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VALGANCICLOVIR FOR CYTOMEGALOVIRUS RETINITIS

 

A CONTROLLED TRIAL OF VALGANCICLOVIR AS INDUCTION THERAPY 
FOR CYTOMEGALOVIRUS RETINITIS
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BSTRACT

 

Background

 

Valganciclovir is an orally adminis-
tered prodrug that is rapidly hydrolyzed to ganciclovir.
We compared the effects of oral valganciclovir with
those of intravenous ganciclovir as induction therapy
for newly diagnosed cytomegalovirus retinitis in 160
patients with the acquired immunodeficiency syn-
drome (AIDS).

 

Methods

 

The primary end point was photographi-
cally determined progression of cytomegalovirus ret-
initis within four weeks after the initiation of treatment.
Secondary end points included the achievement of a
prospectively defined satisfactory response to induc-
tion therapy and the time to progression of cytomeg-
alovirus retinitis. After four weeks, all patients received
valganciclovir as maintenance therapy.

 

Results

 

Eighty patients were randomly assigned
to each treatment group. Of the patients who could
be evaluated, 7 of 70 assigned to intravenous ganci-
clovir (10.0 percent) and 7 of 71 assigned to oral val-
ganciclovir (9.9 percent) had progression of cytomeg-
alovirus retinitis during the first four weeks (difference
in proportions, 0.1 percentage point; 95 percent confi-
dence interval, ¡9.7 to 10.0). Forty-seven of 61 patients
(77.0 percent) assigned to intravenous ganciclovir and
46 of 64 (71.9 percent) assigned to valganciclovir had
a satisfactory response to induction therapy (differ-
ence in proportions, 5.2 percentage points; 95 per-
cent confidence interval, ¡20.4 to 10.1). The median
times to progression of retinitis were 125 days in the
group assigned to intravenous ganciclovir and 160
days in the group assigned to oral valganciclovir. The
mean values for the area under the curve for the gan-
ciclovir dosage interval were similar at both induction
doses and maintenance doses. The frequency and se-
verity of adverse events were similar in the two treat-
ment groups.

 

Conclusions

 

Orally administered valganciclovir ap-
pears to be as effective as intravenous ganciclovir for
induction treatment and is convenient and effective
for the long-term management of cytomegalovirus
retinitis in patients with AIDS. (N Engl J Med 2002;
346:1119-26.)

 

Copyright © 2002 Massachusetts Medical Society.

 

From the Department of Ophthalmology, Emory University School of
Medicine, Atlanta (D.F.M.); the Department of Infectious Diseases, Insti-
tuto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán, Mexico
City, Mexico (J.S.-M.); the Department of Medicine, Toronto General Hos-
pital, University of Toronto, Toronto (S.W.); the Department of Ophthal-
mology, Kaiser Permanente, San Francisco (R.A.W.); and Roche Pharma-
ceuticals, Welwyn Garden City, United Kingdom (K.M., P.G.), and Palo Alto,
Calif. (C.A.R., M.J.S.). Address reprint requests to Dr. Martin at Emory
University School of Medicine, Department of Ophthalmology, 1365B Clif-
ton Rd. NE, Atlanta, GA 30322, or at dmart04@emory.edu.

*Members of the study group are listed in the Appendix.

 

YTOMEGALOVIRUS retinitis remains the
leading cause of visual loss in patients with
the acquired immunodeficiency syndrome
(AIDS).

 

1-3

 

 Induction therapy with intrave-
nous ganciclovir,

 

4,5

 

 foscarnet,

 

5,6

 

 or cidofovir,

 

7,8

 

 followed
by maintenance therapy, can effectively make cytomeg-
alovirus retinitis inactive. If recovery of immune func-
tion is not possible, indefinite treatment is needed, and
an indwelling catheter and daily intravenous medica-
tion may be required. The cost, the risk of sepsis, and
the adverse effect on the quality of life associated with
an indwelling catheter spurred the development of an
oral formulation of ganciclovir.
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 When administered
orally, ganciclovir requires three doses (up to 12 cap-
sules per day) and has a bioavailability of only 6 to
9 percent

 

10

 

; it therefore cannot be used for induction
therapy. Local treatment with a ganciclovir implant
can control intraocular disease but does not obviate
the need for systemic treatment.

 

11,12

 

 Concomitant
treatment with oral ganciclovir can reduce the risk
of additional cytomegalovirus disease in patients with
a ganciclovir implant.
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 An oral agent is needed that
is effective for both induction and maintenance ther-
apy, with a convenient dosing schedule and a low daily
pill burden.

Valganciclovir is a monovalyl ester prodrug that,
when administered orally, is rapidly hydrolyzed to the
active compound ganciclovir. The absolute bioavail-
ability of ganciclovir from valganciclovir is 60 per-
cent,

 

14

 

 and a dose of 900 mg (two 450-mg tablets)
results in ganciclovir blood levels similar to those
obtained with a dose of 5 mg of intravenous ganci-
clovir per kilogram of body weight.

 

15,16

 

 We conducted
a randomized, controlled clinical trial to compare the
safety and efficacy of oral valganciclovir and intrave-
nous ganciclovir as therapy for newly diagnosed cyto-
megalovirus retinitis.

C

Copyright © 2002 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on October 7, 2008 . For personal use only. No other uses without permission. 



 

1120

 

·

 

N Engl J Med, Vol. 346, No. 15

 

·

 

April 11, 2002

 

·

 

www.nejm.org

 

The New England Journal  of  Medicine

 

METHODS

 

Study Design

 

The study protocol was reviewed and approved by the local in-
stitutional review boards at 42 clinical sites: 22 in the United States,
11 in Europe, 3 in Mexico, 3 in Canada, 2 in Australia, and 1 in
Brazil. All patients gave written informed consent. The study pa-
tients were adults with AIDS and newly diagnosed cytomegalovi-
rus retinitis. Because the use of an oral agent had not been studied
as induction therapy, enrollment was initially restricted to patients
with retinitis located more than 1500 µm from the fovea. After a
masked review of photographs from the first 43 patients, the entry
criteria were expanded to include patients with more posterior ret-
initis.

Patients were ineligible if they had a history of treated cytomeg-
alovirus retinitis, had received systemic anticytomegalovirus therapy
for more than three weeks, or had received any systemic anticyto-
megalovirus therapy within three months before randomization. El-
igible patients may have received up to three months of prophylaxis
with oral ganciclovir. Other exclusion criteria were the presence
of severe uncontrolled diarrhea (more than three watery stools per
day), an absolute neutrophil count below 750 cells per cubic milli-
meter, a platelet count below 75,000 per cubic millimeter, an es-
timated creatinine clearance below 70 ml per minute, or a score
below 70 on the Karnofsky performance scale.

Patients were randomly assigned in a 1:1 ratio at each site to
receive either 5 mg of intravenous ganciclovir per kilogram twice
daily for three weeks (induction therapy), followed by 5 mg per
kilogram once daily for one week (maintenance therapy), or 900 mg
of oral valganciclovir (two 450-mg tablets) twice daily for three
weeks (induction therapy), followed by 900 mg once daily for one
week (maintenance therapy). Antiretroviral therapy was to remain
unchanged during the first four weeks of the study. Ocular exam-
inations were performed at base line and weeks 2 and 4 and includ-
ed determination of visual acuity with the use of charts from the
Early Treatment Diabetic Retinopathy Study
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 or Snellen charts,
indirect ophthalmoscopy, and bilateral nine-field fundus photogra-
phy. Laboratory evaluations were performed at base line and then
weekly for four weeks and included qualitative and quantitative poly-
merase-chain-reaction (PCR) assays of blood for cytomegalovirus
and a quantitative assay for the human immunodeficiency virus
(HIV), as well as routine blood chemical and hematologic tests.
Urine (and occasionally semen or blood) was collected at base line
and week 4 for cytomegalovirus culture. CD4+ cell counts were
determined at base line and week 4. Complete steady-state phar-
macokinetic profiles were obtained at selected centers at week 1
(induction dosing) and week 4 (maintenance dosing).

At the end of week 4, patients in both groups received 900 mg
of oral valganciclovir once daily for continued maintenance therapy.
Follow-up examinations, similar to those performed during the first
four weeks of the study, were performed every two weeks until
week 16 and then monthly until progression of retinitis occurred.
Patients in whom retinitis progressed were offered induction ther-
apy followed by maintenance therapy with valganciclovir and were
examined on a monthly basis until valganciclovir therapy was dis-
continued or death occurred.

 

Outcome Measures

 

The primary outcome measure was the progression of retinitis
during the first four weeks of therapy, as determined by treatment-
masked grading of retinal photographs. Progression of retinitis was
defined as movement of a border of the lesion by at least 750 µm
over a 750-µm front or the development of a new area of cytomeg-
alovirus retinitis at least 750 µm in diameter.

Secondary outcome measures included the achievement of a sat-
isfactory response to induction treatment during the first four weeks,
as determined by analysis of retinal photographs. A satisfactory re-
sponse was achieved when all of the following criteria were met:

no movement of a lesion border by 1500 µm or more and no de-
velopment of a new lesion 1500 µm or more in diameter between
base line and week 4, no movement of a lesion border by 750 µm
or more and no development of a new lesion 750 µm or more in
diameter between week 2 and week 4, no increase in retinitis ac-
tivity between week 2 and week 4, and a decrease in retinitis activity
between base line and week 4 by at least two steps on the six-step
activity scale of the Fundus Photograph Reading Center at the Uni-
versity of Wisconsin.

Other secondary outcome measures were the time to progression
of retinitis as determined by examination of photographs, the ef-
fect of treatment on cytomegalovirus cultures and plasma PCR
results, the safety and tolerability of the treatment regimens, the de-
velopment of contralateral and extraocular cytomegalovirus disease,
and survival. All photographically derived outcomes were deter-
mined by independent grading of retinal photographs, performed
by graders at the Fundus Photograph Reading Center who were
unaware of treatment assignments.

 

Statistical Analysis

 

The sample size was based on the need to provide an estimate of
the difference (intravenous ganciclovir minus oral valganciclovir) in
the proportion of patients with progression of cytomegalovirus ret-
initis by week 4 with a relatively narrow confidence interval, with
constraints on enrollment due to the decline in cytomegalovirus
retinitis associated with highly active antiretroviral therapy taken
into account. On the basis of these considerations, we calculated that
75 patients per treatment group would be needed. We assumed that
20 percent of patients in each study group would have progres-
sion at week 4, on the basis of a previous study that reported that
progression had occurred at week 4 in 23 percent of patients as-
signed to intravenous ganciclovir and 86 percent of patients for
whom treatment was deferred.

 

4

 

 Using a noninferiority study de-
sign, we defined an acceptable range of efficacy as a lower 95 percent
confidence limit for the difference in proportions (intravenous gan-
ciclovir minus oral valganciclovir) that was greater than –0.25.

The 95 percent confidence interval for the difference in propor-
tions of progressions and other binary end points at week 4 was
based on the normal approximation to the binomial distribution.
Long-term data on the time to progression were evaluated with
the use of Kaplan–Meier survival analysis,
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 and the mean, median,
and lower and upper quartiles (and their confidence intervals) were
derived. All P values were two-sided. There were no interim analy-
ses of efficacy. All authors had full access to all data and take respon-
sibility for the integrity of the data, the accuracy of the analysis,
and the content of the article.

 

RESULTS

 

Between January 1997 and March 1999, 160 pa-
tients were enrolled in the study; 80 were randomly
assigned to receive intravenous ganciclovir and 80 to
receive oral valganciclovir. There were no substantial
differences between the groups in base-line charac-
teristics (Table 1).

For the analyses of efficacy, seven patients in each
group were excluded for the following reasons defined
by the protocol: absence of photographic confirmation
of cytomegalovirus retinitis at study entry (three as-
signed to intravenous ganciclovir and two assigned to
valganciclovir); noncompliance with study therapy,
defined as use of treatment on fewer than 21 of 28
days (one assigned to intravenous ganciclovir and three
assigned to valganciclovir); absence of efficacy data re-
ported after randomization (one assigned to intrave-
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Downloaded from www.nejm.org on October 7, 2008 . For personal use only. No other uses without permission. 



 

VALGANCICLOVIR FOR CYTOMEGALOVIRUS RETINITIS

 

N Engl J Med, Vol. 346, No. 15

 

·

 

April 11, 2002

 

·

 

www.nejm.org

 

·

 

1121

 

nous ganciclovir and two assigned to valganciclovir);
presence of a ganciclovir implant in one eye (one as-
signed to intravenous ganciclovir); and nonreceipt of
any doses of study drug (one assigned to intravenous
ganciclovir). For this study design, the most conser-
vative analysis excludes these patients. An intention-
to-treat analysis was also performed and yielded the
same results. For the analyses of safety, we excluded
one patient in the valganciclovir group who had no
safety data after randomization and one patient in the
ganciclovir group who did not receive any doses of the
study drug.

This report contains all safety and efficacy data

through September 30, 1999, six months after the last
patient was enrolled. The results of additional analyses
of such data through April 2000 were similar. The me-
dian duration of follow-up was 419 days for patients
originally assigned to intravenous ganciclovir and 376
days for patients originally assigned to oral valganci-
clovir.

 

Progression of Retinitis and Response 
to Induction Therapy

 

For the analysis of the progression of retinitis dur-
ing the first four weeks, sets of photographs could be
evaluated for 70 patients assigned to intravenous gan-

 

*Plus–minus values are medians ±SD.

†Plus–minus values are means ±SD.

‡Use of protease inhibitors was considered a marker for highly active antiretroviral therapy.

§Values were measured with an Amplicor HIV Monitor (Roche Diagnostic Systems). HIV denotes
human immunodeficiency virus.

¶Values were measured with an Amplicor CMV Monitor (Roche Diagnostic Systems) and were
log-transformed with use of a base 10 scale.

¿Values were measured with a Cobas Amplicor CMV Monitor (Roche Diagnostic Systems) and
were log-transformed with use of a base 10 scale. The internal quantitation standard was a plasmid
DNA with primer-binding sites identical to those of cytomegalovirus but with a unique probe-bind-
ing region.
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HARACTERISTIC

 

I

 

NTRAVENOUS

 

 G

 

ANCICLOVIR

 

(N=80)
O

 

RAL

 

 V

 

ALGANCICLOVIR

 

(N=80)

 

Age — yr* 36.5±7.3 39.0±7.6
Male sex — no. (%) 73 (91) 72 (90)
Race or ethnic group — no. (%)

White 42 (52) 43 (54)
Black 9 (11) 9 (11)
Hispanic 25 (31) 25 (31)
Other 4 (5) 3 (4)

Karnofsky score† 85.9±10.3 82.9±10.1
Retinitis in zone 1 — no. (%) 19 (24) 19 (24)
Bilateral retinitis — no. (%) 20 (25) 20 (25)
Duration of use of protease inhibitors — no. (%)‡

None 21 (26) 26 (32)
90 days 16 (20) 14 (18)
91–365 days 18 (22) 17 (21)
>365 days 25 (31) 23 (29)

Plasma HIV load§
No. of patients tested 66 63
Median — log copies/ml 4.9 4.8
Mean — log copies/ml† 4.5±1.4 4.5±1.2

CD4+ count
No. of patients tested 74 75
Median — cells/mm

 

3

 

26 20
Mean — cells/mm

 

3

 

† 53.6±67.6 58.0±80.8
Range — cells/mm

 

3

 

2–365 2–390
Cytomegalovirus culture — no. (%)

Patients tested 71 71
Patients with a positive culture 46 (65) 33 (46)

Cytomegalovirus qualitative PCR of plasma¶
No. of patients tested 76 77
Patients with positive PCR results — no. (%) 39 (51) 31 (40)

Cytomegalovirus quantitative PCR of plasma 
— log copies/ml¿

Median 3.4 3.6
Mean† 3.5±0.8 3.6±0.7
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ciclovir and 71 assigned to oral valganciclovir. Pro-
gression occurred in 7 of 70 patients assigned to in-
travenous ganciclovir (10.0 percent) and in 7 of 71
assigned to oral valganciclovir (9.9 percent). The dif-
ference in proportions was 0.1 percentage point (95
percent confidence interval, ¡9.7 to 10.0). Progres-
sion of retinitis in 13 of 14 patients was due to move-
ment of a lesion border by at least 750 µm, and pro-
gression in 5 of 7 patients in each group occurred
between base line and week 2.

For the analysis of the response to induction ther-
apy, 61 patients assigned to intravenous ganciclovir
and 64 assigned to oral valganciclovir had a set of pho-
tographs that could be evaluated. A satisfactory re-
sponse to induction therapy (Fig. 1A and 1B) was
achieved in 47 of 61 patients assigned to intravenous

ganciclovir (77.0 percent) and 46 of 64 patients as-
signed to oral valganciclovir (71.9 percent). The dif-
ference in proportions was 5.2 percentage points (95
percent confidence interval,¡20.4 to 10.1). The most
common reason for an unsatisfactory response was
failure of the retinitis activity to decrease by two or
more steps (13 of 14 patients with unsatisfactory re-
sponses in the ganciclovir group and 17 of 18 in the
valganciclovir group).

The median time to progression of retinitis for pa-
tients originally assigned to intravenous ganciclovir
was 125 days (95 percent confidence interval, 74 to
a value that could not be estimated) and that for pa-
tients assigned to oral valganciclovir was 160 days (95
percent confidence interval, 99 to a value that could
not be estimated) (Fig. 2). The relative risk of progres-
sion of retinitis in the valganciclovir group as com-
pared with the ganciclovir group, calculated from the
Cox proportional-hazards model, was 0.90 (95 per-
cent confidence interval, 0.58 to 1.38).

 

Virologic Assessment

 

There were no substantial changes in HIV load or
CD4+ cell count during the four weeks of random-
ized treatment. Median HIV loads, expressed as the
log (on a base 10 scale) of the number of copies of
HIV RNA per milliliter, were similar at base line
(4.9 log copies per milliliter in the ganciclovir group
and 4.8 log copies per milliliter in the valganciclovir
group), and there was little change at week 4 (4.8
log copies per milliliter in the ganciclovir group and
5.0 log copies per milliliter in the valganciclovir
group). Median CD4+ cell counts were similar at base
line (26 cells per cubic millimeter in the ganciclovir
group and 20 cells per cubic millimeter in the val-
ganciclovir group), and there was little change at
week 4 (20 cells per cubic millimeter in each group).

Cultures of urine (predominantly), blood, or se-
men were positive for cytomegalovirus at base line
in 46 of 71 patients assigned to intravenous ganci-
clovir (65 percent) and in 33 of 71 patients assigned
to oral valganciclovir (46 percent, P=0.03) (Table 1).
After four weeks of treatment, only 4 of 64 patients
assigned to ganciclovir (6 percent) and 4 of 58 pa-
tients assigned to valganciclovir (7 percent) had a pos-
itive cytomegalovirus culture.

Cytomegalovirus viremia as determined by quali-
tative PCR was present at base line in 39 of 76 pa-
tients assigned to intravenous ganciclovir (51 percent)
and in 31 of 77 patients assigned to valganciclovir (40
percent, P=0.17). By quantitative PCR assay, the me-
dian log cytomegalovirus DNA load at base line was
3.4 in the ganciclovir group (mean, 3.5) and 3.6 in
the valganciclovir group (mean, 3.6) (Table 1). After
four weeks of treatment, only 2 of 70 patients assigned
to ganciclovir (3 percent) and 3 of 71 patients assigned

 

Figure 1.

 

 Response of Cytomegalovirus Retinitis to Treatment
with Oral Valganciclovir.
The photograph in Panel A shows active cytomegalovirus in
the retina of the left eye at base line. The photograph of the
same eye in Panel B shows resolution of cytomegalovirus reti-
nitis after four weeks of treatment with oral valganciclovir.

 

A

B
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to valganciclovir (4 percent) had positive PCR results
for cytomegalovirus.

 

Adverse Events

 

During randomized treatment, diarrhea was the
most common adverse event and occurred more of-
ten in the valganciclovir group than in the ganciclovir
group (19 percent vs. 10 percent, P=0.11). Intrave-
nous-catheter–related events occurred in 9 percent of
patients in the ganciclovir group and in 4 percent of
patients in the valganciclovir group (catheters were in
place for reasons unrelated to valganciclovir treat-
ment). Neutropenia was reported with similar fre-
quency in the two groups (13 percent in the ganciclo-
vir group and 14 percent in the valganciclovir group).
In the long-term extension phase of the study, an ab-
solute neutrophil count below 500 cells per cubic
millimeter developed in 24 percent of patients. Neith-
er the hemolytic–uremic syndrome nor thrombotic
thrombocytopenia purpura developed in any patient.

Retinal detachment occurred in 7 patients (5 in the
ganciclovir group and 2 in the valganciclovir group)
during the first four weeks and in a total of 30 of
158 patients (19 percent) over the course of the study
(15 in each group). On the basis of ophthalmologic
assessment, contralateral cytomegalovirus retinitis de-
veloped in 1 patient in the valganciclovir group dur-
ing the first four weeks and, over the course of the
study, in 18 of 120 patients who entered the study

with unilateral retinitis (15 percent). Two deaths
occurred (one in each group) during randomized
treatment.

 

Pharmacokinetic Studies

 

Blood levels of the prodrug valganciclovir were low;
mean values for the area under the curve at steady
state and the maximal concentration of valganciclovir
were approximately 1 percent and 2 percent, respec-
tively, of those of ganciclovir (Fig. 3). At both induc-
tion and maintenance doses, systemic exposure to gan-
ciclovir was similar after the administration of oral
valganciclovir and intravenous ganciclovir (Fig. 3 and
Table 2). The maximal concentration of ganciclovir
achieved with oral valganciclovir was 59 to 67 percent
of that achieved with intravenous ganciclovir. The rel-
ative bioavailability of ganciclovir derived from oral
valganciclovir, as compared with intravenous ganci-
clovir, was 1.16 (90 percent confidence interval, 0.98
to 1.36) at week 1 and 1.09 (90 percent confidence
interval, 0.91 to 1.31) at week 4. The absolute bioavail-
ability of ganciclovir derived from 900 mg of oral val-
ganciclovir administered twice daily was 64 percent,
and the bioavailability derived from the once-daily
regimen was 59 percent.

 

DISCUSSION

 

The results of our study indicate that a twice-daily
dose of 900 mg of oral valganciclovir for induction

 

Figure 2.

 

 Kaplan–Meier Curves Showing the Cumulative Proportion of Patients without Progression of Retinitis.
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therapy in patients with cytomegalovirus retinitis has
an efficacy and safety profile that is similar to the pro-
file for intravenous ganciclovir. The proportions of pa-
tients with progression of retinitis during the first four
weeks were similar for the two regimens. A similar pro-
portion of patients in each group had a satisfactory
response to induction therapy. Almost all patients in
the study had negative cytomegalovirus cultures and
PCR results at the end of four weeks of treatment.
The pharmacokinetic profiles showed that systemic

exposure to ganciclovir after the administration of
valganciclovir is similar to that with intravenous gan-
ciclovir. Rates of adverse events, particularly neutro-
penia, were also similar. The main difference in safety
between the two treatments was related to the mode
of administration, with more diarrhea in the oral val-
ganciclovir group and more catheter-related compli-
cations in the intravenous group.

Our study was not designed to evaluate the differ-
ences between these treatments for maintenance ther-

 

Figure 3.

 

 Mean Steady-State Ganciclovir and Valganciclovir Concentrations after Treatment with Intra-
venous Ganciclovir or Oral Valganciclovir.
The scale for plasma concentrations is logarithmic. Week 1 denotes induction therapy, and week 4
maintenance therapy.
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 denotes the median time at which maximal concentration
was achieved; and T
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 denotes the half-life of ganciclovir.
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⁄

 

2

 

µg·hr/ml µg/ml hr

 

Week 1 (induction therapy)

 

Intravenous ganciclovir 18 28.6±9.0 10.4±4.9 1.0 3.99±0.85
Oral valganciclovir 25 32.8±10.1 6.71±2.12 2.0 3.90±1.11

 

Week 4 (maintenance therapy)

 

Intravenous ganciclovir 18 30.7±7.7 9.86±3.14 1.0 4.32±0.69
Oral valganciclovir 20 34.9±13.3 5.87±1.81 2.0 4.12±0.86
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apy, which would require a randomized comparison
of patients followed up to the time of the progres-
sion of retinitis. We originally designed such a study
but concluded that it would be difficult to conduct,
given the nonintravenous treatment options available
and the declining incidence of cytomegalovirus retini-
tis. However, on the basis of its efficacy for induction
and the pharmacokinetic data, we would expect val-
ganciclovir to compare favorably with both intrave-
nous and oral ganciclovir for maintenance therapy.
The area under the curve at 24 hours for ganciclovir
derived from oral valganciclovir exceeds the area un-
der the curve at 24 hours for 3 g of oral ganciclovir
(34.9 vs. 14.7 µg·hr per milliliter,10 respectively) and
is similar to that for 5 mg of intravenous ganciclovir
per kilogram (30.7 µg·hr per milliliter) for mainte-
nance therapy. In addition, the reduced pill burden
and once-daily dosing with oral valganciclovir for
maintenance treatment may increase adherence and
therefore improve outcomes.

The median times to progression of retinitis were
125 days for patients originally assigned to intrave-
nous ganciclovir and 160 days for patients originally
assigned to oral valganciclovir, which are longer than
any effect of treatment observed in trials of ganciclo-
vir conducted before the availability of highly active
antiretroviral therapy. Although there is no evidence,
on the basis of HIV loads and CD4+ cell counts, that
highly active antiretroviral therapy affected our pri-
mary outcome at four weeks, it almost certainly in-
fluenced the observed times to progression of retinitis.
The proportion of patients in whom progression de-
veloped over a one-year period was 61 percent, where-
as in studies conducted before the advent of highly
active antiretroviral therapy, 85 percent of patients
receiving intravenous ganciclovir had progression of
retinitis by four months.5 For patients with no recov-
ery of immune function, it would be expected that
the time to progression of retinitis would be similar
to the medians of 47 to 71 days4,5,9,12 observed before
highly active antiretroviral therapy became available.
Because of the heterogeneity in the immune response
to highly active antiretroviral therapy, the time to the
progression of retinitis may vary widely from patient
to patient. Careful surveillance for progression of ret-
initis is therefore recommended throughout treatment.

Supported by Roche Pharmaceuticals (study WV15376).

APPENDIX

The members of the Valganciclovir Study Group were as follows: D.F.
Martin (Emory University, Atlanta); J. Sierra-Madero (Instituto Nacional
de Ciencias Médicas y Nutrición Salvador Zubirán, Mexico City, Mexico);
G. Ortega (Hospital Médica Sur, Mexico City, Mexico); S. Walmsley and
J. Hopkins (Toronto General Hospital, Toronto); R.A. Wolitz and H.
Bloom (Kaiser Permanente Medical Center, San Francisco); R. Lalonde
and J. Deschênes (McGill University Health Centre, Montreal); L. Nieto
(Hospital Regional de Zona Gabriel Mancera, Del Valle, Mexico); B.D.

Kuppermann (University of California at Irvine, Irvine); D. Friedberg
(New York University Medical Center, New York); J. Lalezari (Quest Clin-
ical Research, San Francisco); J. Lindley (St. Paul’s Hospital, Vancouver,
B.C., Canada); G.F. McKinley, T.P. Flynn, and J.I. O’Connor (St. Luke’s–
Roosevelt Hospital, New York); D. Boyer (Retina–Vitreous Associates
Medical Group, Beverly Hills, Calif.); J.L. Davis (University of Miami, Mi-
ami); W.D. Hardy and A. Blackburn (Pacific Oaks Medical Research, Bev-
erly Hills, Calif.); G.J. Jaffe (Duke University Eye Center, Durham, N.C.);
S. Mitchell (Kobler Institute, London); J. Nord and C. Coad (Saint Vin-
cent’s Hospital and Medical Center, New York); W. Rozenbaum (Hôpital
Rothschild, Paris); P. Skolnik and J.S. Duker (New England Medical Cen-
ter, Boston); S. Staszewski and H. Guembel (Universitaetsklinikum, Frank-
furt/Main, Germany); F. Torriani (University of California at San Diego
Antiviral Research Center, San Diego); S. Spector (University of California
at San Diego, La Jolla); J. Andrade (Unidad de HIV Hospital Civil de
Guadalajara, Guadalajara, Mexico); D. Drennan (Davies Medical Center,
San Francisco); J. Hoy, A. Hall, and C. McCormack (Alfred Hospital, Vic-
toria, Australia); R.M. Lieberman (Vitreo-Retinal Consultants, New York);
A. Palestine (Georgetown University, Washington, D.C.); J. Pulvirenti
(Cook County Hospital, Chicago); K. Sepkowitz (New York Hospital,
New York); E. Wilkins (North Manchester General Hospital, Manchester,
United Kingdom); G. Carosi and S. Casari (Spedali Civili, Brescia, Italy);
D. Cooper, K. Macrae, and J. Miller (St. Vincent’s Hospital, Sydney, Aus-
tralia); M. Fisher (Royal Sussex County Hospital, Brighton, United King-
dom); J. González-García and F. Armadá (Hospital La Paz, Madrid); R.
MacArthur (Wayne State University, Detroit); J. Mallolas Masferrer and M.
Lonca (Hospital Clinic y Provincial, Barcelona, Spain); S. Mansour (Santa
Clara Valley Medical Center, San Jose, Calif.); S. Matheron (Hôpital
Bichat–Claude Bernard, Paris); R. Myers (Phoenix Body Positive, Phoenix,
Ariz.); J. Reynes (Hôpital Gui de Chauliac, Montpellier, France); M.
Schechter (Hospital Universitario Clementino Fraga Filho, Rio de Janeiro,
Brazil); D.J. Skiest (University of Texas Southwestern Medical Center, Dal-
las); A. Stoehr (Allgemeines Krankenhaus St. Georg, Hamburg, Germany);
H.-J. Stellbrink and V. Knospe (Universitaetsklinik, Hamburg, Germany);
G.N. Holland (University of California, Los Angeles); M.D. Davis, J. Arm-
strong, J. Brickbauer, K.E. Glander, L. Hubbard, D. Hurlburt, L. Kastorff,
M. Neider, R.M. Peterson, N.L. Robinson, S. Sheetz, M. Speerschneider,
M. Vanderhoof-Young, and H. Wabers (Fundus Photograph Reading Cen-
ter, University of Wisconsin, Madison); and F. Brown, L. Clark, E. Daly, P.
Georgiou, I. Greenfield, S. Lyman, K. Macey, N. Roberts, C. Robinson,
M.J. Stempien, R. Sudlow, M.A. Sutton, and R. Van Syoc (Roche Phar-
maceuticals, Palo Alto, Calif., and Welwyn Garden City, United Kingdom).
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CORRECTION

A Controlled Trial of Valganciclovir as Induction
Therapy for Cytomegalovirus Retinitis

A Controlled Trial of Valganciclovir as Induction Therapy for Cy-

tomegalovirus Retinitis . The Appendix on page 1125 should have

included Peter McCluskey (St. Vincent’s Hospital, Sydney, Australia)

as a member of the Valganciclovir Study Group.
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