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Gene and cell therapy

» Gene and cell therapy are a rapidly increasing field

APPROVED IN DRUG INDICATION MOA
2003 Gendicine Head and Neck Cancer Recombinant adenovirus expressing wildtype p53
2005 Oncorine Nasopharyngeal Carcinoma Oncolytic virus
2007 Rexin-G Pancreatic Cancer Retrovector expressing cyclin G1
2011 Neovasculogen Peripheral Artery Diseases Plasmid encoding an isoform of VEGF
Glybera Lipoprotein Lipase Deficiency Adeno-associated Virus Type 1 expressing LPL
2015 Imlygic Melanoma Oncolytic Herpes Simplex Virus Type 1
2016 Spinraza Spinal Muscular Atrophy Antisense oligonucleotide against SMN2
Strimvelis Bubble Boy Syndrome Autologous CD34+ enriched cell fraction transduced with a
retrovirus expressing human ADA
2017 Kymriah Lymphoblastic Leukemia CAR-T cells for B-cell ALL
Yescarta Non-Hodgkin’s Lymphoma CAR-T cells for B cell CD19
Luxturna Inherited Blind Diseases Adeno-associated virus Type 2 expressing RPE65
Zalmoxis Leukemia Allogenic T cells containing ALNGFR and HSV-TK Mut2
Brineura Batten’s Disease Recombinant TPP1
2019 Zolgensma Spinal Muscular Atrophy Adeno-associated Virus Type 9 expressing SMN1
2021 Delitact Malignant glioma Oncolytic Herpes Simplex Virus Type 1

* Regulatory authorities recommend PCR technologies for the assessment
of preclinical and clinical studies
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Quantitative PCR methods

Quantitative PCR Droplet Digital PCR
(QPCR, qRT-PCR) (ddPCR)
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: baseline rw : : ~ - » The critical step in ddPCR is the
0 1 2 % % 5 @ e 0 4 ;0 om0 o0 12000 taom0 partitioning of the sample
Cycles Evont Number . .
 The PCR reaction is prepared
similar to gPCR. Then the reaction
E based detect End-ooint f based is separated into numerous small
u;reslfenfe-l aj[\.se f emec ion dgte-s[?olr; uorescence-base volume compartments (nanometer
ack-calcuration Iro . .. precision), in which molecules are
reference standard * Highly sensitive absolute randomly distributed
Allows relative quantification quantification via partitioning . Single molecules can be amplified
individually.
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When is ddPCR superior to qPCR?

ddPCR and qPCR both have their value

Application ddPCR qPCR

abbvie

Absolute quantification

Rare target events

PCR inhibitory substances
Copies in the dynamic range
Reliable reference standard not

available or not representative of
sample

Sample number

Size of DNA

Development Sciences

Allows determination of exact
numbers

Better detection, less
background due to partitioning

Less impact on results

e.g. high dose analysis
requires dilution

only positive control needed

higher costs, lower throughput

Droplet formation inhibited by
large DNA fragments, requires
digestion

Measures copy number by
interpolating cycle number
from the exponential phase of
standard curve

difficult to detect, higher
background fluorescence

Strong impact on results

higher dynamic range of
gPCR reaction

only relative quantification
(ACt)

lower cost, higher throughput

No digestion required
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Regulatory requirements for ddPCR methods in
regards to Gene Therapy

No fixed guidance for validation of ddPCR assays, should be validated and acceptance criteria set on the context of use and assay performance.

ICH GUIDELINE (draft) S12: o |
NONGLINICAL BIODISTRIBUTION 2ol (SISl o e GLE iy ol 2020 White Paper on Recent Issues in
CONSIDERATIONS FOR GENE P g Bioanalysis

THERAPY PRODUCTS therapy medicinal products

Technically validated with test article in Reference to digital MIQE guidelines
Limit of sensitivity, and reproducibility of the appropriate matrix

the quantification method Manually setting threshold:

Sensitivity limits of the assay based on OUEE (ORI Ceielk 62 Ik 22

properly validated procedures

Spike and recovery experiments: LOD: lowest concentration at which 95%
demonstrate the ability to detect the Suitability of the sample preparation of the positive samples are detected.

target sequence in different
Rationale for the selection of the primer and Readily enables Multiplexing
probe sequences

tissues/biofluids

Comprehensive description of methodology
and justification for the technique used, With respect to primer/probe sets, design

including the performance parameters Indicate negative / positive controls considerations primer/probes similar jPCR
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Guidelines for the analysis of samples from Gene
Therapy studies

- The FDA is giving recommendations regarding the design of long- Long Term Follow-Up After
term follow-up studies for collecting data on delayed adverse events Administration of Human Gene
Therapy Products

following GT product administration

« The qPCR assay should have a LLoQ of < 50 copies/ug genomic DNA)

* Run DNA samples in triplicate

» Spike known amount of control DNA into third replicate to determine gPCR

specificity Applying context of use to quantitative
polymerase chain reaction method
validation and analysis: a recommendation

« EBF publications provide recommendations on gPCR method from the European Bioanalysis Forum

Anna Laurén', Manuela Braun?, Paul Byrne?, Chiara Cazzin®, Kelly Colletti®, Chris Cox®, Lisa

Va I Id atl O n a n d Sa m p I e a n a IyS I S Dietz’, Thome;s Emrich®, Kristin Geddes®, Kate Herr'?, Tracy lles?, Alexandra Rogue'', Yvan

Verlinden'? & Philip Timmerman*:'3

Guidance for Industry

 The CLSI guideline EP17-A2 is often used as a guideline for ddPCR

assay validation
« This guideline is used for the evaluation of detection capabilities of lab Sttt oty
measurement procedures sl (SR
« Among others for evaluation of limit of Blank (LoB), limit of Detection
(LoD) and limit of Quantification (LoQ)
« This is a general guideline, not specific for ddPCR
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ddPCR: Assay optimization before validation
- Efficiency, resolution, rain -

16

y=3,0675x +5,3491 o

- - PCR efficiency an be tested via ddPCR (allows
o simultaneous determination of accuracy) or gPCR
e - Efficiency should be between 90 — 110 %

ACt

°
o N &L ®

* Resolution is a quantitative measure of how well the
2 1 0 : 2 : ‘ positive and negative population can be differentiated

L
o9 eone e |tis defined as the difference in fluorescence between
| the two peaks, divided by the combined widths of the
35,000—: peakS

30,000 -,

t r o2 p—t)

25,000 u B )
1% resolution

* Rain is defined as the compartment whose

fluorescence is between the maximal negative
fluorescence and the minimal positive fluorescence

e - Rain has no pronounced distribution, results most
f ! ! ; often from less efficient amplification of the target

Blue

20,000

15,000
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Validation parameters for an exploratory assay
- Accuracy -

Nb Relative
Dilution Nb Expected C C
positive error RE
factor droplets (cp/ul) (cp/uL)

droplets
B 20872 9289 9289 -
“ 22736 17478 42222 4728,2 11,98 %
24619 12101 1919,2 2174,2 13,28 %
BEE s 5535 87632 94518  7.86%
23361 2866 396,96 42282 651 %
m 24537 1470 180,36 198,97 10,32 %
“ 23464 620 82,20 86,61 5,36 %
m 25765 324 37,30 40,95 9,78 %
m 23466 126 16,92 17,37 2.59 %
_ 21595 74 7,69 11,09 44.21 %
m 22804 40 3,50 5,66 61,71 %
m 22685 12 1,65 1,77 6,77 % 100007

RE = ((Observed value - Expected value)/Expected value)*100 1000

100

« Accuracy is demonstrated for at least three logs
* Lower dynamic range of ddPCR

Expected concentration
[cp/ul]

. 10 o
» Dynamic range not fully explored .
* RE increases at low cp/ul due to low number of 1 - - ; 1
o 1 10 100 1000 10000
positive droplets Observed concentration
« RE should not exceed 40% [ep/ul
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Validation parameters for an exploratory assay
- Dilution linearity -

L & BN

Nb Relative |
Dilution Nb Expected C 50.000
positive error RE .

factor droplets

B 11512 9622 9622 s 40.000
“ 26851 1440 962,2 940,7 -2,2% ]
BT 147 96,22 97,28 1,1% 1
25920 13 9,622 8562  -11,0% o | A

10000 23911 5 0,9622 3,5692 271%
1000000 25325 1 0,009622 0,67393 6904%

RE = ((Observed value - Expected value)/Expected value)*100

20.000

10 49

-
[N
w
»
w
~

100000

10000

» Dilution linearity given for at least three logs
* Lower dynamic range of ddPCR
* RE increases at low cp/ul due to low number of positive droplets
* RE should not exceed 40%

1000
100

10

Expected concentration
[cp/ul]

. . 14
« Assay range can be increased by pooling chambers o *
w@\ 09\ o NS \QQQ \@QQ\Q@QQ

Observed concentration
[cp/ul]
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Validation parameters for an exploratory assay
- Robustness -

L L N

Nb
Nb
Replicate
droplets 1 -
30.000 . .
[ 01 [PPRYR 1034 6961
B oo 1136 8078 1%
25.000 —
B o 1055 8068 -
B o 1170 8029 :
| 05 PR 1170 7585 20000
B o6 1327 8030
13418 1211 7795
“ 22670 1238 8243 ]
“ 23960 1169 7342 & ]
1I1 112 1‘3 ll4 1I5 IIG 1-I7 118 1‘9 1-10 1-11 1 I12
BT 0o 1188 7760
B 1164 7465
BT 2o 331 e230

* High reproducibility of the assay
c %CV 5,1 %
« CV increases with lowering number of positive droplets
*  %CV should not exceed 25%
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Validation parameters for an exploratory assay
- Sensitivity -

(Dlues FAM  Groen: Cy3 « LOB is determined by running sufficient blanks for a 95% confidence
Replicate 01 2 0 « Threshold is set according to previous runs
Replicate 02 1 0
Replicate 03 10 0
Replicate 04 11 0 s
Replicate 05 2 0 D =)
Replicate 06 2 0 4 14,000
Replicate 07 2 0 < 30,000 = 1
Replicate 08 9 0 = S 12,0001
Replicate 09 5 0 ® TR : TR o 5
Replicate 10 4 0 T 25,000 ] s ey e e £ ,
Replicate 11 9 0 - g e R
Replicate 12 1 0 @ O e o | g
Replicate 13 2 0 ® 200004 . O 8,000 - EyopEe.
Replicate 14 1 0 = S ] S
Replicate 15 ) 0 o gn 6,000 "
Replicate 16 1 0 "
Replicate 17 6 0
Replicate 18 1 0
Replicate 19 2 0
et — : « LOD can be calculated from LOB
Replicate 21 5) 0
Replicate 22 3 0
Replicate 23 o) 0
Replicate 24 20 0
Replicate 25 0 0
Replicate 26 25 0 LOD (95%) [cp/pl] 1,0 0,2
Replicate 27 o) 0
Replicate 28 12 0
Replicate 29 5 0 LOD (95%) [positive partitions] 15 )
Replicate 30 8 0
Replicate 31 10 0
Replicate 32 3 0
Replicate 33 9 0 . . .
Replicate 34 12 0  LLOQ is lowest concentration where more than 95% of the replicates show
Replicate 35 13 0 . g . . .
Replicate 36 3 0 amplification of the target in low concentration samples (1-5 x LOD

concentration)

obbvie Development Sciences Company Confidential © 2022 11



Validation parameters for an exploratory assay
- Multiplexing -

* Multiplexing can be advantageous when several targets are to be analyzed
* Limited amount of sample
« Higher throughput

- 2 2 5
Combi Target < 3 L
T 3 f
c c g
o c c
£ © ©
2 1 2 5 £ £
(7]
=] s 2
@ @ <
S 2 3 T S g
) © A
& S 7
6 1 3 7
. : TR 1
Combi 2 Combi 5 Combi 6 Combi 2 Combi 5 Combi 6 Combi 2 Combi 5 Combi 6

« Try different probe labels for each TagMan assay
« Some assays can give low resolution in a flourescence channel
* Avoid low resolution to allow threshold setting
« Additional bands may appear
« Select combination withsingle product and highest resolution in all channels used
* Proceed with validation
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Sample quality is important

Donor 1 A 4
Donor 2 A 4
Donor 3 A 4
Donor 4 A 4
Donor 5 A 4
Donor 1 B 4 . .
Donor2 B 4 Samples are often not analyzed immediately
Donor 3 B 4
Donor 4 B 4 .
Donors B 4 « Storage system and temperature may have an influence on sample
ETTEET 0 quality, especially RNA
12 Donor 2 A -20
13 Donor 3 A -20 . .
14 Donord A 20 + Analysis of RNA stability
15 Donor 5 A -20
16 Donor 1 B -20
17 Donor 2 B -20 °
. g b Blood samples frpm S donors
- EEm 20 » 2 types of collection tubes
Donor 5 B -20 .
» 7 days of storage at different temperatures (4°C, -20°C, -65°C)
oo I o before long-term storage at — 80°C
Donors S — » Expression analysis of 48 genes via gPCR
Donor 5 A -65
Donor 1 B -65
Donor 2 B -65
Donor 3 B -65
Donor 4 B -65
Donor 5 B -65
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Comparable dCt values for all
three temperatures in tubes A

suggest similar RNA integrity at

all storage conditions
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In contrast, dCt values increase
with lowering the storage
temperature in tubes B
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Conclusion

ddPCR
« Assay optimization required before validation
» Ensure an optimal amplification in the ddPCR reactions containing the samples
« Primer/probe concentrations, buffer, annealing temperature, ..
* Results in good separation between positive and negative droplets
 Single amplification product

« Validation efforts differ depending on the context of use
« An exploratory type assay requires a limited set of validation experiments
« Accuracy, Linearity, Sensitivity, Robustness
* An advanced assay requires additional validation steps

« Some applications may require/ favor multiplexing of assays
* Requires more assay optimization
« Effect of multiplexing on PCR efficiency, bleed through of fluorescence into other channels
» Validation follows the same procedure

Sample stability
« Storage temperature and storage system can have an influence on RNA stability
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