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[{HE] Br HERM7EA (TAC) JAI7FLEF LA IE (NS) ML 2y
WS, Ak EPEEE 2021 45 1 A 2 2023 4F 12 A fdb2 L B B B T fe ekl
WA I NS LA S ARIEGIT & S A AR IR, RHZIRAE T
YERFIE (ROC) HIERH0EIRYT A A0 TAC BI(EH. #R4E NS L TAC ¥R/ M ARH 4l

(<3 ng/mL) . TREH (3~5 ng/mL) FIHREEL (5~10 ng/mL) , 734 TAC HREE
SIGRI TR RN IR . 858 HF g AL 160 6], NS f#IL5E4Z# (CR) |
TR GEfR (PR) FIJCHL (NR) B350k o1 f41] . 37 (511 32 441], YA 7 %% 128 141 ( 80% ) .
ROC M& A Hrai R iR, TAC I BT 20m9 ROC th4k M mifH (95%C1) | %
JEE B SRS 9 0779 (0.704, 0.853) | 62.5%. 84.45% F13.33 ng/mL. Il
PIFEOr T, 5 HARM B g, ML CR A PR &%, 1 NR %5 (P < 0.05) ;
R CR AL, PR#E (P<0.05) , NR ZR LS #E X (P> 0.05) . NS
AR RN A T, 5 HARHR A SR AL g, IR IEL] CR Bk (P < 0.05) ;
M 5 BAR kB4 CR FI PR 25 B4 L (P > 0.05) o NS A[a)fk e
i, 5 EAREREA SR A, R CR AR (P < 0.05) 5 1hkE4HSH
FRUCEELL CR Al PR 25 BG4 E X (P > 0.05) o ARV, HbRie R4 R 5
AT R AR B EE THAWH (P <0.05) . M, 3 2H™ YL i 2% 50
it (P> 0.05) . 458 TAC AT JLEE NS, #E7E TAC WL FEIN 3~5 ng/mL.
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tacrolimus (TAC) for the treatment of nephrotic syndrome (NS) in children. Methods
Children with NS admitted to the Department of Nephrology and Immunology of Hebei
Children's Hospital from January 2021 to December 2023 were retrospectively selected as
study subjects. They were divided into the effective group and the ineffective group according
to whether the treatment was effective or not, and the TAC threshold for effective treatment
was determined by using the receiver operator characteristic (ROC) curve. The children
with NS were divided into a low concentration group (<3 ng/mL), a medium concentration
group (3-5 ng/mL) and a target concentration group (5-10 ng/mL) according to the TAC
concentration, and the relationships between the TAC concentration and the clinical efficacy
and adverse reactions was analyzed. Results A total of 160 children were enrolled in the
study. The numbers of complete remission (CR), partial remission (PR), and null remission
(NR) cases of NS children were 91, 37, and 32, respectively, and the treatment was effective in
128 cases (80%). The ROC curve analysis results showed that the area under the ROC curve
(95%CI), sensitivity, specificity, and threshold of the mean trough concentration of TAC for
predicting the efficacy of the treatment were 0.779 (0.704, 0.853), 62.5%, 84.45%, and 3.33
ng/mL, respectively. In terms of clinical efficacy, CR and PR were lower and NR was higher
in the low concentration group compared with the target concentration group (P<0.05);
whereas, CR was lower and PR was higher in the medium concentration group (P<0.05), and
the difference in NR was not statistically significant (P>0.05). In terms of different hormone-
responsive phenotypes of NS, the CR of the low concentration group was lower (P<0.05), while
there was no significant difference in CR and PR between the medium concentration group
and the target concentration group (£>0.05). As for the different pathological types of NS,
CR was lower in the low concentration group when compared with the target concentration
group or medium concentration group (P<0.05); while the differences in CR and PR between
the medium concentration group and the target concentration group were not statistically
significant (P>0.05). Regarding adverse reactions, the incidence of limb tremor and abnormal
blood glucose was significantly higher in the target concentration group than in the other two
groups (P<0.05). In addition, the differences in serious infections and hypertension among
the three groups were not statistically significant (P>0.05). Conclusion When TAC is used to

treat NS in children, the recommended TAC concentration range is 3-5 ng/mL.

[Keywords] Tacrolimus; Nephrotic syndrome; Blood concentration; Children;
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5 955 25 A 4iE ( nephrotic syndrome, NS) J& A
KEEFEHIK] = 50mg (kg d) ], MKE A ML AE
(<25 g/L) AFAEMIRIREEAAE " ARk,
BEAE TR E S5 K PREE R S R R B, L
NS BRGR AW T, Tl L2 A AR
Wi R T & HRTIAYTY NS I — %, ey
30% K NS BULRIMERTE NS, BRI
NS ( steroid-resistant NS, SRNS) . 8 = K % #Y
NS ( steroid—dependent NS, SDNS ) FIJi % & % #I
NS ( frequently relapsing NS, FRNS) ™. fth 75 5 ]
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(tacrolimus, TAC ) Jz— £ 18 ol 1 i 410 o1l 551
SR B RS HER SN B — 2R 25 T AR
K, ZTMFFUET TAC JRYT NSIFEHRYI, B
Z IR ILE NS 1236 7. BT TAC IBYT i
B (RSP R RN MR ) , FESLPRIf
PR TAE T R TAC M2k i, etk
BB TS 4140 (KDIGO ) $8mi#fEYE TAC 67 FRNS
1 SDNS I, He T 4ERFE 5~10 ng/mlL Z[A] 1,
SR, R SERE IR BUS 4140 (KDIGO ) 5/t
RIEFEET SRNS IRYTH . LAk, BRiAYr e
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MR B AR A 1, P A 2E s TILHE
NSM HEE, &TF TAC IRYT NS IRYTE M AA 4,
MRy # AN TACYR YT B 4 3~5 ng/mL, BAT#
FINH TACTRYT B 3k 15 ng/mL". B, B
TAC FeHavk B2 D45 I K NS B JLi2ih A &
B A BTEARTE NS W IE 5 im PRI TR
RRMKCHR, DIHHE TACIHYTE, HJLE NS
BILZIRRAES %,
1 #ERERZE
1.1 #MRI%

[ JBE 1 2 B 2021 4F 1 ] 22 2023 4 12 H L
A )L R B I S e RHBA 1 NS L ABIFSERT 4
MARRE: DR < 18 A%, HAFS NS 2 ™
QM TACRYT, HoE WL I L i 25k B (4
MREr = 2) o HEBRARAE: O TAC WA=
JEF ; Q4RSS RNE NS BL; @BECABR TAC
DASMM HAD S e i RIa YT s Ol PRPERHER 2k 5
TERIE s @JHZ5HTE /N KIE R AT 60 mL/
(min + 1.73 m*) o BFFELMILA J LB IR P B2 2410
ML H A (S 2024174 )
1.2 #RE

LI 5 1 T R S NS UL 1
TORE, ALEE N 2R CARIE L PEA)) | NS 2EHY,
JREIZWT . TAC M . BRI &= . IR
N ROV AFF R
1.3 FRAIERTH

BIT 6 A TEHATTRO AL . ISR E
24 h PR 1 E B LTS H AR AR AR o AT T
WMHE: %M ( complete remission, CR) .
4> 2% fi# ( partial remission, PR ) F1 JC %L (no
remission, NR) " HAHCIESBRAEWF 1 iR,
CR F1 PR MIRIT AR, MRIEIRTT 2754 0k NS
SBILAr WA R TR

F1 JLENSIE KR AR A
Table 1. Criteria for clinical efficacy evaluation
of NS in children

JrEL R 24 hWRIEH [INFIEEHE
CR Bk <150 mg 1EH

PR PH4E BIBITRT T =50%  RAFER
NR PHPE BORITTT FFE<50%  ARikBEH

1.4 BHFRESRENE
TAC JE %8 (W7 V00 IF 25 b 0y 45 BR 2N
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FLA&: 0.5 mg/ kL, #Ht5: 22310081 ) Ay If 7
4 0.05~0.1 mg/ (kg +d) , WK% 2,
W ZiIa b 12 h, &I 1 h & E 2 h IR, ]k
JATAC 1 JHJE, 29k ERBIRESE, HRE
i SR AR BB L K ML 58 TAC B (45 1k ¥
HARVELREI A 5~10 ng/mL ) . AR I 25 6 B 245 51 |
I R IT 280 B it 52 B BE AT Al . (1) &
W > 10 ng/mL: I/ TAC 7 &4l Hoyk B K T
10 ng/mL; (2) & < 5ng/mL: D CR 5
PR: TAC Fl S ORFEAAS; @ NR: ] o i
ol TAC Fl&:, B % NS 22 [ 4 TAC a3
T2 0.15 mg/ (kg « d) BAHEIRE] 10 ng/mL AJh
KM, WARICH NR]. BbAh, DLHMm 24 3 ik
TR A A U 5 5 SR S (B A NS LAY
SERIA A TR U
1.5 Fit=ESH

K H SPSS 22.0 et # i A g e ab B, T
HRORMT A IES MR Ax s 30K, A ¢ Kol
He A Rl 22 5%, 24l im) iR FH SR 2R 7 22 4
Brs THECRORILE A th R, 4l Eh i
JrKEIREY, Fisher AFHIAGK: . R HZI0E TAERRE
( receiver operating characteristic, ROC ) [ £ 4%
T TAC PR S A MR X P R Ve T, JF
WiE R E B, DL P < 0.05 H2E5H 51T
2 #£R
21 —HER

WFIE LA 160 1 NS L. JBI7FIAE], FHy
M253JE (6.03 +0.59 ) ng/mL, HH 934 (58.13% )
Il 25 ¥ ¥ = 5 ng/mL, 67 ] (41.87% ) Ifil 24 ¥
J < 5ng/mL. NS EIL—BFRHINE 2 iR,

+F2 NSEJL—ARER
Table 2. General situation of the children with NS

T H SHH
Ry (Xx+s, %) 5.97 +2.04
PERR (%) ]
i 131 (81.87)
Lok 29 (18.13)
M E (X +5, ng/ml) 6.03 +0.59
254 (%) , ng/ml)]
=5 93 (58.13)
<5 67 (41.87)
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EE9)
BRE| ZHUE
RS R [ (%) |
SRNS 93 (58.13)
SDNS 22 (13.75)
FRNS 45 (28.12)
FHEA N (%) |
UNEEEE 59 (36.87)
FIE AT /N 4% 40 (25.00)
JRikbTT Bk e ek Ak 7 (4.38)

4 54 (33.75)

2.2 JTRFE R ARITREFIELL R
ZTACIRITJA, NSHIJL24 h JRE . 1ML
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WEAEA, BEEE, b =E. LSRR
AR FUWHE (P<005) . NS ILCR,
PRI NR 43 5] O 91 ), 37 il A 32 B, A5 5%
HH 0%, VLA 3. PRSI GBI RAN TAC W
JETEATRST NS L Z I8 22 A e it m X

(P<0.05) , 1 CR 4. PRZLFINR 474 i)
FH TAC 4R . NS g RZERL . Y677 IR P 250
S FIE R M4 S 9k R AL 677 (angiotensin—
converting enzyme inhibitors, ACEI) / 555K %K
11 3Z & 45 5T 7 (angiotensin 11 receptor blockers,
ARB) IWEZER TG EXL (P>005) . H
PRI 4.

#x3 AEMEMERRERETHER (x+5 )
Table 3. Changes of experimental values at different time stages (x + s)

_ Fsf [R5 5
*Eﬁ‘ NV NV N2y
IRIT R BT a3 H BT a6 H 7 P

24 hpRIEH (mgkg) 148.22 + 48.03 35.92 +18.03° 14.09 + 1.73" 9.436 <0.001
Mg H#EH (/L) 22.05 +3.02 38.73 +5.67" 37.61 +5.61" 5.724 <0.001
HiH=E (mmol/T.) 7.42 +0.98 3.80+0.72° 3.82+0.69" 10.625 <0.001
NE[EEE (mmol/L) 8.26 +2.06 4.16 + 0.80° 4.09 +0.73" 5.069 <0.001
MWLEF (umol/L) 34.02 £5.62 35.83 + 7.40" 32.26 £7.85" 10.287 <0.001
MPRZEZA (mmol/L) 461+1.11 474 +1.78 440+ 124 3.561 0.029

A His TR, ‘P<0.05; 557734 A kEx, "P<0.05,

R4 AEYTREIL—ERFMALBRELER
Table 4. Comparison of general conditions and medication conditions of children with different
curative effects

i H CR41 (n=91) PR# (n=37) NRZH (n=32) Fl P
Hilin (%) ] 7.888 0.019
B 75 (82.42) 27 (72.97) 29 (90.63)
Lok 16 (17.58) 10 (27.03) 3(9.38)
TGRS R AR (X s, %) 5.84 +1.94 5.92+2.19 5.78 £2.23 0.040 0.961
NSZEH#n (%) | 4.627 0.328
SRNS 49 (53.85) 25 (67.57) 18 (56.25)
SDNS 12 (13.19) 3(8.11) 7 (21.88)
FRNS 30 (32.97) 6 (16.22) 7 (21.88)
R EIN (%) ] 14.237 0.027
MCD 35 (38.46) 12 (32.43) 12 (37.50)
MsPGN 25 (27.47) 8 (21.62) 7 (21.88)
FSGS 1(1.10) 1(2.70) 5 (15.63)
AR 30 (32.97) 16 (43.24) 8 (25.00)
TACH¥ (X £5, ng/ml) 5.03+£2.71" 5.19+1.67° 2.11+1.26 22852 <0.001
TR IR TR 1.10£0.25 1.08 +0.24 1.15£0.23 0.777 0.462
[x+s, mg/ (kg-d) ]
BHACEVARB[n (%) | 30 (32.97) 17 (45.95) 15 (46.88) 2.980 0.225

E: MCD: #AJm T Hom; MsPGN: ZRBE3GAMBE DR E K, FSGS: Bty B B skatih; 5NR4LE, ‘P<0.05; 5PRALLE,

°P<0.05,
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2.3 MAREESFTHXRRERR

PUAIT R B AR AR R, TAC PRSIk
&N AR, ROC A Hras R Bk, TAC T
TR TR £ N AL (area under the
curve, AUC) (95%Cl) 4 0.779 (0.704, 0.853) .
MR KT (0.469) , Fedd: i 24 ik B 15 1
} 3.33 ng/mL, B U0 AR AR S i) R
62.5% F1 84.45% ., FAKWLE 1,
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2.4 ARERESEETRNA R KL
i T 3~4 ng/mL fl 4~5 ng/mL J7 5L — &, &
AW SEARYE TAC I 259 B 432 3 A1 o AR
H (< 3ng/mL) . PHEH (3~5ng/mL) FH
PR FEA (5~10 ng/ml) o FEIGIRIT RO, 5
H bR 20 Lo, IR 2H CR Fi PR BKAIR, T
NR £ (P < 0.05) 5 WML CR #:4%, PR
B (P<0.05), NRZEREGIHEL (P>

104 0.05) o UIL4h, TACfli T, 3 4124 h JRE I

0 WL 1R 1 22 R e 525 L (P > 0.05),
MYAYT I 3 2H 24 h JREE AL A ST 2

%“‘ LY (P <005) . 5 HRKEALLE, Tk

= 044 JEA 24 h JREE AN HEFBIR (P<0.05) ,
MR B 24 h JREE A FIINE R 22 R gt
AUC (950C1) & 0779 (0708, 0.853) FEX (P >005) . AR FTH, 3HAEMK
s | | ! w . RREEALIEE 8 LR ERARIT¥E X, BH
Y e Y ol 3 2Lt A T B 5 2 2 6 0 T

E1 TACKRAEAREROCHHT R4 (P < 0.05) o HAN, 3LLFE™ MY Al
Figure 1. ROC analysis of the steady-state IR ARG EE L (P >0.05) . H

trough concentration of TAC PR35,

RE TR REAREFTBEAN R RN LS

Table 5. Comparison of the therapeutic effects and adverse effects of different tacrolimus

concentrations

LD B (n=23) kA (n=62) BAREED (n=75) Fiy P
TN (%) |

CR 2(87)™ 32 (51.61)° 57 (76.00) 33.651 0.000

PR 7 (30.43) * 20 (32.26) ° 10 (13.33) 7.645 0.022

NR 14 (60.87) * 10 (16.13) 8 (10.67) 28.675 0.000
THRERE (X +s)

HZjT24 hREH (mgke) 150.60 + 47.59 142.24 +48.17 152.43 +48.17 0.795 0.453

BIFIR6AN A 24 hRER (mg/kg) 70.55 + 17.85"™ 2232 +3.04° 25.00 + 12.44° 68.088 0.000
JHEGHT IS HEE I (g/L) 21.50 +2.97 29.67 +19.6 22.00 +3.04 0.639 0.529
IR IS & (g/L) 30.76 + 3.84™ 38.6 £ 6.13° 40.28 +5.57° 26.614 0.000
AR (%) ]
WA A= Bt 2(870) " 8 (12.90) * 22 (29.33) 7.872 0.020
AR S5 0 (0.00) * 4 (645) " 17 (22.67) 11.885 0.003
R 5(21.74) 8 (12.90) 13 (17.33) 1.084 0.582
e I A 0 (0.00) 0 (0.00) 5(6.67) 5.849 0.054

E: 5 BARRJELIER, ‘P<0.05; L5 WiREAE, "P<0.05; L& AT, “P<0.05,

2.5 ARFREEETHIMEARESTH
ESER

H T Rk BetE B /NER AL (focal segmental
glomerulosclerosis, FSGS) LA 7 ], iz 2
RIFEARWITH AT 75 NS A Al R 1Y
T, 5 AR A s R A B, R A

CR AL (P < 0.05) 5 TMiHkEHS HbrkEA
CR I PR i, RG22 (P> 0.05) .
FE NS ARy 1, 5 H ARk A sl bk
JEA AL, R CR &K (P < 0.05) 5
WA S HARW LA L CR M PR 22 R B4 1T
2B (P >005) . BikE6,
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*6 FEIGEKRFRELRB THMARESTHLER 1 (%) ]
Table 6. The relationship between serum concentration and therapeutic effect under different clinical
and pathological types [r (%)]

B R EEH (n=23)  PHJEH (n=62) HARHEH (n=75) Fiy P
NSZEAY
SRNS 24.032 <0.001
CR 2(1429)° 15 (46.88) ° 32 (68.09)
PR 3(2143) 12 (37.5) 10 (21.28)
NR 9 (64.29) ™ 5 (15.63) 5 (10.64)
SDNS 12.091 0.017
CR 0 (0.00) * 3 (37.50) 9 (88.89)
PR 1(25.00) 4 (50.00) 0 (0.00)
NR 3 (75.00) 1(1250) 1(11.11)
FRNS 15.134 0.004
CR 0 (0.00) * 15 (68.18) 15 (83.33)
PR 3 (60.00) ™ 4 (18.18) 0 (0.00)
NR 2 (40.00) ™ 3 (13.64) 3 (16.67)
P BRI
MCD 19.703 0.001
CR 0 (0.00) * 12 (54.55) 24 (82.76)
PR 5(625) 5(22.73) 2 (6.90)
NR 3(375)°" 5(22.73) 3 (10.34)
MsPGN 18.505 0.001
CR 0 (0.00) * 10 (55.56) 15 (78.95)
PR 0 (0.00) 6 (33.33) 2 (10.53)
NR 3 (100.00) 2 (11.11) 2 (10.53)
. 5 BARREAIE, ‘P<0.05; L5 ik Eais, "P<0.05,
3 it fF, NS &L RIT 80 3% 2 T 3~5 ng/mL 41

HAl, 2T TACIAIT NS HIIEIT T i Jo—EL
R B ARESY B HRST TAC R [RH R
16I7 NS BILAYIE AT ORI ]S & A B
DA TAC SfEIRYTH, AR JLE NS 21604
IS AR

B TAC 76 NS IZIG B HIARWIG £, 5
& B TAC ¥k 3 Fl 7E 2~8 ng/mL B, XF A A NS
ARA R, HATHET TAC ¥R 5 L NS I R
JP AN B (A RGE A R . [EAME#E (Jahan!
1 Shah %5 1) F0EE P2 m AR A ST
#EFE, 7EJLEE NSIARYTH, TAC HARS MR
4 3~5 ng/mL, ARMFEER IR, X TACHKE >
3.3 ng/mL B, NS £JLATILFIGIR CR 8¢ PR, 5
e AR R e A Y 6 95 i) NS
AL B 53 B & B, 4 TAC B > 3.4 ng/mL
i, NS LA 5 # CR = PR, ML 4h, A5
TAC R BERE B 43T 7k, 4 TAC ¥ < 3 ng/mL

https://yxqy.whuznhmedj.com

5~10 ng/mL 4, 1 3~5 ng/mL 4 F1 5~10 ng/mL 21
Z IR RS TR80R L 3 25 5o A A S RE AR
FERA—FL T BIR TAC AT LE NS 1
VBT %M 3~5 ng/mL. BT ASFPLE SO A NS
AL R 22 i 2 A7 AE 22 5 Pk S TAC X AN TRl
FEEAY NS AEHIHLHIASE, X MsPGN, TAC Xf
B/ NER R RN A BRI, RE W 0 AR AR
M3 5 s X5 F FSGS, TAC 3= B3 i 410 1 4% 3
BERRBEAY TG, TP T 400 AY S R4 [N 7 5%
S EHAER, PRI T[] 95 BESS R A NS,
TAC [ Rk B vT Rt A TR TR s B o243
AR 7 B R A [RIBZR S 2 A ] g B2 Y NS
SBILHE AP TACTRYT & " AW R i
/N, 3~5 ng/mL 41 SRNS, SDNS, FRNS, MCD #/
MsPGN LI FRIT 25 5~10 ng/mLL 41 b5 WL
BEES, SHAHRE 2", RRGRER
X T AN R 92 B vy R) sl AS []g IS 780 NS fR UL,
TAC HEFHRYT B 348 3~5 ng/mL.
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TAC MR SRR R ™ S # » SRR
S OIR G, B S P RLmINy, R AN
RN AL REY, 5 5~10 ng/mL 4 L
B, 3~5 ng/mL 4 TE A R BURT INUME 5 H 4 AE R
AT 5~10 ng/mL 2H, HARA ROV AR
W 2= . BRAEWTSEIESSE, TAC AJ A 3 1% 5
B YU T 98 R I 2 LR JUL A X 7 2
A, DA S B0 s 5 5 Sob R & 2k P
AN, TAC X 7 4 - U 2 e 5 TAC R B2 1
TAC i FHEHA] 8 2 A0 DG, R EE By, ] s ]
M, SRR P ARSI TAC H
LR 2 RGN R, HE R ™
WA ARG R TAE, AT RO v B L
XFTAC AT, /DA RV IR A%, L
Gb, ARG RS AR AR me s
RFEWH, < 3 ng/mL, 3~4 ng/mL, 4~5 ng/mL I
5~10 ng/mL A R W AR R LA TC W 35 2% 5o
AR T RE 2 R TIR AR R T s, kA
i, XA PR,

g5 LTk, TAC ¥k BE 3 Fl 7E 3~5 ng/mL Y,
Holw IR J7 %05 5~10 ng/mL #1 24, H A R [ Wi
KA A D NS L TAC ¥R B S 47
3~5 ng/mL. AR, ARARPAEALE: F—, Hrh
O EEERTTE, Al REFATE R PR e 28—, AN
B, T HE FSGS, KRR gk — P KA
TR S, BEUERTE R, (U8 6 A,
Tt —EHE VTR TE TAC W S5 KB TRINE R .

S 3k

1 RE®  RELT, 106, 55 IMEATT SRR A vE 5
A B BRBE N B LR S IR B IR . SAEKT K
SIEYIRERZ N [J]. BOMEE 2200 |, 2022, 35(9): 1318
1321. [Zhu HL, Gao YZ, Wang G, et al. Effects of hormone
therapy combined with tacrolimus or cyclophosphamide
on renal function, inflammatory level and immune
function in patients with nephrotic syndrome[J]. Journal of
Mathematical Medicine, 2022, 35(9): 1318-1321.] DOI:
10.3969/j.issn.1004-4337.2022.09.018.

2 SRR, B R, & EBSENTEBNRYT EE
R A I 2 S B IR R BT (0], B R 22
Z4i , 2022, 35(3): 362-365. [Guo JH, Wei H, Liang 7ZZ,
et al. Clinical analysis of peritoneal dialysis—assisted

treatment for severe nephrotic syndrome complicated with
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