
Vol. 36, No. 9ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Sept. 1992, p. 1821-1824
0066-4804/92/091821-04$02.00/0
Copyright X 1992, American Society for Microbiology

Pharmacokinetics of Foscarnet after Twice-Daily
Administrations for Treatment of Cytomegalovirus

Disease in AIDS Patients
ANNE-MARIE TABURET,1* CHRISTINE KATLAMA,2 CHRISTINE BLANSHARD,3

GREGOIRE ZORZA,1 DAVID GAZZARD,3 ELISABETH DOHIN,2 BRIAN G. GAZZARD,3
CECILIA FROSTEGARD,4 AND ERIC SINGLAS'

H6pital Universitaire Bice-tre, 94270 Le Kremlin Bicetre, 1 and H6pital Universitaire Salp6tri&re,
75013 Paris, 2 France; Westminster Hospital, SW1P2AP London, England3; and

Astra Arcus AB, Sodertalje, Sweden4

Received 26 December 1991/Accepted 10 June 1992

The pharmacokinetics of foscarnet were evaluated in 11 AIDS patients with cytomegalovirus disease after
twice-daily infusion of 90 mg/kg of body weight for 2 weeks. All patients were hydrated during foscarnet
infusion. Blood and urine samples were collected on days 1, 7, and 14 of therapy. Foscarnet concentrations
were measured by high-pressure liquid chromatography. Despite large interindividual variations, no signifi-
cant differences were seen between day 1, day 7, and day 14 concentrations in plasma. Mean peak and trough
concentrations on day 14 of therapy were 605 ± 118 and 52 ± 59 ,uM, respectively. In all patients, peak
concentrations were well above those necessary to inhibit cytomegalovirus. Pharmacokinetic parameters
remained stable throughout the study. On day 14, the mean half-life was 3.4 h, total and renal clearances were
118 and 92 ml/min, respectively, and the volume of distribution was 0.6 liter/kg. These data and previous
clinical trials demonstrate that this more convenient dosage regimen can be safel used for patients with
cytomegalovirus disease. The side effects were comparable to those reported with other dosage regimens,
although no renal impairment was seen in this study, probably because of the hydration.

Foscarnet, a PPi analog (trisodium phosphonoformate
hexahydrate), selectively inhibits the DNA polymerase of
human herpesviruses, including cytomegalovirus and the
reverse transcriptase of human immunodeficiency virus
(HIV) (2). Clinical studies have demonstrated the role of
foscarnet in the treatment of cytomegalovirus disease com-
plicating immunodeficiency diseases, including HIV infec-
tion (8, 11, 18, 21). Because of poor oral absorption, foscar-
net is administered intravenously (20). Pharmacokinetic
parameters of this drug have been established after either
continuous intravenous infusion (15, 19, 20) or intermittent
administration at a dosage of 60 mg/kg of body weight every
8 h (1, 7). Clinical experience suggests that the twice-daily
administration of 90 mg/kg was as effective as the three-
times-daily administration of 60 mg/kg (5, 12).
The aim of this study was to evaluate the pharmacokinetic

properties of foscarnet after single and repeated administra-
tions of the twice-daily dosage regimen, which is more
convenient than the currently used continuous intravenous
infusion or the three-times-daily regimen.

MATERIALS AND METHODS

Patients. Eleven AIDS patients were included in the study:
five patients with cytomegalovirus retinitis, five with cyto-
megalovirus gastrointestinal disease, and one with biopsy-
proven cytomegalovirus pneumonitis. Nine were Caucasian
males, one was a black male, and one was a Caucasian
female. The median age was 34 years, (range, 22 to 44 years),
the mean weight was 61 + 9 kg, and the mean serum
creatinine level was 86 ± 21 ,uM. Mean creatinine clearance
calculated by the method of Cockcroft and Gault (3) was 94
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± 29 ml/min. Patients' weights and serum creatinine concen-
trations did not change significantly during the 2-week study
period, as shown in Table 1.

Study design. Patients received an infusion of 90 mg of
foscamet per kg twice daily for 2 weeks. Foscarnet was
provided by Astra as a solution for infusion (24 mg/ml) in
500-ml bottles. Each infusion lasted 2 h. All patients were
hydrated during each foscarnet infusion with 750 to 1,000 ml of
a 0.9% saline solution to prevent renal-function impairment (4).
During and after the first infusion on days 1, 7, and 14,

venous blood samples were drawn through an indwelling
cannula at 0 (before the start of infusion), 1, 2 (end of
infusion), 2.5, 3, 6, 8, and 12 h. On the same days, urine was
collected during the 12-h dosing interval. All blood samples
(5 ml) were drawn in heparinized Venoject tubes, which
were centrifuged immediately to separate plasma. Plasma
and urine were heated at 56°C for 3 h in order to inactivate
any HIV which may have been present in the samples; this
process does not alter foscarnet (14). After decontamination,
all biological samples were stored at -20°C until analyzed.
Assay method. Concentrations in plasma and urine were

determined by a reversed-phase high-performance liquid
chromatography assay with electrochemical detection ac-
cording to a method described elsewhere (14). Plasma sam-
ples were injected directly onto the C18 column after dilution
and ultrafiltration; prior to dilution, interfering compounds
were removed from urine by treatment with activated char-
coal.
The molecular weight of foscarnet is 300.1; therefore, the

conversion factor from micromolarity to micrograms per
milliliter is 0.3. The limit of sensitivity of the assay was 15
,uM.

Interday coefficients of variation were 10 and 8% both for
plasma samples spiked with 133 and 417 p,M foscarnet,
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TABLE 1. Demographic and biological data of the 11 AIDS patients studied

Weight (kg) on day: SCRb (,M) on day: CLCRC (mlmin) on day:
Patient SeXa Age (yrs)

1 7 14 1 7 14 1 7 14

1 F 24 53 54 55 64 71 115 96 88 55
2 M 39 60 60 61 65 79 82 112 92 90
3 M 39 60 60 61 113 98 106 64 74 70
4 M 44 60 61 60 104 81 68 66 87 102
5 M 28 54 54 54 73 68 63 99 107 115
6 M 36 48 48 48 127 117 53 57
7 M 30 70 72 72 84 75 95 116 134 105
8 M 38 79 77 76 66 68 107 145 137 86
9 M 44 53 57 55 100 81 82 64 85 81
10 M 43 68 70 68 81 81 107 97 100 73
11 M 35 69 64 68 74 99 95 125 87 96

Mean 36 61 62 62 86 83 92 94 95 87
SD 7 9 9 9 21 15 18 29 24 18

a F, female; M, male.
b SCR, serum creatinine.
C CLCR, creatinine clearance.

respectively, and for urine samples spiked with 40 and 125
,uM foscarnet, respectively.
Pharmacokinetic analysis. Data were analyzed by noncom-

partmental methods (16).
The terminal-phase rate constant (X,) was determined by

linear regression of the natural logarithms of the concentra-
tions in plasma against time for the log-linear elimination
phase typically from 3 through 12 h. Terminal half-life (tl2)
was calculated by the following equation: tl,2 = 0.693/Xk.
Area under the concentration-time curve from time 0 to the

time (t) of the last sample (AUCO_o) was calculated by the
trapezoidal rule and extrapolated to infinity according to the
following formula: AUC,O = C/XA, in which C, is the concen-
tration of the drug in plasma in the last sample, taken at time t.
The total clearance (CL) of the drug in plasma was calcu-

lated as follows: CL = dose/AUCO, (for day 1) and CL =

dose/AUCO12 (for days 7 and 14), where AUCO12 is the AUC
from 0 to 12 h. The apparent volume of distribution (Varea)
was calculated by the following formula: Varea = CL/IX.
Maximum concentration in plasma and time to maximum

concentration of foscarnet were observed values.
The fraction (Fe) of the dose of foscarnet that was

excreted unchanged in urine was calculated with the follow-
ing equation: Fe = Ae/dose, in which Ae is the total amount
of unchanged foscarnet excreted in 12 h. Renal clearance
(CLR) was calculated according to the following formula:
CLR = Aeo,/AUCO ,, in which Aeo, is the amount of
foscarnet excreted in t hours.
Average concentration at steady state (Cay) was assessed

according to the following equation: Ca, = AUC-12/12, with
12 h as the dosing interval.
The accumulation of foscarnet was evaluated by the

following ratio: AUC-12 (day 7 or 14)/AUC-12 (day 1),
where AUCO12 values are those obtained following the first
dose (day 1) and at steady state (days 7 and 14).

Statistical analysis. All results are expressed as means ±
standard deviations. Correlation coefficients between phar-
macokinetic parameters and creatinine clearance were de-
termined by regression analysis.

RESULTS

Mean profiles of concentrations in plasma versus time for
foscarnet after a single infusion and 1 or 2 weeks of treat-

ment are compared in Fig. 1. No significant difference in
concentrations in plasma after single-versus multiple-dose
administration was observed. Wide ranges of peak and
trough concentrations were observed with the 11 patients, as
depicted in Fig. 2. Pharmacokinetic parameters are listed in
Table 2. Mean peak concentrations were 581,577, and 605
,uM on days 1, 7, and 14, respectively. Mean trough concen-
trations, 12 h after infusion, on days 7 and 14 were only
slightly higher (38 and 52 ,uM, respectively) than after the first
dose (33 p.M), indicating that foscarnet did not accumulate in
this 2-week period; accumulation ratios on days 7 and 14 were
0.87 ± 0.22 and 1.22 + 0.41, respectively. All other pharma-
cokinetic parameters as well as the renal function remained
unchanged throughout the study.
Because of the narrow interval of creatinine clearance, no
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FIG. 1. Mean foscarnet concentrations in plasma versus time on
days 1, 7, and 14 of therapy.
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FIG. 2. Individual concentrations of foscarnet at the end of an infusion (2 h) and before the next infusion on days 1, 7, and 14 of therapy.

correlation could be established between renal clearance of
foscarnet and the renal function quantitated with creatinine
clearance or serum creatinine level.

DISCUSSION

The pharmacokinetic parameters of foscarnet (half-life,
clearance, renal clearance, and volume of distribution) mea-
sured in this study are in agreement with those previously
reported after either continuous (15, 19, 20) or intermittent
(1, 7) infusion.

Figure 2 shows that interindividual variation of concentra-
tions was high. Such variability has already been described:
during continuous intravenous infusion of 230 mg/kg/day for
10 to 21 days, steady-state concentrations of foscarnet in
plasma ranged from 75 to 458 ,uM in 19 HIV patients (19, 20)
and from 164 to 529 p,M in 13 AIDS patients with cytomeg-
alovirus retinitis (6). According to Sjovall et al. (19, 20), the
wide variation in foscamet concentration in plasma within
and between patients during continuous infusion may be, at
least partly, the result of an interaction between foscarnet
and phosphate with respect to their incorporation and se-
questration into bone and of variations in renal elimination
due to variations in polyuria.
The same variability exists after discontinuous administra-

tion: after 14 days of treatment with 60 mg/kg three times
daily in eight AIDS patients with cytomegalovirus retinitis,
maximal and minimal steady-state concentrations of foscar-
net in plasma ranged from 272 to 699 (495 + 149) ,uM and
from 57 to 225 (126 59) p.M, respectively (means and
standard deviations in parentheses) (1).

In our patients, there was little variation within each
individual, which corroborates the results of other authors
(1, 6).

As a consequence of the short plasma half-life, no accu-
mulation occurs (accumulation ratio, 0.8 to 1.2), and maxi-
mal and minimal concentrations of foscarnet in plasma
measured after the last administration are not significantly
different from those measured after the first administration.
The lack of accumulation demonstrates that the long half-life
(36 to 196 h) estimated from the urinary excretion is not
pharmacokinetically relevant (19).
As shown in Fig. 3, steady-state concentrations of foscar-

net in plasma during continuous intravenous infusion of 230
mg/kg in 32 patients (6, 19, 20) and intermittent intravenous
infusion of 60 mg/kg three times daily (1) or 90 mg/kg twice
daily (this study) are in the same range. For these three
dosage regimens, mean steady-state foscarnet concentra-
tions in plasma are 228 119 (19), 243 + 129 (1), and 218
86 ,uM, respectively. From a pharmacokinetic point of view,
these three dosage regimens are comparable, but continuous
infusion is not convenient for patients; furthermore, twice-
daily administration could be more easily performed at home
for outpatients (9).
The 50% effective concentration of foscarnet in vitro is

approximately 130 p,M against human cytomegalovirus and
about 25 ,uM against HIV (2, 13, 17). In the treatment of
cytomegalovirus retinitis, most investigators have aimed to
maintain the foscarnet concentration in plasma within the
range of 100 to 500 ,uM to ensure that effective antiviral
levels are sustained (2). These concentrations are obtained
with continuous infusion of 230 mg/kg/day. Intermittent
infusion of foscarnet at dosages of 60 mg/kg every 8 h or 90
mg/kg every 12 h gave mean steady-state concentrations in
plasma which were within the in vitro antiviral range. But in
3 of 8 patients treated with 60 mg/kg three times daily (1) and
in 7 of 11 patients treated with 90 mg/kg twice daily (this
study), individual trough levels were below 100 p,M after 2

TABLE 2. Foscarnet pharmacokinetics in 11 AIDS patients'
CL

Day Cm. (ILM)b Cmin (ILM)C Ca. (>IM) 1/2 (h) CLR (m/min) V,ea (liter/kg) Fe (% of dose)
mmi/m mI/min/kg

1 581 161 33 34 3.0 1.2 121 ± 40 2.0 0.6 86 45 0.51 0.21 69 26
7 577 182 38 49 207 107 3.0 1.4 133 63 2.3 1.2 115 43 0.57 0.21 89 17
14 605 118 52 59 218 86 3.4 1.4 118 48 2.0 0.6 92 39 0.60 0.22 84 25

a Means + standard deviations. Cm,x, Cmin, and C,, maximum, minimum, and average (steady-state) concentrations, respectively, of foscarnet in serum; t1,2,
half-life; CL, clearance; CLR, renal clearance; V.,.., volume of distribution; Fe, fraction of the dose of foscarnet that was excreted unchanged in urine in 12 h.

b Conversion factor for micrograms per milliliter, 0.30.
c Measured 12 h after infusion.

VOL. 36, 1992



ANTIMICROB. AGENTS CHEMOTHER.

700 -

I

o 600-
E

500 -
z
0

4 400-
I..
z
0 300-
0
U

<
200-

100-

0-

Css Cmax Cav Cmin Cmax Cav Cmin

230 mg/kg 60 mg/kg 90 mg/kg
continuous Infusion tid bid

n-32 nf8 n=11

FIG. 3. Steady-state concentration (C,s) of foscarnet in plasma
during continuous infusion of 230 mg/kg in 32 patients (data from
references 6, 19, and 20) and maximum (Cmax), minimum (Cli), and

average (Ca,) concentrations of foscarnet during intermittent admin-
istration on day 14 of 60 mg/kg three times daily (tid) (1) or 90 mg/kg
twice daily (bid) (this study). Circles, means; bars, range of data.

weeks of treatment. Nevertheless, clinical experience attests
to the efficacy of these dosage regimens in the treatment of
cytomegalovirus disease (5, 10, 12). It should be pointed out
that with these intermittent dosages, mean minimal steady-
state concentrations of foscarnet in plasma are above the in
vitro 50% effective concentration for HIV.
One of the major drawbacks in the use of foscarnet is its

nephrotoxicity (4). It is therefore of great interest that none of
the patients in this study experienced any significant deterio-
ration in their renal function. This lack of nephrotoxicity might
be due to the saline loading during infusion. Alternatively, it
might be due to the reduced dose fractionation. Renal dysfunc-
tion appears to be less severe and less prevalent during
intermittent dosing than during continuous infusion (2, 10).
However, in this study, hydration and reduced dose fraction-
ation were performed simultaneously, so it is impossible to
ascertain the exact cause of the lack of nephrotoxicity.

In conclusion, this investigation demonstrates that a 90-
mg/kg twice-daily dosage regimen leads to mean concentra-
tions of foscarnet in plasma which are above those necessary
to inhibit cytomegalovirus. This dosage is more convenient
for patients than continuous infusion or the commonly used
60-mg/kg three-times-daily regimen, especially for outpa-
tients treated at home. Using this regimen with saline
hyperhydration appears to allow the use of foscarnet without
appreciable nephrotoxicity, and adverse effects are similar
to those reported with other dosage regimens.

ACKNOWLEDGMENTS

This project has been funded in part by Astra.
We thank J. 0. Lernestedt for helpful discussions.

REFERENCES
1. Aweeka, F., J. Gambertoglio, J. Mills, and M. A. Jacobson.

1989. Pharmacokinetics of intermittently administered intrave-
nous foscarnet in the treatment of acquired immunodeficiency

syndrome patients with serious cytomegalovirus retinitis. Anti-
microb. Agents Chemother. 33:742-745.

2. Chrisp, P., and S. P. Clissold. 1991. Foscarnet: a review of its
antiviral activity, pharmacokinetic properties and therapeutic
use in immunocompromised patients with cytomegalovirus re-
tinitis. Drugs 41:104-129.

3. Cockcroft, D. W., and M. H. Gault. 1976. Prediction of creati-
nine clearance from serum creatinine. Nephron 16:31-41.

4. Deray, G., F. Martinez, C. Katlama, B. Levaltier, and M.
Beaufils. 1989. Foscarnet nephrotoxicity: mechanism, incidence
and prevention. Am. J. Nephrol. 9:316-321.

5. Dohin, E., C. Katlama, I. Cochereau, D. Ingrand, P. Le Hoang,
and M. Gentilini. 1990. Intermittent and ambulatory treatment
of CMV retinitis with foscarnet in AIDS, abstr. Th B434. Sixth
International Conference on AIDS, San Francisco.

6. Fanning, H. M., S. E. Read, M. Benson, S. Vas, and A. Rachlis.
1990. Foscarnet therapy of cytomegalovirus retinitis in AIDS. J.
Acquired Immune Defic. Syndr. 3:472-479.

7. Fletcher, C. V., F. Rhame, R. A. Zabinski, C. Edgar, C. Beatty,
S. E. Noor Mohamed, A. Collier, and H. H. Balfour, Jr. 1990.
Pharmacokinetics (PK) and anti-HIV effect of foscarnet (F),
abstr. no. 546. Program Abstr. 30th Intersci. Conf. Antimicrob.
Agents Chemother.

8. Ganly, P. S., C. Arthur, J. M. Goldman, and W. E. Schulenberg.
1988. Foscarnet as treatment of cytomegalovirus retinitis follow-
ing bone marrow transplantation. Postgrad. Med. J. 64:389-391.

9. Heley, A. 1988. Foscarnet infusion at home. Lancet ii:1311.
10. Jacobson, M. A., J. J. O'Donnell, and J. Mills. 1989. Foscarnet

treatment of cytomegalovirus retinitis in patients with the ac-
quired immunodeficiency syndrome. Antimicrob. Agents Che-
mother. 33:736-741.

11. Jacobson, M. A., S. Scrowe, S. Levy, F. Aweeka, J. Gamberto-
glio, N. McManus, and J. Mills. 1988. Effect of foscarnet therapy
on infection with human immunodeficiency virus in patients
with AIDS. J. Infect. Dis. 158:862-865.

12. Katlama, C., E. Dohin, M. Robinet, E. Caunes, P. Le Hoang, and
M. Gentilini. 1990. Maintenance therapy with foscarnet in
prevention of cytomegalovirus (CMV) retinitis in AIDS pa-
tients, abstr. no. Th B435. Sixth International Conference on
AIDS, San Francisco.

13. Oberg, B. 1989. Antiviral effects of phosphonoformate. Phar-
macol. Ther. 40:213-285.

14. Pettersson, K. J., and T. Nordgren. 1989. Determination of
phosphonoformate (foscarnet) in biological fluids by ion-pair
reversed-phase liquid chromatography. J. Chromatogr. 488:
447-455.

15. Ringden, N. O., B. Lonnqvist, T. Paulin, J. Ahlmen, G. Klint-
maim, B. Wahren, and J. 0. Lernestedt. 1986. Pharmacokinet-
ics, safety and preliminary clinical experiences using foscarnet
in the treatment of cytomegalovirus infection in bone marrow
and renal transplant recipients. J. Antimicrob. Chemother.
17:373-387.

16. Rowland, M., and T. N. Tozer. 1989. Clinical pharmacokinetics:
concepts and applications, 2nd ed. Lea & Febiger, Philadelphia.

17. Sandstrom, E. G., J. C. Kaplan, R E. Byington, and M. Hirsch.
1985. Inhibition of human T-cell lymphotropic virus type III in
vitro by phosphonoformate. Lancet 11:1480-1482.

18. Singer, D. R. J., T. S. Fallon, W. E. Schulenberg, G. Williams,
and J. Cohen. 1985. Foscarnet for cytomegalovirus retinitis.
Ann. Intern. Med. 103:962.

19. Sj*vall, J., S. Bergdahl, G. Movin, S. Ogenstad, and M. Saari-
maki. 1989. Pharmacokinetics of foscarnet and distribution to
cerebrospinal fluid after intravenous infusion in patients with
human immunodeficiency virus infection. Antimicrob. Agents
Chemother. 33:1023-1031.

20. Sjovall, J., A. Karlsson, S. Ogenstad, E. Sandstrom, and M.
Saarimiki. 1988. Pharmacokinetics and absorption of foscarnet
after intravenous and oral administration to patients with human
immunodeficiency virus. Clin. Pharmacol. Ther. 44:65-73.

21. Wood, M. J., and A. M. Geddes. 1987. Antiviral therapy. Lancet
ii:1189-1192.

1824 TABURET ET AL.


