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Abstract

Idiopathic nephrotic syndrome newly affects 1-3 per 100,000 children per year Approximately 85% of cases show complete
remisson of proteimmia following glucocorticoid treatment. Patients who do not achieve complete remission within 46 weeks of
ghicocorticold treatment have steroid-resistant nephrotic syndrome (SENS). In 10-30% of steroid-resistant patients, mutations
podocyte-associated genes can be detected, whereas an undefmed crculatmg factor of Immume ongm 15 assumed m the remaming
ones. Diagnosis and management of SRINS 15 a great challenge due to 1ts heterogeneous etology. frequent lack of rermssion by
further immunosuppressive treatment, and severe complications mchiding the development of end-stage kidney disease and
recurrence after renal transplantation. A team of experts meluding pediatric nephrologists and renal geneticists from the
International Pediatric Nephrology Association (IPNA), a renal pathologist, and an adult nephrologst have now developed com-
prehensive clmical practice recommendations on the diagnosis and management of SRNS m children. The team performed a
systematic hterature review on 9 clmically relevant PICO (Patient or Populaton covered, Intervention, Comparator, Qutcome)
questons, formulated recommendations and formally graded them at a consensus meeting, with mput from patient representaives
and a dietician acting as external advisors and a voting panel of pediatric nephrologists. Research recommendations are also given.
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O{210] 102tHEE 1-3HO| M2 ZHHSICt [3-5]. 2F 85%0| Al BEE 220 A ZYELEE
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X k2 B2t AHZOIE ME MBZT (steroid-resistant nephrotic syndrome, SRNS)
o= FHECH7]. AHZEOIE HEAHO = TEsy| 28 ERst AHZ0|E A 7|7+
=2ol X7} Ao, BLt 71 7|Zh6-8 )2 X7 = F7HHQ MUY HE =Y ELE
£ (methylprednisolone, MPDN) 182 X|20| = £83t= E20| MEH22 ZILs7| =
oL [6].
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L2 7{Lt, Ol A EA|Of T b QUE ZHXLOJ| A THEH i 7F UPCR > 100
mg/mmol (1 mg/mg) O|& B7t5t= 40 = 12{5t0{0f oL},

UPCR urine protein/creatinine ratio, SSNS steroid sensitive nephrotic syndrome, SRNS

steroid-resistant nephrotic syndrome, PDN prednisolone or prednisone, MPDN
methylprednisolone, RAASI renin-angiotensin-aldosterone system, CNI calcineurin
inhibitor
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HE &2 AH85t= 40| 0|50| g2 7tsd0| 7| WZO0|C} 754 SRNSE &8t
H 2. 0{20] AHZO0|E N MEZT2 7| workup X =& 2H&
g5 %7| workup THAE
Ao "ot
==
- MM S| RAIEXE AAL ANES, 2, 85 55, v 37K OpCt
25, 02, a1y, o= =385, Had oot 22 3
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- 2XHA 2191 (sickle cell disease, HIV, SLE, BY 7t¥, v ZoA|
malaria, parvovirus B19)2| 9/ 0f CHoH EF A
- FAX YoMz HAAX KM E AHESHZ| 0| 2l HA v A
TIE
- B30l A (B, dEHEY, 8 52 HIES 2 4 v 37K OpCk
Efo| H7t, tetany, HEEHES/AN | =4 (&, LT S)/=
AA
- dysmorphism, 2['47|0|% 52| 3E 2 T4 v 2R
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microglobulin/creatinine Hl)
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=
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BUN/Cr, electrolyte (Ca, P Z&}), @& albumin, total = DEZ Ol X At
protein, & ZtAZA AL (HCO3) Al0l= of /4
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C-reactive protein v ™ AF
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ALP, PTH, 25(0OH) vitamin D
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1271 E0fCH 2R
Al

71X S0 HAL (prothrombine time (INR), aPTT, fibrinogen,
ATII, REMISH ©H 43S screening (O] MO O] JAAH

S ENYUCSH, NSHO ASSE W Tl U

- O T

Mol Fh5e)

ZRA (HZAD)

dgH 7|s (13, FT4, TSH)

1270t Te
Al (SH 5 7h X &

o mj £3))

Immunoglobulin G

ge/32Al BY ¢ o7hErtch 28
Al

HbA1c 1270 E0iCH 2.
Al

C3, antinuclear antibodies ZoA

ds-DNA, ENA, ANCA ZoA

HBs-Ag, anti-HCV-IgG, syphilis, and HIV tests

<

Prednisolone A}
2, A

O -y




G ATt HAE HIRTH Y EHET HE) v O, 24|
SHAAL
Next-generation sequencing (NGS)/Whole Exome v M=Z2 AHa0| 8

Sequencing (WES)

52 M, oj4 H
(O] 0f| Al=HSHA|

ofH|of w2 HAb

CsA and Tacrolimus: Drug trough levels

RS- NENEVES D)

O|= 371 OICHERA|
MMEF: mycophenolic acid kinetic (2 h)¢ T A8 = AUC,

Ol Of 6-1270 S/ EaA|

Rituximab

CD19 B MZ=: 7|, B = 1
W (EIMAK]), B ME 2= A|7HK]
1-37§ 2 0OtCt

Statins: creatinine kinase (CK)

671 2 OtCt

GlucocorticoidE 2 50 A2t A2 (E 20 ah

CHIFAHAL (LT, ek S7t =

=T (23 DEXA)

GAHAL
SZ X320 3E echogenicity?t 3 22| 37| v WS A| (R A}
Moj|= HHEA)
S8t 84 =220} (5, 8%, €7) v HaA
MAESTO (RAAEE, dEeEd) v ofE (o,
M 2T A
85 X-ray v (optional) TLWQL AL
21F &5 X-ray (5A O] & 0|AM =HE H7t, mineralization) v 1270 oicH Ze
Al
ZEHe
ST TR HA v =z dZ T, Ojz Eaot 2 4R e
eGFRQ| Zf2 /Bt o] Z7 CNI Al =g2| ZE/2E L H
(4 O|Y A8t B2
Alo| E7t
&, potassium, calory. THE 4 FOf CHEE LA 2[F X v 3700tk (Fot,
A YLZEY, CKD 4-

59| 3% A=)
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, psychomotor delay, E4IX|X|, myoclonic epilepsy, tremor, ataxia,

o
o
5
<
X
P55
-||'I
0|>|

hypotonia &

- QtT} (microcoria, BLHZ, S LHE, optic atrophy, keratoconus, macular spots, lenticonus,
nystagmus),

- A WEEHYE B),

- U] (21d7|0]d, AHE2[X[H, flEd 338, psesudohermaphroditism, & k),
- I| 2 (epidermolysis bullosa &),

- JAeu (EE FEY/MEH, spondyloepiphyseal dysplasia),

- HA (T cell HYZHE)
- (AU TS SIS AT AT, Dohle bodies),

- HBUA (NTY )

ALP alkaline phosphatase, PTH parathyroid hormone 2Z44 222, CNI calcineurin
inhibitor, CsA cyclosporine A, BP blood pressure &%, MMF mycophenolate mofetil

HA Az2s W8 =U/=H 21t Bl W E[O{OF SHCF (WHO charts [20])

beGFR (ml/min/1.73 m2) = k height (cm)/plasma creatinine (mg/dL); where k is a constant
= 0413. YYZHE £ H|FHO| A2 cystatin 7| & 40| AHRE|O{OF BHCE [21]

‘Gellerman S0 2|&. [22]

71 Yot 75l 2ol A /7 MAESO| FTE 2 SYEE B ST LA fvt Fo #
2 AN ZEO| K O|C} HIH 2, SRNSE2 AL M| ZHFO|2{ A (cytomegalovirus, CMV), €l
7H HAYZAEHI0|2{A (human immunodeficiency virus, HIV), B ZHQ, Zr2t2|of, ot 2 HO|
A B19, Ol 52| Zo| Qs O|XNH = M = AUCE SRNSL| 7|EtRICICE= AN
Mo Zeh g2F, I AS, ISAATH MY, C3 AP EF, IgA AMF, T Bt &
TA URE ZSSF/FEH IV AITA EF, OtRE0|EF S A d 0| &S 50| U
Ct. of2{st H=toj| CHot HAs §3] = AKX O 1t2 (estimated glomerular filtration

rate, eGFR)O| &gl A0 A 2{5ioF S5tH, O]= L8 d, REA A E= EH| C3, C4,
S|, A o A B ANCAO]| Chich B7k7r ZatElCh 2 Bikef 27|0=

ne
N
N

o
HEel 7o =&0| ElCh A7 SEMA 29 SRNSE 7HA| 1 ACHH, HH|OfA = 0
SHOME 2AAZE HEEC

gk
Rl

ot
un
fot
©
N
Ul
S
o

O
Hu



QA ZAH L AW 3 K25

Th53t B2 Uk SRNSQ.E HIEHE BE 0200 MK HALE AlRsHE H2
ADBICH (27 +F B, FSE 1)

71520| SOl FP (R i Heo| J1EE i A0 BYO| BHYSTY), M
9 YOI Y FS, AFOINS FHF L BXIUA STK HALE SMAGLES FOH

S olgh 2xtd Z&kat

oel= & &+ ULt (

FI-I
X
s
M
>
O
o
H
H

20F SRNS, £8] ST HAZF UMl F2 (9] #X)0IM= B F Lol Z0HE &
A s & ACHE Mdd To| FEA HAE 2AE AS Mttt (2H == D, &

I )

Z710f AHZO0|=0] BHSStAT 2tX7F AHZ0|E MY (F, 24 SRNS)O0| & E2

Ol= FEA HALS HASHA| L (24 52 C 8= H1).

E 3. 0f 20| SRNSS| KAITH Al B A0] ZetE|ofof st SHAE (8]

Gene Inheritance Accession no. Disease

ACTN4* AD NM_004924 Familial and sporadic SRNS (usually adult)

ADCK4* AR NM_024876 SRNS

ALG1 AR NM_019109 Congenital disorder of glycosylation

ANKFY1 AR NM_001330063.2  Pediatric SRNS

ANLN AD NM_018685 FSGS (mainly adult)

ARHGAP24 AD NM_001025616 FSGS

ARHGDIA AR NM_001185078 CNS

AVIL AR NM_006576.3 SRNS

CD151 AR NM_004357 NS, pretibial bullous skin lesions, neurosensory deafness,
bilateral lacrimal duct stenosis, nail dystrophy, and
thalassemia minor

CD2AP AD/AR NM_012120 FSGS/SRNS

CFH AR NM_000186 MPGN type Il + NS

CLCN5 XR NM_001127898.4  Dent’s disease * FSGS * hypercalciuria and nephrolithiasis

COL4A3* AR NM_000091 Alport’s disease/FSGS

COL4A4 AR NM_000092 Alport’s disease/FSGS

COL4A5* XR NM_000495 Alport’s disease/FSGS

coQ2 AR NM_015697 Mitochondrial disease/isolated nephropathy

coQ6 AR NM_182476 NS + sensorineural deafness; DMS


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_004924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_024876
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_019109
https://www.ncbi.nlm.nih.gov/nuccore/NM_001330063.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_018685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_001025616
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_001185078
https://www.ncbi.nlm.nih.gov/nuccore/NM_006576.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_004357
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_012120
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000186
https://www.ncbi.nlm.nih.gov/nuccore/NM_001127898.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000091
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_015697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_182476

CRB2*
CUBN
DGKE*
DLC1
E2F3
EMP2
FAT1

FN1
GAPVD1
INF2

ITGA3

ITGB4
ITSN1
ITSN2
KANK1
KANK2

KANK4
KIRREL1
LAGE3
LAMAS
LAMB2*
LCAT
LMNA
LMX1B*

MAFB
MAGI2

MMACHC
MYO1E*
NEU1
NPHP4

NPHS1*
NPHS2*
NUP85
NUP93*
NUP107*
NUP160
NUP205
NXF5
OCRL*

OSGEP
PAX2

AR
AR
AR
AR
AD
AR
AR

AD?
AR
AD

AR

AR
AR
AR
AR
AR

AR
AR
AR
AR
AR
AR
AD
AD

AD
AR

AR
AR
AR
AR

AR
AR
AR
AR
AR
AR
AR
XR
XR

AR
AD

NM_173689
NM_001081
NM_003647

NM_182643.3

NM_001949
NM_001424

NM_005245.4

NM 212482.3
NM_001282680.3

NM_022489

NM_002204

NM_000213

NM_003024.3
NM_019595.4

NM_015158
NM_015493

NM_181712

NM_018240.7
NM_006014.4
NM_005560.6

NM_002292

NM_000229.2

NM_170707
NM_002316

NM_005461.5
NM_012301.4

NM_015506.3

NM_004998

NM_000434.4
NM_015102.5

NM_004646
NM_014625

NM_024844.5

NM_014669
NM_020401

NM_015231.2

NM_015135
NM_032946
NM_000276

NM_017807.4

NM_003987

SRNS

Intermittent nephrotic range proteinuria + with epilepsy
Hemolytic-uremic syndrome, SRNS

Childhood and adult SSNS and SRNS

FSGS + mental retardation (whole gene deletion)
Childhood-onset SRNS and SSNS

Combination of SRNS, tubular ectasia, hematuria, and
facultative

Fibronectin glomerulopathy

Early-onset NS

Familial and sporadic SRNS, FSGS-associated Charcot-Marie-
Tooth neuropathy

Congenital interstitial lung disease, nephrotic syndrome, and
mild epidermolysis bullosa

Epidermolysis bullosa and pyloric atresia + FSGS
CNS/SRNS/SSNS (with MCD/FSGS on biopsy)

SSNS/SDNS (with MCD/MPGN on biopsy)

SSNS

SSNS/SDNS * hematuria

SRNS + hematuria

SRNS

NS with primary microcephaly
Childhood NS

Pierson syndrome m

Norum disease

Familial partial lipodystrophy + FSGS
Nail patella syndrome; also FSGS without extrarenal
involvement

FSGS with Duane retraction syndrome

NS + neurological impairment

Cobalamin C deficiency, TMA, and nephrotic syndrome
Familial SRNS

Nephrosialidosis (sialidosis type Il + childhood NS)
Nephronophthisis with FSGS and nephrotic range
proteinuria

CNS/SRNS

CNS, SRNS

SRNS

Childhood SRNS

Childhood SRNS

SRNS

Childhood SRNS

FSGS with co-segregating heart block disorder

Dent’s disease-2, Lowe syndrome, + FSGS, + nephrotic range
proteinuria

NS with primary microcephaly

Adult-onset FSGS without extrarenal manifestations


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_173689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_001081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_003647
https://www.ncbi.nlm.nih.gov/nuccore/NM_182643.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_001949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_001424
https://www.ncbi.nlm.nih.gov/nuccore/NM_005245.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_212482.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_001282680.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_022489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_002204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000213
https://www.ncbi.nlm.nih.gov/nuccore/NM_003024.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_019595.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_015158
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_015493
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_181712
https://www.ncbi.nlm.nih.gov/nuccore/NM_018240.7
https://www.ncbi.nlm.nih.gov/nuccore/NM_006014.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_005560.6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_002292
https://www.ncbi.nlm.nih.gov/nuccore/NM_000229.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_170707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_002316
https://www.ncbi.nlm.nih.gov/nuccore/NM_005461.5
https://www.ncbi.nlm.nih.gov/nuccore/NM_012301.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_015506.3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_004998
https://www.ncbi.nlm.nih.gov/nuccore/NM_000434.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_015102.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_004646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_014625
https://www.ncbi.nlm.nih.gov/nuccore/NM_024844.5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_014669
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_020401
https://www.ncbi.nlm.nih.gov/nuccore/NM_015231.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_015135
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_032946
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000276
https://www.ncbi.nlm.nih.gov/nuccore/NM_017807.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_003987

PDSS2 AR NM_020381 Leigh syndrome

PLCel AR NM_016341 CNS/SRNS

PMM?2 AR NM_000303 Congenital disorder of glycosylation

PODXL* AD NM_005397 FSGS

PTPRO AR NM_030667 NS

SCARB2 AR NM_005506 Action myoclonus renal failure syndrome * hearing loss

SGPL1 AR NM_003901.4 Primary adrenal insufficiency and SRNS

SMARCAL1 AR NM_014140 Schimke immuno-osseous dysplasia

SYNPO AD NM_007286 Sporadic FSGS (promoter mutations)

TBCID8B  XR NM_017752.3 Early-onset SRNS with FSGS

TNS2 AR NM_170754.3 SSNS/SDNS (with MCD/FSGS/DMS on biopsy)

TP53RK AR NM_033550.4 NS with primary microcephaly

TPRKB AR NM_001330389.1 NS with primary microcephaly

TRPC6* AD NM_004621 Familial and sporadic SRNS (mainly adult) h

TTC21B AR NM_024753 FSGS with tubulointerstitial involvement

WDR73 AR NM_032856 Galloway-Mowat syndrome (microcephaly and SRNS)

wri1* AD NM_024426 Sporadic SRNS (children: may be associated with abnormal
genitalia); Denys-Drash and Frasier syndrome

XPO5 AR NM_020750 Childhood SRNS

ZMPSTE24 AR NM_005857 Mandibuloacral dysplasia with FSGS

MYH9 AD/assoc.  NM_002473 MYHO9-related disease; Epstein and Fechtner syndromes

APOL1* G1,G2risk NM_003661 Increased susceptibility to FSGS and ESRD in African

alleles Americans, Hispanic Americans and in individuals of African

descent

AD autosomal dominant & @A 24, AR autosomal recessive & GAH| A, CNS
congenital nephrotic syndrome ™4 t1E5 =7, DMS diffuse mesangial sclerosis, ESRD
end-stage renal disease & 7|45, FSGS focal segmental glomerulosclerosis, MPGN
membranoproliferative glomerulonephritis, NS nephrotic syndrome MB= T, SDNS
steroid-dependent nephrotic syndrome AH20|E O|E4 AMEZ I, SRNS steroid
resistant nephrotic syndrome, SSNS steroid sensitive nephrotic syndrome 2H| 20| X

Shad Al= S
g3 HUSeL

O] ZZEO|A likely £ Xl SHHO| EE= 2/ alleleO] A= FHX}
S7et 2H
RLIAF LA

SRNS 2tXto| R ™A}t AALE
gt 74 o]

N
b5t SRNSS 2Ag 4= AL (0f: 2 O.ixfo' Q10). (i) MHH=E otA| = = AL BHY

HMME =7 ST & A2 (v) 014 = MEe| S Zgfel, ot LIt St
7 SEO| LSRN 23, 24], (v) oY 2 &= HESHA THStD X[2E 4= AL} 25,
A


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_020381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_016341
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_000303
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_005397
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_030667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_005506
https://www.ncbi.nlm.nih.gov/nuccore/NM_003901.4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_014140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_007286
https://www.ncbi.nlm.nih.gov/nuccore/NM_017752.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_170754.3
https://www.ncbi.nlm.nih.gov/nuccore/NM_033550.4
https://www.ncbi.nlm.nih.gov/nuccore/NM_001330389.1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_004621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_024753
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_032856
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_024426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_020750
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_005857
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_002473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=search&db=nucleotide&doptcmdl=genbank&term=NM_003661
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Xtet 2 7t

MH| A2 (whole genome sequencing)
O| (variance of unknown significance)
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Ct [37].
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o RAASIE MR Al SHEX| b= H| AF CHAF SFA| (Of: 2t0[=E 2L ARBs)E AHEH

A HMotstet (A == D, ¥t A1)
o OlM MAHO| AL RAASIO| EfO} 7| St Fok2 mdt7| QI8 o YUS EHH AlSsto

Of SICH (2AH ==& X, &2t #).

—

a2

2
Te) 0X 0x

SHXHOI A ACEi EE= ARBO]| 2|5t RAASO| XFEH2 AFRA| LY S ZHAAI7| D,
of XY £ E ZAA7|H, CHl i & ZEAAZICH 38, 39, 40, 41, 42]. ACEIiE &
oF 30%2| THlr ZEA 27} Of &h | 7| 20| £2H&80| @i= o 2|0 3{&
2 H 0BT [39]. 20t SRNSO|A] PDN 0]2|9] F=7t &F&E X|Z 0]
ACEi 5= ARBZ X|2 3 2tF 2|7} 2=l HE QICH [43]. [2FA, O] X| 2= SRNSZ| 27
Z|7{LE oM El= O 2100 A & ‘=Hol 7|7k QI PDN A|Zf 43 O|FHRE| A|ZtE = QIC}
J2{L}, ACEi EE= ARBE= T E PHIZEHOIL Hat LY 85 XMot7t SEHE =AM AKI

OHI  OH
m

Tt
L
0

Jr on

ofo

on

ujo

1

2
_(3_|-

e

o

el

O| QH S SIIA|Z 4= QULC} [44, 45]. ACEIQF ARBL| HE X2 = AKI X AMYS Zehst o)A
HSO| QS ZIMA|Z| B2 HHEL|X| L=t [46]. HESEHHOAM AHM I SHE|X| 2=

H| AIE CHAF 2FX[S0| M= &|O{OF BT} (H S8) [44]. RAAS XFEHA| Q| EfOF 7| /&S T[St

7| {5t o gaEe m o] EHO|Ct [47].

2.2  SRNS 2O00jA| X} HY AH| X|=

o SRNS 20(0I A CNIMO|2RAZR £ EIR22|224)2 14 HY
o, SHEIE|E 02 AR 22 Anwc (A 2) (@74 +F 8 55

c (cyclophosphamide, CPH, @M FAL EE= )& ArESt= AS Mottt (2H =&

D, efet A1),
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Cushing

Glucocorticoids
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=

=1

Tacrolimus
Cyclosporine A
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F 38 ol

RITUXIMAB EXN 2t

BY ZHE GIYET

Cotrimoxazole Of| 2t &t A |

Rl
et met oN

oE 1=

Q! HH2 Acute infusion reactions | X X]|
Z, 7| 8K 4H, FEH7|

JC-Virus Of oot TIACEEHME LS

(PML)

ol

SHet 27
Calcineurin inhibitors

SRNS Of ZIO[0| AIM 1Xt X2 M ZM CNI2| A2 AFO[Z2EAIE (cyclosporine, CsA)Lt
212k [48], XIZSIX| Y2 CHET [49, 50], U MPDN [51], MMFe} SAtHEFL [52], EFT 2
2| &2 (tacrolimus, TAC)QF [53, 5412 H|m AT & CsA == TACRE EM CPHRIS| H| 1 ™
T [55, 56] 2 "2t s BE #of oAt =5 AR oF T 8712 RCTUHA E7HE|ACH (R
EH ) CsA2 2|9, X 2oHX| %2 Z 2, §W MPDNIt H| o] =& &H2|ef &2eio|
Lot A1t (~75% O 22%)E LIEFRICH (MTHYIR = 3.50, 95% CI 1.04-9.57) [14]. TACE
CsAT} H|mHS o= ZADtoj| Xto|7} UQUCH (AMTHYIE & 1.05, 95 % Cl 0.87-1.25) [14,
53, 54]. CsA EE= TACE MW CPHECLCH 21X 0| QIC} (78 % CH 40 %; ACHS|E = 1.98,
95% Cl 1.25-3.13) [55, 56]. HAtHEF&=0F MMFQ| =82 CsA EH=Q Bt H| w0 H| =5}
A Z0HHO|ALCt (46 % T 33 %; I H| 1.38, 95 % Cl 0.9-2.10) [52]. 2l FXIE fIShA
= TACZF MMFO]| HIs & 21N O|RACH (90 % Cf 45 %; ™R E 2.01, 95 % Cl 1.32-3.07)
[57]. CSAS QI%T, X|ZSIHX| %2 L, E&= MPDN 1t H| 32 If ESKDE 27| =
SXto] =0 = AtO| 7} YA X| UAUKX| Dt event 744 O HQUCH [48, 51, 58]. CNILH H
O CPHE H|WSIY S M Mot 282 CPH EOIAM S7HAXIE X|&H 0l MEY £
AHZOfl= XtO|ZF QIRACE [55]. ESKD Z1t EE= FE AFRM OS2 50 % ZA SHOA
CsA, MMF2} HAtHERE HE, TACE X}O|7F IRUCH [52, 53, 55, 571.
CNIX|2= AME =4 202 oo = A MO at20] AR AALE, AKX =F

I
£ nyo] Uk BRI ARER QL D2iL ST Y0 AN WY NEE A

—_—



ChE HEiX[7} @l A0 CNI= THieel 7] S& =35 =2 ™AIZ =+ UL [59].

CNIE 67l E Ol A8}
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e
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I
HT
o
Rl
)
rr
n
pe)
pd
n
rio
>
rr
s
Z
Ral
oot
0x
o}
HU
s
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=
EH, 12708 S¢ CNIE Z&ot]] CHE 7|l of M & A8 B0 S+t BHESHA| B
= 4% U9A Mg dEFEez Folottt. B Ao e8SotA] e A2 &8
THY FTX0| st SRNSZF =Rl O] HAAM KO HSOHA| HUH A= HAY
HKE STt OF oLt o] 2{gh HFo| ghit= BN E St M= FXISHA| 2

RAASI X|2& X|& (CKD7} TI4310] If Ofd RAASI £0{7t 0219 & W7tX)"E HS Mot
StCt (g 2)

QY A8 2 Y

PDN 3 @|ofut H| WSS [, CPHE 2t ZHai20)| Xto[7t SIRACH (MTHLI- = 1.06;
95 % Cl 0.61-1.87) [60, 61]. A X2 2, PDN F£0| 2= 35%, CPH F£0 2HAE2 36%
Of M 27 ool = ESHRACH [60]. YW = BT CPHE e SHAIO|AM EETH H|Z=5F 2hsl
2 (2 2 50%)0] HETIQUCH [14, 62-64]. L5 HEHATON EE CPHO| CHBH BHE2
SSNSI SRNSZH Ol =FHE A0 AZ S AIALSICE [65, 66]. R TIAF AL YEtH o=z
X| AT 2000-2010 E O|H0fl= CPHO| Bt30| HRUCt= S n2fstH o[ AFE2
ol 2K} HO|0| o5t AlS
Z5H7| s CPHE AlES
Of M &l BHEZL 17| W20

F

= 0
MR -fot

23. CNIANE 273, RLIEHY I HE8aH

o CsAE 3-5mg/kg/ (ZITH 250mg/Y) BTF 0, 22| 2522 A& A H ettt} (2

=
7 4% B, 43 A:),

—

o HE FY EMECR HIE 2HYUS AHEAM CGA HMEESE 80-120 ng/mLE =
HEZ MOl OfY CsA 8 S =8 AS MLttt (A4 =& B, et &)

e TACE 0.1mg-0.2mg/kg/2 (Z|CH 5mg/¥) B7F0], 28| 222 ANE AS Mttt
(27 +F B, 42 A1)

TACS| A MEEEE 4-8 ng/mLE SHE & AS Mottt Mol 320 o H TAC &

=5 =
2 ZHoHE AS MLICH (2 +F B, o8 AD)
SH SE0| S U7X HOjT OfF CsA 3 TAC €3 552 2UHY 3 0f 137



OlCt &
tCH =8 32| OtE| ot SHA|
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A AP A O] 042 0] 30ml/min/1.73m?2 O] 2t
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2.5. Mycophenolate mofetil

o 20 SRNSO|A| HAAKXNE 1D2{SHX| 2t eGFRO| 30ml/min/1.73m? 0|2 A2,
CNI= A=EMol 2&0| oo 2 CNI LAl MMFE AR S ZHS X OFstC} (

i
X
+

rl

o 20} SRNSO|A] CNIZ E5li0f 0|2 £ AH 20|20 BhSot= I EO0| 2dst= BF

A RXIE RIS MMF AFES 12 AS Mottt (2A =&

e CNIRECoZ X 12 71E S 27T S FAISH A0 M, CNIE

—

Sx
CHM Y AMAN =z MMFR2| Fehks 13d A2 Hetettt (274 =& ¢ ot &

—

20 SRNS SHAIO| A HAAMKE D2{e I eGFRO| 30ml/min/1.73m? 0|2 HL, CNI

=
ol H=d=S Tt ?Isf MMFE A& &= UCH CsA2 MMFIF HALDEfE EE 28t H]

WIS M 20| O L48K|= LUL}H (45% Ll 33%) [52]. SRNS O 20| 7} CNI X| =
2 Ztjiof 0|2

O|= AHZO0|E0 H+°*+L TLo| LUMste 42, IHLSH= SSNSOA Q|
MMF2| H7I0|| 2t5t RCTE 112{5t0] &8l FX|E s MMFE ALY = UL} [2
CNIE AHESIX| @i= HAANKNZE HMotst= 2= CNI 7| AL M=EME T(st7] ¢
S| A O|C}E. CNIOJA MME22| M3t T2 EZ SHJIX|= H7|XQ %2 oL|E Y e HF
1799 CNI A2 = Ma3Xoz HMEE|QUCH [71]. 22{Lt TACHIM MMFE F$tét= RCT=
TACO| Qs 2SS STt XM 2 E FAISH= O A0f SESHRACH [57]. SSNS BHA}
oMo A5 ZAutof 7|8H5tA, MMF2| A[EF 822 1200mg/m¥/ 22 5t X|g 5= 2L
HE 22 SRNS 2HXH0| A mycophenolic acid =& (AUC) 50 ugxh/mL 0| &2 SE2 & A



= M retLt [22].

SHet 2A
HCHE 0| 90| eGFRO| ZABH7{LE BT} Z7toHe 22 WO T EE OF8 S4
(S8 25 CNIZ XZT BHOR QA3 HY 4 LTk 4B %’SQI 39 Fe#0|Z

u]
o

Rl
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z
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2
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ZEXHHH hyalinization

@
w
xol
D
s>
=)
Ja}
0%
0x
30
ot
o
=
H
.t_
_H
o

e oHe oY
%o

n

o
K| juxtaglomerular apparatus H|CH, EF L
=ca

E|H RORHAAEOIE GAOIA O &

27. SEIIEE|F0|Eo HE

e CNI2} RAASI X[=0f 7|7t (670 & O|&h2| PDN X =2 HES HSHA| =Lt (BH

T= C sk d1).

o CNI A|%f O|F PDNZ Ct21t 20| Zare A4S A QtotCt: 40mg/m? QOD 43, 30mg/m?
D

4
QOD 4%, 20mg/m? QOD 43, 10mg/m? QOD 8%, 0|2 JEtt (ZAH =& D, &fet A1)

SHet 2A

2 1mg/kg QOD 671 2HFE 03mg/kg/2 67H O] ML AT PDNO| &7|2t K| 2
7 SRNS HRO| 7| R2|8tCHe 57 o &7|Zte| AH20|E X 2= =42

— 1O

PDN2 Ol2{ RCTOM BERE 22 A ERACH[52, 53, 55, 56]. PDNO| && & X|% 7|7t

2= QUCH kA 29 HIOE0A N Qtst HERQE 20| PDNS MEIM oz Ztakst
C} [73, 74]. 2222 ZE|R0|E 548 0| &X0|M= PDNS O 2| Stte 4= QULCt.
J2{L} O]&= CNIZ 2t B2 EHAMSE S SDNSO| YA HO|l= Y& SRNS SHAHO| A =

HEEX| ¥EL O &Ahs F7HH 2 ME 47 22 PDN REC=2 Xz2g = AL,

—

\J

3.1. 2k X =



2o, B & 749 i C HIO|BA 20| Y FR0|E 2| SAITS FojsAlL otEITt
UM o2 O NELE X% MY T2t 2| SAIRS £0{5t7| Ho| B X- 4, T =
C "o 7 24l 77]5 0[N0 B BY 74 Bl ZAL IC HHo|3jA ZEo| oA g]
S NHSE S40| Uk AL HHLY HALE Sf0f BTHEA £F X, Y AD)

o Z[EAIRO HHSOHA| REALE SEQ BHAtC| B ofatumumabit EE we, HY S
EE A2 ZElughsn 22 Hel g Yot QYo ArgS 1Y = At (24 +&
C, efeh @)

2HE Aol = E CHOFA| LI SRNSS| TRIRE o2 2| FA|
AtollAf 2t 2ol E 2-SorRUEt [75-85]. ALt 2| SAIR

(o]
= —
Ste Xz R0 B3} o 45t = RUACH [85]. LHF= 2 HOA CHFA| LS SRNS 2HA

rlo

o

X o0
El mjo
ot

o
rg

A EE). € 1gG O] 2 30% FEo| BHXE0AM ROtY Ao 2 2lx|RU7| 0 €
IgGel =& &Oo| ERIIL} [86, 87].

OlA, 2IEAIE MEd, 2lEAIY 2WHY E= O|H0 2[SAIY XEE K| %2
A0 A CD20 M= Z CHA| 2K 2 Ofatumumabl 2 2t 87t ARl ZH4S 20}
ALt [88, 89, 90]. Ofatumumab 2 F A0 A £7[&2F 300mg/1.73m? (Z[CH 300 mg), 5
FS0t 4 2000 mg/1.73m? (X 2000 mg)2 2 [89, 90], THY Atz 2100 A
750mg/1.73m22 2 E 0 £|QlC} [88].

CHOFX| L SRNS 2HAHO| A Chfeh oFX| Sl M| 2|2t

=
g A £ E= X2 2R A Z0M ¥, g8ue HIEA, X2
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[91-93], B7-1 XX Ql abatacept [94- 96] X AT ZEEA [97- 99] X2 2

o oot BEEJACE 0|5 A CHE M2
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} ZC}: https://kidneyhealthgateway.com/

trials-research/).
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k=3
Ch (&t™ 288 (2.7-3.0%), & 2388 (10.8-

PN
=

s

IS Tp ZHAEICE [11, 100, 101]. &

X
(]

X2 2842 ESKDZRO| 2

5}

k=)

K

XHOfl A HA AKX A O 2
16%)) [9, 11, 101, 102]. ™= Zzlo| 2

ESKD2 Z O XIF

2l
=

= O BCh (45-48 74

ISHSELH (71-74 % Clf 4-29 %), A ZHA

N
(s

CH 58-205 7H&) [11, 100, 101, 102]. I3t 0] <

=

AHoll A K| =0f

o 2|t SRNS 2t

I

R

X

o
'I'I'L-I

(o]
=

HO| = 42 COQ10 20| 24 & == UL} [103, 104, 105].
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2 20-25%2| €52 0.5-1g/kg
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overfilled patient

—

—

FeNa>0.2%

m]
4O} 7t|

e

b ("underfilled patient”)
Y

Z
=

a

X
=~

.i

=2
[S)

H

L
= O|C. Bt =

3

i
il

AHof| A T & A |

3

—

k=)

SRNS
Hi A fractional sodium excretion (FeNa) <0.2 %) AZH0j|
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