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> IRIEEEIUNOSEIIEE R /R, 2002-2020FHAIE) 2 H403 B R Z R R B EIRZHBERT, HbE
RS I B A PR Z A 546. 2%, HRANEERMTE (20. 3%) FESIRIARRARAE (12. 9%) . FIEE14E.
JEFNSEEBEIFERNRIA 97. 3%, 95.9% F1 90. 4%,

> SIEAA—EEMHMREAD, 78BREABIEREZIBENESE, GFF46%5 (59. 0% SRS B
ERBEHZ . 2128 PEESE S RERZAE. 10 B/ASRMEM ZIERERMESE.

> RAH, BESENESHBERAGKHEMNANLZEERNKRE X,

> MEEX T BRETEINERT) L EEEHITRHARTBE (early liver transplantation) {4, LABFLE

ITHMERGERGHRERIBENANES.

Ziogas |A et al. Liver Transpl 2021 : 3
Kido J et al. J Inherit Metab Dis 2021 % 13 s 9
Kido J et al. Metab Brain Dis 2018
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5], oTCDE% (3845) . B4k fltEir (33: 39)
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<
e T 1, 3. i Country Japan  Vietham  China  India  Others”
|
| : Number of patients 377 250 216 293 34
! /—% 1%{—&15:‘”% i OA 184 98 140 166 8
I I Methylmalonic acidemia 81 12 94 72 2
' i Propionic acidemia 24 22 12 26 1
! N —_ ALz, . Sy ] = i MCD 24 2 8 6 0
: / Ea ?ﬁﬁlﬂl: I% mﬁ%ﬁﬁ{tlﬂq "ﬁgﬁ I Glutaric acidemia type I 17 1 10 16 0
I | MCCD 8 2 0 4 0
I | 3-methylglutaconic aciduria 5 2 1 3 1
| ﬁ' = h IEj {tﬁq%g | HMGL deficiency 5 0 3 2 0
i '& 7\ , I Alkaptonuria 5 0 1 9 0
I ! 4-hydroxybutyric acidemia 4 1 2 0 0
I ' ! 2-hydroxyglutaric acidemia 4 0 1 4 1
I / E’*ﬁlﬁ40% *q] n ! Isovaleric acidemia 2 6 2 4 2
[ % I ! B-ketothiolase deficiency 2 33 4 14 1
i ! HMGS deficiency 2 0 0 0 0
i / : 5-oxoprolinemia 1 19 2 6 0
VvV REREFBHIIEMHIRMG; | w1 0
| I Glutaric acidemia type II 30 10 8 2 2
I I VLCAD deficiency 23 5 3 3 0
I iﬁ 7— &) L H-j-% ?&1/\ Wi._ =1 :ﬁ th | MCAD deficiency 14 1 3 2 0
| 7‘Kl | Primary carnitine deficiency 13 8 1 1 1
: i CPT2 deficiency 6 4 1 1 1
I TFP/LCHAD deficiency 2 1 0 1 1
| EMAENBNRERATEE e A
i - I Phenylketonuria 4 10 18 23 3
I I Maple syrup urine disease 2 36 5 24 3
ey St SN Sl s ea st oS ant e s aawd 3 el | Homocystinuria 2 12 3 4 3
Urea cycle disorder 60 34 20 48 1
Citrin deficiency 6 9 0 9 1
Other diseases 31° 20° 14¢ 9° 10
13

Shibata N et al. Mol Genet Metab Rep. 2018
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Shibata N et al. Mol Genet Metab Rep. 2018
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v BMEBIEFIERRAN, Eo A5

v EZHZ: 1:107,000-246, 000 (HZA.

Methionine
0dd-chain Threonine
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Cholesterol Valine

v
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(3 carbons)

_ ATP+CO2
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|

Citric Acid Cycle
&
Gluconeogenesis
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5k 1

- R, EEE

Py, S/RMER
- MERBER TS, MERFNEF, XFRE, BRE, IRRGERIF

Sign/symptom Frequency
MMA
Developmental delay 25-65%

Frequent during metabolic crises, but no specific data

Encephalopathy

Hypotonia No data
Seizures/epilepsy 16-53%
Movement disorder 30-45%
Metabolic stroke like events Up to 35%
& basal ganglia lesions

Optic atrophy Single cases
Neuropsychiatric symptoms Rare
Chronic renal failure 28-47%
Cardiomyopathy Few cases

Prolonged QTc interval
Pancreatitis

Immunodeficiency

Not reported
22 cases

Rare

15
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)L A REIMASR E YR 2 B IKEIE
A2 HERRR A R ILAY e RS R R £ 52

Parameter Condition

UCD | MMA/PA| B-Keto-thiolase MSUD B-oxidation HMG CoA lyase HIHA Mitochondrial/PC deficiency® PDH

deficiency defects deficiency deficiency

T NH3 ++ |+ - - +/- + + N -
Acidosis +/- | + s - +/- + - + +
Ketonuria® - +H/ 4+ | 4+ +H++ - = - +/++ »
Hypoglycemia® - +/- = - + + 4+ _
f Lactic acid® - + B - +/— + - t ++
T AST & ALT (+) +/— - - ot +/- - +/- o
T CPK - o = 22 e == = i _
1 Uric acid - + + S + + - +/- +/—-
| WBC/RBC/PIt - + - - - = - I8 >
Weight loss = +9 + +/- - - = + _

Non-standard abbreviations include: MSUD, maple syrup urine disease; HMG-CoA lyase, 3-hydroxy-3-methlyglutaryl-CoA lyase; HIHA, Hyperinsulinism-hyperammonemia
syndrome; PC, pyruvate carboxylase; PDH, pyruvate dehydrogenase.
*Ketonuria (++ - +++) suggests OA in neonates.

1
Baumgartner et al. . Orphanet J Rare Dis 2014 6
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1

> s FHER-BRME)LERFBHE (n=13) #ir2020.8. 31

A Fi¢  &KmEE FEImKRI FAREFHR - BEEE )
1 Z 13.6 5d RE RitBEASY &ix 8. Oy [R LT #51E FiE
2 Z 5.7 8d NE MERE R EMXAE 2.5y a5 1E FiE
3 5 14. 1 6m 1R Rt ENEMERET BEEREER B 1.0y [R LT #51E =&
4 E2 10.0 8m TiFEESH TRt 7.0y [RLAT#%1E =iE
5 5 5.1 6m FtERNEY MRk RELIERE &i& 2.1y [RLRT#51E =&
6 5 8.7 3d [E]HTIXAL B RS FERE 5.9y a5 1E FiE
7 I 6.6 3d RBHERINE B 3.9y AT %iE =iE
8 EH 3.9 1d IER 2 iRPES 1. 5y EIRITRZE FiE
9 EH 5.2 18d IER2E iRPE 2.9y EIRITRZE FiE
10 5 9.1 7d IRENME [EHIIXIE PERE 6. 8y AT %iE =iE
11 G2 2.6 3d MNE RNE KNS 0. 4y [RLRT#51E FiE
12 C2 4.7 18m FRRIRERRS B S 3.7y a5 1E FiE
13 5 2.6 6m BRI B RS B B 1.8y a5 1E FiE
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. E[2

aY
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4bey et al. Transplanialion RE%bws, 2021




FREATRER M- RER

1000

é x '\ 3000

3 Patient 1

g 700

% 600 2500 \‘

§ = \ 5 \

Eg \ : 00 *

5 — TN
100 = eLKT

=
0 E \\ | LT
Liver tansplantatien ;‘; 1000 k

250 | . .

a Spada M et al. Pediatrics. 2015 \\

: Niemi AK’et al. ] Pediatr 2015

£ 150

g 0 Max Admission' 3 days ' 1mo 4 mo

§ 100

2

S 50

R 5 I 52 Bk i R HIMMA 7K S 52 2= AR

T2 E B ABHEE B REE Y, JAERRTREE SRR |
BRSNS T KRR

Jiang et al. Transplantation Reviews, 2021 IR
Spada M et al. Pediatrics. 2015 b 8513 o 23
Niemi AK et al. J Pediatr 2015
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v BREEREIRER

v R HEBARE (L BB SRS

v XHESERNTHERENBRAHER

v EITXHX, EGHEX, JEEiBXEL
KRR XA B mER S
0.29: 100,000, 0.33: 100, 000,
0.33: 100, 000F14. 24: 100, 000

v BREMIENLShRRESHNAH
1 : 310, 200F11 : 200, 000

Almasi T et al. Orphanet J Rare Dis, 2019
Zhou et al. Transplantation, 2021

HE F, IWIKRFEFREFRR, 2017
HRF, hELEERPRE, 2017

Odd-chain fatty acids
cholesterol ester

PCCA
PCCB

MCCE

MUt

Propionyl-carnitine
Propiony(-CoA Sl
Carboxy! (CC) Mg2+
D-methylmalonyl-CoA
Methylmalonyl-CoA
epimerase
L]
L-methylmalonyl-COA === === e e emucneccnncnnnannn % Methylmalonic acid A
Methylmalonyl-CoA E'Rdeno'sy-'ll-.‘f.
Mutase (MCM) §.cobalamin::

Suchinyl-CoA =————p-

Mitochondrion

Citric acid
cycle

» 3-methylcitrate

3-OH-propionic acid

| Clinical manifestations :

: Developmental delay, movement
: disorders/dystonia, seizures,
: intellectual disability, metabolic

“stroke” involving basal ganglia :

i Arrhythmias, including prolonged QTe, b
: cardiomyopathy, heart failure H

i Chronic renal failure, end stage renal :
: disease

;. Neutropenia, thrombocytopenia, :
: pancytopenia, osteopenia/osteoporosis :

¢ Recurrent vomiting with ketoacidosis, :
: abnormal feeding behavior (anorexia), :
: failure to thrive, pancreatitis H

Liver dysfunction, fatty liver, i
: hepatomegaly :

Optic atrophy, retinal degeneration

Hearing loss

25




(A) Propionic acidemia

Hepatomegaly and/or hyperechoic liver )
........................................................................................................ Cognitive deficits - e m
I Anemia o

Psychomotor retardation -

®
e |
Muscular hypotonia - @ |o o
White matter lesions - E]
e b -

Prolonged QTc interval
Neutropenia -

uy

Thrombocytopenia -
Epilepsy -
Basal ganglia hyperintensities

v/@ﬁﬁﬁﬁwﬁw$ﬁﬂ(53¢ﬁ)ﬁﬁﬁﬂ(>3¢ﬁ);

/ HAERJUMNSELR HIAMRBARE, FIORKEE, o
Xk, ALSKAMET. BiBg. FEEESFAEAR ; g'mmmwmmm

i

i

Growth retardation and short stature A

HANUNNR

Pancreatitis 1
Optic atrophy -

7

V RREIE « RN SRR T RS, RS, S
RIMFE. S=ME. MARRIDF ;
vV EHEZESREHELRGHRE. DR, BIRE. B0%F ; Joint hT/SZ?rlnfjti)Iilfi:s: —

Constipation
......................................................................................................... | Pes planus -n= 0- 50
Enamel defects - en= 50-100
Obesity - e n =100 - 150
Feeding problems - ®n=150-200
Exercise intolerance @ n =>200

gihd
°

lllllllllll

0 10 20 30 40 50 60 70 80 90 100
Percentage

Haijes et al. J Inherit Metab Dis, 2019 %53 s 26
Baumgartner et al. Orphanet J Rare Dis, 2014
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i BEPIRIEL(E (C3/02) . HEES i

v REHESE: 3-EEEE. E

A EAIEES . AEE =R

O ESERAH: RRLF S MK CEIATERREE A SRR

i (B—ERRLHR)
v EERN: PCCA (132 a1kq32) KPCCB (22 tathkql2. 3-q22) EEHEW
! S E B SRR

Xta3E, PAESEA)LRHIERZE, 2019
Forny et al. J Inherit Metab Dis,2019
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ORREAT  MESEENE, k. AERESEEREEL, RHEA
! BRIEA, WA

/%E%éf AR BEAKE, RIRSEH. TR, HER. 55
: BRIBA; 50457 : ORERET. FRK. XRRMSE TR ;
v B HTFRRAMANKSATERTE. DRELXEFERBERED
% AFHOHRNEE, ThUE kTR »

..............................................................................................................................................................

Haijes et al. J Inherit Metab Dis,2019 . »
XUth %, RERAJUBIRZAS, 2019 b 28
Fraser et al. Curr Opin Pediatr, 2016
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;HILb—AES

IEEJLERFRZHE (n=7) #12020. 08. 31

MR REHE BERE  EELE EARRD  BESR BEINE f#E BEY  AREHEE 485
c. 839dupT, & SRV =2

I & 30 5m c.996.998del in MR MR o s mE e DoduE BB
PCCA

c. 30 39del10, X . e - Ejs&MkE, EB .

— B 2 R > i I L 4> L ’ 3

2 & 6m M aor i ooy EREE. WEEE 20 BERMKRE RF st D O

E‘ Al ‘\ ﬂ%’ \ 0.9 . ISl —_- S

3 B 6 I 0.73360A in pocp TRV FERE. oo e g3 ASMUM  BESODE  HE

M HET
. c. 1207C>T, IRFEEIXME . SNE o i Je 5 . \ . 5
4 BB 3m 4m 6. 31965A in PCCB RN, VERD 1.3 MBI EE ¥ AIMUMH  EBREINSE wiE
c. 20026>A e b 1 et A (s A
s % 104 o Gowegony n TEFEIE HE L EEREAREE oo o ool o
MRt FIR LA

PCCA

6 B 6m &m % S WRLGIRE 45 MRS NE MM ERSmE  5E

73 c. 493C>T in PCCB X B ' Rt 7 : = ’

| IR, e s

7 = 2d 1.5m o 128305T,  MRFERE. MB | pelmsnm 0x EAMUN  ERSLE  BE

C.

839delT in PCCB  NKRt., RERE
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:'A":F"I:.‘ W%' |9-I‘E)L§E|"JH:F$§7|‘E (n=7) #ut2020.08. 31

< FEMRE.9 (7.9-34.0 8, BER

 BHEYEEE00%; -
V FARH AR -+ =
e rea . ===
/ FAREEERRR IR Y
v REFHSEIES. RELENTHS. S B m:’f“jjj ...................
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AT AR M- RS

#8F2020F28 : tHAFBEARRE7HIFFBIEIGITTAERL

. BIEERS: 0.4-22y;
.« 5 N\FSRER SRR E, 12 ABEOARESBE
- 10 NEEZ TP ERT BIRIGTT

- 18fiEART A ; 4961 xR E

- BEiARTE: 0.01-22. 34F

Zhou et al. Transplantation, 2021
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4.

MPZPEMEFER

FEEE

Study Proportion
Kayler 2002 0.0000
Yorifuji 2004 : 1.0000
Manzoni 2006 1.0000
Romano 2010 1.0000
Amelook 2011 : 1.0000
Kasahara 2012 1.0000
Ryu 2013 0.0000
Arrizza 2015 : 1.0000
Charbit-Henrion 2015 S E— 0.4167
Honda 2016 0.0000
Silva 2017 - 1.0000
Critelli 2018 : 1.0000
Moguilevitch 2018 1.0000
Quintero 2018 _— 1.0000
Celik 2019 1.0000
Chu 2019 1.0000
Ng 2019 - 1.0000
Pillai 2019 — 1.0000
Shanmugam 2019 — 1.0000
Curnock 2020 _— 0.7857
Tuchmann—-Durand 2020 : 1.0000

Random effects model — 0

. [
Heterogeneity:/°= 23%,t°= 0.0208,p= 0.16 0 02 04 06 08 1

95%Cl Weight

[0.0000; 0.9750]
[0.2924; 1.0000]
[0.0250; 1.0000]
[0.0250; 1.0000]
[0.0250; 1.0000]
[0.2924; 1.0000]
[0.0000; 0.9750]
[0.0250; 1.0000]
[0.1517; 0.7233]
[0.0000; 0.9750]
[0.1581; 1.0000]
[0.1581; 1.0000]
[0.0250; 1.0000]
[0.5407; 1.0000]
[0.0250; 1.0000]
[0.1581; 1.0000]
[0.2924; 1.0000]
[0.6306; 1.0000]
[0.4782; 1.0000]
[0.4920; 0.9534]
[0.0250; 1.0000]

2.5%
5.1%
2.5%
2.5%
2.5%
5.1%
2.5%
2.5%
11.5%
2.5%
3.9%
3.9%
2.5%
7.9%
2.5%
3.9%
5.1%
9.3%
7.1%
12.3%
2.5%

100.0%

Study

Kayler 2002
Yorifuji 2004
Manzoni 2006
Romano 2010
Amelook 2011
Kasahara 2012
Ryu 2013

Arrizza 2015
Charbit-Henrion 2015
Honda 2016

Silva 2017

Critelli 2018
Moguilevitch 2018
Quintero 2018
Celik 2019

Chu 2019

Ng 2019

Pillai 2019
Shanmugam 2019
Curnock 2020

Tuchmann-Durand 2020

Random effects model
Heterogeneity:lzz 40%,7%= 0.0429,p= 0.03 l T T T T 1

BIEEFE

Proportion

0.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.0000
1.0000
0.2941
0.0000
1.0000
1.0000
1.0000
1.0000
1.0000

: 1.0000
: 1.0000
—— 0.8889
_ 1.0000
—_— 0.6875
1.0000

_

02 04 06 08 1

95%Cl Weight

[0.0000; 0.9750]
[0.2924; 1.0000]
[0.0250; 1.0000]
[0.0250; 1.0000]
[0.0250; 1.0000]
[0.2924; 1.0000]
[0.0000; 0.9750]
[0.0250; 1.0000]
[0.1031; 0.5596]
[0.0000; 0.9750]
[0.1581; 1.0000]
[0.1581; 1.0000]
[0.0250; 1.0000]
[0.5407; 1.0000]
[0.0250; 1.0000]
[0.1581; 1.0000]
[0.2924; 1.0000]
[0.5175; 0.9972]
[0.4782; 1.0000]
[0.4134; 0.8898]
[0.0250; 1.0000]

> 13AFET (6A:
> IARB1BEARET;
> sAEREBME;

Zhou et al. Transplantation, 2021

>
H
&=

2.8%
5.2%
2.8%
2.8%
2.8%
5.2%
2.8%
2.8%
10.4%
2.8%
4.2%
4.2%
2.8%
7.3%
2.8%
4.2%
5.2%
8.6%
6.7%
10.3%
2.8%

100.0%



SR ARERZEEXHLIERR

Transplant-related complictions No. of studies Events/Total Proporation(95%Cl) /1%(%) Cochran's Q (P)
Rejection 17 19/63 ' = 1 0.1950 (0.0467; 0.3868) 20 0.22
Hepatic artery thrombosis 17 11/63 — 0.0790 (0.0026; 0.2124) 0 0.9
Cytomegalovirus/Epstein—Barr virus infection 17 17/63 f = 1 0.1407 (0.0036; 0.3668) 43 0.03
Biliary complications ) 74 8/63 - 0.0330 (0.0000; 0.1450) 0 0.93

0 0.2 0.4 06 08 1

The pooled estimate of rate with 95%CI
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Outcomes No. of studies Events/Total Proporation(95%Cl) 1%(%) Cochran's Q (P)
Metabolic stability 15 47/54 ——-4 (.9838 (0.8757-1.0000) 0 0.48
Liberalization of protein intake 13 28/45 . g i 0.6636 (0.3456-0.9305) 54 0.01
Reversal of pre—existing cardiomyopathy 8 1111 F——= 1.0000 (0.7906-1.0000) 0 1
Improvement of neurodevelopmental delay 6 21/30 = 0.9704 (0.7807-1.0000) 0 0.79

0 0.2 0.4 06 08 1

The pooled estimate of rate with 95%CI
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CASE REPORT

Fatal metabolic stroke in a child with propionic acidemia
11 years post liver transplant

2

Siyamini Sivananthan! | Nedim Hadzi¢? | Anil Dhawan? | Nigel D. Heaton
Roshni Vara
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