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WCHR% o —75, TDM & REE DR E ITIHEIZHEH -
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FouryfdEl Ak s (MEPM) O I
Wz & BRI HIZ DWW TRAT %,
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Table 1. Method of estimation of the
PK parameters

a) Least squares method
n
RPN
0B]= Z (Ci— Ci)
4 o’
i=1

b) Bayes' theorem
prob (P) X prob (C|P)
prob (C)

prob (P|C) =

c) Bayesian least squares method
n n
RPN B2
%FZ«hm+Zuym
4 o’ 4 o
i=1 Jj=1

OBJ: objective function; calculate the

patient’s PK parameters such that the
OBJ is minimized. Ci; measured values
of concentration. Ci; predicted values
of concentration. o”c; dispersion of the
measured values. prob (P|C); PK param-
eters when measured values were ob-
tained. prob (P); average and dispersion
of PPK parameters. prob (C|P); average
and dispersion of concentrations pre-
dicted PPK parameters. prob (C); aver-
age and dispersion of measured values.
Pj; average of PPK parameters. Pj; pa-
tient's PK parameters. o’p; dispersion
of PPK parameters

%o Ai%FE (Volume of distribution @ Vd), 27
7 Z ¥ A (Clearance : CL), {HE#HEEF (Ke) B
L OHIEE (t1/2) # FEHLPK /ST 2 —4 &
LT, 1-3 /8= A Y FEFIVTOIMTERE Y
32l —varvEFH)IENTEL, /2, BEYYE
ST, NraxAyy (VEM), 74377 =
> (TEIC), 73 /727 a3y FRAPEHE (AGs) @
PPK /8T X =¥ SHlAAENTE Y, M55
FIB L UEE PK /8T A — 8 RHET 720 DA
VT UHBEICHWLZ DT E S,

. PKINTA—ZRHEEEE

WM 2 W2 EE PK NS A — 7 gL LT,

BERN_IEERL DT EDRD L, UTIZEN

TNOREIZ B D,

1. BE&/N_F% (Least squares method)
HiyBI% (OB]) (&, ZEHIME (Ci) & PK/ST X —

Fty MX B FHME (C) oEO =5 & FHlHE

DO (%) ZEFFLMETH D, HIEMED

B0 OB] ¥ g/hNe %2 5 PKXT A—=F 1y %

Kb HETH S (Table la)o HEEIZHEE D H
ERHWLZENS, LUFO@ISSEME W32 &8
W b,

OMEMED 2 B LD 5
QUEMDOWEEAEM 2 5L LD D

QL IENE L FRIME D IERETH 5
ORMEEDPEHETDH S

-2 8= A Y PEFIVTIMAEEY I 2L —
arvEITHOBRIC, AL VdECLDO2oD
PK/¥T A= PR HDT, T2 H MY
B 7O ITMEMAY 2 D LB E 7 D, F 72,
FEEDOAZHVLZ LT, MEMOEEEEGAT
PKXFG A= pHHENDLZ D, @Q~DD5
Ak OEN D, Thbb, FREICE DB
T AH7OIHEMOREZEY 250 EE 325 TR
HY, BMEZTOLDE LT OICEIERE, HFRIME
BLOMEBOEMEI RO ENL, B, @, @
DGR M AR EE & BRR 853 5 B, WICHER
) REFHTH S,
2. XA 7 (Bayesian least squares method)
NA ZADEHIHDE, PK XTA—-F Ly b %
RKODFETH D, N XAOFEHE L, FHifEHR L
L CHER AR DEFEprob (A) BESNL TV
HEE HLERBPEI > 2AICHS A DS
55 &R prob (A | B) &K® 2 DIZHW
b5Nb, PK/¥T A — & OHEEIISHT AEE, PK
INT A — & OFFIHEZE prob (P) &% PPK /8T 4 —
%, PPK/XT X = LEME SN2 E % prob
(CIP)EBWT, HIEMCHHEIN-HE0 PK
785 A — % prob (P|C) 3K 2% (Table 1b)s
BARRIZIE, FEME (CD) & PK/SF X =%ty b
WL ATFHMME (C)) OFEDF L EIHO 5D
P (o%) #ARPL72fliE, PPK/SS X =%+t v b
(Pj)) L PK/8Fx—%+tv b (Pj) OEEDFL
PPK /85 X — % O 43§ (PPK € 7 )V O fifl fA [ 25
B o%) OB T AEL2MEDHIEZ OB] &£ LT, OB]
Wi/ 72 PKST A—% 1ty F&KD D (Table
lc)o MEMEZTTIEZ L, PPK/XT A =% L D%
bERT A0, EE RN L R L ClEE
DELEEOREYZITII L, WELADPRLT
Bo —71, WHHEGBEHIPPK /ST X =% 2 [
WA RIS, AT RO BEAS, 7z PPK
INT A =5 OWEMICELT 5 2 Los#Is gt L %
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s

a  CV%co=70%
CV%c1 = CV%c2 X 1.01"

CV%c2=15%

n \ :."' \ I__r ‘ ..’ \\\CZ ."‘\\.\
N RN NN NN

Blood concentration
/
P

Time

CV%co = CV%c1 = CV%c2

Blood concentration

Time
Fig. 1. Optimization methods of PK parameters in Op-
tjpWinS
a) A new measured value has a smaller coefficient of
variation (CV%) of blood concentrations. b) A coeffi-
cient of variation of blood concentrations is equal at
any time.

%o

BEDOPK /ST A — %1%, JHEIIE U R 2
AL E TV b, —F, HEESND PK/YT X —
71X, EEOWETHDLZ EDBBPLETH S,
L7255 T, BEOREBICL T, BITIHEHT S
HEMEOIRAREAD T 2 MG A UEDNDH L. T
bbb, HEOBANIFILEAERL, PKI/ST A —
FIZHBALDHR I 5> T ERETILUE, 7T
DOPEMEZ [F CEADT TR S EATE L0, il
EMEDGE S NIZME 5 PK 78T A — & DAL L T
WD LRI N LA, BEOWEMIZEADT
EELCT D, HDHVITITIZH 2 WHIET AR 5
N %o OptipWinS Tlx, HIEMOEBFRE %
TEADTEIT, RFOMELSE L) EHL TR
W42 h (Figla) &, $XTOWELESL
e i (Fig 1b) 2SEIRTE B,

. BIZHID PPK 7LD

PPK E7WVIL, % REM O PPK fEHTIZ & 1) HESE
ENBHLDOTHY, TOEMIIBIT S PK OFflk%
FHLTWVb, PK O, PK/YT 2 — 5 DAL,
FflE CPHERLhRE) N5 o% (FE
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MABCEANLES) TRISINDDS, RFETIEH
BEREHIZT H2OICREBEOALDELE T %o
PPK f##T Fik121E, W REMDOPK /ST X — 528
BB & B\ BOERL A LT B ERGE L7z
NG ANy 2T L, PK /ST A — % O4ARIZAK
LW VIR XA N) v ZIAEH b S5 I,
B (AT B L IR ARV RE 7OV & 2 AT
B H D, PKINT A — 5 OHEENERER PK /85
A—F B E5 2 LRF GEE) OBELR LI
BENL720, REMEET VL BTN A
WHNLTW5S,

B EN D PPK EF VL, BT E ISR E RS
T5. LROITEOREIRIIMZ, Lok har
IR= b XY NETIIHE) 2%, T EDERT 5o
BIZIE, 1=3 /)%= M AV METVIHE) L EFRT
I, PPK E7 M Vd & CL (H D Wit ke) 12X
DWHERR SN D, —F, 22T /)8— b XY NEFLT
i, CLEHLaY/N—= P A PBXOERMa ~
= N A Y NOFHEERE (Ve, Vp), H.La v /38—
FA Y MERT Y= b X NEOBITHEER
(ki, ko) ICXDHERL SN D, ROSETHILE, W
NWOEFE BRI NA T RNA T ) 74 bMET SN D,
oI, AR DBITEICL D EIRES NG, BT,
Vd o3 gE L U CTHB L BT 5K, B
HIZBITL CLOKER L L CEREYRTZ LT
F=rv 277 I A (CCR) EGHIIZHEIRE N
BIENE, T2, 7RI REERPEVEH]T
HIUL, B IZVd & CLOWGIcHERE LT
TNT 3 (Alb) PERENZETTHD, L
L&A 5, PPK ETIVOREEEIZB W TR 2 3t
BEOFERE, TOETVOPRELR EE2EEHSA
MR BEIC LD, BITEICZRSNTWwb, PPK
EFNVEERICHTAEL, BISL L) &+ 285
PEHERIZE TN TWAE Z L2, T ¥ /8— X
YN EBIRESN TV AREROR L2 L%
L CBLLZEDPHEETH S,

1. VCM

VCM @ PPK E 7V 1E % ik S T w5 75,
OptipWinS |21, DHE DL iz LR ZEIC L %
E7)V (Yasuhara 5)”, YHiFkOEE L ER &
L7220 7NV (KBS, BIUOHILS), B
LT OKE®OE TV (Winter, 1994 %M L TH
D, BEOFBIIL U TRENITICERT 2ET7 V%%
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Table 2. VCM PPK models with typical values

a) Yasuhara Model

CL (L/hr) = 0.0478 X CCR (mL/min) [If CCR (mL/min) < 85]

CL (L/hr) =3.51 [If CCR (mL/min) >85]
Vd (L)=60.7

b) Oshima Model
CL (L/hr) = 0.72474015 X CCR (L/hr)
Vd (L) = 1.2614904 X Wt (kg)

c) Yokoyama Model
CL (L/hr) =0.0436781 X CCR (mL/min)
Vd (L) = 68.3338 X [Age (years)/76] *2734!

d) Winter-1994 Model
CL (L/hr) = 0.65 X CCR (L/hr)
Vd (L) =0.7 X Wt (kg)

e) Yamamoto Model

CL (L/hr) = 0.0339 X CCR (mL/min) + 0.243 [If CCR (mL/min) < 85)

CL (L/hr) =3.95 [If CCR (mL/min) >85]
Vdi (L) =61 X Wt (kg)

[01; for patients with bacteremia: 0.313, pneumonia: 0.720, other: 0.523]

Vdo (L) =02

[82; for patients with bacteremia: 78.0, other than pneumonia: 43.4]

f) Winter-2010 Model
CL (L/hr)= CCR (L/hr)

Vd (L) =0.17 X Age (years) + 0.22 X Wt (kg) + 15

g) Nonaka Model

CL (L/hr)=0.968 X CCR (L/hr) X (If Alb <3.5 gdL then 0.622 else 1) X (If BMI <18 then 1.22 else 1)

Vd (L) =2.01 X Wt (kg)

Table 3. Comparison of the concentrations predicted by the typical PK parameters in the VCM PPK

models with measured concentrations

ME (ug/mL) [95%CI]

MAE (ug/mL) [95%CI]

RMSE (ug/mL) [95%CI]

Yasuhara Model —4.01[—5.41 ~ —2.62
Oshima Model —371[—4.94 ~—249
Yokoyama Model —445[—5.70 ~—3.21

Winter-1994 Model
Yamamoto Model
Winter-2010 Model

—1.48[—2.93 ~ —0.02
—295[—447 ~—143

]
]
]
]
]
—8.62[—9.87 ~—7.37]

6.74 [5.73 ~ 7.75]
5.95 [5.04 ~ 6.86]
6.13[5.13 ~ 7.12]
6.51[5.58 ~ 7.43]
7.08 [6.07 ~ 8.08]
8.99 [7.82 ~ 10.16]

8.84 [6.79 ~ 10.89]
7.87 [6.03 ~ 9.70]
8.33[6.27 ~ 10.39]
8.36 [6.58 ~ 10.14]
9.08 [6.87 ~ 11.28]
11.16 [8.88 ~ 13.44]

ME: mean prediction error. MAE: mean absolute error. RMSE: root mean squared error. 95%CI: 95% con-

fidence interval

RLTWD, BARFIE LT, HiEEI2BIT 5 VCM
5 BEORHERITEIRE DL 720 YRk D 2 O
DETFTNTIEIVAARECHESINTEY, S
UG L9 WS, BHAEBAIS#EIG T 2 B vd
PRELABLONTECLEIBENMDDH LD T,
D2 ODET IV EZMEET 5 7% EDOFIEEIT> T
bo —Ji, BIbNIERL42DETIVIZ, HIOHE
WD E 7V (Yamamoto 5)78 X OKE D € 7V
(Winter, 2010)"% 12 72 6 2DE7 )V (Table 2a~
0 O REEFHINEE, Yo VCM #5585
2 RFRIHRGEE L 72Y 3R & L C, root mean squared

error (RMSE) @ 95% 5 X M @ LEREAS, R
WIED 10 pg/mLIZE <, FUREERIAT5TH
% &I L7z (Table 3)o 2T, CL O3 (IZ
Alb & body mass index (BMI) % &t PPK E7
)V (Table 2g) ZHEEEL7-& 2 A TR L
7275 1€k PPK €7 )V Tld, CL 3% =A% CCR
DR TIHo7Z D6, RFES FHIEBEOKT
WX HARERPIT L2 B#E IS B 5 CCR HEwE K
OB T%, Alb®BMI %Nl 7-2 & THIET
&l bEREIND, T2, bHPEOSL RIS
IZEBETVIIBWC, MiEZ L7522, AlbB
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FOHIAEMAE 2 W2 CCRIEER V2 H Wiz & o
5, WHEF BT 5 IMAREO T HIPEAN R E L7z
LO#HEYLHY), CCRBLIUVZEN2LE PNL
VCM IZB1F % CL OHEEMRHED, EHIKBIZHBT
% VCM MHREO Tl ZREL TWDH EEZDS
N5,

2. TEIC

TEIC O ML, 3HEDHE R Y — &R
L, 32 /)8— AV FEFNVTEHINL?Y,
W5, BRI T o5 EHT o #H T ORI % #
5T B LEEME N LS, a xRz 2-a
V3= M AV METINTOMMFERZHE LTV b,
OptjpWinS ® PPK E 7 )V i, IS DET IV %,
X521 28— M A Y FEFVISEM L THH
LCTw% (Table4)s L7z2>T, ¥I2b—3
TR AHOMAPRELZ RILTE LWizD, 20
FRMHEERE CTRBET 5, 2% 0, HAHTOIEH
ETIENA D7 VEIZE 57855 X — FHEENIR#EY)
ERB720, HERMTORMA KD bNE, %85,
PLHZE TDM 74 K54 Y28 W TIE, HEHD
N 7IEENERRIT 7 b A EHET LI 05,

Table 4. TEIC PPK models with typical values

2-compartment model
CL (L/hr) = 0.00498 X CCR (mL/min) + 0.00426 X Wt (kg)
Ve(L)=10.4
ki2 (hr~1')=0.380
ka1 (hr~1)=0.0485

1-compartment model convert
CL (L/hr) = 0.00498 X CCR (mL/min) + 0.00426 X Wt (kg)
Vs (L) = Ve+ Ve= Ve + Ve (kia/ka) = 91.9

Ve distribution volume of the central compartment. Vy;
distribution volume of the peripheral compartment. Vs
distribution volume under the steady-state. ki2; transfer
rate constant from the central compartment to the pe-
ripheral compartment. k21; transfer rate constant from the
peripheral compartment to the central compartment

AR S THRANREAT T 2 3% 5-1% 18 R LLE
FIAHEZL T b, —F, TEICIZY v /874
A% U EEE L, IFEALD A EMEALT
Wb, BEDADIZLY, ZORKAEFESR TEIC O
IR I L2 A LD 2 ERMON TV B,
FIlSE, TEIC © CL O#ZE®EIZ Al 2 &4 €T
WEETHRVETIVEEND, B RE 2572
120 B (Alb O&iPH : 1.10~4.90 g/dL) 1238\ T, Alb
DHFEGIINENWEERL T, HHNEEEELT,
OptipWinS I2BWTH Ab 2 & VET NV % IR
HLTWwa, FElMEE PPK €7 )VIC & 2
ATEHES 2 35450 TEIC 12 & 2 iR E O RIVER
EE AL, Alb I X BIMFIEREADEE Y %
BT 2UEDNH L,

3. AGs

AGs ® PPK (%, Burton 5®OE TV %A L T
Who PK/ST A—%75 Vd & Ke TEFZRS T
%728, CLIZVd & Ke 22 55ME & LT\ 4 (Table
5a)o fEH& LT, CLIZCCR EHEDHL &N
5720, REOERNP_EINLETVTHL, &
D72, PLEE TDM A4 R4 VTR s b &
NS, RFERE CRMEAL S /- B BETR I eGFR
(mL/min/173 m*) THEL7-0) OG- EHFELY L
A, COETFNTYIalb—varybLihE
BANOFRIMPEEL 252V Db b, Thb
%, [d U eGFR (mL/min/1.73 m®) T &4 fk A5
BN EHOBEHI, FUAEYS-)OE (mg/
kg) &5 LT, REMMBEL/NSVEFITEHK
FIZHLTCLAED/ASCHEES NG 20, i
BEImFIE SN D, £72, AGs ® CL 25 CCR
28 LV &5 %7V (Table 5b) 12 L C, CL
PERDICHEEESNDLEFVTH Y, FOMEMIIMEKE
WL WEBHEIIEHETHLDOT, BEMEOEVE)
HPEGHFIDPLR TV E LW D05, MRS %

Table 5. AGsPPK model with typical values

a) Burton Model

ke (hr=1)=0.01 +0.0024 X CCR (mL/min)

Vd (L) =0.25 % Wt (kg)

CL (L/hr) = ke X Vd = (0.01 + 0.0024 X CCR (mL/min)) X 0.25 X Wt (kg)

b) Winter Model
Vd (L) =0.25 X Wt (kg)
CL (L/hr)= CCR (L/hr)

ke; elimination rate constant
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LVFX 250 mg every 24 hours

in accordance with the recommendations of

12

the package insert

A

estimated AUC/MIC 90.04 mg - hr/L

LVFX 375 mg every 24 hours
based on TDM and the PK-PD theory

estimated AUC/MIC 135.05 mg - hr/L

A
A
A

10 4

3 hours after

¥

LVFX blood concentration (mg/L)
[=)}

administration 6.0 ug/mL

2 -
just before ~
administration 1.81 ug/mL
0 L 1 L 1 L L Ll
0 1 2 3 5 6 7 8
days
B{fg;‘x 38.7 385 37.2 384 36.6 36.6 36.7 37.2
WBC
UuLy 10800 7,350 3,620
Neut
Juny 10110 6,030 2,400
CRP
(mg/dry 311 8.67 178

Fig. 2. LVFX administration based on TDM and the PK/PD theory
LVFX was administered to an elderly patient with Enterobacter pneumonia (MIC of LVFX =1 mg/L). The
dose was increased according to the AUC/MIC estimated by the measured blood concentration.
LVFX: levofloxacin. AUC: area under the concentration-time curve. MIC: minimum inhibitory concentration.

BTmax: daily maximum body temperature

LGELHHDT, DL R BE L CTIER
DORPUNIE L TG R EZBEIRT 2 2 ko5 b,
V. REREZEADOEYMFRERE

Wiz Tl REE S A G HURL O G oA
2, BRRRBEE L C=a2—F /oy R¥E L MEPM
DIMHFEEZRE L, GFTEICKL Twb, £
NeEn@EEEER s a~ s 7574 =80 C, %5
BRI & 5% MM oM g E 4 fE L, Mko
PPK € 7 Vo2& H Wiz XA V7 VFETPK /NS
A—%%HfEE L, TDM & PK/PD BEigic o < #%
g REL TS (Fig 2)o I LEDLEBDY
WCHEREI 2T o 7286, #NMEG 2% 2560°
Y, FRITEREE LR L 7oLt OIS
BWTE, LELRAATHDLEZ D,

B

YR DR TH VT W 5 OptjpWinS % A2,
PK /85 A — & i & PPK € 7V 12D W Tk~
726 PPK ETNWVIEE L DL DODHE S N T 575,
FTARTOIEFNEBIIIZG T E B ETIVIEAR
FIEL 2\ 720, $512 TDM WSR3 ICB W T, £
WS OFNME & ZEME 2 MRS % 728 (I ik B2
FENIVIHTH Do FT4E, PURIE TDM A K74 >~
I2& D, PK/XT A= %S i h5Eiks
ERLTBY, BABSBICBWCFIAETERBTE
LEER Y LCERTH D, —F, G #%
FCBWTIEPPKEFLVOBMANEINTHEY,
TN EEZRE L RS RET 2 M+ 5 2 & T,
LD 5k BIRNT 5 2L TED L ER Do
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2, B CIMHREZETE Z2Wihs, WE
DRI SFG-EAHIE E TR Do TLE ) 72
O, G2 AT ) B O PPK £ 7V ADEE
BEZETH L, T72, HiEsxIZHB1T5H VCM @ PPK

ETVDOL)ICHMERICFLLZET IV TH-TY,

BIGHIPAZ RE L CHOWILUZERTH Y, Zhddy
B PK /ST A= 2 b DEEWHE L TERS N
X, BGREFOBOERIZHNDL LD TE %,
PPK ET7NVIEL K OREL & H, T2 THMEE
MY EE I EEREELOD, MHRE &5
BB IUCBRRE SR CEE LY — )V & LTEH
TRETH 5D,

MK ECHE - HETREDD%L L,
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At Kitasato Institute Hospital, the OptjpWin Spreadsheet (OptjpWinS) is used for pharmacokinetic
analysis during therapeutic drug monitoring. OptjpWinS incorporates population pharmacokinetic (PPK)
parameters, and facilitates planning of the initial dosages of vancomycin (VCM), teicoplanin (TEIC) and
aminoglycoside antimicrobials (AGs) to treat infectious diseases. To estimate the patients’ pharmacoki-
netic (PK) parameters, both the least squares method and the Bayesian least squares method with PPK pa-
rameters can be used. The latter includes two analytical methods in which the measured values are
weighted differently. PPK models of VCM are then constructed, based on the patient blood concentrations
obtained at our hospital, and the models are clinically applied by incorporating them into OptjpWinS. Al-
though a number of PPK models of VCM have been constructed, the prediction accuracy of existing mod-
els was judged to be insufficient in 2015, and a new model was constructed in 2017. According to previous
literature, the estimation accuracy of creatinine clearance (CCR) and VCM clearance calculated from the
CCR affects the predictive ability of VCM blood concentrations. PPK models of TEIC and AGs in
OptjpWinS are based on previously reported. Because the PPK model of TEIC uses a one-compartment
model converted from a two-compartment model, it is necessary to pay attention to the timing of the
blood sampling for clinical application. At our hospital, blood concentrations of new quinolones and mero-
penem have been measured via clinical studies and are reflected in administration plans. When using
broad-spectrum antimicrobials, to ensure efficacy, we consider it necessary to avoid underdosing. How-
ever, there is no universal PPK model; dose adjustment methods that do not include PK parameters have
become popular due to the availability of practice guidelines for therapeutic drug monitoring of antimicro-
bials. However, construction of a PPK model would be useful for identifying patient groups with charac-
teristic PK parameters and planning initial drug dosages. Such a model should be used as a tool for plan-
ning administration methods, and predicting blood concentrations and clinical outcomes.
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