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Table 1 Patients’ profiles

BW . : Dir;l;‘n;f Iﬁe;n;lfc Duration  Duration  Blood Transfusion On the admision to ICU
Case Age (ke) Gender - Diagrosis support donor heart of CPB. of sur.gery loss - volume “ARF
(day)  (min) (min)  (min) (m)  (m) ISP NE EFI MIL DOB
1:40's 49 M DCM 39 226 146 559 5400 5,000 Yes
2:::20's 60 M DCM - 215 176 398 800 2400 Yes | Yes Yes
3..40's 47 E DCM 227 209 147 4380 2.850 3450 Yes | Yes
4 10's: 42 M DCM 319 210 161 566 6930 5790 - Yes | Yes
5 50's 46 M DCM 618 212 211 650 4102 4460 Yes Yes
6 30s 62 M DCM 669 188 159 600 2,096 4340 - Yes/
CHDF
7:.20's 45 M DCM 500 223 134 515 2,076 2420 Yes
8:30's 60 M DCM — 208 130 290 2030 2040  Yes |'Yes
9 -30s 64 M DCM 993 137 152 605 5580 6340 Yes
10 40’s: 56 M dHCM 338 229 142 615 2,145 3,720
11..50's 35 B DCM 99 206 99 465 1950 6,680 Yes Yes
12-:60’s: 50 M DEM 1,227 185 127 550 3,000 5,360 Yes
13 40's 57 M DEM 1,057 255 190 640 1,700 4,600 Yes Yes Yes
14 :40’s: 63 M DCM* 1171 207 123 560 4,660 5100 Yes
15 30's 48 M DCM 964 166 136 475 3445 3.870
16 30s 50 M DCM 597 225 105 485 3,000 4,566 Yes
17 . 20's 36 E DCM 867 210 210 645 6,260 9,680 Yes
18 50's 67 M DCM* 1444 213 113 595 3800 8,230 ,
19 50's 57 M DCM 674 220 193 710 3,185 8464 Yes Yes Yes Yes
20 30's 40 E DCM 417 181 134 620 5,000 8.200 Yes
Average 52 707 206 149 551 3500 5,236

BW, body weight; LVAS, left ventricular assist system; CPB, cardiopulmonary bypass; M, male; F, female: DCM, dilated cardiomyopathy:
dHCM, dilated-phase hypertrophic cardiomyopathy; DCM*, DCM secondary to myocardial sarcoidosis; ARF, acute renal fallure; CHDF,

continuous hemodiafiltration; ISP, isoproterenol; NE. norepinephrine; EPL epinephrine; MIL, milrinone; DOB, dobutamine.
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Fig. .1 Time course of serum creatinine before and after heart transplantation
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Abstract

Intensive care after heart transplantation

Yuji Takauchi*!, Hideaki Imanaka*!, Muneyuki Takeuchi*!, Tomoyo Nishida*!, Kazuya Tachibana*!,
Takeshi Nakatani*?

*1Intensive Care Unit, *2Department of Organ Transplantation; National Cardiovascular Center

5-7-1 Fujishirodai, Suita, Osaka 565-8565, Japan

We present a summary of the intensive care provided to 20 patients who underwent heart transplantation at the
National Cardiovascular Center. Nineteen patients suffered from dilated cardiomyopathy, of which 18 had been supported
by a left ventricular assist system. In the ICU, cardiac pacing was applied in all patients, with 9 patients requiring isoprot-
erenol infusion in addition, to maintain an appropriate heart rate. All patients received infusions of low-dose of dopamine and
atrial natriuretic peptide. The immunosuppression regimen consisted of cyclosporine (or tacrolimus), mycophenolate mofetil,
and methylprednisolone in the patients with normal hepatorenal function. Earliest removal of catheters and fubes was
always attempted at the ICU. Most of the patients were discharged from the ICU and transferred to the ward on postopera:
tive day 8, without any serious events. In addition to the conventional intensive care provided to patients undergoing open
heart surgery, management of the denervated heart and preservation of renal function are important targets of acute care
in patients undergoing heart transplantation.

Key words: (D heart transplantation, @ denervated heart, @) atrial natriuretic peptide
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sist system : LVAS) #38% & h, LVAS#%E
#EIL 707398 A Th oz, LBMEARIEEL
$IC Lower-Shumway &%, Z0#%0 1 I CHA

#HIB KB (dilated-phase hypertrophic cardiomyopathy), DCM*

CHDF ! H&in 8547 (continuous hemodiafiltration)
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£1. DBENRIT0H0OERESS
Fi g LVASHBE | Fr—lo| #HEER | FHEE | HhkE s
0| () BE | ) | Ene) ([ BEG) | @ | m) | ) | FTE
1 40s - B DCM 39 226 146 559 5400 5,000
2 20s 5 DCM — 215 176 398 800 2,400 (+)
3 40s & DCM 227 209 147 - 480 2850 3450 (+)
4 10s: 5B DCM 319 210 161 566 = 6930 5790 (+)
5 50s: 8 DCM 618 212 211 650 4102 4460 :
6 s B DCM 669 188 159 600 2,096 4340 (+)/CHDE
7 2055 DCM 500 223 134 515 2,076 2420
8 Ws:- B DCM = 208 130 290 2,030 2,040 (+)
9 30s- %8 DCM 993 137 152 605 5,580 6,340 (+)
10 | 40s -5 dHCM 838 229 142 615 2,145 3,720
11 | 50's - g DCM 99 206 99 465 1,950 6,680
12 | 60s - B DCM 1227 185 127 550 3,000 5,360
13 | 40s B DCM 1,057 255 190 640 1,700 4600 16
14 | 40s- 8B pcM? 1171 207 123 560 4,660 5,100
15 1 30s -5 DCM 964 166 136 475 3.445 3870
16 | 30s- 5 DCM 597 225 105 485 3,000 4566
17 | 20s ' & DCM 867 210 210 645 6.260 9,680
18 | 50s+ B DCM? 1444 213 113 595 3.800 8,230
19 | 505 8 DCM 674 220 193 710 3,185 8464 (+)
20 | 30s: & DCM 417 181 134 620 5000 8.200 o
3| 40 707 206 149 551 3,500 5236
LVAS : 0B A TUEE (eft ventricular assist system), DCM : M3E®.05h 4% (dilated cardiomyopathy), dHCM : itk
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isoproterenol ¢ 9
norepinephrine 6
epinephrine 3
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41+ 12 ug/ke/5:
002+ 001 ug/ke/5
014% 004 ug/kg/%
012= 008 ug/kg/5
0067%0.028 ug/ke/5
040 011 pg/ke/5
0.37+ 010 ug/kg/%
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(mmHg)
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(/5 /m?)
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1, A X I A vy FRTOMITENEE
DOA : dopamine, NAD : noradrenalin, ISP : isoproterenol, MIL : milrinon, hANP: & b EH

38 48 58 68

FIRA7F F, DOB: dobutamine. BP : I/, sBP: IUERIME, dBP: #WsEEAME BP, HR: 4
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5. HIBFOFAHEIRNE A, MUEHER
D7=DIFRE ST 72 norepinephrine X ElE
K EARBMBEORE L VEEmIEAL, L
Ao EEZ TV,

I. FREE

RBREATTR CII ATIPIRBEER 2 2 B <o
] AR D 2 IR BB L BN E TH 5.
BEORAMIEBIE Bk, ATEE—FELT

R RRBERIRRE 7Ly Yy — 3=}

BEEBALL 13 AEOERTCII AT,
bHOBERITAE T, BRIEIELOVIERT
RETAHIENTE (F3). LEL, AR
SEEBBE R LLEATCIIREICTTHE Y
=l ROV A ZX3IATy FOERTRER
12BROATIRFRE 2 o7 BENHEVLE
BEBERZIRNEL L, EELEE OER
TE, SIBIE HA A3IAvyF, BHiE

PR El Vol.60 No.1l (2007-10)

245




%3, ICUTOIL— EH

HT—7VOEE | ICUESPIEET R EN | BABMH M)
REFa—7 20 21+26
BBRA 7 —F N 19 33%19
FLE R 75 W 10 9553
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Complications and Problems of Acute Care in Patients Undergoing Heart Transplantation
Hideaki Imanako et al., Intensive Care Unit, National Cardiovascular Center, Suita, Japan

We have experienced 20 cases of heart fransplan
discussing postoperative complications and intensiv

tation at the National Cardiovascular Center. We are
/e care for those cases. Hemodynamic problems may

be summarized as the denervated heart transient cardiac dysfunction, pulmonary hypertension in the
recipient’s pulmonary circulation, and donor-recipient size mismatch. In a case with donor-recipient size
mismatch, cardiogenic pulmonary edema developed immediatély after the tracheal extubation, probably
due to wound pain and afterload mismatch. In all patients, weaning from mechanical ventilation was
smooth. Prolonged mechanical ventilation seemed to result from a delay in awakening, hemodynamic

instability, lactic acidosis, and donor-recipient si
patients, while 1 patient needed 12 hours of conti
fusions atrial natriuretic peptide and restored renal insufficiency.

ze mismatch. Acute renal insufficiency occurred in §
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inuous hemodiafiltration. All of the patients received in-
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‘Limited Sampling Strategy for Mycophenolic Acid in
. Japanese Heait Transplant Recipients
o Comparison of Cyclosporin and Tacrolimus Treatment —

Kyoichi Wada, BS; Mitsutaka Takada, PhD?¥; Takeshi Kotake, PhD;
Hiroyuki Ochi, BS; Hideki Morishita, BS; Kazuo Komamura, MD*¥;
Noboru Oda, MDT; Akiko Mano, MDT; Tomoko (S-) Kato, MDT;
Akihisa Hanatani, MDt; Takeshi Nakatani, MDY

Background The purpose of the study was to characterize the pharmacokinetics of mycophenolic acid (MPA)
in Japanese heart transplant recipients and to find the time point that has the best correlation with the MPA area
under the plasma concentration curve (AUC). o . »

Methods and Results Twenty-two Japanese recipients treated with mycophenolate mofetil were evaluated in
the study. Approximately 9 months after transplantation, the area under the MPA serum concentration-time curve
from 0 to 12h (AUCo-12h) was evaluated. The MPA AUCo-121 values in the cyclosporine (CsA) and tacrolimus
(FK) groups ranged from 13.11 to 50.98ug-h/ml and from 39.19 to 93.18ug-h/ml, respectively. Fourteen
models were developed and analyzed for their ability to estimate the MPA AUCo-12n based on a limited number
of samples in the CsA group. Sixteen models were developed in the FK group. The best model for predicting the
full MPA AUCo-1zh in the CsA group was a 3-time-point model that included Con, Cinand Cz2n (12, 0.96; mean
prediction error, 0.15+7.85%); a 2-time-point model that included Con, and Cz2n (12, 0.94; mean prediction error,
0.495+10.35%) was also reliable. In the FK group, a 3-time-point model that included Cin, C2nand Can (52, 0.73;
meari prediction error, 2.73+17.09%) was the best model for predicting the full MPA AUCo-125, but it was not
reliable in clinical practice. .

Conclusion * A 3- (Cok, Cihand Cz2n) and a 2-time-point model (Con and Czh) are useful for predicting the full
MPA’ AUCb-12h in Japanese heart transplant recipients treated with CsA but not with FK. (Circ J 2007; 71:
1022-1028)

Key Words: Heart; Mycophenolate moféiil; Pharmacokinetics; Transplantation

Myc‘é shenolate mofetil (MMEF) is widely used for

maintenance therapy in heart transplant recipients?:! 11416
However, the routine measurement of AUC in clinical
practice is very impractical and would be cost prohibitive;
therefore, development of an abbreviated sampling strategy
for reliable estimation of the MPA AUC is required.

The pharmacokinetics of MPA in Japanese heart trans-
plant recipients has not been previously characterized. The
purpose of this study was to characterize the pharmacoki-

. the prevention of acute rejection after organ

¥ R transplantation! Following oral administra-
tion, MMF is rapidly and extensively absorbed and is
hydrolyzed to mycophenolic acid (MPA), the active immu-
nosuppressive agent*? Pharmacokinetic studies of MPA in
transplant patients showed a large variability in pharma-
cokinetic parameters including the area under the plasma

concentration curve (AUC), time to peak plasma concen-
tration (tmax) and maximal plasma concentration (Crmax)3-1!
Several studies showed a significant relationship between
the MPA AUC and the occurrence of acute rejection$-%12-14
A low AUC in the early post-operative period is associated
with a high incidence of rejection during the first 6 months!2
Recent reports suggest that a target of 30-60g-h/ml might
be suitable during both the early post-transplant period and

(Received November 13, 2006; revised manuscript received March
29, 2007: accepted March 30, 2007) '

Department of Pharmacy, **Cardiology and TOrgan Transplanta-
tion, National Curdiovascular Center, Suita, *Division of Clinical
Pharmacy, School of Pharmaceutical Sciences, Kinki University,

netics of MPA in Japanese heart transplant recipients
receiving concomitant cyclosporine (CsA) or tacrolimus
(FK), and to find the time point that correlates best with the
MPA AUC.

Methods

Patients

Twenty-two Japanese recipients were enrolled in the
present study. The individuals underwent heast transplanita-
tion at the National Cardiovascular Center (13 recipients),
Japan and the overseas hospital, University of California,
Los Angeles, CA (9 recipients), USA between May 1999
and November 2006. The participants consisted of 2} re-

Higashiosaka, Japan

This work was carried out at the Department of Pharmacy, National
Cardiovascular Center, Suita, Japan.

Mailing address: Kyoichi Wada, BS, Department of Pharmacy.
National Cardiovascular Center, 5-7-1 Fujishirodai, Suita 565-0873,
Japan.  E-mail; kwada@hsp.ncve.go.jp

cipients with dilated cardiomyopathy and 1 recipient in the
dilated phase of hypertrophic cardiomyopathy. They were
treated with MME in addition to corticosteroids and CsA or
FK as immunosuppressants. The pharmacokinetics and
clinical efficacy of MPA were evaluated approximately 9

Ciraitlation Juuinal: Vol 7L, July 2007
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Table 1. Characteristics of Study Patients

1023

Cyclosporine gioup Tacroliniits group p value

Number: of patients 11 1
Gender (M/F) 10/1 6/5
Age (years)* 39.1%13:1(15-62) 29.54]3.5(9=55) 0:10
Weight (kg)* 55.0£6.5(45.7-67.25) 49.618.5 (33.4563.55) 0.1l
Post-transplant time (days)* 273.7%12.] (249-290) 267+23.9(227-305) 042
Creatinine (mg/di)* 0.97%0.26 (0.55-].42) 0.7630.21(0.5<1.16) 0.09]
Dose.of immunosuppressanis

Cyclosporine (ing-kg-day-)* 4.34+1.30(2.60-6.54)

Tacrolimus (mg-kg-!-day-1)* +0.095%0.058 (0.04-0.22)

Prednisolone (mg)* 8.9+5.2 (2.5-20.0) 6.5%1.6(5.0-10.0) 0.16

*Mean*SD (range).

months after heart transplantation. There were no recipients
with severe gastrointestinal disorders. All research pro-
cedures were conducted according to the clinical research
guidelines in our institute. All patients gave written in-
formed consent for disclosure of their clinical data.

Medications and Therapeutic Drug Monitoring
The dose of CsA or FK was applied according to the

original protocol of National Cardiovascular Center!? CsA

(Neoral, Novartis Pharma K.K., Tokyo, Japan) was initially
administered at a dose of 6mg-kg-'-day"! in 2 divided
doses. Thereafter, doses of CsA were adjusted to achieve
trough levels of 350 to 450ng/ml during the first month,
250 to 350ng/ml at 2-3 months, 200 to 300ng/ml at 4-12
months and 100 to 250ng/ml for 13 or more months after
transplantation. FK (Prograf, Astellas Pharma K.K., Tokyo,
Japan) was initially administered at a dose of 0.05mg-kg~!-
day-! in 2 divided doses. Thereafter, FK was administered
to achieve a target trough blood level of 13 fo [5ng/ml
during the first 3 months, 10 to 15ng/ml at 4-5 months and
5 to 10ng/m! for 6 or more months after transplantation. In
addition, the doses of CsA and FK were adjusted based on
the AUC during hospital admission for periodic biopsy.
Plasima concentrations of both CsA and FK were measured
by fluorescence polarization immunoassay (TDx, Abott
Japan Co, LTDA).

MME (Cellcept, Chugai Phatma K.K., Tokyo, Japan)
was initially administered at a dose of 1 g in 2 divided doses
and then 2 2 to 3 g maintenance dose in accordance with the
leukocyte count. Subsequent doses of MME were based on
the AUC of MPA and were adjusted during admission for
scheduled biopsy.

The areas under the serum concentration time cuive
from 0 to 12 h (AUCo-121) of MPA approximately 9 months
after transplantation were evaluated. We collected blood
samples before dosing and at I, 2, 4, 6, and 12h after
dosing from recipients taking MMF and CsA concomi-
tantly. In addition, blood samples were obtained before
dosing and at 1, 2, 4, 6, 8 and 12 h after dosing from recipi-
ents taking MMF and FK concomitantly. Approximately
1 ml of blood was collected each time from an arm vein by
a disposable syringe and was transferred to a vacuum
bload-collection tube. The samples were centrifuged, and
harvested serum was frozen at =30° until analysis.

Measurement of Plasma MPA Concentration

Serum concentrations of MPA were measured by re-
verse-phase high performance liquid chromotography with
the use of a minor modification of the method of Tsina et
al'8 with indomethacin as an internal standard, In brief, in

Circutlation Journal: Vol 71, July 2007

this modified method, an octadecylsilane, C18 column
(250x46 mm inside diameter, SHIMADZU, Kjyoto, Japan)
was used, and the absorbance of the effluent from the
column was measured at 254nm. The mobile phase con-
sisted of a mixture of acetonitrile and 0.05 molll phosphate
solution (vol/vol, 60:40). With this method, the detectable
concentration of MPA was 50ng/ml, and the inter-day and
intra-day coefficients of variation were less than 5%.

Pharmacokinetics Data Analysis

The MPA AUCo-izh values were calculated by trape-
zoidal approximation. The time to maximum concentration
(tmax) and maximum concentration (Cmax) were derived di-
rectly from the measured values. Non-compartmental analy-
sis was used to determine the mean residence time (MRT).

Limited Sampling Strategy Development

We searched for predictive models of the MPA AUCo-12n
using a multiple regression analysis based on alimited num-
ber of samples. These analyses produced equations of the
form: AUC=aiCl... +anCn+f3, where an and fare coeffici-
ents and n is the number of samples (n<3). Data were
analyzed with Statcel 2 (Excel, Visual Basic for Applica-
tions for Windows). The final limited-sampling strategy
models were used to calculate the prediction enor (%) in
each patient using the following equation: ((estimated
AUC=measured AUC)/measured AUC)x100.The variance
inflation factor was calculated to check for collinedrity of
the models.

Results

Patient Characteristics

The characteristics of the study recipients aie presented
in Table 1. A total of 22 recipients were evaluated (16 male
and 6 female; mean age+SD, 39.1+13.1 years(CsA group),
29.5+13.5 years (FK group); mean weight=3D, 55.0£6.5kg
(CsA group), 49.6+8.5ke (FK group); mem post-trans-
plant time+SD, 273.7+12.1 days (CsA group), 267£23.9
(FK group); mean serum creatinine+SD, 0.97£0.26 mg/dl
(CsA group), 0.76+0.21 (FK group)). One paient had high
serur creatinine in the CsA group. The meanCsA and FK
dose was 4.3421.30me kg -day! and 0.095+0.058 mg:
kg!-day-!, respectively. The mean prednisolone dose in.
the CsA and FK groups was 8.9+5.2mglday and 6.5+
1.6 mg/day, respectively. '

MPA Pharmacokinetics in CsA- and FK-Treated Heart
Transplant Recipients
Serum concentration-time profiles of MPA in the CsA
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Figl. Mycophenolic acid (MPA) plasma
concentration-time profile of Japanese heart
transplant patients for tacrolimus (FK) group
(Top) and cyclosporine (CsA) group (Bottom).

Table 2 MPA Pharmacokinetic Parameters in Heart Transplantation Patients (Cyclosporine Group and Tacrolimus Group)

. Cyclosporine group Taclorimus group pvalue

. MME dose (mg-kg-!-day*!) 25.42414,17 (9:29-58.82)  34.0/£14.95(14.95-60.42) 0.18
tax () 1.73£0.90 (1-4) 2.18%1.54 (1-6) 0.41
Cons (ug/ml) : 8.82+4.10 (2.78-15.90) 14.23+7.43 (6.75-30.80) 0.04
MRT(h) 3.76+0.77(2.56=5.54)  4.75%0.93(3.57-6.40) Lo001
AUCo-izn (g W/ml) 32.57413.07(13.11-50.98)  58.55:17.51 (39.19-93.18) - <0.01

Mean+SD (range).

‘MPA, mycophenolic acid: MMF, mycophenolate inofetil; twas, titte fo maximim concentration; Cous, maximum coiicentration; MRT,
. nean residence time; AUC, area under the concentration-time curve.

and FK groups are depicted in Fig 1. The pharmacokinetic
profiles of MPA were characterized by an early increase of
MPA concentration with: the first peak concentration
reached at approximately 1 to 2h-after dosing. In the FK
group, a secondary plasma peak of MPA occurred 8h after
administration. The pharmacokinetic parameters of MPA
in the CsA and FK groups are presented in Table2. The
mean MMF dose in the CsA and FK groups was 25.42+
14.17 mg-kg!-day-! and 34.01x14.95 mg-kg-!-day!, re-
spectively. There was no difference in the mean dose
of MMF between the CsA and FK groups. The MPA
AUCo-12n values in the CsA and FK groups ranged from
13.11 to 50.98 g -h/ml (mean+SD, 32.57£13.07ug-h/ml)
and from 39.19 to 93.18ug-h/ml (mean+SD, 58.55%
17.51 ug- h/ml), respectively. The mean MPA AUCo-12n in
the FK group was significantly higher than in the CsA
group (p<0.01). The correlations between the dose of MME
per body weight and AUCo-12h are shown in Fig2. Signifi-

250

cant correlations between the dose of MME per bod:
weight and AUCo-12h of MPA were observed in the botl
the CsA and FK groups. The mean tmax in the CsA and F
groups was 1.7320.90h (1-4h), 2.18+1.54h (I-6h
respectively. The coefficient of variation of tmax in the Cs¢
and FK groups was 52.4% and 70.5%, respectively. Th
mean MPA Cmax in the CsA and FK groups was 8.82
4.10pg/ml and 14.23+7.43 ug/ml, respectively. The mea
MPA MRT in the CsA and FK groups was 3.76£0.77h an
4.75+0.93h, respectively. The mean MPA MRT in the Ei
group was significantly longer than in the CsA grou
(p=0.01). In the CsA group, there were 5 recipients wh
had an MPA AUCo 121 <30ug-h/ml, but no recipient exp
rienced International Society for Heart & Lung Transplai
tation (ISHLT) Grade II rejection. In the FK group, the:
was no recipient who had an MPA AUCo-12h <30pg b
and no recipient experienced ISHLT Grade I rejectio
In the FK group, there were 5 recipients who had an MP

Cireulation Jonrnal Tl 71, Julp 200
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100 FK group
: y=0.8531x+29.532 .
: L . 2=0.530 p<0.05
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S 20t o y=0.6893x+15.055
° et r=0o08 pl0l Fig2. Relationship between mycopheno-
0 : i ; A i : ; Jate mofetil (MME) dose- kg-!-day~! and
' mycophenolic acid (MPA). AUCo-i2n for
9 10 20 % 49 50 60 I tacrolimus (FK) group (closed circle) and
MMF Dose (mg-kg-1-day-1) cyclosporine (CsA) group (open circle):

Table 3. Multiple Regression Analysis to Correlate Abbreviated MPA AUC Values With AUC Values Calculated Using the Full Set of 12 Timed MPA
Concenfrations (CsA Group)

Model Sampling Model o 2 FPrediction error (%) . VIE
. times (I) e MeantSD Withintis% <-15% >15% _ Cox  Cin Cin Ci Con  Con
I 0 8.73C0+25.11 029 [57744821 1(9.0) S5(455) 5(455)
; 2 1 - 1A0Cu2304 036 142704460 S(455) 2(132) 4(363)
g : 2.67Cu+13.38 046 11.3043583 10(90.9) 0(0)  1(9.d)
i i 4 4.00Cu+21.39 028 31574697 9(81.8) 1(9.1) 1(9.0)
g 5 6 3.18Ca+20.24 043 12943931 3(27.3) 3(27.3) S(45.5)
Z 6 1 13.64C121+18.93 054 119044213 4(363) 3(27.3) 4(36.3)
: 7 01 15.34+8.92Cont [ 43Cin 066 7.53£27.91 S(455) 2(18.1) 4(363) 100 100
8 02 0.SI+1147Con3.24C 094  049%1035 10(909) 0(0) 1(9.01)  Lod 1.04 :
9 04 2131+45.36Co+2.39C 035 144284257 10(90.9) 0(0)  [(91)  I74 174
i 0 06 1927-4.90Con+11.60Cen 044 12.6844079 3(27.3) 3(27.3) S(455) 555 555
: I 012 1880-238Con+IS8ICr: 055 [2.02043.02 5(45.5) 3(27.3) 3(273) 278 278
12 012 0.I0+I115Cor+042C1i+2.80C2n 096 0.5:7.85 11(/00) 0(0) 0(0) 168 106 16l
I3 024 -023+I2.70Coi+3.36C—0.80in 0.94 036:9.80 [0(90.9) 0(0) I(9J) 123 2.04 2.08
14 124 128+19ICi+026C+S59IC 095 07747.94 10(90.9) 0(0)  1(o.0) 221 202 143

CsA, cyclosporine; VIE, variance inflation factor. Other abbreviations see in Table 2.

Rl

Table 4 Multiple Regression Analysis to Correlate Abbreviated MPA AUC Values With AUC Values Calculated Using the FullSetof 12 Tirned MPA
Concentrations (FK Group)

Sampling - Prediction error (%) : VIE
. Model Model equation 2 : e eSS
fimes (h)  Mean®SD WithintlS% <-15% >15% Con Cin Con Cu Coh Can ' Cizn
I 0 1.53C0n+55.48 0.0l 7.96%30.17 6(54.5) 3(27.3) 2(182)
2 ! - =0.23Cin+60.75 001 8.03430.64 3(27.3}) 3(27.3) 5(45.5)
3 2 L.66C21+41.16 0.65 35042000 6(54.5) 2(i82) 3(273)
2 4 4 2.97C1+44.54 032 5.84%2697 S5(455) 2(182) 4(36.3)
i 5 6 3.03C6n+49.93 0.10 7.03+27.03 4(363) 3(27.3) 4(36.3)
2 6 8 5.90Csn+36.99 022 57142248 6(545) [1(9.1) 4(36.3).
g 7 12 1.57Cnn+53.01 004 75742868 3(27.3) 3(27.3) 5(455)
2 S 0,1 5783+ 1. 14Coi-0.17C1 0.01 79713042 3(27.3) . 3(27.3) 5(45.5) 16 LI6
% 9 0.2 34.87+2.95C01+1.69C21 0.68  3.26%19.57 6(54.5) 2(182) 3(27.3) 10l 1.01
5 o 04 47.63-2.01Coi+3.17C1 033 5.80:26.71 4(363) 3(27.3) 4(363) LI3 L3
8 H 0.6 48.52+0.79C0a1+2.97Csu 0.10 7.01%2699 4(363) 3(27.3) 4(363) 102 1.02
3 12 0.8 39.36-2.93Con+6.86Cs1 024 5.48%2/.92 6(545) 1(91) 4(363) 127 1.27
3 13 0,12 5041+ 1.58Con+ 1.581Cin 005 7.49¥2842 3(273) 3(27.3) 5(455) 100 1.00
g 14 0.1,2 26.93+4.17Cont049C11+1.77Con 070 29741828 7(63.6) [(9.1) 3(273) 1.08 120 1.H4
5 0.24 35.0342.39Cont1.59C+043Con 0.68  3.24%1948 6(54.5) 2(I182) 3(27.3) 1.688 1.882 13
16 124 23.56+1.05CH+1.25C+2.53C 073 2.73£17.09 6(545) (9.1} 4(363) 2.21 1.645 3.105
EK. tucrolimus. Other abbreviations see in Tables 2,3,
AUCo-12n >60.8-h/ml, and in the CsA group, there was no Limited Sampling Strategy
3 recipient who had an MPA AUCo-12n >60ug-h/ml. No The correlations between MPA concentrations at various
i recipient had severe side effects in either group. time points and the full MPA AUCo-12nvalues and predic-
tion errors for the abbreviated AUCo-12nprofiles in the CsA
and FK groups are summarized in Tables3 and 4. Fourteen
g;l
-} Circulation Journal - Vol. 71, July 2007
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FK group rhodeHB
AUC=23.56+1.05Cin+1.25C2n+2:53Csn. 12=0.73

CsA group * model 12

Predicted MPA AUCo-t2n (ug- h/ml)

L 1 1

AUC=0.10+11.15C0on+0.42C1h+2.80C2n 1°=0.96

Fiz3. Linear regression plots of mycophe-.
nolic acid (MPA)area under the plasma con-
centration curve (AUC) values predicted by
regression model 12 in cyclosporine (CsA)
group (open circle; 3 samplesis 0-h, [-hand -
2.}i MPA ‘concentration), 16 in tacrolimus
(FK) group (closed circle; 3 samples; 1-h, 2-h
and 4-h MPA concentrations) vs the cotre-

1

20 40 60
Measured MPA AUCo-126 (1g-h/mi)

sponding each 1l MPA AUC values calcu-
80 fated from the full sets of samples by the
linear trapezoidal rule.

Fig4.  Prediction errors for the abbreviated
mycophenolic aid (MPA) area under the
plasma concenttion curve (AUC) profiles.

rodel 12 in eyclosporine (CsA) group (open
circle; 3 samples is 0-h, 1-h and 2-h MPA

Prediction error (%)

Measured MPA AUCo-1zh {(g-h/mi)

models were developed and analyzed for their ability fo
estimate the MPA AUCo-121 based on a limited number of
samples in the CsA group. Sixteen models were developed
in the FK group. The collinearity check for these models
was not violated if the VIF of each model was smaller than

10. Fig3 shows the MPA AUC values predicted using
regression model 12 in the CsA group (model 16 in the EK
group) plotted against the corresponding 11 MPA AUC
values calculated from the full sets of 12 timed samples by

the linear trapezoidal rule. Fig4 shows prediction errors for
the abbreviated MPA AUC profiles (model 12 in the CsA
group and 16 in the FK group) plotted against the corre-
sponding 11 MPA AUC values calculated from the full set
of 12 timed samples by the linear trapezoidal rule. The best
model for predicting the full MPA AUCo-i2h in the CsA
group was a 3-time-point model (model 12; Con, Cin, Can;
2=0.96) with a mean prediction error of 0.15+7.85%
(Table3, Figs3 and 4). The estimated prediction errors fell
within £15% in 100% of the profiles (11/11) with this
model. The 2-sample model that gave the best r> value
(0.94) was model 8 (Con, C2n) with a mean prediction error
of 0.49+10.35%. At this model, 90.9% of profiles (10/11)
had an estimated prediction error within £15%. The highest
coefficient of determination between the MPA AUCo-12h
and a single concentration was observed with Cizn (r=0.54).
The mean prediction error was 11.90+42.13% and the esti-
mated prediction error fell within +15% in only 36.3% of
the profiles (4/11). The best model for predicting the full
MPA AUCo-121 in the FK group was a 3-time-point model
(model 16; Cin, Can, Can; 2=0.73) with a mean prediction
error of 2.73+17.09% (Tabled, Figs3 and 4). The esti-
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concentration), 16 in tacrolimus (FK) group
(closed circle; 3 samples; 1-h; 2-hand 4-h
MPA concentrations): vs the corresponding
ench 11 MPA AUC values calculated from
the Full sets of samples by the lineat trape-
zoidal rule.

mated prediction errors fell within £15% in 54.5% of the
profiles (6/11) with this model. The 2-sample model that
gave the best 12 value (0.68) was model 9 (Con, Czn) with a
mean prediction error of 3.26x19.57%. At this model,
54.5% profiles (6/11) had an estimated prediction error
within £15%. The highest coefficient of determination be-
tween the MPA AUCo12h and a single concentration was
observed with Can (12=0.65). The mean prediction error
was 3.50+20.06% and the estimated prediction error fell
within £15% in 54.5% of the profiles (6/11).

Discussion

The present study showed that the best model for pre-
dicting the full MPA AUCo-12h was a 3-time-point model
that included Con, Cinand Czh in the CsA group. The 2-
time-point model that included Corand C21 was also usefu!
for predicting the full MPA AUCo-12n. However, reliable
models for a limited sampling strategy could not be ob-
tained in the FK group. The measurement of the MPA AUC
using a full set of samples requires considerable personne
time, laboratory resources and large quantities of blood. T¢
support therapeutic drug monitoring of MPA in clinica
practice, limited-sampling strategies should be developet
for estimation of the MPA AUC. The 12 values of other 3
time-point models (Con, C2n. Can; Cin, Can Can)inthe Csé
group were 0.94 and 0.95, respectively, The mean esti
mated prediction errors for these models were 0.36+9.8!
and 0.77£7.94, respectively. These models could also b
used for predicting the full MPA AUCo-i2h. In contrast, th
12 values of 3-time-point models (Con, Cin. Cap; Con, C2
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Cab; Crn; Czn, Can) in the FK grotup were 0.70, 0.68 and
0.73, respectively. The mean estimated prediction errors
for these models were 2.97+18.28, 3.24+19.48 and 2.73+
17.09, respectively. Therefore, these models should not be
used for predicting the full MPA AUCo-12h. In the 2-sample
model (Con, C2n) with the best r? value (0.94) in the CsA
group, the estimated prediction errors fell within +15% in
90.9% of the profiles (10/11). This model is also suitable
for predicting the full MPA AUCo-12b. On the contrary, in
the 2-sample model (Con, C21) with the best 12 value (0.68)
in the FX group, the estimated prediction errors fell within
+15% in 54.5% of the profiles (6/11). Therefore, this model
is not suitable for predicting the full MPA AUCo-12h. A
single-point method would be useful to support therapeutic
drug monitoring of MPA in the clinical management of our
recipients; however, a reliable single-point method for pre-
dicting the full MPA AUCo-12n was not obtained in either
the CsA or FK groups. Moreover, reliable models for a
limited-sampling strategy were not obtained in the FK
group.

. Cé)o et al reported that MPA concentrations before and
at'] and 8 h after dosing were positively correlated with the
AUC in kidney transplant recipients treated with CsAl?
Pawinski et al reported that a 3-sample model with sam-
pling before and at 0.5 and 2h after dosing was the best
model for predicting the full MPA AUC in kidney trans-
plant recipients treated with FK (c2 value of 0.862 and a
prediction error: of 6.1x19.0%)?° In another report, an r2
value of 0.946 was obtained by a 3-sample model with
sampling at 20 min, 1 and 3h after dosing in kidney trans-
plant recipients treated with CsA?! The discrepancy among
the results of these previous studies might partly be ex-
plained by variation of the transplant organ (kidney or
heart), concomitant drug therapy and the sampling times
used to determine the full MPA AUC. It has been reported
that a significant decrease of the MPA AUC and an in-
crease of the oral apparent clearance are observed in renal-
impaired recipients® The suggested mechanism for these
phenomena is a uremia-induced increase of the MPA-free
fraction, leading to a temporary increase in the clearance of
this restrictively-cleared drug. Thus, the MPA absorption
profile might be different between kidney and heart trans-
plant recipients. Cho et al collected blood samples before
dosing and at 0.5, 1, 2, 4, 6 and 8h after dosing!? Pawinski
et al collected blood samples before dosing and at 0.5, 1, 2,
3,4,6,8,9, 10, 11, and 12h after dosing?9 Le Guellec et al
collected blood samples before dosing and at 20 min,
40min, 1, 1.5, 2, 3,4, 6 and 9 after dosing?! In our study,
blood samples were collected before dosing and at 1, 2, 4,
6, and [2h after dosing in the CsA group and at [, 2,4, 6, 8
and 12h after dosing in the FK group. Differences in the
limited sampling strategies recommended in these studies
could be attributable to sampling time differences.

In our study, reliable models for prediction of the MPA
AUC were obtained in the CsA group, but not in the FK
group. This suggests that concomitant drug therapy might
be an important factor for predicting the MPA AUC. The
difference in the results between the CsA and FK groups
was attributed to distinct MPA pharmacokinetics. It has
been reported that a secondary plasma peak of MPA attrib-
uted to enterohepatic circulation occurs 6 to 12h after
administration in recipients treated with FK2? In contrast,
CsA might inhibit the transport of 7-O-MPA glucuronide,
ait inactive metabolite of MPA, into the bile and reduce the
enterohepatic recirculation of MPA; therefore, a secondary
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plasma peak of MPA does not occur when MMF is used
concomitantly with CsAZ2

There was no recipient who experienced ISHLT Grade
I rejection in the present study No serious adverse effects
were observed in 22 recipients enrolled in the study, in-
cluding tHe recipients with an MPA AUCo-120 >60g-
h/ml. Consequenﬂy, the present study could not determine
whether the target range of 30-60ug-Wml for the MPA
AUC is suitable for reducmg the risk of acute rejection and
adverse effects. Further studies should be conducted on the
relationship between the MPA AUC and the risk of rejection
and adverse effects in Japanese heart transplant rec1p1ents
For this purpose, the development of 2 limited sampling
strategy for estimation of the MPA AUC in Japanese heart
transplant recipients is desirable. The 3-time-point model
that included Con, Cinand Cznin the CsA group was useful
for predicting the full MPA AUCo-un In addition, the
2-time-point model that included Con,and Cznin the CsA
group was also reliable for predicting the full MPA
AUCo-12n. Although our study: is limited in that a small
number of recipients were evaluated, itis the first study to
characterize the pharmacokinetic parameters of MPA in
Japanese heart transplant recipients. A more detailed study
is necessary to verify the assumption that the 2- and 3-time-
point models for predicting the MPA AUC are valuable in
Japanese heart transplant recipients treated with CsA. Fur-
thermore, limited sampling strategies for predicting the
MPA AUC need to be developed in FK-treated transplant
recipients.
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Relationship Between Acute Rejection and
Cyclosporine or Mycophenolic Acid Levels
in Japanese Heart Transplantation
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Background Cyclosporine (CsA), Mycophenolate mofetil (MMEF) and prednisolone (PSL) are widely used for
the prevention of acute rejection after heart transplantation. Recently, the serum concentration - time curves (AUC)
of CsA and MMF have been demonstrated to be precise predictors of acute rejection. :
Methods and Results Fourteen heart transplant patients were treated concomitantly with CsA, MMF, and PSL
between May 1999 and November 2005 at the National Cardiovascular Center and of them 3 had acute rejection
episodes [International Society for Heart & Lung Transplantation grade 3a]. Two patients (man in his 30s; woman
in her 40s) had acute rejection with a mycophenolic acid (MPA) AUCo-12h <30ug-h-ml! and low CsA AUC
(AUCo-41; 2,408ng-h-ml-!, 1,735ng-h-ml-!). However, 1 patient (man in his 30s) with a high CsA AUCo4n
(4,019 ng-h-ml-!) did not develop cardiac allograft rejection even if the MME was temporarily stopped. These 3
patients were investigated to evaluate the relationship between acute rejection and pharmacokinetic parameters,
including the CsA Co, C2, AUCo-44 and MPA AUCo.i2h.

Conclusions The findings suggest that a high CsA AUCo4n may prevent rejection of a cardiac allograft, even
if MMF is stopped or drastically reduced. (Circ J 2007; 71: 289-293)

Key Words: Cyclosporine; Japanese heart transplantation; Mycophenolate mofetil; Serum concentration-time
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curve

sporine (CsA) or tacrolimus (FK) plus mycophe-

nolate mofetil (MMPE) and prednisolone (PSL) is
commonly used for basic immunotherapy in heart transplant
patients. At the National Cardiovascular Center (NCVC),
approximately 30 heart transplant patients, including sev-
eral from overseas, have received the 3-drug combination
therapy, and its usefulness has been recognized!2 Howev-
er, despite this treatment, some patients develop acute
rejection. It is well known that, in order to obtain good clini-
cal effects and to prevent acute rejection, it is important to
monitor the blood levels of immunosuppressive agents.
Generally, the trough level (Co) has been used in such
monitoring; however, in recent times, analysis of the full
area under the curve (AUC) of CsA was demonstrated to be
a precise predictor of acute rejection and graft survival? In
addition, it was reported that in renal transplant patients,

s. 3-drug combination therz;py consisting of cyclo-

the AUC during the absorption phase (AUCo-4h) was high-

Iy correlated with the full AUC and was a better marker for
rejection and nephrotoxicity than the blood trough level4 It
has therefore come to be recognized that absorption profil-
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ing is needed in order to monitor the CsA microemulsion
(Neoral) more effectively4-1!

After oral administration, MMF is rapidly and extensive-
ly absorbed and hydrolyzed to mycophenolic acid (MPA),
the active immunosuppressive agent. Several studies have
demonstrated a significant relationship between the MPA
AUC and acute rejection!?1? A Jow AUC in the first 6
months is ‘associated with a high incidence of rejection!3
and recent reports suggest that a target of 30-60ng-h-ml-!
may be suitable during both the early post transplant period
and later for maintenance therapy in heart transplant
patients!3,14.18.19

We present 3 Japanese heart transplant recipients who
showed a correlation between the development of acute
rejection and the relevant pharmacokinetic parameters,
including the CsA AUCo-4h, the 2h post-dose concentra-
tion (C2) and the MPA AUCo:12h

. Methods

Of 14 patients who had received the 3-drag combination
therapy between May 1999 and November 2005, 3 had acute
rejection episodes (International Society for Heart & Lung
Transplantation (ISHLT) grade 3a). In 2 of them, blood
levels of CsA and MMF were measured before and after the
acute rejection episode. Among the remaining 11 patients
who did not have acute rejection episodes, 1 patient stopped
the MMF for a long period and only received a 2-drug ther-
apy (CsA and PSL). The 2 patients who had acute rejection
episodes and the 1 who did not have an acute rejection
episode during withdrawal of MMF were enrolled.
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Blood for calculating the AUC of CsA and MPA was
sampled at 6 time points: before dosing and at 1, 2, 4, 6,
and 12} after dosing. Blood levels of CsA and MPA were
measured by fluorescent polarization immunoassay (TDx,
Abbott Japan Co, Ltd) and reverse-phase high-perfomance
liquid chromatography?? respectively. AUC was calculated
using the trapezoidal method. The AUCo-4h was calculated
as:

AUCMh=1/2x{(Co+C|)x1}+1/2x((C1+C2)x1)+1/2><((C2+C4)x2}

where C1 is the 1h post-dose concentration and Ca is the
4h post-dose concentration. All research procedures were
conducted according to the institutional clinical research

guidelines and all patients gave written informed consent -

concerning the disclosure of their clinical data.

Results

Patient 1 (Acute Rejection)

A man in his 30s man with dilated cardiomyopathy
(DCM) as the underlying disease received a heart transplant
under catecholamine treatment. At the time of fransplanta-
tion, Human Leukocyte Antigen (HLA) (A, B, DR) com-
patibility was 0/6; cytomegalovirus (CMV) was (+) for the
donor and (=) for the recipient. Initial immunosuppressive
therapy was CsA, but the serum creatinine increased to
2.2mg/dl, so CsA was discontinued from day 3 post-trans-
plant and replaced with orthoclone-OKT3. After renal func-
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Figl. The blood concentration profiles of CsA and
MPA, and the doses of CsA,MMF and PSL in pa-
tient 1. CsA, cyclosporine; AUCo, area under the
curve during the absorption phase; Co, measurement
of whole blood trough levels; C2, 2h post-dose con-
centration; MPA, mycophenolic acid; MMF, myco-
phenolate mofetil; PSL, prednisolone.

tion improved, CsA was re-administrated with the addition
of MMF and PSL.

The blood concentration profiles of CsA and MPA, and
the doses of CsA, MMF and PSL are showed in Fig1. The
patient took oral ganciclovir (1,500mg/day) to prevent
CMYV infection; however, on day 169 post-transplant, the
CMV-polymerase chain reaction test showed a copy num-
ber of 1,900 and the antigenemia assay was positive. The
patient was therefore hospitalized and ganciclovir injection
therapy (10mg-kg!-day-!) was started.

The patient’s leukocyte count. decreased to 1,900/,
which was an adverse reaction caused by ganciclovir and
MME. Therefore, both the ganciclovirinjection and MME
(2g/day) were stopped. The dose of CsA was increased
from 300 to 360mg. After that, on day 222 post-transplant,
ISHLT grade 3a acute rejection was confirmed by myocar-
dial biopsy. The CsA dose was 360 mg/day, MMF adminis-
tration had ceased, and the dose of PSL was 15 mg/day. At
this time, blood levels of CsA and MME were not mea-
sured. Three-day pulse therapy with methyl prednisolone
(MP, 1 g/day) was instituted, followed by an increase inthe
doses of CsA and PSL to 380 and 20mg/day, respectively.
MME treatment was reinstated at 1 glday. After 2 weeks, a
myocardial biopsy showed improvement in the acute rejec-
tion, which was ISHLT grade 2. The target Co value of CsA.
was set at approximately 300ng/ml

On day 361 post-transplant, myocardial biopsy again re-
vealed acute rejection of ISHLT grade 3a. The dose of CsA
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