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Key Points

• CMV reactivation after HCT is
associated with a reduced risk
of early relapse in patients
with AML but not other
disease groups.

• The benefit, however, is offset
by an increased risk of
nonrelapse mortality.

The associationbetween cytomegalovirus (CMV) reactivation and relapsewas evaluated in

a largecohort ofpatientswith acutemyeloid leukemia (AML) (n5 761), acute lymphoblastic

leukemia (ALL) (n5 322), chronic myeloid leukemia (CML) (n5 646), lymphoma (n5 254),

and myelodysplastic syndrome (MDS) (n5 371) who underwent allogeneic hematopoietic

cell transplantation (HCT) between 1995 and 2005. In multivariable models, CMV pp65

antigenemia was associated with a decreased risk of relapse by day 100 among patients

with AML (hazard ratio [HR]5 0.56; 95% confidence interval [CI], 0.3-0.9) but not in patients

with ALL, lymphoma, CML, or MDS. The effect appeared to be independent of CMV viral

load, acute graft-versus-host disease, or ganciclovir-associated neutropenia. At 1 year

after HCT, early CMV reactivationwas associatedwith reduced risk of relapse in all patients,

but this did not reachsignificance for anydisease subgroup. Furthermore, CMV reactivation

was associated with increased nonrelapse mortality (HR 5 1.31; 95% CI, 1.1-1.6) and no

difference in overall mortality (HR 5 1.05; 95% CI, 0.9-1.3). This report demonstrates a modest reduction in early relapse risk after HCT

associated with CMV reactivation in a large cohort of patients without a benefit in overall survival. (Blood. 2013;122(7):1316-1324)

Introduction

The interplay between cytomegalovirus (CMV) infection and disease
recurrence in patients with hematologic malignancies after allogeneic
hematopoietic cell transplantation (HCT) has been an area of ongoing
scientific interest for several years. An effect of CMV infection on
relapse was first suggested in an analysis of a small cohort of patients
by Lönnqvist et al,1 who observed that patients with CMV infection
had less relapse compared with patients who had no CMV infection.
Several groups subsequently observed an association between donor
or recipient CMV serostatus and decreased risk of relapse,2-4 although
larger observational cohorts did not reproduce these findings.5-9 More
recently, observational data from Elmaagacli et al2 suggested that
CMV reactivation is associated with a reduced risk of disease
relapse in patients with acute myeloid leukemia (AML), and Ito et al10

have observed a similar association in a cohort of patients with chronic
myelogenous leukemia. Given these data, the aim of our study was to
evaluate a potential protective effect of early CMV reactivation in
a larger cohort of patients undergoing HCT at a single transplant center.

Methods

Cohort eligibility

We evaluated all patients who received their first allogeneic HCT for
treatment of a hematologic malignancy at our institution from 1995 to 2005,

except for those patients who received umbilical cord blood as the stem cell
source. After 2005, CMV surveillance using a polymerase chain reaction
method was introduced. This era was chosen to represent a time when the
protocols for CMV surveillance and preemptive treatment were uniform.
The institutional review board of the Fred Hutchinson Cancer Research
Center approved this protocol for accessing and analyzing these retrospective
data. This study was conducted in accordance with the Declaration of Helsinki.

Data sources

Demographic, clinical, and laboratory data from patients and their donors
were prospectively collected in a research database. This database also
contained data from pertinent prior studies performed at outside hospitals.

Transplantation technique

Patients received a variety of pretransplant conditioning regimens, including
myeloablative regimens consisting of high-dose cyclophosphamide with 12.0
to 13.2 Gy of total-body irradiation or busulfan or reduced-intensity regimens
containing 2.0 Gy of total-body irradiation with or without fludarabine. To
prevent graft-versus-host disease (GVHD), patients received immunosuppres-
sive therapy with a calcineurin inhibitor and either methotrexate (MTX) or
mycophenolate mofetil (MMF) (Table 1).

CMV surveillance, treatment, and antiviral prophylaxis

All patients underwent weekly surveillance by pp65 antigenemia from the
time of engraftment and until at least day 100 after HCT. Preemptive
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Table 1. Patient characteristics according to disease group

Characteristic, n (%)

Disease group

Combined* AML ALL Lymphoma CML MDS

n 2566 761 322 254 646 371

Age (y), median (range) 42.4 (0.6-74.5) 43.2 (1.0-74.5) 23.7 (0.6-63.8) 39.6 (0.9-67.0) 43.9 (3.0-69.6) 50.7 (1.2-72.6)

Age (y)

0-18 260 (10%) 74 (10%) 124 (39%) 5 (2%) 32 (5%) 23 (6%)

19-40 853 (33%) 219 (29%) 135 (42%) 92 (36%) 298 (46%) 64 (17%)

$41 1453 (57%) 443 (58%) 63 (20%) 157 (62%) 316 (49%) 284 (77%)

Donor age (y)

0-40 1028 (40%) 293 (39%) 168 (52%) 110 (43%) 295 (46%) 117 (32%)

$41 1070 (42%) 317 (42%) 82 (25%) 117 (46%) 235 (36%) 190 (51%)

Unknown 468 (18%) 151 (20%) 72 (22%) 27 (11%) 116 (18%) 64 (17%)

Race

White 2130 (83%) 622 (82%) 250 (78%) 223 (88%) 535 (83%) 317 (85%)

Other/unknown 436 (17%) 139 (18%) 72 (22%) 31 (12%) 111 (17%) 54 (15%)

Donor race

White 1504 (59%) 414 (54%) 175 (54%) 146 (57%) 410 (63%) 222 (60%)

Other 300 (12%) 91 (12%) 41 (13%) 23 (9%) 91 (14%) 32 (9%)

Unknown 762 (30%) 256 (34%) 106 (33%) 85 (33%) 145 (22%) 117 (32%)

Male sex 1482 (58%) 403 (53%) 202 (63%) 152 (60%) 382 (59%) 206 (56%)

Donor male sex 1439 (56%) 429 (56%) 170 (53%) 134 (53%) 363 (56%) 216 (58%)

Sex mismatch

Female donor/male recipient 622 (24%) 168 (22%) 98 (30%) 68 (27%) 154 (24%) 82 (22%)

Other 1944 (76%) 593 (78%) 224 (70%) 186 (73%) 492 (76%) 289 (78%)

HLA

Matched, related 1117 (44%) 333 (44%) 100 (31%) 143 (56%) 244 (38%) 164 (44%)

Mismatched, related 170 (7%) 64 (8%) 31 (10%) 13 (5%) 37 (6%) 21 (6%)

Matched, unrelated 999 (39%) 288 (38%) 146 (45%) 69 (27%) 271 (42%) 160 (43%)

Mismatched, unrelated 244 (10%) 63 (8%) 39 (12%) 17 (7%) 92 (14%) 26 (7%)

Haploidentical 32 (1%) 12 (2%) 6 (2%) 10 (4%) 1 (0%) 0 (0%)

Unknown 4 (0%) 1 (0%) 0 (0%) 2 (1%) 1 (0%) 0 (0%)

Myeloablative conditioning 2138 (83%) 659 (87%) 303 (94%) 110 (43%) 646 (100%) 349 (94%)

CMV risk

D2/R2 897 (35%) 236 (31%) 122 (38%) 93 (37%) 257 (40%) 126 (34%)

D1/R2 365 (14%) 109 (14%) 51 (16%) 38 (15%) 86 (13%) 51 (14%)

D2/R1 632 (25%) 215 (28%) 80 (25%) 62 (24%) 134 (21%) 84 (23%)

D1/R1 672 (26%) 201 (26%) 69 (21%) 61 (24%) 169 (26%) 110 (30%)

Cell source PBSC 1330 (52%) 460 (60%) 145 (45%) 211 (83%) 117 (18%) 220 (59%)

Ex vivo T-cell depletion 115 (4%) 39 (5%) 10 (3%) 4 (2%) 19 (3%) 37 (10%)

Transplantation year

January 1995 to November 1998 931 (36%) 241 (32%) 130 (40%) 61 (24%) 349 (54%) 111 (30%)

December 1998 to May 2002 821 (32%) 220 (29%) 93 (29%) 81 (32%) 210 (33%) 128 (35%)

June 2002 to December 2005 814 (32%) 300 (39%) 99 (31%) 112 (44%) 87 (13%) 132 (36%)

Disease risk

Low 1136 (44%) 899 (43%) 217 (67%) 234 (92%) 77 (12%) 87 (23%)

Intermediate 245 (10%) 99 (5%) — — 94 (15%) —

High 1175 (46%) 1070 (52%) 105 (33%) 17 (7%) 475 (74%) 284 (77%)

Missing 10 (0%) 9 (0%) 0 (0%) 3 (1%) 0 (0%) 0 (0%)

AML cytogenetic risk

Favorable — 62 (8%) — — — —

Intermediate — 393 (52%) — — — —

Adverse — 154 (20%) — — — —

Missing — 151 (20%) — — — —

GVHD prophylaxis

Calcineurin 1 MTX 38 (1%) 9 (1%) 2 (1%) 12 (5%) 6 (1%) 2 (1%)

Calcineurin only 489 (19%) 146 (19%) 25 (8%) 133 (52%) 6 (1%) 39 (11%)

Calcineurin 1 MMF 1951 (76%) 581 (76%) 280 (87%) 88 (35%) 617 (96%) 324 (87%)

Other 88 (3%) 25 (3%) 15 (5%) 21 (8%) 17 (3%) 6 (2%)

Acute GVHD

Grade 0-1 565 (22%) 173 (23%) 48 (15%) 73 (29%) 131 (20%) 87 (23%)

Grade 2 1412 (55%) 385 (51%) 198 (61%) 122 (48%) 387 (60%) 204 (55%)

Grade 3-4 570 (22%) 197 (26%) 75 (23%) 56 (22%) 127 (20%) 80 (22%)

Missing 19 (1%) 6 (1%) 1 (0%) 3 (1%) 1 (0%) 0 (0%)

Chronic GVHD 1371 (53%) 353 (46%) 167 (52%) 140 (55%) 377 (58%) 210 (57%)

AG, antigenemia.

*Combined cohort includes all patients with AML, ALL, lymphoma, CML, and MDS in addition to patients with MM (n 5 113), CLL (n 5 58), CML receiving reduced

intensity conditioning (n 5 18), acute leukemia not otherwise specified (n 5 20), plasma cell leukemia (n 5 2), and acute promyelocytic leukemia (n 5 1).
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therapy with either induction-dose ganciclovir (5 mg/kg intravenously every
12 hours) or foscarnet (90 mg/kg intravenously every 12 hours) in case of
neutropenia was initiated for >1 pp65-antigen–positive cell per 2 slides with
.2.03 105 white blood cells per slide.4,11,12 Induction dosing was given for at
least 7 days. If subsequent testing demonstrated a decrease in pp65 anti-
genemia, then the therapy was changed to maintenance-dose ganciclovir
(5 mg/kg intravenously daily) or foscarnet (90 mg/kg intravenously daily) for
at least 2 weeks or until the pp65 antigenemia assay was negative. Acyclovir
(250 mg/m2 or 800 mg orally twice daily) or valacyclovir (500 mg orally
twice daily) was given to all patients for herpes simplex virus type 1, herpes
simplex virus type 2, or varicella-zoster virus prophylaxis.

Outcomes and definitions

The primary outcome of this study was morphologic relapse or, for patients
receiving reduced-intensity conditioning regimens, relapse if transplanted in
complete remission (CR) or progression of underlying disease if transplanted
when not in CR, by 100 days and 1 year after HCT. Secondary outcomes were
nonrelapse mortality (NRM) and overall mortality by 1 year after HCT.

Disease risk was categorized as follows: low: chronic lymphocytic
leukemia (CLL) in CR, low-grade non-Hodgkin lymphoma (NHL), high-
grade NHL in CR, multiple myeloma (MM) in CR, CML in first chronic
phase (CP), and acute lymphoblastic leukemia (ALL) in first CR; intermediate:
CLL not in CR, MM not in CR, AML in CR; and high: AML evolved from
myelodysplastic disease (MDS), high-grade NHL not in CR, Hodgkin disease,
secondary MDS, AML not in CR, CML in second CP or accelerated phase/
blast crisis, and ALL not in first CR. Cytogenetic risk for patients with AML
was classified according to the revised Medical Research Council prognostic
classification.13 Only results from cytogenetic studies performed before initial
treatment were included.

Statistical analysis

The cumulative incidence of CMV reactivation, morphologic relapse, and
NRM was estimated, treating death (CMV reactivation and morphologic
relapse) and relapse (NRM) as competing risk events.14 Cox proportional

hazards models were used to evaluate risk factors for morphologic relapse,
NRM, and overall mortality. Clinical and demographic factors evaluated as
risk factors were age (>41 years vs 0-40 years), donor age (>41 years vs
0-40 years), race (other/unknown vs white), donor race (other/unknown vs
white), sex, donor sex, sex mismatch (female donor/male recipient vs other),
HLA matching and donor relation, conditioning regimen (reduced intensity
vs myeloablative), CMV donor (D) recipient (R) serology (D1/R2, D2/R1,
D1/R1 vs D2/R2), hematopoietic cell source (peripheral blood stem cell
[PBSC] vs bone marrow), ex vivo T-cell depletion (yes/no), transplantation
year (January 1995 to November 1998, December 1998 to May 2002, or
June 2002 to December 2005), disease risk (low, intermediate, or high),
AML cytogenetic risk (favorable, intermediate, or high), and GVHD
prophylaxis (calcineurin inhibitor 1 MTX, calcineurin inhibitor only,
calcineurin inhibitor1MMF, or other). CMV reactivation was evaluated as
a time-dependent covariate (any positive antigenemia,>10 antigen-positive
cells, or >10 antigen-positive cells for 2 consecutive weeks [the level
similar to reported as the only CMV reactivation end point by Elmaagacli
et al2]). CMV-associated neutropenia (absolute neutrophil count , 500 per
mm3 within 60 days after CMV reactivation) was also evaluated as a time-
dependent risk factor compared with patients who had CMV reactivation
without subsequent neutropenia.15 Peak acute GVHD (grades 0-1, 2, or 3-4)
was graded according to standard definitions and analyzed in a time-
dependent manner.16

Multivariable regression models were constructed in a stepwise manner.
Risk factors in univariate models that were associated with the outcome at
P< .05 were included in the final model. CMV reactivation was forced into
the multivariable models. Statistical analysis was performed using Statistical
Analysis Software procedures (SAS version 9.3).

Results

The cohort included a total of 2566 patients. In addition to the
distinct groups of patients shown with underlying diseases of

Table 1. (continued)

Characteristic, n (%)

Disease group

Combined* AML ALL Lymphoma CML MDS

Cumulative incidence of CMV by

day 100 (95% CI)

Any AG 36.1 (34-38) 35.9 (33-39) 29.9% (25-35) 34.3% (28-40) 38.1% (34- 42) 38.3 (33-43)

AG $ 10 11.6 (10-13) 9.9 (8-12) 9.9% (7-13) 10.6% (7-14) 16.9% (14-20) 9.4 (7-12)

2 consecutive AG $ 10 6.0 (5-7) 4.9 (3-6) 4.7% (2-7) 4.3% (2-7) 9.0% (7-11) 5.1 (3-7)

AG, antigenemia.

*Combined cohort includes all patients with AML, ALL, lymphoma, CML, and MDS in addition to patients with MM (n 5 113), CLL (n 5 58), CML receiving reduced

intensity conditioning (n 5 18), acute leukemia not otherwise specified (n 5 20), plasma cell leukemia (n 5 2), and acute promyelocytic leukemia (n 5 1).

Figure 1. Cumulative incidence of CMV antigenemia

by day 100 after HCT (n 5 2566).
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AML, ALL, lymphoma, CML, or MDS, there were 212 patients
with other diseases, including MM and CLL (Table 1). Due to the
small numbers of patients in these groups, they were not analyzed
separately and are included only in the combined cohort. Patient
characteristics of each disease group and the combined cohort are
presented in Table 1. There were 2 patients who were lost to
follow-up in the first year after HCT.

CMV reactivation

The donor and recipient CMV serostatus were similar across the
disease groups, with approximately 65% of patients at significant risk
of CMV reactivation (50% R1 and 15% D1/R2). The cumulative
incidence of CMV reactivation at any level of pp65 antigenemia
by day 100 was 36.1% (95% CI, 34-38) in the combined cohort
(Figure 1). Higher levels of antigenemia occurred in a smaller
proportion of patients. The cumulative incidence of antigenemia> 10
positive cells was 11.6% and 6.0% for >10 positive cells for

2 consecutive weeks. These estimates were similar across the
disease groups analyzed (Table 1).

Morphologic relapse

The cumulative incidence of relapse in the first year after HCT was
highest for AML (25.2%) and ALL (22.6%). In the lymphoma
group, the cumulative incidence for relapse was 17.6%. Relapse
was less common in CML (6.6%) and MDS (12.6%) (Figure 2). In
univariate regression models, CMV reactivation, defined as any
positive pp65 antigenemia by day 100, was not significantly as-
sociated with a decreased risk of relapse by day 100 in any of the
disease groups (supplemental Tables 1 and 2). We also evaluated
whether an association might be apparent in patients who had
higher levels of antigenemia, such as >10 positive cells or >10
positive cells for 2 consecutive weeks (equivalent to the defini-
tion of CMV replication used by Elmaagacli et al2) and found no
significant association (supplemental Tables 1 and 2).

Figure 2. Cumulative relapse incidence in the first

year after HCT by disease group. Cumulative in-

cidence estimates with 95% CI at day 100 and 1 year

for each disease group.

Figure 3. Adjusted HR and 95% CI from multivariable models evaluating CMV reactivation by day 100 as a risk factor for relapse at day 100 and 1 year after HCT.

Covariates: 1, disease risk (low vs high, intermediate vs high); 2, cytogenetic risk (adverse vs intermediate and favorable vs intermediate); 3, patient race (other/unknown vs

white); 4, cell source (bone marrow vs PBSC); 5, donor sex (female vs male); 6, conditioning regimen (reduced intensity vs myeloablative); 7, donor and recipient CMV

serostatus (D1/R2 vs D2/R2, D2/R1 vs D2/R2, or D1/R1 vs D2/R2); 8, acute GVHD (grade 3-4 vs 0-2).
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After adjusting for underlying disease risk, donor and recipient
serostatus, and other significant variables, CMV reactivation (any
positive pp65 antigenemia) was significantly associated with a
decreased risk of relapse by day 100 only in patients with AML
(adjusted HR 5 0.56; 95% CI, 0.3-0.9; P 5 .02) (Figure 3).
Controlling for acute GVHD (grades 0-2 vs 3-4) did not change the
association between CMV reactivation and relapse in any of the
disease groups (data not shown). The overall effect of early CMV
reactivation in the combined cohort was a 53% decrease in the risk
of relapse by day 100 (95% CI, 0.3-0.7; P , .001) (Figure 3).

In the multivariable models, higher levels of antigenemia were
not associated with incremental protection from relapse. In the
combined cohort, the adjusted HR for the risk of relapse by day
100 with antigenemia > 10 positive cells was 0.62 (95% CI,
0.4-1.1; P 5 .10) and for patients with antigenemia > 10 positive
cells for 2 weeks the adjusted HR was 0.48 (95% CI, 0.2-1.2; P5 .11).
No evidence of incremental protection for higher levels was seen in
the multivariable models of any of the individual disease groups
(data not shown).

To evaluate whether CMV reactivation might protect against
relapse via ganciclovir-associated myelosuppression, CMV-associated
neutropenia, defined as an absolute neutrophil count , 500 per mm3

occurringwithin 60 days after CMV reactivation, was analyzed as a risk

factor for relapse. In patients with AML, CMV-associated neutropenia
was not associated with decreased risk of relapse (adjusted HR5 2.35;
95% CI, 0.6-10.0; P5 .25). Furthermore, no association between
CMV-associated neutropenia and decreased relapse was observed in
any of the disease groups or in the combined cohort (data not shown).

The protective effect of CMV reactivation on the risk of relapse
was more pronounced within the first 100 days after HCT compared
with beyond 100 days after HCT (Figure 3). In multivariable
models, CMV reactivation before day 100 was associated with a
32% decreased risk of relapse by 1 year in the combined cohort
(95% CI, 0.5-0.9; P , .001). However, CMV reactivation was not
significantly associated with decreased relapse risk by 1 year in any
of the individual disease groups.

A landmark analysis was performed at day 50 to compare the
cumulative incidence of relapse among patients who experienced
CMV reactivation before day 50 and those who did not, accounting
for the competing risk of death (Figure 4). Day 50 was chosen as
an optimal time point because, as illustrated in Figures 1 and 2, the
majority of CMV reactivations, but very few relapse events, have
occurred by day 50. There were 56 relapse events before day 50 in
the combined cohort, representing 11% of the relapse events oc-
curring in the first year after HCT. Among patients who survived
to day 50 without experiencing relapse, CMV reactivation before

Figure 4. Cumulative relapse incidence by CMV antigenemia occurring day 0 to 50 after HCT among patients surviving free of relapse to day 50. Cumulative relapse

incidence estimates and 95% CI at day 100 and 1 year after HCT.
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day 50 was associated with a significant decrease in the cumulative
incidence of relapse by 1 year only in patients with MDS (P 5 .05).
No significant difference was observed for any of the other disease
groups or the combined cohort (Figure 4).

Paradoxically, pretransplant CMV seropositivity was an inde-
pendent risk factor for relapse by day 100 in patientswithAML,ALL,
lymphoma, and in the combined cohort. In the combined cohort, after
adjustment for disease risk and race, recipient CMV seropositivity was
associated with a 2-fold increase in the risk of relapse. Compared with
D2/R2 patients, the adjusted HR for D1/R1 patients was 2.05
(95% CI, 1.4-3.1; P , .001) and 2.77 (95% CI, 1.9-4.0; P , .001)
for D2/R1 patients, whereas the adjusted HR for D1/R2 patients
was 0.94 (95% CI, 0.6-1.6; P 5 .81). In the univariate analyses,
donor CMV serostatus was not significantly associated with relapse
in any of the disease groups (supplemental Tables 1 and 2).

After evaluating the association between CMV reactivation and
relapse within the separate strata of CMV R1 and CMV R2
patients, there was a trend toward increased protection from relapse
in CMV R1 patients with CMV reactivation compared with CMV
R2 patients with CMV infection (Figure 5A). In the combined
cohort, the adjusted HR for CMV reactivation was 0.43 (95% CI,
0.3-0.6; P , .001) among CMV R1 patients and 0.73 (95% CI,
0.2-2.3; P 5 .59) among CMV R2 patients (test for interaction
P5 .44). The association between CMV reactivation and decreased
relapse among CMV-seropositive (R1) patients did not differ by
donor CMV serostatus (Figure 5a). Among patients who survived
to day 50 without relapse, the cumulative incidence of relapse by
1 year was highest in CMV R1 patients who did not have early
CMV reactivation (26.1%; 95% CI, 22-31) compared with 18.0%
(95% CI, 15-21) among CMV R1 patients who had early reacti-
vation (Figure 5B).

Mortality

In our cohort, any CMV reactivation by day 100 was an independent
risk factor for NRM in the first year after HCT in AML and CML
patients (Figure 6A). In the combined cohort, CMV reactivation was
associated with a 31% increase in the risk of death without relapse
(adjusted HR 5 1.31; 95% CI, 1.1-1.6; P 5 .02). Despite evidence
of decreased relapse in the first year after HCT among patients with
early CMV reactivation, we did not observe any associated benefit
in overall mortality. The adjusted HR for the effect of any CMV
reactivation on overall mortality in the combined cohort was 1.05
(95% CI, 0.9-1.3; P 5 .60).

Discussion

In this large cohort of allogeneic HCT recipients, our data indicate
that CMV reactivation in the first 100 days after transplantation is
associated with a modest decrease in the risk of early relapse
independent of acute GVHD in patients with AML. This extends the
findings of Elmaaglaci et al2 to a less-restricted cohort of AML
patients that included pediatric patients and patients receiving
reduced-intensity conditioning regimens or HLA-mismatched donor
cells. Yet, in our cohort, the difference in relapse risk between AML
patients with andwithout earlyCMV reactivationwas not statistically
significant by 1 year after transplantation. In contrast, CMV re-
activation was not associated with relapse protection in multivariable
models either at day 100 or 1 year in patients with ALL, lymphoma,
CML, or MDS. Yet when all disease groups were combined, we
observed a 53% decreased risk of relapse by day 100 and a 32%

Figure 5. Results of relapse analyses for all patients stratified by pretransplant CMV serology. (A) Adjusted HR and 95% CI from multivariable models evaluating CMV

antigenemia by day 100 as a risk factor for relapse at day 100 and 1 year after HCT among CMV-seropositive patients (CMV R1) and CMV-seronegative patients (CMV R2).

Covariates: 1, disease risk (low, standard, or high); 2, patient race (unknown/other or white); 3, donor CMV serostatus (D2 vs D1); 4, cell source (bone marrow vs PBSC);

5, patient age (0-40 years or $41 years); 6, conditioning regimen (myeloablative vs reduced intensity). (B) Cumulative relapse incidence at 1 year after HCT by CMV

antigenemia occurring before day 50 among patients surviving relapse-free to day 50 after HCT.
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decreased risk of relapse by 1 year. It is possible that despite the large
size of this cohort, we did not have sufficient statistical power to
observe differences in all of the disease groups.

Our observed associations between CMV reactivation and de-
creased risk of relapse in patients with AML was much less striking
than described by Elmaagacli et al.2 We evaluated CMV antigenemia
at higher levels to approximate the definition of CMV replication used
in that study (>25 pp65-positive cells per 53 105 white blood cells at
2 consecutive time points) to determine if there might be incremental
protection from relapse with high-degree antigenemia. We were
unable to demonstrate such an association (data not shown). However,
this was also an exceedingly rare occurrence in our cohort. Because of
an institutional approach to initiate preemptive antiviral therapy at any
level of antigenemia, antigenemia levels as high as those described by
Elmaagacli et al occurred in ,10% of patients.

Our results also differed from those recently published by Ito
et al,10 who observed that early CMV reactivation was associated
with decreased relapse in a cohort of 110 patients with CML. In
contrast to our CML cohort, the great majority of patients in the Ito
study received ex vivo T-cell–depleted grafts, which typically results
in robust natural killer (NK) cell reconstitution after transplant.
Thomson et al17 found no association between CMV reactivation and
relapse risk in 100 patients with AML who received alemtuzumab,
which depletes a variety of immune cells, including NK cells, and

persists in vivo for prolonged periods. It is unclear whether these
differences can provide insight into distinct mechanism or simply
reflect other variables, including sample size.

Interestingly, the patient’s CMV serostatus at the time of trans-
plantation was an independent risk factor for increased risk of relapse
in almost all disease groups studied. Our stratified analyses of CMV
reactivation as a risk factor for relapse in CMV-seropositive and
CMV-seronegative patients indicated a trend toward increased
protection from relapse in CMV-seropositive patients experiencing
CMV reactivation compared with CMV-seronegative patients with
primary CMV infection.

The principal question that is posed by our findings and those of
others is, what biological mechanism(s) underlie the different asso-
ciations between CMV reactivation and decreased early relapse ob-
served in allogeneic HCT recipients within very different hematologic
malignancies? To test whether CMV replication results in a decrease
in relapse through ganciclovir-mediated cytotoxicity, we analyzed
CMV reactivation with subsequent neutropenia as a risk factor for
relapse. If cytotoxic effects played a role, then one might expect
a lower relapse risk in patients with CMV infection and subsequent
neutropenia compared with those with CMV infection without
ensuing neutropenia. We did not observe such an association, which
suggests that there is no major direct cytotoxic effect of ganciclovir
involved. We recognize that the absolute neutrophil count is a crude

Figure 6. Adjusted HR and 95% CI from multivariable models evaluating CMV antigenemia before day 100 as a risk factor for nonrelapse mortality at 1 year and

overall mortality at 1 year. Covariates: 1, disease risk (low, standard, or high); 2, cytogenetic risk (low, intermediate, or high); 3, age (0-40 years vs$40 years); 4, cell source

(bone marrow vs PBSC); 5, HLA matching (matched vs mismatched); 6, conditioning regimen (reduced intensity vs myeloablative); 7, donor and recipient CMV serostatus

(D2/R2, D1/R2, D2/R1, D1/R1); 8, GVHD prophylaxis (calcineurin inhibitor alone, calcineurin 1 methotrexate, or calcineurin inhibitor 1 mycophenolate mofetil); 9, acute

GVHD (grades 3-4 vs 0-2); 10, transplant year (January 1995 to November 1998, December 1998 to May 2002, or June 2002 December 2005).
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surrogate for events occurring in the marrow and the levels of
neutropenia at which such an effect would become apparent is
unknown.

One promising hypothesis is that the upregulation of NKG2C1
NK cells that has been shown to occur early after CMV infection and
involve activating killer immunoglobulin-like receptors may increase
NK cell activity against tumor cells expressing HLA-E.18-22 Foley
et al18 recently demonstrated increased populations of interferon-
g–producing NKG2C1 NKG2A2 NK cells in HCT recipients as
soon as 2 weeks after CMV viremia was detected. NK cells are one of
the first lymphocyte populations to recover after HCT, reaching normal
population numbers months before recovery of memory and effector
CD81 lymphocytes, which would agree with the timing of relapse
protection observed in our cohort.23 Moreover, graft-versus-leukemia
effects of NK cells are more prominent for AML than for ALL or
lymphomas that are intrinsically resistant to NK recognition,24,25 con-
sistent with our finding that the effect of CMV reactivation is most
significant for reducing relapse in AML.

Despite the findings affirming a decreased risk of relapse in AML
patients with CMV reactivation after HCT, we continue to observe
an association between CMV reactivation and NRM in the first year
after HCT and no significant positive association with overall sur-
vival. While it might be argued that this cohort ending in 2005 might
not be reflective of current practices in the detection and manage-
ment of CMV, these results are in accord with findings from other
cohorts that included patients transplanted through 2010.26-28

In conclusion, this report confirms that CMV reactivation after
allogeneic HCT is independently associated with a modest reduction
in the risk of early relapse in patients with AML but not other
hematologic malignancies. The pathogenic principles underlying
this association are unclear, and further laboratory studies will be
required to better understand the mechanism leading to protection
from recurrent malignancy. However, although a beneficial effect of
CMV replication with regard to relapse was observed in this study,

the effect appeared strongest early after transplant and was later
offset, if not outweighed, by a continued association of CMV
reactivation with NRM. Thus, current strategies aimed at limiting
CMV replication appear to be prudent.
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