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Abstract

Recent studies have shown that serum cystatin C is a better marker for measuring the
glomerular filtration rate (GFR) than the conventional method using serum creatinine
concentration. The purpose of this study is to evaluate the clinical application of serum cystatin
C as a marker of GFR in order to determine the initial dosage of arbekacin, an antibiotic
primarily excreted via the kidneys. In this study, the predictability of serum arbekacin peak and
trough concentrations were investigated using the population mean method based on the
estimated GFR values using the serum creatinine and cystatin C concentrations.

Ninety-five patients treated with arbekacin for MRSA infection were divided into 3 groups
according to their GFR values estimated by the serum cystatin C concentration as follows:
normal to mild (GFR > 70 mL/min, n=40), moderate (30 = GFR = 70 mL/min, n=41) and
severe (GFR < 30 mL/min, n=14) renal impairment. The mean GFR (£ SD) of 95 patients
predicted by serum cystatin C concentration (64.6 £ 30.6 mL/min) was significantly lower
(P<0.001) than that of predicted by serum creatinine concentration (77.4 = 43.9 mL/min), and
the bias of prediction (difference of mean prediction error, AME) of the serum arbekacin
concentration using the estimated GFR based on the serum cystatin C concentration were
significantly less biased at the peak and trough concentrations in comparison to those
determined using the serum creatinine concentration. The accuracy of prediction (difference of
the mean absolute error, AMAE) using the serum cystatin C concentration were significantly
better than that of serum creatinine in the both serum peak and trough concentrations of the
moderately decreased GFR patients. However, there were no significant differences in the
AMAE of normal to mild and severe renal impaired patients. These results suggest that serum
cystatin C is a useful marker of GFR for determination of the initial dosage of arbekacin,
especially in patients with moderate impairment of kidney function.

The improvement of prediction error by cystatin C was marked in the trough concentration
rather than the peak concentration of arbekacin. The multivariate analysis for ME of peak

arbekacin concentration indicated that the weight and BUN/Cr are recognized as the factor of

— 107 —



prediction error, suggesting the importance of the precise evaluation of the distribution volume.
The correction using the ideal body weight for the obesity (25=BMI) patients improved the
prediction precision of peak arbekacin concentration. These results suggested that the precise
evaluation of the distribution volume for obesity using ideal body weight is necessary for the
accurate the initial dosage of arbekacin.

Taken together, the results of the current study established an initial dose setting method of
arbekacin using cystatin C for evaluation of GFR and the ideal body weight for correction of
body weight.

Key word: cystatin C, arbekacin, creatinine, glomerular filtration rate, initial dose setting,
renal impairment, ideal body weight, volume of distribution
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BAE T3 3R ENRE  (Pharmacokinetics : PK) & #7)% (Pharmacodynamics : PD) O f#
MridieZ., BT MRSA HLAEWE Th HHilET L~ > > (ABK) OABMETZ O i
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HF—E TIETDM Z 4 LI ~OS W L Y ABK OE @& 5k E ShvTn
% ABK 1 A 1 [E#EEEOHEMEAITVN, ABK O EAE ISk 2 828 % 20 L 7=, xt
G 1L T BRI AR L MRSA JBEYLAELZ L 0 ABK OFEH-72 & N TDM 23 E il & 7
7oA 62 JEME L, TDM 2B O ENAEICIE U T, OTDM (#6018 (1 # 30
4). @ABK @ PK/PD 72 E O HEEMLZ & © 7= TDM Z FEMAIIZIT - =R (2 # 15
£). BLUO@REMIZ LIERIEL AT 7208 3 # 17 4) © 3 HIMcH T T*
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TEEER(GFR)DFEIE & L C ABK ShREMENT IS A A 22, Il 0% 5-3% 5 HE DL 2 R
FEU7Z Y R A LT RUR R L OVE IR KR E M B R BT T, MRSA K
YU C ABK 2348 5- & 4L TDM AT S BFE 95 4 & Lz, MiEMIkIL, &5 IRE
BlE% EHEE SN A5G 3 HELERE L7211, peak fE (Cmax) & trough
ED 2 AA > P THRIM L, MF ABK IRE L MiES AXF o CIREZMELZ, £L
Ty 7 V7 F = V£ (Cockeroft-Gault equation) & Mg A X F 2 C RENLHEE
S 47z GFR IZEE-SU 72 population mean 5% VY, ML ABK 2 B O IR BE & 54 L
7219 MiE Y AKX F o CHREEN SO GFR HEE 21X, Hoek, Grubb’s 35 X 1 Sjostrom =X
Z = 2 Jads. population mean VEIC & D T OE Y 35 L OVERMENEIL. Sheiner 5
D 51 % FV T mean prediction error (ME), the mean absolute error (MAE), % L T the
root mean squared prediction error (RMSE) % 754" % Z & Tkl L 7= s ME, MAE ¥ X
" RMSE A& W /h ST auE, Y 2A/h s <0 KV IEMEZRR R Z "3, ME. MAE 35 X
" RMSE D45 95% CLA0" &2 & £/ WG THIMERBICABEENH D LHIE LT,

Hoek. Grubb } O} Sjostrom Tz H W CTHIEIFE 53 EH 21T > 72856 O fif ABK =
O TP Z RS L 725 R, GFR OHEEIC S 22 F o C 2 VB aIcid. win
OHEERIZBWNTH 7 LT F =2 Ll LT peak fl72 & ONT trough fEIZF5V T
ABK EEOTHIME (ME, MAE) 230 E L7223, Sjostrom KOLNFEEEFF->TF
HKEEE 2 EL7- (AMAE) (Figuresl,2 & Tablel),
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Fig. 1.  Correlation between the calculated and predicted arbekacin peak blood concentrations
using the estimated GFR based on the creatinine and cystatin C concentrations.

The GFR values were estimated based on the serum creatinine (Cockcroft-Gault equation) and cystatin C (Sjostrém equation)
concentrations (n=95). Closed circles: creatinine, y = 0.63x + 2.92 (12=0.53, P<0.0001), Open circle: cystatin C, Sjostrom
equation : y = 0.63x + 3.22 (r2=0.56, P<0.0001).
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Fig. 2.  Correlation between the calculated and predicted arbekacin trough blood
concentrations using the estimated GFR based on the creatinine and cystatin C concentrations.

The GFR values were estimated based on the serum creatinine (Cockcroft-Gault equation) and cystatin C (Sjostrém, Hoek and
Grubb equation) concentrations (n=95). Closed circles: creatinine, y=0.72x + 0.38 (r2=0.64, P<0.0001), Open circle: cystatin C,
Sjostrom equation : y=0.88x + 0.25 (r2=0.89, P<0.0001).

Table 1.  The bias and accurate of prediction and predictability the peak and trough blood
concentrations of arbekacin based on the estimated GFR using the creatinine and cystatin C
concentrations.

ME MAE RMSE A ME A MAE
equation
(95%C.l)  (95%C.l)  (95%C.l.) (95%C.L)  (95%C.I.)
Sj6strom equation -0.95 1.78 265 -0.25 0.21
using cystatin C (-1.45,-0.45) (1.38,2.18) (1.89, 3.41) (-0.40,-0.10)  (0.09, 0.32)
peak
C°°Z;°uf;ﬁ*ofa”'t -1.20 1.98 2.86 _ B
using creatinine (-1.72,-0.67) (1.57,2.40) (2.05,3.67)
Sjvstrom equation 0.05 0.27 0.42 -0.13 0.14
using cystatin C (-0.04,0.13)  (0.21,0.34) (0.28, 0.57) (-0.24,-0.03) (0.05, 0.24)
trough
Cockroft & Gault -0.08 0.42 0.72
equation — —
using creatinine (-023,0.06)  (0.30,053) (0.46,0.97)

The GFR values were estimated based on the serum creatinine (Cockcroft-Gault equation) and cystatin C (Sjostrém equation)
concentrations (n=95). ME:mean prediction error, MAE: mean absolute error, RMSE: root mean squared prediction error, 95%
C.1: 95% confidence interval. AME:ME of creatinine - ME of cystatin C, AMAE: MAE of creatinine - MAE of cystatin C.
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5N T 3D B RE Gl i ~ 1858 B B [ %5 (GFR > 70 mL/min), FRELE R EEBO0 = GFR

< 70 mL/min), R E®E(GFR <30 mL/min)) 255 COMRB 21T 72, T DHEE,
BB HIT D MiE ABK B O THIMERE O ik B 1%, peak . trough JRFE & & IZHFE
EEEEICBNTYZ L7 F= 0 TRETPRENAICEN TV (ME), Y AZF 2 C
TIXZEDOHEEPAEICLEEINT (AMA), 7o, THIOEMEORE & 725 AMAE
LABINSWVEEZTRLTEBY, YAXF U CEHWD Z & TCTHEERGEICH E
L7ce LML G, Wi ~RE L HEFEEBEITHICBW I TRIOEREDA E
7o BIEER S vz oo 7= (Table2,3),

Table 2.  The relative predictive efficacy of the arbekacin peak blood concentrations based on
the estimated GFR using the creatinine and cystatin C concentrations.

ME MAE RMSE
(95%C.1.) (95%C.1.) (95%C.1.)
. -0.17 0.95 1.51
Cystatin C (-0.98, 0.65) (0.31, 1.58) (0.33, 2.68)
- -0.66 1.13 1.55
GFR<30 Creatinine (-1.43, 0.10) (0.55, 1.71) (0.34, 2.76)
(n=14) A ME A MAE
_ (95%C.1.) (95%C.1.)
difference
-0.50 0.18
(-0.68, -0.31) (-0.10, 0.46)
. -1.05 1.84 2.61
Cystatin C (-1.79, -0.31) (1.26, 2.41) (1.52, 3.71)
. -1.38 2.15 2.99
30<GFR < 70 Ccreatinine (-2.21,-0.56) (1.51, 2.80) (1.76, 4.23)
(n=41) A ME A MAE
_ (95%C.1.) (95%C.1.)
difference
-0.33 0.31
(-0.63, -0.03) (0.10, 0.52)
. -1.12 2.01 2.98
Cystatin C (-1.98, -0.25) (1.32, 2.70) (1.69, 4.27)
. -1.20 2.11 3.07
70<GFR Creatinine (-2.09, -0.31) (1.41,2.81) (1.74, 4.40)
- A ME A MAE
(n=40) _ (95%C.1.) (95%C.1.)
difference
-0.08 0.11
(-0.23, 0.08) (-0.02, 0.23)

ME:mean prediction error, MAE: mean absolute error, RMSE: root mean squared prediction error, 95% C.1.: 95% confidence
interval . AME: ME of creatinine - ME of cystatin C, A MAE: MAE of creatinine - MAE of cystatin C.
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Table 3.  The relative predictive efficacy of the arbekacin trough blood concentrations based on

the estimated GFR using the creatinine and cystatin C concentrations.

ME MAE RMSE
(95%C.1.) (95%C.l.) (95%C.1.)
. 0.18 0.23 0.36
Cystatin C (0.02, 0.35) (0.08, 0.38) (0.08, 0.63)
- -0.09 0.22 0.31
GFR<30 Creatinine (-0.25, 0.07) (0.09, 0.34) (0.10, 0.53)
(n=14) A ME A MAE
_ (95%C.1.) (95%C.1.)
difference
-0.29 -0.01
(-0.45, -0.14) (-0.22, 0.19)
. 0.02 0.34 0.53
Cystatin C (-0.15, 0.18) (0.22, 0.47) (0.27, 0.80)
- -0.21 0.61 0.97
30<GFR < 70 Creatinine (-0.50, 0.09) (0.37, 0.84) (0.50, 1.45)
(n=41) A ME A MAE
_ (95%C.1.) (95%C.1.)
difference
-0.22 0.26
(-0.44, -0.01) (0.07, 0.46)
. 0.03 0.22 0.30
Cystatin C (-0.06, 0.13) (0.15, 0.28) (0.18, 0.42)
- 0.04 0.29 0.47
70<GFR Creatinine (-0.10, 0.19) (0.17, 0.40) (0.25, 0.68)
- A ME A MAE
(n=40) _ (95%C.1.) (95%C.1.)
difference
0.01 0.07
(-0.08, 0.10) (-0.02, 0.16)

ME:mean prediction error, MAE: mean absolute error, RMSE: root mean squared prediction error, 95% C.1.: 95% confidence

interval . AME: ME of creatinine - ME of cystatin C, A MAE: MAE of creatinine - MAE of cystatin C.

B OEICBWT, GFR OHEEICMHP S AZ F v CIREAZFREICHND Z itk - T
M ABK JEEOFHEE N L L=, Y AFF 2 C ORIEIE 3 » HI2 1[5 LR
BRI IS DN FRD HAL TV W2 s BHEEEDEFBIFIMIICREZ K L T\ b, BifE, H#H
MmyE7 L7 F =205 GFR #HEE29 5 £ L L T Cockeroft-Gault X HHEE L7272 L
TF=r7 VT 7 A (Cler) WEH I TWD, I, K[E Kidney Disease Improving
Global Outcome (KDIGO) [, BAREHEFIZEIT 5 GFR OH#EHE L L T Cockeroft-Gault
AH LV BUN 2 EOR T #74A AT MDRD RAHEE L T3 2P, iz T, BA
NOWIERE L ME 7 V7 F = % FHEK 1L LS MDRD b # & S i,
MDRD K ZEBMEREEHE OB ICIERH S TS M, 22 T8 —#E TIL.
Cockceroft-Gault 2., MDRD ., MDRD ffi5 ., BL O A ¥ F > C & /= GFR #
ERD, ZNEND ABK B HREF~DISH ORGEZIT - 72,

BHEEANDOHE M SN GFR Z g L7z & Z 4, Sjostrom 20, MDRD (2 L 5 H#EE
GFR fEi & tb# L € MDRD fi#§ 5 5. & Cockroft & Gault 2. CTH H L 72 GFR(CLen)fE A &
WCRERMEE R LT, $t V0 THRUT X D ABK O EFIRBED FHBE & T I DO FH B & 1
SL7m& A, peak fEIZIB VT Sjostrom 3, MDRD (2 BAFZ2AHBA A58 B 7=,
ZDO—J5 T, trough fEIZI VN TIX Sjostrom i b @ WFEBE 2N G890 B 7,
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ME., MAE, RMSE & 95% CLOFERIT, peak i TIEETORIZE W THEIZIKME

IR Y RO B (ME), L2xL7R2N 5. trough i Tl peak fiIE & DERE MR YD O
{tiﬁilﬁ XA LN oTz, — T, EfEME (AMAE) (28 CiE, peak fE T, Sjostrom
X MDRD K & & ICH FE I Cockroft & Gault &k VW & FHIKEENEH NI EARENT,
L2 L., trough fEIZFWVTIEME— Sjostrom KO AN 7 LT F =2l L THEICT
HREE N B WFER E 72 o7z, LLEOFER IV | Sjostrom =iZ#Hiv > T MDRD /% ABK
I G355+ O TG L & 17 =9~ 2 ATREME DS R STz,

B OEICBWT, GFR OHEEICY A X F 2 C Z iz Sjostrom K2 k- T,
ABK IO T HIMEIT peak fE72 5 TN trough B & ©IZ FRIKFEEA M) | L7228 1T peak
XA FE. £7¢ trough | XBHERE DB Z 1T 5 LHELRZ I 4L, £ D729 trough (T3 A
2 F v C BRI OEELE LTHWAS Z LICL s TKRIEREENRD BN, £
Z T, peak TEO TFRIDOREY (ME) (2B L T EK DL BN 21772 o TofE R, of
BAEE T2 13K ORI ERZIZBIfR L TV A RE & BUN/Cr AR ER E L TRREO B
7= PO ENETIE, B OEOMBRRERE, CEREN BMI=18.5), HEUENIKE
B (18.5<BMI<25), BIUIEHEERE 25=BMD O 3 BEIC/HE L, HIBKREZH
WK BEOHIEIC X D0 MAEMOMIEE b > T peak O FHNEE R Exat L7z ), &
OFEFR, EEAEFEE Q5=BMID 2B\ TH o & LMK, FHEMHEIC xfb%/ﬁlf‘é‘
MESHEE SN TWDRERD R STz (Figure3),

Fig.3.  Correlation between the calculated and predicted arbekacin peak blood concentrations
using the estimated GFR based on the TBW divided by BMI.
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The GFR values were estimated based on the Sjostrdm equation (cystatin C). TBW:total body weight. BMI=18.5:y=0.71x +
4.01 (12=0.64, P<0.0001), 18.5<<BMI <25 : y=0.61x +2.98 (r2=0.62, P<0.0001), 25 =BMI : y=0.44x + 4.57 (r2=0.49,
P<0.0001).

ETAANEN ABK@peakﬁ@%iﬁl**f”mL%Hé’J 2, REICEELRE (IBW) 2 HW
D2 LRV MAEEMELTRER, WY 0)?51‘“5&&6 ME 1. R E#E (25=
BMI) -1.81 75%-0.27 EWAL. 95% CLE TBW B TIX 0 25 AAEICHY 8-> C
Wiz, LU IBWAHHEHTIZ 002G E TRV 287727 < 72V . ABK O peak fEAME <
HE SN TSRS UGE SV, PRSI O R E2FR S Hivlz (Figured & Tabled),
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Fig. 4.  The influence of the correction using IBW for correlation between the calculated and
predicted arbekacin peak blood concentrations.

- 25r1
25 y =0.4352x + 4. y=0.5728x + 4.
201 20t
)
£
2
= 15T 157
K]
g %0 o
5
g 101 @] lele) 101
& © .
E 5 - O 5 L
o
O 1 1 1 1 I O 1 1 1 1
0 5 10 15 20 25 0 5 10 15 20
bayes calculated concentration(ug/mL)
TBW IBW

The body weight were corrected by IBW in 25 =BMI patient. The GFR values were estimated based on the Sjostrdm equation
(cystatin C). TBW:total body weight. IBW:ideal body weight., Open circle: TBW y=0.44x + 4.57 (12=0.49, P<0.0001), Closed

circles: IBW, y=0.57x + 4.74 (r12=0.49, P<0.0001).

Table 4.

arbekacin based on the estimated GFR using the TBW and IBW.

The relative bias and accurate of prediction the peak blood concentrations of

ME MAE RMSE
(95%C.1.) (95%C.1.) (95%C..)
. . -1.63 2.44 3.82
estimated GFR using IBW (-3.11, -0.15) (1.18, 3.70) (1.49, 6.16)
. . 0.48 1.59 2.36
BMI<18.5 estimated GFR using TBW (-0.50, 1.47) (0.85, 2.33) (0.95, 3.77)
(n=22) A ME A MAE
0, 0,
diference (95%C.1.) (95%C.1.)
212 0.85
(-2.97, -1.26) (-0.31, 2.01)
, , -1.45 1.80 275
estimated GFR using IBW (-2.06, -0.84) (1.26, 2.35) (1.67, 3.83)
. . -1.26 1.65 253
18.5<BMI<25  estimated GFR using TBW (-1.84, -0.68) (1.15, 2.15) (1.54, 3.53)
(n=57) A ME A MAE
(95%C.1.) (95%C..)
difference
0.19 0.15
(-0.34, -0.05) (0.01, 0.30)
_ , -0.27 222 2.74
estimated GFR using IBW (-1.65, 1.11) (1.41, 3.03) (1.25, 4.23)
. . -1.81 2.50 3.34
25<BMI estimated GFR using TBW (-3.23, -0.39) (1.38, 3.62) (1.38, 5.30)
(n=16) A ME A MAE
' (95%C.1.) (95%C..)
difference 152 027
(0.97, 2.11) (-1.05, 0.50)

The GFR values were estimated based on the Sjostrom equation (cystatin C). ME:mean prediction error, MAE: mean absolute

error, RMSE: root mean squared prediction error, 95% C.1.: 95% confidence interval. AME:ME of IBW - ME of TBW, AMAE:
MAE of IBW - MAE of TBW.
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ABK (FREKRAFICEREIFERZ R L, RITEHCTH 2 & E %ﬁﬁ’]foﬁﬁﬁ’ﬁ”@iﬂiﬁﬂi
Fa~DEL Y IABZDREFIZ L AT, FRIRIZ %VTAMQ%%@ ERT D720
TDM Z W CEEE 2 OIRFEEZEERT L ERMTELE D, S5 Ilv%?bﬁkz?i
PEAEE D DL, B5AEE 75>%7?<¢%T§25ux;:+72’ﬁ9?ﬂ@§5mu+®ﬁrﬁi7ﬁ>ﬁg
L%, ARIOZET, sl ET TDM OFUEFIEEME H~0F M2 572
DIZ, ABK O 1 H 1 [B#% 5155665 & OF peak fE72 5 ONT trough fEDOHERE A2 L k1 &
&7?47K@%Lto%@%%\quéﬁﬁmemﬂﬂi&ﬁ@wthﬁ&&%
ITWIRIERERMIC ABK O EfE 25 T 7% IIXIFITHR COERN 1 B 1 [[1#
’5—“%‘%1%3?)_&'1/“(1/\710 ZAUTEEV . ABK L IE R | iob\“C peak fEF & O trough fE

(IR A L CW D IER] & BREE 72 10 L2358 H4L, TDM 73 ABK IZ X %
/Afﬁ%??ﬁif\ BEME A ORGHFHCFEGT D ERHLMNE o2, LL, *ﬁ
FEAT > TV IZ 24, TDM %47 5 b Crilin B OB B e = B H O BHRE O
RN EECH LI ELHLNE ST, I TENLDOEREFRICEBWT, éF%

IZENENTZ-GFR ~— W —THDH I ENRENTNDL Y AXF L C D ABK a1
5%%«@@%%@%LkoVX&%ycammeW%Ew%wﬁﬁcﬂmmm
peak . trough fE & HIZEN TV DM H S 722, M~ A X F 2 C #H\7= GFR
HEXDOF TH Sjostrom DA DH E A% FF > T peak, trough & & (2T IR LB
Tz, FIC, #H ~EEE(GFR > 70 mL/min), TFEB0 = GFR = 70 mL/min)¥
& OVER R [ R (GFR < 30 mL/min)BERTIC 81 2 LG 7 /LA o L BE O - | 7] RE
PEZ el L7 R, My v A X F o CIZESW = TFHIORY ME)X, FREER X OE
EREEREICBNT, MEZ LT F=rOFHLED BEINSWZ ERRENT,
Mz TMIET A F o CIREZ AW FRIOEMREMAE)L, TREBRELREICE
WT, M7 V7 F=vE2HWZH DX bEFICERL TV, 2, v A¥F 2 C
MW7 LT F=rl g L PRERREEBRE 2BV T ABK ORI GEREFO X0 K
DEWEEE LR D Z EE R LTS, £2, ZTRETICHE I LTS GFR, CLer
DOHEEX TIH 5. Cockeroft-Gault 22 MDRD =i, MDRD f#i 5 2\ & Tk B % Ll i it
L7efERICBWTH, Y AXF 2 C &2V Sjostrom 2E T K FE 23 ME—F & I B
TWe, 2415 D peak 3 L O trough O FRIOR Y | EfEVEDOFERZ MFT 2 & | trough
L peak (ZHEARTI 2 ZF o C2BRERTOFfRIE L L THWD Z LI X > TRIEZR K
ENRRBOONTZE LY, peak IIDAMBREORE L K& ZI 5 EHEINT, Zh
T EEBMTIZE N THRESCBUN/Cr A ER E LTRO AL END BRSNS,
= Z T A 25=BMD IZBWTHREZHEAKREICL DM EZITWOMAARED
FIEZAT > T2 /G F. peak D 6 D272 KSR L5807,

[ G

U EDOBZEORER LY AR L IZAZF 2 CBLOHEAKEICE AMIEZ
7= ABK a1 $e G itk et L=, F7-F 41, A UH MRSA 3 TH » B HEARSK
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