Journal of Cancer Therapy, 2014, 5, 217-221
Published Online February 2014 (http://www.scirp.org/journal/jct)
http://dx.doi.org/10.4236/jct.2014.52027

2o Scientific
6% '
+* Research

Vismodegib Provides a Novel Treatment for Advanced
Basal Cell Carcinoma

Jennifer L. Kelm®, Thomas J. Magliaro?, Matthew L. Anderson?®, Claire M. Mach'?

College of Pharmacy, University of Houston, Houston, USA; 2Department of Obstetrics and Gynecology, Baylor College of Medi-
cine, Houston, USA; Dan L. Duncan Cancer Center, Baylor College of Medicine, Houston, USA.

Email: cmach@uh.edu

Received November 26", 2013; revised December 25", 2013; accepted January 3", 2014

Copyright © 2014 Jennifer L. Kelm et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. In accor-
dance of the Creative Commons Attribution License all Copyrights © 2014 are reserved for SCIRP and the owner of the intellectual
property Jennifer L. Kelm et al. All Copyright © 2014 are guarded by law and by SCIRP as a guardian.

ABSTRACT

Objective: To review and evaluate vismodegib, the first US Food and Drug Administration (FDA) approved
treatment for locally advanced (laBCC) or metastatic basal cell carcinoma (mBCC) that has recurred after sur-
gery or for patients in which surgery or radiation is not an option. Data Sources: A literature search using
PubMed was conducted through January 2013, using the terms vismodegib, GDC-0449, and Erivedge. Addition-
al literature was found through the reference citations of identified articles. Study Selection and Data Extraction:
Potential sources were limited to human studies published in English with a priority placed on those focused on
[aBCC or mBCC. Data Synthesis: Vismodegib is a selective inhibitor of the hedgehog (Hh) pathway approved for
the treatment of laBCC or mBCC that has recurred after surgery, or for patients for whom surgery or radiation
is contraindicated. Vismodegib inhibits cancer cell growth and survival by binding Smoothened, a transmem-
brane protein involved in the Hedgehog signal transduction. Vismodegib is administered orally at a dose of 150
mg daily. It is primarily eliminated through the feces unchanged but does have some oxidative metabolites pro-
duced from the recombinant cytochrome P450 (CYP) 2C9 and CYP3AA4/5. Despite CYP450 involvement, it ap-
pears to have very few drug interactions. The most common adverse events reported with vismodegib include
muscle spasms, dysgeusia, alopecia, weight loss, fatigue, nausea, anorexia, and diarrhea. FDA approval was
based on a single arm phase 11 study that demonstrated an objective response rate of 30% in mBCC patients and
45% in 1aBCC patients. Vismodegib was approved by the FDA on January 30, 2012 for use in patients with ad-
vanced basal cell carcinoma, and continues to be studied in other patient populations for additional potential
uses. Conclusions: Based on a review of current evidence, vismodegib provides an effective and well-tolerated
treatment for otherwise untreatable basal cell carcinoma.
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1. Introduction (Erivedge®, Genentech, South San Francisco, CA) being

the first to gain FDA approval for the treatment of locally

Although the hedgehog (Hh) pathway was discovered in
1980 in Drosophila, its association with cancer was not
identified until 1996 when it was linked to the mutated
gene associated with Gorlin syndrome, which predispos-
es patients to basal cell carcinoma (BCC) [1,2]. After this
discovery, researchers found that abnormalities in the Hh
signaling pathway were implicated in a majority of spo-
radic BCC cases [2]. Since then, several Hh pathway
inhibitors have been in development, with vismodegib
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advanced (laBCC) or metastatic basal cell carcinoma
(mBCC) on January 30, 2012 [3,4].

2. Pharmacology

Vismodegib is a selective inhibitor of the Hh signaling
pathway. It acts by binding to Smoothened (SMO), a 7-
transmembrane protein, which in turn prevents the intra-
cellular signaling of Gli family proteins and inhibits the
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activation of Hh target genes downstream [5,6]. While
the Hh pathway plays a key role in embryogenesis, in
most adults the Hh pathway is inactive [7]. However, its
reactivation has been linked to many cancers, including
BCC and medulloblastoma [6]. By inhibiting SMO, vis-
modegib hinders cancer cell growth and survival [8].

3. Pharmacokinetics

In a two-stage phase | study, daily dosing of oral vismo-
degib reached steady state within 7 - 14 days, regardless
of the dose [3,9]. Vismodegib has nonlinear kinetics due
to its high protein binding affinity (99%), especially for
al-acid glycoprotein (AAG) [3,5]. It also binds to human
serum albumin at a lower binding affinity, leaving less
than 1% unbound in the serum [3,10]. Bioavailability of
oral vismodegib is low, at about 32% after a single oral
dose. In the phase I trial, absorption was found to be sa-
turable, since an increase in dosing from 150 mg to 270
mg or 540 mg did not cause a proportional increase in
drug exposure [5,9]. With over 98% of the drug elimi-
nated unchanged, vismodegib is scarcely metabolized.
The main metabolic pathways used are oxidation, glucu-
ronidation, and pyridine ring cleavage. The two largest
oxidative metabolites recovered from the feces are pro-
duced from recombinant cytochrome P450 (CYP) 2C9
and CYP3A4/5 [3,5,11]. Elimination of vismodegib is
primarily through the liver, with 82% of the drug recov-
ered in the feces and 4.4% found in the urine [11]. The
elimination half-life is about 12 days after a single dose,
but decreases to 4 days with daily continuous dosing
[3,5,12].

4. Clinical Trials
4.1. Phase | Trials

In a two-stage phase | clinical trial, researchers assessed
the safety, efficacy, and pharmacokinetics of vismodegib
in patients with locally advanced or metastatic solid tu-
mors, with a focus on patients with BCC [9,13]. The first
stage was a dose escalation stage to determine the maxi-
mum tolerated dose. Patients took a single oral dose of
150 mg (n =7), 270 mg (n =9), or 540 mg (n = 4) on day
1, and then began daily administration on day 8. Results
showed no dose-limiting toxic effects, and a dose of 150
mg per day was determined for Stage 2, since larger dos-
es did not provide higher drug plasma concentrations.
Stage 2 included a 12 patient expansion cohort to further
study pharmacokinetics, pharmacodynamics, and safety
data [9,13].

Based on the preliminary data from Stage 1, the study
was amended to include two additional cohorts. The first
was a 20 patient cohort of individuals with advanced
BCC, added due to the clinical efficacy seen in two pa-
tients with BCC from Stage 1. These patients were treat-
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ed with either 150 mg or 270 mg per day depending on
dose availability. A second cohort of 16 patients with
solid tumors, 10 of which had BCC, was added to study a
new 150 mg oral formulation of vismodegib [13]. Out of
68 total patients, responses were only observed in pa-
tients diagnosed with advanced BCC or medulloblastoma
[9]. Of the 33 patients diagnosed with mBCC or 1aBCC,
the objective response rate, including complete and par-
tial responses, was 58% (19 out of 33), and the median
duration of response was 12.8 months [9]. Response rates
are broken down by specific cancer in Table 1. While no
dose-limiting toxicities were observed, the most fre-
quently reported adverse events were muscle spasms,
dysgeusia, fatigue, alopecia and nausea (Table 2) [9,13].

Due to the findings of this phase I study, further stu-
dies looking at the safety and efficacy of oral vismodegib
in patients with mBCC or 1aBCC were conducted.

4.2. Phase Il Trials

After the success of the phase | trial, several studies
looked further at the effects of vismodegib on different
cancers associated with Hh expression. The most noted
phase Il study was the ERIVANCE BCC trial that eva-
luated the safety and efficacy of vismodegib in advanced
BCC. The ERIVANCE BCC trial was a single arm study
with no control group [14]. Of the 104 patients enrolled,
33 patients with mBCC and 63 patients with laBCC who
had received a daily oral dose of 150 mg vismodegib
were included in the results. The objective response for
mBCC was 30% (p = 0.001), with all responses being
partial responses. The objective response in laBCC was
43% (p < 0.001), with a complete response in 13 out of
63 patients. For both groups, the median duration of re-
sponse was 7.6 months and the median progression free
survival was 9.5 months (Table 1). During this study, all
patients experienced at least one adverse event, with 57%
having experienced only grade 1 or 2 adverse events. The
most commonly reported adverse events of any grade
were muscle spasms, alopecia, dysgeusia, weight loss,
fatigue, and nausea (Table 2). Thirteen patients discon-
tinued use due to adverse events, with the most com-
monly cited being muscle spasms [14]. Based on the re-
sults of this trial, the FDA approved vismodegib in Janu-
ary 2012 for the use in otherwise untreatable BCC [15].
In another phase Il study, the effects of vismodegib
were studied in patients with ovarian cancer who were in
their second or third remission [16]. In total, 104 patients
were randomized to either 150 mg/d oral vismodegib (n
= 52) or placebo (n = 52), stratified by their second ver-
sus third remission. The primary endpoint was progres-
sion free survival (PFS) from time of randomization to
first occurrence of progression or death. Patients in the
treatment arm had PFS of 7.5 months compared to 5.8
months in placebo (p = 0.39) (Table 1). The most com
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Table 1. Efficacy of vismodegib in clinical trials.

Study (N) Design Cancer Treatment Outcome
CR:2BCC
LoRusso Phase | two stage BCC (33) 150 mg/d (41) PR: 17 BCC, 1 Medullo
etal. [9,13] R (’)L MC ge. Medullo (1) 270 mg/d (23) SD: 10 BCC, 4 Other
(68) T Other (34) 540 mg/d (4) PD: 4 BCC, 24 Other
Withdrawn: 6 Other
Erivance mBCC (33) OR: 30% mBCC, 43% laBCC
BCC[14] Phase I, OL, MC laBCC (63) 150 mg/d SD: 64% mBCC, 38% laBCC
(96) PD: 3% mBCC, 13% laBCC
Kaye et al.[16] Phase I, R, DB, Ovarian 150 mg/d (52) PFS: 7.5 months vismodegib, 5.8 months placebo
(104) MC placebo (52) HR: 0.79
Berlin et al.[17] Phase Il, R, DB, MCRC 150 mg/d (98) PFS: 9.3 months vismodegib, 10.1 months placebo
(199) MC placebo (101) HR: 1.25
Tang etal.[18] Phase I, R, DB, BCNS 150 mg/d (26 then 41)? New BCCs per year: 2 (vismodegib) vs. 29 (placebo)
(41) MC placebo (15 then 0)* BCC size: —65% (vismodegib) vs. —11% (placebo)

BCC = basal cell carcinoma; BCNS = basal cell nevus syndrome; CR = complete response; DB = double-blind; HR = hazard ratio; laBCC = locally advanced
basal cell carcinoma; mBCC = metastatic basal cell carcinoma; mCRC = metastatic colorectal cancer; MC = multicenter; Medullo = medulloblastoma; OL =
open-label; OR = objective response; PD = progressive disease; PFS = progression free survival; PR = partial response; R = randomized; SD = stable disease;
®Due to statistically significant differences during primary analysis, all patients were switched to vismodegib.

Table 2. Adverse events occurring in 10% or more of vismodegib patients.

LoRusso et Erivance

Event, n (%) al.[9.13] BCC[14] KayeN e=t glz.[le] Berli’Tl e=t SEI; [17] Tam?\l e; ili[ls] I\szot?iié5
N =68 N =96

Muscle spasms 32(47.1) 65 (67.7) 33(63.5) NR 21(51.2) 151 (42.5)
Dysgeusia/ageusia 28 (41.2) 49 (51.0) 37 (71.2) NR 22 (53.6) 136 (38.3)
Alopecia 24 (35.3) 60 (62.5) 25 (48.1) NR 16 (39.0) 125 (35.2)
Fatigue 28 (41.2) 35(36.4) 14 (26.9) 18 (18.4) 2(4.9) 97 (27.3)
Nausea 23(33.8) 28(29.2) 17 (32.7) 10 (10.2) 5(12.2) 83(23.4)
Weight loss 18 (26.5) 44 (45.8) NR 10 (10.2) 11 (26.8) 83(23.4)
Decreased appetite 19 (27.9) 22 (22.9) 9 (17.3) 8(8.2) NR 58 (16.3)
Diarrhea 18 (26.5) 21(21.9) NR 12 (12.2) NR 51 (14.3)

BCC = basal cell carcinoma; NR = none reported or fell below reported threshold.

mon adverse events reported in the treatment arm were
dysgeusia/ageusia, muscle spasms, and alopecia (Table 2).
The results of this study suggest that Hh pathway activity
may be less meaningful in the treatment of ovarian can-
cer [16].

A third phase 11 study looked at the use of vismodegib
in conjunction with standard care regimens for treating
previously untreated metastatic colorectal cancer (MCRC)
and its effect on PFS [17]. Patients were randomized to
vismodegib 150 mg/d orally or placebo and stratified
based on standard of care regimen. Vismodegib or pla-
cebo was started on cycle 1 day 3 and continued until
disease progression or intolerable toxicity occurred. A
total of 97 patients received vismodegib and 99 received
placebo. It was found that vismodegib combined with the
standard treatment regimen did not bestow a clinical
benefit by PFS or objective response rate (ORR). Median
PFS for patients on vismodegib was 9.3 months while it
was 10.1 months for placebo. ORR for placebo was 51%,
whereas for vismodegib it was 46%. It was also noted
that patients complained of vomiting, asthenia, weight
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loss, decreased appetite, dehydration, muscle spasms,
and dysgeusia greater than 10% more frequently on vis-
modegib than on placebo. The results of this study sug-
gest further testing in this setting should not be pursued
[17].

An additional phase Il study looked at the efficacy of
vismodegib specifically in patients with basal-cell nevus
syndrome (BCNS) [18]. This study randomly assigned
41 patients to receive placebo or vismodegib 150 mg/d
orally, and monitored for reduction in incidence of new
BCC:s eligible for reduction via surgery. The placebo arm
was ended after interim analysis due to the statistically
significant differences in efficacy with vismodegib com-
pared to placebo. The study found that vismodegib sig-
nificantly reduced the per-patient rate of new BCCs that
were eligible for surgery compared to placebo (p < 0.001)
and decreased the size of surgically eligible BCCs that
already existed (p = 0.003) (Table 1). Patients on vis-
modegib also had fewer surgeries to remove tumors
compared to placebo (mean, 0.31 vs. 4.4, p < 0.001).
Adverse events related to vismodegib led 54% of patients
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to discontinue the medication. The most commonly listed
adverse events were dysgeusia, muscle cramps, hair loss,
and weight loss (Table 2). Overall this study found vis-
modegib to be effective at reducing the surgically eligi-
ble tumors for patients with BCNS [18].

5. Dosage Recommendations

After a two-stage phase | study found that doses greater
than 150 mg did not provide increased drug exposure, it
was recommended patients receive a starting dose of 150
mg/d orally [3,5,9]. This medication can be taken with or
without food, however most clinical trials dosed vismo-
degib on an empty stomach [19]. Thus far, there has been
no study information looking at vismodegib in patients
with renal or hepatic impairment, so it is not known if a
dosage adjustment is needed in these populations [3,5].
Vismodegib carries a black box warning due to its tera-
togenic potential, with the possibility of embryo-fetal
death and severe birth defects. Females of reproductive
potential should use two methods of contraception for the
entire duration of treatment and continue for 7 months
after treatment [6]. Males with female partners of repro-
ductive potential should also use protection up to at least
2 months after treatment [6]. While it is unknown whe-
ther vismodegib is excreted in the breast milk, it is not
recommended to breastfeed while on this medication [3].
Pediatric use is currently being studied in patients with
medulloblastoma, but developing young children may
still require normal Hh pathway activation so use of vis-
modegib could cause adverse effects not seen in adult
studies, including closure of the epiphyseal growth plate
and abnormal development of the incisor teeth [3,20].

6. Drug Interactions

Drugs that increase the pH of the upper Gl tract, such as
proton pump inhibitors, histamine2-receptor antagonists,
and antacids, can decrease the solubility of vismodegib
and lead to decreased absorption [3,5]. However, as of
yet there are no studies that look at the effect of these
medications on systemic exposure to vismodegib [5].
While vismodegib is mostly excreted unchanged, it is a
substrate of CYP2C9 and CYP3A4/5; however, in cli-
nical trials, CYP3A4 inhibitors and inducers did not af-
fect steady state plasma concentrations when taken con-
comitantly with vismodegib [11]. In addition, although
vismodegib has the potential to inhibit CYP2C8 and 2C9,
it does not seem to affect systemic exposure to substrates
of these enzymes. In a study focused on drug-drug inte-
ractions, rosiglitazone, a substrate of CYP2C8, was given
to patients alongside vismodegib but there were no ob-
served changes to systemic exposure [21]. In the same
study, no interaction was found with oral contraceptives
that are substrates of CYP3A4 [21]. Vismodegib was
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also found to be a substrate of the p-glycoprotein trans-
porter (p-gp), so administration of drugs that inhibit p-gp,
such as clarithromycin, erythromycin, or azithromycin,
can lead to an increased systemic exposure to vismode-
gib and an increased incidence of adverse events
[3,5,11].

7. Formulary Considerations

Currently, vismodegib is the only approved therapy for
mBCC or 1aBCC that has recurred after surgery or where
surgery or radiation is not a treatment option [5]. The
current cost for a one-month supply of vismodegib is
$7500 — approximately $250 per capsule [5]. While it is
unknown for sure the length of treatment necessary, the
average length of treatment is 10 months, making the
average total cost of therapy $750,000. As of now, vis-
modegib is only available in specialty pharmacies [5].

8. Conclusion

Currently vismodegib is the only Hh pathway inhibitor
approved by the FDA, although similar SMO inhibitors
are presently in development. Due to the current lack of
proven alternative treatments for mBCC or 1aBCC, vis-
modegib offers this small population of patients an effec-
tive and well-tolerated option. It is still unknown whether
resistance mechanisms will limit the long-term efficacy
of vismodegib or if vismodegib will prove helpful in
treating other cancers. However, current evidence war-
rants further studies to investigate these possibilities.
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