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Forty-eight patients who provided 2 consecutive blood samples that tested positive for cytomegalovirus DNA
by polymerase chain reaction (PCR) were randomized to receive either full-dose ganciclovir (5 mg/kg intra-
venously [iv] twice daily) or half-dose ganciclovir (5 mg/kg iv once daily) plus half-dose foscarnet (90 mg/kg
iv once daily) for 14 days. In the ganciclovir arm, 17 (71%) of 24 patients reached the primary end point of
being CMV negative by PCR within 14 days of initiation of therapy, compared with 12 (50%) of 24 patients
in the ganciclovir-plus-foscarnet arm (P = .12). Toxicity was greater in the combination-therapy arm. In
patients who failed to reach the primary end point, baseline virus load was 0.77 log,, higher, the replication
rate before therapy was faster (1.5 vs. 2.7 days), and the viral decay rate was slower (2.9 vs. 1.1 days) after
therapy. Bivariable logistic regression models identified baseline virus load, bone-marrow transplantation, and
doubling time and half-life of decay as the major factors affecting response to therapy within 14 days. This

study did not support a synergistic effect of ganciclovir plus foscarnet in vivo.

Cytomegalovirus (CMV) is a common infectious agent
that, unless the patient is immunocompromised, rarely
causes symptoms. After transplantation of bone mar-
row or solid organs, CMV can cause fever, pneumoni-
tis, hepatitis, enteritis, or retinitis, collectively termed
“CMV disease.” Natural-history studies show that CMV
viremia precedes CMV disease and that the peak virus
load correlates strongly with the development of CMV
disease [1, 2]. In multivariable statistical models, peak
virus load explains the previously identified risk factors
of donor/recipient serostatus [1-3]. Management strat-
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egies for preventing CMV disease include giving anti-
viral prophylaxis to patients from the time of transplant
onward [4] or using the results of virologic surveillance
to identify asymptomatic patients with viremia and of-
fering them antiviral therapy [5] before disease develops
(preemptive therapy).

In our institution (Royal Free and University College
Medical School, London, UK), bone marrow, liver, and
renal transplant patients are tested twice weekly by use
of polymerase chain reaction (PCR) [6]. Preemptive
therapy with ganciclovir (5 mg/kg twice daily) is given
intravenously (iv) for 14 days to patients with 2 con-
secutive positive results by PCR. Ganciclovir-induced
neutropenia is treated by switching to foscarnet, a drug
that is nephrotoxic and causes electrolyte imbalances
[7]. Ganciclovir and foscarnet show in vitro synergistic
activity against CMV [8], and a randomized trial of
patients with AIDS showed significantly delayed pro-
gression of CMYV retinitis in patients who received this
combination [9]. We therefore hypothesized that a
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combination strategy consisting of half-dose ganciclovir and half-
dose foscarnet (the regimen used for the maintenance phase of
the trial in patients with AIDS [9]) may provide more-efficacious
control of CMV viremia in the transplant setting, while reducing
the risk of severe adverse effects when used for preemptive ther-
apy. This article describes the results of a randomized, controlled
trial designed to test this hypothesis and to investigate the vi-
rologic determinants of the outcome of therapy.

SUBJECTS AND METHODS

The general treatment of patients undergoing bone-marrow,
liver, or renal transplantation at our institution is described in
detail elsewhere [1-3]. Of note, no antiviral prophylaxis for
CMV is given to recipients of solid organs, whereas all bone-
marrow transplant recipients receive high-dose aciclovir, ac-
cording to a previously published protocol [10].

Monitoring of CMV. Whole-blood samples were obtained
twice weekly from all patients and were tested for CMV DNA
by use of a PCR method described elsewhere [11]. The sen-
sitivity of the assay is 200 genomes/mL of blood, a value that
has been shown to identify patients at risk of future CMV
disease [11]. All CMV-positive samples were quantified using
a quantitative-competitive PCR described in detail elsewhere
[12]. These quantitative values were not available to clinicians
treating the patients enrolled in the present study.

Randomized trial design.  Patients who provided 2 con-
secutive blood samples that tested positive for CMV by PCR
for the first time after transplantation were invited to enter the
randomized trial, which was approved by the local ethics com-
mittee (institutional review board of the Royal Free Hospital,
London, UK). Patients were randomized to receive either full-
dose ganciclovir (5 mg/kg twice daily) or half-dose ganciclovir
(5 mg/kg once daily) plus half-dose foscarnet (90 mg/kg once
daily) for 14 days. Doses were adjusted according to renal func-
tion. Patients received granulocyte colony-stimulating factor
(G-CSF) at the discretion of the physician. Randomization was
stratified by type of organ transplanted. The trial was admin-
istered by use of sealed envelopes containing the randomization
code, which were opened after the patient had provided in-
formed consent. Patients with impaired renal function (cre-
atinine clearance, <30 mL/min), neutropenia (<0.5 X 10° cells/
L), or HIV infection were excluded from the study. Patients in
either arm of the study who failed to clear their CMV viremia
within 14 days of initiation of therapy could either be with-
drawn from the study or be given a further course of therapy,
at the discretion of the physician. The first patient was enrolled
in December 1998, and the last was enrolled in February 2001.
Patients who developed serious adverse events related to tox-
icity profiles of ganciclovir (neutropenia) or foscarnet (electro-
lyte disturbance or renal impairment) could be withdrawn from

the study, be switched to the other arm, or be allowed to con-
tinue receiving the study drug, with a reduced dose.

Statistical analysis. The primary end point was the pro-
portion of patients who became CMV negative by PCR within
14 days of initiation of therapy. Secondary end points addressed
the safety and tolerability of combination therapy and changes
in CMV load during therapy. All analyses were by intention to
treat. Comparison of continuous variables, such as virus load,
between groups was achieved by use of the 2-sided f test. The
Mann-Whitney U test was used for the comparison of viral
replication rates. The rate constant «, for viral growth or decay,
before or after therapy, was computed assuming exponential
growth/decay, as described elsewhere [13]. Doubling times and
half-life of decay were calculated by use of the following for-
mulae: t, = In(2)/p and t,,, = —In(2)/k, respectively. Simple lin-
ear least-squares fit regression models were used to analyze the
relationship between viral replication kinetics and virus load.
Factors associated with the primary end point were modelled
with a univariable and multivariable logistic regression model
using intention-to-treat design. Kaplan-Meier plot and a log-
rank test were used to test the hypothesis that both therapy
arms were equally effective.

Important practical difficulties in the coadministration of
these 2 compounds were anticipated. Specifically, foscarnet and
ganciclovir are incompatible in the same dilution fluid, and the
low solubility of foscarnet increased the fluid challenge the
patients were subjected to. For these reasons, it was decided
that only a substantial superiority of the combination would
be clinically significant. On the basis of historical data, 50% of
patients given ganciclovir monotherapy were expected to be-
come CMV negative by PCR within 14 days of initiation of
therapy. A study size of 48 patients (24 in each arm) had 90%
power to detect a statistically significant (P<.05) increase in
this rate, to 90%. Data were analyzed with the computer pro-
gram R [14].

RESULTS

Baseline characteristics.  Details of the patients randomized
to each therapy arm are given in table 1. The patients were
well matched for sex, age, and CMV donor/recipient serostatus.
Virus loads at day 0 (baseline virus load) were similar in both
therapy arms (4.28 log,, genomes/mL [ganciclovir] vs. 4.01 log,
genomes/mL [ganciclovir plus foscarnet]; P = .73, Mann-
Whitney U test). There was no difference between the time
that the second sample was positive for CMV by PCR and the
time of initiation of therapy, when patients were stratified ac-
cording to therapy allocation (median, 4 days for ganciclovir
and 5 days for ganciclovir plus foscarnet; P = .24, Mann-Whit-
ney U test) or transplant type (median, 4 days for bone marrow
and 5 days for solid organ; P = .19, Mann-Whitney U test).
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Table 1.

Characteristics of patients, by therapy assignment.

Therapy allocation

Characteristic GCV GCV plus FOS
No. of patients randomized, by type of transplantation 24 24
Bone marrow 8 9
Liver 8 9
Renal 8 6
Age, median (range), years 50 (2-68) 45 (2-56)
Sex, M:F 15:9 14:10
CMV IgG D/R status® (bone marrow, liver, renal), no. of patients
D*/R™ 2(1,1,0) 31(0, 3,0
D /R* 4(1,2,1) 6 (2,1, 3)
D*/ R* 15 (6, 4, 5) 15 (7, 5, 3)
D /R™ 1(0,1,0) 0 (0)
Baseline CMV load, median (range), log,, genomes/mL 4.3 (2.7-5.9) 4.0 (3.0-6.2)

NOTE.
R, recipient.

+, Seropositive; —, seronegative; CMV, cytomegalovirus; D, donor; FOS, foscarnet; GCV, ganciclovir;

@ CMV IgG serostatus of donor is unknown for 2 patients (both renal transplant recipients).

Assessments of virological responses. The primary end
point of being CMV negative (<200 genomes/mL) by PCR was
reached by 17 (71%) of 24 patients randomized to receive
ganciclovir and by 12 (50%) of 24 patients randomized to
receive combination therapy (P = .14, x* test). Among those
who reached the primary end point, the median time until a
blood sample was found to be negative for CMV was 6 days
in the ganciclovir arm, compared with 5.5 days in the com-
bination-therapy arm (median, 6 days vs. 11 days, when con-
sidering all patients, by use of a Kaplan-Meier approach; table
2). A Kaplan-Meier plot illustrating the proportions and times
when patients became CMYV negative within the first 14 days
of therapy is shown in figure 1. Three patients in the ganci-
clovir-therapy arm and 1 patient in the combination-therapy
arm had already become CMV negative by PCR at day 0. Two

Table 2.

patients (both in the combination-therapy arm) had no CMV-
negative results by PCR within 50 days. Antiviral therapy was
stopped in 1 patient (ganciclovir arm) at day 12. Statistically,
for the primary end point, there was no difference between the
2 therapy arms. (P = .19, log-rank test). With respect to drug
toxicity, 7 patients experienced toxicity, all of whom were in
the combination-therapy arm (7/24 in the combination-therapy
arm vs. 0/24 in the ganciclovir arm; P = .009, Fisher’s exact
test; table 2). All cases of switching and dose reduction because
of toxicity occurred in the solid-organ transplant group (4 liver
and 2 renal transplant recipients), whereas 1 patient in the
bone-marrow transplant group was withdrawn from the study
(ganciclovir-plus-foscarnet arm) at day 12 because of failure to
engraft the donated marrow. In 6 patients who continued in
the study, toxicity was compatible with the toxicity profile of

No. of patients reaching the primary and secondary end points of the study, by therapy assignment.

Therapy allocation

GCV

Characteristic end points GCV plus FOS P
Primary, CMV negative by PCR within 14 days of initiation of therapy 17 (71) 12 (50) 128
Secondary, patients stopping or reducing dose because of toxcicity within 14 days of initiation of therapy 0 (0) 7 (29) .009?
Time to CMV-negative result by PCR, median, days

Patients reaching primary end point 6 5.5

All patients, Kaplan-Meier 6 11
Patients developing a second episode of CMV viremia after successful therapy (within 365 days)

Patients reaching primary end point 1 4 35°

All patients 6 9 53°

NOTE. Data are no. (%) of patients, unless otherwise noted. CMV, cytomegalovirus; FOS, foscarnet; GCV, ganciclovir; PCR, polymerase chain reaction.

@ 5 test.
® Fisher's exact test.
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Figure 1.  Kaplan-Meier analysis of time to reach the primary end
point, for patients randomized to the ganciclovir (GCV) or GCV-plus-fos-
carnet (FOS) therapy arm. The vertical dashed line at day 14 indicates
the primary end point of the study. Crosses after 14 days indicate when
a patient who failed to reach the study end point became cytomegalovirus
(CMV) negative.

foscarnet. Three of these patients switched to ganciclovir, and,
for 3 patients, the dose was reduced (table 3).

Virologic predictors of the outcome of therapy. In 42 of
the 48 patients, we were able to measure virologic parameters,
such as virus load at initiation of therapy, viral growth before
therapy, and viral decay rates during therapy. Patients who
failed to reach the primary end point had a higher virus load
at baseline (difference, 0.77 log,, genomes/mL; P = .02, t test;
figure 2). Although there was no difference in the viral repli-
cation rate (day ', p for ganciclovir, 0.33 vs. p for ganciclovir
plus foscarnet, 0.43; P = .91, Mann-Whitney U test) or viral
decay rate (day™', k for ganciclovir, —0.42 vs. k for ganciclovir
plus foscarnet, —0.28; P = .26, Mann-Whitney U test) in virus
load, between the 2 therapy arms, the viral decay rate was
significantly higher in patients who reached the primary end

point than in those who failed to control replication to <200
genomes/mL at day 14 (day ™', & for no failure, —0.61 vs. k for
failure, —0.24, corresponding to half-life of decay of 1.1 days
and 2.9 days, respectively; P<.0002; figure 3A). Similar results
in viral decay rates were obtained when patients were analyzed
according to transplant type (bone marrow vs. solid organ; data
not shown). Analyses of the viral replication kinetics before
therapy revealed that patients who failed to reach the primary
end point had a significantly faster CMV growth rate (day™/,
k for failure, 0.46 vs. k for no failure, 0.26; P<.002; figure 3B).
These growth rates correspond to viral doubling times of 1.51
days and 2.7 days, respectively.

The correlation between viral decay rates and baseline virus
load, for patients who reached or failed to reach the primary
end point, are shown in figure 4. There was a significant cor-
relation between baseline CMV load and decay rate in each
group (7 for failure, 0.6 vs. 7 for no failure, 0.52; P<.001).
In addition, when patients were stratified according to whether
they had reached the primary end point, there was a strong
correlation between the viral growth rate and the viral decay
rate after therapy (v for failure, 0.49 vs. 7 for no failure, 0.73;
P = .001; data not shown).

Quantifying the risks associated with poor antiviral re-
sponse.  Univariable linear regression models were used to
identify factors associated with the primary end point (CMV
negative by PCR within 14 days of initiation of therapy). In
these models, higher virus load on the day of initiating antiviral
therapy (odds ratio [OR], 2.39; 95% confidence interval [CI],
1.05-5.45), faster viral doubling time (#; OR, 2.95; 95% CI,
1.28-6.82) before therapy, and slower half-life of decay in virus
load (t,,,; OR, 3.01; 95% CI, 1.45-6.25) after therapy were all
associated with failure to reach the primary end point. Age
(<40 vs. >40 years), sex, transplant type (bone marrow vs.
solid organ), study drug (ganciclovir vs. combination), or delay
of therapy did not appear to be associated with the primary
end point (table 4). As a consequence of the strong correlation
between virus load at initiation of therapy, replication rate be-
fore therapy, and viral decay rate after therapy, multivariable

Table 3. No. of patients with reported drug toxicities during the study period, clinical management parameters, and study outcome.
Randomized Days after Day of Attributable to Study
Transplant type drug transplantation  toxicity Abnormal clinical parameter® study drug Treatment outcome
Bone marrow Combination 73 12 Failure to engraft No Withdrawn Failure
Liver Combination 38 4 Creatinine, 129; magnesium, 0.38; calcium, 1.58 Yes Switched to GCV  Failure
Liver Combination 34 4 Creatinine, 130; magnesium, 0.51; calcium, 2.04 Yes Switched to GCV  Failure
Liver Combination 36 6 Creatinine, 162; magnesium, 0.52; calcium, 1.7 Yes Switched to GCV  Failure
Liver Combination 44 9 Creatinine, 167; magnesium, 0.57 Yes Dose reduction No failure
Renal Combination 40 11 Creatinine, 1564; magnesium, 0.64 Yes Dose reduction No failure
Renal Combination 40 11 Creatinine, 182 Yes Dose reduction No failure
NOTE. GCV, ganciclovir.

@ Normal range: creatinine, 0-97 pmol/L; calcium, 2.1-2.6 mmol/L; magnesium, 0.7-1.0 mmol/L.
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Figure 2. Box-plots illustrating the relationship between baseline virus
loads for patients who reached the primary end point of becoming cy-
tomegalovirus (CMV) negative within 14 days of initiation of therapy (no
failure) and patients who failed to reach the primary end point (failure).
Horizontal lines display the 10th, 25th, 50th (thick line), 75th, and 90th
percentiles, with boxes encompassing 50% of values.

models including all these factors did not produce meaningful
results. Consequently, we undertook a series of bivariable lo-
gistic regression models. The results of these models illustrate,
that, in all cases, type of transplant (bone marrow) was associ-
ated with failing to become CMV DNA negative within 14 days
of initiation of therapy (table 4). In addition, the measure of
the viral replication (higher baseline virus load, faster doubling
time, or slower viral half-life of decay) was independently as-
sociated with failure to reach the primary end point.

In 15 (31%) of 24
patients, we observed a second episode of CMV viremia within

Subsequent episodes of CMV viremia.

1 year after they finished the first course of therapy. When
analysis was performed according to the initial randomized
drug, there was no significant difference in the number of pa-
tients who experienced a second episode of CMV viremia
(ganciclovir = 6 and ganciclovir plus foscarnet = 9; P = .5,
Fisher’s exact test; table 2). However, patients who failed to
reach the primary end point of the study were more likely to
have a second episode of CMV viremia (P = .01, Fisher’s exact
test). In addition, among patients with a second episode of
viremia, there was a trend for higher baseline virus load and
faster replication rate before therapy (data not shown).

DISCUSSION

The main conclusion of this randomized, controlled clinical
trial is that, for preemptive therapy in transplant recipients, the
combination of half-dose ganciclovir and foscarnet therapy is
not superior to ganciclovir monotherapy. The viral decay rate

after therapy was very similar between patients randomized to
receive ganciclovir and those randomized to receive the com-
bination therapy. However, with respect to the primary end
point of being CMV negative by PCR by day 14, there was a
trend in favor of the ganciclovir arm. Thus, the lack of a sig-
nificant benefit of the combination of ganciclovir and foscarnet
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Figure 3. A and B Box-plots showing the viral decay rate (6) after

initiating antiviral therapy (A) and the replication rate (p) before initiating
antiviral therapy (B), for patients who reached the primary end point of
becoming cytomegalovirus (CMV) negative within 14 days of initiation of
therapy (no failure) and patients who failed to reach the primary end
point (failure). Replication rate and decay rate were each statistically
significantly different in patients who failed to reach the primary end
point, compared with patients who did not fail to reach the primary end
point. Horizontal lines display the 10th, 25th, 50th (thick line), 75th, and
90th percentiles, with boxes encompassing 50% of values. Dots represent
values outside the 90% limits.
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could not be explained by inadequate study power. Since pa-
tients were well matched at baseline for all known prognostic
variables, including donor/recipient serostatus and baseline vi-
rus load, this outcome was surprising. The hypothesis that the
combination therapy might be superior to ganciclovir mono-
therapy was based on 2 previously published observations: (1)
ganciclovir plus foscarnet is synergistic in vitro [8] and (2) the
combination (using the same doses as used here) proved to be
superior in controlling CMV retinitis in patients with AIDS
[9]. However, we now know that extrapolation of data from
in vitro studies with anti-CMV compounds can be misleading,
since aciclovir, which has a poor efficacy in vitro, has been
shown to be efficacious in vivo within a series of randomized,
controlled clinical trials [15, 16]. Furthermore, the results of
the randomized, controlled trial of ganciclovir and foscarnet
in patients with AIDS retinitis, which showed a clear superiority
of the combination therapy, were obtained in a group of pa-
tients who had experienced high-level CMV replication and
had been pretreated with ganciclovir. We have previously shown
that the rapid dynamics of CMV, coupled with prolonged per-
sistence of low levels of ganciclovir, can result in a rapid flux
of wild-type and drug-resistant virus populations and that in
vitro culture of viruses in the absence of ganciclovir can result
in an underappreciation of the quantity of resistant viruses
present in the clinical inoculum [13, 17]. Thus, a high incidence
of unrecognized resistance to ganciclovir could explain the ob-
served differences between the trials, with the ganciclovir-plus-
foscarnet arm showing improved virologic and clinical benefit
in patients with AIDS retinitis, because of the ability to control

low-level ganciclovir-resistant strains of viruses with mutations
in the UL97 gene. Alternatively, foscarnet may have had a mod-
est effect on HIV replication; therefore, in retrospect, the AIDS
trial may represent an early example of combination antiret-
roviral therapy, rather than synergistic anti-CMV activity of
both drugs.

In the present study, the availability of data on virus loads
enabled us to investigate virological parameters associated with
therapy failure. Patients who failed to control replication to
low levels (<200 genomes/mL) within 14 days of initiation of
therapy had a significantly higher baseline virus load, a much
faster viral growth rate before therapy (average t,,,, 1.5 days),
and a much slower viral decay rate after therapy (average t,,,
2.9 days), compared with patients who reached the primary
end point. These observations on the importance of viral
growth rate and decay after therapy, in patients with poor re-
sponse to antiviral therapy, have important practical implica-
tions, and further studies are required to determine the role of
host parameters in facilitating the removal of CMV-infected
cells after initiating therapy.

It is known that a subset of patients treated via preemptive
therapy will experience a recurrence of viremia. In the present
study, this constituted 31% of the cohort. Patients who failed
to reach the primary end point of the study were more likely
to have a second episode of CMV viremia within the first year

Table 4.  Univariable and multivariable analysis of risk fac-
tors associated with the primary end point of becoming cyto-
megalovirus (CMV) DNA negative by polymerase chain reaction
by day 14.

Model, risk factors OR (95% CI) P

Univariable models
Transplant group, bone marrow vs. solid organ  2.36 (0.70-7.94) A7
CMV load®, per log,, increase 2.39 (1.05-5.44) .038
Age, <40 vs. >40 1.19 (0.37-3.86) 77
Study drug, GCV vs. GCV plus FOS 0.41 (0.13-1.35) 144
Sex, male vs. female 0.59 (0.18-1.91) .37
Doubling time, per day decrease 2.95 (1.28-6.82) .01

Half-life of decay, per day increase 3.01 (1.45-6.25) .003
Multivariable model 1
3.94 (0.92-16.92) .064

2.96 (1.01-6.15) .048

Transplant group, bone marrow vs. solid organ
CMV load®, per log,, increase
Multivariable model 2
3.79 (0.78-18.24) .09
3.02 (1.28-7.14) .018

Transplant group, bone marrow vs. solid organ
Doubling time, per day decrease
Multivariable model 3
7.46 (1.19-46.71) .031
3.7 (1.55-8.84) .003

Transplant group, bone marrow vs. solid organ

Half-life of decay, per day increase

NOTE.
ratio.

Cl, confidence interval; FOS, foscarnet; GCV, ganciclovir; OR, odds

@ Virus load measured at day of initiation of therapy.
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(P = .013, Fisher’s exact test; data not shown). In addition,
patients who had a second episode of viremia had a higher
virus load at baseline, a higher replication rate before antiviral
therapy, and a slower viral decay rate after initiating antiviral
therapy (data not shown). This latter observation is similar to
those of Humar et al. [18], who showed that solid-organ trans-
plant recipients who had second episodes of viremia had a 1,
of 8.8 days after iv ganciclovir therapy, compared with a t,,, of
3.17 days for patients with a single episode of CMV viremia.

In conclusion, this trial has shown that, at the doses used,
combination antiviral therapy with ganciclovir plus foscarnet
for CMV viremia does not appear to control viral replication
better than does ganciclovir monotherapy. Other investigators
have reported uncontrolled studies of full-dose therapy with
ganciclovir plus foscarnet [19] or increasing doses of foscarnet
plus constant ganciclovir, at the doses used here [20]. Future
randomized trials could consider using 1 of these regimens as
a way of obtaining better control of CMV replication after
transplantation.
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