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Why nanoparticles?
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Why explore nanoparticle formulations?

* Using nanoparticles may influence bio distribution and
prolong systemic exposure and so improve delivery of drugs
to targets.

* Nanoparticles may be a promising solution to drugs that
have not progressed in development due to unfavourable
DMPK properties.

* May be used to improve Therapeutic Index



Case Study — AZD2811 Background

* AZD2811, development molecule in oncology therapeutic
area

» Aurora B Kinase plays a pivotal role in regulating the cell
cycle, in particular in chromosome segregation

* AZD2811 is a potent selective inhibitor of Aurora B kinase

* Inhibition of Aurora B leads to programmed cell death
(apoptosis)



Case Study — AZD2811 Background

« AZD2811 was dosed as a prodrug (AZD1152) and
displayed clinical activity, reaching Proof Of Concept in
elderly Acute Myeloid Leukaemia (AML) patients, but:
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Case study — what if...??

* We could improve delivery of AZD2811 to solid tumours?

* We could use a formulation that would enable dosing of AZD2811 over
a short time frame whilst delivering the active drug slowly to the
systemic circulation?

—We may have a drug to treat haematological tumours

Potential to target
— tumours with
controlled release
rate

ACCURINS® (BIND ™ Therapeutics)
nanoparticles



Case study — concept

( 1) Prodrug infused over 2) Prodrug rapidly converted
many days to active drug
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Conventional approach — active drug concentration balance of drug infusion and drug elimination rate

2) Nanoparticle circulates

for > 1 day releasing active drug N

3) Drug eliminated

1) Nanoparticle infused over
4) Drug eliminated

<2 hours
Qanopartlcle approach — active drug concentration balance of drug release, drug elimination and nanoparticle elimination raty

3) Nanoparticle eliminated




Case study — method development




ACCURINS® Nanoparticle for AZD2811

* Particles are a polymer mix with a core containing active
drug.

* Particles have a stealth coating of PEG to prevent rapid
removal by macrophages

 Have a size of about 100nm
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ACCURINS® Nanoparticles - Bioanalysis

Nanoparticle/

Administration

Nanoparticle

formulation

Endogenous

Nanoparticle
formulation:
The drug is
encapsulated in the
nanoparticle

Systemic Circulation

plasma constituents

Encapsulated

Bioanalysis: Determined Drug Concentration
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The
nanoparticle/drug
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The drug no
longer
associated with
the nanoparticle

Released and
encapsulated
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biological matrix




Pre-clinical Investigative Study Support

StUdy Endpoint: - Total analysis only

(encapsulated + released drug)
Safety

* Released Drug analysis

StUdy Eﬂdelnt:  (Total — Encapsulated) = released %

PK/ PD * Released drug measurement
» Surrogate (metabolite) measurement
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Bioanalysis: Total AZD2811 and Acid Metabolite

Protein precipitation, dilute extracts analysis by UPLC-MS/MS

AZD2811 Metabolite  Column: Acquity UPLC BEH
Column: Acquity UPLC BEH C18 1.7 um C18 1.7 um
Log D plot Mobile ph idi h
gow 2P — obile phase: acidic: Mobile phase: basic
K O SO U U SO U SO ;. /: ' \‘ 3 . ol H | H H H
NEEEEEEY 2R \ RT: 0.9 mins 3LOgDpl0t rrrrrr 7N\ RT:; 1.35 mins
A ‘ 3 ; | | | ;
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Bioanalysis: Released AZD2811 - Challenges

: Assa
Nanoparticle Dynan¥ic Compound &
Stabilit Formulation
Ranges
What How d
acceptance . ow do we
c:riteriap do we Nanqpartlcles . 1-1000 pmo,,L1 Parent_has separate
use? designed to ) metabolite as fractions?
- leak’ ~ L impurity
\ J v * 1-1000 pmol/L \_ )
d R N\ 4 N\
Sample Handlin )
keepp chilled to + 0.2-100 pmolL Released
| minimise diffusion Reiessed ) L parent in
Extraction Stability nanopart_lcle
avoid acid, base and *0.02-20 pmol/L formulation
organic solvents to S g
prevent bursting
- J \_ Yy,
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Approaches to measuring released AZD2811

« Time consuming
* Which layer to

sample? Ultra-
centrifugation

» Easy to perform/automate
» Sample throughput good
When to add I1S?

Size Surrogate

exclusion NEERDICEINENY . prociinical & clinical

data available
« Time consuming « Standard bioanalytical
 Drug interaction with methodology

phase resulting in

reduced recovery
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Encapsulated and released solid phase extraction

Plasma Sample +IS Water wash 20% MeOH,, MeOH elute
condition wash
£E®%F o
*cx, 7.@‘
Strata & - oo ° - e ®

N % N2 N~ N

Waste Nanoparticles Waste Compound eluted and
Crashed with IS and diluted <—— Washed off and diluted for analysis
for analysis collectea

Encapsulated assay Released assay



A major team contributor....
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Plasma preparation

Rat whole blood spiked

with AZD2811
nanoparticle formulation

* 6 individuals (3M + 3F)

* Incubated @ 37°C for
15 minutes

* Placed on ice and
plasma prepared within
30 minutes

 Transferred to freezer
 Thawed and analysed
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Tiered approach to assay qualification

Released assay

Selectivity
Matrix effects

Total assay Encapsulated assay Metabolite assay

Selectivity Selectivity Selectivity

Matrix Effects Matrix effects Matrix effects

1 A&P 1 A&P 1 A&P
1 Freeze Thaw

e
[ ~ 1 A&P QCs witn

1Freeze thaw cycle 1 Freeze Thaw cycle 1 Freeze Thaw
% NP/compound

Acceptance Criteria:
Bias/CV 20% (25% at LLOQ)
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Case study — sample analysis

Case study — sample analysis
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Example: Profile simulations

Plasma concentraion (umol/L)

1E+05

1E+04

1000

100

10

0.1

Cyclic administration-

Day 1 & Day 3: 30min infusion
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Time after start of dosing (h)

336

_]- Encapsulated & Total

— Released

- metabolite



Plasma concentration (umol,L)

Example plot: an individual rat dosed with active drug (9.6 umol/kg) at 0 h,
prodrug (22 umol/kg) at 168h and nanoparticle (2.3 umol/kg) at 336 h with the
measured nanoparticle active levels overlaid (note: these are not used in
fitting the model).

Measured levels of released active

drug following nanoparticle dosing
Active drug nanoparticle total
100

O Total nanoparticle observed

Total nanoparticle fit

10 £ Prodrug observed

Prodrug fit

< * Active drug observed post
active and prodrug dosing

——— Active drug fit

o
[y

metabolite

/ ® Active drug observed post
< nanoparticle dosing (not
N =2 ot used in fit)

Prodrug 2 Metabolite observed

Metabolite fit

0.01

0.001

I I I I I I I I I I I I I

96 144 192 240 288 336 384 432

Time after first dose (h)
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Released assay - control of nanoparticle burst
During extraction are we bursting any nanoparticles?

&“’l‘;ir)ﬁc'e conc 3 50 800 QC'’s contain ‘released’
umo. . .
Released Conc (umol/L) 3 5 50 AZD2811 & nanoparticle formulation
/ Conc. Bias (%) Conc. Bias (%) Conc. Bias (%) \
Run01 0378 26 520 4 99.6 25
0365 22 6.07 21 104 30
Run02 0363 21 6.68 34 100 25
0.288 4 6.63 33 94.4 18 Measured ‘released’
Run3 0.299 -0.3 474 5 107 34 AZD2811
Mean 0336 NC 569  NC 998  NC
CV (%) 113 NC 156  NC 515 NC
Bias (%) 1.2 NC 1.4 NC 2.5 NC

Mainly positive bias observed accounted for by
2% AZD2811 release rate in nanoparticle For GLP studies metabolite surrogate method
formulation. chosen

Therefore: In Control of assay




Stability of AZD2811 & Impact on Metabolite Quantification:
Stability of AZD2811 (2 umol/L) in reconstitution solvents

30000 -
Stabilised plasma
25000 - samples with acid
© and controlled pH
& 20000 - in reconstitution
3 solvent
@ 15000 |
% Nanoparticle burst
3 10000 - but using total
analysis for
5000 - AZD2811
0

0 5 10 15 20
Time (hours)
—e—Basic —#—Acidic Neutral
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GLP Assays-Total and Metabolite

Total AZD2811 Assay

Total nanoparticle
burst

General clean-up

Protein

SPE (MCX) Analyse by HPLC |

MS/MS

precipitation

Revisited pre
clinical/clinical
validated conditions

Different retention mechanism for selectivity

Metabolite
Assay

SPE Analyse by

(MAX) HPLC MS/MS

Removal of nanoparticle
& released AZD2811
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Additional Validation considerations:

With blank nanoparticles

Sl With haemolysed blood

With blank nanoparticles

Matrix effects Wlth haemolysed bIOOd

With blank nanoparticles
« With haemolysed blood

Recovery
Accuracy & Precision » Using Nanoparticle formulation QCs

» Using Nanoparticle formulation QCs
» Stressed AZD2811 QCs

Stability
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Metabolite ISR
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Animal  Dose Time of Original Original Reassay Reassay % Bias
number mg/kg sampling(h) conc. batch ID conc. batch ID
(nmol/L) (nmol/L)
3101M 10 Day 135mins 104 PBO1 69.0 PB18 40.2
3101M 10 Day 1 48h 71.0 PBO1 68.3 PB18 -39
3103M 10 Day 1 35m 93.6 PBO1 80.9 PB18 -14.6
3103M 10 Day 1 48h 80.6 PBO1 71.8 PB18 -11.4
510IM 30 Day 1 35m 213 PBO1 163 PB18 -26.7°
510IM 30 Day 1 48h 148 PBO1 160 PB18 7.8
5602F 30 Day 1 35m 190 PBO02 181 PB18 4.6
5602F 30 Day 1 48h 113 PB02 177 PB18 43.7
3102M 10 Day 29 35m 120 PB02 127 PB18 52
3102M 10 Day 29 48h 66.6 PB02 104 PB18 43 4
3603F 10 Day 29 35m 81.2 PBO02 76.9 PB18 -5.4
3603F 10 Day 29 48h 65.3 PBO02 100 PB18 42.3
5102M 30 Day 29 35m 217 PBO03 261 PB18 18.3
5102M 30 Day 29 48h 140 PBO03 197 PB18 342
5603F 30 Day 29 35m 226 PBO3 351 PB18 433
5603F 30 Day 29 48h 118 PBO03 173 PB18 38.4
3102M 10 Day 31 24h 116 PBO03 133 PB18 14.1
3102M 10 Day 31 120h 764 PBO03 74.6 PB18 2.3
3103M 10 Day 31 35m 124 PBO03 147 PB18 16.6
3103M 10 Day 31 120h  63.2 PBO03 69.4 PB18 9.3
5103M 30 Day 31 35m 427 PB04 372 PBI18 -13.8
5103M 30 Day 31 120h 168 PB04 195 PB18 15.1
5601F 30 Day 31 35m 365 PB04 305 PB18 -18.0
5601F 30 Day 31 120h 82.6 PB04 118 PB18 35.5°

Failed

acceptance




ISR Investigations show

* No obvious trend with Day or collection times.

« AZD2811 was present in the extracts. MAX extraction is

not 100% selective for metabolite.

* Reinjection of study samples show an increase in the

metabolite concentrations.

* The AZD2811 appears to be converting to metabolite in the
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extracts. The impact will be dependent on the amount of
AZD2811 present in the extracts, dependent on the
concentration of the metabolite present and the injection
order/time of preparation of the extract.



Summary

« Understanding the nanoparticle formulation and the analyte properties
is key for method development.

« ACCURIN™ nanoparticles did not appear to impact the bioanalytical
methodologies developed.

* The total AZD2811 analysis has been used for the safety exposure
evaluation

« The main challenge has been measuring the released AZD2811
concentration for exposure vs PD evaluation
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Any Questions?
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the

contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 2 Kingdom Street, London, W2 6BD, UK, T: +44(0)20 7604 8000,
F: +44 (0)20 7604 8151, www.astrazeneca.com



