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Abstract

Further development of medical devices for children is required in Japan, but the development of such devices is delayed
compared to that of medical devices for adults. Herein, we investigated policies for advancing the development of pediatric
medical devices in Japan and the United States. Considering the achievements of each policy, we proposed a strategy to
promote further development of pediatric medical devices in Japan. We investigated policies for supporting the development
of pediatric medical devices and approved cases in Japan and the United States by searching contents of websites of regula-
tory bodies and other related administrations, and scientific papers. We found the main six policies in Japan and nine main
policies in the United States for the development of pediatric medical devices. In the United States, various measures have
initiated mainly in the 2000s, while in Japan, the main measures have been in place since 2013. Similarities were found in
both countries, such as subsidies for application fees and research and development expenses, exemption of requirements for
regulatory approval, and priority review and consultation by the regulatory body. Our study revealed that there are similarities
in initiatives by both countries. To promote further development of pediatric medical devices in the future, improvements
to expediting the review process to approval by the regulatory body, global development, and implementation of alternative
measures to ensure the efficacy and safety of the device instead of large-scale clinical trials should be anticipated through
cooperation among industry, government, and academia.
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Introduction

< Sara Takahashi

hoomanao @toki.waseda.jp In Japan, the birthrate is declining, and further development

of medical devices for children is needed. It is often dif-
ficult for companies to dedicate efforts on the development
of pediatric medical devices because of the small number
of patients in the pediatric field, complicated disease condi-
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depending on their risk levels according to the “Global Har-
monization Task Force (GHTF)” rule. For class II devices,
no review standard exists, while for medium-risk (class III),
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and high-risk (class IV) medical devices, a marketing holder
requires marketing approval from the Minister of Health,
Labour and Welfare (MHLW). Prior to the MHLW granting
approval to an industry for each medical device, the office
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of review of medical devices I and II at the Pharmaceutical
and Medical Devices Agency (PMDA) reviews the efficacy
and safety of each medical device scientifically [1]. Medical
devices reviewed by the PMDA are classified as “Brand-
new,” “Improved,” and “Me-too” medical devices. Brand-
new medical devices are defined as those that have a novel
structure, usage, indication, or performance compared to
other medical devices approved in Japan regardless of their
class. In the United States, the Center for Devices and Radi-
ological Health in the Food and Drug Administration (FDA)
is responsible for the review of all medical devices [2].

In Japan, an adult is defined as aged 20 years or older
by the Japanese Civil Code, while in the United States, an
adult is defined as aged 22 years or older according to the
Federal Food, Drug, and Cosmetic Act (FD & C Act) and
medical devices used for patients under the age of 21 are
recognized as pediatric medical devices. Thus, the definition
of age for pediatric medical devices differs between the two
countries. Moreover, for congenital diseases, treatment may
continue as under-aged but also throughout adulthood; thus,
it is difficult to delineate the definition by age. In this study,
a medical device targeted for the treatment and diagnosis of
under-aged, but also a medical device targeted for the treat-
ment and diagnosis of congenital diseases is referred to as a
“pediatric medical device”.

In an attempt to promote timely development and regula-
tory approval of pediatric medical devices, we investigated
and compared policies for advancing the development of
pediatric medical devices in Japan and the United States
since the regulation of medical devices in both countries
is similar. Considering the achievements by policies in
each country, we propose a strategy to be implemented for
encouraging the development of pediatric medical devices
in Japan.

Fig. 1 The number of approved 100
brand-new medical devices
in Japan from April 2006 to
December 2019. *2 pediatric
medical devices approved in
2018 are used for blocking

blood flow to the acardiac fetus
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Materials and methods

According to the PMDA website, 529 brand-new medical
devices were approved from April 2006 to December 2019
[3]. The number of medical devices used for the treatment
of the pediatric population diseases or congenital diseases,
defined as “pediatric medical devices” in this study, is 12
(12/529, 2.3%). Figure 1 shows the number of approved
brand-new medical devices in each fiscal year from 2006 to
2019. The number of approved brand-new pediatric medical
devices in each fiscal year is 0-2, which is very few com-
pared to the number of medical devices for the adult popu-
lation. In this study, we investigated policies for supporting
the development of pediatric medical devices and approved
cases in Japan and the United States by searching contents of
websites of the PMDA, the MHLW, the FDA, other related
administrations, and scientific papers.

Policies in Japan

Japanese policies for medicine and medical devices are avail-
able on the website of the MHLW [4]. Based on the available
information released on the website of the MHLW as of
December 2019, three policies are assumed to be strongly
associated with the promotion of medical device develop-
ment; "Study Group on the Early Introduction of Medical
Devices, etc. with High Medical Need" [5], "Orphan Medical
Device Designation System” [6], and “SAKIGAKE Designa-
tion System” [7]. In addition, a search for “pediatric medi-
cal devices” and “medical device, early approval” on the
PMDA website [8] by December 2019 revealed three unique
initiatives in Japan that are expected to be strongly related
to the promotion of the development of pediatric medical
devices; “Conditional Early Approval System for Innovative
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Medical Device Products” [9], “PMDA Science Board on
Evaluation of Medical device in Pediatric Use” [10] and
“Subsidization program for application of pediatric medi-
cal device” [11]. Thus, we investigated these six Japanese
policies. We searched the purpose and achievement of each
initiative based on the published information by the MHLW
and the PMDA. Regarding the Orphan Medical Device Des-
ignation System, we also referred to the web information
provided by the Japan Association for the Advancement of
Medical Equipment (JAAME) [12]. Moreover, we analyzed
the utilization of each policy in terms of regulatory approval
using the PMDA’s review reports of the approved pediatric
medical devices. With regard to individual products, we also
referred to the materials released by companies.

Policies in the United States

To investigate the policies in the United States, we per-
formed a web-search on PubMed on August 11, 2019 using
the search formula "Pediatric AND “medical device*” AND
Regulation". We found 69 papers by the search, and we
examined four papers summarizing regulation of pediatric
medical device in the United States [13—16]. Furthermore,
we investigated the policies and initiatives implemented
through the FDA’s Web pages for “Pediatrics” [17], “Pedi-
atric Medical Devices” [18], and “Public meeting—Pediatric
Medical Device Development” 19!, published by December
2019. As a result, we found nine initiatives related to the
promotion of the development of pediatric medical devices.
We investigated the purpose of each policy and the status of
utilization for approval of pediatric medical devices based
on public information including the FDA website.

Results
Efforts and achievements in Japan

Table 1 shows the purposes and achievements of each meas-
ure in Japan. As shown in the purpose column in Table 1,
only the sixth “Subsidization program for application of
pediatric medical device” is specialized for pediatric medi-
cal devices. Other initiatives were established for medi-
cal devices for rare diseases and very innovative medical
devices for disease with no other effective treatment. Five
policies started in 2013 or later in Japan. We found 16
(16/140, 11.4%) of the adopted devices as the “Study Group
on the Early Introduction of Medical Devices, etc. with
High Medical Need” were pediatric medical devices, by the
materials of the 29th meeting of "Study Group on the Early
Introduction of Medical Devices, etc. with High Medical
Need" in October 2018 [20], and 7 of the 16 (7/16, 43.8%)
pediatric devices were approved following designation by
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the study group. Three (3/30, 10.0%) pediatric medical
devices were selected as the target of the “Orphan Medical
Device Designation System” and, all (3/3, 100.0%) pediatric
medical devices with “Orphan Medical Device Designa-
tion System” have been approved for use [12]. By the 2019
fiscal year, one (1/9, 1.1%) pediatric medical device was
selected as the target of the “SAKIGAKE Designation Sys-
tem”, which began in 2015 [21]. As for the pediatric medical
device designated in the “SAKIGAKE Designation System”,
a domestic clinical trial for the pediatric medical device has
started to obtain evidence for regulatory approval [22]. Fur-
thermore, “the PMDA Science Board on Evaluation of Medi-
cal device in Pediatric Use” which was commissioned by
the PMDA started a discussion related to the development
delay of pediatric medical devices, and a summary report
was issued in 2015 [23]. In addition, the “Conditional Early
Approval System for Innovative Medical Device Products”
was launched in 2017 [9, 24]. Although no medical device
has been approved using the scheme as of the 2019 fiscal
year, an application for approval of the medical device for
the treatment of congenital heart disease using the “Condi-
tional Early Approval System for Innovative Medical Device
Products” was mentioned in the 29th meeting of "Study
Group on the Early Introduction of Medical Devices, etc.
with High Medical Need" in October 2018 [20, 25]. “Condi-
tional Early Approval System for Innovative Medical Device
Products” and “SAKIGAKE Designation System” were regu-
latory approaches, however, the Japanese act, “the Act on
Securing Quality, Efficacy and Safety of Pharmaceuticals,
Medical Devices, Regenerative and Cellular Therapy Prod-
ucts, Gene Therapy Products, and Cosmetics”, was approved
to be amended in 2019, and these policies were subsequently
enacted formally [26].

Efforts and achievements in the United States

Table 2 shows the efforts and achievements for accelerating
the development of orphan medical devices and very innova-
tive medical devices in the United States. The FDA estab-
lished “Office of Orphan Products Development” [27] and
“Office of Pediatric Therapeutics” [28] to ensure access to
innovative, safe, and effective medical products for the treat-
ment of orphan diseases and pediatric population diseases.
Approved pediatric medical devices were reported annually
in the “Pediatric Report to Congress” [29-35], indicating
that the percentage of approved pediatric medical devices
has remained approximately 10-20% of the total number
approved. In the United States, a program to support clini-
cal trials of orphan products, “Orphan Products Clinical
Trials Grants Program”, began in 1983 [36]. The “Pediatric
Advisory Committee”, a third-party agency of the FDA, was
launched in 1999 [37], and 5 FDA guidelines for the devel-
opment of pediatric medical devices were issued from 2003



93

Journal of Artificial Organs (2021) 24:90-101

PoreuSISOp UIq SBY 9ITAIP [EOIPAW ON

810¢
12q010Q Ur , paaN [edIPAA YSTH YiTm
*019 ‘SAOIAQ(] [BOIPIIAl JO UOHONPONU]
Apreq ay) uo dnoin Apmg,, jo Sunoowr
)T OY) UI POUOTIUSW SEA 2INSEOU )
Sursn 9seasIp 11eay [e3ua3uod Jo JudW
-1ea1) 9} J0J 9JTASP [ed1pawl Jo [eaoidde
103 uonjesrdde ue ‘reak 1BOSY 10T
3y} JO se Jwdyds Y} 3uisn paroidde
U99q Sey 90TASP [EIIPIAW OU YSNOYIy
3ur03uo ST 901AP
[eorpawr ornerpad ay) Sunen[eas 1oj [eLn
[eOTUI[D Y/ "POPNIOUL SEM IOTAIP [BIIPoU
oterpad (%1°T ‘6/1) T PUe 610CAA
£q poyeuSISOp 91oMm SIOIAIP [BIIPaU §

9S[] OLIBIP] UI 9ITAJP
[EJIPAIAl JO UOLIBN[BAY UO PIBOY 90U
-19S VAN Aq paystqnd sem jiodar oy,

pojeusisop 19)je paroidde arom s901AD

[eorpawr otmerpad (%0001 ‘€/€) € € IV
"POpN[OUL 2IoM SIOTAJP [edIpawt drneipad

(%0°01 ‘0£/€) € PUB 610T 10qW209(
Aq pareusisop a1om sjonpoid [edrpawr )¢
dnoi3 Apnis o
Kq uorjeu3isop Surmor[oj peaoxdde orom
§901A0p OLBIPAd (%8°€Y ‘9T/L) 9T oY JO L
PIpN[OUL ATM SIOTAJP
Teatpawr dtmerpad (%411 ‘0¥1/91) 91
pue §[( 1290150 Ul SunddW YI6g Ay £q
PoreusISop Uddq pey SIOIAJP [BIIPAUW (Of |

610¢

L10T

S10T

(S10T [MuN)
10¢

€10¢T

900¢

juowked Aprsqns.

SOOTAR(
[eS1PSJA] JOJ 901)0BIJ [ESIUI]D) POOD)
U0 90URUIPIQ [BLIASIUIA Y} Jopun
PAIONPUOD S[ELI) [EOTUI[O JO PEIISUT BIEp
[eSTUI[D PATWI] YA UOISSTIUQNS Sunoy
-rew-21d A1dde o3 soruedwod Fuimorry.
MITARI AJ1I011d.

JuSWRSINQUIAI APISqng.
MITARI Aj1IoTId.
uone)Nsuo)) pazniioLd.
Q0IAIAS FII0UO0D ©B SULIRPO.

SOO1AQP [ed1paw JLnerpad Jo
juowdorarsp Sunjoword pue Sunioddng

1S1X0 A[JUQLIND SYSLI

oy} ySromino sjgouaq asoym sarderay)

OU YOIYM JOJ SOSBasIp JuTuayeaIy)-o|

1B2I) 0} PAPUAIUI SIJIAIP [BIIPIAW AT
-eAOUUT 0} $$990€ Juaned uneIe[edoy

SQOTASD [EOTpaW
JAneaouur 10§ uonesrjdde reonoeid

AJ1e2 e Surwre uedef ur (1293 Sunowolq

suoneAouur
Testpowr jo uonowoid 1eyying pue ofd
-0ad 2y} 0) SAJTAP [EJTpPaW pue S3nIp

9ATIORJJ2 pue Jjes JAT[op 03 Aydosorryd
S.V{IAIJ UO paseq ‘suonmusur [edIpawt
pUB BIWAPEIE YIIM UOHBIIUNWWOD
pue uoneradood Suroueyus Aq Jouuew
orerrdoxdde ur £3o70uyo9) pue 9ouo
-108 paduBApE YIIM sjonpoid ajenyead

uonerndod ornjerpad 10§ 901A9p

[eo1paw Jo Ajofes pue AoBd1je Jo uon
-BN[BAD 9} UO UONRIIPISUOD JUIPIAOIJ.
poriod UOT)BUTIIEX-9I JO UOTSU)XH.
JUSUIJEDI) Xe) [BIIUQIOJOI].

senuoyne K10}
-e[nSaI YIIM UOTIBINSUOD PUL 90ULPIND).
juowAed Aprsqns.
MIIAI AJLIoLId.

SQOTASP Teo1paw ueydio
Jo Juowrdo[oAdp 9} JOJ SANIALIOR

uede[ ur pasu

[eorpowt Y31y Yirm asoyy) Sunoafes £q

soruedwoos £q juswdofaaap pajoword

JuSWSINQUIAI APISqNS. pue juswdoaaap 1oj s)sanbar papnu
M31A21 AJI0L1d.

pue 20uatos K10je[n3ar SurouBApY

yoxeasar Sunowoid pue Sunioddng

-qns Jo AJ1Ss900U [BOIpaW oY) SUISSISSY

901A2p [ed1paw ornerpad
Jo uoneorydde 1oy wreidord uonezipisqng 9

S10NpOId ITA(] [BIIPIJA QAIIRAOUU]
10J waIsAS Teaoxddy Apreq reuonipuo) ¢

waskg uoneuSsaq ANVOIMVS b

9S() JLNEIP] UI ADTAIP [BIIPIA
JO uonEN[eAT UO PIEOq OUAS VAN €

woIsAS
uonRUSIS(J A0TAQ(T [BIIPIN ueydip 4

PI9N [BITPIN
YSIH YA 039 ‘SIJIAJ(T [BSIPIA JO
uononponu] Afreqg oy uo dnoiny Apmg I

S)NsSoY

Ieok rean3neuy

s10d0[oAdp 0) SOATIUIU]

asoding

QureN

uede( ur Juowdo[oadp 201A9p [eOIpaw d1nerpad 1o sarnseawr Aloje[n3al aanioddng | sjqel

pringer

A's



Journal of Artificial Organs (2021) 24:90-101

94

L10T 01 600C
Teok [eosy Q) woij  WwAsAs (HAH)
uondwoxy 901A9(] UeLIR)IUBWUNY dY),,
Sursn paroidde a1om SIO1AP [eOIpOW
orerpad (%0°6 ‘001/6) 001 Jo auru
pue ‘vonjerndodqns 10 uonjendod
ornerpad e ur 9sn Joj PAYedIPUI ‘SAJTAP
[earpowt paaoidde g1 [8101 JO INO
SQO1AQp [eoIpaW ()] peaoxdde vy oYL

1OV Y} Aq parre)s
$901A9p [edIpaw dLneIpad jo Juow
-dojoasp Sunzoddns 10y swerdoxd Auejy

(L10D)
SUOIBOYNON 1o¥Iewald 901A9( Sul
-Sew] Ae1-Y 10} UONBUWLIOJU] OLORIPI].
(9107) se0149( [BIIPIN
Jo sas() oLneIpdd 0) uonejodenxyg
10§ vle(] [eowr) unsixyg SurseronsT.
(¥107) s01A9( [BIIPIN JO SIS()
OLIRIPYJ INOQE UONBWLIOJU] SUIPIAOIJ.
('+00T “#T BNl potEp  S901AR(T
[BOIPSJAl OLIIBIPO] JO JUSUSSISSY
joyrewld JyelS VA pue Ansnpuj
I0J QouepIny,, sopasiadns juswnoop
SILL) (#10T) $921A3( [BIIPIN o1t
-1eIpad JO JUSWISSISSY JNIBWIAI].

(€000
s[oued KI0SIAPY 10§ 9sntodxH oLneIpo .

{10C UI P[oY 21om S3undwWw
301U} puB I8 AISAQ P[IY oI8 STUNOIN

sjue13 paroidde

Jo11d Jo urpunj panunUOd SPIEMO)

03 IeaA [eOSY UQAIS © 10J (UoI[[Iua

G'G1$ Aerewrxoxdde A[reordAy) spuny

poyeridordde oty jo uoniod Jolew v

*s309lo1d papunj-jues3 Juro3uo Gg 0)
09 Aqreord£) are a1ot ‘own ouo Aue }y

(HAH/ANH Pasiady)
800¢

L00T

£00¢

6661

£861

Jgauaq A[qeqoxd yym paroiddy.
juowAed Aprsqns.

SOOTAQD [EdIpoW
ormerpad jo juowdoraadp Juntod
-dns 10§ JuowruoIAUS 9y} Suraoxdwy.

uone[ndod ornerpad 10§ 901A9p €O
-Ipaw Jo Ajoyes pue Koeomjo Jo uone
-N[BAQ 9} UO UOTIRIOPISUOD SUIPIAOI].

juowAed Aprsqns.

(@NH) 29149 9S[) UeLIRIIURWNY

J0j uoneorjdde Sunoyrew e/reok 1od

$ILIS PAJIUL) Y UL S[ENPIAIPUL )00°S

Uey) 9I0W JOU Ul pI)sJIue SI Io

$109JJ® JBY) UONIPUOD IO ISBIASIP © JO

s1sougerp Jo judwiean ay) ur syuened
JJouaq 0) PAPUAUI IIAJP [BIIpoUW

aan

uonduwoxy 901A9(] UeLIBIIURWINE
/(ANH) 149 9s() UBLIB)IUBWINE]

SOOIADP 9SOY) JO SSAUAAT

-09JJ2 pue £)oJes oy) Jurnsse A[yMm

suorjerndod ornerpad 10§ S90TAD JO

Ajqiqe[reae oy 3ulseaIoul Jo wire

) yum Surpuny pue KjLoyine yad
‘SOJEPUBWU ‘SOATIURIUT MAU SUNLII))

(VISAIN) 10V 1uawasorduy
puE K1ojes 991A(] [EJIPOIA] SLIEIPI]

sgeIs vad
pue sarmsnput 0) 01doy yoes uo Sur S901ASp TeoTIpaw Jrnerpad
SUIY) JUALIND S,V oY) Sunuasardoy  Jo yuswdo[oaap pojefar oouepingd yaq

s310daI JUQAQ 9SIIAPER ‘SUIeqe]
ownerpad ‘s[eLn [eoruI[o ‘yoreasal
ornerpad Jurpredar s3ni( pue
POO,] JO JSUOISSIWWOY) 2} O} SUon

-EpPUQWIOdAI Sunyew pue SUISIAPY QONIUWOD AIOSIAPE JLIRIPO]

SUOT}IPUOD/SISLISIP

ore1 Joj syonpoid [eSIPIW 9ATIORO

pue 9Jes mau Jo juado[aadp
JO yoreasar [erx) reorur(o sunioddng

wei3old
sjueIn) S[erLL, [eorur))) syonpoid ueydiQ

S

4

SINsSoY

Teok [ean3neuy

s10dO[oAdP 0} SOATIUIU]

asoding QweN

S91BIS paju) Ay} ul Judwdo[aAaap 991A9p [eorpawt dLneIpad 10f sainseaw A1oye[n3alr aanioddng g ajqer

pringer

Qs



95

Journal of Artificial Organs (2021) 24:90-101

810C Ul
PIoY se JuawdO[aAIp 90TAID [EOIPIW

orerpad Surpiedar Sunesy o1qnd vd-

8107 ‘0¢ Tequuaydog jo
se pojueis Jo ‘pared)d ‘paaoidde uors
-SIuIqns SuNayIewW B pey ALY SI1AID
ySnonpyeaiq (%£°6 ‘L6/6) dutu pue
‘S901A9P YSNOIYIYeAIq JO SAAPMIS 8D
-Tuto 10§ pajerdwod 10 paroidde usaq
aAey (SFQT) suonduwaxe 991A9p [eUOT)
-BSNSAUI (%L 4T ‘L6/%0) ¥T '810T
‘0¢ Joquydag Jo se weidold Aemyied
$S900Yy paIpadxy 1o  werloid
SOJIAQ(] YInoIyyeald,, Y3 Se SI1AD
[e9IPaW U2AS-K)UTU PA}O[RS V(I
600¢
Q0UIS B1)IOSUOD) 90TAJ(] JLIRIP] )
199[9s 0} A[[enuue UOI[[IW 9§ 0} G'€$
Aroyewrxoxdde popraoid weiSoxd oy,
ssa13u0)) 03 J10doy]
J1BIPod 2y} ul A[[enuue pojrodar orom
S901A9p [eoIpaw ornerpad paroiddy

Apoq A10jB[NT2I pUE BIUISpEOR

810T ‘Ansnpur Juowe SMarA SuISueyoxg.
(S100) Kemyjed sso0oy paypadxy.
L10T MI1AI AJLI0LId.
600C juowAed Aprsqns.

S901A9p [eoIpaw drneIpad
8007 pasoidde ynoqe uonewroyur Surpraoid.

SUBOLIOWY
[Te 0} UOT)EAOUUI 9OTAP [BIIpaW Sul
-JBI9[990' AQIOy) pue ‘ULIP[IYD JO
Spoou xo[dwoo oY) 9AIAS Je) SOOTASD
Jo uoneaouur pue judwdoroasp
PIEMO] WAISLS00D 9ITAIP [EOIPAW

) 2ourYUD Jey) SAI3ajens Jurkynuapy

SUOTIPUOD IO $9SeASIp Sune)

-1[1qOp AJQISIOAQLIL JO SUTUIRAIY)-OJI]

JO SISOUSeIp JO JUSWILAT} AT)OJO

arow 10§ 9p1a0id Jey) SIOTAID [€d

-IPAW UTe}IA JO MIIARI 2y} dznLorid
pue juowdoraaap a2y} Sunrpadxyg

Juowdo[eAap 90TASD

orerpad gjowoid [[im yorgm sjosfoid

jenwns 0} paugisap erIosuod jyoid
-uou jo juowdoreaap oy Sunioddng

S901A9p [eoIpaw ornerpad pasoidde
noqe Yy woij jrodar 1eak [eost

JuawdOToAd(] 99TAS(T T80
-IPOJAl OLIBIPAJ ‘SUNGOIN NANd VAL 6

(Aemyed ss900y paipadxyq)
weidord 901A9(J ySnoryearg  §

we13old jueln)
(DAd) en10suo) 201AS( OIMEIP] L

ssa13u0)) 03 syrodoy 9

SNsoY

Ieok [ean3neuy s1odo[arap 0} seAnudUY

asoding

QweN

(ponunuoo) zsjqey

pringer

a's



96

Journal of Artificial Organs (2021) 24:90-101

to 2016 [38-42]. The “Pediatric Medical Device Safety and
Improvement Act” was enacted to promote the development
of pediatric medical devices in 2007. The law promotes the
following six themes and many initiatives defined by the
law: “tracking pediatric device approvals”, “modification
to humanitarian device exemption”, “encouraging pedi-
atric medical device research”, “device development con-
sortia”, “pediatric advisory committee”, and “post-market
surveillance” [43]. In addition, the “Humanitarian Use
Device” (HUD)/” Humanitarian Device Exemption” (HDE),
which is an approval pathway for medical devices directed
at fewer than 8000 patients a year, has been restructured
with no upper limit on profits for an industry who develops
pediatric medical devices [14, 44]. The FDA approved 100
medical devices out of total 418 approved medical devices,
indicated for use in a pediatric population or subpopula-
tion, and nine of 100 (9/100, 9.0%) pediatric medical devices
were approved using “the Humanitarian Device Exemption
(HDE) system” from the fiscal year 2009-2017 [29-35].
The Pediatric Device Consortia Grant Program, which is
derived from the “Pediatric Medical Device Safety and
Improvement Act”, provided approximately $3.5-$6 million
annually to select the Pediatric Device Consortia, and 19
medical devices have been approved as of September 2018
[45, 46]. Furthermore, the “Breakthrough Device Program”,
replaced the “Expedited Access Pathway Program” in 2017,
specifies regulatory measures for more effective treatment
or diagnosis of life-threatening or irreversibly debilitating
diseases or conditions [47]. FDA selected ninety-seven
medical devices as the “Breakthrough Devices Program”
or Expedited Access Pathway Program as of September 30,
2018. 24 (24/97, 24.7%) investigational device exemptions
(IDEs) have been approved or completed for clinical studies
of breakthrough devices, and nine (9/97, 9.3%) breakthrough
devices have had a marketing submission approved, cleared,
or granted as of September 30, 2018 [48]. In addition, the
“FDA Public Meeting; Pediatric Medical Device Develop-
ment” was held in 2018 and stakeholders from academia,
industry and the FDA exchanged views on accelerating
medical device innovation [19].

Discussion
Comparison between Japan and the United States

Table 3 and Figure 2 show a comparison of the measures
present in Japan and the United States. In the United States,
various measures have been in effect mainly since the 2000s,
while in Japan, the main measures have been available since
2013. Our analysis shows that similarities are found in both
countries, such as subsidies for application fees and research
and development expenses, exemption requirements for

@ Springer

regulatory approval, and priority review and consultation
by the regulatory body. In Japan, a specialized consortium
has not been established, and the budget for pediatric medi-
cal devices is small compared to that of the United States.
However, it has been confirmed that a priority review and
consultation by PMDA contributes to expediting the review
process to the approval of such devices in Japan.

What is the effective solution for the further
development of pediatric medical devices?

Although both countries began to focus on promoting the
development of pediatric medical devices at different times,
various efforts are being undertaken in Japan and the United
States, and these initiatives are similar in both countries. In
some cases, these measures have led to approvals of pedi-
atric medical devices. Despite these efforts, the number of
approvals for pediatric medical devices in both the United
States and Japan has been stagnating. For the future develop-
ment of pediatric medical devices, we considered a potential
strategy to be implemented in Japan.

Throughout our study, we considered that the following
three issues should be prioritized for further development
of pediatric medical devices: (1) contribution to expediting
the review process by the approval by regulatory body, (2)
support of global development, and (3) implementation of an
alternative evaluation method in lieu of a large-scale clini-
cal trial. We found the FDA and the PMDA have contrib-
uted priority review and consultation for various measures
and these initiatives have led to the approvals of medical
devices. Contribution by the regulatory body is considered
to be supportive for innovators. Recently, a collaboration
between the FDA and the PMDA, known as the “Harmoni-
zation By Doing” and “Collaboration Review”, has begun
[49-52]. Global collaboration is a significant issue for the
development of pediatric medical devices since the num-
ber of target patients is small in each country. Although the
requirements in the review process for regulatory approvals
in each country are sometimes different, the FDA and the
PMDA have focused on reducing pre-marketing require-
ments by making pre- and post-marketing evaluations more
accessible and appropriate. In clinical trials of high-risk
innovative medical devices, high costs are a notable hurdle,
especially in pediatric medical devices. The “Conditional
Early Approval System for Innovative Medical Device Prod-
ucts” policy in Japan allows companies to apply pre-market-
ing submission with limited clinical data instead of clinical
trials conducted under the Ministerial Ordinance on Good
Clinical Practice for Medical Devices [53], and it is expected
to be an option for early application for pediatric medical
devices. Under this system, in order for a medical device to
be safely introduced in Japan, it is necessary to formulate
adequate standards for users and facilities, collaborate with
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Table 3 Similarities and differences between actions for pediatric medical device development in Japan and the United States

Similar actions Main measures

Japan

The United States

Review of medical devices in regulatory
authority

Guidance for developers

Grant program for development of pediatric
medical devices

Exempted requirements for approval
Subsidy payment for application and consul-

tation with regulatory authority

Priority review

+Office of review of medical device I and II
in PMDA

*PMDA Science board report

*Orphan Medical Device Designation
System

*Conditional Early Approval System for
Innovative Medical Device Products

*Orphan Medical Device Designation
System

*Subsidization program for application of
pediatric medical device

+Study Group on the Early Introduction of
Medical Devices, etc. with High Medical

+Center for Devices and Radiological Health
(CDRH) in FDA

*FDA guidance

Pediatric Device Consortia (PDC) Grant
Program

*Orphan Products Clinical Trials Grants
Program

*Humanitarian Use Device(HUD)/Humani-
tarian Device Exemption (HDE)

*Humanitarian Use Device(HUD)/Humani-
tarian Device Exemption (HDE)

*Humanitarian Use Device(HUD)/Humani-
tarian Device Exemption (HDE)

Need

*Breakthrough Device Program

*Orphan Medical Device Designation

System

*SAKIGAKE Designation System
*Conditional Early Approval System for
Innovative Medical Device Products

7 Expedited Access Pathway/ Prioritized
Consultation

*SAKIGAKE Designation System

*Breakthrough Device Program

Different actions

Main measures

Japan

The United States

1 Specialized act for development of pediatric
medical devices

*Conditional Early Approval System for Inno-
vative Medical Device Products*

Pediatric Medical Device Safety and
Improvement Act

*SAKIGAKE Designation System*

2 FDA office for supporting pediatric medical

device

3 Independent committee for pediatric medical
devices

4 Specialized consortium for pediatric medical

device development

5 Meeting for stakeholders from industry, aca-
demia and regulatory

+Office of Pediatric Therapeutics
+Office of Orphan Products Development
established in FDA

*Pediatric advisory committee

*Pediatric Device Consortia (PDC) Grant
Program

*FDA Public Meeting; Pediatric Medical
Device Development

*Japanese act, “the Act on Securing Quality, Efficacy and Safety of Pharmaceuticals, Medical Devices, Regenerative and Cellular Therapy Prod-
ucts, Gene Therapy Products, and Cosmetics”, was approved to be amended in 2019, and these policies were subsequently enacted formally

academic societies, conduct post-marketing surveillance,
and gradually expand the number of facilities. Cooperation
among industry, government, and academia is prerequi-
site for expediting the approval of new pediatric medical
devices based on such limited data. When the Pediatric
Medical Device Safety and Improvement Act was enacted in
the United States, “American Academy of Pediatrics” held a
meeting with medical societies, advocacy groups, industry,
researchers, and government officials to identify and remedi-
ate barriers to pediatric device development [14]. The oppor-
tunities for discussion among stakeholders in various fields,
including public meetings held by the regulatory bodies and

the “Harmonization-by-Doing”-children program [54], are
expected to be expanded.

Furthermore, it is important to create a mechanism for
conducting clinical trials efficiently and to propose a method
for evaluating medical devices instead of conducting clin-
ical trials. To allow the conduction of clinical trials in a
short term, the “Japanese Society of Pediatric Cardiology
and Cardiac Surgery” provides support program, which
involves assistance on planning a trial, patient registration,
and report-writing [55]. In the development of pediatric
medical devices, it is difficult to collect a sufficiently large
number of cases and register these cases in clinical trials

@ Springer
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Fig.2 History of supportive regulatory measures for pediatric medical device development in Japan and the United States

due to the small number of target patients and the anatomi-
cal complexity of patients. We think it is important to use
non-clinical evaluation approach rather than clinical tri-
als. For example, when the “EXCOR Pediatric Ventricular
Assist Device” was presented, non-clinical tests were con-
ducted to evaluate air leaks in the driving tube, which had
been reported in overseas clinical sites [56]. In the review
of AMPLATZER Piccolo Occluder, an evaluation based on
the shapes of patent ductus arteriosus (PDA) was performed
with reference to limited clinical trial data [57]. Although
the number of target patients for the AMPLATZER Piccolo
Occluder was small in Japan, there were six types of PDA
shapes to be taken into consideration. It is often difficult
to adequately evaluate device malfunction and performance
for an individual patient’s anatomical shape and condition
using only small-scale clinical trial data. If the evaluation
by clinically-relevant non-clinical models is conducted eas-
ily and expanded, the efficacy and safety of each pediatric
medical device is expected to be better guaranteed for com-
plicated anatomies.

The insurance reimbursement is one of the significant
issues for promoting the development of pediatric medical
devices. In Japan, industries can apply for a premium pricing
category for medical devices which are developed for pedi-
atric disease and for medical devices selected in the “Study
Group on the Early Introduction of Medical Devices, etc.
with High Medical Need” or the “Orphan Medical Device
Designation System”. For instance, the Abbott get the 20%
additional pricing for “AMPLATZER Piccolo Occluder”
[58]. We consider that it is also important to utilize regula-
tory policies which we described in this study in terms of
obtaining high insurance reimbursement.

@ Springer

Limitations

There are some limitations to our study. First, we used only
published information. Second, we investigated only regula-
tory measures in Japan and the United States. Nevertheless,
the method presented here is useful to discuss future strate-
gies to promote the development and regulatory approval of
pediatric medical devices in Japan.

Conclusion

Policies for supporting the development of pediatric medical
devices and the achievements in Japan and the United States
were thoroughly investigated. Our study revealed that there
are similarities among the initiatives between both coun-
tries, such as subsidies for application fees and research and
development expenses, exempting requirements for regula-
tory approval, and priority review and consultation. To pro-
mote further development of pediatric medical devices, we
considered that improvements to expediting the review pro-
cess to the approval by a regulatory body, support of global
development, and implementation of alternative measures to
ensure the efficacy and safety of the device in lieu of large-
scale clinical trials will be needed through stimulating bet-
ter cooperation among industry, government, and academia.
Especially for pediatric medical device, future research on
the evolution of clinically-relevant device-specific in vitro
test method may promote timely development and regula-
tory approval.
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