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To determine risk factors, frequency, time patterns, and out- similar model with low marrow cellularity, hyperbilirubi-
nemia ı6 mg/dL, and elevated serum creatinine as signifi-come of ganciclovir-related neutropenia in allogeneic mar-

row transplant recipients, 278 consecutive patients receiving cant risk factors. Patients with no risk factor had an inci-
dence of neutropenia of 21%, an incidence of 31% for oneganciclovir from engraftment until day 100 were studied. In

this cohort, 159 patients (57%) had absolute neutrophil risk factor, and of 57% for two or more risk factors (RR 3.8,
P ! .001). Neutropenia was a negative predictor of overallcounts (ANC) less than 1,500/mL, 112 (41%) had an ANC less

than 1,000/mL, 87 (31%) less than 750/mL, and 56 (21%) less (RR 2.0, P! .0001) and event-free survival (RR 2.1, PÚ .0001),
and a predictor of relapse (RR 1.7, P ! .03) and nonrelapsethan 500/mL for at least 2 consecutive days. Statistically sig-

nificant risk factors for neutropenia in a Cox model were low mortality (RR 2.1, P ! .003). Thus, early liver dysfunction,
elevated serum creatinine, and low marrow cellularity aremarrow cellularity between day 21 and 28 (relative risk [RR]

2.4, P! .0002), hyperbilirubinemiaı6 mg/dL during the first risk factors for ganciclovir-related neutropenia. Neutropenia
in ganciclovir recipients after marrow transplantation is an20 days (RR 2.5, P! .0001), and elevation of serum creatinine

ı2 mg/dL after day 21 after transplant (RR 2.1, P ! .001). independent risk factor for mortality.
q 1997 by The American Society of Hematology.Restriction to factors present at engraftment resulted in a

G a neutrophil count of less than 1000/mL.8-10 Although the
mechanism of neutropenia in ganciclovir recipients is well

ANCICLOVIR IS HIGHLY effective in preventing cy-
tomegalovirus (CMV) disease in allogeneic marrow

transplant recipients.1-4 This has led to widely accepted pro- described as a dose-dependent inhibition of DNA-polymer-
ase in hematopoietic progenitor cells,11 the differences in thephylactic or preemptive use of ganciclovir in CMV-seroposi-

tive patients, either at time of engraftment or at first evidence incidence of neutropenia between different populations have
not yet been studied and explained.of CMV-infection.5,6 The most common adverse effect of

ganciclovir is neutropenia. In marrow transplant recipients Identifying the risk factors for neutropenia in ganciclovir
recipients could be useful in lowering the incidence of neu-the frequency of neutropenia, defined as absolute neutrophil

count (ANC) less than 1,000/mL, ranges from 41% to 58% tropenia, and in designing alternative strategies for high-risk
patients.in ganciclovir-treated patients. This is approximately twice

the rate of neutropenia in untreated patients.3,4 Neutropenia The purpose of this study is to determine risk factors,
frequency, and time patterns of neutropenia in marrow trans-with an ANC of less than 750/mL occurs in 30% of gan-

ciclovir recipients and has been associated with increased plant recipients receiving ganciclovir. In addition, the rela-
tion of neutropenia to the long-term outcome was studied.rates of bacterial sepsis and invasive fungal infections in

marrow transplant recipients.3,6

The frequency, severity, and duration of ganciclovir-re- PATIENTS AND METHODS
lated neutropenia varies widely between HIV-infected pa-

Patients. All consecutive CMV-seropositive patients of all agestients, solid organ, and marrow transplant recipients and is
undergoing allogeneic marrow transplantation between Decemberfurther influenced by duration of therapy. Patients with ad-
1990 and March 1994 who received ganciclovir for prevention of

vanced HIV infection have a high frequency of severe neu- CMV disease from engraftment (ANC ¢ 750/mL for 2 consecutive
tropenia (defined as an ANC õ 500/mL) with an incidence days) until day 100 were included in this analysis. At engraftment,
of 34% in ganciclovir-treated patients, compared to 14% in hematopoietic growth factors were discontinued in patients who
foscarnet-treated patients.7 In solid organ transplant patients received them during the pre-engraftment period. Patients were ei-

ther treated in two randomized studies3,6 or outside randomizedits frequency is considerably lower with 10%, defined by
studies. All clinical and laboratory data were extracted from the
computerized clinical database and from the research charts. Time
periods for analysis of laboratory values were divided into two timeFrom the Fred Hutchinson Cancer Research Center and Univer-

sity of Washington, Seattle, WA. periods, day 0 after transplant until day 20 as the period before
engraftment, and day 21 until day 100 after transplant as the periodSubmitted December 27, 1996; accepted May 15, 1997.

Supported by a grant from Walter-Marget-Stiftung, Germany (to after engraftment. This was done to differentiate between factors
influencing neutropenia present before ganciclovir therapy and dur-B.S.); National Institutes of Health (Grants No. CA 18029, CA

15704, and HL 36444); and American Cancer Society (Grant No. ing ganciclovir therapy. Conditioning for marrow transplantation,12-14

prophylaxis,15,16 and treatment15 of graft-versus-host diseaseRD-361).
Address reprint requests to Michael Boeckh, MD, Program in (GVHD) was done according to the current protocols. Additional

supportive care included fluconazole, 400mg/d for prevention ofInfectious Diseases, Fred Hutchinson Cancer Research Center, 1100
Fairview Ave N, Seattle, WA 98109-4417. fungal infection from the start of conditioning until day 75 after

transplant (introduced in June 1992, in 121 of 278 patients),The publication costs of this article were defrayed in part by page
charge payment. This article must therefore be hereby marked acyclovir 250 mg/m2 intravenously every 12 hours in patients sero-

positive for herpes-simplex-virus from day 7 until start of ganciclovir‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to
indicate this fact. therapy, and trimethoprim-sulfamethoxazole (one double-strength

tablet twice daily for 2 consecutive days per week) after engraftmentq 1997 by The American Society of Hematology.
0006-4971/97/9006-0012$3.00/0 for the prophylaxis of Pneumocystis carinii pneumonia.
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GANCICLOVIR-RELATED NEUTROPENIA AFTER BMT 2503

Underlying disease was classified as advanced for all patients not sinus biopsies with radiological signs of disease)23 occurring between
day 30 and 150 were included in the analysis of neutropenia-associ-in remission, patients with acute nonlymphocytic leukemia in second

or later remission, and patients with acute lymphocytic leukemia in ated infections.
Statistical analysis. For determination of risk factors of neutro-third remission or later. Patients with chronic myelogeneous leuke-

mia were classified as having advanced disease when in blast crisis penia, a Cox proportional hazards model was formulated with neutro-
penia as the outcome.24 Variables were first analyzed for their associ-at time of transplant. All other patients were classified as not having

advanced disease. Assessment and staging of GVHD was made ation with the hazard of neutropenia in a univariate model and later
in a multivariate model. The multivariate model was formulated byaccording to the established categories for acute and chronic

GVHD.17,18 Growth factor use after engraftment was analyzed de- stepwise introduction of variables found significant (P õ .05) in
univariate analysis. Variables were introduced in a stepwise fashionscriptively, because no controlled or standardized intervention proto-

col existed and therapy was initiated at the discretion of the treating on the basis of likelihood ratios; entry and removal levels of signifi-
cance were .05 and .1, respectively. For multivariate analysis, aphysician. Growth factors used before engraftment were not ana-

lyzed. This study was approved by the Institutional Review Board significance level of less than .05 was considered significant.
A second model was constructed to study the influence of neutro-at the Fred Hutchinson Cancer Research Center.

Marrow examination. Marrow exams were routinely performed penia at less than 750/mL as a time-dependent covariate on overall
and event-free survival, relapse, and nonrelapse mortality. Event-between day 21 and 28 after transplant. Marrow cellularity was

determined and adjusted for age categories from biopsy specimens free survival was defined as time to either death, relapse, or second
transplant, whichever occurred first. Time to relapse was calculatedobtained from the posterior iliac crest.19 To examine a correlation

between marrow cellularity and neutropenia, data were classified as time to first relapse. Patients dying from any cause after relapse
were assigned to have died because of relapse. Relapse rate andsemiquantitatively into three groups of equal size. Patients in the

lowest third had age-adjusted marrow cellularity below 35%, patients nonrelapse mortality were calculated as the simple rates of relapse
or nonrelapse mortality.25 Other factors included in this model werein the medium third were between 35% and 50%, and patients in

the upper third had more than 50% cellularity. age at transplant, underlying disease (as strata, because the propor-
tional hazards assumption was not valid), advanced versus nonad-Neutropenia. ANCs were calculated from daily blood counts,

taken as the sum from absolute polymorphonuclear cells and band- vanced disease and acute and chronic GVHD (defined as acute
GVHD grades 0-2 v grades 3-4 and clinical extensive de novo orforms per microliter. Frequency, time of onset, and duration of neu-

tropenia were analyzed at different levels of neutropenia. These progressive chronic GVHD v otherwise time-dependent covariates).
No adjustments were made for multiple comparisons, all P values arelevels were defined as ANC of 1,500/mL, 1,000/mL, 750/mL, 500/

mL, and 200/mL. Data of patients were categorized by the lowest two-sided. All correlation coefficients were calculated as Spearman’s
rank coefficients. All statistical analyses were performed using SPSSlevel of neutropenia. To be categorized to one of these levels, a

patient had to have a neutrophil count below this level for at least 6.1.1 (SPSS Inc, Chicago, IL).26

2 consecutive days. The end of a period of neutropenia was defined
RESULTSby return to the next higher level for 2 or more days. Complete

resolution of neutropenia was defined as return of the ANC to more Two hundred seventy eight consecutive patients were ana-
than 1,500/mL for at least 2 consecutive days. lyzed; patient characteristics are shown in Table 1. Follow-

For all analyses of risk factors and for the influence of neutropenia up data including intercurrent infections, late complications,
on outcome, an ANC level of 750/mL was chosen. This was the level

and cause of death were available for all patients with awhere drug was to be discontinued by standard-of-care protocol.
median follow-up of 1,083 days (dead n Å 142, alive n ÅIrreversible graft failure was defined as ANC less than 500/mL with-
136; surviving 226 to 1,697 days) through July 31, 1995.out recovery of neutrophils.
Prophylaxis with ganciclovir was initiated between days 10Ganciclovir treatment and dose reduction. Ganciclovir was

started in all patients at engraftment with a dosage of 5 mg/kg and 44, median day 23. The median day of evaluation for
intravenously, every 12 hours for 5 days and then continued at 5 marrow cellularity was day 23 after transplant.
mg/kg once daily, 6 days per week. Dose reductions according to Frequency, time pattern, and degree of neutropenia.
creatinine clearance were made on the basis of calculated creatinine Neutropenia of less than 1,500/mL was found in 159 patients,
clearance according to adjusted ideal body weight,20 with no dose 112 patients developed neutropenia of less than 1,000/mL,
adjustment above 50 mL/min. Ganciclovir was stopped when ANCs 87 of less than 750/mL, 56 of less than 500/mL, and 19
fell to 750/mL for 2 consecutive days and was reinstituted when

patients had ANC less than 200/mL (Table 2). Nineteen pa-neutrophils increased again above 750/mL.
tients (7%) had irreversible secondary graft failure. Seven-CMV infection and disease. CMV disease was defined as detec-
teen of these died during neutropenia and 2 received a secondtion of CMV by biopsies from visceral sites, by culture or histology,1

transplant and were alive at last contact date. Duration ofor if CMV was detected by culture or direct fluorescent antibody
stain in bronchoalveolar lavage (BAL) in the presence of new or neutropenic episodes and rates of progression and recovery
changing pulmonary infiltrates.1,3 CMV infection was defined by are shown in Table 2.
positive CMV DNA-polymerase chain reaction (PCR) and/or posi- Risk factors for the development of neutropenia. In uni-
tive antigenemia and/or positive surveillance culture from blood, variate analysis, patients with advanced disease, with low
urine, or throat swabs.6 Subclinical infection was defined as CMV marrow cellularity between day 21 and 28, and with late
infection without signs or symptoms of CMV disease. In a subset platelet engraftment (later than median time of platelet en-
of patients, the CMV antigenemia assay and PCR was performed

graftment) had a higher risk of developing neutropenia. Fur-weekly.6 These patients were additionally analyzed for the influence
thermore, patients with GVHD grade 3 or 4, patients with aof CMV infection on neutropenia.21

peak bilirubin of ¢6 mg/dL either during the first 20 days orBacterial and fungal infections. Bacterial bloodstream infec-
after day 20 after transplantation, and patients with elevatedtions22 and invasive fungal infections (either from bloodstream, from

otherwise sterile sites and Aspergillus sp. isolated from BAL, or creatinine during the first 20 days or after day 20 were at
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SALZBERGER ET AL2504

Table 3. Risk Factors for Neutropenia in Multivariate AnalysisTable 1. Patients Characteristics

N % RR 95% CI P Value

Total no. 278 100 Factors significant in the final model
Marrow cellularity day 21Age (median, range) 37 (1-66) N/A

Gender 0-35% 2.44 1.53-3.89 .0002
ú35%* 1†Female 130 47

Male 148 53 Max. bilirubin before day 20
õ6 mg/dL* 1†Diagnosis (advanced disease/relapse)

Acute leukemias 88 (52) 32 (12) ¢6 mg/dL 2.49 1.59-3.91 .0001
Max. serum-creatinine after dayCML 107 (13) 38 (14)

Myelodysplasia 37 — 13 20
õ2 mg/dL* 1†Non-Hodgkin’s-lymphoma/Hodgkin’s

disease/multiple myeloma 35 (30) 13 (5) ¢2 mg/dL 2.12 1.43-3.37 .0013
Factors not significant‡Nonmalignant diseases 11 — 4

Conditioning regimen Disease status
Not advanced 1†Cyclophosphamide / TBI 148 53

Cyclophosphamide / busulfan / TBI 31 11 Advanced 1.31 0.83-2.09 .24
GVHD prophylaxisOther with TBI 17 6

Busulfan / cyclophosphamide 69 25 Steroids
No 1†Other without TBI 13 5

Donor type Yes .81 0.62-1.06 .14
MTXMatched related 147 53

Mismatched related 41 15 No 1†
Yes .62 0.37-1.04 .08Unrelated 90 32

GVHD prophylaxis Time of platelet engraftment
õMedian 1†Cyclosporine 14 5

Cyclosporine / steroids 28 10 úMedian 1.13 0.89-1.45 .31
Max. serum-creatinine õ day 20Cyclosporine / MTX 183 66

Cyclosporine / steroids / MTX 10 4 õ1.2 mg/dL* 1†
ú1.2 mg/dL* 1.33 0.76-2.21 .33Other 43 15

Acute GVHD Max. serum-bilirubin ú day 20
õ2 mg/dL 1†Grade 0-1 70 26

Grade 2-4 208 75 ¢6 mg/dL 1.19 0.58-2.44 .63
Acute GVHDGrade 3-4 102 36

Grade 0-2 1†Abbreviation: TBI, total body irradiation.
Grade 3-4 1.41 0.89-2.25 .14

* Categories pooled in multivariate analysis.
† Reference category.

higher risk of developing neutropenia. GVHD prophylaxis
‡ Values if factor added to final model.

was associated with a higher rate of neutropenia in patients
who were not treated with steroids and in patients who were
not treated with methotrexate (MTX). Age, gender, donor
match, underlying disease, use of total body irradiation, ¢ 6 mg/dL during the first 20 days after transplant were

significant risk factors for the development of neutropeniatransplanted cell dose, and time of neutrophil engraftment
were not significant in univariate analysis and therefore not in the Cox model (Table 3).

To focus on risk factors at the time when ganciclovir wasincorporated in the multivariate analysis.
After stepwise introduction into the multivariate model, initiated, the model was further restricted to factors present

in the first 20 days after transplant. In addition to low marrowonly low marrow cellularity between day 21 and 28, serum
creatinine¢ 2.0 mg/dL after day 20, and hyperbilirubinemia cellularity and hyperbilirubinemia, early creatinine ¢ 1.2

Table 2. Neutropenia: Progression, Duration, and Recovery

Degree of Patients Reaching Median Day of
Neutropenia Level Onset Median Duration Died Without Progress Down to

(ANC/mL) (n Å 278) (range) (range) in Days Recovery Next Level Recovered

õ1,500 159 (57%) 64 (18-100) 13 (2-67) 1 112 (70%) 44
õ1,000 112 (40%) 66 (18-100) 9 (2-53) 0 87 (78%) 25
õ750* 87 (31%) 69 (25-102) 6 (2-40) 5 56 (64%) 26
õ500 56 (21%) 72 (31-105) 3 (2-38) 7 19 (34%) 30
õ200 19 (7%) 74 (35-96) 7 (2-20) 6 — 13

* Ganciclovir was discontinued when the ANC was less than 750/mL for 2 consecutive days.
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mg/dL was a significant risk factor (relative risk [RR] 1.67, pneumonia, 1 CMV gastrointestinal disease). Of the 6 pa-
tients with CMV-disease, 4 did not develop any neutropenia.95% CI 1.03 to 2.69, P Å .0365). Incidence of subsequent

neutropenia (õ750 ANC/mL) in this model was 21% for Hematopoietic growth factor use and neutrophil count.
Growth factors were used in 33 patients after engraftment,patients with no risk factor (n Å 54), 31% for patients with

one risk factor (n Å 117), and 57% for patients with two or granulocyte-macrophage colony-stimulating factor (GM-
CSF) in 9 patients, granulocyte colony-stimulating factormore risk factors (n Å 71). Patients with two or more risk

factors had a relative risk of neutropenia of 3.8 (95% CI (G-CSF) in 23 patients, and both in 1 patient. Growth factors
were started at a median of 71 days after transplant (range,1.94 to 7.47, P Å .0001), compared with patients without

any risk factor in this model. 20 to 91) for a median of 12 days (range, 3 to 112). Only
24 patients were treated for neutropenia less than 1,500/mL,Neutropenia and outcome. At the end of follow-up, the

median survival for the cohort was 976 days and the median 2 were started at an ANC of 1,500/mL, 4 at 1,000/mL, 7 at
750/mL, 10 at 500/mL, and 2 at 200/mL. The overall recoveryevent-free survival was 413 days. Of 73 patients with a

relapse after transplant, 55 (75%) died. Nonrelapse related rate of neutropenia below an ANC of 750/mL and median
duration of neutropenia on this level did not appear to bedeaths were found in 87 patients.

In multivariate analysis, neutropenia (ANC õ 750/mL) different between patients who did and did not receive
growth factors (68% recovery rate and median duration ofwas an independent negative risk factor for overall survival

(RR 2.03, 95% CI 1.41 to 2.93, P Å .0001) and for event- 8 days in patients receiving v 79% and 6 days in patients
not receiving growth factors).free survival (RR 2.09, 95% CI 1.47 to 2.97, P õ .0001),

and a risk factor for nonrelapse mortality (RR 2.05, 95% CI Neutropenia and bacterial and fungal infections. Bacte-
rial bloodstream and invasive fungal infections were frequent1.28 to 3.28, P Å .0028). Neutropenia was also associated

with a higher risk of relapse (RR 1.71, 95% CI 1.05 to 2.78, in this cohort (Table 4). A clear trend was observed between
the degree of neutropenia and the rate of bacterial infectionsP Å .029). For overall survival and event-free survival as

outcome, age at transplant, advanced disease and acute (Table 4, P õ .0001). In contrast, an increased incidence of
fungal infections was present only in patients with an ANCGVHD (¢ grade 3) or clinical extensive chronic GVHD

were additional significant risk factors. For relapse, GVHD of less than 200/mL, whereas there was no significant trend
over the different degrees of neutropenia. The rates of bothand age were not statistically significant risk factors.

Underlying disease had a strong influence on the fre- bacterial and fungal infections in patients treated with hema-
topoietic growth factors were similar to the overall rates onquency of different outcomes. In patients with acute leuke-

mias, 28 of 39 patients (72%) died from relapse, whereas in the different levels of neutropenia (Table 4).
patients with CML, transplant-related mortality (24 of 35

DISCUSSIONdeaths) was the most important cause of death (69%). When
these groups were analyzed separately, two different patterns In this study, we identified three factors associated with
emerged. In patients with acute leukemia, neutropenia was a high frequency of neutropenia in marrow transplant recipi-
independently associated with relapse (RR 3.08, 95% CI ents receiving ganciclovir prophylaxis, ie, hyperbilirubi-
1.48 to 6.41, P Å .003) and nonrelapse mortality (RR 2.45, nemia in the first 20 days after transplant, low marrow cellu-
95% CI 0.89 to 6.77, P Å .08). Because relapse was diag- larity early after engraftment, and elevated serum-creatinine.
nosed early in many patients with acute leukemias (median, Additionally, it was shown that neutropenia is an indepen-
91 days after transplant), neutropenia in these patients could dent risk factor for overall poor survival, for relapse and
have been influenced by residual disease. In contrast, neutro- nonrelapse mortality, and that it increases the risk for fungal
penia in patients with CML was only predictive for nonre- and bacterial infections.
lapse mortality, whereas there was no significant influence Hyperbilirubinemia has not previously been described as
on relapse. a risk for ganciclovir-associated neutropenia in this setting.

CMV infection and neutropenia. Subclinical reactivation Although a correlation between maximum levels after and
of CMV was frequent in the 91 monitored patients. Positive before day 20 existed (rÅ .5, Põ .0001), hyperbilirubinemia
antigenemia was found in 35 patients (38.5%) and a positive in the later transplant period was less significant in influenc-
DNA-PCR of peripheral blood leukocytes was found in 52 ing neutropenia. Hyperbilirubinemia in the first 20 days after
patients (57.1%). Only 31 patients (34.1%) remained nega- transplant most commonly reflects the development of veno-
tive for both markers. For patients with CMV reactivation occlusive disease (VOD).27 VOD results from toxic effects
(a positive result in any one of the two tests), rates and of the conditioning regimen on liver tissue and presumably,
degrees of neutropenia were not statistically significant or other organs. Additionally, VOD has recently been shown
different from patients negative for both tests. Furthermore, to influence renal function significantly, predominantly with
in a univariate model, CMV-antigenemia and/or positive tubular changes without concomitant changes in serum creat-
PCR were not significant risk factors for neutropenia (RR inine levels.28 As tubular secretion is a significant factor in
1.10, 95% CI 0.76 to 1.61, P Å .62 for any marker positive ganciclovir-clearance,29 and ganciclovir doses are adjusted
v none). on calculated creatinine clearance only, one hypothesis for

The overall incidence of CMV disease was low in this the link between hyperbilirubinemia and neutropenia would
cohort with 6 patients developing CMV disease between be an alteration of ganciclovir pharmacokinetics by VOD-

associated tubular dysfunction, leading to higher drug levelsengraftment and day 100 after transplant (2.2%, 5 CMV
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Table 4. Degree of Neutropenia and Infections Between Day 30 and 150

Rate in Patients Treated Invasive Fungal Rate in Patients Treated
Neutropenia Bacteremias Rate* With G-CSF or GM-CSF* Infections Rate* With G-CSF or GM-CSF*

None (n Å 119) 19 1.48 — 17 1.33 —
õ1,500 mL (n Å 47) 11 2.03 — 5 0.92 —
õ1,000/mL (n Å 25) 4 1.30 — 2 0.65 —
õ750/mL (n Å 31) 11 3.28 2.77 (n Å 6) 4 1.19 —
õ500/mL (n Å 37) 14 3.36 4.69 (n Å 12) 6 1.44 2.00 (n Å 12)
õ200/mL (n Å 19) 11 5.98 6.8 (n Å 6) 7 3.81 3.44 (n Å 6)

* Number of episodes per 1,000 patient days.

than anticipated. Because of apparent differences in the gan- tropenia and neither marker was a risk factor for neutropenia.
Marrow suppression and especially neutropenia can be asso-ciclovir pharmacokinetics between different patient set-

tings30 and a lack of sufficient pharmacokinetic data of gan- ciated with CMV-infection21; however, the proportion of
CMV infections causing neutropenia might have been toociclovir in marrow transplant recipients,31 pharmacokinetic

studies are needed to examine this hypothesis. low to be identified as an independent factor in this study.
In conclusion, this study has identified three risk factorsLow marrow cellularity at day 21 is most likely a marker

for poor engraftment and was in this analysis more highly for ganciclovir-related neutropenia in allogeneic marrow
transplant recipients, ie, low marrow cellularity, early hyper-correlated to neutropenia than other markers of engraftment

such as time of neutrophil or platelet engraftment. Patients bilirubinemia, and elevated serum creatinine. Importantly,
neutropenia during the first 100 days after transplant is anwith poor engraftment might have a lower threshold for drug

toxicity. independent predictor for overall survival and nonrelapse
mortality. In patients with acute leukemia, neutropenia mayThe influence of elevated serum creatinine on the hazard

of neutropenia raises concern about adequate dose adjust- also be a sign of early relapse. These results have important
implications. First, patients who have two or more risk fac-ments. Although ganciclovir dosing was adjusted to calcu-

lated creatinine clearance on a daily basis, patients may al- tors at engraftment may be good candidates for alternative
antiviral strategies such as alternative dose regimens of gan-ready have been exposed to higher drug levels by the time

of adjustment. A correlation between maximum levels of ciclovir, antivirals without marrow and renal toxicity, or
concomitant use of growth factors. An evaluation of theseserum creatinine and serum bilirubin existed (r Å .42, P

õ .001), linking renal failure to impaired hepatic function. strategies is warranted. The renal toxicity associated with
the use of foscarnet and cidofovir may limit its use in theseTherefore, patients with elevated serum creatinine might

well have had impaired tubular secretion before development patients too. Second, pharmacokinetic studies are required
to determine whether patients with VOD and/or subclinicalof overt renal impairment.

To determine whether patients can be identified as at risk tubular damage have an altered ganciclovir clearance that
leads to toxic drug levels. Therapeutic drug monitoring andfor development of neutropenia before initiation of gan-

ciclovir treatment, the model was further restricted to factors targeted ganciclovir dosing in high-risk patients may be re-
quired and might significantly reduce the incidence of neu-only present at or before engraftment. Whereas early hyper-

bilirubinemia and low marrow cellularity remained signifi- tropenia after marrow transplantation. Although empiric
low-dose maintenance regimens of ganciclovir (eg, 5 mg/kgcant with virtually unchanged risks, elevated serum creati-

nine in the early transplant period became additionally 3 times per week) seem to be associated with less marrow
suppression and may be effective in patients without acutesignificant. Rates of subsequent neutropenia of less than 750/

mL increased from 21% without any, to 57% for two or more GVHD or in non—T cell–depleted transplant recipients,
these regimens have led to a high incidence of CMV diseaserisk factors. Thus these patients may represent a subgroup

that might benefit from alternative treatment strategies. in patients after an unrelated or T-cell–depleted transplant.32-34

Thus, drug monitoring may be required in these patientsNeutropenia was found to be an independent risk factor for
poor long-term outcome. This was shown as a negative effect for optimal antiviral activity and minimal toxicity. Finally,

because an ANC of less than 1,000/mL is predictive for bothon overall survival and nonrelapse mortality. In addition, in
patients with acute leukemias, neutropenia was statistically as- progression of neutropenia and mortality, ganciclovir should

be discontinued when the ANC reaches 1,000/mL rather thansociated with relapse. As relapse occurred early (median 91
days after transplant) in this group, it seems unlikely that neu- at an ANC of 750/mL.
tropenia in these patients was due to ganciclovir at all. Instead, ACKNOWLEDGMENT
in patients with acute leukemias and a high risk of relapsing

The authors thank Ted Gooley, PhD, for many helpful suggestionsdisease, neutropenia might be an early sign of marrow suppres-
for the statistical model and Jennifer James for data base services.sion by expanding residual disease.
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