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In the era of cytomegalovirus (CMV)-preemptive therapy, it is unclear whether CMV serostatus of donor or
recipient affects outcome of allogeneic hematopoietic stem cell transplantation (HSCT) among children with
leukemia. To investigate, consecutive patients aged 0-18 who underwent primary HSCT for acute leukemia in
1997-2007 (HLA-matched sibling or unrelated donor, myeloablative conditioning, unmanipulated bone mar-
row or peripheral blood, preemptive therapy, no CMV prophylaxis) were followed retrospectively through
January 2008. Treatment failure (relapse or death) was analyzed using survival-based proportional hazards
regression. Competing risks (relapse and nonrelapse mortality, NRM) were analyzed using generalized linear
models of cumulative incidence-based proportional hazards. Excluding 4 (2.8%) patients lacking serostatus of
donor or recipient, there were 140 subjects, of whom 50 relapsed and 24 died in remission. Pretransplant
CMV seroprevalence was 55.7% in recipients, 57.1% in donors. Thirty-five (25.0%) grafts were from seroneg-
ative donor to seronegative recipient (D2/R2). On univariate analysis, D2/R2 grafts were associated with
shorter relapse-free survival (RFS) than other grafts (median 1.06 versus 3.15 years, P \.05). Adjusted for
donor type, diagnosis, disease stage, recipient and donor age, female-to-male graft, graft source, and year,
D2/R2 graft was associated with relapse (hazards ratio 3.15, 95% confidence interval 1.46-6.76) and treat-
ment failure (2.45, 1.46-4.12) but not significantly with NRM (2.00, 0.44-9.09). In the current era, children
who undergo allogeneic HSCT for acute leukemia have reduced risk of relapse and superior RFS when
recipient and/or donor is CMV-seropositive before transplantation. However, no net improvement in RFS
would be gained from substituting seropositive unrelated for seronegative sibling donors.
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INTRODUCTION

In the current era of effective prophylactic and pre-
emptive therapy, cytomegalovirus (CMV), once a lead-
ing infectious cause of death after hematopoietic stem
cell transplantation (HSCT), is now an infrequent
cause of early mortality. Yet donor or recipient CMV
seropositivity may still confer a survival disadvantage,
particularly when the graft is T cell depleted [1].

Mechanisms proposed for an indirect adverse effect
of CMV include virally mediated immunosuppression
(resulting in increased risk of bacterial and fungal
infections) [2,3] and increased risk of acute graft-
versus-host disease (GVHD) [4,5].

In order to prevent CMV transmission from sero-
positive donor to seronegative recipient, it has been
recommended that CMV-seronegative patients re-
ceive grafts from seronegative donors whenever possi-
ble [6]. For a seropositive recipient, on the other hand,
the choice of donor is currently controversial [1,6,7].
Some studies have reported a beneficial effect of sero-
positive donor, either reduction in relapse [8,9] or re-
duction in nonrelapse mortality (NRM) [10,11],
whereas other studies have found no benefit from sero-
positive donor [1,2,12,13].

Three pediatric studies have investigated the effect
of donor and recipient CMV serostatus on HSCT out-
comes. In the first 2 studies (one of Philadelphia
chromosome-positive chronic myeloid leukemia [14],
the other of acute or chronic leukemia [15]),
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preemptive antiviral chemotherapy was not routinely
used until the final years of study enrollment. No asso-
ciation was detected between relapse or NRM and
donor or recipient serostatus [14] or seronegative do-
nor-recipient pair [15]. In the third study, preemptive
antiviral therapy was routine [16]. However, CMV
prophylaxis was also standard; in addition, the sample
was small and combined nonmalignant with malignant
cases. In that study, the primary endpoint was CMV
disease within 12 months after HSCT, but a possible
association was noted (P 5 .05) between recipient
CMV seropositivity and increased NRM.

Thus, for pediatric leukemia patients in the current
era of preemptive therapy, it remains unclear whether
CMV serostatus of donor and/or recipient affects the
outcome of allogeneic HSCT. To investigate this
question, we undertook a retrospective study among
children with acute leukemia who underwent primary
allogeneic HSCT with routine use of CMV-preemp-
tive therapy.

METHODS

Sample

Consecutive patients aged 0-18 who underwent
primary, myeloablative, allogeneic HSCT were stud-
ied retrospectively with the approval of the medical
center’s institutional review board. Eligible diagnoses
were acute lymphocytic leukemia (ALL), acute
myeloid or promyelocytic leukemia (AML), and mye-
lodysplastic syndrome (MDS). Eligible donors were
HLA-matched sibling (nonsyngeneic) or unrelated in-
dividuals. Eligible grafts were unmanipulated bone
marrow or peripheral blood. Transplantations were
performed between inception of the pediatric HSCT
program in March 1997 and October 2007, and sub-
jects were followed to relapse, NRM, or last contact
through January 2008.

Surveillance for Early CMV Infection

Early CMV infection refers to viremia or disease
with onset by day 100. Peripheral blood samples for
CMV culture or polymerase chain reaction (PCR)
were obtained twice weekly from day 21 through day
100. Specimens other than blood were obtained
when clinically indicated. CMV viremia was defined
as 1 positive culture, 2 consecutive positive PCR tests,
or 1 quantitative PCR with viral load $5000/mL (or
$1000/mL during high-dose corticosteroid therapy
for acute GVHD [aGVHD]). Per published guidelines
[17], CMV disease was defined as clinical symptoms
together with detection of CMV in fluid, lavage, or bi-
opsy specimen from the affected organ, except CMV
retinitis, which was diagnosed on retinal examination
by an experienced ophthalmologist.

CMV-Preemptive Therapy

Preemptive therapy consisted of a week of induc-
tion therapy using either ganciclovir (5 mg/kg i.v.
twice daily) or valganciclovir (450 mg/m2 orally twice
daily), followed by 5 weeks of maintenance therapy
with these same drugs given once daily, 5 days per
week; foscarnet was used instead in 1 patient. CMV
prophylaxis was not used. Standard HSCT procedures
included acyclovir (pediatric dose 250 mg/m2 i.v. every
12 hours) from day 21 to day 125 as prophylaxis
against varicella zoster and herpes simplex viruses.

Definitions

Disease stage was defined as early (AML and ALL
in first complete remission and MDS subtype refrac-
tory anemia), intermediate (AML or ALL in second
or subsequent complete remission or in first relapse),
or advanced (AML or ALL in second or higher relapse
or primary induction failure, MDS subtype refractory
anemia with excess blasts or in transformation, or
MDS, not otherwise classified). Acute GVHD refers
to cases that were grade 2-4 per Keystone Consensus
Criteria [18].

Statistical Analysis

Patients who did not achieve remission after trans-
plantation were considered to have relapsed on day 1.
No relapse or NRM was observed after 4 years from
HSCT, by which milestone fewer than 20% of subjects
remained in the cohort. Therefore, 4 years was the fol-
low-up period chosen for study. Relapse-free survival
was estimated using the Kaplan-Meier method [19].
Treatment failure (relapse or NRM) was analyzed us-
ing Cox proportional hazards regression [20].

Relapse and NRM constitute competing types of
treatment failure: the occurrence of 1 type precludes
the occurrence of the other. Cumulative incidence of
competing risks was calculated and compared between
groups as described by Gray [21]. In the presence of
competing risks, the common practice in cancer stud-
ies of censoring 1 type of failure in order to model the
other has been criticized as logically flawed [22].
Therefore, relapse and NRM were modeled using
a methodology appropriate for competing risks: gener-
alized linear models (complementary log-log link
function, PROC GENMOD in SAS Version 9.1,
SAS Institute Inc., Cary, NC) of cumulative inci-
dence-based proportional hazards were constructed
using the pseudovalues approach of Klein and Ander-
sen [23,24]. As in [24], a grid of 5 time points was used
when calculating pseudovalues. Specifically, days 50,
90, 160, 240, and 540 demarcated approximately equal
numbers of treatment failures per time period. The
proportionality of hazards over time was verified
[24]. If a hazard was time dependent, a cutpoint was
chosen among the 5 grid time points. A similar
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