Translating science into better healthcare
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VVOLTA: VOLumetric Thermal Ablatiolni

Non-invasive treatment of cancer by MRI-guided high-intensity
focused ultrasound ablation
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Cancer therapy without surgery

Within the medical profession, there is growing interest in minimally invasive image-guided therapy, the idea
being to cure disease while doing as little harm as possible to the patient. Such therapeutic approaches are now
being developed for cancer. Medical imaging systems play an important role in minimally invasive procedures,
providing images of patients before, during and after the procedure in order to plan, guide and evaluate the
results of therapy. Such methods result in fewer complications, fewer and smaller scars, and less burden on
patients. In addition, patients recover more quickly and leave the hospital sooner, leading to lower healthcare
costs.

In the VOLTA project we have developed a new technology for the non-invasive treatment of cancer using high
intensity focused ultrasound. It is possible to transmit ultrasound into a patient in such a way that the acoustic
energy primarily ends up in one location -the focal point. At the focal point, local heating of the tissue will occur,
which can be used to kill tumor cells. This process is called thermal ablation. The possibility of locally heating
tissue without doing harm to surrounding tissue opens a pathway towards new therapeutic strategies with
improved reliability and less associated trauma, leading to improved efficacy, reduced periods of hospitalization,
reduced treatment costs and improved quality of life.

High Intensity Focused Ultrasound (HIFU) is the only known technique capable of completely non-invasive
controlled heating deep inside the human body. Up until now it has been used primarily for the treatment of
prostate cancer, guided by ultrasound imaging. However, when using ultrasound guidance, 3-dimensional
information is frequently lacking and accurate temperature mapping is not possible. Magnetic Resonance

Imaging (MRI) is therefore well suited for HIFU guidance, as it allows continuous imaging of the tumor and the
surrounding healthy tissue. In addition, MRI can be used to acquire temperature maps inside the patient. Such
maps can be used to control the heating procedure to make sure the tumor is heated adequately. The
combination of MRI and focused ultrasound is called MRgHIFU: “Magnetic Resonance g
Focused Ul trasound” . | n tMRgHIFY @thimofogyhas bgeredevelppedifar tleatinga t e
Prof. Dr. C. Moonen breast cancer and metastases in the liver completely non-invasively, an approach that —in the end- can replace
surgery.
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Principal Investigator of the VOLTA consortium

fi N et® $urgery, Radiation and Chemo Therapy,
MRI guided High Intensity Focused Ultrasound as
developed in the VOLTA project, may become a
fourth pillar of cancert her apy . 0O
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Surgical resection of the primary tumor is currently the
treatment of choice although the ultimate success is
still limited. During the surgical procedure tumor
margins may be difficult to define. Especially in solid
organs, like breast and liver tumors can often not be
felt or seen and the surgeon has only a rough idea of
the target area to be removed. Under these
circumstances residual tumor may be left behind
leading to the need of additional operations or adjuvant
radiotherapy to prevent (local) recurrence. Contrarily,
too extensive surgical procedures may lead to poor
cosmetic results in e.g. breast cancer or unnecessary
loss of organ function.

Image-guided minimally invasive oncologic procedures
can result in fewer complications than surgery, prevent
potential mutilation, minimize morbidity, are logistically
simple and can often be performed in day care under
local anesthesia, which may considerably reduce
healthcare costs.

An important challenge for image-guided minimally invasive procedures is to make sure that no residual viable tumor cells are present after ablation. Another important
parameter is the treatment duration, since patients need to remain immobilized throughout the whole procedure. The volumetric heating approach used in VOLTA allows
faster ablation of larger volumes, with more homogeneous thermal dose distributions. In addition, the temperature-based feedback control will circumvent the problem of
delivering a thermal dose that is too low to cause cell death.

MRgHIFU ablation of malignant tumors in a moving organ like the liver requires additional important technological developments and innovations. The MRgHIFU system
must be adapted to take the motion of the liver into account, both with respect to positioning of the focal point, as well as to correcting for motion artifacts in rapid temperature
mapping. The higher blood flow and perfusion rates in the liver, as well as the presence of the ribs, require further modifications of the MRgHIFU platform, specifically with
regard to managing the spatiotemporal ultrasound power deposition. Ultrasound absorption by tissues in between the HIFU transducer and the focal point leads to so-called
near-field heating that must be monitored.

There is lack of accurate and reliable imaging techniques for per- and post-interventional assessment of therapy response and treatment results. to Therefore VOLTA also
focuses on identifying a comprehensive set of non-invasive imaging biomarkers to monitor and predict the outcome of HIFU ablation in preclinical animal models, which can
be translated to the clinic for proof-of-concept human studies.

Clinical Need Tools

Minimal invasive treatments and local therapies To develop a technology platform for non-invasive thermal ablation of tumor tissue by Magnetic Resonance
may reduce or even obviate the need for guided High Intensity Focused Ultrasound (MRgHIFU) in the clinic. The ultimate goal is to provide a proof of

conventional surgical procedures and at the same concept of the applicability of the developed technology for HIFU mediated tumor ablation in breast cancer

time enhance the treatment efficacy. patients and in patients with colorectal liver metastases. The aim is to obtain at least equal efficacy to surgical
treatment with clear advantageous effects with regard to morbidity, organ preservation, cosmetics, costs and
patient recovery.
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Budget: CTMM manages the flow of funds -r;:volta
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Project costs:
Funding: - Personnel

- 25% Academia - Materials

- 25% Industrial |/ - Use of existing equipment
a” - Investments
()
@

- 50% Government Subsidy - Third parties
- Management (5%)




Facts & Figures es, volta

K
.Y a ctmm project

7

Distribution of the VOLTA

budget to the partners in

order to perform the R&D m Academic Partners
activities

m Industrial Partners Large

m |[ndustrial Partners SME
Budget
Start
End
Partners

u CTMM investments

2.500.000 -

2.000.000 -

1.500.000 -

m Academic cash costs
1.000.000 -

500.000 - J
0 H =

PhD student PostDoc Senior Staff Supporting IT Staff Materials &  Investments
Staff Services

® Industrial cash costs

CASH COSTS
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1.500.000 -

B Academic in kind costs
1.000.000 -
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49 (5 years period)

Papers 28 6 papers in submission - mean impact factor all published VOLTA papers: 3,9
Theses 8 2 planned
Potential 2 1. MRgHIFU prototype and protocol for breast cancer (until precompetitive phase)
Products 2. MRgHIFU prototype and protocol for liver/kidney cancer (until precompetitive phase)
ERC grant (2010) - Prof. C. Moonen (UMCU)
Raising Capital EU FP7 grant (2013): Image-guided Pancreatic Cancer Therapy (iPaCT) - Dr. S. Langereis (Philips)
4 Oncology grant (2014): MRI-guided high-intensity focused ultrasound ablation and immune activation for local and systemic tumor control -
(> 1 M€)
Prof. G. Adema (Radboudumc)
CTMM Transition Grant 2015 — VOLTAVALO - Prof. C. Moonen (UMCU)
Paul Baron (WP 1):* Best Arti cl e Aragaamae Medidal Imagirg of fhe Graduate School of Life Sciences at Utrecht
University (2014).
Roel Deckers (WP 1, 3): Young Investigator Award (2012)
Igor Jacobs (WP 2): awarded with a certificate of merit; summa cum laude ISMRM (2014); awarded with an ESMI Excellence Award for
Young Researchers (2015); awarded with the EMIM poster award in
Awards 10 Stefanie Hectors (WP 2): ISMRM presentation, magna cum laude merit award (2013); ISMRM poster, magna cum laude merit award (2014).
Nicole Hijnen (WP 2): Oral presentation & Travel award (700 $), Stability and Trapping of MRI Contrast Agents during HIFU ablation therapy
ISTU (2012), Heidelberg, Germany; Physic/Engineering InformaY a ma mot o Ed i t o r €), dwaAdwfahe Gocietyl ob The&mal
Medicine for the most important research contribution and best paper in the International Journal of Hyperthermia (2012), presented at the
ESHO 2013, Munich, Germany; Best PhD thesis Award in Biomedical Engineering 2013 of the Eindhoven University of Technology, the
Netherlands.
Public 3 2012 Press release “UMC Utrecht start met nNOSJownal/RrTehnewsdteant i ng bo
2013

Media
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MRI findings were compared with the pathology specimen in 62 patients undergoing breast conserving therapy. It
appeared that a typical treatment margin of 10 mm around the MRI visible lesion may include subclinical disease in 48% of
the patients. When surgery achieves a 10 mm tumor free margin around the MRI visible tumor MRI may require a margin
of > 10mm in up to one fourth of the patients.

Temperature mapping for breast application: with respect to heat-induced errors in the temperature caused by the heating
of fat, we were able to demonstrate that this effect does actually occur in human breast tissue. Whether and how we need
to correct for this effect during clinical applications is subject of current investigations. Temperature mapping for liver
application: as the monitoring of near field heating will be of specific importance for ablations in the liver, a method for
monitoring subcutaneous fat temperature was proposed which is based on the temperature-dependence of the transverse
relaxation time T2.

Since MR-HIFU for liver and kidney face similar challenges, such as correction for motion and obstruction by the rib cage,
the progress in the VOLTA project has led to the development of a protocol for kidney treatment. A first patient has been
treated with this protocol at the UMCU.

Biomarker results for monitoring HIFU-treatment:
A MRI scans based on a panel of endogenous contrast mechanisms enable the differentiation between HIFU-
treated and non-treated tumor tissue
A Dynamic contrast-enhanced MRI, using a range of differently sized Gd-contrast agents and pharmacokinetic
modeling, allows the quantification of regional microvascular responses to HIFU ablation
A The use of contrast-enhanced MRI with Gd-contrast agents for tumor demarcation immediately prior to HIFU
ablation should be avoided as circulating contrast material impairs MRI thermometry and is entrapped inside the
ablated tissue
A Despite its successful use in clinical oncology, 18F-FDG PET imaging is unsuitable to monitor tumor regression
after MR-HIFU ablation due to the confounding effects of inflammation
A Biochemical assays have been developed that enable the activation status of the immune system to be quantified
in relation to HIFU thermal tumor ablation in preclinical and clinical studies

Highest Impact Papers i mean 7,6

MEAN IMPACT FACTOR

Hijnen N. et al, Adv Drug Deliv Rev. 2014 Jun;72:65-81
Merckel L.G. et al, Radiology. 2012 Oct;265(1):322-3
Schmitz A.C. et al, Radiother Oncol. 2010 Nov;97(2):225-32
Wijlemans J.W. et al, Invest Radiol. 2015 Jan;50(1):24-31
Hijnen N.M. et al, Invest Radiol. 2013 Jul;48(7):517-24.
Wijlemans J.W. et al, Invest Radiol. 2013 Jun;48(6):381-6

International - Oncology 1 4.4

CTMM - Oncology 2

4

1 - Panaxea 2013. Steute et al Impact Analysis CTMM (internal report, paper in preparation).
2 - Mean impact factor based on 200 papers from the CTMM oncology first call projects.
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Thesis Partner

Annemarie Schmitz UMCU 2011
Beatrijs Seinstra UMCU 2011
Nicole Hijnen TU/e 2013
Laura Merckel UMCU 2014
Paul Baron UMCU 2015 ol R i s T
Igor Jacobs TUle 2015

Stefanie Hectors TUle 2015 s | R SR \ A

v

Joost Wijleman UMCU 2015
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Floor Knuttel UMCU planned

Marjolein van Breugel UMCU planned
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Rat model + 3T clinical MRI scanner and HIFU
tabletop: this set-up enables longitudinal multimodal
imaging evaluation of the effects of HIFU ablation on
tumor cell death and tumor regrowth in rat models
(Philips, TU/e).

Mouse model with Therapy Imaging Probe System
(TIPS) transducer; temperature is measured inside
a tumor in the center of the treatment area

using a thermocouple probe (TU/e).

Preclinical MR-HIFU set-up for performing
longitudinal VX2 tumor ablation studies in
rabbit hind legs (UMCU).

Breast application: a dedicated system was developed
that allows sonication from a transducer array situated
around the breast instead of sonication towards the
lungs/heart (Philips, UMCU).

Liver application: the MRgHIFU platform for uterine
fibroids treatment has been adapted for liver tumor
treatment using a new transducer with increased power,
increased cooling, increased mechanical displacement
possibilities (Philips, UMCU).

Preclinical set-up, including radio-frequency coil assembly
and animal support, for MR-guided HIFU research on
anaesthetized tumor-bearing rodents using the Philips
Sonalleve MR-HIFU platform is commercially available
(TU/e, Philips).

K
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e Patient workflow protocols were developed for breast and liver:
screening, treatment planning, guidance during therapy, therapy
assessment and follow-up (UMCU).

e In addition, workflow protocols for kidney tumor treatment were
developed on the basis of the liver protocol (UMCU).

e Clinical study protocols were developed and submitted for IRB approval
(UMCU):

» Treat and resect protocol for breast (10 patients): the main
endpoint is the accuracy of treatment with MR-HIFU in
breast cancer patients . A secondary endpoint is safety .

» Treat and resect protocol for liver application (10 patients) .

Preclinical » Immunosurveillance assays to be included in following
models Clinical protocols (Radboud UMC, NKI).

protocols » A comprehensive translational multi-parametric MRI
protocol for monitoring tissue responses to MR-guided
HIFU treatment was developed (TU/e)

Hardware

Software » MRgHIFU protocols for breast tumors have concentrated
on artifact removal in temperature MRI of breast resulting
from the high lipid content and from respiration-induced
magnetic field fluctuations (UMCU, Philips).

e Protocols and methods were developed for lesion ablation
in the part of the liver situated below the thoracic cage,
using a gated approach for both sonications and MR
thermometry to cope with respiratory motion. The protocols
have been tested and optimized in animal studies (in 16
pigs so far) and the methods are technically ready for the
first application in carefully selected human patients
(UMCU, Philips).

e Clustering algorithms for the analysis of multi-parametric MRI data sets
were developed and validated by comparison to histological read-outs
of tissue status (TU/e).



Clinical and Economic Value Creation of
VOLTA

New oproductso for cli




Main Product Pipelines

13

c

©

o

Q

a

o

©

o

0

@©

(¢)]

S

m

=

©

o

Q

a

(©F Problem
© description
q>)‘ Functional
o design
©

4

~~

S

()]

=

—

Concept & feasibility

Prototype
development
Temperature
mapping
Multiparametric
MRI analysis

Prototype
development
Temperature
mapping
Multiparametric
MRI analysis
Near field heating

Technology and Protocol
Development

Pre-clinical testing
Analyze & redesign:
optimize hardware
optimize software
Temperature mapping
Multiparametric MRI
EQEWSS

Pre-clinical testing

Analyze & redesign:
optimize hardware
optimize software

Temperature mapping

Multiparametric MRI

EQEWAIS

Near field heating

Clinical Prototype
Development

- IRB protocol 10
patients ( % treat
and resect)

- Analyze and
redesign

- IRB approval for
Phase Il clinical
study (complete

ablation)
Q3 2015:

Start VOLTAVALO

(CTMM Transition

Grant) — Phase Il
Clinical study

- Approved IRB
protocol 10
patients i patient
recruiting difficult

- Similar protocol
used for kidney
application (1
patient)
Q4 2015:
Optimized
protocol and
platform

Clinical Validation
platform

Not financed within CTMM

Not financed within CTMM



Potential product 1: breast cancer treatment
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PRODUCT

Magnetic resonance guided high-intensity-focused-
ultrasound (MRgHIFU) prototype and protocol for
treatment of breast tumors. By thermal ablation local
heating of the tissue occurs, which is used to kill tumor

cells. - }

»’,

Source: www.philips.com/news

PARTNERSHIP

Progress obtained in translational pipeline

Demonstrator
Pre-clinical
Development

2015

Clinical
Evaluation

Technology

Market acces
design

Most important achievements:
Focus on small tumors (larger tumors in HIFU-CHEM

project):

This non-invasive method may have fewer } _
complications than oncologic surgery, with improved u  Temperature feedback loop (MRI guided)
reliability and less associated trauma, leading to developed
improved efficacy, reduced periods of hospitalization, U Insightin the predictive value of thermal dose
reduced treatment costs and improved quality of life. and imaging biomarkers for tissue necrosis

] u Clinical prototype and protocols for breast MR-
Product requirements: HIFU therapy
- Time of treatment protocol < 90 min U Proof-of-concept of MRgHIFU treatment of breast

- 100% ablation of tumor cells

- No significant healthy tissue damage

- Minimal time rise: 25 degC

- Accuracy + 5 degC

- Method to detect residual tumor mass and monitor
HIFU treatment

cancer - including validation of treatment and
monitoring protocols in 10 patients. The results
show that MR-HIFU ablation with the dedicated
breast system is safe and results in
histopathologically proven tumor necrosis.

Future outlook:

Leading Partners
Philips, UMCU

Current treatment
Surgery and
radiotherapy

Freeze design of demonstrator

Phase Il clinical study is IRB approved and will be
performed in the VOLTAVALO project (transition

grant CTMM).

For larger tumors, a protocol for MR-HIFU assisted
chemotherapy is being developed in the HIFU-
CHEM project.

.Y a ctmm project

PATIENT

Treatment
& monitoring

“\erapy selectj, "

Every year 13.000 woman diagnosed with
breast cancer in NL; 20% dies of it.A

Yearly costs of (initial) treatment: M0U57.2

Expected impact of this product:

U Instead of a crude surgical procedure this
technology enables local tumor ablation
without leaving mutilating scars; 1 6 5 0
to be gained

QAL

U Expected annual cost savings: M€8.25

U Less co-morbidity, shorter hospitalization and
better esthetic results for the patients are
expected



Potential product 2: treatment of liver metastases
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PRODUCT

Magnetic resonance guided high-intensity-focused-
ultrasound (MRgHIFU) prototype and protocol for
treatment of liver tumors. By thermal ablation local
heating of the tissue occurs, which is used to kill tumor

cells. ?vh

il

Source: www.philips.com/news
This non-invasive method may have fewer
complications than oncologic surgery, with improved
reliability and less associated trauma, leading to
improved efficacy, reduced periods of hospitalization,
reduced treatment costs and improved quality of life.

Product requirements:

- Time of treatment protocol < 90 min

- 100% ablation of tumor cells

- No significant healthy tissue damage

- Minimal time rise: 25 degC

- Accuracy + 5 degC

- Method to detect residual tumor mass and monitor
HIFU treatment

Leading Partners
Philips, UMCU

Current treatment
RF ablation (< 20%)
Palliative treatment
Chemotherapy

PARTNERSHIP

Progress obtained in translational pipeline

Demonstrator
Pre-clinical
Development

i 2015

Clinical
Evaluation

Technology

Market acces
design

i2009

Most important achievements:
U Temperature feedback loop (MRI guided) developed

U Insight in the predictive value of thermal dose and
imaging biomarkers for tissue necrosis

U Clinical prototype and protocols for liver MR-HIFU
therapy

U IRB approval for protocol to treat 10 patients

U Despite the successful development of workflows for
MR-HIFU treatment of liver, no patient recruitment
was realized probably because of limited added value
for the patient with the current hardware (volume to
be ablated is small compared to most tumors). A
subsequent technological improvement is underway
as part of the FP7 project iPaCT.

Future outlook:

Upgrade HIFU transducer for liver in order to
al |l evi aftieel“ch"ealreati ng pr

Freeze design of demonstrator
Finalize clinical development
Implement system in clinical care

.Y a ctmm project

PATIENT

Treatment
& monitoring

“\e‘apy selectj, "

Every year 10.000 diagnosed with liver
metastases in NL.A

Yearly costs of (initial) treatment: Mu52

Expected impact of this product:

U Non invasive treatment with less comorbidity

U With the current system the ablated volume
per hour appears to be of limited clinical value
— within a for a surgeon acceptable timeframe
of 2 hours not sufficient tumor necrosis can be
obtained. In order to improve this a new design
of the transducer is required. Consequently,
further technological improvement is needed
before clinical application can be realized.
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Treatment
&
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Patient
stratification

RISK PREDICTION

Treatment
&
monitoring

Patient
stratification

Screening
prevention

=:1\%
diagnosis

Screening
prevention

Early
diagnosis

Current Care setting

For women with early stage breast
cancer, breast conserving therapy
(BCT) is an effective surgical
treatment. Due to its invasive nature,
disadvantages concern the option of
complications, poor cosmetic
outcomes and related reduced
quality of life.

Model development

When the first indications for long
term outcomes regarding clinical and
cosmetic effects are available, a
model can be developed to evaluate
these outcomes compared to the
current care setting.

Patient stratification

New care setting

MR-HIFU ablation is proposed as a
possible substitute for surgery. It is
supposed to have equal clinical
effectiveness in women with breast
cancer.

Performance evaluation
Not yet applicable

Treatment allocation

Commercial Headroom available

Starting from equal clinical effectiveness of
MR-HIFU and BCT, MR-HIFU is potentially
commercially attractive, when the entire
procedure including post operation care has
comparable costs to BCT. When MR-HIFU
has better outcomes, there will be room for a
higher price. Given current data, duration of
the MR-HIFU procedure is the main cost-
driver. The current best estimate for MR-HIFU
treatment duration leaves no commercial
headroom.

Implications

When there is more experience with MR-HIFU,
the available commercial headroom can be
reconsidered.

Potential of personalized treatment

MR-HIFU requires specific indication criteria,
and a relatively small proportion of women
meet this criteria. This means the new
technique is relevant in a setting of
personalized treatment.

MR-HIFU is supposed to have equal
clinical effectiveness in women with
breast cancer, given that the tumour
g < 3 ¢cm, is | ocat etdercentresr each of
MR-HIFU beams, and that there is

no lymph node metastasis, extensive

DCIS, or lobular subtype of breast

cancer. About 12% of the women

with a diagnosis of primary breast

cancer meet these criteria.

Given the novelty of the technology, it is
important to further build experience in
one centre, before it is implemented in
t he

CLINICAL CASE
ASSESSMENT

Treatment
&
monitoring

Screening
prevention

Patient Early
stratification |EeEGRISS
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ADC Apparent diffusion coefficient

BCT Breast Conserving Therapy

DCE-MRI Dynamic contrast-enhanced MRI

DCIS Ductaal Carcinoma In Situ

EMIM European Molecular Imaging Meeting

ESMI European Society for Molecular Imaging

ERC European Research Council - Advanced Grants

FP7 Seventh Framework Programme, European Union research and development funding programme
18F-FGD Fluorodeoxyglucose

HIFU High Intensity Focussed Utrasound

IRB Institutional Review Board

ISMRM The International Society for Magnetic Resonance in Medicine
MR Magnetic Resonance

MRI Magnetic Resonance Imaging

MRgHIFU Magnetic Resonance guided High Intensity Focused Ultrasound
PET Positron emission tomography

R1 Relaxation rate (1/T1)

R2 Relaxation rate (1/T2)

TIPS Therapy Imaging Probe System

VX2 VX2 carcinoma cells
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