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iThera Medical — overview

* Founded in 2010 as a spin-off from
Helmholtz Centre Munich

* Developing and marketing novel
molecular imaging technology

* Launched first optoacoustic preclinical
scanner in 2010

* Supported by BMBF, awarded multiple
times as innovative young company

BioVaria



MSOT-based publication each year
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MSOT: Next-gen biomedical imaging L

1895 1940s

Ultra- PET _
X-Ray cound CT  MRT  apedy Optical

Anatomical information * Functional information Molecular information




Historical background of PA imaging L

Alexander Graham Bell first published on the photoacoustic effect in 1881
(A. G. Bell, "The Production of Sound by Radiant Energy," Science, vol. 2, pp. 242-53, May 28 1881)

. Observer

Slotted disc : « Incident sunlight was reflected to and rapidly

Incident sunlight  interrupted by a rotating slotted disc

| Absorber L Mirror . A thin absorbing solid in the path of the filtered

v ¥ light was connected to a hearing tube

¥4
4

- Bell demonstrated that the strength of the
acoustic signal depended on the intensity of the

Hearing tube incident light

Availability of adequate lasers, ultrasound detectors, acquisition electro-
nics, algorithms and computing performance now enable practical use
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Technology and benefits of "MSOT"” il

Comparative images — MSOT & others

MSOT*  Ultrasound cT Epi-fluoresc.

.User benefits

« 10 x resolution vs. PET & Optical
Molecular specificity and real time

-+ Safe and cost-efficient

* MSOT = Multispectral Optoacoustic Tomography (cross-section of mouse leg)




Advancing biology AND medicine!




Preclinical imaging with “MSOT inVision”. 122

Animal preparation Image acquisition Data processing

 Defined / repeatable positioning « Chamber filled with water « Quantitative image reconstruction
+ Nose cone with anesthesia supply « Stages for x-y-z positioning « Multispectral / kinetic data analysis
« Foil membrane for signal coupling « Ultra-fast image acquisition « Export of images, videos, graphs




Clinical imaging with "MSOT EIP”







Perfusion, oxygenation

(Targeted) probes / FPs

PK/biodistribution data




4 Wavelength (nm) 5

Implications of wavelength range for NIR optoacoustic imaging

Organic dyes: Cy5.5, IRDye, ICG, AF750 and similar dyes absorb in the NIR
Bioinorganic nanoparticles can be synthesized to absorb in the NIR (e.g. AuNR)
Fluorescent proteins: iRFP* can be detected using a NIR laser; blue-shifted
fluorescent proteins (e.g. GFP, YFP, CFP, mCherry) require illumination at
wavelengths in the visible range

1.
2.
3.
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Imaging anatomy with MSOT




ot VAN Re o= gAY RS

forelimb

poas major muscle
P

kidney spleen

ribs

hindlimb : liver

spinal cord hip




Injection of microspheres into liver e




Assessing probe delivery to tumor area...




Quantifying perfusion heterogeneity

Pixel-by-pixel PK analysis

Ciax (a.u.) Tmax (Min) Hb, HbO, overlay




Analysis of av3-integrin targeting

Post mortem whole

A MSOT Image . .
animal cryoslice

Pre Post

5 nMoles a,B;-ligand




Cell tracking:

T
Listsaing s Mol

A MSOT Images
Anatomical cryoslice

Principal Component Analysis /
Independent Component Analysis

3 Spectrum fiy MSOT (FCARCAY

Absorption {a.u.}

T8 Yeb 185 900 B35
Wavelength (nm)

Quantification of
C photoacoustic signal

Signal (a.u.)

Pre 10 min 24 hrs
Time post injection




Imaging apoptosis markers .

Analysis of apoptotic process heterogeneity in vivo

v T minwtes

- Caspase-targeting apoptosis detection reagent injected i.v.
« Hypoxic regions within the tumor identified by spectral Hb/HbO, unmixing

- Strong apoptosis signals detected in more hypoxic regions in the tumor
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Pancreas




Imaging probe targeting to tumor

pH-sensitive insertion peptide for tumor targeting

SVPiG 32013
7-750 K7-750 V7-75Q K7-75

- Mice were implanted with human pancreatic cancer cells and a pH-low insertion
peptide V7-750 or control K7-750 were injected i.v.

- Multiple optical imaging methods were used to track V7 and K7 bio-distribution.
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Imaging vascular anatomy in the brain ..
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3D vasculature of head / brain

Superior sagittal sinus y Inferior palpebral vein
Supraorbital vein Superficial temporal vein
Anterior facial vein

Nasofrontal vein » Inferior palpebral vein

Bristles ’ ~_ Transverse facial vein




Detecting probes deep in the brain




Monitoring perfusion in the brain

MSOT perfusion video Reference anatomy

Superior
sagittal
sinus

Temporal
_artery

ICG signal intensity ICG spectrum
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100% O, 100% CO,

20% 0,  100% O,
10% CO, lethal CO,




Epi-
Illum.







%

Preclinical imaging in drug discovery ..

MSOT imaging in the drug discovery stage

Muolecuisy naging:
«  Target validation {locslizetion and exprossion levelsl
» - Imvaging druy iooslizstion snd eficaoy {Characterization of pathology snel response o reatment)
Pharmacokinetics and bivdistribution imaging
Tdentification of PH izsues in Hit-to-load stage and oplimization of animal FE profiles
o PEIPD relationships in preaclnical studies
»  Abaorpiion, Distribution, Metabolism, Exorstion {ADME} analysis

Toxicity screening and T¥




Measuring probe PK properties with MSOT wE:%

0.06845 mL/min
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Whole body biodistribution iImaging
ICG-iabelad Tatty acid distribution throughout the mouse

MIP - Top View MIP - Top View MIP - Top View .
' Overiay
. BATY, fungs, heart signsd

Cryoslices

i o

Splesn, Liver, Intesting! signal

Spleen/Liver/
Kidnevs

;wifth Dr. Elena Dubikovskaya, EPFL, Lausanne, Switzeria BAT = Brain Adipose Tissue; L = liver; H = heart; § = Spleen; I = Intestines

» Mouse scanned from bhead 1o base of tail {10 minute scans)




Assessment of renal damage

”‘_,_,\yaxv
Lndsenioy So M

xo
LR
¥
3
i3
:§
i§
isS
R

lorrss oo Pl

Control,

3

Trax delay {min)




Analysis of urinary excretion
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In vivo assessment of gastric emptying ...
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Morscher S et al.. Semi-quantitative
multispectral optoacoustic
tomography (MSOT) for volumetric
PK imaging of gastric emptying.
Photoacoustics. 2014 2(3):103-110.




Nanoparticle distribution

Accumulation of dendrimer particies in tumor-tissue

» I8F DET imaging offers sensitive guantifivation, byl poor resolution snd limited ability for

inngitudinal studies

Cikics! imaning offers the ability for b




Nanoparticle éﬁiﬁ‘iﬁﬁ" butio
Accumuiatie

3
48
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« MS0T offers high-resolution longitudina!l imaging in 2D




Nanoparticle distribution
Heterogenous accumulation of dendrimer particles in tumor-tissue

« By MSOT distribulion imaging i is possible to
myanilor nanoparticle sooumuiation in tumors
tengitudinally

» I contrast o 8%F PEY imaging, the
secumuiation can be racked for multipls davs,
in this case the more crucial time points, as the
dendrimer continues to socumuiate post Ghrs

« In contrast o oplical imaging, MBOT imaging
offers high resolution imaging in 30

» Uniguely, MBOT offers the capability to
combing the imaging of iniscted probes with
functional imaging (HD and HbG,)




Photosensitizer-based MSOT contrast

in vitro analysis allows for quick prioritization

Absorbance spectra
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¢F=fluorescence QY; pA=singlet oxygen QY; pP=MSOT QY Ho & Balasundaram et al. Scientific Reports (2014)

* Five PDT agents of different classes were evaluated for MSOT signal generation:
— Zinc phthalocyanine (ZnPc), protoporphyrin IX (PpIX), 2,4-bis[4-(N,N-dibenzylamino)-2,6-
dihydroxyphenyl] squaraine (5q), chlorin e6 (Ce6) and methylene blue (MB)




In vivo biodistribution analysis

Hb/HbO, image ZnPC signal over time

Yot

¢ 3 Cpleen BE Kdneys B8 intestines 88 Tumor

Time post ingetion {min}
SpeSpeen; sintastings; Kekidney, T<Tumor

Ho & Balasundaram et al. Scientific Reports (2014)

MSOT imaging allows visualization and quantification of distribution of
injected agents

— ZnPC reaches a maximum Tumor-Background ratio at T=60mins
* Quick optimization of theranostic approaches




Upconversion Nanoparticles as a Contrast Agent
for Photoacoustic Imaging in Live Mice
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e UICEE i cyciohexane
i 4"(\;"53»3&”‘

O 0% -, S o

R -0 i vendsy

Photoacoustic signal amplituds (g, v

RN I I I R

Thre {135)

photcacoustic
signal




cir

000 - 1

00,

Run / Position-Repetition

Q / 030.08mm 0000

““““ D
E Ot5 g
L & =
a 4]
S5 3% 58
ez g £ € 2 5
a a® g ¢ g =
[%2] W o = =

PAI of UCNP in live mouse




Ther

Simultaneously resolving two agents .2

spine




Imaging of inflammation in the knee  ...2

Sl diffcrence in IRGS.
NIR sesumulation in MSOY
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MSOT Experimental Imaging Platform (EIP)...-5




Current EIP detector options

20x 30 mm

10 x 10 x 15 mm




Clinical applications for MSOT EIP

Shortlist of currently assessed applications

Colon anastomosis >1.000K Predict anastomotic leakage
Neonatal brain injury >1.000K Accurate hemorrhage / ischemia detection



Smm

- Dynamic contrast enhancement via ICG injection enables quantification of fast
kinetics in the brain
- 5D imaging allows spatial and kinetic imaging with specificity




Tumor imaging with the EIP100
4T1 tumors imaged with the 512-element cup (10MHz)

Oxygenated hemoglohin Deoxygenaled hemoglobin | GG signal MSOT video

« Mice bearing orthotopic 4T1 tumors were imaged using the EIP 100 system
with a cup-shaped transducer with 512 US elements (10MHz central
frequency)

- The laser was operated at a frequency of 25Hz, allowing for fast multispectral




Live spectral analysis in 2D
Spectral unmixing of blood oxygenation and melanin

Besides real-time
reconstruction, tissue
chromophore distribution
can be spectrally unmixed
in real time

Oxy- and deoxy-Hb as
well as melanin are
among the most inter-
esting intrinsic markers
for MSOT imaging

Chromophore concen-
tration is visualized as
overlay on background
tissue absorption




3D high-resolution vascular imaging  ...-h2re

34

2}

« Structures can currently be visualized up to approx. 2 cm depth

+ 10 MHz detector 80pum resolution and visualization of microvasculature




« Oxygen saturation is quantified via spectral unmixing of Hb and HbO,

- Changes in perfusion and oxygenation can be visualized in real time




SLN imaging in melanoma patients

2D detection 3D video

- A melanoma patient was scanned with MSOT before undergoing surgical
sentinel lymph node (SLN) biopsy

« MSOT enables the detection of SLNs via subcutaneous ICG injection and the
assessment of melanin presence, potentially indicative of LN metastasis




Multispectral imaging of hair follicles .. 5=

- The morphology of hair
follicles as well as their
micro-environment are
determinants for
continued hair growth

« Endogenous chromo-
phoric substances
including hemoglobin,
melanin and lipids are
critical for hair growth

« MSOT can assess morpho-
logy and endogenous
chromophore distribution
related to hair growth and
alopecia




MSOT inVision 512-echo

Optoacoustic UltraSound (OPUS)




Hybrid Optoacoustic/Ultrasound (OPUS)..1225e!

MSOT inVision 512-echo

Single-wavelength OA and US images

oA,

Multiplexer

Spectral OA components

OA receive transmit /
recejve

OA / US composites

40 /:37 ' mm

150 /300 {im




Imaging mouse anatomy with OPUS

Optoacoustic Ultrasound Ultrasound Optoacoustic
(XZ MIP) (XZ MIP) (x-section) (x-section)

Anatomy

e skull .
sup sag sinus =
transversal fissure =

temporal artery =~
“s——-—jugular vein =

—~-— spinal cord """
thoracic aorta
vena cava
. stomach
e liver e

adrenal gland
kidney —~—mmem
vena cava ~—
pancreas
spleen —
= intestines
e S [ VY S

>~ spinal cord —""
~ iliac body
internal iliac artery
bladder




Tumor imaging with OPUS

Ultrasound Optoacoustic, Ultrasound, 3D tumor
800nm Hb,HbO2 . segmentation

* 4T1 mammary tumors were implanted in the mammary fat pad
- Ultrasound imaging shows clear tumor boundaries, allowing segmentation

- MSOT imaging allows functional oxygenation analysis within the tumor




Imaging probe accumulation in bladder...}

MSOT + US MSOT + MSOT . | MSOT + US MSOT, MSOT

- The bladder was imaged
during i.v. injection of
IRDye-800CW

- Ultrasound imaging allows
identification of the bladder,
invisible in MSOT in naive
mice, prior to injection

- Bladder uptake of dye
reflects glomerular filtration
and excretion, enabling
functional analysis of the
kidney

Normalized MSOT signal [a.u.]

o S N —
0 10 20 30
Time [min]
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Current Users

Lisdening to M

1. Institute for Biological and Medical Imaging

(IBMI),Helmholtz Zentrum Miinchen, Munich, Germany
Institute for Radiology,Klinikum rechts der Isar, Technische
Universitdat Miinchen, Munich, Germany

ZMB /Faculty of Medicine, University Hospital Esssen,
Germany

Department of Surgery,University Medical Center Groningen,
The Netherlands

Bioorganic Chemistry and Molecular Imaging (LCBIM),I'EcoIe
Polytechnique Fédérale de Lausanne, Switzerland

Centre for Drug Delivery Research,UCL School of Pharmacy,
University College London

Department of Imaging,Merck Research Laboratories, Merck
Inc., Philadelphia, USA

Roche Diagnostics, Penzberg,

1. National Center for Nanosciences and

Technology

2. Chang Chun Institute of Applied Chemistry

Chinese Academy of Sciences

Institute of Automation, CAS

Institute of Materia Medica
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Henan University of Traditional Chinese
Medicine

7. Soochow Univeristy

8. Beijing University of Technology

9. IMPLAD

10. SCUT

11. The Hong Kong Polytechnic University
12. West China Hospital

Beijing University of Chemistry technology




Conclusions, outlook

Multispectral Optoacoustic Tomography(MSOT) provides:
- ...anatomical, functional and molecular information

- ...in real time

- ...at high spatial resolution, in deep tissue

The range of preclinical/research applications in pharmacokinetic research spans
wide...

Plasma-concentration time curves of absorbers

Whole body biodistribution at high spatial and temporal resolution

Longitudinal studies of heterogeneous accumulation allow for the visualization and
quantification of ADME processes

Toxicity assessment

Dynamic Contrast Enhanced(DCE) MSOT




Conclusions, outlook L

e OPUS is the world’s first hybrid tomographic optoacoustic /
ultrasound imaging technology, featuring unparalleled high-
resolution image quality, user-independent and whole-body

e Incorporation of ultrasound into MSOT was achieved through
innovation of the detector and by developing novel acquisition
and image reconstruction algorithms for reflection-mode
ultrasound computed tomography (R-UCT)

e The addition of anatomical ultrasound contrast expands the
utility of MSOT in a wide range of applications, including cancer

and pharmacology







