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V Drug Development Process
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expression I
| P [ = Characterization of disease phenotypes

Lead compound optimization
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| = Efficacy of compound
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William JK et al., Nature Reviews 2008:7; 591- 607
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@Jm’ Imaging Modalities

Dedicated for Small Laboratory Animals

Optical imaging

Advantages: Disadvantages:
» High-throughput screening | | » Limited clinical
for target confirmationand | | translation
compound optimization o Low depth

« High sensitivity penetration

Magnetic resonance imaging

Advantages: Disadvantages:
« Clinical translation « Costs
« High resolution and « Imaging time

soft-tissue contrast

Ultrasound imaging

Advantages: Disadvantages:

« Clinical translation « Operator dependency

» High spatial and » Targeted imaging
temporal resolution limited to vascular

« Low costs compartment

Center for Advanced Preclinical Imaging (CAPI)
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PET imaging

Advantages:

» Clinical translation

» High sensitivity with
unlimited depth
penetration

Disadvantages:
» Cost

SPECT imaging

Advantages:
« Clinical translation
» Unlimited depth

Disadvantages:
» Limited spatial resolution

penetration

CT imaging

Advantages: Disadvantages:

« High spatial resolution | | = No target-specific
(bone/lung) imaging

+ Clinical translation » Radiation

« Poor soft-tissue contrast

s.eigner@seznam.cz




@W\m&f In vivo biomedical imaging technologies

Anatomic Physiologic Metabolic Molecular

optical imaging
x-ray CT
PET/SPECT

ultrasound
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ngﬁ Spatial Resolution

Comparison of Clinical and Preclinical Imaging Modalities

Modality  Spatial resolution (mm)

Clinical-to-preclinical design refinement(s)

Clinical Preclinical

MRI il <0.1
MRST ~10 ~2
PET =9 1-2
SPECT ~10 0.5-2
cT 1-2 <0.2
us 1-2 <0.1

Higher field-strength magnets, improved
gradient fields and coils

Higher field-strength magnets, improved
gradient fields and coils

Reduced detector element size, smaller-
diameter detector rings

Pinhole collimation (and resulting
magnification)

Higher X-ray flux, smaller focal spot, and
higher magnification

Higher-frequency scan heads

Fabian Kiessling and Bernd J. Pichler. “Small Animal imaging” Basics and Practical Guide. ISBN: 978-3-642-12944-5
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Small Animal Imaging

Requirements

r
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High spatial resolution
- mouse organs ~1000-fold smaller volume than human

High sensitivity
- number of targets also smaller, radiation dosimetry can be limiting
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Molecular Imaging
The Big Picture

Zt's @
mammoth.

Early Microscope
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Molecular Imaging

Pharmaceutical R&D

Pre-clinical imaging
Targeting cell
receptors and
processes
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J e Histological
> Validation

Clinical Imaging

1st Faculty of Medicine, Charles University in Prague

Center for Advanced Preclinical Imaging (CAPI) s.eigner@seznam.cz

%EUJF, AV CR, V.V.i.



Molecular Imaging

Pharmaceutical R&D

Vo,
@5

* In vivo biological characterization

« Pharmacokinetics measurements

« Imaging biomarkers in clinical trials

« Prediction of treatment response

* Improve drug development successes

« Discovery of novel diagnostic imaging agents
* Improved diagnostics

« Improved patient outcomes

* Individualized treatment plans
 |dentification of appropriate therapies

« Enhancement of resource utilization - saving money
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Yes/ \No

[mmp-obnfor | [iﬁmmpﬂoﬁj
of target exp of target expression. |

libraries of existing antibody-engineering
|w~mmmmm"w o modalng of 5]

binding ligands to possble binding sites: and so

| Possible imaging probe candidate found? |
Yes/ \No
Mulslhyd\umd Evaluate whether an indirect is

Use assay for high- Wamydugofnrnmw

screening. | | reporter assay
BRET, FRET, and so on. Try to use assay
allows direct transition from cell to animal.

« PET tracer that

mmmmmfmddmuenmmu:\fuhank

i ofvmhlzgn
mmmmmmm

| m-m&xmwmm

"C. ®F) and perform dynamic PET imaging.| | studies with existing PET tracers.

|v‘nmmonon

Decide whether be of value
microdosing may be of . ntollhwl

N\
lfumpmbesmﬁwm«t If imaging probe is not yet FDA
pmbozsmulmlzr
m “+=| « File through, for example, an
-Evainmvinofmpldn exploratory IND to use imaging probe
as imaging end point. for drug evaluation in clinical phases.
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% Ideal Tracer for Protein Synthesis?

« Pathway independent transport
» Uptake regulated by ribosomal activity (Metabolic Trapping)

* Ribosome entry independent from RNA-sequence and co-factors

1st Faculty of Medicine, Charles University in Prague
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% Biotin-Puromycin-Oligonucleotide

« Pathway independent transport

« AMP transporter (permanently active in living cells)

« Uptake regulated by ribosomal activity

* Bidirectional transport - steady state without incorporation

* Ribosome entry independent from RNA-sequence

* No co-factors needed for coordination in ribosome A-site
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OPTICAL IMAGING SYSTEMS
IN-VIVO MS FX PRO

="

* front-illuminated 4 MP CCD

o 18F 90y 99mTe

« QC settings: ITLC analysis

 Cell culture simulation on 12-well-
plates

* In vivo imaging of Y mAb in

mouse

B 1st Faculty of Medicine, Charles University in Prague
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r OPTICAL IMAGING SYSTEMS
IN-VIVO EXTREME

? i

X-ray Source
* True microfocus X-ray head

back-illuminated 4 MP CCD

18F 90y 99mTc

* Geometric magnification stage for high
resolution imaging
* High speed X-ray head 500 pA

Animal Management
* Easy, sutomated change between X-ray and
optical imaging modasiities without moving
or disturbing the subject

* Large 19 em FOV for multi-subject imaging

* Ultra-thin, highly uniform radiographic screen

QC settings: ITLC analysis

* Warmn air delivery to regulate animal temperature

* Light-tight ports for catheter injections In-Vivo

* Compatble with gas mesthesis systems Xtreme

e

Cell culture simulation on 12-well-

Camera, Lens & Emission Filters
* Choice of back-illurninated 4 MP camera or
front-illurninated 16 MP camera
o Uit e could b gt P lates
sensor in its class
* 6 patented, high-sensitivity wide angle
emission filters
* Automated 8 position filter wheel

* Camera configurations are upgradeable

* In vivo imaging of Y mAb in

Fluorescence Light Source & Excitation Filters
* Powerful 400W Xenon illuminator
* 28 narrow band excitation filters m 0 u S e

* Excite fluorophores from the visible
tothe NIR

r

Small Footprint
* Compact size - requires only 73 x 86 cm
of foor space

* Large lockable casters for easy positioning

* Integrates into any laboratory

1st Faculty of Medicine, Charles University in Prague
Center for Advanced Preclinical Imaging (CAPI)

@UJE AV CR, V.V.i. s.eigner@seznam.cz




Q SPATIAL RESOLUTION

RADIOISOTOPIC PHOSPHOR SCREEN

e Derenzo Phantom
« 20 MBq 90Y

 EXposure: 15 sec

Radio-Isotopic Phosphor Screen 15 sec exposure Cerenkov Imaging 5 sec exposure

2 1st Faculty of Medicine, Charles University in Prague (\\ x . !
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% QUALITY CONTROL
ITLC

7503
5ol
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68GA-LABELING OF DOTA-PUR

%8Ga in 0.2 M HCI

HEPES 1M, pH = 3,0
110°C, 20 min
Purification on StrataX
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68GA-LABELING OF DOTA-PUR

=

« RM was purified on Strata X-columns

o | o | 7@ following the protocol for purification of
68Ga-DOTATOC (over all yield = 93+2.8%)

| P9 || 5Ga-DOTA-Pur

68Ga-DTPA

« for injection EtOH was removed at 95°C in

|| ssca stream of air and the dried product resolved
in 0,5M PBS (pH = 6,8)

Specific activity of [(8Ga]-DOTA-Pur : 1.5+0.1 GBg/umol

1st Faculty of Medicine, Charles University in Prague
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% In vitro uptake and protein incorporation

Uptake in tumor cells (DU145) after 2 hours
2.0 £ 0.1% applied dose per 1x10° cells

Uptake in normal skin fibroblasts (BJ)

0.2 + 0.1% applied dose per 1x10° cells

Tumor / Normal cells = 10:1

Protein incorporation in both cell lines was = 93% of Uptake

4285 1st Faculty of Medicine, Charles University in Prague
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Inhibition of [°8Ga]-DOTA-Pur
Incorporation into proteins

r
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Competitive Inhibition: 0,

(Competition for ribosomal A-site) & :

Puromycin dihydrochloride 10pmol/well and 20 3 “

nmol/well + 84 pmoliwell of [$8Ga]-DOTA-Pur . S
LOG [Puromycin]

Non-competitive Inhibition: .

(blocking translational elomgation) T 80

Cycloheximide 10pmol/well and 20 nmol/well + ; j:

84 pmol/well of [(8Ga]-DOTA-Pur e 2:' 5

LOG [Cycloheximide]
Cycloheximide: 3-[2-(3,5-dimethyl-2-oxocyclohexyl)-2-hydroxyethyl] glutarimide

1st Faculty of Medicine, Charles University in Prague
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Q@ SENSITIVITY

LOW ACTIVITY — CELL CULTURE

1.0e+003
IEGDE ; y = 7896 4x + 233,61
o R*= 0,9666 -
800,0
700,0
sono / 726.47
Z 5000
2 4000
£ 3000
2000 | *
100,0
0.0
' actvey W] 452.74
179.00

5.5 kBq to 88 kBq; exposure 120 sec; correlation between in-vivo
MS FX Pro & dose calibrator (IC)
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@W\ﬁ SENSITIVITY

INTERMEDIATE AKTIVITY — EX VIVO DIAGNOSTICS

504.26

371.84

239.42

107.00

5.5 kBq to 528 kBq; exposure 10 sec; correlation between in-vivo
MS FX Pro & dose calibrator (IC)

1st Faculty of Medicine, Charles University in Prague
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Qy@;’ SENSITIVITY

HIGH AKTIVITY — IN VIVO DIAGNOSTICS

2.7e+003

25000

. 2000,0 1.8e+003
2 15000

0 15 20 25 30 35
activity [MBq] 907.29

0.00

440 kBqg to 33 MBQ; exposure 5 sec; correlation between in-vivo
MS FX Pro & dose calibrator (IC)
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IN-VIVO SCREENING
0Y-DOTA-hR3; 25MBq; 24h p.i.

,4
,ﬁ@
N

Suppine position; 5 min exposure;  prone position; 5 min exposure;
1% isoflurane 1% isoflurane
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Pharmaceutical R&D

[ New drug compound with certain target(s) I

/" ™ \'\ Check existing library of imaging probes (for example, MICAD, |
literature search, and so on). Is target detected by imaging probe?
Use imaging probe fo /___ __\\ Decide which imaging approach.
assessment of target . -
PET is valuable for this purpose most often.
Screen libraries / \
phage display: y
possible binding
.?ssessmentd Radiolabel compound (for example, with Perform site-specific occupancy
Ol compoun s ]SF) d i d ic PET i - o ith existineg PET
Target ; - , °F) and perform dynamic imaging. studies with existing tracers.
expression @ pharmacokinetics
What is the chemnical stru 1
conformation of binding li
I Decide whether microdosing may be of value to gather
information on pharmacokinetics/dynamics in humans.
Decide which imaging mo(
and which labelling appro:
For examples, see figure le| / \
= Check existing assays used for compound
/ \ ef(?xj‘(es( rf; I: av;;v'iﬁl:i:;rdgﬂpou
Yes / \.r.u
Compound =
screening Use assay for high-

throughput screening.

Most efficient and cost effective method

G(; \ ngrt-rxm to \;w imaging probe if (c.wzsndeved valuable -r;é]arge! [ . - -
. . tracer that monitors Compous on tumour metat S, 3
e o iIn assessment of pharmacokinetic data
o -p * Magnetic resonance perfusion imaging to monitor tumour blood perfi
s

PET is valuable for this purpose most often.

- | [ - dynamic PET accquisition
Ph‘:;i“m "'C. ™F) and perform dynamic PET imaging studies with existing PET tracers . . .
—> followed by gquantitative image
information on pharm;o& x'\e:(.smynam(s in humans. an aIyS i S an d
0 R - Kinetic Modelling

imaging biomarker. « File through, for example, an

S « Evaluate value of imaging probe exploratory IND to use imaging probe
/ \ as imaging end point for drug evaluation in clinical phases.
\ >

S~

pompound officacy
E loemewnch.magmavoroxh for neW Compounds

Decide whether microdosing may be of value to gather

1st Faculty of Medicine, Charles University in Prague @ y . .
i : i AAR .eigner nam.
Center for Advanced Preclinical Imaging (CAPI) Qﬁ UJE AV CR, vl s.eigner@seznam.cz
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% Positron Emission Tomography

in vivo PET imaging

« Tomographic imaging modality
* Functional information
* Non-invasive
« High sensitivity — pmol
« Short lived radioisotopes
» Large variety of labeled compounds
« Energy metabolism (FDG)
« Amino acid metabolism (18F and 'C labeled AA)
* Protein biosynthesis (DOTA conjugated puromycin analogues)
* Neurotransmitter
» Receptor imaging (neuro, onco,...)
« Hemodynamic parameters
« (Gene expression
» Cell tracking (stem cells)
* 0.8 — 1.2 mm spacial resolution
* 6-10 % sensitivity
» temporal resolution < 0.5 sec
 QUANTIFIABLE

1st Faculty of Medicine, Charles University in Prague
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Q Positron Emission Tomography

Temporal resolution

Consecutive 0.3-s frames show passage of tracer bolus through RV cavity,
lungs, and LV chamber of mouse on coronal and transverse slices. Times are
those after start of image acquisition / injection. For better anatomic
orientation, PET scan is overlaid with coregistered CT scan.

Michael C. Kreissl et al. J Nucl Med 2006;47:974-980
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Q@iﬁ Dynamic PET Scan

Steps of Analysis

- E
c
O w
Drawing ROI 059)2
rawing 2

Drawing ROI

Dynamic PET Image

B 1st Faculty of Medicine, Charles University in Prague
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% Dynamic PET Scan

Time Activity (concentration) Curves (TACS)

TAC of tracer TAC of concentration
concentration In tissue measured by
in arterial blood PET scanner
=0 90-

S

9 80 T 80+

g Tissue characteristics: é'

s 70 Perfusion g 70+

8 60 Endothelial permeability X 0.

43 Vascular volume fraction o

= 50 Transport across cell membranes ® 50+

) — =

e r

*c56' 0 Specific b_ir_ldin_g t(_) receptors E “

+ 30 Non-specific binding 2 304

- Enzyme activity ©

o 20 2 20+

= (b}

S 10 2 10

: 8

O 0 . ———————— 0

S 0 15 30 45 60 75 90

O

Time (min) Time (min)
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% UPET-imaging in tumor bearing rats

 Focus 120 small animal PET (Siemens/Concorde)

 Anaesthetized (3% Isoflurane Iin oxygen) animals
(230-270 g body weight) were placed tail first supine
In the field of view

« 20-25 MBq of [®8Ga]-DOTA-puromycin in 0.4-0.7 mL
0.9% NaCl-solution via tall vein

« TAC: varying time frames (1-5 min), measuring
Interval 45 minutes, PET list-mode, histogrammed in
12 frames for reconstruction

1st Faculty of Medicine, Charles University in Prague
5/ Center for Advanced Preclinical Imaging (CAPI)
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Bladder

Summarized PPET-image, coronal slice, Summarized WPET-image, coronal slice,
colors expressed as SUV (0-9) (3-20 min, colors expressed as SUV (0-12) (3-20 min,
dynamic scan) of AT1 tumors on hind feet dynamic scan) of Walker carcinomas on
of Copenhagen hind feet of CD rats and

2 1st Faculty of Medicine, Charles University in Prague
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UPET-imaging in tumor bearing rats

1.04¢ — .
¥, TIN=451
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[ ]
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ooEEiEE N __u = = = = u
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time [min]

0-120 min TAC’'s of tumor and testis
(reference) of AT1 tumor on hind feet of
Copenhagen rats; steady state reached

after approximately 65 minutes

1st Faculty of Medicine, Charles University in Prague
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Walker Carcinoma: Obtained TAC looks like
cell uptake and slow wash out caused by
retention of the [68Ga]-DOTA-Pur as

aa-tRNA-analogon within eukaryotic

ribosomal A-site.
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% Parametric Image

Dynamic information is converted to functional information
with dedicated software

* Not a series of scans (smaller file size)

« image voxel value =the value of the studied
physiological parameter (perfusion, glucose
consumption, receptor density)

. More sophisticated analyses possible

 requires careful evaluation of alternative models
before choosing the right model

1st Faculty of Medicine, Charles University in Prague
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PET quantification

VO
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. Radioactivity concentration (tissue or plasma) can be
easily converted to drug concentration:

radioactivity concentration [kBc/cm®]
specific radioactivity [GBq/ umol]

drug concentration =

. Drug concentration is used to measure tissue function
In vivo: e.g. perfusion, glucose consumption, receptor
density, enzyme activity, etc.

=) 1st Faculty of Medicine, Charles University in Prague
37 Center for Advanced Preclinical Imaging (CAPI)
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Q@ UPET/MRI & SPECT/CT

« 98Ga-DOTA-Pur
20 minutes static PET images of BCG infected (3 months
prior to study) mice were acquired from 30 to 50 minutes
after i.v. bolus injection of 5 to 8 MBq %8Ga-DOTA-Pur
followed by a spoiled GRE 3D MRI sequence

° 18|:DG
20 minutes static PET images from 40 to 60 minutes
after i.v. bolus injection of 5 to 8 MBq 8FDG followed by a
spoiled GRE 3D MRI sequence

« b/Ga-Citrate
24 h post injection multiple pinhole SPECT followed by a
high resolution CT

4285 1st Faculty of Medicine, Charles University in Prague
5/ Center for Advanced Preclinical Imaging (CAPI)
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@W\tﬁ BEDG PET/MRI

BEDG YPET/MRI of BCG infected mouse; A) BCG infection in armpit; B) prefunded
heart

1st Faculty of Medicine, Charles University in Prague
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67/Ga Citrate SPECT/CT

67Ga-citrate SPECT/CT of healthy and BCG infected mouse;
A) healthy; B) BCG infected

1st Faculty of Medicine, Charles University in Prague |
Center for Advanced Preclinical Imaging (CAPI) )
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°8Ga DOTA-Pur PET/MRI

68Ga-DOTA-Pur pPET/MRI of BCG infected mouse; A) BCG infection in armpit; B)
prefunded heart; C) BCG foci in liver

1st Faculty of Medicine, Charles University in Prague
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Histology
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« Stainings: Ziehl-Neelsen for BCG; H&E for inflammation

« Granulomae were found near vessel walls in the armpit &
inflammation at vessel walls in BCG infected area and lymph
nodes correlating with 8FDG uptake

« systemic mycobacteriosis was seen without inflammation in
spleen and liver (single granulomae in liver) correlating with
68Ga-DOTA-Pur uptake

« Spearman's correlation test
p<0.089 for 8Ga-DOTA-Pur and ZN level
p>0.2 for 8FDG and ZN level

=) 1st Faculty of Medicine, Charles University in Prague
37 Center for Advanced Preclinical Imaging (CAPI)
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Summary

« Molecular imaging modalities can be utilized during all steps of
radiopharmaceutical development

« Implementation of ,alternative” visualization techniques can save
time and material

« Advanced analysis of dynamic PET scans enables absolute
guantification of biochemical processes in various tissues

« Compared to ex vivo analysis advanced dynamic PET imaging
saves up to 80% of animals and reduces lab-time to less than
15%

- Implementation of molecular imaging in (radio)pharmaceutical
R&D ultimately saves time and money and delivers translational data
for planning and conducting of clinical trials

1st Faculty of Medicine, Charles University in Prague s.cigner@seznam.cz
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CROmed

Translational Research Centers
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