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i U &I

R ATOY s AT L, #30MEE
HEifrbhsre MY LAEFIPBHLNE L o7
BETIE, MBI 2EHY VWICFIH
THPYPREEREEL-oTEY, BEIIBY
Tix, Single Nucleotide Polymorphism (SNP) %
F—5— 2 4 FERICHAT 200
BHHNTWAE., KETIE, BEFHRLERY
B LOMERTICHE VEIRADLZ VWA &3T
$17, BEIZSNPIZOWTRILL, HITAHNGE
% B ICSNPOBERIBERICOWVTENT 5.

SNP & &

DNAIZXZ L FF F - RY<—Th 5%, X
yULAF RERET AEEICE, 7T, 7
o, YhYY, FIVOAEESHY, ¥
J LAEHIRETEEICEZ, FRFROX LG
F F#A,G,C, TERET 5. 7/ AEERF
MDHLHEMNT, —HEDBRIKE, F07:
DR DEM TEETOEERIICSHED
Abb Lk XL, Thi—3IEEEZR], Single Nucle-
otide Polymorphism (SNP) &5, 7z 24, ¥
YN oV U ERESRET 2B,
UDP-7 V27 O VBB FRIAl O — F T 58
{ZFUGTIAINEIFR A R DFEED» L 2 T211
FEEOEEIN GO ANBERINL EI1T3,
Z OSNP% UGTIAI 211G>AL BiLT 5. ZDk

&, UGTIALIZBZDARITHHBHNDT, EiETF
ERTEIIEFETERL, BELREDERLE
XAl%ET5. A0S GADERIME AT
i, BREMITA DOEEF L GOREEFIREN
IZHSLBIZF (7 LV (allele) & 9 JDORFRIC
H 5N, EROFRTHBIRON LBIZFOHE
1%L EDEFEEESNPLIERZ EAE . &
F D30EEDIEFEST O F T, SNPIZFH L TH
10001 E#xH2 1 2Fid b EEbNTEY, #300
FEFEETAI LI A.

EFANDOEEENOSHEED Z & 25 EE
FHRE . BIEFERUCIE, SNPDIE,I,
1EE» O EBEIEEOHEARLH, variable num-
ber of tandem repeat (VNTR) ¥ 71 I =% 7 7
4 NVNTRE RN 2 B35 E D O K HIEE TR
ENHEFIOEELENDEE, short tandem
repeat polymorphism (STRP) ¥ 7zid~ 1 7 a4 7
J 4 PVNTREMHIN B 10ELL T OIBEDELH] AT
2HOHTERETS L EORBEROEER R LN
H5H.570Fav I VOENBEETHD
thymidylate synthase 2 — F$ 5 TYMSDELE
FEGRIICIE, 283BE DO R HEFI DR LK
25, BERATIZ2~5 B L EET AVNTRY S 5
CENHLNT WA,

SNP & EHDOREEZEL

EEOBIZHB T, SNPAEE 2EUHERIL,
FEDSNPA, FHOMBEERLED I 55

* SNPs and tailor-made medicine.

** Nahoko KANIWA, Ph.D. & Kimie SAL Ph.D.: BV EXSARFEMEFEYCEFHN 7TV =2 b - F— 4
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ATG

TOF— 245

TGA

1

BIEFUGTIATIDIEE

FEDIRONI-EABIZZ IV 02K, T2V I NI-BeHL v bor iR
T. LV VIOATGIXBIRRBEtEa N, 7V 5OTGAIZBRKRILE I My % &1,
I7 YV V1DATGE ) EiER4s i35 -UTR GEEBIRRSEE), =7 v »50TGAL ) THZE4s

133’-UTRTH 5.

HICEBYRIZTI LR, BEDEBORED
LRTERELEETLZIEMONE L HIC
ol bTHA. %0, UGTIAI 211G>ADHF]
T, RELBEPLEBDIZAY A TONE
ZF Lol EMEAAL W) BIEF 1 T2 boOL
M, ME»PS GEA®21KTO5Z#HXGA
EVWIHIBEBEFIATELDL N, BIU, &3
WGP ATORGFEFIEMEGCHEETF S
17%b2e MIKELT, FECEFOY
YNE VBEDE P, UGTIAI 211G>AlXEBY
V¥V HLEE % 4% - 7= GilbertfE & B o 5 FISNP
D—D2THBY. Thit, UGTIAIN211EH O
ENBGLLAICBRINDLZLIZE-T, B8R
ENTERLIBEOTIHFEBOT I JBEETY
BT MFZLIIEDY (GlyTlArg L KLY
5), TOFER, BEEEIELIETLAEZE
XA, B, AADZ % ADKERES, AG
DZEFADANTOEEELED VD).

L2 L, SNPIZ, #2200 ) nBEOBEE
1b&PES LIRS v, BEEFIZ, B1IORT
£ 912, mRNAIZH T A2 Y ¥ (exon), T
OV VIIRINTBERATIA L ITED
s A2 burEE, BLY, LROEE
FHEBE,LOER IR, BERAOEBRESILOFE
IISNPOLE U AU EBIKFT A D5 THS. BN
FEIIE, 5 & 3 FEERFR 4E 18 (untranslated
region . UTR)IZB I N THB Y, 5-UTRIZEIRD
FEIRP R T A5 LS L & b ICEEREECHE
b, F-UTRIZImMRNADLZEHLIZEES L Twb
EEDNTWAE, 7T3IVEREBRIFEEX DI,

SNPASEIZFHROFFRERINET 2 HETH 5.
ZH X, DNADLEE SN THER L 7zmRNAZS,
3ODBEEFTEIZ1IODT I JEEICEHRE
NTERENTWL., TD3ODEEEFDM

C abuda Ky EIRITN S REFRET, T F
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VICHBRELORSOEENS. UGTIAID
SNPTIiZ, 211FBH DEE* T I F  GGAAS
AGAIZEAL L7270t a—F&ENA7 3 VS
TV VP TVEFZ L IZEbol:. TI B
DEERONEFEHORE*RBETL-DICE
BTN THAE & X ICREAKENIEILL, #
) ThRwE ZIZIdBERICESA O N W, —
F, BEEBRBEOIN VPRI N ERBT
EbdY, TOBREIZE, EEEZEXOEAD
EbNY, BEEEZATHIEROORELEL. &
B, ERLI-EHOBEEILOFEIILIPDLS
3, T I /EROEH %) SNP % non-synonymous
SNPE W), 120D T7 I /BIZ22UEDaF
YEMIBELTWAZ EPFEVDT, BREHRD
SNPTH 7 I VBEBHREELZVWI ENRHY, &
N% 41 L~ FSNP3 %\ idsynonymous SNP &
152808

SRS, RNADESHE ICHES5¥
BEMIAH Y, T OFEBOSNPIZAER L7-EHD
BRI E Y 52 20, mRNADRHE L&
HORBREILEZEB 25252 80°H 5. 3-UTR
(3, mMRNADZEEICEE L Twa b Tw
ADT, ZOEBOSNPRIEHORBEICEE
RIZT AR H S, A TF5A VTR
s A Y O BT ASNPYS, AT 74T
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£1 TURBEROBEETLEH O SNPOREE D A
e A 73 BEBRE WL RET OB
BEF  apy SEER HeREE AL YN AN TUTA
CYP2C9 *2 430CT Arg144Cys 0.02-0.04 0.10-0.15 ND
*3 1075A>C Ile359Leu 0.01-0.02 0.05-0.10 0.01-0.04
CYP2C19 *2 681G>A ATIA YV TRE 0.11-0.25 0.13-0.19 0.21-0.45
*3 636G>A Trp212stop 0-0.02 0-0.003 - 0.05-0.13
CYP3A4 *16 554C>G Thr185Ser - - 0.01-0.05
CYP3A5 *3 IVS3-237A>G AT v FRE 0.06-0.84 0.85-0.95 0.61-0.82
UGTI1AI *6 211G>A Gly71Arg ND ND 0.01-0.24
ND : Bt S AT (X & 0318

VIDORERRE, BRELT, REEZHETS
EEAVERENTICEEIEZ2DALILLSH
5.

A & E

SNP% &4 BEFLEOERLAEIZIAEE
BHHIENMON TS, F by O— L4P450
(CYP) £ UGTIAIZ, TR SN TW2EYDOKE
OB EFHS-TBY, ThoDOBEYI—FT
LEEFOBELEEICOWTIE, Saitob DK
BICHELLBARONTWAEY, ZoHhb,
UGTIAI & CYPDW L DHD¥ T 7 73 —T,
KEREAELT A Z E D H TV 5K Z2SNP
ownT, BA, BA, TUTACBIZHEE

21T LD

CYP2C9Mnon-synonymous SNPT# 5430C>T
BLUM075A>Cld, BFAERNCHEIL T L ek
PIETT 29, BEAIZBWTIE, CYP2C9*2
(430C>T) REEDHEHLE , PLILBREER O
T—7 7)) YRPERREDS) A Fi &
Dy T T v A EYOHEERE LEROEYE
A EDT A HEIER OETEZEELTH
B XN TWDYS, TV T ATIEZOSNPIIZ &
ACBEENE, LA, CYP2C9*3(1075A>C)
T BINLERO s )T T v AET ARG
ToTwnh,

CYP2C19ix 7 a b YR THERIOF A T 5
= NVEKEBETHABEERTH L. CYP2C19*2
(681G>A) B L U'CYP2C19*3 (636G>A) DEMIZ,
ELIBEREEE I o RET, Inb DSNP

COBREZIZCYP2CINZ L > TR ENEEY D

TT - ATKFAF—(PM)THA". YoV H

BREGEICBVTIE, FIEPWEICISBREDR
ZEOLIDICERNOPHEE L EO2Z L ¥ BY
LLTAATIV—VHER SRS,
CYP2C19*201REE TIX, TDOSNPx b7\
BEINIAATSSV—LDI )T T AHK
Wiz, BWEOYBREMREBEONLY. £
T, ¥oYREBREICBVTIE, CYP2CI9D
AT LTEH AT IV — VORER > FEH
T55—F— A4 FERORAVIHEE o T 5.
CYP2CI9%:2B L U'3DHEIIBA LD b BEA
WBWTHEL, Y0 BREERRIERADN
HEE N0, '

P9 oF e EORHICEES T A2CYP2D6DRIE

C FHER, SREFORB(E) P OBEFEE
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DEHEL DS VIEFEICEMTHS. BADSNP
LT, ATFFGAVUVTCRETELT
CYP2D6*4 (1846G>A) NE B THHD, W7 IVT
ANTIIBEEAMET 3§ ASNP & L TCYP2D6*10
(100C>T (Pro34Ser) 4% ¢ RZiF 6N 59,

FEE LB LEYRFICEETLLSDATY
5CYP3AADBIETF1Tid, #EEHEILT HSNPT
BEEOBWD DXV, BRANTIZCYP3A4+#16
(554C>G) L TN B KIEH % U &% 2§ SNP2®
Ho5NTW3BY, —F, CYP3A5ITiX, 41t
> 3IZSNP(IVS-237A>G) 2 ), G¥ 14 TiZRX S
SA VT RE Y X TRRECYPIASOBERES
ZH L\, CYP3AS L CYP3A4D EEHFEMD
UL TWBZ s, EYIZL - TIZCYP3AIE
M OAE A\ RBIEENZ CYP345*3 (IVS-237A>G) ASK &
CHEASLTwAHELHNELY. BALTIT
AT, BEERIBE IR CYPIAS*3DEE IR
BV, BATREERENE LW,
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AZA —3p MP

$ TIMP ——— TGN

Thiouric acid MMP

X0 \ TPMT | || TPMT |

MTIMP

B2 PHFATULHLUANHT N TYORBHRE
AZA: THF ATV, MP: An# 7+ 7, TIMP . thioinosine monophosphate,
TGN : thioguanine nucleotide, MMP | 2 F 1V x v # 7 + 71 >, MTIMP : methyl-
TIMP, XO : xanthine oxidase, TPMT : thiopurine S-methyltransferase

RBBEZIBRLT, PIT VAR REYD
FEERICEET A BIETFICOVWTH, AED
B IUISNPOME D HE S B> TL 57201,
5—F— x4 FEEIIBWTISNPDO ¥ f T2Hi %
FIBAICR, NEZLoerEashs,

L AFIC & BE4)EE ESNP

Peutz-JeghersfE & ®, CowdenfE®EE, Li-
FraumenifEfEEED & 9 12, —EDIIAR K
BATE, PASBEEEET L OBRENDIT
LNTBY, $72, BEDL ST CERMETFD
ZRIEBADTERED LR T & LHEEFFRIN
TWAY, AR TEKEAOBBETINL 2 HF
L, &iZ, HiAHIEELSNPE DREIZOWT,
HEICBAT 5.
CNBENY B MROERICERE S D X
WATRNT) v, B, 20— Uik LOEER
R S B SEIIEIR TS A 7Y vid, B2
RT &£ BRI CERLE R, T, #
BENBD, FFTF)ISAFVIT VAT
5 — B (TPMDIZANVH T N 7)) DR b EiE-
TWwbH, TPMTOFEEAMET T 5 &, &R
thioguanine nucleotide (TGN) 75 #& L H MIEREGR,
DRET CEELBEVERESE LAY, TPMTIZIZ v
{OMOSNPHH LN TVIS A, BRANIBIF
ATPMTERDETOE-2ERIE, =7V 10
DSNP, TPMT*3C(719A>G, Tyr240Cys) T
h, FOEREIZ0.8%THEY, —h, BATI,
TPMT*3A (460G>A, Alal54Thr) X ERTH 1,
ZOEEIIHT5%THHW, KENIBITE AT

FE 7Y v OTNXECE, ANVHT TSI D
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(k2 & 0 51 H%E)

EYEIES L CRWER P TPMTORIZF SR L
EhH B L, ERREETPMTE FTEETH
T5BETIEEORSETIIHEEIH CRK
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Effect of low-dose macrolide antibiotics on theophylline
disposition in pediatric patients

Yoshifusa Abe "', Yuko Nanri ’, Hideyasu Oto *’, Taeru Kitabayashi ', Shuichiro Watanabe *’,
Yasuhei Odajima *, Kazuo Itabashi ’, Harumi Takahashi®’, and Hirotoshi Echizen *’
(¥ Department of Pediatrics, Showa University School of Medicine),

(? Department of Pediatrics, Saitama Medical University), and
(*’ Department of Pharmacotherapy, Meiji Pharmaceutical University, Tokyo, Japan)

Summary: Low-dose macrolide antibiotics are administered for the treatment of certain chronic in-
flammatory sinopulmonary diseases (e.g., sinusitis and panbronchiolitis). Because 14-membered ring
macrolide antibiotics administered at antimicrobial doses have been suggested to elicit a significant
ihhibitory effect on the hepatic metabolism of theophylline, we studied whether low-dose macrolide
antibiotic therapy also evokes a clinically relevant alteration in the disposition of theophylline. The
steady-state serum theophylline concentration and the urinary concentrations of theophylline and its
metabolites [i.e., 1-methyluric acid 1MU), 3-methylxanthine (3MX), 1,3-dimethyluric acid (DMU), and
caffeine] were examined in nine stable asthmatic children who received both theophylline and low-
dose erythromycin or clarithromycin (12.3 + 4.5 mg/kg body weight/day) and in ten children who re-
ceived theophylline alone. An immunoassay and high-performance liquid chromatography with ultra-
violet detection (HPLC-UV) were used for serum and urinary drug assay, respectively. Results
demonstrated no significant differences in serum theophylline concentration, the metabolic clearance
of theophylline to its metabolites, and the renal clearance of theophyliine between the two groups. In
conclusion, the administration of low-dose macrolide antibiotics for the treatment of sinopulmonary
diseases would not stipulate a dosage reduction of concomitantly administered theophylline in pedi-
atric patients
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Introduction

Macrolide antibiotics are commonly pre-
scribed for the treatment of upper and lower
respiratory tract infections caused by various
pathogenic organisms at oral doses of 30-50
mg/kg body weight/day in children or 1-2 g/
day in adults”. In addition, a long-term low-dose
(e.g., approximately 50% less than the standard
anti-infective dose) administration of these
drugs is considered an important adjunct in the
treatment of various upper and lower respirato-
ry tract diseases (e.g., chronic sinusitis, diffuse
panbronchiolitis, bronchiectasis, and cystic fi-
brosis) owing to their remarkable effects of pro-
moting and sustaining the tissue reparative
process in inflammation”. Possible mechanisms
underlying these distinct actions of macrolide
antibiotics may be associated with the down-
regulation of the host inflammatory response to
tissue injuries® *.

There is concern about possible drug interac-
tions in low-dose macrolide antibiotic therapy,
because 14-membered ring macrolide antibiot-
ics (e.g., erythromycin, and clarithromycin) at
standard doses interfere with the hepatic me-
tabolism of many drugs®. In particular, their in-
teraction with theophylline is of clinical inter-
est, because theophylline has a rather narrow
therapeutic range (10-20 ug/mL) and its toxici-
ty could be potentially fatal®. To our knowledge,
however, there is a paucity of information on
whether low-dose macrolide antibiotic therapy
is associated with a clinically relevant drug in-

teraction with theophylline in pediatric pa-
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tients.

Theophylline undergoes extensive hepatic
metabolism, it is converted to 1, 3-dimethyluric
acid (DMU) by cytochrome P450 1A2 (CYP1A2),
2E1, and 3A4, and to 3-methylxanthine (3MX)
and 1-methylxanthine by CYP1A2” ®. 1-Methyl-
xanthine is subsequently oxidized to 1-methylu-
ric acid (IMU) by xanthine oxidase”. Because
these metabolites are recovered in urine, the
metabolic clearance of the metabolites of the-
ophylline serve as useful indices of the in vivo
activity of distinct CYP isoforms involved in
the formation of respective metabolites®. In this
context, we determined whether low-dose mac-
rolide antibiotics alter the systemic disposition
of theophylline and the urinary indices of CYP
isoform activity in pediatric patiénts. Here, we
present that low-dose macrolide antibiotics can
be safely administered without clinically rele-
vant interference with theophylline disposition.

Patients and study design

Eighteen pediatric patients (14 males and 4
females) who were admitted to Showa Univer-
sity Hospital owing to an acute exacerbation of
asthma or bronchitis participated in the study.
After their asthmatic symptoms had subsided,
they received a sustained-release formula of
theophylline (Theodur®) for a round-the-clock
theophylline therapy. When the study was per-
formed, none of the patients had a body tem-
perature of 37.5C or higher, or crackles or
wheezing upon auscultation. None exhibited
any signs or symptoms indicative of congestive
heart failure. The patients were divided into



two groups according to their clinical condi-
tions. nine of the 18 patients who exhibited per-
sistent signs and symptoms of sinusitis re-
ceived low-dose macrolide therapy (the
macrolide-antibiotic-treated group) and the re-
maining patients were administered theophyl-
line alone (the control group). One patient (No.
5) initially assigned to the control group was
subsequently placed into the macrolide-antibi-
otic-treated group when she was admitted to
the hospital owing to asthma attacks with signs
of sinusitis. Another patient (No. 7) was consid-
ered to have chromosomal anomaly of trisomy
21. The macrolide antibiotics (i.e., erythromy-
cin for 8 patients and clarithromycin for one
patient) were administered orally twice daily.
Clarithromycin and erythromycin were in dry
- syrup formulation (Clarith®) and dry syrup as
ethylsuccinate (Erythrocin®), respectively. Dur-
ing the study period, the patients received no
other medications that might have affected the
disposition of theophylline (e.g., anticonvul-
sants, rifampicin, and quinolone antibiotics).
None of the patients exhibited abnormal liver
or renal function as determined by routine
blood biochemistry (Table 1). None showed
complications of clinical conditions that may
have altered theophylline clearance (e.g., dehy-
dration, hypoxia, acidosis, viral infections, and
acute febrile illness)” ' ™. Informed consent
was obtained from either one or both parents of
each child before enrollment in the study. The
study was approved by the ethics committee of
Showa University School of Medicine.

Blood and urine samples for the measure-
ment of theophylline or-its metabolites were
obtained from the children at least 3 days after
the initiation of theophylline therapy to ensure
the attainment of the steady-state. Blood sam-
ples were drawn 3.5 - 6 hours after the oral ad-
ministration of theophylline. Serum theophyl-
line concentration was measured by
fluorescence polarization immunoassay (TDX®,
Abbott Laboratories, Chicago) in the Clinical
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Biochemistry Laboratory, Showa University
Hospital. Because of difficulties in collecting
urine samples from children, the collection pe-
riods of urine samples varied among the pa-
tients. Nonetheless, urine volume was mea-
sured and a portion of each urine sample was
stored at —30C before performing the assay.
The urinary concentrations of theophylline,
1-methyluric acid (1MU), 3-methylxanthine
(3MX), 1,3-dimethyluric acid (DMU), and caf-
feine were measured as follows. To a 50-uL
urine.sample, 300 uL of 0.01 M acetate buffer‘
(pH 4.0) and 50 gL of 1 mg/mL B-hydroxyethyl-
theophylline (IS) were added. Then, the sample
was extracted with a 5-mL mixture of
ethylacetate/2-propanol (93/7, vol/vol). The or-
ganic layer was transferred to another glass
tube, and then evaporated to dryness under
vacuum. The residue was reconstituted with a
200-uL mixture of 0.01 M acetate buffer (pH
4.0)/methanol (92/8, vol/vol), and a portion (20
ul) of the reconstituted solution was injected
onto an HPLC (high-performance liquid chro-
matography) column. The HPLC system consti-
tuted of a pump (L-7100, Hitachi, Tokyo, Japan),
an automatic sample injector (L-7200, Hitachi),’
a C18 reversed-phase column (5 um, Capcell
Pak UG120, 150 x 4.8, i. d., Shiseido, Tokyo, Ja-
pan), a UV detector (L-7400, Hitachi) set at 273
nm, and a chromato-integrator (L-7500, Hita-
chi). The mobile phase was a mixture of 0.01 M
acetate buffer (pH 4)/methanol (92/8, vol/vol)
and was delivered at a flow rate of 1 mL/min.
The column temperature was maintained at 30
oC using a temperature-controlled water bath.
The recoveries of theophylline and its metabo-
lites from urine were > 92%, and within- and
between-day coefficients of variation (CV) were
< 5% and < 7%, respectively. The partial (frac-
tional) metabolic clearance of theophylline to
the respective metabolites was calculated by
dividing the urinary excretion rates of the me-
tabolites during the respective urine collection
period by the serum theophylline concentration
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Table 1. Demographic data and serum data of pediatric patients who received theophyliine with
and without low-dose macrolide antibiotics

Age Weight AST ALT Cr Theophylline
Patient Gender ) Dose Serum conc. Sampling time
(years) kg) (Tu/L) Ium) (mg/dL) (mgkg/day)  (ug/ml) (b postadministration)
Those who received theophylline alone
: 1 female 0 59 38 27 0.2 13.6 13.8 45
2 male 1 124 30 14 0.3 11.3 72 43
3 male 1 9.4 25 11 0.2 10.6 37 4.1
4 male 2 9.1 46 32 0.2 13.2 11.3 4.1
- 5-1 female 2 12.8 25 13 0.2 12.5 13.5 42
6 male 4 19.6 20 9 0.4 7.6 94 45
7 male 5 13.1 24 14 0.4 9.2 74 45
8 male 6 256 22 13 0.3 9.8 83 5.0
9 male 6 19.2 14 7 0.3 12.5 10.1 53
10 female 7 21.6 17 7 04 10.9 11.9 55
M/F =1/3
mean + S.D. 34425 155+72 261+£97 14783 03£01 11119 97% 3.1 46 £ 0.5
Those who received theophylline and low-dose macrolide antibiotics
11 male 1 11.0 38 12 03 109 5.8 38 -
12 male 1 102 28 12 02 11.8 10.9 39
13 male 1 114 28 10 02 10.5 10.6 4.7
14 male 2 140 35 16 0.3 10.7 8.9 4.8
5-2 female 2 12.8 30 10 0.2 9.4 11.2 4.0
15 male 3 15.0 26 16 0.3 10.0 9.0 3.7
16 male 4 162 19 9 03 ‘12.4 11.0 43
17 female 4 152 25 13 03 13.2 10.7 40
18 male 7 27.0 19 8 0.4 9.3 9.2 48
M/F=1/2
mean * S.D. 28420 148+112 27664 11829 03 0.1 10913 9717 42+ 04
Mann-Whitney U test p=0648 p=0902 p=0413 p= 0652 p=0.793 p=0.624 p =087 p =0.093

AST= asparate aminotransferase, ALT = alanine aminotransferase, Cr= creatinine

of each child. We assumed that the rate of me-
tabolite formation from theophylline equals the
rates of the appearance of metabolites in urine
‘and that the metabolites are eliminated into
urine without further metabolism. The renal
clearance of theophylline was calculated by di-
viding the urinary excretion rate of theophyl-
line by serum concentrations during the sam-
piing period. Because the molecular weights of
the respective theophylline metabolites and
theophylline differ, the concentrations of the
urinary metabolites were adjusted to the molar
equivalent of theophylline.

Statistical analysis

All data are presented as mean + standard
deviation (SD). Statistical differences in the
means of the clinical variables and the parame-
ters of theophylline disposition between the
macrolide-antibiotic-treated and control groups
were examined by the Mann-Whitney U test. A
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p value of < 0.05 was considered to indicate
statistically significant difference.

Results

The demographic data of the children who
participated in this study are shown in Table 1.
No significant differences were observed in any
demographic parameters (e.g., age and body
weight) between the macrolide-antibiotic-treat-
ed and control groups. Among the nine children
who underwent low-dose macrolide therapy,
eight received erythromycin (i.e., 13.2 £ 3.8
mg/kg body weight/day) and one received clar-
ithromycin (.e., 4.9 mg/kg body weight/ day) at
the doses shown in Table 2.

No significant difference in the oral dose of
theophylline between the macrolide-antibiotic-
treated and control groups was observed (10.9
+ 1.3 and 11.1 + 1.9 mg/kg body weight/day,
respectively). The serum theophylline concen-
trations of the macrolide-antibiotic-treated and
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Table 2. Urinary data of theophylline and its metabolites with and without low-dose
macrolide administration in pediatric patients

. Collection periods CLr of CLm of theophylline to metabolite:

Patient ~ Doscofmacrolides o e sa‘::lm theophylline MU o DMU Caffeine . 7 °f‘;‘f:§

(mg/kg/day) (hours) (ml/min/ke) (mL/minkg) oo

Those who received theophylline alone :

1 . 2.1 0.028 0.041 0023 0.087 0.000 23

2 . 23 0.021 0.030 0.022 0.082 0.000 13

3 . 23 0.040 0.054 0.041 0.112 0.001 12

4 - 40 0.031 0.052 0.039 0.095 0.000 45

51 - 08 0233 0.142 0.133 0.384 0011 47

6 . 30 0.066 0.061 0.054 0.177 0.002 6.6

7 N 15 0361 0.192 0.167 0.632 0.007 9.9

8 - 24 0.103 0.133 0.100 0.226 0.000 69

9 - 120 0.132 0.136 0.085 0.235 0.007 346

10 . 123 0.023 0.043 0.033 0.100 0.000 16.1
mean % S.D. - 4242 0104+ 0.112 0088 0094 0070 £ 0.075 0207 0220 0.003 £ 0.003 8.8 % 10.1

Those who received theophylline and low-dose macrolide antibiotics

1 erythromycin 9.1 19 0.053 0.158 0.115 0218 0.000 33

12 clarithromycin 4.9 42 0.029 0.013 0.006 0.086 0.003 32

13 erythromycin 17.5 33 0.087 0.028 0.021 0.062 0.000 4.0

14 erythromycin 10.7 25 0.079 0.136 0.054 0.185 0.005 57

52 erythromycin 10.2 0.7 0388 0210 0.152 0.833 0.009 74

15 erythromycin 10.0 9.8 0.053 0.064 0.048 0.150 0.001 16.7

16 erythromycin 18.5 59 0.071 0.039 0.030 0.117 0.001 8.1

17 erythromycin 16.4 119 0.080 0.067 0.042 0.128 0.001 185

18 erythromycin 13.0 6.0 0.057 0.061 0.045 0.135 0.001 10.7
mean % S.D. 123 + 45 51£37 0100 0.110 0086+ 0067 0057+ 0.047 0213 £ 0237 0.002 + 0.003 8.6 £ 5.7
Mann-Whitney U test p =0414 p =0.567 P =1.000 p =0.653 p =087 p=06712 p=0462

IMU= 1-methyluric acid, 3MX= 3-methylxanthine, DMU = 1,3-dimethyluric acid
CLm = metabolic clearance of theophylline to its respective metabolites, CLr = renal clearance of theophylline

control groups were comparable and were in
the lower therapeutic range (9.7 + 1.7 and 9.7
+ 3.1 pug/mL, respectively) at comparable blood
sampling times (Table 1). No appreciable clini-
cal signs or symptoms possibly attributable to
theophylline toxicity were observed in the chil-
dren during the study period.

No significant differences were observed in
the partial metabolic clearance of theophylline
to its respective metabolites or in the renal
clearance of theophylline between the two
groups (Table 2).

Discussion

This study is the first to demonstrate that
the oral administration of low-dose (i.e., 12.3 +
4.5 mg/kg body weight/day) 14-membered ring
macrolide antibiotics (i. e., erythromycin and
clarithromycin) to pediatric patients unlikely
elicits clinically relevant alterations in the sys-
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temic disposition of a slow-release formula of
theophylline. Recently, these macrolide antibi-
otics have been shown to possess tissue repara-
tive effects, independent of their antimicrobial
activity, in chronic inflammatory sinopulmo-
nary diseases (i.e., chronic sinusitis, asthma,
panbronchiolitis, and cystic fibrosis) . Because
certain 14-membered.ring macrolide antibiotics
(e.g., erythromycin and clarithromycin) have
been implicated to produce clinically significant
drug interactions with theophylline® ® when
they are administered at rather higher doses,
there is great concern as to whether low-dose
macrolide antibiotic therapy evokes a clinically
relevant drug interaction with theophylline.
Our data clearly indicate that this possibility in
pediatric patients is remote. '
Regarding serum theophylline concentra-
tions, we measured them at 3.5 - 6 hours after
the oral administration when their peaks are
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assumed to occur to clarify the inhibitory effect
of erythromycin and clarithromycin. It is of in-
terest to explain the apparent contradiction be-
tween previous studies” ® and ours regarding
the inhibitory effect of erythromycin and clar-
ithromycin on the systemic clearance of the-
ophylline. Prince et al.” demonstrated that the
administration of erythromycin at 1 g/day for 7
days decreased the systemic clearance of the-
ophylline by 25%. They recommended that the-
ophylline dose be decreased by at least 25% in
patients whose serum theophylline concentra-
tions are maintained in the middle value or up-
per portion of the 10 - 20 ug/mL therapeutic
range, when erythromycin is added to the ther-
apeutic regimen. However, the doses of the
macrolide antibiotics employed in previous
studies [5, 6] including that of Prince et al. [12]
(e.g., 1-2 g/day for adults and 20 mg/kg body
weight/day for children) were approximately
twofold greater than those employed in this
study (13 mg/kg body weight/day for children).
Because the inhibitory effect of macrolide anti-
biotics on CYP3A4 is dose—dependent [13], the
low-dose macrolide antibiotic therapy employed
in this study was not associated with apprecia-
ble changes in the disposition of theophylline.
Multiple CYP isoforms are involved in the
hepatic metabolism of theophylline” ®. Previous
studies demonstrated that CYP3A4, CYPZEL,
and CYP1A2 are involved in DMU formation
(i.e., 8-oxidation of theophylline). In addition,
CYP1A2 is involved in the formation of 1- and
3-MX (1- and 3-demethylations of theophylline,
respectively). Because erythromycin and clar-
ithromycin are specific inhibitors of CYP3A4
[5], the metabolic clearance of theophylline to
DMU in the macrolide-antibiotic-treated group
should have been reduced compared with in the
control group, provided that CYP3A4 had been

significantly inhibited by low-dose macrolide

antibiotic therapy. The observation that there
was no significant difference in this parameter
between the two groups (Tables 1 and 2) indi-
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cates that the inhibitory effect of low-dose
macrolide antibiotic therapy on in vivo CYP3A4
activity is limited, if indeed present at all. The
observation that multiple CYP isoforms other
than CYP3A4 are also involved in DMU forma-
tion from theophylline is another possible ex-
planation. In addition, no significant difference
in the renal clearance of theophylline was ob-
served between the two groups, indicating that
low-dose macrolide antibiotic therapy does not
alter the renal excretion of the drug significant-
ly.

Because only a small number of patients were
studied and a matched-pair case-control design
was not adopted in the present study, we can-
not exclude a possibility that the administra-
tion of 14-membered macrolide antibiotics at
lower doses may elicit a small inhibitory effect
on the hepatic metabolism of theophylline.
Strictly speaking, a matched-pair case control
study is required to confirm the inhibitory ef-
fect of low-dose macrolide antibiotics. Never-
theless, our data suggest that a categorical rec-
ommendation for a dosage reduction of
theophylline should not be required for most
patients.
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SHORT COMMUNICATION

Reduced Vancomycih Clearance Despite Unchanged
Creatinine Clearance in Patients Treated With
Vancomycin For Longer Than 4 Weeks

Hirokazu Nakayama, MS,* Hirotoshi Echizen, MD, PhD,} Masayo. Tanaka, PhD,*
Mika Sato, BS,* and Takao Orii, PhD*

Abstract: Creatinine clearance-based nomograms are used rou-
tinely during the early phase of vancomycin therapy for individ-
ualizing doses. The authors studied whether such nomograms are also
valid for patients receiving the drug for an extended period of longer
than 4 weeks. A retrospective analysis was conducted on the ther-
apeutic drug monitoring data obtained from 85 patients who received
an intermittent intravenous infusion of vancomycin. The patients
were allocated to one of five groups according to the length of drug
- exposure: Group 1 (4-7 days; n = 31), Group 2 (8-14 days; n = 22),
Group 3 (15-21 days; n = 13), Group 4 (22-28 days; n = 8), and
Group 5 (longer than 29 days; n = 11). Systemic clearance of vanco-
mycin and estimated creatinine clearance calculated by Cockcroft &
Gault’s formula obtained from Groups 2 through 5 were compared
with those from Group 1. Patients who had received vancomycin for
longer than 4 weeks (Group 5) showed a significant (P < 0.05)
reduction in systemic clearance of vancomycin by 50% compared
with Group 1, whereas creatinine clearance remained unchanged.
This study demonstrated that prolonged administration of vancomy-
cin for over 4 weeks may result in a more pronounced reduction in
systematic clearance of vancomycin than creatinine clearance. Our
data suggest that creatinine clearance-based nomograms for in-

dividualizing vancomycin doses should be used with caution in

patients who require substantially prolonged drug exposure such as
those with infective endocarditis.

Key Words: vancomycin, clearance, pharmacokinetics, therapeutic
drug monitoring
" (Ther Drug Monit 2008;30:103-107)

INTRODUCTION
Vancomycin is a bactericidal glycopeptide antibiotic-
widely used for the treatment of infections caused by
methicillin-resistant Staphylococcus aureus and multiresis-
tant coagulase-negative Staphylococcus species."* Some

Received for publication May 18, 2007; accepted October 16, 2007.

From the *Department of Pharmacy, Kanto Medical Center NTT East
Corporation, Tokyo, Japan; and tDepartment of Pharmacotherapy, Meiji
Pharmaceutical University, Tokyo, Japan. '

Correspondence: Hirokazu Nakayama, MS, Department of Pharmacy, Kanto
Medical Center NTT East Corporation, Higashigotanda 5-9-22, Shinagawa-
ku, Tokyo 141-8625, Japan (e-mail: hnakayam(@east.nit.co.jp).

Copyright ® 2008 by Lippincott Williams & Wilkins

Ther Drug Monit « Volume 30, Number 1, February 2008

344

adverse reactions of vancomycin, including nephrotoxicity
and ototoxicity, have been shown to be associated with elevated
plasma concentrations above the therapeutic range. Therefore,
therapeutic drug monitoring of vancomycin is considered
advisable, particularly in patients with impaired renal function,
when the drug is given over an extended period.>®

For most patients with nosocomial infections (such as
pneumonia in ventilator-assisted patients), vancomycin is
administered for 1 to 2 weeks.” Because vancomycin is a
potentially nephrotoxic agent, there is a concern over whether
long-term administration of the drug would cause insidious
renal damage. Pou et al> compared the pharmacokinetics of
vancomycin between patients given the drug for less than
10 days and those given for more than 10 days. The mean
elimination half-life obtained from the latter was 25% longer
than the former and the mean systemic clearance of van-
comycin (CLycy) obtained from the latter was 15% lower than
the former, whereas the differences between the groups
appeared clinically insignificant. However, for patients with
certain’ types of infection such as osteomyelitis and endo-
carditis, vancomycin may be given for a far more extended
period of longer than 4 weeks to eradicate the causative
organisms growing in tissues with poor vascularity, including
necrotic bone, sequestrum, and vegetations.*'® However, to
our knowledge, it remains unknown whether more drastic
changes in the disposition and elimination of the drug may
occur during long-term administration of vancomycin beyond
4 weeks. In addition, we are unaware of any attempts to
examine whether a traditional creatinine clearance (CLcr)-
based nomogram for individualizing vancomycin maintenance
doses may be valid in patients receiving long-term vancomycin
therapy. In this context, the present study was conducted to
address these questions based on a retrospective review of data
retrieved from our therapeutic drug monitoring records.

MATERIALS AND METHODS

Data Collection

Data were collected retrospectively from the medical
records of patients who received intermittent intravenous
infusion of vancomycin for the treatment of documented
infections at Kanto Medical Center NTT East Corporation
between December 1, 2000, and April 30, 2006. Patients aged
20 years or older having at least one set of peak and trough
plasma vancomycin concentrations at steady state were
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included in this study. Patients undergoing hemodialysis and
those given teicoplanin in combination with vancomycin or
vancomycin orally were excluded from analysis. Patient
demographic data, blood biochemistry, vancomycin doses,
and concomitantly administered drugs were retrieved from
medical records. We defined clinically relevant renal dysfunc-

tion during vancomycin therapy as a 50% or greater increase in

serum creatinine at the end of vancomycin administration
compared with the pretreatment value.!! The protocol of the
present study was approved by the Ethics Committee of Kanto
Medical Center NTT East Corporation before the study was
started.

Drug Administration and Sample Analysis

Vancomycin was given to patients at doses ranging from
1.5 to 30.9 mg/kg per day by intravenous infusion over 60
minutes. Doses were individualized according to the patient’s
renal function using the nomogram of Moellering et al.'”
Durations of vancomycin therapy were decided based on
clinical responses to the drug in individual patients and were
infused intravenously over 60 minutes. Peak vancomycin
plasma concentrations were measured at 1 hour postinfusion
(Cpear) and plasma trough concentrations were measured
30 minutes before the next dose (Cyougn)- Plasma samples were
collected at presumed steady state. We considered the pharma-
cokinetics of vancomycin would have reached steady state
when at least 4 days (more than five half-lives of the drug in
patients with normal renal function) had elapsed from the
beginning of vancomycin therapy. Vancomycin plasma concen-
trations were assayed by fluorescence polarization immuno-
assay (TDX; Abbott Diagnostics, Tokyo, Japan).

Pharmacokinetic Analysis

Plasma concentration—time data of vancomycin were
analyzed using a one-compartment model according to the
method of Sawchuk et al.!* Briefly, the elimination rate
constant (K.,) and half-life (t,,) of the drug were calculated
based on a set of Cpee and Crougn in each patient. Cpea
represents plasma vancomycin concentration at the end of
infusion. Ciquen represents the concentration at the end of the
previous dosing interval. The volume of distribution (Vd) of
the drug was calculated according to the following equation':

—_ _ke *Lin
va=to_ (1—e7v)
ke (Cpeak - Ctroughe_ ,rt:,.)

. in which kg is the-constant infusion rate of vancomycin and t;,
is the duration of drug infusion. The CLycy was-taleulated as
Vd X K.

CLcr was estimated according to the formula of
Cockcroft and Gault.'* The pharmacokinetic data obtained
from patients at different phases of vancomycin therapy were
classified according to the length of vancomycin therapy:
Group 1 (4-7 -days; n = 31), Group 2 (8-14 days; n = 22),
Group 3 (15-21 days; n = 13), Group 4 (22-28 days; n = 8),
and Group 5 (29 days or longer; n = 11). When CLycy Was
measured, the ratio of CLycw/CLcr was also calculated
concurrently.
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Statistical Analysis

Multiple comparisons of the mean values for vancomy-
cin pharmacokinetic parameters obtained from Groups 1 to 5
were undertaken by analysis of variance followed by the
Dunnett test. In addition, correlation between CLycy-and the
duration of vancomycin therapy was examined by Pearson’s
correlation analysis. For patients treated concomitantly with an
aminoglycoside or amphotericin B, the mean values for ClLcr,
CLycm, and Clycu/Cler ratio obtained from patients given
the drugs for less than 14 days and the corresponding values
obtained from those given the drugs for 14 days or longer were
compared by Mann-Whitney U test. All statistical analysis
was performed using SPSS (release 11.0; SPSS Inc., Tokyo,
Japan). A P value of <0.05 was considered significant
throughout the study.

RESULTS

We retrieved the data from 123 patients who received an
intravenous administration of vancomycin during the survey
period. Among them, 85 patients met the inclusion criteria
comprising 66 men and 19 ' women ranging in age from 21 to
92 years [mean (* standard deviation), 65 * 15 years). Before
vancomycin treatment, the mean body weight was 55.3 (*
13.7) kg, mean serum creatinine 0.80 (+ 0.43) mg/dL, and

. mean estimated CLcr 84 (* 39) mL/min. Table 1 shows the
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demographic and relevant clinical data of the patients according
to the length of vancomycin therapy. There were no significant
differences in the variables examined.

Eight of 85 patients (9%) showed a 50% or greater
increase in serum creatinine during antiinfective chemother-
apy, including vancomycin: one patient in Group 1 (3%), three
in Group 2 (14%), one in Group 3 (8%), one in Group 4 (13%),
and two in Group 5 (18%). Overall, the incidence of renal
dysfunction was low across the groups and did not appear to be
time-dependent. At the end of vancomycin therapy, the mean
serum creatinine concentration was 0.90 (+ 0.65) mg/dL and
ranged from 0.26 to 5.44 mg/dL. Nineteen patients received
potentially nephrotoxic drugs concomitantly with vancomy-
cin: aminoglycosides in 15 patients, amphotericin B in two
patients, and both in two patients. The mean duration of con-
current aminoglycosides and amphotericin B were 6.3 (* 4.4)
days and 12.3 (£ 6.9) days, respectively. When the data
obtained from these patients were analyzed separately, five of
19 patients (26%) showed a 50% or greater increase in serum
creatinine concentration during vancomycin therapy. Conse-
quently, five of eight patients who showed renal impairment
during vancomycin treatment were coadministered these
nephrotoxic agents.

Table 2 shows the clinical characteristics and pharma-
cokinetic parameters of vancomycin in the five groups of
patients allocated according to the length of vancomycin ther-
apy. There was no difference in the daily vancomycin dose
among the patient groups. However, renal function as deter-

‘mined by serum creatinine concentration tended to be reduced

as the length of vancomycin exposure was prolonged, although
there was no significant difference. Patients who received
vancomycin for on average 50 days (Group 5) had

© 2008 Lippincott Williams & Wilkins
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TABLE 1. Demographic and Relevant Clinical Characteristics of Patients Treated With Vancomycin

Variable Group 1 Group 2 Group 3 Group 4 Group 5
Number of patients 31 22 13 8 1t
Age (years) 62 £ 15 65 + 18 71+11 62 *+15 67 = 11
Gender (male/female) 24171 15/6 9/4 8/0 9/2
Initial body weight (kg) 564 124 53.6 £ 153 56.7 = 152 57.1 £ 16.1 57.7 £ 12.5
Baseline serum creatinine level (mg/dL) 0.79 + 0.31 0.76 + 0.28 0.75 + 0.32 0.72 £ 0.20 1.08 *+ 0.94
Baseline creatinine clearance (mL/min) 80.0 + 29.7 739 = 304 76.0 = 28.6 84.6 = 30.6 69.3 = 324

All values are mean =+ standard deviation.

Group 1, treated with vancomycin for 4 to 7 days; Group 2, treated for 8 to 14 days; Group 3, treated for 15 to 21 days; Group 4, treated for 22 to 28 days; Group $, treated for 29 days

or longer. -

approximately 40% higher serum creatinine concentration
(1.27 = 0.78 mg/dL) compared with patients in Group 1.

Pharmacokinetic Parameters

Vancomycin pharmacokinetic parameters obtained from
patients who received different durations of vancomycin
therapy are summarized in Table 2. Significant increases in
mean (* standard deviation) Cpeay and Cyygn Were observed as
the duration of vancomycin exposure increased. The mean
Cpeax and Cyyen concentrations were significantly (P < 0.05)
elevated in Group 5 compared with Group 1. In addition, the
differences observed in vancomycin peak and trough plasma
concentrations were not a result of the differences in vanco-
mycin doses administered to the various patients, because the
dose-corrected values showed essentially similar changes
(Table 2).

There was also a significant change in mean (* standard
deviation) CLycy between the groups; the value obtained from
Group 5 was significantly reduced compared with Group 1. No
significant differences in Vd were observed between groups.
When CLycp/CLcr ratios were calculated, the mean value was
significantly (P < 0.05) reduced in Group 5 compared with
Group 1 (Table 2).

In addition, a significant negative correlation (r=-0.337,
P < 0.01) was found between CLycn/CLcr ratio and duration
of vancomycin exposure. In the analysis of patients given
nephrotoxic agents concomitantly with vancomycin, no
significant differences in CLcr, CLycy, and CLyen/CLer ratio
were observed between patients treated.-for less than 14 days
and those treated for longer than 14 days.

DISCUSSION

In the present study, we report that patients recetving
vancomycin for longer than 4 weeks showed a significant
reduction in CLycy but no significant change in CLcr. As a
result, the mean CLycn/CLer ratio in patients receiving the
drug for an extended period of over 4 weeks was significantly
reduced compared with patients receiving the drug for less
than 7 days (Table 2). These data indicate that CLcr may not
be a reliable index for individualizing vancomycin dose in
patients receiving the drug for a prolonged period of 4 weeks
or longer. With the emergence of infective endocarditis
by multidrug-resistant methicillin-resistant S. aureus and
coagulase-negative Staphylococcus species, vancomycin is
often given to patients over an extended period (longer than
4 weeks) in contemporary clinical settings. In this context, our

TABLE 2. Pharmacokinetic Data Obtained From Patients Who Were Given Vancomycin for Different Durations

Variable Group 1 (o = 31) Group 2 (n = 22) Group 3 (n = 13) Group 4 (n=8) Group 5 (n=11)
Length of exposure (day) 5313 100 = 2.1 17.2 = 1.8 249 * 2.0t 49.5 * 24.0%
Dose (mg/kg/day) 218 £ 6.9 240 * 112 20.0 = 84 18.9 = 10.8 18.2 * 145
ti (hours) 127 £ 5.1 19.0 = 12.8 174 = 88 167 + 7.2 60.1 + 86.7%
vd (L/kg) 1.14 = 0.41 1.28 + 0.42 124 = 0.34 1.15 = 042 147 * 0.74
Peak concentration (ug/mL) 236 +9.1 27.7 = 82 241 * 69 25145 32.1 + 8.8+
(corrected for 1 g/day; wg/mL) (21.5 £ 10.9) 273 = 14.3) (26.7 = 12.9) (33.4 = 184) (68.7 = 114.4%)
Trough concentration (p.g/mL) 89 + 62 11.1 + 54 82+ 32 74*29 19.2 + 9.9¢
(corrected for 1 g/day; pg/mL) (7.6 £ 43) (124 = 9.9) 87=x49 (100 = 8.1) 47.5 * 95.2%)
Serum creatinine level (mg/dL) 0.76 * 0.34 0.89 = 0.46 . 0.81 * 0.40 ' 0.87 = 042 _ *1.42° % 1.46*
CLer (mL/min) 83.1 £ 293 71.8 £ 353 73.3 =303 764 * 338 65.8 * 31.2
CLycp (mL/min) 67.6 * 41.0 53.8 £ 324 54.2 * 26.6 52.2 * 3438 34.0 * 23.6*
CLycnm/CLer ratio 0.82 = 0.32 0.79 + 0.30 077 £ 0.24 0.69 = 0.32 0.49 = 0.21%

Data are means + standard deviation.

t)r2, half-life; Vd, volume of distribution; CLycw, Systemic clearance of vancomycin; CLer, creatinine clearance; Group 1, treated with vancomycin for 4 to 7 days; Group 2, treated
for 8 to 14 days; Group 3, treated for 15 to 21 days; Group 4, treated for 22 to 28 days; Group 5, treated for 29 days or longer.

*P < 0.05.

1P < 0.0]1 compared with the corresponding values in Group 1.
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findings emphasize the importance of plasma concentration
monitoring of vancomycin to assure optimal dosing of vanco-
mycin in such situations. ‘

The necessity to individualize vancomycin dose has
been advocated based on clinical data indicating that thera-
peutic failure is more common with trough plasma vancomy-
cin concentrations below 10 pg/mL for the treatment of
bacterial endocarditis and sepsis,'>'® whereas excessively ele-
vated plasma concentrations are associated with increased
risks of renal impairment and other adverse reactions than
therapeutic concentrations (2040 pg/mL)">!" for most sus-
ceptible organisms. Fernindez de Gatta et al* reported that
patients exhibiting renal impairment after vancomycin therapy
had significantly elevated serum vancomycin concentrations
(especially trough concentrations) compared with those
exhibiting no signs of renal impairment. In the present study,
we also observed that the mean C,., was significantly (P <
0.05) higher in Group 5 than in Group 1 despite the fact that
we individualized vancomycin doses according to CLcr mea-
sured for each patient. Nevertheless, the mean C,... obtained
from Group 5 was lower than the presumed toxic concentra-
tion of vancomycin (eg, greater than 60 pg/mL).

Because vancomycin is eliminated mainly through renal
excretion, several formulae or nomograms for estimating
vancomycin dose using the patients’ CLcr have been proposed
and validated in patients receiving the drug for 2 to 3 weeks."?
The present study revealed that the mean CLycw/CLcr ratio
obtained from patients receiving vancomycin for longer than
4 weeks was significantly lower compared with patients receiving
the drug for shorter periods, indicating that it is safer to indi-
vidualize vancomycin doses by plasma concentration monitoring
rather than relying solely on a CLcr-based prediction method.

The reason why an extended period of vancomycin
exposure was associated with a greater reduction in CLycum
than CLcr remains to be studied, because both substances are
eliminated by the kidney primarily through glomerular fil-
tration.'””"® To our knowledge, no attempts have been made to
study the pharmacokinetics of vancomycin in patients receiving

the drug for a substantially prolonged period of over 4 weeks :

Nevertheless, our data may be supported by previous studies®®
in which an elevation of plasma vancomycin concentration was
documented in patients who received the drug for longer than
10 days but less than 4 weeks. Although Sym et al® did not
perform a precise pharmacokinetic analysis, Pou et al* demon-
strated that the mean CLycy Was significantly reduced by 15%
but CLcr was not in patients receiving vancomycin for more
than 10 days. In the present study, we demonstrated that the
CLycm was reduced by 50% in patients receiving the drug for
4 weeks or longer but Vd remained unchanged. In the 1990s, it
was suggested that the measurements of serum vancomycin con-
centrations by fluorescence polarization immunoassay may be
inaccurate as a result of interference in patients with renal
failure. Qur data were obtained using a modified fluorescence
polarization immunoassay that is free from interference; there-
fore, our findings cannot be explained by analytical inaccuracy.
Obviously, further studies are necessary to confirm our
hypothetical explanation.

From the present observations, we were not able to
provide a definitive explanation for the apparent abrupt
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reduction in pharmacokinetic parameters of vancomycin when
administered for longer than 4 weeks (ie, Group 5) compared
with a gradual decrease when administered for shorter dura-
tions (Groups 1-4). It is possible that patients requiring treat-
ment for longer than 4 weeks differed from other patients from
the beginning despite the observed similarities in demographic
and renal function parameters. Although the mean estimated
creatinine clearance at baseline obtained from Group 5 in
which vancomycin was given for longer than 4 weeks appeared
lower compared with other groups, the difference did not reach
a statistically significant level.

There are a number of limitations in the present study.
First, we did not follow the time courses of CLycy in the same
patients over 4 weeks. Second, we assessed the renal functions
of our patients by CLcr estimated from serum creatinine con-
centrations and not by CLcr based on 24-hour urine collection.
The estimation of CLcr based on serum creatinine concen-
trations may be imprecise even under the best conditions.
Hermida et al'® reported that serum creatinine concentrations
may not reflect the systemic clearance of amikacin and van-
comycin accurately CLcr estimated by serum creatinine con-
centrations using the Cockcrof & Gault method'* may be
systematically biased in patients with cirrhosis or severe mal—
nutrition as a result of reduced synthesis of creatinine.?
Nevertheless, our patients did not have either severe liver
damage or malnutrition. Lastly, it is also possible that our
findings may represent a mathematical artifact because we
calculated CLycy using the formula CLycym = Kel X Vd (see
“Methods™). Although we demonstrated no change in
vancomycin Vd over time, it is possible that vancomycin
tissue accumulation increases with longer durations of therapy
with resultant slow redistribution from tissue stores back into
blood blunting the Kel and, thus, increasing the drug t;,.
Ideally, drug clearance should be determined using drug area
under the curve (eg, dose/area under the curve), but under
clinical conditions with only two plasma drug concentrations,
accurate _determination of the area under the curve is not
possible underscoring the use of the clinically useful but
mathematically dubious formula we used to estimate CLycum.
Despite these limitations, our data strongly support the need
for a critical study of vancomycin pharmacokinetics during
prolonged therapeutic regimens.

CONCLUSION

_ Our data suggest that CLycy is reduced although CLcr
remained unchanged when the drug was given for an extended
period of over 4 weeks. Because the magnitude of the reduc-
tion in CLycy Was greater than that of CLcr, vancomycin doses
guided solely by CLcr may result in a substantial overesti-
mation in such patients. As a safety precaution, individualized
therapeutic drug monitoring is recommended for patients who
require long-term vancomycin administration.
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