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OVERVIEW PHARMACEUTICAL SOEs HOLDING Biofarma™

Officially formed by the Minister of SOEs on January 31t 2020, the Pharmaceutical SOE holding currently consists of three SOEs
member group: PT Bio Farma (Persero) as the holding company and PT Kimia Farma Tbk. And PT Indofarma Tbk. As a subsidiary.
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BIO FARMA CAPABILITIES Bigfarmas
PQ WHO Milestones of Vaccine Products
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Biofarma™

National Strategy in mRNA base Vaccine development

Expand Bio Farma’s
capability in acquiring
new technologies
(mRNA, viral vectors)

/

Capacity
Building

\
\/

National
Health
Security

Promote
R&D
activities in
the country

\/

Govt of Indonesia
provided grant funds to
Bio Farma for
establishment of mMRNA
facilities

Increase R&D
collaboration with
national research
institutions/Universities

- Pandemic preparedness

q - Utilization for other

MmRNA base products
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Afrigen, South Africa, TT mRNA Hub

Product pipeline :

« COVID-19 Vaccine

Collaboration Scheme:

Bio Farma is WHO/MPP Technology
Transfer recipients, and the Afrigen
as MRNAHub TT

Progress :

* 6 BF researchers trained in
Afrigen on April 2022 for
introductory mRNA tech

* Agreement between MPP and
BF for TT program (Package
1,2,3) has been signed

* TT package 1a has been
delivered to BF

CLPI

Production facility establishmentand
capacity building for
pandemic/outbreak preparedness

Progress :

» Partnering Agreement 10 years (25
August 2023)

+ Kickoff meeting 25 Sept 23

» Start 6 mo. Program (1 Oct 2023)
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Bio Farma mRNA
vaccine
development
programme

Other potential partner

signed
* On-going PoC (in vitro and in
vivo of mMRNA seed of COVID-

Quantem
Development of new generation
of mMRNA vaccine (low COGS)

Progress :

« Early discussion as part of
WHO/MPPTT Program

+ Mol with Bio Farma signed

* Co-development of mMRNA-based
Rabies vaccine as POC
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building the
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PRODUCTION
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Manchester University, UK

Product pipeline :

+ COVID-19 Vaccine
« mRNAVaccine

Collaboration Scheme:

Research collaboration for
mMRNA seed preparation

Progress :

« MTA & Agreement already

19)
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Diseases of interest for mRNA vaccine development

mm———————————
1 * Cancer therapy
1 - Immunomodulatory

) . B /—| * Rabies
ndemic diseasesin 1 . Disease X
: « Others

SEAN region

* Lassa

« Chikunguya
+ Nipah

+ Disease X

Schematic diagram of Bio Farma engagement
continuity plan for mRNA vaccine at Bio Farma

Indonesian BF Internal ASEAN Vx
Gov. Business Network

Process Development/
Manufacturing

Antigen/
seed Designer




o : Biofarma™
Malaria disease: current status, control and prevention o o9

Global Malaria Burden Malaria control progress

214M Global malaria cases 82.3 ‘ 60.1
in 2000 in 2015

Cases per 1000 population at risk

_/\
619K Global malaria death | Progress

|
|

Global malaria cases and death

occurred in WHO African region | Challenge
— ] e L

[ 0 Vector resistance Em(ifrgence- of Emerg-ence- of
Children under 5 accounted for 80% of - nitimalarial rate with

RTS,S (2021)
R21 (2023)

95%

80%

and behavioral )
drug resistance HRP2 gene
changes . .
parasite deletion

malaria death in WHO African region

Malaria vaccine is needed to further
reduce and control malaria cases



Natural acquired immunity (NAI) against malaria

NAI developed as a result of prolonged and
continuous exposure to malaria infection.
» This immunity not sterilizing and wanes rapidly
after malaria exposure ceases.

High parasitemia associate with inflammation and
can lead to immuno-pathology.

NAI can directly neutralise the parasite to decrease the
parasite density (anti-parasitic) or diminish excessive
proinflammatory cytokines to reduce severity of
diseases (anti-disease immunity).

NAI against severe malaria and death rapidly
developed. Meanwhile, anti-parasitic immunity slowly
acquired

Since NAI did not induce sterile immunity against
malaria infection, therefore, vaccine should be able to
induce immune response beyond NAI —e.g high
antibody and T-cell responses.

Non sterilising

Asymptomatic

targeting parasite
and infected cells

Anti-sporozoite Ab (CSP)

Pre-erythrocytic

Low magnitude T-cells

anfdoayrAig
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Non sterilising

High-level of
inflammation

targeting parasite
and infected cells

Antibody against VSAs or
Parasite ligand

Limited T-cell data (CD4)



: . Biofarma™
Malaria vaccine development

* Infection of hepatocyte during pre-erythrocytic stage is
asymptomatic. Vaccine targeting pre-erythrocytic stage can
induce sterile immunity.

L ell-mediated immunity
\q‘/},, W\\.\/ e éb"“’;;&”*‘” » Blood-stage infection associate with clinical pathology.
LN Mw_w"ﬁ'lg":‘%L'::%?xﬁ:f‘ § > Symptoms: fever, chills, sweats, headaches, body
S0 4 i aches, malaise, nausea and vomiting.
g » Outcomes: broad range from mild to severe and death.
| » Vaccine targeting blood stage can reduce diseases
severity

»  Malaria vaccines are developed based on parasite’s life cycle:

» Pre-erythrocytic stage (PEV): extracellular
(sporozoite stage) and intracellular (liver-stage)
phase.

» Erythrocytic stage: Merozoite ligand and VSAs

» Sexual stage: de-novo antigen express during parasite

Cockburn, L.A. and R.A. Seder. Nat Immunol, 2018. 19(11): p. 1199-1211. development in mosquito




Current progress on subunit PEV

RTS,S/ASO1E (Mosquirix) is a subunit PEV based on
truncated of circumsporozoite protein (CSP) antigen.

The vaccine induce high-level of anti-NANP antibodies
that target the extracellular sporozoites.

RTS,S protect 25-50% children and infant against malaria
infection in endemic setting; indicating CSP is a protective
antigen

RTS,S were received authorisation from WHO in 2021 to
be used in children living in areas of moderate to high
malaria transmission.

R21/Matrix M is second malaria vaccine that received
authorization from WHO in 2023

Malaria Vaccine Technology Roadmap 2013 indicated that
an ideal malaria vaccine require to provide at least 75%
protective efficacy against clinical malaria and reduce
transmission.

More research are still needed to developed high-
efficacious malaria vaccine.
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Opportunity for malaria vaccine development in South-East Asia Region: Using Biofarma™
rapid-scalable and low-cost Quantoom technology to produce mRNA vaccine erou?
targeting P. falciparum and P. vivax

Introduction Project plan
P
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. . & I development (e
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: globally with estimates around 7.1 ( sources: vivaxmalaria.org) : ) k.ﬁ &j
: million cases in 2019. :
. . . . . I
| o Currently, there is no available vaccine targeting P. vivax. ]
: * Development of vaccine targeting P. vivax is pivotal to support | Timeline
: parasite control and prevent malaria diseases caused by P. :
: vivax. : 2025 2026 2027
I . . . I
e mRNA technology is a versatile vaccine platform that capable to i sl e fee el et P hea e b e e Pea fen e e [ea e
: induce robust humoral and cellular immune response. !
I * These types of immunity are required to provide protection :
1 . .
1 against malaria. !
\ * Bio Farma aim to develop mRNA vaccine targeting pre-erythrocytic 1
. . . . 1
\  stage of P. falciparum & P. vivax using strain that commonly /
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~ ’/

O e e o o o o o o -



WP.1 Workflow of mRNA design and template production Biofarma™

GROUP
(1) Sequence design (2) In vitro transcription Purification mRNA
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Chaudhary et al., Nature Reviews Drug Discovery. 2021 Vol. 20 Issue 11 Pages 817-838

2 - Pre-erythrocyte stage
Sequence design YRTOEYEE 5

Plasmodium falciparum and Plasmodium vivax,
Southeast Asia Strain

— Target protein: PFCSP and PvCSP

2XOOCC

—= Optimization of 5; and 3’-UTR

- Codon optimization for full-length protein

Bioinformatic analysis for the elimination of toxicity,
Ul, Bio Farma, Unpad —— allergenic region, and adjustment with HLA recognition
from (Indonesia/SEA)




WP2. Drug substance process development and
production using Quantoom Ntensify technology

mRNA production

In vitro transcription

mRNA
— o {iHEHH- o

Ntensify system by Quantoom
»”~ Bioscience N

/ \
/ \
: . Provide an integrated, seamless production system for mRNA vaccine. :
1 *  From IVT to mRNA purification I
: *  Small footprint area with scalability from pre-clinical development to GMP :
I manufacturing. I
|‘ *  Reduce COGS, resulting in affordable mRNA vaccine. 1
\ /’

\\ /l

—  Ntensify Mini (Ul)

Ntensify Midi (Bio Farma)
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Drug Discovery
(up to 182 different RNAS)

B 4 pg of inear DNA 768 pg of inear DNA
T 0.5 mg of RNA
¢ (Drug Substance x 192 wells 100 mg of RNA pooled
Batch duration < 1day <1day
| y
¥ e e e e e e
|
Quantem
Ntensify

Per batch
(1 - 4 reactors)

8= 32‘ meg of linear DNA 4.8 g of linear DNA

J
1 - 4 g of naked RNA 612 g of naked RNA

(Drug Substance)

Nbr Batch Max 1 per day 150 per year



Biofarma“

GROUP

WP.3 Drug Product Process Development —

Quant .« m i e s s oty =

Affordability & portability

- 2m), syswm
Sulatic for distributed manufacturing

Scalability

+ Designad for predictable, seamiess scale-up Fom banch
10 MASE rOuCticn

« Thecughe o

Composition- & technology-agnostic

o : Bl L&
mRNA encapsulation, filtration, packaging NCapsulate sasml | 220N
mRNA
Nanoprecipitation
- e @JUL{ —— LNP formulation based on Pfizer-BioNTech LNP
~ ?\5.35_1??‘.4? ' Lipid Mno")éi_ﬁd.; e NP formulation based on Moderna LNP
2.4 % ring
e " " A Sk .
* %ﬁg LNP formulation from Pharmacy of ITB/UI
Lipids s’
Filtration "":"l":':' — |_NP formulation based on alternative lipid (Indonesian palm oil)
=] Polymer-based or Peptide-based vehicle




WP.4 Preclinical Development Biofarma™
» Both antibody and T-cells against Plasmodium Ag (such as CSP) Transgenic
has been proven important for immunity against malaria. F. berghei sporozoites
» It has been demonstrated that not only titre of Antibody,
but certain subclass and quality of Ab (Avidity) were

. : : . L . P. falci
associate with protection status against malaria infection. Sl o

— CSP gene

» High Ag-specific CD8 T-cell responses were found
correlate with protection against malaria infection. : ".,;.-;;."' = 3
» Therefore, it is important to evaluate antibody and T-cell E—
response against malaria Ag during preclinical trial § :f:"

£
» Since P. falciparum is restricted human pathogen, transgenic P. \’5*"”
berghei expressing P. falciparum protein can be used to evaluate > S

malaria vaccine candidate in mice.

Lead candidate Fliazss

Development

High expression and Quality of mRNA Titer and Quality of Acute and sub
CSP formation Stable, high potency Ab, T cell response chronic toxicity in
Low reactogenicity rodent and non

rodent animal model
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Summary

e Malariais a serious and persistent threat to public health in many parts of Asia. The South-
East Asia Region is the region with the second highest estimated malaria burden globally. An
effective vaccine against P.falciparum and P.vivax is needed.

e Bio Farma project plan is to develop second-generation of PfCSP and PvCSP vaccine using
MRNA technology that increase the overall affinity and longevity of the B cell response
against the protective antibody epitopes and high Ag-specific T-cell response.

e The mRNA design is targeted to more effective vaccine candidate, rapid scalable, low-cost
production. Development of novel UTRs and alternate lipids to ensure the freedom to operate.

e Global partnership and build innovation capacity within the country will speedy malaria
vaccine development in Indonesia.
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