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potential role in the future of patient care.

• Provide appropriate diagnosis and treatment for
patients with BCC based on patient characteristics.

Faculty
Desiree Ratner, MD Columbia University Medical

Center, Program Chair
Sarah T. Arron, MD, PhD University of California,

San Francisco
Brienne Cressey, BS Tufts University
Justin Ko, MD, MBA Harvard Medical School
Kemunto Mokaya, MD University of California, San

Francisco
Kevin O’Bryan, MD Columbia University Medical

Center
Divya Sambandan, BA College of Physicians and

Surgeons at Columbia University
Hensin Tsao, MD, PhD Harvard Medical School
Sue S. Yom, MD, PhD University of California, San

Francisco

Agenda
• BCC: Current Concepts and Future Directions, p. 3
• Therapeutic Approaches to BCC, p. 8
• Exploring the Genetics of BCC, p. 14

Accreditation and Certification
The Annenberg Center for Health Sciences at
Eisenhower is accredited by the Accreditation
Council for Continuing Medical Education to provide
continuing medical education for physicians. 

The Annenberg Center for Health Sciences at
Eisenhower designates this enduring material for
a maximum of 3 AMA PRA Category 1 Credit(s)™.
Physicians should claim only the credit commen-
surate with the extent of their participation in
the activity.

AAPA accepts Category 1 CME credit for the
PRA from organizations accredited by ACCME.

There is no charge for this activity. Certificates
will be available online at the Web address noted
on the evaluation. 

Disclosure
It is the policy of the Annenberg Center to ensure
fair balance, independence, objectivity, and scientific
rigor in all programming.  All faculty and planners
participating in sponsored programs are expected
to identify and reference off-label product use and
disclose any relationship with those supporting the
activity or any others with products or services avail-
able within the scope of the topic being discussed
in the educational presentation.

The Annenberg Center assesses conflict of
interest with its instructors, planners, managers,
and other individuals who are in a position to con-
trol the content of CME/CE activities. All relevant
conflicts of interest that are identified are thor-
oughly vetted by the Annenberg Center for fair
balance, scientific objectivity of studies utilized in
this activity, and patient care recommendations.
The Annenberg Center is committed to providing
its learners with high-quality CME/CE activities and
related materials that promote improvements or
quality in health care and not a specific propri-
etary business interest of a commercial interest.

In accordance with the Accreditation Council
for Continuing Medical Education Standards, paral-
lel documents from other accrediting bodies, and
Annenberg Center policy, the following disclo-
sures have been made:
Sarah T. Arron, MD, PhD
Research Support Genentech

Novartis Pharmaceuticals
Advisory Board Roche
Other Spouse is an employee of 

Genentech
Desiree Ratner, MD
Advisory Board Genentech
Hensin Tsao, MD, PhD
Consultant Genentech
The following faculty have no significant 
relationship to disclose:
Brienne D. Cressey, BS Justin Ko, MD, MBA
Kemunto Mokaya, MD Kevin O'Bryan, MD
Divya Sambandan, BA Sue S. Yom, MD

The following faculty for this activity have 
disclosed that there will be discussion about the
use of products for non-FDA approved indications:
Kevin O'Bryan, MD Desiree Ratner, MD

The following faculty for this activity have disclosed
that there will be no discussion about the use of
products for non-FDA approved applications.
Sarah T. Arron, MD, PhD Brienne D. Cressey, BS
Justin Ko, MD, MBA Kemunto Mokaya, MD
Divya Sambandan, BA Hensin Tsao, MD, PhD
Sue S. Yom, MD

Additional content planners:  In accordance with
the Accreditation Council for Continuing Medical
Education Standards, parallel documents from
other accrediting bodies, and Annenberg Center
policy, the following disclosures have been made.
All staff at the Annenberg Center for Health
Sciences at Eisenhower have nothing to disclose.
Paul Winnington (Content Planner/Editor) has
nothing to disclose.

The ideas and opinions presented in this educa-
tional activity are those of the faculty and do not
necessarily reflect the views of the Annenberg
Center and/or its agents. As in all educational
activities, we encourage practitioners to use their
own judgment in treating and addressing the
needs of each individual patient, taking into
account that patient's unique clinical situation. The
Annenberg Center disclaims all liability and cannot
be held responsible for any problems that may
arise from participating in this activity or following
treatment recommendations presented.

This activity is supported by an independent
educational grant from Genentech.

This activity is an enduring material and con-
sists of a journal supplement. Successful comple-
tion is achieved by reading the material, reflecting
on its implications in your practice, and complet-
ing the assessment component.

The estimated time to complete the activity is
3 hours.

This activity was originally released in
November 2011and is eligible for credit through
OCtober 31, 2012.

Our policy on privacy
Annenberg Center for Health Sciences respects
your privacy. We don't share information you give
us, or have the need to share this information in
the normal course of providing the services and
information you may request. If there should be a
need or request to share this information, we will
do so only with your explicit permission. See
Privacy Statement and other information at
http://www.5starmeded.org/shared/privacy.html

Contact information 
For Help or Questions About This Activity:
8 AM - 5 PM, Pacific Time, Monday - Friday
Cwatlet@annenberg.net
Annenberg Center for Health Sciences
39000 Bob Hope Drive 
Rancho Mirage, CA 92270
P: 760-773-4500 F: 760-773-4513

Current and Emerging Treatment Paradigms for Basal Cell Carcinoma



A
ccording to the American Cancer Society, 3.5 mil-
lion non-melanoma skin cancers (NMSC) were
diagnosed in the United States (US) in 2006,
affecting over two million people.1 Approximately
2.8 million of these were basal cell carcinomas

(BCC). This article reviews the current state of BCC diagnosis
and management and summarizes new concepts with implica-
tions for future treatments. 

Risk Factors and Genetic Considerations
Although no comprehensive NMSC registries exist, popula-

tion-based data indicate that BCC incidence is increasing
worldwide.2,3 Risk factors can be divided into genetic and
behavioral categories. Individuals with Fitzpatrick type I skin,
who often have red or blond hair, light eye color, and freckles,
are at high risk for developing BCC.3-5 Patients with fair, but
darker (Fitzpatrick Type II-III) skin types are also at risk, but
their risk is not as pronounced. Certain genetic diseases also
increase the risk of developing BCC. Basal cell nevus syn-
drome (BCNS), or Gorlin’s syndrome, due to an autosomal
dominantly inherited mutation in the PTCH1 tumor suppres-
sor gene, leads to hundreds of BCCs beginning in childhood.
Other diseases with increased risk include oculocutaneous
albinism, xeroderma pigmentosum, and Bazex and Rombo
syndromes. 

One of the main behavioral BCC risk factors is ultravio-
let radiation (UVR) exposure, either environmentally or from
tanning beds.6 UVB and, to a lesser extent UVA, cause
cyclobutane pyrimidine dimer formation that contributes to
abnormal basal keratinocyte proliferation. Short, intense UV
exposure confers greater risk than continuous exposure, par-
ticularly before age 20.3,7 Higher risk is also associated with
exposure latitude, with individuals closer to the equator
developing more BCCs.8,9 These risk factors may be additive.
In Australia, the relative risk of BCC was five times higher
in patients born on the continent compared to those emigrat-
ing there after age 10.10

Exposure to ionizing radiation also increases risk. In one
study, 2,224 children treated with x-rays for tinea capitis had a
relative risk of 3.6 for head and neck BCC 50 years later,
while no significant risk increase was seen for melanoma or
squamous cell carcinoma (SCC).11 Patients receiving other
types of radiation also have a higher BCC risk.

BCCs often arise decades after UV or ionizing radiation
exposure. The mean age of diagnosis is 68, with an substan-
tial increase in tumor number after age 60.9 One exception
to this trend is the increasing BCC incidence seen in young
women, possibly reflecting patterns of increased sun expo-
sure and tanning bed use, as well as greater patient surveil-
lance.12

Immunosuppression is another risk factor. Organ trans-
plant recipients (OTRs) have a 10-fold greater BCC risk than
the general population, along with a 65-fold increased SCC
risk.13 Patients with non-Hodgkins lymphoma or chronic lym-
phocytic leukemia have relative risks for BCC of 3.6 and 2.7,
respectively.14,15

Clinical Presentation and Classification
Basal cell carcinoma is divided into four clinical and histo-

logic subtypes with important implications for diagnosis and
management: nodular, micronodular, superficial, and mor-
pheaform. Nodular BCC is most common, accounting for 60
percent of primary BCCs, and is classically described as
“pearly” or “waxy,” with or without telangiectases. It is charac-
terized histopathologically by nodules of basaloid ker-
atinocytes with peripheral palisading, and surrounding stro-
mal clefting. Micronodular BCC may appear clinically similar,
but its pathological nature is distinct. It has smaller islands of
basaloid keratinocytes in the dermis, often lying beneath a
normal epidermis, a histologic finding which may explain its
tendency for wide and deep tumor extension, as well as its
higher risk of recurrence.16

Superficial BCCs are most commonly found on the trunk
or extremities, but also in other areas, and may be more com-
mon in younger patients.17 Characterized histopathologically
by buds of basaloid keratinocytes extending into the papillary
dermis, superficial BCCs appear clinically as poorly defined
erythematous macules or plaques. They may be difficult to
distinguish from dermatitis, actinic keratoses, or amelanotic
melanoma.

Morpheaform (also known as sclerosing or infiltrative) BCC
appears as poorly defined, indurated plaques, and is also a
“high risk” subtype. Histopathologically consisting of angular
dermal aggregates of basaloid cells, its tumor islands often
extend peripherally and deeply beyond clinically appreciable
margins, contributing to a higher risk of recurrence.18

Basal Cell Carcinoma:
Current Concepts 
and Future Directions
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More than 20 other BCC variants have been described.9 Of
these, several deserve mention. Nodular and superficial BCCs
can contain melanin and may therefore be brown or blue-
black, resembling seborrheic keratoses or even melanoma.19

Pigmented BCCs are more common in Hispanic patients, sup-
porting the presumption that darker skinned individuals
(Fitzpatrick types III-V) are at increased risk for pigmentation
in BCCs.20

Fibroepithelioma of Pinkus is classically described as 
a pink plaque on the lower back, but may also occur on
the umbilicus, suprapubic region, thigh, genitals, and
chest.21-24 It is distinguished histologically by thin, reticu-
lated dermal strands of basaloid cells with a surrounding
fibrous stroma. 

The basosquamous variant also deserves mention due to
its unique histologic characteristics and aggressive clinical
behavior. Its reported recurrence rate is 12-51 percent with
traditional treatments, with a metastatic rate of five percent
for primary head and neck tumors. Basosquamous carcino-
ma may exhibit infiltrative growth, with both basaloid cells
and cells with squamous differentiation growing in a fibrob-
last-rich, sclerotic stroma.25 In a review of 1,000 cases, 2.0
Mohs surgical stages were required on average to clear
basosquamous carcinoma, as compared to 1.6 and 1.5 stages
for BCC and SCC respectively, supporting its classification
as an aggressive tumor subtype.25,26 Mohs surgery has
emerged as the treatment of choice for basosquamous carci-
noma, with one study reporting recurrence rates of 4.1 per-
cent after five years.27

Diagnostic Challenges
The differential diagnosis of BCC includes seba-

ceous hyperplasia, dermal nevus, neurofibromas, and
angiofibromas. However, as noted above, certain sub-
types can mimic dermatitis, psoriasis, and melanoma,
demonstrating the importance of biopsying any growth
suspicious for malignancy. 

Making a diagnosis may also be challenging in cer-
tain anatomic locations. On the eyelid, for example,
early BCCs may present as loss of wrinkling, contrac-
ture, blepharitis, conjunctival irritation, or loss or mis-
direction of lashes.28 Diagnosis may be delayed by
reluctance of the patient or physician to undertake a
biopsy.28 It is therefore essential to remember that
BCCs represent 20 percent of eyelid growths but 90
percent of eyelid malignancies, and are commonly
found on the lower eyelid and medial canthus because
of greater UV exposure in these locations.28,29 Eyelid
sites are also at risk for extensive subclinical invasion
and recurrence, making an early diagnosis of para-
mount importance.  

BCC should also be considered in locations not tra-
ditionally thought susceptible to NMSC, including the
axillary, genital, and periungual regions. Axillary BCC,
comprising 0.33 percent of tumors, has a benign clini-
cal course and is easily treatable.30,31 Perianal and geni-
tal BCCs, whose etiology is also unknown, comprise
0.27 percent of cases, primarily affect the elderly, and

may occur more commonly in women.32,33 While perianal and
genital SCC are associated with high-risk HPV, no such corre-
lation exists for BCC, although BCCs in these areas may be
more aggressive than non-genital tumors. One review estimat-
ed a 10.7 percent metastatic risk in scrotal BCCs.33 The aver-
age age of presentation of vulvar BCC is 70.35 years, and the
predominant symptom, itching, underscores the importance of
biopsying genital “eruptions” unresponsive to conventional
management.34 Periungual BCC is also rare, possibly due to
absent pilosebaceous units in this region. Reported more com-
monly in men, it presents with ulceration, onychodystrophy,
onycholysis, or longitudinal melanonychia, and may be misdi-
agnosed as paronychia, onychomycosis, eczema, pyogenic
granuloma, or glomus tumor.35

Histologic Variations
As noted previously, BCC subtyping may help direct man-

agement. Low-risk histologic subtypes respond well to topical
treatment or local destruction, while more aggressive subtypes
have a higher recurrence risk, therefore requiring surgical
excision or, in high-risk anatomic locations, Mohs surgery.
Recent studies highlight the fact that many BCCs display more
than one growth pattern, a finding that impacts therapeutic
decision-making.

Izikson, et al. examined 348 primary BCCs treated with
Mohs surgery. Prior to the first surgical stage, a “debulking”
biopsy was obtained; 28 percent of cases showed undiagnosed
aggressive histology.36 In a separate study, 232 primary BCC
biopsy and excision specimens were examined for discordance

Classic Subtypes of BCC (clockwise from top left): Nodular, Micronodular,
Superficial, and Morpheaform.
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in histologic subtyping. Fifty-four percent of biopsies
showed mixed histology, with 27 percent of tumors dis-
playing aggressive histology. Eighteen percent of cases
showed discordance between biopsy and excision speci-
men subtypes. In 15 percent of biopsy-proven nodular
BCCs, an aggressive subtype was diagnosed after exci-
sion.37 Clinicians must therefore be aware that mixed
histology in any BCC is not unusual. Cancers in high-
risk locations require careful margin control, either
with Mohs surgery, or excision with complete deep and
peripheral margin assessment, due to the prevalence of
aggressive histologic subtypes.38,39

Aggressive BCC
The vast majority of BCCs are curable. Although

variability in size, location, histologic subtype, or other fea-
tures can affect the choice of treatment used, patients can ulti-
mately be reassured that BCC will have little impact on their
length or quality of life. In rare cases, however, tumors can
behave aggressively, recurring repeatedly despite treatment,
and at times metastasizing.  

BCCs with a higher risk of aggressive behavior can often
be identified on initial presentation, including tumors over
3.0cm in diameter, those located on the face (particularly the
midface and ear), recurrent tumors, or tumors persisting
untreated for years.40 Tumors with high-risk histology are also
at greater risk for recurrence and often display greater sub-
clinical spread and a higher likelihood of perineural invasion
(PNI).41

When identified histologically, PNI is a worrisome sign.
The potential space between the nerve and its surrounding
perineurium provides invasive cancers with a direct pathway
to the central nervous system.42 PNI can also allow tumors to
grow discontiguously, leading to false negative histologic mar-
gins. Various studies have estimated the risk of PNI in BCC
between 0.18 and three percent.41,43,44 Perineural tumors are
more commonly recurrent and located on the head and neck,
and recurrence post-radiation seems to place patients at partic-
ularly high risk for PNI.43 In general, perineural BCCs have
greater pre- and post-operative sizes and require more Mohs
surgical stages for clearance.41,42 They are also more likely to
metastasize and can cause significant neurologic deficits.45

When patients present with clinical evidence of PNI, their
prognosis is even more guarded. Perineural tumors can cause
axonal and myelin degeneration and segmental neuronal
infarction.45 PNI is usually asymptomatic, but patients may
become symptomatic from nerve compression against critical
non-moveable structures such as cranial foramina.46 If a
patient develops paresthesias, discomfort, or formication, the
clinician should consider the possibility of aggressive, compli-
cated disease.

PNI in BCC is uncommon, and recommendations for
management vary widely. Treatment of asymptomatic “inci-
dental” PNI seen histopathologically is controversial, with
some advocating that an extra layer of normal tissue be
taken when treating with Mohs surgery. Due to a lack of
data, there is no consensus regarding use of adjuvant radio-

therapy. Furthermore, radiologic imaging is unreliable, with
small case series reporting a 42 percent false-negative visu-
alization rate on MRI. Despite this, some authors recom-
mend imaging before undertaking radiation therapy, as
high-resolution MRI combined with CT can better define
the course of named nerves and help radiation oncologists
to formulate treatment plans.45

Metastatic BCC is extremely rare, occurring in only 0.03
to 0.55 percent of cases.40,47 Large size and treatment delay
are risk factors, with 1.9 percent risk in tumors over 3cm,
and 50 percent risk in tumors over 10cm in diameter.57 One
review showed a slight male predilection, a mean age of
63.2 years at presentation, an average primary tumor diame-
ter of 10.4cm, and an average time from presentation to
metastasis of 2.5 years.48 Metastatic sites include regional
lymph nodes, bone, lung, liver, and parotid gland.40,48,49 The
prognosis is grim, with survival ranging from eight months
to 3.6 years.40 Encouraging results with aggressive surgical
intervention and radiation have been reported.48 More
encouraging has been the development of sonic hedgehog
pathway inhibitors, particularly vismodegib, which prelimi-
nary evidence suggests may revolutionize the treatment of
inoperable or metastatic BCC. These inhibitors are dis-
cussed elsewhere in this supplement.

Current Treatment Approaches 
The lack of randomized, prospective, comparative studies

has made interpreting BCC treatment guidelines difficult.
While numerous studies evaluating cure rates of different
treatment modalities exist, follow-up durations, tumor sub-
types, and methods of reporting and calculating recurrence
rates are inconsistent. Appropriate treatment selection must
take into account tumor type, location, and size, and requires
an understanding of each modality’s recurrence rates, costs,
and cosmetic results. 

Surgical Management. Mohs micrographic surgery
(MMS) involves removal of cutaneous malignancies with
serial microscopic examination of 100 percent of the
excised tissue margins. MMS is used for recurrent or
incompletely excised tumors, tumors with ill-defined clini-
cal margins, large (>2cm) size, or aggressive histologic
growth patterns. MMS is also used in sites known for high

Pigmented BCC (left); Differential diagnosis includes Seborrheic Keratosis and
Melanoma. Classic “Rodent Ulcer” Nodular BCC (right).
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recurrence
or requiring
maximal tis-
sue conser-
vation. It is
the pre-
ferred treat-

ment for patients who are immunosuppressed, have a his-
tory of radiation, or large tumors. MMS has the highest
cure rate of all BCC treatment methods, with estimated
five-year recurrence rates ranging from 1.0 to 3.2 percent
for primary facial tumors and 4.0 to 6.7 percent for recur-
rent facial tumors.50-52 The average cost of MMS for a BCC
on the cheek is $1,263.53 Despite this seemingly high figure,
when used appropriately, MMS is cost-effective because of
its superior cure rate and obviation of the need for multiple
procedures.54 MMS has limitations and is not ideal for
tumors with satellite growths, multicentric origins, or skip
areas. It can also be tedious and exhausting for patients, as
the average procedure lasts three hours, and recovery may
take two to four weeks depending on the extent of the sur-
gery.

Standard surgical excision is generally performed with a 3-
4mm margin of normal-appearing skin. Excision also allows
for histologic evaluation of tumor margins, but its five-year
recurrence rates of 4.8 percent for primary and 11.6 percent
for recurrent BCCs are inferior to those of MMS, particularly
for aggressive tumors or those in high-risk anatomic locations,
in part due to sampling errors that occur with “bread-loafing”
vertical tissue sections.1 The average cost of standard outpa-
tient excision of a BCC on the cheek with permanent sections
and immediate repair is $1,006; in an ambulatory surgery cen-
ter with frozen sections and immediate repair, the cost is
$2,334.53 For low-risk, non-aggressive tumors, standard exci-
sion achieves high cure rates and is considered more cost-
effective than MMS. 

Curettage with electrodesiccation (ED+C) is widely used to
manage small, well-defined primary BCCs with nonaggressive
histology on the neck, trunk, and extremities. A curette is
used to scrape away tumor tissue, followed by electrocautery
to the base and margins of the wound to control bleeding and
to destroy any remaining cancerous cells. The average cost of
ED+C for a BCC on the cheek is $471.53 Although quick to
perform, convenient, and inexpensive, ED+C has a relatively
high recurrence rate of 17.5 percent at high-risk sites and 8.6
percent at low-risk sites, in part because tumor margins can-
not be assessed histologically, curettage is extremely operator-
dependent, and aggressive BCC subtypes may be less friable
and more difficult to scrape away.55 ED+C may also achieve
inferior cosmetic results, producing atrophic, white scars. 

Cryosurgery uses two to three freeze-thaw cycles of liquid
nitrogen to destroy tumors and clinically normal surrounding
tissue. Similar to curettage, cryosurgery lacks the ability to
confirm tumor removal histologically and is generally reserved
for small, well-defined primary BCCs. Because it is operator
dependent, reported recurrence rates are highly variable. It
also has relatively poor cosmesis and may result in hyper-

trophic scarring, which can lead to delayed detection of tumor
recurrence.

Non-Surgical Management. Topical imiquimod and 5-
Fluorouracil (5 FU) are FDA-approved immune-modulating
and chemotherapeutic agents used to treat small, superfi-
cial, nonfacial BCCs. Imiquimod is a toll-like receptor 7
agonist and induces interferon-alpha to promote Th1
immunity. 5-FU interferes with DNA synthesis and cell
proliferation. Imiquimod cream 5% is administered once
daily, five days a week, for six to 12 weeks, while 5-fluo-
rauracil is typically applied twice daily for at least six
weeks. A single imiquimod course costs about $648 with a
treatment failure rate of five percent and a 20 percent two-
year recurrence rate.56 Major limitations of these treat-
ments are their relatively high recurrence rates and patient
inability to tolerate medication-induced irritation.
However, these agents may be appropriate for elderly
patients unable or unwilling to undergo surgery. Other
treatments that have demonstrated some success in treat-
ing BCC but remain uncommonly used are intralesional
interferon-alpha 2b and the retinoid tazarotene.57

Photodynamic therapy (PDT) involves topical administra-
tion of a photosensitizing prodrug, such as 5-aminolevulinic
acid (ALA) or methyl aminolevulinic (MAL), followed by
destruction of sensitized tumor cells with a visible light
source. PDT generally has good cosmetic results but high
recurrence rates. The five-year recurrence rate with three
hours of MAL incubation and two to four treatments was
found to be 14 percent for primary nodular BCCs.58

A recent study examined the utility of the 585nm pulsed
dye laser (PDL) in nine BCC patients using a single 450-
microsec pulse, 7mm spot size, and 9.0 J/cm2 energy, with
clearance in five patients.64 Another study used a 595nm PDL,
3-ms pulse, 7mm spot size, and 15.0 J/cm2 energy, with a com-
plete clinical response in 19/20 BCCs.65 With further investiga-
tion, PDL may become an effective, non-invasive approach for
smaller BCCs.

Radiotherapy consists of external beam radiation (superfi-
cial x-rays and electrons) and brachytherapy. It plays an
important role in head and neck BCC treatment, with a four-
year recurrence rate of 7.5 percent.59 The average cost of
radiotherapy for a BCC on the cheek ranges from $2,591 to
$3,460.53 Because of its high cost, prolonged course, lack of
margin control, relatively poor cosmesis, and increased risk
for cancer in treated areas, radiotherapy is currently used for
tumors in difficult-to-treat sites, in patients who cannot toler-
ate surgery, and as an adjunctive therapy for metastatic or
unresectable tumors.

Lastly, escharotic agents, such as black salve or Cansema,
are marketed as BCC cures, although no clinical studies sub-
stantiate these claims. Their manufacturing and distribution
is not regulated, and they are generally purchased through
mail-order companies or the Internet. Zinc chloride and san-
guinaria canadensis (bloodroot), the ingredients most often
found in these products, were once used routinely as tissue
fixatives during MMS.66 These agents are generally produced
as topical pastes that produce a painful, inflammatory

Factors That May Predict an Aggressive BCC

Large Size (over 3cm)

Periorificial Location

Perineural Invasion

Longstanding or Recurrent Tumor

Aggressive Histologic Subtype
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response to create an eschar, often result-
ing in significant scarring.

Future Directions 
Many sporadic BCCs have constitutive

Hedgehog (Hh) gene pathway activity,
often secondary to inactivating mutations
in the PTCH gene (85 percent of cases) or
activating mutations in the Smoothened
(SMO) gene (10 percent of cases).60 Recent
trials have examined single-agent Hh path-
way inhibitors, such as cyclopamine, a nat-
urally occurring plant alkaloid, in treating
BCC. Cyclopamine acts by binding and
inactivating the SMO transmembrane
receptor protein, and induced regression
in four cases after topical application.61

Because of its poor oral bioavailability and
low receptor affinity, more potent deriva-
tives with SMO antagonist and Hh inhibit-
ing activity have been developed, includ-
ing Cur-61414 and vismodegib. Cur-61414 entered phase I tri-
als for topical use in sporadic BCC but did not produce clini-
cal improvement or reduction in Hh gene activity, perhaps
due to poor penetration.62 Vismodegib is currently in phase III
trials for advanced BCC. Phase I studies demonstrated two
complete responses and 16 partial responses to oral treatment
in 33 patients with metastatic or locally advanced BCC. Grade
3 adverse events reported included fatigue, hyponatremia,
muscle spasm, and atrial fibrillation.63

Conclusion
BCC is a common disease. Knowledge of the state of the

art in its diagnosis and management is essential for dermatolo-
gists and primary care physicians, who represent the first line
in what is increasingly becoming a public health epidemic.
New research has deepened our knowledge of BCC’s genetic
and molecular basis, which has exciting implications for the
treatment of extensive or inoperable disease. ●
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B
asal cell carcinoma (BCC) is the most common form
of skin cancer. BCC is typically slow-growing, but if
left untreated local invasion may occur, leading to
destruction, disfigurement and rarely, metastasis.
Before selecting a therapeutic option, it is critical to

characterize the BCC to be addressed. The National
Comprehensive Cancer Network (NCCN) clinical practice
guidelines stratify BCC into low-risk and high-risk tumors
based on location, size, tumor borders, histologic subtype, per-
ineural invasion, recurrence, immunosuppression, and history
of radiation.1 (Table 1) Other factors to consider include
patient age and comorbidities, desirable functional and aes-
thetic outcome, and access to subspecialty care.

The objective of this review is to describe the wide variety
of management options for BCC, including local destruction,
surgical excision, and radiation therapy. In addition, we will
review recent advances in medical therapy, which include
immunomodulators and targeted molecular agents.

Local Destruction
Local destruction is an effective and rapid means of treat-

ing BCC. The most frequently used option is curettage and
electrodessication (C&E), but cryosurgery, ablative laser thera-
py, and photodynamic therapy are all in use for this purpose.
The main common disadvantage of local destruction is the

inability to assess margin control, as no material is sent for
pathology. Other potential disadvantages include hypertrophic
scaring and poor aesthetic outcome. In addition, scar forma-
tion may delay the presentation of persistent tumor. For these
reasons, local destruction is best reserved for low-risk BCC. It
is also a reasonable option when patients have contraindica-
tions to more extensive therapies.

Curettage and Electrodessication. Curettage and elec-
trodessication (C&E) is a common method for destruction of
BCC. The tumor is curetted and the base and wound margin
are treated with electrodessication to destroy residual tumor
and control bleeding. This is typically repeated for two or
three cycles, at provider discretion. Advantages of C&E
include the ease and speed of the procedure, low recurrence
rates in low-risk sites, and low cost. 

There have been no randomized, controlled trials for C&E
compared to other treatment options, but data exist from case
series. Recurrence rates have been reported between 7.7 and
19 percent at five years.2,3 Outcome is also dependent on site,
with five-year recurrence rates of 3.3 percent at low-risk sites
(neck, trunk, extremities), 12.9 percent at middle-risk sites
(scalp, forehead, malar areas), and 17.5 percent at high-risk
sites (“mask” areas of face).4 One study of 69 BCC wounds
excised immediately after C&E reported residual tumor in 8.3
percent of trunk and limb wounds and 47 percent of head and
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neck wounds.5 It has been hypothesized that the inflammation
resulting from the procedure may contribute to tumor clear-
ance, which suggests that the immediate residual tumor noted
above may not correlate to rates of recurrence.

Some providers use curettage alone without electrodessica-
tion. Barlow, et al. reported a five-year cure rate of 96 percent
for non-aggressive BCC with minimal scarring and improved
cosmetic outcomes in 302 biopsy-proven BCCs treated by a
single provider.6 These results suggest that the cure rate and
cosmetic outcome of curettage is operator dependant; this is
amplified by practice differences in the technique used.

Curettage may also be combined with other modalities,
including medical therapy. A prospective study of 90 patients
treated with curettage followed by application of imiquimod
5% cream five times weekly for six weeks resulted in clear-
ance rates of 96 percent at an average 36 months follow-up.7

Cryosurgery. Cryosurgery is an infrequently used destruc-
tive modality that involves using cryogens (most commonly
liquid nitrogen) to destroy tissue. For BCC, freezing to reach a
target temperature of approximately -50oC (translating to a
thaw time of approximately 60 seconds with a freeze margin
of approximately 5mm) is commonly practiced, with at least
two freeze-thaw cycles.8

Advantages of cryosurgery include its ease of use, cost-
effectiveness and versatility. It is also non-invasive and there-
fore a suitable treatment option in individuals who would like
to avoid invasive surgery. Cryosurgery wounds heal with min-
imal tissue contraction, and may result in good cosmetic
results. Disadvantages of cryosurgery include hypertrophic
scarring, prolonged healing, nerve injury, and post-inflamma-
tory pigment changes. Cryosurgery is contraindicated in
patients with cryoglobulinemia, cryofibrinogenemia, or
Raynaud disease. In patients with darker skin tones, hypopig-
mentation due to melanocyte damage is a relative contraindi-
cation to this procedure. Recurrence rates as low as one per-
cent in five years have been reported in carefully selected,
low-risk lesions,9 although another study found the two-year
recurrence rate as high as 39 percent.10 For primary, low-risk
superficial and nodular BCC, most published data report
recurrence rates of less than 10 percent.11

Combining cryosurgery with curettage may reduce recur-
rence rates over single destructive treatment. Several studies
assessing double freeze-thaw cycles of cryosurgery performed
after curettage on the head and neck have shown recurrence
ranging from 1.5 percent at one year to 17.6 percent at five
years.12,13 However, a randomized, controlled trial found that
standard excision provides higher cure rates, faster healing
and better cosmetic outcome than curettage and cryosurgery.12

Photodynamic therapy. Photodynamic therapy (PDT)
describes the combination of a photosensitizing agent and a
light source to achieve destruction of target tissue. In derma-
tology, PDT commonly describes the use of topical 5-aminole-
vulinic acid (ALA) with a 410nm blue light or methyl-esteri-
fied ALA (mALA) with a 694nm red light for photoactivation.
Both of these treatments are off-label for basal cell carcinoma.
Systemic verteporfin has also been investigated for this pur-
pose.14

One major advantage of PDT is the non-invasive nature of
treatment. Other advantages include improved cosmesis over
other destructive modalities and the ability to use this modali-
ty for large and difficult-to-treat lesions.15,16 The major disad-
vantage of PDT is the potential for insufficient depth of pene-
tration of topical drug or photoactivating light source, limiting
the ability to treat tumors with deeper invasion.17 For this rea-
son, mALA and 694nm red light are preferred in Europe,
where PDT is widely performed for superficial BCC. Another
disadvantage is that not all providers have the light source.
PDT is more expensive and labor-intensive than other destruc-
tive modalities, though less expensive than surgical interven-
tion.18 PDT is contraindicated in patients with porphyria. Cure
rates range from 64 to 87 percent when PDT is used for nodu-
lar and superficial BCCs.19-21 In randomized trials, the response
rate to PDT was similar to that achieved with cryosurgery21

but lower than that achieved with surgical excision.22

Given the off-label use of PDT and absence of convincing
evidence for efficacy in treatment of BCC, other treatment
modalities are generally preferred. However, PDT may be con-
sidered when recommended options are not feasible. Future
studies may clarify which tumors will best respond to this
treatment.

Destructive Laser Therapy. There is a paucity of literature
on the use of lasers for treatment of BCC. Case reports using
carbon dioxide, Erbium:YAG, and neodymium lasers suggest
partial response rates,23-26 but few providers have experience
with these techniques and the available equipment. Future
studies would be required to provide evidence for the use of
these lasers in treatment of BCC.

Surgical excision. Surgical excision is the gold standard for
treatment of primary and recurrent BCC. Lesions may be
removed by wide local excision or Mohs micrographic sur-
gery. The main advantages of surgical excision include higher
cure rates, histologic margin assessment, and good cosmetic
outcomes. Disadvantages include the invasive nature of sur-
gery, the relatively higher cost, access to specialized care, and
scarring. Surgical treatment of large, complex BCC may result
in significant loss of function or disfigurement. 

Wide Local Excision. Wide local excision (WLE) with post-
operative margin evaluation is a highly effective treatment
option for primary BCC. It is generally acceptable to excise
lesions with a peripheral margin of normal skin, with the
deep surgical margins extending to the level of subcutaneous
fat. The size of the peripheral margin depends on several fac-
tors, including location, tumor size, and histologic subtype, but
there is an inverse relationship between margin size and the
probability of positive histologic margins. In general, a 4-5mm
margin is recommended to achieve a five percent rate of
incomplete excision.27,28 However, for larger tumors with more
aggressive histology, a larger margin is required to achieve
clear histologic margins.28

The five-year recurrence rate of BCC removed by WLE
ranges from 4.1 percent to 10.1 percent.3,29 Assessment of the
postoperative margin is crucial, as tumor recurrence averages
38 percent if the histologic margin is involved.27 The cosmetic
outcome after wide local excision and primary closure is gen-
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erally good, particularly for sites on the trunk and extrem-
ities.30 Wide local excision may be combined with complex
reconstruction on the head and neck, hands, or other sites
where functional or aesthetic outcomes are of concern. 

WLE has been compared to several other treatment modal-
ities in randomized trials. Primary nodular BCCs treated with
WLE had a significantly lower 12-month recurrence rate than
those treated with mALA-PDT (four percent vs 17 percent),
though the cosmetic appearance after PDT was superior.22

When compared to radiation, the recurrence rate was again
lower (0.7 percent for WLE vs. 7.5 percent for radiation).31 In
a separate randomized trial comparing WLE with radiation,
WLE was found to have better aesthetic outcome.32

Mohs Micrographic Surgery. Mohs micrographic surgery
(MMS) is a surgical procedure used for complex or high-risk
BCC. With the Mohs technique, surgically removed tissue is
mapped, frozen, and sectioned in a manner that allows 100
percent tissue margin evaluation. The surgeon evaluates the
sections during the procedure and performs additional stages
until margins are completely clear. Given its precise nature,
MMS has the highest cure rates in treating primary and recur-
rent BCC, with recurrence rates reported in the literature
from zero to six percent for primary BCC and 4.8 to 12 percent
for recurrent BCC. (Table 2) Intraoperative comprehensive
margin evaluation allows for a smaller excision margin, result-
ing in normal tissue sparing. This enables conservation of func-
tion and improved aesthetic outcome in high-risk areas.33

Indications for MMS include treatment of BCCs that are
recurrent or incompletely excised, have aggressive histologic
subtypes (infiltrative, morpheaform, micronodular, perivascu-
lar, perineural), have poorly-defined clinical margins, and are
located in high-risk locations (e.g >0.4cm in the mask zone of
face or >2cm on trunk or extremities), or BCCs that are in
cosmetically and functionally complex areas, such as the
hand, foot, genital, and perianal areas. It is also suitable in
treating previously irradiated and immunosuppressed patients
or those with genetic conditions that predispose them to com-
plex tumors.34

Although individual studies report lower recurrence rates
with MMS than WLE, there is a lack of evidence directly

comparing the two modalities. Studies are often confounded
by the practice of using MMS with more aggressive tumors,
increasing the risk for recurrence. In a prospective random-
ized trial comparing WLE to MMS, the recurrence rate was
the same for both treatments.29 However, this study may
have been underpowered and was limited by selection bias
and a randomization process that resulted in uneven distri-
bution of aggressive tumors.35

While MMS is more expensive and time-consuming than
standard surgical excision and requires highly specialized
staff, it is still more cost effective than some excisions (e.g.,
those carried out in surgical centers and operating rooms).36

Given the lower recurrence rates with MMS, it may be
more cost effective treat patients with it in the long run. For
the indications listed above, it is the preferred treatment
mode.

Radiation. Radiotherapy can be used to treat primary,
recurrent, or incompletely excised BCCs. It can be delivered
either as external beam radiotherapy or as brachytherapy
(implanted directly within the diseased tissue). Radiation

treatment requires as few as one to as many as 35 visits. The
rationale for a more protracted schedule is to provide an
opportunity for self-repair of normal tissues surrounding the
tumor and thereby improve cosmesis and decrease the risk of
chronic complications. 

Radiotherapy is the major treatment option when surgery
is contraindicated, for example when tumors are large or
located in areas where surgery would be unacceptably disfig-
uring or technically difficult (e.g., lower eyelid, inner canthus,
lip, nostril rims, and nose tip). It is also used when patients
cannot tolerate invasive procedures or are unwilling to under-
go surgery. It may also be used as adjuvant therapy following
surgery for aggressive or high-risk BCCs. Cure rates can be as
high as 95 percent for small tumors, or as low as 80 percent
for large or invasive tumors.3

Usually, tumors that have recurred after primary radiation
are treated with surgery if possible and not with re-irradia-
tion. Re-irradiation further damages the normal tissues, and
the tumor may have acquired resistance to further radiation.
Radiotherapy is also not appropriate in patients who have con-
nective tissue disorders or Gorlin’s syndrome. It is generally
avoided in younger patients. Its disadvantages include: lack of
margin control, poor cosmesis (some patients develop atrophy
and telangiectasias on treated sites), slightly higher recurrence
rates than surgery, and increased risk for future second malig-
nancies at treated sites.31 Depending on the schedule, radio-
therapy can be more expensive than other forms of treatment.
In the United States, one study found that radiation therapy
was the most expensive option, followed in decreasing order
by MMS, excision, imiquimod, and C&E.37 In Canada, radia-
tion is almost four-times more expensive than MMS.38

Topical Agents 
Topical agents that have been FDA-approved for use in

treatment of superficial BCC include imiquimod and 5-fluo-
rouracil. Advantages of these topical agents include ease of
use, less invasive treatment, and good aesthetic results. The
major disadvantage of these agents is that they are only
approved for superficial BCC and are less likely to be effective
for other histologic subtypes. They require prolonged treat-
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Table 1. NCCN Risk Factors for Basal Cell Carcinoma1

Clinical Risk Factors Low-risk High-risk

Location/ Size

Borders
Primary vs. recurrent
Immunosuppression
Site of prior radiation therapy

Subtype

Perineural development

Pathologic Risk Factors

Area L < 20mm
Area M < 10mm
Area H < 6mm
Well defined
Primary
(-)
(-)

Nodular, superficial

(-)

Micronodular, infil-
trating, sclerosing
(+)

Area L: Low-risk for recurrence: trunk, extremities
Area M: Middle-risk for recurrence: cheeks, forehead, neck, scalp
Area H: High-risk for recurrence: “Mask areas” of face (central face, eyelids,
eyebrows, periorbital, nose, lips, chin, mandible, preauricular and postauric-
ular skin/sulci, ear, temple), genitalia, hands, feet 

Area L > 20mm
Area M > 10mm
Area H > 6mm
Poorly defined
Recurrent
(+)
(+)



ment periods, and efficacy requires adverse reactions
including erythema, pruritus, pain and blistering. This
can lead to decreased adherence to treatment. The
majority of studies evaluating topical agents to treat BCC
followed patients for less than 12 months, and therefore
the data on long-term effectiveness of these modalities
are limited. 

Imiquimod. Imiquimod is an immune response modi-
fier that activates immune cells though the toll-like
receptor 7, inducing cytokine production and subsequent
cytotoxic T cell mediated cell death. Imiquimod 5%
cream is FDA-approved for the topical treatment of biop-
sy-confirmed, primary superficial basal cell carcinoma in
immunocompetent adults, with a maximum tumor diam-
eter of 2.0cm, located on the trunk (excluding anogenital
skin), neck, or extremities (excluding hands and feet),
only when surgical methods are medically less appropriate
and patient follow-up can be reasonably assured. The cream is
applied five times a week for six weeks, though patients with
extreme inflammation may require decreased frequency.

Data on clearance rates with imiquimod are inconsistent. A
systematic review of imiquimod revealed these clearance
rates: 43 to 100 percent for superficial BCC, 42 to 100 percent
for nodular BCC, 56 to 63 percent for infiltrative BCC.
Clearance rates varied by drug regimen and length of follow
up. In studies with n>10 for superficial BCC in which
imiquimod was applied five times a week, cure rates between
77 and 87 percent were achieved between six weeks and 12
months follow up.39 In a randomized trial in which imiquimod
was used for nodular BCC, clinical clearance was reported in
78 percent of patients following imiquimod; however, excision
eight weeks later revealed residual BCC in 13 percent of
patients thought to have complete clinical clearance.40

Based on the evidence, topical imiquimod should be used
as monotherapy only for superficial BCC. Its use should be
limited to patients with small tumors in low-risk locations
who cannot be treated with other therapies. Imiquimod may
be combined with other treatment modalities to enhance
them. A few studies have shown better outcomes when
imiquimod is combined with curettage, cryotherapy, or prior
to surgery to reduce the size of the carcinoma.41-43

Topical 5-Fluorouracil. 5-Fluorouracil cream (5-FU) is a
topical chemotherapy agent that is FDA-approved for superfi-
cial BCC when conventional methods are not feasible. The
cream is applied twice daily for at least three and up to 12
weeks. Topical 5-FU is significantly less expensive than
imiquimod. Though histologic clearance is not assessed with
routine therapy, one study showed histologic clearance rates
of 90 percent after treatment of superficial BCC.44 Like
imiquimod, the use of 5-FU as monotherapy should be limited
to superficial BCC on low risk sites. 

Ingenol mebutate. A promising novel agent in develop-
ment is ingenol mebutate (ingenol 3-angelate). This compound
is derived from the petty spurge Euphorbia peplus, which has
been used as a traditional remedy for skin conditions.45

PEP005 gel (LEO Pharma) activates protein kinase C. The
exact mechanism of action is not known, but it appears to
induce T cell survival and to activate endothelial cells, result-
ing in recruitment of cytotoxic T lymphocytes to the tumor.46,47

PEP005 is currently in development for both actinic keratoses

and superficial BCC. The compound has a favorable side
effect profile and appears to have efficacy against superficial
BCC in a randomized, vehicle-controlled phase IIa study.48

Hedgehog Pathway Inhibitors
In rare cases, BCC progresses to the extent that the above

treatments are no longer feasible or appropriate. Locally
advanced BCC may invade into muscle and bone and direct
extension may involve the eye, brain, or other underlying
structures. BCC can also metastasize to distant sites, the most
common of which are the lymph nodes and lungs, but include
brain, spleen, and liver.49 In these rare cases, BCC may be life
threatening, with a median survival time of eight months.34,50,51

Chemotherapy has had variable success in these cases, with
cisplatinum-based regimens achieving a better response rate
than regimens without cisplatinum.52

Recent advances in therapy for advanced BCC have
focused on targeting the biological mechanism of this cancer.
The majority of BCC results from mutations in genes of the
developmental hedgehog pathway, primarily through loss-of-
function of patched homologue 1 (PTCH1) or gain-of-function
of smoothened homolog (SMO).53-56 Though this pathway is
normally inactive in adult tissue, these mutations result in
constitutive signaling and induction of target genes including
the GLI1 transcription factor. This results in proliferation of
basal cells and ultimately to development of BCC. This makes
this pathway an attractive target for molecular inhibitors, and
a number of hedgehog pathway inhibitor (HPI) compounds
are being developed for basal cell carcinoma, both in oral and
topical formulations.57-59

The first HPI described was the SMO inhibitor
cyclopamine, a steroidal alkaloid which was cloned after it
was noted that pregnant sheep feeding on Veratrum califor-
nicum bore lambs with cyclopia and midline deformaties.60,61

Vismodegib (RG3616/GDC-0449) is a first-in-class oral
small molecule HPI. The drug was developed by Curis and
Genentech and is currently being developed by Roche (ex-US
excluding Japan), Genentech (US), and Chugai
Pharmaceuticals (Japan). Vismodegib is formulated in a
150mg, once-daily continuous oral dose. In phase I testing, 18
of 33 patients with locally advanced or metastatic BCC
showed a response to the drug, and 11 had stable disease over
a median follow-up time of 9.8 months.62 The hedgehog path-
way in BCC was downregulated in tumor tissue after treat-
ment, as measured by GLI, confirming the molecular mecha-
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Table 2. Recurrence of BCC After Mohs Micrographic Surgery

Study

Tromovitch, 196667

Sakura, 197968

Mohs, 198169

Robins, 198570

Mohs, 198671

Mohs, 198872

Julian, 199773

Wennberg, 199974

Smeets, 200475

Veronese, 201176

No. Patients

102

40

576

631

1773

1213

228

248

720

350

Site

Face

Head

Scalp

Peri-ocular

Eye

Ear

–

Face/neck

Face

Head

Recurrence Rate of
Primary BCC (%)

NA

NA

0

1.9

0.6

1.7

1.7

6.5

2.4

3.4



nism of action. In the pivotal phase II trial (ERIVANCE), there
were two arms, locally advanced BCC (laBCC, those not
appropriate for surgical or radiation therapy) and metastatic
BCC (mBCC). The overall response rate was 43 percent in the
laBCC cohort and 30 percent in mBCC. The median duration
of progression-free survival (PFS) for both groups was 9.5

months.63 Based on the results of
this pivotal phase II trial,
Genentech filed for FDA approval
in September 2011. Genentech is
currently evaluating vismodegib
in a phase II trial in people with
operable forms of BCC.
Combination of HPI with other
forms of curative local treatment
is in development.

LDE225 is another oral HPI
that is in development by
Novartis. In a phase I dose-escala-
tion study in solid tumors, the
agent induced a dose-dependent
inhibition of the hedgehog path-
way, measured by downregulation
of GLI-1 expression. Though the
trial was not designed to evaluate
efficacy, only one of seven sub-
jects with BCC progressed while
on treatment. The principal dose-
limiting toxicity was elevated crea-
tinine kinase associated with
myalgias.64 Based on the results of
the phase I study, Novartis has
moved forward with phase II tri-
als in the US and Europe.

Given the intense interest in
this signaling pathway in basal
cell carcinoma as well as other
cancers, it is no surprise that there
are multiple systemic HPIs cur-
rently in development. These
include IPI-926 (Infinity
Pharmaceuticals), TAK-441
(Millennium Pharmaceuticals),
PF-04449913 (Pfizer), LEQ506
(Novartis), and BMS-833923
(Bristol-Myers Squibb). 

Adverse events common to sys-
temic HPIs include muscle spasm,
altered taste, and alopecia. Topical
delivery of HPIs is an attractive
alternative, allowing direct deliv-
ery to the BCC without systemic
pathway inhibition. One prom-
ising compound, CUR61414, was
effective in preclinical models but
failed to have clinical activity in
superficial or nodular BCCs in a
phase I clinical study in humans.65

LDE225 has also been formulated
in a topical 0.75% cream. In a
randomized, vehicle-controlled,

intra-individual trial in subjects with basal cell nevus syn-
drome, topical LDE225 produced a clinical response in 12 of
13 BCCs studied; tumors treated with vehicle alone had no
response.66 Further studies will be necessary to evaluate the
efficacy of this treatment in the general population.
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Table 3. Treatment Options for Basal Cell Carcinoma

* 5 year recurrence rates for primary BCC using aggregated data are reported here
± For topical agents, 1 year recurrent rates for primary BCC reported.

Area L: Low-risk for recurrence: trunk, extremities
Area M: Middle-risk for recurrence: cheeks, forehead, neck, scalp
Area H: High-risk for recurrence: “Mask areas” of face, genitalia, hands, feet

Method

Curettage and
electro-dessi-
cation

Cryotherapy

Photodynamic
therapy

Laser ablation

Wide local
excision

Mohs micro-
graphic sur-
gery

Imiquimod
5-fluorouracil

Recurrence
rates* 

7.7%

7.5%

14% - 36%

- 

10.1%

1%

8.7%

20%

Suitable for

Area: L, M
Size: < 1cm
BCC Subtype:-
Nodular, -Superficial
Primary tumors

Area: L
Size: < 1-2cm
Subtype: -Superficial 
-Nodular
Primary tumors

Used when other
modalities are not fea-
sible, 

-Insufficient data to
guide recommendation

Area: L, M
Types: Primary, recur-
rent
Subtypes: All

Area: M, H
Subtype: Best for
aggressive subtypes 
-Primary and recurrent
tumors

Area: M, H

Primary, recurrent,
incompletely excised
tumors

Area: L, M

Subtype: Superficial
only

Advantages

- Easy
- Quick
- Low cost
- Less invasive

- Quick and easy
- Low cost
- Good cosmetic 
outcome
- Less invasive

- Better cosmesis
- Non-invasive
- Good for large
tumors that cannot
be readily treated
with other modalities

- Less invasive

- Gold standard
- Good cosmetic out-
come
- Histologic margin
assessment

- Most precise
method
- Tissue-sparing 
- Good cosmetic out-
come
- Real-time histologic
margin assessment

- Good when surgery
is contraindicated
- Non-invasive
- Good as adjuvant
therapy

- Non-invasive
- Easy to use
- Good cosmesis

Disadvantages

- No margin control
- Risk of hypertrophic
scars

-Hypertrophic scar-
ring, post-inflammato-
ry pigment changes

- Much lower cure
rates
- May not be readily
available 

- Lack of evidence
- Not readily available

- Long procedure
- Invasive
- Relatively more
expensive
- Scarring

- Longer procedure
- Invasive
- More expensive 
- Requires highly
trained providers
-Scarring

- Expensive
- May involve many
visits
- Lack of margin con-
trol
- Poor cosmesis
- Risk of malignancies
at treated sites

- Require prolonged
treatment
- Adverse reactions
- Requires patient
adherence 

Local destruction

Surgical Excision

Radiation Therapy

Topical agents



Conclusion
Various therapeutic options exist for treatment of BCCs.

(Table 3) The goal of treatment is to cure the cancer while pre-
serving function and aesthetics. Choice of treatment depends
on tumor characteristics, such as location, size, borders, histo-
logic subtype, perineural invasion and history of recurrence.
Additionally, patient age, comorbidities, immune status, prefer-
ences, access to care, and economic factors influence selection. 

The NCCN guidelines provide the practitioner with a func-
tional algorithm for triaging BCC for treatment.1 For low-risk
BCC, the recommendation is treatment with C&E or WLE,
with MMS reserved for re-excisions of tumors with positive
histologic margins. The recommendation for high-risk BCC is
WLE or MMS. Radiation is recommended for non-surgical
candidates. In patients with low-risk, superficial BCC,
imiquimod, 5-FU, or PDT are alternate options. Given the
lower cure rate, these treatments are recommended when sur-
gery or radiation are not feasible, but patient preferences have
led to their widespread use as an alternate to surgery.

Rigorous randomized controlled trials comparing these dif-
ferent treatment modalities for BCC are lacking. Available
studies are frequently confounded by histologic subtype and
tumor location. Some studies have suggested that combining
various treatment modalities may enhance outcomes, but the
evidence is limited. More robust studies need to be done to
generate reliable outcomes data. Similarly, it is difficult to
accurately compare the cost-effectiveness of different thera-
pies. In general, from least to most expensive, the order is:
cryotherapy, curettage and electrodessication, topical medica-
tions, wide local excision, Mohs micrographic surgery, radio-
therapy, and systemic chemotherapy. 

For rare cases of locally advanced or metastatic BCC,
chemotherapy with cisplatin-based regimens is the current
standard, but the prognosis of these tumors is poor. The
development of systemic hedgehog pathway inhibitors is par-
ticularly exciting as it fulfills this unmet medical need with a
targeted molecular approach. Although surgical excision will
always remain the gold standard for care, we anticipate that
medical management may soon become an indispensible part
of the therapeutic arsenal. Potential future applications of
HPIs may include use as postoperative adjuvant therapy, use
in combination with radiation, or topical use as an alternate
treatment for low-risk superficial BCC. These agents may
ultimately lead to a paradigm shift in our current treatment
algorithms. ●
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Basal cell carcinoma (BCC) is the most common
form of skin cancer worldwide.1 Established risk
factors for developing sporadic BCC are exposure
to ultraviolet radiation, features associated with fair
complexion, history of skin cancer, immunosup-

pression, and ionizing radiation exposure.3 BCCs can be locally
aggressive, and five to nine percent of these lesions may have
multiple recurrences, causing significant tissue destruction by
local invasion.4 BCCs can also metastasize to regional and dis-
tant sites albeit at an exceedingly low rate. 

Genetic risk factors for BCCs include rare, high risk vari-
ants that are etiologically linked to cancer syndromes such as
Gorlin syndrome or Xeroderma Pigmentosum. However, with
the recent genome-wide association studies (GWAS), multiple
single nucleotide polymorphisms (SNPs) in different genomic
regions have also been connected to BCC risk and may open
new avenues of biology and therapy. In this overview, we will
discuss the current knowledge around genetics underlying
BCC risk. The discovery of genes and pathways central to for-
mation of BCCs has led to the development of targeted thera-
peutics, giving hope to patients who are not surgical candi-

dates, those with locally aggressive or metastatic disease, and
those with basal cell nevus (BCNS) or Gorlin syndrome.

Basal Cell Nevus Syndrome
BCNS is an autosomal dominant disorder diagnosed based

on characteristic clinical and radiologic findings. (Table 1)
Although BCCs are the most common type of neoplasm in
BCNS, other benign and malignant tumors have also been
reported. The BCCs that arise as part of BCNS may resemble
acrochordons and develop by age 20. BCNS has an approxi-
mate prevalence of one per 56,000 to as high as one per
19,000.5 This condition demonstrates variable expressivity, in
which individuals with identical genotypes will exhibit widely
varying phenotypes. Genetic testing has identified PTCH
mutations in approximately 60 percent of individuals with
multiple features of BCNS but none of those with multiple or
early-onset BCCs without other features of the disease.6

The development of BCCs and other associated malignan-
cies associated with BCNS is posited to follow a two-hit sup-
pressor gene model with the first arising from germline PTCH
mutation and the second resulting from subsequent environ-
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mental mutagen exposure.8 Further evi-
dence for this mechanism stems from
studies with the Ptch1+/- (Gorlin) mouse in
which exposure of these mice to UVR or
ionizing radiation produced BCC as well
as SCC; the same exposure of Ptch1 wild-
type mice did not yield skin cancers.9

However, other mechanisms, namely hap-
loinsufficiency and dominant negative iso-
forms, have also been implicated in inacti-
vation of Ptch1, particularly in keratocys-
tic odontogenic tumors.10

A number of benign growths have been
documented in individuals with BCNS and
include ovarian fibromas, gastric polyps,
pulmonary cysts, cardiac fibromas, menin-
giomas, leiomyomas, nasal dermoid
tumors, and craniopharyngiomas. Among
the malignant tumors associated with
BCNS, basal cell carcinomas are by far the
most numerous. However, in addition to BCCs, patients with
BCNS are predisposed to medulloblastomas, predominantly
the desmoplastic type, which are found in approximately one
to five percent of patients with BCNS most commonly
between ages two and three years. One complication of the
treatment of these medulloblastomas with radiation therapy is
the development of BCCs within the treatment field. Other
malignancies are associated with BCNS including ovarian can-
cer, astrocytoma, melanoma, Hodgkin’s disease, and rhab-
domyosarcoma.  

Of interest, mutations of the genes of the HH pathway
have also been described in some of the aforementioned
tumors associated with BCNS. As mentioned, BCNS patients
develop a desmoplastic histological subtype of medulloblas-
toma. PTCH mutations have been described in this subtype as
well as in classic medulloblastomas.11-13 Furthermore, approxi-
mately one half of keratocystic odontogenic tumors of the jaw
from individuals with BCNS show loss of heterogyzosity of
PTCH.8 BCNS is also associated with a range of developmental
abnormalities including skeletal defects, dyskeratotic pitting of
the hands and feet, intracranial calcification, craniofacial
anomalies and limb deformities. Many of these anomalies can
now be correlated with the role of hedgehog signaling in pat-
terning diverse structures during embryonic development.

Hedgehog Signaling Pathway
The central role of the hedgehog (HH) signaling pathway in

BCC development was elucidated when germline mutations of
the PTCH1 gene were identified in individuals with BCNS.
Subsequent research has demonstrated that BCCs, whether in
the hereditary or sporadic context, have mutations in PTCH1
or some other dysregulation in hedgehog pathway signaling.  

The hedgehog pathway is involved in the regulation of
growth and patterning in embryos. This pathway begins at a
receptor complex at the cell surface consisting of two mem-
brane proteins: PTCH1 and smoothened (SMO). Hedgehog
(HH) is a secreted protein that binds PTCH1, disinhibits

SMO, and activates downstream intracel-
lular signaling. In the absence of HH,
PTCH1 holds SMO in an inactive state,
thus inhibiting downstream gene tran-
scription. When HH binds the receptor
complex, PTCH1 inhibition of SMO is
relieved and downstream signaling
occurs. Inactivation of PTCH1, whether
through inherited or acquired deleterious
mutations or resulting from sporadic
mutation, allows SMO to constitutively
activate downstream signaling.

The downstream signaling is mediated
by a series of proteins including suppres-
sor of the fused (SUFU), which ultimately
activates transcription factor glioma-asso-
ciated oncogene (GLI1, GLI2, and GLI3).
The target genes of GLI factors include
cell cycle regulators WNT, TGF-β,
PTCH1, and GLI1. Upregulation of

PTCH1 provides negative feedback while that of GLI1 pro-
vides positive feedback to the HH signaling pathway.15

Dysregulated activation of this pathway has been seen in sev-
eral tumor types including medulloblastomas, esophageal
squamous cell carcinomas, transitional cell carcinomas of the
bladder, and the benign trichoepithelioma.16

PTCH1 gene is also mutated in a significant proportion of
sporadic BCCs arising in patients without Gorlin syndrome.17

Many of these changes exhibit the signature dipyrimidine
mutations associated with UV DNA damage. Another propor-
tion of sporadic BCC have activating mutations in SMO,
which acts as an oncogene by up-regulation of the HH path-

Fig.1. Hedgehog signaling 
pathway 

SHH = Sonic hedgehog, PTCH1 = Patched,
SMO = Smoothened, SUFU = Suppressor of the
fused, GLI = Glioma –associated oncogene
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Table 1. Major and Minor Criteria for Diagnosis of BCNS 

A suspected diagnosis of BCNS could be reasonably considered
based on the findings of (1) one major criterion and molecular confir-
mation; (2) two major criteria; or (3) one major and two minor criteria 

1. BCC diagnosed in an individual <20 years or excessive BCCs 
out of proportion to prior sun exposure and skin type.

2. Keratocystic odontogenic tumors of the jaw in an individual <20.
3. Palmar or plantar pits.
4. Lamellar calcification of the falx cerebri.
5. Medulloblastoma, typically desmoplastic.
6. First-degree relative with BCNS.

1. Rib anomalies
2. Other specific skeletal malformations and radiologic changes

(i.e. vertebral anomalies, kyphoscoliosis, short fourth 
metacarpals, postaxial polydactyly

3. Macrocephaly
4. Cleft/lip palate
5. Ovarian/cardiac fibromas
6. Lymphomesenteric cysts
7. Ocular abnormalities (i.e. strabismus, hypertelorism, congenital

cataracts, glaucoma, coloboma)

Major

Minor 



way. Some BCCs also harbor mutations in SUFU and the
PTCH1 homologue PTCH2. BCCs can also overexpress tran-
scription factors GLI1 and GLI2, which supports the constitu-
tive activation of the HH pathway in these cancers.18,19

Gene targets of the HH pathway are also a potential source
for proto-oncogenes. Downstream mediators of BCC develop-
ment have been identified; possible targets include BCL2, cas-
pase-8-like inhibitory protein (cFlip), platelet derived growth
factor receptor-α (PDGFRα), transcription factors forkhead
box M1 (FOXM1) and forkhead box E (FOXE), and apoptosis
inducers like FAS and B lymphoma Mo-MLV.20-23 However, it
remains to be further clarified which, if any, of these down-
stream gene targets are essential for BCC carcinogenesis.

Hedgehog Signaling and Therapy
A number of therapies have been developed based on cur-

rent understanding of the genetic basis of BCCs, currently
focused on targeting molecules of the hedgehog signaling
pathway. GDC 0449 (vismodegib), which blocks the function
of unbound SMO protein in patients with PTCH1 mutations,
has already entered clinical trials. Phase I clinical trial results
were reported in the New England Journal of Medicine in 2009.
In that report, investigators found that in 33 patients with
advanced BCCs treated with GDC 0449, investigator-assessed
response rate of 55 percent was achieved.24 Data for the piv-
otal phase II trial were recently presented at the Seventh
European Association of Dermato-Oncology (EADO) Congress
in June 2011. One hundred four patients with advanced BCC,
including locally advanced BCC (n=71) and metastatic BCC
(n=33) received 150mg vismodegib orally, once daily, until
disease progression or intolerable toxicity. The primary end-
point of overall response rate by independent review was 43
percent in the locally advanced cohort and 30 percent in

metastatic cohort. Investigator-assessed
overall response rate (secondary end-
point) was 55 percent. The response
rates specific to the two cohorts were
60 percent in the locally advanced BCC
cohort and 46 percent in metastatic
BCC cohort. The median duration of
progression-free survival by independ-
ent review was 9.5 months for all study
patients. Serious adverse events were
observed in one quarter of study
patients, but in only four patients were
these considered related to treatment.
Death was reported in seven patients,
though upon investigator review, none
was considered to be related to vismod-
egib treatment. Common adverse events
included muscle spasms, hair loss,
altered taste sensation, weight loss,
fatigue, nausea, decreased appetite and
diarrhea. On the basis of these results,
Genentech submitted a New Drug
Application in September 2011 to the
FDA seeking marketing approval for vis-

modegib (GDC-0449, RG3616) to treat patients with advanced
basal cell carcinoma.

Other inhibitors of the HH pathway, each of which target
SMO, including LDE-225 (phase II), BMS-833823 (phase I),
IPI-926 (phase II), and PF-04449913 (phase I for patients with
select hematologic malignancies) are currently under investi-
gation. Furthermore, robotnikinin was identified as a com-
pound that binds to SHh and blocks its ability to induce path-
way activity.25 An antibody to patched-1 is also being devel-
oped as a Hh signaling inhibitor.26 Targeted inhibition of HH
downstream signaling would be theoretically effective as well
in the treatment of BCCs. A screen for compounds capable of
inhibiting Gli-mediated transcription identified Gli-antagonist
GANT-58 and GANT-61.27 A subsequent screen designed to
identify molecules capable of inhibiting Gli1 without targeting
SMO identified four distinct Hh pathway inhibitors which are
under investigation.28

Hair Color, Pigmentation, & Skin Cancer: MC1R Variants
The melanocortin-1 receptor (MC1R) is a G-protein coupled

receptor found on the surface of melanocytes that responds to
UV exposure by increasing production of melanin. Large pro-
portions of individuals in white populations have variant alle-
les of MC1R, with the three most common red hair variants
(RHC, R141C, R160W, D294H) accounting for the vast majori-
ty of cases of red hair. These alleles contribute to fair skin,
freckling, and poor tanning response and are associated with
the risk of both nonmelanoma and melanoma skin cancers.
Interestingly though, the elevated risk of carcinogenesis in
these variants persist when controlled for pigmentary charac-
teristics, suggesting that MC1R variants may be an independ-
ent risk factor for BCC development.17

Multiple studies have examined the relative risk for BCC
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Table 2. Summary of GWAS Studies Related to Basal Cell Carcinoma

rs1015362[G] and rs4911414[T] (Two-SNP haplotype near
ASIP known to affect a similar spectrum of pigmentation
traits as MC1R variants)

rs1126809 (variant in TYR encoding R402Q amino acid 
substitution previously shown to affect eye color and 
tanning response)

rs1408799 (variant in TYRP1 associated with eye color)

rs7538876 on 1p36 (candidate genes in the locus include
PADI4,PADI6, RCC2 and ARHGEF10L)

rs801114 on 1q42 (nearest gene is the ras-homolog RHOU)

rs11170164 (substitution within Keratin 5 gene)

rs2151280[C] at 9p21 (near CDKN2A and CDKN2B)

rs157935[T] at 7q32 (near the imprinted gene KLF14)

rs16891982[G] (melanoma- and pigmentation-associated
variant in the SLC45A2 gene, L374F)

rs401681[C] in the TERT-CLPTM1L locus 

rs78378222[C] (germline variant in the TP53 gene
polyadenylation signal)

OR = 1.35

OR = 1.21

OR = 1.15

OR = 1.28 

OR = 1.28

OR = 1.35 

OR = 1.19

OR = 1.23

OR = 1.97

OR = 1.20

OR = 1.75 in 
non-Icelandic 
samples

Gudbjartsson,
DF et al. (2008)33

Stacey, SN
et al. (2008)34

Stacey, SN
et al. (2009)35

Stacey, SN
et al. (2011)36
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associated with MC1R variants. In
a case control study from the
Netherlands, Bastiaens, et al.
showed that individuals with two
MC1R variant alleles were at
increased risk for nodular BCC
(odds ratio, OR=2.26; 95% CI 1.45-
3.52) and superficial multifocal
BCC (OR=3.43; 95% CI 1.92-6.15),
compared with carriers of two
wild-type alleles. Carriers of one
variant allele had half the risk.29 In
the French population, MC1R vari-
ants conferred moderate risk for
BCC (OR= 2.17; 95% CI 1.28-3.68
for one variant and OR=7.72; 95%
CI 3.42-17.38 for two variants);
these risks appeared independent
of pigmentation characteristics (OR
= 2.53; 95% CI 1.34-4.8).
Interestingly, other non-RHC vari-
ants were also associated with
risk.30 In the large Nurses’ Health
Study, Han, et al. showed that
MC1R RHC variants were associat-
ed with a 1.56-fold risk for BCC.31

Taken together, genetic deficiencies
in MC1R signaling underscore a fundamental cancer risk phe-
notype (ie. fair skin, sun sensitivity) that, when combined
with UV carcinogenesis, increases the probability of all skin
cancers including BCCs and cutaneous melanoma.

Other Putative Pathways from GWAS
While the central role of the hedgehog pathway in develop-

ment of BCCs was discovered as a result of work on BCNS,
the application of genome-wide association studies (GWASs) to
identifying SNPs and extrapolating the nature of genetic sus-
ceptibilities to skin cancer has led to the identification of a
number of loci associated with BCCs. (Table 2) Pigmentation
loci (eg. TYR, ASIP, TYRP1) cell cycle regulators (eg.
CDKN2A/B) and cancer associated genes (eg. TERT-CLPTM1L)
were all recovered, though there were other unexpected loci
(eg. KRT5). However, despite the identification of these multi-
ple risk SNPs, these account only for a small proportion of
genetic susceptibility to BCCs—the so-called “missing heret-
ability”. Given this limitation, one recent study applied a path-
way approach to GWAS and identified new potential path-
ways that may contribute to BCC carcinogenesis.32 The puta-
tive pathways include the mCalpain pathway, Rho cell motili-
ty signaling pathway, heparan sulfate biosynthesis pathway,
and nitric oxide pathway. Calpain is a class of Ca2+-dependent
proteases that regulates integrin-mediated cell migration,
which may play a role in tumor cell invasion into surrounding
stroma. The Rho cell motility pathway plays a similar role
downstream of Calpain. Heparan sulfate is a glycosaminogly-
can known to play vital roles in every step of tumor progres-
sion, including cancer cell proliferation, tissue invasion, avoid-

ance of immune response, and metastasis. Nitric oxide plays a
vital role in vasodilatation and immunity and has been shown
to be cytostatic or cytotoxic for cancer cells. Whether these
pathways truly contribute to BCC risk remains to be validated
in functional and further genetic analyses. 

Uncommon Genetic Syndromes and a 
Predisposition Towards Development of BCCs
Characteristics of selected hereditary syndromes associated

with a predisposition to BCC have been identified and are
briefly outlined in Table 3.

Rombo. Rombo syndrome is a condition characterized by
the development of distinctive cyanotic erythema of the lips,
hands, and feet and early atrophoderma vermiculatum of the
cheeks usually between the ages of seven to 10 years. Devel-
opment of BCCs typically occurs in the fourth decade.37 There
is currently no known gene association for this condition.  

Bazex-Dupré-Christol. Bazex-Dupré-Christol syndrome is
an X-linked dominantly inherited genodermatosis marked by
the clinical findings of hypotrichosis, hypohidrosis, milia, fol-
licular atrophoderma of the cheeks, and multiple BCCs arising
in the second to third decades of life.38 The locus of interest
for this condition has been mapped to chromosome Xq24-q27
but no gene has been identified to date.  

Xeroderma Pigmentosum. Xeroderma pigmentosum is an
autosomal recessive disorder with different underlying genetic
disorders characterized by increased sensitivity to sunlight
and early development of carcinomas. In a review of 132
patients with XP, skin cancers were present in 70 percent of
patients with XP at a median age of eight years; 57 percent of
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Table 3. Syndromes Associated with Basal Cell Carcinoma 

BCC (before age 20 years)

Milia, atrophoderma vermiculatum,
acrocyanosis, trichoepitheliomas, and
BCCs around age 35

Hypotrichosis, hypohidrosis, milia, fol-
licular atrophoderma, and multiple
BCCs developing in teens to early 20s

Cylindromas, trichoepithelioma, spi-
radenoma, epidermal inclusion cysts,
and BCCs

Hypotrichosis, hypodontia, nail dystro-
phy, hidrocystomas of eyelids, palmo-
plantar keratosis, hyperhidrosis, and
BCCs

Generalized herpetiform blistering,
hyperkeratosis of the palms and soles,
and increased incidence of BCCs 

Severe sun sensitivity, photophobia,
keratitis, significantly increased risk of
cutaneous neoplasms including BCCs

AD

AD

XD > AD

AD

AR > AD

AR > AD

AR

9q22
1p32

Unknown

Xq24-27

16q12-q13

2q35

12q13.13

17q21.2

Various

PTCH1
PTCH2

Unknown,
thought to be
involved in DNA
repair and/or cell
cycle regulation

Unknown

CYLD

WNT10A 

KRT5

KRT14

Various

Basal cell 
nevus syndrome

Rombo 
syndrome

Bazex-Dupré-
Christol 
syndrome

Brooke-Spiegler 
syndrome

Schopf-Schultz-
Passarge 
syndrome

Epidermolysis
Bullosa Simplex
Dowling-Meara
type 

Xeroderma
Pigmentosum

Syndrome Inheritance Chromosome Gene Clinical Findings 



patients had basal cell or squamous cell cancers, and 22 per-
cent had melanoma.39 Genes involved in nucleotide excision
repair have been shown to be disrupted in XP variants.40

Dowling-Meara type epidermolysis bullosa simplex. The
Dowling-Meara type of epidermolysis bullosa simplex (EBS) is
an autosomal dominant condition marked by generalized blis-
tering, classically in a herpetiform pattern. It is associated
with mutations in keratin 5 and 14 and is one of the most
severe types of EBS and can result in early mortality. One
report cites an incidence of BCC of 44 percent by age 55 years
in this population.41

Brooke-Spiegler. Brooke-Spiegler syndrome is an autosomal
dominant disorder classically characterized by the appearance
of multiple skin appendage tumors such as cylindroma, tri-
choepithelioma, spiradenoma in addition to a predisposition to
development of epidermal inclusion cysts and BCCs. These
tumors are typically located in the head and neck region,
appear in early adulthood, and gradually increase in size and
number throughout life. Scheinfeld et al. reported a recurrent
CYLD mutation in a patient with Brooke-Spiegler syndrome.42

Schopf Schultz Passarge. Schopf Schultz Passarge syn-
drome (SSPS) was described in 1971 with clinical features of
keratosis palmoplantaris with hypodontia, hypotrichosis, and
cysts of the eyelids in sisters whose parents were first cousins.
There is one report of a woman with Schopf Schultz Passarge
syndrome and basal cell carcinoma, in addition to the afore-
mentioned clinical features. Recent reports identified homozy-
gosity for a nonsense mutation in the WNT10A gene in a
series of patients with clinical features of SSPS.43

Future directions
While somatic mutations in PTCH1, Smo, and SUFU are

found in a large proportion of sporadic BCCs, there is still a
significant fraction of tumors which lack identifiable changes
and which likely harbor defects in other hedgehog pathway
components. New technologies, such as Next Generation
Sequencing and whole exome analysis, will likely identify a
wave of new genes involved in basal cell carcinoma tumorige-
nesis. Progress in understanding the molecular mechanisms of
the hedgehog and other pathways important in driving BCC
carcinogenesis, identified through newer strategies such as
GWAS or though understanding of the genetic basis of syn-
dromes with predisposition to development of BCCs, will
undoubtedly lead to additional strategies for targeted therapy
of BCCs and other tumors sharing underlying pathways. ●
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1. Which of the following is true regarding the influence of UV radiation
exposure on BCC risk?
A. UVA and, to a lesser extent UVB, cause cyclobutane pyrimidine dimer

formation that contributes to abnormal basal keratinocyte 
proliferation. 

B. Short, intense UV exposure confers greater risk than continuous expo-
sure, particularly before age 20.

C. No difference in risk has been identified based on exposure latitude.
D. None of the above.

2. Which of the following best describes the clinical characteristics of
BCCs with higher risk of aggressive behavior?

A. <3.0cm in diameter, those located on the face, recurrent tumors,
tumors occurring in individuals over age 50

B. <3.0cm in diameter, those located in the genital region, recurrent
tumors, tumors persisting untreated for years

C. >3.0cm in diameter, those located on the face, recurrent tumors,
tumors persisting untreated for years 

D. >3.0cm in diameter, those located in the genital region, recurrent
tumors, tumors occurring in individuals over age 50

3. Which of the following best describes the Hedgehog (HH) Pathway?
A. HH binds PTCH1, disinhibits SMO, and activates downstream 

intracellular signaling
B. HH binds PTCH1, inhibits SMO, and activates downstream 

intracellular signaling
C. HH binds PTCH1, disinhibits SMO, and inactivates downstream 

intracellular signaling
D. HH binds PTCH1, inhibits SMO, and inactivates downstream 

intracellular signaling

4. Based on systematic review, which of the following best describes
clearance rates for imiquimod :

A. Better efficacy for superficial than for nodular and infiltrative BCCs
B. Better efficacy for nodular than for superficial and infiltrative BCCs
C. Similar efficacy for superficial, nodular, and infiltrative BCCs
D. Similar efficacy for superficial and nodular BCCs but worse for 

infiltrative BCCs
E. None of the above.

5. Adverse events common to systemic HPIs include:
A. Muscle spasm
B. Altered taste
C. Alopecia
D. All of the above
E. None of the above

6. In the pivotal phase II trial (ERIVANCE):
A. The overall response rate was 43 percent in the laBCC cohort and 20

percent in mBCC. Median progression-free survival (PFS) for both
groups was 6.5 months

B. The overall response rate was 53 percent in the laBCC cohort and 30
percent in mBCC. Median progression-free survival (PFS) for both
groups was 9.2 months

C. The overall response rate was 43 percent in the laBCC cohort and 30
percent in mBCC. Median progression-free survival (PFS) for both
groups was 6.5 months

D. The overall response rate was 43 percent in the laBCC cohort and 30
percent in mBCC. Median progression-free survival (PFS) for both
groups was 9.5 months

POST-TEST Based on the material you have read, circle the most appropriate answer to each question.
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Please evaluate the degree to which you thought the format was appropriate for
this subject: 

Upon completion of this activity, the degree to which I can better: 

Describe skin cancer incidence trends and challenges associated with 
preventing new skin cancers

Cite challenges in diagnosis of BCC and the clinical impact of delayed diagnosis
on BCC management

Recognize the therapeutic challenges associated with special populations 
affected by BCC, including immunosuppressed and transplant patients, Nevoid
Basal Cell Syndrome (Gorlin Syndrome), those with locally invasive BCCs, and
those with metastatic disease

Describe the evidence to support current clinical practices and benefits and 
imitations of current surgical and pharmacologic interventions for the 
management of sporadic and special cases of BCC

Utilize new findings regarding the genetic basis for inherited and sporadic BCCs
and their influence on therapeutic development

Be familiar with emerging therapies in development for the management of
BCCs and their potential role in the future of patient care

Provide appropriate diagnosis and treatment for patients with BCC based on
patient characteristics

Please rate the degree to which the following enhanced your learning experience: 

Faculty 

Program materials

Level of interaction

Please rate your level of agreement with the following statements

This activity met my educational needs, expectations, and objectives

This activity was relevant to my practice

I feel confident treating patients in my practice based on this activity 

This activity rates highly in comparison with other CME activities in which I have
participated in the last 12 months

There is a continuing need for education on this topic

For you, was the educational level of this activity: Too advanced  ❍ Appropriate  ❍ Too basic  ❍

If disease management was discussed in this activity, what is the approximate percentage of your patients that you manage for the disease/s addressed by
this activity?
❍ 0-10 ❍ 11-20 ❍ 21-30 ❍ 31-40 ❍ 41-50 ❍ 51-60 ❍ 61-70 ❍ 71-80 ❍ 81-90 ❍91-100

PRACTICAL IMPLICATIONS:

Based upon your participation in this activity, choose the statement that applies:

❍ I gained new strategies/skills/information that I can apply to my area of practice.

❍ I plan to implement new strategies/skills/information into my practice. 

My confidence level in being able to implement these changes is: 

❍ Very confident  ❍ Somewhat confident ❍ Uncertain   ❍ Little confidence ❍ No confidence

The specific change I will make is in: ❍ Screening and diagnosis ❍ First line treatment choices ❍ Patient management 
❍ Adherence support/patient education ❍ Other (please pecify)

❍ I need more information before I can implement new strategies/skills/information into my practice behavior.

❍ This activity will not change my practice, as my current practice is consistent with the information presented.

❍ This activity will not change my practice, as I do not agree with the information presented.

❍ This is not within the scope of my practice.

If you consider a change in practice, please check any barriers to overcome before initiating that change: 

❍ Cost issues ❍ Organizational constraints ❍ Formulary issues ❍ Patient reluctance to change
❍ Patient adherence ❍ Insufficient time ❍ Do not know enough about the recommendations to change yet
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