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SYngene  Topics for discussion

1. Immunogenicity Wanted- Why?
2. Repurposing assay formats- Biologics to Vaccines
3. Ourlearnings about critical differences between immunogenicity assays for Biologics and Vaccines

* Differences in critical reagents
ADA

*  Different parameters studied
VAX

PK
*  How data calculation and interpretation differs

*  Documents that can be used to guide assay development, validation and sample analysis
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Immunogenicity

: Unwanted and Wanted
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References: Immunogenicity of Protein-based Therapeutics, USFDA and Guidelines on clinical evaluation of vaccines: regulatory expectations, WHO
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Repurposing assay formats- Biologics to Vaccines -

The LBA is a widely adapted assay platform for blO|0gICS |mmunogen|C|ty

1gG Antibody conjugates

Xp

Antibody fragments and bispecific antibodies

&V& !

F(ab’)-PEG

C5: eculizumab Antibody-drug conjugates T cell-dependent
CD20: rituximab CD22: inotuzumab ozogamicin TNF: certolizumab bispecific antibody
HER2: trastuzumab CD30: brentuximab vedotin pegol CD3 x CD19:

IL-12 and IL-23: ustekinumab

PD1: nivolumab

RANKL: denosumab

TNF: adalimumab, infliximab and golimumab
VEGFA: bevacizumab

CD33: gemtuzumab ozogamicin blinatumomab
HER2: ado-trastuzumab

emtansine

de&

Radioimmunoconjugates
CD20: ®Y-ibritumomab tiuxetan,
31|-tositumomab

W

GPIlIb/llla, a., ﬁ -integrin: abciximab
VEGFA: ranibizumab
Dabigatran: idarucizumab

Figure 1| Formats of approved antibody drugs. The majority of approved antibody drugs are immunoglobulin G
(IgG) molecules, including the examples shown, which were the top-ten selling IgGs in 2016 (TABLE 1). All currently
marketed drugs are shown for antibody conjugates, fragments and bispecific antibodies. Not shown is the bispecific

Paul J. Carter & Greg A. Lazar
Next generation antibody drugs: pursuit of the 'high-hanging fruit’-Nature Reviews Drug
Discovery volumel7, pages197—-223 (2018)

{}K):EPCL signal

Sulfo tag labeled drug

Frequently used
immunogenicity detection
assay format

Anti drug antibody

v

* High sensitivity Biotin labeled drug
* High drug tolerance

* Master-mix advantage |mmunogenicity assay

* LBA= Ligand binding assay
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Syngene Repurposing assay formats- Biologics to Vaccines

We decided to deploy the LBA to study the |mmunogen|C|ty of protein base

TYPE OF VACCINE
TYPES OF VACCINES
Live Attenuated Inactivated Replicating Viral Non-Replicating DNA Vaceine RNA Vaccine Subunit Vaccine L
Vaccine Vaccine Vector Vaccine Viral Vector e 5 : . 1 Y T |
g | | |
‘f |
LIVE ATTENUATED INACTIVATED WHOLE CELL 2
| TOXOID VACCINES
VACCINES (LAV) VACCINES (Killed antigen) |
i [ [
| | | z
} l | |
PROTECT AGAINST PROTECT AGAINST PROTEIN BASED :
TUBERCULOSIS (BCG) WHOLE-CELL PERTUSSIS SUBUNITS Protect Against
ORAL POLIO VACCINE (OPY) (WP) POLYSACCHARIDES DIPHTHERIA
MEASLES, MUMPS, RUBELLA, HEPATITIS A, FLU, CONJUGATE SUBUNIT (DT)
ROTAVIRUS, SMALLPOX, INACTIVATED POLIO VACCINES TETANUS (IT)
CHICKENPOYX, YELLOW FEVER VACCINE (IPV), RABES (Purified Antigen) >
i
|
. PROTECT AGAINST HAEMOPHILUS INFLUENZAE TYPE B
THE FUTURE (NEW ‘ BACTERIA =
TYPE) VACCINES ARE (HIB), HEPATITIS BVIRUS (HBV),

: ; HUMAN PAPILLOMAVIRUS (HPY), WHOOPING COUGH,
REPRESENTED ASDNA, PNEUMOCOCCAL DISEASE-PNEUMOCOCCAL CONJUGATE
RECOMBINANT e e :
e e @ VIRUS VACCINE (PCY-7, PCV-10, PCV-13),
‘ MENINGOCOCCAL DISEASE, SHINGLES

'y' epitoVDeEps

AF Ciees

. ) . . - https://overallscience.com/vaccine-and-its-types/
https://sites.bu.edu/covid-corps/projects/science-communication/types-of-

vaccines-infographics/
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Repurposing assay formats- Biologics to Vaccines

Syngene The LBA was deployed for vaccine immunogenicity
Case study 1: Vaccine against Malaria

*  Duffy binding protein against Malaria
*  Deployed ELISA for all 4 tiers of the

StUdy Malaria vaccine candidate based on Duffy-binding protein
. Binding, Confirmation (b|nd|ng el.icilts strain transcending functional antibodies in a Phase 1
tria

inhibition), Titer,
ooty ¥l e
Ajay Srinivasan’, . Amit Singh*, Rajeshwar Rao®, Santosh Gangireddy®, Rudrappa Paul“

Ch a ra cte ri ZatiO n Z\::tr::nsd\é::m ?.: Sanjay Singh®, Darrick Carter®, Steve Reed®, David C. Kaslow’, Ashley Birkett”, Virander S. Chauhan® and

Reticulocyte invasion by Plasmodium vivax requires interaction of the Duffy-binding protein (PvDBP) with host Duffy antigen
receptor for chemokines (DARCs). The binding domain of PVDBP maps to a cysteine-rich region referred to as region Il (PvDBPH).
Blocking this interaction offers a potential path to prevent P. vivax blood-stage growth and P. vivax malaria. forms the rationale
for development of 3 vaccina besed on PVDEFIL Hare we report resits of = Phase I randomized) trial to avaliste the safety snd

e with glu pid & SE). Thi
e healmy Indian male subjects aged 18-45 years were as: ng t o doses of 10, 25
Sl 50 145 of PUDBPIL formulated with 5 11 of GLA-SE. Each cohort included nine PYDBPIVGLA SE vaccmess and three hepatitis B
control vaccine recipients. Each subject received the assigned vaccine intramuscularly on days 0, 28 and 56, and was followed up till
day 180. No serious AE was reported and PVDBPII/GLA-SE was well-tolerated and safe. Analysis by ELISA showed that all three doses
of PVDBPII elicited antigen-specific binding-inhibitory antibodies. The 50 g dose elicited antibodies against PvDBPI that had the

and

n pj | Vaccines www.nature.com/npjvaccines

&i

highest binding-inhibitory titres and were most the antil were strain
ELISA B e
efficacy against human malaria infection (CHMI) models and against natural P.

vivax challenge in malaria S
npj Vaccines (2018)3:48 ; doi:10.1038/541541-018-0083-3

Optical Density/Absorbance ety objectives mersian using  confocal scanning lazer microscope (< 100).

imary objectives of the study were to assess the safety and

reactogenicity of three different doses of malaria vaccine of DARC-Fc
PVDBAR, formulated with GLA-SE in malaria naive healthy male adults. The oding DARC-Fc was generated by ligating the first 60 codons
ey, oyt were 56 amsens the o oeai ey of EVOBPNIOUA,  Of human DARC (FyB) to sequences encod: ding, E< region of human 1oG
SE by evaluating the humoral immune response against PUDBSI by ELISA,  (DARCFC) in a RC-Fc
EAy oy o \as prodiuced by co transfocting 293 T colls with plasmids encoding DARC
Fe fusion protain and human sulfotransferase. Recombinant GARC.Fc
Protein was purified from ool culire supematants by affnity chromato.
. Safety analysis raphy waing Prowein A The concentaton of pudfed DARC.Ec wras

HRP Con]ugated Data on As were collected throughout the study at reguiar intervals The  determined by bicinchoninic acd.
G2 the day
Other safety data assessed Inciuded specified solicited o
Anti-Human IgG Smptom colectad. by dinry card durng Daye 0 7; unsoiiciied Ata  ELISA-based binding-inhibition assay
COlleciad on Days 028 after each dose and sefious AE: collected Days  The ability of anti PuDBPIL sera 1o Inhibit PYDBPILDARC interaction was
ory assessments were done on Day 7 post each dose and using an ELI BIA assay
i aedaroiy ——ry DARC.FC (1 1ig/weell) was coated on 0.2 96 well plate and the
. . Parameter testing as listed in the Subplementary Clinical Trial Protocol.  Plate was blocked using blocking buffer 120
AntI_VaX antlbod Solicited events, unsolicited events and changes in laboratory parameters PvDBPIl in a range of
Yy S raded ae per the standard Us FOA Toxicity Grading Scale for  standard curve using a f
N Preventive Vaccine Clinical Triaks.> An independent data safety monitoring were analysed at different dilutions (1:10 to 1:5000) and each of the diluted
5 mittee reviewed 7 days of safety data for each cohort escalation. sera was then ed with 25 ng/ml  test h

of PYDBPI tast antigen (fxed conc.
oF 35 ng/mi) an rtion (1110) of positive control urman sera was
Determination of antt-PVDRPH IoG antibody titres by ELISA assay  Sho LoAmu A Sred St ar 010 o P S P e v
o the PP Population. Sera ol The reaction mixture and standard dilution of PvDBEI
o of the wells of DARC coat Darn

Binding protein

antigen bound to DARC was probed with anti-PvDBPII polycional rabbit

oG
developed using the chromogenic substrate
ine) and colour

3 was ata of
subtraction at 630 nm. The amount of bound

>0 o e B eo e e of Bous
B T B A T S A e B o o R s s
One well one analyte data b Vaccines (2018) 48 Published in partnership with the Sealy Center for Vaccine Development
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Our learnings about critical differences between |mmun0gen|C|ty assay
SYNgene | Biologics and Vaccines was full of surprises!

Vaccine immunogenicity assays are a combination of PK + ADA assays for blologlcs

Parameter Biologics immunogenicity assays Vaccine immunogenicity assays
Purpose Qualitative Quantitative

Assay platform Singleplex Singleplex and multiplex
Critical reagents Drug/Ligand Antigen

Reference standard

Assay calibrations
Assay cut points
Confirmatory formats

Titration

Data calculation
Acceptance criteria

Guidelines

Affinity-purified positive control antibody
Monoclonal or polyclonal

Not required

Based on response

Drug

The magnitude of response-

inverse of dilution factor

Tabulation

>NC, S/N, % CV

Immunogenicity- EMA/ USFDA

Antigen/Ligand

Regression

Slope, S/N, % CV
QZH Q2 (R1)

ﬁolyclonal serum pool from vaccine—posim

individuals (unpurified)

With International Reference Standards

Based on concentrations

Numerical values of concentrations
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Syngene Vaccine LBAs need additional sets of critical reagents, dllutlon pattern

automation when compared to ADA assays

* Primary reference standard- International Standard

* If available with WHO/NIBSC -

* Secondary standard

* Pooled sera from vaccinated individuals calibrated against 2
international standards

[N
(€]

* Types of QCs
* 2 positive control sera (medium and low)
* 8 point standard curve
* 1 negative control serum 0,5
* 1 blank (no serum)

Response
=

0
* Sample analysis (partially automated) 0 5 10 15 20
e Serum or plasma—X, Y, Z, ... dilution series Fold dilution
* Tested in singlets at 3-8 dilutions
+ Starting dilution-1:100 unvaccinated samples; minimum at least —&—Pasitive control pool
1:999 for vaccinated samples
* ISR!
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SYNQENe  \ccine LBAs followed method validation as per ICH Q2 R1

Vi

'ALIDATION OF ANALYTICAL PROCEDURES:
TEXT AND METHODOLOGY
Q2(R1)
. —

Parameter/Activities

Number of Batches/Assays

No. of Analysts

Calibration of reference standard 4 Minimum two analysts on two different days
Linearity and Assay range , LOQ and LOD 6 Minimum two analysts on three different days
Precision 3 (intra assay) + 6 (inter assay) Minimum two analysts on four different days
Accuracy 6 Minimum two analysts on three different days
Robustness 9 One/two analysts on different days
Specificity 4 One/two analysts
Matrix comparability 1 One analyst in a day
Stability
Room temperature, 2-8°C, Freeze-thaw,
and Short term (at -20£5°C) and Long 15 One/two analysts
term stability (at -70£10°C)
Method comparison between singlets
) 2 One/two analysts
and duplicates
Edge effect 2 One/two analysts
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Syngeneé " conclusion

10

Wanted immunogenicity against Vaccines can be evaluated using re-purposed Ligand Binding Assays
In our experience, MSD and ELISA are optimum platforms to study anti-vax antibodies (non-functional nature)
Laboratories that are already running Ligand Binding Assays for Biologics can easily begin running Vaccine assays-
with the same infrastructure, trained scientists, regression software
Additional training will be required for understanding ‘quantification of immunogenicity response in
concentrations using reference standards and regression software’
SOPs will need to be revised to add method validation aspects as per ICH Q2 R1
It may indeed be a PK assay in an ADA assay!

ADA

VA

Reference documents:

* Annex 9 Guidelines on clinical evaluation of vaccines: Regulatory Expectations Replacement of Annex 1 of WHO Technical Report
Series, No. 924

e Validation of analytical procedures: Text and Methodology, Q2(R1) — ICH Harmonised Tripartite Guideline

PK
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Thank you for your patience
Questions and discussions
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