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Key Points

• CMV reactivation is
associated with a
reduced risk of relapse
in both AML and ALL.

• The mild antileukemia
effect of CMV
reactivation is
independent of acute
GVHD but lacks effect
modification by
baseline
characteristics.
Cytomegalovirus reactivation (CMVR) after allogeneic hematopoietic cell transplantation

(HCT) is a frequent complication related to survival outcomes; however, its impact on

relapse remains unclear, especially in acute lymphoblastic leukemia (ALL). In this

nationwide retrospective study, we included patients with acute myeloid leukemia (AML)

and ALL in the first or second complete remission who underwent their first HCT using a

pre-emptive strategy for CMVR. Because 90% of cases with CMVR had occurred by day 64

and 90% of cases with grades 2 to 4 acute graft-versus-host disease (GVHD) had occurred by

day 58, a landmark point was set at day 65. In landmark analyses, 3793 patients with AML

and 2213 patients with ALL who survived without relapse for at least 65 days were

analyzed. Multivariate analyses showed that CMVR was associated with a lower incidence

of relapse in both AML (hazard ratio [HR], 0.81; 95% confidence interval [CI], 0.69-0.95; P =

.009) and ALL (HR, 0.81; 95% CI, 0.66-0.99; P = .045). These findings were confirmed when

CMVR was used as the time-dependent covariate. Moreover, our study suggests that the

protective effect of CMVR on relapse was independent of acute GVHD. A post-hoc subgroup

analysis of combined AML and ALL showed that CMVR had a mild antileukemia effect

without effect modification, in contrast to the impact of CMVR on NRM. Our findings may

provide important implications for strategies used for CMV prophylaxis after HCT.
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Introduction

Cytomegalovirus (CMV) is an important cause of morbidity and
mortality after allogeneic hematopoietic cell transplantation
(HCT).1-5 Over the past few decades, the incidence of CMV dis-
ease has dramatically decreased with the introduction of a pre-
emptive strategy for CMV reactivation (CMVR).6-11 However,
CMVR requiring pre-emptive treatment is still considered to be
harmful due to delayed immune reconstitution,12 subsequent
increased risk of graft-versus-host disease (GVHD),13,14 and the
side effects of antiviral agents such as bone marrow suppression.15

Many studies have shown that CMVR was associated with a higher
risk of nonrelapse mortality (NRM).14,16-20

Despite the disadvantages of CMVR in NRM, many studies have
reported a protective effect of CMVR on relapse in acute myeloid
leukemia (AML),16,18,21,22 but not in acute lymphoblastic leukemia
(ALL). This has been explained by speculating that the graft-versus-
leukemia (GVL) effect targets virus-derived antigens on AML cells
that are infected by CMV.23 However, because CMV infects lym-
phocytes24 and malignant cells of ALL as well,25 CMVRmight have a
protective effect on relapse even in ALL. The Seattle group and
Center for International Blood and Marrow Transplantation Research
have failed to demonstrate that CMVR has a significant impact on
relapse in ALL (Seattle, n = 289, P = .18; Center for International
Blood andMarrowTransplantationResearch, n = 1864,P= .08),16,17

but the relatively wide confidence interval (CI) in ALL compared with
that in AML does not exclude the null hypothesis of a protective effect
of CMVR on relapse.

The recent epoch-making clinical trial of letermovir demonstrated
its safety profiles and its ability to significantly reduce CMVR.26 If
CMVR itself has a protective effect on relapse, an increased risk of
relapse through the use of letermovir prophylaxis is a significant
concern. The results of our recent study, limited to patients with
acute GVHD, suggested that the use of letermovir was related to
an increased risk of relapse, but it is difficult to draw a definitive
conclusion because of the lack of stratification by disease and
relapse risk.27 Direct evidence comparing the risk of relapse
between patients with and without letermovir limited to a homo-
geneous population requires the accumulation of massive amounts
of real-world data. Therefore, before such evidence can be avail-
able, we conducted a retrospective study to reevaluate the impact
of CMVR on relapse in patients with AML and ALL using a
nationwide Japanese data set with a sufficient number of HCT
recipients who underwent a pre-emptive strategy.

Methods

Data source and patient selection

Clinical data were obtained from the Transplant Registry Unified
Management Program, which is the registry database of the Japan
Society for Transplantation and Cellular Therapy.28 Patients were
included in this analysis if they were aged 16 years or older, had
AML or ALL in first or second complete remission, and had
undergone their first allogeneic HCT from HLA-matched related
donors, HLA 1-antigen-mismatched related donors, HLA-matched
unrelated donors, HLA-mismatched unrelated donors, umbilical
cord blood, or haploidentical donors between 2006 and 2019 with
2700 AKAHOSHI et al
complete information for all covariates. Only patients with a
CMV-seropositive donor or recipient (D/R) and who achieved
neutrophil engraftment were included. We considered the donor
CMV serological status with umbilical cord blood to be negative.
Letermovir became available in Japan in May 2018 and patients
who received letermovir were excluded (n = 441). We also
excluded patients who received prophylactic anti-CMV agents
such as ganciclovir, valganciclovir, or foscarnet (n = 55).

This study was approved by the data management committee of
the Japan Society for Transplantation and Cellular Therapy and the
Institutional Review Board of Jichi Medical University Saitama
Medical Center. This study was conducted following the Declara-
tion of Helsinki.

Definitions

The patients underwent weekly CMV monitoring using the pp65
antigenemia assay at the time of engraftment. CMVR was defined
as the initiation of CMV pre-emptive therapy.14,18,19 In most
centers, the threshold for the start of pre-emptive therapy was 3
antigenemia-positive cells per 2 slides, which was comparable to
real-time PCR with a threshold of 300 CMV DNA copies per ml.29

Disease risk index (DRI), hematopoietic cell transplantation-
specific comorbidity index (HCT-CI) scores, and conditioning
intensity were categorized as previously reported.30-32 HLA
compatibilities in related and unrelated donors were evaluated
with a 6/6 antigen match of HLA-A, -B, and –DR and with an 8/8
allele match of HLA-A, -B, -C, and –DRB1, respectively. The use
of antithymocyte globulin or alemtuzumab was considered for
in vivo T-cell depletion.

Statistical analysis

The primary end point was the effect of the CMVR on relapse. We
defined relapse as recurrent blasts in the peripheral blood or
increased blasts in the bone marrow by >5%. We used a landmark
method to assess the impact of CMVR on the long-term outcomes.
The landmark day was set at the time when 90% of the patients
developed CMVR or grades 2 to 4 acute GVHD (G24GVHD). The
univariate Gray’s method and multivariate Fine and Gray method
were used to evaluate the impact of CMVR on relapse or NRM. The
competing event for relapse was death without relapse and the
competing event for NRM was relapse. The Kaplan-Meier method
was used to estimate the probability of overall survival (OS). Cox
proportional hazards regression models were used to evaluate the
effect of CMVR on OS in the multivariate analysis or to treat CMVR
and acute GVHD as time-dependent covariates. The proportional
hazard assumption of a main effect for each variable was tested
based on Schoenfeld residuals.33 None of the variables in this
study violated the proportional hazard assumption.

The following variables were adjusted in the multivariate analyses:
recipient’s age at HCT (< 50 vs ≥ 50 years), sex mismatch (female
to male vs others), recipient/donor CMV serological status (R−/D+
vs R+/D− vs R+/D+), DRI (low vs intermediate vs high risk), HCT-
CI (< 2 vs ≥ 2), donor source (HLA-matched related vs HLA
1-antigen-mismatched related vs HLA-matched unrelated vs HLA-
mismatched unrelated vs umbilical cord blood vs haploidentical),
conditioning intensity (myeloablative vs reduced-intensity), GVHD
prophylaxis (cyclosporine-based vs tacrolimus-based), in vivo T-cell
depletion (no vs yes), year of HCT, and G24GVHD. In the analyses
27 JUNE 2023 • VOLUME 7, NUMBER 12



Table 1. Patient characteristics

AML ALL

N = 3793 N = 2213

Median age at HCT, y (range) 49 (16-74) 42 (16-76)

Age, category

<50 1927 (50.8) 1494 (67.5)

≥50 1866 (49.2) 719 (32.5)

Sex match between recipient and donor

Female to male 781 (20.6) 456 (20.6)

Others 3012 (79.4) 1757 (79.4)

Recipient/donor CMV serostatus

Negative/Positive 351 (9.3) 256 (11.6)

Positive/Negative 1367 (36.0) 781 (35.3)

Positive/Positive 2075 (54.7) 1176 (53.1)

DRI

Low 549 (14.5) 0 (0.0)

Intermediate 3046 (80.3) 1927 (87.1)

High 198 (5.2) 286 (12.9)

Disease status

First complete remission 2797 (73.7) 1927 (87.1)

Second complete remission 996 (26.3) 286 (12.9)

HCT-CI

<2 2910 (76.7) 1762 (79.6)

≥2 883 (23.3) 451 (20.4)

Donor source

HLA matched related 1031 (27.2) 663 (30.0)

HLA 1-antigen-mismatched related 106 (2.8) 52 (2.3)

HLA matched unrelated 1070 (28.2) 616 (27.8)

HLA mismatched unrelated 978 (25.8) 565 (25.5)

Umbilical cord blood 402 (10.6) 212 (9.6)

Haploidentical 206 (5.4) 105 (4.7)

Conditioning intensity

Myeloablative 2863 (75.5) 1669 (75.4)

Reduced intensity 930 (24.5) 544 (24.6)

GVHD prophylaxis

CSA-based 1241 (32.7) 779 (35.2)

TAC-based 2552 (67.3) 1434 (64.8)

In vivo T-cell depletion

No 3489 (92.0) 2055 (92.9)

Yes 304 (8.0) 158 (7.1)

Median y of HCT, (range) 2013 (2006-2019) 2013 (2006-2019)

Year of HCT

2006-2012 1629 (42.9) 976 (44.1)

2013-2019 2164 (57.1) 1237 (55.9)

Ph-chromosome

Ph-chromosome negative - 1283 (58.0)

Ph-chromosome positive - 930 (42.0)

Grades 2-4 Acute GVHD by day 65

No 2522 (66.5) 1371 (62.0)

Yes 1271 (33.5) 842 (38.0)

Table 1 (continued)

AML ALL

N = 3793 N = 2213

Grades 3-4 acute GVHD by day 65

No 3463 (91.3) 2015 (91.1)

Yes 330 (8.7) 198 (8.9)

CMV reactivation by day 65

No 1929 (50.9) 1167 (52.7)

Yes 1864 (49.1) 1046 (47.3)

DRI, disease risk index; HCT-CI, hematopoietic cell transplantation-specific comorbidity
index; CSA, cyclosporine; TAC, tacrolimus.
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of ALL, the positivity of Philadelphia chromosome was also
included.

All statistical tests were 2-sided and a P value < .05 was consid-
ered statistically significant. All statistical analyses were performed
with EZR version 1.53 (Jichi Medical University Saitama Medical
Center), which is a graphical user interface for R (The R Founda-
tion for Statistical Computing, version 3.2.2).34

Results

Patient characteristics

In this study, we identified 3947 patients with AML and 2292
patients with ALL. Because 90% of cases with CMVR occurred by
day 64 (median, day 40), and 90% of cases with grades 2 to 4
acute GVHD occurred by day 58 (median, day 29), a landmark
point was set at day 65. A total of 3793 patients with AML and
2213 patients with ALL who survived without relapse for at least
65 days were analyzed in this study (Table 1). The median ages of
patients with AML and ALL were 49 years (range, 16-74) and
42 years (range, 16-76), respectively. By day 65, 1864 (49.1%)
and 1046 (47.3%) developed CMVR, respectively (supplemental
Table 1). The median observation periods for survivors in AML
and ALL were 5.4 years and 5.2 years, respectively.

Impact of CMV reactivation on long-term outcomes

The cumulative incidences of relapse at 5 years in patients with
and without CMVR were 22.6% (95% CI, 20.8%-24.6%) and
18.1% (95% CI, 16.4%-19.9%) in AML (P < .001), and 21.7%
(95% CI, 19.3%-24.1%) and 16.6% (95% CI, 14.3%-19.0%) in
ALL (P = .001), respectively (Figure 1). Sensitivity analyses using
the 1 minus Kaplan-Meier method confirmed these findings
(supplemental Figure 1). Because it is well known that the devel-
opment of acute GVHD decreases the risk of relapse in acute
leukemia,35-38 we performed prespecified analyses stratified by the
presence of G24GVHD. In univariate analyses, CMVR was asso-
ciated with a decreased risk of relapse in patients without
G24GVHD (AML, P = .015; ALL, P = .018), but this association
was not statistically significant in patients with G24GVHD (AML,
P = .095; ALL, P = .340) (Figure 2). In the multivariate analyses,
CMVR was associated with a reduced risk of relapse in AML
(hazard ratio [HR], 0.81; 95% CI, 0.69-0.95; P < .001) and ALL
CMV REACTIVATION AND RISK OF RELAPSE IN ALL 2701
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Figure 1. Cumulative incidence of relapse stratified according to CMV reactivation. The unadjusted cumulative incidence of relapse in patients with AML (A) and ALL (B).

The landmark point was set at day 65.
(HR, 0.81; 95% CI, 0.66-0.99; P < .001) (Table 2 and Figure 3).
The interactions between G24GVHD and CMVR on relapse in
AML and ALL were not statistically significant (AML, P = .600; ALL,
P= .470) (Figure 3). These results were also confirmedwhenCMVR
and G24GVHD were treated as time-dependent covariates in 3947
and 2292 patients with AML and ALL, respectively (supplemental
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Figure 2. Cumulative incidence of relapse stratified according to CMV reactivation

patients with AML (A) and ALL (B). The landmark point was set at day 65.
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Table 2). In contrast, when the landmark point was set at day 100
or day 180, CMVR was associated with the risk of relapse neither in
AML (day 100: HR, 0.88; 95%CI, 0.74-1.05,P= .150; day 180: HR,
0.81; 95% CI, 0.65-1.01, P = .063) nor in ALL (day 100: HR, 0.88;
95% CI, 0.71-1.11, P = .290; day 180: HR, 0.96; 95% CI,
0.73-1.26, P= .760). This is because the landmark point on day 100
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and grades 2 to 4 acute GVHD. The unadjusted cumulative incidence of relapse in
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Table 2. Impact of CMV reactivation on outcomes in the multivariate

analyses

HR (95% CI) P value P value for interaction*

Relapse

AML .350

CMV reactivation(−) 1 Ref

CMV reactivation(+) 0.81 (0.69-0.95) .009

ALL

CMV reactivation(−) 1 Ref

CMV reactivation(+) 0.81 (0.66-0.99) .045

NRM

AML .073

CMV reactivation(−) 1 Ref

CMV reactivation(+) 1.28 (1.09-1.51) .002

ALL

CMV reactivation(−) 1 Ref

CMV reactivation(+) 1.47 (1.19-1.83) <.001

OS

AML .146

CMV reactivation(−) 1 Ref

CMV reactivation(+) 1.05 (0.93-1.17) .452

ALL

CMV reactivation(−) 1 Ref

CMV reactivation(+) 1.18 (1.00-1.38) .045

All models were adjusted for recipient’s age, sex mismatch, CMV serological status, DRI,
HCT-CI, donor source, GVHD prophylaxis, conditioning intensity, in vivo T-cell depletion, year
of HCT, and grades 2-4 acute GVHD by day 65. In ALL, a positivity of Ph-chrosomosome was
also included in the model.
Bold indicates statistical significance.
*P value for the interaction between primary disease (AML vs ALL) and CMV

reactivation.
or day 180 excluded patients who developed relapse early after
HCT, which resulted in an underestimation of the impact of CMVR
on relapse.

In the multivariate analyses, CMVR was associated with an
increased risk of NRM in patients with AML (HR, 1.28; 95% CI,
1.09-1.51; P = .002) and ALL (HR, 1.47; 95% CI, 1.19-1.83;
P < .001) (Table 2, Figure 3, and supplemental Figure 2). When
stratified according to the development of G24GVHD, CMVR was
associated with an increased risk of NRM in patients with AML and
ALL without G24GVHD, but not in patients with G24GVHD
(Figure 3 and supplemental Figure 3). Especially in ALL, we detected
a significant interaction between G24GVHD and CMVR (P = .035).

On the other hand, in the multivariate analyses, CMVR was related
to inferior OS in ALL (HR, 1.18; 95% CI, 1.00-1.38; P = .045), but
not in AML (HR, 1.05; 95% CI, 0.93-1.17; P = .452) (Table 2,
Figure 3, and supplemental Figure 4). When stratified according to
the development of G24GVHD, there was no significant difference
in the effect of CMVR on OS or interactions between G24GVHD
and CMVR (Figure 3 and supplemental Figure 5).

Subgroup analysis

To determine the effect of CMVR modification on outcomes based
on patient characteristics, we performed post-hoc analyses.
27 JUNE 2023 • VOLUME 7, NUMBER 12
Because of the similar effect of CMVR on relapse between AML
and ALL (interaction P value between primary diasease and CMVR
was 0.350), we combined patients with AML and ALL for subgroup
analyses. To minimize multiple comparisons, we selected 5 sub-
groups with more than 1000 cases, in which we previously showed
the potential effects of CMVR on NRM,14 in addition to DRI related
to the risk of relapse. We did not adjust the threshold of statistical
significance for multiple comparisons because of the exploratory
nature of subgroup analyses.

In the multivariate analyses of the 7 subgroups, HRs on relapse
varied within a limited range (0.68 to 0.83), and we did not observe
any significant interactions (Figure 4). In contrast, HRs on NRM
varied within a relatively wide range (from 1.16 to 1.81), and there
was a significant interaction between CMVR and donor source on
NRM (P = .027). The interaction between CMVR and recipient age
on OS was borderline significant (P = .056).
Discussion

The suppression of relapse induced by CMVR, especially in
patients with ALL is unclear due to the limited sample size of
patients with ALL compared with patients with AML in previous
studies.16,17 In this large retrospective study, we identified a sta-
tistically significant reduction of the risk of relapse with CMVR in
both AML and ALL, but the effect size was not large (HR was 0.81
in each group). In addition, there were no significant effect modi-
fications of CMVR on relapse depending on the development of
acute GVHD or baseline characteristics, in contrast to NRM.

Because management after CMV has changed dramatically
worldwide since the FDA approved letermovir,26,27,39,40 it is
important to understand the impact of CMVR on relapse when
using letermovir as CMV prophylaxis. Over the last decade, sig-
nificant progress has been made in research regarding the immune
control system during CMV exposure after HCT.41-43 Yeh et al.
recently suggested that expanded CD57+/CD27- CD4+ cells
during CMV exposure serve to eradicate CMV-infected antigen-
presenting cells.44 Because CMV also infects AML and ALL
malignant cells,25 these adopted immune cells induced by CMV
exposure might eliminate CMV-infected leukemic cells in both AML
and ALL. This hypothesis may also support the idea that delayed
CMV-specific T-cell reconstitution after the use of letermovir45

impairs the protective effect of CMVR on relapse. Another
possible mechanism of the antileukemic effect involves natural killer
cells after CMV exposure.46-49 Further investigations regarding the
mechanism of the antileukemia effect of CMVR are warranted.

Although acute GVHD is a major cause of morbidity and mortality
after HCT,50 acute GVHD itself contributes to a reduced risk of
relapse.35-38 The development of G24GVHD increases the sub-
sequent risk of CMVR, and the presence of CMVR also increases
the risk of G24GVHD.13,14 Therefore, we performed analyses
stratified according to the development of G24GVHD. There was
no significant effect modification of CMVR on relapse according to
the development of G24GVHD, suggesting that the different tar-
gets of the GVL effect (virus-derived antigen and alloantigen) by
CMVR and acute GVHD might induce independent antileukemia
effects. In contrast, a heterogeneous effect of CMVR on NRM was
observed according to the development of acute GVHD or base-
line characteristics, and our study suggests that these harmful
CMV REACTIVATION AND RISK OF RELAPSE IN ALL 2703
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Figure 3. Impact of CMV reactivation on outcomes according to development of acute GVHD in multivariate analyses. Forest plots show the adjusted HR of CMV

reactivation on relapse (A), nonrelapse mortality (B), and OS (C). All models were adjusted for recipient age, sex mismatch, CMV serological status, DRI, HCT-CI, donor source,

GVHD prophylaxis, conditioning intensity, in vivo T-cell depletion, year of HCT, and grades 2-4 acute GVHD (G24GVHD) on day 65. In ALL, positivity of Ph-chromosome was also

included in the model. Bold indicates statistical significance. *P value for the interaction between primary diseases (AML vs ALL) and CMV reactivation. **P value for the interaction

between G24GVHD and CMV reactivation.
effects surpass the benefit of the modest antileukemia effect in some
cases. Our findings emphasize the importance of considering the
balance between the risk of relapse and NRM due to CMVR, based on
the development of acute GVHD or baseline characteristics, when
making a clinical decision regarding the prophylactic use of letermovir.
For example, CMVR was associated with inferior OS in older patients
but not in younger patients, suggesting that the use of letermovir might
be more beneficial in older patients.
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In Japan, pp65 antigenemia monitoring is still used, as opposed to the
practice in most other countries. There was no significant difference in
the preventive effect of CMV disease between ganciclovir prophylaxis
and apre-emptive strategy using antigenemia7 or between antigenemia
and quantitative polymerase chain reaction (qPCR) monitoring.29

However, because the qPCR assay might show positive results
earlier than antigenemia due to the higher sensitivity to CMVR,8,51 the
timing of pre-emptive therapy might be different according to the
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Figure 4. Impact of CMV reactivation on outcomes according to subgroups in multivariate analyses. Forest plots show the adjusted HR of CMV reactivation on relapse

(A), nonrelapse mortality (B), and OS (C). Patients with AML and ALL were combined in all analyses. All models were adjusted for recipient age, sex mismatch, CMV serological

status, DRI, HCT-CI, donor source, GVHD prophylaxis, conditioning intensity, in vivo T-cell depletion, year of HCT, and grades 2-4 acute GVHD by day 65. In ALL, positivity of

Ph-chromosome was also included in the model. Bold indicates statistical significance. DRI, disease risk index; MRD, HLA matched related donors; MUD, HLA matched unrelated

donors; MMUD, HLA mismatched unrelated donors.
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detection technique used. Even in the qPCRassay, because there is no
established threshold for starting pre-emptive therapy,8,40 the timing of
pre-emptive therapy depends on physician or institutional preferences.
Chen et al previously suggested that a low level of CMVR promotes
CMV-specific T-cell reconstitution, which is inhibited by early pre-
emptive therapy.52 Therefore, the discrepancy in the timing of pre-
emptive therapy based on the detection assay and/or different cutoff
valuesmight affect the outcomes. Our findings need to be confirmed in
other large-scale studies using qPCR assays with a unified threshold
for treatment initiation.

This study has several limitations. First, minimal residual disease
(MRD) and/or molecular profiles of tumor cells were not available
for the majority of patients. Because the presence of MRD and
high-risk molecular features are highly related to the subsequent
risk of relapse,53-58 future studies that incorporate these predictive
factors for relapse instead of DRI are warranted. Second, we
performed post hoc analyses in only 7 subgroups because of the
limited sample size in each and to avoid multiple comparisons.
P values were not corrected for multiple comparisons in exploratory
analyses. Third, although the clearance speed of CMVR after pre-
emptive therapy might affect the risk of relapse as well as NRM,59

the kinetics of CMVR are not available in our database.

In summary, CMVR was associated with a decreased risk of
relapse in patients with ALL and AML. The effect of CMVR on
relapse was modest and did not differ depending on the devel-
opment of acute GVHD or baseline characteristics, in contrast to
the effect of CMVR on NRM. Our findings will serve as the basis for
future strategies to prevent CMVR.
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