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Abstract: Basal cell carcinoma (BCC) is the most common cancer in Caucasians, and its
incidence continues to rise. Generally, BCCs have good outcomes when diagnosed and treated
early. However, 1-10% of patients will develop advanced disease due to either delays in
accessing treatment or aggressive tumors that may be refractory to treatment. Locally advanced
basal cell carcinomas (1aBCCs) are large, aggressive, or recurrent tumors that have the potential
to invade surrounding tissues including bone, cartilage, nerve, and muscle. Treatment requires
a multi-disciplinary approach where different modalities including surgery, radiation therapy,
Hedgehog Pathway Inhibitors, and immunotherapy can be considered.
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Introduction

Basal cell carcinoma (BCC) is the most common cancer in Caucasians, and its
incidence continues to rise.'" When diagnosed and treated early, BCCs generally
have good outcomes. However, 0.8-2% of patients will develop severe disease.””
Multiple expert multi-disciplinary groups have convened in order to define locally
advanced BCCs (1aBCCs). A multi-disciplinary group in the United Kingdom
defined 1aBCCs as tumors with a primary tumor diameter greater than or equal to
2 cm (American Joint Committee on Cancer Staging 8 stage II or higher) in which
surgery is contraindicated due to tumor or patient factors. Tumor factors include
tumor size, location, number, subtype, and likelihood of successful treatment.
Patient factors include age, performance status, opinions regarding treatment,
comorbidities, genetic diseases, and morbidity of treatments.* An Italian multi-
disciplinary group defined 1aBCCs not amenable to surgery or radiotherapy using
the American Joint Committee on Cancer Staging 7 guidelines. These tumors
include recurrent tumors after radiotherapy, tumors requiring surgery with unac-
ceptable loss of function, T4 noneyelid tumors, and T3b-T4 eyelid tumors. T2 or T3
noneyelid tumors and T3 eyelid tumors can be included in this definition if they
have any surgical or radiotherapy contraindications.” A French multi-disciplinary
group have also created a definition for LaBCCs. Their definition includes tumor
factors, operability factors, and patient factors.® In sum, these different groups
define 1aBCCs as large, aggressive, or recurrent tumors that are deeply invasive
and require extensive surgery. Treating 1aBCCs requires a multi-disciplinary
approach where different treatment modalities including surgery, radiation therapy,
Hedgehog Pathway Inhibitors (HHI), and immunotherapy, can be considered. This
article examines the treatment options for laBCCs.
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Surgery

Surgical resection is typically performed with the intention
of achieving clear histologic margins. There are two ways
to assess margins: (1) Complete Circumferential
Peripheral and Deep Margin Assessment (CCPDMA) and
(2) Sectional Assessment. CCPDMA creates oblique sec-
tions of tissue allowing both lateral and deep margins to be
evaluated simultaneously, thereby allowing 100% margin
assessment.” Surgical techniques that utilize CCPDMA
include Mohs micrographic surgery, the Tubingen meth-
ods, en face sectioning, the Munich technique, and the
Muffin technique.®® Sectional assessment creates “bread-
loaf” sections, which are cut at 2-3 mm intervals. This
method creates skip areas that can be large enough for
residual tumor to go undetected.’

According to the National Comprehensive Cancer
Network (NCCN), high-risk tumors are located in a high-
risk location and/or have a primary tumor diameter greater
than or equal to 2 cm, have poorly defined clinical borders,
are recurrent, have high-risk pathology including peri-
neural invasion, or occur in immunosuppressed patients
or at a site previously treated with radiation therapy.
NCCN recommends utilizing CCPDMA for definitive
and curative treatment of these tumors due to lower recur-
rence rates.'® Wide local excisions with wider surgical
margins (greater than 4 mm) can serve as an alternative
to CCPDMA. However, these procedures require a linear
or delayed repair in order to ensure clear margins on
pathology. If tumor margins are still positive, NCCN
recommends resection utilizing the CCPDMA technique
if feasible.'” In a randomized controlled trial comparing
wide local excision to Mohs Micrographic surgery in the
treatment of 612 high-risk facial BCCs, primary tumors
treated with Mohs Micrographic surgery and wide local
excision had a 4.4% and 12.2% 10-year recurrence rate,
respectively. Recurrent tumors had a 3.9% and 13.5% 10-
year recurrence rate for MMS and WLE, respectively.''

The NCCN recommends multidisciplinary consulta-
tions for 1aBCCs and includes surgery as one potential
therapeutic option.'® One study of 15 1aBCCs resected
surgically, including cranial resection, showed 80% dis-
ease-specific survival at 5 years. In these cases, surgeons
were able to effectively control local disease and obtain
negative margins without significant morbidity.'?
However, 1aBCCs have the potential to infiltrate deeply
into surrounding tissues on the head and neck including
the eyes, nose, ears, cartilage, nerves and bone. Surgical

removal of some 1aBCCs with clear margins can lead to
severe disfigurement or loss of function of sensory organs,
leading to extensive morbidity.” Once surgery is deemed
not feasible, curative radiotherapy or systemic therapy can
be considered.'’

Radiation

Radiotherapy can serve as an alternative option for BCC
treatment. A retrospective study examining BCCs with
a primary tumor diameter less than 4 cm treated with
radiotherapy found a 2% and 4.2% recurrence at 2 and 5
years, respectively.'® Another 10-year retrospective study
of 175 BCCs treated with radiotherapy stratified recur-
rence rates by histological type. Low-risk nodular, super-
ficial, and high-risk sclerosing subtypes had a 5-year
recurrence rate of 8.2%, 26.1%, and 27.7%, respectively.14

Radiotherapy can also be utilized as a definitive treat-
ment for [aBCCs that cannot be resected or for patients
who are not surgical candidates.'® One study of 61 1aBCCs
with a tumor diameter greater than 2 cm or deeply invasive
disease had disease-specific survival and locoregional con-
trol as 76% and 86%, respectively, at 4 years. Eight (13%)
of their tumors locally recurred at a median of 40.5 months
after radiotherapy, of which 6 patients were able to
undergo further treatment.'”> A larger cohort of 388
1aBCCs found the 10-year recurrence rate to be 8.6% and
11.4% for T2 (tumor diameter >2 cm and <5 cm) and T3
tumors (tumor diameter >5 cm), respectively. This study
found that thicker tumors with depth greater than or equal
to 140 mm are more likely to recur.'® Another retrospec-
tive study of 88 head and neck Stage T4 carcinomas (bone
and cartilage invasion), of which 41 were BCCs, found
53% and 49% local control at 5 and 10 years, respectively.
When treated with salvage surgery after radiation, the local
control was 90% and 85% at 5 and 10 years, respectively.
They found that tumors that were previously untreated
have no clinical evidence of bone or nerve invasion and
invade a single deep structure (cartilage, skeletal muscle,
bone or nerve) and have a higher likelihood of cure when
treated with primary radiotherapy compared to other T4
tumors."”

Recurrent tumors may respond differently to radiother-
apy. Tumor control was examined in a 10-year retrospec-
tive cohort study of 40 primary T2 tumors, 16 primary T3,
and 9 primary T4. Tumor control was 90%, 94%, and
100% for primary T2, T3, and T4 tumors, respectively.
However, this study found lower efficacy of radiotherapy
in recurrent tumors with 89%, 33%, and 67% tumor
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control by the last follow-up or death for recurrent T2, T3,
and T4 tumors, respectively.'® On multivariate analysis,
tumor control was also related to daily-dose fractionation
and margin size. In addition, electron beam radiation tech-
nique improved over the cohort period.'® All of these
factors could explain why recurrent T3 tumors had lower
local control compared to recurrent T4 tumors.

Radiotherapy can also serve as treatment in the adju-
vant setting for tumors that have extensive perineural
invasion with negative margins or tumors with positive
margins in which additional surgery is not feasible.'® Lin
et al examined the local recurrence of 89 patients with
BCC and perineural invasion on pathological examination.
BCCs had a 91% relapse-free survival when treated with
postoperative radiotherapy, with 75% of the recurrences
occurring locally at a median of 44 months."

Genetic conditions predisposing to skin cancer such as
basal cell nevus syndrome and connective tissue diseases
such as scleroderma are relative contraindications to radio-
therapy due to an increased incidence of BCCs after treat-
ment and increased risk of treatment-related toxicity,
respectively.’?! However, there have been cases reported
of individuals with these conditions treated who were
treated with radiotherapy and had no major complications
at follow-up®>?*® Patients with basal cell nevus syndrome
or scleroderma should be evaluated clinically and have
factors including tumor extent, age, and extent of under-
lying genetic disease be taken into account before deciding
to use radiotherapy as a suitable treatment.

Patient functional status should also be considered.
Radiation treatments require multiple visits, which may
not be feasible for all patients.'® Also, additional courses
of radiation may not be feasible in previously irradiated
fields.”*

Additional surgery after radiation might not be feasible
due to wound healing complications that are frequently
seen in irradiated tissue.”> Radiotherapy alters levels of
transforming growth factor-beta, leading to fibrotic and
hypovascular tissue, and contributing to chronic radiation
damage that can affect surgical wound healing.*® Other
adverse events include radiation-related skin toxicity,
potential changes to underlying structures, alopecia, carti-
lage necrosis, and skin pigment changes.”*

Radiotherapy can serve as a viable non-invasive alter-
native treatment option for 1aBCCs with a 10-year recur-
rence of 8.6% and 11.4% for T2 and T3 tumors,
respectively.'® Radiotherapy can even be utilized in the
adjuvant setting for tumors that have positive margins or

negative margins with high-risk features, such as peri-
neural invasion, with a 91% relapse-free survival.'’
However, it is important to note that recurrent tumors
and radiation technique can provide poor control for T2
(89% recurrent vs 90% primary), T3 (33% recurrent vs
94% primary), and T4 (67% recurrent vs 100% primary)
tumors.'®

Hedgehog Pathway Inhibitors
Approximately 90% of sporadic BCCs have mutations in
PTCHI1, and 10% have mutations in SMO or downstream
effectors, allowing intrinsic activation of sonic hedgehog
pathway.”’?° PTCHI is a transmembrane receptor that
inhibits smoothened (SMO), an activator of the sonic
hedgehog pathway. The hedgehog ligand binds to
PTCHI, relieving inhibition on SMO, thereby allowing
SMO to activate transcription factors GLI1, GLI2, and
GLI3 promoting gene expression and tumorigenesis.”’
HHIs/SMO inhibitors bind to and inhibit SMO, preventing
constitutive activation of the pathway from a PTCH muta-
tion (Figure 1).

HHIs are the first-line systemic treatment for locally
advanced BCCs that have recurred following surgery or
for patients who are not candidates for surgery or
radiation.*'** Surgical contraindications include recurrent
tumors unlikely to achieve a cure after having been treated
with two or more surgical procedures, the presence of
substantial morbidity and deformity including loss of
organ function, or patients who are not surgical
candidates.*® Patients are eligible for HHI therapy if they
have contraindications to radiotherapy including prior
radiation in the area or general contraindications to radio-
therapy as mentioned in the prior section.>

Vismodegib was the first HHI approved by the United
States Food and Drug Administration (FDA) in
January 2012°' The Phase II study ERIVANCE
(NCT00833417) examined 71 laBccs, and found that
60.3% of patients had an objective response, of which 18
patients had a decrease greater than 30% in the lesion, and
20 patients had a complete response.’® In the STEVIE
(NCT01367665) trial, which included 1119 1aBCCs, 69%
of patients with 1aBCC had a partial response, while 33%
In July 2015, the FDA
approved a second HHI, sonidegib, for laBCCs not amen-

had a complete response.’*

able to curative surgery or radiotherapy.’® In the BOLT
study (NCT0132705), which evaluated two doses of soni-
degib in 194 1aBCCs, 56% and 46% of patients had an
objective response in the 200mg and 800 mg cohort,
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Figure | (A) PTCHI inhibits SMO activity, suppressing gene expression. (B) The sonic hedgehog ligand binds to PTCHI, relieving the inhibition of SMO, resulting in the
activation of transcription factors GLII, GLI2, and GLI3, allowing gene expression. (C) In BCCs, mutations in PTCHI prevents its inhibition of SMO, allowing constitutive
activation of the hedgehog pathway. Mutations in SMO render the SMO protein immune to PTCHI's inhibitory effects allowing constitutive pathway activity. (D) Hedgehog
Pathway inhibitors bind to and inhibit SMO, preventing downstream activation of the pathway.

Abbreviations: SHH, sonic hedgehog ligand; HHI, hedgehog pathway inhibitor.

respectively. Only 5% and 2% of patients achieved
a complete response in the 200 mg and 800 mg cohorts,
respectively.’> A meta-analysis of HHI therapy compared
the efficacy of vismodegib and sonidegib and showed
similar overall response rates for vismodegib (69%) and
sonidegib (57%). However, there was difference in com-
plete response rates (31% vismodegib vs 3% sonidegib,
p < 0.0001).*® Of note, vismodegib is approved for meta-
static BCC; however, sonidegib did not receive that indi-
cation due to significantly lower response rates in that
cohort compared to vismodegib.?'+**-°

Neoadjuvant administration of HHIs can reduce tumor
size and the morbidity of the initially planned surgery,
facilitating surgical resection. The phase II trial
VISMONEO (NCT02667574) treated 55 patients who
had inoperable tumors or tumors in which surgery would
cause significant morbidity either functionally or aestheti-
cally with vismodegib 150 mg daily. Vismodegib was
discontinued once tumors achieved a best observed
response, defined as no change in tumor size for at least
2 evaluations after the initial size reduction. After
a median treatment duration of 6 months, 80% of patients’
tumors shrunk, with a mean two-thirds size reduction,
allowing them to undergo a less severe surgery. Forty-
nine percent of patients achieved a complete clinical
response without any surgical treatment.”’” However, of
the 44 patients that had a successful down-staging, 16
(36%) of the patients had a recurrence within three years
of follow-up with two disease-specific deaths (DSDs). The
Phase IV trial VISORB (NCT02436408) examined the
effect of neoadjuvant vismodegib on preserving visual
function in 35 globe- and lacrimal drainage system-

threatening periocular BCCs. Vismodegib was taken for
12 months, until disease progression or until intolerable
toxicity, at which point surgery was offered. Tumors were
on average 44%, 22%, and 20% of baseline size at 3, 6,
and 12 months, respectively, with tumor maximum
response at 6 months according to MRI/CT measurements.
About 56% and 10% of patients achieved a complete and
partial response, respectively. Of the 27 patients who
chose to undergo surgery after vismodegib, 67% had no
evidence of histologic disease, 22% had residual disease
present but were able to obtain clear margins, and 11% had
microscopic disease present with positive microscopic
margins. After two years of follow-up, two patients devel-
oped a local recurrence. All patients maintained successful
visual function.*® While the Vismoneo and VISORB trials
have shown effective tumor shrinkage that could aid in
reducing morbidity of surgery, more data is needed on the
effect of neoadjuvant vismodegib on long-term survival.
A limitation to HHI therapy is the side effect profile,
which is very common and often severe, but not life
threatening. In the STEVIE trial, 98% of patients on vis-
modegib experienced at least one adverse event, and 31%
of patients had adverse events that led to treatment dis-
continuation. About 35% and 4.5% of patients experienced
a Grade 3 or 4 adverse event, respectively.>* In the BOLT
trial, 89% of patients taking sonidegib 200 mg experienced
at least one adverse event, and 30% discontinued treatment
due an adverse event. Thirty-two percent of patients
receiving 200 mg and 43% of patients receiving 800 mg
of sonidegib experienced a grade 34 adverse event.”> In
a meta-analysis of HHI therapy, the three most common
side effects of vismodegib and sonidegib were muscle
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spasms (67%), dysgeusia (54%), and alopecia (58%), and
were significantly associated with HHI therapy (p <
0.001).>> More than 25% of patients stopped treatment
due to toxicity and recovered except for those with persis-
tent alopecia.®® Tt is important to note that dose interrup-
tions in both vismodegib and sonidegib 200 mg and
800 mg still had clinically meaningful responses.*>*’
Another limitation to HHI therapy is that at around
one year of continuous treatment, 8% of 1[aBCC will
develop secondary resistance through acquired mutations
in SMO and PTCHI1 that render the tumor no longer
responsive.‘“)’41

Itraconazole, an antifungal agent, has activity in the
hedgehog pathway by preventing activated SMO from
localizing to the cilia, acting on a site distinct from vis-
modegib. Using mice models, Kim et al were able to show
that itraconazole inhibits vismodegib-resistant SMO, act-
ing as a partial antagonist and resulting in 92% growth
inhibition.*” When combined with arsenic trioxide, there
was a complete inhibition of tumor growth and 48%
tumor regression. This combination had activity against
all of the known drug-resistant SMO mutations and in
GLI2 overexpression.*> An open-label Phase II clinical
trial (NCT01108094) of 90 BCCs treated with itracona-
zole reported a 24% reduction in tumor size in vismode-
gib-naive patients. No patient achieved a complete
response.*® There is a case reported of a 1aBCC that
achieved a complete response with itraconazole in combi-
nation with tumor debulking and topical calcipotriene
mixed with 5-fluorouracil.** Side effects to itraconazole
are generally mild and resolved on drug discontinuation.*

Immune Checkpoint Inhibitors
Programmed death 1 (PD-1) regulates the body’s immune
response in inflammatory reactions, chronic infections, or
malignancy when T cells have experienced high levels of
stimulation. When bound to its ligand PD-L1, PD-1 pre-
vents phosphorylation of key T cell receptor signaling
intermediates, preventing T cell receptor signaling and
reducing T cell activation. It also inhibits T cell prolifera-
tion and survival by preventing the release of interferon-v,
tumor necrosis factor-a, and IL-2 production.*’ PD-1 inhi-
bitors inhibit PD-1 binding, thereby restoring the body’s
antitumor immune response, allowing T cells to recognize
the tumor, and leading to disease stabilization or even
tumor regression (Figure 2).%¢

PD-L1 binding also induces the conversion of naive
T cells to T-regulatory cells, contributing to the body’s

reduced immune response.*” PD-L1 blockade has been
shown to reverse the suppressed T cell response caused
by T-regulatory cells (Figure 2).**

CD80 is a key molecule in the CTLA-4 pathway,
which is similar to the PD-1 pathway, and influences
T cell response. When bound to CD28, CD80 leads to
the production of IL-2, promoting T cell survival, prolif-
eration, and differentiation. However, when CD80 binds to
PD-L1, the PD1:PDL-1 interaction is inhibited by 80%,
allowing up-regulation and survival of T cells.*’

BCCs can express PD-1 and inherently dampen the
body’s immune response to the tumor.’® Interestingly,
previously treated BCCs with surgery, radiotherapy, sys-
temic chemotherapy, or topical chemotherapy have
a higher PD-1 staining intensity.’® However, response
rate to therapy has not been shown to correlate with
tumor mutational burden or PD-1 staining, so these fea-
tures are not used to determine treatment eligibility.!

Cemiplimab-rwlc, a PD-1 antibody, was approved by
the FDA in 2021 for patients with 1aBCC previously
treated with HHIs or for whom HHI use
appropriate.®> An open-label, phase II trial of 84 1aBCCs
(NCT03132636) that failed HHIs and were treated with
cemiplimab (ie cemiplimab was used as a second-line

is not

treatment) found an objective response of 31% and
a complete response of 6%. The median time of progres-
sion-free survival was 19 months.>' There is also a case
reported describing the complete response of two 4cm
BCCs in one patient treated with 1 year of cemiplimab
with no adverse events noted. Biopsies following therapy
of both sites showed scar and no evidence of residual
tumor.>® With the recent FDA approval, cemiplimab is
used for laBCCs as a second-line systemic therapy follow-
ing HHI or as a first-line treatment for patients deemed not
eligible for HHIs.

While other PD-1 inhibitors are not approved for
1aBCCs, there are reports showing efficacy. An open-
label study of 16 advanced BCCs (NCT02690948)
reported a 44% response rate with pembrolizumab mono-
therapy and 29% response rate with combination pembro-
lizumab and vismodegib.’*

PD-1 inhibitors have not been formally studied in the
neoadjuvant setting for 1aBCCs. However, there is a case
series of two patients with unresectable BCCs who
received neo-adjuvant PD-1 inhibitors. One patient with
a 21 cm BCC treated with nivolumab no longer needed
surgery after achieving complete remission. The other
patient had three unresectable lesions treated with
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Figure 2 (A) PD-| and PD-LI binding inhibits cytokine production, causing decreased cell survival. (B) PD-| inhibitors prevent the binding between PD-I and PD-LI,
allowing activation of this pathway and induction of T-cells that recognize and target tumor cells.

Abbreviation: APC, antigen presenting cell.

pembrolizumab and achieved a partial response, reducing
the size of her tumors to that considered resectable.>
PD-1 inhibitors are better tolerated than HHIs with
fatigue serving as a main complaint for patients.>* In the
Phase II clinical trial for cemiplimab, common side effects
included fatigue (26% Grade 1-2 and 4% Grade 3), diar-
rhea (24%), and pruritus (21%).>" Treatment discontinua-
tion from intolerable toxicity is only 5-8% compared to
chemotherapy (6%), dacarbazine (12%), ipilimumab (9—
15%), and HHI therapy (28%).°®*7 Treatment related
adverse events that led to discontinuation of treatment in
cemiplimab included adrenal insufficiency, asthenia, coli-
tis, enterocolitis, hypophysitis, immune-mediated hepati-
tis, acute kidney injury, renal failure, and immune-related
hypothyroidism.>' However, PD-1 inhibitors, similar to
any immune checkpoint inhibitor, have a unique class of
adverse events similar to autoimmune-like toxicity known
PD-1
increase the body’s immune response, inducing infiltration

as immune related adverse events. inhibitors

of immune cells into normal tissue, including the skin,
colon, liver, kidneys, eyes, endocrine tissues, and central

nervous system, causing immune related adverse events.>®
Rash (14%), hypothyroidism (5%), pneumonitis (3%),
and colitis (2%) are common immune related adverse

events. 58

Conclusion
LaBCC

a multidisciplinary approach. First-line treatment is sur-

treatment is complex and often requires
gical resection with negative margins, but this is not
always feasible. LaBCCs have the potential to invade
into surrounding tissues that may require extensive sur-
geries that can create significant morbidity and reduced
quality of life for patients or be inoperable. Radiation
and systemic therapy can be used as alternative treat-
ments or in combination with surgery. Systemic therapy
is generally used when surgery and radiation are no
longer an option. HHIs are first-line systemic therapy,
and PD-1 inhibitors are second-line systemic therapies;
however, cemiplimab can be used in first-line for

patients not eligible for HHIs.
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