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Basal cell carcinoma (BCC) is the most common
cancer. Although it rarely results in death or metastatic
disease, BCC can cause significant morbidity due to de-
structive local spread. The accessibility of skin and the
high prevalence of BCC have allowed a thorough char-
acterization of pathogenesis, clinical presentation, and
histopathology. Management remains largely surgical in
the form of electrodesiccation and curettage, surgical ex-
cision, and Mohs surgery. Topical therapies are effective
for the treatment of certain low-risk BCCs. Radiation
therapy is an option when surgery is contraindicated.
Knowledge of the genetic changes underlying BCC has
paved the way for the development of targeted therapies
for advanced disease. 

PATHOGENESIS

The Sonic Hedgehog Pathway
The nevoid basal cell carcinoma syndrome (NBCCS)

is an autosomal dominant disorder that manifests as mul-
tiple BCCs, pits of the palms and soles, jaw keratocysts,
various other tumors, and developmental abnormalities
[1]. The location of the candidate gene was narrowed
down to chromosome 9q22.3 [2-4]. Subsequently, loss of

heterozygosity in the same region was discovered to be
important for the pathogenesis of sporadic BCCs [5]. This
pattern was consistent with the gene being a tumor sup-
pressor. Molecular studies revealed the gene to be a
human homolog of Drosophila patched [6,7]. Now called
PTCH, the gene encodes a receptor for the Sonic hedge-
hog (SHH) pathway, a pathway important for patterning
and growth during vertebrate development (Figure 1) [8].
The SHH ligand binds to the PTCH receptor, inhibiting it
and allowing signaling through the pathway. As an in-
hibitory protein, PTCH allows overactivation of the SHH
pathway in the setting of inactivating mutations. Animal
studies later showed that mice overexpressing SHH in the
context of normal PTCH develop multiple BCCs and fea-
tures of NBCCS [9,10]. Activating somatic mutations in
Smoothened (SMO), a seven-transmembrane protein im-
mediately downstream of PTCH, were found in a selec-
tion of sporadic BCCs and transgenic mice
overexpressing mutant SMO that developed skin abnor-
malities similar to BCCs [11]. These findings indicate
SMO serves as a proto-oncogene. Overexpression of GLi
proteins — transcription factors activated by SMO — in
mouse models has been shown to induce BCCs [12-14].
Furthermore, continued SHH signaling has been shown
to be required for BCC carcinogenesis because mice en-
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Basal cell carcinoma (BCC†) is the most common malignancy. Exposure to sunlight is the most important
risk factor. Most, if not all, cases of BCC demonstrate overactive Hedgehog signaling. A variety of treat-
ment modalities exist and are selected based on recurrence risk, importance of tissue preservation, patient
preference, and extent of disease. The pathogenesis, epidemiology, clinical features, diagnosis, histopathol-
ogy, and management of BCC will be discussed in this review. 
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gineered to conditionally express GLi-2 show BCC re-
gression when GLi-2 expression is inactivated [14]. All of
these studies support the concept that overactivation of
SHH signaling is necessary and perhaps sufficient for the
development of BCCs.

Other Genetic Changes

The TP53 gene is the most commonly mutated tumor
suppressor in cancer. Point mutations in the TP53 gene are
the second most common genetic alteration in BCCs, oc-
curring in at least 50 percent of cases [15]. Microdissec-
tion of biopsy samples has shown that within a BCC,
subclones with second, third, or even more TP53 mutations
can be seen arising adjacent to a dominant cell clone [16].
Mutations in the CDKN2A locus and in members of the ras
gene family (H-ras, K-ras, and N-ras) also have been iden-
tified in a smaller number of sporadic BCCs [15]. 

Cell of Origin

The identity of the cell of origin for BCC remains con-
troversial because of conflicting evidence. in a mouse
model, constitutively active SMO mutant induced forma-
tion of BCCs when conditionally expressed in basal ker-
atinocytes of the interfollicular epidermis but not when
expressed in hair follicle stem cells [17]. A later study
showed induction of uncontrolled SHH signaling in mice
by overexpression of GLi-2 transcription factor, resulting
in the development of BCC-like tumors whose clinico-
pathologic type depended on the cellular compartment in

the skin where GLi-2 was selectively overexpressed [18].
Superficial BCC-like tumors arose from interfollicular epi-
dermis, whereas nodular BCC-like tumors developed from
hair follicle stem cells. A recent study using cell fate track-
ing showed that X-ray-induced BCCs in PTCH (+/-) mice
originate from keratin 15-expressing stem cells of the fol-
licular bulge [19,20]. However, conditional loss of p53 also
produced BCCs from basal keratinocytes of the interfol-
licular epidermis in addition to enhancing development of
BCCs from the bulge. These data indicate that depending
on the circumstances, BCCs may arise from basal ker-
atinocytes of the interfollicular epidermis or of the hair fol-
licle. Further research is needed to clarify what those
circumstances are. 

EPIDEMIOLOGY
BCC is the most common malignancy. Cancer reg-

istries do not collect data on this skin cancer, so the preva-
lence and incidence is difficult to estimate. According to
the American Cancer Society, more than 2 million people
were treated in 2006 for non-melanoma skin cancer
(NMSC), mostly BCC [21]. A recent study predicted the
total number of NMSCs in those 2 million people during
the same time period to be approximately 3.5 million [22].
The lifetime risk for the development of skin cancer is es-
timated to be 1 in 5 with more than 97 percent being
NMSC [23]. 

A population-based study in Rochester, Minnesota,
estimated the age-standardized annual incidence for BCC
in both Caucasian men and women to be 146 cases per
100,000 persons [24]. Another population-based study in
Kauai, Hawaii, estimated the combined incidence in Cau-
casian residents to be 422 cases per 100,000 people, the
highest documented incidence in the United States at the
time of publication in 1993 [25]. Both studies showed rate
increased with age and men had a significantly higher in-
cidence of BCC than women. The incidence among Amer-
icans younger than 40 appears to be increasing,
particularly among women [26].

The risk of developing a subsequent BCC after an ini-
tial diagnosis of NMSC is substantial [27-31]. Patients
with one index BCC developed one, two, or three new
BCCs in 33 percent, 14 percent, and 7 percent of cases,
respectively, within 1 year, the time frame in which the
highest risk was observed during a 3-year study [27]. Pa-
tients with an index squamous cell carcinoma also were
at increased risk of developing a BCC (36 percent of cases
within 1 year). Other studies have shown the 5-year cu-
mulative risk of a new BCC among patients with at least
one previous BCC to be 41 to 45 percent, compared to a
risk of only 5 percent in the general Caucasian population
[28,29]. A more recent meta-analysis suggested the risk
may be even higher. it estimated the 3-year cumulative
risk is 44 percent or at least a tenfold increase in incidence
compared to the general comparable population [30]. Pa-
tients with NMSC also have been shown to be at substan-
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Figure 1. Sonic hedgehog signaling pathway. SHH lig-
and binds to and inhibits the PTCH transmembrane pro-
tein. The inhibition of PTCH relieves suppression of SMO
(Smoothened), which then activates the GLI transcription
factors. The GLI proteins translocate from the cytoplasm to
the nucleus, where they drive gene transcription. (Cour-
tesy of Alexander G. Marzuka, MD)



tial increased risk for development melanoma with a rel-
ative risk of 17 percent compared to the general Caucasian
population [32]. 

UV Exposure as Main Risk Factor for 
BCC Development

Sun exposure is the most important environmental
cause of BCC (Table 1). The risk of BCC appears to depend
on the nature of this exposure. A population-based, case-con-
trol study conducted in Alberta, Canada, revealed an in-
creased risk with recreational sun exposure in childhood and
adolescence, suggesting that these life periods may be criti-
cal for establishing adult risk for BCC [33]. This relation-
ship was most pronounced among sun-sensitive subjects
with tendency to burn rather than tan. in contrast, mean an-
nual cumulative summer sunlight exposure appeared to have
no effect on risk. The study also showed a positive associa-
tion between BCC and light skin color, severe sunburns and
freckling in childhood, and Northern European ethnic ori-
gin. Other studies have corroborated that intermittent, in-
tense sun exposure appears to increase risk, whereas
cumulative, long-term Uv exposure does not [34,35].

There is a geographic variation in incidence of BCC
with a positive correlation between rate and proximity to
the equator. This observation can be explained by higher
Uv radiation exposure at lower latitudes, such as Hawaii,
compared to higher latitudes, as in the Midwest [24,25].

Although psoralen and ultraviolet A (PUvA) therapy, a
highly effective treatment modality for psoriasis, has been
associated with a greatly increased risk of squamous cell car-
cinomas when administered at high doses (more than 350
treatments), the effect on the risk of BCC even at high doses
has been reported as modest [36]. The use of tanning beds
has been associated with a significantly increased risk of
NMSC, particularly with use early in life. A meta-analysis
demonstrated the relative risk for the development of BCC
after indoor tanning before age 25 years to be 1.40 (95% Ci
= 1.29-1.52). This translates into a 40 percent increased risk
compared to a control population [37]. The risk has been
shown to increase in a dose-dependent fashion with years
using indoor tanning devices [38]. Photosensitizing med-
ications, such as tetracyclines, thiazide diuretics, NSAiDs,

and retinoids, have the ability to produce phototoxic or pho-
toallergic reactions upon Uv exposure, increasing the vul-
nerability of the skin to Uv-induced damage. The use of
photosensitizing medications, especially antimicrobials, has
been associated with an increased risk of BCC, in particular
early-onset BCC (OR = 1.5 for age 50 years or younger,
95% Ci = 1.1-2.1) [39]. This observation is attributed to the
use of tetracyclines for the treatment of acne in adolescence,
a time period in which Uv exposure has been associated
with increased adult risk of BCC [33]. 

Other Risk Factors

ionizing radiation in the form of radiotherapy is as-
sociated with the development of BCCs. in a study of
1,690 patients previously treated with radiation therapy
for reasons other than NMSC, the relative risk of total
BCC tumors was 2.3 (95% Ci = 1.7-3.1), with marginally
higher risk associated with younger age at exposure and
time since initial treatment [40]. in particular, radiotherapy
for acne, an outdated treatment modality, increased risk of
BCC to a greater extent than treatment for other condi-
tions (RR = 3.3; 95% Ci = 2.1-5.2). 

The consumption of arsenic-contaminated water and
arsenic-containing medications has been associated with
an increased risk of BCC [41,42]. The most common
source of arsenic in diet is seafood [43]. The effect of di-
etary arsenic intake on risk of BCC is unknown. 

immunosuppression in organ transplant recipients in-
creases the risk of NMSC in proportion to the duration of
immunosuppressive therapy [44]. in contrast to the gen-
eral population, squamous cell carcinoma is the most com-
mon skin cancer in transplant recipients, occurring 65 to
250 times as frequently as in the general population. The
incidence of BCCs increases tenfold in transplant recipi-
ents. Other causes of immune dysfunction have been as-
sociated with the development of BCCs. A study showed
Hiv seropositivity doubled the risk of BCC [45]. There
was no significant trend of higher risk with lower recent
CD4 counts, indicating a lack of association between
BCCs and immunodeficiency in Hiv-positive patients. 

Certain genetic syndromes are associated with the de-
velopment of BCCs. The most common is NBCCS, in
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Table 1. Risk factors for the development of BCC. Adapted from text. 

Risk factors associated with increased environmental or artificial UV exposure
Intermittent, intense sun exposure (especially in childhood and adolescence)

Northern European ethnic origin
Light skin color

Tendency to burn rather than tan
Proximity to the equator

History of blistering sunburns in childhood
Use of tanning beds

Other risk factors
Exposure to therapeutic ionizing radiation

Immunosuppression in organ transplant recipients
HIV seropositivity

Genetic syndromes: nevoid basal cell carcinoma, xeroderma pigmentosum, Bazex



which patients can develop hundreds of BCCs and a vari-
ety of developmental abnormalities. 

Prevention

The main strategy to reduce the risk of BCC appears
to be protection from Uv exposure, especially in child-
hood and adolescence. Behaviorally, this means avoiding
sunburns, tanning beds, and prolonged direct sun expo-
sure between 10 a.m. and 4 p.m., as well as wearing pro-
tective clothing, such as wide-brimmed hats and
long-sleeved shirts, while outdoors during the day. The
benefit of applying sunscreen in the prevention of BCCs
is unclear. A mathematical model based on epidemiologi-
cal data estimated that the regular use of sunscreen with
SPF of 15 during the first 18 years of life would reduce the
lifetime incidence of BCC by 78 percent [48]. However,
a community-based randomized trial involving 1,383 par-
ticipants in Australia showed subjects who applied SPF
15+ sunscreen daily demonstrated a decreased incidence
of squamous cell carcinomas but not BCCs after 4.5 years
of follow-up [49]. Similarly, a study in organ transplant
patients showed regular use of sunscreen to be effective in
the prevention of squamous cell carcinomas and their pre-
cursor lesions, actinic keratoses, but only weakly effec-
tive on decreasing the risk of BCCs [50]. Although the

benefit of regular sunscreen use in adults in the preven-
tion of BCCs appears to be minimal at best, there is a the-
oretical benefit of sunscreen use in childhood and
adolescence, time periods in which adult risk for BCC ap-
pears to be established [33]. However, there is a dearth of
clinical trials evaluating sunscreen use and subsequent risk
of skin cancer in patients younger than 18 years.  

CLINICAL FEATURES
The main clinical subtypes of BCC are nodular, super-

ficial, and morpheaform (Figure 2). Combinations of the lat-
ter two types with nodular BCC may occur. Occasionally,
variable amounts of melanin may be present within these tu-
mors, which are often referred to as pigmented BCCs. Most
cases of BCC occur on the face, consistent with the causative
role of Uv radiation [51]. The rest of the cases arise on the
trunk and extremities and only rarely is BCC encountered
on non-hair-bearing sites, such as the genital mucosa. 

Nodular Basal Cell Carcinoma

Nodular BCC is the most common clinical subtype,
accounting for 50 to 79 percent of all BCCs [51,52]. Le-
sions consist of papules or nodules with a pearly, shiny
quality and small arborizing telangiectasias. The tumor
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Figure 2. Clinical variants of basal cell carcinoma. a) Nodular basal cell carcinoma with characteristic pearly surface
and telangiectasias located lateral to the right alar crease. b) Pigmented variant located on the skin above the right
upper lip and extending past the vermilion border into the lip. c) Large nodular basal cell carcinoma with characteristic
telangiectasias and pigmented areas on the right side of the neck. d) Ulcerated aggressive basal cell carcinoma, oth-
erwise known as “rodent ulcer.” This basal cell carcinoma spread locally into the nose, causing extensive destruction of
the left nasal ala. e) Superficial basal cell carcinoma appearing as a red patch on the trunk. f) Recurrent basal cell car-
cinoma at the site of ED&C. (Courtesy of Samuel E. Book, MD)



may enlarge and crusting may appear over a central de-
pression. Bleeding with minor trauma is frequent. with
time, the lesion may ulcerate (rodent ulcer), but a rolled
border usually remains, serving as a clue to the diagnosis.
Nodular BCCs predominate on the head, especially the
cheeks, nasolabial folds, forehead, and eyelids. in a study,
90 percent of nodular BCCs occurred on the head [51]. 

The differential diagnosis for a non-ulcerated lesion
includes molluscum contagiosum, sebaceous hyperplasia,
amelanotic melanoma, intradermal melanocytic nevus,
Merkel cell carcinoma, fibrous papule of the nose, tri-
choepithelioma, and other adnexal neoplasms. Ulcerated
lesions may be difficult to distinguish from squamous cell
carcinomas and keratoacanthomas. 

Superficial Basal Cell Carcinoma

Superficial BCC is the second most common clinical
subtype, accounting for up to 15 percent of cases [51,53]. A
lesion typically appears as a well-circumscribed, scaly,
pink-to-red macule, patch, thin papule, or thin plaque. it
may demonstrate crust or a thin rolled border consisting of
fine translucent small papules. Areas of spontaneous re-
gression can occur, leaving behind atrophic, hypopigmented
areas. variable amounts of melanin pigment may be present.
Superficial BCCs favor the trunk and extremities, in con-
trast to the other subtypes, which favor the head and neck
[46,54]. it tends to occur in younger patients than the other
subtypes, with a mean age at diagnosis of 57 years [54]. 

The differential diagnosis includes inflammatory der-
matoses, such as psoriasis and nummular dermatitis, as
well as lichenoid keratosis, actinic keratosis, Bowen’s dis-
ease (SCC in situ), and early amelanotic melanoma. 

Morpheaform Basal Cell Carcinoma 
(Sclerosing, Infiltrating)

Morpheaform BCC accounts for a low proportion of
cases, estimated at 5 to 10 percent [51,55]. it is called mor-
pheaform or sclerosing due its clinical resemblance to an in-
durated plaque of morphea, or localized scleroderma.
Lesions present as pink-to-ivory-white, shiny, smooth, scar-
like, indurated plaques or depressions with ill-defined bor-
ders. Frequently, there is associated atrophy. Telangiectasias,
erosions, or small crusts may sometimes develop. Lesions
are notorious for their subtlety. Also known as infiltrating
BCC, morpheaform BCC is usually more aggressive than
nodular and superficial BCC as it tends to exhibit subclini-
cal spread with the potential for extensive local destruction. 

Morpheaform BCC may be confused with scar, morphea
(localized scleroderma), dermatofibrosarcoma protuberans,
Merkel cell carcinoma, amelanotic melanoma, microcystic
adnexal carcinoma, and other adnexal neoplasms.

DIAGNOSIS
After visually inspecting a lesion in search of charac-

teristic features of BCC, clinicians can rely on dermatoscopy
to further refine the differential diagnosis. Dermatoscopy, or

the use of a magnifying device that emits polarized light to
examine the skin, can detect reliable and robust diagnostic
parameters, including arborizing telangiectasias, leaflike
areas, foci of microulceration, multiple blue/gray globules,
and large blue/gray ovoid nests [56,57]. Pigmented BCCs
can be a diagnostic challenge because they can demonstrate
dermatoscopic features suggestive of melanocytic lesions,
such as multiple brown-to-black dots/globules, blue/white
veil-like structures, and nonarborizing vessels [56]. 

A biopsy is the only way to definitively diagnose BCC
and decide on appropriate treatment. No suspected lesion
should be treated without histopathologic confirmation.
various biopsy techniques may be used, including exci-
sional, incisional, shave, and punch biopsies. Punch and
shave biopsies have been shown to have similar diagnostic
accuracy [58,59]. Even so, in most patients, the preferred
biopsy method is a shave biopsy that incorporates the full
depth of the lesion [52]. in patients with obvious BCC and
for whom cosmetic outcome is not a priority, an excisional
biopsy involving removal of the whole lesion can be done
for histologic diagnosis and definitive therapy. Punch
biopsy, despite some advantages, has limitations. The diag-
nostic accuracy of punch biopsy, defined as the proportion
of histologic diagnoses made by punch biopsy that are sub-
sequently confirmed after surgical excision of primary
BCCs, has been reported in various studies to be 61 to 82
percent [58-61]. in the case of aggressive-growth subtypes
of BCC (defined as single or mixed histology tumors con-
taining morpheaform, infiltrative, micronodular, or ba-
sosquamous components), the accuracy of punch biopsy
was 62 to 72 percent in two of these studies [60,61]. This
means that 28 to 38 percent of aggressive BCCs were mis-
diagnosed by punch biopsy as indolent-growth BCCs. Al-
though aggressive-growth subtypes correspond to a smaller
proportion of all primary BCCs compared to indolent-
growth subtypes, the missed diagnoses of aggressive-
growth subtypes corresponded to 8 to 15 percent of all cases
evaluated. One of the main determinants for choice of treat-
ment of BCC is the aggressiveness of the tumor, meaning
that 1 in 7 to 1 in 14 patients will be undertreated because
of a missed histologic diagnosis of aggressive BCC.   

HISTOPATHOLOGY
BCCs also can be classified into two broad categories

on the basis of histopathologic features: indolent-growth
and aggressive-growth subtypes [62-64]. indolent-growth
subtypes include nodular and superficial, corresponding
to the clinical nodular and superficial subtypes, respec-
tively, previously described (Figure 3). Aggressive-growth
subtypes, which have a higher recurrence rate and tend to
cause extensive local destruction, include morpheaform,
infiltrative, micronodular, and basosquamous (Figure 4).
Combinations of these histopathologic patterns may be
found in a single specimen, which is then referred to as a
mixed histology tumor. Mixed histology tumors account
for approximately 40 percent of primary BCCs [62]. 
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All subtypes of BCC share in common the presence of
aggregations of basaloid keratinocytes that are surrounded
by stromal tissue and typically demonstrate a connection to
the epidermis. Basaloid cells resemble the basal keratinocytes
of normal epidermis and are characterized by intensely ba-
sophilic (blue-staining), large, relatively uniform nuclei, and
scant cytoplasm. in many cases, artifactual retraction of the
stroma around tumor islands creates microscopically visible
clefts. Tumor aggregates may demonstrate peripheral pal-
isading of nuclei. Apoptotic cells are common. 

Nodular Basal Cell Carcinoma

This form of BCC is characterized by large nests of
basaloid cells in the papillary or reticular dermis accompa-
nied by peritumoral retraction from the stroma and periph-
eral palisading. Ulceration may be present. Cystic spaces
may develop within larger tumor islands secondary to necro-
sis. if mucin pools in these central spaces, the tumor may be
referred to as nodulocystic. 

Superficial Basal Cell Carcinoma

in superficial BCC, basaloid cells proliferate along
an axis parallel to the epidermal surface and no more
deeply than the papillary dermis. Slit-like retraction of pal-
isaded basal cells from the subjacent stroma may be ob-
served. These tumors may be described as multifocal if
multiple discrete foci of proliferation are present. These
foci, however, appear to connect in a net-like pattern, such
that most superficial BCCs are not truly multifocal.  

Morpheaform Basal Cell Carcinoma

The typical architectural growth pattern of mor-
pheaform BCC is strands of basaloid cells one to five cells
thick extending between dense collagen bundles. The
tumor is poorly demarcated and may show widespread in-
vasion of the reticular dermis and even penetration into
the subcutaneous fat. Retraction artifact is uncommon and
peripheral palisading is absent. 
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Figure 3. Indolent-growth histologic subtypes [64]. a) Nodular basal cell carcinoma: Medium-power view of a sec-
tion of eyelid showing both the cutaneous surface at the top and the conjunctiva in the lower inked portion. Nodular basal
cell carcinoma is present throughout the dermis. Note the large, nodular aggregates of dark-blue-staining basaloid ker-
atinocytes showing peripheral palisading and clefting. b) Superficial basal cell carcinoma: Medium-power view of su-
perficial basal cell carcinoma, showing basaloid aggregates emanating from the epidermis and growing along an axis
parallel to the epidermis. Peripheral palisading and clefting is present. 

Figure 4. Aggressive-growth histologic subtypes [64]. a) Morpheaform basal cell carcinoma: High-power view of
small irregular (sharply angulated) tongues of basaloid, neoplastic cells, ranging from one to four cells thick, embedded
within a heavily collagenized stroma. b) Infiltrative basal cell carcinoma: Low-power view of basaloid aggregates of var-
ious sizes and shapes, many with angulated appearance, that decrease in size from superficial to the deep portion of
the neoplasm. c) Micronodular basal cell carcinoma: small, nodular, irregular aggregates of basaloid neoplastic cells sur-
rounded by cellular myxoid stroma. Focal clefting is appreciated between the neoplastic aggregates and the stroma. 



Infiltrative Basal Cell Carcinoma

Like morpheaform BCC, infiltrative BCC demon-
strates heavy stromal fibrosis with dense collagen bun-
dles, grows in a poorly circumscribed fashion, and may
show invasion of the subcutis. However, tumor cells form
large nodules with irregular contours in addition to strands
and cords. 

Micronodular Basal Cell Carcinoma

Like nodular BCC, micronodular BCC shows round
or oval tumor nests. These nests, however, are smaller and
widely dispersed, extending deeper into the dermis, and,
in some cases, even penetrating the subcutis. There is as-
sociated stromal proliferation. 

Basosquamous Carcinoma

Also known as metatypical BCC, basosquamous car-
cinoma shows infiltrating jagged cords of tumor cells,
some with an abortive peripheral palisade and clear-cut
basaloid morphology, as well as areas with intercellular
bridge formation and cytoplasmic keratinization. 

MANAGEMENT
The goal of treatment of BCC is to completely re-

move the tumor and maximally preserve function and
cosmesis at the site of treatment. Choice of treatment de-
pends in large part on the risk of lesion recurrence, which
in turn depends on the presence or absence of aggressive
clinical and histopathologic features (Table 2) [65]. An-
other important consideration for treatment choice is lo-
cation of the lesion, as preservation of function and
cosmesis is paramount in certain locations, such as the

face. Accurate assessment of a lesion’s risk for recurrence
and selection of appropriate management is important to
avoid overtreatment of low-risk lesions and under-treat-
ment of high-risk lesions. Patient preference after a dis-
cussion of the risks and benefits of various modalities is
also an important consideration in treatment selection.

A variety of surgical and medical therapies are avail-
able for the treatment of BCC [66]. BCCs at low risk for
recurrence are most commonly managed with electrodes-
iccation and curettage (ED&C) or surgical excision. Other
less frequently used treatments include topical 5-fluo-
rouracil (5-FU) or imiquimod, cryosurgery, intralesional
injection, and photodynamic therapy for low-risk lesions.
Mohs surgery, a specialized method of surgical removal,
provides the highest cure rate. it is indicated for lesions at
increased risk of recurrence and where functional and
anatomic relations need to be preserved. Excision, without
the benefit of the Mohs microscopically controlled
method, and radiotherapy may be appropriate alternatives
in the right clinical setting. ED&C is not indicated for the
management of high-risk BCCs because of the high prob-
ability of recurrence. 

Electrodesiccation and Curettage

ED&C is a technique that consists of superficial ab-
lation combined with surgical scraping of the affected skin
with a loop (curette). while the traditional approach to
ED&C is to perform three rounds of curettage and elec-
trodesiccation, the authors prefer to electrofulgurate the
lesion (i.e., the cautery tip does not come into contact with
the tissue) and then curette the devitalized epidermis [66].
This may be repeated once. if the tumor requires more
curettage, it should be excised. A side effect of ED&C is
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Table 2. Risk factors for recurrence of basal cell carcinoma from the National Comprehensive Can-
cer Network (NCCN) [65]. 

H&P

Location/size

Borders

Primary vs. recurrent

Immunosuppression

Site of prior RT

Pathology

Subtype

Perineural involvement

Low-Risk

Area L < 20 mm
Area M < 10 mm
Area H < 6 mma

Well defined

Primary

(-)

(-)

Nodular, superficial

(-)

High-Risk

Area L ≥ 20 mm
Area M ≥ 10 mm
Area H ≥ 6 mma

Poorly defined

Recurrent

(+)

(+)

Aggressive-growth pattern

(+)

Area L = trunk and extremities. Area M = cheeks, forehead, scalp, and neck. Area H = “mask areas” of face (central face, eyelids,
eyebrows, periorbital, nose, lips [cutaneous and vermilion], chin, mandible, preauricular and postauricular skin/sulci, temple, ear),
genitalia, hands, and feet. aLocation independent of size may constitute high risk in certain clinical settings. 



the development of a hypopigmented scar at the site of
treatment. 

One of the largest efficacy studies of ED&C involved
the review of 2,314 primary BCCs treated with this tech-
nique between 1955 and 1982. Subgroup analysis of 521
primary BCCs treated between 1973 and 1982 revealed
that location and size were important determinants of 5-
year recurrence rates. Lesions in the neck, trunk, and ex-
tremities had a recurrence rate of 3 percent regardless of
diameter. BCCs in the scalp, forehead, preauricular and
postauricular areas, or the cheeks had a recurrence rate of
5 percent for lesions less than 10 mm in diameter and 23
percent for lesions greater than 10 mm. Tumors in the nose,
paranasal area, nasolabial fold, ear, chin, mandibular area,
perioral region, or periocular sites recurred in 5 percent of
cases if the lesion was less than 6 mm or in 18 percent of
instances if the lesion was greater than 6 mm. BCCs with
low recurrence rates (≤ 5 percent) largely meet current
NCCN criteria for low-risk BCC based on anatomic loca-
tion and tumor size, while those with unacceptably high
recurrence rates correspond to high-risk BCC. The effect of
histologic subtype on risk of recurrence was not evaluated.
in the same study, recurrent BCCs, an NCCN criterion for
high-risk tumors, had a recurrence rate of 18 percent. A re-
currence rate at 5 years of 40 percent has been reported for
recurrent BCCs treated with ED&C [67].

Other studies have confirmed the efficacy of ED&C. A
large prospective cohort study involving 361 BCCs and
squamous cell carcinomas showed that in appropriately se-
lected patients ED&C has a cure rate of 95.1 percent (95%
Ci = 92.6-97.7) with a median follow-up of 7 years [68]. Al-
though treatment of primary low-risk BCCs with ED&C is
effective and achieves low recurrence rates, lesions with ag-
gressive features on histology should not be treated with
ED&C because of significantly higher recurrence rates com-
pared to Mohs micrographically controlled surgery and,
when conservation of tissue is not a priority, surgical exci-
sion. A population-based retrospective case study reviewed
37 primary infiltrative, morpheaform, or micronodular
BCCs that were treated with ED&C alone. The reported cure
rate was 73 percent with median follow-up of 6.5 years [69]. 

There is evidence that curettage alone is as effective
as ED&C for the treatment of nonaggressive BCCs [70].
Data is limited, however, and further studies are needed
before this technique can safely become part of standard
clinical practice. 

in summary, ED&C is most appropriate for the treat-
ment of low-risk superficial and nodular primary BCCs
on the extremities and trunk. The preferred technique is
one cycle of electrofulguration followed by curettage.
Many dermatologists do not favor the use of ED&C for
the treatment of low-risk primary BCC on the face for a
variety of reasons. First, it may result in an unattractive,
hypopigmented scar. Second, recurrent BCCs initially
treated with ED&C grow within scar tissue and may have
a more aggressive biological behavior, potentially caus-
ing significant destruction. 

Surgical Excision

Surgical excision is a routine office-based procedure
performed under local anesthesia. it involves elliptical sur-
gical removal of the BCC. The surgical defect is typically
immediately repaired by side-side closure. Healing by sec-
ond intention is appropriate under certain circumstances.
variable amounts of normal tissue must be sacrificed to
achieve acceptable cure rates. The excised specimen is
fixed in formalin and sent to the pathology laboratory,
where it is embedded in paraffin, processed, and stained
for evaluation of tissue margins. Less than 1 percent of the
tissue margin is analyzed in this manner. The most com-
monly used excisional margin is 4 mm because, in cases
where tissue conservation is not a priority, this width to-
tally eradicates the tumor in more than 95 percent of cases
for tumors with a diameter of less than 2 cm [71]. A recent
systematic analysis revealed that a margin of 3 mm may
be equally effective [72]. 

The 5-year cure rate for primary BCC treated with sur-
gical excision has been reported at 95.2 percent in one study
[73]. Tumor location on the head was an independent risk
factor for recurrence. BCCs on the head smaller than 6 mm
had a low recurrence rate of 3.2 percent. Larger lesions had
higher recurrence rates with tumors 6 to 9 mm in diameter
recurring in 8 percent of cases and tumors of at least 10 mm
reappearing in 9 percent of instances. Excision of facial
BCCs with standard 4-mm margins is often not feasible be-
cause of cosmetic and functional concerns. A study found
that facial, nodular BCCs excised with 1 to 3 mm margins
were associated with positive margins on histology in 20
percent of cases, requiring additional excision [74]. Because
of this, nodular BCCs on the face should be excised with the
standard 4-mm margins or with tissue-sparing Mohs mi-
crographically controlled surgery, depending on the specific
location and tumor size. Locations associated with the high-
est recurrence rates after conventional excision are the nose,
periocular and paranasal regions, and scalp [75,76]. Recur-
rent BCCs treated with surgical excision have 5-year re-
currence rates of 11 to 17 percent and should therefore not
be treated with this technique [67,73,77]. 

Aggressive-growth histologic patterns are associated
with poorer margin clearance than indolent-growth tumors
after surgical excision. A study of 1,039 BCCs correlated the
various histologic patterns with adequacy of margins of sur-
gical excision. Nodular and superficial BCCs were com-
pletely removed by conventional surgical excision in a high
percentage of cases (94 percent and 96 percent, respectively).
in contrast, micronodular, infiltrative, and morpheaform
BCCs had a high incidence of positive tumor margins (19
percent, 26 percent, and 33 percent, respectively). 

in summary, surgical excision is effective for most
primary BCCs on the trunk or extremities where conser-
vation of tissue is not a priority. 

Mohs Micrographically Controlled Surgery

Mohs micrographically controlled surgery (MMCS) is
a specialized office-based surgical procedure that combines
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staged resection under local anesthesia with frozen section
evaluation of the complete epidermal and deep surgical
margins (Figure 5). This technique achieves the lowest re-
currence rates of all treatment modalities and maximally
preserves tissue. For primary BCC, the 5-year recurrence
rate has been reported to be 1.4 percent, while for recurrent
tumors it has been estimated at 4 percent [78]. The most
common site of recurrence was the nose. Most of the tu-
mors in this study were located on the head and neck. There
is compelling data supporting MMCS as the treatment of
choice for recurrent BCC [67,77]. At 5.6 percent, MMCS
results in the lowest 5-year recurrence rate out of all treat-
ment modalities [67]. in contrast, surgical excision, ED&C,
and radiation therapy show recurrence rates of 17.4 percent,
40 percent, and 9.8 percent, respectively. BCCs with ag-
gressive-growth histologic subtype have been shown to ex-
hibit extensive subclinical spread and are therefore
particularly appropriate for treatment with MMCS [79].
Margin control with MMCS also has been shown to be of
benefit in the setting of BCCs demonstrating perineural in-
volvement, a histologic marker associated with aggressive-
growth histologic subtypes [80]. Perineural involvement is
more commonly associated with squamous cell carcinoma

than BCC, but altogether this is an infrequent feature of
NMSC. Another advantage of MMCS is its tissue-sparing
capability. A study showed that the median area of the sur-
gical defects produced during MMCS for the treatment of
nodular BCCs, most of them on the head and neck, was sig-
nificantly smaller than that of conventional surgical exci-
sion (116.6 mm2 versus 187.7 mm2, p < 0.001) [81]. The
cost of MMCS is comparable to the cost of office-based
conventional surgical excision with permanent section mar-
gin control and lower than the cost of excisions performed
in surgical centers or hospital operating rooms [82]. 

in summary, MMCS is the preferred treatment for
BCCs at high risk for recurrence [65,83,84]. BBCs at high
risk for recurrences include those in high-risk sites of the
face (also known as the H-zone, which includes central
face, eyelids, eyebrows, periorbital area, nose, lips, chin,
mandible, preauricular and postauricular skin, temple, and
ears), tumors with clinically poorly defined borders or
with aggressive-growth histologic patterns (morpheaform,
infiltrative, micronodular, basosquamous), and recurrent
lesions. MMCS is also the preferred treatment for sites in
which tissue conservation is crucial and there is a need for
reliable clear margins. 
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Figure 5. Mohs micrographically controlled surgery (MCCS). A) After gentle curettage for debulking of the tumor,
the lesion is excised with a minimal margin of clinically normal-appearing tissue and the specimen is precisely mapped
and processed immediately by frozen section for microscopic examination. B) The whole specimen is transected, in-
verted, and inked. The white asterisks indicate the 3 o’clock position of the lateral margin. Each segment of the whole
specimen is processed by frozen section with the use of a microtome, which cuts from the undersurface of the segments.
C) The deep and lateral margins of each segment are viewed with a microscope in search for the presence of tumor
cells (positive margin). Precise mapping allows for directed extirpation of any remaining tumor. (Courtesy of David J. Lef-
fell, MD, Manual of Skin Surgery, Second Edition, PMPH; 2011.)



Radiotherapy

Radiation therapy has been reported to result in low re-
currence rates for both primary BCC (7.4 percent) and re-
current BCC (9.5 percent) [85]. it is the primary option for the
treatment of BCCs if surgery is contraindicated. Because of
potential long-term complications such as chronic radiation
dermatitis, alopecia, and even radiation-induced cutaneous
malignancies, patients over the age of 60 are preferred can-
didates. Poor cosmetic results in the form of permanent areas
of hypopigmentation and hyperpigmentation, dryness, epi-
dermal atrophy, telangiectasias, and dermal fibrosis (chronic
radiation dermatitis) are common, occurring in 37 percent of
patients treated with radiation therapy in one study [85]. 

Other Treatment Modalities

Topical imiquimod 5% cream is approved by the FDA
for the treatment of superficial BCCs in low-risk sites. im-
iquimod is a TLR-7 (toll-like receptor 7) agonist that induces
interferon and other cytokines and is thought to promote T-
cell-mediated apoptosis of tumor cells by circumventing sur-
vival mechanisms [86]. Pooled results of two identical
multicenter randomized phase iii trials proved the efficacy
of imiquimod for the treatment of superficial BCC. Treat-
ment with topical imiquimod 5% cream once daily, five
times per week for 6 weeks resulted in a histologic clear-
ance rate of 82 percent 12 weeks after treatment [87]. The
vast majority of the lesions were located on the trunk or ex-
tremities. Adverse side effect included localized erythema,
erosion, and scabbing or crusting. Topical imiquimod ap-
pears to be less effective for the treatment of nodular BCCs.
A randomized phase iii trial showed that thrice-weekly top-
ical imiquimod for either 8 or 12 weeks for the treatment of
low-risk nodular BCC resulted in complete histopathologi-
cal clearance upon subsequent surgical excision of the le-
sion and margin evaluation in only 64 percent of tumors
[88]. in summary, topical imiquimod 5% cream is best used
for the treatment of primary superficial BCCs in low-risk
sites where recurrence is unlikely to result in significant mor-
bidity. Patients with multiple BCCs secondary to an under-
lying genetic syndrome, such as NBCCS or xeroderma
pigmentosum, have been shown in case reports to also ben-
efit from topical imiquimod treatment, obviating the need
for multiple, disfiguring surgeries [89-92]. Topical 5-fluo-
rouracil (5-FU, 5% formulation) is an FDA-approved alter-
native to topical imiquimod for the treatment of superficial
BCCs in low-risk sites. it is rarely used, however, as im-
iquimod has largely replaced it for this indication. 

Photodynamic therapy (PDT) consists of using light and
porphyrins to induce tumor destruction. The FDA has not ap-
proved this modality for the treatment of BCC. Most studies
have come from Europe because PDT is approved for the
treatment of BCC in many countries in that continent. The le-
sions most responsive to therapy appear to be superficial
BCCs with cure rates ranging from 72 to 100 percent [93-96]. 

Cryosurgery, or the use of liquid nitrogen to freeze
the tumor, is a rarely used therapy for BCC. Treatment can
result in a hypopigmented scar and a high recurrence rate. 

intralesional injection of pro-inflammatory agents is
a practically obsolete method formerly used to treat certain
BCCs. intralesional injection of interferon-α-2b has been
shown to be effective for the treatment of superficial and
nodular BCCs but involved frequent painful injections
over 3 weeks. Topical imiquimod is much simpler to use
than intralesional agents and achieves similar results.  

Management of Locally Advanced and Metastatic
Basal Cell Carcinoma

if left untreated, BCC can become locally destructive to
the point where surgical resection is not feasible because of the
large size of the tumor or the proximity to vital or functionally
important structures. Also, radiation therapy may be ineffec-
tive. Until recently, there were limited options for the treat-
ment of locally advanced BCC. Metastasis of BCC is
extremely rare, occurring in approximately 0.003 percent to
0.1 percent of cases [97]. On January 30, 2012, the FDA ap-
proved vismodegib, a small molecule inhibitor of the
Smoothened receptor in the hedgehog pathway, for the treat-
ment of metastatic and locally advanced BCC. The approval
was based on the results of a phase ii clinical trial
(ERivANCE) which showed objective responses in 30 per-
cent of patients with metastatic BCC and in 43 percent of pa-
tients with locally advanced BCC with a median duration of
response of 7.6 months in both cohorts [98]. Common adverse
events included muscle spasms, alopecia, taste disturbance,
weight loss, and fatigue. The effectiveness of vismodegib in
the treatment of advanced BCC has been corroborated in an
expanded access study, in which 46.4 percent of patients with
locally advanced BCC and 30.8 percent of patients with
metastatic BCC showed objective responses [99]. Patients
with NBCCS have also been shown to benefit from treatment
with vismodegib. A randomized, double-blind, placebo-con-
trolled trial in patients with NBCCS showed vismodegib re-
duces BCC tumor burden and blocks growth of new BCCs in
patients with this genetic syndrome [100]. Given the preclin-
ical and clinical success of vismodegib and similar small mol-
ecules, topical formulations of hedgehog pathway inhibitors
are under investigation for the treatment of BCC [101,102].
Although vismodegib is the first effective medical treatment
for advanced BCC, several challenges remain, including un-
derstanding the genetic underpinnings of clinical response and
developing strategies to circumvent acquired resistance. 

Acknowledgments: Dr. David J. Leffell for his guidance in
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