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Preface 

 

 

„A laser is a solution seeking a problem“ 

- Dr. Theodore H. Maiman 

 

 

Light Amplification by Stimulated Emission of Radiation. In other words, LASER.                     

Coined as a milestone in the field of Physics, those five letters gave name to a complex 

device that has notoriously revolutionized the field of medicine. From laser-assisted in 

situ keratomileusis for refractive-error correction in ophthalmology to fractional laser 

resurfacing in the treatment of acne scarring in dermatology, the use of several kinds of 

laser as surgical tools has become a benchmark in daily medical practice. 

When referring to laser dermatology, the term usually embraces aesthetic procedures 

regarding ablation of benign-lesions, treatment of scars, antiaging, depigmentation and 

removal of hair, tattoos and non-malignant vascular lesions.  

Since a long time in Germany, laser ablation of pre-cancerous skin lesions has been 

considered a valid therapy. Conversely, ablative and non-ablative laser treatment of 

malignant skin cancers is restricted to consideration in low-risk basal cell carcinomas 

with existing contraindication for surgery or topical therapy. Initial research data in the 

treatment of those lesions show promising results, but the clear lack of further 

investigations in this topic leaves the door open to lasers being a potential alternative for 

low-risk non-melanoma skin cancer.  

So, are we already at the gates of a new leading-edge chapter in laser dermatology that 

could finally merge laser with dermato-oncology? In other words, could dermato-

oncology use Maiman’s solution to a pre-existing problem?  
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1. Introduction 

 

1.1. Basal cell carcinomas: epidemiology of a growing threat 

 

Basal cell carcinomas (BCC) are the most prevalent malignant skin neoplasm and the 

most common kind of cancer worldwide. The incidence of these tumors in Germany has 

reportedly reached almost 250 new cases per 100.000 inhabitants per year. 

Also being the most frequent form of non-melanoma skin cancer (NMSC), basaliomas 

develop in the basal layer of the epidermis, resulting from a malignant shift of bulge stem 

cells located in the hair follicles. Despite less than 1% of BCC originate metastasis, they 

tend to show a strong locally-invasive growth. Without a prompt detection and 

appropriate treatment of the lesions, BCC can derive in tissue destruction and 

sometimes mutilation. 

BCC generally affect individuals in their mid-to-late adulthood (> 50 years of age) and 

show great predilection for the face and neck (> 80% of the cases), as they usually 

appear in sun-damaged skin areas after long-term ultraviolet radiation (UV) cumulative 

exposure. Other risk factors embrace chemical carcinogenics, genetic predisposition, 

immunosuppression and other types of ionising radiation. Male subjects with light skin-

type (Fitzpatrick phototype I-II) are in higher risk of developing this skin cancer. 

 

1.2. Classification: a clinico-histological outlook 

According to the World Health Organisation (WHO), BCC can be classified into several 

subtypes, mainly attending to histological characteristics, but additionally contemplating 

clinical traits of the lesion. Those BCC variants are: superficial, nodular, micronodular, 

infiltrating, sclerosing/morpheaform, basosquamous/metatypical, pigmented, 

sarcomatoid, fibroepithelial and BCC with adnexal differentiation. Nodular BCC comprise 

three subvarieties (keratotic, nodulocystic/cystic and adenoid), whereas BCC with 

adnexal differentiation include infundibulocystic BCC. 
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Likewise, these tumors can be stratified by risk of recurrence in low-risk and high-risk 

BCC. Superficial and nodular BCC pertain to the first category. 

 

Around 1 to 30% of all BCC belong to the superficial subtype, showing ≤ 1mm of tumor 

thickness. Yet 60 to 80% of all BCC cases refer to the nodular form, independently of 

their skin depth invasion. Combinations of more than one subtype pattern affect under 

40% of all BCC, mostly merging nodular and micronodular fractions. In those cases, it is 

advisable to orientate the treatment based on the most aggressive subtype.  

 

1.3. Diagnosis: a multidisciplinary approach 

1.3.1. Clinical findings and dermatoscopy  

 

Clinically, BCC can easily be recognised, even at early stages, due to a combination of 

their distinctive appearance (identifiable with the naked eye or using a magnifying glass) 

and dermatoscopic features. Those classically comprise a smooth-

surfaced/desquamative erythematous maple-leaf-like macula or border-defined pearly 

nodule, linear and arborising telangiectasias, blue-grey ovoid nests and/or globules, 

spoke wheel areas and, in some of the cases, central ulceration. 

 Superficial BCC present as erythematous maculae or plaques with well-

circumscribed delimitation. Superficial scaling or central clearing might also be 

identified. They show predilection for the trunk. 

 Nodular BCC are typically pearly papules or nodules with a smooth shiny surface 

and arborizing telangiectasias. The head and neck are their preferred locations.  

 

1.3.2. Histopathology 

 

As a complement to the clinical-dermatoscopic diagnostic approach, excisional or 

incisional biopsies can be performed. Generally, 2-3mm punch-biopsies are preferred. 

Despite histology being the definitive method in BCC diagnosis and the gold standard in 

BCC-suspected diagnosis verification, complications of a skin biopsy may occur. Those 

include: type I hypersensitivity reaction to preoperative local anaesthesia, bleeding, 
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oedema, local pain, biopsy-site hyposensitivity and long-term tissue-scarring, 

compromising aesthetic results.  

This technique facilitates an identification of BCC subtype and also measures tumor 

thickness, that being ≤ 1mm if locally-superficial or > 1mm if invasive. 

Histologically not being true carcinomas, BCC are accordingly considered semi 

malignant tumors. They show a basaloid epithelial tissue component of ectodermal 

provenance, which is essentially a formation of tumor parenchyma and mesodermal-

origin connective tissue stroma embedding the former.  

 Superficial BCC display multiple lobular foci of basaloid cells that emerge from the 

epidermis or from the sides of follicles or eccrine ducts, surrounded by mixoid stroma 

and band-like lichenoid infiltrates. Those cells project into the papillary dermis and 

superficially attach to it. Tumor thickness achieves a maximum of 1mm.   

 Nodular BCC exhibit discrete nests of malignant basaloid cells with peripheral 

palisading that extend into the dermis and mucoid stroma containing plump spindle 

cells.  

 

Angiogenesis of BCC allegedly derives from the vascular plexus, its horizontal-layered 

components and vertically-oriented connecting vessels. The superficial vascular plexus 

delimitates the junction between papillar and reticular dermis and comprises 

anastomosing small-caliber arterioles that branch into capillaries and supply the 

overlying epidermis and adnexal structures. Besides, the deep dermal vascular plexus 

sets the boundaries of the reticular dermis and the subcutaneous tissue. Its structure 

embodies medium-caliber vessels arising from larger vessels from the adipose septae of 

the subcutis.  

 

Grunt et al. (1985) recognized teleangiectatic widened thin-walled venous vessels 

squeezed between tumor beds of BCC and the thin atrophic overlying epidermis. The 

lumen of those presumed venous vessels was large, but the walls were endothelial 

lining with barely any supporting tissue layers, which made them resemble capillaries. 

On that ground, the authors concluded BCC tumor cell beds were enveloped by basket-

like capillary plexus. 
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1.3.3. Optical coherence tomography 

 

In order to avoid undesirable side-effects of invasive diagnostic techniques, optical 

coherence tomography (OCT) stands as a clinically-proven non-invasive imaging 

technique, providing cross-sectioned defined-field portrays of the skin in real time.  

OCT combines principles of sonography and optical interferometry, using near-to-

infrared wave-length light. The VivoSight® scanning system (VivoSight Dx; Michelson 

Diagnostics Ltd., Maidstone, UK) operates with 1305nm light emission into the evaluated 

skin area (6x6mm), in direct contact with the machine. The device records the reflected 

light beams coming from the skin and displays a two-dimensional image in a black-grey-

white scale. The image depth ranges from 1 to 2mm, whereas its lateral resolution is 

under 5.5m and its axial resolution under 7.5m. 

A complete overview of the epidermis, dermis and dermo-epidermal junction can be 

recognized, as well as some skin adnexa and vascularization.  

In a healthy skin coronal OCT image, a high-intensity signal line (white to light grey) 

defines the input of light contacting the stratum corneum. This is axially followed by a 

lower-intensity signal layer (darker grey) corresponding to the epidermis. Following this 

layer appears a higher-intensity one (light grey, darker than the input signal) delimiting 

the dermis. Within the dermis, blood vessels appear as long transversal low-intensity 

signal structures and hair follicles emerge as vertical also low-intensity signal formations, 

with enlarged shadowing.   

With strong consensus, OCT is an accepted BCC-diagnostic method recommended in 

German medical practice guidelines, also credited to evaluate treatment response in 

those lesions. 

The visualisation of altered skin architecture in cross-sectional OCT images of BCC 

leads to a better discrimination and delineation of those lesions, reaching 87% of 

reliability in multicentre studies, when combined with clinical eye and dermatoscopy.  

Among the most common morphological criteria in superficial BCC OCT imaging are 

low-signal long subepidermal blood vessels. Also, low-signal half-full-C moniliform 
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epidermal structures, with darker basal edges. The epidermis tends to be enlarged and 

the dermo-epidermal junction slightly vanishes. 

Conversely, nodular BCC usually display a thinned epidermis, cysts and low-signal 

ovoid structures with darker delimitation. The latter are suspected to be the result of 

peritumoral mucinosis and often appear surrounded by high-signal stroma.  

Moreover, the OCT methodology provides exact measurements of the penetration depth 

of the tumor lesion. Dynamic OCT softwares provide a complete analysis of the vascular 

plexus, including calculation of the density, diameter and depth of the blood vessels 

nurturing the tumor. Diameters > 20m and depths < 500m can be detected by the 

device. If the skin take is not focused within the precision margins of the OCT and the 

skin layers appear too high or too low on screen, the parameters might not be 

recognised. In addition, if the blood flow is too slow, dynamic OCT cannot identify the 

blood-vessel structures.  

 

1.4. Treatment of basal cell carcinomas with ≤ 1mm thickness 

1.4.1. Surgical excision: the gold-standard 

 

Complete surgical-excision therapy remains the gold standard, especially in tumors with 

> 1mm thickness, but also under this tumor depth. Safety margins of 3-5mm are 

preferred. Recurrence rates after five years reach 2-8%. 

In some cases, prior histopathological confirmation of the BCC is favoured. Then, 

incisional biopsies would be performed before the complete removal of the lesion. 

Despite that, it is known that spontaneous regression after incisional biopsies occurs in 

20% of the cases.  

 

1.4.2. Other treatment options 

 

If contraindications to undergo surgical treatment are present or patients refuse this 

option, second-line therapies must be contemplated. In BCC with ≤ 1mm tumor 
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thickness, topical treatments are of choice. Laser therapy is relegated to a third-line, 

when surgery and topical treatments cannot be considered or failed, as well as in case 

of expressed decision of the patient. 

 

1.4.2.1. Topical treatments: second-line therapy 

 

Topical treatments with local immunotherapy (imiquimod 5%), local chemotherapy (5-

FU) or photodynamic therapy are alternatives restricted to superficial basaliomas 

(superficial subtype, Breslow ≤ 1mm), when surgery is contraindicated or due to 

preference of the patient. 

 Imiquimod 5% is an immune-response modifier that promotes the secretion of 

interferon-, interleukin-6 and tumoral necrosis factor- via activation of toll-like 

receptor-7 in immune cells. Through the release of these cytokines and chemokines, 

a cell-mediated immune response generates an anti-tumoral effect on the skin.  

Imiquimod 5% is a topical treatment applied on superficial BCC for five days weekly 

during a total of six weeks. Moderate-to-severe local adverse events include 

erythema, oedema, erosion, scabbing, pruritus and paresthesia. According to 

randomized controlled trials, clearance rates vary between 60 and 80% over 3-12 

months after treatment of superficial BCC. Clearance rates of nodular BCC are 

restricted to limited evidence and oscillate between 42 and 81%. 

 

 5-fluorouracil or 5-FU is an inhibitor of thymidylate synthase, an enzyme involved in 

the synthesis of pyrimidine thymidylate and, hence, DNA replication. Topical 5-FU in 

the treatment of superficial BCC should be applied twice daily during six weeks. 

Moderate-to-severe local adverse events are similar to those seen in imiquimod 5% 

and include erythema, oedema, erosion, scabbing, pruritus, paresthesia, ulcering 

and eschar-building. The incidence of at least one adverse event reaches 97-100% 

in published studies. Limited data on efficacy and long-term response are available, 

but 16-week clearance rates of 50 to 90% have been reported. 
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 Photodynamic therapy consists in the application of exogenous photosensitizers, 5-

aminolevulinic acid (ALA-PDT) or methyl aminolevulinate (MAL-PDT), on superficial 

BCC. Penetration capacity of photosensitizers is limited to 1-2mm, which restricts the 

effectivity of this procedure to superficial tumors. Malignant and premalignant cells 

selectively intake photosensitizers and convert them into protoporphyrin IX (PpIX). 

After three hours, the area is illuminated during ten to twenty minutes using 635nm 

red light, which activates PpIX. This induces the release of reactive oxygen species 

and cytotoxicity of tumoral cells. Regarding treatment response, clearance rates 

differ between studies and BCC-subtype:  

 A preliminary controlled clinical trial compared to placebo was performed by Tope 

et al. (2004). The authors reached histologically-confirmed clearance rates of 

79% after six months of ALA-PDT for nodular BCC. 

 In a randomised controlled trial compared to surgery, Rhodes et al. (2004) 

reached 91% clearance rates of nodular BCC with 85% with good-excellent 

cosmetic response. 

 Foley et al. (2009) achieved histologically-confirmed clearance rates of 60-73% 

after six months of ALA-PDT for nodular BCC in another small randomised 

controlled clinical trial. Cosmetic outcomes were graded good to excellent in 98% 

of the treated lesions. 

 In a prospective cohort study, Fantini et al. (2011) reported complete clearance in 

33% of nodular BCC and 82% of superficial BCC after two treatments of MAL-

PDT and mean follow-up of 23.5 months. The authors described location of the 

lesions on extremities as a negative response predictor. 

 Zou et al. (2016) conducted a meta-analysis of five randomised controlled trials, 

presenting clearance rates of 79% five years after MAL-PDT for nodular BCC. 

In a recent randomised clinical trial, Arits et al. achieved clearance rates after 12 months 

of 83.4 % for topical imiquimod, 80.1% for topical 5-FU and 72.8% for MAL-PDT. After 

36 months, clearance rates decreased to 79.7 % for topical imiquimod, 68.2 % for 

topical 5-FU and 58 % for MAL-PDT. It was demonstrated that topical 5-FU is inferior to 

topical imiquimod 5% and non-inferior to MAL-PDT, whereas imiquimod 5% is superior 
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to both topical 5-FU and MAL-PDT in the treatment of superficial BCC after 3-5 years of 

follow-up. 

 

1.4.2.2. Laser therapy: third-line rescue treatment 

 

According to European guidelines, ablative and non-ablative laser therapy can be 

considered a treatment option for low-risk BCC, when surgical or topical treatments are 

contraindicated.  

 Ablative CO2 and Erbium:YAG lasers showed so far relapses in the depth of the 

treated area. Therefore close control after treatment is indispensable. 

 Non-ablative lasers have been subject of investigation in the past years.  

 Pulsed-dye lasers (PDL) achieve selective thrombosis of afferent vessels, 

preventing epidermal and dermal damage. Results in BCC-clearance are 

miscellaneous: Allison et al. (2013) reported clearance in one out of seven 

tumors, Shah et al. (2009) achieved 92% regression rate after four treatments 

administered every two weeks, Konnikov et al. (2011) obtained 90% regression at 

12-21 months after treatment, Ballard et al. (2011) recorded 56% clearance after 

one PDL session, whereas Karsai et al. (2015) revealed 78% clearance rates of 

low-risk BCC. Recurrence is suspected to rely on the limited penetration of the 

laser, which is unable to outreach the superficial dermis. 

 Since 1975, Nd:YAG lasers have been issue of research. Despite that, scarce 

data of small patient samples are available on the topic and yet no clinical trials 

have been conducted. 

 

1.5. 1064nm Nd:YAG laser: an open door in BCC treatment 

1.5.1. Laser physics: understanding the principles 

1.5.1.1. Light Amplification by Stimulated Emission of Radiation 

 

In 1960, physicist Theodore Maiman developed the first functioning optical laser using a 

synthetic ruby crystal. He defined the process as Light Amplification by Stimulated 

Emission of Radiation, conceiving the word LASER, which would give name to his newly 

created machine. 
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A laser is a device that stimulates orbital electrons to emit light at particular wavelengths. 

This light is amplified and results in a narrow beam of radiation. 

 

Every laser incorporates a fully reflective mirror on one side, a partly reflective mirror on 

the other side and a solid, liquid or gaseous medium in between. Both mirrors constitute 

the laser resonator.  

 

Photons deriving from an electrical energy source excite the atoms present in the laser’s 

medium. As stable electrons jump from their lowest to their highest energy level, when 

the amount of excited atoms exceeds the number of atoms in ground state, population 

inversion occurs. Once those excited electrons interact with incoming photons of equal 

energy, they release their energy and experience an optical decay, transitioning through 

dropping energy levels.  

 

Every time an electron falls to a lower energy level, a new photon is emitted. The energy 

of that photon corresponds to the energy difference of the electron levels. This photon is 

identical to the photon which originally stimulated the emission: it has the same energy, 

same wavelength and same direction. Both original and newly emitted photons travel 

from that point on together, causing their wave amplitudes to amplify. 

 

This production of new photons is known as stimulated emission and generates the 

laser beam, which is released through the partly reflective laser output. The resulting 

laser beam is narrow-bundled monochromatic light with a specific wavelength. 

 

1.5.1.2. Wavelength, absorption and scatter 

 

Light travels in waves. The wavelength of a laser is the spatial distance between two 

successive peaks in every wave. This parameter is predetermined by the kind of laser 

and cannot be modified. 

 

Endogenous chromophores, such as melanin, oxyhaemoglobin, haemoglobin and water, 

selectively absorb different wavelengths in the light spectrum. The way light beams 
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interact with tissue is determined by absorption and scatter. When applying a laser on 

the skin, the longer its wavelength (for example, 1064nm), the lower the laser absorption 

in the uppermost skin layers. This leads to a deeper penetration of the laser into the skin 

and a greater scatter of the beam. Thereby, more energy will be needed to heat the 

target and acquire the resultant effect. 

 

Long laser wavelengths originate low energy photons. This is justified by the inversely 

proportional relation between the energy level of photons produced by the laser’s 

medium and the wavelength of the light generated by the device. The wavelength of a 

laser, together with other factors like pulsed laser emission, determine the power of the 

laser.  

 

1.5.1.3. Laser parameters: configuring the device 

  

Lasers must be programmed to attain a certain effect. To do so, the following 

parameters must be adjusted: 

▪ Pulse: flash of light or emission of a laser beam, which can either be short or long. 

▪ Pulse width: duration of one pulse (msec). Laser pulses follow a Gaussian time 

distribution, determined by intensity and time. Full width at half maximum (FWHM) is 

usually denoted as pulse width and actually refers to the duration of the pulse at its 

half maximum intensity.  

▪ Pulse rate or pulse frequency: number of pulses per second (Hz). 

▪ Fluence or pulse density: energy of a laser pulse or optical energy delivered per unit 

area (J/cm2). 

▪ Power: energy of the laser delivered to the desired target per second (J/sec or W). 

▪ Power density: energy of the laser delivered to the desired target per second per unit 

area (W/cm2).  

▪ Spot size: diameter of the laser beam (mm). 
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1.5.2. 1064nm Nd:YAG laser and selective photothermolysis 

 

Nd:YAG is a solid-state laser that uses neodymium-doped yttrium aluminum garnet 

crystal as medium. A triply ionised neodymium replaces small fractions of yttrium ions in 

the crystal and provides the laser activity. At a wavelength of 1064nm, this laser reaches 

deeper structures in the skin, targeting red pigment from oxyhaemoglobin and, therefore, 

blood vessels. At 1.5-3msec pulse width, 1064nm Nd:YAG laser shows significant 

selectivity for arterial blood. 

 

In 1983, Anderson et al. stated that inherent optical and thermal properties of brief 

pulses of visible light could provide target selectivity to cutaneous microvessels. During 

laser emission, the absorption of photons from pigmented structures in the skin triggers 

photochemical reactions and significant heating. Rapid localized heating generates 

shock waves that propagate through the skin layers, causing mechanical damage or 

vaporisation. Likewise, mammalian tissues heated to 70-100 ºC may suffer protein 

denaturation, which leads to coagulation necrosis. This process develops into closing of 

blood vessels through hemostasis, achieved via denaturation of plasma proteins. 

Thermal diffusion or scattering occurs when targeted tissues transfer their heat to their 

cooler circumambient. At the end of laser exposure, targets may have surpassed 

temperatures required for thermal denaturation, while surroundings remain below it. For 

this reason, only thermal damage without denaturation affects the latter. 

 

By specifically targeting blood vessels and sparing overlying or immediately 

neighbouring tissues, selective photothermolysis can be successfully achieved. This 

technique depends on selective absorption of brief optical radiation pulses to exclusively 

generate heat at certain pigmented targets. Those targets must have greater optical 

absorption at a precise wavelength than their surrounding tissues.  

 

 The wavelength of a laser determines the depth of its effect, where selective 

photothermolysis can happen. Microvessels, like those found in the vascular plexus 

of BCC, need longer wavelengths, as major tissue chromophores in their 

surroundings tend to have greater absorption at shorter wavelengths. 
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 Long laser exposures heat tissues uniformly and cause nonspecific coagulation 

necrosis. An instantaneous laser pulse shows extreme temperature differences 

between the target and its surroundings, which can lead to shock wave damage. On 

that account, the transition from nonspecific to specific thermal damage succeeds if 

laser exposure duration (pulse width) equals and next exceeds thermal relaxation 

time (tr) for targets. Anderson et al. targeted oxyhaemoglobin contained in 10-50m-

diameter microvessels from the superficial plexus and concluded that tr was around 

50sec for 20m-diameter vessels. The authors concluded selective thermolysis 

requires short pulses or millisecond-domain pulse width for non-capillary vessels.  

 

 Higher laser fluences enhance selective photothermolysis by earning an immediate 

brown decoloration of blood due to haemoglobin denaturation, a sudden decrease in 

blood flow as a result of plasma denaturation, permanent hemostasis in view of 

tissue protein denaturation and vessel rupture plus hemorrage thanks to vaporisation 

or shock wave damage. 

 

All in all, selective photothermolyisis by means of laser exposure is optimized selecting a 

wavelength that penetrates the skin appropriately, minimizes the absorption by overlying 

epidermis and maximizes the absorption by blood vessels.  

 

1.5.3. Current scope of 1064nm Nd:YAG laser in BCC-treatment 

 

Non-ablative long-pulsed 1064nm Neodymium-doped Yttrium Aluminum Garnet laser 

(Nd:YAG) therapy of superficial basal cell carcinomas with Breslow thickness       ≤ 1mm 

is a treatment option contemplated in European medical practice guidelines.  

The success data of this technique is restricted to eight publications, conducted in 

Russia, Germany, Egypt and the United States, in chronological order:  

 The first publication on this topic dates back to 1975. Wagner et al. conducted a 

prospective cohort study with 76 BCC distributed on the head, neck, thorax, 

abdomen and extremities. Tumor size was not restricted and histologic-variant of the 

BCC were not specified. Single-session treatments were performed using a pulsed 
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Nd laser (Pulsar-1000) with a solid neodymium-doped glass optical generator. The 

authors highlighted the importance of selecting the correct magnitude of pulse 

density in order to achieve the appropriate depth and extent of tumor destruction. 

Pulse density oscillated between 400 and 600J/cm2, using the lower range in 

pigmented or vascularized lesions. Higher ranges were applied to light-coloured 

keratotic tumours. The process was described as slightly painful, but no numeric data 

were provided. Pulse duration was 1 msec. Coagulation necrosis was proposed as 

mechanism of action. After 2 to 30 months follow-up, no BCC-recurrence occurred. 

Thus, no confirmatory biopsies were taken. Cosmetic effects were defined as quite 

satisfactory, except in lesions exceeding 2-2.5cm, in which rough scarring might 

develop. Yet again no detailed data were specified. 

 

 In 1985, Brunner et al. published a prospective cohort study, in which 200 BCC were 

treated in one session with Nd:YAG laser under local anaesthesia. Primary and 

recurrent BCC were included. Most of the BCC were located on the head and neck 

and had no size restrictions. In this case, pulse density was 800-4.000 J/cm2 and 

pulse duration 1-3 seconds. Biopsies were taken after 48 hours and after 6 weeks, 

with proceeding follow-up of 18 months. No tumor cells were identified in endpoint-

biopsies. Clinical and histological results were accounted as promising, but 

subsequent studies with long-term follow-up were advised for further conclusions. 

The necrosis resulting from a coagulating effect up to a depth of 5mm was suggested 

as mechanism of action of the Nd:YAG laser. 

 

 Published in 2004, El-Tonsy et al. conducted a prospective cohort study with 37 

biopsy-confirmed BCC (superficial, nodulo-ulcerative, morpheaform and pigmented), 

located on the head and neck. The lesions, primary or relapses after other 

treatments, were had also no size restrictions. Nd:YAG laser sessions took place 

every six weeks until biopsy-confirmed clearance of the lesion. Laser parameters 

were 10-15W and 8mm spot size. Afterwards, patients were followed every six 

months during 3-5 years. In total, 36 patients experienced complete clearance 

(97.3%). Coagulation was the suggested mechanism of action of the procedure. 
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 Later in 2010, Moskalik et al. disclosed a retrospective cohort-study in which 1060nm 

Nd:YAG or pulsed Nd laser (Pulsar-1000 and Pulsar-1000M) were used to treat in 

single sessions 3346 histologically-confirmed primary facial BCC (2719 pulsed Nd 

laser, 627 Nd:YAG) and 188 recurrent facial BCC (all pulsed Nd laser). The 

parameters for the Nd laser were: 1060nm wavelength, pulse duration of 1-4.5msec, 

pulse density of 700-1000J, spot diameters of 0.5 and 1.5cm. The configuration of 

the Nd:YAG laser was: 1060 or 1320nm wavelength, pulse duration of 1msec, 

frequency of 10-40Hz, maximum pulse energy of 0.6J and spot diameter 1mm. A 

total of 1-5 impulses at 40- to 60-second intervals were performed, achieving a total 

energy of 118-3520J. After a follow-up from 3 months to 5 years, recurrence rate was 

1.8% for primary BCC treated with pulsed Nd laser, 2.5% for primary BCC treated 

with Nd:YAG and 3.7% in for the recurrent BCC treated with pulsed Nd laser. Also, 

72.3% of all BCC recurrences appeared within the first year. In 78% of recurrent 

BCC, the initial laser session was repeated.  

 

 Ortiz et al. released a prospective cohort study in 2015 including 13 superficial, 

nodular and micronodular primary BCC on the trunk and extremities, confirmed with 

an initial shave-biopsy. All BCC had a diameter < 1.5cm. The lesions were treated 

with 3 passes of 1064nm Nd:YAG laser in one-session schemata. Spot size was 

5mm, fluence 80-120J/cm2 and pulse duration 10msec. No local anaesthetic was 

used. One month later, the complete excision of all lesions was performed and a 

92% clearance was histologically proven (12/13 BCC), ascending to 100% at high 

fluences of 120J/cm2 (10/10 BCC). The suggested mechanism of action was 

selective photothermolysis. No patients under anticoagulant therapy were included in 

the study.  

 

 The same team published a second prospective cohort study in 2018, this time 

comprising 31 superficial, nodular and pigmented primary BCC on the trunk and 

extremities. The lesions were biopsy-proven and showed diameters < 2.1cm. Again, 

no local anaesthetic was used. One-session treatments with 1064nm Nd:YAG laser 

were completed with the following configuration: 5-6mm spot, fluence of 125-

140J/cm2 and pulse duration of 7-10msec. After 1 month, all BCC were surgically 
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removed and histologically analysed, achieving a 90.3% clearance (28/31 BCC). The 

3 BCC that remained present after treatment were located on the shoulder, back and 

abdomen, and belonged to superficial and nodular subtypes. Patients undergoing 

anticoagulant therapy were excluded from the study, except patients taking 

acetylsalicylic acid or non-steroidal anti-inflammatory drugs.  

 

 Ahluwalia et al. (including Ortiz) authored a publication in 2019 based in a 

retrospective cohort-study with 16 patients with < 1.5cm-diameter superficial and 

nodular BCC on the head neck, trunk and extremities. All tumors were biopsy-

confirmed, but only one BCC was additionally examined with OCT prior to and after 

treatment. A single session of 1064nm Nd:YAG laser (5mm spot size, 140J/cm2 and 

8msec pulse duration) was accomplished, after applying 3ml of 5mg/ml lidocaine 

hydrochloride 0.5% as local anaesthetic. Patients were followed during 6-15 months. 

If a suspected relapse occurred, a biopsy was taken. In this study, a clearance of 

100% of all BCC was achieved. 

 

 The last reported publication belongs to Markowitz et al. and dates back to 2019. A 

total of 17 BCC in several locations, including the face, were retrospectively 

reviewed. No prior biopsy was taken, only clinical and dermatoscopic criteria were 

taken into account in the diagnosis, as well as reflectance confocal microscopy 

(RCM) as confirmatory method. One to three treatments in intervals of 1 to 2 months 

with 1064nm Nd:YAG laser with 5-6mm spot, 125-140J/cm2 fluence and 7-10msec 

pulse duration. Two months after the last laser session, clearance reached 100%, as 

confirmed clinically and via OCT. Out of all BCC, 82.4% cleared after one session, 

5.8% were located on the back and cleared after two sessions, whereas 11.8% were 

found on the face and back and cleared after three laser treatments.  

 

The present experience in Europe relies on Prof. Dr. Julia Welzel at the Uniklinik 

Augsburg in Germany, also with positive outcomes using 1064nm Sciton® Nd:YAG laser 

(120-130J/cm2, 8msec, 0.6Hz). No current data provided by treating centres in Europe 

have been so far published. 
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1.5.3. Loose ends in 1064nm Nd:YAG laser: a chance for further research 

 

Despite all published data on the treatment of BCC with 1064nm Nd:YAG laser, 

numerous questions remain open: 

 Which lesions respond better to therapy? 

Location and tumor thickness of the BCC have been so far presented as descriptive 

parameters in all published studies. Furthermore, depth has not been reported in any 

study. But, could all mentioned characteristics be used as response predictors?   

 

 Which histological features achieve better response to treatment?  

A lack of clarity in the potentially Nd:YAG-targetable BCC-subtypes is evidenced. In 

accordance with European guidelines, Ortiz et al. targeted BCC with Breslow 

thickness ≤ 1mm, but included several subtypes in the study (superficial, nodular, 

micronodular and pigmented). All other publications broadened the subtype-variant 

or did not specify it. 

 

 Which laser settings obtain better outcomes? 

Nd:YAG laser configuration also remains ambiguous. According to the latest 

available literature, fluence should vary between 80 and 140J/m2, pulse duration 

should last 7-10msec and spot size should oscillate between 5 and 6mm. Pulse rate 

is not specified in the publications from the past 6 years. 

 

 Which is the mechanism of action? 

Regardless of the optimistic, yet scarce, published results in the use of Nd:YAG to 

treat BCC in the uppermost skin layers, the mechanism how these tumors are erased 

from the skin still remains unknown. Considering the coagulating power of the laser, 

some publications suggest tumor clearance could be accomplished due to selective 

photothermolysis, a blood vessel-shrinking effect. This should trigger a thrombosis or 

complete sclerosis of the small blood vessels nurturing the tumor, resulting in an 

interruption of its vascularisation and hence causing tumoral cell death. 
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2. Initial hypothesis and objectives 

 

The aim of this study is to conduct preliminary research in order to evaluate the use of 

OCT-assisted 1064nm Nd:YAG laser in the treatment of superficial and nodular basal 

cell carcinomas with ≤ 1mm tumor thickness.  

 

The main objectives of this thesis are: 

 

 To determine if OCT is an accurate and reproducible complementary method to 

clinical-dermatoscopic diagnosis of superficial and nodular BCC with ≤ 1mm tumor 

thickness by:  

– Evaluating the reliability of OCT compared to histopathology in the diagnosis of 

those BCC.  

– Calculating the interpersonal variability of OCT diagnoses between observers. 

 

 To ascertain if OCT could replace skin biopsies as a confirmatory method of clinical-

dermatoscopic diagnosis and allow same-day direct diagnosis-treatment schemata of 

superficial and nodular BCC with ≤ 1mm tumor thickness.  

 

 To prove if OCT is a reliable clearance-confirmation method, comparable to skin 

biopsy in follow-up phases after 1064nm Nd:YAG laser treatment.  

 

 To evaluate if laser therapy of superficial and nodular BCC with ≤ 1mm tumor 

thickness using 1064nm Nd:YAG is an effective treatment method with successful 

short-term clearance rates. 

 

 To ascertain if 1064nm Nd:YAG could become the first go-to option in second-line 

treatments of superficial and nodular BCC with ≤ 1mm tumor thickness. 

  

 To verify if treatment of superficial and nodular BCC with ≤ 1mm tumor thickness 

using 1064nm Nd:YAG laser has satisfactory cosmetic outcomes, better than those 

achieved after surgery or second-line therapies. 
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 To illustrate if 1064nm Nd:YAG laser achieves high patient tolerability and 

satisfaction in the treatment of superficial and nodular BCC with ≤ 1mm tumor 

thickness. 

 

 To define targetable lesions and outcome predictors by describing tumor features 

and histological characteristics associated to better or worse response to 1064nm 

Nd:YAG treatment.   

 

 To determine an effective 1064nm Nd:YAG laser configuration to achieve complete 

clearance of superficial and nodular BCC with ≤ 1mm tumor thickness.  

 

 To examine if selective photothermolysis is a plausible explanation for BCC 

clearance after 1064nm Nd:YAG laser, according to dynamic-OCT findings.   

 

 To conduct a preliminary study in order to justify whether a randomised controlled 

trial would be reasonable to validate 1064nm Nd:YAG as a second-line treatment 

option of superficial and nodular BCC with ≤ 1mm tumor thickness.  

 

As an initial hypothesis it is suggested that OCT-assisted Nd:YAG laser treatment of 

superficial and nodular BCC with ≤ 1mm tumor thickness is a safe and effective 

diagnostic and treatment method with comparable clearance rates to second-line 

therapies. Improved patient satisfaction, tolerability, practicability and cosmetic end 

result compared to surgery and second-line therapies are proposed. 
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3. Material and methods 

 

3.1. Study design  

 

This thesis was designed as an observational retrospective cohort study, based on the 

experience in the use of 1064nm Nd:YAG laser therapy in superficial basal cell 

carcinomas at MVZ Dermatologisches Zentrum Bonn GmbH (Friedensplatz 16, 53111 

Bonn).  

 

The author of the study was Ariana Palacio Giral, resident doctor in Dermatology and 

Venerology at MVZ Dermatologisches Zentrum Bonn GmbH. The academic author 

designed and performed the study, conducted the data analysis and wrote the 

manuscript. The OCT statistical analyses were completed at the Statistics and 

Bioinformatics Unit (UEB) from Vall d’Hebron Hospital Research Institute (VHIR). 

 

The clinical supervisor of the study was Prof. Dr. Uwe Reinhold, director of the centre 

mentioned above. The histology supervisor and thesis tutor was Prof. Dr. Erhard 

Bierhoff, director of Heinz-Werner-Seifert Insitut für Dermatopathologie (Trierer Str. 70, 

5315 Bonn). Both centres belong to CORIUS Gruppe®.  

 

Data were retrospectively collected from December 2019 until February 2022.  

 

3.2. Study participants 

 

A total of 39 patients with altogether 50 BCC were enrolled in the study.  

 

Inclusion criteria were: female, male or non-binary patients presenting histologically-

confirmed ≥1 superficial or nodular basal cell carcinomas with ≤1mm thickness, 

originally to be treated with 1064nm Nd:YAG laser.   

 

Exclusion criteria were defined as follows: 

 A lack of informed consent or a revoked participation in the study.  
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 A lack of compliance, described as ≥2 documented missed appointments within both 

therapy and follow-up phases.  

 BCC treated with therapies other than Nd:YAG laser. 

 Non-histologically verified BCC. 

 Histologically-verified non-superficial non-nodular BCC. 

 Histologically-verified basal cell carcinomas with Breslow >1mm. 

 Patients with primary or secondary immunodeficiency. The presence of other 

concomitant illnesses and/or the intake of medication this effect did not exclude the 

participation in the study. 

 

No restrictions were made regarding age, BCC location or number of lesions. 

 

Relapsing BCC were not excluded, understanding those as newly diagnosed basal cell 

carcinomas on a previously BCC-affected area after a ≥6-month complete clearance of 

the lesion, confirmed with histology. 

 

 

3.3. Ethical considerations 

 

All patients were properly informed that their results and photographic documentation 

might be used in a doctoral thesis and further medical publications for research 

purposes, always in anonymous format. No patient was included in the study without 

their informed consent.  

 

All patients included in the study were planned to undergo a treatment with 1064nm 

Nd:YAG laser from a start and were therefore offered to participate in the study. The 

treatment decision was de facto independent from the study and the plan to use this 

technique was only an inclusion criteria. The only contemplated justifications of 

treatment with Nd:YAG were an informed decision of the patient, with medical approval, 

along with a treatment indication/acceptance according to the German medical practice 

guidelines (e.g. patients with contraindication for surgery).   
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3.4. Study protocol 

 

This was an observational retrospective cohort study including 50 BCC. Inclusion criteria 

were: adult patients (>18 years of age) presenting one or more histologically confirmed 

superficial or nodular BCC with tumor thickness ≤1mm on any corporal area. Informed 

consent was obtained from all patients enrolled in the study. Patients’ demographic 

characteristics were initially recorded (age and gender). All pre-treatment biopsies were 

evaluated by a single expert dermatopathologist. Tumoral characteristics according to 

pathology were documented: localization, tumor thickness and histological subtype. 

 

In addition, all tumors were imaged and mapped prior to treatment and at 3 months after 

the first treatment with dynamic Optical Coherence Tomography (D-OCT) (VivoSight Dx; 

Michelson Diagnostics Lt., Maidstone, UK). OCT imaging provided a vertical section 

view, 6mm wide, with depth penetration of 1mm at a resolution of 7.5µm lateral by 5µm 

vertical. This technique provided an en-face field of view of 6mm x 6mm. OCT was used 

for the diagnosis of BCC and for evaluating tumor thickness and lateral extent. In 

addition, D-OCT was utilized to systematically evaluate the tumor-associated vascular 

plexus, providing estimates of depth of the plexus and the density of blood vessels in 

tumor sites. 

 

All lesions were treated with 1064nm Nd:YAG laser (ClearScan™ 1064nm; Sciton Inc., 

Palo Alto, CA) 15 minutes after local anesthesia with mepivacaine hydrochloride solution 

at room temperature (10mg/ml). Laser treatment was performed using a scanning 

handpiece with a fluence of 120J/cm2, pulse width of 8msec and pulse delivery rate of 

0.6Hz. The scanning handpiece delivered successive pulses of 4.8mm diameter in an 

hexagonal pattern, to rapidly and evenly treat the whole lesion area, including a 5mm 

treatment margin around the mapped tumor border. Tumoral margins were identified 

clinically and also via D-OCT scans of the tumor-feeding vasculature. The laser software 

allowed selection of three different hexagonal pattern sizes of approximately 5mm, 

15mm or 25mm diameter, to suit the desired treatment area. Immediately after laser 

pulse delivery, the tumor tissue was clinically observed for change to gray color. If it did 
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not, a second pass was performed after a delay of 3 minutes to allow the lesion to cool. 

A third and last pass took place 3 minutes after, in case of absence of gray coloration.  

 

As seen in Figure 1, a first follow-up was scheduled at one month after treatment, where 

all lesions were exclusively clinically evaluated. If previously treated areas showed 

clinical or dermatoscopic signs of remaining BCC, a second laser session was 

performed, following the same protocol from the previous session.  

 

At 3 months follow-up, local adverse effects were recorded and clinically classified as 

mild, moderate or severe, along with patient tolerability and satisfaction. The latter were 

ranked using a 5-point Likert scale (1=very satisfied, 2=somewhat satisfied, 3=neither 

satisfied nor dissatisfied, 4=a little dissatisfied, 5=very dissatisfied). All treated lesions 

were assessed by clinical evaluation and dynamic OCT imaging. At this point, a final 

control biopsy was taken. The biopsy was performed in areas of suspicious foci, 

identified clinically or via OCT. 

 

Clinical remission was evaluated one year after confirmed clearance via endpoint 

biopsy. 

 

 

Figure 1. Timeline of study development with treatment and follow-up visits. After taking 

a skin biopsy at Visit 0, patients undergone OCT and a first Nd:YAG laser session at 

Visit 1. A total of 4 weeks later took place a first follow-up (Visit 2) and 8 weeks after that 

a second follow-up (Visit 3). A last follow-up took place one year after Visit 3. 
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Lastly, as some of the procedures took place during the COVID-19 pandemic, protective 

FPP-2 or surgical masks were worn by all patients and FPP-2 masks by doctors and 

staff present. The appropriate hand and material-disinfection procedures were also 

accomplished. Any skin-contact with all patients from doctors and other staff members 

were conducted using medical disposable plastic hand gloves. 

 

 

3.5. Statistical analysis 

 

All analyses were performed with Microsoft Excel (Microsoft Corporation, 2010. 

Microsoft Excel). Confidence intervals were calculated using a Wilson score binomial 

interval. P-values were calculated with Fisher’s exact test for an alpha level of 0.05. 
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4. Results 

 

4.1. Treatment of BCC with 1064nm Nd:YAG  

4.1.1. Descriptive analysis 

 

39 patients were included in the study. There were a total of 23 female and 27 male 

subjects. Mean age was 68 years, ranging 36 to 88. As described in Figure 2, of all 50 

BCC, 9 were nodular BCC (18%), whereas 41 were superficial BCC (82%). 

 

 

 

 

 

 

 

 

Regarding the location of the lesions, as shown in Figure 3: a total of 13 BCC were 

located on the face (26%), 14 on the back (28%), 6 on the chest (12%), 3 on the 

abdomen (6%) and 14 on extremities (28%). Within facial lesions, 2 BCC were found on 

the forehead (15.4%), 4 on the cheek (30.8%), 4 on the nose (30.8%) and 3 on the ear 

(23.1%). 

 

 

 

 

 

 

 

 

 

 

Figure 2. Total BCC according to 

subtype. From a sample size of 50 

tumors, 18% were histologically 

classified as nodular and 82% as 

superficial. 

Figure 3. Total BCC according 

to location. Out of a total of 50 

tumors, 13 BCC were found on 

the face. Within those, 2 tumors 

were on the forehead, 4 on the 

cheek, 4 on the nose and 3 on 

the ear. From the total 50 

tumors, 14 were located on the 

back, 6 on the chest, 3 on the 

abdomen and 14 on the 

extremities. 

18%

82%

Nodular

Superficial
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According to tumor thickness, as depicted in Figure 4: a total of 27 BCC had a tumor 

thickness ≤ 0.5mm (54%), 17 BCC had a tumor thickness from 0.6 to 0.9mm (34%) and 

6 BCC showed a tumor thickness of 1mm (12%). 

 

 

 

 

 

 

 

 

 

4.1.2. Analysis of clearance rates after treatment 

 

Overall, 39 BCC cleared after the treatment with 1064nm Nd:YAG (78%). 

 

 BCC-subtype: as seen in Figure 5, of all cleared BCC, 8 were nodular (20.5%) and 

31 superficial (79.5%). 

 

 

 

 

 

 

 

 

 

As portrayed in Table 1, when calculating clearance rates within every subgroup of 

BCC-subtype, it was established that:  

 8 out of all 9 nodular BCC achieved complete clearance (88.9%). 

 31 out of all 41 superficial BCC cleared (75.6%). 

 

Figure 4. Total BCC according to tumor 

thickness. A total amount of 27 tumors 

presented a tumor thickness ≤ 0.5mm, 17 

tumors showed a tumor thickness from 

0.6mm to 0.9mm and only 6 lesions had a 

tumor thickness of 1mm. 

Figure 5. BCC-subtype within cleared 

BCC. Of all total 39 BCC that cleared 

after treatment, 20.5% were of nodular 

subtype and 79.5% superficial.  

54%
34%

12%

≤ 0.5mm

0.6-0.9mm

1mm

20,5%

79,5%

Nodular
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BCC-subtype Treated Cleared Clearance rate 

Nodular 9 8 88.9% 

    

Superficial 41 31 75.6% 

    

TOTAL 50 39 78% 

 

 

 

 

 

Of the 11/50 BCC that failed to clear, 10 (91%) were superficial and 1 (9%) was nodular. 

Compared with the distribution of BCC subtypes in the whole population (82% superficial 

BCC, 18% nodular BCC), proportionally slightly more failures occurred with superficial 

tumors and slightly fewer with nodular. 

 

 Tumor thickness: as displayed in Figure 6, of all cleared BCC, 19 presented tumor 

thickness ≤ 0.5mm (48.7%), 14 showed tumor thickness 0.6-0.9mm (35.9%) and 6 

had tumor thickness of 1mm (15.4%).  

 

 

 

 

 

 

 

 

 

As exhibited in Table 2, when analysing clearance rates within every subgroup of 

tumor thickness, the following results were obtained: 

Figure 6. Tumor thickness within 

cleared BCC. Out of the total 39 BCC 

that cleared after treatment, 48.7% 

had a tumor thickness ≤ 0.5mm, 

35.9% presented a tumor thickness 

between 0.6 and 0.9mm and 15.4% 

revealed a tumor thickness of 1mm. 

Table 1. Clearance rate according to BCC-subtype. Nodular BCC achieved 

a clearance rate of 88.9%, with a total of 8 out of 9 BCC cleared at endpoint. 

Likewise, superficial BCC reached a clearance rate of 75.6%, with 31 out of 

41 BCC cleared after treatment. The total clearance rate was 78%, with 39 

out of 50 BCC cleared. 

48,7%

35,9%

15,4%
≤ 0.5mm

0.6-0.9mm

1mm
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 Of all 27 BCC with tumor thickness ≤0.5mm, 19 cleared (70.37%).  

 Of all 17 BCC with tumor thickness 0.6-0.9mm, 14 cleared (82.35%).  

 All 6 BCC with tumor thickness of 1mm cleared (100%). 

 

Tumor 

thickness 
Treated Cleared Clearance rate 

≤ 0.5mm 27 19 70.37% 

    

0.6-0.9mm 17 14 82.35% 

    

1mm 6 6 100% 

    

TOTAL 50 39 78% 

 

 

 

 

 

 

 

 

Of the 11/50 BCC that failed to clear, 8 (73%) were ≤0.5mm thick, 3 (27%) were 0.6-

0.9mm thick and none (0%) were 1.0mm thick. This compares with the proportion of 

BCC subtypes in the whole population of 54% that were ≤0.5mm thick, 34% that were 

0.6-0.9mm thick and 12% that were 1.0mm thick. Therefore, proportionally slightly more 

failures were identified with thin BCC (≤0.5mm) and slightly fewer with 1.0mm thick 

lesions. Overall clearance rate was 78% (39/50 BCC) compared to 75% (33/44) for BCC 

<1mm thick and to 100% (7/7) for BCC 1.0mm thick. 

 

 

Table 2. Clearance rate according to tumor thickness. Within the 27 total 

tumors portraying a tumor thickness ≤ 0.5mm, 19 tumors cleared, 

achieving a clearance rate of 70.37% in this subgroup. Of the 17 BCC 

with a tumor thickness between 0.6 and 0.9mm, 14 tumors cleared, 

reaching a clearance rate of 82.35%. All 6 treated BCC with a tumor 

thickness of 1mm cleared. Overall, 39 out of 50 BCC cleared, attaining a 

global clearance rate of 78% for all treated tumors. 
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 Location: as seen in Figure 7, of all cleared BCC, 10 were facial (25.6%). Of those, 3 

were located on the cheek (30%), 4 on the nose (40%) and 3 on the ear (30%). None 

of the BCC on the forehead cleared. 

Of all cleared BCC, 8 were located on the back (20.5%), 6 on the chest (15.4%), 2 on 

the abdomen (5.1%) and 13 on extremities (33.3%). 

 

 

 

 

 

 

 

 

 

When evaluating clearance rates within every subgroup of location, as performed in 

Table 3, the following outcomes were achieved: 

 

 Of all 13 facial BCC, 10 cleared (76.9%). Within the face, 3 out of all 4 BCC on 

the cheek achieved clearance (75%), as well as all BCC on the nose and ear 

(100%, respectively). None of the forehead BCC responded to therapy. 

 Of all 14 BCC located on the back, 8 cleared (57.14%).  

 All 6 BCC on the chest cleared (100%).  

 Of all 3 BCC on the abdomen, 2 cleared (66.67%). 

 Of all 14 BCC on extremities, 13 cleared (92.86%). 

 

25,6%

20,5%

15,4%

5,1%

33,3%

Face

Back

Chest

Abdomen

Extremities

30%

40%

30% Cheek

Nose

Ear

Figure 7. Location within cleared BCC. A total of 25.6% cleared BCC were 

located on the face. Within this category, 30% of all facial BCC were found on 

the cheek, 40% on the nose and 30% on the ear. From all 39 cleared BCC, 

20.5% were located on the back, 15.4% on the chest, 5.1% on the abdomen 

and 33.3% on the extremities. 
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Of the 11/50 BCC that failed to clear, 7 (64%) were on the trunk, 3 on the face (27%) 

and 1 on extremities (9%). According to BCC locations in the whole population (46% 

on the trunk, 26% on the face, 28% on the extremities), proportionally slightly more 

failures appeared on the trunk and slightly fewer on the extremities. Regarding sub-

regions of the face or trunk, the number of assessed BCC was too small to compare 

results. 

 

Location Treated Cleared Clearance rate 

Face 13 10 76.9% 

Forehead 2 0 0% 

Cheek 4 3 75% 

Nose 4 4 100% 

Ear 3 3 100% 

    

Back 14 8 57.14% 

    

Chest 6 6 100% 

    

Abdomen 3 2 66.67% 

    

Extremities 14 13 92.8% 

    

TOTAL 50 39 78% 

 

 

 

 

 

 

 

 

 

Table 3. Clearance rate according to location. Facial BCC achieved a 

clearance rate of 76.9%, with 10 out of 13 tumors cleared after treatment. 

Within this category, no BCC on the forehead cleared, 75% of the BCC 

located on the cheek cleared (3 out of 4 tumors cleared) and all BCC on the 

nose and ear cleared (respectively, 4 out of 4 and 3 out of 3 tumors). BCC 

positioned on the back reached a clearance rate of 57.14% with 8 out of 14 

tumors cleared, whereas all BCC located on the chest cleared. Abdominal 

BCC presented a clearance rate of 92.8%, with only one of all treated 

tumors in the area not cleared at endpoint. BCC found on the extremities 

had a clearance rate of 92.8%, also with one single tumor not cleared after 

treatment. 
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 Clinical remission at one year: of the 39 BCC that showed clearance at 3-month 

follow-up, a total of 4 lesions were lost to one-year follow-up due to non-medical 

reasons. Remission at one year occurred in 100% of those initially cleared BCC 

(35/35). 

 

 

4.1.3. Analysis of adverse effects and cosmetic end results 

 

Adverse effects were recorded at visit 2 and visit 3, both post laser. Analyses were 

completed per treated area.  

 

 As seen in Figure 9, at one-month follow-up (visit 2), 56% of the lesions showed mild 

local erythema (28/50) and 28% experienced central scabbing with mild peripheral 

erythema (14/50).  

 

 At three-month follow-up (visit 3), none of the treated BCC presented scarring. 

However, 4% of the lesions displayed mild hypopigmentation (2/50), 22% mild 

erythema (11/50) and 16% moderate erythema (8/50). Of the 21/50 lesions that 

exhibited some local adverse effects at endpoint, 38% (8/21) were found on biopsy to 

have remaining BCC. All of the 8 cases of moderate erythema were found to be non-

responsive BCC. Of the other 29 lesions that showed no signs of local adverse 

effects at 3 months after treatment, 90% (26/29) were clear according to histology 

and 10% (3/29) were not clear. 

 

 

 

 

Overall, treatment failures were slightly more likely to correspond to superficial BCC, 

of thickness ≤0.5mm, located on the trunk. Nevertheless, failures did occur in all 

subtypes, thicknesses and locations. 
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As a matter of example, photographic evolution of two BCC treated with 1064nm 

Nd:YAG, as well as their cosmetic end results, are shown below: 

 

 

 

 

 

Figure 9. Evolution of local adverse effects. At Visit 2 (one-month follow-up), 

28 tumors showed mild local erythema and 14 lesions displayed central 

scabbing with mild peripheral erythema. At Visit 3 (three-month follow-up), 2 

lesions had a mild hypopigmentation, 11 lesions presented a mild local 

erythema and 8 a moderate erythema.  

Figure 10. Evolution of facial superficial BCC with good cosmetic end result due 

to remaining mild hypopigmentation. 
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Figure 11. Evolution of facial superficial BCC with excellent cosmetic end 

result due to resulting intact skin. 

Figure 12. Evolution of facial nodular BCC with excellent cosmetic end result 

due to resulting intact skin. 
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4.1.4. Analysis of patient satisfaction and tolerability 

 

Patient satisfaction and tolerability showed excellent results. Mean values of 1.30 in 

patient satisfaction and 1.08 in tolerability of the treatment were obtained. All scores 

ranged between “very” and “somewhat satisfied”, showing an overall highly positive 

evaluation from the perspective of patients. Patients who still had presence of BCC after 

treatment were also included in this evaluation. 

 

As shown in table 13, 86% of all participants described the procedure as excellent, 

whereas 2% reported good satisfaction, 8% acceptable and 4% sufficient. No 

participants described the procedure as insufficient in terms of satisfaction.  

 

 

 

 

 

 

 

 

 

 

With reference to patient tolerability, 92% of the patients recalled the procedure to have 

excellent tolerability. The other 8% described the laser treatment as good (see Figure 

14). 

 

 

 

 

 

 

 

Figure 13. Distribution of patient 

satisfaction. Results based on a 5-point 

scale (1=excellent, 2=good, 3=acceptable, 

4=sufficient, 5= insufficient). Results were 

recorded per patient and tumor individually, 

with a total of 50 participants. 43 

participants rated the procedure as 

excellent (86%), 1 as good (2%), 4 as 

acceptable (8%) and 2 as sufficient (4%).  

Figure 14. Distribution of tolerability 

according to patients. Results based on a 

5-point scale (1=excellent, 2=good, 

3=acceptable, 4=sufficient, 5= insufficient). 

Results were recorded per patient and 

tumor individually, with a total of 50 

participants. 46 participants rated the 

treatment as excellent in terms of 

tolerability and the remaining 4 participants 

described it as good.  
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4.2. OCT in the diagnosis of BCC 

4.2.1. Pre-laser 

 

Three selected observers analysed the OCT taken prior to skin biopsy and laser 

treatment. Their results were compared to those of histology (gold-standard) and the 

following matching diagnoses were achieved: 

 As seen in Table 4, Observer 1 correctly diagnosed BCC in 41 out of 50 OCT (82%) 

and incorrectly missed BCC in 5 out of 50 OCT (10%). That observer correctly 

diagnosed 7 nodular BCC (77.8%) and 34 superficial BCC (82.9%), incorrectly 

missing 1 nodular BCC (11.1%) and 4 superficial BCC (9.8%). 

 Observer 2 and 3 correctly diagnosed BCC in 40 out of 50 OCT (80%) and 

incorrectly missed BCC in 6 out of 50 OCT (12%). Those observers correctly 

diagnosed 7 out of 9 nodular BCC (77.8%) and 33 out of 41 superficial BCC (80.5%), 

incorrectly missing 1 nodular BCC (11.1%) and 5 superficial BCC (12.2%). 

 

All observers considered the same 4 OCT non-evaluable. 

 

Observer OCT 

Histology 

ALL N 

Nodular BCC Superficial BCC 

1 Non-evaluable 
1 (11.1%) 

CI[0.3; 48.2] 
3 (7.3%) 

CI[1.5; 19.9] 

4 (8%) 
[2.2; 19.2] 

50 

 
No diagnosis of BCC 

1 (11.1%) 
CI[0.3; 48.2] 

4 (9.8%) 
CI[2.7; 23.1] 

5 (10%) 
[3.3; 21.8]  

 
BCC diagnosed 

7 (77.8%) 
CI[40; 97.2] 

34 (82.9%) 
CI[67.9; 92.8] 

41 (82%) 
[68.6; 91.4]  

2 Non-evaluable 
1 (11.1%) 

CI[0.3; 48.2] 
3 (7.3%) 

CI[1.5; 19.9] 

4 (8%) 
[2.2; 19.2] 

50 

 
No diagnosis of BCC 

1 (11.1%) 
CI[0.3; 48.2] 

5 (12.2%) 
CI[4.1; 26.2] 

6 (12%) 
[4.5; 24.3]  

 
BCC diagnosed 

7 (77.8%) 
CI[40; 97.2] 

33 (80.5%) 
CI[65.1; 91.2] 

40 (80%) 
[66.3; 90]  

3 Non-evaluable 
1 (11.1%) 

CI[0.3; 48.2] 
3 (7.3%) 

CI[1.5; 19.9] 

4 (8%) 
[2.2; 19.2] 

50 

 
No diagnosis of BCC 

1 (11.1%) 
CI[0.3; 48.2] 

5 (12.2%) 
CI[4.1; 26.2] 

6 (12%) 
[4.5; 24.3]  
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BCC diagnosed 

7 (77.8%) 
CI[40; 97.2] 

33 (80.5%) 
CI[65.1; 91.2] 

40 (80%) 
[66.3; 90]  

 

 

 

 

 

 

 

 

The reliability of agreement between observers when diagnosing BCC with OCT pre-

laser was evaluated using Fleiss-Kappa. Fleiss-Kappa is a statistical measure 

determining the level of agreement between a group of observers when rating 

categorical items. It was established that a Fleiss-Kappa above 0.75 showed a 

substantial agreement, unlikely expected by chance. Values between 0.40 and 0.75 

were considered a moderate agreement and values under 0.40 a poor agreement.  

 

A Kappa of 0.758 was obtained (see Table 5). This value correlates with a substantial 

inter-observer agreement. A Kappa of 1 (almost perfect agreement) was achieved for 

diagnosis of non-evaluable BCC, a Kappa of 0.602 (moderate agreement) for no 

diagnosis of BCC and a Kappa of 0.744 (substantial agreement) for diagnosis of BCC. 

 

Subjects 50   

Raters 3   

Kappa 0.758   

z 12   

p-value 0   
 

 Kappa z p-value 

Non-evaluable BCC 1.000 12.247 0.000 

No diagnosis of BCC 0.602 7.372 0.000 

BCC diagnosed 0.744 9.106 0.000 
 

 

 5.2.2. Post-laser 

 

 

 

Table 4. Diagnosis of BCC with OCT according to observer and compared to 

histology. Confidence intervals (CI) were defined as the mean of the estimate +/- the 

variation in that estimate, calculated with a T-test. Observer 1 correctly diagnosed 

82% of all BCC (77.8% of all nodular BCC and 82.9% of all superficial BCC) and 

incorrectly missed 10% of the BCC (11.1% of nodular BCC and 9.8% of superficial 

BCC). Observers 2 and 3 correctly diagnosed 80% of all BCC (77.8% of all nodular 

BCC and 80.5% of all superficial BCC) and incorrectly missed 12% of all BCC (11.1% 

of nodular BCC and 12.2% of superficial BCC). 

Table 5. Reliability of agreements between observers when diagnosing BCC with OCT 

pre-laser. Standard scores (z, number of standard deviations from the mean value) 

were calculated and significance test (p-value, likelihood of the obtained results being 

by chance, understanding p ≤0.05 as statistically significant) performed. A total of 50 

subjects (total number of BCC) were analyzed by 3 raters obtaining a Fleiss-Kappa of 

0.758, correlating with a substantial inter-observer agreement with a z-score of 12 (12 

standard deviations above mean value) and a p-value of 0 (statistically significant). In 

the identification of non-evaluable BCC, a Fleiss-Kappa of 1 was achieved, whereas 

Kappas of 0.602 and 0.744 were respectively obtained by negative and positive 

diagnosis of BCC, both values being statistically significant and >7 standard deviations 

above the mean value. 
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The same three initial observers analysed the OCT taken after laser treatment and prior 

to last skin biopsy. As shown in Table 6, their results were again compared to those of 

histology (gold-standard) and the following matching diagnoses were achieved: 

 Observer 1 correctly identified clearance in 35 BCC (89.7%) and incorrectly identified 

4 BCC as cleared, when they were not (10.3%). That observer correctly identified 

recurrence in 6 OCT (54.5%) and incorrectly defined 5 lesions as recurrent, when 

they were indeed cleared (45.5%).   

 Observer 2 correctly identified clearance in 37 BCC (94.9%) and incorrectly identified 

2 BCC as cleared, when they were not (5.1%). That observer correctly identified 

recurrence in 6 OCT (54.5%) and incorrectly defined 5 lesions as recurrent, when 

they were indeed cleared (45.5%).   

 Observer 2 correctly identified clearance in 33 BCC (84.6%) and incorrectly identified 

6 BCC as cleared, when they were not (15.4%). That observer correctly identified 

recurrence in 5 OCT (45.5%) and incorrectly defined 6 lesions as recurrent, when 

they were indeed cleared (54.5%).   

 

Observer OCT 

Histology 

ALL N 

Clearance Recurrence 

1 Clearance 
35 (89.7%) 

CI[75.8; 97.1] 
5 (45.5%) 

CI[16.7; 76.6] 

40 (80%) 
[66.3; 90] 

50 

 
Recurrence 

4 (10.3%) 
CI[2.9; 24.2] 

6 (54.5%) 
CI[23.4; 83.3] 

10 (20%) 
[10; 33.7] 

 

2 Clearance 
37 (94.9%) 

CI[82.7; 99.4] 
5 (45.5%) 

CI[16.7; 76.6] 

42 (84%) 
[70.9; 92.8] 

50 

 
Recurrence 

2 (5.1%) 
CI[0.6; 17.3] 

6 (54.5%) 
CI[23.4; 83.3] 

8 (16%) 
[7.2; 29.1] 

 

3 Clearance 
33 (84.6%) 

CI[69.5; 94.1] 
6 (54.5%) 

CI[23.4; 83.3] 

39 (78%) 
[64; 88.5] 

50 

 
Recurrence 

6 (15.4%) 
CI[5.9; 30.5] 

5 (45.5%) 
CI[16.7; 76.6] 

11 (22%) 
[11.5; 36]  

 

 

 

Table 6. Diagnosis of clearance or recurrence of BCC with OCT according to observer 

and compared to histology. Confidence intervals (CI) were defined as the mean of the 

estimate +/- the variation in that estimate, calculated with a T-test. Observer 1 correctly 

diagnosed clearance in 89.7% of the tumors and recurrence in 54.5% of real recurrent 

cases. Observer 2 correctly identified clearance in 94.9% of actually cleared tumors and 

recurrence in 54.5% of relapses. Observer 3 correctly pointed clearance in 84.6% of all 

cleared BCC and recurrence in 45.5% of relapsing BCC. 
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The reliability of agreement between observers when diagnosing BCC with OCT post-

laser was again calculated using Fleiss-Kappa. A Kappa of 0.53 (moderate agreement) 

was obtained. Also a Kappa of 0.53 was achieved for diagnosis of clearance and 

recurrence individually (see Table 7). 

 

Subjects 50   

Raters 3   

Kappa 0.53   

z 6.49   

p-value 8.67-11   
 

 Kappa z p-value 

 
Clearance 
 

0.530 6.488 0.000 

 
Recurrence 
 

0.530 6.488 0.000 

 

 

  

 

 

 

 

 

 

 

 

 

Additionally, an evaluation of the accuracy in the diagnosis of BCC with OCT post-laser 

was carried out (see Table 8). The parameters used were defined as: 

 Accuracy: closeness between results and true values. 

 Sensitivity: ability of the observer to diagnose true recurrent BCC with OCT. A 

diagnosis of true recurrent BCC was determined according to histology (gold-

standard). 

 Specificity: ability of the observer to diagnose true cleared BCC with OCT. A 

diagnosis of true cleared BCC was determined according to histology (gold-

standard). 

 Positive predictive value (PPV): probability that recurrent BCC diagnosed with OCT 

are truly recurrent. 

Table 7. Reliability of agreements between observers when diagnosing clearance or 

recurrence of BCC with OCT post-laser. Standard scores (z, number of standard 

deviations from the mean value) were calculated and significance test (p-value, 

likelihood of the obtained results being by chance, understanding p ≤0.05 as statistically 

significant) performed. A total of 50 subjects (total number of BCC) were analyzed by 3 

raters obtaining a Fleiss-Kappa of 0.53, correlating with a substantial inter-observer 

agreement with a z-score of 6.49 (total standard deviations above mean value) and a p-

value of 8.67-11 (statistically significant). In the identification of clearance and recurrence, 

a Fleiss-Kappa of 0.530 was achieved, both values being statistically significant and >6 

standard deviations above the mean value. 
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 Negative predictive value (NPV): probability that cleared BCC diagnosed with OCT 

are truly cleared. 

 Positive likelihood ratio (LR+): increase in the odds to have recurrent BCC, when the 

observer diagnosed recurrent BCC with OCT. LR+ ranges from 1 to infinity, where 

values > 1 increment the probability of disease when test results are positive.  

 Negative likelihood ratio (LR-): decrease in the odds to have cleared BCC, when the 

observer diagnosed cleared BCC with OCT. LR- ranges from 0 to 1, where 0 implies 

the lowest probability of disease if the test results are negative. 

 

It was assumed that total diagnoses of recurrent and cleared BCC would occur when all 

three observers agreed in that diagnosis. With that premise, the parameters stated 

above were calculated and the following results obtained: 

 

 

 Observer 1 Observer 2 Observer 3 Total 

Accuracy 82%  
(68.56; 91.42) 

86%  
(73.26; 94.18) 

76%  
(61.83; 86.94) 

86%  

(73.26; 94.18) 

Sensitivity 54.55% 
(23.38; 83.25) 

54.55%  
(23.38; 83.25) 

45.45%  
(16.75; 76.62) 

36.36%  

(10.93; 69.21) 

Specificity 89.74% 
(75.78; 97.13) 

94.87%  
(82.68; 99.37) 

84.62% 
(69.47; 94.14) 

100%  

(90.97; 100) 

PPV 60% 
(26.24; 87.84) 

75%  
(34.91; 96.81) 

45.45%  
(16.75; 76.62) 

100%  

(39.76; 100) 

NPV 87.5% 
(73.2; 95.81) 

88.1%  
(74.37; 96.02) 

84.62%  
(69.47; 94.14) 

84.78%  

(71.13; 93.66) 

LR+ 5.32  
(1.82; 15.56) 

10.64  
(2.49; 45.51) 

2.95  
(1.11; 7.87) 

Inf  
(NaN; Inf) 

LR- 0.51  
(0.26; 0.98) 

0.48  
(0.25; 0.92) 

0.64  
(0.37; 1.12) 

0.64  

(0.41; 0.99) 

 

*Inf= Infinity; NaN = Not a Number 

 

 

 

Table 8. Evaluation of accuracy in the diagnosis of cleared or recurrent BCC with OCT 

post-laser. Overall, OCT showed a high specificity (100%) and positive predictive value 

(100%), as well as a high negative predictive value (84.78%). However, sensitivity was 

low (36.36%). The positive likelihood ratio was favourable (infinity), whereas the 

negative likelihood ratio was again low (0.64). 
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Globally, OCT achieved specificity and positive predictive value of 100%. On these 

grounds, OCT was fully reliable in diagnosing true cleared BCC. When diagnosing 

clearance with OCT, the probability that BCC were truly cleared was maximal.   

Accuracy and negative predictive value were high. This suggests that results and true 

values were extremely close. Besides, if a diagnosis of clearance was made with OCT, 

the probability that BCC were truly cleared was high.  

In contrast, sensitivity was low, which denotes that OCT failed in diagnosing true 

recurrent BCC. Positive likelihood ratio was favourable (infinity), as it supported the true 

presence of BCC when lesions were diagnosed with OCT. Negative likelihood ratio was 

poor (0.64), implying a slight decrease in the probability of clearance compared to pre-

test probability, when OCT diagnosed clearance. 

 

4.2.3. Results of dynamic OCT 

Dynamic OCT provides information on the characteristics of the vascular plexus 

irrigating the evaluated area. It enables practitioners to measure the depth of the plexus, 

the diameter of the blood vessels within this structure and the density of this vascular 

network. In this study, the evaluated area corresponded to the location of BCC lesions. 

Therefore, measurements of the vascular plexus belonged to the blood vessels irrigating 

the tumor. 

Vessel diameter and density of the plexus are calculated at the depth of the plexus, if 

the latter can be identified. If depth is non-evaluable, no complementary data can be 

provided. This situation occurs when: 

 The skin lies too low or too high compared to high-resolution margins of the OCT 

caption 

 The depth of the plexus is > 500m 

 The diameter of the vessels is < 20m 

 Blood flow is too slow, for example in patients with diabetes mellitus 
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As presented in Table 9, the D-OCT images showed a very wide variability of the 

vessels in the lesion in terms of plexus depth, vessel diameter and density at both 

baseline and follow-up. No clear trends were identified in the extracted estimates of 

vessel diameter or density. 

In 36% of the cases (18/50) the device did not detect enough vessels pre-treatment to 

provide a measurement. Of the other 32 lesions, the average measured plexus depth 

was 226µm. Many of the lesions exhibited fine arborizing vessels very close to the skin 

surface. 

At 3-month follow-up, plexus depth mostly increased, to average 320µm in cleared 

lesions and to average 263µm in non-cleared lesions, perhaps indicating that the 

surface vessels had been destroyed by the treatment in all cases. The proportion of 

lesions for which the device did not detect enough vessels to provide a measurement 

was higher for cleared lesions (58%, 23/39) than for non-cleared (36%, 4/11). 

 

Patient 
Number 

Pre-Laser Post-Laser 

Depth of the 

plexus (m) 

Diameter of 
blood vessels 

(m) 

Density of 
blood vessels 

(%) 

Depth of the 

plexus (m) 

Diameter of 
blood vessels 

(m) 

Density of 
blood 

vessels 
(%) 

1 NE NE NE 687 114 4,7 

2 51 49 1,6 228 100 18 

3 NE NE NE NE NE NE 

4 131 37 2,2 NE NE NE 

5 NE NE NE NE NE NE 

6 61 0 3,2 335 90 17 

7 125 0 1,5 149 33 9,6 

8 272 190 41 NE NE NE 

9 149 0 0,9 370 104 20 

10 NE NE NE 342 113 25 

11 NE NE NE 375 77 15 

12 112 28 4,1 NE NE NE 

13 96 14 4,5 513 119 44 

14 NE NE NE NE NE NE 

15 158 25 1,5 NE NE NE 

16 NE NE NE 92 42 2,3 

17 163 71 7,8 NE NE NE 

18 113 28 2,8 339 79 12 

19 NE NE NE NE NE NE 

20 148 22 1,4 NE NE NE 

21 NE NE NE NE NE NE 

22 104 29 3,9 179 55 17 

23 179 121 1,2 NE NE NE 

24 NE NE NE 241 0 3,6 

25 393 127 9,8 NE NE NE 



48 
 

 

26 57 122 13 NE NE NE 

27 NE NE NE 198 87 22 

28 291 186 22 189 47 7,6 

29 295 103 24 NE NE NE 

30 NE NE NE 366 24 8 

31 351 67 16 NE NE NE 

32 NE NE NE 191 46 0,9 

33 503 49 2,4 NE NE NE 

34 369 101 5,8 NE NE NE 

35 92 108 2,9 75 0 0,1 

36 381 80 9,3 NE NE NE 

37 399 43 10 NE NE NE 

38 180 50 8 NE NE NE 

39 522 126 37 1250 45 2 

40 188 57 4 NE NE NE 

41 NE NE NE NE NE NE 

42 478 104 9,3 NE NE NE 

43 137 124 9,8 179 63 7,1 

44 192 117 25 95 49 19 

45 129 12 4,9 277 0 1,3 

46 NE NE NE NE NE NE 

47 421 73 1,7 NE NE NE 

48 NE NE NE NE NE NE 

49 NE NE NE 111 0 0,8 

50 NE NE NE 180 69 6,8 

Mean 
value 

144,8 45,26 5,85 139,22 27,12 5,28 

   *NE=non-evaluable 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9. Evolution of dynamic OCT parameters throughout the treatment. A wide 

variability in the results regarding the evaluation of the diameter of the blood vessels 

and density of the blood vessels was obtained. On this account, no firm conclusions 

can be drawn, apart from a single trend concerning an increase in the plexus depth 

post-laser. 
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5. Discussion 

 

Laser treatment of BCC is relegated to a third-line alternative, if surgery and topical 

therapies have failed or are contraindicated. Despite the application of lasers in 

Dermato-Oncology has been broadly evaluated, limited research on 1064nm Nd:YAG 

has been conducted.  

  

Due to its capacity to penetrate deep into the dermis and its ability to target vascular 

structures, 1064nm Nd:YAG is a promising treatment option of BCC. High clearance 

rates, successful cosmetic end results and excellent patient satisfaction and tolerability 

may justify the ascension of this technique to a second-line choice.  

 

5.1. 1064nm Nd:YAG laser 

 

Currently, laser treatment of BCC is classed as a third-line alternative if surgery and 

topical therapies have failed or are contraindicated14. However, due to its capacity to 

penetrate deep into the dermis and its ability to target vascular structures, 1064nm 

Nd:YAG is a promising treatment option of BCC.  

 

5.1.1. Comparison to previous study designs 

 

This is the ninth study evaluating the use of Neodymium lasers for non-melanoma skin 

cancer8-17 and the fifth specifically for BCC treatment using 1064nm Nd:YAG at high 

fluences12-15. Previous studies differ in scope (<31 lesions) and the use of laser 

parameters specified in fluence ranges. In the present study, a larger cohort size of 50 

lesions was evaluated, using fixed laser treatment parameters and a scanning 

handpiece to deliver a highly controlled even thermal dose to every lesion. In addition, 

tumor clearance was histologically verified. BCC subtype and thickness were 

systematically analyzed to investigate potential trends that might guide further research.  
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As in this thesis, all previous studies included superficial and nodular BCC. Globally, 

only two other studies included facial lesions and none compared effectivity attending 

nor to location of the lesion, neither tumor thickness. 

 

5.1.2. Comparison of results with previous data and new hypothesis 

 

This study provides new data for further discussion: 

 Greater tumor thickness achieved better response to treatment, as all BCC with 

tumor thickness equal to 1mm cleared (p=0.09). No previous studies evaluated 

response according to this parameter. This could be explained by greater 

vascularisation of greater size tumors, as more tumoral tissue requires increased 

number of blood vessels nurturing the additional mass. In that sense, the more 

ramifications of blood vessels irrigating the tumor, the more target chromophores the 

laser would find and the more precise its effect should be. 

 

 Nodular BCC showed higher clearance rates (p=0.27). In previous research, it was 

suggested that superficial BCC have less robust vascularisation in comparison to 

other subtypes and therefore experience poorer results in laser therapy. The results 

in this study support those premises. 

 

Despite our findings suggest that thicker tumors and nodular histological subtype 

respond better to therapy, our results did not reach statistical significance (p<0.05). 

Therefore, further studies including a larger number of lesions would be needed to 

confirm our hypothesis. 

 

 A global clearance rate of 78% was achieved. After one year, all cleared BCC 

remained cleared. Ortiz et al. published clearance rates of 92% and 90.3% after one 

month, whereas Ahluwalia et al. and Markowitz et al. of 100%.  

 

o On one hand, Markowitz did not include an endpoint biopsy or excision of the 

treated lesions. In this study, not all clinically suspected clearances matched 

histological results in the endpoint sample. Therefore, clearance was determined 
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as per histology. Results may differ between both studies due to a lack of 

histological confirmation and a plausible misdiagnosis of clearance.  

 

o On the other hand, Ortiz and in some occasions Ahluwalia included histological 

endpoint clearance of the lesions and still obtained higher clearance rates. In 

2015, Ortiz et al. described better results at higher fluences of 120J/cm2 and all 

following publications used fluences of 125-140J/cm2. As only fluences of 

120J/cm2 were used in this study, it would be possible that fluences over this 

value were more effective in treating BCC in some corporal areas. Despite that, 

local adverse effects and cosmetic end results might then be poorer.  

 

o Finally, the difference in clearance results might be explained by the notoriously 

larger lesion sample in this study. 

 

 Clearance rates varied according to location of the lesion: 

 

o All BCC located on the chest cleared, accomplishing excellent results. Lesions on 

extremities and face showed very good clearance rates, whereas abdominal BCC 

reported good clearance rates. BCC located on the back displayed poor 

clearance rates (p=0.03). Ortiz et al. also described lower clearance rates on the 

back and abdomen in both of their studies. 

 

o Within facial BCC, all lesions located on the nose and ear cleared, whilst good 

clearance rates characterized BCC on the cheek. None of the two BCC on the 

forehead cleared.  

 

 In previous literature, pulse dye laser was evaluated in the treatment of facial 

BCC and achieved clinical clearance rates of 75% at a mean follow-up of 11 

months. This study suggests that 1064nm Nd:YAG could be more effective in 

the treatment of BCC on this location. 
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 Only two of the four previous studies on 1064nm Nd:YAG included facial BCC. 

No further details of location within facial areas were mentioned. On that 

account, this is the first study analysing treatment response in specific facial 

regions. 

 

o Differences in clearance according to location might be justified by the 

vascularisation of the area and the thickness of both epidermis and dermis.  

 Southwood (1955), Artz et al. (1979) and Lee et al. (2002) studied the 

thickness of the epidermis and dermis of the skin on histological samples. 

According to their findings, the epidermis was thicker on the cheek (98.2m), 

followed by the forehead (93.6m), extremities (values ranging from 42m to 

102m), back (62-76m), chest (39-98m) and abdomen (40-79m). 

Analogously, the dermis was thicker on the back (1805- 1945m), then on the 

abdomen (1640-1492m), chest (1400-1337m), extremities (943-1357m), 

cheek (1076.6m) and forehead (788.2m). Global skin thickness, including 

epidermis and dermis, was maximal on the back. 

Our lack of clearance on the back could respond to a greater thickness of the 

skin in this area. Modifications to reach major penetration and hence target 

lesions at greater skin depths seem plausible to increase response in this 

area. A larger spot size might be helpful to achieve this goal. 

 

 Another study by Yokoshiki et al. (2017) evaluating epidermal and dermal 

thickness used a 3-dimensional ultrasound microscope to measure those 

values. Results indicated thicker epidermis on the forehead compared to the 

cheek, but thinner dermis on the forehead again compared to the cheek. 

Equivalent results between ultrasound microscope and histology were 

obtained on dermal measurements, but epidermal thickness varied between 

both methods. Due to a lack of consensus, no further considerations can be 

made regarding skin thickness on the forehead and treatment response.  
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 All facial locations corresponded to highly vascularised areas, but results 

varied between sublocations. On these grounds, vascularisation cannot be 

considered a response-defining factor for facial lesions. Additionally, 1064nm 

Nd:YAG targeted blood vessels in the vascular plexus irrigating the tumor and 

not the major vessels on the area. Furthermore, in all cleared and non-cleared 

lesions, dynamic OCT parameters (depth of the plexus, diameter of blood 

vessels and density of plexus) decreased after treatment. This might indicate 

that non-cleared lesions might have had partial response and would need 

further treatment sessions to achieve clearance. 

 

o Another possible explanation could be the phenomenon described by Mehrabi et 

al., according to which higher maximum temperatures and rates of cooling of the 

skin achieve better response to 1064nm Nd:YAG. Those characteristics are found 

in areas such as the cheek, where in this study good clearance rates were 

obtained. Mehrabi identified lower maximum temperatures and rates of cooling on 

the back and on the chest. In this case, our lack of response on the back matches 

Mehrabi’s theory, whereas our 100% clearance on the chest differs from it. 

One concern could be that Mehrabi’s study was performed on healthy skin. In 

order to determine if maximum temperature and cooling rates of the skin play a 

role in resulting clearance of BCC, the above mentioned parameters should be 

investigated on BCC-affected skin. 

 

o When contrasting our clearance rates with those of second-line therapies, results 

are comparable:  

 Topical imiquimod showed clearance rates of 60-80%, 83.4% and 79.7% for 

superficial BCC and 42-81% for nodular BCC.  

 Topical 5-FU achieved 50-90%, 80.1% and 68.2% clearance of superficial 

BCC. 

 ALA-PDT reported 60-91% clearance rates for nodular BCC. 

 MAL-PDT recorded 82%, 19% and 72.8% clearance rates for superficial BCC 

and 33-79% for nodular BCC. 
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Results from all above mentioned studies vary noticeably within and also between 

publications. However, they tend to be similar or even worse to clearance rates 

achieved in our study with 1064nm Nd:YAG, as overall clearance rate was 78%, 

75.6% for superficial BCC and 88.9% for nodular BCC. In consequence, the fact 

that 1064nm Nd:YAG laser therapy of BCC is only accepted as a third-line 

treatment should be revised and its efficacy in comparison to second-line 

therapies evaluated with further studies. 

 

 Minor local adverse effects were common among participants, those being local mild 

erythema or central scabbing with peripheral erythema 4-6 weeks after the first laser 

session. So far, local adverse effects have only been assessed by Ortiz et al. in their 

two studies, where mild erythema and scabbing after one month were described, but 

no quantification of events was made. Since this is the first study evaluating local 

adverse effects and their frequency, further research would be advisory. 

Furthermore, from the point of view of patients, those local adverse effects had no 

impact on patient satisfaction with the treatment, as excellent results were gathered.  

 

 Selective photothermolysis was suggested in previous literature as a possible 

mechanism of action of 1064nm Nd:YAG in BCC treatment. Our D-OCT results were 

not conclusive regarding the effect of Nd:YAG laser on the vascular plexus, but 

hinted that it may have resulted in destruction of some larger, shallower vessels. The 

thermal relaxation time of thinner dermal capillaries, including those feeding the 

tumor, is likely to be in a lower msec range18 than the 8msec pulse width used in this 

study. These findings support a long-pulsed laser bulk heating18 effect rather than 

selective thermolysis as the main mechanism of action.  

 

 

5.2. OCT 

5.1.1. Comparison to previous study designs 

 

The application of OCT in the diagnosis of BCC was studied in four previous 

publications. Morgensen et al. (2009) reported 79-94% sensitivity, 85-96% specificity 
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and moderate inter-observer agreement between a total of six observers. Ulrich et al. 

(2015) obtained 87.4% accuracy, 95.7% sensitivity, 75.7% specificity and added an 

85.2% positive predictive value and 92.1% negative predictive value. Cunha et al. (2011) 

achieved 19% sensitivity, 56% specificity and 18% positive predictive value, whereas 

Maier et al. (2014) reported 75% sensitivity, 64% specificity and 61% positive predictive 

value. In another trial conducted by Olmedo et al. (2006), 35% of lesions were 

accounted non-interpretable.  

 

Attuned to Cunha et al., this study showed limited sensitivity of OCT. In both studies, the 

reason is suspected to be a limited sample size. 

 

All other OCT outcomes in this study align with those from Morgensen, Ulrich and Maier, 

and even show improved inter-observer agreement, that being substantial pre-laser and 

also moderate post-laser. This strengthens the idea that, despite being observer-

dependent, the recognition of standardised signal patterns through regular OCT training 

could lead to accurate diagnosis of BCC and prevent unnecessary skin biopsies. In 

patients with multiple BCC, the use of OCT could also evade multiple skin biopsies and 

a subsequent higher side-effect risk, including scarring.  

 

In that event, OCT proved to be an effective, reliable and reproducible diagnostic 

method of BCC. Its strong diagnostic power both pre- and post-treatment defines OCT 

as a validated diagnostic and clearance-confirmation technique.  

 

Overall, OCT facilitates fast and painless diagnosis of BCC lesions, enabling subtype 

distinction of the lesion and delimitation of tumor margins, both vertically and 

horizontally. It optimises the use of skin biopsy, reducing undesirable side effects. 

Ultimately, OCT reduces the time-span between diagnosis and treatment of BCC and 

therefore avoids delays between steps, enhancing patient-compliance and potentially 

allowing a same-day diagnosis-treatment concept. 
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5.3. Limitations 

 

This study has the limitations of being open-label and lacking randomisation to placebo 

or gold-standard treatment. Despite including a larger sample of lesions compared to 

prior publications, the study is still considered small and should therefore be considered 

a pilot study for a randomised clinical trial with a larger tumor sample. 

 

Due to a lack of permission from patients, photographic records of lesions were limited. 

Photographic follow-up of more lesions would be advisory for further publications, in 

order to illustrate skin changes within time. 

 

This study has a maximum follow-up of 6 months after confirmation of lesion clearance 

with histology. To determine long-term remission of BCC, yearly follow-up visits up to 5 

years would be advisable. If lesions do not relapse within those 5 years, a complete 

curation could be accepted, according to oncology guidelines. 

 

Finally, the study was conducted during the COVID-19 pandemic. For that reason, some 

elder patients postponed their follow-up sessions and their lesions were accounted as 

lost. 
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6. Conclusions  

 

OCT-assisted 1064nm Nd:YAG laser treatment of superficial and nodular BCC with       

≤1mm tumor thickness is a safe and effective diagnostic and treatment method with 

comparable clearance rates to second-line therapies. This technique shows improved 

patient satisfaction, tolerability, practicability and cosmetic end result compared to 

surgery and second-line therapies. 

 

With the completion of this study, it can be concluded that: 

 

 OCT is an accurate and reproducible complementary method to clinical-

dermatoscopic diagnosis of superficial and nodular BCC with ≤1mm tumor thickness. 

Despite being observer-dependent, this procedure shows high intra- and inter-

observer reliability compared to histopathology. 

 

 In the future of Dermato-Oncology, OCT could replace skin biopsies as a 

confirmatory method of clinical-dermatoscopic diagnosis and allow same-day direct 

diagnosis-treatment schemata of superficial and nodular BCC with ≤1mm tumor 

thickness. In order to achieve this goal and given a positive predictive value of 100%, 

higher sensitivity should be achieved. Further studies with greater BCC sample 

would be needed to confirm this hypothesis. For the purpose of defining the 

interpersonal variability and thus reliability of OCT as a diagnostic method for BCC, 

more evaluators should be compared. It would also be preferable to conduct a study 

comparing diagnostic OCT-results according to experienced OCT-users and less 

experienced observers, so that the impact of OCT-training could be better 

designated.  

 

 With 100% specificity and high negative predictive value, OCT is a reliable 

clearance-confirmation method, comparable to skin biopsy in follow-up phases after 

1064nm Nd:YAG laser treatment.  
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 Laser therapy of superficial and nodular BCC with ≤ 1mm tumor thickness using 

1064nm Nd:YAG is an effective treatment method with successful short-term 

clearance rates. Clearance of BCC tends to remain stable up to one year after 

treatment. Therefore, 1064nm Nd:YAG could become the first go-to option in 

second-line treatments of superficial and nodular BCC with ≤1mm tumor thickness. 

 

 Considering that spontaneous clearance of BCC after biopsy has been defined as 

20%, this study discarded the hypothesis that the laser has no effect. 

 

 Treatment of superficial and nodular BCC with ≤ 1mm tumor thickness using 1064nm 

Nd:YAG laser has satisfactory cosmetic outcomes, ranging good to excellent. 

Aesthetic results are better than those achieved after surgery or second-line 

therapies. Moreover, this laser therapy obtains high patient tolerability and 

satisfaction. 

 

 This study succeeded in defining targetable lesions and outcome predictors 

associated to better or worse response to 1064nm Nd:YAG treatment. Greater tumor 

thickness correlated to better response to treatment, as did location on specific skin 

areas (nose, ear, chest and extremities).  

 

 The laser configuration of 1064nm Nd:YAG used in this study (120J/cm2, 8msec, 

0.6Hz) is an effective option to achieve complete clearance of superficial and nodular 

BCC with ≤1mm tumor thickness. Higher fluences could be more effective in the 

treatment of BCC located on the forehead and back.  

 

 Selective photothermolysis is a plausible explanation for BCC clearance after 

1064nm Nd:YAG laser, according to dynamic-OCT findings.   

 

 Current results of OCT-assisted 1064nm Nd:YAG laser treatment of BCC support a 

potential application of the laser on same-day diagnosis-treatment protocols. 

Incoming patients with clinically suspected BCC would undergo OCT tumoral 

confirmation and directly receive laser treatment of those lesions. These same-day 
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schemata would reduce unnecessary delays in treatment and the subsequent 

prolonged psychological consequences on patients, including the development of so-

called cancerophobia.  

 

All things considered, a randomised controlled trial would be reasonable to validate 

1064nm Nd:YAG as second-line treatment of superficial and nodular BCC with ≤1mm 

tumor thickness. This further study could also determine if 1064nm Nd:YAG could even 

be a first-line therapy for BCC located on specific body areas, such as the nose, ear or 

chest. In this trial, laser treatment should be compared to gold standard (surgical 

excision), including diagnostic and clearance-confirmation biopsies and a long-term 

follow-up (≥5 years), which would offer precise data on the efficacy of the laser and its 

clearance rates within time. This would allow to define if 1064nm Nd:YAG laser could 

become an accepted second- or even first-line therapy for BCC with  ≤1mm tumor 

thickness. 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



60 
 

 

7. List of figures 

 

Figure 1. Timeline of study development with treatment and                 

follow-up visits 

 

 

……...…… 32 

Figure 2. Total BCC according to subtype …………... 36 

 

Figure 3. Total BCC according to location 

 

…………... 36 

Figure 4. Total BCC according to tumor thickness 

 

…………... 37 

 

Figure 5. BCC-subtype within cleared BCC 

 

…………... 37 

 

Figure 6. Tumor thickness within cleared BCC 

 

…………... 38 

Figure 7. Location within cleared BCC 

 

…………... 39 

Figure 8. Cleared BCC in visit 4 (1-6 months after last  

skin biopsy) 

 

 

…………... 41 

Figure 9. Evolution of local adverse effects 

 

…………... 42 

Figure 10. Evolution of facial superficial BCC with good  

cosmetic end result due to remaining mild hypopigmentation 

 

 

…………... 42 

Figure 11. Evolution of facial superficial BCC with excellent 

cometic end result due to resulting intact skin  

 

 

…………... 43 

Figure 12. Evolution of facial nodular BCC with excellent 

cosmetic end result due to resulting intact skin  

 

 

Figure 12. Distribution of patient satisfaction 

 

…………... 43 

 

 

…………... 44 

Figure 13. Distribution of tolerability according to patients …………... 44 

 

 

 



61 
 

 

8. List of tables 

 

 

Table 1. Clearance rate according to BCC-subtype 

 

…………………………......… 38 

Table 2. Clearance rate according to tumor thickness 

 

…………………………….…. 39 

Table 3. Clearance rate according to location 

 

……………………………….. 40 

Table 4. Diagnosis of BCC with OCT according to 

observer and compared to histology 

 

 

……………………………….. 45 

Table 5. Reliability of agreements between observers 

when diagnosing BCC with OCT pre-laser 

 

 

……………………………….. 45 

Table 6. Diagnosis of clearance or recurrence of 

BCC with OCT according to observer and compared 

to histology 

 

 

……………………………….. 46 

Table 7. Reliability of agreements between observers 

when diagnosing clearance or recurrence of BCC 

with OCT post-laser 

 

 

……………………………...... 47 

Table 8. Evaluation of accuracy in the diagnosis of 

cleared or recurrent BCC with OCT post-laser 

 

 

………………………………... 48 

Table 9. Evolution of dynamic OCT parameters 

throughout the treatment 

 

 

………………………………... 50 

 

 

 

 

 

 



62 
 

 

9. Bibliography 

 

1. Stolz W, Hänßle H, Sattler E, Welzel J. Bildgebende Diagnostik in der Dermatologie. 

Stuttgart: Thieme; c2018 

2. Dirschka T, Hartwig R, Oster-Schmidt K, Welzel J. Klinikleitfaden Dermatologie. (3rd 

ed.). Germany: Urban & Fischer Verlag/Elsevier GmbH; c2010 

3. Ferrándiz, C. Dermatología clínica. (4th ed.). Spain: Elsevier; 2014. 

4. Elder DE, Massi D, Scolyer RA, Willemze R. WHO Classification of Tumours. (4th 

ed.). USA: WHO, c2018 

5. Plewig, G, Ruzicka, T, Hertl, M. Braun-Falco’s Dermatologie, Venerologie und 

Allergologie. (7th ed.). Germany: Springer; c2018 

6. Wong CS, Strange RC, Lear JT. Basal cell carcinoma. BMJ. 2003; 327(7418): 794-

798 

7. Cameron MC, Lee E, Hibler BP, Barker CA, Mori S, Cordova M, Nehal KS, Rossi 

AM. Basal cell carcinoma: Epidemiology; pathophysiology; clinical and histological 

subtypes; and disease associations. J Am Acad Dermatol. 2019 Feb; 80(2): 303-317 

8. Wagner RI, Kozlov AP, Moskalik KG, Khachaturyan LM, Pertsov OL. Laser therapy 

of human benign and malignant neoplasms of the skin. Acta Radiol Ther Phys Biol. 

1975 Oct; 14(5): 417-23 

9. Brunner R, Landthaler M, Haina D, Waidelich W, Braun-Falco O. Treatment of 

benign, semimalignant, and malignant skin tumors with the Nd:YAG laser. Lasers 

Surg Med. 1985; 5(2): 105-10 

10. El-Tonsy MH, El-Domyati MM, El-Sawy AE, El-Din WH, Anbar Tel-D, Raouf HA. 

Continuous-wave Nd:Yag laser hyperthermia: a successful modality in treatment of 

basal cell carcinoma. Dermatol Online J. 2004 Oct 15; 10(2): 3 

11. Moskalik K, Kozlov A, Demin E, Boiko E. The efficacy of facial skin cancer treatment 

with high-energy pulsed neodymium and Nd:YAG lasers. Photomed Laser Surg. 

2009 Apr; 27(2): 345-9 

12. Ortiz AE, Anderson RR, Avram MM. 1064 nm long-pulsed Nd:YAG laser treatment of 

basal cell carcinoma. Lasers Surg Med. 2015 Feb; 47(2): 106-10 



63 
 

 

13. Ortiz AE, Anderson RR, DiGiorgio C, Jiang SIB, Shafiq F, Avram MM. An expanded 

study of long-pulsed 1064 nm Nd:YAG laser treatment of basal cell carcinoma. 

Lasers Surg Med. 2018 Feb 13; 50: 727-731 

14.  Ahluwalia J, Avram MM, Ortiz AE. Outcomes of long-pulsed 1064 nm Nd:YAG laser 

treatment of basal cell carcinoma: A retrospective review. Lasers Surg Med. 2019 

Jan; 51(1): 34-39 

15. Markowitz O, Psomadakis CE. Patient-driven management using same-day 

noninvasive diagnosis and complete laser treatment of basal cell carcinomas: a pilot 

study. Cutis. 2019 Dec; 104(6): 345-348 

16. Sharon E, Snast I, Lapidoth M, Kaftory R, Mimouni D, Hodak E, Levi A. Laser 

Treatment for Non-Melanoma Skin Cancer: A Systematic Review and Meta-Analysis. 

Am J Clin Dermatol. 2021 Jan; 22(1): 25-38 

17. Mehrabi JN, Kelly KM, Holmes JD, Zachary CB. Assessing the Outcomes of 

Focused Heating of the Skin by a Long-Pulsed 1064 nm Laser with an Integrated 

Scanner, Infrared Thermal Guidance, and Optical Coherence Tomography. Lasers 

Surg Med. 2021 Jan 15; 53(6): 806-814 

18. Anderson RR, Parrish JA. Selective photothermolysis: precise microsurgery by 

selective absorption of pulsed radiation. Science. 1983 Apr 29; 220(4596): 524-7 

19. Grunt TW, Lametschwandtner A, Staindl O. The vascular pattern of basal cell 

tumors: light microscopy and scanning electron microscopic study on vascular 

corrosion casts. Microvasc Res. 1985 May; 29(3): 371-86 

20. Rubin IK, Farinelli WA, Doukas A, Anderson RR. Optimal wavelengths for vein-

selective photothermolysis. Lasers Surg Med. 2012 Feb; 44(2): 152-7 

21. Velasco P, Lange-Asschenfeldt B. Dermatological aspects of angiogenesis. Br J 

Dermatol. 2002 Nov; 147(5): 841-52 

22. Swetter SM, Boldrick JC, Pierre P, Wong P, Egbert BM. Effects of biopsy-induced 

wound healing on residual basal cell and squamous cell carcinomas: rate of tumor 

regression in excisional specimens. J Cutan Pathol. 2003 Feb; 30(2): 139-46 

23. Bath-Hextall F, Ozolins M, Armstrong SJ, Colver GB, Perkins W, Miller PS, Williams 

HC; Surgery versus Imiquimod for Nodular Superficial basal cell carcinoma (SINS) 

study group. Surgical excision versus imiquimod 5% cream for nodular and 



64 
 

 

superficial basal-cell carcinoma (SINS): a multicentre, non-inferiority, randomised 

controlled trial. Lancet Oncol. 2014 Jan; 15(1): 96-105 

24. Beutner KR, Geisse JK, Helman D, Fox TL, Ginkel A, Owens ML. Therapeutic 

response of basal cell carcinoma to the immune response modifier imiquimod 5% 

cream. J Am Acad Dermatol. 1999 Dec; 41(6): 1002-7 

25. Epstein E. Fluorouracil paste treatment of thin basal cell carcinomas. Arch Dermatol. 

1985 Feb; 121(2): 207-13 

26. Morton CA, Szeimies RM, Basset-Seguin N, Calzavara-Pinton P, Gilaberte Y, 

Haedersdal M, Hofbauer GFL, Hunger RE, Karrer S, Piaserico S, Ulrich C, 

Wennberg AM, Braathen LR. European Dermatology Forum guidelines on topical 

photodynamic therapy 2019 Part 1: treatment delivery and established indications - 

actinic keratoses, Bowen's disease and basal cell carcinomas. J Eur Acad Dermatol 

Venereol. 2019 Dec; 33(12): 2225-2238 

27. Fantini F, Greco A, Del Giovane C, Cesinaro AM, Venturini M, Zane C, Surrenti T, 

Peris K, Calzavara-Pinton PG. Photodynamic therapy for basal cell carcinoma: 

clinical and pathological determinants of response. J Eur Acad Dermatol Venereol. 

2011 Aug; 25(8): 896-901 

28. Kalka K, Merk H, Mukhtar H. Photodynamic therapy in dermatology. J Am Acad 

Dermatol. 2000 Mar;42(3):389-413; quiz 414-6. doi: 10.1016/s0190-9622(00)902093. 

Erratum in: J Am Acad Dermatol 2000 Oct; 43(4): 609 

29. Love WE, Bernhard JD, Bordeaux JS. Topical imiquimod or fluorouracil therapy for 

basal and squamous cell carcinoma: a systematic review. Arch Dermatol. 2009 Dec; 

145(12): 1431-8 

30. Peng Q, Warloe T, Berg K, Moan J, Kongshaug M, Giercksky KE, Nesland JM. 5-

Aminolevulinic acid-based photodynamic therapy. Clinical research and future 

challenges. Cancer. 1997 Jun 15; 79(12): 2282-308 

31. Arits AH, Mosterd K, Essers BA, Spoorenberg E, Sommer A, De Rooij MJ, van Pelt 

HP, Quaedvlieg PJ, Krekels GA, van Neer PA, Rijzewijk JJ, van Geest AJ, Steijlen 

PM, Nelemans PJ, Kelleners-Smeets NW. Photodynamic therapy versus topical 

imiquimod versus topical fluorouracil for treatment of superficial basal-cell carcinoma: 

a single blind, non-inferiority, randomised controlled trial. Lancet Oncol. 2013 Jun; 

14(7): 647-54 



65 
 

 

32. Roozeboom MH, Arits AHMM, Mosterd K, Sommer A, Essers BAB, de Rooij MJM, 

Quaedvlieg PJF, Steijlen PM, Nelemans PJ, Kelleners-Smeets NWJ. Three-Year 

Follow-Up Results of Photodynamic Therapy vs. Imiquimod vs. Fluorouracil for 

Treatment of Superficial Basal Cell Carcinoma: A Single-Blind, Noninferiority, 

Randomized Controlled Trial. J Invest Dermatol. 2016 Aug; 136(8): 1568-1574 

33. Roozeboom MH, Arits AH, Nelemans PJ, Kelleners-Smeets NW. Overall treatment 

success after treatment of primary superficial basal cell carcinoma: a systematic 

review and meta-analysis of randomized and nonrandomized trials. Br J Dermatol. 

2012 Oct; 167(4): 733-56 

34. Szeimies RM, Morton CA, Sidoroff A, Braathen LR. Photodynamic therapy for non-

melanoma skin cancer. Acta Derm Venereol. 2005; 85(6): 483-90 

35. Wiegell SR, Skødt V, Wulf HC. Daylight-mediated photodynamic therapy of basal cell 

carcinomas - an explorative study. J Eur Acad Dermatol Venereol. 2014 Feb; 28(2): 

169-75 

36. Zou Y, Zhao Y, Yu J, Luo X, Han J, Ye Z, Li J, Lin H. Photodynamic therapy versus 

surgical excision to basal cell carcinoma: meta-analysis. J Cosmet Dermatol. 2016 

Dec; 15(4): 374-382 

37. Jalian HR, Avram MM, Stankiewicz KJ, Shofner JD, Tannous Z. Combined 585 nm 

pulsed-dye and 1,064 nm Nd:YAG lasers for the treatment of basal cell carcinoma. 

Lasers Surg Med. 2014 Jan; 46(1): 1-7 

38. Allison KP, Kiernan MN, Waters RA, Clement RM. Pulsed dye laser treatment of 

burn scars. Alleviation or irritation? Burns. 2003 May; 29(3): 207-13 

39. Minars N, Blyumin-Karasik M. Treatment of Basal cell carcinomas with pulsed dye 

laser: a case series. J Skin Cancer. 2012; 2012: 286480 

40. Konnikov N, Avram M, Jarell A, Tannous Z. Pulsed dye laser as a novel non-surgical 

treatment for basal cell carcinomas: response and follow up 12-21 months after 

treatment. Lasers Surg Med. 2011 Feb; 43(2): 72-8 

41. Ballard CJ, Rivas MP, McLeod MP, Choudhary S, Elgart GW, Nouri K. The pulsed 

dye laser for the treatment of basal cell carcinoma. Lasers Med Sci. 2011 Sep; 26(5): 

641-4 



66 
 

 

42. Karsai S, Friedl H, Buhck H, Jünger M, Podda M. The role of the 595-nm pulsed dye 

laser in treating superficial basal cell carcinoma: outcome of a double-blind 

randomized placebo-controlled trial. Br J Dermatol. 2015 Mar; 172(3): 677-83 

43. Markowitz O, Tongdee E, Levine A. Optimal cosmetic outcomes for basal cell 

carcinoma: a retrospective study of nonablative laser management. Cutis. 2019 May; 

103(5): 292-297 

44. Cheng HM, Guitera P. Systematic review of optical coherence tomography usage in 

the diagnosis and management of basal cell carcinoma. Br J Dermatol. 2015 Dec; 

173(6): 1371-80 

45. Mogensen M, Jemec GB. Diagnosis of nonmelanoma skin cancer/keratinocyte 

carcinoma: a review of diagnostic accuracy of nonmelanoma skin cancer diagnostic 

tests and technologies. Dermatol Surg. 2007 Oct; 33(10): 1158-74 

46. Olmedo JM, Warschaw KE, Schmitt JM, Swanson DL. Optical coherence 

tomography for the characterization of basal cell carcinoma in vivo: a pilot study. J 

Am Acad Dermatol. 2006 Sep; 55(3): 408-12 

47. Ulrich M, von Braunmuehl T, Kurzen H, Dirschka T, Kellner C, Sattler E, Berking C, 

Welzel J, Reinhold U. The sensitivity and specificity of optical coherence tomography 

for the assisted diagnosis of nonpigmented basal cell carcinoma: an observational 

study. Br J Dermatol. 2015 Aug; 173(2): 428-35 

48. Southwood WF. The thickness of the skin. Plast Reconstr Surg (1946). 1955 May; 

15(5): 423-9 

49. Artz CP, Moncrief JA, Pruitt BA Jr (1979) Burns: a team approach. Saunders, 

Philadelphia, pp 24–44. 

50. Lee Y, Hwang K. Skin thickness of Korean adults. Surg Radiol Anat. 2002 Aug-Sep; 

24(3-4): 183-9 

51. Yokoshiki, Saaya & Maeda, Moe & Saijo, Yoshifumi. (2017). High resolution facial 

skin imaging with three-dimensional ultrasound microscope. Proceedings of 

Meetings on Acoustics. 2017 January; 32(1): 020015 

52. Gogia R, Binstock M, Hirose R, Boscardin WJ, Chren MM, Arron ST. Fitzpatrick skin 

phototype is an independent predictor of squamous cell carcinoma risk after solid 

organ transplantation. J Am Acad Dermatol. 2013; 68(4): 585-591 



67 
 

 

53. Dourmishev LA, Rusinova D, Botev I. Clinical variants, stages, and management of 

basal cell carcinoma. Indian Dermatol Online J. 2013; 4(1): 12-17 

54. Breuninger H, Flad P, Rassner G. Untersuchungen über das Tiefenwachstum der 

Basaliome [Depth of invasion of basaliomas]. Z Hautkr. 1989; 64(3): 191-196. 

55. Ohyama M. Hair follicle bulge: a fascinating reservoir of epithelial stem cells. J 

Dermatol Sci. 2007; 46(2): 81-89 

56. Ciążyńska M, Narbutt J, Woźniacka A, Lesiak A. Trends in basal cell carcinoma 

incidence rates: a 16-year retrospective study of a population in central Poland. 

Postepy Dermatol Alergol. 2018; 35(1): 47-52 

57. Walsh A, Walsh S. Local anaesthesia and the dermatologist. Clin Exp Dermatol. 

2011; 36(4): 337-343 

58. Maia Marcus, Proença Nelson Guimarães, Moraes José Cássio de. Risk factors for 

basal cell carcinoma: a case-control study. Rev. Saúde Pública. 1995 February; 

29(1): 27-37 

59. Altmeyers, P. Altmeyers Enzyklopädie, Fachbereich Dermatologie. [Online]. 

Available from: https://www.enzyklopaedie-dermatologie.de/dermatologie [Accessed 

20 January 2020]. 

60. AWMF. Leitlinien-Detailansicht Basalzellkarzinom der Haut. [Online]. Available from: 

https://www.awmf.org/leitlinien/detail/ll/032-021.html [Accessed 3 August 2020]. 

61. DKG Krebsgesellschaft. Deutsche Krebsgesellschaft. [Online]. Available from: 

https://www.krebsgesellschaft.de/ [Accessed 3 August 2020]. 

62. RKI. Robert Koch Institut. [Online]. Available from: https://www.rki.de [Accessed 3 

August 2020]. 

63. CDC. Centers for Disease Control and Prevention. [Online]. Available from: 

https://www.cdc.gov/ [Accessed 3 August 2020]. 

64. Dermnet NZ. [Online]. Available from: https://dermnetnz.org/topics/basal-cell-

carcinoma/ [Accessed 10 June 2020]. 

65. Derma-to-login. [Online]. Available from: https://derma-to-login.com/de/ [Accessed 12 

June 2020]. 

 

 

 



68 
 

 

10. Acknowledgments   

 

I would like to express my very great appreciation to Prof. Dr. Erhard Bierhoff for 

accepting to tutor this project, as well as for his excellent advice and enthusiasm during 

the process.  

I cannot express enough gratitude to Prof. Dr. Uwe Reinhold for giving me the chance to 

start my career in Dermatology and for mentoring me on every step of the way. 

This project would have been impossible without the contribution given by Dr. Annette 

Ko, Dr. Katja Wallenfang-Söhle, Dr. Ani Tsvetanova-Radeva, Dr. Sabine Reinhold, Dr. 

Jon Chim Bai-Habelski and Karla Medrano Cebrian.  

I am particularly grateful to Prof. Dr. Julia Welzel for sharing her experience on 1064nm 

Nd:YAG laser. 

I would like to extend my appreciation to the team at Sciton® and DermoScan®, for their 

assistance in the use of their devices. 

I would like to acknowledge the help of all our secretaries, MFAs, telephonists and 

concierge during the collection of my data: Rosa Janik, Martina Daumann, Marika Melis, 

Yousra Ahdoudi, Dorien Otto, Daniela Colditz, Anasthasia Thiele, Theresa Bruns, Nina 

Malko, Dagmara Kurth, Tabea Sudermann, Svenja Pliester, Faten Al-Toni, Anneliese 

Klein, Iris Mende, Beate Reclick and Richard Rülicke.   

My special thanks to Johannes Groß for his excellent guidance in laser physics and his 

never ending trust, both in me and in this project.  

 

 

 

 

 

 

 

 


