the size,
75% of all tumors under 1 cm in diameter (n = 6/8) were fully
responsive [15].

T. 99, Ne 6, 2023

The present study showed the effectiveness of 100%
primarily due to post-treatment confocal microscopy
examinations in vivo making it possible to monitor the
effectiveness of tumor vessel destruction and perform
additional laser therapy sessions, if persistent capillary
circulation is observed in the focal lesion. The present paper
only cites the preliminary results of the study, because only
24 months of the follow-up period have passed.

Conclusions

The combined sequential laser radiation is an effective
treatment option for patients with clinical types of basal cell
skin cancer characterized by low risk of recurrence. The
results obtained show that the described alternative option
can be used for clinical tumor removal without scarring, when
the use of conventional surgical techniques is complicated.

Research limitations

Since the effectiveness of laser therapy was only
studied in superficial and nodular BCSC subtypes, the
effectiveness of the technique cannot be extrapolated to
the aggressive (infiltrative and morpheaform) subtypes
based on the results obtained.

In addition, BCSC focal lesions were restricted to small
tumors only, which limits our potential for generalization,
while the effectiveness of laser treatment in a wider diversity
of tumors appears to be of great interest.

Finally, the follow-up period of at least 5 years is
defined by the design of the study, and final conclusions on
recurrence probability can only be made when it passes. |Ji
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