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Background: Fluorouracil (5-FU), leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) chemotherapy
improves survival for metastatic pancreatic cancer patients. However, significant room for improvement
exists. Preclinical experiments suggest that inhibiting Sonic Hedgehog (SHH) could improve chemotherapy
delivery with potential improved response. This study evaluated whether targeting pancreatic tumor stroma
with SHH inhibitor LDE225 was feasible and would enhance effectiveness of FOLFIRINOX.

Methods: This multicenter, single-arm phase 1b trial enrolled patients with histologically confirmed
pancreatic adenocarcinoma who had not received prior chemotherapy for locally advanced or metastatic
disease. Prior adjuvant chemotherapy was allowed. Patients received FOLFIRINOX on days 1-3 of a
14-day cycle. LDE225 was given orally every day. Primary objectives were to determine the: maximum
tolerated doses (MTDs) of LDE225 in combination with FOLFIRINOX in patients with locally advanced
or metastatic pancreatic adenocarcinoma; and, toxicity and safety profile of LDE225 in combination with
FOLFIRINOX. Other objectives included determining the: response rate of pancreatic cancers treated
with LDE225 and FOLFIRINOX, overall survival (OS), progression-free survival (PFS), and whether any
patients with locally advanced disease were converted to resectable.

Results: Among 39 patients enrolled, 35 received at least 1 dose of combined FOLFIRINOX and LDE225.
Patient characteristics included: 51% female; median age 64 years; 90% metastatic and 10% locally advanced
disease. The most frequent drug-related adverse events (AEs) were: fatigue (88%), nausea (86%), diarrhea
(71%), and peripheral sensory neuropathy (66%). Elevated liver transaminases occurred in 49%. The most
common grade 3 toxicities were nausea (17%), diarrhea (14%), fatigue (11%), dehydration (9%), and liver
transaminase elevation (9%). Four patients (11%) had grade 4 AEs (three elevated liver transaminases, one

hypoglycemia). There were no grade 5 events. For the entire cohort, median PFS was 6.1 (95% CI: 3.8-
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9.9) months and median OS was 11.2 (95% CI: 8.8-15.0) months.

Conclusions: LDE225 could be combined with FOLFIRINOX with acceptable toxicity, although
significant modifications of FOLFIRINOX dosing were required. The combination did not enhance PFS or
OS beyond that expected with FOLFIRINOX alone. Doses of FOLFIRINOX had to be reduced when used
in combination, demonstrating the difficulty of building on the FOLFIRINOX chemotherapy backbone.
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Introduction

Pancreatic cancer is the 3rd leading cause of cancer related
deaths in the USA (1). The only known curative approach
remains surgical resection (2). However, the majority
of patients present with locally advanced or metastatic
disease and are not candidates for surgery. For patients
with advanced disease, the median overall survival (OS)
remains less than 1 year (3). Although survival of patients
with advanced disease has improved in the past decade,
the prognosis for most patients remains poor due to
modest efficacy of systemic therapy. Development of novel
treatment approaches with enhanced effectiveness are
critical for improving the outcome of these patients.

Over the past decade, two regimens have been developed
which have improved the OS of patients with metastatic
pancreatic cancer. The first to be established was a
combination of fluorouracil (5-FU), leucovorin, irinotecan,
and oxaliplatin (FOLFIRINOX) (4). A randomized phase
III trial compared FOLFIRINOX to gemcitabine in
patients with metastatic pancreatic adenocarcinoma. Doses
of chemotherapy were: oxaliplatin 85 mg/m’; leucovorin
400 mg/m’; irinotecan 180 mg/m’; 5-FU 400 mg/m” bolus;
and 5-FU 2,400 mg/m’ by 46-h infusion. The regimen was
administered every 14 days. Toxicities of FOLFIRINOX,
which were manageable, included a 12.7% rate of grade
3/4 diarrhea, 45.7% grade 3/4 neutropenia, 5.4% febrile
neutropenia, and 9.1% thrombocytopenia. FOLFIRINOX
used in the first-line metastatic setting produced response
rates of 31.6% as compared to 9.4% (P<0.001) for
gemcitabine. Median progression-free survival (PFS) was
6.4 months for FOLFIRINOX compared to 3.3 months
for gemcitabine. The median OS was 11.1 months for
FOLFIRINOX versus 6.8 months for gemcitabine
(P<0.001). This established FOLFIRINOX as a new

standard in the treatment of pancreatic adenocarcinoma in
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patients with advanced disease and good performance status.
The other regimen that also improved survival compared
to gemcitabine alone was the combination of gemcitabine
and nab-paclitaxel (5). However, given that the median OS
for patients with metastatic disease remains less than 1 year,
novel treatment approaches are needed.

Several potentially promising targets for improving the
treatment of pancreatic cancer have been identified (6-8).
Among these are the Hedgehog signaling pathway.
Secreted Sonic Hedgehog (SHH) is a ligand with wide-
ranging concentration-dependent effects on embryonic
development, in addition to its role in cancer (8,9). The
underlying mechanism of hedgehog signaling involves
Patched 1 (PTCH1), which inhibits the G-protein coupled
receptor Smoothened (Smo) by preventing its localization
to the cell surface. Upon binding of SHH to its receptor
PTCHI, the PTCHI complex is internalized and releases
repression of Smo. Smo localizes to the surface and initiates
signaling that leads to activation of the glioma-associated
(Gli) family of zinc-finger transcription factors. This in turn
leads to upregulation of hedgehog-specific genes, including
PTCHI1 and Smo.

The hedgehog pathway can be activated in cancer in two
ways: mutation in pathway components such as PTCH1
(such as can occur in medulloblastoma), or overexpression
of SHH ligand (10). For example, overexpression of the
hedgehog ligand has been found in a significant percentage
of human pancreatic cancers and in pancreatic cancer
precursor lesions. In addition, pancreatic-specific expression
of hedgehog in transgenic mice led to histologic changes
consistent with the development of pancreatic cancer;
and, pancreatic cancer cell lines expressing components
of the hedgehog pathway were sensitive to cyclopamine,
a steroidal alkaloid that inhibits Smo (10). Rather than
a direct role of the hedgehog pathway on pancreatic

Ann Pancreat Cancer 2021;4:2 | http://dx.doi.org/10.21037/apc-20-41



Annals of Pancreatic Cancer, 2021

cancer cell proliferation, other studies have demonstrated
the ligand-dependent role of the hedgehog pathway in
epithelial tumors, and demonstrated the importance of a
paracrine effect of SHH on the tumor microenvirinoment
including stromal and endothelial components of the tumor
(11,12). This mechanism is thought to be particularly
relevant to pancreatic cancer, given that these tumors
possess a large stromal component. Inhibiting this activity
with neutralizing monoclonal antibody had antitumor effect
preclinically (13). Based on the hypothesis that the stromal
milieu may impede delivery of chemotherapy to pancreatic
tumors, thus possibly explaining the limited response of
pancreatic cancers to chemotherapy, hedgehog inhibition
with a Smo antagonist improved delivery of gemcitabine
chemotherapy to tumors, as compared to mice treated
with gemcitabine alone (14). Furthermore, pancreatic
tumors from Smo-inhibitor-treated mice had a marked
decrease in desmoplastic stroma and showed an increase in
microvessel density compared to tumors from mice treated
with gemcitabine alone. Finally, genetically engineered
mice with pancreatic cancers lived longer after treatment
with gemcitabine plus a Smo-inhibitor as compared to
control gemcitabine-treated mice supporting a role for
hedgehog pathway inhibition in the improved delivery of
chemotherapy for pancreatic cancer. The high stromal
nature of pancreatic adenocarcinomas, the upregulation
of SHH signals in human pancreatic cancers, evidence
indicating a paracrine role of SHH in stromal pathway
signals, and the availability of SHH inhibitors that showed
anticancer activity in pancreatic cancer models all pointed
to further clinical study of hedgehog pathway inhibition in
pancreatic adenocarcinoma.

The first Smo inhibitor to be approved for use against
cancer was Vismodegib which has been approved for use
in the treatment of locally advanced or metastatic basal cell
carcinoma (15). LDE225 (Sonidegib) is a potent selective
and orally bioavailable SMO antagonist from the structural
class N-[6-(cis-2,6-dimethylmorpholin-4-yl)pyridine-3-
yl]-2-methyl-4’-(trifluoromethoxy)-1,1’-[biphenyl]-3-
carboxamide diphosphate that has been shown to inhibit
SHH-and Smo-dependent proliferation iz vivo. LDE225
has been investigated in a number of clinical trials in
patients with cancer and has subsequently been approved
for use in the treatment of patients with locally advanced or
metastatic basal cell carcinoma (16). This study evaluated
whether targeting the stroma of pancreatic tumors with
LDE225 was feasible and would enhance the response rate
to FOLFIRINOX chemotherapy.
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Methods
Study design

This multicenter, single-arm phase 1b trial enrolled
patients with histologically confirmed locally advanced or
metastatic pancreatic cancer who had not received prior
systemic chemotherapy for locally advanced or metastatic
disease. Prior adjuvant chemotherapy and/or radiation
therapy were allowed. The trial was a dose escalation study
and was conducted at Massachusetts General Hospital
(MGH) and Dana Farber Cancer Institute (DFCI) through
the Dana Farber/Harvard Cancer Center consortium.
Patients received FOLFIRINOX ([starting doses of the
chemotherapeutic agents in FOLFIRINOX depended
on the dose level which the patient was on (Table S1)] on
days 1-3 of a 14-day cycle. LDE225 was given orally every
day. The dose of LDE225 depended on the dose level
the patient received (Table S1). The primary objectives
were to determine the: maximum tolerated doses (M'TDs)
of LDE225 in combination with FOLFIRINOX in
patients with locally advanced or metastatic pancreatic
adenocarcinoma; and, the toxicity and safety profile of
LDE225 in combination with FOLFIRINOX. Other
objectives included determining the response rate of
pancreatic cancers treated with LDE225 in combination
with FOLFIRINOX and characterizing OS, PFS, and
whether any patients with locally advanced disease were
converted to resectable disease.

Investigators at the MGH Cancer Center designed
the study. Study data was collected and analysed by the
study investigators. The study protocol and all related
study documents were approved by the DFCI Institutional
Review Board. The study was conducted in accordance
with the International Conference on Harmonization and
Good Clinical Practice ICH-GCP) and the Declaration of
Helsinki (as revised in 2013). The study was approved by
the Institutional Review Board of the Dana Farber Cancer
Institute (DFCI-IRB 44-417). All patients were required
to give written informed consent before enrolment.
The trial was registered in clinicaltrials.gov, identifier:

NCT01485744

Study patient selection

Subjects had to have measurable disease, per RECIST
1.1 criteria; performance status 0-1; age >18 years; life
expectancy of greater than 12 weeks; have adequate organ
and marrow function as defined by: absolute neutrophil
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count >1,500/mcL; platelets >125,000/mcL; total bilirubin
<1.5x normal institutional limits; aspartate aminotransferase
(AST) (SGOT) and alanine aminotransferase (ALT) (SGPT)
<3x normal institutional limits, or <5x if liver metastases
are present; creatinine <2x normal institutional limits;
plasma creatinine phosphokinase <1.5 normal institutional
limits; QIc interval <470 ms on screening ECG. Patients
with CNS disease were allowed to participate provided
that whole brain radiotherapy had been received not less
than 4 weeks prior to starting the study drug and the
stability of the brain metastasis had been demonstrated.
Patients who were hypersensitive to any component of the
treatment regimen were excluded. Patients could not have
a concurrent active primary or metastatic cancer other than
superficial squamous cell or basal cell skin cancer. HIV-
positive individuals on combination antiretroviral therapy
were ineligible because of the potential for pharmacokinetic
interactions with the treatment regimen, and because of the
risk for leukopenia/neutropenia.

Study treatment

The initial LDE225 dose at dose level 1 was 200 mg PO
daily. The doses of chemotherapy at dose level 1 were as
follows: oxaliplatin 85 mg/m’ over 2 hours; leucovorin
400 mg/m’ over 2 hours; irinotecan 180 mg/m’ in 90 min
infusion; 5-FU 400 mg/m’ bolus; 5-FU 2,400 mg/m’ by
46-h infusion. The regimen was administered every 14 days.
Several levels were designed for both dose escalation, and
because of the potential for toxicities that could prevent
continuing treatment at the initial dose level, several dose
de-escalation levels were also included (see Table S1).

Safety monitoring

During the course of study, all patients were closely
evaluated for toxicity and disease assessment. Patients were
monitored and assessed for toxicity prior to and during
every cycle for adverse events (AEs) according to National
Cancer Institute Common Terminology Criteria for
Adverse Events INCI-CTCAE) ver 4.0.

A history was taken, vital signs, physical examination
and laboratory evaluations (complete blood counts with
differentials and complete metabolic profile) were performed
before each dose of FOLFIRINOX chemotherapy. Patients
were evaluated for their compliance to study drug use as per
protocol. They were also monitored for any dose reduction
or modification. The trial was independently monitored and
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assessed by the DFCI/Harvard Cancer Center Data and
Safety Monitoring Committee (DSMC).

Tumour response evaluation

Tumor response was performed using contrast enhanced
computed tomography (CT) scans and evaluated as per
the RECIST verl.1. CT scans were performed at baseline
and then after every four cycles. Trial participants who
received at least one cycle of therapy were eligible for
evaluation. The independent DFCI/Harvard Cancer Center
radiological review [tumor imaging metrics core (TIMC)]
did the response evaluations.

Patient follow up

All study participants were followed for survival from the
last dose of study drug every 3 months until the subject’s
death or loss to follow up. Vital status was verified at clinic
visits or telephone contacts.

Statistical methods and analysis

The primary objectives were to determine MTDs
of LDE225 in combination with FOLFIRINOX in
patients with locally advanced or metastatic pancreatic
adenocarcinoma and to assess the toxicity and safety profile
of the combined treatment. A standard dose-escalation
schema was utilized with cohorts of three subjects per dose
level. The dose-limiting toxicity (DLT) monitoring period
was three cycles (or 42 days) for the initial three patients
treated at a given dose level and two cycles (or 28 days) for
the subsequent three patients at a given dose level. The
occurrence of one (DLT) prompted expansion of a given
dose level to six subjects. The occurrence of two DLTs
indicated that the MTD had been exceeded, resulting in
expansion of the prior dose level to six subjects if not already
performed. The MTD was defined as the highest dose level
at which less than 33% of the patients experience a DLT.
All participants who received one dose were evaluable for
toxicity from the time of their first treatment.

Secondary objectives included estimating the response
rate, the number/rate of locally advanced patients converted
to resectable disease, and characterizing OS and PFS. Once
the M'TD was established, an additional 16 patients (total of
22 patients at the M'TD) were enrolled into the expanded
cohort in order to further explore the efficacy and safety of
the combination when dosed at the MTD. PFS was defined
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Table 1 Patient characteristics

Characteristics Value
Age
Median 64
Range 46-79
Gender
Female 20 (51%)
Male 19 (49%)
Race/ethnicity
Asian 3%
Black 3%
More than one race 5%
White 89%

Disease extent (initial)
Metastatic 90%
Locally advanced 10%

Tumor mutations (out of 8 tested)

KRAS 8
Tp53 5
Pik3ca 1
PTNP11 1

as the time from enrollment to disease progression or
death from any cause, and OS was defined as the time from
enrollment to death from any cause. PFS and OS times for
patients without the event of interest were censored at the
date of last follow-up. Distributions of PFS and OS were
summarized using the Kaplan-Meier method.

Results
Patient characteristics

Among 39 patients enrolled, 35 received at least 1 dose of
combined FOLFIRINOX and LDE225. Characteristics of
the patients included: 51% female; median age 64 years; 3%
Black, 3% Asian, 5% more than one race, and 89% White;
90% of the patients had metastatic disease at presentation,
while 10% had locally advanced disease, although all of
these ultimately developed metastatic disease; 97% had not
received prior therapy for locally advanced or metastatic
disease. Molecular characterization of the tumor was not
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required by the study. Eight patients had analysis done using
the version of the MGH tumor genetic analysis snapshot
assay current at the time they enrolled (17). All eight tumors
had KRAS mutations, there were five p53 mutations, one
had a PIK3CA mutation, and one had a PTNP11 mutation
(Tible 1).

Determination of MTD
From the initial doses (level 1), de-escalation occurred three
times before the MTD was established at dose level-2A.
The MTD doses were:

¢ Daily: LDE225, 400 mg PO daily;

% Day 1: irinotecan 120 mg/m’;

% Day 1: oxaliplatin 65 mg/m’;

%  Day 1: omit 5-FU bolus; administer leucovorin
400 mg/m’ bolus;

% Day 1-2: 5-FU 1,800 mg/m’ 46-h continuous
infusion.

Toxicity assessment

For patients who received at least one cycle of therapy,
drug-related AEs occurring in at least 50% of the patients
were: fatigue (88%), nausea (86%), diarrhea (71%),
peripheral sensory neuropathy (66%), anemia (60%),
anorexia (57%), and elevated alkaline phosphatase (ALKP)
(51%). Elevated ALT occurred in 49% of patients and
elevated AST in 43%. The most common grade 3 toxicities
were nausea (17%), diarrhea (14%), fatigue (11%),
dehydration (9%), AST elevation (9%), and ALT elevation
(9%). Four patients (11%) had grade 4 AEs (two elevated
ALT, one elevated AST, one hypoglycemia). There were no
grade 5 events. Table 2 lists all toxicities that occurred in at
least 20% of the patients.

Tumour response and survival

At the MTD, a total of 18/22 (85%) patients completed
at least one cycle of treatment and were evaluable for
response. Six of 18 patients (33%) stayed on therapy for
at least 6 months and 2 patients (11%) were on therapy
for over 1 year. One patient was on therapy for 39 months
before progressing.

For the entire cohort, 35/39 (90%) of patients received
at least one cycle of treatment and 26 were evaluable for
response. The best response was partial in 31% of patients,
stable disease in 46%, and progressive disease in 23%.
Ten (29%) stayed on treatment for at least 6 months, four
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Table 2 Percent toxicities by highest grade per patient (seen in 20% or more of patients)

Grade
Toxicity
1 2 3 4 Total

Fatigue 34 43 11 0 88
Nausea 40 29 17 0 86
Diarrhea 40 17 14 0 71
Peripheral sensory neuropathy 37 23 6 0 66
Anemia 26 31 3 0 60
Anorexia 20 29 9 0 58
ALKP increased 37 11 3 0 51
ALT increased 31 0 11 6 48
Vomiting 23 14 9 0 46
AST increased 26 6 9 3 44
Dysgeusia 26 14 0 0 40
Dehydration 6 17 9 0 32
Hyperglycemia 26 6 0 0 32
Thrombocytopenia 26 3 0 0 29
Hypokalemia 14 3 6 0 23
Hypophosphatemia 3 17 3 0 23
Constipation 17 0 3 0 20
Lymphocyte count decreased 3 6 11 0 20
Weight loss 17 3 0 0 20

ALKP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase.

(11%) were on therapy over 1 year, and three (9%) stayed
on therapy over 2 years, with the longest patient on therapy
for 39 months. The median PFS was 6.1 (95% CI: 3.8-
9.9) months (Figure I). The median OS was 11.2 (95% CI:
8.8-15.0) months (Figure 2). These are both similar to those
reported for FOLFIRINOX alone (4).

Best responder

The patient who had the best response was a 78-year-old
woman who initially had the following presentation. She
reported that food tasted poorly, she was experiencing early
satiety, nausea and vomiting, loose stools, dry mouth with
excessive thirst and then abdominal and back pain. She had
a 37-pound weight loss over 6 months. Abdominal MRI
revealed over fifteen enhancing lesions throughout the liver
which demonstrate restricted diffusion, multiple enlarged
portahepatic lymph nodes, and a 3.6-cm pancreatic head
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mass. Cytology from a FNA of the pancreatic head mass
revealed well differentiated adenocarcinoma. Molecular
testing revealed a KRAS mutation in codon 12, two TP53
mutations, and a mutation in PTNPI11. The tumor was
microsatellite stable. CA19-9 was elevated at 40. She had a
good initial response including prompt normalization of her
CA19-9 and then a continued response over time. At the
time of maximum response, the only detectable disease was
an ill-defined soft tissue density measuring approximately
1.1 cm in the head of the pancreas and she therefore
remained a partial response. Unfortunately, she developed
recurrent metastatic disease at 39 months and came off of
the study at that point.

Conclusions

Although improvements have been made in the treatment
of patients with metastatic pancreatic cancer over the
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Figure 1 Progression-free survival (PFS) in all enrolled patients.

past decade, especially with the development of two
chemotherapy regimens (FOLFIRINOX and gemcitabine
plus nab-paclitaxel), median OS with each of these
remains less than 1 year so there is a pressing need for
improved treatment approaches. Significant preclinical
evidence suggests that the tumor microenvironment
plays a significant role in the development and ongoing
maintenance of pancreatic cancer. Although the pancreatic
tumor microenvironment is complex with interactions
between malignant, inflammatory, immune, and vascular
cells as well as secreted proteins and extracellular matrix
components, one of the findings that is characteristic of
pancreatic cancers is the significant degree of desmoplasia
and fibrosis seen (18). Preclinical studies have suggested
that this inhibits delivery of adequate chemotherapy to
cancer cells. A number of different factors and pathways are
involved in development of desmoplasia and fibrosis. One of
these is SHH, which promotes desmoplasia and fibrosis in
pancreatic cancers. Preclinical experiments have suggested
that inhibition of the SHH pathway could improve
chemotherapy delivery to the cancer cells with potential for
improved response (14,19).

Based on significant preclinical data supporting potential
improved chemotherapy efficacy with inhibition of the SHH
pathway, we performed this phase Ib study of combined
LDE225 (Sonidegib) with FOLFIRINOX for patients
with metastatic or locally advanced pancreatic cancer.
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Unfortunately, overlapping toxicities of LDE225 with
some of those seen with FOLFIRINOX (including fatigue,
nausea, vomiting, anorexia, diarrhea, and transaminitis)
meant that the doses of each of the chemotherapeutic
agents in standard FOLFIRINOX had to be significantly
reduced which prevented the ability to test the efficacy of
the combination at optimal doses. Overall, the median PFS
and OS results of this trial were similar to those seen for
FOLFIRINOX alone (Figures 1,2).

Despite significant preclinical research supporting
a potential role for SHH inhibition in the treatment
of pancreatic cancer, especially in combination with
chemotherapy or anti-epidermal growth factor receptor
(EGFR) treatment, a number of clinical trials with a
variety of different SHH inhibitors combined with either
chemotherapy or anti-EGFR inhibition, have failed to show
any clear benefit for either SHH inhibition alone or in
combination with other agents (20-25). The reasons for this
discrepancy between extensive preclinical studies and what
has been seen in the clinic are not entirely clear. However,
the interactions between pancreatic cancer cells and the
tumor microenvironment are complex so that modulation
of one pathway may not have the clinical impact in humans
that it has in simpler model systems (26). In addition, at
least one preclinical study suggested chemoresistance (to
gemcitabine and 5-FU) when inhibition of SHH is used in
the setting of hypoxic tumors, possibly due to a decrease of
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cancer cells entering S-phase (27). Importantly, the lack of
clinical benefit with the addition of Hedgehog inhibitors
to chemotherapy, despite extensive preclinical findings
showing benefit for SHH inhibition with chemotherapy
for pancreatic cancer, indicates the difficulty in translating
preclinical findings to clinical benefit. Similarly, another
attempt to target the microenvironment to improve
chemotherapy by utilizing the combination of pegylated
recombinant human hyaluronidase (pegvorhyaluronidase
alfa) with FOLFIRINOX chemotherapy to treat pancreatic
cancer also did not produce enhanced efficacy and in fact
appeared to be detrimental, again despite preclinical data to
support this approach (28). The results of the randomized
phase III clinical trial of pegvorhyaluronidase alfa with
Gemcitabine and Nab-Paclitaxel also did not show an
improvement in OS or PFS, indicating that the absence of
benefit was not due to the specific chemotherapy regimen
utilized (29). These examples emphasize the difficulty of
translating preclinical data to clinical efficacy and the need
for both a better understanding of the fundamental biology
of the pancreatic cancer cell-microenvironment interaction
as well as carefully done preclinical studies based on
understanding of the biology of this interaction in humans
and not just animal models.

A second important lesson is the difficulty of combining
anti-cancer treatment regimens when there are potential
overlapping toxicities that require dose reductions of one
or both of the components. Part of the success of both
FOLFIRINOX and the gemcitabine plus nab-paclitaxel
regimens for pancreatic cancer is the ability to give full, or
in the case of modified FOLFIRINOX, nearly full doses of
each of the agents used individually. In this trial, doses of
each of the chemotherapeutic agents (5-FU, irinotecan, and
oxaliplatin) in FOLFIRINOX needed to be significantly
attenuated in order for concomitant delivery to be tolerated.
This has been an issue for combinations of FOLFIRINOX
with a number of other agents as well, limiting the ability
to fully evaluate the efficacy of these regimens in the clinic.
However, combinations of FOLFIRINOX with certain
agents, such as monoclonal antibodies against VEGF or
EGFR, where overlapping or induced toxicities are not as
extensive, allowed full dosing of the agents and have been
successful in the treatment of colorectal cancer (30,31). A
number of other agents without significant overlapping
toxicities have also been successfully used with the
FOLFIRINOX regimen or are currently in clinical trials (32).
In the future, increased emphasis should be placed on
identifying agents with activity against pancreatic cancer
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that can potentially be combined with FOLFIRINOX or
similarly intense chemotherapeutic regimens.

In summary, LDE225 could be combined with
FOLFIRINOX with acceptable toxicities, albeit requiring
dose reductions of each of the chemotherapeutic agents
in FOLFIRINOX. Similar to previous studies with other
SHH inhibitors, we did not find any evidence for additional
clinical benefit for the combination. Significant new
information indicating the potential for benefit of SHH
inhibition in treating pancreatic cancer is required before
considering future clinical trials testing these inhibitors in
the treatment of pancreatic cancer.

Study limitations

There are several limitations to this study. (I) It was a non-
randomized single-arm dose finding phase I study with small
sample size and an unselected patient population which
could have impacted the limited efficacy seen. (I) There is
no predictive biomarker to select the patients who may be
more likely to be responsive to LDE225 and if there is a
responsive subset, this would be diluted by patients whose
tumors are unlikely to respond. (III) Overlapping toxicities
of LDE225 with some of those seen with FOLFIRINOX
meant that the doses of standard FOLFIRINOX had to
be significantly reduced which prevented the ability to test
the efficacy of the combination at optimal doses. (IV) We
were not able to measure whether any changes occurred in
the SHH pathway as a result of LDE225 treatment so we
cannot be sure that the target was actually modulated in the
patient’s tumors.
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Supplementary

Table S1 Planned dose levels for dose escalation or de-escalation

All chemotherapy regimens were given on an every 2 weeks schedule

Dose level-2A

Daily: LDE225, 400 mg PO daily

Day 1: irinotecan 120 mg/m’

Day 1: oxaliplatin 65 mg/m?

Day 1: omit 5-FU bolus; administer leucovorin 400 mg/m?® bolus

Day 1-2: 5-FU 1,800 mg/m?” as a 46-hour continuous infusion
Dose level-2

Daily: LDE225, 200 mg PO daily

Day 1: irinotecan 120 mg/m?®

Day 1: oxaliplatin 65 mg/m?

Day 1: omit 5-FU bolus; administer leucovorin 400 mg/m? bolus

Day 1-2: 5-FU 1,800 mg/m’ as a 46-hour continuous infusion
Dose level-1A

Daily: LDE225, 400 mg PO daily

Day 1: irinotecan 120 mg/m®

Day 1: oxaliplatin 65 mg/m?

Day 1: omit 5-FU bolus; administer leucovorin 400 mg/m?® bolus

Day 1-2: 5-FU 2,000 mg/m? as a 46-hour continuous infusion
Dose level-1

Daily: LDE225, 200 mg PO daily

Day 1: irinotecan 150 mg/m’

Day 1: oxaliplatin 65 mg/m?

Day 1: omit 5-FU bolus; administer leucovorin 400 mg/m?® bolus

Day 1-2: 5-FU 2,400 mg/m? as a 46-hour continuous infusion
Dose level 1

Daily: LDE225, 200 mg PO daily

Day 1: irinotecan 180 mg/m®

Day 1: oxaliplatin 85 mg/m?

Day 1: omit 5-FU bolus; administer leucovorin 400 mg/m?’ bolus

Day 1-2: 5-FU 2,400 mg/m? as a 46-hour continuous infusion
Dose level 2

Daily: LDE225, 400 mg PO daily

Day 1: irinotecan 150 mg/m’

Day 1: oxaliplatin 85 mg/m®

Day 1: omit 5-FU bolus; administer leucovorin 400 mg/m? bolus

Table S1 (continued)
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Table S1 (continued)

Day 1-2: 5-FU 2,400 mg/m’ as a 46-hour continuous infusion
Dose level 3

Daily: LDE225, 400 mg PO daily

Day 1: irinotecan 180 mg/m?®

Day 1: oxaliplatin 85 mg/m?

Day 1: 5-FU and leucovorin each at 400 mg/m’ bolus

Day 1-2: 5-FU 2,400 mg/m’ as a 46-hour continuous infusion
Dose level 4

Daily: LDE225, 600 mg PO daily

Day 1: irinotecan 180 mg/m®

Day 1: oxaliplatin 85 mg/m?

Day 1: 5-FU and leucovorin, each at 400 mg/m?® bolus

Day 1-2: 5-FU 2,400 mg/m? as a 46-hour continuous infusion
Dose level 5

Daily: LDE225, 800 mg PO daily

Day 1: irinotecan 180 mg/m’

Day 1: oxaliplatin 85 mg/m?

Day 1: 5-FU and leucovorin each at 400 mg/m’ bolus

Day 1-2: 5-FU 2,400 mg/m? as a 46-hour continuous infusion

5-FU, fluorouracil.
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