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Introduction

* Cancer is a leading cause of death worldwide.

* The lack of effective cancer treatments is the main reason for high mortality
among cancer patients.

* Cancer treatment has progressed from surgical resection, radiation therapy
and chemotherapy to immunotherapy.
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Cancer Vaccine

* Cancer vaccines are an attractive alternative immunotherapeutic option with

both prophylactic and therapeutic potentials.

compared to other immunotherapies.



Cancer Vaccines

* FDA approved Cancer vaccin:
V' Preventive or prophylactic strategy
“*HPV preventive vaccine ..... Hepatocellular Carcinoma
“*HBV preventive vaccine ...... Cervical Cancer
v Therapeutic strategy
»Bacillus Calmette-Guérin (BCG) ..... Early-stage bladder cancer

*Sipuleucel-T (Provenge) ...... Prostate cancer




Cancer vaccine platform types

Cell-based
cancer vaccines

Dendritic cell vaccine
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Tumor cell vaccine

Whole tumor-associated antigens
are used in tumor vaccines.
Dendritic cells are loaded with a

Viral-based
cancer vaccines

Viral vaccine

Engineered viruses are used
as vectors to deliver tumor

variety of tumor antigens in
dendritic cell vaccine )
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Peptide-based
cancer vaccines

Antigenic peptides

Cancer epitopes of interest are
delivered to the immune system
as short/long peptides to induce

Nucleic acid-based
cancer vaccines

DNA vaccine

DNA or RNA encoding tumor
antigens are delivered to the
immune system using

k immune response /

\ various delivery platformsj




Advantages Of Nucleic Acid Based Cancer
Vaccine

* 1- Nucleic acid vaccines allow simultaneous delivery of multiple antigens
covering various TAAs or TSAs.

* 2- Unlike peptide vaccines, nucleic acid vaccines can encode full length
tumor antigens.

* 3- It proposed that nucleic acid vaccines are non-infectious, free of protein
or virus-derived contaminations during production.




DNA Vaccine mRNA Vaccine
\ | B e
. = &  SARS-CoV-2 . 3.
. \ g = Spike mRNA E
\ \0‘ %l “,ur’ﬁ'- ........ e 0
SARS-CoV 2 i
Spike DNA
Electroporation ., & Nanoparticle-
encapsulated mRNA
Abe R
& ; )
& :
/’ N e e
/ SARS-CoV-2 \ \
Spike proteins ‘ mRNA
—r —0 @
Ribosome translation

\ k
Yan eta\k@naceuticals.zon

-
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appealing alternative to DNA vaccine for
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mRNA Vaccine disadvantages

> Despite these promising advantages, the development of mMRNA vaccines
initially faced several limitations:

* Instability
*Possible innate immunogenicity

“*Inefficient in vivo transportation




With the U.S. FDA’s approval of two mRNA-based vaccines from Pfizer-
BioNTech and Moderna for use in COVID-19 prevention, the mRNA vaccine
field will attract widespread interest in both cancer and infectious disease

applications.
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mRNA Structure

* The typical mRNA consists of:

S'-untranslated region 3'-untranslated region
Prolong mRNA half life Prolong mRNA half life

? ?
| | |

CAP Open reading frame Poly A tail
Increase the stability Sequence of proteins Increase translation
efficiency and stability

APSB 2023



Principle of mRNA Vaccine Synthesis and
immunity
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RNA sensing by the innate immune system

Exogenous mRNA (LNP enclosed)
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Modulating immunogenicity of mRNA

» Effective methods to reduce the immunogenicity of mRNAs:

“*Incorporation of Modified nucleotides
“»Adding poly (A) tails

“*Improving mRNA purification




1- Modifying nucleotides chemically
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Cont....

» Modified Nucleosides Reduce the Capacity of RNA to Induce Cytokine
Secretion and Activation Marker Expression by DCs

A MOk TNF-a IL-12(p70)

D DC1 DC2 DC2
n lipofectin
poly(l):(C)

unmodified
m5C
mBA
\y
m5U
s2U
B meA/ N.D.
meA + W 1 | N.D.
poly(U) [N.D. N ND. , , .
0 100 200 0 50 100 0 10 20 30 40
TNF-a (pg/ml) TNF-a (pg/ml) IFN-ct (pg/ml)

m6A
o
s2U _ .

0 1000 2000 0 5 10 15 20
pg/ml ng/mi

RNA-1571

RNA-1571

[ H
I
O
[

—, |

]

LH

)

=l

RNA-1571




Cont....
» Activation of DCs by RNA MDDCs were treated for 20 h

with lipofectin alone or complexed with Modified

nucleosides RNA.
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Nucleic Acids Research, 2011, Vol. 39, No. 21 el42
doi:10.1093 [nar/gkr693

Generating the optimal mRNA for therapy:
HPLC purification eliminates immune activation
and improves translation of nucleoside-modified,

protein-encoding mRNA
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More mRNA Vaccine Modifications

* To improve mRNA stability and translation efficacy
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mRNA Vaccine Delivery

* Because of the negatively charged structure of naked RNA and the large
molecular size, mRNA is prone to degradation by nucleases and cannot cross

the cell membrane.

* To overcome this obstacle, several mRNA vaccine delivery strategies have
been developed:

“*Ex vivo loading of mRNA into DCs,

“»Direct injection of mMRNA with or without a carrier.




Major delivery methods for mRNA vaccines
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mRNA cancer vaccine platforms

* mRNA-based cancer immunotherapies can be divided to:
“*Tumor-associated antigen (TAA) mRNA vaccine
“*Neoantigen or tumor-specific antigens (TSAs) mRNA vaccine

“*Immunomodulatory molecules and tumor suppressor genes mRNA vaccine




Overview of representative mRNA-based
cancer vaccine clinical trials




Vaccine type

Autologous dendritic
cell

Lipid-complexed
mRNAs

Protamine-coated
mRNAs

Naked mRNA

Antigens and costimulatory molecules

* TriMixDC-MEL: mRNAs encoding CD70, CDA0L,
constitutively active TLR4 and tumor antigens (134, 180

» WT-1 dendritic EE|||: mRNA encoding WT-1(181)
AGS-003: whole-tumor mRNA and synthetic CD40L
mRNA (182)

» RNA/dendritic cell vaccine: whole-tumor RNA (183)

» mRNA-2416 (Moderna): mRNA encoding 0X40L (188)
» mRNA-2752: mRNA encoding 0X40L, 11-23, 11-36Y (189)
» mRNA-4157 (Moderna): mRNA encoding patient-specific

neoantigens (190, 191)

» FixVac, BNT111 (BioNTech): mRNA encoding NY-ESO-1,
tyrosinase, MAGE-A3, TPTE (5, 152)

» RNActive, CV3201: mRNA encoding NY-ESO-1, MAGE-(1,

MAGE-C2, survivin, 5T4 (186)
* RNActive, CV9103: mRNA encoding PSA, PSCA, PSMA,
and STEAP1(187)

» TriMix: mRNA encoding CD70, CD40L, and constitutively

active TLR4 (184)

« [VAC MUTANOME (BioNTech): mRNA encoding personalized

neoantigens (4)

* mRNA-Mix: mRNA encoding MAGE-A1, MUCT, CEA, and

survivin (185)

Outcomes

» Safe toxicity profile
» Antigen-specific T cell responses in some patients

» Proinflammatory changes in TME observed in some
patients

» Safe toxicity profile, mild adverse events

» Activation of antigen-specific CD4* or CD8" T cells
in large subset of patients

» Proinflammatory changes in TME
» Durable disease control for some patients
* Promising clinical responses in combination with [CB

» Safe toxicity profile, mild to moderate adverse
events

» Activation of T cell responses in small proportion
of patients

* Significant increase in B cell responses

» Safe toxicity profile, mild adverse events

» Antigen-specific T cell responses detected after
vaccination in subset of patients

» Promising clinical responses in combination
with ICB

Challenges

» Costly

» L aborious to produce

» Variation in patient-specific dendritic
cell preparations limiting

» Variation in dendritic cell trafficking
after injection

» Variable tumor-associated antigen-

specific responses in subsets
of patients

» Modest immunogenicity

» Short half-life
» Limited uptake in cells

» Requires ultrasound-guided injection
into lymph nodes
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Vaccine type

Autologous dendritic
cell

Lipid-complexed
mRNAs

Protamine-coated
mRNAs

Naked mRNA

Antigens and costimulatory molecules
» TriMixDC-MEL: mRNAs encoding (D70, CDAO0L,

constitutively active TLR4 and tumor antigens (134, 180)

» WT-1 dendritic EE|||: mRNA encoding WT-1(181)
AGS-003: whole-tumor mRNA and synthetic CD40L
mRNA (182)

» RNA/dendritic cell vaccine: whole-tumor RNA (183)

» mRNA-2416 (Moderna): mRNA encoding 0X40L (188)
* mRNA-2752: mRNA Entuding 0X40L, IL-23, I1-36Y (189)

[- mRNA-4157 (Moderna): mRNA encoding patient-specific
neoantigens (190, 191)

J

» FixVac, BNT111 (BioNTech): mRNA encoding NY-ESO-1,
tyrosinase, MAGE-A3, TPTE (5, 152)

» RNActive, CV3201: mRNA encoding NY-ESO-1, MAGE-(1,

MAGE-C2, survivin, 5T4 (186)
* RNActive, CV9103: mRNA encoding PSA, PSCA, PSMA,
and STEAP1(187)

» TriMix: mRNA encoding CD70, CD40L, and constitutively

active TLR4 (184)

« [VAC MUTANOME (BioNTech): mRNA encoding personalized

neoantigens (4)

* mRNA-Mix: mRNA encoding MAGE-A1, MUCT, CEA, and

survivin (185)

Outcomes

» Safe toxicity profile
» Antigen-specific T cell responses in some patients

» Proinflammatory changes in TME observed in some
patients

» Safe toxicity profile, mild adverse events

» Activation of antigen-specific CD4* or CD8" T cells
in large subset of patients

» Proinflammatory changes in TME
» Durable disease control for some patients
* Promising clinical responses in combination with [CB

» Safe toxicity profile, mild to moderate adverse
events

» Activation of T cell responses in small proportion
of patients

* Significant increase in B cell responses

» Safe toxicity profile, mild adverse events

» Antigen-specific T cell responses detected after
vaccination in subset of patients

» Promising clinical responses in combination
with ICB

Challenges

» Costly
» L aborious to produce

» Variation in patient-specific dendritic
cell preparations limiting

» Variation in dendritic cell trafficking
after injection

» Variable tumor-associated antigen-

specific responses in subsets
of patients

» Modest immunogenicity

» Short half-life
» Limited uptake in cells

» Requires ultrasound-guided injection
into lymph nodes



Personalized cancer vaccine (ImRNA-4157)

mRNA encoding up to 34 neoantigens
A

Mutations identified in Aim for one lot per patient

protein neoantigen and
major histocompatibility
complex

- - )
Tissue Samples ' O Administration
Tumor (biopsy) and A A
Normal (blood) f
L . 4
Next Generation : Manufacturing
Sequencing (NGS) JT Manufacturing of mMRNA

Vaccine Design
Up to 34 neoantigens
Automated algorithm integrated with workflow




Current challenges and future perspectives

1- Tumor heterogeneity

2- Immunosuppressive tumor microenvironment

3- Vaccine administration routes

4- Biomarkers for monitoring the treatment response




Conclusion

It seems MRNA cancer vaccines present a promising new approach to
anticancer therapies with both opportunities and challenges.

The highly personalized and specific nature of this technology offers
tremendous potential for precision medicine in the fight against cancer.

Further clinical trials are necessary to fully establish the safety and efficacy
of mMRNA cancer vaccines and additional preclinical studies are warranted to
explore the combined use of mMRNA cancer vaccine and other anticancer

therapies.



Cont....

v Addressing issues such as tumoral heterogeneity, routes of administration
and development of methods to assess the efficacy processes will be critical
for advancing this technology toward meaningful clinical outcomes.

v"With continued research and investment, mRNA cancer vaccines hold great
promise as a transformative therapy for cancer patients.
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