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F1E FH

AN TJnEE (Artificial Intelligence : AI) FAiii3 1960 A8 HAFZE S LTV A3, 2010 4E
RIZAD LR FE OBIGIC L0 BEGR0F 7 ORBTREOREENBINICm EL, FREDSE
TIIAMZB L HERE 2 R LIZ Uiz, ZOREIRGE, Fim, am. w575 2052/
b, FAEOMIC S  OPFEER THEFIENEA T, EFRSE HEISCII < B2k
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£2E ETE
2.1 ANTHIEEHN & ERHSE

2.1.1 TOLILEROHE

IHE T, NEHIZZ K OEREM 2B L, NEOHROTERSS X D:':Ezﬁ bz 328 LT &
oo RGO, ITFETIIH am oA L 2AEYYE (COVID-19) %, %< DAz
ORNLTEIIRRUIK LT, VI FUoRHEERRBE SN TE e, TRHIEIXRE LR DA
BRI L, —DOOEANBRREN NERIKROEFRR LICHE LI TH 2D,

it T, 5% S bR DEFETHDORmWAETEZHERFT 5 72 DIZITE A b~ Tl e 1
Fikz5Nr, BIRT HREHEENR (Precision Medicine) 23:R® 51T\ 5, KEHERIZILME
NDERIERLBIZF L W2 Te T = F RO A2 D10 & Fna BT Lo T4 B
% N THnseE (Artificial Intelligence: Al) . &/ DA > % —% > b (Internet of Things: IoT) .
By r—2L u\of:%“y&/v?iz%fﬁiia‘-:a STV A1l FrC AL £ 2000 4 LA D
IR EART . W, TR, BE OREEE, FEORE Y SESERT Y r—
A ‘/'C“igii Fa2FIo U, ZWOER L IBRIEORISEE, VA7 Tl EBOBRHNE,
ERERRDOHI, AEpED i@ﬁj:iiéj SFE IERBREROEITHAIFREENS[2], (K 1)

iz b Al BT &> TRROBEFRSCRWIFE A, 20, 18RICBIT 2EMR 2 X7 %
HEME LA OIS A2 AREICT 5 2 & T, EFREARE L. AMPEROMEEE, RoiT, A
ORI K DFHELT R R72 0 AHME DA X /CECT R A0 2 LT
E5EEBEZHNTNAIB, 2L AL EMIEEREDO S H P HEENCEE S L, H00921%
FERf OB FN 2 AR L, RRICEERRE ORI LIC b FET SRtz A LT b,

Diagnostics [ Therapeutics ]

* Clinical and multi-omics data: * EHR data and clinical guidelines:
NIPT, early cancer detection, infectious Al-based treatment of common diseases
disease detection * Human—Al interaction in robotic surgery

* EHR data and expert knowledge: * Pharmacogenomics for guiding drug therapy
Al-based diagnosis and evaluation of « Data-driven precision medicine to deliver
common diseases therapies guided by clinical and digital

« Image data and deep learning: - i phenotypes
Expert-level diagnosis of medical images
and screening of diseases

Applications of
Al in healthcare

Administration and regulation

ulation health management . : :
0P 9 * Big data in hospital management,

« Patient-centered information systems for insurance, epidemiology, drug interactions
healthy lifestyle promotion, early disease and complications, quality-based outcome
detection, public education assessments, disease monitoring

Fig. 1| Potential roles of Al-based technologies in healthcare. In the healthcare space, Al is poised to play major roles across a spectrum of application
domains, including diagnostics, therapeutics, population health management, administration, and regulation. NIPT, noninvasive prenatal test. Credit:
Debbie Maizels/Springer Nature

B 1 ~VRTTHEFICRIT S Al R— RN OBTER 2 5 E]
it . J. He et al, “The practical implementation of artificial intelligence technologies in

medicine” (Nature Medicine, 2019) [2]



2.1.2 Al Bl OME

2.1.2.1 FHEOEIA

Al 1% 1956 DX — M v A THIOLTRE L TAMIT N DOBREM L F it T
e ZNETALI 7—21EH Y, 1[EIEIF 1950 UKD 1960 FRICT T, HASTEL
B, T A= N AT AR ERNHEAE LT, 2 B a—ZPEREORA N SRENIXIRER T
b, ZOMRREDZTZ, 2RHEHOT—AF 1980 HERIC Al 70 7T AO—EETH LT
FANR= b AT APHR P ORETEMN Iz, 1990 FAHBHREITER, T Y XA
3T —F~ A = TORBRRER, MBS SN, SO AL 7 — 2% 3 A H
ERBEIND N, ZOhHE VX 2006 412 Geoffrey Hinton & OAFIET— LAD3EFE LT2iEkE
2ETHY[IBl. ZNETABAAS L TS E 2 I T 2 X ooz
ZET, BWFEEHORERT LA 7 AN—IThe 5T, 2012 O N THIGE ) BF O iRk 1
R4 2 ERERETH 5 ILSVRC(ImageNet Large Scale Visual Recognition Challenge)(Z
BT, EFENECEFE LR L TEWREEL ha v N RO SuperVision F— A
MR LTz Z E CHEAPEEVIpD 6], BEMMTIE, 2011 Fi2iX IBM 2B% L7
[Watson| 77 A AFEH T AR L, 2016 4£1213 google 23410 DeepMind 73BA%E
L7z TAlphaGoJ 28 N7 w PHEM TSR] L7z, ZHBIERFED Z X7 TOHRES A%
T DR AT THIUEX, ARIORENZB X722 LR INT- BN kETH 5,
Al OIEFEHEIFIIRFRIZ L o THEA 27 03U XARBE LT D, X 212 AT OSSR
iRtk AR~ 3 [7], AL L, SRR RO A RS BREE 2 B 272 5 7 — 4 « JaikAl Al
LIS, M bl EOEREAERE L, MR T 0 ST NEERT D 2 LA B Lo

ATLICHBETE 5, SBHIT, F—4 « i AL, OfaEE - i, Qe - ke 75— 4
AR @F —Z BRENVRIC T 5, Ol - FIANUT E D X 5 7R RN i & &
EIDHRENEVIBATE L O M#AE I L CHBRRCHEGRG 21T O VAT A TH D,
@F —ZBRENRT, ML G E G T —Z O D, B A SOt a2 85 L THY 19
IR AT L Th D, QO - Hiik & 7 — L, OL@Z@E LI AT L Th D,
@, @DOTFT —ZWETIX, —/L7 & OFRERY LR 7 152 P 72 1T 17 B 22N T2 018
Tele T —Z OB EEZ BT HERE LD ERH D, —J . WAL TR D> T
x&::—ny®%&®:1~§w*yb7~7%%$%ﬁ&bﬂﬂﬁﬁwjitmfﬁ
fliZe L) OFSFE 21T9 2 LIk » T OEELZ "TREICT 5, LavL, BURTILERR
ﬁ%%ﬁ%ﬁ%if FE S TEHT, FHT — X OUUECLIEEIZ DUV CRAfT RS
MEF LTS,



F— 5 HIREAI

REBLAI =a—SIRYNI—2 FA=T=a=FIRyrI—2
(Fa—=TF5—=%)

1960 1970 1980 1990 2000 2010 2020 2030
E1 ATHEEOBREHORM

HAT: BB RERICNEDO HifT¥BRAZE 2 —ER (2014)
X 2 ANTLEREDEBENORL
H B - F BRI AfF 20 o % — [TSC Foresight A T ENHESy B O H BRI 3R B 12 AV F T
(NEDO, 2015) [7]

8o Al OBIE A2 M5 725, X 312~V AF7 TIZHT 5 Al ORS8RI 72 HIRY D
BAERT, BEOEREALTO Al O I E72IEFITRONTWD A, BEBSE ToOMEH
NG, EWEFRTE, B AT AOERLY R AL N T r—3 g L OBITAE
IZHMLTE Y, OECD @ kA7 10 OFE & Hilk T~V A7 72T 5 Al ORFH 7 HRY)
DOFIE, 1980 FED 90> 35 25 2019 21T 3400 2 T\ 5, AFFEIL Al O 7 — AC
RELEASENTHEMOBERA RS, ZOMEAITSH B INET S ERbhTWAI8],

Tk, TV = a VHNC RIS S EOEBER SN TWDH D0, M 4 12T —4
S A TRIO AL R 2~ BRIRT — 2132 < %6, NARGEE BEFR — b, ERESR
D DERGELER, WEFEZWT, BRMRAE OBRERET SN D03, i b EEFZEIO A £ 0
KRR &V o ISR AR STEOT — X L IFEL TR Y, AL IE LT — % %25
Hrd™ DB 7B B & L BRIR /) — M RREFHEEEOIME LT — 2 b IiFm A L, i
fbENTERET — & ZAfiseds L ORIk 2 BARSFELEENO 2 2OA 7 TY) —IZH5HS
n5[9], 2018 4EN 5 2016 4% Tik Al SCHEROD e 0 OFEIG DS ERZE, B TRE, B
FOBKZWN S OT —& L\ ool bT —# &1, A LTz, 5% I3 LT
— A ZONWT bR AT GRS LT — X (B S, AR L ATREME N B D,



Figure 2.1. Scientific research on Al in health is booming

Number of relevant scientific publications in health, by top ten OECD country or region, from 1980 to 2019

Il US EU27 I UK [ Canada Augtralia [l Korea WM Japan [ Noway [ Switzerand Turkey
4000 r
3500
[}
0o TIL I

[ |
%00 } .IIIII

2000 .l
il

1500 |

1000

500

RS

FES E ST ST S s s s s s s e s s B

Note: Please see methodological note (https://www.oecd.ai/assets/files/Methodology_20200219.pdf) for more information.
Source: OECD.AI (2020), visualisations powered by JSI using data from MAG, www.oecd.ai

B 38 ~NVRFTIZET 5 Al OREHZR IR D%
Hi# : T. Hashiguchi et al, "Laying the foundations for artificial intelligence in health”
(OECD Health Working Papers, 2021) [8]

Genetic

' \
Diagnostic Imaging _ﬂ_

Electrodiagnosis

W Year 2013

Monitaring, Physiologic || H Year 2014
1 W Year 2015

Disability Evaluation W Vear 2016

Mass Screening ﬂ

others ||

0 500 1000 1500 2000 2500 3000 3500

Figure 1 The data types considered in the artificial intelligence artificial (Al) literature. The comparison is obtained through
searching the diagnosis technigues in the Al literature on the PubMed database.

B 4 F—&%A TR0 Al TRE
Hidh : Jiang et al, “Artificial intelligence in healthcare: Past, present and future”(Stroke
and Vascular Neurology, 2017)[9]



—J. Al # W EGAEORFFICEH L, BN The ESMC S HET D lfED &
%L MBEADRRD, BEEESCHEBENENEEZ DN D ESMIBEO S E | HT X5 & HRE
NEEE - MBI Lo R A K 5 12T, IWHEEXS T 7 I —HHERD &,
ey « fERE - 285 - Rdk) 13 T8 - 7Z 0 b, THENE - @) &bt HESh
TWe, BARITEENRBE SILTWD RFEERE] LICHT 2 RENFE S TR [
W MFEKETHER L, SNEEIL TREREE] ME 2 IS 0 [10], TEEEE - e - 52
A -tk b AARIY BENOKE THBEELSZWVEAN b5,

| B ESTERER |

BHKEER
EIE 3

TIi§- TS5k

BE-MRK-VY1I1L
E&

BB - 358
EX

AT
BE-EXK
A=y BT §A

ER- - X5 Ry ----

Gt
- m&
W81
TOMmER
il

BE XE EM PE BE Eoth
HFEAEE - ithis

B 5 Al Z AW EBRAEICET 2EMX g DRAEE] - HBEAEE (i) 3 - 7
7 IV —% (AXRRFE~DOHED > bESMHE, HEE (EEHEEERES) : 2010 4
2017 4)

ot FEFFT TR BRI RN B A RS AL 2 oA (R
FFIF. 2020 4E) [10]



BARMICEE R AR & L CHBZWERIC R T 5 ATICE R Lo, (RENREGZ MO
B X5y B O RFFF AR OHERE 2 X 6 1T, [X MREHE 2 E 2R 13 X e kI
PR L, &l L7 X R TR - BT 4 VA TALT 5 2 & T RN O T
G T oL M UBEE AR L, & B2V, TX# CT), IMRI, TEHEH]
2 3,000 HRRETH Y | #EETF) (PET #ifr & (Positron Emission Tomography : 5% 1
T R ) . SPECT fif: %4 # (Single Photon Emission CT : Bi— e+ fiicht Wr g k52 ) 2%
RPN B U 7 B PR R S S D3RR E O il (AR U L P e R (O o ~ 30 & ik 3 2 4%
PEZFIH LT, & ORSHRE Rk 72 0 A 7 T2 TH{b T 2 2@ R 6 0 1/10 FE T
b, EOHANK S b HBEBITE A OB R A b7,

BT 53 Al — R 2 RS

XREBRBDHEESEK |

X#RCT

MR 1

Bk

BEF

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
HEEE (BEEXRE)

F) 017F U, T—2RA—2RREOEL, PCTHROZEBITOTIET, 2HAT -2 ERBRLTVEVAESELH D,

X 6 BEEZHEERICEIT2 Al DGR BRSO HELEHS
H B BRFIT [0 2 4R FE Ry BP R HHEE A R A — — %0 B — = — XANSHL o B ifrEh a3
H T—~4  EGREERIC TS AL OISH ] BRI, 2021 4F) [11]

AT T ZNETIZ 2RO T — AR Do 12hy, REFEOELITLD 3FIE D7 — A
FERITH R DM E 2B IV &R E | FITCR S FFEF S BN O R 25 7 STz, R
B FEPEE LT 2 EGREAFIH TE 200 TSt EEN TIRICHER L7z, HiFo
B BRI E TOWIMIL 2006 FEOFEND 10 FREE LIEFICELS . 5% b 750G
HDHEA TV W B OB T & TR I D,



2.1.2.2 Al R—XEFHBOESR

AW CTHRAET HANTHEET LT Y X LE_R—2 L LEERES (LT, Al _X— R [EHR
PEER) 13, BEWS T — 2 03B SR 2 4 2 FERER A EANL T DB E O Fik A
PR LR 7 0 77 2axtg e LCnb, ANTAfE (AD. B, a8 o
R TIRT, ALISFRRIRD BN 2T DM ZED T2 0 DEIR OB TH Y | Kb
PAAAL . BB R ERN RSN TOWARWHEETHD, 207, %k k512 AL Tk~ 72
HENLYESRBEN TV D, BHEEIIT — % OW%ICTH 5 M ECHAIZ 7 —
PO T 2EMTTH Y . 1990 FRUTBRFEINEI L e o7, ZOHITEEND » F3HE . Hhh
7R LR, CEHD 0 B GRIEER) 1T FY -5 TE S (2123 28, WEYH
IEHEEE O— DT, HiH Y FBRBAAS =2 — TN Fy PT—IRY DL b=a
—INFy VU= Bl LEBEA— by a— ) E-fiL ) FEIET —7 Q X
v NI =7 ERET N5,

C N T4n8E (A h
HMREDBVET ARAE R OORT  AHEONS

Ty (ARN—XEE#S) \
(HemE "
TN B RICHIHBEECHRAUZT—4H0 5 H
(ERBEEE (5—F5—=215)
ﬁﬁﬁ%t)ﬁ%" iﬁ&kﬁﬂiw)%?

—a—3)b

l |
: 2vhT— !
| I %ﬁﬁfﬁf&b%g
| |
l |

X 7 AWFEICBIT S Al OXISEE

Hlh : fEHAE TEREGRT «— 7T —= 7 AM] (F—24t,2019) [12]% Bl EERL

1

Al OFEZIIANROE Y 5 e BN e <. ERESIITB W THAE Mo B 5T
ZNENAL VAT APERE ST D, BARTIL, IS A A H4% (UL T . PMDA)
DRFZRBEOHREE TAT Z1EH L ERBZEIS AT A - [RREEREICET 2 E L 7E
2017) [BlicB W T, AT EEIEHRV AT LE FRO L I ITEFR L TN D,



Al 21 L L TE I DZHE, TEEKIT T SIS = ERAE SR
TS X7 A, Al KRR T A (TR | DIERREGHI RE Sz, 2 70 N ET
Y —EXDZREIEIET 5 2 R T ARCPFHELG L 9 S5 LGSR - > X7 A& 570,

KETITKEEMSERKSF (Food and Drug Administration: FDA) 7% [Proposed
regulatory framework for modifications to artificial intelligence/machine learning
(AI/ML)-based software as a medical device (SaMD) - Discussion paper and request for
feedback] [141iz3 T, John McCarthy DEHEZHH L., HFEET AT 2% [T 4
—v U AMEMZBYT L2 ZLICED BEDX AT D M L—= JITHESNTER TS
BENZMA TV AT A L LTD,

In this paper, we refer to an ML system as a system that has the capacity to learn

based on training on a specific task by tracking performance measure(s).

EU Tix., BKINZEE S 2 TADefinition of AI: Main Capabilities and Disciplines] [15]iZ
BWT, ANLAIEE (AD % FFEDOHIEZERT 72012, BEEZO L, HOBREOAR
PER S TTRIZEZT LIV AT V= MRTEIERT VAT L) EERLT,

“Artificial intelligence (Al refers to systems that display intelligent behaviour
by analysing their environment and taking actions — with some degree of autonomy
— to achieve specific goals. AI-based systems can be purely software-based, acting in
the virtual world (e.g. voice assistants, image analysis software, search engines,
speech and face recognition systems) or Al can be embedded in hardware devices

(e.g. advanced robots, autonomous cars, drones or Internet of Things applications).”

COE/ MIORHFEYHTH Al 2R LT AT XL LY IR, D2 R—F
FEDHEERHL GOV AT LAE L TEBL TN, ALIZFEE T — X 2 0B LT 5720,
F— B EBETHN— R 2T bV AT LD —EE LTEO I MEND D, 7. FHH1Y
JRTRA ORER B Y . HARD PMDA IZIEHE EOERBEEHZRESTIAVEHEZ T L, K
Ed FDA 1 AUML & x5 473 & IR L, BONEZ B I BN S T8I DWW T
skl

LEXY | Al VAT AOERITIZENENERITH L, 7Y XL E L TIAIE
DFATREAN G . EOBHIY 7 b E . RETFEZERL T LHERIND,



2.1.2.3 #HFEEQRRE

B E 1L, T3 Y RAD AT & NIRRT ET 20Tt ZH0FIN6 A
BRI S A KRR 70T — X BREHRI L — L 2 A L CHE IS BT % & 5 S Mo
BATDaya—F7rar7 I 078 5[16], s Ik E < SEEOX A7)
H5H17, 1 2HIFHEESH D FEH T, T TR TV LT —ZIZESNTT LT Y XA
HIFTEWH A7 ZERICERTE 25 AIEHA S, Uik b HEICHER S L 78
FHETH D, 2 2B FHEN7Z LFE T, lx OZBII R k2 o7 — 21y FINBRFED
N—=NEZBRL, TAAY ALIENAEREELFEIELHETH D, 3 2B ITMLTHE T,
TNIY) RENRFTHEERRIND Z L, —BEDT 72 aOBICHDHT 4 — RN
I PHMBE ORBREMER L, YAV EFETTHHEEFETELLIICLIEHETH D,
Hlifizg L8 & 0O, T2 Y XAOEFEOHET, Hifizy LB RIS TT
TN XLEEE LR, Ziilid 0 F BT ECER, Bl LyEIT 7 T 22 ) 70
JCHIE, BR(EFE T Q FE CTilibin b,

WEFEH IR TE oY 78y FTHY | AHOMDO=2—F /1y NU— 7 [Til%E X
NEANL=a—F N0 Ry NI —7 OEREEE AT 517, =2 —F %y VU —2 13885
AREAR A BT HELNTFE S 7 7 ThH Y (M 8D L H Rl TR I/ — R (node)
BN AS>TNT, /—RE =Rz v (edge) TEPNTNWELT —F T 7 F ¥ Th D,
J— ROMEFMOEE 0 I1ZE (layer) EFEHENTEY ., FEFEE L1 BOBEMNIEFITEZ N
Z=a—TF Ny NI =7 TR E O FIER, £ OJEL ORI O 2 L 2ET, K
8 DHITIL, VA L DFEHRT NV a—VEH, AEVWEDHEREZATILT, 2 TAVA
VI TRUA ) RO ETFRT S, BT TV —HR 2 OFFEMEERL TS,

00 =
o0 © O

i) =Ly
rILa—)L
E# Y2

BaL O
O
hRE

AhE (BB HhE
8 =a—INRXy b I—7DFH
HlL . Chainer = — FU 7L “18. =2 —F /L%y NU—27 OEHE 1

1 https://tutorials.chainer.org/ja/13 Basics of Neural Networks.html
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https://tutorials.chainer.org/ja/13_Basics_of_Neural_Networks.html

EREFEIIRE e A ENNEL S, a B a—22W A7 A (CAD) OfFIT
X, 7€k CAD B Cix, K 9 ®@ITRT L 9T, AMORRFHE L, B CRE5
MEO)&;Z&%@@@%%%iUVEﬁJZ%J\F’EJﬂﬁ&b@ T ifocf‘ofm)o e, EETEIX
FERTOEAEZBLCENAERTEDOL ) RBREAER CEX 22 &N TE, BRETET
DR & 5571 % A AL B A O B KIBICEFR T & 2R 083 % 5 [18], Z oFlfix
Al O FEIER AR ICHEA ZHE O —>Th 5,

| | t Jore Classification .’
MG el Extraction

Human defines features
(a) Conventional CAD

Al extracts features from learning data
(b) Deep Learning AI-CAD

X 9 fEkd CAD LFEBFEEX—2D AI-CAD OHRE T nt& 2 DEN
Hih : H. Fujita, “Al-based computer-aided diagnosis (AI-CAD): the latest review to
read first” (Radiological Physics and Technology, 2020) [18]

THRADNEFEFEZH U THEN D BEWAHENT 2 BRSEAHEIC W TR, #byE
TNAY RANEBELRERER-TEEZOND[16]l, ZNETOIZEALEDEETIE, 7
BZAT OB T ROFER, A Z, Zlia— R ARG E, RoEE T —2 0
Ty ML TEEND VD FZEPIMEHA STV edd, /07 (Electronic Health Record:
EHR) @ X 9 Zatidfb &I — 2 BNRET 27 — 2 &y MR FENE L TH
0. EFATITEE, 1 EOABEZT TR 150,000 f# 07 —Z AR S i, %ﬁ@iw&
RESCHRRAZ I N—L TCWAHEERT X ThbHZ &b, BEOBEOZKNIEET 2
LD, [BEOBAEOREY 2 MIfAH, [ AT 28I DR L
UL O EFHVE RN D B AHER| T & Zﬁfﬁ‘bﬁﬁ?&;é[w]

M I B W CRERMICEE T & m & LT, #5E (Overfitting) Wb 5, @FE D
A A—VHK 1017 T, BFEITAIETAN ML —=2 7Y o T O L5 e TH
0. BERSEIC R TERWFETEFELEZEEEKRL, FL—=0 7 X7 p—<
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AFE LD B LWT — X ICHET 5 ERMES KI5 09], o, #E
TR EBNTD, TSy FhORA RTIETREARINSE 57 — F 9Lk, £723IEA]
ERRED LA ¥ —DHNEFERHICT o F LT 0 IZHEET Ry 77T el <o
IO FE TR FTREIEAN . Z OZEMFEMNIISINT T — 2 I L D HREDSLE TH 5 [19],

Underfitted Overfitted

X 10 @FBOALA—Y

(2) PLY RIA BT =ENO RN E—r 2B L TELY, KRR MLy FERAD LR
TETHRY, (FR) LU RIAUF ZOT—F Yy MZ#ELTWD, () Py RIA U iEbED
CHEONRZ =02 ER L, X Ly Rekolze, ZOTATY XNFE, HrLVT —ZIT— k(b
THIENTERY,

Hidh © S, Mutasa et al, “Understanding artificial intelligence based radiology studies:
What is overfitting?” (Clinical Imaging, 2020) [19]

2.1.2.4 Al ORE

Al DA TIRS —RICET o5 D& LT TRV AT & 1550 AT 2350, KEO
P28 D John R. Searle 78 1980 FICEFE LT & &N 5[20], John R. Searle 1%, 7RV Al
EANBORHES DAL Ea—F =2 ab—a VBT DEEORY AT ED LS
LB L O EENME 2T D i T D BRICER Lo, 7RV AT &3 TEgic
07 g aEiic TE#R] 286, MERREENTE S Al THY, v 7T L&k
120 TIERRIIE S, AHOMOKRBERZERT 2 0E D5, — 5, 90 AT &3, T
EDFEIRDHDZEHITFHE LTz ALl THY . AHOFED—EyDHE2REL, FEDH
AT T 5 Al 2457, AL DS (BRSO H 2 b DIZmiTHTnD &
DL EBEMT D, AROLLMOBE) 2HTL50E I DB HEOBNTH L,

Fo. ERRIGEWSEE LT AR AL & TRHER AT 2855, T AT 13X, %F
EOFEIZFICHIGT 20 TR, AMEFR U XIS E IR Z LB AR /e > A
TALT, HENDOHPRENE Z 7258 TH AMD X 5122 E TORBRIZE SN TRE
AW 24TV, FIREZ R T 5 AL 24697, TRMERL ALY 13, [RIE S 7ol BRI FF
L THBMIZFE, WBREIT O AT Lxtg L, BRI, IEERECT Ak, BR
SRR E O AR Al 2459, Meskd MIEFREMRICKTDHAI O A R LT

LAl DERE LAV TIE, v 7 AT 4+ — RRFPOEFH Th 5 Nick Bostrom 233
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Z+ [Superintelligence] O H CTHEH L7z, PLARL AT & b8 AL ICHHIRE AL 2Nz 72 3 2
DL~V ZRI L TWS[17], 245 1% AT OREAEREE /) O 2 3O L LTV,

Artificial Narrow Intelligence (ANI)

ANI/Z A 7= 5 > F DR NENE — 2GRk BEHES T TICH R TS 720,
THEX P FEA FELITEEN—XDGHEE 7 T RE Y o T DREE AR TS DICHRE
BTT, AL, IEEICEZS A H—DZ X2 TERE T LT XATT, #D
WRNWLEDIZTF = XET B ENTEETD, 1QITE =TT,

Artificial General Intelligence (AGI)

WD H D ANHDEITTHT TR HI LB HIGE ) & 172 = A TEE T, ZFUITAM]
L~ DAL TT, CHITHREDLE IIZTeEz M L., i L, it L& L THER
TE5ZENTEFET,

Artificial Superintelligence: (ASI)

BEaa I 1%, AFEDRREHT L8 HIHES) F 7 1F AV f-DFES) & 1570 FJGEIED & 1)
T, ANBEIZ, B0, EDHGHENHE L, & DMin 2 PEAFT 5 = LITTEFEA,
Z < DikIZ, Z DEFEIZEIET S Z & &l 572 0IZEmIZ R D #A TOFET,

ZOEHIZ, Al ORMELV-~IVOREIE, MERET LT TV r—a VOBRAGTIEIC L >
THEBEOERNMREBINTEY | BEBICHR SN eaBidn, B, BIEO B VR A5HEK
TIRSTER SN TWD AT IR AT TH Y | AU ST 25 AT IZEZHBLL TR
[N

o, LRROGEEIIDLERLIN, FEOT 7V r—ra r TIERENDSHEGD ATIO
HE L LN DT BT 5, Topol 1d, Society of Automotive Engineers 73 J3016
TRLULEHEBEREDO L~V DT T r Y —TCEROL-VLZEH L TEBY, ER TILEG
RT =2 D7 VA XLFIROEFN AN EBRICLE L 25720, LL 3 OFEA
THEbAEA L Z & okl e FiRL[21], (X 11)
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Human driver monitors environment System monitors environment

0 1 2 3 4 5
No Driver Partial Conditional High Full
automation i i i { automation
The absence of any Systems that help The combination of Al The true
assistive features drivers maintain automatic speed that drive and that do everything— chauffeur: retains
such as adaptive speed or stay in and steering monitor the no human backup full vehicle control,
cruise control. lane but leave the control—fol i but quil but only needs no human
driver in control. cruise control and rely on a human in limited backup, and drives
lane keeping. driver for backup. circumstances. in all conditions.

Humans and machine doctors

0 1 2 3 4
[ ] [ 4 9 [ [ 4
0 = ~~ ~ ==

\’:::&_.jf'ﬁ \ = :;__;;f"i \[’,: .l \77' —

A& 28 22

Now Unlikely

Fig. 5 | The analogy between self-driving cars and medicine. Level 5, full automation with no potential for human backup of clinicians, is not the objective.
Nor is Level 4, with human backup in very limited conditions. The goal is for synergy, offsetting functions that machines do best combined with those that
are best suited for clinicians. Credit: Debbie Maizels/Springer Nature

X 11 HEBEELEROT oI —
Hi# : E. Topol, “High-performance medicine: The convergence of human and artificial
intelligence” (Nature Medicine, 2019) [21]

PMDA ORI FZEROWMEFIZB N TS, HENELE R ED L NA3ITE25EIZ LT, Al
(2 K DR Wi SR PIR IR SR 1T K 2 AT ORFRIRAIALIESS T LRI RE. U X 7 o isieat S
TW5[18], CAD OfITIE, HEDORINSAE %I 272 5% CADe (Computer-Aided
Detection) . JHZE D BHEMEHR & o 722 W E Tl 7 5 #6854 CADx (Computer-Aided
Diagnosis) & RXBISITWAHA, £ 1ITRT LD ITBWESE L~L 3 IR AL 23k & 72
BRI (v TFE—ZUER) 220G L CTREWZZ2EiE R E A2 &5 W 520N E RN
HTHNTEY, Al L BECEM & OBMRNELT 2 aTHetEN Sk STz, Al L ERl & O
BIRIT LD HREICER T 5720, BEO R THBELRO L1 5 0 X 9 22 ERD
MHET D Z LR <IBR A B T ) WarOEBLID THREEE FEL TWD,
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#F 1 BEBEZWICRT 5 CAD OFE LY X7 O45HT

W S

L~

EgZWrc B 15 CAD D& E|

U 27 DT

L~ 1

BRI BRI B & ORISR (61 :
TFAE D FHEME O L E O 54 |
DEREECEH, B LS (7
NI Y XKML - TEES N D EME
HLERHRRETH Y, BRINE
PEE—HLR2WEELH D)) &l
B L CERMEICRR L, W& S3%

RHAEIT M TH Y EET DY A
[ZFRE

L~yL 2

W R (B IER, R, (KA
R, #ATE, BT L) 2E
S TR L, W& Sk

EREDZW O—E T T D720,
FISDOREENRRD D, iz, 4
THVRIBKREL DT —AH A
TE SN BT TR Rl P i
Byl T2,

L~JL 3

FEx REERIE®R (v VFE—F N1
) A LBV RA I A 2R
RAEEMSICHER L, 2k2 XiE

ERTS & REREDN R L~ B EIl K
S TIHEMFEZBZ DRKENRD S
ND, T, FBAET DY A7 130
720 RE G2 K DR 0 E L
LR EbHESND,

LUl 4

YN TFE =GRS BB
. 7272 L RIS OV T
[ il 4 73 7GR

PERMAE A 2 D REEEAN R D & 4L, ERT
BILLD Tz 79 EHEEL AR
W — A TIL Rz L2 U 270X
FEFITKRE,

L~ 5

2 IVTE—HFERIZIES S BEH
P (ERZE 2 LRV 2l

ERTS 2 2 DAGREDSRD B AL J 4
THVAZIEboEbRE,

il . PMDA B pZ B TAL 26 LICERDBET S AT b« RGBT 288 & 1

= 2017 (FEFhHy -

PR AR A TS, 2017) [13]
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2.1.3 AINEREXIZEZADA 2/ F

Al X"—=2DEHEBREFES~OEEIL, SVFEDLDITESRRD AL — T v I ¥
HRONDEDOD, 2014 4F 1 Hv D 2019 4 1 AORMNIZ 117 F/VZELTEH Y, 2012
NG 2017 FEOHINTHE L2880 265, it 7 A v hOSHEIL 3 f5LL R/ - T
Wnl22], B 121X Al R—2AOERBEBRIZKT 2H5HRED 3 SOl 4 R LTk, Bl
B COMGITE T ORENERBBRAOALT 7V r— a V2L T D 2SR e
H DT < Al OB MIERERIZN, A%RITEFEN LY U 2 —v 3 U THia it & o251k
ERHRE Gy =7 25T ) — 42— L LTELET2RENOL OB, i
ZE L, ADBREICRE T 51200, F/MREEOTIkAHETe[22], RHROEY | FHiH
ZIXEG2W O RN b EA TS —F, ML ELHFENTH D, 4%, thopTF~b
Al BN SN2 5GE. B EECHIBIERN A TN, EEHEICE DA 37 M
REWEBZ BN,

Current
state

Horizon 2

Mature market, with several proprietary
platforms across therapeutic areas and

Emerging winners, with

platforms that can deliver at many more opan-source piatforms
Technol Fragmented start-ups, with no scale = N i ;
Gt clear leaders Reimbursement of Al algorithms by
............................... ------------ US Food and Drug major payers (e.g., Centers for
Individual hospital or practice use Administration approval of Medicare & Medicaid Services) and
Market access of artificial-intelligence (Al) Al algorithms change in treatment paradigms
solutions to address single

therapeutic areas or modalities

Mainstream’
adoption
Adoption grows exponentially
Some adoption between horizons 2 and 3
1'___—

e
i

Time

B 12 AI~N—XOEMERIZKT DTHHRROD 3 >OHE
Hi#f : Alexander et al, ” An Intelligent Future for Medical Imaging: A Market Outlook
on Artificial Intelligence for Medical Imaging”(Journal of the American College of

Radiology, 2020) [22]
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2.2 TOHIHEITOERMBERH

2.2.1 ERHERAHOEER

BENIXIERR R D 26T 50— R a— L ER RN ENY 7 ko — 20 E N5,
= R m— R, S, BHRICES SR OSEFINZE L, V7 b - m—3EMRIC
FBDIRVTEIT BT 2 A BT A oA RSN T 5 H BRGNS T 5 (23],

Y7 ke m—F =R m—0 kL5 257y, il HEOBEERIZ VDY, FERNEN ST
FTLMOEFRIMKAF L, T OHEA~DOBETER L, TS TATER RSN TV LD TH

MUEEEEORFEINH D EEZ2 B H[23],

WL L7z 523610 5 Bl B 0 SR 20 iRl 22 X 13 12n -, BENCIE, Z DFrE D
BEXIRIZ 3517 2 E e gn DG, Jitm, A, 3 KOG IS BET D IER B A T E O oA E
72135275 (National Law/Act) 2% 0, IRO L-ULZIE, LD T 7 EBA LT WVEREICH
RS AU, EREMEZ L0 GRS 2 8L6] (Regulation) 23V . FHEMCIX, Koo H
FIEZET D04 X AT D04 RT 4 0 L HIFEER S 5 (2],

National
Law/ Act

Regulations

Regulatory guidelines, guidance
documents, published standards

B 13 AHIEFO BB R REE

Hi# : V. Theisz, “Medical Device Regulatory Practices: An International Perspective”
(Jenny Stanford Publishing, 2015) [24]

KE TR, EFESR GRS 21EF & L CEARMERMEIENE (FD&CIE) 235V |
HHNEFHAIZE (Code of Federal Regulations : CFR) Title21 -Food and Drugs ¢ /3—
I 800 LAREZSEMRBSAR O EF BN, RUE, i, TV 7 fiREIRED S E & E
A Z A N—LTERY ZOMIROIREZ AL LIz otttk oscEH & L
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T FDA @ Good Guidance Practice (GGP) K3 = A FXISO X° IEC 7 & OFEHE(LH]
iz JZO“C%%ﬁéZ"LfJ? BHE T b AREUELE N B D [24],
HARDEFEIGRICI T DIERH KRR EZK 14 12T, b RWIREI) 267 5 OIXiEHE
@Eiunﬁfﬁ&%””ﬂff% D WICBC & L CEEMERESERIT S, €O TICES - &
RATHAI S V| EIESEREEREEERI TR QMS AT ENHE YT 5, ERED T
@%%L%ﬂ'ﬁ%%ﬁ%ﬂ'%&’%@#ﬁ VIR A - RS SR BRIREHI T A R Z A > £H Q&A
FENEET D, AAROEHR OMERMEIL, BB 08 H 2154, Bs, B6 - S, i
TR, BRI N e W R Rl - BRERIEE - RS OTEHREIC —y Shv s [25],

EXMERMBFL

ERIHR A
HY

ERXRERUBFERTS

‘QTJ |=|T

jikmpsall

SEHRE A PREEM-ERE BEE BIHEER. BKIES
L B ERE 1RS42, H1EQRA. &

EELEREBSEETEL.
QMSE S

X 14 HAOERESRIZEIT SERBOBKR
B - 2 ERL

EU OFH Ot A% X 15 12757, EU X EA2I2HH] (Regulation) & #8545 (Directive)
NH Y HEENE EU IR ECHESEEH S, TOHRMEZETT 520 0ENETSLERL
ZNHNHEHT S L BUMBREIZZN S ICMEDR T LR 57, iy TS, EUNYEE
OEMNEICEA SN RICOARFEBE S, EUMNMEEIZMRE clczh b0 BN EZ 4
ENEA IS S 2 #HENE T 5(26],

EU DEREEICET S 3 D4 (93/42/EEC. 90/385/EEC. 98/79/EC) 7% 1990 4E
RATFEATEN T2, B OMERICHEIS T 5720, 201745 A 25 HIZ 2 O] (EHEE
””%ﬁﬁ%ﬂ (MDR) 3 L OS2 figantisl (IVDR)) 2L RSz, 2 >OHHl

TIFBATHIRI AR T TR Y | BITHIMRICBEFORS 2 BRBENICES L 5D, Fi,

LRROFES . Bl A e T 2 BRICRIERRE & BT D - O BRI DO
A X UABFRITESNTEY, 85Ik L TIEIKINZ E42 MEDDEVs, Mot L CidE
PR Za#E 7' —=7" (Medical Device Coordination Group : MDCG) M CEZ#fL L T
W5,
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EU
Regulations,
Directives, Decisions

National Law

Regulatory guidelines
EN Harmonised Standards published in
the OJ

X 16 EU OFHIZEMHDORE

Hi#t : V. Theisz, “Medical Device Regulatory Practices: An International Perspective’
(Jenny Stanford Publishing, 2015) [24]

i

2.2.2 ERHBY T LT OB

PR E O RHNEESCHIRIC L > THRR D Z LD, 2D OFEW Z [EER L/ ot
BL LI R ® 5[27]-[29], Maak 13K[E & FINES (EU) ORI H 0OE % ¥
16 DX DTk L, KREOBEIT AT A% 1970 FROKETORE DL 5 %
S5, EU OBBIL 2T MIFKINEIRTA ) R—v g v L EET a v A &L T 5 B
SEMEHT D TR Y | AR, BURMIEINC X » TR OB NE Uz Z & 2k
L7=[27],
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Differences in Device Regulation in the United States and the European Union

Factor

United States

European Union

Purpose/structure

Centralization
Funding
Data requirement for

approval

Premarket transparency

Device surveillance

X 16

States and the European Union”

The FDA is a government agency
mandated to protect the public’s
health.

The FDA regulates device approval
and surveillance under one umbrella.

Federal appropriations provide >80%
of funding. User fees provide
approximately 20% of funding.

A device must prove to be safe and
efficacious through premarket
authorization approval or prove to be
substantially equivalent to a predicate
device through 510(k) clearance.

Proprietary limits exist on the sharing of
information, but safety and approval
data are shared through the FDA.

Reporting by manufacturers and
healthcare institutions to the FDA is
mandatory. Reporting by healthcare
professionals and consumers is
voluntary. The FDA can issue public
health advisories, safety alerts, and
product suspensions or withdrawals.

KE L& EU OERESRHH OB
Hidh : T. Maak and J. Wylie, “Medical device regulation: A comparison of the United

Notified bodies regulate device approval as private
companies. Competent authorities are
government agencies that regulate postmarket
surveillance of safety and facilitate trade among
countries of the European Union.

More than 70 notified bodies regulate device
approval separately. A competent authority in
each of the countries of the European Union is
tasked with device safety and surveillance.

Notified bodies are completely funded by contracts
with device manufacturers. Funding of
competent authorities varies by country.

Proof is required that the device can perform its
intended function.

Approval decisions of the notified bodies are not
made public.

Manufacturers must submit adverse events to
competent authorities. All adverse events have
been required to be submitted to the European
Databank on Medical Devices since 2011.
Postmarket data are shared among competent
authorities but not with the public. Competent
authorities can issue adverse-event reports and
field safety notices or device recalls.

(Journal of the American Academy of Orthopaedic

Surgeons, 2016) [27]

F 72, Altenstetter I%, HA, K[E, X EU O ERERHH %
W E OB 0 AT A T A I VOMEE Vol ER RS L — T, BEOFE
W2 il BEORIZE AR S O FLFH S OFLE R O & E/ Hug O BUR ST RZFH 1 XERNE LT
B EOZEIZ I W THE A2 B OABS & e, ST o & L it E S F
RIEESER L & LI T AR EZ /T 52 L2 H Lz[28], Zh o OWf%Ex

GLECRONNIRY 3/ ZIAF S

RS AR D FLI S TIC B W T, WBENODOLEE L W @Rl a2 AND Z &
@%Eﬁ%ﬁbfwéo
EARP 72 R B S 2 Y TfE b & 5, Jeary IZ[ERE ¥ Y 7 F U = 7 & x5

EK. E & EU 23 EREEEESIRIREIYS T~ +—F & (IMDRF : International Medical Device
I L - TR &= SaMD (Software as a Medical Device) @ [EBE
1T D HE SRR 17 O X 92 F & 7=[30],

Regulators Forum)

FEAE\Z XSG D728
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Table 1. Qverview of regulations and standards applicable to SaMD in the EU and the US

Jurisdiction (Regulator)

Europe (EU Commission) US (FDA)
Regulation(s) +« EUMDR 2017/745 « FDA 21CFR
« Regulation (EU) 2016/679 (GDPR)
Standard(s) cited + 150 13485 « AAMI TIR 45:2012
« IEC 62304 « GAMPS - SW Validation
« IEC 60601
« IEC 82304-1
Definitions +« EUMDR2017/745 « IMDRF/SaMD WG/N10: 2013
(Risk) classification 1, Im, Tla, ITb, 1T I, 11, TII
IMDREF/SaMD WG/N12:2014
Product approval Im, IIa, IIb, III: EC certificate according to 11, III: FDA approval via PMA or 510k
MDR issued by EU Notified Body
Certificate validity Max, § years -
Quality Management + IS0 13485 « FDA 21 CER 820 (QSR)
System and standards « 1S014971 « FDA 21 CFR 810 & 830
« EC 62304 « FDA 21 CFR 803
« FDA 21 CFR 806
Clinical Evaluation « IS0 14155 - clinical investigations « IDE/IRB21 CFR Part 8

« 12,50, 56, 54, and 820
« IMDRF/SaMD WG/N41:2017
Data protection Regulation (EU) 2016/679 (GDPR) « HIPAA
« Federal trade commission health breach notification rule

Abbreviations: AAMI TIR = Association for the Advancement of Medical Instrumentation technical information report; CFR = Code of Federal Regulations; EC = European Commission; GAMPS -
SW = Good Automated Manufacturing Practices 5 - Software; GDPR = General Data Protection Regulation; HIPAA = Health Insurance Probability and Accountability Act; IDE: Investigational device
exemption; IEC = International Electrotechnical Commission; IRB: Institutional review board; 1SO = International Standards Organisation; MDR = Medical Device Regulation; PMA: premarket
approval application; QSR = Quality Systems Regulation; SaMD WG: Software as a Medical Device Working Group

Note: Applicable regulations, guidance, and standards are subject to change and it is recommended to always check for current information,

E 17 EU B I UKE®D SaMD (@A S B HH & EEEOHEE
Hift : T. Jeary et al, ” What medical writers need to know about regulatory approval of

mobile health and digital healthcare devices” (Medical Writing, 2019) [30]

FeE DE HIEIT ,.mm%é.ftﬁ%‘%& LTI, KEIZ2WTIE Ronquillo 78 FDA o [E##
B Y 7 MU = THBNCIE BN TRTOY 7 bY = 7 BEEO KO L M K
OB DR iﬁi%ﬁ’ﬂ&l’\*ﬁé%L’Cb\focl/\f:&bﬁl\ fElga7a K % K5 E L CHEBR L. BE D
B EMRT HITIFHITORSI T Tid o Tidenwz L 2 ER L7 [31], EUIC2W» T
McHugh 23 [E#BEEZHES MDD (2007/47/EC) 2B W TY 7 v U =7 Z B 5 7=
AENTWABEOERETH S IEC 62304 DY 7 U = THR¥ETA 7 A 7V T L —LT
— BT 7T 4 T IRERER OGRS Th DN E D nEmEEL2[32], F7-,
Martelli (2 MDR (2017/745/EU) 12X > T DF A ZAD Y X7 SEITEEENE 2 &
N FFEDT SA ARY Z7 DT 7 AT LTERER, BiBiEDTD D 3 2 h o E5-,
BEIE, BIDEREIEA — I —DNEHRLEICT 7 B AAREICT 5 Z LICARETE R Db &
[FSPEDFFENREE L 7200 | 7310 204G R ATRE R S O SR Z O 3 L FR L
[33], HARIZOWTIEL, $AKD 2014 FOELIEIZ L > TA— R =TIZA Y A h—LSh
TWRWIREED Y 7 N = THERZ 7 0 7T AR E L THITICER I NN, B
Bes OF T IR PR IERE DN G L T2 7217 CL BRI DOE 2 I 20 TUIER O A (K1) O R
B L DD T, T OEFMIFORFEICIR Ui Mz ke ST 5 E# L 72 [34],
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2.2.3 Al R—ZAERBBORHICEET S BRBIFECFR

AT HAFIERR D EF Ofk 2 7o TOTEM PR SN TR Y . A E HI O BURF R4
JRNT V Z AT OHEREIZ 101 T AT N— AR T 2BOREZ B L TV D, TVX
WEMOBPRTIE, TNETHN—FU =7 &K TH - TWIERGNY 7 b U =7 ORe
WEEDIZON, PUHPCHED L S IZ— R = TIKFE T MM 25 K512k -
Teleh, BIKTHEREGR L L TRRIND X OIIRo7, 20D, ERERY 7 MU=
T ORI b E O BA KEL M OBERENA 722 & ONZ [EESFF & #edE 5 5 IMDRE Off
B4 5,

2.2.3.1 B=X

HATIX 2014 4 11 AICESES, EFEESREOME, AR V22 OMAEICEET
DIER CBRHE) BESN, ZRETH— Ko =7 O—# L& UTHM S iz B
Ta T APNEIRTHGET D5 Z ENAREL Ieo Tz, ZOHFBITT R TOT 1 7T AR
LD DTTIEHRL, Bl - IBEEZHINE L7 vl T AEERPRG L5 T 5,

AT BAFEIZ DWW T, GBI D 2017 4 6 H O [{REEER BT 5 AL TG FHEER
] WMEFBSNC T, WAEICTE T D EREAMT DR A O FHE K NERIFHROIE KR, ERO
TRIESE &\ o TR R Sy BF O FRREMRIE OB 2 5 . 7 AEFR, BER2ZW 3, 2% - 18
PSR, EIEEMPHIE, i - RAVE, FIRSKEOE A 6 fElk a8 E Lz (K 18), 2020 4
6 HIiE TREEER S AT BRI =2 Y — o7 A ) EFITT AL BREED DD T
ez AB LT,
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[AIQERIEHLLE IR \EE X BN D5E1E]
, . R - ERLE CROEODETIALCHD, FRICE A
7JhER XERRI A TR RN (A NETRHEET Y~ S 7 1) CRIR RS

-SRI BETRR - IRREEE(C OV, ERICEEDOS VT —INKRITIFELTHD. 3D
ERINERSIOH LN NE

OZMREBEKEECOVWTHERDS
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OZURERMEOEZIOR | . A1opaser 93 2. BRBEEOMIHEOZE VM ESIOEZHE
¥ (1,00012M) =i
< EREROEAC T (RS
L E | EPaEEn  AORREUPS (IS0, EME EDERRERUEE ORIYEERIL
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(B2 P—ERES) | ommhnE TEREIAREERL. AIOBIRICEM
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PG ooommy T SALAHOREROBRN S, BERELITRREOVYF L IEXE

[AIQOEAR1EICE CERREBYCEDIROAEEE X 5N HrElEk]

& - ERANE x BEEOB I SZEOEE - IRBOZ-ZCEINFICHAFSNTAL (BHiHEmOALD T3 RBCEERET
) TE= s ALE X1 EEE DT QIR =>NERIBO-—ZAZMAELL . —— ACEIHATRREEN

OFiT—HDHRE #T ¢ e . . 4 o s e N
OFlir —IOREORBCEEN | | compassonibr—s (. Bk, FFEHS) HMRECERSN T
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Fitrz 2 PN . VIREE T, Flif TR &85 —9n> I8 AllCE 35 BN HEE
AREGEIIC SRR | i — eSS 5004 —T 1~ A OHEL RN P

X 18 Al OBiFEZ#ED L& 6 fHik
Hi B - PRIEZERE S EFICT B AL IR HHEEIRER S TIREEEWR DB IC IS 1T 5 AL 1% FAHEEIRER
2 Wi E (E4£5EE. 2017) [35]

IR D T A 5 ZIZOUWTIE 2005 FEE LV | BAETEE & RRIEEEE DN ENE IR
AR - B AR S R B FEAE, BFE T A R T A4 U2 1ERk L, 072385 9 5 fAH]
EHEL WD (X 19), EAEEBE L R ERESRITIEERTT S . R EEA I

(IR ERBTE T A K7 A VARG E B S 2508 L, Bl 216 A Lok it o =55
BRI OV TR 2 A B L, B2 E» T a, BRNZ2RGHE, £ I8\ T
JEAE GBI A ORI, RRIFEEE IHEORBE(LOBEN O S LIcy—F )
IN—7 (WGQ) #3bH BIF CTEDTWD, EAEFBEMOES WG2TIE, 2021 44 A8
1£7C 26 DI CTHiEH, MEESMMER SN TRY . T ORGSR R mEE L L
THEHINTWD, 5T, REFEEE N ORI WG TIX 2021 4F 4 ABIET 15 43 B DB
HEHA RTAVPRESNTND, ZRHOHICIXERKR Y 7 =T b EHENTEY,
AIFFRORIGE LT 5D ATICOWT HEA WG, B WG 3£IZ 2017 FE~2018 FFE D 2 4
R S,

2 AR ER T E R TS (ENLESE S B R EERT)
https://dmd.nihs.go.jp/jisedai/
3 [ERMEARER T A T4 > GEEHIRAIEAT)
https://md-guidelines.pj.aist.go.jp/?page 1d=2761
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BRETOEZDELEEME F

RitKERER-BEERSFUR

EE R N

SRR

BERICAVSHEREREL TS
J)—H AT RITEDWTHER.

FRDOIRICERET NELTFEH
Sl A EFE K.

mit-mAR | KSR | mpmm | ozmen | x@
SR gy ®op REEE

X 19 RHRERES - BEERSRGOEZE BRI N7 A o 0E#
HH R R R R A AR R T [ R T A R T A Rt R o2 & 3K
EFERE) (ELNLEEA RN RAEMIEAT, 2018) [36]

2.2.3.2 XE

KETIEH, EREAOBBZMEL, 202 0NEEE T HEBFITH LW &R E2 10
WS XV EVIZHT-6T 2 L2 HMIZ, 2016 4 12 A2 21st Century Cures Act] [37]
DIHIE S, HARES - BRI - (b¥EMNTE (Federal Food, Drug, and Cosmetic Act . FD
&CIE) Ok v ar 520 BEIESIL, £ a2 201(M)DT /A ZADERNHFED Y
7 b = THREDNHIR SN, ZHIC KD | FRREORIGR OEH N Y 7 b =7 WA
EPARRR VRIS S Y 7 by =T BFANTEED Y T by =T RET =2 D
FRIECFR, A B EDHBIERR LORTFEIB 705 Y 7 b U =7 O b M, FDA
DI G0 AT,

FDA TlI, SFEIFERERY 7 o777V r—ra U ERfICESRL, BEEZRE
LTERYAIDERY 7 8T =7 7Ty F 74+ —LBLOT A ZAORGIEKR T 2%
WET 5 Z L Thi L72[38], Digital Health Criteria CEF SN 7-T ¥ ¥ VAEFER T D
TV —%RK 28T, KERTIESaMD OB 7 TV —% N— K7 =7 EEHIROME
HEIO—HTIERWEEICES L, Y7 b U =T B8 — R = 7 EFRMEE 2 BXE) £ 72 13

T 2HBFZE LV EBB LTS,
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Table 3
Categories of digital health technologies overseen by the U.S. Food and Drug Administration (FDA), as defined by their digital health criteria (source: https://www.fda.gov
medical-devices/digital-health/digital-health-criteria).

Category Definition Example

Software as a Medical Device (SaMD)

Advanced Analytics

Artificial Intelligence

Cloud

Cybersecurity

Interoperability

Medical Device Data Systems (MDDS)

Mobile Medical Applications (MMAs)

Wireless

Intended to be used for

one or more medical purposes that perform these
purposes without being part of a hardware medical device
Leverages large and complex data sets to identify and
analyze information or patterns for medical purposes

Imitates intelligent behavior or mimics human learning.
Includes machine learning, neural networks, and natural
language processing

Internet-based computing consisting of a shared pool of
configurable resources that supplies data and processing
resources on demand

Prevents unauthorized access, modification, or misuse of
information that is stored, accessed, or transferred from a
medical device

Exchanges or uses information through an electronic
interface with another medical product

Electronic transfer, conversion, storage, or display of
medical data

Accessory to a regulated medical device or to transform a
mobile platform into a regulated medical device

Uses any form of wireless communication in its function

Software that uses the microphone of a smart device to
detect interrupted breathing during sleep and sounds a
tone to rouse the sleeper

An imaging system that analyzes a patient's melanoma by
comparing it to a data repository from past melanoma
cases and then provides a diagnosis and treatment plan for
the patient

An imaging system that uses algorithms to provide
diagnostic information for malignant melanoma or skin
cancer in patients

A mobile colposcope that stores images taken on the cloud
for future retrieval and review in the doctor’s office

User authentication (ID, password, smartcard, biometric) to
limit device access

An infusion pump designed to receive patient data from
any pulse oximeter and use this data to change infusion
pump settings

Software that collects output from a ventilator about a
patient’s CO2 level and transmits the information to a
central patient data repository

Mobile apps that transform the mobile platform into a
medical device through attachments, display screens,
sensors, or additional functionalities similar to medical
devices

Wi-Fi, Bluetooth, near-field communication (NFC)

Hi 8 : K. Yaeger et al, “United States regulatory approval of medical devices and software

applications enhanced by artificial intelligence” (Health Policy and Technology, 2019)

[38]

X HIZ FDA 1201747 HiC

Digital Health Innovation Action Plan| %% L, 21st

Century Cures Act DERIEIRY 7 bV =7 OREZHMIIT 272DDFH LW A XA

DFAT. T H I~ L 2B DR |z
JER E W o T2 B LA OEEE & 7% L 72391,
Cures Act DEfi AT A ¥ A, IKEBIREIEY 7 b =T, RN, BEFED

DY T "N 2T EEDOEDHIC 510 (k) ZWOARHT ANEIRETLHT-0ODH A X A,

IZHT 28 LT Fr—FOB%E, FDA Ok
BFLWHA X ZADFLTTIL, 21st Century

DT INA A

SaMD ZEEIRIICEHMIT A 7D IMDRF O 7 71 —F D5ERED 5 SN T b,

2019 4F 4 H12i%. FDA NEFEIRLE L THO AL/ ML RX—ADY 7 v =T #EET 5
TOOHEI 7 L — LT~ R RETDHT 4 A v a = "—%F[T L, Al X—R[EH
BeaR @féfsﬁ%ﬁﬁﬁ%ﬁﬁ%%ﬁ&#é71&5@ HIHRAT L B 2 — & Hil % OPEREREAT . B
B2 )i L12[14),2020 4E 9 FIZIZT P XL~V AL ) R_— g OfEEE B I FDA
D ERRELS « R v 2 — (CDRH) 4z 12 Digital Health Center of Excellence %
REL, TYVZNNVAT 7 ) a Y —OFF LAl A IR ESR S 5 2 & IZERD M
BT, 2021 41 HIIZ ERRDOT 4 A H v v a o _R—R— kT DR ERBRE N D 7
— KRy 7 OEZE L LT, FDA BFATT L5 FED Al N—RAEFRES ST 2 FOT 7
va 7T &N LT-[40],
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o FRNCIME SNT-AEEHFE BT IHA X U ARBZORITE G, BEINTM
flZ7L—LT =723 BICREIED (V7 My =T7ORIICOELFEHDRD)

o B FE T TV XL EFHId L OGET D 7o D O BRI BT E A DB & SR
T2

o Z—WP—IZxT DTS ZADOFTBRIEE G, BREHLOT 7 a—F Ot

o Bt E T LT Y XA EFHI X OSET 5 HIEORSS

o EMHRDONT 3 —~ U R AL 7y FOHEE

2.2.3.3 Exm

BRINCid, 2.2.1 THH L2 X IIERFRR A O & 58 & LT 1993 FFICRD S E
AR 93/42/EEC (Medical Devices Directives) 23 ¥ . 2017 4F 5 A IZERM Ciitid
T DR BT 258 H] T[RRI R eR i 2017/745 (Medical Device Regulation :
MDR) | [41173384T Sz, 2 1993 FFICHIE S 7e TERFEERES ) (Medical Devices
Directive) 22D EH SN b O TH Y | EFREEIT 2021 4 5 7 G2 W= R 13 2022
5 1) FTITH LWRRNZ LT 5 0N H D,

F 7o, LRt S OBERE OB — e A RAET S BT, EREICEET 2550 %
Hi (BN THRIFBIRE 2 S+ DB I DI A F U ZARFITEN TV D

* Guidance MEDDEVs
* Consensus statements
* Informative documents

2L, BIEOI DI S T RTOIA X0 AE, Fr LWEBNCR S L TABEEERIC
blzoTRESNSD & S TWh, MDR T 105 FI2HEvy, EU WO BRI O BHELE O
Y)— 723 & ARAET 5 H R CEREE R 7 L —7 (MDCG) DRl Sz, EREG
7 hU=TITOWTIE, 2020 SEE TIZ 2019 4F 10 HIZY 7 b U =7 ORE & 3BT %

'MDCG 2019-11), EREZROY A N—tF =2 U7 12887925 MDCG 2019-16 rev.1],
R Y 7 MU = 7 ORERHE (MDR) /MERERHE (IVDR) (2B19°% TMDCG 2020-1)
[42] 2354 T S Hu7es

Al |25\ TiE, BRINFEEZ D High-Level Expert Group on Artificial Intelligence 7%
2019 4F 4 HIZ AT VAT AXMEETE D L R SND Tl E R b5 7T O
IRE A — D Al DFEEHT A KT A & L TAB L72[43], 2020 4F 7 AIIZZ ol A R
TAYDT 4= RNy 7 ERL, Al OFBEENTF =7 U R k& U THRAATHER K
Y=L LT, BETE S AL OFH U X FALTAD Z %3 L72[44], 2021 4 4 721X
Al ~DI—v vy XO7 Fa—FOREICET S a2 2=~ —3 3 [45], ALICET 570
DN N—NERET D AL HHIOFEZE46], AL ([ZBIT 2B O E #4712 2
FLuw—n 7T rvarvizyr—ofbL, #ELE,
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2.2.3.4 IMDRF

ZOXDICERER T v T A0 Al OBHITAE il CENEIURF S TV 528,
EERERESE RGNS R 7 +—7 A (IMDRF) ([ZBW\WTh, 2013 fF LD SaMD D EEEFHH
IZIY LA TV D, SaMD OSCEITHEEII TSN TE Y, N10 TEF., N12 TU X7 45%H
EXIET HDEEHEEO T L—LTU—7  N23 CTHHEEH T AT A, N41 CTEEHKFHN 2 -
TW5, FLEOBRER 20 12T, 728, SaMD ORI A A 4 > 213 K[E FDA (2
ZTOEFEBRMENTND,

SaMD N41 Clinical Evaluation
Clinical Association Product Performance
between a SaMD outputand a Verify & Validate
Clinical Condition Analytical / Climical
Literature searches, Original Clinical Technical Validation
Research, Professional Society Validation
Guidelines, Secondary Data Analysis, ) Sensitivity,
Clinical Trials ;jfﬁ;ﬂ% Specificity, Odds
ey Ratio...
Precision...
e
o
SaMD Definition Statement Requirements, Design, Developi\Verify & Vali
* Intended Medical Purpose of a SaMD Deploy, Maintain, Reire
- Treat or Diagnose SaMD Realization and Use Processes
- Drive Clinical Management Planning, Risk D "
- Inform Clinical Management Configuration, Measurement, Outsoureing
 Targeted Healthcare Situation or SaMD Lifecycle Support Processes
Condition of a SaMD oy
- Cupcal Personnel, Infrastructure, Work Environment
) iirﬂsmus Leadership and Organizational Support
SaMD Categories SaMD N23 Quality Management System
Jretor | G | Cimeal
Mgmt Mamt
Critical w m u
Serious | 1Ml n 1
Serous | 1 ! !
SaMD N12 Risk Categorization
Framework

Figure 2- SaMD Landscape

20 SaMD ©Z v KR —7
Hi# : ”Software as a Medical Device (SaMD): Clinical Evaluation” (IMDRF, 2017) [48]

FATICRHE L7e/EE L L CUE RIS 290 L nic 7 e —F 2 FZ8LT 57290,
MFEIZ BT 2 B XD SR 2 A7 D AR ML D T A & 0 ZARENEZE DB /) & R
fRE TR ENTZ A5 4 DT N—T"THEEDH ST 5, 2021 4 3 H D Web Conferencet T
X, ERERRY 7 b =7 (SaMD), EFRESHRNOY 7 F U =7 (SIMD), 3 X OMEAZ
Wi (IVD) #&te, ML HAfIC L > TERSNZIERBNEERT 5 2 & &2 REIC LT
TOEFRERE AT—TIZANTEY, 2 Ea—4V A 2 ZADGHEOERHRICES 220
EREFLTCND, KUA X2 AT 2022 4 1 AITKREBPIRH SN FEL 72> T 5,

4 TMDRF Web Conference 2021
http://www.imdrf.org/meetings/meetings.asp#y2021
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2.2.4 Al R—ZAER#HDOFERZHEH

Al N—RAEFEBROERIT 2.1.2.2 TR L S ITHIAE T LT Y X bz _R—2 L L
TEFE AR A R L LT D, FEL MR AT R — 2 RS O #GRERS L O o FEIC
DWTIHHT D,

2.2.4.1 &E/BOREK

2015 4F) 5 2019 4 F TO AUML ~— R EF R O K [E & N O A&GRE O bl 2 (%] 21,
Al R— R EFHEEHCB T D AR EKEORBE O A 22 (27T, 220K TIXEN
FIREIFEN R D8, BAR, KE, EU & BT AT ~— R R O ARG A ZHE M )
IZd VD, FRIZ 2018 FFI3KE, EU TRBMZHIINA R S 4v7z, B3 I XLLRI 2 HAFE L T
We A 2012 FRICTREFEMNER S TLRE, $AR— b - Xy F— v (SVM) O X
O IRREFE TIE R VR E L ED THEE SND L 512700 | ABESHIN L Tiho iz,

fth 5 ¢, [E,/ HgR CHEET 5 & Al _— R EFRSER O AR ENE LT T D, X 21
LV KEE BEUICIIRERENR LN N-7208, K 22705 HAR L KETIE, 2020 4FF
TTHARIT 10 HF722KEIX 50 < & 5 50ENRH Y . BEFEOMICBEZT A AT 7
DAETIHED TN, ZRRE LR VIEDTZON 2018 FELIBEO AR TH Y . BRI
WinoxA 07—t 5,

2L, Al R=207 L) ZLAZFIA L T DIRENTW AR WERIERRN S 572
O, LU OEE AR E I N5 LIZIR#ETH D, Benjamens OHFSE Tl
KIE FDA OARFELETAI R—A %2 5Kk L EREIIT, 73 ) XARFFETE 2 AL
— AR 64 DN 29 (46%) W OFRAERE R H Y, T Y X LD 2 2t
T2 X 5 FDA 0% OO BRI BE 2 X 5 EiR LT 5 [49],
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Figure 2: Number of approved (USA) and CE-marked (Europe) Al/ML-based
medical devices between 2015 and 2019

The CE-mark year is considered the approval year for devices in Europe. Al/
ML=artificial intelligence and machine learning. CE=Conformité Européenne.

X 21 2015425 2019 £ TO AI/ML R— R EFREEE DK E & RN D& ZBE D Hrigk

Hi# : U.Muehlematter, et al, "Approval of artificial intelligence and machine learning-

based medical devices in the USA and Europe (2015-20): a comparative analysis”, The
Lancet Digital Health, 2021[50]

X 22

SaMDIFHIFSHAAAFE A TLSICE M 5T, BRI THEER
ENELTHEYESIC SaDS T ] ORENFEEL TS

AI/ML based SaMD(3%¢1) D B K& 525 B #D LLig

= —
PMDA(K FDA

B ~206F m07FE m0BF w2095 =20205(%3

(3%1) Al/ML based SaMD : Al%>Machine Learning TRASE S f=SaMD %455
() PMAIZT R TORBRBEEZLHLTVLEIDIFTEHGEL . BRICKIOMFMICE S EE
(3)20205F (ZCOVD- VB EH RN BABERNRELGH>THEY . BRFHEEERA X —LARED

&l MICIN  righs reserved | micnp 1488 : hitps://medicalfuturist com/fda-approved-ai-based-algorithms/
Al R— R EFHEERICRIT 5 B AR L KEORKGEE O
Hh BRI e 3 - MY — % 7 - 7L —7 [ 1 Bk 2-1 #Ralatt
MICIN ML $2HER (NREFF. 2020) [51]
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2.2.4.2 RBSh-ERHBBDOER

AT N — R EIRHERR O AKGEEUE 2018 LA RHIZHEIM L TV D 23 £ % < 1X CAD &I
FNbarEa—ZEGSZKH AT LA THD, K 4 1R T LT, BTE Ik > T2l
EBEOGHNL FRINTEY . ZRIERIND EREROFHEIC LR LTS &
HRIND, ARDPER LT Al N— A ERESROFEF 2K 23 1277, ARTIIREGOR
PERNBREEE R 2 4T U, EROZW 2 38T 2 NWHREERGZW 3R Y 7 F 7 = 7 7% 2018
12 I ATl N—R[EFE & L CORR IS N, ZHUT AL BNEENE ) D Ea R —k T —
U CERNCERT 5 CADx IZFHY T 28 TH 5H, 2 B1H X, 2019 4 9 A IZHHE MRA [
GO MENREZRHET 2% CADe ICH% 35 Y 7 by =7 T, ZIUFEREFET LAY X
LRIz ERE & LTI TR S L7z, 2020 272 5 & NGS5 O CT #ifg
ARG E L7 3 X Lw - CADe B 3 EHUKRE STz,

fih 5 T, KREDAGIC L7 AT N— R [EFRER O R 2% 312”7, FDA Tld, 2016 4
11 A2 MR 7> 5 O MAE R & 758795 Al X— R [=EKas (Arterys Cardio DL) % %)%
THERL., 2Dk, FDA OARFEFETAI/ ML BEDOERIIZHOWTE K LTSI T
2020 4 3 A £ TIZ 29 DR STV A [49], BIBEGHTD Y 7 F T = 7 REHS| HEIRREE

ZWre 1 AU RIA OE B EOIFEBEZM DY 7 F U = 7 BRI TV,

) BATEBINTVIAIEBE M~ 1-semsEms~ | O
—— M| M
-2 [ll=es A0

EndBRAIN EIRL Aneurys m EndBRAIN-Eye SYNAPSE SAlviewer | Al-Rad Companion
TELCICEES TACD A2 DAL 19 2reA (99 22 W7 AALDIAL Yk ANRRT TP DAL

BRE
| fRERRBITRA
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llu AMBRMTISBBY/uL)
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A EHBEEIR HEBHXE HEBHXIR IR
E5.300] e i NTE TS T
= HRED N
VT4 o y . cT cT WA i
BRDRS € R 7Y - 7R R G ~ 3 .
R LT 30+ BARKE AT 20+ BAWKE &7 SMARYALEARE AR
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Fig. 3 | The virtual medical coach model with multi-modal data inputs and algorithms to provide individualized guidance. A virtual medical coach that
uses comprehensive input from an individual that is deep learned to provide recommendations for preserving the person’s health. Credit: Debbie Maizels/
Springer Nature
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transformed into used to train that can be used for

Fig. 4 | ML in genomics. a, Input data. Genomic data consists of experimental measurements from which certain properties or outcomes of interest

may be predicted. This data is often diverse and may include sequencing, gene expression, and functional data as well as other forms of molecular data.
b Example data tensors. Raw experimental measurements need to be transformed into a form that is suitable for consumption by deep-learning
algorithms, which take as input multidimensional data tensors and associated target labels. e, DNN. Labeled tensors are used to train DNNs to predict
the label from the input data tensor. d, Biomedical applications. Trained DNNs can be used in biomedical applications, such as in predicting labels

for previously unseen data tensors or examining the relationship between input data and output labels. Example applications include interpreting
experimental data (e.g., inferring DNA sequences from the output of a sequencing instrument or inferring the effects of DNA mutations on gene splicing)
and molecular diagnostics (e.g., predicting the effects of genetic mutations on disease risk or drug response), among many others.

X 30 4/ X7 ATOEREE
HiH : A Esteva et al, “A guide to deep learning in healthcare” (Nature Medicine, 2019)
[16]
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Hi#f : S. Mishra, “FDA, CE mark or something else?>—Thinking fast and slow” (Indian
Heart Journal, 2017) % 324 E FHFR [70]
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Table 1. Evaluation for Al software compared to the approval processes of drug and devices for healthcare
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Study phases

Drug

Device

Alin healthcare

Examples of study methods

Phase 0
Discovery and invention

Phase 1
Safety and dosage

Phase 2
Efficacy and side effects

Phase 3

Therapeutic efficacy

Phase 4
Safety and effectiveness

Compound development
In vitro/animal tests

Determine optimal dose
Identify potential
toxicities

Early efficacy tests
Adverse event identifica-
tion

Clinical trial
Adverse event identifica-
tion

Postmarketing surveil-
lance

User needs and workflow
assessment

Prototype design and de-
velopment

Quality control
Design updates

Proof-of-concept tests

Potential harm identifica-
tion

Design and quality im-
provement

Clinical trial
Adverse event identifica-
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Postapproval studies

User needs and workflow assess-
ment
Data quality check

Algorithm development and per-

formance evaluation
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In silico algorithm performance
optimization
Usability tests
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Interface design
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Postdeployment surveillance
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user needs, laboratory studies
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algorithm prediction accuracy
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balance sensitivity and specif-
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use case, scenario-based testing
to assess cognitive overload

Retraining and reassessing model
performance with larger real-
world data sets, measurement
of the efficiency of information
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tion with representative users,
pilot study of predictive algo-
rithm in a clinical setting

Randomized controlled trial to
test whether delivery Al-based
decision support affects clini-
cal outcomes and/or results in
user overtrust

Measurement of algorithmic per-
formance drift

Hi#t . Y. Park et al, “Evaluating artificial intelligence in medicine: phases of clinical

research” (JAMIA Open, 2020) [96]
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H#f : G.Unruh, “Understanding carbon lock-in” (Energy Policy, 2000) [106]
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Regional Relative Economic Performance
A

Positive local externalities and
increasing embeddedness and
inter-relatedness generate
increasing returns and
stimulate rising economic
performance.

High inter-relatedness and
embeddedness induce inflexibility,
create negative externalities and
hinder innovation, causing reduction
in relative economic performance.

The “weakness of
strong ties”

The “strength of
strong ties”

» Time

‘Positive ‘lock-in” ‘Negative ‘lock-in”

Figure 1. From ‘positive’ to ‘negative’ ‘lock-in’ in regional path-dependent economic development.

X 34 HURORBETRERBIZBITD (ROT 47 26 [XHT 4T ~Ouvr
A
Hi# : R. Martin and P. Sunley, “Path dependence and regional economic evolution’

(Journal of Economic Geography, 2006) [115]
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FIGURE 1
The Constitution of an Organizational Path
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it . J. Sydow, et al, “Organizational path dependence: Opening the black box” (Academy

of Management Review, 2009) [116]
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atto AN systems at t0 . L
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N l Path-dependence of power structures
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att2 b systems gt t2 \l, Technological path-dependence

Figure 1. A summary of the interdependent evolutionary paths of organizational power relations and technological
capabilities
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Hi#t © M. Valorinta et al, “Path Dependence of Power Relations, Path-Breaking Change
and Technological Adaptation” (Industry and Innovation, 2011) [117]
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Hi# : H. Arima and S. Kano, “Integrated Analytical Framework for the Development of

Artificial Intelligence-Based Medical Devices” (Therapeutic Innovation & Regulatory
Science, 2021) [147] X b ckZs
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Fig. 1 Classification of Al medical systems in terms of pre-
dictability of the output.

B 42 HAOOTRIFREMEICIIT D AL BV AT L D4
it - K. Chinzei et al, “Regulatory science on Al-based medical devices and systems”

(Advanced Biomedical Engineering, 2018) [137]

175 . Morrison (%, K[E FDA OF 34 28 X OWEHdEE Y v % — O = K
ThOBFLFMEFTOA 7 4 ATIE, SHEET U 7 28R OEeFH E LU TRIE
LTHEY ., ERTNAA AOWIETHEA SNDIRFRET U o 75Tl RETHE L AR
BENDZ LB L0386l (X 43)
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Simulate the Simulate Simulate Simul.ate Simulate.
device the anatomy physiology chemical manufacturing
toxicology of 3D printed device
e |
Simulation Simulation Simulate Simulate Simulate with
embedded 57 device treatment clinical trialsfor  real-world data
in a device outcomes imaging systems  and deep learning

A Scientific evidence for medical device regulatory decision-making comes from four
different types of models.

* clinical pathology, gross * evaluate device performance in
pathology and histopathology controlled setting
assessments * allows for assessing certain

* allows for examination of the features or the entire device
biological response to the under simulated conditions
implant at the cellular level

* controlled studies with specific « different aspects of
inclusion/exclusion criteria for computational modeling in
subjects, with specific medical devices are provided
treatment protocols, and has in the inset below
the clear objectives, in general,
to assess safety & effectiveness

B Simulation opportunities for medical devices

FIGURE 1 | (A) CDRH's science-based regulatory decisions about medical devices are made with evidence collected from four different models: animal, bench,
computational, and human (i.e., clinical trials). (B) Computational modeling has the potential to transform medical device design and evaluation in several ways. The
upper row consists of applications that typically support the design or evaluation of the physical device. The lower row represents other applications, such as those
embedded in a device or simulation as a medical device. Moreover, computational modeling can also simulate treatment outcomes or simulate the clinical trial for
imaging systems. Lastly, it can play a critical role in the development of data-driven models from real-world data. See the text for more details.

B 43

EREIRCB T 2HE#ET VO

Hi#t : T. Morrison et al, “Advancing regulatory science with computational modeling for
medical devices at the FDA's Office of Science and Engineering Laboratories” (Frontiers

in medicine, 2018) [136]
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MONEE72BI%  (Achieving Rapid and Efficient Development) .
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(Advancing Models and Theories of Behavior Change) .
(Evaluating Effectiveness, Evaluating Cost-Effectiveness) . #ifil,
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Achieving rapid and
efficient development

Understanding and
promoting engagement

Advancing models and
theories

Evaluating effective-
ness

Evaluating cost-effec-
tiveness

Ensuring regulatory,
ethical, and informa-
tion governance

Consider adopting
methods from engineer-
ing and other data-inten-
sive domains in the de-
velopment cycle.

Use Bayesian and relat-
ed approaches to im-
prove the predictive
modeling capabilities
of DBCls.

Leverage advances in
data science such as
machine learning, but
ensure that human in-
put is retained as need-
ed.

Specify and establish
empirically what consti-
tutes “effective engage-
ment” for each DBCI?,
that is, sufficient en-
cagement to achieve
the intended outcomes.

Identify and develop
valid and efficient
combinations of objec-
tive and subjective
measures to build and
test multidimensional
maodels of engagement.

Develop DBCls with a
person-centered and it-
erative approach, using
mixed methods to pro-
aressively refine the
DBCI to meet user re-
quirements,

Use the large amounts
of real-time, ecological-
ly valid data generated
by DBClIs to test and
advance models and
theories of behavior
change.

Develop methods able
to efficiently analyze
large, complex data
sets to test dynamic
theoretical propositions
and allow personaliza-
tion of DBCls.

Specify the circum-
stances in which a pro-
posed mechanism of
action of a DBCT will
produce a targeted ef-
fect and build an ontol-
ogy to organize knowl-
edge resulting from
this.

Develop DBCIs using
a modular approach.

Support interdisci-
plinary research collab-
orations and transdisci-
plinary thinking.

Evaluate at all phases
in the development cy-
cle.

Design evaluations for
generalizability,

Use methods of DBCI
evaluation that capital-
ize on their unique
characteristics.

Use features of DBCls
to optimize control and
access rich data
streams.

Choose comparators
that minimize contami-
nation.

At every stage, includ-
ing concept develop-
ment, identify all the
relevant future costs
and benefits.

Take account of project-
ed uptake as well as
reach.

Select a modeling
framework appropriate
for the complexity of
the projections.

Separately evaluate so-
cietal, personal, and
health care cost-effec-
tiveness,

Ensure compliance
with appropriate ethics
or institutional review
board processes.

Identify and adhere to
regulatory processes
that may be required
for digital medical de-
vices.

Ensure compliance
with national standards
for data handling, shar-
ing, and interoperabili-
ty, where appropriate.

Provide clear and
transparent information
on how data from the
intervention will be
used and shared.

“DBCI: Digital behavior change interventions.
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Hi# : S. Michie et al, “Developing and evaluating digital interventions to promote
behavior change in health and health care: Recommendations resulting from an
international workshop” (Journal of Medical Internet Research, 2017) [138]
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Z A U7 Sk, Mgl
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OFEIL, TERDEMKFHFOTIEL B L CREMEL A —T BV T 4R HDHZ L ThH
0. X 4 ITRTHMEE T LT X80 M L—=r 77kt Rk o T, U R 7 ERIHE,
ZWr L R EFE TR EDZ DX ATITRHATE 2 X122 —H T, 77— % ORILEE,
EFETFN == BROEROBIKMEICET 2V A7 LAORR &2 LE LT 58N
R s h w139l

« Measuring the effects of machine

learning tool on the initial clinical problem
+ Monitoring for adverse outcomes

or use deviations

= Defining clinical problems that are suited to machine learning
. Ascertalmng maode Df human Engagement

(ie, human-in-the-loop or autonomous)
= Defining actionable insights

Clinical problem
ﬁ (re)definition \

Data extraction
selection and
refining

« Training of clinicians on the use of the
machine learning tool and workflow
changes before launch

« Technical support after launch

= Design freeze and submission of // \X

« Selection of appropriate real world clinical
data

« Data exploration

« Annotation and pre-processing of data

Clinical
deployment

« Applying appropriate machine
dossier for m#dical device rcgislra‘;ion el ke Data anal.yti-cs, \earning method fortésk )
with appropriate regulatory agencies registration model building, | + Determining cross validation cohorts
+ Initiate integration with target and validation | +Adherence to machine learning best
electronic health record system practices as appropriate
« Prospective clinical trial of beta model in real : Cllmc_a\ workflow design involving machine
learning tool

world setting with machine learning
workflow and clinicians in the loop

« Collecting clinical data and assessing effect
of machine learning tool in trial setting

« Review of clinical trial data and final

Prospective
clinical trial

Human machine
interaction

« Usability of machine learning tool interface
« Determining effect of machine learning tool

on human decision making

» Address legal and ethical implications on

practice changes as a result of the machine

=

« Establishing initial accuracy of alpha model of machine
learning tool in prediction task with retrospective test data
« Determining effect of tool on human judgment in test setting

K 44 ~VARETTFVr—va A OBRERTNVITY XAD N L—= 7 BERR

B, 3 L OMRRESE

Hi#t : K. Ngiam et al, “Big data and machine learning algorithms for health-care delivery”
(The Lancet Oncology, 2019) [139]

adjustments of beta model

Paper trial learning tool

BRSNS BEFORIRELS TO AT #iffi 2B B RE & LT3, EaEm Tidr —4
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Research

The Patient
Experience

Prevention & [l
Prediction

B 45 ~VAETHAL INDERT v BT BT —F DHE
Hi#: A. Meiliana et al, “Harnessing the Power of Data in Health” (Indonesian Biomedical

Journal, 2019) [156]
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AT

Consequentialist harms:
Deontological ¢ Discrimination
harms Data » Extra costs

N

Privacy violation

B 46 T—&#»MREINEZHRESITENCE L RITT M
Hi - W. Nicolson Price II et al, “Privacy in the age of medical big data” (Nature Medicine,
2019) [143]

ETANT LY =W NATF AT b~ 22 T SN T— 5 v b BB o
Lo H) 2 L CREBEH IS B 5 BB IR 2 52 T 5 2 & CL BEORLE
HT BB S, BHEOATE L Vo 7 IR £ 2 B IE DRI AL, FERE
BE) & BT A BRI LA o 7 & B & 0 5 RSB AL MR R 2 RO 2
L5 T 5 FTRERES 8 % 7200, Lamanna [XFFED B0 TR S U7 HEE B ORE
DIDI B RFERROF — 2SO TERTE HIEEATRV, EROEBREOHE
NERERT B EHET L) XAERELTOS (144],

- VEE
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The Regulatory Problems of Artificial Intelligence

The Discreetness Problem
Al projects could be developed without the large-
scale, integrated institutional frameworks needed
by most20™ century industrial institutions.

The Diffuseness Problem
Al projects can be developedby a diffuse setof
actors operating in a diffuse set of locations and
jurisdictions.

The Discreteness Problem
Al projects will capitalise on or make use of
discrete technologies and components, the full
potential of which will not be apparent until the

The Foreseeability Problem
Al can be autonomous and operate in ways that
are unforeseeable by the original programmers.
This will give rise to a potential ‘liability gap’

The Narrow Control Problem
An Al could operate in ways that are no longer
under the control ofthose who are legally
responsible forit

The General Control Problem
An Al could elude the control of all human beings
This is the problem alluded to by the likes of Nick
Bostromin Superintelligence.

components come together.

—
The Opacity Problem ‘/
The technologies underlying Al will tend to be _
opaque to most potential regulators A
paq p gul =

The Definitional Problem

What is Artificial Intelligence?
You need to define the object of
regulation, but Al admits of no
easy definition. Modern
preference for defining Al in

Ex Ante Challenges
Problems with the research
and development of Artificial
Intelligence

Ex Post Challenges
Problems with the creation
and implementation of
Artificial Intelligence

terms of ‘thinking' and ‘acting
rationally tends toward under
and over inclusivity

B 47 Al OEHIRE
Hi gt : M. Scherer, “Regulating artificial intelligence systems: risks, challenges,

competencies, and strategies” (SSRN Electronic Journal, 2015) [95]
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US1 : Deciding When to Submit a 510(k) for a Software Change to an Existing Device

B R GR#)

IV. Guiding Principles
1. Changes made with intent to significantly affect safety or effectiveness of a device

2. Initial risk—based assessment

3. Unintended consequences of changes

4. Use of risk management

5. The role of testing (i.e., verification and validation activities) in evaluating whether a change
could significantly affect safety and effectiveness

6. Evaluating simultaneous changes to determine whether submission of a new 510(k) is required
7. Appropriate comparative device and cumulative effect of changes
8. Documentation requirement
9. 510(k) submissions for modified devices
10. Substantial equivalence determinations
V. How to Use This Guidance
1. Is the change made solely to strengthen cybersecurity and does not have any other impact on
the software or device?
2. Is the change made solely to return the system into specification of the most recently cleared
device?
3. What are the impacts of any changes to risk s associated with use of the device and the
impacts of any changes to the risk
a) Does the change introduce a new risk or modify an existing risk that could result in
significant harm and that is not effectively mitigated in the most recently cleared device?

b) Does the change create or necessitate a new risk control measure or a modif ication of an

existing risk control measure for a hazardous situation that could result in significant harm?
4. Could the change significantly affect clinical functionality or performance specifications that
are directly associated with the intended use of the device?

VI. Additional Factors to Consider When Determining When to Submit a New 510(k) for a Software
Change to an Existing Device
Common Software Change Types

Infrastructure

Architecture

Core algorithm

Clarification of Requirements — No Change to Functionality

Cosmetic Changes — No Change to Functionality

“Reengineering” and “refactoring”
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US2 : Software as a Medical Device (SAMD): Clinical Evaluation

B R (¥

5.0 Definitions
6.0 General Principles and Context of SaMD Clinical Evaluation Process
6.1 SaMD Definition Statement and SaMD Category
medical purpose of the SaMD (treat, diagnose, drive clinical management, inform clinical
management)
6.2 Clinical Evaluation Processes
evidence of the product’s performance
SaMD definition statement
real world performance data
Risk assessment
7.0 SaMD Clinical Evaluation Process Flow Chart
Being able to generate evidence to demonstrate the valid clinical association, analytical
validation and clinical validation of a SaMD
8.0 Importance of Independent Review a SaMD’ s Clinical Evaluation
9.0 Pathway for Continuous Learning Leveraging Real World Performance Data
connectivity between devices, and people to continuously monitor the safety, effectiveness
and performance of the SaMD
real world performance data
9.1 Considerations for Continuous Learning Leveraging Real World Performance Data

post—market information

other clinical evaluation steps required to support the change in SaMD definition statement
changes to the safety, effectiveness or performance

possible impact on benefits and risks of the SaMD that would indicate a need for a design
change

a labeling change regarding contraindications, warnings, precautions or instructions for use
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US3 : Developing a Software Precertification Program: A Working Model

B R ()

4 Excellence Appraisal and Precertification

4.1 Eligibility

4.2 Excellence Appraisal Elements
1.Leadership and Organizational Support
2. Transparency
3.People
4 Infrastructure and Work Environment
5.Risk Management: A Patient Safety Focus
6.Configuration Management and Change Control
7.Measurement, Analysis, and Continuous Improvement of Processes and Products
8.Managing Outsourced Processes, Activities, and Products
9.Requirements Management
10.Design and Development
11.Verification and Validation
12.Deployment and Maintenance

4.3 Appraisal Process

4.4 Key Performance Indicators

45 Precertification Levels

4.6 Third Party Appraisers

5 Review Pathway Determination

5.1 Risk Categorization

5.2 Product-level elements of a SaMD
1.Significance of the information provided by the SaMD to the healthcare decision
2.State of the healthcare situation or condition
3.Core functionality of the SaMD
4 Device description

5.SaMD performance, which may include a general description of the software performance

characteristics
5.3 Determining SaMD Risk
significance of the information provided by the SaMD to the healthcare decision
state of the healthcare situation or condition
Description of the SaMD’ s core functionality
6 Streamlined Premarket Review Process
6.1 Elements necessary for assuring safety and effectiveness in premarket review
Administrative Elements
Product—Specific Elements
Clinical algorithm
Clinical Data Analysis and Interpretation
Cybersecurity product—specific information including threat model
Declaration of Conformity and Summary Reports for Vertical Standards
Hazard Analysis (product—specific)
Instructions for use
Labeling review
Regulatory Pathway Specific Items (e.g., 510(k) substantial equivalence comparison)
Requirements (product—specific)
Revision history
SaMD product demo
Software architecture
Validation (product performance)
Elements Leveraged from other components
Excellence Appraisal Assessment
Review Determination information (Indications for Use, Device Description, etc.)
Real-world Performance Plan
6.2 Interactive Streamlined Review Process for Premarket Review
7 Real-World Performance
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EU1 : MEDDEV 2.7/2 revision 2

B R (3R#)

APPENDIX 5: Software and programmable devices

Describe the role of the software including whether:
[the normal operation, initial setting up, maintenance, calibration, adjustment, or monitoring of the medical
device, depend on software;
[the correct operation of the medical device depends on the execution of the software within a limited time
i.e. real time software is used;
[ahy part of the medical device’ s software can be run independently on hardware not directly connected to
the medical device.

Describe the relationship of software to safety including:
[Whether essential performance depends on software (essential performance is the performance whose
absence would pose a threat of harm to the patient);
[hich risk control measures depend on software;
[What opportunities there are for informed intervention by clinical staff or the patient to prevent harm in
the event of a software failure.

Describe the risk management of software including:
[al risk management process that includes software items;
[identification of causative sequences of events that includes software defects;
[Whether hardware risk control measures are used to prevent the consequences of software defects;
[Whether the software development process is used as a risk control measure;
[Whether software verification or software validation is used as a risk control measure

Describe the software development processes including:

[Whether the system and software architecture is documented in such a manner that it is possible to
reason about the contribution of each component and software item to safety;
[Whether software units (the lowest level of software decomposition) were tested before being integrated
into larger software items.
Describe the purpose of the clinical investigation with regard to:
[Whether the clinical investigation is intended to evaluate the performance and/or safety of the software or
to evaluate the fitness for clinical purpose of any part of the software and, if so, how this will be done;
[detail of any specific protocols designed to evaluate the operation of the software in the clinical context.
Describe the human interface including:
[the user interfaces (mechanisms intended to allow humans to interact with the software) that the software
has (including user interfaces for the patient, clinical technician, physician, service engineer, etc.);
[the target population for each type of user interface (for example, age, expertise, language etc.) and
whether this is documented,;
[the tests that have been done prior to the clinical investigation to evaluate the effectiveness of the user
interfaces for each target population, or how this will be evaluated in the study;
[the measures used to ensure that only appropriate people are allowed to operate each different type of
user interface.
Describe how the software is protected including:
[drotection from accidental or unauthorised change;
[dentification of roles which have the authority to make software changes during the clinical trial;
[the rationale and/or measures that are in place to ensure that software changes do not adversely affect
the clinical investigation.
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EU2 : ETHICS GUIDELINES FOR TRUSTWORTHY Al

B R ($r#%)

IlI. Chapter III: Assessing Trustworthy Al

1. Human agency and oversight
Fundamental rights
Human agency (AN&)
Human oversight

2. Technical robustness and safety
Resilience to attack and security
Fallback plan and general safety
Accuracy
Reliability and reproducibility

3. Privacy and data governance
Respect for privacy and data Protection
Quality and integrity of data
Access to data

4. Transparency
Traceability
Explainability
Communication

5. Diversity, non—discrimination and fairness
Unfair bias avoidance:
Accessibility and universal design
Stakeholder participation

6. Societal and environmental well-being
Sustainable and environmentally friendly Al
Social impact
Society and democracy

7. Accountability
Auditability
Minimising and reporting negative Impact
Documenting trade—offs
Ability to redress:
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EUS3 : Guidance on Clinical Evaluation (MDR) / Performance Evaluation IVDR) of

Medical Device Software

B R (Hr#%)

4. General principles of the MDSW CLINICAL EVALUATION (MDR) / PERFORMANCE
EVALUATION (IVDR) process
4.1. Introduction
Sufficient amount
Sufficient quality
4.2. Determination of the valid clinical association / scientific validity
existing data
generating new evidence
4.3. Technical Performance /Analytical Performance
availability,
confidentiality,
integrity,
reliability,
accuracy (resulting from trueness and precision),
analytical sensitivity,
limit of detection,
limit of quantitation,
analytical specificity,
linearity,
cut-off value(s),
measuring interval (range),
GENERALISABILITY,
expected data rate or quality,
absence of inacceptable cybersecurity vulnerabilities,
HUMAN FACTORS ENGINEERING.
4 4. Clinical Performance
44.1. Clinical investigations and clinical performance studies
44.2. Where demonstration of conformity based on clinical data is not deemed
appropriate
4.5. Final analysis and conclusion of the clinical evaluation (MDR) / performance evaluation
(IVDR)
4.6. Continuous update of the clinical evaluation (MDR) / performance evaluation (IVDR)
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ik
US1 |6. Additional Factors to Consider Infrastructure O
When Determining When to Submit a |Architecture (@] (o]
New 510(k) for a Software Change |Core algorithm
to an Existing Device O
US2 (6.2 Clinical Evaluation Processes evidence of the product’ s performance (]
7.0 SaMD Clinical Evaluation (D Valid Clinical Association: (@) (@)
Process Flow Chart (@ Analytical Validation (@)
@ Clinical Validation: O
7.1 Considerations for Generating 7.1 Considerations for Generating and Assessing o
and Assessing Evidence Evidence
US3 |4.2 Excellence Appraisal Elements  |4.Infrastructure and Work Environment (@) ()
9.Requirements Management O (@]
10.Design and Development (@)
11.Verification and Validation o] (@]
5.2 Product-level elements of a SaMD performance, which may include a general o
SaMD description of the software performance characteristics
6.1 Elements necessary for assuring |Clinical algorithm (@) ()
safety and effectiveness in Clinical Data Analysis and Interpretation O
premarket review Software architecture O (@]
Validation (product performance) (@)
EU1 |Describe the software development |biether software units (the lowest level of software
processes including: decomposition) were tested before being integrated into larger O (e}
software items.
Describe the purpose of the clinical |&Bether the clinical investigation is intended to evaluate the
investigation with regard to: performance and/or safety of the software or to evaluate the 0o o Ie)
fitness for clinical purpose of any part of the software and, if so,
how this will be done;
Describe the purpose of the clinical |f8tail of any specific protocols designed to evaluate the o
investigation with regard to: operation of the software in the clinical context.
EU2 |2. Technical robustness and safety |Accuracy (@) (@) O
Reliability and reproducibility (@] (@]
5. Diversity, non—discrimination and |Unfair bias avoidance:
fairness © ©
EU3 |4. General principles of the MDSW  |4.2. Determination of the valid clinical association / o
CLINICAL EVALUATION (MDR) / |scientific validity
PERFORMANCE EVALUATION 4.3. Technical Performance /Analytical Performance (@) (@) O
(IVDR) process 4.4. Clinical Performance O
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US1 |5. How to Use This Guidance 1. Is the change made solely to strengthen
cybersecurity and does not have any other O
impact on the software or device?
US2 |9.0 Pathway for Continuous real world performance data
Learning Leveraging Real World (@]
Performance Data
US3 |6.1 Elements necessary for Cybersecurity product-specific information
assuring safety and effectiveness [including threat model O
in premarket review
6.2 Interactive Streamlined Review
Process for Premarket Review O
EU2 |2. Technical robustness and safety |Resilience to attack and security (@)
3. Privacy and data governance Respect for privacy and data Protection (@)
Quality and integrity of data (@]
Access to data o
EU3 |4.1. Introduction Sufficient amount o
Sufficient quality O
4.2. Determination of the valid existing data
clinical association / scientific ©)
validity
generating new evidence O
4.3. Technical Performance o 1)
/Analytical Performance
4.4. Clinical Performance 4.4.1. Clinical investigations and clinical o 1)
performance studies
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BE N=23VFYTHDYRIIRI AU o
(A)YRGIFT AR R FE T 4L HERICET RREL0S EREFT DI HOMEE o
(DYRGIFT AR 2)FEIZDNT KEVATLEONET —FERALEEASTANEICEY, EHMICHAETELTL. TOBATOLEE o o I}
EAEICRY CETRIEROMAEERE(R - RER TS HiAE
1 EREF DR AE S HME RISTAL ERTDIREA LB T T DHAE o (e]
LRURVRERIC, BEITELT, KBORATLFEZ LS DHEE o
|EREE T AKREFRI—F /3w I L THISHRFE R E M 2O M AE4E B RET AT R D AE o
US1 [4. Guiding Principles 1. Changes made with intent to significantly affect safety or effectiveness of a device [e)
3. Unintended consequences of changes [¢]
4. Use of risk management o
5. The role of testing (i.e., verification and validation activities) in evaluating whether a change could o o
significantly affect safety and effectiveness
6. Evaluating simultaneous changes to determine whether submission of a new 510(k) is required o
7. Appropriate comparative device and cumulative effect of changes O
5. How to Use This Guidance 2. Is the change made solely to return the system into specification of the most recently cleared device? Io)
2) Does the change introduce a new risk or modify an existing risk that could result in significant harm and 1o o
that is not effectively mitigated in the most recently cleared device?
b) Does the change create or necessitate a new risk control measure or a modif ication of an existing risk o o
control measure for a hazardous situation that could result in significant harm?
4. Could the change significantly affect clinical i or performance speci that are directly o
associated with the intended use of the device?
6. Additional Factors to Consider When Determining|“Reengineering” and “refactoring”
When to Submit a New 510(k) for a Software [e]
Change to an Existing Device
US2 (9.0 Pathway for Continuous Learning Leveraging  [connectivity between devices, and people to continuously monitor the safety, effectiveness and performance o o
Real World Performance Data of the SaMD
real world performance data ] e}
9.1 Considerations for Continuous Learning other clinical evaluation steps required to support the change in SaMD definition statement o
Leveraging Real World Performance Data
changes to the safety, effectiveness or performance ]
possible impact on benefits and risks of the SaMD that would indicate a need for a design change o o
a labeling change regarding contraindications, warnings, precautions or instructions for use o
US3 (4.2 Excellence Appraisal Elements 5Risk Management: A Patient Safety Focus o
6.Configuration Management and Change Control o
7 Measurement, Analysis, and Conti P of P and Products [e] o
4.4 Key Performance Indicators 4.4 Key Performance Indicators [¢]
6.1 Elements necessary for assuring safety and effeqReal-world Performance Plan [e] o
7.1 RWPA Framework Real-World Health Analytics (RWHA) o o
User Experience Analytics (UXA) [e] o
Product Performance Analytics (PPA) [e] o
7.2 RWPA Collection Plan Proposed RWP data elements to be collected; [¢] o
Intended frequency of data collection; [e] o
Intended data structure and format [} [¢]
Commit and stretch goals for each proposed data element. (o] o
EU1 |Describe the risk management of software £ Fisk management process that includes software items; [e)
including: [hether the software development process is used as a risk control measure; O
[dhether software verification or software validation is used as a risk control measure o
Describe how the software is protected including: Brbtection from accidental or unauthorised change; O [e]
[entification of roles which have the authority to make software changes during the clinical trial; o
EBe rationale and/or measures that are in place to ensure that software changes do not adversely affect the clinical o o
investigation.
EU3 4. General principles of the MDSW GLINICAL 4.6. Continuous update of the clinical evaluation (MDR) / performance evaluation (IVDR)
EVALUATION (MDR) / PERFORMANCE o

EVALUATION (IVDR) process
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US1 |4. Guiding Principles 2. Initial risk-based assessment O
10. Substantial equivalence determinations (@)
US2 (6.0 General Principles and Contex6.1 SaMD Definition Statement and SaMD Category O
6.2 Clinical Evaluation Processes |evidence of the product’s performance O
SaMD definition statement O
Risk assessment O
possible impact on benefits and risks of the SaMD that
g . O
would indicate a need for a design change
US3 |4.2 Excellence Appraisal 1.Leadership and Organizational Support (@]
Elements 3.People O
12.Deployment and Maintenance O
4 Excellence Appraisal and
Precertification 4.5 Precertification Levels (@)
5 Review Pathway Determination |5.1 Risk Categorization O
significance of the information provided by the SaMD to
the healthcare decision O
state of the healthcare situation or condition (@)
Hazard Analysis (product-specific) (@) (@)
EU1 |Describe the relationship of whether essential performance depends on software (essential
software to safety including: performance is the performance whose absence would pose a O
threat of harm to the patient);
Which risk control measures depend on software; (@]
Describe the risk management of |[identification of causative sequences of events that includes 0o
software including: software defects;
[Whether hardware risk control measures are used to prevent e}
the consequences of software defects;
EU2 |1. Human agency and oversight |Fundamental rights
Human agency (A %) O
2. Technical robustness and safet|Fallback plan and general safety O
6. Societal and environmental wellSustainable and environmentally friendly Al (@)
Social impact
7. Accountability Minimising and reporting negative Impact O
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TRHODTE
US1  [4. Guiding Principles 8. Documentation requirement o
9. 510(k) submissions for modified devices ]
6. Additional Factors to Consider When Determining Clarification of Requirements — No Change to Functionality
When to Submit a New 510(k) for a Software Change to o
an Existing Device
Cosmetic Changes — No Change to F (o]
US2 |80 Importance of Independent Review a SaMD’ s independent review of clinical evidence o
Clinical Evaluation
9.1 Considerations for Continuous Learning Leveraging |a labeling change regarding contrai 1s, warnings, precautions or
Real World Performance Data instructions for use
US3 (4.2 Excellence Appraisal Elements 1.Leadership and Organizational Support o
2 Transparency e}
3.People (6]
8Managing Outsourced Processes, Activities, and Products o
4.6 Third Party Appraisers e}
5.2 Product-level elements of a SaMD Device description e}
5.3 Determining SaMD Risk Description of the SaMD’ s core functionality e}
6.1 Elements necessary for assuring safety and Declaration of Gonformity and Summary Reports for Vertical Standards o
effectiveness in premarket review
Instructions for use o
Labeling review o
Regulatory Pathway Specific Items (e.g., 510(k) substantial equivalence o
comparison)
Reaquirements (product-specific) o
Revision history o
SaMD product demo o
Review Determination information (Indications for Use, Device Description, etc.) [¢]
6.2 Interactive Streamlined Review Process for o
Premarket Review
EUT  |Describe the role of the software including whether: [the normal operation, initial setting up, calibration, or o
of the medical device, depend on software;
[the correct operation of the medical device depends on the execution of the software o
within a limited time ie. real time software is used;
[Bhy part of the medical device s software can be run independently on hardware not o
directly connected to the medical device.
Describe the relationship of software to safety what opportunities there are for informed intervention by clinical staff or the o
including: patient to prevent harm in the event of a software failure.
Describe the software development processes [dhether the system and software architecture is documented in such a manner that it is
including: possible to reason about the contribution of each component and software item to safety; o o
Describe the human interface including: [the user interfaces (mechanisms intended to allow humans to interact with the software)
that the software has (including user interfaces for the patient, clinical technician, o
physician, service engineer, etc.);
[the target population for each type of user interface (for example, age, expertise, o)
language etc.) and whether this is documented;
[the tests that have been done prior to the clinical investigation to evaluate the
effectiveness of the user interfaces for each target population, or how this will be (] (@]
evaluated in the study;
[the measures used to ensure that only appropriate people are allowed to operate each 1)
different type of user interface.
EU2 |1. Human agency and oversight Human oversight [e]
4. Transparency | Traceability [e] (e}
Explainability [e] o
Communication (¢] [e]
5. Diversity, non-discrimination and fairness Accessibility and universal design (o]
Stakeholder participation (¢]
6. Societal and environmental well-being Sustainable and environmentally friendly Al O
Social impact o
Society and democracy [¢]
7. Accountability Auditability e}
Minimising and reporting negative Impact e}
Documenting trade—offs o]
Ability to redress:
EU3 [44. Clinical Performance 4.42. Where demonstration of conformity based on clinical data is not deemed °
appropriate
4.5. Final analysis and conclusion of the clinical °

evaluation (MDR) / performance evaluation (IVDR)
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plasticity
predictability
degree of autonomy
Types of Al medical systems
Characteristics of the dataset
Risk analysis and control
[Morrison, 2018]
Computional modeling research

medical devices
[Michie, 2017]
Result

BRI LD
fiRE

Development
Engagement

Behavior Change
Evaluating Effectiveness

[Ngiam, 2019]
applications
Human—machine interactions

platforms

Discussion

Characteristics of Al medical systems

Computional modeling in regulatory
Future of computationla modeling in

Achieving Rapid and Efficient
Understanding and Promoting

Advancing Models and Theories of

Evaluating Cost-Effectiveness

Data requirements and approaches
Training machine learning for clinical
Examples of machine learning

Examples of machine learning
applications in oncology care delivery
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fRE Key issues in implementation
Data sharing v v
Transparency v
Patient safety v v v
Data standardization and integration
into existing clinical work— flows
Financial issues in Al technology
implementation
Education of an Al-literate workforce
[Topol, 2019]
Limitations and challenges v v v v v v v v v
Future considerations v v
[Hosny, 2018]
Al challenges in medical imaging
speed with which newer deep learning
v
methods
Curation v v
Transparency 4
implications of lifelong learning v v
secure connections to state—state—
of—the— art Al systems hosted v
elsewhere
privacy v
[Meiliana, 2019]
Medical Big Data
Big Data v
data sharing v
infrastructure and policies v
cybersecurity attacks and patients’
privacy
[Mesko, 2017]
5. Is precision medicine the end of the
human touch?
The creation of ethical standards v
about the use of Al
build in fail-safe systems v v v v
acquiring basic knowledge about how
v
Al works
getting accustomed to Al and v
discovering its benefits
peer-reviewed research and clear
communication
all the necessary steps to be able to
measure the success and the v v
effectiveness of the system
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[Cabitza, 2017]
Reducing the Skills of Physicians
Focus on Text and the Demise of Context
Intrinsic Uncertainty in Medicine
The Need to Open the Machine Learning
[Parikh, 2019]
Meangingful endpoints
Appropriate benchmarks
Interoperable, generalizable
Specify interventions
Audit mechanisms
Promise and protection
[Pesapane, 2018]
Challenges of Al in medicine and radiology
Regulatory issues and policy initiatives
Al
Al applications discreetness
discreteness
diffuseness
opacity
Data protection and cybersecurity
implications
Accountability and responsibility
[Price, 2019]
How to think about health privacy
Gathering data
data uses
[Lamanna, 2018]
Decision—Making Capacity and Surrogate
Decision Making
Using Data to Make Predictions
Ethical Issues
[Scherer, 2015]
The Problematic Characteristics of Al
1. Autonomy, Foreseeability, and
Causation
2. Control
3. Research and Development:
Discreet, Diffuse, Discrete, and
Opaque
[Price I, 2017]
What are medical algorithms?
Reform
Command—and-Control Regulation
Postmarket Surveillance
Information Forcing and Collaborative
Governance
Setting the Right Balance
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