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System in the Bio/Medical field for CBR weapons
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Abstract In the field of national defense, TRL (Technology Readiness Level) has established assessment
procedures and methods. The system is used as the main basis for determining the research and
development possibilities of weapon systems. On the other hand, medical materials and equipment in
the bio/medical field have recently been converted into part of CBR (chemical, biological, and
radiological) weapon systems. Hence, the application of existing assessment methods is not appropriate.
Therefore, the need for a new TRA (Technology Readiness Assessment) method has been emerging. This
paper proposes a new TRA method that considers drug development procedures and technical
characteristics while maintaining the existing evaluation frame. In addition, this study used this new TRA
method, containing the assessment criterion and methods in authentic CBR weapons systems, and found
it to have objectivity and applicability via the TRA team, which consists of experts in related fields. The
proposed evaluation method can be used to determine rational acquisition methods for bio/medical

weapon systems and contribute to the expansion of the TRA system.
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Fig. 1. Definition of TRL
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Fig. 2. Weapon system development process
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Table 1. Example of TRL checklist (Lv.4)

TRL 4 Checklist
1 | System requirements have been identified
2 | A laboratory environment was established
com-~
mon| 3 The basic performance of the component or
was demonstrated in a laboratory environment
4 A functional WBS (Work Breakdown Structure)
was created
5 Testing of components was performed in a
laboratory environment or outsourced company
M&S were performed to fabricate components or
H/W| 6 .
assemblies
7 Interoperability of components was confirmed
in a laboratory environment
8 Requirements were derived via analysis of
functional elements
9 The algorithm was implemented in pseudo-code
form
Analysis of data requirements and format have
S/W | 10
been completed
1 Software modules were implemented considering
reusability
12 Individual functions or modules are demonstrated
in a laboratory environment
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Table 2. New TRL definition for Bio/Medical field £ =EoAe 3 FUIAAL vtolo/HtE Eof
o g AAE Telslel olokE LS Stk TRLE
TRL level | Descriptions Definition
Table 28} o] Aoletal, 7[&Ad&E & /T A A
Basic - Scientific literature reviews ~ _ ~
1| principles |- Initial market surveys are F=]ojof & AIE Y& FEsto] o33 Zo] TRL
observed initiated and assessed A -
ANEZ Aok
Technology | _ Generate Hypothesis(es) A= A
Z] g O 3 Z Z
2 C:ﬁ/eo]?_t - Research plans and/or TRL 1(']’]-0]— a ]‘:—]-7:")‘— Table SJ} t‘]-—o]’ 7]%—1
application protocols are developed o] O‘]E]ﬂ‘ “’]'Z“H_T’— Mtﬂﬂ(ﬂ ‘?:Zlu;ﬂ?l ﬂ:ll‘i @Q‘Hﬂ
Basic formulated |~ Peer reviewed and approved Fsl A /\z 5] = =0
| B 714 520 B9 4B, 7] A% 24 59
Research - Basic research, data _ L
collection and analysis {‘:-12(—4‘ 01]—,—% @E‘G}-Ofl %‘7]'?"‘_1'1:]'.
Proof - Identify and evaluate
3 of technologies supporting drug
concept | development Table 3. TRL 1 Checklist
- Initial characterization of
candpdates in pre-clinical TRL Checklist criterion
studies
- Non-GLP laboratory research la | - Scientific literature reviews
- P-O-C and safety of candidate
Non- 4 VNO'?_Gt]TP drug formulation(s) are b | Initial Market Surveys are initiated and
Clinical erfication 1 4o monstrated in defined 1 assessed
/ in-vivo test - Potential scientific application to defined
Pre- - GLP non-clinical/ le problems
Clinical GLP pre-clinical research
Research | 5 Verificati - Conduct GLP safety and
critication toxicity studies
- Stability studies initiated TRL 2018 A4 9 AH GA)= Table 49 Zo],
- Phase 1 clinical trial I=1 = = = = 1=
ya AL o = E3] o}o A =S
6 Phase 1 progress and completion <Al EZ F% 2dATE S ofeldol, 7H 52
- Initial safety and efficacy TE511 ATAES £E5l= 7|e £Fo 7 Y 57
assessment
B2 Ae 5}
Clinical - Phase 2 clinical trial = 7‘4 O]'o:] 1117]"2_@
Tl _ll 7 Ph 2 progress and completion
rials ase - GLP safety and efficacy
assessment Table 4. TRL 2 Checklist
- Phase 3 clinical trial
8 Phase 3 progress and completion TRL Checklist criterion
- Clinical trial for approval
2a | - Hypothesis(es) is generated
Production| 9 Marl;eted - Distributed/marketed P 8
Surveillance |~ Post-marketing surveillance 2 2b | - Research plans or protocols are developed
2¢ | - Peer reviewed and approved
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Table 5. TRL 3 Checklist

TRL Checklist criterion
3a | - Identify initial target or candidate
-Initial proof of concept for candidate
3 3b constructs is demonstrated in a limited
number of in vitro and in vivo research
models
3¢ | - Developable target product profile proposed

TRL 4(Non-GLP 35 @A)+ Table 67} Zo], &
H EAE Hslotal Ao AW nd2 2h2-3}
ASIE= 7E 202 FE U 55 ok
G537 QFg/ge] gt )F ofHE HESH] HIIsit

L0
8=

€

Table 6. TRL 4 Checklist

TRL Checklist criterion
4 - Demonstrate non-GLP in vivo activity
a and efficacy?
4 4 - Conduct initial non-GLP toxicity studies
b . -
and assess potential safety?
4c | - Bvaluation criteria for target product profile
TRL 5(GLP A% @4, Table 7)= F& 249 A&
e msd AN LS YSHe A A7
$#E0F GLP &9 55 14 golg && U GMP
$E9 Ax 374 HA oF 52 AESI] B7RI

Table 7. TRL 5 Checklist

TRL Checklist criterion

- Sufficient candidate exist in the draft
technical data package to justify proceeding
for IND application

Research with pilot lots provide basis for a
manufacturing process amenable to GMP

5b

Conduct GLP safety and toxicity studies in

C
5 animal model systems

IND documentation in the draft technical
data package contains data from animal
pharmacology and toxicology studies,
proposed manufacturing information and
clinical protocols for Phase 1 clinical testing

5d
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Table 8. TRL 6, 7, 8, 9 Checklist

TRL Checklist criterion
- Complete Phase 1 clinical trial that
6a . .
establish an initial safety
6 - Prepare an updated IND application,
6b amended with a new protocol to support
Phase 2 clinical trial
- Complete Phase 2 clinical trial that conduct
7a . .
expanded efficacy and safety studies
7 - Prepare an updated IND application,
7b amended with a new protocol to support
Phase 3 clinical trial or surrogate test plan
- Complete pivotal clinical trials and
8a L .
8 additional safety trials
8b | - Obtain FDA approval of the NDA or BLA
9a | - Conduct post-marketing studies
9 o |~ Maintain manufacturing capability as
appropriate
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Table 9. Status of ‘A" Biological agent treatment

technology

Technology Elements

Description

Toxin vaccine
antigen design

- Design new vaccine antigens
(candidate drugs) by reproducing
and analyzing the structural

technology characteristics of antigen
Antidote proteins through modeling
Design - Analyze antigen and antibody

Toxin antibody
treatment antigen
design technology

affinity by displaying humanized
mice and phage, and select
antibodies by analyzing antigen
binding sites

Toxin vaccine

Optimize the formulation of
selected vaccines by producing,

m?;figig;;jg exgressing ar.1d purif'ying vaccine
Antidote antigens against toxins
Manufac Toxi ibody | - Optimize the formulation of
t-uring oxin antibody selected antibody therapeutics
m';li?;rilti[;;ng by P}'?ducing-, expressing anfi
technology pur%fymg afmbody therapeutics
against toxins.
in vivo Animal | Se-cure a hallf*letha.l d0§e of toxin
efficacy & toxicity using elxperlmental anllmals
evaluation susceptible to the toxin and
technology establish an animal toxicity
evaluation model
Sjgjtl:llit: - Establishment of a toxin
cytotoxicity neutralization ability evaluation
detoxification model to select a large amount
efficacy selection of antidote Candidates‘using cells
X with detoxification efficacy
Antidote| and evaluation against toxins
Assess- technology
ment Research
prototype - Establishment of efficacy

selection &
evaluation
of detoxification
efficacy technology|

evaluation model through animal
test susceptibility model for
toxin antidote prototype

Research
prototype
preliminary toxicity|
safety assessment

technolgoy

Preliminary safety confirmation
through animal testing of toxin
antidote research prototypes
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Table 10. Assessment results using TRL(5) checklist

TRL Checklist and Results

- Sufficient candidate exist in the draft
technical data package to justify proceeding
for IND application

5a

— Data related to antidote design,
manufacturing and evaluation were secured.
And a clinical trial plan was established
based on the analysis results

- Research with pilot lots provide basis for a
manufacturing process amenable to GMP

— A prototype of a toxin antibody treatment
product was produced and the formulation
was refined and optimized to develop a
process for non-clinical trial

5b

- Conduct GLP safety and toxicity studies in
animal model systems

— Animal testing was conducted on the toxin
antidote prototype, an efficacy assessment
model was established, and preliminary
safety was confirmed

5¢

- IND documentation in the draft technical data
package contains data from animal
pharmacology and toxicology studies,
proposed manufacturing information and
clinical protocols for Phase 1 clinical testing

5d

— Preparation of clinical trial protocol for toxin
antibody treatment and submission of MFDS
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