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How can personalized mRNA neoantigen vaccines treat patients with Pancreatic

Ductal Adenocarcinoma (PDAC) by triggering an immune response?
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Method 3

e Firstly, I will be using various online resources inclu‘dihg videos, websites, and
news articles to research and present,,abeui Pancreatlc Ductal

\‘\

Adenocarcinoma. ' R

e The next part of my research willbe ab _utqtﬁéﬁmeff 'acy‘ ohgadltlonal forms
of 1mmunotherapy, spec1f1c€ﬂly 1mm1,tne feekpo,mt int -‘zm fon PDAC. I
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m}ben?esearchﬁgw mRNA | cancer vagcines SWork toﬁq “'
e ‘To'support my research, I vpll be r ferrljﬁg to specific data o ected from a
“phase 1 cl/ini%{rial‘ conducted k‘o test mRNA vaccines against Pancreatic

N
. DuctaliAdeno rcinoma. ‘Q :



Research - Information about the Pancreas

e The pancreas is a gland located in the abdomen
which plays a key role in converting the food that
we eat into fuel.

e The pancreas is located between the Stemachﬁnd '
the spleen in the upper left abdomen, ard is { /

Surr()/u:}ded by other )Pgans and blood (Vess7 S
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https://columbiasurgery.org/sites/default/files/styles/large/public/pancreas_exocrine_function.jpg?itok=Yzgt-FoA

Research - The development of Pancreatic tumors
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Cancer cells outcompete the growth of healthy cells as theyyhaveanutations in their
DNA which allow them to grow faster and more rapidly. |
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Pancreatic tumors are mahgnant as they can metastaSLze rapldlyﬁ other parts of the
body. - e 4
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Q?Gr/pancreatic t@s occur in ‘the ekocri e»g’iands, and the

Pancreatic Ductal Adenocarcinoma,(PIDAC):

o PDACIis sed when'cancerous cells\me he P ncreatic duct. This growth of cancerous cells
compreésses the commb®n bile duét, and block’ the flow of bile out of the liver. PDAC can
metastasize ea%f to othér parts the bBody, such as the liver and the lungs.
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Research - How do immune checkpoint 1nh1b1t01;s
work? e

[ ] Before the breakthrough Of mRNA vaccines fOI' PD-L1 binds to PD-1 and inhibits Blocking PD-L1 or PD-1 allows

T cell killing of tumor cell T cell killing of tumor cell

Pancreatic Ductal Adenocarcinoma, several clinical
trials were conducted to test the efficac }of-a type,,g\‘ o Tumor el Jumocal
immunotherapy known as immune checkpomt

inhibitors on PDAC tumors. e L8 7*/ i

e Immune check.pomt inhibitors# Z
o Immune checkpomt inhibitofs are types of drugs whic

) the canter recepgefs from i 1ncreas1pg the :
yd checkpoint proteins‘en T-cells. Therefof'e these checiﬁ'ofnt
’ inhibitors allow for th§ immune sy‘stem to befturned back on, and
fight thedt nosupprasswe natute of tllmors
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https://www.cancer.gov/sites/g/files/xnrzdm211/files/styles/cgov_article/public/cgov_image/media_image/2019-09/nci-vol-10396-150.jpg?h=30063a04&itok=_U-8LP1n

Research - Inefficacy of checkpoint inhibitors on,
PDAC o

PDAC tumors have a low mutation rate: In order forcheckpoint inhibitors to
be effective, they need to be able to bind to a specific mutation. Lower
mutations result in a reduced sensitivity oftPDA.C@anors towards checkpoint

inhibitors. : i LR
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TO/wﬁcome this oblems m} Aéneo }gen vaccin ceease the presence

of specific types of qntlgens\kn w or specific antlgens so that T-cells

can effect&veh(recogmze thé'\tumor ‘cell§ as foreign and attack them.
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Research - How do mRNA vaccines work? :

e The reason that the immune system is ineffective against cancers
is because all cancer cells are the mutations of the body’s own ’
cells. This way, the immune system has trouble recognizing them [T ————

as foreign and cannot successfully suppres,s,t—l‘re’g'fbw_ﬂl\(fﬁcancer g il g ol onis
00909,
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3 - '. ;.‘ - /é / ‘) _//" 7 The genetic sequence of the virus The mRNA is packaged into a Theimmunecell§f9!lov(‘tl.1e:mRNe

e mRNA cancer vaccines use a special type of anfigens nztﬁqe;é [ b At A S drkilcoth e T
} o / £ to make the spike protein 10 immune cells stimulates an immune response
surfacesof tumor cells, kndWwn as neoantigens./mRNA cancer &
. . . A o Nt

vaeCines identify and loeate the neoantigens gn the fumor cells,
and then increase the expression of‘thesa‘ neoantigens on the
surface of the body’s immupne cells. This way, thedfmmune system
A é . -
v can recognize the ?cer cells as foreign and can build antibodies

against them. ./
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Research - mRNA neoantigen vaccines in PDAC

patlents o

4
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In 2023, a pharmaceutical company named BioNtech conducted-a Phase 1 clinical trial
testing mRNA neoantigen vaccines on patlents with PDAO '
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First, the 16 patients enrolled in the study had t ﬁﬁ:ﬂl%(} tumorm;%sected surgically
\ N
using the a surglcal process kngwn as the W /le proce _

;

S R

légmors were then shipped w1th1 72 h urs to a manufacturl}fg facility, where a

: process known as exome sequencm was c\/nducted on them.

o Exome/ sequencing isa method, used to scan the exome part of the genome (protein-coding
reglon) to loo}qor mutations in nu)elc bases (adenine, thymine, guanine, and cytosine).



Research - mRNA neoantigen vaccines in PDAC |
patlents L

The surgically resected PDAC tumors then underwent a step known
as RNA sequencing (RNA seq), in which the transcriptome (entire, T
content of the RNA) was analyzed to determlne which genes were | N N i
turned on or off, and which regions of the RNA coded fot hiuta
proteins.

e RNA sequencing was usedto determlnewhlchpamoffﬁm
coded for neoantagens on PDAC turfiors, and co put tlopal =7 - woken
identification of these tu ;u):s allowed for th;zerso 11ze A RNA~~ "‘< 2. v
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VaCC].Pté( to be manufacifired incorporating the neoantigens specific :
fo(each patient enrollea in the trial,

® These neoantl were then packaged wtlthl theidentified mRNA
o sequence ’whlch med th% Vaccmet‘{ ‘
\../


https://www.news-medical.net/life-sciences/RNA-Sequencing.aspx

Research - mRNA neoantigen vaccines in PDAC
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patients W
e During the manufacturing process of the mRNA vaccines;the PDAC patients
were given a targeted therapy drug known as atezolizumab Atezolizumab is a
type of drug which blocks a protein-ontumon ce]lilﬁggwn as PDL-1 from
binding with a protein on T-cells known as BD AL
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Research - mRNA neoantigen vaccines in PDAC
patients N

e o weeks after the surgery, the patients enrolled in the trial were given 8 consecutive
priming doses of personalized vaccines, each containing 20 neoantigens per patient.
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e Following this, the patients recelve.da.farm_ef 2 Ne)
FOLFIRINOX/Usmg chemothé*apy before mRINA Vac_gme.l
prim P‘ﬁAC tumoynd reduce. the nymber of caficer cells };,-, |
hasto flght against.§ \ ‘ 81 } =4 oF




Data - Inefficacy of immune checkpoint inhibitors

Table 1. Single-agent trials of checkpoint inhibition in PDAC to date.

Reference Phase Design N Results Toxicity

CTLA-4 inhibitor 27
ipilimumab

Royal and Il
colleagues® Locally
advanced/
metastatic
PDAC

One patient
had a delayed
objective
response

11% patients
experienced grade >3
immune-related
adverse events

Anti-PD-L1 0 PDAC
(BMS-936559) patients had
an objective
response

Brahmer and I 9% patients across all
tumour types had
grade >3 immune-

related adverse events

colleagues? Multiple
tumours,
advanced

PDAC

PDAC, pancreatic ductal adenocarcinoma; PD-L1, programmed death ligand 1.

kS

This table shows two
studies conducted
using different immune
checkpoint inhibitors
to treat PDAC. As we
can see from the
results, both of these
checkpoint inhibitors
failed to trigger a
response in the
immune system of the
patients.


https://journals.sagepub.com/doi/10.1177/1758835918816281#bibr8-1758835918816281

Data - Safety of mRNA neoantigen vaccines against
PDAC X

e :
Y ) T\ = i
— 80 f -..J\%“
w o i R
L : Sl o
< 60 Z "‘?"this-grq;}hm can
J  seethattha pércentage of
2 40 / / ke N
.c { / T - |
@ 20 { -
O ] z (mRNA vaccine) s very
> small. This is well within
4 the study threshold of
‘ 25% indicated by the
4 dotted blue line.

: Autogene
Atezolizumab At i




Data - Feasibility of mRNA neoantigen vaccines |
against PDAC ¢

Autogene Autogene
cevumeran

Atezollzumab

(n - 18)* cevumeran

(n=1

b
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From the graph below,
we can see that the
“#/Mbenchmarked times for
-«the administration of
= atezolizumab as well as
Autogene Cevumeran
were met. The
administration of these
were within 3 days of
the benchmarked time.
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Data - Immunogenicity of mRNA neoantigen - |
vaccines against PDAC s

Responders  Non-responders

(n=28) (n=8)
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From;ﬁ" ircle graph (right), we can
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Data - Recurrence free survival rates‘of patients |
who received mRNA vaccines s

—*= Responders (n = 8)

—*= Non-responders (n = 8)

P = 0.003 =

HR: 0.08 (0.01-0.4) L ‘T; ol

RN SN0 M-S B AN (I As seen_ mthe graph Vact: e non- responders

100 ST (r.epr@ente h%;hne)" gha recurrence
of 1 '-Hs/

Median RFS: not reached free 1 (RF ) Sl k ‘
/ surgical resggtlomf.thekg:fuﬁl ¢ wever the 8

am 207515

res ongle{s (represented
to have an RFS of 100% even ai'ter the follow-up
10d of 18 months.
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Median RFS: 13.4 months




Conclusion 4

e Until recently, traditional forms of immunotherapy such as immune checkpoint
inhibitors have been ineffective against Pancreatic Ductal Adenocarcinoma.

- ——— Ve T'\‘ \k

e The novel approach of mRNA neoantigen vaccines however Smore effective as it
uses a special type. of tumor specifie- a-n-txgenk%wn AS a4 ;gb};yto stimulate an
immune response. W / A -
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e From the research an\d data pI\ese d{;t ca be seen that mRNA neoantlgen vaccines
" are safe agd‘f%\hlble d can ﬁrlgg immune response in patients with PDAC by
*  strengthening their imMune s tem against tumors. It has also resulted in an

/ : :
/ 1ecreased recurr\s{lce free survﬁ@ for PDAC patients.



Conclusion - Future Steps .

: 8.
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e Phase 2 of the BioNtech clinical trial has recently openeds-and will involve 260

patients from 80 sites around the world. This will tést the benefits that mRNA
cancer vaccines can offer for PDAC-patientsin com_ulson with the current

therapy of surgery and chemotherapy.. e i’ 7R
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_ i&eﬁt clinical twr( n the U.K haé bee Iaunched Wth 15682 type of
A vaccines knqwn as ther ic RNA vaccines to treat lung and skin
“cancers, With the deyelopment of mRXA cancer vaccines, these can be a

»  reliable method\to cure 1etha}££91cers
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