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Three major cancer therapies

e Surgery: Remove cancer together with
normal cells

 Radiation: Damage cancer cells with
normal cells

« Chemotherapy: Damage cancer cells
better than most of normal cells




Three major cancer therapies
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Three major cancer therapies
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Molecular-target therapy
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Cancer immunotherapies
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Cancer immunotherapies
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Near infrared photo-immunotherapy
(NIR-PIT)

Humanized monoclonal antibody
(biology/medicine)
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NIR-PIT applications
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Cancer cells Cancer immunotherapy Cancer biology/physiology
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Tissue engineering
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NIR-PIT selectively killed only
target-expressing cells

Co-culture(HER2+/ cells) *




Direct killing with release of cellular
contents by NIR-PIT
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NIR-PIT induced cell swelling and release
of intracellular contents

mAb-IR700 specifically
binds to the target cell.
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NIR-PIT cannot cure tumors in nude mice
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NIR-PIT induces acquired immune response
Heparanase targetedeIR-PIT cured TC-1 tumors with 1 shot of treatment
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Cured mice had specific CD8+ T-cell response, therefore, re-injected TC-1 tumors did not

grow in these mice.
Target:

Heparanase Kines R, Kobayashi H, Schiller J, In Preparation




Mesothelin
GPC3
MUCA1

CEA

Laminine33
CD20
PD-L1

NIR-PIT applications
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Phase |, Head and Neck Cancer Study Design

Phase.l study, .recurrent/unresectable Head and Neck Cancer that failed conventional
therapies. (Antibody-conjugate dose escalation)

Step 1: RM-1929 infusion Step 2: Tumor illumination at 24 h

3>

Outpatient service

Phase 1 Study
RM-1929 Dose Escalation, fixed light dose
Duration: 2015/6-2016/6

Total Patients: up to 24 — 10

Description: dose escalation study of RM-1929 in various
cohorts to determine the safety profile and the anticancer
activity of the treatment with NIR light 50 J/cm?.

Cohort 1 160 mg/m2 of RM-1929

Cohort 2 320 mg/m2 of RM-1929

Cohort 3. 640 mg/m2 of RM-1929
. Cohort 4: 1280 mg/m2 of RM-1929

Target. Clinical Sites: up to 3 clinical sites in the USA
EGFR 3PYRIAN THE i




clinical trial
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Oto mm Almost immediately, you can see the tumor start dying. It turns white and melts away,"

Spa eSS Neall stenson says. Because the payload drug remains inert unless activated by a specific
, wavelength of light that doesn't damage human tissue, destroying the cancer cells causes
RUSH UNIVERSITY MEDICA|  almost no damage to surrounding cells. “The drug/dye combination (the monoclonal antibody

combined with the photosensitizer) is not toxic until activated by near infrared light, thus is
very safe from a systemic perspective,” Stenson explains.
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Pre-treatment During treatment




Clear healing after NIR-PIT

Pre-treatment 3 myonth after Tx
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640 mg/m?

Phase 1: I\/Iulticeter results

9 patients (7 males, 2 females), aged 52-86 years, enrolled in to RM-1929/101 Part | study.

Patient

Tumor site

Previous Treatment

Tumor size, CT (cm)

HPV/p16
Status

03-101

Oropharynx

Surgery, radiationx2,
cisplatinum

26x12

+/+

03-102

Postenor oro-
and hypopharynx

Surgery, radiation

3.0 x 7.0 clinical

-

03-103

Right anterior
longue

Surgery, radiation x2,
carboplatin, 5-FU,
cetuximab

28x07x13

03-201

Right neck

Surgery, radiation, taxol,
carboplatin, cetuximab,
nivolumab

80x60x40

03-201

Right submandi-
bular, submental

Surgery, radiation, cis-
platinum, paclitaxel

6.0 x 4 5 submandibular,
2.3 x 1.7 submental

02-212

Left tongue base

Surgery, radiation,
cisplatinum, docetaxel,
cetuximab

20x11x09

02-311

Occipital mass

Surgery, radiation, PD-1
inhibitor, cetuximab, PI3K
inhibitor

27x33

05-341

Pharynx and
buccal mass

Suixgery, radiation, 5-FU,
cisplatinum, docitaxel

6.0 x 4 0 left cheek
4.0 x 4.0 left oropharynx
5.0 x 3 0 left nasopharynx

03-301

o—
Abbreviations. CT = com|

Dermal meta-
stases, neck
nodes

Surgery, radiation,
cisplatinum, cetux-
imab, nivolumab

puted tomography. HPV = h

40%x10,20x10
right neck metastases,

melastasis

o+

2.0 x 1.0 right neck midline

uman papilioma virus, NA = not applicable; PD-1 =

programmed cell

death protein 1, PI3K = phosphoinositide 3 kinase, p16 = p16 protein, 5-FU = 5-flouorouracil




/ cases at the Thomas Jefferson Uniwv.
| NN Ros ults uiieant . |

Age Tumor site Treatments Comments RESIST
7gm Oropharynx, 2 Clinical and radiologic improvement, no CR
hypopharynx evidence of disease currently
retropharyngeal
67M nodes, bilateral
neck nodes

Moderate rash of scalp and back from drug
initially, continued clinical and radiologic CR
improvement of tumor noted

right and left neck Strong tumor response leaving right carotid
peristomal area artery exposed, developed pharyngocutaneous CR
fistula; died of carotid bleed after exposure

left neck mass Partial response of tumor to treatments, (&

: g PR
underwent resection after completion

neopharynx Progrv._ession of disease po§teriorly imq spine,
palliative chemotherapy, died due to disease PR

Extensive tumor necrosis debrided, wound A
left face and neck granulating with NED. Noted increased appetite, CR
weight gain, and activity

Partial response on right (treated) side but
right face and neck progression on left, transitioned to hospice, died L
due to disease
AHNS 2017 David Cognetti, et al.; Thomas Jefferson University




 Cell death

~ Apoptotic cell death Necroticllmu'no"g“é
Non-immunogenic * Immunogenic
Biological death Physical/chemical death
>6 hrs to days Seconds to minutes
Death with healing Death without healing

Induced by Induced by

(to non-selective cells) (to non-selective cells)
— Drugs/chemotherapy — Heat

— Radiation — Cryotherapy

— Photodynamic therapy — Focused Ultrasound
(to selective cells) (to selective cells)

— Molecular target Txs — NIR-PIT

- Antibodies
« Small molecules




Tumor immunity initiated by NIR-PIT induced
Immunogenic cell death (ICD)

r—

Dying Immature DC

tumor cell -
Mature DC  Dendritic cells

(antigen-presenting cells)

Therapy- -
induced
stress ‘

|

Therapy-resistant )
tomot catle Annu. Rev, Immunol. 2013, 31:51-72




Stress markers are quickly induced by NIR-PIT

A431 cells No NIR-PIT After NIR-PIT
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Ogawa M. Kobayashi H, et al. Oncotarget 2017.




ATP and HMGB1 are released after NIR-PIT

[N
MDA-MB-468 A431

e

B NIR-LED only

¥ Cetuximab-1R700 only
¥ Cetuximab-IR700 + NIR-LED

HMGB1 (ng/mL)
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= o

) 1h 6h 24h
Tar get. Time after starting culture (MDA-MB-468 cells)

EGFR Ogawa M. Kobayashi H, et al. Oncotarget 2017.




NIR-PIT induces maturation of
immature dendritic cells
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NIR-PIT induced immunogenic cell death

Dying
tumor cell

Immunogenic
cell death
(ICD)

"

Cell swelling
and rupture

Mature DC

Tumor antigen-
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presentation

Immature DC

engulfment

Near infrared
photoimmunotherapy
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Receptor-expressing

tumor cells

Ogawa M. Kobayashi H, et al. Oncotarget 2017.



il di)éntages of selecti\)é
cell kiling by NIR-PIT

Intact immune cells
— Dendritic cells — activate initiate immunity
against crashed cancer cells
— T-cells — rapidly activate cytotoxic-CD8*T and
NK cells

. Intact tissue stem cells
— Rapid and clear repairing process




NIR-PIT: Skin metastasis lesions

Pre-PIT 1 week after

-




NIR-PIT: Skin metastasis lesions

Pre-PIT 1 month after

”
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NIR-PIT: Skin metastasis lesions

Pre-PIT 2 month after
- 7 W
| \®
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Immediate cell killing of PIT
(FDG-PET: glucose metabolism)

before after PIT

White light + IR700 FL

before after (1.25 h)

Axial
[ ) L
\
no

18F-FDG PET

Sano , Kobayashi, J Nucl Med 2013




Cancer target NIR-PIT only crashes cancer cells

(Step 1) Cancer-cell targeted NIR-PIT induced
Immunogenic cancer cell death (ICD)

Immature DC

Mature DC
Dendritic cells
(antigen-presenting cells)

engulfment MRS No recurrence
Vaccination)

N'R'PIT = Therapy-

% . induced presentation
jagainst canc erapy-sensitive >
gainst cancer cel Py res oy AREST

mor cells
treated cancer cells

(memory T-cells)

(Treg-cells)

CTLs (CD8+ T-cells)

)
Tumor cell

-resistant
Therapy-resistal lysis

tumor cells




On-going and future projects

NIR-PIT applications

ar target therapy A

Cancer ce"s] Cancer immunotherapy Cancer biology/physiology' -

EGFR Immunomodulation CTC - Ex viva™
HER2 Treg cells For preventing metastz—;sisFOr ﬁiﬁ;’:}ggoe:&ng »

PSMA (CD25/CCR4)

CD25 MDSC
Mesothelin (CXCR2)
GPC3

MUC1 .
CEA Nano-drug delivery

Ly Super-enhanced permeability and retention
Laminine33 (SUPR effects)

CD20

Cancer stem cell

(CD44, CD133)
For suppressing recurrence

PD-L1 3 N ~ 7 s
Additional clinical trials |




Immunomodulation with NIR-PIT

(NIR-PIT can activate acquired immunity and destroy cancer cells )

erapy-sensitive 1 2 - “ Antl-CDZS

tumor cells
* ** 4 : y5 T cell NlR'P‘T

Therapy-resistant

tumor cells lysts

Annu. Rev. Immunol. 2013. 31:51-72




NIR-PIT-induced local knockdown of Treg cells
cure both treated and non-treated tumors

L2 pr
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Immunomodulation with NIR-PIT

(NIR-PIT can activate acquired immunity and destroy cancer cells )

&r S RV LK
erapy-sensitive

tumor cells \ Anti-CD25

NIR-PIT,

(Treg cells)

CTLs (CDB+ T-cells)

Therapy-resistant
tumor cells

Annu. Rev. Immunol. 2013. 31:51-72




NIR-PIT-induced local knockdown of Treg cells
cure both treated and non-treated tumors
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Treg cell térted NIR-PIT induces rapid

activation of CD8+ T and NK cells

30 min after PIT 1.5 hrs after PIT
spleen:CD8+INFg spleen:NK+INFg

CD3+/CD4+/CD25+/Foxp3+ control tumor 1 —on - 0.24

@L‘ & cont tumor:CD8+INFg cont tumor:NK+INFg

== 4
8.97 =109 \
1

PIT treated tumor:CD8+INFg  PIT treated tumor NK+INFg

]

— 868 |

S.]to- K. Kobayashi H, et al. Science Trans Med 2016




Specificity of tumor immunity

The same strain of tumors
NIR-PIT

before

£ BB

LL/2-luc multiple tumors (counts/sec)

Different strains of tumors NIR-PIT

LL/2- luc before

B O

MC38-luc (counts/sec)

Sato K. Kobayashi H, et al. Science Trans Med 2016




NIR-PIT induced acquired immunity

by local knockdown of Treg cells

~~"Sato K. Kobayashi H, et al Science Trans Med 2016.




Final form of NIR-PIT therapy

(Step 1) Cancer-cell targeted NIR-PIT Induced
Immunegenic cancer cell death (ICD)

Dy Immature DC

@ 9 Mature DC

Dendritic oells
(antigen-presenting wells)

engulfment ki . No recurrence
(Vaccination)

o
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Cure systemic distant _'u{ g ' )

melastasis n
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(Iresst) against lumuno-

(GO0 T-cells) BUppPressor cells

(Stop 2) Local knock down of
Immuno-suppressor colls
or Immuno-activation




Cancer-PIT combined with immuno-activation cure
local and distant cancers without recurrence

NIR light
exposure

No NIR light
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100)
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— After cure

Luciferase activity
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40 60
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On-going and future projects

NIR-PIT applications

Cancer-PIT Immuno-PIT

Molecular target therapy Biotechnology
Cancer cells Cancer immunotherapy Cancer biology/physioleg EX VIO

EGFR Immunomodulation CTC Tissiin Garauan
HER2 Treg cells For preventing metastasis_ elirsn::iineg ugflavoerftrlle cgeu
PSMA (CD25/CCR4)

CD25 MDSC
Mesothelin (CXCR2)
GPC3

MUCH1 .
Nano-drug delivery

CEA
siitie Super-enhanced permeability and retention
Laminine33 [YSUPR effects)

CD20
PD-L1 T

| Additionéfclihical trials

Cancer stem cell
(CD44, CD133)

For suppressing recurrence




Ex Vivo
Irrogiated  Non-srndiated

Application of NIR-PIT targeting cancer stem cells

—e— 300 jig CD44-IR700 No PIT

=30, g CORRTOG PIT 30 e )
~—3=PHS RSPIT

1 —~—PBSPIT 30 Jem'

1 —*—IR700 No PIT

1 ——IR700 PIT 30 Jiem'

1 {

A B b B o
White arrow denotes no PIT

= 30 J/cm2

BE, ot

1
Time after sample injection (d)

L L)

0I N2 TIN3 4 e 5
U Injection of 300 ug CD44-IR700
Im 30 Jcm? at 6 h pi

Target:

CcD44

Treatment strategy: 300 ug CD44-IR700, one injection, one PIT at 6\ h p.i.
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L

6 70 8 9 10F 11812813 0a

Jin J, Kobayashi H, Bhujwalla Z, Johns Hopkins Univ: Sci Rep. 2016




CD133+ GBM stem cell targeted NIR-PIT

Time (days after mAb injection)
0 6 12 19 22 29
[ A |Al 31 (FS7 | 39
"
Sacrificed
WP 592 | 1V

~~ AC133-IR700 100yg I.v., no PIT
—e- AC1334R700 100ug i.v., PIT 50 +100 J cm? == AC13LRT00

.{ 100pg Lv., no PIT
AC133.4RT700
o 100pg \v., PIT
50 + 100 Jcm*
4
2
0 Y T T '
0 20 30

, T Bk % k%
Days after mAb injection Days after mADb injection
Jing H, Kobayashi H, Niedermann G, Univ. Frieberg: Theranostics 2016
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PIT/SUPR therapy with Daunoliposome (50 nm)
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Aspyrian-Rakuten team
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Summary of talks today










Applying NIR-PIT to tissue engineering

Eliminating selective cells from 3D culture using NIR-PIT




Antibody-photosensitizer conjugate (APC)-
Dependent Photo-induced Cytotoxicity (ADPC)

ADPC

E‘ NIR light
cDC

FLyR

An(:qn Antigen complement
‘ cascade
lysis (perforin,k..) TRt activation

(apoptosis) lysis

MAC :
Cell membrane burst (apoptosis)

(neclfsis)

Cell death

Antibody-dependent cellular cytotoxicity (ADCC) and Complement-dependent cytotoxicity (CDC)




Summary: NIR-PIT cancer therapy

Eliminate tumor/stroma cells | Leave supportive cells

& Tumor cells (EGFR, HER2, PSMA, etc Dendritic cells/ Lymphocytes

— te uired i uni
& Cancer stem- I|l§e cells (CD44, CD133‘ Initiate/acquirac iHIRENE
— crash cancer cells (ICD) »» Tumor vascular cells
and initiate innate |mmun|t ¥~ recruitimmune cells

enhanced drug delivery

(CD25, CCR4, CXCR re-oxygenation

— elicit acquired
immunity
Tumor fibroblas
— activate tumor
immunity

Tissue stem cells
— Tissue repair




Phase2 — Reglstratlon trial

STANTUSS. BROTECH

Rakuten CEO leads $40M investment in
photoimmunotherapy startup Aspyrian

AvnAvsdeAnD

Th
i Aspyrnan Therapeutlcs Inc.

“announces successful advances
in RM-1929 clinical development
in recurrent Head and Neck

«n Cancer, including Fast Track

"""“' designation granted by the FDA,

m initiation of clinical studies in

7m'|"""1 Japan, and plans to start pivotal

studles which will incorporate 2018-01-16

:‘-::;n( the evaluation of anti-cancer

i jMUNe responses in early 2018

ewswire.com/ne pyrian-therap stics-inc-anr es-successful-

@ Aspyrian
Therapeutics, Inc.

MedCity News https:/www.pm
advances-ln—rm~19294:"nlcal-development—lrwecurrent—head—and-neck-cancer -including-fast-track-

how the ."n : designation-granted-by- _the-fda-Initiation-of-clinical-studies-in-japan- and-plans-to-300583615.html
$12.7 million




Ernase 2 — Registration trial

Rakuten CEO leads $40M investment in
photoimmunotherapy startup Aspyrian
'l‘h o > ..u;v ) :

Aspyrian Therapeutics Inc.
* announces successful advances
in RM-1929 clinical development

in recurrent Head and Neck
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Shimadzu Inc.
Hamamatsu Photonics Inc.
Olympus Inc. *

Toray Inc.
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