


Market Value (Billion)

Antibody therapeutics market growth

160 -
150
140 -
130 -
120 -
110 |

8

Rituximab

arti-CO20 for Mee-Hodgkin lymphoma

(Rituxan):

Daclizumab (Zinbryta):

anti-C025 for multiple sclerosis

Abeixzimab (Reopra):
anti-GP 11k for
prevention of blood clots
in angioplasty

Muromonab-CD3
(Crthoclone OKTI):

anti-C03 for kidnay
transplantation
rejection treatmen

Successiul
test of antl-

Trastuzumab
(Herceptin):
anti-HERZ for BG
Infliimaly
(Remicade):
anti-THFw for
Crohn's disease

0.3

300 Billion
Caplacizumab (Cablivi): anti-vWF for acquired aTTP In 2025

Romosozumab (Evenity): anti-Sclerostin for osteoporosis 4
]
[}
!
> 150

Burosumab (Crysvita): anti-FGF23 for XLH
Ibalizumab (Trogarze): ant-CO4 for HIV infection
Erenumab (Almovig): anti-CGRPR for migraine privention

Aterolizumab (Tecentriq): ant-FO-L1 for bladder cancer
Reslizumab (Cingaero, Cingair): anti-IL-5 for asthma

Pembrolizumab (Keytruda): ant-PD-1 for melanoma
Nivolumab (Opdive): anti-PD-1 for melanoma & NSCLG
Remucirumab (Cyramza): anti-VEGFR2 for GC

Ipilimumab (Yervoy): anti-CTLA-4 lor melastalic melanoma
Brentuximab vedotin (Adcetris):
anti-Ci030 for Hodgkin iymphoma, systemic ALCL

Avelumab (Bavenclo):
anti-PD-L1 for MCC
Durvalumab (Imfinzi):
ani-FD-L1 for bladder cancer
Brodalumab (Siliq, Lumicef):

Ustekinumab (Stelara): anti-IL-12/23
i antl-IL-17R for plague psoriasis

lor Peodiags

HNecitumumab (Portrazza): anti-EGFR for NSCLG

Panitumumab (Vectibix):

anti-EGFR for CRC Dinutuximab [Uniwedn): ant-G02 for neuroblasioma
Ranibizumab [Lucentis):

anti-WVEGF-A for Macular [ Pertuzumab (Perjeta): anb-HER2 for BC

degansration

Dencsumab (Prolia): antl-RANKL for bone loss

% = | Eculizumab (Soliris): anti-C5 tor Paroxysmal noctumal hemoglobinuria

Bevaclzumab (Avastin): ant-VEGF for CRC; Cetuximab (Erbltux): anti-EGFA for CRC
Omalizumab [Xolair): ant-lgE lor asthma

Adalimumab [Humira): anti-TNFa for RA
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Year

Lu et al. J. Biomed. Sci. (2020) 27:1. https://doi.org/10.1186/s12929-019-0592-z

CGCR of
biopharmaceutilcal is
nearly 10%!!




B[ s r 5[1 Secondary Structure Lstimation

Advantage of BESTSEL?

JASCO's PCR analyzed with 4 structures
BeStSel analysis with 8 structures

The basic elements of
secondary structure

DSSP
+—— Helix - a-helix

BeStSel

The middle part of a-helices

G - 3-10 helix

2-2 resudues at the ends of a-helices

N\

—1d
Relaxed (slightly right-hand twisted) antiparallel B-sheet,

Anti 3 - right-twisted B-strand
11

Left-hand twisted antiparallel 3-sheet

Right-hand twisted antiparallel B-sheet
I - t-helix

Parallel f-sheet

B - B-bridge

/

Turn, as defined by DSSP

Others
3,10-helix, m-helix, B-bridge, bend, loop/irregular
and invisible regions of the structure

&
<

_ - irregular/loop

o

High accuracy of secondary structure estimation
High spectral agreement

JASCO PCR
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Especially it is suitable for B-sheet rich proteins as antibodies to get accurate structure analysis.




”[S , 5[1 Secomdary Structure Fstimation \What 1s BESTSEL?

The online free software for protein secondary structure analysis using CD spectra, developed by Dr.
Kardos of E6tvds Lorand University, is widely used around the world.

HOME INFORMATION TERMS & CONDIT [TONS CONTACT
[ BESTSEL SINGLE SPECTRUM ANALYSIS
&

Number of paper citations for BESTSEL

Citation index: 630
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Secomiay sructiurs and Betiabect ,
decompasition for PDB structure .
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Please, type the charscters above of use your passwoed

=T 2015 2016 2017 2018 2019 2020

Algorithm Yegr o_f C_itation Ave_rag(_e number of Paper Title
publication index citations/year

BeStSel 2015 630 105|Accurate secondary structure prediction and fold recognition for circular dichroism spectroscopy
SELCONS3 1999 765 36(Estimation of the number of helical and strand segments in proteins using CD spectroscopy
CONTIN 1981 2292 57|Estimation of globular protein secondary structure from circular dichroism
K2D2 2008 394 30(K2D2: Estimation of protein secondary structure from circular dichroism spectra
K2D3 2011 551 55[Prediction of protein secondary structure from circular dichroism using theoretically derived spectra
CDNN 1992 1142 39|Quantitative analysis of protein far UV circular dichroism spectra by neural networks




5[5 , S[l Secondary Structure Estimation

The protein secondary structure estimation algorithm BeStSel was developed by Dr. Jozsef Kardos and Dr. Andras
Micsonai of E6tvos Lorand University (ELTE), and it has been widely used in protein research fields globally today.
We, JASCO, formally signed up the agreement to collaborate with the research group led by Dr. Kardos for
developing the off-line version software Spectra Manager BeStSel CFR.

On 29t June, we attended the official ceremony for this agreement at ELTE in Hungary.




Swectra Manager BESTSEL

And then, we finally agreed with ELTE and developed
Spectra Manager BESTSEL 2.5 as non-CFR.

This means,,, J—

- N\
/ Academia \ / Industry \
BESTSEL on-line Spectra Manager
Is available FREE BESTSEL CFR
N N\ /
R&D area

Spectra Manager BESTSEL 2.5 (Non-CFR) can be proposed to this area who wants to use it for
R&D purpose under closed environment

We can propose customers with suitable package under their usage environment.



J-1000 series

Ordering information 1

7000-J104AV J-1100ST

7000-J105AV J-1500-150ST
7000-J132AV J-1700-150ST
7000-J106AV J-1500-450ST
7000-J133AV J-1700-450ST

J-1100ST CD Spectrometer with Spectra Manager 2.5

J-1500-150ST CD Spectrometer with Spectra Manager 2.5
J-1700-150ST CD Spectrometer with Spectra Manager 2.5
J-1500-450ST CD Spectrometer with Spectra Manager 2.5
J-1700-450ST CD Spectrometer with Spectra Manager 2.5

JWMVS multivariate SSE program is included as standard
JWMVS multivariate SSE program is included as standard
JWMVS multivariate SSE program is included as standard
JWMVS multivariate SSE program is included as standard
JWMVS multivariate SSE program is included as standard

—

New P/N will be registered as below by removing JWMVS multivariate SSE program.
It means that both P/N and price are available in parallel so that we can manage this change as smooth
as we can.

7000-J204AV
7000-J205AV
7000-J232AV
7000-J206AV
7000-J233AV

J-1100ST

J-1500-150ST
J-1700-150ST
J-1500-450ST
J-1700-450ST

J-1100ST CD Spectrometer with Spectra Manager 2.5

J-1500-150ST CD Spectrometer with Spectra Manager 2.5
J-1700-150ST CD Spectrometer with Spectra Manager 2.5
J-1500-450ST CD Spectrometer with Spectra Manager 2.5
J-1700-450ST CD Spectrometer with Spectra Manager 2.5

Pricing would not be changed on those new parts numbers.




Svectra Manager BESTSEL  Ordering information 2

JWMVS multivariate SSE has registered as separated optional program as well as JWSSE protein analysis program.
Customer can choose SSE program from BESTSEL JWMVS and JWSSE.

4880-J145A JWMVS-529 JWMVS-529 CD Multivariate SSE analysis program

4880-J150A JWBeStSel-532 JWBeStSel-532 BeStSel program

4880-J143A JWSSE-513 JWSSE-513 Protein SSE program




M quality control of Higher-Order Structure

et <

weighting method gHoS

- Student, Welch, TOST t-test

: : Statistical similarity -
implementation assassmelllﬂmyram '
- Auto concentration correction A Ta. e S5

\i

W/

- Regulatory compliance with
spectra Manager CFR™
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Necessity of objective assessment

INTERNATIONAL CONFERENCE ON HARMONISATION OF TECHNICAL .« 4o

REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN Statistical Approaches to

UEE - - [ ] [ ]
Evaluate Analytical Similarity

Guidance for Industry

U.S. Department of Health and Human Services
Food and Drug Administration

ICH HARMONISED TRIPARTITE GUIDELINE

COMPARARBILITY OF BIOTECHNOLOGICAL/BIOLOGICAL
Center for Drug Evaluation and Research (CDER)
PRODUCTS SUBJECT TO CHANGES IN THEIR Center for Biologics Evaluation and Research (CBER)
MANUFACTURING PROCESS
Q5E

INTERNATIONAL CONFERENCE ON HAEMONISATION OF TECHNICAL 20001
REQUIREMENTS FOR REGISTRATION OF PHARMACEUTICALS FOR HUMAN

USE
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HOS similarity assessment for biosimilar

Innovator Biosimilar Higher Order Structure

o Secondary structure
Clinical
PK/PD .
FTD va
Preclinical FL
Functional Near- |
. . Raman
Characterization UV@
Physicochemical Tertiary structurd
Characterization Orthogonal Assessment

Increasing the importance of analytical characterization of biosimilars.
Regulatory authorities recommend orthogonal assessment of biosimilar quality attributes using
multiple instruments based on different principles.

JAasco




System for comprehensive orthogonal assessment

”””s O Statistical significant testing

Higher order structure O Support for multiple instruments
Sllllllﬂf I\V El/ﬂlllﬂllﬂll SﬂﬂWﬂfﬂ

) 7
HTCD Plus FI/IR-4N NRS-4500

Circular Dichroism Infrared spectrometer Raman microscope
Secondary and Tertiary Secondary Tertiary
: —
O Automated measurement O High S/N and resolution with small body O Microanalysis
O High throughput and high sensitivity 0O One drop ATR measurement O Chemical imaging

Multiple spectroscopic techniques provide orthogonal similarity assessments of secondary and tertiary
structures, and data can be statistically analyzed using the single gHOS platform.



Materials and Methods

Materials
MabThera® (Innovator) MabThera® RIABNI™

RIABNI™ (Biosimilar)

Anti CD20 monoclonal antibodies

Both samples were prepared to 10 mg/mL

Additive : Sodium citrate dihydrate 7.4 mg/mL,

Sodium chloride 9.0 mg/mL, Sodium hydroxide 9.0 mg/mL,
Polysorbate 80 0.7 mg/mL

Herceptin® (Innovator)

Anti HER2 monoclonal antibody
The powder was dissolved in H,O to a concentration of 10 mg/n
Additives: trehalose hydrate 4.7 mg/mL,

L-histidine hydrochloride hydrate 0.11 mg/mL,

L-histidine 7.4 x 10> mg/mL, polysorbate 2.1 x 10> mg/mL




Similarity of tertiary structure for different antibody drugs

Near-UV/CD

a

LS TP o

0

£ \

oob Result of t-test °

O _,] ' Herceptin® p-value = 0.0

| Tyr _ MabThera® Significant difference
260 280 300 320 340
Wavelength / nm
b) Mean Mean Figure 1. Similarity assessment of the tertiary structure
Herceptin® N o0 of MabThera® and Herceptin®, antibody drugs with

o -2SD 2SD different targeting and formulation conditions.
MabThera® >(b

oio 02 04 06 08 10
Distance
The shapes of the near-UV/CD spectra of MabThera® and Herceptin® differ significantly (Fig. 1a).
Similarly, the distribution of distances between MabThera® and Herceptin calculated from the CD
spectra show a significant difference (Fig. 1b). The p-value obtained from the t-test is below the
significance level of 0.05, indicating that Herceptin® has a different tertiary structure to MabThera®.

JAasco




Similarity assessment for secondary structure of biosimilar

Far-UVv/CD ATR FT-IR
a) , A MabThera® - . b)o.ooz-
o | RIABNI ™ Wa - ;
g ZSD % 0.0001-- = A R //j .. .
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N S -0.002- - =
® ' MabThera®
™
Y ~0.004 1 SIS%BNI
200 210 220 230 240 250 1700 1680 1660 1640 1620 1600
Wavelength / nm Result of t-test Wavenumber f cri? Result of t-test
p-value = 0.15 p-value = 0.106
<) ACEICEL No significant d) | MISanEEaN No significant
™ I@biO@l TM ICD) |CDDOI
RIAENI : -2SD 2SD RIAENI -2SD! 2SD
MabThera® —>|cxm MabThera® %Oo > |
: -2SD 2SD . -2SD 2SD
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.01
Distance

Distance

Figure 2. Orthogonal similarity assessment for the secondary structure of MabThera® and RIABNI™

The far-UV/CD and FTIR spectra of the biosimilar RIABNI™ are in excellent agreement with those of the
innovator MabThera® (Figs. 2a and 2b), and the distributions of the distances between MabThera® and

RIABNI™ are close to each other (Figs. 2c and 2d). The p-value is larger than the significance level of 0.05.



Similarity assessment for tertiary structure of biosimilar

Near-UV/CD Raman
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Figure 3. Orthogonal similarity assessment for the tertiary structure of MabThera® and RIABNI™

Similar to the secondary structure, the tertiary structure of MabThera® and RIABNI™ show excellent
agreement in the near-UV/CD and Raman spectra (Figs. 3a and 3b), and the distribution of the
distances between MabThera® and RIABNI™ are close to each other (Figs. 3c and 3d). The p-value

IS Iarier than the siinificance level of 0.05.



Forced degradation studies for MabThera®

Met and Trp oxidation?
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Figure 4. Similarity assessment for the tertiary structure of MabThera® and treated with stimuli



Summery

HTCD Plus

: High-throughput

dichroism spectrometer

£ BESTSEL aKHoS

. Accurate secondary . Statistical Evaluation of

structure estimation higher-order Structure

Accelerate CD spectroscopy to industry



More Applications in Therapeutic antibodies

CD/IR/Raman Applications in Therapeutic Antibodies
THERAPEUTIC ANTIBODIES Application eBook

THERAPEUTIC ANTIBODIES

Application eBook
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