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HANNAH CEDER  ABSTRACT

Abstract

Basal cell carcinoma (BCC) is the most common skin cancer, with 
over 71,000 new cases in Sweden in 2023. High-risk facial BCCs 
are most appropriately treated with Mohs micrographic surgery 
(MMS), which is considered the gold standard. However, MMS is 
rarely performed in Sweden due to resource constraints leading to 
high rates of incomplete excisions and recurrences. The four papers 
in this thesis address key topics related to high-risk BCCs includ-
ing risk factors associated with incomplete excisions, differences 
in outcomes following MMS for primary and previously treated 
high-risk BCCs, their dermatoscopic features and the feasibility of 
hyperspectral imaging for tumor delineation prior to MMS.

In Study I, clinical and histopathological risk factors for incomplete 
excision of high-risk BCCs were evaluated. In our cohort, the 
overall incomplete excision rate was 20.6%. BCCs located on the 
nose, ear, scalp, and periorbital areas as well as BCCs with high-
risk histopathological subtypes exhibited the highest proportions 
of incomplete excisions. In study II, we found that primary facial 
high-risk BCCs required fewer MMS stages and had smaller wound 
areas after complete surgical removal compared to BCCs that had 
been treated previously. In Study III, we investigated which clinical 
and dermoscopic findings characterize high-risk BCCs. A bumpy 
surface, poorly defined borders, the dermoscopic presence of ‘white 
porcelain area’ and/or ‘vessels within ulceration’ were indicative of 
high-risk BCCs. An algorithm was developed for predicting high-
risk BCCS preoperatively with a sensitivity of 81.4% and a specific-
ity of 53.3%. Study IV was a prospective pilot study assessing the 
feasibility of hyperspectral imaging using supervised learning of a 
convolutional neural network to preoperatively delineate the later-
al margins of high-risk BCCs prior to MMS. Hyperspectral imaging 
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achieved a pixel-wise classification accuracy of 0.76, a sensitivity of 
0.75, a specificity of 0.78, and an area under the receiver operating 
characteristic curve of 0.84.

In conclusion, the results of this thesis contribute to an expanded 
understanding of the factors affecting treatment outcomes for 
high-risk BCCs. Better preoperative diagnostics, such as clinical 
and dermatoscopic findings,  are needed to correctly identify high-
risk BCC candidates for MMS instead of undergoing incomplete 
excisions due to traditional surgery. This knowledge ensures that 
patients receive the most effective treatment from the start. Pre-
operative margin delineation using hyperspectral imaging could 
potentially decrease the number of MMS stages required and, in 
situations where MMS is not an option, it may help reduce the need 
for additional surgeries in traditional surgery. 

Keywords: Basal cell carcinoma, dermoscopy, interobserver agree-
ment, Mohs micrographic surgery, algorithm, incomplete excision, 
non-melanoma skin cancer, risk factors, hyperspectral imaging.
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HANNAH CEDER  SAMMANFATTNING PÅ SVENSKA

Sammanfattning  
på svenska

Basalcellscancer (BCC) är den vanligaste typen av hudcancer, med 
över 71 000 nya fall i Sverige 2023. Beroende på växtsätt, lokalisa-
tion och storlek och om/hur den har behandlats tidigare delas BCC 
in i lågrisk- respektive högrisk-BCC. Valet av behandling styrs 
av tumörens subtyp där den rekommenderade behandlingen för 
högrisk-BCC är kirurgi. Risken för icke-radikala excisioner och/
eller recidiv är dessutom betydligt vanligare för dessa BCC. I Sverige 
anses Mohs kirurgi (eng. Mohs micrographic surgery, MMS) vara 
förstahandsvalet vid behandling av högrisk-BCC i ansiktet, men 
erbjuds sällan på grund av resursbrist. Detta leder till att dessa 
tumörer ofta behandlas med mindre effektiva metoder.

Denna avhandling omfattar fyra delarbeten vilka berör ämnen 
relaterade till högrisk-BCC. Studierna berör riskfaktorer förknippa-
de med ofullständig excision, skillnader i behandlingsresultat efter 
MMS för primära och tidigare behandlade högrisk-BCC, kliniska 
och dermatoskopiska egenskaper hos högrisk-BCC samt genomför-
barheten av hyperspektral avbildning (HI) för tumöravgränsning 
preoperativt.

I delarbete I utvärderades kliniska och histopatologiska riskfaktorer 
för icke-radikala excisioner av högrisk-BCC. Andelen patienter där 
det fanns kvar tumör efter excision var 20,6%. Tumörens lokali-
sation samt hur aggressiv den var påverkade om all tumörvävnad 
kunde avlägsnas. Högst andel icke-radikalitet sågs vid tumörer på 
näsa, öra, skalp och runt ögonen samt tumörer med medel- till 
högaggressivt växtsätt.
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I delarbete II jämfördes primära och tidigare behandlade högrisk-
BCC i ansiktet som exciderades med MMS avseende antal omgån-
gar som krävdes för att avlägsna tumören och slutlig defektstorlek. 
Antalet omgångar var signifikant lägre och slutlig defektstorlek var 
signifikant mindre för primära BCC. 

Diagnostik av BCC kan ske kliniskt med hjälp av ett dermatoskop, 
ett handhållet instrument med ljuskälla och förstoringsglas som 
möjliggör undersökning av strukturer i över- samt läderhuden. I 
delarbete III undersöktes vilka kliniska och dermatoskopiska fynd 
som kännetecknar högrisk-BCC i ansiktet. Förekomst av en knölig 
yta, dåligt definierade gränser, förekomst av ’vita porslinsområden’ 
och ’blodkärl inom ulceration’ pekade på att tumören var ett 
högrisk-BCC. Dessa fynd användes som grund för utvecklingen av 
en klinisk algoritm som förutsåg högrisk-BCC med en sensitivitet 
på 81,4% och en specificitet på 53,3%.

Delarbete IV var en prospektiv pilotstudie som utvärderade ge-
nomförbarheten av hyperspektrala bilder med hjälp av ett konvo-
lutionellt neuralt nätverk för att preoperativt avgränsa de laterala 
marginalerna av hög-risk BCC jämfört med de histopatologiskt 
verifierade tumörkanterna som observerades under MMS. Hyper-
spektral avbildning uppnådde en noggrannhet på 0,76, en sensiti-
vitet på 0,75, en specificitet på 0,78 och en area under ROC-kurvan 
på 0,84.

Sammanfattningsvis bidrar resultaten av denna avhandling till 
en utökad förståelse av faktorerna som påverkar behandlingsre-
sultaten för högrisk-BCC. Bättre preoperativ diagnostik, såsom 
kliniska och dermatoskopiska fynd, behövs för att korrekt iden-
tifiera högrisk-BCC-kandidater för MMS istället för att genomgå 
ofullständiga excisioner med traditionell kirurgi. Denna kunskap 
säkerställer att patienter får den mest effektiva behandlingen från 
början. Preoperativ avgränsning av marginaler med hjälp av hyper-
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spektral avbildning kan potentiellt minska antalet MMS-steg som 
krävs, och i situationer där MMS inte är ett alternativ kan det bidra 
till att minska behovet av ytterligare operationer vid traditionell 
kirurgi.
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Introduction

The Human skin

The human skin serves as a vital barrier that protects us from ex-
ternal harm. Comprising three layers—the epidermis, dermis, and 
subcutaneous tissue—it plays an important role in managing body 
temperature, preventing fluid loss, and shielding against pathogens, 
ultraviolet radiation (UVR), and physical injuries. It also controls 
sensory perception via various receptors and synthesis of vitamin 
D when exposed to sunlight (Figure 1).

The outermost layer, the epidermis, is composed primarily of kera-
tinocytes. This layer provides waterproofing and immune defense. 
It also contains melanocytes that produce melanin, the pigment 
that determines skin color and protects against harmful UVR.

Below the epidermis is the dermis, a thicker layer in which we find 
blood vessels, pilosebaceous units, sweat glands and nerves, which 
contribute to sensation and thermoregulation. Furthermore, it is 
responsible for skin’s strength and elasticity.

The deepest layer, the subcutaneous tissue, is composed of fat and 
connective tissue providing energy storage, offering insulation and 
cushioning for the body’s muscles and bones. 
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FIGURE 1. Anatomy of the skin.
© 2008 Terese Winslow LLC Created for the National Cancer Institute.

Skin Cancer

Skin cancers are one of the most common types of cancer globally, 
affecting millions of patients each year (1). They can develop from 
various cell types in the skin, leading to a wide range of potential 
cancer types. It is generally categorized into two main groups: 
non-melanoma skin cancer (NMSC) and melanoma. NMSC pri-
marily refers to keratinocyte cancers such as basal cell carcinoma 
(BCC) and cutaneous squamous cell carcinoma (cSCC), which 
together make up the majority of skin cancer cases. These tumors 
typically result from UVR exposure affecting the basal epidermal 
cells. Melanoma, which is caused by mutations in melanocytes, 
is the next most frequent type of skin cancer. NMSC also en-
compasses other rare skin cancers of non-keratinocytic origin, 
such as Merkel cell carcinoma, atypical fibroxanthoma, adnexal 
carcinomas and sarcomas (1). In 2023, over 13,000 cases of NMSCs 
were registered (BCCs excluded) in Sweden (2-4) and this group of 
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skin cancers make up the second most common type of cancer in 
both sexes, following prostate cancer in men and breast cancer in 
women (2).

Several factors have been shown to increase the likelihood of 
developing skin cancer. Prolonged exposure to UVR from the sun 
or tanning beds is the most important risk factor (5, 6).

• Fair skin: People with blond hair, blue/green eyes and fair 
skin are more prone due to lower levels of melanin (Fitzpat-
rick skin types I and II) (7, 8).

• Family history: A genetic predisposition to skin cancer can 
increase an person’s risk (8).

• Age: The likelihood of developing skin cancer rises with age 
as the cumulative UVR-exposure adds up over time (5, 6, 8).

• Immunosuppression (e.g., organ transplant recipients, HIV/
AIDS) (9, 10) and ionizing radiation (11).

• Genetic predisposition (e.g., Gorlin syndrome, xeroderma 
pigmentosum)(12-14).

Squamous cell carcinoma

cSCC is less common than BCC but more serious. Compared to 
melanoma, however, the mortality is much lower. In 2021, 88 
people died in Sweden because of cSCC (2, 15). cSCC originates from 
keratinocytes in the epidermal layer of the skin and can invade the 
dermis and deeper structures. The tumor typically develops from 
dysplastic epithelium. Most cSCCs are attributed to excessive UVR 
exposure, resulting in a higher prevalence on body parts frequently 
exposed to sunlight, such as the neck, face, arms and hands (4). 
Immunosuppression is a significant risk factor for cSCC develop-
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ment. Lesions on the lips and ears more often exhibit an aggressive 
growth pattern with a higher risk for metastasis (16) .

Melanoma

In 2023, over 5,700 people were diagnosed with cutaneous melano-
ma (hereinafter reffered to as melanoma) in Sweden and the median 
patient age was 68 years (17). This is more than double the number 
from 20 years ago, even when considering population growth. Mel-
anoma arises from the malignant transformation of melanocytes 
predominantly located in the basal layer of the epidermis. The risk 
factors underlying melanoma are both genetic and environmental, 
with UVR being responsible for approximately 90% of cases (17). 
Melanoma tumors exhibit a high number of mutations, partic-
ularly in those that develop on sun-exposed skin. As the number 
of acquired mutations increases, more cellular signaling pathways 
become activated, potentially leading to melanoma formation (18).

Basal cell carcinoma

EPIDEMIOLOGY

BCC was first described as a distinct entity in the early 19th century, 
though it took some time for the full characterization and naming 
of the condition. In 1827, Arthur Jacob, an Irish ophthalmologist, 
provided one of the earliest descriptions of what we now know as 
BCC. He termed it “ulcus rodens” (rodent ulcer) due to its destructive 
nature. He noted its slow progression, peculiar appearance, and lack 
of lymphatic spread. In 1900, Edmund Krompecher made a significant 
contribution to the understanding of this skin cancer. His description 
of “Carcinoma epitheliale adenoides” as a malignant, locally invasive, 
and destructive cancer was a significant step in understanding BCC. 
In 1903, Krompecher further refined his description and coined the 
term “Basalzellenkrebs” (basal cell cancer), signifying that the tumor 
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developed in either the basal layer of the epidermis or in the epi-
thelium of a hair follicle (19, 20). Before Jacob’s description, there were 
earlier mentions of skin tumors that might have been BCCs. For 
instance, Aulus Cornelius Celsus described tumors in the 1st century 
AD that could have been BCCs. The term “basal cell carcinoma” has 
been retained in the WHO classification since 1974 (21).

Each year, around 70,000 BCCs are histopathologically confirmed in 
Sweden (2) Compared to other skin cancers in Sweden, BCC is approxi-
mately seven times as common as cSCC and thirteen times as common 
as melanoma. However, since many countries do not register BCCs 
routinely in national cancer registries, the epidemiological data are not 
completely reliable (1). Sweden, on the other hand, established a national 
register in the autumn of 2003 and since then reports all histopatho-
logically confirmed primary BCCs. During the past decades, a steady 
increase in incidence has been observed in Sweden. In 2004, 31,770 
histopathologically verified BCCs were registered, and the correspond-
ing figure in 2023 was 71,854 (Figure 2), an increase observed not only 
in Sweden but worldwide (22-24). The incidence of BCC has traditionally 
been higher in men. However, recent trends show a significant increase 
in cases among young women in Europe and the United States. This 
shift has resulted in women becoming the predominant group affected 
by BCC in this particular age group. Experts suggest that this change 
may be linked to the rising popularity of indoor tanning services and 
a greater consciousness about skin health issues among young women 
(25). A recent study by Kappelin et al. showed that the probability of de-
veloping an additional BCC progressively increases in individuals with 
multiple previous BCCs (26). Currently, the average age at diagnosis is 
69 years for women and 70 years for men. The risk of developing BCC 
in Sweden before the age of 74 has been estimated at just over 15% (27) 
and fair-skinned individuals have an average lifetime risk of at least 
30% for developing BCC (28). In another report by Kappelin et al., the 
authors showed that the incidence of aggressive BCCs has been more 
prominent than that of low-risk BCCs (29). 
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FIGURE 2. Increasing numbers of histopathologically verifi ed basal cell carcinomas in 
Sweden between 2004 and 2023.
© John Paoli, created with data from the Swedish National Board of Health and Welfare provided by and used for 
Kappelin et al. Incidence and trends of basal cell carcinoma in Sweden: a population-based registry study. Br J 
Dermatol 2022;186:963-9

The tumor’s growth pattern can vary, either spreading superficially 
within the papillary dermis or invading more deeply into the deep 
dermis, subcutaneous tissue, and occasionally extending beyond the 
skin to affect skeletal muscle and other internal organs. While tra-
ditionally considered slow-growing, recent studies have revealed 
varying growth rates. A meta-analysis found a mean growth rate 
of 0.71 mm/month for the longer axis of BCCs but can differ de-
pending on BCC subtypes (30). Other studies have similar results, 
with an estimated tumor diameter increase of 4.46 mm/year for 
infiltrative/micronodular BCCs versus 1.06 mm/year for nodular 
and superficial subtypes (31). Kokkinos et al. presented an increase 
of 1.41±0.42 times during 3-11 months waiting time for MMS (32). 
Superficial types have been reported to be more slow-growing, 
with a growth rate of 0.07 mm/month for the longitudinal axis 
(33). Periocular BCCs showed faster growth, with a mean rate of 
1.46 mm in length every 30 days (34). This gradual development 
can lead to delayed diagnosis and treatment. On the other hand, a 
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prospective study reported that the size of BCCs awaiting MMS for 
an average of six months do not double but instead remain almost 
stable. Moreover, they found that it can be challenging to predict 
the impact of longer delays since the growth is not linear (25, 35). 

In addition to histopathologically confirmed cases, many BCC 
diagnoses are establshed clinically without confirming them histo-
pathologically. A study conducted at our department estimated that 
55% of BCCs are diagnosed solely based on clinical examination, 
meaning that true number of new cases diagnosed in Sweden each 
year is probably over 100,000 (23). 

Fortunately, mortality is low. However, the large number of tu-
mors, the morbidity and associated costs to society are significant. 
Moreover, the high incidence and morbidity caused by BCC in 
the general population make it a significant global health concern 
(36). Recent significant advancements in understanding the genetic 
background of BCC have enabled the development of targeted 
therapies (37). However, clinical presentation and histopathology  
are still considered the gold standard for predicting prognosis and 
determining optimal individualized treatment (38, 39).

PATHOGENESIS

BCC is believed to develop from keratinocytes located in the 
dermo-epidermal junction zone and the basal layer. Nevertheless, 
the precise cell of origin for BCC remains unidentified (20, 38). The 
majority of BCCs seem to originate from stem cells found in the 
hair follicle (40, 41), but to some extent also from stem cells located 
in the interfollicular epidermis (42). The hypothesis that hair folli-
cle-derived stem cells are the most important source makes sense, 
given that BCCs are extremely rare on palms and soles. Unlike 
cSCC, which also develops from keratinocytes, BCC emerges with-
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out prior precursor lesions (42). The pathogenesis of BCC is strongly 
associated with UVR, which induces DNA damage in skin cells. 
The main genetic alterations associated with BCC are found in the 
PTCH1 gene, which is part of the hedgehog signaling pathway. 
Mutations in PTCH1 result in uncontrolled cellgrowth and inhibits 
cell differentiation. Other genetic factors, such as mutations in SMO 
(Smoothened) and SUFU (Suppressor of Fused), also contribute to 
the development of BCC (43-47). Finally, rare genetic syndromes sig-
nificantly predispose affected individuals to skin cancer formation, 
including BCC, such as albinism, xeroderma pigmentosum and 
Gorlin syndrome (12-14). 

CLASSIFICATION

BCCs can be categorized in various ways. The conventional method 
of classification is based on histopathological subtypes. The other 
types are based on the risk of treatment failure or recurrence (low-
risk vs high-risk) or whether the BCC is easy-to treat or difficult-to 
treat (3, 48-50). Although a WHO classification for BCCs exists, inter-
national histopathological classifications of BCCs are intricate and 
varied (21, 51). 

The WHO’s classification includes nodular BCC (nBCC), superficial 
BCC (sBCC), infiltrative BCC (iBCC), morpheaform/sclerosing 
BCC, micronodular BCC and basosquamous carcinoma (metatypi-
cal BCC) (21) (Table 1).
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TABLE 1. Histopathological classification of basal cell carcinoma based on the 
recurrence risk, according to WHO 2023. 

Low-risk High-risk

Histopathological type • Superficial

• Nodular (including 
pigmented and keratotic 
subtypes)

• Infundibulocystic (variant 
of BCC with adnexal 
differentiation)

• Fibroepithelial BCC

• Micronodular

• Infiltrating

• Sclerosing/morphoeic

• Basosquamous 

• BCC with sarcomatoid 
differentiation

• Perineural 

Perineural invasion Absent Present

 
In Sweden, BCCs are categorized into four major subtypes according 
to the “Sabbatsberg model” (Table 2, Figures 3 and 4). The model 
comprises 3 risk categories: (i) “low-risk” Glas type Ia (nodular) and 
Glas type Ib (superficial), (ii) “medium-risk” Glas type II (less ag-
gressive infiltrative or micronodular) and (iii) “high-risk” Glas type 
III (more aggressive infiltrative or micronodular, morpheaform 
and basosquamous) subtypes. The distinction between the types 
is determined by four histopathological factors: growth pattern, 
depth of invasion, tumor border definition and the dimensions 
of the tumor aggregates. In type I (a and b) the growth pattern is 
either nodular or superficial in the dermis. nBCCs and sBCCs often 
have a retraction artefact observed between the tumor nests and 
the surrounding tissue. Type II BCCs demonstrate tumor islands 
of varying size within the dermis, with either infiltrative or micro-
nodular growth pattern and well-defined borders. Various growth 
patterns are seen in type III BCCs presenting with infiltrative, mi-
cronodular, morpheaform, or basosquamous characteristics. The 
invasion reaches the deep dermis or even subcutis, muscle, bone, 
or cartilage, with irregular, poorly defined borders and tumor cell 
band 1-2 cells thick. (52, 53). 
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TABLE 2. Histopathological classification of BCC based on the risk of recurrence, 
according to Sabbatsberg/Glas classification from 1988. 

IA/Less 
aggressive

IB/Less 
aggressive

II/Moderately 
aggressive

III/Highly 
aggressive 

Growth  
pattern 

Nodular Superficial Infiltrative or 
micronodular

Infiltrative, 
micronodular, 
morpheaform or 
basosquamous 

Invasion  
front

Well-defined, 
rounded, and 
distinct border

Well-defined Clearly 
demarcated, 
uneven

Irregular, 
without 
any clear 
demarcation 

Depth of 
invasion

Dermis Papillary dermis 
or in association 
with adnexal 
structures 

Dermis, 
more seldom 
subcutis, 
cartilage and 
skeletal muscle 

Dermis, 
more seldom 
subcutis, 
cartilage and 
skeletal muscle 

Perineural 
invasion

Never Never Never Sometimes

FIGURE 3A. Clinical and histopathological images of nodular basal cell carcinoma, type 1a. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital, Histopathological photo: 
Jan Siarov)
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FIGURE 3D. Clinical and histopathological images of morpheaform basal cell carcinoma, 
type III. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital, Histopathological photo: 
Jan Siarov)

FIGURE 3B. Clinical and histopathological images of superficial basal cell carcinoma, 
type 1b. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospita, Histopathological photo: 
Jan Siarov

FIGURE 3C. Clinical and histopathological images of moderate aggressive infiltrative 
basal cell carcinoma, type II. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital, Histopathological photo: 
Jan Siarov)
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FIG 4. Schematic illustration of the basal cell carcinoma subtypes based on the risk of 
recurrence according to the updated Sabbatsberg model or Glas classifi cation. https://
svfp.se/media/p1apf4cf/hud-kvast-basalcellscancer-2024.pdf
Reprinted with permission from Katarzyna Lundmark, katarzyna.lundmark@regionostergotland.se
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In 2013, a study from the USA revealed substantial interobserver 
agreement among dermatopathologists regarding subtyping BCCs 
(κ-value of 0.699) (54) proposing to group all infiltrating subtypes 
together as one category. A 2016 Australian study showed only 
50% agreement in histopathological diagnoses and recommended 
classifying BCCs into low-risk and high-risk categories to increase 
consistency in results (55). This heterogeneity in subtype interpre-
tation may be due to the vast array of BCC appearances, with 66 
variants identified so far (54), and the lack of comprehensive histo-
pathological criteria for the primary subtypes. The diverse range 
of histopathologic phenotypes, inconsistent terminology, unclear 
definitions, the presence of multiple subtypes within a single tumor 
and partial sampling can contribute to the difficulty of subtyping. 
Achieving uniformity in the histopathological subtyping of BCC is 
crucial for providing optimal patient treatment. A simplified clas-
sification into three primary categories (superficial, nodular, and 
infiltrative subtypes) has been suggested to enhance reproducibility 
while remaining practical for clinical use (56). This new histopatho-
logical classification system would facilitate reporting and enable 
easier comparisons between research publications. 

DIAGNOSIS

Diagnosing BCC involves a combination of clinical examination 
(Figure 5), dermoscopy, and histopathological analysis. 

Clinical diagnosis

Nodular BCC 

nBCC is the most common subtype, accounting for 50-80% of all 
histopathologically verified cases. It typically presents as a pearly, 
flesh-colored or pink bump, often with visible telangiectasias. They 
are especially seen in the face and neck, i.e., areas with a lot of sun 
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exposure. This type grows slowly but can eventually ulcerate and 
bleed, which may lead patients to seek medical attention.

Superficial BCC 

sBCC is the second most common subtype, comprimising about 
15% of histopathologically verified cases. It is characterized by 
thin, pink patches or plaques and found on the trunk, shoulders, or 
extremities. This type can be mistaken for eczema or psoriasis due 
to its appearance. 

Infiltrative and morpheaform BCC 

iBCC and morpheaform BCCs are aggressive subtypes with a 
preference for the head and neck area. Clinically, they present as 
a whitish, scar-like plaque with ill-defined borders. They tend to 
invade deeply and can be more challenging to treat due to their 
tendency to spread beyond visible margins.

Micronodular BCC 

Micronodular BCC is considered to be an aggressive subtype of 
BCC. It may resemble infiltrative BCCs clinically but the tumor 
nests in micronodular BCC are typically smaller. These tumors 
tend to occur more frequently on the face, particularly in high-risk 
areas such as around the eyes, nose, and ears.

Basosquamous BCC 

Basosquamous BCC (metatypical BCC) is a rare and aggressive 
variant of BCC that exhibits features of both BCC and cSCC. They 
present clinically as an ulcerated nodule or plaque with keratin 
masses most often in the head and neck area. It has a higher risk of 
metastasis more similar to cSCC (57, 58).

There are many clinical differential diagnoses for BCC including 
malignant tumors such as cSCC, microcystic adnexal carcinoma, 
atypical fibroxanthoma, pleomorphic dermal sarcoma, merkel cell 
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carcinoma, melanoma (especially for pigmented BCC) and seba-
ceous gland carcinoma. Also, benign lesions like intradermal nevus, 
trichoepithelioma/trichoblastoma, fibrous papule, actinic keratosis, 
epidermal cyst and sebaceous gland hyperplasia can mimic BCC.

FIGURE 5. Clinical images of basal cell carcinomas showing the variation in clinical 
appearance. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)
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Non-invasive imaging

Non-invasive imaging technologies have become integral to der-
matology, offering clinicians advanced tools for diagnosing and 
managing skin conditions without the need for invasive procedures 
(Table 3)(59-63). 

Dermoscopy 

Histopathology is the gold standard for diagnosing BCCs, but since 
the 2000s, dermoscopy has become an increasingly important tool 
for diagnosing skin cancers (64). This handheld device, combining a 
light source and magnifying lens, uses polarized and non-polarized 
light to visualize structures in the epidermis and papillary dermis at 
10-fold magnification (Figure 6).

FIGURE 6. Dermoscopes and dermoscopic photography.
(Photo by Paul Björkman)

 
Originally developed for melanocytic lesion evaluation, dermosco-
py use has expanded to include BCCs and other skin lesions (63, 65). 
Today, it is the most used diagnostic technique in addition to the 
traditional naked eye examination for early detection of skin cancer 
improving the sensitivity and specificity for BCCs (66-68). Dermosco-
py used in combination with clinical assessment for BCC diagnosis 
has demonstrated a pooled sensitivity of 91% and a specificity of 
95% according to a recent meta-analysis. It also increased sensitivity 
by 14% over visual inspection alone (66). 
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A precise correlation is not always observed between histopaho-
logical subtypes and clinical and dermoscopic characteristics. Addi-
tionally, a mixed subtype within a single lesion has been described 
in almost 40% of the cases (69). The dermoscopic features of sBCCs 
and nBCCs are well-described in multiple studies (65, 66, 70-72). How-
ever, dermoscopic features of high-risk facial BCCs have been less 
commonly investigated (73-75) 

(Figure 7). 

Nodular BCC presents dermoscopically arborizing vessels, ulcer-
ation, shiny white blotches and strands and, if pigmented, blue-gray 
dots and globules and large blue-gray ovoid nests. 

Superficial BCC displays short fine telangiectasias, multiple small 
erosions, structureless white-red areas and, if pigmented, leaf-like, 
concentric and spoke-wheel areas.

Infiltrative BCC (including morpheaform BCC) is characterized by 
white or porcelain-like structureless areas. The vessels are usually 
arborizing, but the caliber of the vessels may be smaller than in 
nBCC. Pigmentation is less common.

Micronodular BCC imitates nBCC dermoscopically.

Basosquamous BCC shares attributes with cSCC such as keratin 
masses, peripheral unfocused arborizing vessels and ulceration 
with blood spots (76).
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FIGURE 7. Dermoscopic images of basal cell carcinomas. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)

 
For detecting lateral tumor margins, dermoscopy is the most com-
monly used method in clinical practice. However, its preoperative 
use to reduce the number of stages in Mohs micrographic surgery 
(MMS) has been a subject of debate (60, 77). Additionally, the data on 
the interobserver agreement among dermatologists concerning the 
dermoscopic features of BCCs is limited (73, 74). 
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Reflectance Confocal Microscopy

Reflectance confocal microscopy (RCM) (Fig 8) is often referred to as 
an ”optical biopsy”. The image depth is 250–300 µm, ranging from 
the stratum corneum to the superficial papillary dermis. It offers 
high-resolution, cellular-level images of skin lesions, aligned with 
the skin surface. It is particularly useful for diagnosing melanoma 
and other skin cancers, as well as monitoring treatment responses 
(78, 79). By using a laser light source at a near-infrared wavelength, 
RCM captures high-resolution images that reveal the skin’s micro-
scopic features, such as melanin and keratin, which appear as white 
structures on a dark background due to their reflective properties. 
A systematic review showed a sensitivity of 97% and a specificity of 
93% for BCC diagnosis using RCM (80). A recent prospective, ran-
domized multicenter study demonstrated that using in vivo RCM 
for diagnosing and categorizing BCC is as effective as standard care. 
In this study, RCM was compared to the conventional method in 
which the surgical plan is determined by the histopathological 
diagnosis obtained from a punch biopsy (81). Despite its advantages, 
the widespread adoption of RCM in clinical practice is limited due 
to its elevated cost as well as the training needed to interpret the 
grayscale images accurately. 
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FIGURE 8. Reflectance Confocal Microscopy. 
(Photo Rahime Inci)

Optical Coherence Tomography 

Optical coherence tomography (OCT) (Fig 9) is increasingly 
being utilized in dermatology as a non-invasive imaging tool that 
provides detailed insights into the surface layers of the skin, to a 
depth of 1 to 2 mm with a resolution ranging from 3 to 15 mm. 
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OCT applies infrared light to generate high-resolution images of 
the skin’s architecture and offers a unique balance between reso-
lution and depth penetration. In dermatology, OCT is particularly 
valuable for evaluating skin lesions, including NMSC (82-84). OCT 
has a sensitivity of around 86% for detecting BCC and a specificity 
of approximately 75% (85). In combination with MMS, OCT has 
been studied for margin assessment of BCCs (86-88). The number 
of excision stages in MMS of BCCS  have been demonstrated to 
decrease if using in vivo RCM and OCT preoperatively (60, 86). It 
provides real-time, in situ images without the need for tissue 
removal. 

A variant of OCT is Dynamic OCT (D-OCT). It enhances the 
evaluation by providing functional information about the mi-
crovasculature within skin lesions. This is particularly useful for 
assessing blood vessel distribution and can be applied to a variety of 
skin diseases, including melanoma (82). 

High-resolution Optical Coherence Tomography (HR-OCT) is 
also a variant of OCT. One of the primary advantages of HR-OCT 
is its ability to capture high-resolution images quickly, with great-
er penetration depth and a larger field of view compared to other 
imaging modalities like RCM. This technique utilizes near-infra-
red light to capture high-resolution cross-sectional images of the 
skin, allowing clinicians to examine the microarchitecture of skin 
lesions in vivo. It is an effective tool for distinguishing between 
different types of skin lesions, such as differentiating melanocytic 
nevi from cutaneous melanoma. HR-OCT can identify architec-
tural patterns and cytologic features of pigmented cells in various 
layers of the skin, including the epidermis and dermis, which aids 
in the diagnosis and management of skin conditions (84). Despite 
its promise, further research and technological advancements are 
needed to enhance its clinical utility and integration into routine 
dermatological practice. 
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FIGURE 9. Optical coherence tomography image of a nodular basal cell carcinoma. 
Reprinted with permission from David M. Ozog MD Department of Dermatology, Henry Ford Medical Center, 
Detroit

Line-field Confocal Optical Coherence Tomography 

Both of the aforementioned methods are integrated in line-field 
confocal optical coherence tomography (LC-OCT) (Fig 10) The 
resolution is better compared to OCT but the penetration is more 
superficial. It creates both vertical and horizontal images in real 
time, in contrast to only horizontal images in RCM, with a similar 
resolution on the cellular level (89-91).

FIGURE 10. Line-fi eld Confocal Optical Coherence Tomography. 
Reprinted with permission from Arnaud DuboisLaboratoire Charles Fabry, Centre National de la Recherche 

Scientifi que, Institut d’Optique Graduate School, Université Paris-Saclay, France.
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High frequency ultrasound 

High frequency ultrasound (HFUS) (Fig 11) is used for diagnosing 
and monitoring skin diseases, including skin cancers such as BCC 
and cSCC. It allows for the precise measurement of tumor depth, 
lateral extension, and vascularity, which are critical for preopera-
tive planning and early detection (92). Optically guided HFUS has 
demonstrated high sensitivity (82.4%) and specificity (91.3%) in dif-
ferentiating aggressive from low-risk BCC subtypes (93). In assessing 
the margins of BCCs and cSCCs before MMS, it has a sensitivity of 
32% and a specificity of 88% (92). Despite its advantages, HFUS re-
quires specialized training to interpret the images accurately, which 
can be a barrier for widespread use among general practitioners and 
dermatologists. 

FIGURE 11. High frequency ultrasound image of a nodular basal cell carcinoma. 
Reprinted with permission from David M. Ozog MD Department of Dermatology, Henry Ford Medical Center, 

Detroit”

Hyperspectral imaging

Hyperspectral imaging (HI) is a non-invasive technique that cap-
tures spectral data from an image. Unlike regular cameras that use 
three broad color bands (red, green, blue), HI employs dozens of 
continuous narrow wavebands, including subtle wavelength differ-
ences and wavelengths outside the human visible range 460-830 nm. 
The resulting hyperspectral cube contains two spatial dimensions 
and a third dimension with the spectral data for each pixel, creating 
a unique spectral graph for different biological tissues (94).
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The spectra can be presented as abundance maps showing the local-
ization and demarcation of tumors (95-98). The extensive field of view 
and fast imaging procedure are major benefits of HI. Only one study 
has used HI to delineate the lateral margins of BCCs preoperatively 
(99) but HI has shown potential in preoperatively delineating lentigo 
maligna (96) and detecting field cancerization in skin (97). 

Artificial intelligence 

Artificial intelligence (AI) has shown promising results in detecting 
and classifying BCCs using various imaging modalities. In der-
moscopy, AI algorithms demonstrated high accuracy, sensitivity, 
and specificity for BCC detection, averaging 90%, 87%, and 91%, 
respectively but the generalizability was limited by lack of external 
validation and data diversity (100). A systematic review of articles 
from the last 10 years indicated that AI technology can be used to 
detect and classify BCC in dermoscopic, OCT, and RCM images 
(101). AI combined with dermoscopy also shows promising potential 
for improving melanoma detection and diagnosis (102-105). How-
ever, challenges remain in generalizing these algorithms across 
diverse populations and skin types, standardizing image processing 
methods as well as demonstrating ability to predict BCC subtypes. 
Additional research is crucial to overcome current limitations and 
guarantee that AI-driven methods are effective and reliable in a 
clinical settings (106).

Non-invasive imaging and detection of subclinical extension in BCCs

In the preoperative evaluation of aggressive BCCs, dermoscopy has 
not shown effectiveness in reducing the number of MMS stages 
required (60). RCM, when used for preoperative BCC delineation, 
has revealed subclinical extensions beyond the dermoscopically 
visible margins in 30% of cases (78). Optical coherence tomography 
(OCT) has demonstrated promising results in margin assessment. 
For BCCs requiring only one MMS stage, OCT typically delineates 
margins that are 1.4 ± 1.3 mm smaller than those determined by 
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clinical assessment. More importantly, OCT successfully identified 
subclinical extensions in all cases where multiple MMS stages were 
necessary (87). When comparing the LC-OCT group to the control 
group, which relied solely on dermoscopy, LC-OCT showed a 
significantly lower average number of MMS stages. Also, through 
preoperative mapping of the BCC tumor margins LC-OCT signifi-
cantly reduced the risk of undergoing > I MMS stage (90).

These findings suggest that advanced imaging techniques, like OCT 
and RCM, offer improved accuracy in preoperative BCC margin as-
sessment. Their ability to detect subclinical extensions, particularly 
in cases requiring multiple MMS stages, highlights their potential 
value in surgical planning and potentially reducing the number of 
stages required in MM. These techniques are though costly and not 
readily available. 

TABLE 3.  Characteritics of non-invasive devices for diagnosing and delineating BCCs.

Imaging  
Technique

Sensitivity Specificity Field of View Resolution Image depth

Dermoscopy 91% 95% Several cm2 -  0.5 mm 
(papillary 
dermis)

Optical  
Coherence 
Tomography 

95%, 
compared 
to visual 
inspection  
of 80% 

77% compared 
to visual 
inspection  
of 37%

6x6 mm2 1-15 1-2 mm

Reflectance	
Confocal 
Microscopy 

94% vs 
85% for 
dermoscopy

95% vs 
92% for 
dermoscopy

1x1mm2 1 um 200 um 

Multispectral 
imaging

98.3% for 
Melafind  
80% for 
SiaScope

9.9% 
Melafind76% 
Siascope 

12 cm2 20 um 2 mm

Line-field	 
Confocal Optical 
Coherence 
Tomography

87% 91% 1.2 mm × 0.5 
mm × 0.5 mm

1-15  um 500  um
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Histopathological diagnosis 

Histopathological examination of the skin involves analyzing an in-
cisional (partial) or excisional biopsy sample. For incisional biopsies, 
a pathologist reviews the tissue under a microscope to confirm the 
diagnosis and identify the BCC subtype. However, histopathology 
based on the incisional biopsy may not correlate with the definitive 
BCC subtype in the subsequent excisional biopsy. Inconsistencies 
are seen between preoperative and postoperative pathology re-
ports, with discrepancies observed in 20-62 % of cases (107-109). The 
diagnostic concordance rates in the subtyping of BCC also vary 
between different dermatopathologists. Maher et al. showed sub-
stantial interobserver agreement for sBCC (κ = 0.64), but moderate 
interobserver agreement for nBCC (κ = 0.45), morpheaform/scle-
rosing BCC (κ = 0.45), iBCC (κ = 0.49) and micronodular BCC (κ = 
0.57) (110). Another study also resulted in higher reproducibility for 
nodular BCCs (κ = 0.87) than for morpheaform BCCs (κ = 0.61) (111). 
Similar results have been illustrated by Popadic et al. with κ-values 
of 0.85 for sBCCs and 0.62 for nBCCs, but only 0.13 for aggressive 
BCCs (112). Basing treatment decisions on BCC subtype classification 
exclusively on histopathological examination of the preoperative 
biopsy can therefore be problematic. 

Once diagnosed, the BCC is evaluated for risk factors that may in-
fluence treatment decisions. Factors that increase the risk of tumor 
recurrence include the tumor’s location in central facial areas, larger 
tumor size, aggressive growth characteristics, ill-defined borders, 
perineural or perivascular tumor growth, incomplete removal of 
the tumor, and a history of prior recurrence (3, 29, 113-117).

TREATMENT

Effective treatment is crucial to prevent BCCs from spreading 
and recurring. The recommended treatments depend on various 
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factors, including tumor size, location, and subtype, as well as the 
patient’s overall health and preferences. The guidelines are also de-
pendent of the nation’s healthcare system (38, 118, 119). Most BCCs can 
be effectively treated with surgery, topical therapies, or destructive 
methods (120). For advanced or metastatic BCCs, targeted therapies 
inhibiting the Hedgehog signaling pathway like Vismodegib and 
Sonidegib or novel immunotherapy drugs such as cemiplimab are 
also available (121). 

Surgical treatments

For many BCCs, surgery is the recommended treatment (3, 38, 118, 122). 
Based on the tumor’s clinical and histopathological risk factors, 
guidelines suggest conventional surgical excision (SE) with clinical 
margins ranging from 3 to 10 mm (3, 38, 118). Regarding high-risk 
subtypes, the recommendation is to use larger margins (5-15 mm) 
or MMS (22, 113, 118, 122, 123). The conventional method for histopatho-
logical examination of tissue samples is known as “bread-loafing” 
or serial sectioning (Figure 12). This technique, however, has 
limitations in its coverage, typically allowing only 0.1-2 % of the 
actual margins to be checked histopathologically (124-128), compared 
to 100% of the margins with MMS (113, 115, 129-133) 

(Figure 13). In serial 
sectioning, the tissue is usually cut into sections measuring 1-5 mm 
in length, while the thickness of each slice is maintained at just a 
few micrometers (128). A technique that examines 100% of the tu-
mor margins is significantly more effective at detecting subclinical 
extensions (i.e., tumor growths invisible to the naked eye during 
clinical examination) compared to traditional serial sectioning 
methods. The importance of identifying these hidden extensions is 
underscored by the relationship between surgical margin size and 
BCC recurrence rates. For instance, the risk of recurrence is ten 
times higher when a 2-mm surgical margin is used compared to a 
5-mm margin (134).
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FIGURE 12. Bread-loaf technique or serial sectioning. 
Reprinted with permission from Dr. Stephen Snow, Mohs Micrographic Surgery, 2

nd 
Edition, The University of 

Wisconsin Press, 2004

FIGURE 13. A, Mohs micrographic surgery technique. B, Surgical excision for wide local 
excision with breadloaf histopathology. 
Reprinted with permission from Stanislav N. Tolkachjov (Understanding Mohs Micrographic Surgery - A Review 
and Practical Guide for the Nondermatologist).
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An aggressive growth pattern is associated with higher rates of 
incomplete excisions, the need for re-excisions and a high risk of 
recurrence. These tumors often have clinically ill-defined tumor 
borders with subclinical extension. They are also often located in 
cosmetically sensitive anatomic areas in the face such as the nose, 
eyelids or ears (38). 

Mohs micrographic surgery 

Dr. Frederic E. Mohs (Figure 14) developed the MMS technique 
in the early 1930s. He discovered that the microscopic structure of 
cancer tissues was preserved following application of a 20% zinc 
chloride solution (135). Thus, the removed cancerous tissue could be 
analyzed microscopically intraoperatively during MMS. Originally, 
the approach was called chemosurgery since the use of zinc chloride 
paste for tissue fixation was more innovative than the microscopic 
monitoring.

FIGURE 14. Portrait of Frederic. E. Mohs.
Dr. Frederic Mohs. UW Archives Image S06369.
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The introduction of the fresh-tissue technique in 1953 eliminated 
the need for zinc chloride fixation and the procedure was refined 
over the subsequent decades. After European dermatosurgeons 
learned the technique in the USA, they began applying it in their 
home countries and the technique began to spread in the 1970s and 
1980s. In Germany, other micrographic surgery techniques such as 
the Tübingen torte, the Muffin technique or the Munich method 
were introduced (122). 

Micrographic surgery, particularly classic MMS, is widely recog-
nized for achieving the most effective treatment with the most 
favorable cosmetic outcomes for multiple skin cancer types. Since it 
is a resource-heavy procedure, it’s prefereable to use it for tumors 
that are challenging to remove completely and/or have high recur-
rence rates. One of the most common examples of this would be an 
infiltrative BCC with ill-defined borders in the facial area. 

In areas where larger defects could cause functional or aesthetic 
issues, MMS is especially beneficial (135). While MMS practically 
ensures the complete removal of the tumor, traditional SE may lead 
to incomplete excisions (29, 136). Several studies show that high-risk 
BCCs are incompletely excised in 25-50% of cases when regular 
SE is performed (29, 136-139). A randomized controlled trial compar-
ing MMS and SE for high-risk facial lesions reported incomplete 
excisions of 18% with SE (140) and 10-year recurrence rates of 4.4% 
and 3.9% for MMS versus 12.2% and 13.5% for SE for primary 
and recurrent tumors, respectively (133). Additionally, two recent 
meta-analyses on SE and MMS concluded that MMS had better 
outcomes for both primary and recurrent BCCs but should be 
reserved for high-risk BCCs due to higher costs (126, 141). However, 
a recent Cochrane review found only low-certainty evidence sug-
gesting that MMS results in slightly fewer recurrences compared 
to SE for primary facial BCCs (142) and in a systematic review and 
meta-analysis low to moderate evidence that MMS is superior to 
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SE in reducing recurrences of BCCs (143). Notably, most studies only 
focus on recurrences and not on incomplete excisions, the need for 
repeated surgeries or morbidity.

When performing MMS (Figure 15), local anesthesia is adminis-
tered to the skin area around the tumor. The surgeon uses small 
incisions (‘nicks’) or sutures in order to ensure correct orientation 
and for tissue mapping. The clinically visible tumor is removed in 
the first stage adding a small margin in the surrounding healthy 
skin. Then the surgeon or a histotechnician precisely inks the 
nicked edges in the laboratory. The histotechnician then flattens 
the tissue so that the superficial and the deep margins align within 
the same plane. The sections obtained in the cryostat will then 
allow for circumferential histopathologic margin evaluation under 
the microscope by the surgeon with or without the assistance of a 
pathologist,. If the margins aren’t clear, additional tissue samples 
are removed from the corresponding mapped areas until there is no 
tumor left. The entire procedure typically takes a few hours. (122, 130)

FIGURE 15. MMS-procedure. A) The tumor drawn with adding a narrow margin 
and ‘nicks’ at 3, 6 and 9 ó clock. B) The removed tumor specimen including the 
corresponding detailed map are sent to lab. The nicked edges are inked. C) Sections 
obtained in the cryostat and D) stained with HE staining, E) histopathological margin 
evaluation under the microscope.

The resulting wound is usually closed on the same day. Depending 
on its characteristics, the wound can be managed with secondary 
intention healing, primary closure, grafts and/or local or staged 
flaps.

A B C D E
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Destructive Treatments

Destructive treatments involve curettage, electrodesiccation and 
cryosurgery in different combinations. These methods involve 
scraping the BCC with a curette (a sharp, spoon-shaped instrument 
or a ring currete), using electrodesiccation, (an electrosurgical gen-
erator set to monopolar mode) and freezing the BCC with liquid 
nitrogen. Destructive treatments have not been standardized in 
the past, meaning there has not been an international consensus 
on the precise techniques to make these treatments as effective 
and tolerable as possible (144). The weaknesses of these methods is 
lacking confirmation of the tumor clearance and the dependence 
of the practitioner’s skills (38, 145). Therefore, these treatments are 
generally recommended as second-line alternatives, preferably 
used in the elderly and for those with comorbidities that make 
surgery impossible (145). However, a recently published randomized 
controlled trial of curettage vs cryosurgery for sBCCs from our 
department showed clearance rates of 95.7% for curettage and 100% 
for cryosurgery after 1 year (146). The same group also conducted a 
prospective randomized controlled trial for nBCCs comparing one 
or two cycles resulting in 1-year clearance rates of 99% versus 100% 
(147).

Non-Surgical Treatments

Topical Medications

Topical treatments for sBCC include imiquimod (an immune response 
modifier) and 5-fluorouracil (5-FU, a chemotherapy agent). These treat-
ments are used over several weeks and are non-invasive. 

Photodynamic Therapy

Photodynamic therapy (PDT) uses a photosensitizing prodrug 
applied to the skin, which results in accumulation of light-sensi-
tive protoporphyrin IX through the enzymatic processes involved 
in the heme cycle. Subsequent exposure to light with a specific 
wavelength activates reactive oxygen species, which then destroy 
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the cancer cells. This method is effective for sBCCs and offers good 
cosmetic outcomes. 

Radiation Therapy

For patients who are not suitable for surgery or when the BCC is 
located in an area where surgery might be difficult, radiation thera-
py can be considered instead. It involves using targeted radiation to 
destroy the cancer cells over several sessions. 
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Aims

The overall objectives of this thesis were to expand our knowledge 
on high-risk BCCs, aiming to investigate risk factors associated with 
incomplete excisions, identify and characterize their distinctive 
clinical and dermoscopic features and determine optimal treatment 
strategies to maximize the likelihood of successful initial treatment.

The	specific	aims	were:

• Study I: To examine which factors affect the incomplete 
excision rates (IERs) of high-risk BCCs.

• Study II: To measure differences between primary, incom-
pletely excised and recurrent facial high-risk BCCs undergo-
ing MMS regarding number of stages and final defect sizes.

• Study III: To describe clinical and dermoscopic features of 
facial high-risk BCCs and their interobserver agrement.

• Study IV: To test the feasibility of HI to preoperatively 
demarcate the lateral margins of high-risk BCCs planned to 
be treated with MMS. 
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Methodological  
considerations

Paper I

Subjects

The study included all Glas type II-III BCCs treated with tradi-
tional SE and analyzed histopathologically at the Department of 
Pathology, Sahlgrenska University Hospital, Gothenburg, Sweden 
during the period of November 2018 to May 2020. Dermatopathol-
ogists analyzed all cases but no slides were reviewed by separate 
pathologists. Inclusion critera were BCCs excised with the intent 
of complete tumor removal. BCCs removed using a shave excision 
technique, curettage, or with a partical punch biopsy were excluded 
since these procedures are used for diagnostic purposes rather than 
definitive for definitive treatment.

Methods

This retrospective study used electronic patient records and histo-
pathological reports to collect the following information (Table 4).
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TABLE 4. Data variables included in the study. 

Category Details

Patient demographics • Age

• Sex

Tumor characteristics • Location 

• Size (maximum diameter on day of surgery) 

• Histopathological subtype

Preoperative details • Partial biopsy (yes/no)

Physician information • Specialty

• Experience level (resident or specialist, according to 
electronic patient records)

Surgical details • Excision type (elliptical, circular, or punch)

• Clinical  margins (smallest margin recorded when 
ambiguous)           

Outcome measures • Incomplete excision (histopathologically verified 
positive surgical margin) 

Specific margin involvement • Lateral, deep, or both

Limitations

The comprehensive collection of consecutive cases strengthens the 
statistical reliability and reduces selection bias. Further analysis of 
potential confounding factors was performed, minimizing the risk 
of drawing incorrect conclusions. The retrospective nature of the 
study caused challenges in obtaining all relevant clinicopathological 
data from the electronic patient records and histopathology reports. 
Also, since Sweden uses the Sabbatsberg classification for BCCs, 
comparisons with studies that use the WHO classification system 
becomes more difficult (148). Additionally, more uncommonly ob-
served BCC subtypes such as the morpheaform, micronodular or 
basosquamous types, made it harder to make definitive conclusions 
about such variants. Furthermore, the presence of perineural inva-
sion was inconsistently reported in the histopathological records. 
Finally, the comparison between residents and specialists was used 
as an indirect measure or indicator of experience level. 
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Paper II

Subjects

The study retrospectively reviewed all consecutive patients who 
underwent MMS for BCC at the Department of Dermatology, 
Sahlgrenska University Hospital, Gothenburg, Sweden, between 
2012 and 2019 (based on the power calculation outlined in the 
statistical analyses). If the treated tumor was not a BCC, if the 
BCC had recurred following MMS or if important data regarding 
stages, defect size, or treatments before MMS were unavailable the 
patients were excluded.

Methods

In this retrospective observational study three different tumor 
categories were examined; primary BCCs (P-BCC), incompletely 
excised BCCs (IE-BCC) and recurrent BCCs (R-BCC). The 
following information was gathered:

1) Patient demographics:
• Age
• Sex

2) Tumor characteristics:
• Location and diameter
• Histopathological subtype
• Previous treatments

3) Clinical timeline:
• Date of diagnosis
• Date of surgery

4) Medical professionals involved:
• Specialty of pre-MMS treating physician
• Specialty of referring physician
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5) Surgical details:
• Number of MMS stages
• Final defect dimensions (largest and smallest diameters)
• Reconstructive technique used

Surgical defect areas were calculated using the formula: area = Π × 
(major axis/2) × (minor axis/2). 

Limitations

The study’s primary strength lies in its comprehensive data collec-
tion, encompassing all consecutive cases from our department’s local 
register of MMS procedures during an 8-year period. However, the 
study was conducted at only one institution, potentially limiting its 
generalizability. The lack of randomization may introduce selection 
bias and the study’s retrospective design may lead to inherent biases 
and limitations in data quality. For R-BCC and IE-BCC, scarring 
from previous treatments may have affected the accuracy of lesion 
size estimates prior to MMS.

Paper III

Subjects

A retrospective analysis was conducted on primary facial BCCs di-
agnosed at the Department of Dermatology, Sahlgrenska University 
Hospital, from January 2019 to December 2022. The study included 
high-quality clinical and dermoscopic images of histopathological 
confirmed BCCs. The sample distribution mirrored the most 
frequently excised facial BCC subtypes as reported in the Swedish 
registry: 40% nBCCs, 10% sBCCs, and 50% high-risk BCCs.

To be eligible for inclusion, cases had to meet two criteria: the BCC 
must be located on the face and have a specific histopathological 
subtype (cases with mixed subtypes were excluded). Basosquamous 
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carcinomas were not included in the study. Dermatopathologists 
at the Department of Pathology, Sahlgrenska University Hospital, 
Gothenburg, Sweden, carried out all histopathological examinations.

Methods

Data collection included demographics such as sex and age at 
diagnosis, lesion characteristics such as size (in mm), anatomical 
location and histopathological classification. Six independent ex-
perts with over 10 years of dermoscopy experience, three Swedish 
readers and three international readers (from Chile, Israel, and the 
United States) evaluated the images. The task was to evaluate paired 
clinical and dermoscopic images which were acquired using an 
iPhone 8 smartphone (Apple, Cupertino, California, USA) coupled 
with a Dermlite DL4 dermatoscope (DermLite LLC, Capistrano, 
California, USA) using polarized light.

Prior to commencing the study, all readers participated in a consen-
sus meeting. During this meeting, they collectively examined and 
discussed 40 clinical and dermoscopic images of BCCs representing 
various histopathological subtypes. These images were compiled 
separately from the study dataset. The purpose of this meeting 
was to establish agreement on a predefined list of features that 
could be observed clinically and/or dermoscopically. The readers 
discussed appereance (flat, raised and/or depressed), borders (well/
ill-defined), ulceration (number of areas with ulceration/erosion), 
vessels (predominately focused arborizing vessels or unfocused 
short fine telangiectasias), as well as the presence or abscense of a 
whitish background (“white porcelain area”), shiny white structures 
and brown-gray (leaf-like, spoke-wheel or concentric areas) or 
gray-blue (dots/globules or ovoid nests) pigmented structures.

Following this consensus-building exercise, the readers were given 
access to the study’s image dataset for independent evaluation. To 
ensure unbiased assessment, the readers were not informed of the 
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histopathologic diagnoses. Their task was to independently score the 
presence or absence of the predefined criteria for each image pair .

The evaluation process consisted of several steps:

1) Clinical image assessment (Fig 17):

Readers first examined the clinical image to classify each tumor’s 
surface topography as raised, flat, depressed, or any combination 
thereof. For data analysis purposes, any mixed topography (i.e., not 
exclusively flat or raised) was categorized as ’bumpy’.

FIGURE 17. a) Raised basal cell carcinoma (BCC) b) fl at BCC c) “bumpy” , (i.e. not 
exclusively fl at or raised) BCC and d) depressed BCC. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)

2) Tumor border classification (Fig 18):

Using both clinical and dermoscopic images, readers categorized 
tumor borders as either well-defined or ill-defined.

A

A

B

B

C

C

D

D

FIGURE 18. a) Clinical image well-defi ned BCC, b) Clinical image ill-defi ned BCC, c) 
Dermsocopic image, well-defi ned BCC and d) Dermsocopic image, ill-defi ned BCC. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)
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3) Dermoscopic feature evaluation. Readers then assessed the 
dermoscopic images for presence or absence of the following 
features (Fig 19):

a) Ulceration/erosion
b) Predominance of focused (arborizing) or unfocused vessels 
c) White porcelain area
d) Shiny white blotches and/or strands
e) Classic pigmented structures 
f) Vessels within ulceration

A

E

B

F

C D

FIGURE 19. Showing dermoscopic features of, a) ulcerations, b) focused arborizing 
vessels, c) white porcelain area, d) shiny white blotches and strands, e) pigmented 
structures including blue-gray ovoid nests, f) vessels within ulceration. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)

4) Histopathological subtype prediction:

Finally, based on their observations, readers were asked to predict 
the histopathological subtype of each tumor (i.e., nodular, superfi-
cial or high-risk) (Fig 20).
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FIGURE 20. Histopathological subtype of a) nodular BCC, b) superfi cial BCC and c) high-
risk BCC. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)

Limitations

Although the study focused exclusively on facial BCCs, which is a 
limitation, BCCs located on other body sites are seldom as challeng-
ing when it comes to incomplete excisions and recurrence risks. 
The images were retrospectively collected from a single-center and 
this design may limit the generalizability of the findings. The study 
depended on the Swedish Glas type classification for BCCs, which 
lacks international acceptance. Also, histopathological reports were 
only analyzed by one pathologist without independent review of 
the cases. Most BCCs occurred in patients with Fitzpatrick photo-
types I-II but patient skin phototype was not recorded, potentially 
limiting the applicability of findings to diverse populations. It was 
also known that the tumors being analyzed were all BCCs and 
were provided with a predefined set of criteria which may have 
influenced the readers’ assessments, leading to reading bias. A clear 
limitation is the lack of a study that validates the created algorithm. 
Finally, the study focused solely on BCCs. A greater number and 
other frequency of dermoscopic features would likely have been 
seen if other keratinocyte cancers had been included. These limita-
tions highlight the need for further research, including multicenter 
studies with independent histopathological reviews of all included 
cases, and a more diverse patient population to validate and expand 
upon our findings. 

A B C
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Paper IV

Subjects

Patients awaiting treatment for high-risk BCC with MMS at the 
Department of Dermatology at Sahlgrenska University Hospital in 
Gothenburg, Sweden were invited to participate. The recruitment 
process was conducted prospectively from January 2022 to January 
2023 to include around the 30 patients intended to be included. 
Given the pilot nature of this study, a precise calculation of the re-
quired sample size was not performed. All patients received verbal 
and written study information and written consent was secured 
before surgery.

Inclusion criteria:
• Facial primary BCCs scheduled for MMS
• Lesions located on flat facial surfaces (i.e., not ears or eyelids 

for example)

Exclusion criteria:
• Patients unable to provide informed consent

Methods

Initial evaluation of all lesions was conducted both clinically and 
dermoscopically using a Dermlite® DL200 Hybrid device (3Gen, 
CA, USA). Photographic clinical and dermoscopic documentation 
was performed for each lesion prior to and after the dermoscopically 
observed tumor borders were marked on the skin using a marking 
pen. The Cutica® hyperspectral imaging (HI) system (Revenio 
Group Oyj, Vantaa, Finland) (Figure 21) was employed to capture 
hyperspectral images of the lesion and surrounding healthy skin 
without border markings and the same area with dermoscopic 
lesion borders marked on the skin. The hyperspectral data cube was 
captured within seconds. 
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The BCCs were then excised following the standard MMS protocol 
adding a superficial incision along the demarcation line to facilitate 
comparison between dermoscopically visible tumor borders and 
histopathological findings (see Figure 1 in the Paper IV). The bor-
ders observed in hyperspectral images were then compared with 
the true demarcation confirmed by histopathology.

FIGURE 21. The hyperspectral imaging system used. 
Photo by Hannah Ceder.

 
The HI system incorporates a diffuse light system and a hyperspec-
tral imager (149). It captures 120 wavebands within seconds using 
visible and near-infrared light (460–830 nm) reflected from the 
skin. The system’s spatial resolution is 6,400 pixels/cm and covers a 
large field of view (12 cm²). Based on the wavelength, the imaging 
depths range from 0.5 to 5.0 mm (150).

The camera used has a resolution of 1,920×1,200 pixels, corre-
sponding to a spatial resolution of approximately 15 μm/pixel. It 
features an adjustable filter that selects specific wavelength bands, 
capturing images sequentially. These images are then combined 
into a three-dimensional image cube, containing both spatial and 
spectral information (see Figure 2 in Paper IV). The image cube 
is input into a deep neural network model with two branches: one 
branch analyzes spatial features, while the other examines spectral 
features.
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In addition to the spectral data cube, the HI system also produces 
standard RGB images of the scanned area. Further details can be 
found in previous studies (95, 96, 151). Supervised learning was used for 
data analysis, utilizing annotated images as the ground truth. These 
annotations were based on histopathologically verified lesion bor-
ders marked on RGB images. Tumor areas seen with dermoscopy 
were marked in red and the sublinical extension based on histopa-
thology were marked in yellow (see Figure 3 in Paper IV.) Using 
these annotations, the machine learning models were trained.

The developed AI model was a convolutional neural network 
(CNN), modeled after approaches previously reported in the liter-
ature (151). It had two parts: one that looked at images (a 2D CNN) 
(152) and another that analyzed light wavelengths (a 1D CNN). These 
two sets of information were combined for the final AI model. 

Due to the limited number of lesions, the network training proce-
dure involved vertically splitting the lesion images at their center 
(98). One side was used for learning, and the other for testing ac-
curacy. The testing was done on the unannotated right side lesion 
halves and the annotations served as the ground truth. The model 
training was performed using individual pixels from the image with 
each pixel on the left half of the lesion considered a separate sample, 
with the class designated for each pixel independently.The training 
process included flipping and rotating images to help the model 
recognize patterns better. The model was built using PyTorch, 
optimized with Optuna, and trained on a powerful NVIDIA RTX 
A4000 graphics card.

Limitations

The modified deep neural network used for data analysis still re-
quires further development. Another limitation is the pilot nature 
of the study, that the sample size was small and only allocating half 
of the available images for training the CNN. Ideally, CNN training 



48 

METHODOLOGICAL CONSIDERATIONS HANNAH CEDER

and classification would be done with separate datasets, but given 
our constraints, that wasn’t possible. Even so, the pixel-by-pixel 
analysis helped minimize bias and strengthened the credibility of 
our results.

Statistical analyses

Paper I

The study utilized R version 3.5.3 for statistical computations. Fish-
er’s exact test was utilized for proportion comparisons. Wilcoxon 
rank-sum test and Kruskal-Wallis test were used for two-group and 
multi-group comparisons, respectively. All tests were two-tailed 
and statistical significance was defined as a p-value of less than 0.05.

Paper II

Based on previous data, a power calculation was conducted when 
planning the study. An estimated ratio of P-BCCs to R-BCCs: 
3.75:1, with a desired power of 80%, α-error: 0.05 required a sample 
size for achieving differences in number of stages of 656 P-BCCs 
and 175 R-BCCs. For differences in final defect size  480 P-BCCs 
and 128 R-BCCs were required. The study utilized R version 3.0.3 
for statistical computations. For two-group comparisons and for 
comparison of three or more groups Wilcoxon rank sum test 
respectively Kruskal-Wallis test were used. Fisher’s exact test was 
used for comparison of proportions. Two-tailed tests were used 
and p<0.05 was established for statistical significance.

Paper III

In this study, we used Fisher’s exact to compare frequences of the 
features used. Odds ratios were calculated to determine the associa-
tions between clinical and dermoscopic features and the confirmed 
histopathological BCC subtype. For predicting high-risk subtypes, 
the outcomes were employed to create a potential diagnostic al-

 49

HANNAH CEDER  METHODOLOGICAL CONSIDERATIONS

gorithm. For interobserver agreement between multiple readers, 
we used Fleiss’ kappa (Table 5) which can be used when there are 
more than two observers. A κ-value of 1 reflects perfect agreement, 
whereas a κ-value of 0 reflects an agreement level corresponding to 
chance (153). 

TABLE 5. How to interpret interobserver agreement according to Fleiss’ kappa.  

Fleiss’ Kappa Value (κ) Agreement Level

< 0 Poor agreement

0.01 – 0.20 Slight agreement

0.21 – 0.40 Fair agreement

0.41 – 0.60 Moderate agreement

0.61 – 0.80 Substantial agreement

0.81 – 1.00 Almost perfect agreement

 
All analyses were conducted using R version 3.5.3 (The R Foun-
dation for Statistical Computing, Vienna, Austria) and statistical 
significance was defined as a p-value below 0.05.

Paper IV

The area under the receiver operating characteristic curve (AUC) 
was used to assess the model’s performance, i.e., the model’s overall 
ability to differentiate between classes. Furthermore, sensitivity as 
well as specificity were calculated. 
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Ethical	commentary	and	reflections

Paper I acquired approval by the Regional Ethical Review Board in 
Gothenburg (approval 430-16) and an amendment approved by the 
Swedish Ethical Review Authority (approval 2020-02933).

Paper II was accepted by the Regional Ethical Review Board in 
Gothenburg (approval 412-10) and an amendment granted by the 
Swedish Ethical Review Authority (approval 2019-05972)

In Paper III, the Regional Ethical Review Board in Gothenburg 
(approval 283-18) and the Swedish Ethical Review Authority 
(amendment approval 2020-01190) sanctioned the study.

In paper IV, approval was given by the Swedish Ethical Review 
Authority (approval 2021-04753). 

Most of the studies included in this thesis are of retrospective design 
and the collected data were de-identified. We collected data from 
registers and medical records, which are all on a secure electronic 
server at the Department of Dermatology and Venereology at Sahl-
grenska University Hospital. Only relevant information was col-
lected and analyzed following confidentiality rules and regulations.

In the retrospective studies, informed consent was not considered to 
be required. The dermoscopic images used in Paper III were taken in 
a way in which the patients couldn’t be identified. The images were 
also de-identified removing personal data. The prospective study IV 
adhered to Good Clinical Practice as described in the Declaration of 
Helsinki (last revised in 2013 at the time of the study). Oral and writ-
ten forms were given to the patients before the surgery and patients 
not wishing to give informed consent did not participate in the study. 
The participants could withdraw their consent and stop participation 
at any time, without affecting the results of their treatment. 
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Overall, the benefits outweighed the risks, which are minimal, in 
this project. Hopefully, these studies will lead to better knowledge 
about high-risk BCCs, allowing for better resource utilization and 
less suffering for the patient. The benefits, however, will mainly 
apply for future patients with high-risk BCCs and not necessarily 
for the research subjects in these studies.
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Results

Paper I

During the research period, a total of 987 type II–III BCCs were 
surgically removed. These tumors were excised from 894 patients, 
comprising 469 men (52.5%) and 425 women. The patient cohort 
had a median age of 75 years, ranging from 31 to 101 years.

Regarding tumor features, the median tumor diameter of the BCCs 
was 10 mm (range 2–200 mm). Histopathologically, 68.1% of the 
BCCs were classified as Glas type II, and 31.9% as type III. Among 
these, 82.5% were highly aggressive infiltrative tumors while the 
remaining lesions were of the morpheaform, micronodular, or 
basosquamous subtypes. A total of 203 cases were incompletely ex-
cised (20.6%) and the lateral margin was most commonly involved 
(52.7% of incomplete excisions). Both the lateral and deep margins 
were involved in 16.3%. Compairing type III BCCs versus type II 
BCCs, incomplete excisions were significantly more frequent in 
type III BCCs (27.0% vs. 17.6%, p<0.001). The highest IERs varyied 
from 28.0% to 37.0% and these were seen on the nose, ear, scalp, 
and periorbital region (Figure 22).
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FIGURE 22. Overall proportions of incomplete excisions on different locations. 

When compairing BCCs removed with a clinical margin of ≤5 mm 
versus clinical margins >5 mm, no significant effect on IERs was 
observed (p=0.44). Tumor size did not appear to affect the IERs 
significantly either. Elliptical excisions produced lower IERs com-
pared to circular and punch excisions (p<0.001). BCCs diagnosed 
preoperatively with a punch biopsy were not significantly excised 
incompletely more often (p=0.12). Interestingly, among the lesions 
biopsied prior to SE, the preoperatively diagnosed histopathologi-
cal subtype did not correspond to the postoperative one in 38.5% of 
the cases.

Incomplete excisions were seen in 41.0% of the cases removed by 
general practitioners, who had the highest IERs. Nevertheless, most 
of the BCCs were excised by dermatologists, otorhinolaryngologists 
and plastic surgeons (85.2%). When these three specialties excised 
lesions on the face and scalp,  the IERs did not differ significantly 
(p=0.12). Furthermore, no statistically significant differences in 
IERs were observed between specialists and residents (p=0.39). 
Type III BCCs located on the nose had the highest IERs (55.0%). 
This was the only anatomical site that showed a significant differ-
ence in IERs between type II and type III BCCs (p<0.001). 
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Paper II

After exclusion, data from 903 tumors in 813 patients were ana-
lyzed. The majority of patients were women, accounting for 59%. 
In terms of the tumor types, 70.1% were P-BCCs, 10.4% were IE-
BCCs, and 19.5% were R-BCCs 

Significant variations in the mean number of stages were observed 
among P-BCCs, IE-BCCs, and R-BCCs (p=0.013) (Table 6). 
R-BCCs demonstrated a significantly higher mean number of stages 
(2.11) compared to both P-BCCs (1.89, p=0.03) and IE-BCCs (1.82, 
p=0.007). However, the difference in the number of stages between 
P-BCCs and IE-BCCs did not reach statistical significance (p=0.09).

TABLE 6. Number of stages used during Mohs micrographic surgery (mean, 95 % 
CI) for primary, incompletely excised and recurrent basal cell carcinomas. *P-BCC, 
primary basal cell carcinoma; IE-BCC, incompletely excised basal cell carcinoma; R-BCC 
recurrent basal cell carcinoma; CI, confidence interval.

 Total P-BCC IE-BCC R-BCC

Number of stages 1.9 1.89 1.82 2.11

Upper 95% CI 1.98 1.94 2.00 2.27

Lower 95% CI 1.87 1.84 1.64 1.96

P-BCCs had significantly smaller final defect areas compared to 
IE-BCCs (p=0.003) and R-BCCs (p<0.0001). Between IE-BCCs and 
R-BCCs, no statistically significant differences were seen in terms 
of final defect size (p=0.54) (Table 7). The post-MMS defect size 
exceeded the pre-MMS clinical tumor size more significantly in 
R-BCCs (p<0.001) and incompletely IE-BCCs (p=0.015) compared 
to P-BCCs. 
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TABLE 7. Final defect size in cm2 for P-BCC, IE-BCC and R-BCC. *P-BCC, primary basal 
cell carcinoma; IE-BCC, incompletely excised basal cell carcinoma; R-BCC recurrent 
basal cell carcinoma.

 Total P-BCC IE-BCC R-BCC

Final defect size (cm2) 4.4 3.55 5.10 6.34

Primary closure was the most commonly used reconstructive tech-
nique for all tumors, applied in over half of the cases (50.8%). This 
was followed by various types of flaps (22.4%) and grafts (16.3%). 
Secondary intention healing as well as cases requiring a combina-
tion of techniques were used in a lower percentage of cases. In one 
case, reconstruction was done by a plastic surgeon. 

In P-BCCs and R-BCCs, dermatologists were responsible for the 
referral for MMS in more then 90% of cases. Otorhinolaryngologists 
as well as plastic surgeons were responsible for about one-third of 
MMS referrals for IE-BCCs.

Patients with R-BCCs had undergone unsuccessful treatments a 
mean of 1.8 times while IE-BCCs had failed SE 1.5 times on average 
(range 1-6 treatments for both R-BCCs and IE-BCCs) before finally 
undergoing MMS. In both cases, dermatologists had performed 
most of the unsuccessful treatments. 

Paper III

This study included images of 297 BCCs, after excluding 10 cases 
due to poor image quality. The included lesions consisted of high-
risk BCCs (57.6%), nBCCs (33.0%) and sBCCs (9.4%). The cheek 
was the most common anatomical location (24.6%) followed by the 
nose (21.5%), forehead (18.2%), temple (13.5%) and the periorbital 
area (29.9%). The median patient age was 75 years (range 24-96 
years), and 52.2% of patients were female. The study identified 
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several clinical and dermoscopic features that were commonly 
associated with different BCC subtypes.

Clinical features: 
• Solely flat surface topography was strongly associated with 

sBCCs (OR 10.0).
• Solely raised surface topography was associated with nBCCs 

(OR 6.1)
• ‘Bumpy’ surface topography was associated with high-risk 

BCCs (OR 3.8).

Clinical and dermoscopic features
• Ill-defined borders were seen more frequently in superficial 

and high-risk BCCs (OR 2.4 and 3.4, respectively).
• Well-defined borders were more common in nBCCs (OR 

5.4).

Dermoscopic features:
• Predominantly focused arborizing vessels suggested the 

BCC was not superficial.
• White porcelain areas and the novel finding of ‘vessels 

within ulceration’ (Figure 23) were associated with high-
risk BCCs (OR 3.5 and 3.1, respectively). 

• Blue pigmented structures were more frequently observed 
in nBCCs (OR 2.5).

• >4 erosions were associated with sBCCs (OR 2.7).
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FIGURE 23. Examples of vessels within ulceration. 
(Photo: Department of Dermatology and Venereology, Sahlgrenska University Hospital)

 
To identify which facial BCCs may need a preoperative biopsy to ex-
clude a high-risk histopathological subtype, a diagnostic algorithm 
was created combining the positive criteria for high-risk subtypes 
with the negative criteria for low-risk subtypes. The algorithm 
demonstrated a sensitivity of 81.4% and a specificity of 53.3% for 
predicting high-risk subtype. When only surface topography was 
used, the corresponding sensitivity and specificity was 57.3% and 
74.1%, respectively.

Regarding interobserver agreement, the highest κ-values were seen 
for areas with ulceration/erosion (κ=0.72) followed by presence of 
classic pigmented features (κ=0.59). Moderate agreement was seen 
regarding presence of white porcelain areas (κ=0.54), predicted his-
topathological subtype (κ=0.53), presence of vessels within ulcer-
ation (κ=0.51) and borders, if they were well or ill-defined (κ=0.51). 
Features with fair interobserver agreement included clinical surface 
topography (κ=0.36) and whether vessels were predominantly 
focused or unfocused (κ=0.38) (Figure 24).
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FIGURE 24. Interobserver agreement for the clinical and dermoscopic findings assessed 
by the readers.

Paper IV

A total of 36 lesions meeting the inclusion criteria were imaged. One 
lesion was excluded due to being a recurrent BCC, and five others were 
excluded due to poor image quality or missing images. Consequently, 
30 lesions from 30 patients (11 men and 19 women) were included. 
The median age of the patients was 69 years (range 38-86 years). The 
imaged lesions were located on the nose (n=8), cheek (n=8), perioral 
area (upper, lower lip) (n=5), temporal area/forehead (n=5) and peri-
orbital area (medial cantus, eyebrow) (n=4). The median diameter of 
the tumours was 13 mm, varying between 5 and 21 mm. All lesions fit 
within the field of view and were successfully imaged in a single session.

A total of 19 lesions exhibited histopathologically verified subclin-
ical lateral tumor extension beyond the tumor border identified 
through dermoscopy. In all cases, the lateral margin was affected, 
and in one instance, the deep margin was also involved.

The overall accuracy of the pixel-wise classification of hyperspec-
tral images was 0.76, the sensitivity was 0.75 and the specificity was 
0.78. The AUC was 0.84.
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Discussion 

Together, these studies emphasize a multifaceted approach to 
managing high-risk BCCs. The results highlight the importance 
of knowing which risk factors exist to avoid failed treatments in 
combination with accurate preoperative assessments using clinical 
and dermoscopic findings. Each study underscores the importance 
of tailored strategies for high-risk BCCs to reduce treatment failure 
and recurrence. MMS has demonstrated superior efficacy in treat-
ing both primary and recurrent BCCs, particularly those located in 
high-risk facial areas. In contrast to SE, MMS capability to assess 
100% of the surgical margins is crucial for securing high cure rates 
and low recurrence rates. These studies are also intended to opti-
mize resource utilization and ensure that more people receive the 
right treatment from the start.

Paper I

This study confirmed that factors associated with higher IERs are: 
type III BCC subtype, tumor location on the face/scalp, certain 
physician specialties (higher rates for general practitioners) and 
excision technique (higher rates with circular and punch excisions). 
Tumor diameter, surgeon experience, clinical margins applied and 
the use of a preoperative biopsy were statistically not associated 
with IERs.

Incomplete excisions more commonly involved the lateral margin 
compared to the deep margin with both margins involved even less 
frequently. Other studies that included both high-risk and low-risk 
BCC subtypes have also observed similarly frequent involvement 
of the lateral margins (52–82%) the deep ones (14–36%) or both 
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(2–16%) (137, 154-158). The higher IERs, particularly involving the 
lateral margins, highlight the technical challenges in completely 
removing high-risk BCC subtypes, even with specialized surgical 
techniques. Careful preoperative planning and intraoperative mar-
gin assessment are crucial to minimize incomplete excisions and 
subsequent tumor recurrence.

No significant difference in IERs was found between type II and III 
BCCs beside for tumors located on the nose, where type III BCCs 
had higher IERs. Previously, MMS has mainly been recommended 
for type III BCCs but these findings suggest that it should also be 
offered to patients with type II BCCs in functionally critical anatom-
ical regions. (122, 132, 133, 159-161). This has also been partially addressed in 
the new Swedish national clinical guidelines for BCC (3). 

Previous studies reported IERs of 9.5-50.0% for aggressive BCC 
subtypes (29, 116, 137-139, 155, 156, 162-164)

 For type III BCCs (27.3%) our study 
aligned well with the largest prior study by Kappelin et al. (27%) (29). 
However, the current study found a higher IER for type II BCCs 
(17.6%) compared to Kappelin et al. (7.5%). This may be due to 
differences in tumor locations, as only half of their type II BCCs 
were found on the face or scalp. The current study also showed that 
BCCs on the face and scalp had positive margins more often than 
tumors on the body with IERs of 22.4% versus 14.7%, respectively. 
Additionally, other research examining all subtypes of BCC also 
suggests that the tumor’s anatomical location impacts the IERs 
with higher rates for nose, ear and periorbital areas (116, 137, 138, 154, 155, 

157, 165-168). 

The effect of physician specialty on IERs for aggressive BCC sub-
types on the face and scalp is probably minimal or insignificant. 
Other studies have shown similar results with no statistically 
significant differences (169, 170). A limited number of studies suggest 
though that dermatologists have lower IERs compared to other 
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medical specialties (137, 163), However, this relationship is probably 
highly influenced by confounding variables.

Whether the treating physician was a specialist or a resident did 
not affect the IERs. Regarding case complexity, both groups excised 
a similar proportion of type III BCCs and tumors with comparable 
mean diameters, although specialists removed a significantly higher 
percentage of tumors located on the face and scalp. Similar results 
regarding the physician’s level of experience, were seen in two stud-
ies covering all BCC subtypes (139, 155). In another study, specialists 
had higher IERs, probably due to managing more difficult-to-treat 
BCCs (157). In another one, higher IERs were reported for residents 
in training (162).

Our study as well as research in the field generally suggest that using 
traditional SE for aggressive BCCs on the face and scalp results in 
suboptimal IERs. Therefore, due to its precision and tissue-sparing 
properties, MMS should be considered a more appropriate treat-
ment for aggressive BCCs in cosmetically and functionally critical 
areas, particularly the face and scalp. 

In our study, a partial biopsy before surgery did not impact the 
IERs. Studies contradicting as well as confirming these findings 
have been reported in the litterature (116, 167). We showed that 
38.5% of preoperative biopsies did not match postoperative find-
ings and 92.2% of these mismatches involved upgrading from type 
II to more aggressive type III BCCs. Previous research has also 
documented inconsistencies between preoperative and postop-
erative pathology reports, with discrepancies observed in 20-62 
% of cases (107-109). Relying solely on preoperative partial biopsies 
for BCC subtype classification and treatment planning may lead 
to suboptimal surgical approaches, potentially compromising 
patient outcomes.
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Higher IERs were, as expected, seen for circular and punch ex-
cisions. Due to this it may be inadvisable to immediately cover 
the resulting defects with a graft before confirming a complete 
excision. Furthermore, flap reconstructions should be particularly 
avoided following circular excisions for aggressive BCCs without 
histopathological confirmation of free margins.

These findings highlight the challenges in completely excising 
high-risk BCC subtypes, especially in cosmetically sensitive facial 
regions with traditional SE. Careful preoperative assessment and 
appropriate surgical technique is necessary to optimize outcomes 
and minimize incomplete excisions.

Paper II

Regarding the number of MMS stages, P-BCCs required signifi-
cantly fewer than R-BCCs, but significant differences were not ob-
served when comparing P-BCCs to IE-BCCs. Comparable reports 
demonstrating this can be found in the literature (132, 160, 171). A prior 
study by our research group found that P-BCCs required 0.2 fewer 
stages than R-BCCs, although IE-BCCs were not considered as a 
separate group in that analysis (132). Leibovitch et al. and Santos-Ar-
royo et al. demonstrated that fewer MMS stages (0.23 and 0.61 less, 
respectively) were needed for P-BCCs than for R-BCCs (160, 171). In 
our study, the disparity in the number of MMS stages was relatively 
minor, with an average difference of 0.22 stages per procedure. 
However, this seemingly small difference suggests that if MMS had 
been the initial treatment for R-BCCs, it could potentially eliminate 
one surgical stage for every five cases.

Both Leibovitch et al. and Santos-Arroyo et al. as well as our 
study demonstrate a substantial difference in defect sizes between 
P-BCCs and R-BCCs, with P-BCCs being more likely to result in 
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smaller defects (160, 171). In a previous study by our group, the median 
defect area following MMS for P-BCC was 1.03 cm² smaller than 
for R-BCCs (132). The consistent findings across studies suggest 
that R-BCCs generally require more extensive excisions compared 
to P-BCCs potentially leading to larger surgical defects and more 
complex reconstructions.

Regarding reconstruction, primary closure was utilized most, 
while flaps and grafts were used more infrequently. We observed 
a trend where P-BCC defects were more often suited for primary 
closure compared to R-BCC defects. Closing a surgical wound with 
a primary closure is widely regarded as a straightforward, quick, 
and dependable technique with less complications (172-174). Although 
no studies have directly demonstrated it, primary closures are also 
considered to be less time-consuming. Therefore, more frequent 
use of primary closures thanks to more frequent use of MMS as 
first-line treatment for P-BCCs when indicated could potentially 
save time and reduce postoperative complications.

Analyzing the difference between pre-MMS lesion size and final 
defect size, we saw an average difference of 13.4 mm for R-BCCs 
and 12.0 mm for IE-BCCs implying that average clinical margins of 
around 6.7 mm and 6.0 mm, respectively, are needed. These find-
ings suggest that the standard 5-mm clinical margins often used for 
high-risk R-BCCs and IE-BCCs in SE are frequently insufficient. 
This would explain the high IERs observed when using SE for these 
tumor types (137, 138, 162).

There are many challenges in optimal BCC management. Misiden-
tification of high-risk BCCs across medical specialties, knowledge 
gaps regarding MMS indications and benefits as well as long 
waiting times for MMS leads to suboptimal treatment choices. We 
have also seen that unreliable preoperative biopsies can misguide 
treatment decisions (109, 175, 176). To improve this, we need to enhance 
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preoperative diagnostic techniques, improving diagnostic accuracy 
through dermoscopy and clearer indications for when and how to 
perform preoperative biopsies to improve treatment decision. Also, 
broader education on MMS indications across medical specialties 
will hopefully lead to referrals of P-BCCs rather then previously 
treated tumors. 

Sweden and many other Nordic countries have historically viewed 
MMS as a last resort, limiting its adoption. However, our depart-
ment’s shift to prioritizing MMS for P-BCCs has yielded significant 
improvements compared with the previously studied time between 
1993-2003 (132).

• MMS for P-BCC increased from 56% to 70.1% of all surger-
ies.

• The number of daily MMS procedures doubled since fewer 
stages were required.

• Average stages per tumor decreased from 2.4 to 1.9

• Median defect size reduced from 3.9 cm² to 2.7 cm²

• Primary closures increased from 16.2% to 51.0%

R-BCCs have been shown to be a risk factor for needing ≥4 stages 
of MMS more frequently (177). Recurrence rates after MMS are also 
higher for R-BCCs reducing its effectiveness (133, 159, 160, 178). These 
results demonstrate that embracing MMS as a primary treatment 
when indicated rather than a rescue method when less effective 
methods have failed enhances patient outcomes.

 67

HANNAH CEDER  DISCUSSION

Paper III

This retrospective analysis of facial BCCs explored the clinical and 
dermoscopic characteristics that can predict histopathological sub-
types. The study found moderate agreement among observers and 
highlighted the importance of combining clinical features with der-
moscopy for accurate diagnosis. A ’bumpy’ topography and poorly 
defined tumor borders, i.e., clinical féatures, were notably two of 
the criteria most strongly linked to high-risk BCCs. This under-
scores the importance of considering both clinical and dermoscopic 
features in the assessment of BCCs, particularly when attempting 
to predict the histopathological subtype and associated risk level.

High-risk BCCs have been characterized as having a more com-
plex surface topography, described as a plaque with areas that may 
be depressed, raised, and/or resemble scars (38, 74, 75, 179). Previous 
research has shown that 71.4-100% of sBCCs exhibit flat surface 
topography, 75.0-92.5% of nBCCs show an ’elevated’/’infiltrated’ or 
nodular surface topography, and 53.7-100% of high-risk BCCs have 
either a flat or ’elevated’/’infiltrated’ surface topography (180-183).

Our study revealed that nBCCs were characterized by well-defined 
clinical and dermoscopic borders, a finding consistent with several 
earlier publications. For instance, Conforti et al. noted it in 77.8% 
of nBCCs (184). Our results show that ill-defined clinical and/or 
dermoscopic borders are linked to high-risk BCCs. This partially 
aligns with seen in Conforti et al.’s observations of sclerodermi-
form BCCs observed to have ill-defined edges in 82.5% of cases 
compared to 30.5% of sBCCs (184). On the contrary in our study, 
both in high-risk BCCs and sBCCs ill-defined borders were seen. A 
recent study by Kamimura et al. demonstrated high consistency in 
border assessment among medical professionals. They reported an 
86% interobserver agreement when evaluating whether the clinical 
borders of BCCs were well-defined or ill-defined.
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In 39% of the high-risk BCCs in our study we found the presence 
of white porcelain areas. This aligns with recent research, where 
white porcelain areas were described in 30.4% of >100 high-risk 
BCCs, including micronodular and morpheaform subtypes (185). 
This percentage is slightly lower than our findings but still indicates 
a significant presence of this feature in high-risk BCCs. In a related 
study, pink-white areas’ (analogous to white porcelain areas) were 
observed in 84.5% of sclerodermiform BCCs (184). The higher preva-
lence in that study may be attributed to its focus on sclerodermiform 
BCCs, a particularly aggressive subtype.

Vessel morphology in BCCs is complex due to the large number of 
different terms used. In our study as well as in others, focused or ar-
borizing vessels have been shown to be more common in high-risk 
BCCs as well as in nBCCs (75-86% and 50-76% respectively) than 
in sBCCs (7-21%). Conversely, unfocused vessels (also called ‘short 
fine telangiectasias’) were only seen in 3-18% of nBCCs, 20-46% 
of high-risk BCCs but in 60-75% of sBCCs (74, 183, 186). Conforti et al. 
used a different classification for vessel morphology but found that 
only 2.1% of 95 sBCCs exhibited ‘classical’ arborizing vessels (184). 
This differentiation between vessel types is crucial for accurately 
diagnosing and categorizing BCC subtypes.

Lesions that show raised topography and well-defined borders 
are likely to be diagnosed as a nBCC. Though only identified in 
27.5%, we identified ‘vessels within ulceration’ as a novel sign that 
could serve as a key clue in identifying BCCs with high-risk histo-
pathological subtypes despite a raised surface topography or having 
well-defined tumor borders for example. 

sBCCs were associated with the presence of ≥4 erosions, although 
this was a relatively rare finding occurring in only 7% of the cases. 
Previous studies have reported ‘multiple small erosions’ in 38.6-
47.1% of sBCCs (181-183, 186).
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Additionally, the presence of any blue pigment was linked to nBCCs, 
with this feature observed in 17% of such tumors. Other researches, 
included patients from, among others, Spain, Italy, USA, Germany, 
the Netherlands, and Austria have identified blue-gray ovoid nests 
in 27-55%, of nBCCs, compared to 9-21% of sBCCs and 5-21% of 
high-risk BCCs (182, 183, 186). Our cohort as well as in Ahnlides et al. 

study was from the Swedish fair-skinned population which may 
explain the difference.

Understanding the degree of interobserver agreement is crucial 
for enhancing the core teaching methodologies used to identify 
high-risk facial BCCs (187). In our study, the overall interobserver 
agreement for clinical and dermoscopic findings ranged from fair 
to substantial. For comparison, Di Meo et al.’s study using four 
observers assessing small BCCs reported κ-values between 0.27 and 
0.55 (188). Similarly, Peris et al.’s study with five observers assessing 
pigmented BCCs found κ-values between 0.26 and 0.85 (189). 

When it comes to predicting the histopathological subtype of BCCs, 
our study demonstrated a higher level of interobserver agreement 
compared to some previous research. We observed a κ-value of 
0.53, which indicates moderate agreement among observers. In 
contrast, Nedved et al. reported lower interobserver agreement 
(κ=0.30) when six observers participated (54). Popadic et al. reported 
a lower κ-value for iBCCs (0.13) than for for sBCCs, (0.85) and 
nBCCS (0.62) in a study involving two observers (112). These findings 
highlight the variability in agreement levels across different BCC 
subtypes and underscore the challenges in consistently predicting 
histopathological subtypes based on clinical and dermoscopic fea-
tures. 

Prior to commencing the study, a consensus meeting was con-
ducted. The potential advanteges with a consensus meeting are 
the standardization of the definitions of the assessed features, 
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which may improve data quality and an increased interobserver 
agreement. A consensus meeting could also allow for education 
and skill alignment as well as identification of ambiguities so that 
they could be addressed during the meeting and reduce the need for 
clarification or revisions later. The disadvantages with a consensus 
meeting include the time consumption, the logistical challenge 
due to varying time zones and reduced observer independence. 
Furthermore, in clinical practice, it is the individual dermatologist 
and not a consensus among multiple readers that determines the 
diagnostic process and management decision. 

Finally, we developed a diagnostic algorithm aimed at identifying 
high-risk subtypes of BCCs. This algorithm demonstrated prom-
ising results, achieving relatively high levels of both sensitivity 
and specificity. We observed a significant increase in sensitivity 
when dermoscopic features were incorporated alongside clinical 
topography assessment and despite the increase in sensitivity, the 
algorithm maintained a relatively high level of specificity. During 
the algorithm’s development, we employed an innovative “inverse 
approach” strategy to exclude (rather than identify) superficial and 
nodular subtypes, even when the surface topography suggested 
their presence. These findings suggest that integrating multiple 
significant clinical and dermoscopic features can improve the pre-
operative prediction of high-risk BCC subtypes, which is crucial for 
guiding the need for a preoperative biopsy and optimizing surgical 
planning. The proposed diagnostic algorithm shows promise as a 
tool to identify facial BCCs that may warrant further evaluation and 
perhaps the need for MMS. 
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Paper IV

Based on our understanding, this pilot study represents the first 
attempt to integrate MMS with in vivo HI for preoperative de-
lineation of the lateral margins of high-risk facial BCCs. Using a 
CNN with pixel-wise classification, the model achieved relatively 
high sensitivity and specificity in detecting subclinical lateral tumor 
extensions. 

Several non-invasive imaging techniques are available for assessing 
the lateral margins of BCCs, including dermoscopy, RCM, OCT, 
and LC-OCT. Among these, dermoscopy is the most widely used in 
clinical practice for detecting lateral BCC margins. However, its ef-
fectiveness in reducing the number of excision stages during MMS 
remains debated, with limited evidence supporting its accuracy (60, 

61). Yeom et al. suggest that dermoscopic evaluation can help reduce 
the final number of MMS stages and defect size, particularly in BCC 
patients (77). However, the diagnostic accuracy of dermoscopy is 
highly user-dependent (66).

In contrast, preoperative use of RCM and OCT has shown promise 
in minimizing the number of excision stages required during MMS 
for BCCs (60). These advanced imaging techniques, along with LC-
OCT, may provide more precise margin delineation compared to 
dermoscopy, potentially improving surgical outcomes and efficien-
cy. 

Paradise et al. demonstrated considerably lower numbers of MMS 
stages and lowered likelihood of patients undergoing more than one 
MMS stage by preoperatively mapping BCC tumor margins with 
LC-OCT (90). Similarly, Michelini et al. demonstrated an overall 
sensitivity of 100% and a specificity of 96.3% on margin evaluation 
(91). On the other hand, a study by Adan et al. reported a sensitivity of 
63.0% and a specificity of 53% for assessing BCC resection margins 



72 

DISCUSSION HANNAH CEDER

with OCT before MMS (88). Comparatively, Venturini et al. found 
that RCM detected subclinical extensions in only 3 of 10 cases in 
contrast to margins evaluated dermoscopically before excision (78). 
Another study reported a sensitivity of 37.5% and a specificity of 
95.2% for primary lateral margin detection using RCM (190). 

HI offers key advantages for preoperative margin assessment, in-
cluding a large field of view, rapid image acquisition, and greater 
imaging depth. It can capture up to 12 cm² in 5–10 seconds, whereas 
RCM covers only 1 cm² in 2 minutes (191) and OCT scans 0.36 cm² in 
40 seconds (84). HI provides an imaging depth of ~2 mm, surpassing 
RCM (200 µm) (60) and LC-OCT (500 µm (89)), while OCT ranges 
from 0.2–2.5 mm. (84) LC-OCT enables real-time imaging in mul-
tiple mode (89) while ultrasound techniques offer deeper scanning 
(3.8–15 mm), making them more suitable for tumor depth assess-
ment (61, 192). 

In this study’s cohort, dermoscopy frequently led to incorrect 
detection of lateral margins. Similar findings have been reported 
in studies on incomplete excisions, where lateral margins were the 
most affected, followed by deep and both margins (137, 139, 154-157, 193). 
However, most previous studies did not specify margin involve-
ment by BCC subtype. This highlights the need for continued 
development of non-invasive imaging techniques to improve the 
accuracy of lateral tumor extension detection, particularly for high-
risk BCCs.

This study demonstrates that HI is effective in detecting BCC lateral 
borders with relatively high sensitivity, specificity and overall accu-
racy. However, limitations include a small sample size and the use of 
the same dataset for CNN training and classification. To overcome 
this last limitation, a pixelwise approach was chosen. Moreover, the 
study was not designed to assess deep margins and the use for HI for 
this task needs further development. Additionally, lesions on highly 
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irregular surfaces were excluded due to technical challenges. This 
has previously posed a problem with HI and has led to exclusions, 
so further adjustments are warranted (194).

Despite these limitations, HI shows potential in reducing MMS 
stages by accurately defining lateral margins preoperatively and 
may help minimize re-excisions in conventional surgery when 
MMS is unavailable. 
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Conclusions

Based on the studies included in this thesis the following conclu-
sions can be drawn:

• The results indicate that a large proportion of high-risk fa-
cial BCCs become incompletely excised using traditional SE. 
For high-risk BCCs, the tumor’s histopathological subtype 
and anatomic location are more important risk factors for 
incomplete SE than factors like resection margins, tumor 
size or surgeon experience. 

• Starting with MMS as the primary treatment for Glas type 
II-III BCCs leads to fewer stages and smaller final defects. By 
using MMS more often for P-BCCs when indicated instead 
of limiting its use to being a rescue option for IE-BCCs and 
R-BCCs, we can improve the utilization of our resources as 
well as reduce patient suffering. 

• Accurate assessment of facial BCCs requires a comprehen-
sive approach that combines both clinical and dermoscopic 
evaluations. This integrated method enhances subtype 
prediction and helps determine when a preoperative biopsy 
is warranted. Our newly developed algorithm for clinical 
and dermoscopic findings has shown promising results in 
identifying high-risk BCC cases, but needs to be validated in 
a prospective setting. 

• Using HI for tumor demarcation in high-risk BCCs demon-
strated relatively high sensitivity, specificity, and overall 
accuracy. These findings provide a foundation for future 
research.
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Future perspectives

My doctoral project has made me even more confident in believing 
that MMS is an underutilized method for high-risk facial BCCs in 
Sweden. I therefore hope to be able to continue with research and 
convince decision-makers that more resources should be allocated 
for this treatment, enabling better resource utilization and less 
suffering for the patients.

Study I in this project contributed to changing our indications for 
MMS, from the beginning only including highly aggressive facial 
BCCs (type III according to the Swedish classification) to even 
include infiltrative (type II) BCCs in sensitive anatomical areas of 
the face. I believe this is important to avoid unnecessary incomplete 
excisions, which we have observed occur frequently with these 
tumors.

An aspect that always comes up when discussing MMS is the cost. 
It is a more resource-intensive and expensive method compared 
to SE, which leads to short-term thinking rather than considering 
the long-term benefits of receiving correct treatment immediately, 
even if it involves higher initial costs. Studies have shown that 
incompletely excised BCCs or recurrent BCCs can be associated 
with increased healthcare costs and poorer outcomes for patients 
(195, 196), especially when multiple surgeries are required, and MMS 
is ultimately used as a “rescue technique” when conventional SE or 
other methods have failed. A study by Seidler et al. included BCCs 
and SCCs in evaluating MMS and SE in terms of effects and costs. 
The authors concluded that MMS was more cost-effective and 
associated with a gained QALY (197). 
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However, the literature is lacking relating to cost-effectiveness of 
MMS compared to traditional SE. MMS can save costs compared 
to SE according to a few studies, while other studies show the op-
posite (141, 195, 198). These differences may depend on the healthcare 
context. Many of the cost-effectiveness studies conducted have 
evaluated the real cost of MMS with a potential cost for SE without 
assumptions about recurrence or incomplete excisions, which may 
lead to an underestimation of the total cost for SE (141).

There is currently a lack of studies examining actual healthcare uti-
lization and costs associated with each surgical method for the treat-
ment of primary facial BCC, both nationally and internationally. 
Taking into account that skin cancer has one of the fastest-growing 
incidence rates, demands need to be placed on effective treatment 
to reduce both patient suffering and societal impact. To utilize lim-
ited healthcare resources as efficiently as possible, it is desirable to 
provide the right treatment to the right patient from the start. This 
can help fill knowledge gaps, reduce suffering for the patient group, 
and improve the efficient use of healthcare resources. 

To investigate this, I have started with a retrospective registry study 
that can examine healthcare consumption and cost data in detail for 
each treatment method and enable a longer time perspective. The 
main purpose of this upcoming retrospective registry study is to 
map, study, and compare resource utilization and associated costs 
within healthcare for the patient group with high-risk BCCs where 
MMS could have been relevant as a primary treatment method, of 
which only a proportion of patients underwent this procedure.

Regarding study III and testing the algorithm on consecutive cases 
will help assess its performance in a real-world clinical setting, 
gather new data rather than relying solely on retrospective data. By 
testing the algorithm across different centers, we can evaluate its 
generalizability and robustness across varied clinical settings and 
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patient populations. This future work will be crucial in confirming 
the algorithm’s clinical utility and potentially refining it for broader 
application in diagnosing high-risk BCC subtypes.

Another study I hope to conduct is a qualitative investigation using 
patient-reported outcome measures (PROMs) to assess patients’ 
perceptions of their illness and treatment. This project is similar 
to one being implemented by colleagues in the Netherlands. Given 
our long waiting times for MMS and the fact that many patients 
have undergone inappropriate traditional SE before reaching us, it 
would be valuable to conduct such a qualitative study in our specific 
setting. This research could provide insights into patient experi-
ences and potentially inform improvements in our care delivery 
process.



80

FUTURE PERSPECTIVES HANNAH CEDER

”Låt oss få göra rätt 
behandling direkt”
Sahlgrenskaliv, 26 april 2021

Fler med högrisk-basal-
cellscancer i ansiktet bör 
erbjudas Mohs kirurgi
Läkartidningen, 24 mars 2022

Digitalt stöd kan hitta 
allvarlig hudcancer
GU, 2 juli 2024

Kliniska och derma-
toskopiska fynd för att 
förutsäga högrisk BCC
Onkologi i Sverige, 10 sept 2024

Här är nya algoritmen 
som upptäcker hudcancer 
lättare
SVT, 8 juli 2024

Forskaren varnar för 
vanliga cancerformen 
– som går att bota
GP

Komplex kirurgi kan 
vara enklaste lösning vid 
basalcellscancer
Läkartidningen, 12 april 2021

Dr Hannah Ceder och Dr 
Eva Backman besöker 
Hudläkarpodden
Hudläkarpodden, 11 juli 2023

Mentioned in press

 81

HANNAH CEDER  FUTURE PERSPECTIVES



A
ck

no
w

le
dg

em
en

ts
8

 83

HANNAH CEDER  ACKNOWLEDGEMENTS

Acknowledgements

This thesis is a result of great collaboration and the help from many 
people. I could NOT have done this without you. 

The biggest thank to my main supervisor John Paoli. For believ-
ing in me in moments when I didn’t. For your support, time and 
involvement. The deep and superficial discussions. You’re an excel-
lent teacher and you make me want to be better all the time. Your 
door has always been open, as well as our communication through 
what’s up and email whatever time of day it is. 

Sam Polesie, my co-superviser. My own personal lexicon. Always 
reachable through signal. For your eye for details, critical thoughts, 
and your in-depth knowledge in the field of research. 

Noora Neittanmäki, my co-supervisor. For being the glamorous 
side of research and to introducing me to daylight-PDT. For open 
the amazing histopathological world!

Statistician Martin Gillstedt, for your invaluable help with the 
statistical analyses and for put up with all my questions regarding 
sensitivity, specificity and power calculations. 

Ethel Nordberg and Ann-Charlotte Lindberg for your admin-
istrative assistance and clinical help during study IV.

The former and current management of the Department of Der-
matology and Venereology, Mikael Alsterholm, Anette Gente 

Lidholm and Frida Appelqvist for your support and providing 
an environment possible to do research in.



84 

ACKNOWLEDGEMENTS HANNAH CEDER

Medical students Malin Grönberg, Annie Ekström and Laijla 

Hadjic for great collaboration and work with collecting data.

Colleagues at the Department of Dermatology for your sup-
port during these years in good and bad, your friendship and good 
times together.

Colleagues at GHM/DCH for giving me the opportunity to prac-
tice my research even more. For many good times and many laughs.

Julia Fougelberg, one plus one makes three, together we can 
climb mountains. 

Zeynep Tjörnvik, for better and worse, for being there all the 
time.

Marta Laskowski, for sisterhood and for being a younger but 
often wiser version of myself.

Magdalena Claeson, for being the best feed-back person ever, for 
always coming up with new ideas and new perspectives.

Erica Ginström Ernstad, Linnea Lindroos, Emma Lukic and 
Maria Ahlerup for being there since medical school. For conver-
sations about anything, everything and so many laughs.

Cecilia Malmsten, Åsa Ponten, Anna Frennered, Karolina 

Mehkri and Najia Azar from Tuesdays-luxury to spring/autum-
nal equinox. You’re always a call away.

Lovisa Ehrenborg, Lina Lilja, Amanda Skötte and Elisabeth 

Reimsgård for taking me through the research with the help of 
our amazing winterbaths, running- and saunatimes and the best 
Kålltorp’s book-club ever.

 85

HANNAH CEDER  ACKNOWLEDGEMENTS

My family, my mother Gunilla Ceder, my father Jacob Ceder, my 
parents-in law, Ingrid Werner and Sven Werner, thank you for 
your total support throughout these years, for helping us with our 
children at any time. Your homes have been like a second home to 
them. I know it’s been a rollercoaster. 

My sister Miriam Ceder and my brother David Ceder, for just 
being there at any time, in good and bad, sharing life.

Erik Ceder, for being digital when I’m analog. The one believing 
in me when I have doubted. For being there in my ups and downs. 
Somehow, you always manage to make the difficult seem easier. 
Our wonderful children Ester, Rakel and Karl. You are every-
thing to me. You are the ones making me realize what is important 
in life. I love you!

 

This thesis was supported by grants from the Anna-Lisa and Bror 
Björnsson’s Foundation, from the Swedish state under the agree-
ment between the Swedish government and the county councils, 
the ALF-agreement (ALFGBG-728261), and from operational 
grants from the Gothenburg Medical Society (GLS-972980 and 
GLS-985419).



Re
fe

re
nc

es
9

 87

HANNAH CEDER  REFERENCES

References
1. Lomas A, Leonardi-Bee J, Bath-Hextall F. A systematic review of worldwide 

incidence of nonmelanoma skin cancer. Br J Dermatol. 2012;166(5):1069-80.

2. https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/
statistik/2024-10-9299.pdf  [Available from: https://www.socialstyrelsen.se/
globalassets/sharepoint-dokument/artikelkatalog/statistik/2017-1-20.pdf.

3. https://kunskapsbanken.cancercentrum.se/diagnoser/basalcellscancer/
vardprogram/.

4. https://kunskapsbanken.cancercentrum.se/diagnoser/skivepitelcancer-i-huden/
vardprogram/.

5. Kricker A, Armstrong BK, English DR, Heenan PJ. A dose-response curve for sun 
exposure and basal cell carcinoma. Int J Cancer. 1995;60(4):482-8.

6. Deady S, Sharp L, Comber H. Increasing skin cancer incidence in young, affluent, 
urban populations: a challenge for prevention. Br J Dermatol. 2014;171(2):324-31.

7. Khalesi M, Whiteman DC, Tran B, Kimlin MG, Olsen CM, Neale RE. A meta-analysis 
of pigmentary characteristics, sun sensitivity, freckling and melanocytic nevi and 
risk of basal cell carcinoma of the skin. Cancer Epidemiol. 2013;37(5):534-43.

8. Asgari MM, Moffet HH, Ray GT, Quesenberry CP. Trends in Basal Cell Carcinoma 
Incidence and Identification of High-Risk Subgroups, 1998-2012. JAMA Dermatol. 
2015;151(9):976-81.

9. Jensen AO, Svaerke C, Farkas D, Pedersen L, Kragballe K, Sørensen HT. Skin 
cancer risk among solid organ recipients: a nationwide cohort study in Denmark. 
Acta Derm Venereol. 2010;90(5):474-9.

10. Madeleine MM, Patel NS, Plasmeijer EI, Engels EA, Bouwes Bavinck JN, Toland 
AE, et al. Epidemiology of keratinocyte carcinomas after organ transplantation. Br 
J Dermatol. 2017;177(5):1208-16.

11. Teepen JC, Kok JL, Kremer LC, Tissing WJE, van den Heuvel-Eibrink MM, Loonen 
JJ, et al. Long-Term Risk of Skin Cancer Among Childhood Cancer Survivors: A 
DCOG-LATER Cohort Study. J Natl Cancer Inst. 2019;111(8):845-53.

12. Farndon PA, Del Mastro RG, Evans DG, Kilpatrick MW. Location of gene for Gorlin 
syndrome. Lancet. 1992;339(8793):581-2.



88 

REFERENCES HANNAH CEDER

13. DiGiovanna JJ, Kraemer KH. Shining a light on xeroderma pigmentosum. J Invest 
Dermatol. 2012;132(3 Pt 2):785-96.

14. Aszterbaum M, Rothman A, Johnson RL, Fisher M, Xie J, Bonifas JM, et al. 
Identification of mutations in the human PATCHED gene in sporadic basal cell 
carcinomas and in patients with the basal cell nevus syndrome. J Invest Dermatol. 
1998;110(6):885-8.

15. https://static-files.cancerfonden.se/Cancer-i-siffror-2023.pdf.

16. Lo JS, Snow SN, Reizner GT, Mohs FE, Larson PO, Hruza GJ. Metastatic basal 
cell carcinoma: report of twelve cases with a review of the literature. J Am Acad 
Dermatol. 1991;24(5 Pt 1):715-9.

17. https://www.cancerfonden.se/om-cancer/statistik/malignt-melanom-i-huden.

18. Davis EJ, Johnson DB, Sosman JA, Chandra S. Melanoma: What do all the 
mutations mean? Cancer. 2018;124(17):3490-9.

19. Burston J, Clay RD. The problems of histological diagnosis in baso-squamous cell 
carcinoma of the skin. J Clin Pathol. 1959;12(1):73-9.

20. Kasper M, Jaks V, Hohl D, Toftgård R. Basal cell carcinoma - molecular biology 
and potential new therapies. J Clin Invest. 2012;122(2):455-63.

21. WHO Classification of Tumours, 4th Edition, Volume 11, 2018

22. National comprehensive  Cancer Network, Basal Cell Skin Cancer (Version1.2021). 
Available from: https://www.nccn.org 

23. Backman E, Oxelblom M, Gillstedt M, Dahlén Gyllencreutz J, Paoli J. Basal cell 
carcinoma: Epidemiological impact of clinical versus histopathological diagnosis. 
J Eur Acad Dermatol Venereol. 2023;37(3):521-7.

24. Kappelin J, Green AC, Ingvar Å, Ahnlide I, Nielsen K. Incidence and trends of 
basal cell carcinoma in Sweden: a population-based registry study. Br J Dermatol. 
2022;186(6):963-9.

25. Verkouteren JAC, Ramdas KHR, Wakkee M, Nijsten T. Epidemiology of basal cell 
carcinoma: scholarly review. Br J Dermatol. 2017;177(2):359-72.

26. Kappelin J, Ahnlide I, Ingvar Å, Nielsen K. The Burden of Multiple Basal Cell 
Carcinomas: A Population-wide Study. Acta Derm Venereol. 2024;104:adv40112.

27. https://www.socialstyrelsen.se/globalassets/sharepoint-dokument/artikelkatalog/
statistik/2022-12-8309.pdf.

 89

HANNAH CEDER  REFERENCES

28. Cameron MC, Lee E, Hibler BP, Barker CA, Mori S, Cordova M, et al. Basal cell 
carcinoma: Epidemiology; pathophysiology; clinical and histological subtypes; and 
disease associations. J Am Acad Dermatol. 2019;80(2):303-17.

29. Kappelin J, Nielsen K, Nilsson F, Bjellerup M, Ahnlide I. Surgical treatment of basal 
cell carcinoma: a case series on factors influencing the risk of an incomplete 
primary excision. J Eur Acad Dermatol Venereol. 2020;34(11):2518-25.

30. Fijałkowska M, Bonczar M, Jastrzębski I, Ostrowski P, Antoszewski B, Koziej 
M. Growth rate of basal cell carcinoma: a meta-analysis and systematic review. 
Postepy dermatologii i alergologii. 2023;40(2):220-4.

31. van Winden MEC, Hetterschijt CRM, Bronkhorst EM, van de Kerkhof PCM, de 
Jong E, Lubeek SFK. Evaluation of Watchful Waiting and Tumor Behavior in 
Patients With Basal Cell Carcinoma: An Observational Cohort Study of 280 Basal 
Cell Carcinomas in 89 Patients. JAMA Dermatol. 2021;157(10):1174-81.

32. Kokkinos C, Kanapathy M, Heydari S, Hamilton S, Withey S. Waiting time for Mohs 
Micrographic Surgery and the associated increase in lesion size of basal cell 
carcinoma. J Plast Reconstr Aesthet Surg. 2022;75(9):3384-9.

33. Sykes AJ, Wlodek C, Trickey A, Clayton GL, Oakley A. Growth rate of clinically 
diagnosed superficial basal cell carcinoma and changes in dermoscopic features 
over time. Australas J Dermatol. 2020;61(4):330-6.

34. Rademaker M. Growth of periocular basal cell carcinoma. Br J Dermatol. 
2015;172(4):853.

35. Truchuelo M, Ríos-Buceta L, Bèa-Arbedol S, Alcántara González J, Olasolo PJ. 
Basal cell carcinoma growth in patients waiting for Mohs surgery: a prospective 
study. J Eur Acad Dermatol Venereol. 2013;27(1):e141-3.

36. Rembielak A, Ajithkumar T. Non-Melanoma Skin Cancer - An Underestimated 
Global Health Threat? Clin Oncol (R Coll Radiol). 2019;31(11):735-7.

37. Kilgour JM, Jia JL, Sarin KY. Review of the Molecular Genetics of Basal 
Cell Carcinoma; Inherited Susceptibility, Somatic Mutations, and Targeted 
Therapeutics. Cancers (Basel). 2021;13(15).

38. Peris K, Fargnoli MC, Kaufmann R, Arenberger P, Bastholt L, Seguin NB, et 
al. European consensus-based interdisciplinary guideline for diagnosis and 
treatment of basal cell carcinoma-update 2023. European journal of cancer 
(Oxford, England : 1990). 2023;192:113254.

39. Amici JM, Dousset L, Battistella M, Vergier B, Bailly JY, Cogrel O, et al. Clinical 
factors predictive for histological aggressiveness of basal cell carcinoma: A 
prospective study of 2274 cases. Annales de dermatologie et de venereologie. 
2021;148(1):23-7.



90 

REFERENCES HANNAH CEDER

40. Peterson SC, Eberl M, Vagnozzi AN, Belkadi A, Veniaminova NA, Verhaegen ME, et 
al. Basal cell carcinoma preferentially arises from stem cells within hair follicle and 
mechanosensory niches. Cell Stem Cell. 2015;16(4):400-12.

41. Wang GY, Wang J, Mancianti ML, Epstein EH, Jr. Basal cell carcinomas arise from 
hair follicle stem cells in Ptch1(+/-) mice. Cancer Cell. 2011;19(1):114-24.

42. Youssef KK, Van Keymeulen A, Lapouge G, Beck B, Michaux C, Achouri Y, et al. 
Identification of the cell lineage at the origin of basal cell carcinoma. Nat Cell Biol. 
2010;12(3):299-305.

43. Carballo GB, Honorato JR, de Lopes GPF, Spohr T. A highlight on Sonic hedgehog 
pathway. Cell Commun Signal. 2018;16(1):11.

44. Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, et al. Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 1998;391(6662):90-2.

45. Reifenberger J, Wolter M, Knobbe CB, Köhler B, Schönicke A, Scharwächter C, et 
al. Somatic mutations in the PTCH, SMOH, SUFUH and TP53 genes in sporadic 
basal cell carcinomas. Br J Dermatol. 2005;152(1):43-51.

46. Pellegrini C, Maturo MG, Di Nardo L, Ciciarelli V, Gutiérrez García-Rodrigo C, 
Fargnoli MC. Understanding the Molecular Genetics of Basal Cell Carcinoma. Int J 
Mol Sci. 2017;18(11).

47. Ikehata H, Ono T. The mechanisms of UV mutagenesis. J Radiat Res. 
2011;52(2):115-25.

48. Miller SJ, Alam M, Andersen J, Berg D, Bichakjian CK, Bowen G, et al. Basal cell 
and squamous cell skin cancers. J Natl Compr Canc Netw. 2010;8(8):836-64.

49. Grob JJ, Gaudy-Marqueste C, Guminski A, Malvehy J, Basset-Seguin N, Bertrand 
B, et al. Position statement on classification of basal cell carcinomas. Part 2: EADO 
proposal for new operational staging system adapted to basal cell carcinomas. J 
Eur Acad Dermatol Venereol. 2021;35(11):2149-53.

50. Grob JJ, Guminski A, Malvehy J, Basset-Seguin N, Bertrand B, Fernandez-Penas 
P, et al. Position statement on classification of basal cell carcinomas. Part 1: 
unsupervised clustering of experts as a way to build an operational classification 
of advanced basal cell carcinoma based on pattern recognition. J Eur Acad 
Dermatol Venereol. 2021;35(10):1949-56.

51. Rippey JJ. Why classify basal cell carcinomas? Histopathology. 1998;32(5):393-8.

52. Jernbeck J, Glaumann B, Glas JE. [Basal cell carcinoma. Clinical evaluation 
of the histological grading of aggressive types of cancer]. Lakartidningen. 
1988;85(42):3467-70.

 91

HANNAH CEDER  REFERENCES

53. Wetzel M, Strickley J, Haeberle MT, Brown TS. Depth of Invasion of Aggressive 
and Nonaggressive Basal Cell Carcinoma. J Clin Aesthet Dermatol. 2019;12(3):12-
4.

54. Nedved D, Tonkovic-Capin V, Hunt E, Zaidi N, Kucenic MJ, Graves JJ, et al. 
Diagnostic concordance rates in the subtyping of basal cell carcinoma by 
different dermatopathologists. J Cutan Pathol. 2014;41(1):9-13.

55. McKenzie CA, Chen AC, Choy B, Fernández-Peñas P, Damian DL, Scolyer RA. 
Classification of high risk basal cell carcinoma subtypes: experience of the 
ONTRAC study with proposed definitions and guidelines for pathological 
reporting. Pathology. 2016;48(5):395-7.

56. Fernández-Figueras MT, Malvehi J, Tschandl P, Rutten A, Rongioletti F, Requena 
L, et al. Position paper on a simplified histopathological classification of basal 
cell carcinoma: results of the European Consensus Project. J Eur Acad Dermatol 
Venereol. 2022;36(3):351-9.

57. Wermker K, Roknic N, Goessling K, Klein M, Schulze HJ, Hallermann C. 
Basosquamous carcinoma of the head and neck: clinical and histologic 
characteristics and their impact on disease progression. Neoplasia. 
2015;17(3):301-5.

58. Garcia C, Poletti E, Crowson AN. Basosquamous carcinoma. J Am Acad Dermatol. 
2009;60(1):137-43.

59. Soglia S, Pérez-Anker J, Lobos Guede N, Giavedoni P, Puig S, Malvehy J. 
Diagnostics Using Non-Invasive Technologies in Dermatological Oncology. 
Cancers (Basel). 2022;14(23).

60. Que SKT. Research Techniques Made Simple: Noninvasive Imaging 
Technologies for the Delineation of Basal Cell Carcinomas. J Invest Dermatol. 
2016;136(4):e33-e8.

61. Janowska A, Oranges T, Granieri G, Romanelli M, Fidanzi C, Iannone M, et al. 
Non-invasive imaging techniques in presurgical margin assessment of basal cell 
carcinoma: Current evidence. Skin Res Technol. 2023;29(2):e13271.

62. Niculet E, Craescu M, Rebegea L, Bobeica C, Nastase F, Lupasteanu G, et al. Basal 
cell carcinoma: Comprehensive clinical and histopathological aspects, novel 
imaging tools and therapeutic approaches (Review). Exp Ther Med. 2022;23(1):60.

63. Malvehy J, Pellacani G. Dermoscopy, Confocal Microscopy and other Non-
invasive Tools for the Diagnosis of Non-Melanoma Skin Cancers and Other Skin 
Conditions. Acta Derm Venereol. 2017;Suppl 218:22-30.



92 

REFERENCES HANNAH CEDER

64. Vestergaard ME, Macaskill P, Holt PE, Menzies SW. Dermoscopy compared with 
naked eye examination for the diagnosis of primary melanoma: a meta-analysis of 
studies performed in a clinical setting. Br J Dermatol. 2008;159(3):669-76.

65. Lallas A, Apalla Z, Ioannides D, Argenziano G, Castagnetti F, Moscarella E, et al. 
Dermoscopy in the diagnosis and management of basal cell carcinoma. Future 
oncology (London, England). 2015;11(22):2975-84.

66. Reiter O, Mimouni I, Gdalevich M, Marghoob AA, Levi A, Hodak E, et al. The 
diagnostic accuracy of dermoscopy for basal cell carcinoma: A systematic review 
and meta-analysis. J Am Acad Dermatol. 2019;80(5):1380-8.

67. 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;33(10):1158-74.

68. Davis S, Piggott C, Lyon C, DeSanto K. Effectiveness of dermoscopy in skin 
cancer diagnosis. Can Fam Physician. 2020;66(10):739-40.

69. Sexton M, Jones DB, Maloney ME. Histologic pattern analysis of basal cell 
carcinoma. Study of a series of 1039 consecutive neoplasms. J Am Acad 
Dermatol. 1990;23(6 Pt 1):1118-26.

70. Lallas A, Apalla Z, Argenziano G, Longo C, Moscarella E, Specchio F, et al. The 
dermatoscopic universe of basal cell carcinoma. Dermatol Pract Concept. 
2014;4(3):11-24.

71. Wozniak-Rito A, Zalaudek I, Rudnicka L. Dermoscopy of basal cell carcinoma. 
Clinical and experimental dermatology. 2018;43(3):241-7.

72. Fargnoli MC, Kostaki D, Piccioni A, Micantonio T, Peris K. Dermoscopy in the 
diagnosis and management of non-melanoma skin cancers. European journal of 
dermatology : EJD. 2012;22(4):456-63.

73. Pyne J, Sapkota D, Wong JC. Aggressive basal cell carcinoma: dermatoscopy 
vascular features as clues to the diagnosis. Dermatology practical & conceptual. 
2012;2(3):203a02.

74. Pampena R, Parisi G, Benati M, Borsari S, Lai M, Paolino G, et al. Clinical and 
Dermoscopic Factors for the Identification of Aggressive Histologic Subtypes of 
Basal Cell Carcinoma. Frontiers in Oncology. 2021;10.

75. Conforti C, Giuffrida R, Agozzino M, Cannavo PS, Dianzani C, di Meo N, et al. 
Basal cell carcinoma and dermal nevi of the face: comparison of localization and 
dermatoscopic features. International journal of dermatology. 2021;60(8):996-
1002.

 93

HANNAH CEDER  REFERENCES

76. Sgouros D, Apalla Z, Theofili M, Damaskou V, Kokkalis G, Kitsiou E, et al. 
How to spot a basosquamous carcinoma: a study on demographics, clinical-
dermatoscopic features and histopathological correlations. European journal of 
dermatology : EJD. 2021;31(6):779-84.

77. Yeom SD, Lee SH, Ko HS, Chung KY, Shin J, Choi GS, et al. Effectiveness of 
dermoscopy in Mohs micrographic surgery (MMS) for nonmelanoma skin cancer 
(NMSC). Int J Dermatol. 2017;56(6):e136-e9.

78. Venturini M, Gualdi G, Zanca A, Lorenzi L, Pellacani G, Calzavara-Pinton PG. A new 
approach for presurgical margin assessment by reflectance confocal microscopy 
of basal cell carcinoma. Br J Dermatol. 2016;174(2):380-5.

79. Shahriari N, Grant-Kels JM, Rabinovitz H, Oliviero M, Scope A. Reflectance 
confocal microscopy: Principles, basic terminology, clinical indications, limitations, 
and practical considerations. J Am Acad Dermatol. 2021;84(1):1-14.

80. Kadouch DJ, Schram ME, Leeflang MM, Limpens J, Spuls PI, de Rie MA. In vivo 
confocal microscopy of basal cell carcinoma: a systematic review of diagnostic 
accuracy. J Eur Acad Dermatol Venereol. 2015;29(10):1890-7.

81. Kadouch DJ, Elshot YS, Zupan-Kajcovski B, van Haersma de With ASE, van der 
Wal AC, Leeflang M, et al. One-stop-shop with confocal microscopy imaging 
vs. standard care for surgical treatment of basal cell carcinoma: an open-
label, noninferiority, randomized controlled multicentre trial. Br J Dermatol. 
2017;177(3):735-41.

82. Ulrich M, Themstrup L, de Carvalho N, Manfredi M, Grana C, Ciardo S, et 
al. Dynamic Optical Coherence Tomography in Dermatology. Dermatology. 
2016;232(3):298-311.

83. Olsen J, Themstrup L, De Carvalho N, Mogensen M, Pellacani G, Jemec GB. 
Diagnostic accuracy of optical coherence tomography in actinic keratosis and 
basal cell carcinoma. Photodiagnosis Photodyn Ther. 2016;16:44-9.

84. Cheng HM, Guitera P. Systematic review of optical coherence tomography 
usage in the diagnosis and management of basal cell carcinoma. Br J Dermatol. 
2015;173(6):1371-80.

85. Ulrich M, von Braunmuehl T, Kurzen H, Dirschka T, Kellner C, Sattler E, et al. The 
sensitivity and specificity of optical coherence tomography for the assisted 
diagnosis of nonpigmented basal cell carcinoma: an observational study. Br J 
Dermatol. 2015;173(2):428-35.

86. De Carvalho N, Schuh S, Kindermann N, Kästle R, Holmes J, Welzel J. Optical 
coherence tomography for margin definition of basal cell carcinoma before 
micrographic surgery-recommendations regarding the marking and scanning 
technique. Skin Res Technol. 2018;24(1):145-51.



94 

REFERENCES HANNAH CEDER

87. Wang KX, Meekings A, Fluhr JW, McKenzie G, Lee DA, Fisher J, et al. Optical 
coherence tomography-based optimization of mohs micrographic surgery of 
Basal cell carcinoma: a pilot study. Dermatol Surg. 2013;39(4):627-33.

88. Adan F, Kallen EJJ, Dermont G, Muche JM, Sinx KAE, Schilder A, et al. Diagnostic 
accuracy of optical coherence tomography in the assessment of in vivo primary 
basal cell carcinoma resection margins prior to Mohs Micrographic Surgery. J Eur 
Acad Dermatol Venereol. 2022;36(4):e270-e2.

89. Ruini C, Schuh S, Sattler E, Welzel J. Line-field confocal optical coherence 
tomography-Practical applications in dermatology and comparison with 
established imaging methods. Skin Res Technol. 2021;27(3):340-52.

90. Paradisi A, Cornacchia L, Cappilli S, Abeni D, Federico F, Di Stefani A, et al. 
Preoperative evaluation of high-risk basal cell carcinoma with line-field confocal 
optical coherence tomography (LC-OCT) reduces Mohs micrographic surgery 
stage number: A case-control study. EJC Skin Cancer. 2024;2:100015.

91. Michelini S, Mandel VD, Ardigò M, Ciardo S, Cota C, Cesinaro AM, et al. Combining 
Reflectance Confocal Microscopy, Optical Coherence Tomography and Ex-Vivo 
Fluorescence Confocal Microscopy for Margin Assessment in Basal Cell 
Carcinoma Excision. Dermatol Pract Concept. 2024;14(2).

92. Jambusaria-Pahlajani A, Schmults CD, Miller CJ, Shin D, Williams J, Kurd SK, et al. 
Test characteristics of high-resolution ultrasound in the preoperative assessment 
of margins of basal cell and squamous cell carcinoma in patients undergoing 
Mohs micrographic surgery. Dermatol Surg. 2009;35(1):9-15; discussion -6.

93. Bozsányi S, Boostani M, Farkas K, Hamilton-Meikle P, Varga NN, Szabó B, et al. 
Optically Guided High-Frequency Ultrasound to Differentiate High-Risk Basal Cell 
Carcinoma Subtypes: A Single-Centre Prospective Study. J Clin Med. 2023;12(21).

94. Lu G, Fei B. Medical hyperspectral imaging: a review. J Biomed Opt. 
2014;19(1):10901.

95. Neittaanmäki N, Salmivuori M, Pölönen I, Jeskanen L, Ranki A, Saksela O, et al. 
Hyperspectral imaging in detecting dermal invasion in lentigo maligna melanoma. 
Br J Dermatol. 2017;177(6):1742-4.

96. Neittaanmäki-Perttu N, Grönroos M, Jeskanen L, Pölönen I, Ranki A, Saksela O, et 
al. Delineating margins of lentigo maligna using a hyperspectral imaging system. 
Acta Derm Venereol. 2015;95(5):549-52.

97. Neittaanmäki-Perttu N, Grönroos M, Tani T, Pölönen I, Ranki A, Saksela O, et al. 
Detecting field cancerization using a hyperspectral imaging system. Lasers Surg 
Med. 2013;45(7):410-7.

 95

HANNAH CEDER  REFERENCES

98. Räsänen J, Salmivuori M, Pölönen I, Grönroos M, Neittaanmäki N. Hyperspectral 
Imaging Reveals Spectral Differences and Can Distinguish Malignant Melanoma 
from Pigmented Basal Cell Carcinomas: A Pilot Study. Acta Derm Venereol. 
2021;101(2):adv00405.

99. Salmivuori M, Neittaanmäki N, Pölönen I, Jeskanen L, Snellman E, Grönroos 
M. Hyperspectral imaging system in the delineation of Ill-defined basal cell 
carcinomas: a pilot study. J Eur Acad Dermatol Venereol. 2019;33(1):71-8.

100. Jairath N, Pahalyants V, Shah R, Weed J, Carucci JA, Criscito MC. Artificial 
Intelligence in Dermatology: A Systematic Review of Its Applications in Melanoma 
and Keratinocyte Carcinoma Diagnosis. Dermatol Surg. 2024;50(9):791-8.

101. Widaatalla Y, Wolswijk T, Adan F, Hillen LM, Woodruff HC, Halilaj I, et al. The 
application of artificial intelligence in the detection of basal cell carcinoma: A 
systematic review. J Eur Acad Dermatol Venereol. 2023;37(6):1160-7.

102. Polesie S, Gillstedt M, Ahlgren G, Ceder H, Dahlén Gyllencreutz J, Fougelberg J, et 
al. Discrimination Between Invasive and In Situ Melanomas Using Clinical Close-
Up Images and a De Novo Convolutional Neural Network. Front Med (Lausanne). 
2021;8:723914.

103. Papachristou P, Söderholm M, Pallon J, Taloyan M, Polesie S, Paoli J, et al. 
Evaluation of an artificial intelligence-based decision support for the detection 
of cutaneous melanoma in primary care: a prospective real-life clinical trial. Br J 
Dermatol. 2024;191(1):125-33.

104. Rajpara SM, Botello AP, Townend J, Ormerod AD. Systematic review of 
dermoscopy and digital dermoscopy/ artificial intelligence for the diagnosis of 
melanoma. Br J Dermatol. 2009;161(3):591-604.

105. Haenssle HA, Fink C, Schneiderbauer R, Toberer F, Buhl T, Blum A, et al. Man 
against machine: diagnostic performance of a deep learning convolutional 
neural network for dermoscopic melanoma recognition in comparison to 58 
dermatologists. Ann Oncol. 2018;29(8):1836-42.

106. Patel RH, Foltz EA, Witkowski A, Ludzik J. Analysis of Artificial Intelligence-Based 
Approaches Applied to Non-Invasive Imaging for Early Detection of Melanoma: A 
Systematic Review. Cancers (Basel). 2023;15(19).

107. Welsch MJ, Troiani BM, Hale L, DelTondo J, Helm KF, Clarke LE. Basal cell 
carcinoma characteristics as predictors of depth of invasion. J Am Acad 
Dermatol. 2012;67(1):47-53.

108. Kamyab-Hesari K, Seirafi H, Naraghi ZS, Shahshahani MM, Rahbar Z, Damavandi 
MR, et al. Diagnostic accuracy of punch biopsy in subtyping basal cell carcinoma. 
J Eur Acad Dermatol Venereol. 2014;28(2):250-3.



96 

REFERENCES HANNAH CEDER

109. Haws AL, Rojano R, Tahan SR, Phung TL. Accuracy of biopsy sampling for 
subtyping basal cell carcinoma. J Am Acad Dermatol. 2012;66(1):106-11.

110. Maher NG, Prosser N, Aivazian K, Colebatch AJ, Ferguson PM, Karim RZ, et al. 
Inter-rater concordance of basal cell carcinoma subtypes: influences on reporting 
format and opportunities for further classification modifications. Pathology. 
2023;55(6):800-5.

111. Wechsler J, Zanetti R, Schrameck C, Rosso S, Pippione M, Linares J, et al. 
Reproducibility of histopathologic diagnosis and classification of non-melanocytic 
skin cancer: a panel exercise in the framework of the multicenter southern 
European study HELIOS. Tumori. 2001;87(2):95-100.

112. Popadić M, Brasanac D. The use of dermoscopy in distinguishing the 
histopathological subtypes of basal cell carcinoma: A retrospective, 
morphological study. Indian J Dermatol Venereol Leprol. 2022;88(5):598-607.

113. Kuijpers DI, Thissen MR, Neumann MH. Basal cell carcinoma: treatment options 
and prognosis, a scientific approach to a common malignancy. American journal 
of clinical dermatology. 2002;3(4):247-59.

114. Trakatelli M, Morton C, Nagore E, Ulrich C, Del Marmol V, Peris K, et al. Update of 
the European guidelines for basal cell carcinoma management. European journal 
of dermatology : EJD. 2014;24(3):312-29.

115. Telfer NR, Colver GB, Morton CA. Guidelines for the management of basal cell 
carcinoma. Br J Dermatol. 2008;159(1):35-48.

116. Codazzi D, Van Der Velden J, Carminati M, Bruschi S, Bocchiotti MA, Di Serio C, 
et al. Positive compared with negative margins in a single-centre retrospective 
study on 3957 consecutive excisions of basal cell carcinomas. Associated 
risk factors and preferred surgical management. J Plast Surg Hand Surg. 
2014;48(1):38-43.

117. Swedish Society for Dermatological Surgery and Oncology (SDKO). [SDKO 
Guidelines for the Management of Squamous Cell Carcinoma and Basal Cell 
Carcinoma] (In Swedish). 2016. Available from: http://ssdv.se/images/pdf/
SDKOs_Riktlinjer_for_SCC__BCC_2016.pdf.

118. Kim JYS, Kozlow JH, Mittal B, Moyer J, Olencki T, Rodgers P. Guidelines of care for 
the management of basal cell carcinoma. J Am Acad Dermatol. 2018;78(3):540-59.

119. Helsing P, Gjersvik P, Tarstedt M. Treatment of basal cell carcinoma in 
Scandinavia: evidence or eminence based? Int J Dermatol. 2015;54(9):1030-3.

120. Paoli J, Gyllencreutz JD, Fougelberg J, Backman EJ, Modin M, Polesie S, et al. 
Nonsurgical Options for the Treatment of Basal Cell Carcinoma. Dermatol Pract 
Concept. 2019;9(2):75-81.

 97

HANNAH CEDER  REFERENCES

121. Hoashi T, Kanda N, Saeki H. Molecular Mechanisms and Targeted Therapies of 
Advanced Basal Cell Carcinoma. Int J Mol Sci. 2022;23(19).

122. European Society for Micrographic Surgery. ESMS position document on the 
use of Mohs micrographic surgery and other micrographic surgery techniques in 
Europe. 2019. Available at: www.esms-mohs.eu.

123. Cammarata E, Esposto E, Airoldi C, Giorgione R, Boggio P, Savoia P. Mohs 
micrographic technique in high-risk basal cell carcinoma: a 3D prediction of 
safety margins. J Wound Care. 2024;33(Sup8a):cxciv-cxcviii.

124. Abide JM, Nahai F, Bennett RG. The meaning of surgical margins. Plast Reconstr 
Surg. 1984;73(3):492-7.

125. van Delft LCJ, Nelemans PJ, van Loo E, Abdul Hamid M, Kelleners-Smeets NWJ. 
The illusion of conventional histological resection margin control. Br J Dermatol. 
2019;180(5):1240-1.

126. Alsaif A, Hayre A, Karam M, Rahman S, Abdul Z, Matteucci P. Mohs Micrographic 
Surgery Versus Standard Excision for Basal Cell Carcinoma in the Head and Neck: 
Systematic Review and Meta-Analysis. Cureus. 2021;13(11):e19981.

127. Muller FM, Dawe RS, Moseley H, Fleming CJ. Randomized comparison of Mohs 
micrographic surgery and surgical excision for small nodular basal cell carcinoma: 
tissue-sparing outcome. Dermatol Surg. 2009;35(9):1349-54.

128. Boehringer A, Adam P, Schnabl S, Häfner HM, Breuninger H. Analysis of 
incomplete excisions of basal-cell carcinomas after breadloaf microscopy 
compared with 3D-microscopy: a prospective randomized and blinded study. J 
Cutan Pathol. 2015;42(8):542-53.

129. Shriner DL, McCoy DK, Goldberg DJ, Wagner RF, Jr. Mohs micrographic surgery. J 
Am Acad Dermatol. 1998;39(1):79-97.

130. Etzkorn JR, Alam M. What Is Mohs Surgery? JAMA Dermatology. 2020;156(6):716-
.

131. Wennberg AM, Larkö O, Stenquist B. Five-year results of Mohs’ micrographic 
surgery for aggressive facial basal cell carcinoma in Sweden. Acta Derm Venereol. 
1999;79(5):370-2.

132. Paoli J, Daryoni S, Wennberg AM, Mölne L, Gillstedt M, Miocic M, et al. 5-year 
recurrence rates of Mohs micrographic surgery for aggressive and recurrent 
facial basal cell carcinoma. Acta dermato-venereologica. 2011;91(6):689-93.



98 

REFERENCES HANNAH CEDER

133. van Loo E, Mosterd K, Krekels GA, Roozeboom MH, Ostertag JU, Dirksen CD, et 
al. Surgical excision versus Mohs’ micrographic surgery for basal cell carcinoma 
of the face: A randomised clinical trial with 10 year follow-up. European journal of 
cancer (Oxford, England : 1990). 2014;50(17):3011-20.

134. Gulleth Y, Goldberg N, Silverman RP, Gastman BR. What is the best surgical 
margin for a Basal cell carcinoma: a meta-analysis of the literature. Plast Reconstr 
Surg. 2010;126(4):1222-31.

135. MOHS FE. CHEMOSURGERY: A MICROSCOPICALLY CONTROLLED METHOD OF 
CANCER EXCISION. Archives of Surgery. 1941;42(2):279-95.

136. Ceder H, Ekstrom A, Hadzic L, Paoli J. Clinicopathological Factors Associated 
with Incomplete Excision of High-risk Basal Cell Carcinoma. Acta Derm Venereol. 
2021;101(7):adv00496.

137. Bassas P, Hilari H, Bodet D, Serra M, Kennedy FE, García-Patos V. Evaluation 
of surgical margins in Basal cell carcinoma by surgical specialty. Actas dermo-
sifiliograficas. 2013;104(2):133-40.

138. Farhi D, Dupin N, Palangié A, Carlotti A, Avril MF. Incomplete excision of basal 
cell carcinoma: rate and associated factors among 362 consecutive cases. 
Dermatologic surgery : official publication for American Society for Dermatologic 
Surgery [et al]. 2007;33(10):1207-14.

139. Su SY, Giorlando F, Ek EW, Dieu T. Incomplete excision of basal cell carcinoma: a 
prospective trial. Plast Reconstr Surg. 2007;120(5):1240-8.

140. Mosterd K, Krekels GA, Nieman FH, Ostertag JU, Essers BA, Dirksen CD, et al. 
Surgical excision versus Mohs’ micrographic surgery for primary and recurrent 
basal-cell carcinoma of the face: a prospective randomised controlled trial with 
5-years’ follow-up. Lancet Oncol. 2008;9(12):1149-56.

141. Brown AC, Brindley L, Hunt WTN, Earp EM, Veitch D, Mortimer NJ, et al. A review 
of the evidence for Mohs micrographic surgery. Part 2: basal cell carcinoma. 
Clinical and experimental dermatology. 2022;47(10):1794-804.

142. Thomson J, Hogan S, Leonardi-Bee J, Williams HC, Bath-Hextall FJ. Interventions 
for basal cell carcinoma: abridged Cochrane systematic review and GRADE 
assessments. Br J Dermatol. 2021;185(3):499-511.

143. Lacerda PN, Lange EP, Luna NM, Miot HA, Abbade LPF. Efficacy of micrographic 
surgery versus conventional excision in reducing recurrence for basal cell 
carcinoma and squamous cell carcinoma: A systematic review and meta-analysis. 
J Eur Acad Dermatol Venereol. 2024;38(6):1058-69.

 99

HANNAH CEDER  REFERENCES

144. Shelton ME, Adamson AS. Review and Update on Evidence-Based Surgical 
Treatment Recommendations for Nonmelanoma Skin Cancer. Dermatol Clin. 
2019;37(4):425-33.

145. Kim JYS, Kozlow JH, Mittal B, Moyer J, Olenecki T, Rodgers P. Guidelines of 
care for the management of cutaneous squamous cell carcinoma. J Am Acad 
Dermatol. 2018;78(3):560-78.

146. Backman EJ, Polesie S, Berglund S, Gillstedt M, Sjöholm A, Modin M, et al. 
Curettage vs. cryosurgery for superficial basal cell carcinoma: a prospective, 
randomised and controlled trial. J Eur Acad Dermatol Venereol. 2022;36(10):1758-
65.

147. Backman E, Polesie S, Gillstedt M, Sjöholm A, Nerwey A, Paoli J. Curettage plus 
one or two cycles of cryosurgery for basal cell carcinoma with clinically nodular 
features: A prospective randomized controlled trial. J Am Acad Dermatol. 2023.

148. Messina, J.; Epstein, E.H., Jr.; Kossard, S. Basal cell carcinoma. In World Health 
Organization Classification of Skin Tumours; Elder, D.E., Massi, D., Scolyer, R.A., 
Willemze, R., Eds.; IARC Press: Lyon, France, 2018; pp. 26–34.

149. Saari H, Pölönen I, Salo H, Honkavaara E, Hakala T, Holmlund C, et al., editors. 
Miniaturized hyperspectral imager calibration and UAV flight campaigns. Sensors, 
systems, and next-generation satellites xvii; 2013: SPIE.

150. Barun VV, Ivanov AP, Volotovskaya AV, Ulashchik VS. Absorption spectra and 
light penetration depth of normal and pathologically altered human skin. Journal 
of Applied Spectroscopy. 2007;74:430-9.

151. Raita-Hakola AM, Annala L, Lindholm V, Trops R, Näsilä A, Saari H, et al. FPI 
Based Hyperspectral Imager for the Complex Surfaces-Calibration, Illumination 
and Applications. Sensors (Basel). 2022;22(9).

152. Tan M, Le Q. EfficientNet: Rethinking Model Scaling for Convolutional Neural 
Networks. In: Kamalika C, Ruslan S, editors. Proceedings of the 36th International 
Conference on Machine Learning; Proceedings of Machine Learning Research: 
PMLR; 2019. p. 6105--14.

153. Viera AJ, Garrett JM. Understanding interobserver agreement: the kappa statistic. 
Fam Med. 2005;37(5):360-3.

154. Griffiths RW. Audit of histologically incompletely excised basal cell carcinomas: 
recommendations for management by re-excision. Br J Plast Surg. 1999;52(1):24-8.

155. Kumar P, Orton CI, McWilliam LJ, Watson S. Incidence of incomplete excision 
in surgically treated basal cell carcinoma: a retrospective clinical audit. British 
journal of plastic surgery. 2000;53(7):563-6.



100 

REFERENCES HANNAH CEDER

156. Masud D, Moustaki M, Staruch R, Dheansa B. Basal cell carcinomata: Risk 
factors for incomplete excision and results of re-excision. Journal of plastic, 
reconstructive & aesthetic surgery : JPRAS. 2016;69(5):652-6.

157. Dieu T, Macleod AM. Incomplete excision of basal cell carcinomas: a retrospective 
audit. ANZ journal of surgery. 2002;72(3):219-21.

158. Su SY, Giorlando F, Ek EW, Dieu T. Incomplete excision of basal cell carcinoma: a 
prospective trial. Plastic and reconstructive surgery. 2007;120(5):1240-8.

159. Kuiper EM, van den Berge BA, Spoo JR, Kuiper J, Terra JB. Low recurrence rate 
of head and neck basal cell carcinoma treated with Mohs micrographic surgery: 
A retrospective study of 1021 cases. Clinical otolaryngology : official journal of 
ENT-UK ; official journal of Netherlands Society for Oto-Rhino-Laryngology & 
Cervico-Facial Surgery. 2018;43(5):1321-7.

160. Leibovitch I, Huilgol SC, Selva D, Richards S, Paver R. Basal cell carcinoma treated 
with Mohs surgery in Australia I. Experience over 10 years. J Am Acad Dermatol. 
2005;53(3):445-51.

161. https://ssdv.se/images/lndikationer_for_Mohs_kirurgi_i_Sverige_-_Godkanda_av_
SSDV__SDKO.pdf.

162. Kumar P, Watson S, Brain AN, Davenport PJ, McWilliam LJ, Banerjee SS, et al. 
Incomplete excision of basal cell carcinoma: a prospective multicentre audit. Br J 
Plast Surg. 2002;55(8):616-22.

163. Ramdas K, van Lee C, Beck S, Bindels P, Noordhoek Hegt V, Pardo L, et 
al. Differences in Rate of Complete Excision of Basal Cell Carcinoma by 
Dermatologists, Plastic Surgeons and General Practitioners: A Large Cross-
Sectional Study. Dermatology. 2018;234(3-4):86-91.

164. Godoy CAP, Neta ALO, Leao SSS, Dantas RL, Carvalho VOF, Silva SFD. Evaluation 
of surgical margins according to the histological type of basal cell carcinoma. An 
Bras Dermatol. 2017;92(2):226-30.

165. Kappelin J, Nielsen K, Nilsson F, Bjellerup M, Ahnlide I. Surgical treatment of basal 
cell carcinoma: a case series on factors influencing the risk of an incomplete 
primary excision. J Eur Acad Dermatol Venereol. 2020.

166. Rippey JJ, Rippey E. Characteristics of incompletely excised basal cell 
carcinomas of the skin. The Medical journal of Australia. 1997;166(11):581-3.

167. Hansen C, Wilkinson D, Hansen M, Soyer HP. Factors contributing to incomplete 
excision of nonmelanoma skin cancer by Australian general practitioners. Arch 
Dermatol. 2009;145(11):1253-60.

 101

HANNAH CEDER  REFERENCES

168. Nagore E, Grau C, Molinero J, Fortea JM. Positive margins in basal cell carcinoma: 
relationship to clinical features and recurrence risk. A retrospective study of 248 
patients. J Eur Acad Dermatol Venereol. 2003;17(2):167-70.

169. Sharma AN, Cohen JL, Haupt EC, Sarpa HG, Martin BC. Variables Affecting Basal 
Cell Carcinoma and Melanoma In Situ Excision Clearance: A Multi-institutional 
Retrospective Study. Dermatol Surg. 2021;47(2):184-8.

170. Murchie P, Delaney EK, Thompson WD, Lee AJ. Excising basal cell carcinomas: 
comparing the performance of general practitioners, hospital skin specialists and 
other hospital specialists. Clinical and experimental dermatology. 2008;33(5):565-
71.

171. Santos-Arroyo A, Carrasquillo OY, Cardona R, Sánchez JL, Valentín-Nogueras S. 
Non-Melanoma Skin Cancer Tumor’s Characteristics and Histologic Subtype as a 
Predictor for Subclinical Spread and Number of Mohs Stages required to Achieve 
Tumor-Free Margins. Puerto Rico health sciences journal. 2019;38(1):40-5.

172. Sclafani AP, Sclafani JA, Sclafani AM. Successes, revisions, and postoperative 
complications in 446 Mohs defect repairs. Facial plastic surgery : FPS. 
2012;28(3):358-66.

173. Thornton JF, Carboy JA, editors. Facial reconstruction after Mohs surgery. New 
York (NY): Thieme; 2018.

174. Alam M, Ibrahim O, Nodzenski M, Strasswimmer JM, Jiang SI, Cohen JL, et 
al. Adverse events associated with mohs micrographic surgery: multicenter 
prospective cohort study of 20,821 cases at 23 centers. JAMA Dermatol. 
2013;149(12):1378-85.

175. Roozeboom MH, Kreukels H, Nelemans PJ, Mosterd K, Winnepenninckx VJ, Abdul 
Hamid MA, et al. Subtyping basal cell carcinoma by clinical diagnosis versus 
punch biopsy. Acta Derm Venereol. 2015;95(8):996-8.

176. Wolberink EA, Pasch MC, Zeiler M, van Erp PE, Gerritsen MJ. High discordance 
between punch biopsy and excision in establishing basal cell carcinoma subtype: 
analysis of 500 cases. J Eur Acad Dermatol Venereol. 2013;27(8):985-9.

177. Sahai S, Walling HW. Factors predictive of complex Mohs surgery cases. J 
Dermatolog Treat. 2012;23(6):421-7.

178. Smeets NW, Kuijpers DI, Nelemans P, Ostertag JU, Verhaegh ME, Krekels GA, 
et al. Mohs’ micrographic surgery for treatment of basal cell carcinoma of the 
face--results of a retrospective study and review of the literature. Br J Dermatol. 
2004;151(1):141-7.



102 

REFERENCES HANNAH CEDER

179. Aktas D, Palmisano G, Cinotti E, Tognetti L, Perrot JL, Perez-Anker J, et al. 
The role of line-field confocal optical coherence tomography in the differential 
diagnosis of infiltrative basal cell carcinoma with scar-like lesions: A case series. J 
Eur Acad Dermatol Venereol. 2023;37(12):e1396-e8.

180. Gürsel Ürün Y, Fiçicioğlu S, Ürün M, Can N. Clinical, Dermoscopic and 
Histopathological Evaluation of Basal Cell Carcinoma Subtypes: A Retrospective 
Analysis. Dermatology Practical & Conceptual. 2023:e2023004.

181. Lallas A, Tzellos T, Kyrgidis A, Apalla Z, Zalaudek I, Karatolias A, et al. Accuracy of 
dermoscopic criteria for discriminating superficial from other subtypes of basal 
cell carcinoma. J Am Acad Dermatol. 2014;70(2):303-11.

182. Ahnlide I, Zalaudek I, Nilsson F, Bjellerup M, Nielsen K. Preoperative prediction 
of histopathological outcome in basal cell carcinoma: flat surface and multiple 
small erosions predict superficial basal cell carcinoma in lighter skin types. Br J 
Dermatol. 2016;175(4):751-61.

183. Longo C, Lallas A, Kyrgidis A, Rabinovitz H, Moscarella E, Ciardo S, et al. 

. J Am Acad Dermatol. 2014;71(4):716-24.e1.

184. Conforti C, Pizzichetta MA, Vichi S, Toffolutti F, Serraino D, Di Meo N, et al. 
Sclerodermiform basal cell carcinomas vs. other histotypes: analysis of specific 
demographic, clinical and dermatoscopic features. Journal of the European 
Academy of Dermatology and Venereology. 2021;35(1):79-87.

185. Camela E, Ilut Anca P, Lallas K, Papageorgiou C, Manoli S-M, Gkentsidi T, et al. 
Dermoscopic Clues of Histopathologically Aggressive Basal Cell Carcinoma 
Subtypes. Medicina. 2023;59(2):349.

186. Reiter O, Mimouni I, Dusza S, Halpern AC, Leshem YA, Marghoob AA. 
Dermoscopic features of basal cell carcinoma and its subtypes: A systematic 
review. J Am Acad Dermatol. 2021;85(3):653-64.

187. Liopyris K, Navarrete-Dechent C, Marchetti MA, Rotemberg V, Apalla Z, 
Argenziano G, et al. Expert Agreement on the Presence and Spatial Localization 
of Melanocytic Features in Dermoscopy. J Invest Dermatol. 2023.

188. di Meo N, Damiani G, Vichi S, Fadel M, Nan K, Noal C, et al. Interobserver 
agreement on dermoscopic features of small basal cell carcinoma (<5 mm) among 
low-experience dermoscopists. J Dermatol. 2016;43(10):1214-6.

189. Peris K, Altobelli E, Ferrari A, Fargnoli MC, Piccolo D, Esposito M, et al. 
Interobserver agreement on dermoscopic features of pigmented basal cell 
carcinoma. Dermatol Surg. 2002;28(7):643-5.

 103

HANNAH CEDER  REFERENCES

190. Lupu M, Voiculescu VM, Caruntu A, Tebeica T, Caruntu C. Preoperative Evaluation 
through Dermoscopy and Reflectance Confocal Microscopy of the Lateral 
Excision Margins for Primary Basal Cell Carcinoma. Diagnostics (Basel). 2021;11(1).

191. Larson B, Abeytunge S, Seltzer E, Rajadhyaksha M, Nehal K. Detection of skin 
cancer margins in Mohs excisions with high-speed strip mosaicing confocal 
microscopy: a feasibility study. Br J Dermatol. 2013;169(4):922-6.

192. Levy J, Barrett DL, Harris N, Jeong JJ, Yang X, Chen SC. High-
frequency ultrasound in clinical dermatology: a review. The Ultrasound Journal. 
2021;13(1):24.

193. Ceder H, Ekström A, Hadzic L, Paoli J. Clinicopathological Factors Associated 
with Incomplete Excision of High-risk Basal Cell Carcinoma. Acta Derm Venereol. 
2021;101(7):adv00496.

194. Christensen GB, Nagaoka T, Kiyohara Y, Johansson I, Ingvar C, Nakamura A, et 
al. Clinical performance of a novel hyperspectral imaging device for cutaneous 
melanoma and pigmented skin lesions in Caucasian skin. Skin Res Technol. 
2021;27(5):803-9.

195. Tierney EP, Hanke CW. Cost effectiveness of Mohs micrographic surgery: review 
of the literature. Journal of drugs in dermatology : JDD. 2009;8(10):914-22.

196. Hussain W, Affleck A, Al-Niaimi F, Cooper A, Craythorne E, Fleming C, et al. Safety, 
complications and patients’ acceptance of Mohs micrographic surgery under local 
anaesthesia: results from the U.K. MAPS (Mohs Acceptance and Patient Safety) 
Collaboration Group. Br J Dermatol. 2017;176(3):806-8.

197. Seidler AM, Bramlette TB, Washington CV, Szeto H, Chen SC. Mohs versus 
traditional surgical excision for facial and auricular nonmelanoma skin cancer: an 
analysis of cost-effectiveness. Dermatol Surg. 2009;35(11):1776-87.

198. Ravitskiy L, Brodland DG, Zitelli JA. Cost analysis: Mohs micrographic surgery. 
Dermatol Surg. 2012;38(4):585-94.




