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VALACYCLOVIR FOR THE PREVENTION OF CYTOMEGALOVIRUS DISEASE 
AFTER RENAL TRANSPLANTATION
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BSTRACT

 

Background

 

Cytomegalovirus (CMV) disease is a
major complication of organ transplantation. We hy-
pothesized that prophylactic treatment with valacy-
clovir would reduce the risk of CMV disease.

 

Methods

 

A total of 208 CMV-negative recipients of
a kidney from a seropositive donor and 408 CMV-
positive recipients were randomly assigned to re-
ceive either 2 g of valacyclovir or placebo orally four
times daily for 90 days after transplantation, with the
dose adjusted according to renal function. The pri-
mary end point was laboratory-confirmed CMV dis-
ease in the first six months after transplantation.

 

Results

 

Treatment with valacyclovir reduced the
incidence or delayed the onset of CMV disease in
both the seronegative patients (P<0.001) and the
seropositive patients (P=0.03). Among the seroneg-
ative patients, the incidence of CMV disease 90 days
after transplantation was 45 percent among placebo
recipients and 3 percent among valacyclovir recipi-
ents. Among the seropositive patients, the respec-
tive values were 6 percent and 0 percent. At six
months, the incidence of CMV disease was 45 per-
cent among seronegative recipients of placebo and
16 percent among seronegative recipients of valacy-
clovir; it was 6 percent among seropositive placebo
recipients and 1 percent among seropositive valacy-
clovir recipients. At six months, the rate of biopsy-
confirmed acute graft rejection in the seronegative
group was 52 percent among placebo recipients and
26 percent among valacyclovir recipients (P=0.001).
Treatment with valacyclovir also decreased the rates
of CMV viremia and viruria, herpes simplex virus
disease, and the use of inpatient medical resources.
Hallucinations and confusion were more common
with valacyclovir treatment, but these events were
not severe or treatment limiting. The rates of other
adverse events were similar among the groups.

 

Conclusions

 

Prophylactic treatment with valacy-
clovir is a safe and effective way to prevent CMV dis-
ease after renal transplantation. (N Engl J Med 1999;
340:1462-70.)
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YTOMEGALOVIRUS (CMV) is the lead-
ing cause of infectious complications after
organ transplantation and has been impli-
cated as a cause of graft rejection. In renal

transplantation, the risk of CMV disease is highest in
the second month after transplantation and is largely
determined by the serologic status of the donor and

C

 

the recipient for CMV.

 

1,2

 

 Recipients who are CMV-
negative and who receive a transplant from a CMV-
positive donor are at highest risk for disease (40 to 73
percent), CMV-positive recipients are at moderate
risk (6 to 38 percent), and CMV-negative recipients
who receive a transplant from a CMV-negative donor
are at the lowest risk (<1 percent).

 

1-13

 

 The heavy use
of immunosuppressants also increases the risk.

 

1,14-16

 

Manifestations of CMV disease range from a mild
viral syndrome to severe end-organ involvement
(e.g., pneumonitis, hepatitis, and gastrointestinal dis-
ease).

 

1,9,10

 

 Indirect evidence identifies CMV as a risk
factor for acute graft rejection,

 

1,11,12

 

 which is correlat-
ed with poor long-term graft survival.

 

13-15

 

 Through
its effects on the immune system, CMV also increases
the risk of fungal and other superinfections in trans-
plant recipients.

 

1,2,16

 

 Historically, the mortality rate
from untreated organ-invasive CMV disease was 65
percent.

 

17

 

 The availability of effective therapy

 

18-20

 

 has
reduced this figure significantly among renal-trans-
plant recipients,

 

8,21

 

 but the increased morbidity and
overall costs of transplantation associated with CMV
persist.

 

10,22

 

 High-dose oral acyclovir is well tolerated,
but prophylactic use of acyclovir has not gained wide
acceptance

 

9

 

 despite the fact that it reduces the risk of
CMV disease among recipients of renal

 

23-25

 

 and other
solid-organ

 

26-28

 

 transplants. The limited efficacy of
acyclovir may be a result of its low oral bioavailabil-
ity and the low in vitro sensitivity of CMV to the
drug.

 

29,30

 

 Valacyclovir, a prodrug, has a higher level of
bioavailability,

 

31

 

 thus providing potentially effective
oral prophylaxis. We conducted a randomized, dou-
ble-blind, placebo-controlled study to test whether
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valacyclovir is safe and efficacious as prophylaxis
against CMV disease in recipients of renal allografts
from cadaveric donors.

 

METHODS

 

Study Design

 

The study was placebo-controlled, since there was no accepted,
standard regimen of prophylaxis at the inception of the study.
The institutional review boards or ethics committees at 27 centers
in the United States and Europe approved the study, which fol-
lowed Good Clinical Practices guidelines. Patients who had received
a renal transplant from a cadaveric donor and who were at least
13 years of age were eligible for enrollment once they or, in the
case of children, their parents or guardians had provided written in-
formed consent. CMV-negative patients who received a trans-
plant from a CMV-negative donor, those with active herpesvirus
infection, and those who received other antiviral agents within
two weeks before transplantation were excluded.

Patients were randomly assigned in a 1:1 ratio according to
study site to receive either 2 g of valacyclovir (Valtrex or Zelitrex,
Glaxo Wellcome) four times per day or matching placebo. The dose
was adjusted on the basis of renal function: patients whose creat-
inine clearance exceeded 75 ml per minute received the 8-g dose,
those with a creatinine clearance of 51 to 75 ml per minute re-
ceived 6 g per day (1.5 g four times daily), those with a creatinine
clearance of 26 to 50 ml per minute received 4.5 g per day (1.5 g
three times daily), those with a creatinine clearance of 10 to 25 ml
per minute received 3 g per day (1.5 g twice daily), and those
who had a creatinine clearance of less than 10 ml per minute or
who were on dialysis received 1.5 g per day.

The CMV status of the patients was determined by enzyme im-
munoassay or radioimmunoassay. Prophylaxis was initiated within
72 hours after transplantation and continued for 90 days. The
efficacy of treatment was assessed for six months, and the safety
of treatment and survival of patients and allografts were assessed
for one year. Anti-CMV therapy could be initiated at any time
during the prophylactic period according to the standard practice
of the participating institutions. 

The primary end point was the occurrence of CMV disease, as
defined below. Active CMV infection was detected by conventional
or shell-vial surveillance cultures of blood and urine obtained
from all patients at entry into the study, weekly during hospital-
ization for transplantation and all subsequent hospitalizations, ev-
ery other week through month 3, and then monthly for the next
three months. Viremia was not confirmed by nonculture methods
(e.g., antigen detection or polymerase-chain-reaction testing).

Secondary end points were rejection, function (a graft was con-
sidered functional if the creatinine clearance was at least 10 ml per
minute or there was no need for dialysis), and survival of the graft;
the occurrence of herpes simplex disease, varicella–zoster disease,
or other infections with any non-herpesvirus; survival; and medi-
cal-resource use. Safety was monitored by hematologic and chem-
ical evaluations and urinalysis, and adverse events were reported.
The results of surveillance cultures were revealed only if deemed
essential to patient care.

 

Definition of CMV Disease

 

Presumptive CMV disease was defined so as to allow the diag-
nosis to be consistent at all study sites. CMV disease was presumed
to be present if a patient had had a fever for at least three con-
secutive days plus one or more of the following, with other causes
ruled out: leukopenia, thrombocytopenia, pneumonitis, gastroin-
testinal disease, hepatitis, ophthalmologically detected retinitis, or
other clinically significant manifestations such as nephritis or con-
stitutional symptoms (e.g., myalgia). Alternatively, CMV disease
was presumed to be present in the event of any illness that was
responsive solely to treatment with ganciclovir or foscarnet.

Cases of CMV disease were confirmed on the basis of laboratory
analysis of specimens obtained within seven days after the diagno-

sis. All reported episodes of CMV disease were evaluated in a blind-
ed fashion by an end-points committee chaired by an independent
expert, and only episodes ratified by this panel were analyzed.

 

Statistical Analysis

 

We estimated that 172 seronegative patients and 320 seropos-
itive patients would be needed to provide the study with a power
of 80 percent to detect a reduction in the incidence of CMV dis-
ease from 40 percent to 20 percent in the seronegative group and
from 8 percent to 1 percent in the seropositive group at the 0.05
level with a two-tailed test. All variables except medical-resource
use were analyzed according to the intention-to-treat principle (i.e.,
all patients who underwent randomization were included). All
events were calculated from the date of randomization to the time
of an event or to the end of follow-up for patients who did not
reach an end point, and differences between treatments were de-
termined by Cox proportional-hazards regression analysis,

 

32

 

 after
adjustment for country as a background covariate. The rates of
the most frequent adverse events were compared between treat-
ment groups by Fisher’s exact test. Patients who discontinued
treatment prematurely were still included in the analysis of the
primary end point (efficacy). Data on all patients who did not
reach an end point were censored at the end of follow-up. Hazard
ratios (relative risks) and 95 percent confidence intervals were cal-
culated as measures of differences between treatments. Kaplan–
Meier estimates of incidence were calculated. Mean use of medical
resources was compared with the use of Student’s t-test. A two-
sided P value of less than 0.05 was considered to indicate statis-
tical significance. There were no interim analyses of efficacy.

 

RESULTS

 

From July 7, 1992, to December 11, 1996, 208
patients were assigned to the seronegative group (se-
ropositive donor, seronegative recipient) and 408 pa-
tients to the seropositive group (seronegative or
seropositive donor, seropositive recipient). The sero-
negative group included five inadvertently random-
ized patients who were CMV-negative and who had
received a transplant from a CMV-negative donor; all
five were included in the intention-to-treat analyses.
There was a median of 5.5 seronegative patients per
site (range, 1 to 23) and a median of 20 seropositive
patients per site (range, 2 to 42). The characteristics
of the treatment groups were well balanced at base
line (except in terms of sex in the seronegative group
assigned to receive valacyclovir) (Table 1).

Seronegative patients received a mean of 5.3 g of
valacyclovir per day or 4.7 g of placebo per day, and
seropositive patients received a mean of 4.7 g of val-
acyclovir per day or 4.8 g of placebo per day. Com-
pliance with the treatment regimen was similar in the
groups: among seronegative patients, it was 89 per-
cent in the valacyclovir group and 88 percent in the
placebo group, and among seropositive patients, it
was 84 percent and 87 percent, respectively. Among
the seronegative patients, fewer patients in the valacy-
clovir group than in the placebo group prematurely
discontinued treatment or did not complete follow-
up (16 percent vs. 29 percent). The proportions of
seronegative patients who withdrew because of an
adverse event were similar (7 percent vs. 8 percent).
Among the seropositive patients, the proportions who
prematurely discontinued treatment or did not com-
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plete follow-up were similar in the valacyclovir group
and the placebo group (19 percent vs. 17 percent),
with 5 percent and 3 percent, respectively, with-
drawing because of an adverse event.

 

CMV Disease

 

Valacyclovir significantly reduced the incidence of,
or increased the time to, laboratory-confirmed CMV
disease. Figure 1 shows the proportions of patients
who were free of confirmed CMV disease at 90 and
180 days. During the 90-day period of prophylaxis,
the incidence of disease among the seronegative pa-
tients was 45 percent in the placebo group and 3 per-
cent in the valacyclovir group; the respective values
for the seropositive patients were 6 percent and 0 per-
cent. The incidence of disease at six months among

the seronegative patients was 16 percent for valacy-
clovir recipients and 45 percent for placebo recipi-
ents. Among the seropositive patients, the incidence
of disease at six months was 1 percent for valacyclovir
recipients and 6 percent for placebo recipients. Thus,
during the six-month study, the risk of CMV disease
was 78 percent lower among seronegative patients
who received valacyclovir (hazard ratio, 0.22; 95 per-
cent confidence interval, 0.12 to 0.40; P<0.001) and
82 percent lower among seropositive patients who
received the drug (hazard ratio, 0.18; 95 percent
confidence interval, 0.04 to 0.83; P=0.03).

In the seronegative group, the incidence of CMV
end-organ disease at six months was 25 percent among
placebo recipients and 4 percent among valacyclovir
recipients (hazard ratio, 0.15; 95 percent confidence

 

*Plus–minus values are means ±SD.

†The race of one patient was not recorded.

‡Other indications included tubulointerstitial nephrosclerosis, vascular or atheroembolic disease,
and idiopathic disease.

§Muromonab-CD3 was given.

¶Antilymphocyte globulin or antithymocyte globulin was given.

¿This group included five patients who received tacrolimus.

**This group included one patient who received tacrolimus.

††Patients in this category were withdrawn from the study one or two days after randomization,
and their immunosuppressant regimen was not recorded.
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VALACYCLOVIR

 

 
(

 

N

 

=102)

 

PLACEBO

 

(

 

N

 

=106)

 

VALACYCLOVIR

 

 
(

 

N

 

=204)

 

PLACEBO

 

(

 

N

 

=204)

Age — yr 43.6±13.1 40.3±14.2 45.1±13.0 45.6±13.5
Sex — %

Male
Female

75
25

59
41

60
40

61
39

Race — %
Black
White
Other

8
91
0†

10
90
0

16
68
16

20
66
14

Indication for transplantation — no. (%)
Chronic glomerulonephritis
Diabetic nephrosclerosis
Hypertensive nephrosclerosis
Polycystic kidney disease
Pyelonephritis
Rejection of previous graft
Other‡

29 (28)
11 (11)
9 (9)
7 (7)
7 (7)
8 (8)

31 (30)

26 (25)
11 (10)
7 (7)
9 (8)

11 (10)
4 (4)

38 (36)

48 (24)
20 (10)
30 (15)
27 (13)
7 (3)

11 (5)
61 (30)

42 (21)
24 (12)
33 (16)
24 (12)
13 (6)
9 (4)

59 (29)
No. of HLA-antigen mismatches 2.7±1.4 3.1±1.4 3.2±1.4 3.2±1.4
Previous renal transplantation — no. (%) 11 (11) 12 (11) 40 (20) 39 (19)
Induction therapy

Monoclonal antibodies§
Polyclonal antibodies¶

11 (11)
42 (41)

11 (10)
48 (45)

41 (20)
78 (38)

39 (19)
83 (41)

Primary immunosuppression — no. (%)
Induction therapy plus cyclosporine-

based triple-drug regimen
Cyclosporine-based triple-drug

regimen
Induction therapy plus two-drug 

regimen
Two-drug regimen
Mycophenolate mofetil plus one of 

the above regimens
Unknown††

45 (44)

40 (39)

3 (3)

9 (9)
4 (4)

1 (1)

53 (50)¿

36 (34)

3 (3)

10 (9)
3 (3)

1 (1)

107 (52)**

70 (34)

6 (3)

19 (9)
0

2 (1)

106 (52)

67 (33)

7 (3)

22 (11)
0

2 (1)
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interval, 0.04 to 0.30; P<0.001). End-organ disease
was reported in 4 seronegative recipients of valacy-
clovir (2 had pneumonitis, 1 had gastroenteritis, and
1 had hepatitis) and 27 seronegative recipients of
placebo (7 had pneumonitis, 6 had gastroenteritis,
19 had hepatitis, 6 had nephropathy, and 2 had other
manifestations; some patients had more than one
manifestation). Recurrent disease was seen in two
seronegative recipients of valacyclovir and in five sero-
negative placebo recipients. No seropositive recipient
of valacyclovir had end-organ disease, as compared

with four seropositive recipients of placebo. No sero-
positive patient had more than one episode of CMV
disease. One death (that of a seronegative patient
who was receiving placebo) was attributed to CMV
disease.

In both groups overall compliance with the pro-
tocol was greater among patients who received val-
acyclovir (75 percent in the seronegative group and
81 percent in the seropositive group) than among
those who received placebo (60 percent and 70 per-
cent, respectively). The results of an efficacy analysis
that excluded all noncompliant patients did not dif-
fer significantly from the results of the intention-to-
treat analysis.

Analysis of the patients in whom prophylaxis failed
did not indicate that these patients received increased
levels of immunosuppression. Most of these patients
had other causes of fever (e.g., sepsis, urinary tract in-
fection, and wound infection).

 

Active CMV Infection

 

Valacyclovir significantly reduced the incidence of
active CMV infection. In the seronegative group,
the incidence of CMV viremia at six months was 20
percent among valacyclovir recipients and 45 per-
cent among placebo recipients. In the seropositive
group, the corresponding values were 14 percent
and 35 percent. The six-month incidence of CMV
viruria was 44 percent among seronegative recipi-
ents of valacyclovir and 56 percent among seroneg-
ative recipients of placebo. In the seropositive group,
the corresponding values were 33 percent and 60
percent. Thus, the risk of viruria was 51 percent
lower among seronegative patients who received val-
acyclovir (hazard ratio, 0.49; 95 percent confidence
interval, 0.32 to 0.76; P=0.001) and 68 percent
lower among seropositive patients who received the
drug (hazard ratio, 0.32; 95 percent confidence in-
terval, 0.24 to 0.44; P<0.001).

 

Graft Rejection

 

The risk of acute graft rejection was significantly
reduced among seronegative recipients of valacyclovir
(Fig. 2). The rate of biopsy-confirmed acute rejec-
tion at six months was 26 percent among seronegative
valacyclovir recipients and 52 percent among sero-
negative placebo recipients (Table 2 and Fig. 2). The
corresponding values for clinical acute rejection were
39 percent and 61 percent. Thus, at six months in the
seronegative group, the rate of biopsy-confirmed
cases was 57 percent lower (hazard ratio, 0.43; 95
percent confidence interval, 0.27 to 0.70; P=0.001)
and the rate of clinical acute rejection was 45 per-
cent lower (hazard ratio, 0.55; 95 percent confidence
interval, 0.37 to 0.83; P=0.004) among those who
received valacyclovir. In the seropositive group, there
was no statistically significant difference in the inci-
dence of biopsy-confirmed acute rejection (30 per-

 

Figure 1.

 

 Kaplan–Meier Estimates of the Proportions of Patients
without Laboratory-Confirmed CMV Disease in the Seronega-
tive Group (Panel A) and the Seropositive Group (Panel B).
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cent among valacyclovir recipients and 36 percent
among placebo recipients, P=0.40). A trend toward
a lower risk of clinical rejection was observed in this
group (37 percent among valacyclovir recipients and
48 percent among placebo recipients; hazard ratio,
0.75; 95 percent confidence interval, 0.55 to 1.03;
P=0.07). Fewer seronegative recipients of valacyclovir
than of placebo required antilymphocyte-antibody
therapy. This difference was not seen in the seropos-
itive group (Table 2).

There was no significant difference in the rate of
chronic graft rejection in the first six months or in
one-year graft survival. Similar proportions of pa-
tients had functional grafts immediately after trans-
plantation (range, 71 to 76 percent) and at the time
of the last full assessment (range, 87 to 90 percent;
median time after transplantation, 180 to 183 days).
Serum creatinine values were similar in the seroneg-
ative and seropositive groups at base line and one,
two, and three months after transplantation.

 

Other Herpesvirus Diseases

 

Valacyclovir significantly reduced the risk of clinical
herpes simplex virus disease in seronegative patients
(hazard ratio, 0.33; 95 percent confidence interval,
0.15 to 0.74; P<0.01) and seropositive patients (haz-
ard ratio, 0.16; 95 percent confidence interval, 0.09
to 0.30; P<0.001). In the seronegative group, the
incidence at six months was 9 percent among valacy-
clovir recipients and 24 percent among placebo
recipients. In the seropositive group, the correspond-
ing values were 8 percent and 34 percent. Varicella–
zoster virus disease developed in two seronegative
recipients of placebo (2 percent) and nine seroposi-
tive recipients (4 percent), whereas it did not develop
in any recipients of valacyclovir.

 

Other Infections

 

The risk of non-herpesvirus infections was sig-
nificantly reduced in seronegative recipients of val-
acyclovir (hazard ratio, 0.51; 95 percent confidence
interval, 0.35 to 0.74; P=0.001). The incidence of
infection at six months was 53 percent among valacy-
clovir recipients and 71 percent among controls. In
the seronegative group, recipients of valacyclovir had
a lower rate of candida infections (10 percent vs. 22
percent, P=0.04) and staphylococcus infections (12
percent vs. 21 percent, P=0.07) than the placebo
recipients. There was no significant difference between
groups in the incidence of infection in the seropos-
itive group.

 

Survival

 

Twenty-two deaths occurred during the 12-month
follow-up. In the seronegative group, the 12-month
survival rate was 95 percent among valacyclovir re-
cipients and 96 percent among placebo recipients.
In the seropositive group, the respective rates were
99 percent and 95 percent. There were no major dif-
ferences in the causes of death; the majority involved
cardiovascular disorders or infectious complications.
No deaths were attributed to treatment.

 

Use of Medical Resources

 

Seronegative patients who received valacyclovir
had significantly fewer admissions to the hospital
than seronegative patients who received placebo (2.0
vs. 2.3, P=0.04), fewer days of hospitalization (26.9

 

Figure 2.

 

 Kaplan–Meier Estimates of the Proportions of Pa-
tients without Biopsy-Confirmed Acute Graft Rejection in the
Seronegative Group (Panel A) and the Seropositive Group
(Panel B).
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vs. 32.4, P=0.04), fewer special laboratory procedures
performed (P=0.007) and fewer routine laboratory
procedures performed (P<0.01), and fewer days of
ganciclovir treatment (P<0.01). Seropositive patients
who received valacyclovir had significantly fewer ad-
missions to the hospital than seropositive patients
who received placebo (1.8 vs. 2.1, P=0.01) and fewer
days of ganciclovir treatment (P=0.02). The use of
resources in the outpatient setting was similar among
the seronegative and seropositive patients and accord-
ing to treatment.

 

Safety

 

The overall rates of adverse events in the first six
months after transplantation were similar in the two
groups. The rates of adverse events according to
body system were also similar with the exception of
those pertaining to the central nervous system (31
percent among seronegative valacyclovir recipients and
23 percent among seronegative placebo recipients;
respective values in the seropositive group, 31 percent
and 20 percent). The only events that occurred more
frequently among valacyclovir recipients than among
placebo recipients were hallucinations (P=0.03 in the
seronegative group and P<0.001 in the seropositive
group) and confusion (P=0.02 in the seropositive
group) (Table 3). The majority of the central nervous
system events among valacyclovir recipients, which
also included abnormalities in thinking, agitation, and
depression (rate, «4 percent for all three), were mild,
were not treatment limiting, and were reversible with
adjustments in the study medication. Thrombotic mi-
croangiopathy was reported in one seropositive val-

 

*P values were calculated by Cox proportional-hazards model according to the intention-to-treat
principle.

†Kaplan–Meier estimates are given. Clinical acute graft rejection was defined on the basis of clinical
and biochemical signs and symptoms suggestive of acute graft rejection.

‡Antilymphocyte-antibody therapy was defined as treatment started more than seven days after ran-
domization. Some patients received more than one type of preparation.

§Muromonab-CD3 was given.

¶Antilymphocyte globulin or antithymocyte globulin was given.
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CHARACTERISTIC SERONEGATIVE GROUP SEROPOSITIVE GROUP

VALACYCLOVIR

(N=102)
PLACEBO

(N=106)
P

VALUE*
VALACYCLOVIR

(N=204)
PLACEBO

(N=204)
P

VALUE*

Acute rejection — no. (%)†
Biopsy-confirmed
Clinical

27 (26)
40 (39)

55 (52)
65 (61)

0.001
0.004

61 (30)
75 (37)

73 (36)
98 (48)

0.40
0.07

Days to onset of biopsy-con-
firmed acute rejection 
— range

3–240 5–182 3–183 3–237

Treatment with antilymphocyte 
antibodies — no. (%)‡

Monoclonal antibodies§
Polyclonal antibodies¶

15 (15)
5 (5)

11 (11)

29 (27)
17 (16)
14 (13)

42 (21)
21 (10)
24 (12)

45 (22)
28 (14)
20 (10)

*The 12 commonest events in the seronegative group, the seropositive
group, and each valacyclovir group are included. P values were calculated
by Fisher’s exact test.

†P=0.03 for the comparison with the seronegative valacyclovir group.

‡P<0.001 for the comparison with the seropositive valacyclovir group.

§P=0.02 for the comparison with the seropositive valacyclovir group.

TABLE 3. MOST FREQUENT ADVERSE EVENTS.*

EVENT SERONEGATIVE GROUP SEROPOSITIVE GROUP

VALACYCLOVIR

(N=102)
PLACEBO

(N=106)
VALACYCLOVIR

(N=204)
PLACEBO

(N=204)

number of patients (percent)

Hypertension 16 (16) 16 (15) 18 (9) 9 (4)

Anemia 14 (14) 16 (15) 22 (11) 21 (10)

Leukopenia 14 (14) 11 (10) 12 (6) 14 (7)

Fever 13 (13) 14 (13) 12 (6) 19 (9)

Abdominal pain 13 (13) 13 (12) 13 (6) 21 (10)

Diarrhea 12 (12) 16 (15) 15 (7) 20 (10)

Headache 8 (8) 14 (13) 21 (10) 19 (9)

Nausea 9 (9) 6 (6) 16 (8) 16 (8)

Peripheral edema 10 (10) 12 (11) 13 (6) 17 (8)

Vomiting 7 (7) 9 (8) 18 (9) 14 (7)

Dyspnea 9 (9) 7 (7) 13 (6) 7 (3)

Hallucination 5 (5) 0† 21 (10) 3 (1)‡

Confusion 6 (6) 2 (2) 16 (8) 5 (2)§

Constipation 6 (6) 4 (4) 15 (7) 12 (6)

Pain 4 (4) 11 (10) 18 (9) 10 (5)

Insomnia 7 (7) 4 (4) 10 (5) 6 (3)

Edema 10 (10) 6 (6) 3 (1) 8 (4)

Hypophosphatemia 7 (7) 5 (5) 3 (1) 5 (2)
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acyclovir recipient and in one seronegative and one
seropositive placebo patient, and it was not attribut-
able to treatment. There were no clinically important
differences with regard to the distribution or change
from base line of any laboratory measurements, in-
cluding serum creatinine.

DISCUSSION

We found that prophylactic treatment with valacy-
clovir reduced the risk of CMV disease and graft re-
jection after cadaveric renal transplantation, with mini-
mal adverse effects. CMV disease occurred during the
prophylactic period in only 3 percent of seronegative
valacyclovir recipients and in no seropositive recipi-
ents. The incidence of end-organ disease was also low-
er, suggesting that prophylactic valacyclovir prevent-
ed viral dissemination or ameliorated the disease.
Such a mechanism is consistent with the finding of
low rates of CMV viremia and viruria among valacy-
clovir recipients.

Another important finding was the reduction in the
risk of acute graft rejection. The prevention of acute
rejection is considered essential to the long-term
success of renal transplantation. CMV infection is a
risk factor for acute rejection, although the role of
CMV prophylaxis remains controversial. The finding
that CMV prophylaxis with valacyclovir also reduces
the risk of acute rejection suggests an important as-
sociation between CMV infection and allograft re-
jection. The results of a recent meta-analysis28 indicate
that the use of other anti-CMV agents is not associ-
ated with a decrease in the risk of acute rejection. The
reduction in the rate of acute rejection among val-
acyclovir recipients in our study may ultimately be
associated with prolonged graft survival.

In view of the observed antirejection effect of val-
acyclovir, its future use in combination with new im-
munosuppressants (e.g., mycophenolate mofetil and
tacrolimus) bears consideration. In our study, fewer
than 5 percent of patients received mycophenolate
mofetil or tacrolimus, both of which reduce the rate
of acute rejection to levels below those achieved with
the cyclosporine-based regimens used in 95 percent
of patients.33,34 Valacyclovir has no direct immuno-
modulatory properties, and the reduction in the risk
of acute rejection may be attributable to its effect on
CMV. On the basis of our results and evidence from
a recent study that mycophenolate mofetil potenti-
ates the antiherpetic effects of several compounds,35

concomitant administration of valacyclovir with my-
cophenolate mofetil may result in a lower risk of
rejection and CMV disease than is seen with either
agent alone, compensating for the increased risk of
CMV disease associated with treatment with myco-
phenolate mofetil.33

The reduction in the risk of herpes simplex virus
disease among recipients of valacyclovir underscores
the role of this drug as a broad-spectrum antiherpetic

agent. The risk of other infections was also reduced
among valacyclovir recipients, possibly reflecting di-
rect effects such as decreases in CMV-induced im-
munosuppression and damage to integumentary bar-
riers.1,36 The lower rates of use of antilymphocyte
antibodies among valacyclovir recipients as a result of
the decreased rate of acute rejection may have also
decreased the rate of other infections.

Hallucinations were the only adverse events report-
ed more frequently among valacyclovir recipients in
both the seronegative and seropositive groups. Ad-
verse events were generally mild, reversible, and not
treatment limiting and have been reported previously
after the intravenous administration of acyclovir.37

Valacyclovir was not associated with nephrotoxicity,
and laboratory monitoring did not reveal any adverse
effects. The incidence of thrombotic microangiop-
athy among valacyclovir recipients (0.3 percent) was
not increased above the background rate in this pop-
ulation.38,39 Survival rates at one year were within the
expected range.40 These data indicate that the safety
profile of valacyclovir was similar to that of placebo.

Our study population was representative of typical
renal-transplant recipients. Therefore, we believe that
our findings are widely applicable and suggest that
all seronegative and seropositive patients can be con-
sidered for valacyclovir prophylaxis. Because the in-
cidence of CMV disease is lower among seropositive
patients than seronegative patients, it may be reason-
able to target prophylaxis to subgroups of seropositive
patients at higher risk — for example, seropositive
patients who receive a second transplant from a se-
ropositive donor and who receive high doses of im-
munosuppressants. Extension of treatment with val-
acyclovir beyond 90 days after transplantation may
further reduce the risk of CMV disease, particularly
among patients whose immunosuppressive regimen
has not been fully tapered. Given that the prevalence,
timing, and manifestations of CMV disease and the
viral burdens involved are similar after other types of
solid-organ transplantations (e.g., liver and heart1),
valacyclovir prophylaxis may also be beneficial in
these settings. The efficacy of valacyclovir provides
an alternative choice for CMV prophylaxis, allowing
ganciclovir — the current standard for the manage-
ment of CMV disease — to be reserved for the treat-
ment of CMV disease and thus potentially decreasing
the likelihood of creating strains that are resistant to
ganciclovir.

In summary, treatment with valacyclovir for 90 days
after transplantation significantly reduced the risk
and delayed the onset of CMV disease with minimal
adverse effects. It also significantly reduced the risk of
acute graft rejection among seronegative patients, with
a trend toward such a reduction among seropositive
patients. Valacyclovir significantly diminished the risk
of herpes simplex virus disease and other infections.
Valacyclovir has several advantages over conventional
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strategies, including ease of administration and less
use of inpatient medical resources.
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