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Sonidegib, a hedgehog pathway inhibitor, was approved by the US FDA for the treatment of locally ad-
vanced basal cell carcinoma which cannot be readily treated with surgery or radiotherapy. The pharmacol-
ogy and pharmacokinetics of sonidegib will be discussed in this review. Additionally, an in-depth analysis
of the BOLT trial and data from the 30-month update will be included. This will serve as an update to a
previously published article which reported the 12-month update of the BOLT trial.
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Background
Basal cell carcinoma (BCC) is the most common skin cancer in humans. Annually, there are 2.8 million cases that
result in approximately 3000 deaths [1]. The use of surgical excision for the treatment of BCC results in a 5-year
cure rate close to 90% [2,3]. The 5-year recurrence rate decreases to 0.7–2.4% when Mohs micrographic surgery
(MMS) is performed [4–7]. Alternative nonsurgical approaches include cryotherapy, electrodesiccation and curettage,
photodynamic therapy, radiation, or topical agents such as imiquimod or 5-fluorouracil. These options usually
confer a lower cure rate and lack confirmation of tumor clearance on histology. Although metastasis of BCC has a
very low incidence of 0.0028–0.55%, BCCs that fail surgery and/or radiation can become locally advanced [8,9]. The
potential disfigurement and/or morbidity associated with further surgery warrants consideration of an alternative
treatment modality [10].

Abnormalities in the hedgehog signaling pathway and PTCH1 and SMO mutations are implicated in the
pathogenesis of basal cell carcinoma [11]. Approximately 95% of patients with sporadic BCCs have mutations in
this pathway [11–13]. Sonidegib has been approved in the USA, EU, Switzerland and Australia for the treatment
of locally advanced BCC (laBCC) that is either recurrent or not amenable to surgery or radiation. Additionally,
sonidegib is also approved in Switzerland and Australia for metastatic BCC (mBCC). Another hedgehog pathway
inhibitor (HPI), vismodegib, was approved for laBCC and mBCC in the USA, EU, Switzerland, Australia and
other countries.

The BOLT trial was a multicenter Phase II randomized, double-blinded clinical trial studying the use of two
different doses of sonidegib for the treatment of laBCC or mBCC [14]. The US FDA’s approval of sonidegib was
based on a significant objective response rate (ORR) achieved in this trial. In this review, sonidegib and the BOLT
trial will be discussed in detail [14,15]. The data from the 30-month update will also be provided and compared with
the original data from primary analysis [16].

Introduction to the compound
Sonidegib under the trade name Odomzo (Sun Pharmaceutical Industries Ltd, Mumbai, India) was approved by
the FDA in July 2015 for patients 18 years or older with BCCs that either recurred or were not amenable to
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Figure 1. Action of sonidegib on the hedgehog signaling pathway. When hedgehog signaling ligand is present and
bind to the 12 transmembrane protein PTCH1, the seven membrane spanning receptor SMO is no longer inhibited via
PTCH1-mediated inhibition and allows transcription factor Gli1 to enter the cell nucleus, stimulating cell division and
tumorigenesis. Sonidegib inhibits the hedgehog pathway via SMO antagonism.
HH: Hedgehog.
Reproduced with permission from [15].

surgery or radiation therapy. The European Commission approved sonidegib for the same indication in August
2015. Because hedgehog pathway signaling plays a crucial role in embryogenesis, sonidegib is contraindicated in
women who are pregnant or breast-feeding as it may lead to severe birth defects or fetal demise.

During embryogenesis, the hedgehog pathway is activated and promotes the normal development of embryonic
cells. However, this pathway typically remains quiescent in normal adult tissues through the suppression of the
seven-pass transmembrane receptor SMO by a transmembrane protein PTCH1 on the surface of cells [12,17]. The
hedgehog signaling ligand activates the pathway when it binds to PTCH1, leading to disinhibition of SMO.
This allows the transcription factor Gli to enter the cell nucleus and promote cell division and tumorigenesis
(Figure 1) [18].

Sonidegib, also known as LDE225, was discovered in 2010. Its chemical structure is N-(6-((2 S, 6 R)-2, 6-
dimethylmorpho-lino) pyridine-3-yl)-2-methyl-40-(trifluoromethoxy) biphenyl-3-carboxamide and it has an IC50

of 11 nM in humans [19]. In preclinical studies, sonidegib was found to have a high oral bioavailability, high
tissue penetration, and the ability to cross the blood–brain barrier. Patients with advanced solid tumors tolerated
a maximum dose of 800 mg daily and 250 mg twice a day in a Phase I study with doses ranging between 100
and 3000 mg daily and 250 and 850 mg twice daily. No clinical advantage was seen with twice-daily dosing;
accordingly, once-daily dosing is the current recommendation for ongoing sonidegib trials. Muscle spasms were
the most commonly reported adverse event in the Phase I trial. Elevated serum creatine kinase without evidence of
cardiac muscle injury was the primary dose-limiting toxicity and was reported in 18% of patients. The investigators
were unable to establish a relationship between muscle cramps and elevated creatine kinase, as many patients
experienced muscle cramps with normal serum levels of creatine kinase while others had no muscle cramps and
elevated levels of creatine kinase [20]. Sonidegib’s high binding capacity to serum proteins may explain its relatively
long half-life (29.6 days) [21]. Sonidegib has a maximum serum concentration (Cmax) of 1030 ng/ml with a time to
achieve this concentration (tmax) of 2–4 h. Sonidegib reaches steady state roughly 4 months after an initial dose and
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has a volume of distribution of around 2500 L. CYP3A is the main enzyme responsible for metabolizing sonidegib
and drug interactions with this hepatic enzyme can potentially increase the risk for muscle spasms. Unabsorbed
sonidegib is excreted in the feces. Once sonidegib is absorbed, it is eliminated chiefly through hydrolytic and
oxidative metabolism. Absorbed sonidegib was found to be excreted in the feces (70%) and urine (30%) [22].

In 2011, a randomized, double-bind, vehicle-controlled study was conducted on the use of 0.75% sonidegib
topical cream two-times per day for 4 weeks for the treatment of 27 total BCCs among eight nevoid BCC syndrome
patients [23]. Topical cream use on 13 BCCs achieved a complete response in three BCCs, a partial response in
nine, and failure of response in one. A mean volume reduction of 56% was found in these BCC on day 29. Vehicle
control use on 14 BCCs achieved a partial response in only one BCC and no response in the other 13. The success
of this trial was unable to be reproduced in other topical sonidegib trials of larger sample size, likely as a result of
limited cutaneous penetration of the drug in topical formulation [24]. In addition to BCC, clinical trials on the use
of sonidegib for leukemia, myelofibrosis and solid tumors such as medulloblastoma are underway. Vismodegib is
another hedgehog pathway inhibitor which was proven to be efficacious in the ERIVANCE trial. It has a side effect
profile similar to that of sonidegib. Vismodegib was approved in January 2012 by the FDA for the treatment of
recurrent laBCC after surgery, laBCC not amenable to surgery or radiation therapy, and mBCC.

Overview of the BOLT trial
The BOLT trial is a randomized, double-blind, multicenter, Phase II study conducted in 58 centers in 12 countries.
This study investigated the use of sonidegib for histologically confirmed laBCC not amenable to surgery or
radiation therapy or refractory mBCC [14]. Patients 18 years or older were randomized into two treatment arms
of 200 mg (dose with lowest efficacy) and 800 mg (maximum tolerated daily dose) sonidegib once daily in a 1:2
ratio, respectively [14]. Dose reductions or discontinuations were implemented when patients developed symptoms
indicative of possible toxicity. The investigators and central review committee assessed mBCC tumors based on
Response Criteria in Solid Tumors (RECIST) version 1.1 and assessed laBCC based on modified RECIST as the use
of RECIST version 1.1 alone cannot assess tumors adequately in the setting of scarring, ulceration or fibrosis [25].

The proportion of patients with laBCC or mBCC who achieved an ORR was the primary end point of the
BOLT trial. Both complete response (CR) and partial response (PR) were included in the ORR. CR was achieved
in a patient when all lesions had resolved, and study’s independent review panel determined surveying biopsies
from two or more sites were negative. PR was defined by a 50% or greater decrease in the sum of the products of
perpendicular diameter (WHO criteria) based on photographs of lesions as well as a minimum 30% reduction in
the sum of diameters of all target lesions by MRI (RECIST).

A total of 230 patients were enrolled in the study. To achieve a 1:2 ratio between treatment groups, 79 patients
(66 with laBCC and 13 with mBCC) were randomized to receive 200 mg of sonidegib and 151 patients (128
with laBCC and 23 with mBCC) were randomized to receive 800 mg. Both treatment arms successfully met the
primary end point of ORR as assessed by central review at the time of primary analysis (cutoff of 28 June 2013). An
objective response was achieved by 20 of 55 patients (36%; 95% CI: 24–50) in the 200 mg treatment group and 39
of 116 patients (34%; 95% CI: 25–43) in the 800 mg treatment group as assessed by central review. No substantial
difference in ORR could be found in different subgroups stratified by geographic location or histologic subtype.
The proportion of patients achieving a CR, elapsed time to tumor response, duration of tumor response, duration
progression-free survival, and patient safety were the secondary end points evaluated in the study. Exploratory
analysis of the change in transcriptional factor Gli1 expression was conducted on tumor biopsy samples collected
at screening week 9, week 17 and the completion of treatment. A reduction in Gli1 expression as a marker of
hedgehog pathway inhibition was expected and confirmed in patients with a CR, PR or stable disease. Although a
similar efficacy profile was shown for both the 200 and 800 mg treatment arms, the 200 mg treatment arm had a
lower rate of adverse events, longer duration of treatment, and a lower discontinuation rate, thus demonstrating a
favorable benefit-to-risk profile.

Safety & tolerability
Alopecia, muscle spasms, nausea, dysgeusia (disturbance of taste), nausea, fatigue and elevated blood creatine kinase
were the most frequently reported adverse events in the BOLT trial [14]. At the time of primary data analysis, three
of 79 patients in the 200 mg sonidegib group and 13 of 150 patients in the 800 mg group discontinued sonidegib
treatment as a result of muscle spasms. The most commonly reported grade 3–4 adverse event was elevated creatine
kinase concentration. 14% of patients in the 200 mg group and 30% in the 800 mg group developed serious adverse
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events, of which rhabdomyolysis was the most frequently reported. Of note, these reported cases of rhabdomyolysis
failed to meet the criteria of a tenfold increase in serum creatine kinase concentration from upper limit of normal
and a 1.5-fold increase in serum creatinine concentration from baseline as defined by an independent safety review
committee comprised of experts on muscle toxicity.

Dysgeusia, a well-documented side effect of HPI use, was reported by 38% of patients who received 200 mg
sonidegib daily and 59% of patients who received 800 mg sonidegib daily [14]. In the ERIVANCE trial, greater
than 50% of patients who took vismodegib complained of dysgeusia, leading some to discontinue their therapy [26].
A study in which mice were given LDE225 for up to 28 days showed that disruption of the hedgehog signaling
pathway interfered with taste buds and chorda tympani nerve response to taste bud stimulation [27].

Because BCC may have a negative effect on patients’ quality of life (QoL), the effect of sonidegib therapy on
QoL was studied in the BOLT with questionnaires completed at different stages of treatment. The questionnaires
used (n = 2) were developed by the European Organization for Research and Treatment of Cancer (EORTC), and
include the relevant predetermined subscales of Quality of Life Questionnaire C30 (QLQ-C30) for the assessment
of QoL for cancer patients and the Head and Neck Cancer Module 35 (QLQ-H&N35) for head and neck cancer
specifically. The QLQ-C30 has 15 subscales with 30 items which allow patients to communicate the symptoms
of their disease and any possible undesirable treatment side effects. For the BOLT trial, four subscales with 12
items, which were most pertinent to patients with advanced BCC, were selected for analysis. Likewise, although the
QLQ-H&N35 has 18 subscales with 35 items, only three subscales with ten items were deemed relevant for these
patients selected for analysis in the BOLT trial. In the primary data, the majority of laBCC patients who responded
to the QLQ-C30 and H&N35 questionnaires had maintenance of or improvement in their scores with a somewhat
greater percentage of patients in the 800 mg group reporting a decline of QoL indicators. Most mBCC patients
who responded to the questionnaires had maintenance of or improvement in their scores on both questionnaires.
The findings show that sonidegib has demonstrable tolerability and can maintain or improve the self-reported QoL
of most patients with laBCC or mBCC.

30-month follow-up
The initial BOLT trial manuscript collected data for up to 6 months after the last patient was randomized with a
median follow-up of 13.9 months and a cutoff date of 28 June 2013 [14]. The 12-month update cutoff date was 31
December 2013. This section will detail the safety and efficacy data collected 30 months after the randomization of
the last patient with a cutoff date of 10 July 2015. Sonidegib treatment was continued for each patient until he or
she had progression of disease, intolerable toxicity, death or another reason for discontinuation of the drug. A total
of 144 patients (63%) had discontinued sonidegib therapy at the time of primary analysis primarily as a result of
adverse side effects [14]. At the 12- and 30-month follow-ups, 77.8 and 93.0% of patients had stopped treatment,
respectively [28].

For laBCC, a comparison of the 30-month data to the 12-month data showed similar ORRs for the 200 mg
group (56.1 vs 57.6%, respectively) and the 800 mg group of (45.3 vs 43.8%, respectively) per central review
(Table 1). Clinical benefit, defined as the percentage of patients who had a reduction as their maximal change in
tumor size from baseline, remained unchanged between the 12- and 30-month updates per central review, and was
observed in 92.3% of patients (48/52) treated with sonidegib 200 mg and 90.1% of patients (91/101) treated
with sonidegib 800 mg. The disease control rate (complete response + partial response + stable disease) for the
200 mg arm remained at 90.8% at 30 months and increased from 81.3% at 12 months to 82.8% at 30 months
for the 800 mg arm. The percentage of patients achieving a complete or partial response can be seen in Figure 2.
Additionally, at 30 months the median duration of response (DOR) increased for both the 200 and 800 mg
groups to 26.1 versus 20.2 months in the 12-month update and 23.7 versus 19.8 months in the 12-month update,
respectively. Per central review, the median durations of progression-free survival (PFS) was 22.1 months in the
200-mg arm and 22.0 months in the 800-mg arm. Five laBCC patients in the 200 mg arm and 11 laBCC patients
in the 800 mg arm had died by the 30-month update.

For mBCC, the ORRs for the 200 and 800 mg arms remained unchanged for the 30-month data in comparison
to the 12-month data per central review and were 7.7 and 17.4%, respectively. Clinical benefit as previously defined
remained the same at 30 months in comparison to 12 months, and was observed in 91.7 and 84.2% of patients
in the 200 and 800 mg arms, respectively. Additionally, disease control rate remained unchanged between 30 and
12 months at a value of 92.3% for the 200 mg arm and 91.3% for the 800 mg arm per central review. Per central
review at 30 months, the estimated median DOR for the 200 mg arm was 24.0 months; for the 800 mg arm, the
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Table 1. The response rates for 200 and 800 mg sonidegib groups from primary analysis, the 12-month update, and the
30-month update of BOLT trial.

Primary analysis (28 June 2013, data cutoff) 12-month update (31 December 2013, data
cutoff)

30-month update (10 July 2015, data cutoff)

200 mg sonidegib 800 mg sonidegib 200 mg sonidegib 800 mg sonidegib 200 mg sonidegib 800 mg sonidegib

laBCC
(n = 66)

mBCC
(n = 13)

laBCC
(n = 128)

mBCC
(n = 23)

laBCC
(n = 66)

mBCC
(n = 13)

laBCC
(n = 128)

mBCC
(n = 23)

laBCC
(n = 66)

mBCC
(n = 13)

laBCC
(n = 128)

mBCC
(n = 23)

Proportion
of patients
with
objective
response
(central
review; %)

47 15 35 17 58 8 44 17 56 8 45 17

Complete
response
(%)

3 0 0 0 5 0 2 0 5 0 2 0

Partial
response
(%)

44 15 35 17 53 8 42 17 52 8 44 17

Disease
control
(%)

91 92 78 83 91 92 82 91 91 92 82 91

laBCC: Locally advanced basal cell carcinoma; mBCC: Metastatic basal cell carcinoma.
Data taken from [14–16].

0

20

40

60

80

100

Sonidegib
200 mg

IaBCC

Sonidegib
200 mg

mBCC

Sonidegib
800 mg

IaBCC

Sonidegib
800 mg

mBCC

Sonidegib
200 mg

IaBCC

Sonidegib
200 mg

mBCC

Sonidegib
800 mg

IaBCC

Sonidegib
800 mg

mBCC

Sonidegib
200 mg

IaBCC

Sonidegib
200 mg

mBCC

Sonidegib
800 mg

IaBCC

Sonidegib
800 mg

mBCC

Partial response

Complete response

P
at

ie
n

ts
 (

%
)

Primary analysis 12-month update 30-month update

Figure 2. Proportion of patients with objective response during primary analysis, 12-month update and 30-month update.
laBCC: Locally advanced BCC; mBCC: Metastatic basal cell carcinoma.
Data taken from [14–16].

median DOR was not reached due to the proportion of patients continuing to respond to treatment in this group
at the time of data cutoff. Per central review, the median durations of PFS was 13.1 months in the 200-mg arm
and 11.1 months in the 800-mg arm. At the time of the 30-month analysis, 11 patients with mBCC had died.
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Table 2. The most common adverse events reported in primary analysis, 12-month update, and 30-month update of BOLT
Trial.
Adverse event Primary analysis (28 June 2013, data cutoff) 12-month update (31 December 2013, data

cutoff)
30-month update (10 July 2015, data cutoff)

200 mg sonidegib
(n = 79); all/grade 3
or 4

800 mg sonidegib
(n = 150); all/grade 3
or 4

200 mg sonidegib
(n = 79); all/grade 3
or 4

800 mg sonidegib
(n = 150); all/grade 3
or 4

200 mg sonidegib
(n = 79); all/grade 3
or 4

800 mg sonidegib
(n = 150); all/grade 3 or
4

Muscle spasm (%) 49/3 100/5 52/3 69/5 55/3 69/5

Alopecia (%) 43/1 55/NA 49/NA 57/NA 50/0 58/0

Dysgeusia (%) 38/0 59/�1 41/NA 60/NA 45/0 60/0

Nausea (%) 33/1 45/3 35/1 47/3 39/1 47/3

Blood creatine kinase
increased (%)

29/7 37/12 30/6 37/15 31/7 37/13

Fatigue (%) 29/0 36/2 29/0 36/2 30/1 37/2

Weight decreased (%) 27/1 38/5 29/3 42/6 30/5 43/6

Diarrhea (%) 24/0 22/0 30/1 23/0 32/1 24/0

NA: Not available.
Data taken from [14–16].

At the 30-month analysis, the safety profile of sonidegib appeared similar to that seen at primary analysis and
the 12-month update. At 30 months, the median duration of exposure was 11.0 months for the 200 mg group and
6.6 months for the 800 mg group. The most commonly reported adverse effects were muscle spasms, dysgeusia,
nausea, alopecia, weight loss, increased creatine kinase, fatigue, decreased appetite, myalgia and vomiting which
were less common in the 200 mg group than the 800 mg group and similarly reported for both laBCC and mBCC
patients (Table 2). Also at 30 months, 43.0 and 66.7% of patients in the 200 and 800 mg groups had adverse
events that required dose interruption and/or reductions. Additionally, 30.4 and 40% of patients in the 200 and
800 mg groups had adverse events that lead to treatment discontinuation. Serious adverse events regardless of cause
occurred in 20.3 and 38.7% of patients taking 200 and 800 mg of sonidegib, respectively. Treatment-related serious
adverse events were reported for 3.8 and 16.0% of patients in the 200 and 800 mg groups, respectively. The most
commonly reported serious adverse events were increased creatine kinase (1.3% for each group) and rhabdomyolysis
(3.3% for each group). Because none of the patients progressed to renal impairment, the cases of rhabdomyolysis
were not officially confirmed by an independent review and adjudication committee of muscle toxicity experts [14].
A total of eight patients died while receiving treatment including four with laBCC (one patient in the 200 mg
group, three in the 800 mg group) and four with mBCC (four patients in the 800 mg group). None of the deaths
were thought to be related to treatment. During the primary analysis, four deaths occurred including two with
mBCC due to progressive disease and two with laBCC due to cardiac conditions. Following the primary analysis,
four deaths occurred including one patient with laBCC on 200 mg sonidegib who died of acute respiratory distress,
one patient with laBCC on 800 mg who died of cardiac arrest, one patient on 800 mg with mBCC who died of
sepsis, and one patient on 800 mg with mBCC who died of respiratory arrest. The BOLT and ERIVANCE trials
shared a similar incidence of adverse events of all grades. Additionally, the STEVIE trial, another multicenter study
evaluating the safety of 499 total patients taking 150 mg oral vismodegib once daily for the treatment of advanced
BCC, reported a similar safety profile [29].

Post-trial concerns & present challenges
The development of acquired resistance to HPIs has been demonstrated in nude mice implanted with medulloblas-
toma tumors derived from Ptch+/-p53-/- mice and poses a major concern [30]. While undergoing treatment with
20 mg/kg/day of sonidegib, the nude mice initially had decreased expression of Gli1 and near complete tumor
repression. However, regrowth of tumors was seen on day 13 of the study. Amplification of Gli2, mutations in SMO
or the upregulation of PI3K signaling has been suggested as possible mechanisms for the development of sonidegib
resistance. The use of a PI3K/Tor inhibitor in addition to sonidegib has been suggested as a means to possibly
overcome this resistance. A clinical trial investigating the use of a combination of sonidegib and buparlisib, a PI3K
inhibitor, for the treatment of advanced BCC is currently underway [31].

Resistance to vismodegib in patients with BCC has been shown by molecular analysis of tumor biopsies to
be consistently associated with hedgehog pathway reactivation [32]. This reactivation is mainly caused by SMO
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mutations and less so by a gain-of-function mutation in Gli2 as well as a loss-of-function mutation in suppressor
of fused, which negatively regulates the hedgehog pathway. In a case report of a 68-year-old woman who had
complete regression of her laBCC after 16 weeks of vismodegib 150 mg daily and subsequent development of
recurrent tumors around the primary site after 20 weeks, different novel heterozygous missense SMO mutations
were identified that were not found in pretreatment tumor tissue [33].

In a retrospective review of patients treated with vismodegib, 21% of the patients (6/28) demonstrated tumor
regrowth during treatment [34]. Similarly, treatment resistance with vismodegib was also observed in patients with
nevoid basal cell carcinoma syndrome [35]. Danial et al. conducted an investigator-initiated open-label trial of
sonidegib treatment for nine advanced basal cell carcinoma patients resistant to vismodegib [36]. The authors
found that five patients experienced progressive disease with sonidegib and three patients experienced stable disease
before stopping sonidegib, due to either an adverse event (n = 1) or the pursuit of surgical intervention (n = 2).
The limitation of this study is the relatively short duration of treatment, as only one of nine patients received
treatment beyond 14 weeks while some were treated for only 3 weeks. Therefore, the short duration of sonidegib
exposure may not have been adequate to confer a measurable clinical response. Furthermore, the only patient
who received treatment beyond 14 weeks (58 weeks) had an identifiable mutation on D473H and later developed
disease progression. Data performed with 3H-cyclopamine competition binding assays showing affinity (pKi) of
vismodegib (GDC0449) and sonidegib (NVP-LDE225) for SMO both demonstrated a significant drop from 8.32
to 5.95 (>100-fold) and 7.68 to 6.91, respectively, in the setting of SMO D473A mutations compared with wild-
type [37]. However, if the mutation occurs at residue E518A, the affinity for vismodegib (GDC0449) decreases from
8.32 to 6.68 and increases slightly for sonidegib (NVP-LDE225). In other words, if a patient develops resistance
to vismodegib due to a mutation at E518, he or she may still respond to treatment with sonidegib. Another
smoothened antagonist, LY29040680, has been reported to be unaffected by a mutation at residue D473 with an
affinity of 7.62 versus 7.51 in the wild-type despite the fact that LY29040680 and vismodegib share 14 contact
residues [37]. Using the recently resolved crystal structure of the SMO transmembrane protein, the computational
docking of vismodegib onto the SMO structure revealed that the mutations SMO-W281, SMO-V321, SMO-I408
and SMO-C469 are located in close proximity to the drug-binding pocket [32,38]. These mutations affect the binding
of vismodegib by disrupting the hydrophobic pocket, interfering with the positioning of adjacent binding residue,
changing the conformation of the residues by packing the surrounding binding residues with delta methyl groups,
and eliciting steric effects on the binding pockets, respectively [32]. Patients with acquired resistance to a specific HPI
due to mutations in SMO may or may not respond to a different HPI depending on the binding location, specific
mutation/residue affected, and whether or not a conformational change is generated to prevent drug binding in a
direct or indirect manner. The above findings in addition to patient’s sequencing data may help predict a patient’s
treatment response to a HPI after failing treatment with another.

Another drawback of HPIs is the development of squamous cell carcinoma (SCC) due to an unclear mechanism.
Although it may be argued that patients with BCCs are at a higher risk of developing another skin cancer, one
study reported a 62-year-old patient with BCC on the back with metastasis to a left axillary lymph node who
underwent 9 months of vismodegib therapy with an initial complete response in both her primary BCC lesion
and lymph node metastasis [39]. Thirteen months later, the patient developed SCC in the left axillary node that
shared the same PTCH1 and TP53 mutations as well as 90% of the genomic identity of the original BCC. In
addition, this SCC also harbored NOTCH1/2 and KMT2C mutations, which are commonly seen in cutaneous
SCC. The above phenomenon suggests that the patient’s SCC may have evolved from a pre-existing BCC lesion
through selective squamatization not suppressed by vismodegib. A single institution case–control study evaluating
the risk of developing non-BCC malignancy after HPI exposure found a hazard ratio of 8.12 for the development
of cutaneous squamous cell carcinoma in the vismodegib exposure group [40]. One shortcoming of the study was the
variability of screening frequency for both the cases and controls. Patients in the vismodegib group typically were
screened more frequently than the control group because they were either enrolled in clinical trials which required
multiple study visits, or they were being monitored closely for vismodegib-associated side effects. A previous study
has shown that cancer screening alone can lead to an increase in the incidence of nonmelanoma skin cancers [41]. In
a recently published retrospective study, a total of 1675 patients who were treated with vismodegib as part of Phase
I and Phase II clinical studies were compared with patients who received standard therapy for primary BCC. The
authors concluded that vismodegib was not associated with an increased risk of subsequent SCC when compared
with standard surgical treatment; rather, elevated cutaneous SCC risk in patients treated with vismodegib is likely
due to more frequent screening [42].
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Management of hedgehog pathway inhibitor associated adverse events
Another important area of study is the management of the adverse effects of HPIs such as muscle spasms, dysguesia
and alopecia so that treatment duration can be prolonged and maximum benefit achieved. Lacouture et al.
constructed an algorithm to manage the most frequently encountered HPI-related adverse effects [43]. To reduce
the risk and severity of muscle spasms during HPI therapy, patient should be advised to keep hydrated and limit
physical activity. Ally et al. saw a reduction in vismodegib-induced muscle cramps in their patients with the use of
amlodipine, a calcium channel blocker, and recommend a 2-week trial of 10 mg amlodipine for treatment; thus,
it may be prudent to try amlodipine for sonidegib-induced muscle cramps [44]. Quinine at a dose of 200 mg also
demonstrated some benefit to reduce symptoms of muscle spasms [43]. The use of levocarnitine in alleviating muscle
spasm due to HPIs had been investigated with results pending [45]. When adverse effects of sonidegib treatment
become intolerable, treatment breaks can be helpful. Exploratory analysis from the STEVIE trial showed an increase
in the median duration of treatment corresponding with an increase in the number of treatment breaks, with no
impact on the overall efficacy of vismodegib [46]. Muscle spasms generally resolve 4–8 weeks after discontinuing
the HPIs. Alopecia may take 6–12 months to resolve. Treatment options for alopecia include 2–5% minoxidil,
which can be used in addition to concealment measures such as wearing a wig [43,47]. However, a longer duration of
vismodegib treatment and an increased degree of treatment-related alopecia can lead to impaired and/or incomplete
hair growth after completion of treatment [48]. For dysguesia, identification of food that is more pleasant for the
patient as well as dietician referral can be helpful as it is only temporary and typically resolved 2–6 months after
stopping vismodegib.

Discussion
The BOLT trial studied the use of sonidegib in a 200 mg treatment arm and 800 mg treatment arm for patients
with laBCC not amenable to curative surgery or radiotherapy or patients with mBCC. Sonidegib has been shown
to have clinical efficacy and a reasonable safety profile with the data from the 200 mg treatment showing a more
favorable benefit-to-risk profile in comparison to the 800 mg treatment group. The 30-month analysis has provided
further confirmation of the clinical efficacy of the use of sonidegib for treatment of advanced BCC (Table 1).

Although there have not been a cross-trial comparison, sonidegib and vismodegib were compared using a
matching-adjusted indirect comparison to reduce confounding of treatment effects which could have occurred in
an unadjusted indirect comparison. Patients from the BOLT trial had an ORR of 56.7% and PFS of 56.7% and
22.1 months versus 47.6% and 9.5 months in the ERIVANCE trial, thus indicating a slightly greater benefit with
sonidegib therapy [49].

Acquired resistance to HPIs limit their use for certain patient populations. To overcome this hurdle, induced
blockade of Gli transcription factor downstream of SMO has been proposed. Future studies are needed to explore
molecules that target Gli transcription factor and investigate their efficacy for decreasing HPI resistance during the
treatment of BCC.

No large trials have been conducted on the use of sonidegib as a neoadjuvant agent. On the other hand,
neoadjuvant use of vismodegib was investigated in an open-label, three-cohort, nonrandomized Phase II study to
determine the rate and durability of complete histologic clearance (CHC) of operable nodular BCC in patients who
received different vismodegib regimens prior to MMS [50]. All three cohorts did not meet the primary efficacy end
points, predefined as CHC >50% in cohorts 1 (received vismodegib for 12 weeks before MMS) and 3 (received
vismodegib for 8 weeks on/4 weeks off/8 weeks on before MMS) and CHC >30% in cohort 2 (received vismodegib
for 12 weeks followed by 24 weeks of observation before MMS). Although other smaller studies have shown tumor
size reduction with vismodegib therapy, convincing data from larger trials supporting the neoadjuvant use of HPIs
is currently lacking [51–53].

Conclusion
HPIs have shown promise as a treatment option for patients with advanced BCC who are poor candidate for
surgery or radiotherapy. The 30-month data from the BOLT trial reaffirmed the use of 200 mg sonidegib due to its
demonstrated safety and long-term efficacy. Future studies are needed to better understand acquired resistance and
ways to overcome it. Combination therapies of HPIs with other agents are currently being investigated in various
human tumors. Dosing regimen adjustment with potential treatment holiday as well as novel approaches for side
profile management might provide options for improving the tolerability of this therapy.
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Executive summary

Mechanism of action
• Sonidegib binds to and inhibits SMO, a transmembrane protein involved in hedgehog pathway signal

transduction and thus decreases the proliferation of malignant cells.
Pharmacokinetic properties
• Sonidegib’s half-life is 29.6 days with around 6–7% of the drug being absorbed.

• The median time-to-peak concentration (tmax) is 2–4 h.

• Steady state is reached at around 4 months after initial dosing.

• Sonidegib has an extensive volume of distribution of approximately 2500 L.

• Sonidegib is chiefly metabolized by enzyme CYP3A and eliminated hepatically.

• Absorbed sonidegib is eliminated primarily through hydrolytic and oxidative metabolism. Close to 70% of
absorbed agent is excreted in the feces and 30% in the urine.

• Unabsorbed sonidegib is eliminated in the feces.
Clinical efficacy (locally advanced basal cell carcinoma)
• In the 30-month BOLT trial analysis, an objective response rate (per central review) was achieved in 56.1 and

45.3% of patients in the 200 and 800 mg sonidegib treatment arms, respectively.

• Clinical benefit defined as best percentage change from baseline in the size of target lesion was seen in 92.3 and
90.1% of patients treated with 200 and 800 mg sonidegib, respectively.

• The median duration of response was 26.1 and 23.7 months for the 200 and 800 mg groups, respectively.
Clinical efficacy (metastatic basal cell carcinoma)
• In the 30-month BOLT trial analysis, 7.7 and 17.4% of patients achieved an ORR in the 200 and 800 mg arms,

respectively.

• Clinical benefit defined as best percentage change from baseline in the size of target lesion was observed in 91.7
and 84.2% of patients in the 200 and 800 mg arms, respectively.

• The median duration of response was 24.0 months for the 200 group and not reached for the 800 mg group.
Safety & tolerability
• Contraindications to sonidegib include pregnancy or breast-feeding as the drug may cause severe birth defects or

death in a developing fetus.

• Common adverse events include muscle spasms, dysgeusia, fatigue, nausea and elevated blood creatine kinase as
reported in the BOLT trial.

Drug interactions
• CYP3A inhibitor drug interactions have the potential to increase the risk of muscle toxicity.
Dosage & administration
• It is recommended that a dose of 200 mg of sonidegib (trade name, ODOMZO) be taken by mouth once a day on

an empty stomach, no less than 1 h prior to or 2 h after a meal.

• Serum creatine kinase levels and kidney function tests must be obtained before starting sonidegib in all patients
as detailed in the package insert.
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43 Lacouture ME, Dréno B, Ascierto PA et al. Characterization and management of hedgehog pathway inhibitor-related adverse events in
patients with advanced basal cell carcinoma. Oncologist 21(10), 1218–1229 (2016).

44 Ally MS, Tang JY, Lindgren J et al. Effect of calcium channel blockade on vismodegib-induced muscle cramps. JAMA Dermatol.
151(10), 1132–1134 (2015).

45 Clinical trials database: NCT01893892. https://clinicaltrials.gov/ct2/show/NCT01893892

46 Dummer R, Basset-Seguin N, Hansson J et al. Impact of treatment breaks on vismodegib patient outcomes: exploratory analysis of the
STEVIE study. J. Clin. Oncol. 33(15 Suppl.), 9024 (2015).

47 MacDonald JB, MacDonald B, Golitz LE, LoRusso P, Sekulic A. Cutaneous adverse effects of targeted therapies: part II: inhibitors of
intracellular molecular signaling pathways. J. Am. Acad. Dermatol. 72(2), 221–236–238 (2015).

48 Tang JY, Ally MS, Chanana AM et al. Inhibition of the hedgehog pathway in patients with basal-cell nevus syndrome: final results from
the multicentre, randomised, double-blind, placebo-controlled, Phase 2 trial. Lancet Oncol. 17(12), 1720–1731 (2016).

49 Odom D, Mladsi D, Purser M et al. A matching-adjusted indirect comparison of sonidegib and vismodegib in advanced basal cell
carcinoma. J. Skin Cancer 2017, 6121760 (2017).

50 Sofen H, Gross KG, Goldberg LH et al. A Phase II, multicenter, open-label, 3-cohort trial evaluating the efficacy and safety of
vismodegib in operable basal cell carcinoma. J. Am. Acad. Dermatol. 73(1), 99.e1–105.e1 (2015).

51 Alcalay J, Tauber G, Fenig E, Hodak E. Vismodegib as a neoadjuvant treatment to Mohs surgery for aggressive basal cell carcinoma. J.
Drugs Dermatol. 14(3), 219–223 (2015).

52 Chang ALS, Atwood SX, Tartar DM, Oro AE. Surgical excision after neoadjuvant therapy with vismodegib for a locally advanced basal
cell carcinoma and resistant basal carcinomas in Gorlin syndrome. JAMA Dermatol. 149(5), 639–641 (2013).

53 Kahana A, Worden FP, Elner VM. Vismodegib as eye-sparing adjuvant treatment for orbital basal cell carcinoma. JAMA Ophthalmol.
131(10), 1364–1366 (2013).

future science group www.futuremedicine.com 525





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PPG Indesign CS4_5_5.5'] [Based on 'PPG Indesign CS3 PDF Export'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks true
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions false
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 600
        /LineArtTextResolution 2400
        /PresetName (Pureprint flattener)
        /PresetSelector /UseName
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.835590
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


