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1.Tumor-associated % 1.Emulsions
Overexpressed \ Montaide ISA-51

Tissue differentiation Montaide ISA-720

Cancer-testis 1.Protein/Peptide-based ;| 1R agonist 2.Liposomes
Oncofetal 2.Nucleic acid-based Poly-ICLC 3.Virosomes
2.Neoantigen DNA CpG ODN

mRNA Imiquimod

3.Cell-based 2.DC-targeted monoclonal antibody

Whole tumour cells DEC-205

Antigen-loaded DCs CD40

4.Vector-based 3.Saponin-based

Viral 4.GM-CSF

Bacterial 5.STING ligands
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il\ PROVENGE (sipuleucel -T;
- Dendreon)

Clinical
CCR Drug Updates Regzgl?:;

PROVENGE (Sipuleucel-T) in Prostate Cancer: The First FDA-Approved
Therapeutic Cancer Vaccine

PROVENGE ¥ 1] 4%
PAP-GM-CSF & B IRSNS % H B DI, 405 £ Wil
£ 5 FIAS S B BRI DCIE T

PAP: prostate acid phosphatase Tl 51| i B 14 125 1L 1
WA TERT SRR DTSR A G, A4 A = 2258 B 1 PAP SRS 1 A 1 R4 24

IRIT NBE: patients with asymptomatic or minimally
symptomatic metastatic castration-resistant prostate

capcer (mCRPC).
A




100% =

HR = 0.775 (85% Cl, 0.614, 0.879)
P = 0.032 (Cox model)
80% - Median survival benefit = 4.1 months
™
=
2 60% 1 Sipuleucel-T (n = 341)
n = Median survival: 25.8 months AN
E’ 36-mo. survival: 31.7% Ej{iﬁiﬁ%: §E&4.1/I\H
4{}?& il — —a
s AR HHO0.5F
20% o Control (n = 171)
~ Median survival: 21.7 months
36-mo. survival: 23.0%
(1 ——————— ey
0 12 24 36 48 60 72
Time from randomization (months)
bo. at risk
SipuleucelT 341 274 129 49 14 1
Contral 1M 123 E5 19 4 1
CCR Drug Updates AR




MDX-1379 (gp100
vaccine)

Completed MDX-010 Antibody, MDX-1379 Melanoma Vaccine, ¢ Melanoma Phase 3 NCTOOD94653 September  October 2009
Has Hesults or MDX-010/MDX-1379 Combination Treatment for &« pMetastases 2004
Patients With Unresectable or Metastatic Melanoma

e NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 AUGUST 19, 2010 VOL. 363 NO.8

Improved Survival with Ipilimumab in Patients
with Metastatic Melanoma

gpLOOEEB:A Ipilimumabi T i B A R A H
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Phase 3 Antig Study S t u d y Condition
en Start Completion

Active,not N Y - 2018.09 2023.06? Sarcoma

recruiting  ESO-1

Terminated MUC1 2009.09 2010.08 Breast
Cancer
Period Title: Overall\Study
Started 11
Completed 1
Not Completed 10
Beason Not Completed

Discontinuation of trial by sponsor 10

HEAT 203 AR v e PR 06 22 B0 13 Fe B gl aE P

Intervention

CMB305

(lentiviral vector encoding NY-
ESO-1 gene and NY-ESO-1
recombinant protein plus GLA-
SE)

Stimuvax® (L-BLP25 or BLP25
Liposome Vaccine)
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A dendritic cell vaccine increases the breadth and diversity of melanoma
neoantigen-specific T cells.

Row | Saved Status Study Title Conditions | Phase | NCT Number | Study Start | Study Completion
1 Completed Dendritic Cells (White Blood Cells) Vaccination for Advanced * Melanoma Phase 1 NCT00683670 August 2008 June 2016
Melanoma
i; 75 :l:t:

1. F]FHGM-CSF. IL-4 . irradiated (10,000 rad) GMP-grade CD40L-
expressing K562 cells . IFN-y . poly I:C (TLR3¥z55) . R848
(TLR8FH BN

S DO,

2. READCH) A # 9 PR ik A2 gp100H B K ( G209-2M Al
G280-9V, EtFHERIANIEETF) .

3. JA#E: DCHriAIL-12p70 /K.




Leuj{aphergsjs ﬂ_‘ %@%Bﬁz 300 mg/m2 i-V’ 4d)§§€—‘?jﬂ\*§$¢y§—%o
. Leukapheresis

1
Cyclophosphamide

D1: 1.35x108"DC (&HPAk : D1 D2 D3 :
Y |

1.5x107 4°DC ) v
D2. 3: 4.5x107/DC (FFFhik Wk I Wki1-6 ‘ Wk7-12 ‘ Wik13-18 >
5x105 4~DC )

b WA L

PBMC ——> invitro culture ———> HLA-A*0201/peptide dextramer assays

31§J E%ﬁ%yﬁ*ﬂiif =big EI’J%E‘%@%JE B

MEL21 [Mlc 3/RDCIEH SD 9™ H J5PD
MEL38 47 [Mlc 3YRDCHET SD 8/~ H J5PD
MEL218 52 [Mlc 3/XDCETH CR
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O K B B Nature 2017

Dana-Farber Cancer Institute

An immunogenic personal neoantigen vaccine for patients with
melanoma.

Row | Saved Status Study Title Conditions | Phase | NCT Number | Study Start | Study Completion
1 Active, not A Phase | Study With a Personalized MeoAntigen * Melanoma Phase 1 NCT01970358 January January 2019
recruiting Cancer Vaccine in Melanoma 2014
- Peripheral blood Melanoma ﬁ b — A
mononuclear  Stage llIB/C Neoantigen Recurrence Anti-PD-1 Clinical
Tumour cells Stage IVM1a/b (resectable) vaccination after vaccination  antibody ~ response
procurement \ J/ —_—
aben S—
; T Stage pogents —_—
« DNA and RNA sequencing to identify WB/C oot s —
tumour-specific mutations i —_—
s;ae?t(ii:n TR St
S . age Patient 2 ——— ‘,___k)—g
« Prediction of personalized HLA- _ 3 .
blnd|ng peptides IVM1b patient 6 —h ) -~
Pools of l o
synthetic long M 1] . -
peptides  + Poly-ICLC \|. 4 MJ% * WES}FDRNA Seq

Personal 1 Fhania— )
Eﬁ; /0 THIRRATRR: FEl20 1 Kk,
ﬁg T B3-5MKHK—1pool, FEit4pool

l | ﬁﬁ}%ﬂ’ 0.3mg/fk+2mg poly-ICLC
Faocine Prime Boost Boost ﬁ —F EI:Z% %FP

. Wil | | I
administration P —— p—— —— ;ﬁ 1’ 4, 8, 15 , 229& (prlmmg phase)

Weeks LA A2 12 and 20/# (booster phase)
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Personalized RNA mutanome vaccines mobilize poly-specific
therapeutic immunity against cancer.

Row | Saved Status Study Title Conditions | Phase | NCT Number Study Start Study Completion
1 Active, not recruiting  IVAC MUTANOME Phase | Clinical Trial  * Melanoma Phase1 NCT02035956 December 2013 March 2019
o0
S - | P o ,J“*‘ \muutmnr) Lthizksbnd i
H P Do /
afl, — F 4 gﬁﬁukﬂ\ﬂ/ Lshidhabiabiei
r s g
Sample Mutation Neo-epitope Target Template DNA GMP RNA
aquisition discovery prioritization selection design and manufacturing
production and release
TAA RNA vaccination - Days of vaccination, dose: 500 or 1,000 ug
1 1 4 8 1115 22 29 43
; Neo-epitope discovery and Neo- Up to 12 vaccinations
Sctesniig vaccine manufacturing 8 Rites NA Ve Ktions in continued treatment
Immune
monitorlngﬁ i T 706 [ [
! GMP, GcLP, GCP-compliant process {

B3 NI PR BT 95 BT WU /7 0% S neoantigens, G N RIFHIRNAZEE .
IEAMAL: FiE 2 FH AN A 2Bt JRAKRBL001/RBL002,
% PRI RIENY-ESO-1/tyrosinase, FERNAREE Z B, BNUBLTX—P.,




da Time relative to nec-gpitope ANA vaccination (month)
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% Metastasis (resected) T Death V Vemurafinib B Hadiotherapy | Ipilimumab
¥ Metastasis L Losttofollow-up o Interferono P Pembrolizumab D Dabrafenib

Neo-apitope ANA vaccination » Initial diagnosis  * Measurable lesion at start of RMA vaccinatior
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Before injection After injection

#- Pra neo-epitope RANA vaccination

-
30 - FPost nec-epitope RMA vaccmahon ? 100 -
E % e 58588 aar P 'E | |
a E p— '§ TH_ Lk bk L 1
¥ o 20 IR o
= B
‘E E r ﬁ 50 -
g @ 10+ ﬁu* _E
L ) = -u-‘-':' an ==
i i
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0- L T T T T L T T E
Months 1 3 (4] 0 12 15 18 M 24 o T T T T T T T T 1
Patant Mo, 13 ! 1 15 11 ] 10 0 3 i 8 12 15 18 21 24 27
Cumulatrve et L B o M O ' ' Time to progression (months)
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A T Nature 2019

Dana-Farber Cancer Institute

Ne%aﬁﬁg\errvatﬁne—générates—intranmal T cell responses in phase

Ib glioblastoma trial

Row | Saved | Status Study Title Conditions Phase | NCT Number | Study Start | Study Completion
1 Active, Personalized NeoAntigen Cancer Vaccine With RT * Glioblastoma Phase 1 NCT02287428 November  August 2020
not Plus Pembrolizumab for Patients With MGMT « Cliosarcoma 2014
recruiting Unmethylated, Newly Diagnosed GBM « Glioblastoma With
Oligodendroglial
Features

+ (and 5 more...)

Tumour Target Personal vaccine Vaccine
procurement selection manufacture administration
u Pools of
unmﬁ#ﬂé’tﬁd SDE%LT‘E#’Q Pyt g A q
PBMCs GBM cells + HLA-typing peptides + poly ICLC II..
o m==p - Prediction of =
YV personalized ' o e
g HLA-binding o e
paptides [ .
Surgical , Prime Boost Boost
resection Radiotherapy Wi 1l Il
Treatment A— 4 k4
course: ¥ L — e
0 4 12 16 20

Time (weeks)

MAXNR: SHBREBHMEEE, FAVIER. BUT. EHEIEIT
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b Vaccination

Prime Boost Boost

Wi 1 ] : ¢
Pt8 gt =

Bevacizumab + anti-PDL1 antibody
wiu ] g i
Pt7 1 I * it
Bevacizumab
Wil 1
Pt6 1 I I = t
Bevacizumab
T £
Pt5 e S = it
) Bevacizumab
Pt4 1 I I L.U.J[.. x4 1: ;1‘
Bevacizumab

i ¥

Pt 3 : % + 1|:|:|:—8 38
>
Bevacizumab

Wil +temozolomide Dexamethalsone.) (mg per day)

Pt2 I T = 3 fT : grogresslve disease
eath

Wil ¥ Repeat surgical resection

Pt1 = = iT Post-vaccination therapies
0 2 6 +8 10 12 14 16 * 18 20 22
) Median Median
Surgery PFS Time (months) 0s
(7.6) (16.8)
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Ac\iT\"//éIy personalized vaccination trial for newly dlagnosed
glioblastoma

Conditions Phase

NCT Number | Study Start | Study Completion

Row | Saved Status Study Title
1 Completed GAPVAC Phase | Trial in Newly Diagnosed Glicblastoma * Glioblastoma Phase 1 NCT02149225 October June 2018
Patients 2014
Pretreatment Warehouse '
biomarker 2 Te T L::n\::a(t:;d
3 b by
g E l'-a B GBM-associated
kT antigens from
miz premanufactured
TIL sHLA T HLA peptide mRMNA Immunogenicity Target APVACY warehouse
peptidome presentation expression pretesting selection formulation =z
Week O 44 B 12 16 20 24 28 __ 32 36 40
TR N Y T T T N O O M S o M S o 1 o T Y O M T O O
s i \ CRT =8
e ' -= Vi v w v 7 \
APVACH fisa .
asiiition - fenmulaticn ’V 11 APVACT vaccinations (unmutated epitopes) T .
Pe _Post] Post 2 Post 3 g8\
, I I . g, \
: n * Immunomonitoring d b & K ] 6 4 [ E__ E !
urgery | Pre st1 5a
Leukapheresis | | ¥ %p —y— S
APVAC2 B APWALCZ vaccinations 2
selection — peptide synthesis — formulation (de novo epitopes) ¥

Patients (n = 16} with B R, APVAC?2
newly diagnosed GBM, | g de novo
HLA-A'D2:01" A manufacturing
or HLA-A"24:02+, ey {focusing on
S (ias Mutation HLA peptide Target Peptide APVAC2 necepitopes)
Ll achion discovery presentation selection synthesis formulation

APVAC1:

FERZGURAH

APVAC2:

RAZJUFR R



Patients

15 (
10 A
4 * it
6 —r———' l o 1
16
5120 D
1 e S
12| B it
== APVAC1 vaccinations
13 _r_l-_——ﬂ' ~ APVAC?2 vaccinations
- . A Complete response
14 - : 3t £ Partlal response
7 . B Stable disease
§ ' Pseudo-progression
9 1t ® Progressive disease
+* Re-resection
2 1 Death
@ Study drop-out
" @ Lost to follow-up
3
Adjuvant TMZ e
1-34 5 10 15 20 25 30 35
Months from diagnosis

A AEFRA16.81 B



\‘ BOHT SR

> #IURR @
> ARRE
> BB a8 T




MAFRTERG LT PHKE

. 1. GRR T 5T T

C Antigen

- L. BT E R,

°°i} (5 100 nm )

2. A][EBf AR MARL
Y, 1ER—IZREER.

3. VR, BREIhEE,
BRPU RS fEE, KT
BOUERFEEH

Nat Rev Immunol. 2013;13(8):592-605. Eur J Immunol . 2008;38(5):1404-13.
Vaccines (Basel). 2015 ;3(3):662-85.
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Kuai R Designer vaccine nanodiscs for personalized cancer immunotherapy. Nature
materials. 2017; 16: 489-96.
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Table 2. Rationale for therapeutic cancer vaccine combinations.

Rationale

Cytokines (IL, INF, TGF-£) # Stimulate humoral and cellular immunity
# Promote epithelial to mesenchymal transition
» Promote differentiation of immature T-cells into Tregs and effectors T-cells
* Promote dendritic cell maturation
s Chemoattractant for neutrophils and MOSCS
Radiotherapy (External beam and # Enhance destruction of tumor cells via
radiopharmaceuticals) e upregulation of MHC, Fas, ICAM-1 and TAAs
s Enhance vaccine-mediated tumor lysis
e Increased inflammation and secretion of immunomodulatory cytokines
e Sensitize tumor cells to immune-mediated killing
Checkpoint inhibitors s Immunogenic intensifcation )
{anti-CTLA-4/anti PD-1/PDL-1) ¢ Increased inflammation within the tumor
# Reduction of Tumor burden
o Activation of different T-cell population
Small molecules [TRIs) HOALI @ "ON-target elects on Immune cels (1.e., decreasing 1regs, decreasing mosCs, increasing
INF-g producing T-cells, and decreasing IL-4 producing T-cells
» Sensitize cells to immune-mediated killing
# Increase the protein expression of antigen presenting machinery

Endocrine Therapy e Inducing thymic regeneration leading to increased production of naive T cells and CD4+
effector T cells.
e Decrease Tregs within the tumor
Chemotherapy (including low s Sensitize cells to immune-mediated killing
dose CTX) » Decrease MD5Cs and Tregs

e [ncrease immune-supportive M1 macrophages, including C04+ and CD8+4- T-regs

s Reduction of tumor burden

¢ Induction of tumor immunsurveillance by NK cells

® Enhance immunity by inhibiting Tregs, by enhancing DC maturation and by promoting of
a durable T-cell memory response (low dose CTX)

Gatti-Mays ME. Cancer vaccines: Enhanced immunogenic modulation through therapeutic combinations.

Hum Vaccin Immunother. 2017; 13: 2561-74.




Abstract 2523
A Phase 1, Open-Label, Multicenter Study to Assess the Safety, Tolerability, and

Immunogenicity of mMRNA4157 Alone in Subjects With Resected Solid Tumors and in

Combination With Pembrolizumab in Subjects With Unresectable Solid Tumors
(Keynote 603)

mRNA encoding 20 neoantigens Dose escalation cohorts

T T T T e, i I |
Geideetsecssiisieen Part A (Adjuvant patients ): 0.04 mg CA L e 1.0 mg
Monotherapy mRNA4157 n=3 n=6 n=3 n=3
Tissue Samples O Administration 0

normal (blood)

Tumor (biopsy) and D
( Part B (Metastatic patients): 0.04 mg mg 0.39 mg
/y‘ mRNA4157 + pembrolizumab n=3 n=4 n=7

Next Generation Manufacturing Histologies in part A and B:
Sequencing (NGS) Onie Datch par patiaht - NSCLC +  HPV negative HNSCC +  MSI high malignancies
Mutations ID ”

SCLC Bladder urothelial carcinoma «  TMB high malignancies
+  Cutaneous melanoma

Vaccine Design
20 immunogenic mutations

pﬁ:gﬁg:#:::r;b mRNA4157 +pemb pembrolizumab
e : rolizumab (Dosing monotherapy
run-in* (Dosing i
every 21 days every 21 days for ( 3955\1-19 Iup to
for 2 cycles) up to 9 cycles) cycles)

Safety
follow-up
(100 day
post
treatment)

Screening
period

meseneoar:. 2019 ASCQ  #Asco19 12

PRESENTED BY: Burris, et al
slides are the property of the author, ,
ANNUAL MEETING permission required for reuse.




Abstract 2523

Keynote 603: Safety and PD Correlatives

- Total patients (A+B) n=36 « PCV based on 20 neoantigens
Part A=13 patients, Part B=23 patients

» Neoantigen-specific T cell responses
were evaluated both ex vivo
(unexpanded; post vaccination) and in

» Adverse Events (no grade 4/5)
« Part A: Gr 2 only (limb pain, colitis, fatigue,

myalgia) : .

- Part B monotherapy: Gr 2 anemia and dyspnea, Gr 3 vitro stimulated (IVS, expanded)
diarrhea, pancreatic enzyme elevation, AST « Flow cytometry: increase in % frequency of
(e‘:lgyl'aétg\r}ation CD8 T cells producing IFNy 7d post 4th vaccine

_ dose to multiple neoantigens
+ Part B combo therapy: Gr 2 fatigue

» No DLT identified

Responses in IVS Expanded CD8 T cells

[
W

* Qutcomes Part A (n=13)
» All patients have completed full course (9 cycles)
* 11/13 remain disease free

* Qutcomes Part B (n=23)
» 20 patients received at least 1 dose

* CR n=1 (MSI-H CRC), PR n=5 (2/5 patients with PD sasasplyo
on prior 10 therapy), SD n=7, PD n=6

n
o

% Freq. CD8*IFNy*

Class|
predicted

PRESENTED AT: 2019 ASCO . PRESENTED BY: Burris, et al
red for reuse.
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Figure 1-1 Part A Adjuvant patients receiving mRMNA-4157 monotherapy

Subject ID Tumor Type

Q0240007 NSCLC I x\u\x\x\\mx\\m\\;\b
00640007 Memnors )
00640003 masiHigh I S T R e e e e

00440008 WSCLC B L L R R s ?\“}J

00640006 NSCLC I N RS R LR R R UUR R URR R RS

00240007  NSCLE AR AR AN AR AR AR A AN AR AR AN x\\a"k}
00140000 Mesncra
MOZIO0 IRl L SOOANNORRRNRRN RN "‘{‘:rv
00340078 NSCLC _EEK‘QL'TH}CG?QKETEE}E}
oo240018 Motk }
00140026 Meoncma [
00040028 NSCLC _T:f
Quz40033 NSCLC 4
| | ! | ! I I | | | 1 I ! I | ! I | 1 | 1 ! |
0 3 6 8 12 15 18 21 24 37 30 33 36 36 42 45 4B 51 54 57 BO 63 66 BO T2 75
Time on Study (Weeks)
QI Relapse

Figure 1-1: 13 adjuvant patients have been treated with mRMNA-4157, All 13 patientshave completed full
course of vaccination per protocol, 11 patients remain disease free up to 75 weeks on study,




Figure 1-2 Part B: Metastatic patientsreceiving mRENA-4157 /pembrolizumab comhbination

Prior

Cheekpoint
Subject D Tumer Typa
00240008  NSCLC X e
00040019 M3I-High b AL A LI AL LA T L AL L LR AL R
00140011 HMSCC ] 4] O
0340013 NECLE X _':' I "R
00330014 MS1-Hn - AR R,
00140019 SCLC ot I B <
00240020 Malznama X i S
00549021  NSCLT X B .

b = = ™ R
00240024  Bladder X J -
00840027  High TMB o -
00540030  HNSCC b % Wi ithd e com e nt
00140031  SCLC e memmm———————————————l
00340034 MSIHigh X = -
00540030 Bladoer e O
00140037  NECLC x == S O
00140038  NSCLC o e =
00340040  Bladoer X s = ) 1= ———
00140042  N3CLC X - -
00540043  NSCLC X o withd
00140044 NSCLC X O B
90140045 Bladder X ] |
00540048  MS|-High X I

1 I 1 I I 1 I I 1 I 1 1 1 1 [ I 1 1
PembroRunn 0 3 @& 8 12 1 18 21 29 ZF 30 33 36 38 42 45 48 N

Time on Study (Weeks)

W O004mg W 013mg W 039mg W 1mg [ MANA Only Pembro Only
W CR ) PR Cr PD 1 Death

HA1 40023

/b
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Baseline

Paient 40023 with bladder urothelial carcinoma was previously treated with radical
cystoprostatectarny,  cisplatindzemcitabine, HRSF-5M38, four ovcles of atezolizumab, and
vinarelbine dong with a frontal [obe resection with radiation for a brain metastasis. After 2
cycles of monotherapy  pembrolizumab and 2 ovcles of mRMNA-4157 /pembrolizumab
combination, patient. had a partial response and has continued to improve while on study.
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JCI The Journal of Clinical Investigation

Neoantigen identification strategies enable
personalized immunotherapy in refractory solid
tumors

Fangjun Chen, ... , Jia Wei, Baorui Liu
J Clin Invest. 2019. hitps:/doi.org/10.1172/JCI199538.
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BACKGROUND. Recent genomic and bioinformatic technological advances have made it
possible to dissect the immune response to personalized neoantigens encoded by tumor-
specific mutations. However, timely and efficient identification of neoantigens is still one of
the major obstacles to using personalized neoantigen-based cancer immunotherapy.
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Protein Gene ID AAChange MHC I MHC I MHC II
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