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Abstract 
The management of difficult-to-treat

periocular basal cell carcinoma (BCC)
becomes very challenging in cases of
delayed diagnosis, leading to the develop-
ment of locally advanced BCC. The aim of
this study was to evaluate the outcomes of
Hedgehog pathway inhibitors (vismodegib
and sonidegib) treatment in patients affect-
ed by periocular locally advanced BCC. We
focused on the common adverse events and
their correlation with the administration
schedule, to determine a management pro-
tocol specific for the periocular area. 

This observational prospective study
included a single-center case series with
patients who were histologically confirmed
to have periocular or orbital locally
advanced BCC, treated with Hedgehog
pathway inhibitors. All patients benefitted
in terms of regression or stabilization of the
neoplasm. In the first months of treatment,
the HPIs were well tolerated, and the first
important side effects appeared after about
5 months of continuous use of the drug.

These data could lead to a new type of
therapeutic scheme where neoadjuvant ther-
apy could be followed by pulse therapy as
an adjuvant to surgery.

Introduction
Basal cell carcinoma (BCC) is the most

common malignancy in Caucasians and
accounts for 75% of all skin cancers.1
Different risk factors are involved in the
pathogenesis, and UV radiation is the most
important cause. Therefore, sun-exposed
areas such as the periocular area are very
frequently involved. Among the various
anatomical regions, the periocular region is
certainly one of the most challenging sites
for the appearance of a BCC because of its
proximity to intracranial structures such as
the eyes and to nerve endings. According to
the literature, a low percentage of periocular
BCCs (1.7% to 2.5%) can lead to the
involvement of the orbital area.2,3

Factors that have been identified as
leading risk factors for orbital involvement
include male gender, advanced age, medial
canthal location, previous recurrences, large
tumor size, aggressive histologic subtype,
and perineural invasion.4 In this particular
location, perineural invasion is very fre-
quent and is generally difficult to treat as it
can present long after primary tumor
removal. Furthermore, it can be associated
with skip areas, which complicate margin
control. It has been suggested that low-
resistance cleavage planes and the perineur-
al sheath can facilitate rapid and broad
tumor extension.5 However, even in cases of
small lesions, it is difficult for surgeons to
maintain adequate safety margins without
sacrificing important structures and leading
to disfigurement. For these reasons, the cur-
rent protocols used for the treatment of
BCC should be adapted to the periocular
location. 

Surgery is generally the most efficient
approach for easy-to-treat BCC, but it is not
feasible for some complicated lesions,
mostly due to possible disfigurement, loss
of function, and the patient’s inability to
endure the surgical procedure and recon-
struction. Moreover, alternative therapies
such as radiotherapy are not free of severe
side effects, especially in this highly sensi-
tive anatomical area. The management of
difficult-to-treat lesions becomes very chal-
lenging in cases of delayed diagnosis, lead-
ing to the development of locally advanced
BCC (laBCC). In laBCC, surgery or radio-
therapy is no longer able to manage the
lesion without important functional or aes-
thetic negative outcomes, or the patient is
not eligible for or refuses surgery or radio-

therapy.6
The Hedgehog pathway inhibitors

(HPIs) sonidegib and vismodegib are
increasingly being used as a valid medical
therapy in the management of laBCC.
Several studies support the effectiveness
and safety of these drugs.7-9 

The aim of this study was to evaluate
the outcomes of HPI treatment in patients
affected by periocular laBCC at our center.
We focused on the common adverse events
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(AEs) and their correlation with the admin-
istration schedule (continuous or alternative
therapy) in order to determine a manage-
ment protocol specific for the periocular
area. 

Materials and methods
This observational prospective study

included patients who were histologically
confirmed to have periocular or orbital
laBCC and were treated with HPIs since
January 2016 at the Department of
Ophthalmology and Dermatology at the
University of Florence, Italy. 

The Local Institutional Review Board
approved this observational study. Informed
consent was obtained for each patient. The
report adhere to the ethical principles outli-
ned in the Declaration of Helsinki as amen-
ded in 2013. 

The inclusion criteria were lesions con-
sidered inoperable/inappropriate for sur-
gery, previously administered radiotherapy
unless inappropriate, and at least two cycles
of HPI therapy having been already per-
formed. One cycle of therapy is defined as
30 days and 28 days of treatment with
sonidegib 200 mg once-daily and vismod-
egib150 mg once-daily, respectively.

The collected patient data included age,
sex, BCC histotype, site, and extension.
Orbital interest was confirmed by imaging
(CT, MRI), which demonstrated bone and
soft tissue involvement. Other data included
the dose, duration, response to treatment,
tolerability, and surgical treatment with
histopathological findings. A complete
response to treatment was defined as com-
plete regression of the tumour. A partial
response was defined as regression of
tumour but not to the extent of a complete
response. Patients received a follow-up visit
monthly, and all AEs were recorded. Safety
was evaluated by the Common Terminology
Criteria for Adverse Events version 5.0
from the National Cancer Institute.10

Results
The study included 15 patients (8

females and 7 males), of which 13 were
treated with vismodegib, and 2 treated with
sonidegib. The mean age was 83 years
(range 63-94 years, median 87 years). At
presentation, 5 patients had orbital invasion.
The primary location was the medial can-
thus for 8 patients, the lateral canthus for 6
patients, and the lower eyelid for one
patient. The left eye was affected in 12
patients. Most patients had been previously
treated with surgery-not eligible for radio-
therapy (8/15; 53.33%); the others were

patients previously treated with radiothera-
py after surgery (2/15; 13.33%), or patients
not eligible for surgery and radiotherapy
(5/15; 33.33%) (Table 1).

Discontinued patients (n=9/15, 60%)
Three patients treated with vismodegib

discontinued the drug upon complete
response (CR) after an average drug intake
of approximately 12 months. At 15 months

                                                                                                                             Article

Table 1. Patient characteristics and exposure to HPI.

Characteristics                                                                                          Locally advanced 
                                                                                                                       BCC (N=15)

Median age-yr (range)                                                                                                                     87 (63-94)
Male sex, n. (%)                                                                                                                                  7 (46.67)
Patients previously treated with surgery -not eligible for radiotherapy, n. (%)                  8 (53,33)
Patients previously treated with radiotherapy after surgery, n. (%)                                      2 (13.33)
Patients not eligible for surgery and radiotherapy (%)                                                             5 (33,33)
Primary BCC site, n. (%)                                                                                                                           
     Medial canthus                                                                                                                              8 (53.33)
     Later canthus                                                                                                                                    6 (40)
     Lower eyelid                                                                                                                                    1 (6.67)
     BCC with orbital interest                                                                                                            5 (33.33)
Discontinued patients (%)                                                                                                                  9 (60)
     CR                                                                                                                                                        3 (20)
    PR                                                                                                                                                       12 (80)
     Withdrawn for AEs                                                                                                                        5 (33.33)
     Death for other causes                                                                                                                 1 (6.67)
     Ongoing patients (%)                                                                                                                     6 (40)

Figure 1. Efficient re-epithelialization without exudate of a laBCC of the periocular and
right frontotemporal regions upon therapy with 200 mg of daily sonidegib at baseline
(A) and 1 month (B), 2 months (C), 3 months (D), 4 months (E), and 5 months (F) after
start of treatment. Sonidegib 200 mg once daily was ongoing and very well tolerated
except for a mild asthenia throughout the therapy that started at month 3.
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after stopping therapy, one of these patients
was still free from disease, but the other two
patients had disease recurrence after 31 and
7 months of follow-up, respectively. One of
these patients successfully underwent sur-
gery, and the other resumed HPI therapy
with an initial clinical response. 

One patient with a partial clinical
response with vismodegib treatment died
after 5 months of treatment from cancer-
independent causes. Five patients who
responded well to vismodegib therapy had
to stop treatment due toAEs after approxi-
mately 5 cycles of treatment on average.
The most frequent causes of interruption
were dysgeusia with consequent weight loss
and muscle spasms. In one case, the cause
was liver toxicity. Of these 5 patients, 4 are
currently in stable condition, and one
patient progressed at about 3 months after
the interruption. This latter patient is stable
and has successfully undergone surgery. 

Ongoing patients (n=6/15, 40%)
Two patients were being treated with

sonidegib. One of these patients achieved a
satisfactory response characterized by effi-
cient re-epithelialization without exudate
(Figure 1). Sonidegib treatment was very
well tolerated with mild (grade 1) asthenia
arising at 3 months after starting therapy.
The second patient had previously been
treated with multiple surgeries and reported
to our center with a periocular and orbital
lesion characterized by extensive infiltra-
tion of the lateral rectus muscle and
lacrimal gland. Ongoing treatment with
sonidegib at 200 mg daily led to a signifi-
cant reduction of the extraorbital invasion
after only 4 cycles (Figure 2). The patient
experienced mild (grade 1) AEs, including
muscle pain and CK elevation. During the
first cycle, conjunctival chemosis affected

the eye, but according to our ophthalmolo-
gist consultant, it was not related to
sonidegib therapy. It resolved completely in
7 days with appropriate treatment and no
reduction of the sonidegib dose. 

Two patients are currently on an
approved schedule treatment with vismod-
egib. They had a partial clinical response
after 12 cycles on average. Both patients
had dysgeusia and muscle spasms of low or
medium severity. Another two patients
treated with vismodegib underwent the first
four months of continuous treatment
according to the label, and then after a par-
tial clinical response, they had to be admin-
istered an off-label alternative scheduledue
to intolerable Aes. In particular, one patient
presented with hypercreatininemia and
takes the drug every other day with a main-
tained clinical response. The second patient
suffered from major night cramps and con-

tinued therapy with vismodegib for 4 weeks
on and 4 weeks off. The patient showed an
improvement in Aes and maintained clinical
response. In summary, all patients had clin-
ical benefit in as early as the first two cycles
of therapy (either complete or partial
response or stable disease). The most com-
mon Aes were dysgeusia and muscle
spasms (12 patients, 80%), followed by
weight loss (7 patients, 46. 67%); fatigue (6
patients, 40%); anorexia, alopecia, and lab-
oratory alteration (5 patients, 33.33%); nau-
sea and constipation (2 patients, 13.33%);
and diarrhea and mood alteration (1 patient,
6.67%) (Table 2)

Discussion
Among patients with BCC, the periocu-
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Figure 2. Extraorbital invasion of the lateral rectus muscle at baseline (A) and significant
reduction of the infiltration after 4 months on sonidegib at 200 mg daily (B).

Table 2. Adverse events.*

Adverse event Locally advanced basal cell carcinoma (N=15)
                                                                          Any grade n. of patients (%)                                            Grade ≥3 n. of patients (%)

Any°                                                                                                               15 (100)                                                                                                      5 (33.33)
Led to discontinuation#                                                                           5 (33.33)                                                                                                       1 (6.67)
       Dysgeusia                                                                                               12 (80)                                                                                                             (0)
       Muscle spasm                                                                                       12 (80)                                                                                                        4 (26.67)
       Weight loss                                                                                           7 (46.67)                                                                                                           (0)
       Fatigue                                                                                                     6 (40)                                                                                                              (0)
       Anorexia                                                                                                5 (33.33)                                                                                                           (0)
       Alopecia                                                                                                 5 (33.33)                                                                                                           (0)
       Laboratory alterations                                                                       5 (33.33)                                                                                                       1 (6.67)
       Constipation                                                                                         2 (13.33)                                                                                                           (0)
       Nausea                                                                                                  2 (13.33)                                                                                                           (0)
       Diarrhea                                                                                                 1 (6.67)                                                                                                            (0)
       Mood alteration                                                                                    1 (6.67)                                                                                                            (0)
*The severity of adverse events was graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 5.0. The events are listed in descending order of frequency in any grade.
°Patients treated with sonidegib had no adverse events greater than G1. #Adverse events leading to discontinuation: dysgeusia (4 patients), muscle spasms (2 patients), liver toxicity (1 patient). Some patients had
more than one adverse event leading to discontinuation.
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lar region is certainly one of the most diffi-
cult anatomical sites to manage because of
both its important functional aspect and the
difficulty of having disease-free operating
margins. In addition, the particular charac-
teristics of the lesion (e.g., perineural inva-
sion) combined with the multiple structures
present at the periocular area favor a rapid
spread to nearby and deep structures with
serious damage to the patient. For these rea-
sons, and according to our experience, pro-
tocols dedicated to the periocular area
should be developed. The purpose of our
study was to present our therapeutic man-
agement strategy for this particular anatom-
ical site. 

An important finding that of our study
is that all patients benefitted in terms of
regression or stabilization of the neoplasm.
In this periocular site, our rates of complete
responders (20%) and partial responders
(80%) were higher than the values obtained
in the skin in general.6,8 In our case series,
the first evident clinical response to the
drug was a fast onset in all patients with an
average of about 2-3 months from the start
of therapy. 

In the first months of treatment, the
HPIs were well tolerated, and the first
important side effects appeared after about
5 months of continuous use of the drug.
These side effects led 33.33% of patients to
discontinue the drugs despite good clinical
results. Two patients, however, were moved

to an unapproved vismodegib treatment
schedule adapted to their AEs after about 4
months of vismodegib therapy at the first
appearance of AEs. 

Sonidegib is an alternative to off-label
vismodegib and is the only HPI with an
approved alternate-day dose (200 mg every
other day), which favors the use of sonideg-
ib in the management of patients experienc-
ing AEs.11 The adjustment of dose is tai-
lored to the patient’s symptoms and has
already been investigated in previous stud-
ies. These studies showedvery good out-
comes in terms of therapy adherence, clini-
cal response, and tolerability.12-14

According to the literature, dysgeusia
and muscle spasm begin to appear after
three months of therapy and often result in
modification of the dosage until withdraw-
al.15 In our experience, the impact of dys-
geusia is heavier in older patients (the mean
age for grade 2 dysgeusia was 86, while that
for grade1 was 76.8). In contrast, muscle
spasms were more severe in younger
patients (the mean age was 77.71byears for
grade 2 and 3 muscle spasms and 86.17 for
grade 1). 

Furthermore, two of our patients under-
went a surgical re-evaluation and were
declared operable. The interventions were
successful with disease-free margins, and
the patients are currently in follow-up with-
out disease recurrence. A neoadjuvant
approach with HPIs has already been

reported previously.16-18 In this setting, the
use of sonidegib may be of interest since
AEs seem to appear slightly later than with
vismodegib.6 This would provide suitable
time to perform a neoadjuvant approach
without significant tolerability issues.
Additionally, the median time to response
according to an investigator review was 2.5
months at the 42-month follow-up for
sonidegib and 4.7 months at the 39-month
analysis for vismodegib.7,8 Again, this
places sonidegib in a good potential posi-
tion in a neoadjuvant setting.

We propose a new regimen for periocu-
lar laBCC,which will need to be assessed in
future studies. In this approach (Figure 3),
periocular BCCs that are not amenable to
surgery undergo approximately 4 cycles of
neoadjuvant sonidegib at 200 mg daily
[time to reach steady state (sonidegib
SmPC)]. If this treatment leads to CR, a
pulsed therapy can be applied (sonidegib
200 mg daily one week on and 3 weeks off)
until unacceptable toxicity arises.
Conversely, if there is partial response (PR)
after the neoadjuvant approach and the
lesion is resectable, the patient may undergo
surgery and then pulsed therapy. If there is
PR but the BCC cannot be excised, the
patient may be put on the approved
sonidegib dose of 200 mg every other day
for approximately 3 cycles and then re-
assessed for resectability. 

A direct comparison between vismod-
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Figure 3. Periocular laBCC treatment algorithm proposed for future studies. Patients with periocular BCCs not amenable to surgery
may undergo approximately 4 cycles of neoadjuvant sonidegib at 200 mg daily. If this treatment leads to CR, a pulsed therapy can be
applied (sonidegib 200 mg daily one week on and 3 weeks off ) until unacceptable toxicity. If there is PR after neoadjuvant approach
and the lesion is resectable, the patient may undergo surgery and then pulsed therapy.If there is PR but the BCC cannot be excised, the
patient may be put on the approved sonidegib dose of 200 mg every other day for approximately 3 cycles and then re-assessed for
resectability. 
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egib and sonidegib in a randomized con-
trolled clinical trial is not available.
Recently, a panel of European experts con-
sidered the ERIVANCE and BOLT trials
appropriate for indirect comparison
between sonidegib and vismodegib.6 At the
21-month follow-up, RECIST ORR for vis-
modegib was 47.6%, with 22.2% CR and
25.4% PR according to a central review. At
the 18-month follow-up, the RECIST-like
ORR of sonidegib was 60.6% with 21.2%
CR and 39.4% PR according to a central
review.6

Additionally, the experts concluded that
sonidegib had an approximately 10% lower
incidence of most AEs and slightly less
severe AEs compared with vismodegib. The
time to onset of AEs also indicated that
patients treated with sonidegib may experi-
ence AEs slightly later than those treated
with vismodegib.6 Finally, differences in the
pharmacokinetic profile suggest that
sonidegib is more extensively distributed in
the skin than vismodegib, which may
explain the potential differences in efficacy
and toxicity between them. 

Conclusions
In conclusion, the possibility of an alter-

native schedule to the label, the potential as
a valid neoadjuvant therapy, the lower inci-
dence and severity, and the slower onset of
most AEs seen in trials convinced us to gain
more experience with sonidegib. However,
several limitations of this case series need
to be considered. First of all, our data are
from a single center, which potentially lim-
its the generalizability of our results.
Moreover, the low number of lesions
included and the non-comparative method-
ology limit the thorough evaluation of other
possible predisposing factors. 

Nevertheless, these data could lead to a
new type of therapeutic scheme where
neoadjuvant therapy could be followed by
pulse therapy as an adjuvant to surgery.
However, there are concerns that this
scheme could have tolerability issues. This
proposal must be validated by larger case
studies and multicenter trials. 
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