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Abstract As the importance of the biohealth industry has recently increased, innovative government
support is required. However due to the limitation in the support framework, a complementary support
system for commercialization is needed. This study examines the concept of TRL which the existing
support being following, and investigates domestic support system and overseas support cases. It points
out that the current TRL—based government support policy has limitations for the commercialization
of the biohealth industry, which requires a lot of time and investment. The new concept of the support
system reflecting the characteristics of the bio—industry and solving the problems of late R&D stage was
proposed and connected with the policy direction. It is meaningful that the role as a guideline for

overcoming the gap between research and industry for the commercialization of the biohealth.
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Table 1. TRL levels by NASA[23]

level definition
TRL1 Basic principles observed and reported
TRL2 Technology concept and/or application formulated
Analytical and experimental critical function and/or
TRL3 C
characteristic proof—of—concept
Component and/or breadboard validation in
TRL4 .
laboratory environment
DT = Component and/or breadboard validation in a
TRL5 .
relevant environment
System/subsystem model or prototype
TRL6 Lo .
demonstration in a relevant environment
TRL7 System prototype demonstration in an operational
environment
TRLS Actual system completed and “flight qualified”
through test and demonstration
TRLO Actual system “flight proven” through successful
mission operations
el BEAL /& bk do] Al AT E
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Table 2. TRL levels by KEIT

level definition and requirements

TRL1 Basic research/experiment

Basic research Establish concepts such as practical

TRL2 .
purposes, ideas and patents

Basic performance verification on

Experiment TRL3 laboratory scale
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Evaluation of core performance of
TRL4 material/part system on a laboratory
scale

Prototype production and performance

TRL5 evaluation of confirmed
Prototype material/part/system
TRLG Pilot scale prototype production and

performance evaluation

Reliability Assessment and Demand

TRL7 .
Enterprise Assessment
Practical use
Prototype Certification and
TRLS Standardization
Comn:ie(;’lflahza TRLY Commercialization

Table 3. TRL levels by R&D stage

level definition and requirements
TRL1 Basic principle discovery
Basic research Establish technology concept and
TRL2 L .
application field
Technology concept verification through
TRL3 . :
analysis and experiment
Applied Working model development in
TRL4 .
research laboratory environment
TRLS Validation of worAkmg model in similar
environment
TRL6 Prototype deV‘elopment in similar
environments
Develop= Prototype demonstration in production
mental TRL7 yp . P
environment
research
Commercial product test evaluation and
TRL8 L ce
reliability verification
- TRLY Commercial product production
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Table 4. Foreign & domestic TRL cases in biohealth

Foreign(USA) Domestic

Biomedical DoD MOHW

levels
Pharmaceutica Medical Medicinal Medical

. P N .
1(Drugs) Devices roducts(New Devices
Drug)
(Scientific
discovery)
-Scientific literature reviews Early stage of
L technology .
and initial market surveys are (Basic
L development A
= initiated and assessed. N principle)
TRL1 . s e . .. |'Explore new |, .
‘Potential scientific application -Establish
X . technology .
to defined problems is O basic theory
. possibilities
articulated.
through
scientific
discovery
(Concept
setting/ (Technology
establishment) | concept /
‘Hypothesis(es) is generated.|-Establish application
TRL2 ‘Research plans and/or hypothesis field)
protocols are developed, peer |-Establishment |[-Establish
reviewed, and approved. of research concepts and
plan and fields of
method application
‘Peer review
(Proof of
concept)
‘Basic
‘Initial ‘Initial research,
proof—of— proof—of— information
concept for concept for collection
candidate device and analysis |(Proof of
drug candidates is |‘New Drug concept)
TRL3 constructs is | demonstrated | development |-Patent
demonstrated | in a limited | technology ‘Basic
in a limited | number of evaluation performance
number of in | laboratory ‘Lead initial verification
vitro and in | models (may |candidate
vivo research | include animal |material &
models. studies). Understanding
mech—
anism of
action
Proof=of - ‘Proof—of—
concept &
concept and L
safety of (in vivo
A safety of e
candidate . Verification) .
candidate . (Design/
drug devices/syste Secure Production)
TRL4 | formulation(s) non—GLP in
ms are . -Prototype
are vivo safety .
demonstrated production
demonstrated | . . and
. . in defined .
in defined . |effectiveness
. | laboratory/ani
laboratory/ani
mal models.
mal model(s).
Determin—ed
that sufficient
data on the
candidate (GLP
drug exist in |'IDE review by |Verification)
the draft CDRH results |-GLP (Reliability)
technical data|to determine |nonclinical ‘Prototype
TRL5 .
package to if the research performance
justify investigation |-Clinical GMP | evaluation
proceeding can begin. process
with pre— establishment
paration of an
IND
application
‘Data from ‘Data from the |(Phase 1
Phase 1 trials| initial clinical |studies) (Laboratory)
= meet clinical |investigation |[-Phase 1 Initial safety
TRL6 . . .
safety demon— clinical trial |and efficacy
requirements | strate that the| and evaluation
and support | Class III completion
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device meets
safety
requirements

roceeding to
p & and support

Phase 2 .
. proceeding to
clinical L
. clinical safety
studies.
&
effectiveness
trials.
‘Phase 3 Clinical (Phase 2
clinical study endooints and studies) (GLP)
plan or P Phase 2 GLP Stability-

TRL7 test plans are

agreed to by Effectiveness

surrogate test clinical trial

plan has been CDRH. and ‘ Evaluation
approved. completion

-Approval of |(Phase 3
-Approval of the PMA (or, | studies) (Clinical)

as applicable, |-Phase 3

TRL8 |the NDA for -Clinical trial

- |510(k)) for |clinical trial
drug by CDER. device by and for permission
CDRH. completion
(Phase 4 (Mass
studies) production)

TRLY |-Continue surveillance. ‘Going to the | Going to the

market market
‘Post market |-Post market
follow—up follow—up
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Fig. 1. RD&D on TRL level & R&D stage
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Table 5. Duration and cost per clinical trial phase

Clinical Trial| target person duration cost success
(year) (billion) rate(%)
Phase 1 20~80 1~3 around 5 63.2
Phase 1I 100~200 2~4 around 20 30.7
Phase III 1,000~5,000 3~5 over 100 58.1
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Table 6. San Diego Cluster TRL level—support service

level support service
1 -Public and private R&D funding
‘Facilities and equipment
9 ‘Technology Valuation/M&A
-‘Facilities and equipment
3 ‘Prototype production & Product design
-‘Facilities, equipment & test analysis
‘Hospitals/univ
4 CRO/ CM.O. ) ersities/resear
‘GLP facility & analysis ch institutes
5 |-CRO/CMO networking
6 [Facilities, equipment & test analysis
7 ‘CRO
‘Testing/analysis
3 ‘Approval
‘Technology valuation & technology transfer
‘Technology valuation & technology transfer
9 ‘Corporate incubating
‘Tax concessions
‘Overseas expansion

Tabe 7. Munich—Martinslitz Cluster TRL level—support
service

level support service

1 -Public and private R&D funding

2 |-Public and private R&D funding

3 |Facilities, equipment & test analysis

‘CRO/CMO & medical writing

‘Animal research infrastructure ‘Hospitals/univ

ersities/resear
ch institutes

‘CRO/CMO & medical writing
‘Facilities, equipment & test analysis

networking
6 |-CRO/CMO & medical writing

‘CRO

7 . .
-Testing/analysis

3 -Approval
‘Technology valuation & technology transfer
‘Investment & funding

9 -Corporate incubating

‘Tax concessions

‘Overseas expansion

Table 8. Biopolis Cluster TRL level—support service

level support service

1 |-Public and private R&D funding

2 |‘Public and private R&D funding

-Hospitals/univ

3—6 |Facilities, equipment & test analysis ersities/resear

‘CRO ch institutes

7 ‘Testing/analysis networking
3 -Approval

“Technology valuation & technology transfer

Investment & funding
9 -Corporate incubating

‘Tax concessions
‘Overseas expansion




90 YAEHFHTFAT A8 A%

TRLS 2837 915 H715 of= oA =ad
thgd Ase sid(nbo] Soke] BRLE M| %dte]
SRL/MRL/IRL -5)°] A8t 54 of 9152 2485
ar ot el i Agolell g A7t BiEe
2 Ast dAE 99 s o] sulel H8-5= vk Sl
= Ao® yehgth A% A8l SlojAe @Al g
AT o] A e 1~69A A el FFE o] o] 73t
A gakE A e ddske v Be 53l ol
7] Wizl el A Alistel o2 HAF7E A sk
Al @A EAZT 53] vpo] QA2 1 54
283 5 AKIsE 9IS enfsh= TRL 7~97 ¢l
gt gl ARk 9 Hjge] Aart A7) wi
ol o]& AFgEAT} obd 97| AVE THE AT

THETE TRLE Aol Abdste] thadst 2555 7ok
7les ATFOEN S| AFNEE A hatal 7]=e
&I 0] Fo S AT F As Blolth
o]& #1% /Ao R 94, nlo] @ Ak
of g X7 Mslele] TRL 7~9THAIE Bk}
AL vle] @2 Fof T4 U4 v W oA A
ol AAe 224 BRL(Business Readiness
Level, AF33}F A<:%: TRL 7~9 Complementary Model)
< Akt BRL2 TRLY} w72 9| 2 w3)
Ov} eAA o g Agshs Alo] ofye} whgh ofojr]o
7} 712ATE B3] (Discovery) 243 9 A5tz
7F=(Industry) #Hgo A 9t ‘Z8-9] A= (Valley of
Death) & WA= F 0= TRL 7~99Alol| d3FS v
= JNEA AdEgolgal & & Uk
BRL 7}7te] A= oh5o] W8S Egsiet
BRL 1. 7]Z& Ak FDA 5 9] 2o 5213 913 2
29 Argn 9 Aggiy
BRL 2. FHUEH L P3AT-E A% BRAI] Aol
AR ol A VMEHA A 2D FHAA
BRL 3. 4 x4 A1 A e ate]
Al 22 ek A3hH HA ATt AA
BRL 4. Alg-E4:
BRL 5. QI817F<Q15 &) 591 BE Q1514 874K

=

Lo

=
EA4

BRL 6. 7] ) ) =
BRL 7. ExHY: 7]4 o]d Q=S =31 7}x] Ao &

CERFE e

A2 RIS Al ofel =
g topt ZAHBR o)F 9% FAgo] 8] o
ol BRL 70 TRL 2} @Alell A -go0] 7hedt=s
A 5 7-9AlE FHoR A o on
7171 o] 7] ofelH oS AT 5 9l FAET
& ETETE AP Al A ARATE gl A
o] 75 dedmtonE 2 Al 7kE EThEA

b AbellEo] A o= Q7] whtoll 1~61HA] o= &
vt Aol 7Fedt Mdor o] 7kt

thero 2 o]9f 3] TRL 7~99AlE ek mds
A8ated F7Ite] FAE 7hs A sk 7 A9l 19
713ke] grfjo]t}. vjo] e Ak o] 5AJefA] Bl v
2 gL 1~2139] = & 288 =

ol

e

=l

p
o,
Y,
>
!
o9}
=
o
(2

-1 R %%

27191} w1k o) A1, 71954, el
A% 5L AT Fuo] A o] 74 BAU o] Fold
F glol A717ke] A A Qe ngWE 5 ok, o
el R AN Br19e] FIATE Fh
Sh= WekE eid 4 gleh. ARkl W )
9 R&DZO] (7)1 3h) AleHe ghaatozm ot
o] P9 FAE BAF PIRANA thrIgle] A%
FAE Fo vhol oA A FRE 7190 5
91e Aelth

4. A&

o] ZA7F AujsHs 22 Age) e 49 o
oA S ol e Bgle] e Tt AHED S
o §iTk. & APFNE F vl ol & girks 2
2 ] o 2318 HAH FRL A bs
@ e e A9 &4

APPEE R olel @ g
Fo| dranE we w o Fe 719 2 3E

= Ll
o A g 719 A Felololz Aelu g 4
ujol @ 214l ] B4

E]_]__
FA FANTRAE nekstol *
e Acksisich. A4 3 AT AL 168



Hpo] @ A Fof AFISHE 9 gk A AAA )<k

TRLEAE FHez 91

i

A Aglo] Tl mg Hlol @ ds A4 BHHE 93
woko ) TRL 7~997e] A7 el vhat X)91e] &

o] hlojol & Bask glek Walg TRl ) ol
ole.datglo] FE AAS 257 SSAE ofo]
dolol FrEd W,
o AR D AR o)== B AT

H ha
A glo] B asirt. AhgdA SHelA dxgofe] S0 o

0171 HHTON‘/}. o]

= 918l vho] oA R0k AU % 7} AT}

ZAFojof Bt} oY AARAD FFA Selvtet IT
Aol ARBANET o] 2 AT SR A
Nge FARe] YARES FoE BEH AR
19961 A =0} 25\ o] A& o072 FEREHA IT
£ #4 ANZ S Uk vho] 9 A2 Rolol A vh
2 ole]g 7IFe] Bastth A R&D, WK A, vk
ol oHE 0] EASHE A APl A oL B

o s 99 Aow, AR B2 FAF 8

ks AHs) & =7k

3l AAEoop & e
7

2%‘3:%01@11*15 SAA A gt dold = Stk
Uha2 o 8AIs) HAlS53 913 A dAAle] 2o
o} iAol A ofw gk FA7E o= dAlel #-8-E A
A E T °1XW T U= AL, 8|7l o
FE= AAHEAE, 2157} AQFE V)
i %—i%‘ T =S Ak 5o 7] AF A8
= Ak 55 8F i}-‘%JOW T = Sk o] F A4
220l B4 9 545 ol
Sl Hhol 2 Akglo] BT -5Ads

of & akgfolAl 9| mHsfof & oIt Q= Fokhs
Aol tigh A=l 14 Alarefl A A1k 5= gle Aotk
£ Aol TRUG $402 Q7710918 13
AQAAL] T 4§ B4} o]
g}oﬂ k= Ao H oA 2 NSRS Alokslod o)
2R Ao o3t x| F ol A HA|7} v
B335 s wiAlsA = Sl IS
SfaL Sloh &5 & w=imo] AAF Jd e Al
13 % AEol gt olsgARAF B AT AR S-S
Wdel A AgE HuRler & Aoluh 2 A7) Al
QFek= BRL 7]7te] njo] @ A Ak] A AAA] 7HAEbS
A R&DA ] A 8HES ol 7lol=ei]l
g ZlolH oF T3l Ao Akjle) =S Fel A
Ao 7hsskE FXshk=t] 21 oo 7) sdvk & Ao

10 fo
e
[>
dr o
o
>
°

Fodl >
S ) -{
Xl ﬂil

N

REFERENCES

[1] Evaluate Ltd. (2019.6) EvaluatePharma. World Preview
2019, Outlook to 2024.
http://www. evaluate.com/PharmaWorldPreview2019

[2] Evaluate Ltd. (2019.6) EvaluatePharma. World Preview
2019, Outlook to 2024.
http://www. evaluate.com/PharmaWorldPreview2019

[3] J. Huh. (2019.1.26.) Chosun Biz. Tech: Science/ Bio.
http://biz.chosun.com/site/data/html_dir/2019/
01/26/2019012600342.html

[4] J. Choi. (2019.05.29.) Yonhap Infomax. Policy/
Fincnace. http://news.einfomax.co.kr/news/article
View.html?idxno=4032038

—
()]
—

National Onco Venture (2018.3.22.) National Onco
Venture. Anticancer New Drug Trends: Cancer—related
Statistics. http://nov.ncc.re.kr/%EA
%B8%BO%EC%383%A0%ED%86%B5%EA%B3%84—fda—%E
C%8B%A0%EC%95%BD—%EB%B0%8F —%ED%95%AD%EC
995%94%EC%A0%9IC—PED%9I7 %83%EA%B0%80—%ED%9
8%84%ED%99%A9/

[6] S. Lee. (2019.7) Implications for National R & D
Investment and Corporate Support in New Drug
Development, KPBMA Brief, 18, 6—12.

[7] Ministry of Science & ICT, Korea Institute of Science
& Technology Evaluation and Planning (2019.3) 2019
Survey of Research and Development in Korea
Statistics

[8] S. Shin. (2014). An Analysis on the Factors for
Technology Commercialization Success and Failure in
Korean Small Firm owned by Technical Entrepreneur.
Ph.D. Thesis, The Graduate School of Kumoh
National Institue of Technology.



92 YAHFHTFAT A8 A%

[9]

[10]

[11]

[12

—

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Y. Lee. (2010). Technology Commercialization, Seoul :
Dunam.

D. Lee. (2009). A Study on Effect of Technological
Innovation Capability and Technology
Commercialization Capability on Business Performance
in SMEs of Korea. Ph.D. Thesis, The Graduate School of
Soongsil University.

J. Park. (2008). Technology Commercialization Theory
and Technology Management Application
Plan—Focusing on Jolly’s theory. KIET Industrial
Economics, Feb. 2008.

J. Park. (2008). Current Status and Development Tasks
of Technology Commercialization in Korea, KIET
Issue paper, 2008—233.

K. Bakke, & C. Haskins. (2018). Wiley Online Library.
INCOSE International Symposium.
https://doi.org/10.1002/7.2334—5837.2018.00502.x

J. Seo, G. Jeon, & H. Jeon. (2007). A Study on TRL
Application to the Materials and Components
Development Program, Journal of Korea technology
innovation society, 10(2), 789—807.

S. R. Sadin, F. P. Povinelli, & R. Rosen. (1989). The
NASA technology push towards future space mission
systems. Space and Humanity. Pergamon, 73—77.

R. Mackey, R. Some, & A. Aljabri. (2003). Readiness
levels for spacecraft information technologies, 2003
[EEE Aerospace Contference Proceedings, Big Sky, MT,
USA, vol.1, 1—398.

P. Malone, R. Smoker, H. Apgar, & L. Wolfarth. (2011).
The application of TRL metrics to existing cost
prediction models, 2011 Aerospace Conference, Big
Sky, MT, 1-12.

M. S. Seablom, & L. A. Lemmerman. (2012). Measuring
technology — maturity —and readiness for —mission
infusion. In 2012 IEEE International Geoscience and
Remote Sensing Symposium, 5646—5649.

C. Wei—gang, L. Wo—ye, G. Yan, & H. Fei. (2013).
Approach and application of technology readiness
assessment based—on multilevel reference condition,
2013  International — Conference on  Management
Science & Engineering 20th Annual Conference
Proceedings, Harbin, 2013, 1993—1998.

J. Hong, S. Park, W. Suh, & J. Park. (2009). Developing
a Model of Technology Readiness Levels(TRLs) for a
Large—Scale National Research and Development
Project, Journal of the Korea industrial information
systems society, 14(3), 58—175.

E. Kujawski. (2013). Analysis and Critique of the System
Readiness Level, in IEEE Transactions on Systems, Man
and Cybernetics: Systems, 43(4), 979—987.

J. Choo. (2015). A Study on the Effectiveness of SMEs

R & D projects that reflect the Technology Readiness
Level, Ph.D. Thesis, The Graduate School of
Kyungpook National University.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

NASA. (2012) NASA.
https://www.nasa.gov/directorates/heo/scan/engineer
ing/technology/txt_accordionl.html

Korea Evaluation Institute of Industrial Technology.
(2009). TRL Evaluation Indicators by Industrial
Original Strategic Technology

S. Baek. (2018). Study on the Moderating Effect of TRL
and Convergence for Technology Transfer and
Commercialization n National — research and
Development with a Focus on Korea Railroad
research projcet. Ph.D. Thesis, The Graduate School
of Ewha Womans University.

U.S. Department of Defense. (2009).
Readiness Assessment (TRA) Deskbook

Technology

U.S. Department of Health & Human Services. Medical
Countermeasures.gov. Integrated TRLs.
https://www.medicalcountermeasures.gov/trl/integrat
ed—trls/

Ministry of Health and Welfare. (2018.06.29.) Attached
document 1 of Notice for 2018 the Third Health
Technology R&D Project support.

H. Kim, W. Woo, & B. Jang. (2013). A Study on
Readiness Assessment for The Acquisition of High
Quality  Weapon System, Journal of the Korean
Society for Quality Management, 41(3), 395—404.

J. Morone, & R. Ivins. (1982). Problems and opportunities
in technology transfer from the national laboratories to
industry. Research Management, 25(3), 35—44.

H. Jie, G. Zhaofeng, & Z. Kui. (2011). Research on
evaluation method of electronic product maturity. In
2011 IEEE Znd International Conference on Computing,
Control and Industrial Engineering, 2, 118—121.

H. Kirkham, & C. Marinovici. (2013). TZechnology
readiness and the smart grid. In 2013 IEEE PES
Innovative  Smart Grid Technologies Conference
(ISGT). 1-6.

7. Juan, L. Wei, & P. Xiamei. (2010). Research on
Technology  Transfer Readiness Level and Its
Application in University Technology  Innovation
Management. In 2010 International Conference on
E—Business and E—Government, 1904—1907

T. Altunok, & T. Cakmak. (2010). A technology
readiness levels(TRLs) calculator software for systems
engineering and  technology — management  tool,
Advances in Engineering Software, 41(5), 769—778.

J. Hong, S. Park, W. Suh, & J. Park. (2009). Developing
a Model of Technology Readiness Levels (TRLs) for a
Large—Scale National Research and Development
Project, Journal of the Korea industrial information
systems society, 14(3), 58—75.

J. Kim, (2010). Development of a Model for the System

level Technical Maturity Assessment Process In
Defense R&D Programs, Ph.D. Thesis, The Graduate
School of Ajou University.



Hpo] @ 2 Fof AMYSEE 97k A AAA A Hk: TRLE

it
ol
o>
o
fru
©
w

[37] H. Hwang, H. Kim, & Y. Chang. (2012). 7RL Impact on
Development Schedule and Cost in the Aerospace
Project, Journal of the Korean Society  for
Aeronautical and Space Sciences, 40(3), 264—272.

[38] Y. Bae, & S. Choi. (2009). Calculation TRL using
Integration Readiness Technologies  for
Supporting Technology —transition of  Defense
Technologies to the Defense Weapons System, Korean
management science review, 26(3), 157—167.

Between

[39] S. Lee, & D. Ryu. (2016). 7RA Application Status and
Development Direction, Defense and Technology,
(445), 104—119.

[40] B. Yoon. (2018). Operational Management Status and
Audit Implications for National R&D Project Planning
and Selection Evaluation, Seoul : The Audit and
Inspection Research Institute, The Board of Audit and
inspection of Korea.

A 3] A (Heesung Jeon) il

- 19934 29 : o)zl AL To] -
eh(abAl)

- 1999 549 : Graduate School of
Emerson College, Media & Visual
Arts: New Media(Master of Arts)

- 2011 24¢ ¢ o]stoiApegtul tA e
n|tjo] SHg of At o] (HHA})

- 20173 29 ~ @A AT SR T AT A/l
<
s Aok whele s, A EA A, AT AL

«- E—Mail : hjeon@kbiohealth.kr

2l & ¥ (Yonghoon Rim) [aslel]
200341 8¢ : Arhdhal nlo] Qv
FE 2 Y2 (FAL)

(HAD)
- 2010 8¢ : A F st o] F&
(FHatAh)

7+ ¥ A (Byungseok Kang) Pasidl
- 19984 29 ATkl w5}t
(&AL

-2003d 12€ Michigan State
Univ. #3188kl

- 20051 124 : Univ. of Kansas 1L
S (M)

- 20143 124¢ : Auckland Univ. of
Tech. 79t (AL

-2017d 1249 ~ @A oSG BAPITAE DA
T

- TR L vto| e F A A AR

- E—Mail : bkang@kbiohealth.kr

% & 3](Yun—Hee Cho) Pkl
- 2010 29 Sl FojFst
3}

- 2016 649 : W% k% (Shandong
University) 7 Qe (7E 4 4AH)
- 20161 99 ~ €A :

5t

+ E—=Mail : yhcho@kbiohealth.kr

" 2 Z1(So—Jin Park)
- 2017 249 ¢ ISk Joj et
(3

AAAZAT FAATY
A Rof ¢ nlo] e Jofg)
E—Mail : sjpark@kbiohealth.kr



