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The Relationship between Dose of Mycophenolate Mofetil and the Occurrence
of Cytomegalovirus Infection and Diarrhea in Renal Transplant Recipients
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To establish guidelines for avoiding the side effects of mycophenolate mofetil (MMF) in renal transplant recipients
with tacrolimus (TAC)-based immunosuppression, the relationship between the daily dose of MMF and the occurrence
of side effects was analyzed in this study. The frequency of side effects was investigated retrospectively in 28 renal trans-
plant recipients treated with immunosuppression (men 14 : women 14, age: 33.0 &+ 12.4 years, weight: 50.9 + 10.7 kg) .
Cytomegalovirus (CMYV) infection and diarrhea were the most frequent side effects in the early transplant phase (from
transplantation to 3-month biopsy) in the recipients. In 18 recipients, excluding the recipients with risk factors for CMV
infection (ABO-incompatible transplantation, donor (+) /recipient (—) CMYV serostatus, etc.), no significant correla-
tion was shown between the daily dose of MMF and the occurrence of CMV infection in the two-sample 7-test. On the
other hand, the daily dose in the diarrhea group (33.2 + 4.3 mg/kg/day, n = 5) was significantly higher than that in the
no-diarrhea group at 30 days (28.4 = 3.7 mg/kg/day, n = 23, p < 0.05) and 90 days (25.7 = 4.4 mg/kg/day, n = 21,
p < 0.005) after transplantation, respectively. The receiver-operating characteristic (ROC) curve also revealed that the
risk of diarrhea increased with a daily MMF dose higher than 30 mg/kg/day. In conclusion, to decrease the risk of diar-
rhea in the early transplant phase in renal transplant recipients with TAC-based immunosuppression, the daily dose of
MMF should not be more than 30 mg/kg/day.
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Table 1. Characteristics of 28 Renal Transplant Recipients

Gender (men : women) 14 : 14

Age (years) 33.0+12.4(11—53)

Weight (kg) 50.9+10.7 (37.6—72.5)

Transplant type (living : cadaveric) 25:3

Age of donor (years) 49.1+13.7(13—76)

ABO compatibility
(compatible : minor incompatible :
major incompatible)

19:7:2

HLA mismatch 3 (mode) (0—4)

Second graft 5

CMYV Donor (+) /Recipient (—) 3

Primary disease

IgA nephropathy 7
Chronic glomerulonephritis 6
Focal glomerulosclerosis 4
Chronic renal failure 3
Renal hypoplasia 2
Membranoproliferative 1
glomerulonephritis

Polycystic kidney 1
Nephrosis 1
Postpartum renal failure 1
Reflux nephropathy 1
Unknown 1

Results are presented as the number, or mean+S.D. (range). CMV:
cytomegalovirus.

8:00,20: 000 1H2[H, EELEATOA NI
8:00 1 H1EFEEHIN~. 34DEE (L
FEVERERIKE % (MPGN), FSGS, g% A&
BREA 1 4) 1, BRIy > ks o7y
> (ALG) ZMA=RENHEEEZIT>THO,
CMV 738 Donor (+) /Recipient (—) @ 1 %41%, CMV
BAROTHHELTH > 70E)L (GCV) 2#K5
ENTWz., BhE O MMF Ik FH G R O #¢ 5 &
13 1518 £360 (1000—2000) mg/day, {AE47/-0D D
5813 29.84+3.9 (24.7—38.5) mg/kg/day TH >
. TACE®IZ, M1 »HETIE, FI7HE
15—20ng/ml, 1—3 » A& 10—15ng/ml, 3 n A
PIBRIZ 3—10ng/ml &7 5 LS5, J>ho—)LEh
TWe, BIBERERATOA RIZ, FipMOEEIR
CT7L R=y O 40—60 mg/day THItE X N /=



No. 2

179

DL, JOha—=)LIZEVnEREN, L R=vyno
yxux%»fv% Vo IZXDHERRE I N

. MR FBRFICIIAF I T L Ry o> o)
wx%@&vﬁ@ax«UAx(mm)&ﬁﬁﬁ
bz,

3. BIFERRE  SRMHIREICET 23,
Wk iE, RIMEMRESG EO—BEFEBEHRIS IV T 9
Sfe. BIWERORARNKRE LT, mkEE (HiM
Ryt A, #ifn), HAL&EAR CRHD, ERE
(CMV &%, wikEs), FROSD A, B, M

fkzZEIRL, 2NN ORIEMIZDWTE DRI
R OFEERE (B HE) TOWTHEL .
CMV BROHEFEIZIZY > F I+ I 7EEHW .

4. BWAZE MMF&R5EEIREAREBEO
BAfRZMETd 2124720, BIERICIE, FBEEED
NS 7z CMV R KON RFEB 2N L /=, 7=/
L, CMV ERITET 20 REFHIL, CMV KR
A0 T 77 H—TH5HIMEEAESBEWES 24),
CMV 3 donor (+) 5D recipient (—) I TOBME (3
%), JREHEN FSGS, MPGN Th % H#E (54)
EHRWE 184 & LT,

CMV EZICB W T, BER 3 5 A4ER (B
% 100 HAf#,) DANIZY > F 7 %2 7IKITEK D AL
Bz CMV HiE G M f 23t &, D,
GCV G I X2 ENTTONIBEZ CMV R
BEEL MREBICBWTIE, BHZ3 »HER
DINICTHIZFB L, 7D, MMF 23 &R L <id
RESNEEZ TRABBE L. MMF £ 558
ERIERFEH & OBRIL, BG5EHFBHE, two
sample r-test kN2 EEERAE TR (Receiv-
er-operating characteristic (ROC) H—7)19c kD
BEt L7z, &G EHIFERBEICENTIE, MMFI
%58 (mg) HNCEIERAFBEBEEICD W THA
U/, 1 EIREGEF, BERRTBETIIHRER,
HREMTEIERBFIIBI2RKAKEELE L. Two
sample t-test IZHBWVTIL, RUERAFREBICBITDH
Bilf O MMF1 H# 5 & (mg/kg/day) &, EIfEH
IEFRBIFICH T HBMHEER, 30 HEE, 9% HRICH
75 MMF1 A5 BIcDW Tl Lz, £k, &l
TERFB B S OBIRICOWTIRE T 2729
BEOILTFZoIUT T LACDNTHHIEEL
7. 2Ly FZ=>71U7Y F AT, Cockeroft-
Gault JEIC X DHEE L 12z /=, ROC H—7

&, MMF1 H#& G5 &ZEERARBBR Oy ~F 7 {#
ELEEEORE RN, (1—FRE) 28
T8y hTBHIEITKOMERL, diR NEENS T
B AR L 2. 512, BIERREIC
5@'3_%) MMF1 H%5B80MEZ2&E 20, K52

IR PE L (=R (1—H R E)) 2R 7.

;T@Ei,ﬂwm%ﬁﬁ;%mfﬁybﬁ7m
U E®D MMF 35X TW=EBEOES, KR
B, BHWEMERBRICBVWTH Y M 7ERIED
MMF 53N TWEBFEDOEIGZRL TN,
TR TOMEHTIIE, Microsoft Excel®2000 % i Y,

BE/kHET p<0.05 & L 7=,

] R

1. BIERARIEE  SENGEE+TORIER
FEBIMAE 7 Table 2 IT/RT

MMF R Hz, CMV ST 12 ZicHn 7z,
D55, BAE%3 » AEMETIC CMvﬂﬁmém
DI04 ThHh-o7. £, GCVEENTbiiz

ITRZAFI0H/TH- 2. FHIIZ12HAICHN
Z. @55, MMF 23§&E - KEIN/=DIL 74
Thol. F/-, BHH%3 » AEKRE TITFRHAH
N6 4TI, TD5E 540 MMF & - /K
HINTWEDIIKL, 3 7 ALK FRNHEN-
6 &4, MMF & - KEINTWEDIF 24T
HoTz. HIMEEANIBREE 3 » HEMRLIRIC 4 4
CEDH 5N, EENMMF Z2BE3N TV, #
RT3 n HERBIC2AICHROLN, 24LH
MMF i3I N T, Eifild 2 AITED 5
EWIICA T 14 TMMF BRI N TV,
FRDED AT 44, HIRIL3 4, BHET3HITHE
o, WIhd MMF O EIZfThbih Tn
Rz,

2. BIERARIELMMFRS5ELOMKR  BHn
RWER DS 5, FEBENEN Sz CMV RS,
THRIFEBHICIONWT, TOHEHE MMF#58E0
BRICOWTHRE L2, 2O SRIERI, BAE%e
HICEZ DR TWRERNEGS N ENS, BT
SLUENIBME® 3 n HAEMETE Lz, CMV B
O LU 184, BiEE3 » AAEBRIUNIC
CMV IZE® L, GCV RG22 T T4HDOEEZE
CMV QL RE, 320 11 £ %2 CMV JERESBE & L
7=. TFHIFEBICEAL T, 284, BHi%3 » A



180

Vol. 125 (2005)

Table 2. Side Effects of Mycophenolate Mofetil Found before and after 3-month Biopsy in 28 Renal Transplant
Recipients Treated with Tacrolimus-based Immunosuppression

Side effects

The number of recipients

<3-month >3-month Total

biopsy biopsy (%)
Hematological Leucopenia 0 4 4(14.3)
disorders Anemia 1 1 2(7.1)
Digestive system Diarrhea* 6 6 12(42.9)
CMYV infection™** 10 2 12(42.9)

Infectious diseases

Herpes zoster 0 2 2(7.1)
Tremor 3 1 4(14.3)
Others Alopecia 0 3 3(10.7)
Tachycardia 2 1 3(10.7)

* The number of recipients treated with decrease or withdrawal of MMF was 7 (5; <3-month biopsy, 2; >3-month biopsy) . ** The number
of recipients treated with injection of GCV was 10 (9; <3-month biopsy, 1; >>3-month biopsy). MMF: mycophenolate mofetil, CMV:

cytomegalovirus, GCV: ganciclovir.

Table 3. The Incidence of Cytomegalovirus Infection and Diarrhea

MMF dosage
Side effects 500 mg 750 mg 1000 mg
(1000 mg/day) (1250—1500 mg/day) (1750—2000 mg/day)
CMYV infection (n=18) 2/2(100%) 4/10(40%) 1/6 (17%)
Diarrhea (n=28) 0/5( 0%) 2/13(15%) 3/1030%)

MMF: mycophenolate mofetil, CMV: cytomegalovirus.
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EL7.
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BL TIE, 1 EERG-&EMTED BEE EF O
RO NNz ZRUTHL, FHRFEHETIL,
1 [EHEGEBAEMT 201k, BERN EFTS
8D 537z (Table 3).
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+3.0 (22.8—30.0) mg/kg/day Tdh D, FERELEED
FHERITH U THREREMIIRS T, DLABMHE
BTIRIERRAHOBREEOINEMEERLE (<
0.05). —, TFHFEHTIX, TFHFEHKO MMFI

H#% 5.8 33.2+4.3(30.2—40.5) mg/kg/day 1%, %
REIE % CIRIEFRBBEICH L TEREERR RN > 2H D
D, 30 H#% (28.4+3.7 mg/kg/day), 90 H#%
(25.7+4.4 mg/kg/day) 1Zxf L T3 A BT EE 258
Wi (FNFhn p<0.05, p<0.005). /-, BHAE
WCEIL TIE, CMV ST B W TR & IRk
HEOMICEEZRZIGGED S NRMho 2. FHRFEHIC
BIL Tid, CMV B L FERICH BEIZRD s Ns
Mozl HEBICBIZ27L7YF 22075
ADE TR NEIZH > 7= (Table 4).
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Table 4. The Daily Dose of Mycophenolate Mofetil and Creatinine Clearance in Cytomegalovirus Infection Group and Diarrhea

Group
a. CMV infection
MMF dose (mg/kg/day) CCr (ml/min)
CMV infection group (n=7) 26.9+3.0 56.1+10.7
0 day after transplantation (n=11) 30.9+4.0* —
No infection group 30 days after transplantation (n=11) 29.4+4.2 58.4+16.5
90 days after transplantation (n=11) 26.6+4.8 53.4+15.5
b. Diarrhea
MMF dose (mg/kg/day) CCr (ml/min)
Diarrhea group (n=35) 33.2+4.3 52.1+11.8
0 day after transplantation (n=23) 29.4+3.9 —
No diarrhea group 30 days after transplantation (n=23) 28.4+3.7* 61.6+20.2
90 days after transplantation (n=21) 25.7+4.4** 59.4+23.5

* p<0.05; ** p<C0.005, significantly different from the dose in side effect group. MMF: mycophenolate mofetil, CMV: cytomegalovirus, CCr: creatinine clear-

ance.

MEHETO0TUEERD, BELERD &AM
1%, BHEHZ IO HIZBWTMMF#580Dh Y b+
7% 30mg/kg/day & L/=EED 7.00 &75>
2. I5HICBMEERE, 30 HBICBWTH, Hvy k
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Fig. 1. Receiver-operating Characteristic (ROC) Curve Analysis of Association between the Daily Dose of Mycophenolate Mofetil
and Cytomegalovirus Infection
@: 0 day after transplantation, A: 30 days after transplantation, l: 90 days after transplantation. The dashed line represents the line of identity.
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Fig. 2. Receiver-operating Characteristic (ROC) Curve Analysis of Association between the Daily Dose of Mycophenolate Mofetil
and Diarrhea
@: 0 day after transplantation, A: 30 days after transplantation, HM: 90 days after transplantation, The dashed line represents the line of identity.
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ROC H— 7 X BBV TH, i FEkkn
5, BIEAFHE MMF 58 L0fICIFEALE
HHBEIZEO 6>k (Fig. 1). MMF 5.8 &
CMV 4 & ORI BIEMEAGED 5 N> 72D,
MMF 13 CMV D 1 DOERKTH %708, BRICk
Nz K DT CMV S D 1 B P 2 9 % 121,
MMF £ 5.8 X D MPA @i H RS AUC 35 L
TWaEEZLND T E, KUBHHT 5 GRSk
OfEfE, BEHE, mMPEE, AUC/REITDWVTD



184

Vol. 125 (2005)

BETHVEEND D ZEERL TS EEDNS.
—7%, FHRFEBIZOWTIE, #ENDERNEZDIT
BEEMEITERNSEZBOOD, 1 EHFGERD
BITERFBBEEICBNT, HEEIMZ DITHENFE
RN EFH T HHEANEED 537z (Table 3). 7z,
two sample #-test [IZBWT, FHRIFIRED MMF #
5.8 33.2+4.3 mg/kg/day 13, FEFRHEED MMF %
BERICHL, BEEBTRAEEZRA>EDD
D, BAE30 Hi: (28.4+3.7mg/kg/day), 90 H#%
(25.7+4.4mg/kg/day) 1T L THRIZEWI &N
LN (FnFN p<0.05, p<0.005) (Table
4). L7/=21>T, MMF IZX % FHIFEHIZ MMF #%
HELEENEDH D Z EAVRMB I N, BAbL A
MR HICDONTRDHRNWAEREENRD LGNS K

WZR-> D3, BEOREZBERZELIRNS MMF
MEEINTNWSEEDEEZ LGNS, 51T, Fig.

2R ULIEELDIT, MRIFEB O MMF # 5 &I1239
%ROC%ﬁiEt; 5, MIFR FEAEL, EEK
BFHOINEETH DI EE2EKT 0T U EEES
Z. 51T, &hy MAT7HEICBT 2B LELRE
RD=EZA, MMFI HI X5 EDHh v N4 T E%
30mg/kg/day & L7=&EI2, T XNTOBMEHE
2B W TR LAY MR R B O G RE 7 Z oR iR
220 kEo> e (BAEER @ 2.30, B4E 30 H
% :2.88, A0 H% :7.00). L7znn->T,
TAC, BIBEEAT O R, MMF IZ & % fE i
BEEZ T TVWLEBEEZICBNWTIE, MMFI
H#% 5 &% 30 mg/kg/day RiEIZHRET 5 & T,
BREEZEOHO TR 27 288 TE2 Z &R
XNz It T FEORMCETIE, BBMHEIC
B DIEHSOSNE D 72 8 D % 5813 2000 mg/day
ERBOTWS, LInLaNs, SEOENS H#5
L, 65kg RIGOBFITBNTIX I DHGEITEF
2D THhD, FRFEBLZBTSZ0IITEED RN
REENOHIETAIENENTHLEZEA LN
5. Flz, SEMFELEBEBHEEEDS S, BiE
90 HEE CICEMEMRIGZE I LZEFIL 4 4
T%D,%@&%@MMF&QEiBA—%nmg
/kg/day TdH > 7z, BPEIEHSOSHIENEZ MMF £2 5
BOATHREDRTIIARWD, FHIFERZERT S
72%1Z MMF % 30 mg/kg/day TH 592 Z L TR
PO 27 N ER T HAEEEIEVnEE R 5N
%.

BEICR N7z & D12, MMF IZ X %41t 28 R EI1EH
DFERD1DELT, FTOEWN MPA REMNE
AN TS, 19 MMF 138 0% 5% MPA &755
D6, 0%, yra )V NI AT x
F—RIZL0 7 =IVEZ IV OF A1 ROREN
Ry (MPAG) I I N 5. MPAG I K57
NEMNSHME N D0, —#I, PR, B
R Z 2 MPA LR DHIINENS.D Lo
T, BHEENMKTL TWS2EFIZIBWVWTIZ,
MPAG RNIZERE U TR S 15 MPAG 7
Bz, T OREEIGN MPA JEEN EF LU N2 55
LB L3N EZoNS. £z, ERININ
% MPA 72 % Z &TMPA @ AUC Y ERL,
CMV &2 LB < hriEtdbd 2. £
T, BEOMBE I V7 FME\N I LT F 0
U7 S A%&HEL, BIERAFEERCSIERBBICE
WTHIRT 5 Z &2k, BIERFHICHIT 5B
IR TOHBIIOWTHRF L., Z0O/E, CMV
P BNWTIR I L7 FZ 70T 52 AT O
ZRFEAERN SO TZDITHL, FHRIFEHRITBNT
I, AEEIBVSOORBBIIBNWTET LY
FZ2OUT T ANBRWERANIZH > 7= (Table
4). F7z, MRAEBEEO 14ITBWTIE, THRFES

O LTYFZo U7 T OANRKRESMKT GEF
HHF : 83.3 ml/min, FHIHMEF : 48.8ml/min) L TV
7=. X517, &I Kobayashi 5%, v FZ2HW
EBICED, WHiFHE S /2 MPAG 2D H DN
MMF X% FRIO—KERBHERBLZ. 29 L
Mo TINSDORERKD, BB TRICIIERME
RSO A 5T MMF IC X 2RI1EA (I F
) FBICBEL THEERBENLETHS EED
n5.

e LT, SEomitick BRI
TAC, RIBKEZXT O K, MMF | ;é%EMﬁ
BiEEZ T DEREITBNWT, MMF IZX 2 BHE%H)
%@Tr%ﬁ%%% MO, REEINHIRN R % AR
&5 7901213, #5558 % 30 mg/kg/day TH
u@“hicl:m_&ﬁ\%bﬁ\&f;ot. £/, CMV
GBI L TiE, MMF 5.8 & OMENED 51
mﬁot btﬂof T HIHIEEFIZ CMV

ez U= 121E, MMF 280 7= B i3 o
=, ﬁ‘%‘@, GCV #5732 E THOMITH TN
XThD. £/-, MMF IZX % CMV &% <7z



No.

185

DIZIE, ARETHIUL, > Za—U CHEED
H1259, MPA Ot HIE & 51213 limited
sampling strategy {2 & %5 AUC # &5 2 EZ B3N
ETLEEZAD.
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