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Abstract
Purpose: Vismodegib, a Hedgehog pathway inhibitor, has preclinical activity in colorectal cancer (CRC)

models. This trial assessed the efficacy, safety, and pharmacokinetics of adding vismodegib to first-line

treatment for metastatic CRC (mCRC).

Experimental design: Patients were randomized to receive vismodegib (150mg/day orally) or placebo,

in combination with FOLFOX or FOLFIRI chemotherapy plus bevacizumab (5 mg/kg) every 2 weeks until

disease progression or intolerable toxicity. The primary endpoint was progression-free survival (PFS). Key

secondary objectives included evaluation of predictive biomarkers and pharmacokinetic drug interactions.

Results: A total of 199 patients with mCRC were treated on protocol (124 FOLFOX, 75 FOLFIRI). The

median PFS hazard ratio (HR) for vismodegib treatment compared with placebo was 1.25 (90% CI: 0.89–

1.76; P ¼ 0.28). The overall response rates for placebo-treated and vismodegib-treated patients were 51%

(90%CI: 43–60) and46%(90%CI: 37–55), respectively.Novismodegib-associated benefitwas observed in

combination with either FOLFOX or FOLFIRI. Increased tumor tissue Hedgehog expression did not predict

clinical benefit. Grade 3 to 5 adverse events reported for more than 5% of patients that occurred more

frequently in the vismodegib-treated group were fatigue, nausea, asthenia, mucositis, peripheral sensory

neuropathy, weight loss, decreased appetite, and dehydration. Vismodegib did not alter the pharmacoki-

netics of FOLFOX, FOLFIRI, or bevacizumab.

Conclusions: Vismodegib does not add to the efficacy of standard therapy for mCRC. Compared

with placebo, treatment intensity was lower for all regimen components in vismodegib-treated

patients, suggesting that combined toxicity may have contributed to lack of efficacy. Clin Cancer Res;

19(1); 258–67. �2012 AACR.

Introduction
For patients receiving first-line therapy for metastatic

colorectal cancer (mCRC), fluoropyrimidine chemotherapy
[parenteral 5-fluorouracil (5-FU)/leucovorin or oral
capecitabine] in combination with oxaliplatin (FOLFOX
or XELOX) or irinotecan (FOLFIRI) and bevacizumab

(Avastin, Genentech) are considered to be the standard-
of-care regimens (1–4).

TheHedgehog (Hh) signaling pathway represents a novel
target for cancer therapy. Excessive or inappropriate secre-
tion of the Hedgehog ligand by tumor epithelium, which
initiates pathway activation in the tumor stroma via a
paracrine mechanism, has been implicated in the patho-
genesis of sporadic cancers of the gastrointestinal tract, lung,
and prostate, suggesting that disruption of Hedgehog sig-
naling may be beneficial (5–9). Recent experience has
shown thatHedgehogpathway inhibitors can indeed inhib-
it the growth of a number of tumor types (10).

The Hedgehog pathway inhibitor vismodegib (Erivedge,
GDC-0449; Genentech) showed oral bioavailability and
potent antitumor activity as a single agent and in combi-
nation with cytotoxic agents (e.g., irinotecan) in a variety of
primary human tumor xenografts (9, 11).

Vismodegib was evaluated in a phase I study of patients
with refractory solid tumors and advanced basal cell carci-
noma (12–14). The most common toxicities were mild to
moderate fatigue, anorexia, muscle spasms, alopecia, and
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dysgeusia. Preliminary efficacy was shown in patients with
advanced basal cell carcinoma and medulloblastomas, and
the dose recommended for phase II clinical studies was 150
mg orally, once daily (13, 15). As no overlapping toxicities
between vismodegib and the components of FOLFOX and
FOLFIRI with bevacizumab were expected on the basis of
single-agent vismodegib studies, a safety "run-in" evalua-
tion of combination therapy was conducted as part of a
single, phase II, proof-of-concept study rather than con-
ducting a separate phase Ib safety study. Bevacizumab was
included in these regimens as it is a standard part of first-line
therapy for colorectal cancer (CRC).
This phase II study was designed to assess whether vis-

modegib would prolong progression-free survival (PFS)
when combined with standard-of-care therapy (either FOL-
FOX or FOLFIRI in combination with bevacizumab) in
patients requiring first-line treatment for mCRC. Safety and
pharmacokinetic outcomes were also assessed. Hedgehog
ligand expression in CRC was evaluated by examining
archival tumor tissues, to determine its use as a predictive
biomarker for vismodegib clinical benefit.

Materials and Methods
Patient eligibility
Eligible patients were 18 years of age or more, with

histologically confirmed mCRC and Response Evaluation
Criteria in Solid Tumors (RECIST; v.1.0) measurable or
evaluable disease, an Eastern Cooperative Oncology Group
performance status (ECOGPS) of 0or 1, and adequate bone
marrow, hepatic, and renal function.
All eligible patients were required to provide archival

tumor samples for analysis of the putative predictive

biomarker (Hedgehog ligand expression) and other explor-
atory biomarkers either in the form of unstained thick
sections or formalin-fixed, paraffin-embedded (FFPE) tissue
blocks. Patients who received prior systemic therapy for
metastatic disease at any time or adjuvant chemotherapy
within 6 months of study entry were ineligible.

All patients providedwritten informed consent according
to federal and Institutional guidelines before any study-
related procedures and after Institutional Review Board
approval of the study.

Study design and treatments
This was a randomized, placebo-controlled, double-

blind study of vismodegib in combination with standard-
of-care regimens (FOLFOX–bevacizumab or FOLFIRI–bev-
acizumab) for mCRC. Patients were randomized 1:1 and
stratified on the basis of the chemotherapy regimen chosen
by the physician andwhether or not at least onemeasurable
lesion was present at baseline as defined by RECIST.

On day 1 of each 2-week cycle, all patients received
bevacizumab, 5 mg/kg i.v. over 90 minutes for the first
infusion (shortened to 30–60 minutes as tolerated for sub-
sequent infusions). For the modified FOLFOX6 (16) cohort,
bevacizumab was followed by oxaliplatin, 85 mg/m2 i.v.
over 90 minutes, with leucovorin 400 mg/m2 i.v. over 120
minutes; this was followed by 5-FU 400 mg/m2 as an
intravenous bolus and 5-FU 2,400 mg/m2 as a continuous
infusion over 44 to 48 hours. In the FOLFIRI (17) cohort
(after bevacizumab administration), irinotecan 180 mg/m2

was given intravenously over 90minutes with leucovorin (as
described above) followed by 5-FU, as described above for
FOLFOX6. Vismodegib, 150 mg orally, or placebo, was self-
administered once daily beginning on cycle 1, day 3. Study
treatment continued until documented disease progression
or the occurrence of intolerable toxicity.

Doses of 5-FU/leucovorin, oxaliplatin, or irinotecan
could be reduced because of toxicity according to study or
Institutional guidelines. No bevacizumab or vismodegib/
placebo dose reductions were permitted.

Daily vismodegib or placebo administration could be
interrupted because of toxicity for up to 8weeks, after which
the administration was permanently discontinued if not
restarted. Patients could discontinue one or more study
regimen components (including vismodegib or placebo)
due to toxicitywhile continuing other regimen components
at full or reduced doses.

Study assessments were conducted after approval by local
human investigations committees at each center and the
study was conducted in accordance with an assurance filed
with and approved by the Department of Health and
Human Services.

Response assessments
Patients were evaluated for response and disease progres-

sion by computed tomography or magnetic resonance
imaging every 8 to 9 weeks while on study. Confirmation
of objective response (OR) was required at least 4 weeks
after the initial scans showed a response.

Translational Relevance
Hedgehog pathway inhibitors show antitumor activ-

ity across various tumor types and have shown preclin-
ical activity in colorectal cancer (CRC) models. In this
randomized controlled study, vismodegib, a first-in-
class small-molecule Hedgehog pathway inhibitor, was
combined with FOLFOX or FOLFIRI chemotherapy plus
bevacizumab for the first-line treatment of metastatic
CRC. This is the first phase II trial of aHedgehogpathway
inhibitor in a tumor type that is not known to harbor
mutations in theHedgehog signalingpathway and tested
the hypothesis that inhibition of paracrine signaling
between tumor cells expressing Hedgehog ligands and
nearby stromal cells may inhibit tumor growth in the
setting of cytoreductive chemotherapy. The results failed
to show incremental benefit from the addition of vis-
modegib to standard-of-care first-line therapy for CRC.
Combined toxicity is one potential factor contributing to
the lack of efficacy. Overall, the results suggest that
further testing of vismodegib in metastatic CRC is not
warranted.
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For patients without measurable disease at baseline,
disease progression was defined by an increase in the size
of an unmeasurable lesion to a size that becamemeasurable
orwould be considered progression of a nontarget lesion by
RECIST v.1.0, the occurrence of anew lesionnot detectedon
previous scans, and/or newonset of cytologically confirmed
malignant ascites or malignant pleural effusion. Postpro-
gression, patients were followed for survival every 3months
until death, loss to follow-up, withdrawal of consent, or
study termination by the study sponsor.

Safety plan
After initiation of study treatment, all adverse events and

serious adverse events, regardless of attribution, were
reported until 45 days after the last administration of
vismodegib or placebo. Adverse events were graded using
CommonTerminologyCriteria forAdverse Events (CTCAE)
v.3.0. Thereafter, only serious adverse events thought to be
related to study treatment and pregnancy, which occurred
up to 12 months after the last dose of vismodegib or
placebo, were reported.

Pharmacokinetic assessments
Pharmacokinetic parameters (including an investigation

into possible drug–drug interactions) were assessed from
blood samples taken at defined intervals before and after
treatment. For all patients, blood samples were drawn for
the determination of vismodegib steady-state concentra-
tions approximately every 8weeks. A subset of patients (n¼
19) at 5 clinical sites underwent extensive pharmacokinetic
sampling every 2 weeks; 10 patients received FOLFOX–
bevacizumab (4 vismodegib and 6 placebo) and 9 patients
received FOLFIRI–bevacizumab (6 vismodegib and 3 pla-
cebo). Levels of irinotecan andmetabolites (SN-38 and SN-
38 glucuronide), total and ultrafilterable platinum (as an
estimate of oxaliplatin), 5-FU, and vismodegib were deter-
mined in plasma samples, whereas bevacizumab was mea-
sured in serum samples. All analytes were analyzed using
validated assays (18).

Evaluation of putative predictive biomarkers
The diagnosis of CRC from archival tumor tissue samples

obtained at baseline was verified by a pathologist. If overall
tumor content was less than 75%, serially cut slides were
macrodissected before nucleic acid isolation to enrich for
tumor.

Quantitative reverse transcription PCR profiling of
Hedgehog pathway genes

Tissue scraped from serially cut slides was deparaffinized
using Envirene reagent (Hardy Diagnostics) before isola-
tion of RNA using the RocheHigh Pure FFPE RNAMicro Kit
(Roche Diagnostics). RNA was reverse transcribed using
theHigh-Capacity cDNAReverse TranscriptionKit (Applied
Biosystems) with random primers. PCR was carried out
using the TaqMan Universal PCR Master Mix (Applied
Biosystems), according to the following cycling conditions:
50�C for 2 minutes; 95�C for 10 minutes; 40 cycles of 95�C

for 15 seconds, and 60�C for 1 minute. To detect both the
SonicHedgehog (SHH) and IndianHedgehog (IHH) ligand
transcripts within the same reaction, an assay (SHHþIHH)
was designed to cross-react with both ligand transcripts. In
addition, assays were designed to specifically detect either
the SHH or IHH ligand transcripts. The Desert Hedgehog
(DHH) ligand transcript was undetectable in banked colo-
rectal tumor specimens (data not shown), and hence was
not evaluated in this study. All assays were tested for
amplification efficiency on RNA isolated from FFPE speci-
mens and for the lack of genomic DNA amplification. For
analyses, Hedgehog pathway gene expression was normal-
ized to the average cycling threshold (Ct) of 3 housekeeping
genes (GUSB, SDHA, and UBC). Primer/probes used are
shown in Supplementary Table B1.

KRAS genotyping
Tissue scraped from serially cut slides was deparaffinized

using Envirene reagent (Hardy Diagnostics) before isola-
tion of DNA using the QIAamp DNA FFPE Tissue Kit
(Qiagen). KRAS was genotyped using the DxS K-Ras Muta-
tion Kit (DxS Limited), according to the manufacturer’s
instructions.

Statistics
All efficacy analyses were conducted using the intent-to-

treat (ITT) population defined as all randomized patients.
The primary analysis for this study was estimation of

the PFS hazard ratio (HR) and its 90% confidence interval
(CI) using a Cox proportional hazards model stratified
by chemotherapy regimen and measurable versus evalu-
able disease, based on assessments of response and pro-
gression at each investigative site. Stratified and unstrati-
fied log-rank tests were also specified. PFS was defined as
the time from randomization until the earlier of disease
progression or death due to any cause within the 30 days
of study discontinuation. Patients who discontinued the
study without a PFS event were censored at the time of
their last tumor assessment.

This trial was designed to be hypothesis generating, and
the sample size was determined on the basis of a 90%CI for
the PFSHR, with 90 events and an assumedHR of 0.75. The
study planned for accrual of 150 patients. Because of a
higher than expected early drop-out rate before progression,
the protocol was amended to enroll an additional 40
patients.

Kaplan–Meier estimates were used to describe time to
event endpoints.

A key secondary analysis was the inclusion of Hedgehog
ligand expression in the Cox proportional hazards model
specified in the primary analysis as either a continuous or
semiquantitative variable using apparent or meaningful
ordinal groupings. Exploratory efficacy analyses included
the effects ofHedgehog ligand expression onOR rate (ORR)
andoverall survival (OS) andof other downstreampathway
intermediaries on PFS, ORR, and OS.

Safety analyses included all patients who received at
least one dose of vismodegib or placebo, and included
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summaries of adverse events, serious adverse events, and
adverse events leading to discontinuation of chemotherapy,
bevacizumab, or vismodegib/placebo.

Results
Patient population
BetweenMarch 2008 and July 2009, 199 patients from35

study sites in the United States were randomized to receive
either vismodegib or placebo plus standard-of-care treat-
ment (Fig. 1). A total of 101 and98patientswere assigned to
receive placebo and vismodegib, respectively. Three
patients (1 vismodegib, 2 placebo) did not receive any
investigational drug treatment after randomization.
One hundred ninety-six patients, who received at least

one dose of investigational drug, were evaluable for safety.
One patient randomized to placebo erroneously received
vismodegib for part of his treatment. This patient is allo-
cated to the placebo arm for demographics and efficacy
summaries and the vismodegib arm for safety and exposure
summaries. A total of 124 evaluable patients were treated
with FOLFOX–bevacizumab, and 75 were treated with
FOLFIRI–bevacizumab (Table 1). All study patients except
one had at least onemeasurable lesion at baseline. The data
cutoff for the efficacy analyses was March 15, 2010 and the

median duration of follow-up was 12.6 months. Safety
analyses included all data through the conclusion of the
study till December 10, 2010. A total of 140 (70%) patients
provided archival tumor tissue that was adequate for assess-
ment of Hedgehog ligand expression by qRT-PCR. In con-
trast, 90 (45%) patients provided tumor tissue suitable (i.e.,
freshly cut tissue sections derived from FFPE blocks) for
optimal immunohistochemistry (IHC) results. Hence, we
focused our Hedgehog ligand predictive biomarker analysis
using qRT-PCR assay methodology. A total of 165 (83%)
patients provided tumor tissue adequate for determining
KRAS mutation status (19).

Baseline demographic and disease characteristics for
the all-randomized study population weremostly balanced
between placebo and vismodegib treatment groups
(Table 1). There were nomeaningful differences in baseline
characteristics between subgroups defined for the purpose
of assessing the predictive value of putative biomarkers
(e.g., Hedgehog ligand expression, KRAS mutation status)
on PFS (data not shown).

Efficacy
Vismodegib in combination with standard-of-care treat-

ment for first-linemCRCdid not confer incremental clinical

Figure 1. CONSORTstudy diagram.
�, Onepatient randomized toplacebo
erroneously received vismodegib for
32 out of 201 days on study
treatment and was allocated to the
vismodegib arm for safety and
exposure summaries. †, Safety data
cutoff date–December 10, 2010.
D/C, discontinued.

Assessed for eligibility n = 240

Patients >18 years with mCRC,

ECOG PS 0 or 1, and RECIST (v.1.0) 

measurable or evaluable disease

Number of patients randomized   n = 199

Excluded n = 41 

Not meeting inclusion criteria n = 34

Consent not given n = 7

Allocated to received placebo   n = 101
(+ bevacizumab + FOLFOX or FOLFIRI) 

Received placebo* n = 99

Did not receive placebo n = 2

Allocated to receive vismodegib n = 98
(+ bevacizumab + FOLFOX or FOLFIRI)

Received vismodegib* n = 97

Did not receive vismodegib n = 1

Did not receive vismodegib n = 1

Died while on study treatment n = 3

D/C study treatment for 

progressive disease n = 38

D/C study treatment due to 

adverse event* n = 16

Subject/physician decision to 

discontinue study treatment n = 34

Continuing study treatment 

at data cutoff date† n = 2

Discontinued study treatment 

at data cutoff n = 2

Other n = 3

Did not receive vismodegib n = 2

Died while on study treatment n = 1

D/C study treatment for 

progressive disease n = 48

D/C study treatment due to

adverse event* n = 9

Subject/physician decision to 

discontinue study treatment n = 22

Continuing study treatment at 

data cutoff date† n = 0

Discontinued study treatment 

at data cutoff n = 16

Other n = 2

Included in efficacy analysis  n = 98 Included in efficacy analysis   n = 101
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benefit as measured by PFS (Table 2, Fig. 2A) or ORR
(Table 2). The HR of PFS for the all-randomized patient
population was 1.25 (90% CI: 0.89–1.76; P ¼ 0.28). The
ORRs for placebo- and vismodegib-treated patients were
51% (90% CI: 43–60) and 46% (90% CI: 37–55), respec-
tively (Table 2).

There was no vismodegib-associated clinical benefit as
measured by either PFS or ORR in patient subgroups
defined by chemotherapy regimen (data not shown).

Forty-five patients had died at data cutoff, yielding 12-
month Kaplan–Meier OS rates of 80.1% and 81.4% for

placebo-treated and vismodegib-treated patient groups,
respectively (Table 2).

Increased levels of Hedgehog ligand expression in
tumor tissue, as assessed by qRT-PCR (Fig. 2B) or IHC
(data not shown), did not correlate with an improve-
ment in median PFS. In addition, there were no differ-
ences in median PFS estimates based on KRAS muta-
tional status (Fig. 2B) or expression levels of exploratory
mRNA biomarkers including SMO and 2 pathway tran-
scriptional target genes, GLI1 and PTCH1 (data not
shown).

Table 1. Demographic and baseline disease characteristics

FOLFOX/bev (n ¼ 124) FOLFIRI/bev (n ¼ 75)

Placebo
(n ¼ 64)

Vismodegib
(n ¼ 60)

Placebo
(n ¼ 37)

Vismodegib
(n ¼ 38)

Age Median (range) 60 (33–86) 61 (31–82) 61 (42–79) 62 (31–81)
Sex, n (%) Male 36 (56) 38 (63) 19 (51) 21 (55)

Female 28 (44) 22 (37) 18 (49) 17 (45)
Race, n (%) White 59 (92) 45 (75) 29 (78) 33 (87)

African- 4 (6) 9 (15) 4 (11) 2 (5)
American
Asian 1 (2) 1 (2) 0 1 (3)
Other 0 5 (8) 4 (11) 2 (5)

ECOG, n (%) 0 35 (55) 29 (48) 22 (60) 22 (58)
1 29 (45) 31 (52) 15 (41) 16 (42)

Prior adjuvant therapy, n (%) Yes 8 (13) 7 (12) 18 (49) 17 (45)
No 56 (88) 53 (88) 19 (51) 21 (55)

Location of primary tumor, n (%) Colon 48 (75) 49 (82) 30 (81) 33 (87)
Rectum 16 (25) 11 (18) 7 (19) 5 (13)

KRAS status, n (%) Wild-type 31 (48) 29 (48) 21 (57) 17 (45)
Mutant 25 (39) 21 (35) 8 (22) 13 (34)
Unknown 8 (13) 10 (17) 8 (22) 8 (21)

Abbreviation: bev, bevacizumab.

Table 2. Efficacy analyses

FOLFOX/bev (n ¼ 124) FOLFIRI/bev (n ¼ 75) Total (n ¼ 199)

Placebo
(n ¼ 64)

Vismodegib
(n ¼ 60)

Placebo
(n ¼ 37)

Vismodegib
(n ¼ 38)

Placebo
(n ¼ 101)

Vismodegib
(n ¼ 98)

Median PFS,
months (90% CI)

9.9 (7.4–11.6) 8.2 (7.0–9.8) 10.1 (9.4–12.3) 10.5 (9.2–13.7) 10.1 (9.4–11.3) 9.3 (8.0–10.5)

HR (90% CI) 1.32 (0.86–2.04) 1.15 (0.66–1.99) 1.25a (0.89–1.76)
P 0.29 0.69 0.28a

ORR, % (90% CI) 47 (36–57) 47 (36–58) 59 (46–72) 45 (31–58) 51 (43–60) 46 (37–55)
One-year survival
rate,b % 75.2 79.6 87.2 84.8 80.1 81.4

Abbreviation: bev, bevacizumab.
aStratified by chemotherapy regimen.
bKaplan–Meier estimate.
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Safety
A preplanned, interim, blinded review of adverse events,

treatment exposure, and study discontinuations did not
identify differences in the frequency or severity of adverse
events as a function of treatment arm and the study was
continued.
In the final analysis, grade 3 to 5 fatigue, nausea, asthenia,

mucositis, peripheral sensory neuropathy, weight loss,
decreased appetite, and dehydration were �5% more fre-
quent in vismodegib-treated patients, regardless of chemo-

therapy regimen (Table 3). Compared with placebo, grades
1 to 4 vomiting, asthenia, weight loss, decreased appetite,
dehydration, muscle spasms, and dysgeusia were noted
�10% more frequently in vismodegib-treated patients,
regardless of the chemotherapy regimen administered (data
not shown).

Grade 5 adverse events occurred in 4.1% (4/98; 95% CI:
1.4–9.6%) of vismodegib-treated patients. Of these
patients, 3 were treated with FOLFOX–bevacizumab and
1 was treated with FOLFIRI–bevacizumab. Three of 4 grade
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Figure 2. Kaplan–Meier curves for PFS (A) and Forest plot of PFS HRs for subgroups defined by levels of Sonic plus Indian Hedgehog ligand mRNA
expression as assessed by qRT-PCR and KRAS mutation status (B). The vertical dashed line indicates the HR for all patients. The diameter of a circle is
proportional to the square root of the total n value. �, Median PFS was estimated using the Kaplan–Meier method; †, HR relative to chemo–bevþpbo
and 95% CI for the HR were estimated using Cox regression. bev, bevacizumab; chemo, chemotherapy; HR, hazard ratio; mo, months; pbo, placebo; PFS,
progression-free survival; vismo, vismodegib.
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5 adverse events happened within 30 days of the last
investigational drug treatment and none were attributed to
vismodegib.

In the FOLFOX–bevacizumab cohort, 13% of patients
receiving placebo or vismodegib discontinued investiga-
tional drug therapy due to adverse events (Table 3). Among
FOLFIRI-treated patients, fewer receiving placebo (3%)
discontinued investigational drug therapy due to adverse
events compared with vismodegib-treated patients (22%).

Treatment administered
Cumulative doses of all regimen components were con-

sistently lower among patients randomized to vismodegib
regardless of the chemotherapy regimen given (Table 4).
Patients treated with FOLFIRI–bevacizumab received more

therapy overall than patients treated with FOLFOX–
bevacizumab.

Pharmacokinetics
In vismodegib-treated patients, levels of vismodegib

(12), oxaliplatin (20, 21), irinotecan (22), 5-FU (19, 23),
and bevacizumab (24) were within the expected ranges for
the doses administered (Supplementary Figs. SA1–SA5).
There were no clinically meaningful changes in postinfu-
sion levels of 5-FU, irinotecan, or its metabolites (SN-38
and SN-38g), or levels of total and free oxaliplatin when
comparing days 1 and 28 in vismodegib-treated patients
(Supplementary Figs. SA2–SA4). Similarly, there was no
effect of vismodegib treatment on plasma concentrations of
bevacizumab (Supplementary Fig. SA5).

Table 3. Grade 3 to 5 adverse events occurring in 5% of patients or more and vismodegib/placebo
treatment discontinuation (safety evaluable population, n ¼ 196)

FOLFOX/bev FOLFIRI/bev

Event, n (%)
Placebo
(n ¼ 62)a

Vismodegib
(n ¼ 61)a

Placebo
(n ¼ 36)a

Vismodegib
(n ¼ 37)a

Any event 51 (82.3) 48 (78.7) 27 (75.0) 30 (81.1)
Anemia 5 (8.1) 0 1 (2.8) 1 (2.7)
Neutropenia 16 (25.8) 12 (19.7) 12 (33.3) 10 (27.0)
Febrile neutropenia 1 (1.6) 2 (3.3) 2 (5.6) 0
Diarrhea 9 (14.5) 5 (8.2) 6 (16.7) 7 (18.9)
Nausea 2 (3.2) 6 (9.8) 3 (8.3) 4 (10.8)
Vomiting 1 (1.6) 4 (6.6) 2 (5.6) 3 (8.1)
Abdominal pain, upper 0 0 2 (5.6) 1 (2.7)
Fatigue 6 (9.7) 10 (16.4) 4 (11.1) 8 (21.6)
Asthenia 0 3 (4.9) 1 (2.8) 4 (10.8)
Mucositis 0 3 (4.9) 1 (2.8) 3 (8.1)
Weight loss 1 (1.6) 4 (6.6) 0 6 (16.2)
Decreased appetite 0 4 (6.6) 1 (2.8) 4 (10.8)
Dehydration 2 (3.2) 10 (16.4) 0 2 (5.4)
Hypokalemia 3 (4.8) 5 (8.2) 0 1 (2.7)
Peripheral neuropathy 6 (9.7) 3 (4.9) 0 1 (2.7)
Peripheral sensory neuropathy 0 8 (13.1) 1 (2.8) 0
Pulmonary embolism 3 (4.8) 5 (8.2) 3 (8.3) 2 (5.4)
Rash 0 0 2 (5.6) 0
Palmar–plantar erythrodysesthesia 2 (3.2) 4 (6.6) 2 (5.6) 0
Hypertension 3 (4.8) 0 2 (5.6) 1 (2.7)
Deep vein thrombosis 0 4 (6.6) 3 (8.3) 0
Infectionsb 7 (11.3) 6 (9.8) 5 (13.9) 2 (5.4)
Treatment discontinuation, n (%)
Placebo/vismodegib/all patientsc 62 (100) 61 (100) 36 (100) 37 (100)
Discontinuation due to adverse event 8 (12.9) 8 (13.1) 1 (2.8) 8 (21.6)

Abbreviation: bev, bevacizumab.
aFor each event, incidence is expressed as number (percentage) of patients affected in the respective treatment group.
bIncludespatientswithoneormoreof the following: abdominal abscess, sepsis, diverticulitis, perirectal abscess, urinary tract infection,
skin infection, pneumonia, tooth abscess, catheter-site infection, gastroenteritis, clostridial or Escherichia coli infection.
cTreatment discontinuation for any reason (including disease progression).
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Discussion
This is the first randomized, placebo-controlled clinical

trial of a Hedgehog pathway inhibitor to report efficacy
results, and the first phase II trial of a Hedgehog pathway
inhibitor in a tumor type that is not known to harbor
mutations in the Hedgehog signaling pathway (unlike the
mutation-driven tumors basal cell carcinoma and a subset
of medulloblastomas). The results of this study failed to
show incremental benefit from the addition of vismodegib
to standard-of-care first-line treatment for mCRC. The lack
of treatment effect was evident from the primary efficacy
analysis of PFS involving all randomized patients as well as
analyses of subgroups defined by chemotherapy backbone
and levels of Hedgehog ligand expression in archival tumor
tissue. Additional analyses explored median PFS in the
subgroup of patients treated to progression as well as
patients who achieved an OR (data not shown); neither
subgroup benefited from the addition of vismodegib to
standard-of-care therapy. The median PFS estimates
reported for the ITT patient population in this study were
generally consistent with those reported in other studies of
patients receiving fluoropyrimidine-based chemotherapy
with bevacizumab (3, 25, 26).
There are several potential explanations for the lack of

vismodegib-associated treatment effect in this study. The
simplest explanation is that the inhibition of the Hedgehog
signaling pathway is insufficient to meaningfully affect the
clinical course of mCRC. Although preclinical data sug-
gested that inhibition of Hedgehog signaling could lead to
tumor growthdelay in primary xenografts, tumor regression
was not seen in animalmodels (9). Inhibition of Hedgehog
signaling seems to increase stromal vascularity thereby
improving chemotherapy penetration in preclinicalmodels

of pancreatic cancer (27). These results did not translate to
efficacy in the mCRC setting. Phase II clinical trials of
vismodegib and other Hedgehog pathway inhibitors are
ongoing in several other tumor types in combination with
other therapies andmay shed further light on the role of the
Hedgehog pathway in the progression of nonmutation-
driven tumors.

Another possible explanation is that there was a negative
interaction between vismodegib and other regimen com-
ponent(s), thereby confounding the detection of a potential
contribution to treatment benefit by vismodegib. Consis-
tently, lower cumulative dosing of all regimen components
(except bevacizumab in FOLFIRI-treated patients) was seen
for vismodegib-treated patients, suggesting a possible
unsuspected negative safety interaction or a lack of efficacy
in combination with vismodegib. The number of patients
who discontinued chemotherapy before progression was
higher among vismodegib-treated compared with placebo-
treated patients (73 vs. 58 patients). However, a review of
the type and relative incidence of adverse events as a
function of treatment assignment did not reveal particular
adverse events as associated with treatment discontinua-
tion. The overall proportion of patients experiencing at least
one grade 3 to 5 adverse event in the study (�75%–82%)
was balanced across treatment arms and comparable with
that reported in amuch larger study of FOLFOX or FOLFIRI
plus bevacizumab (26).

The adverse events that tended to be more prevalent
among vismodegib-treated versus placebo-treated patients
(i.e., vomiting, weight loss, decreased appetite, dehydra-
tion, muscle cramps, dysgeusia, and asthenia/fatigue),
regardless of chemotherapy backbone, were primarily those
previously reported in association with vismodegib

Table 4. Treatment administered

FOLFOX/bev (n ¼ 123) FOLFIRI/bev (n ¼ 73)

Placebo
(n ¼ 62)

Vismodegib
(n ¼ 61)

Placebo
(n ¼ 36)

Vismodegib
(n ¼ 37)

5-FU, median (range)
Number of dosesa 14 (1–47) 12 (1–54) 16 (2–51) 14 (2–42)
Cumulative doseb(g) 62.1 (1–165) 48.8 (5–239) 72.1 (11–253) 57.8 (5–159)
Oxaliplatin/irinotecan, median (range)
Number of dosesa 11 (1–27) 10 (1–34) 13 (2–47) 12 (2–30)
Cumulative doseb(g) 1.7 (0–4) 1.5 (0–5) 4.8 (1–17) 4.0 (1–10)
Bevacizumab, median (range)
Number of dosesa 15 (1–46) 10 (1–42) 15.5 (2–47) 14 (2–34)
Placebo/vismodegib, median (range)
Number of dosesa 206.5 (6–703) 166 (7–718) 260 (25–647) 202 (12–491)
Cumulative doseb(g) 31.0 (1–105) 24.9 (1–108) 39.0 (4–97) 29.9 (2–74)
Treatment duration (months) 7.4 (0.2–23.7) 5.7 (0.2–25.2) 9.1 (0.8–21.4) 7.4 (0.4–16.3)

Abbreviation: bev, bevacizumab.
aDose number refers to the number of partial or completed infusions, irrespective of the administration of a concurrent bolus. Doses
could be reduced by eliminating the bolus. The amount of drug administered is reflected in the cumulative dose.
bCumulative doses are not corrected for body surface area.
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monotherapy (12). The frequent occurrence of low-grade
toxicities associated with vismodegib, superimposed on
toxicities associated with the FOLFOX–bevacizumab or
FOLFIRI–bevacizumab treatment regimens, may have
increased treatment discontinuation among vismodegib-
treated patients. Although these regimens did not undergo
phase I study before this clinical trial, it is unlikely that
phase I investigation would have predicted these treatment
discontinuations because the dose-escalation studies focus
on serious adverse events in early cycles and, as mentioned,
the grade 3 to 5 toxicities were balanced between treatment
arms.

To assess whether a potential pharmacokinetic interac-
tion might have compromised treatment outcomes for
vismodegib-treated patients, pharmacokinetic analyses
were conducted on a subset of patients in the trial and
showed that vismodegib did not impact blood levels of
other regimen components or their active metabolites.
Furthermore, steady-state plasma concentrations of vismo-
degib in this studydidnot seem tobemeaningfully different
from those observed in a cohort of patients who received
vismodegib monotherapy (13, 15).

In conclusion, the results from this randomized, placebo-
controlled, phase II clinical trial suggest that further testing
of vismodegib in this clinical setting is not warranted.

Disclosure of Potential Conflicts of Interest
Through the Genentech–Curis collaboration, vismodegib was discovered

by Genentech and was jointly validated by the parties through a series of
preclinical studies. Genentech and Roche collaborated on the clinical devel-
opment and commercialization of vismodegib. Support for third-party
writing assistance for this article was provided by F.Hoffmann-La Roche
Ltd. J.D. Berlin has a commercial research grant from Genentech/Roche and
is a consultant/advisory boardmember forGenentech/Roche. R.C.Hermann
has a honoraria from Speakers Bureau from Genentech and is a consultant/

advisory boardmember for Genentech. H.M.Mackey has ownership interest
(including patents) in Roche. R.L. Yauch is employed (other than primary
affiliation; e.g., consulting) by Roche as a scientist andhas ownership interest
(including patents) inRoche.Nopotential conflicts of interestwere disclosed
by the other authors.

Authors' Contributions
Conception and design: J.D. Berlin, H.M. Mackey, J.A. Low
Development of methodology: J.D. Berlin, J.A. Low
Acquisitionofdata (provided animals, acquired andmanagedpatients,
provided facilities, etc.): J.D. Berlin, J.C. Bendell, L.L. Hart, I. Firdaus, I.
Gore, R.C. Hermann, M.F. Mulcahy, M.M. Zalupski, R.L. Yauch
Analysis and interpretation of data (e.g., statistical analysis, biosta-
tistics, computational analysis): J.D. Berlin, J.C. Bendell,M.F.Mulcahy,H.
M. Mackey, R.L. Yauch, R.A. Graham, G.L. Bray, J.A. Low
Writing, review, and/or revision of the manuscript: J.D. Berlin, J.C.
Bendell, L.L. Hart, I. Firdaus, I. Gore, R.C. Hermann, M.F. Mulcahy, M.M.
Zalupski, H.M. Mackey, R.L. Yauch, R.A. Graham, G.L. Bray, J.A. Low
Administrative, technical, or material support (i.e., reporting or orga-
nizing data, constructing databases): J.D. Berlin, I. Gore, H.M. Mackey
Study supervision: J.D. Berlin, J.C. Bendell, G.L. Bray, J.A. Low

Acknowledgments
The authors thank Vikram Mahli, Chris Callahan, Hartmut Koeppen,

Zhuoye Xu, Erin Stansberry, Ling Fu, Rupal Desai, and Rajiv Raja for their
contributions to the studies described here.

Grant Support
This trial was sponsored by Genentech Inc.
Collection of some pharmacokinetic data at the Vanderbilt-Ingram Can-

cer Center were partly supported by the National Center for Research
Resources, Grant UL1 RR024975-01, now at theNational Center for Advanc-
ing Translational Sciences, Grant 2 UL1 TR000445-06. The content is solely
the responsibility of the authors and does not necessarily represent the
official views of the NIH.

The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate
this fact.

ReceivedMay 31, 2012; revised September 25, 2012; acceptedOctober 11,
2012; published OnlineFirst October 18, 2012.

References
1. Kelly H, Goldberg RM. Systemic therapy for metastatic colorectal

cancer: current options, current evidence. J Clin Oncol 2005;23:
4553–60.

2. Kabbinavar F, Hurwitz HI, Fehrenbacher L, Meropol NJ, Novotny WF,
Lieberman G, et al. Phase II, randomized trial comparing bevacizumab
plus fluorouracil (FU)/leucovorin (LV) with FU/LV alone in patients with
metastatic colorectal cancer. J Clin Oncol 2003;21:60–5.

3. Saltz LB,ClarkeS,Diaz-Rubio E, ScheithauerW, Figer A,WongR, et al.
Bevacizumab in combination with oxaliplatin-based chemotherapy as
first-line therapy in metastatic colorectal cancer: a randomized phase
III study. J Clin Oncol 2008;26:2013–9.

4. Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hainsworth J,
Heim W, et al. Bevacizumab plus irinotecan, fluorouracil, and
leucovorin for metastatic colorectal cancer. N Engl J Med 2004;350:
2335–42.

5. Berman DM, Karhadkar SS, Maitra A, Montes DO, Gerstenblith MR,
Briggs K, et al. Widespread requirement for Hedgehog ligand
stimulation in growth of digestive tract tumours. Nature 2003;425:
846–51.

6. Thayer SP, di Magliano MP, Heiser PW, Nielsen CM, Roberts DJ,
Lauwers GY, et al. Hedgehog is an early and late mediator of pancre-
atic cancer tumorigenesis. Nature 2003;425:851–6.

7. Watkins DN, Berman DM, Burkholder SG, Wang B, Beachy PA, Baylin
SB. Hedgehog signalling within airway epithelial progenitors and in
small-cell lung cancer. Nature 2003;422:313–7.

8. Karhadkar SS, Bova GS, Abdallah N, Dhara S, Gardner D, Maitra A,
et al. Hedgehog signalling in prostate regeneration, neoplasia and
metastasis. Nature 2004;431:707–12.

9. Yauch RL, Gould SE, Scales SJ, Tang T, Tian H, Ahn CP, et al. A
paracrine requirement for hedgehog signalling in cancer. Nature 2008;
455:406–10.

10. Low JA, de Sauvage FJ. Clinical experience with Hedgehog pathway
inhibitors. J Clin Oncol 2010;28:5321–6.

11. Tian H, Callahan CA, DuPree KJ, Darbonne WC, Ahn CP, Scales SJ,
et al. Hedgehog signaling is restricted to the stromal compartment
during pancreatic carcinogenesis. Proc Natl Acad Sci U S A 2009;
106:4254–9.

12. von Hoff DD, LoRusso PM, Rudin CM, Reddy JC, Yauch RL, Tibes R,
et al. Inhibition of the hedgehog pathway in advanced basal-cell
carcinoma. N Engl J Med 2009;361:1164–72.

13. LoRussoPM,RudinCM,Reddy JC, TibesR,WeissGJ,BoradMJ, et al.
Phase I trial of hedgehog pathway inhibitor vismodegib (GDC-0449) in
patients with refractory, locally advanced or metastatic solid tumors.
Clin Cancer Res 2011;17:2502–11.

14. Rudin CM, Hann CL, Laterra J, Yauch RL, Callahan CA, Fu L, et al.
Treatment ofmedulloblastomawith hedgehog pathway inhibitorGDC-
0449. N Engl J Med 2009;361:1173–8.

15. Graham RA, Lum BL, Cheeti S, Jin JY, Jorga K, von Hoff DD, et al.
Pharmacokinetics of hedgehog pathway inhibitor vismodegib (GDC-
0449) in patients with locally advanced or metastatic solid tumors: the

Berlin et al.

Clin Cancer Res; 19(1) January 1, 2013 Clinical Cancer Research266

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/19/1/258/2010302/258.pdf by guest on 19 M

ay 2023



role of alpha-1-acid glycoprotein binding. Clin Cancer Res 2011;17:
2512–20.

16. De Gramont A, Figer A, Seymour M, Homerin M, Hmissi A, Cassidy J,
et al. Leucovorin and fluorouracil with or without oxaliplatin as first-line
treatment in advanced colorectal cancer. J Clin Oncol 2000;18:
2938–47.

17. Andr�e T, Louvet C, Maindrault-Goebel F, Couteau C, Mabro M, Lotz
JP, et al. CPT-11 (irinotecan) addition to bimonthly, high-dose leucov-
orin and bolus and continuous-infusion 5-fluorouracil (FOLFIRI) for
pretreated metastatic colorectal cancer. GERCOR. Eur J Cancer
1999;35:1343–7.

18. Ding X, Chou B, Graham RA, Cheeti S, Percey S, Matassa LC,
et al. Determination of GDC-0449, a small-molecule inhibitor
of the Hedgehog signaling pathway, in human plasma by solid
phase extraction-liquid chromatographic-tandem mass spec-
trometry. J Chromatogr B Analyt Technol Biomed Life Sci 2010;
878:785–90.

19. Joel SP, Papamichael D, Richards F, Davis T, Aslanis V, Chatelut E,
et al. Lack of pharmacokinetic interaction between 5-fluorouracil and
oxaliplatin. Clin Pharmacol Ther 2004;76:45–54.

20. Masek V, Anzenbacherov�a E, Machov�a M, Brabec V, Anzenbacher P.
Interaction of antitumor platinum complexes with human liver micro-
somal cytochromes P450. Anticancer Drugs 2009;20:305–11.

21. Burz C, Berindan-Neagoe IB, Balacescu O, Tanaselia C, Ursu M, Gog
A, et al. Clinical and pharmacokinetics study of oxaliplatin in colon
cancer patients. J Gastrointestin Liver Dis 2009;18:39–43.

22. Xie R, Mathijssen RH, Sparreboom A, Verweij J, Karlsson MO. Clinical
pharmacokinetics of irinotecan and its metabolites: a population
analysis. J Clin Oncol 2002;20:3293–301.

23. Diasio RB. Oral DPD-inhibitory fluoropyrimidine drugs. Oncology
(Williston Park) 2000;14:19–23.

24. Lu JF, Bruno R, Eppler S, Novotny W, Lum B, Gaudreault J. Clinical
pharmacokinetics of bevacizumab in patients with solid tumors. Can-
cer Chemother Pharmacol 2008;62:779–86.

25. Hecht JR, Mitchell E, Chidiac T, Scroggin C, Hagenstad C, Spigel D,
et al. A randomized Phase IIIB trial of chemotherapy, bevacizumab,
and panitumumab compared with chemotherapy and bevacizumab
alone for metastatic colorectal cancer. J Clin Oncol 2009;27:672–80.

26. van Cutsem E, Rivera F, Berry S, Kretzschmar A, Michael M, Dibarto-
lomeo M, et al. Safety and efficacy of first-line bevacizumab with
FOLFOX, XELOX, FOLFIRI and fluoropyrimidines in metastatic colo-
rectal cancer: the BEAT study. Ann Oncol 2009;20:1842–7.

27. Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A, McIntyre D,
Honess D, et al. Inhibition of Hedgehog signaling enhances delivery
of chemotherapy in a mouse model of pancreatic cancer. Science
2009;324:1457–61.

Vismodegib with Chemotherapy in Metastatic Colorectal Cancer

www.aacrjournals.org Clin Cancer Res; 19(1) January 1, 2013 267

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/19/1/258/2010302/258.pdf by guest on 19 M

ay 2023


