
CONTENTS

Summary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??
Synthesis  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??
Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??
Preclinical pharmacology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??
Pharmacokinetics and metabolism . . . . . . . . . . . . . . . . . . . . . . . . . ??
Clincal studies  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??
Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ??

SUMMARY

Sonidegib phosphate (LDE-225) is a potent, orally bioavailable, selective
inhibitor of smoothened protein, a key downstream transducer of the
hedgehog signaling pathway. This pathway has been recently associ-
ated with cancer development and progression in several tumor types,
and components of this pathway have been regarded as targets for the
development of new anticancer agents. In preclinical studies, sonidegib
bound to smoothened protein with high affinity, leading to dose-related
inhibition of hedgehog signaling, ultimately resulting in tumor growth
arrest and regression. In early clinical studies, sonidegib showed a favor-
able safety profile and demonstrated promising antitumor activity,
mainly in basal cell carcinoma and medulloblastoma. Ongoing trials
are evaluating sonidegib either alone in selected cancer types or in com-
bination with conventional cytotoxic drugs against a broad range of
solid tumors.

Key words: Smoothened protein – Hedgehog signaling pathway –
Solid tumors – Basal cell carcinoma – Medulloblastoma – Sonidegib
phosphate – LDE-225

SYNTHESIS*

Sonidegib can be prepared by two related routes.

Condensation of 2-chloro-5-nitropyridine (I) with cis-2,6-dimethyl-
morpholine (II) by means of K2CO3 in DMF at 50 °C gives intermediate

(III), which is hydrogenated with H2 over Pd/C in MeOH to yield amine
(IV) (1-3). Coupling of amine (IV) with 3-bromo-4-methylbenzoic acid
(V) using HATU and Et3N (1, 2, 4) or DIEA (3) in DMF affords the cor-
responding amide (VI), which is finally submitted to Suzuki coupling
with 4-(trifluoromethoxy)phenyl boronic acid (VII) in the presence of
Pd(PPh3)4 and Na2CO3 in toluene/EtOH/H2O (1, 2), DME (3) or
DME/H2O (4) at 135 °C.  Scheme 1.

Alternatively, Suzuki coupling of 3-bromo-4-methylbenzoic acid (V)
with 4-(trifluoromethoxy)phenylboronic acid (VII) in the presence of
Pd(PPh3)4 and Na2CO3 in DME/H2O gives intermediate (IX), which is
finally coupled with amine (IV) using HATU and Et3N in DMF (4).
Scheme 1.

The phosphate salt is obtained by treatment of sonidegib with H3PO4
in acetonitrile (5).
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LDE-225
NVP-LDE-225

N-[6-(cis-2,6-Dimethylmorpholin-4-yl)pyridin-3-yl]-2-methyl-4'-
(trifluoromethoxy)biphenyl-3-carboxamide diphosphate

InChI = 1S/C26H26F3N3O3.2H3O4P/c1-16-14-32(15-17(2)34-16)24-
12-9-20(13-30-24)31-25(33)23-6-4-5-22(18(23)3)19-7-10-21(11-8-
19)35-26(27,28)29;2*1-5(2,3)4/h4-13,16-17H,14-15H2,1-3H3,(H,31,
33);2*(H3,1,2,3,4)/t16-,17+

C26H26F3N3O3.2H3O4P; Mol wt: 681.4885
CAS RN®: 1218778-77-8
CAS RN®: 956697-53-3 (as free base)
Thomson Reuters IntegritySM Entry Number: 658092

O

F

F

F
N
H

N N

O

CH3

CH3OCH3 .2H3PO4



SONIDEgIB PHOSPHATE M. Salati and A Stathis

2 THOMSON REUTERS – Drugs of the Future 2014, 39(10)

CH3

N
H

O
OF N N

O

CH3

CH3

FF

.2H3PO4

CH3

N
H

O
N N

O

CH3

CH3

Br

OF

FF
B(OH)2

CH3 O

Br
OH

NH2

N N

O

CH3

CH3

CH3 O
OF

FF
OH

NH2

N N

O

CH3

CH3

N N

O

CH3

CH3

O2N

N

O2N

Cl

NH

O

CH3

CH3

CH3

N
H

O
OF N N

O

CH3

CH3

FF

Pd(PPh3)4, Na2CO3

HATU
Et3N or DIEA

HATU, Et3N

K2CO3

H2, Pd / C

H3PO4

Pd(PPh3)4, Na2CO3

(I)

(II)

(III)
(IV)

(V)

(VI)(VII)

(VIII)

(IX)

(IV)

Scheme 1. Synthesis of Sonidegib Phosphate



BACKGROUND

The hedgehog signaling pathway regulates multiple fundamental
processes both in normal and malignant cells. Under normal condi-
tions, this pathway plays a central role in developmental growth, mor-
phogenesis and pattern formation during embryonic development,
but it is also active in adult tissues during stem cell renewal, tissue
repair and regeneration (6-8). There are three mammalian hedgehog
proteins —Sonic, Indian and Desert— which act as ligands and acti-
vate the pathway. They bind to the 12-pass transmembrane protein
patched homolog 1 (PTCH1) on the primary cilium of target cells and
initiate the hedgehog signaling cascade. In the resting state, when
the hedgehog ligand is absent, PTCH1 inhibits the activity of
smoothened (SMO), a g protein-coupled receptor-like molecule act-
ing as a key downstream component of the hedgehog signaling path-
way. Upon binding of the hedgehog ligand to PTCH1, its inhibition is
released and SMO subsequently activates downstream gLI transcrip-
tion factors. There are three distinct gLI zinc-finger proteins —gLI1
and gLI3— which function as transcriptional activators and repres-
sors, respectively, and gLI2, which can either activate or repress down-
stream genes (7, 9).

Known  target genes regulated by the hedgehog-gLI signal transduc-
tion axis include cyclin D1, MYC, BCL2, BMI1, SNAI1 and VEGF, which
are involved in the regulation of cell cycle progression, proliferation,
survival, self-renewal, epithelial-mesenchymal transition (EMT) and
angiogenesis (10, 11). Total gLI function relies on the presence of spe-
cific levels of hedgehog ligands. The modulation of gLI activity can
occur at several levels, particularly on the balance between positive
(activator) and negative (repressive) activities. In the absence of
hedgehog ligands, gLI2/3 proteins are processed to generate trun-
cated transcriptional repressors lacking the C-terminal transactiva-
tion domain, which ultimately silences hedgehog target genes.
Protein kinase A (PKA), glycogen synthase kinase-3 beta (gSK-3 beta)
and casein kinase I isoform alpha (CK1) are intracellular molecules
engaged in gLI processing (12). Suppressor of fused homolog
(SUFUH) represents another negative regulator of this pathway able
to either prevent nuclear translocation of gLI molecules or inhibit
gLI1-mediated transcriptional activity (13). Contrariwise, hedgehog
pathway activity abrogates gLI processing, thereby promoting target
gene expression by full-length and active gLI. Additionally, multiple
components and target genes of this pathway form regulatory loops
that are involved in modulating the hedgehog-gLI signaling cascade.
For instance, protein patched homolog 1 (PTC1) and hedgehog inter-
acting protein provide negative feedback regulation, whereas gLI1 ex-
pression positively boosts gLI1 transcription. Interestingly, recent data
also suggested the role for non-canonical SMO-independent regula-
tion of gLI activity by several other signaling pathways, including the
PI3K/AKT and RAS/RAF/MEK/ERK axes (14).

Abnormal hedgehog signaling pathway activation has been associ-
ated with the development of cancer, including cancer of the skin,
brain, colon, lung, prostate, pancreas and hematological malignan-
cies (15-19). The involvement of this pathway in cancer initiation, pro-
gression and invasiveness, as well as acquired drug resistance, has
been recently studied in in vitro and in vivo models. In vivo models of
basal cell carcinoma (BCC), medulloblastoma, rhabdomyosarcoma
and gastrointestinal stromal tumor (gIST) have served to elucidate
its role in cancer initiation (20-22), whereas in small cell lung cancer

(SCLC), this pathway is mainly involved in cancer promotion rather
than cancer initiation (23). In fact, treatment with cyclopamine, a nat-
urally occurring steroidal alkaloid SMO inhibitor, decreased prolifer-
ation and increased apoptosis of SCLC cell lines and mouse models,
whereas the constitutively mutant allele of SMO (SmoM2) alone is in-
sufficient to initiate tumors in lung epithelium.

In pancreatic cancer, abnormal hedgehog pathway activation is as-
sociated with induction and maintenance of the proliferative activity,
local invasiveness and the development of metastases (24). Inhibi-
tion of the hedgehog pathway with cyclopamine, together with gem-
citabine, significantly decreased lung and liver metastases as
compared with cyclopamine or gemcitabine alone in a mouse pan-
creatic cancer model (25). Another example of hedgehog signaling
involvement in tumor invasiveness and distant spread is represented
by prostate cancer, where an abnormal activity of the pathway results
in upregulation of the transcription factor SNAIL and downregulation
of E-cadherin, two key elements involved in the epithelial-mesenchy-
mal transition (18). Additionally, there is evidence to support a regu-
latory role of this pathway in cancer stem cells (CSCs) in both solid
and hematological malignancies, including breast cancer, glioma,
acute leukemia, multiple myeloma (MM) and chronic myelogenous
leukemia (CML) (26-29). In in vitro studies, treatment of malignant
human mammary cell lines with cyclopamine or siRNA against gLI1
or gLI2 led to depletion of CSCs and loss of tumorigenic potential
(30). Interestingly, very recent data showed for the first time that
hedgehog signaling transcriptionally upregulates human telomerase
reverse transcriptase (hTERT), a telomerase catalytic subunit involved
in the maintenance of telomere length, which is aberrantly restored in
cancer cells (31).

Two different mechanisms, ligand-independent (type I) and ligand-
dependent (further subdivided into type II, type IIIa and type IIIb) of
hedgehog hyperactivation have been studied in cancer development
(11). Loss of function mutations in onco-suppressor genes, or gain of
function mutations in proto-oncogenes, leading to inappropriate ac-
tivation of hedgehog signal transduction, regardless of its ligand lev-
els, are at the basis of type I ligand-independent cancers. Basal cell
carcinomas (BCCs) and medulloblastomas (MBs) represent proto-
types of this mechanism: roughly 90% of BCCs associated with nevoid
basal cell carcinoma syndrome (NBCCS), 85% of sporadic BCCs and
one-third of MBs harbor inactivating mutations of PTCH1. Further-
more, activating mutations in SMO have been reported in approxi-
mately 10% of sporadic BCCs (32).

While the above reported mutations can explain an abnormal hedge-
hog pathway activation in BCCs and MBs, no specific hedgehog com-
ponent mutations have been described thus far in other tumors, and
mechanisms based on excessive/inappropriate expression of hedge-
hog ligands have been described. Lung, gastric, pancreatic, prostate
and esophageal cancer are some examples where the pathway is hy-
peractivated through ligand-dependent autocrine activation (type II),
in the absence of specific mutations (33, 34). In type IIIa ligand-de-
pendent paracrine activation of the pathway, cancer cells secrete
hedgehog ligands which then activate it in surrounding stromal cells,
resulting in the production and  release of several soluble factors (e.g.,
IgF, Wnt, VEgF) or the expression of extracellular matrix components,
which support tumor growth and survival. An elevated expression of
stromal PTCH1 and gLI in response to hedgehog production from
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human tumor xenografts was first described in a prostatic cancer
model (17).

More recently, a reverse paracrine signaling (type IIIb) mechanism has
been described. In B-cell hematological malignancies, namely non-
Hodgkin’s lymphoma, MM and leukemia, hedgehog  ligands are se-
creted from the stroma and may lead to increased Bcl-2 antiapoptotic
activity and prolonged survival of malignant cells (35, 36). Overall, it
is likely that the exact role and the specific activation mode is depend-
ent on specific cancer types, as well as distinct clinical and biological
features, such as disease stage and genetic lesions; nevertheless, over-
lapping patterns of hedgehog pathway activation could not be ex-
cluded even within the same cancer type. Advances in understanding
the role of the hedgehog pathway in cancer, along with improvements
in medicinal chemistry technologies, have allowed the development
of new classes of drugs that are able to target different components
of this pathway. Major targeting sites for hedgehog  signaling in-
hibitors are represented by SMO, hedgehog proteins and gLI tran-
scription factors. In Table I the most promising hedgehog inhibitors
that are currently in clinical development have been summarized.

SMO inhibitors represent a new family of promising small-molecule
inhibitors of the hedgehog pathway. In January 2012, the FDA (fol-
lowed by the EMA in July 2013) approved vismodegib (Erivedge®), a
first-in-class SMO inhibitor for the treatment of patients with symp-
tomatic metastatic BCC or locally advanced BCC inappropriate for
surgery or radiotherapy (37).

Herein we review the preclinical and the ongoing clinical development
of the novel selective SMO inhibitor, sonidegib (LDE-225), focusing
on the pharmacokinetics, safety and preliminary efficacy of this com-
pound.

PRECLINICAL PHARMACOLOGY

Structure-activity relationship studies (SARs) applied to the biphenyl-
3-carboxamides with properties of inhibiting hedgehog pathway sig-
naling led to the discovery of a potent and selective SMO antagonist,
sonidegib. This molecule displaces the binding of the synthetic SMO

antagonist BODIPY-cyclopamine, with an IC50 value of 1.3 nM in mice
and 2.5 nM in humans, respectively (4).

Sonidegib displayed a favorable pharmacokinetic (PK) profile across
preclinical species, with oral bioavailability ranging from 69 to 102%,
high to moderate binding to plasma proteins, mean residence time
ranging from 3.04 to 6.81 hours and moderate to high volume of dis-
tribution, as well as brain exposure upon oral administration.
Sonidegib resulted negative in tests for genotoxicity (Ames and mi-
cronucleus tests) and had low potential for drug–drug interactions,
showing an IC50 value greater than 10 µM for the major human
CYP450 drug metabolizing enzymes (4).

A low potential for off-target effects was also suggested by a substan-
tial absence of activity (i.e., IC50 < 10 µM) against a large panel of re-
ceptors, ion channels, transporters, kinases and proteases. When
evaluating the antitumor activity in both s.c. and orthotopic PTCH+/
p53/MB allograft models, sonidegib demonstrated dose-related an-
titumor activity after 10 days of oral administration of a suspension of
the diphosphate salt: at a dose of 10 and 20 mg/kg/day once daily,
sonidegib yielded 51% and 83% regression, respectively. Additionally,
a dose- and time-dependent suppression of gLI1 mRNA levels was
observed in the PTCH+/p53/MB models, thus providing evidence for
inhibition of the hedgehog signaling pathway. Sonidegib also effi-
ciently penetrated the blood–brain barrier, leading to tumor growth
inhibition in orthotopic PTCH+/p53/Mb allograft models (4).

In more recent years, sonidegib showed remarkable antitumor activ-
ity in several in vitro and in vivo models, including osteosarcoma, islet
cell neoplasms, glioblastoma and melanoma (38-41). Sonidegib also
demonstrated potent blockade of basaloid tumor nest formation and
regression of preformed basaloid tumors in skin cultures derived from
PATCH1 heterozygous knockout mice. The activity of sonidegib re-
sulted in an IC50 of < 150 nM compared to 10 µM for cyclopamine (42).

PHARMACOKINETICS AND METABOLISM

Major PK features (absorption, distribution, metabolism and excre-
tion) of sonidegib were investigated using the radioisotope 
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Table I. Hedgehog pathway inhibitors currently in clinical trials for cancer (as listed on http://clinicaltrials.gov on July 13, 2014).

Drug Target Phase Tumor types in clinical investigation FDA status

gDC-0449 SMO 0, I, II BCC, MB, solid tumors, colorectal, ovarian, pancreatic, gBM, glioma, MM, Approved*
SCLC prostate, esophageal, gastric, sarcoma, CLL breast, chondrosarcoma,
lymphoma, AML

LDE-225 SMO 0, I, II BCC, MB, solid tumors, pancreatic, breast, prostate, esophageal, SCLC, HCC,
CML, MM, myeloid cancer, acute leukemia

IPI-926 SMO I, II BCC, solid tumors, chondrosarcoma, pancreatic, head and neck
LEQ-506 SMO I Solid tumors
BMS-833923 SMO I, II Solid tumors, BCC, SCLC, CML, gastric, esophageal, MM, CML
PF-04449913 SMO I, II Solid tumors, hematologic malignancies
TAK-441 SMO I Solid tumors
LY-2940680 SMO I, II Solid tumors, SCLC, MB, RMS
Itraconazole SMO 0, I, II BCC, NSCLC, prostate

BCC, basal cell carcinoma; MB, medulloblastoma; gMB, glioblastoma multiforme; MM, multiple myeloma, SCLC, small cell lung cancer; AML, acute myeloid
leukemia; HCC, hepatocellular carcinoma; CML, chronic myeloid leukemia; RMS, rhabdomyosarcoma; NSCLC, non-small cell lung cancer. *gDC-0449 has
been approved by the FDA for the treatment of locally advanced and metastatic basal cell carcinoma inappropriate for surgery or radiotherapy.



14C-sonidegib given once daily at a dose of 800 mg in 6 healthy male
subjects. Sonidegib exhibited low absorption, with median tmax val-
ues of unchanged sonidegib and total radioactivity in plasma of 2 and
3 hours, respectively, as well as long half-lives of 319 and 331 hours, re-
spectively. The mean estimated absorption of sonidegib was 6-7% and
it was extensively distributed into the tissues, with an approximate
terminal volume of distribution (Vd) of 2,500 L. The compound was
slowly metabolized through oxidation and amide hydrolysis, and both
sonidegib and metabolites were excreted primarily via the feces (43).

In a recently published first-in-human, multicenter, open-label, dose-
escalation phase I study, Rodon et al. assessed the safety, tolerabil-
ity, PK and pharmacodynamics of sonidegib given orally on a
continuous daily dosing schedule in advanced solid tumors. In this
study, a total of 103 patients with advanced solid tumors, including
MB and BCC, received oral sonidegib continuously according to two
different schedules of administration at doses ranging from 100 to
3,000 mg once daily  and 250 to 750 mg twice daily (44).

After a single oral dose of sonidegib, the median tmax occurred at 2
hours (range 1 to 48 hours) across the dose range (100-3,000 mg).
Sonidegib plasma exposure, defined by Cmax and AUC after a single
dose, increased dose-proportionally up to 400 mg daily and displayed
non-linear PKs at higher doses. Parallel decline of the plasma concen-
tration profile across the dose range suggested a dose-independent
elimination. Accurate estimation of the terminal half-life was not pos-
sible because of the shorter 7-day PKs run-in phase, even if, based on
the accumulation ratio, the estimated median effective elimination
t1/2 of sonidegib was roughly 11 days.

Sonidegib showed a favorable safety profile, with mostly grade 1/2
treatment-related adverse events (AEs). The most common AEs (≥
5% incidence) of all grades included nausea (25.2%), dysgeusia
(29.1%), anorexia (29.1%), vomiting (12.6%), muscle spasms (32%),
myalgia (16.5%), increased serum creatine kinase (CK) (32%), asthe-
nia (27.2%) and alopecia (12.6%). The most frequent (≥ 5% of patients)
grade 3/4 AEs were CK increases, asthenia, increased transaminases,
anorexia and myalgia. The maximum tolerated dose (MTD) of
sonidegib was 800 and 250 mg for the once daily and twice daily
schedule, respectively. The most common dose-limiting toxicity (DLT)
was a reversible grade 3/4 increase in serum CK, occurring 3 to 6
weeks after treatment initiation in an exposure-dependent manner
in 19 patients (18%) at doses ≥ the MTD. Among all DLTs, three cases
of rhabdomyolysis were described on the basis of elevated blood CK
with or without myoglobin levels and without evidence of renal dys-
function. CK elevation was generally associated with myalgia and re-
solved within 4 to 8 weeks of drug discontinuation. Neither clinically
significant changes in creatine kinase myocardial B isoenzyme nor
deaths due to drug-related toxicities were reported. Interestingly,
major AEs related to sonidegib were superimposable to those of other
SMO inhibitors, i.e., muscle spasms, dysgeusia, fatigue and alopecia,
suggesting a class-specific toxicity profile. The recommended phase
II dose of sonidegib in adults was identified at 800 mg once daily since
no clinically significant benefits were observed with the b.i.d. dose
over the once daily schedule (44).

CLINICAL STUDIES

Based on encouraging results derived from preclinical models,
sonidegib was clinically evaluated for the first time in a double-blind,
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randomized, vehicle-controlled, intraindividual study enrolling pa-
tients with nevoid BCC syndrome, a disorder known to be driven by
oncogenic activation of the hedgehog pathway. A total of 8 patients
with NBCCS presenting 27 BCCs were treated topically twice a day
with 0.75% sonidegib cream or vehicle for 4 weeks. The application
was well tolerated, without skin irritation. Of 13 BCCs treated with
sonidegib, 3 achieved a complete response (CR), 9 a partial response
(PR) and 1 had no clinical response. The average volume reduction
was 56%. Among 14 vehicle-treated BCCs, only 1 PR was observed
(43). This represented proof-of-concept to further test systemic ex-
posure to sonidegib in a clinical trial.

In the previously mentioned first-in-human phase I study, sonidegib
exhibited preliminary antitumor activity in advanced BCC and relapsed
MB, two tumor types known to harbor activating mutations in the
hedgehog pathway. Indeed, sonidegib achieved objective tumor re-
sponses (partial or complete response) in 6 of 16 patients with BCC
and in 3 of 9 patients with MB. A dose- and exposure-dependent in-
hibition of the hedgehog pathway was also observed by the reduction
in gLI1 mRNA expression within tumor and normal skin biopsies (45).

Positive preliminary results from the pivotal, randomized, double-
blind, multicenter phase II BOLT study (Basal cell carcinoma Out-
comes in LDE225 Trial; ClinicalTrials.gov Identifier NCT01327053)
were presented at the 2014 ASCO meeting. In this trial, sonidegib met
its primary endpoint, resulting in an objective response rate (ORR) of
41.8% and 32.5%, respectively, in the 200 and 800 mg treatment
arms among patients with locally advanced or metastatic BCC after a
median follow-up of 13.9 months, also achieving a disease control rate
(CR, PR and stable disease [SD]) up to 92.3% and 78.32% in the 200
and 800 mg arms, respectively. The median progression-free survival
(PFS) per central review for patients with metastatic BCC was 13.1
months in the 200 mg arm and 7.6 months in the 800 mg arm (46).

Currently, sonidegib is in clinical evaluation in a variety of cancers, in-
cluding solid tumors and hematological malignancies (mainly
leukemia) (Table II). One of the most intriguing strategies is aimed at
exploring the feasibility of combinations of sonidegib with conven-
tional cytotoxic agents in order to develop a useful therapeutic strat-
egy to overcome drug resistance. One such strategy is based on
preclinical evidence suggesting that sonidegib may reverse taxane
resistance within in vitro and in vivo models of chemoresistant ovar-
ian cancer, probably through the decrease in P-glycoprotein expres-
sion (47). Moreover, these findings were also noted in preclinical tumor
models, with little constitutive hedgehog activity, thus suggesting that
both gLI-dependent and -independent mechanisms contribute to
taxane resistance and subsequently expand the potential use of
hedgehog inhibitors to all taxane-resistant cancers.

Consistent with this approach, the Swiss group for Clinical Cancer
Research (SAKK) designed the 65/12 trial (ClinicalTrials.gov Identi-
fier NCT01954355), a multicenter phase I dose-escalation study with
the aim of determining the MTD and the recommended phase II dose
of sonidegib in combination with standard doses of paclitaxel in pa-
tients with advanced solid tumors. Secondary endpoints were safety
profile and preliminary antitumor activity; in addition, a correlative
study to assess the association between the expression of the hedge-
hog pathway biomarkers on archival tumor specimens with safety and
antitumor activity is also planned. Patients with advanced solid tu-
mors can be included in the dose escalation part of the study, and



upon definition of the recommended phase II dose, an expansion co-
hort of ovarian cancer patients resistant to chemotherapy will be ex-
plored. The study is expected to complete accrual at the end of 2014.
Other ongoing clinical trials are evaluating sonidegib either as a sin-
gle agent or combined with standard chemotherapy in advanced solid
tumors. Trials of sonidegib alone are focusing on PTCH1 and SMO mu-
tated tumors (ClinicalTrials.gov Identifier NCT02002689), as well as
on cancer types harboring hedgehog pathway activation, such as MB
(ClinicalTrials.gov Identifier NCT01708174). Several early-phase com-
bination trials are exploring the association of sonidegib with cyto-
toxic drugs, including cisplatin and etoposide in SCLC (ClinicalTrials.
gov Identifier NCT01579929), FOLFIRINOX in advanced pancreatic
cancer (ClinicalTrials.gov Identifier NCT01485744), docetaxel in triple-
negative advanced breast cancer (ClinicalTrials.gov Identifier
NCT02027376) and docetaxel plus prednisone in metastatic castra-
tion-resistant prostate cancer after docetaxel therapy (ClinicalTrials.
gov Identifier NCT02182622).

CONCLUSION

Sonidegib is a potent, orally bioavailable, selective inhibitor of SMO
protein, a key downstream transducer of the hedgehog signaling
pathway. In clinical studies it showed a favorable safety profile, with
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marked antitumor activity across cancer types driven by mutational
activation of the hedgehog pathway, such as BCC and MB. Regarding
cancers not strictly dependent on constitutive hedgehog signaling,
combinatorial therapies of sonidegib with new targeted agents or con-
ventional cytotoxics represent a promising strategy to successfully im-
prove the efficacy of anticancer treatments. Several clinical trials are
currently ongoing with the purpose of investigating the therapeutic
potential of sonidegib both in solid and hematological tumors.
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Table II. Ongoing clinical trials of sonidegib in cancer (as listed on http://clinicaltrials.gov on July 13, 2014).

Phase Identifier Indication Combination Status

0 NCT01694589 Pancreatic cancer Ongoing
I NCT02111187 Prostate cancer Ongoing
I NCT01911416 Pancreatic cancer Ongoing
I NCT02027376 Breast cancer Docetaxel Ongoing
I NCT01487785 Pancreatic cancer gemcitabine Ongoing
I NCT01954355 Solid tumors Paclitaxel Ongoing
I NCT02138929 Esophageal cancer Everolimus Ongoing
I NCT01579929 SCLC Etoposide + Cisplatin Ongoing
I NCT01208831 Solid tumors Ongoing
I NCT01456676 CML Nilotinib Ongoing
I NCT00880308 Solid tumors Completed
I NCT02151864 HCC Ongoing
I NCT02182622 Prostate cancer Prednisone + Docetaxel Ongoing
I NCT01576666 Solid tumors BKM120 Ongoing
I NCT01485744 Pancreatic cancer FOLFIRINOX Unknown
I/Ib NCT02129101 Myeloid cancers Azacitidine Ongoing
I/II NCT01431794 Pancreatic cancer gemcitabine + Nab-Paclitaxel Ongoing
I/II NCT01125800 Medulloblastoma Ongoing
II NCT02002689 Solid tumors Ongoing
II NCT01826214 Acute leukemia Ongoing
II NCT01757327 Breast cancer Ongoing
II NCT00961896 NBCCS BCC Completed
II NCT01529450 BCC Terminated
II NCT01033019 BCC Completed
II NCT01327053 BCC Ongoing
II NCT02086552 Multiple myeloma Lenalidomide Ongoing
II NCT01708174 Medulloblastoma Ongoing
II NCT01350115 NBCCS BCC Completed

SCLC, small cell lung cancer; CML, chronic myeloid leukemia; HCC,  hepatocellular carcinoma; NBCCS, nevoid basal cell carcinoma syndrome; BCC, basal cell
carcinoma.



2. Dierks, C., Warmuth, M., Wu, X. (IRM, LLC). Biphenylcarboxamide deriva-
tives as hedgehog pathway modulators. CN 101820950, EP 2162190, JP
2010529963, US 2010197659, WO 2008154259.

3. Fritze, E., Corcelle, K., grubesa, M.E. (Novartis Ag). Pharmaceutical com-
positions. CN 102481249, CN 103893184, EP 2456422, JP 2012533598,
KR 2012097482, US 2012122866, US 8722672, WO 2011009852.

4. Pan, S., Wu, X., Jiang, J. et al. Discovery of NVP-LDE225, a potent and
selective smoothened antagonist. ACS Med Chem Lett 2010, 1(3): 130-4.

5. Bajwa, J.S., De La Cruz, M., Dodd, S.K., Waykole, L.M., Wu, R. (Novartis
Ag). Salts of N-[6-(cis-2,6-dimethylmorpholin-4-yl)pyridine-3-yl]-2-
methyl-4’-(trifluoromethoxy)[1,1’-biphenyl]-3-carboxamide. CN 102159570,
EP 2342198, JP 2012502912, KR 2011056325, KR 2012015363, US
2011178085, US 2012035174, US 2012214810, WO 2010033481.

6. Ingham, P.W., McMahon, A.P. Hedgehog signaling in animal development:
Paradigms and principles. genes Dev 2001, 15(23): 3059-87.

7. Beachy, P.A., Karhadkar, S.S., Berman, D.M. Tissue repair and stem cell
renewal in carcinogenesis. Nature 2004, 432(7015): 324-31. 

8. goetz, S.C., Anderson, K.V. The primary cilium: A signalling centre during
vertebrate development. Nat Rev genet 2010, 11(5): 331-44.

9. gupta, S., Takebe, N., Lorusso, P. Targeting the hedgehog pathway in can-
cer. Ther Adv Med Oncol 2010, 2(4): 237-50.

10. Ruiz i Altaba, A., Sánchez, P., Dahmane, N. Gli and hedgehog in cancer:
Tumours, embryos and stem cells. Nat Rev Cancer 2002, 2(5): 361-72.

11. Ruiz i Altaba, A., Mas, C., Stecca, B. The Gli code: An information nexus
regulating cell fate, stemness and cancer. Trends Cell Biol 2007, 17(9):
438-47.

12. Scales, S.J., De Sauvage, F.J. Mechanisms of hedgehog pathway activa-
tion in cancer and implications for therapy. Trends Pharmacol Sci 2009,
30(6): 303-12.

13. Pan, Y., Bai., C.B., Joyner, A.L, Wang, B. Sonic hedgehog signaling regu-
lates Gli2 transcriptional activity by suppressing its processing and degra-
dation. Mol Cell Biol 2006, 26(9): 3365-77.

14. Svärd, J., Heby-Henricson, K., Persson-Lek, M. et al. Genetic elimination
of Suppressor of fused reveals an essential repressor function in the mam-
malian Hedgehog signaling pathway. Dev Cell 2006, 10(2): 187-97.
Erratum in: Dev Cell 2006, 10(3): 409. Henricson, Karin Heby [corrected
to Heby-Henricson, Karin].

15. Aberger, F., Ruiz, I., Altaba, A. Context-dependent signal integration by the
GLI code: The oncogenic load, pathways, modifiers and implications for
cancer therapy. Semin Cell Dev Biol 2014, 33: 93-104.

16. Hahn, H., Wicking, C., Zaphiropoulous, P.g. et al. Mutations of the human
homolog of Drosophila patched in the nevoid basal cell carcinoma syn-
drome. Cell 1996, 85(6): 841-51.

17. Ehtesham, M., Sarangi, A., Valadez, J.g. et al. Ligand-dependent activa-
tion of the hedgehog pathway in glioma progenitor cells. Oncogene 2007,
26(39): 5752-61.

18. Yauch, R.L., gould, S.E., Scales, S.J. et al. A paracrine requirement for
hedgehog signalling in cancer. Nature 2008, 455(7211): 406-10.

19. Karhadkar, S.S., Bova, g.S., Abdallah, N. et al. Hedgehog signalling in
prostate regeneration, neoplasia and metastasis. Nature 2004,
431(7009): 707-12.

20. Dierks, C., grbic, J., Zirlik, K. et al. Essential role of stromally induced
hedgehog signaling in B-cell malignancies. Nat Med 2007, 13(8): 944-51.

21. Pelczar, P., Zibat, A., van Dop, W.A. et al. Inactivation of Patched1 in mice
leads to development of gastrointestinal stromal-like tumors that express
Pdgfra but not kit. gastroenterology 2013, 144(1): 134-44.

22. Aszterbaum, M., Epstein, J., Oro, A., Doublas, V., LeBoit, P.E., Scott, M.P.,
Epstein, E.H. Jr. Ultraviolet and ionizing radiation enhance the growth of

BCCs and trichoblastomas in patched heterozygous knockout mice. Nat
Med 1999, 5(11): 1285-91.

23. goodrich, L.V., Milenković, L., Higgins, K.M., Scott, M.P. Altered neural cell
fates and medulloblastoma in mouse patched mutants. Science 1997,
277(5329): 1109-13.

24. Park, K.S., Martelotto, L.g., Peifer, M. et al. A crucial requirement for
Hedgehog signaling in small cell lung cancer. Nat Med 2011, 17(11): 1504-8.

25. Bailey, J.M., Mohr, A.M., Hollingsworth, M.A. Sonic hedgehog paracrine
signaling regulates metastasis and lymphangiogenesis in pancreatic can-
cer. Oncogene 2009, 28(40): 3513-25.

26. Feldmann, g.L., Dhara, S., Fendrich, V. et al. Blockade of hedgehog sig-
naling inhibits pancreatic cancer invasion and metastases: A new para-
digm for combination therapy in solid cancers.  Cancer Res 2007, 67(5):
2187-96.

27. Clement, V., Sanchez, P., de Tribolet, N. et al. HEDGEHOG-GLI1 signaling
regulates human glioma growth, cancer stem cell self-renewal, and tumori-
genicity. Curr Biol 2007, 17(2): 165-72. Erratum in: Curr Biol 2007, 17(2):
192.

28. Peacock, C.D., Wang, Q., gesell, g.S. et al. Hedgehog signaling maintains
a tumor stem cell compartment in multiple myeloma. Proc Natl Acad Sci
U S A 2007, 104(10): 4048-53.

29. Liu, S., Dontu, g., Mantle, I.D. et al. Hedgehog signaling and Bmi-1 regu-
late self-renewal of normal and malignant human mammary stem cells.
Cancer Res 2006, 66(12): 6063-71.

30. Dierks, C., Beigi, R., guo, g.R. et al. Expansion of Bcr-Abl-positive
leukemic stem cells is dependent on Hedgehog pathway activation. Cancer
Cell 2008, 14(3): 238-49.

31. Liu, S., Dontu, g., Mantle, I.D. et al. Hedgehog signaling and Bmi-1 regu-
late self-renewal of normal and malignant human mammary stem cells.
Cancer Res 2006, 66(12): 6063-71.

32. Mazumdar, T., Sandhu, R., Qadan, M. et al. Hedgehog signaling regulates
telomerase reverse transcriptase in human cancer cells. PLoS One 2013,
8(9): e75253.

33. Xie, J., Murone, M., Luoh, S.M. et al. Activating Smoothened mutations in
sporadic basal cell carcinoma. Nature 1998, 391(6662): 90-2.

34. Berman, D.M., Karhadkar, S.S., Maitra, A. et al. Widespread requirement
for Hedgehog ligand stimulation in growth of digestive tract tumours.
Nature 2003, 425(6960): 846-51.

35. Watkins, D.N., Berman, D.M., Burkholder, S.g., Wang, B., Beachy, P.A.,
Baylin, S.B. Hedgehog signalling within airway epithelial progenitors and
in small-cell lung cancer. Nature 2003, 422(6929): 313-7.

36. Hegde, g.V., Peterson, K.J., Emanuel, K. et al. Hedgehog-induced survival
of B-cell chronic lymphocytic leukemia cells in a stromal cell microenviron-
ment: A potential new therapeutic target. Mol Cancer Res 2008, 6(12):
1928-36.

37. Dierks, C.L., grbic, J., Zirlik, K. et al. Essential role of stromally induced
hedgehog signaling in B-cell malignancies. Nat Med 2007, 13(8): 944-51.

38. Meiss, F., Zeiser, R. Vismodegib. Rec Res Canc Res 2014, 201: 405-17.

39. Jalili, A., Mertz, K.D., Romanov, J. et al. NVP-LDE225, a potent and selec-
tive SMOOTHENED  antagonist reduces melanoma growth in vitro and in
vivo. PLoS One 2013, 8(7): e69064. Erratum in: PLoS One, 2013, 8(9).

40. Fu, J., Rodova, M., Nanta, R. et al. NPV-LDE-225 (Erismodegib) inhibits
epithelial mesenchymal transition and self-renewal of glioblastoma initiat-
ing cells by regulating miR-21, miR-128, and miR-200. Neuro Oncol 2013,
15(6): 691-706.

41. Paget, C., Duret, H., Ngiow, S.F., Kansara, M., Thomas, D.M., Smyth, M.J.
Studying the role of the immune system on the antitumor activity of a
Hedgehog inhibitor against murine osteosarcoma. Oncoimmunology
2012, 1(8): 1313-22.

M. Salati and A Stathis SONIDEgIB PHOSPHATE

7THOMSON REUTERS – Drugs of the Future 2014, 39(10)



42. Fendrich, V., Wiese, D., Waldmann, J., Lauth, M., Heverhagen, A.E.,
Rehm, J., Bartsch, D.K.  Hedgehog inhibition with the orally bioavailable
Smo antagonist LDE225 represses tumor growth and prolongs survival in
a transgenic mouse model of islet cell neoplasms. Ann Surg 2011, 254(5):
818-23.

43. Skvara, H., Kalthoff, F., Meingassner, J.g. et al. Topical treatment of Basal
cell carcinomas in nevoid Basal cell carcinoma syndrome with a
smoothened inhibitor. J Invest Dermatol 2011, 131(8): 1735-44.

44. Zollinger, M., Lozac’h, F., Hurh, E., Emotte, C., Bauly, H., Swart, P.
Absorption, distribution, metabolism, and excretion (ADME) of (14)C-
sonidegib (LDE225) in healthy volunteers. Cancer Chemother Pharmacol
2014, 74(1): 63-75.

45. Rodon, J.L., Tawbi, H.A., Thomas, A.L. et al. A phase I, multicenter, open-
label, first-in-human, dose-escalation study of the oral smoothened
inhibitor Sonidegib (LDE225) in patients with advanced solid tumors. Clin
Cancer Res 2014, 20(7): 1900-9.

46. Migden, M., guminski, A., gutzmer, R. et al. Randomized, double-blind
study of sonidegib (LDE225) in patients (pts) with locally advanced (La) or
metastatic (m) basal-cell carcinoma (BCC). Annu Meet Am Soc Clin Oncol
(ASCO) (May 30-June 3, Chicago) 2014, Abst 9009a.

47. Steg, A.D., Katre, A.A., Bevis, K.S. et al. Smoothened antagonists reverse
taxane resistance in ovarian cancer. Mol Cancer Ther 2012, 11(7): 1587-97.

C

SONIDEgIB PHOSPHATE M. Salati and A Stathis

8 THOMSON REUTERS – Drugs of the Future 2014, 39(10)


