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To determine whether cytomegalovirus (CMV) antigenemia- 
guided ganciclovir treatment may be as effective, may 
require less treatment, and thus may cause less marrow 
toxicity than ganciclovir administered at engraftment, 226 
marrow transplant recipients were randomized at en- 
graftment to  receive placebo (antigenemia-ganciclovir 
group) or ganciclovir (ganciclovir group) until day 100 in a 
double-blind study. In patients with antigenemia of 3 or 
more positive cells in 2 slides andlor viremia, study drug 
was discontinued and ganciclovir was started for at least 3 
weeks or until negative CMV antigenemia and resumed only 
if antigenemia recurred. More patients in the antigenemia- 
ganciclovir group developed CMV disease before day 100 
after transplantation compared with the ganciclovir group 
(14% ~ 2 . 7 % ~  P = .0021. Of the 16 patients with CMV disease 
before day 100 in the antigenemia-ganciclovir group, 10 
(8.8%) had disease before or during the first episode of anti- 
genemia and 6 (5.3%) developed disease after discontinua- 

AJOR ADVANCES have been made in the prevention M of cytomegalovirus (CMV) disease after allogeneic 
marrow transplantation with the availability of ganciclovir. 
Ganciclovir administered at the time of first excretion from 
urine, blood, throat, or bronchoalveolar lavage (BAL) has 
been shown to be effective in preventing CMV disease.’,‘ 
This strategy results in 60% to 70% of patients receiving 
ganciclovir and successfully prevents CMV disease in these 
patients. However, 30% to 35% of patients develop neutro- 
penia’.’ and a substantial number of patients develop disease 
without preceding CMV excretion or BAL positivity, ie, 
12% to 13% in earlier studies’.2 and 29% to 32% in recent 
studies that include high-risk seropositive  patient^.'.^ The 
more aggressive approach of administering ganciclovir at 
engraftment was shown to be even more effective in pre- 
venting CMV disease before day 100 after transplantation 
in seropositive patients (ie, incidence of disease 0% to 9%).’,’ 
However, it requires treatment of 100% of patients, resulting 
in up to 65% of patients receiving ganciclovir unnecessarily; 
also, neutropenia is prolonged when compared with the cul- 
ture-guided strategy (4 v 12 days) associated with an in- 
creased relative risk for bacterial infections,‘.’ and reconstitu- 
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tion of ganciclovir. Untreated low-grade antigenemia pro- 
gressed to  CMV disease in 19% of patients with grade 3-4 
compared with 0% of patients with grade 0-2 acute graft- 
versus-host disease ( P  = .04). There was no significant differ- 
ence in CMV disease by day 180 after transplantation and 
thereafter. CMV-related death, transplant survival, and neu- 
tropenia were not significantly different between the 
groups. In the ganciclovir group, more invasive fungal infec- 
tions occurred ( P  = .03) and more ganciclovir was used ( P  
< .0001). Thus, delaying the start of ganciclovir until high- 
grade antigenemia and discontinuing ganciclovir based on 
negative antigenemia results in more CMV disease by day 
100 than ganciclovir administered at engraftment. However, 
ganciclovir at engraftment is associated with more early in- 
vasive fungal infections and more late CMV disease resulting 
in similar survival rates. 
0 1996 by The American Society of Hematology. 

tion of protective CMV-specific T-cell responses is delayed.6 
Thus, a strategy that focuses ganciclovir treatment to patients 
at highest risk for disease and reduces the incidence and 
duration of neutropenia would be of benefit. 

Recently, more sensitive detection methods have been de- 
veloped to identify CMV reactivation before the onset of 
disease, thereby eliminating the need to treat every patient 
who is seropositive, some of whom are clearly not at risk 
for CMV disease. These methods include direct detection of 
CMV pp65 antigen (antigenemia) in peripheral blood leuko- 
cytes (PBL)’ and detection of CMV DNA by the polymerase 
chain reaction (PCR) in PBL8 and in plasma and s e r ~ m . ~ ” ~  
The CMV antigenemia assay detects CMV in marrow trans- 
plantation patients with CMV pneumonia on an average of 
10 days before the onset of pneumonia and can also be 
quantified, a feature that could be used to further predict the 
patients at highest risk for CMV disease, thereby reducing 
the number of patients treated.” The aims of this study were 
to test the hypotheses that an early treatment strategy based 
on CMV antigenemia can (1) identify patients at risk before 
the onset of disease; (2) increase the specificity for disease 
by taking advantage of the quantitative nature of the test; 
(3) permit discontinuation of ganciclovir based on a negative 
antigen test without rebound disease; (4) reduce ganciclovir 
use, thereby reducing neutropenia and its complications; and 
(5) lead to a better reconstitution of CMV-specific T-cell 
responses measured by the incidence of late CMV disease. 
We chose the antigenemia assay rather than PCR as the 
primary means to guide ganciclovir treatment because initial 
data showed PCR to be too sensitive, with a lower positive 
predictive value and a longer time to cessation after the start 
of ganciclovir compared with antigenemia.“.” However, we 
evaluated the PCR methodology simultaneously to validate 
these initial findings. 

MATERIALS AND METHODS 

Patients. CMV-seropositive patients of all ages undergoing allo- 
geneic marrow transplantation were eligible for this study. Condi- 
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Fig 1. Study design. At engraftment, patients were randomized in a double-blind fashion. If antigenemia at a level of 3 or more positive 
cells per duplicate slides occurred, patients were started on open label ganciclovir for 3 weeks or until 6 days after cessation of antigenemia. 
whichever occurred later. Ganciclovir was resumed for 2 weeks or until cessation of antigenemia if antigenemia recurred before day 80 after 
transplantation. Antigenemia of less than 3 positive cells per duplicate (low-grade) did not result in the start of open-label gancicloovir; 
however, antigenemia was retested within 2 to 4 days. No treatment decisions were made based on results from PCR testing. 

tioning regimens and prophylaxis for graft-versus-host disease 
(GVHD) have been described previo~sly.'~.'' The protocol was ap- 
proved by the Institutional Review Board and signed informed con- 
sent was obtained before transplantation. Acyclovir was adminis- 
tered to herpes simplex virus (HSV)-seropositive individuals at a 
dose of 250 mg/m2 intravenously (IV) twice daily from start of 
conditioning until day 30 after transplantation. Documented HSV 
infections were treated with acyclovir at a dose of 250 mg/mz IV 
three times daily or 400 mg orally (PO) five times daily for I week. 
All patients received fluconazole at a dose of 400 mgikg daily from 
conditioning until day 75 after transplantation." 

At engraftment (absolute neutrophil count 
[ANC] 0.750 X w 9 / L  for 2 days), either placebo (antigenemia- 
ganciclovir group) or ganciclovir (5  mgkg body weight, adminis- 
tered twice daily for 5 days and then once daily 6 days per week until 
day 100 after transplantation; ganciclovir group) was administered in 
a randomized, double-blind fashion (Fig 1). If CMV antigenemia at 
a level of 3 or more positive cells in 2 slides (high-grade) and/or 
CMV viremia was detected, the study drug was stopped and open- 
label ganciclovir was started at a dose of 5 mgkg twice daily for 7 
days followed by once daily for 3 weeks or until 6 days after cessa- 
tion of antigenemia, whichever occurred later. Antigenemia of less 
than 3 positive cells in 2 slides (low-grade) did not result in start of 
open-label ganciclovir; however, antigenemia was retested within 2 
to 4 days. Ganciclovir was resumed 7 days at 5 mgkg twice a day 
followed by 7 days of 5 mgkg or until cessation of antigenemia if 
high-grade antigenemia recurred before day 80 after transplantation. 
Patients were excluded from randomization if they had a serum 
creatinine of 22 .5  mg/L; had CMV disease, viremia, or antigenemia 
before randomization; or had received ganciclovir or foscarnet in 
the preceding 7 days or any other investigational antiviral drug at 
any time. 

Weekly heparinized blood samples were frac- 
tionated by dextran-sedimentation, and PBL were subsequently di- 
vided for culture inoculation, CMV antigenemia testing, and testing 
by PCR." Blood cultures included both shell vial centrifugation and 
conventional cultures that were maintained for at least 3 weeks.'*.'' 
CMV antigenemia testing was performed in duplicate as described" 
using cytocentrifugation slides prepared of 1.5 X 105 PBL per slide, 
fixation initially with acetone" and subsequently (after October 14, 
1992) with formaldehyde17~ZD (Table 1 ), and immunofluorescence 
staining with monoclonal antibodies ClO/CI 1 (Clonab; provided by 
Biotest Diagnostic Cop, Denville, NJ). For detection of CMV DNA 
by PCR, 1.S x 10' PBL were alkaline extracted and DNA was 
amplified from the 4th exon of the CMV immediate early 1 gene, 
as described.21.22 Ten copies of CMV DNA were routinely detectable 
by this method.2' PCR results were not used to make treatment 
decisions. 

CMV disease was defined as the demonstration of 
CMV by biopsy specimens from visceral sites by culture or histol- 
ogy' or if CMV was detected in culture or direct fluorescent antibody 
stain in BAL in the presence of new or changing pulmonary infil- 

Protocol design. 

CMV moniroring. 

DeJinitions. 

trates.'.' CMV disease before day 100 after transplantation (early 
CMV disease) was analyzed separately as disease occurring before 
or during the first episode of high-grade antigenemia and as disease 
occurring after discontinuation of ganciclovir based on a negative 
antigen test. CMV disease after day 100 was defined as late CMV 
disease. 

The primary endpoints of this study were 
CMV disease and neutropenia. The study was designed to show 
both equivalence in preventing CMV disease and a reduction in the 
incidence of neutropenia. The sample size was calculated to assure 
that the difference in CMV disease rates was no more than 5% 
between the groups, assuming a projected incidence of CMV disease 
of 0% to the ganciclovir group' and 0% to 6% in the antigenemia- 
ganciclovir group." This required 108 patients per group (80% 
power, two-sided .05 significance To allow detection of a 
reduction in rates of neutropenia of 30% in the ganciclovir group to 
10% in the antigenemia-ganciclovir group, 80 patients per group 
were required (90% power, two-sided .05 significance level). Thus, 
the projected total study population was 2 16 randomized patients." 
Patients were stratified for the presence of acute GVHD (which is 
a major risk factor for CMV disease and invasive fungal infections) 
and the use of hematopoietic growth factors before engraftment due 
to a possible influence on the development of neutropenia. An in- 
terim analysis performed after half of the projected patients had 
completed a follow-up of 75 days did not show a difference in CMV 
pneumonia or survival at a two-sided significance level of P = ,001 
and the study was continued. Patients who received at least one dose 
of study drug were analyzed by intent-to-treat. Neutropenia, CMV 
infection, and disease rates were estimated by the proportion of 
patients reaching the endpoint. Survival rates were estimated by the 
Kaplan-Meier method. Comparison of the hazard rates of disease. 
neutropenia, and survival were made with the log-rank test. Patients 
who died without reaching the appropriate event were censored at 
the time of death. Cox proportional hazards models were used to 
analyze risk factors for secondary CMV disease or antigenemia and 
to estimate relative risks of disease and infection. No adjustments 
were made for multiple comparisons in calculating reported P values, 
and all P values are two-sided. 

Statisticul design. 

RESULTS 

Study population. From March 1992 to February 1994, 
284 patients signed an informed consent agreement before 
transplantation. Between transplantation and engraftment, 53 
patients became ineligible for study before randomization 
due to death before engraftment (n = 25;  including 2 with 
CMV-related death), renal failure (n = lo), early discharge 
from the center (n = 4), antigenemia or viremia before en- 
graftment (n = 6) ,  patient refusal (3), marrow boost or addi- 
tional transplantation ( 2 ) ,  ganciclovir (n = 1) or high-dose 
acyclovir (n = 1)  before engraftment by error, and incorrect 
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Table 1. Characteristics of Study Groups 

Antigenemia-Ganciclovir Ganciclovir 
Characteristic (n = 114) (n = 112) 

~ ~~ 

Median age in years (range) 
Sex (MIF) 
Serostatus before transplant 

Recipient CMV-positive 
Donor CMV-positive 

Acute lymphocytic leukemia 
Acute nonlymphocytic leukemia 
Chronic myelogenous leukemia 
Myelodysplastic syndrome 
Multiple myeloma 
Non-Hodgkin's lymphoma 
Hodgkin's disease 
Aplastic anemia 
Other 

Remission or chronic phase 
Advanced disease 
Relapse 
Not applicable 

No. of transplants 
First transplant 
Second transplant 

HLA donor matching 
Matched-related 
Mismatched-related 
Unrelated 

Conditioning therapy 
Cyclophosphamide + TBI 
Busulfan + cyclophosphamide 
Busulfan + cyclophosphamide + 

FTBI 
Other 
Any TEI 

GVHD prophylaxis 
CSA plus methotrexate 
Methotrexate 
CSA 
Other 

Weekly administration 
Substitution if 

Underlying disease 

Disease stage 

Intravenous lg' 

hypogammaglobulinemic 
GVHD 

Grades 0-1 
Grades 2-4 
Grades 3-4 

Start of study drug (day after 
transplant) 

Median (range) 

Acetone 
Formaldehyde 

Fixative in CMV antigenemia assay 

37 (0.8-60.0) 33 (1.4-59.7) 
6315 1 

114 (100) 
69 (61) 

10 (9) 
23 (201 
50 (44) 
1 1  (10) 
6 (5) 
5 (4) 
l ( 1 )  
7 (6) 
l(11 

45 (40) 
17 (15) 
31 (27) 
21 (18) 

1 1 1  197) 
3 13) 

56 (49) 
21 (18) 
37 (33) 

65 (57) 
23 (20)  

11 (10) 
15 (13) 
86 (75) 

77 (68) 
5 (4) 
10 (9) 
22 (19) 

52 (46) 

62 (54) 

29 (25) 
85 (75) 
40 (35) 

62/50 

112 (100) 
76 (681 

16 (14) 
28 (25) 
39 (35) 
9 (8) 
8 (71 
2 (21 
4 (4) 
5 (4) 
1 ( 1 )  

51 (45) 
11 (10) 
31 (28) 
19 (171 

109 (97) 
3 (3) 

55 (49) 
18 (16) 
39 (35) 

56 (50) 
24 (21) 

15 (13) 
17 (15) 
80 (711 

73 (651 
5 (5) 
5 (5) 
29 (251 

48 (43) 

64 (57) 

23 122) 
87 (781 
37 (331 

21.5 (12-41) 20.5 (9-41) 

34 (29) 32 (29) 
80 (71) 80 (71) 

Abbreviations: TBI, total body irradiation; FTBI, fractionated total body irradia- 
tion; CSA, cyclosporine A. 

Unless otherwise indicated, the values shown are the no. of patients, with the 
percentage in parentheses. 

Weekly administration as described"; after January 1, 1993, hypogammaglob- 
ulinemic patients (IgG < 400 mgldL) were substituted to keep serum IgG levels 
between 400 and 600 mgldL. 

classification of transplant type (ie, syngeneic transplant; n 
= 1). Five patients met the criteria of engraftment and were 
randomized but were not allowed to receive any study drug 
by request of the attending physician. Two of these 5 patients 
developed CMV pneumonia; both were randomized to gan- 
ciclovir. The remaining 226 patients were randomized and 
received at least one dose of study drug (Table 1). 

The incidence of CMV disease is shown 
in Table 2. In the antigenemia-ganciclovir group, 4 of 10 
patients with disease before or during the first course of 

CMV disease. 

ganciclovir (all pneumonia) had low-grade antigenemia de- 
tected 9.5 days (range, 3 to 14 days) before the onset of 
disease or first high-grade antigenemia; 4 patients (including 
the 3 with gastrointestinal [GI] disease) did not have antigen- 
emia detected at the onset of disease. Before the onset of 
disease after discontinuation of antigenemia-guided treat- 
ment, 2 of 8 patients had low-grade antigenemia (detected 
at 2 and 7 days, respectively); 4 patients did not have antigen- 
emia detected at the onset of disease. 

Late CMV disease occurred in 8 of 96 patients (8.3%) in 
the antigenemia-ganciclovir group who were alive at day 
100 compared with 16 episodes in 97 patients (16.5%) in 
the ganciclovir group (Table 2; P = .2). Fourteen of 18 cases 
of late CMV pneumonia (78%) were fatal, compared with 
none of 6 cases of GI disease. 

No statistically significant risk factors (ie, total body irra- 
diation, acute GVHD 2-4 and 3-4, unrelated donor status, or 
positive CMV donor serology) for CMV disease or antigen- 
emia after completion of the first course of antigenemia- 
guided ganciclovir could be identified. 

The impact of the fixative (ie, acetone v formaldehyde; 
Table 1) was analyzed separately because previous reports 
had suggested a higher sensitivity with formaldehyde fixa- 
t i~n. ' ' .*~ There appeared to be a somewhat higher incidence 
of disease by day 100 in the antigenemia-ganciclovir group 
when acetone fixation was used (ie, 7 of 34 [20.6%]) com- 
pared with the period when formaldehyde fixation was used 
(ie, 9 of 80 [ 11.3%]). All 7 cases of disease with acetone 
fixation occured before or during ganciclovir early treatment. 
In contrast, of the 9 cases that occured during the period 
when formaldehyde fixation was used, 6 were diagnosed 
shortly after discontinuation of ganciclovir based on a nega- 
tive antigen test. In the ganciclovir group, there was only 1 
case of disease in 32 patients (0.9%) before day 100 when 
acetone fixation was used, compared with 2 in 80 patients 
(3%) when formaldehyde was used. However, the incidence 
of disease by day 100 between both study groups remained 
statistically different (acetone: 20.6% v 0.9%, P = .02; form- 
aldehyde: 11.3% v 3%, P = .03). Also, there was no signifi- 
cant difference in CMV disease by day 400 between both 
study groups (acetone: 26.5% v 15.6%, P = .22; formalde- 
hyde: 17.5% v 16.3%, P = 39). 

The probabilities of developing 
CMV antigenemia in both groups are shown in Fig 2. In the 
antigenemia-ganciclovir group, 90 patients (79%) developed 
antigenemia at any level and high-grade antigenemia oc- 
curred in 80 patients (70%). Of 46 patients in the antigene- 
mia-ganciclovir group who presented with low-grade anti- 
genemia, 38 (82.3%) progressed to high-grade antigenemia 
after a median of 8 days (range, 2 to 47 days); 4 (8.7%) 
progressed to CMV pneumonia, 2 of whom had developed 
high-grade antigenemia and were started on ganciclovir be- 
fore the onset of disease. Progression from low-grade anti- 
genemia to CMV pneumonia was more likely in the presence 
of grade 3-4 GVHD, because 4 of 21 patients with low- 
grade antigenemidgrade 3-4 GVHD (19%) progressed to 
CMV disease compared with none of 25 patients with low- 
grade antigenemidno or grade 1-2 acute GVHD ( P  = .037). 

In the ganciclovir group, 46 patients (41%) developed anti- 

CMVpp65 antigenemia. 
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Table 2. Occurrence of CMV Disease 
- - 

No of Patients (%) 

Antigenemia-Ganciclovir Ganciclovir 
Incidence of CMV disease (n = 114) (n = 112) PValue” RR 195% C l ) t  

Between study entry and day 100 
Before or during ganciclovir 
Pneumonia 
GI disease 
After stop of ganciclovir§ 
Pneumonia 
Total CMV disease 

Pneumonia 
GI disease 
Other 
Total CMV disease 

Between study entry and day 400 

10 (8.8) 
7* 
3 
6 (5.3) 
6 

16 (14.1) 

19 
4 
0 

23 (20.2) 

1 (0.9) 
0 
1 
211 (1.8) 
211 
3 (2.7) 

.01 

-002 

1 on 
7 
2 

18 (16.1) .42 

5.7 (1.7-19.5) 

1.3 (0.7-2.4) 
~ ~~ 

* By log-rank test. 
t Relative risk (RR) and 95% confidence interval (CI) of event for antigenemia-ganciclovir group relative to ganciclovir group. * In 1 patient, ganciclovir treatment was delayed for 7 days after detection of high-grade antigenemia; 2 patients were not retested after initial 

§ CMV disease that occurred after discontinuation of open-labeled ganciclovir based on a negative antigen test. 
11 Both patients developed secondary disease after switch to open label ganciclovir for breakthrough antigenemia and subsequent discontinua- 

1 One patient had two episodes of CMV pneumonia after day 100 at day 137 and day 382 after transplantation, respectively 

low-grade antigenemia and developed pneumonia simultaneously with the next scheduled test. 

tion based on a negative antigen test. 

genemia at any level and 27 patients (24%) developed high- 
grade antigenemia. Of those 27 patients, 22 became positive 
while receiving ganciclovir a median of 14 days (range, 1 to 
43 days) after the start of ganciclovir, and 5 became positive 
after discontinuation of ganciclovir due to neutropenia. 

In the antigenemia-ganciclovir group, antigenemia was 
detectable for more than 3, 5 ,  and 8 weeks after start of 
ganciclovir in 39.2%, 18.3%, and 4.5% of patients, respec- 
tively. After the start of ganciclovir, an intermittent increase 
in quantitative antigenemia for up to 2 weeks occurred in 
33% of patients without an increased risk of subsequent 
disease. A second episode of high-grade antigenemia oc- 
curred in 30% of patients after a median of 12 days (range, 
I to 25 days) after discontinuation of the first ganciclovir 
course. A third episode occurred in 3 of 23 (13%) patients 
who completed a second treatment course after a median of 
7 days (range, 1 to 8 days). 

The probabilities of 
becoming positive by PCR in the two groups are shown in 
Fig 2. In the antigenemia-ganciclovir group, the median 
times of onset were 42 days (range, 21 to 94 days) for any 
antigenemia, 43 days (range, 20 to 97 days) for high-grade 
antigenemia, 33 days (range, 16 to 98 days) for single PCR, 
and 41 days (range, 18 to 99 days) for the second of two 
consecutive positive tests. Eighty-four percent of antigene- 
mia-ganciclovir patients became PCR-positive between en- 
graftment and day 100, compared with 50% of ganciclovir 
recipients. Two consecutive positive PCR results occurred 
in 84 (73%) patients in the antigenemia-ganciclovir group 
and in 33 (29%) patients in the ganciclovir group. After the 
start of ganciclovir for high-grade antigenemia, PCR and 
antigenemia became negative after a median of 18 days 
(range, 3 to 90 days) and 18 days (range, 3 to 62 days), 
respectively ( P  = .46). 

Detection of CMV DNA bv PCR. 

In the antigenemia-ganciclovir group, CMV was detected 
by PCR in all 10 patients with disease that occurred before 
or during the first episode of antigenemia a mean of 14.3 
days (range, 2 to 34 days) before the onset of disease or first 
high-grade antigenemia; 8 of the 10 patients (including 5 
with CMV pneumonia) were positive by PCR at least 1 week 
before onset. PCR positivity for 2 consecutive weeks was 
detectable in 5 of 10 patients a mean of 12.6 days (range, 2 
to 21 days; for the second of 2 consecutive tests) before 
onset of disease or first high-grade antigenemia. In all 8 
patients in both groups who developed disease after discon- 
tinuation of ganciclovir, PCR was also negative at the time 
when ganciclovir was discontinued based on a negative anti- 
gen test. PCR positivity preceded the onset of early relapse 
disease in only 3 of 8 patients by 5 ,  9, and 12 days. 

CMV viremia. Nine antigenemia-ganciclovir patients 
(7.9%) developed viremia and antigenemia on the same day 
compared with no ganciclovir patients ( P  = ,003). Viremia 
without concomitant antigenemia occurred in 1 patient in 
the antigenemia-ganciclovir group and in no patients in the 
ganciclovir group. Thus, viremia detected by shell viral cul- 
tures was the first sign of infection in only l of 90 patients 
( 1 .  I %) with antigenemia and/or viremia. 

The incidence of neutropenia for all ran- 
domized patients in both groups and subset analyses are 
shown in Table 3. Although significantly less ganciclovir 
was used in the antigenemia-ganciclovir group (Table 3), 
the overall incidence of neutropenia between randomization 
and day 100 after transplantation was not reduced. The inci- 
dence of more severe neutropenia was also not significantly 
different between the groups (antigenemia-ganciclovir v gan- 
ciclovir): ANC less than 0.5 x 26% versus 20%; 
ANC less than 0.2 X 10-9/L, 9% versus 4%. The median 
duration of various levels of neutropenia in patients with 

Adverse eventu. 

D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/88/10/4063/611443/4063.pdf by guest on 30 M

ay 2024



CMV ANTIGENEMIA-GUIDED EARLY GANCICLOVIR TREATMENT 4067 

neutropenia also was not different between the groups (ANC 
<0.75 x 6 days in both groups; ANC < O S  X 
L, 3 v 3.5 days; ANC <0.2 X 10-9/L, 2.5 v 1 days). 

The overall use of growth factors was not different be- 
tween the groups, and growth factor use did not change 
the incidence of neutropenia (Table 3). In the antigenemia- 
ganciclovir group, 9% of patients developed neutropenia be- 
tween engraftment and first antigenemia and 23% after treat- 
ment with ganciclovir for antigenemia. 

Discontinuation of study drug due to unclear coma, ataxia, 
or seizures was more common in the ganciclovir group (anti- 
genemia-ganciclovir, 0; ganciclovir, 5; P = .04). Serum cre- 
atinine, platelet requirement, and days of hospitalization 
were not statistically significantly different between the 
groups (Table 3). 

The proba- 
bility of developing an invasive fungal infection in the gan- 
ciclovir group was significantly increased (P = .03; Table 
4). There was significantly more HSV-related disease in the 
antigenemia-ganciclovir group (P < .001). There were no 
significant differences in the incidence of bacterial and van- 
cella zoster virus infections (Table 4). 

There was no statistically significant difference 

Bacterial, fungal, and other viral infections. 

Survival. 

* 1.0 

c 

0.8 

i 0.6 
5 

!! 0’4 g 0.2 

0.0 

Any Antigenemia 

Gandclovir k 
g 0.8 

Single PBL PCR 

htgpnemia - Gandclovir I 

I I I l l 1 1 7  

0 1 0 2 0 3 0 4 0 5 0 B o 7 0 8 0 g O  

DaysafterRandomhetion 

in survival and nonrelapse mortality between both groups. 
Survival rates for the antigenemia-ganciclovir and gan- 
ciclovir groups were 84% and 87%, respectively, at day 100 
(P = SI); 73% and 71%, respectively, at day 180 (P = .91); 
61% and 59%, respectively, at day 400 (P = .80); and 54% 
and 47%, respectively at last contact (January 11, 1996, P 
= .48). Therefore, the competing risk of death (without CMV 
disease) had no discernable effect on the incidence of CMV 
disease by day 400 after transplantation. The incidence of 
CMV-related deaths (ie, within 6 weeks of diagnosis of dis- 
ease) was not statistically different between the groups (day 
180: antigenemia-ganciclovir 8, ganciclovir 4, P = .21; day 
400: 13 in both groups), although the study was not powered 
to detect potential differences. By day 180, there were more 
deaths related to gram-negative bacterial or invasive fungal 
infections in patients randomized to ganciclovir at en- 
graftment (antigenemia-ganciclovir 6; ganciclovir 15; P = 
,035). 

The following protocol 
violations were recorded: failure to repeat antigenemia test- 
ing after a low positive test result within 4 days (16 of 
152 [ 10.5%] occasions that resulted in the development of 
pneumonia in 2 patients in the antigenemia-ganciclovir 

Compliance with the protocol. 
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t 
B OB 
’6 
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High - Grade Antigenemia 
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Fig 2. Time to PCR in PBL and antigenemia. Cumulative incidence estimates” in patients rendomizd to placebo (antigenemia-ganciclovir 
group) and genciclovir at engraftment (ganciclovir group1 for any entigenemia (any AG’; AI, high-grade entigenemia (ie, >3 positive cells per 
duplicate slides [high-grade AG’I; B), a single positive PCR result (single PBL PCR’; Cl, and two consecutive positive PCR results (consecutive 
PBL PCR+; DI. For patients with two consecutive positive PCR results, the time of the second test is shown. 
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Table 3. Adverse Events, Use of Growth Factors and Ganciclovir, and Days of Hospitalization 

PValue Ganciclovir Endpoint* Antigenemia-Ganciclovir 

Incidence of neutropeniat 
All randomized patients 

With growth factors§ 
Without growth factors 

With growth factors§ 
Without growth factors 

Patients receiving assigned treatment" 

36/114 (32) 
8/16 150) 
28/98 (29) 
36/114 (32) 
8/16 (50) 
28/98 (29) 

2841 12 (251 .19* 
8/25 132) .13* 
20187 123) .33* 

.87$ 27/86 (31) 
7/16 (44) .50* 
20/70 (29) .97* 

.861 Platelet requirement in median units (range) 18 (0-34) 15 (0-438) 

Use of ganciclovir in median days (range) 22 (0-73) 56 (1-831 <.0001~ 

Use of growth factors in  mean days (range) 
Serum creatinine 
>2.0 mg/L 
~ 2 . 5  mg/L 

6 (0-42) 

40 (35) 
16 (14) 

6 (0-58) 

50 145) 
22 (20) 

,681 

.14# 

.26# 

Hospitalization in median days (range) 18 (2-71) 16 (1-84) ,681 

Unless othewise indicated, the values shown are the no. of patients, with the percentage in parentheses. 
* Figures indicate events occurring between randomization and day 100 after transplantation. 
t Neutropenia was defined as an ANC of less than 0.750 x lO-'/L for 2 consecutive days3 * By log-rank test. 
§ Hematopoietic growth factors administered before reaching the endpoint of neutropenia (ANC c0.75 x lO-'/L for 2 consecutive days). 
11 Excluding patients in the ganciclovir group who were taken off ganciclovir early due to  negative antigenemia after breakthrough antigenemia 

1 Wilcoxon rank sum test. 
# x2 test. 

or due to  discontinuation of study drug due to  reasons other than neutropenia or antigenemia or CMV disease. 

group); and failure to administer open-label ganciclovir for 
7 days after CMV antigenemia was detected in 1 patient in 
the antigenemia-ganciclovir group who subsequently pro- 
gressed to pneumonia. 

patients at highest risk for disease early enough to prevent 
CMV disease and to use it to guide safe discontinuation of 
ganciclovir, thereby limiting the duration of ganciclovir and 
thus preventing ganciclovir-related neutropenia and its com- 
plications. This study showed that ganciclovir administered 
at engraftment was more effective in prevention of CMV 
disease before day 100 than was intermittent antigenemia- 
guided ganciclovir. However, there was no statistically sig- 

DISCUSSION 

It was our hypothesis that the quantitative CMV antigene- 
mia assay could be used to initiate ganciclovir treatment in 

Table 4. Bacterial, Fungal, and Other Viral Infections 

No. of Patients 1%) 

Time to First Infection' 
Ganciclovir Antigenemia-Ganciclovir 

In = 114) I n  = 112) PValuet RR (95% CI)* 

Bacterial infections 
Gram-positive bacteremia 
Gram-negative bacteremia 
Organ-site infection§ 
Any bacterial infection 

Fungemia 
Invasive aspergillosis 
Any invasive fungal infection)) 

HSV 
vzv 

Fungal infections 

Viral infections 

32 (28) 
12 (11) 
2 (2 )  
46 (40) 

38 (33) 
3 (3) 

27 (24) 
17 115) 
6 (5) 
50 (45) 

4 (4) 
14 (12) 
18 (16) 

.53 

.35 

.16 

.86 

.18 

.ll  

.03 

<.001 
.08 

1.2 (0.7-2.0) 
0.7 (0.3-1.5) 
0.3 (0.1-1.7) 

(0.03-2.2) 0.3 
0.5 (0.2-1.21 
0.4 10.2-0.9) 

0.3 (0.2-0.6) 
NA 

Abbreviation: NA, not assessed, estimates not calculable because no events in the ganciclovir group. 
* Between randomization and day 100 after transplantation. Bacterial and fungal infections were defined as previously d e ~ c r i b e d . ~ ~ . ' ~  
f By log-rank test. 
1 Relative risk (RR) and 95% CI for antigenemia-ganciclovir group relative to  ganciclovir group. 
5 Bacterial infections of organ sites were defined as infections from normally sterile sites (ie, sinuses) or results from biopsies in association 

11 Including 2 patients in whom the diagnostic biopsy was performed at day 110 after transplantation. 
with symptoms. 
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nificant difference in the hazard of CMV disease by day 180 
and thereafter. Moreover, survival was similar at all times 
after transplantation. It appeared that this lack of difference 
was related to more invasive fungal infections and more fatal 
late CMV disease in recipients of ganciclovk at engraftment. 
When compared with shell vial culture-based early treatment 
in patients with comparable transplant characteristics in re- 
cent randomized trials, the incidence of early CMV disease 
appeared to be substantially lower with antigenemia-guided 
early treatment (ie, 8.8% v 29-32%)334 and similar to recently 
published results on a PCR-based strategy (le, 8.8% v 7.7%): 

There seem to be two major reasons for the lack of overall 
success of the antigenemia-guided strategy in preventing 
CMV disease before day 100 compared with ganciclovir at 
engraftment: (1) the study design of not instituting therapy 
for low-grade antigenemia and (2) discontinuation of gan- 
ciclovir if antigenemia became negative. Our initial study 
suggested that patients with low viral load indicated by low- 
level antigenemia are less likely to develop CMV disease 
and that patients with disease had increasing levels of anti- 
genemia before the onset of disease." Because a major goal 
of the present study was to target ganciclovir to patients at 
highest risk rather than treating the majority of patients, we 
took advantage of the quantitative nature of the antigenemia 
a ~ s a y " , ~ ~ , * ~  and did not treat all patients with low-grade anti- 
genemia but repeated antigenemia testing after 2 to 4 days 
to identify patients with increasing levels of antigenemia. 
Although this strategy saved 7% of patients from receiving 
early ganciclovir treatment and delayed the start of treatment 
by a median of 8 days in 40% of patients with antigenemia, 
resulting in significantly less ganciclovir use, it led to CMV 
disease in 9% of patients who presented with low-grade 
antigenemia or 4% of all randomized patients. Subset analy- 
sis of these data showed that patients with grade 0-2 acute 
GVHD were significantly less likely to progress from low- 
grade antigenemia to disease than patients with grade 3-4 
GVHD. Therefore, delaying treatment in patients with low 
viral load may be possible in patients who have no or low- 
grade acute GVHD. In contrast, immediate treatment of low- 
grade antigenemia may be required in the presence of grade 
3-4 acute GVHD due to the rapid progression of infection. 
These findings are consistent with data in less immunosup- 
pressed patients (eg, recipients of solid organ transplants) in 
whom viral load is predictive for CMV disease and the tempo 
of progression of CMV infection appears to be s l o ~ e r . ~ ' - ' ~  

Because neutropenia occurs after a median of 35 days 
after start of ganci~lovir,'.~ we hypothesized that a shorter 
treatment course of ganciclovir might prevent the develop- 
ment of neutropenia. The results of our strategy that con- 
sisted of discontinuation of ganciclovir based on a negative 
antigen test were unexpected. Our data suggest that such an 
approach is not safe, because 7.7% of patients who received 
antigenemia-guided treatment developed CMV disease 
shortly after discontinuation of ganciclovir, which contrib- 
uted substantially to the higher incidence of CMV disease 
before day 100 in the antigenemia-guided group. Of note, 
all patients who developed disease after discontinuation of 
ganciclovir were also negative by PCR when ganciclovir 
was discontinued, and only 25% and 37.5%, respectively, 

of these patients had low-grade antigenemia or were positive 
by PCR before the onset of secondary disease. Early relaps- 
ing disease after antigenemia-guided early treatment has also 
been reported by Vlieger et al.I3 In contrast, these results are 
different from a recent study by Einsele et a1: who did 
not report any CMV disease early after discontinuation of 
ganciclovir based on a negative PCR test. However, because 
the incidence is only 7.7%, this phenomenon might have 
been missed in that study due to the small sample size (ie, 22 
treated patients). We were unable to identify any statistically 
significant risk factors for the development of CMV disease 
after the discontinuation of ganciclovir. 

Early discontinuation of ganciclovir based on negative 
antigenemia testing also did not result in the projected reduc- 
tion in the overall incidence of neutropenia. Despite no dif- 
ferences in the hazard and duration of neutropenia, there 
were more early invasive fungal infections in the ganciclovir 
group, and more patients died of nonviral infections. The 
mechanism remains unexplained. It is conceivable that there 
is an interference between prolonged ganciclovir administra- 
tion and host defenses in marrow transplant recipients. Al- 
though the effect of ganciclovir on neutrophil function has 
not been studied, a suppressive effect of ganciclovir on T 
lymphocyte function has been s h o ~ n . ~ , ~ ' . ~ '  

An important result of this study is that it highlights the 
importance of the CMV-specific immunologic recoveq and 
its interaction with antiviral prophylaxis. This study suggests 
that ganciclovir administered at engraftment is associated 
with a higher incidence of late CMV disease. Sixteen percent 
of recipients of ganciclovir at engraftment who were alive 
at day 100 developed CMV disease between day 100 and 400 
after transplantation, compared with 8% in the antigenemia- 
ganciclovir group; however, this difference did not reach 
statistical significance. With either of the strategies we 
tested, the incidence of CMV disease during the first 400 
days after transplantation approached 20% and CMV-related 
mortality was 12%. Late CMV disease most likely occurs 
in patients who lack protective CD8' cytotoxic T-cell re- 
s p o n s e ~ , ~ ~ . ~ ~  and ganciclovir administered at engraftment 
may contribute to the delay of reconstitution of CMV-spe- 
cific T-cell immunity.6 Thus, there appears to be a fine bal- 
ance between in vivo antigen exposure, use of ganciclovir, 
and the tempo of CMV-specific immunologic reconstitution 
that provides long-term protection against CMV disease; 
ganciclovir administered at engraftment prevents CMV dis- 
ease almost entirely but also requires maximum treatment 
and suppresses CMV reactivation at a level that does not 
seem sufficient to allow immunologic recovery. In contrast, 
antigenemia-guided ganciclovir early treatment is somewhat 
less effective in prevention of early disease but permits more 
CMV reactivation and is thus associated with less late CMV 
disease. 

In conclusion, this study has shown a trade-off of CMV- 
related morbidity for toxicity. Intermittent antigenemia- 
based ganciclovir was less effective in preventing CMV dis- 
ease before day 100 than ganciclovir at engraftment, but 
more fatal invasive fungal infections and more late CMV 
disease occurred in patients who received ganciclovir at en- 
graftment, resulting in no apparent difference in survival and 
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CMV-related mortality between the groups. As one develops 
early treatment strategies aimed at further reduction of CMV 
disease early after transplantation using either modified anti- 
genemia- or PCR-based strategies, more ganciclovir than 
that used in the antigenemia stategy in this study will un- 
doubtedly be required. This may lead to decreased early 
CMV disease but also to increased late CMV disease, inva- 
sive fungal infections, toxicity (eg, central nervous system), 
and cost. Our data suggest that antigenemia-guided antiviral 
treatment should prevent most cases of CMV disease before 
day 100 with the following modifications of the strategy 
used in this study: (1) the start of antiviral treatment based 
on any positive antigenemia test results, in particular in pa- 
tients with previously diagnosed grade 3-4 acute GVHD; (2) 
the use of formaldehyde fixation for the antigenemia assay; 
and (3) continuation of ganciclovir until day 100 regardless 
of antigenemia test results. Institution of antiviral treatment 
based in detection of CMV in two consecutive weekly PCR 
results, which has recently been shown to be superior to 
ganciclovir administered for CMV excretion," appears to be 
equivalent to antigenemia-guided early treatment with our 
test methods, whereas treatment of the first positive PCR 
result will increase the use of ganciclovir further (Fig 2 ) .  
Because effective prevention of CMV disease before day 
100 is associated with an increased risk for late CMV disease 
regardless of which early prophylaxis strategy is used, pro- 
phylaxis for late CMV disease will be needed. Options for 
long-term prophylaxis include continued suppression of viral 
replication with antiviral agents or immunologic strategies 
that may be the optimal way of preventing late disease after 
marrow transplantation. Such strategies may consist of resto- 
ration of CMV-specific T-cell immunity by adoptive transfer 
of CMV-specific T-cell c10nes'~ or boosting donor or patient 
immunity (eg, by using subunit vaccines such as gB, 
~p65).'~.'' 
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