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Abstract

Background: Transarterial chemoembolization (TACE) is the current standard of care for patients with intermediate-stage
hepatocel lular carcinoma (HCC) and isal so atreatment option for patientswith liver metastasesfrom colorectal cancer. However,
TACE is not a curative treatment, and tumor progression occurs in more than half of the patients treated. Despite advances and

https://www.researchprotocols.org/2019/10/e13696 JMIR Res Protoc 2019 | vol. 8| iss. 10| €13696 | p. 1
(page number not for citation purposes)


mailto:ricky.sharma@ucl.ac.uk
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS Beaton et &
technical refinements of TACE, including the introduction of drug-eluting beads-TACE, the clinical efficacy of TACE has not
been optimized, and improved arterial therapies are required.

Objective: The primary objectives of the VERONA study are to evaluate the safety and tolerability of vandetanib-eluting
radiopaque embolic beads (BTG-002814) in patients with resectable liver malignancies and to determine concentrations of
vandetanib and the N-desmethyl metabolite in plasma and resected liver following treatment with BTG-002814.

Methods: TheVERONA study isafirst-in-human, open-label, single-arm, phase 0, window-of-opportunity study of BTG-002814
(containing 100 mg vandetanib) delivered transarterially, 7 to 21 days before surgery in patients with resectable liver malignancies.
Eligible patients have adiagnosis of colorectal liver metastases, or HCC (Childs Pugh A), diagnosed histologically or radiologically,
and are candidates for liver surgery. All patients are followed up for 28 days following surgery. Secondary objectives of this
study areto evaluate the anatomical distribution of BT G-002814 on noncontrast-enhanced imaging, to eval uate histopathol ogical
featuresin the surgical specimen, and to assess changesin blood flow on dynamic contrast-enhanced magnetic resonanceimaging
following treatment with BTG-002814. Exploratory objectives of this study are to study blood biomarkers with the potential to
identify patients likely to respond to treatment and to correlate the distribution of BTG-002814 on imaging with pathology by
3-dimensional modeling.

Results: Enrollment for the study was completed in February 2019. Results of a planned interim analysis were reviewed by a
safety committee after the first 3 patients completed follow-up. The recommendation of the committee was to continue the study
without any changes to the dose or trial design, as there were no significant unexpected toxicities related to BTG-002814.

Conclusions: The VERONA study is studying the feasibility of administering BTG-002814 to optimize the use of this novel

technology as liver-directed therapy for patients with primary and secondary liver cancer.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(10):€13696) doi: 10.2196/13696

Clinical Trial.gov NCT03291379; https://clinicaltrials.gov/ct2/show/NCT03291379
DERR1-10.2196/13696
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Introduction

Background

Hepatocellular carcinoma (HCC) isthe most common primary
cancer of the liver and the fourth most common cause of
cancer-related death worldwide[1]. Curative treatment options
for early-stage HCC include surgical resection, liver
transplantation, and abl ative therapies. However, lessthan 30%
of HCC patientsare digiblefor curative-intent therapies because
of large tumor burden, vascular invasion, or poor liver function
because of underlying liver disease [2]. For patients with
intermediate-stage HCC, the current standard treatment is
transarterial chemoembolization (TACE) [3,4]. Although TACE
providesasurvival advantage over best supportive care, it rarely
produces a compl ete response because of persistence of viable
tumor cells and is, therefore, not considered a curative therapy

[5].

Colorectal cancer (CRC) isthethird most commonly occurring
cancer in men and the second most commonly occurring cancer
inwomen worldwide[1]. Approximately 25% of patients present
with metastatic CRC (mCRC), and approximately 35% to 55%
of CRC patients will develop liver metastases at some point
during the course of their disease. Surgical resection is the
treatment of choice for liver metastases, offering a potential
cure if they can be fully resected [6]. However, only 15% to
20% of patients that develop liver metastaseswill be resectable
at presentation because of presence of multifocal tumors or
limited hepatic reserve [7,8]. For patients not suitable for
resection, TACE has been shown to be an effective treatment
option, potentially offering an improvement in quality of life

https://www.researchprotocols.org/2019/10/e€13696

and overall survival. A systemic review of 13 studies,
comprising 850 patientswith mCRC treated using drug-€el uting
beads (DEB) loaded with irinotecan, demonstrated an average
response rate of 56.2% by response evaluation criteriain solid
tumors (RECIST) and 51.2% by modified RECIST/European
Association for the Study of the Liver response criteria. The
average overall survival was 16 months [9]. The improvement
in quality in lifeis mainly related to the reduced systemic side
effects of the chemotherapy drug [10,11]. DEB-TACE is,
therefore, apalliative locoregional treatment option that can be
considered for MCRC patientswith unresectable liver metastases
[12].

Compared with conventiona TACE, drug-eluting beads
transarterial chemoembolization (DEB-TACE) achieves higher
intratumoral concentrations and lower systemic concentrations
of the cytotoxic agent, thereby reducing the
chemotherapy-related toxicity of treatment [13,14]. Although
TACE is usualy repeated multiple times, both primary and
secondary liver cancers can become resistant to treatment,
resultinginlocal progression[15,16]. Thereisaneed toimprove
clinica outcomes post TACE by improving the delivery of
DEB-TACE and by exploring new targeted anticancer drugs
that can be delivered directly to the tumor on preloaded beads
[17]. A current limitation inimproving the accuracy of embolic
administration during DEB-TACE and in understanding how
well the treatment reaches its target is the inability to visualize
the beads on imaging following local delivery within the liver.
A radiopague (RO) bead has recently become commercially
available, which can be visualized with computed tomography
(CT) and fluoroscopic imaging [18]. This technology has the
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advantage of providing intra- and postprocedural confirmation
on x-ray or CT of bead location during and after the
embolization procedure, enabling rea-time adjustments to
optimize patient treatment [ 19]. The RO bead builds on existing
DC Bead technology, which utilizes polyvinyl alcohol
microspheres to embolize blood vessels and deliver drugs at
high concentrations to tumors. The lasting radio-opacity of RO
beads means that they are visible on x-ray—based follow-up
scans, alowing precise eval uation of the compl eteness of tumor
treatment.

Vandetanib is an inhibitor of the tyrosine kinase activity of
vascular endothelial growth factor receptor-2 (VEGFR-2), an
endothelial cell receptor for vascular endothelial growth factor
(VEGEF). It aso possesses activity against endothelial growth
factor receptor (EGFR) and REarranged during Transfection
(RET) tyrosine kinases. Pathological angiogenesisis necessary
for the progression of solid, malignant tumors, and inhibition
of VEGF-dependent signaling has been identified as a key
antiangiogenic strategy [20]. EGFR-dependent signaling is an
important pathway contributing to the growth and metastasis
of tumor cells, and aberrant EGFR tyrosine kinase activity has
been reported in a number of human solid tumors. EGFR
tyrosine kinase activity plays a key role in tumor growth and
progression, including proliferation, dedifferentiation, and
inhibition of apoptosis, metastasis, and angiogenesis[21].

Objectives

The VERONA study explores the feasibility of administering a
vandetanib-el uting radiopaque embolization bead (BTG-022814)
[22]. Itisthefirst timethat BT G-002814 has been administered
to humans. As TACE can be safely used in the preoperative
setting to treat cancers before liver surgery, this study is
performed in patients with resectable HCC or colorectal liver
metastases before resection surgery. This provides a window
of opportunity to measure levels of vandetanib in the resected

Textbox 1. Inclusion criteriafor the VERONA study.
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liver sample as well as to assess the safety and tolerability of
BTG-002814 in patientswith liver cancer. Astumor recurrence
ratesfor HCC and mCRC after resection are up to 70% [23,24],
the development of a preoperative therapy, with the potential
to improve long-term disease control, is an important research
goal.

Methods

Inclusion and Exclusion Criteria

TheVERONA study is conducted and documented in accordance
with the Declaration of Helsinki. The VERONA study
(NCT03291379) has been approved by the Headth Research
Authority London-Chel sea Research Ethics Service Committee
(17/LO/00/11) and the Medicines and Healthcare Products
Regulatory Agency (Clinical Trials Authorization number
2016-004164-19). The inclusion and exclusion criteria for the
VERONA study are summarized in Textboxes 1 and 2,
respectively.

Overview of Study Design

The VERONA study is apilot, open-label, single-arm, phase O,
window-of-opportunity study of DEB-TACE treatment with
vandetanib-eluting radiopaque beads (BTG-002814) delivered
7 to 21 days before surgery in patients with resectable liver
malignancies. A target size of 6 patients with each primary
diagnosis is deemed sufficient to assess safety and drug
concentrations in plasma and resected specimens following
treatment. As this is a singlearm study, there is no
randomization. All patients are followed up for 28 to 32 days
following surgery. Patients are recruited from 2 centersin the
United Kingdom, and liver surgery is performed at 1 tertiary
referral  center. Patients are identified from regional
multidisciplinary team meetings, which cover 10 referring UK
centers.

1. Maleor female adults (aged =18 years)

and a candidate for liver surgery
3. Low risk for morbidity and mortality from liver surgery

4.  World Health Organization performance status 0-2

9. Willing and able to provide written informed consent

2. Resectable hepatocellular carcinoma (Child Pugh A, International Normalized Ratio <1.5) or resectable liver metastases from colorectal cancer

5. Adequate hematological function with hemoglobin >90 g/L, absolute neutrophil count >1.5 x 10%L, and platelets >75 x 10%L

6. Adequate liver function with serum bilirubin <1.5 x upper limits of norma (ULN), alanine aminotransferase (ALT; aspartate aminotransferase
if ALT isnot available) <5 x ULN, and alkaline phosphatase <5 x ULN

7. Adequaterenal function with serum creatinine<1.5x ULN and calculated creatinine clearance (glomerular filtration rate) =50 mL/min estimated
using a validated creatinine clearance calculation (eg, Cockroft-Gault or Wright formula)

8. Willing to provide blood samples, and tissue samples at surgical resection, for research purposes

https://www.researchprotocols.org/2019/10/e€13696
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Textbox 2. Exclusion criteriafor the VERONA study.

1. Any systemic chemotherapy within 3 months of the screening visit or any plan to administer systemic chemotherapy before surgery

2. Previoustreatment with transarterial embolization (with or without chemotherapy) of theliver, prior radiotherapy or ablation therapy to theliver,
or prior yttrium-90 microsphere therapy

3. Any contraindication to vandetanib according to its local label including:
«  Hypersensitivity to the active substance
«  Congenital long corrected QT (QTc) syndrome
o  Patients known to have a QTc interval over 480 milliseconds

«  Concomitant use of medicinal products known to also prolong the QTc interval or induce torsades de pointes

Any contraindication to hepatic artery catheterization or hepatic embolization procedures
Women of child-bearing potential not using effective contraception or women who are breast feeding

Confirmed allergy to iodine-based intravenous contrast media

N o 0 ok~

Patients who cannot have computed tomography, magnetic resonance imaging (MRI), or dynamic contrast-enhanced MRI (according to site
policy)

Active uncontrolled cardiovascular disease

©

9. Any comorbid disease or condition or event that, in the investigator’s judgment, would place the patient at undue risk and would preclude the
safe use of BTG-002814

10. Levelsof potassium, calcium, magnesium, or thyroid-stimulating hormone outside the normal ranges and that in the investigator’s judgment is
clinically significant, or other laboratory findings that in the view of the investigator makes it undesirable for the patient to participate in the

study

11. Participation in another clinical trial with an investigational product within 4 weeks before the screening visit

Protocol Treatment With BT G-002814

Following screening and written consent, all eligible patients
receive 1 treatment with BTG-002814, delivered transarterially,
7 to 21 days before surgical resection of the liver (Figure 1).
Moreover, 1 via of BTG-002814, containing 100 mg
vandetanib, is used for each patient. To hydrate BTG-002814,
1 mL of water for injection, followed by 9 mL of Omnipagque
350 contrast agent, is added to the vial.

Using a unilateral femoral approach, selective catheterization
of the hepatic artery will be performed. Diagnostic visceral
arteriography will be performed to delineate the arterial supply
to the tumor to determine the presence of variant arterial
anatomy and to confirm patency of the portal vein. Once the

patient's arterial anatomy is understood, a catheter will be
advanced into the right or left hepatic artery distal to the cystic
artery (if visualized). The treatment plan will be based on the
fluoroscopi ¢ appearances during arteriography. Once the catheter
isin place within the artery feeding the tumor, the reconstituted
BTG-002814 suspension will be slowly infused into the artery
(approximately 1 mL per minute). The end point of the
procedureiseither full delivery of the reconstituted bead volume
(ie, 1 mL vandetanib loaded beads in contrast) or near-stasisin
the tumoral vessel over 6 cardiac cycles. Undelivered volume
of the reconstituted embolic solution will be recorded. For HCC
patients, a super selective (segmental/subsegmental) approach
will be taken with the catheter placed as selectively as possible
while maintaining sufficient flow to the tumor. For mCRC
patients, alobar approach will be taken.

Figurel. Basic overview of study schema. All eligible patients are treated with 1 mL BTG-002814 (containing 100 mg of vandetanib) viadrug-eluting
beads-transarterial chemoembolization, 7 to 21 days before surgical resection of the liver tumor or tumors. TACE: transarterial chemoembolization.

—)

Eligible patients

TACE
1 ml BTG-002814

Surgical resection
7-21 days post TACE

m—

Study Objectives

The primary aim of the VERONA clinical study isto assessthe
safety and tolerability of vandetanib-€luting radiopaque embolic
beads (BTG-002814).

Coprimary End Points

Coprimary end points of this study are asfollows:

https://www.researchprotocols.org/2019/10/e€13696

« Adverse events (AEs) related to treatment with
BTG-002814 using the standardized grading criteria
(National Cancer Institute Common Terminology Criteria
for Adverse Events Version 4.0 [NCI-CTCAE v4.0]).

«  Concentration of vandetanib and N-desmethyl vandetanib
in plasma and in resected liver tissue following treatment
with BTG-002814.
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Secondary End Points
Secondary end points of this study are asfollows:

« Distribution of BTG-002814 on noncontrast-enhanced
imaging of tumor vasculature and regions of interest using
4-dimensional (4D) CT.

« Evauation of histopathological features in the surgical
specimen (malignant and nonmalignant liver tissue): tumor
necrosis, viable tumor, and vascular changes.

« Assessment of changes in blood flow on dynamic
contrast-enhanced magnetic resonanceimaging (DCE-MRI)
following treatment with BTG-002814.

Exploratory End Points
Exploratory end points of this study are as follows:

« Study blood biomarkers with the potential to identify
patients likely to respond to treatment with BTG-002814

- Correlate the distribution of BTG-002814 on imaging and
pathology by 3-dimensional (3D) modeling.

Study Schedule

Figure 2 shows an overview of the study schema. A baseline
visit is performed up to 7 days before treatment with

Beaton et al

BTG-002814. This visit involves liver magnetic resonance
imaging (MRI) scan (incorporating dynamic
contrast-enhanced-MRI [DCE-MRI]) and liver CT scan
(incorporating perfusion CT liver, pCT), in addition to blood
samples for biomarkers. On the day of treatment with
BTG-002814, pretreatment assessmentsincludeliver DCE-MRI
and pCT, blood biomarker analysis, and plasmavandetanib and
metabolite analysis. Following treatment, blood samples for
vandetanib and metabolite analysis at 2 and 4 hours are taken.
Patients are admitted overnight for observation. A noncontrast
4-dimensional CT scanis performed the following day to assess
the location of beads. Blood samples are taken for biomarker
and vandetanib and metabolite analysis 24 hours post treatment.
Imaging with DCE-MRI and pCT isrepeated on the day before
surgical resection, along with blood biomarker, vandetanib, and
metabolite analysis. Surgical resection of the liver tumor(s) is
then conducted as part of standard clinical care. Following
resection, the specimenisimaged in amicro-CT scanner before
sampling for tissue vandetanib level s. Histopathological analysis
isthen performed. Table 1 outlines the assessments undertaken
at each study visit.

Figure 2. Study schema for the VERONA study. CT: computed tomography; DCE-MRI: dynamic contrast-enhanced—magnetic resonance imaging;

DECT: dual energy computed tomography; 3D: 3-dimensional; 4D: 4-dimensional; TACE: transarterial chemoembolization.

/ [Treatment with BTG-002814 ] 7-21 days [ Surgical resection ] 28-32 days \
: Day 1 post " .
[ Baseline ] ‘[ Pre TACE ] [ Post TACE ]»[ e ] »[ Pre surgery ] [ Post surgery ] -| Final visit
Visit 1 Visit 2a Visit 2b Visit 3 Visit 4 Visit 5 Visit 6
4 ) 'd N\ g ™y 4 W )\
Perfusion CT Perfusion CT Perfusion CT Micro-CT of
DECT DECT 4D CT DECT liver
DCE-MRI DCE-MRI DCE-MRI specimen
o J o J . J AN J
4 ) 4 b . N 4 AY 4 )
Biomarkers VaTdetIam Blorgarkert:‘; Biomarkers Tissue Biomarkers
Biomarkers Vandetanib kg EEEETL Vandetanib vandetanib Vandetanib
i (2 hours and levels (24 gy evel
s 4 hours) hours) st levels sV
| J | | S\ J
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Table 1. QOutline of study schedule and assessments.

Beaton et al

Visit 0:
screening

Visit 1:
baseline

Study visit and assessment
day

Pre

Visit 2: treatment

Visit 6: end
of study

Visit 3: day 1
posttreatment

Visit 4: day be-
fore resection

Visit5: surgi-
cal resection

Post

Informed consent NG b —

Patient demographics
Medical and prior treatment history

Eligibility assessment

X X X X

Child Pugh Assessment (hepatocellular
carcinoma patients only)

x
|

Physical examination

x
x

Vital signs

x
x
|

World Health Organization perfor-
mance status

Concomitant medications
Assessment of adverse events
Biochemistry

Hematology

Coagulation tests

12-lead electrocardiogram

X X X X X X X

Serum pregnancy test®

X X X X X X X X
|

Liver MRI® (incorporating dynamic
contrast-enhanced-MRI)

CT®scan liver (incorporating perfusion
sequence)

4-dimensional CT scan liver — — _
Blood biomarker analysis —

Serum tumor markers —

X X X

Vandetanib and N-desmethyl metabo- — —
lite plasma sampling

Vandetanib and N-desmethyl metabo- — — —
litetissue sampling and histopathol ogi-
cal diagnosis

X X X X X X
| > X
X X X X X X

|

|
X X X

|

|

8A ssessment performed at visit.
bA ssessment not performed at visit.

CFor women of child-bearing potential, a negative pregnancy test must be obtained before treatment.

dMRI: magnetic resonance imaging.
€CT: computed tomography.

Safety and Tolerability of BT G-002814

AEs and serious AEs are collected and classified according to
standardized grading criteria (NCI-CTCAE v4.0) and the
relationship to the study treatment recorded.

Plasma and Tissue L evels of Vandetanib and
N-Desmethyl M etabalite

Vandetanib is metabolized to its major metabolite, N-desmethyl
vandetanib, by cytochrome P450 3A4 (CYP3A4).
Concentrations of vandetanib and N-desmethyl vandetanib in

https://www.researchprotocols.org/2019/10/e€13696

plasma and in resected liver tissue following treatment with
BTG-002814 are measured and concentration profiles over time
are reported.

Following surgical resection, theliver specimenisimmediately
secured within a plastic bag and stored on ice in an insulated
container before transfer for sampling. Tissue samples are
collected from the resected liver tissue to measure concentrations
of vandetanib and N-desmethyl vandetanib. Samples are
immediately wrapped in fail, snap frozen into liquid nitrogen,
and stored at -80°C until shipped on dry ice to York
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Bioanalytical Solutions Ltd, York, United Kingdom, for
analysis.

Blood samples for vandetanib concentrations are taken before
treatment with BTG-002814 (0 min) and at 2 hours, 4 hours,
and 24 hoursfollowinginitial administration. If patientsrequire
a longer hospital stay, an optional additional sample is taken
after 36 hours and up to the time of hospital discharge. Samples
are then taken 24 hours before surgery (visit 4) and at the end
of study visit (visit 6; Figure 2). At each time point for analyses,
whole blood is collected into a lithium heparin tube and
centrifuged. Plasmais pipetted into cryovias, which are stored
at —70°C (or below) until analysis (York Bioanalytical Solutions
Ltd, United Kingdom). Vandetanib and N-desmethy! vandetanib
metabolite concentrations in plasma and tissue samples are
determined using solid phase extraction, followed by liquid
chromatography coupled to mass spectrometry (York
Bioanalytical Solutions Ltd, York, United Kingdom).

Distribution of BT G-002814

Following treatment with BTG-002814, a 4D-CT scan is
performed to assess the positioning of the beads. This scan is
performed without contrast and is used to describe the
anatomical distribution of the RO beads.

Histopathology of Resected Liver

Following liver resection, an evaluation of histopathological
features in both malignant and nonmalignant liver tissue from
the surgical specimen is performed. The extent of tumor
necrosis, viable tumor, and any vascular changes observed are
described. Conventional techniques will be used to further
investigate the tumor environment, such as extent of necrosis
and nepangiogenesis.

Dynamic Contrast-Enhanced—M agnetic Resonance
Imaging and Perfusion Computed Tomography
Imaging

As measurement of perfusion characteristics may improve
understanding of liver tumor biology and behavior, patientsin

this study undergo DCE-MRI and perfusion CT (pCT) at time
points shown in Figure 2.

Dynamic Contrast-Enhanced—Magnetic Resonance
Imaging

After acquisition of standard clinical MRI liver sequences, T1
mapping is performed using 3D volumetric gradient echo
imaging with varying flip angles. A series of T1-weighted 3D
volumetric images are acquired at baseline and at short intervals
during administration of a bolus of intravenous paramagnetic
MR contrast agent. Liver parenchymaand tumor signal intensity
curves are used to cal cul ate tissue parameters describing tumor
perfusion, blood flow, and vascularity using a compartment
model with an arterial and portal venous input function [25].

Dual Energy and Perfusion Computed Tomography

Dual energy CT (DECT) imaging and perfusionimaging (pCT)
of theliver are performed. A DECT (80 and 135kV) and helical
CT (120 kV) is acquired before contrast delivery. Following
injection of iodinated contrast, volume perfusion scans are
acquired. Dual energy and helical CT scans are then repeated

https://www.researchprotocols.org/2019/10/e€13696
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following contrast washout. CT perfusion maps are created and
used to cal cul ate tissue parameters describing tumor perfusion,
blood flow, and vascularity. Arterial blood flow, portal venous
blood flow, and perfusion index will be derived using a dual
input maximum slope method; blood volume and flow extraction
product will be derived using Patlak analysis[26].

Blood Biomarkers

Blood biomarkers are measured to indicate potential activity of
the BTG-002814. Specificaly, proangiogenic factors,
antiangiogenic factors, hypoxia markers, hemopoetic growth
factors, inflammatory factors, and markers of endothelia
function are measured at set time points during the study (Figure
2). At each study time point, blood is collected into an EDTA
tube and centrifuged. Plasmais pipetted as aliquotsinto 6 to 8
cryovials, which are stored at —70°C (or below). M easurements
of each cytokine is then performed using the Merck Milliplex
kitsfor the Luminex 200 machine. Blood samplesare also taken
for the measurement of serum a pha-fetoprotein in patientswith
HCC, or serum CEA, CA19-9, and CA125 in patients with
mMCRC.

Three-Dimensional Modeling

The correlation between the distribution of BTG-002814 on
imaging and within the pathol ogical specimen will be explored
using 3D modeling. Following resection of thetumor, micro-CT
imaging is performed on aM ediso nanoScan Positron Emission
Tomography/CT. After micro-CT, standard hematoxylin and
eosin stain sections are cut from every block onto large
microscopy slides. All slides are scanned and image sets are
uploaded and registered using a sequential dlice-to-dlice
image-based registration approach.

Statistical Consider ations

The statistical analysisin this study is primarily descriptive, to
assess the safety and tolerability of the study treatment as well
as the distribution of the product following delivery. As such,
the study is not powered for any statistical hypotheses. On the
basis of preclinical trials, atarget size of 6 patients with each
primary diagnosisis deemed sufficient to assess safety and drug
concentrations in plasma and resected specimens following
treatment [27]. All patients who receive treatment with
BTG-002814 in the study will be included in the analysis
population.

Results

Enrollment for the study will be completed in February 2019.
Results of aplanned interim analysiswerereviewed by a safety
committee after the first 3 patients completed follow-up. The
recommendation of the committee was to continue the study
without any changes to the dose or trial design, as there were
no significant unexpected toxicities related to BTG-002814.

Discussion

Overview

Although surgical treatment isthe treatment of choicefor HCC
and CRC liver metastases, only a proportion of patients are
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suitable for surgery because of the presence of multifocal tumors
or limited hepatic reserve [6]. TACE is the standard treatment
option for intermediate-stage HCC and is now considered a
local therapy option for some patientswith liver-limited mCRC.
Despite recent advances in TACE delivery, including the
development of DEB-TACE, tumor progression occurs in the
majority of patients [15,16]. Improving administration
techniques and investigating thelocal delivery of new anticancer
drugsvia TACE areimportant research approachesto potentially
improving clinical outcomes for patients with primary and
secondary liver cancer.

The ability to deliver vandetanib locally to liver tumors via
TACE isanovel approach to be reported in this first-in-human
clinical trial. To assess targeting of angiogenesis (via VEGF)
and EGFR- and RET-dependent tumor cell growth, anticancer
efficacy will be assessed in this clinical trial primarily by the
extent of tumor necrosis and percentage of viable tumor in the
resected liver tissue, in addition to the measurement of relevant
blood biomarkers.

To date, therehasbeen only 1 trial that has assessed the efficacy
of vandetanib in HCC patients. That study, by Hsu et a,
involved oral systemic administration rather than transarterial
targeted therapy. A total of 67 HCC patients were randomized
to oral vandetanib 300 mg (n=19), oral vandetanib 100 mg
(n=25), or placebo (n=23). A total of 29 patients subsequently
entered open-label treatment. Vandetanib induced a significant
increase in circulating VEGF and a decrease in circulating
VEGFR levels. In both vandetanib treatment arms, tumor
stabilization rate was not significantly different from placebo.
Although trends toward improved progression-free survival and
overall survival after vandetanib treatment were found, they
were not statistically significant. The most common AEs were
diarrhea and rash in both treatment groups [28].

In patients with mCRC, several phase | dose escalation studies
have been conducted to determine the maximum tolerated dose
of oral vandetanib in combination with different therapeutic
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agents and regimens. These studies have reported expected and
manageable toxicity profiles, but the observed efficacies have
raised concern for moving forward with these combinations
[29-33].

It isanticipated that the tissue concentrations of vandetanib and
its major metabolite will be significantly higher in liver tumors
following administration of TACE beads than following ora
administration. One would speculate that the systemic
concentrations of the drug should be lower following local
delivery to theliver compared with oral administration, resulting
in a more tolerable side effect profile, as observed in a
pharmacokinetic study of BTG-002814 in a porcine model of
hepatic artery embolization [27]. In this preclinical study,
healthy swinewere treated with intra-arterial vandetanib-eluting
radiopaque beads, and tissue samples were taken from both
embolized and nonembolized liver sections for determination
of vandetanib and metabolite levels at necropsy (30 and 90
days). Vandetanib and N-desmethyl vandetanib were present
in treated sections 30 days after administration, at levels above
the in vitro 1Cg, for biological effectiveness. At 90 days, both
analyteswere still present in the treated liver sections but were
near or below the limit of quantification in untreated liver
sections, demonstrating sustained rel ease from the loaded beads.
Furthermore, intra-arterial delivery resulted in low systemic
exposure, with no obvious systemic toxicity. On the basis of
these data, it is postulated that, in this first-in-human study,
BTG-002814 will be safe to deliver, provide sustained release
of vandetanib, and have minimal toxicity from systemic
exposure to drug.

Conclusions

The VERONA study isafirst-in-human, window-of-opportunity
study of the safety and tolerability of BTG-002814 in patients
with resectable HCC or mCRC. The study design allows
trandlational end pointsto be evaluated in detail, including blood
biomarkers, perfusion imaging studies, and 3D histopathol ogical
modeling.
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pCT: perfusion computed tomography

RECIST: response evaluation criteriain solid tumors
RET: REarranged during Transfection

RO: radiopague

TACE: transarterial chemoembolization

VEGF: vascular endothelial growth factor

VEGFR: vascular endothelial growth factor receptor
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