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ABSTRACT

Introduction: In this single-center retrospective
cohort study, we investigated the efficacy of
letermovir in preventing Cytomegalovirus (CMV)
infection in patients with aplastic anemia (AA)
who have undergone allogeneic hematopoietic
stem cell transplantation (allo-HSCT).
Methods: Based on whether or not letermovir
was used for preventing CMV infection, the
patients were categorized into two groups:
letermovir and control groups. The overall sur-
vival (OS) rate and cumulative incidence of
CMV infection during the first 100 days after

allo-HSCT were evaluated. The study included
21 matched pairs of patients, identified through
propensity score matching analysis, to compare
CMV infection rates, treatment efficacy, and
regression.
Results: The incidence of CMV infection
within 100 days after transplantation was sig-
nificantly lower in the letermovir group than in
the control group (26.5 vs. 77.4%, respectively;
P\ 0.001), among a total of 87 patients who
underwent the transplant. In the matched
cohort of 21 patients with AA, the letermovir
group also showed a significantly reduced
cumulative incidence of CMV infection (14.3
vs. 90.5% in the control group; P\0.001).
Compared to the control group, patients with
CMV infection in the letermovir group had
lower CMV-DNA load and a shorter clearance
time. However, there was no significant differ-
ence in OS between both groups (P = 0.34).
Conclusions: Letermovir effectively prevents
CMV infection in allo-HSCT recipients with AA
and demonstrates a high safety profile.
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Key Summary Points

Why carry out this study?

Aplastic anemia (AA) patients undergoing
allogeneic hematopoietic stem cell
transplantation (allo-HSCT) are at high
risk for Cytomegalovirus (CMV) infection,
which can lead to severe complications
and affect the overall success of the
transplantation.

Effective prevention strategies for CMV
infection post-transplantation are crucial
to improve patient outcomes, but the
specific efficacy and safety of letermovir in
patients with AA have not been
extensively studied.

What was learned from the study?

The study demonstrated that letermovir
significantly reduced the incidence of
CMV infection within the first 100 days
after allo-HSCT in patients with AA.

Letermovir showed a high safety profile,
with most patients tolerating the
treatment well and experiencing a
reduction in CMV-DNA load and
infection clearance time.

INTRODUCTION

Aplastic anemia (AA) is a severe hematopoietic
disorder characterized by rapid onset and pro-
gression. Currently, the principal intervention
for AA is allogeneic hematopoietic stem cell
transplantation (allo-HSCT) [1]. Cytomegalovirus
(CMV) is among the most common oppor-
tunistic infections that occur in patients post-
HSCT. Early CMV reactivation can occur in 70%
of patients post-HSCT during the immuno-
compromised phase [2, 3]. Significantly, CMV
reactivation is associated with increased non-
relapse mortality [4]. Green et al. showed that
CMV-DNA load[500 IU/ml increased the risk

of death by 20-fold within 60 days of trans-
plantation [3].

The rapid advances in HSCT techniques in
recent decades have broadened the indication
of HSCT in AA recipients. The donor spectrum
has evolved from human leukocyte antigen
(HLA)-matched sibling donors (MSD) to include
HLA-haploidentical donors (HID) and HLA-
matched unrelated donors (MUD) [5]. The
transplant conditioning regimen usually con-
tains antithymocyte globulin (ATG) for AA,
which is unique to nonmalignant hematologi-
cal diseases. In addition, immunosuppressive
therapy with cyclosporine A is generally con-
tinued for more than 1 year following trans-
plantation to prevent graft rejection and graft-
versus-host disease (GVHD), which leads to
delayed immune activation and increases the
susceptibility to infection by various pathogens
[6, 7]. Compared to other hematological
malignancies, patients with AA undergoing
HSCT demonstrate a higher incidence of CMV
infection. The incidences of CMV infection
after AA MSD-HSCT, unrelated donor HSCT
(MUD-HSCT), and haploidentical-HSCT (HID-
HSCT) were 43.5–55.3%, 66.7–82.6%, and
51.7–80%, respectively [5, 8–10]. Preventing
CMV reactivation is crucial for improving
patient prognosis after allo-HSCT, given its high
morbidity and associated mortality, with most
CMV infections occurring within the first
100 days following allo-HSCT [11]. Therefore,
formulating effective CMV prevention and
treatment strategies is imperative. Currently,
although some drugs are effective in preventing
and treating CMV infection in patients with AA,
they have serious adverse effects, such as
myelosuppression, nephrotoxicity, and drug
resistance, which limits their clinical
application.

On November 8, 2017, the US Food and Drug
Administration approved letermovir for pre-
venting and treating CMV infection and for the
treatment of CMV-seropositive individuals in
adults undergoing allo-HSCT [12, 13]. In phase
III clinical trials, the rate of CMV infection and
the incidences of all-cause mortality in patients
who underwent transplantation treated with
letermovir as a prophylactic agent were low
compared to the placebo group, with a high
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safety profile [12]. However, most studies on
letermovir have not differentiated between
patients with hematological malignancies and
those with AA, who differ significantly in
treatment regimens and transplantation-related
complications. Currently, there are still limited
data on the use of letermovir for preventing
CMV infection after allo-HSCT in patients with
AA. Therefore, in this single-center retrospective
cohort study, we investigated the efficacy of
letermovir in preventing CMV infection among
patients with AA who have undergone allo-
HSCT and compared its effects with control
drugs.

METHODS

Patients

Patients with AA undergoing allo-HSCT at
Guangzhou First People’s Hospital from January
to December 2022 were included. The inclusion
criterion was patients who tested positive for
CMV antibodies before HSCT (R ?). Follow-up
data were collected from outpatient/inpatient
medical records and telephone interviews until
April 30, 2023. The exclusion criteria were as
follows: (1) patients who died within 30 days
post-HSCT and (2) patients who had active
CMV DNAemia at the time of letermovir initi-
ation. In this study, CMV-seropositive patients
with a CMV viral load of\500 copies/ml were
not classified as having a CMV infection. The
use of letermovir, informed by discussions on its
costs, potential side effects, and research find-
ings, was decided by patients and their families,
adhering to our practice of patient autonomy
and informed consent. This study was approved
by the Ethics Committee of Guangzhou First
People’s Hospital and conducted in accordance
with the principles of the Declaration of
Helsinki.

Transplant-Related Treatments

Appropriate conditioning regimens were selec-
ted based on factors such as the patient’s disease
course and donor source. The posttransplant

cyclophosphamide (PTCy) regimen included
cyclophosphamide (Cy), ATG, fludarabine (Flu),
with or without total body irradiation (TBI). The
PTCy ? Bu regimen involved Cy, ATG, Flu, and
busulfan (BU). PTCy and PTCy ? Bu regimens
were augmented with post-transplant
cyclophosphamide. For the BuCy/FCA regi-
mens, either BU plus CY plus ATG, or Flu plus
CY plus ATG were used. All patients were trea-
ted with glucocorticoids to prevent possible
seropathy from ATG therapy. In addition, the
patients were treated with short-course
methotrexate, cyclosporine, or tacrolimus to
prevent GVHD. Patients undergoing MUD-
HSCT and HID-HSCT were further supple-
mented with mycophenolate mofetil. The
combination of donor bone marrow and
peripheral blood stem cells (PBSCs) was used as
grafts for patients who underwent MSD-HSCT
and HID-HSCT, and donor PBSC was used for
those who underwent MUD-HSCT.

CMV Monitoring

We monitored for CMV infection after success-
ful neutrophil transplantation based on the
CMV-DNA load, which was determined using a
quantitative polymerase chain reaction on
plasma samples. The CMV-DNA load was
monitored 2–3 times per week at regular inter-
vals for 3 months, and then weekly for
6 months after allo-HSCT. Then, the number
and interval for testing the CMV-DNA load were
determined based on the physician’s judgment.
The lower limit of CMV-DNA load was 500
copies/ml. Furthermore, patients with CMV
infection underwent routine chest computed
tomography scans, pulmonary function tests,
and fundus examinations.
CD16 ? CD56 ? natural killing (NK) cells, T
cell subsets (CD3 ? , CD4 ? , CD8 ?), CD19 ?

B cells, and serum immunoglobulin concentra-
tions (IgM, IgG, IgA) were analyzed using flow
cytometry and scatter turbidimetry at first, sec-
ond, and third month after allo-HSCT.
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Table 1 Risk factors for CMV infection in HSCT within 100 days were analyzed by Cox regression

Variables CMV infection positive/
CMV infection negative,
N

Univariate COX regression Multivariate COX
regression

HR 95% CI P value HR 95% CI P value

Gender 0.749 0.142–3.959 0.734

Female 24/19

Male 26/18

Age at HSCT 0.494 0.244–0.997 0.049* 0.466 0.256–0.847 0.012

\ 30 34/15

C 30 16/22

AA subtype 0.623

NSAA 2/1

SAA 22/24 1.098 0.211–5.723 0.911

VSAA 12/26 0.733 0.130–4.129 0.725

Interval from diagnosis to
HSCT,

2.366 0.985–5.684 0.054*

\ 3 month 27/13

C 3 month 23/14

ECOG score pre-HSCT 0.600 0.234–1.541 0.288

0–1 35/28

2 9/13

3 2/0

Age of donor 1.112 0.584–2.119 0.746

\ 30 25/14

C 30 25/13

Donor-recipient sex match 0.861 0.415–1.786 0.688

Female–female 4/4

Female–male 20/14

Male–female 9/6

Male-male 17/13

Condition regimen 1.048 0.681–1.612 0.832

BuCy 8/9

FCA 6/4

PTCy 19/9

PTCy-Bu 17/15
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Definitions of CMV Infection and CMV
Disease

CMV infection was defined as any evidence of
CMV activation and CMV disease. Herein,
CMV-DNA load[500 copies/ml on two con-
secutive tests suggested CMV activation. CMV
disease was defined as the presence of CMV
infection with concurrent CMV-related impair-
ment of organ function, including end-organ
involvement, which typically manifests as

enteritis, pneumonia, retinitis, hepatitis, and
encephalitis according to the published recom-
mendations [14, 15].

Prevention and Treatment of CMV

For CMV prophylaxis, patients in the letermovir
group were administered 240 mg/day of leter-
movir tablets from the day of neutrophil
engraftment post-HSCT, with the dosage

Table 1 continued

Variables CMV infection positive/
CMV infection negative,
N

Univariate COX regression Multivariate COX
regression

HR 95% CI P value HR 95% CI P value

Donor type 1.243 0.770–2.008 0.373

MSD 16/15

MUD 8/11

HID 11/26

ABO match 1.018 0.495–2.091 0.962

Matched 24/15

Mismatched 26/22

CMV-status donor/
recipient

0.536 0.142–2.017 0.356

Positive/positive 46/36

Negative/positive 4/1

Letermovir prophylaxis 0.144 0.056–0.369 \ 0.001* 0.208 0.100–0.433 \0.001

Yes 9/25

No 41/12

Neutrophil engraftment

time (days), median

(range)

13 (9/17)/13 (10–17) 1.105 0.855–1.428 0.447

Platelet engraftment time

(days), median (range)

11 (6–63)/12 (8–22) 1.010 0.966–1.055 0.672

NSAA non-severe aplastic anemia, SAA severe aplastic anemia, VSAA very severe aplastic anemia, ATG anti-thymocytes
globulin, BuCy busulfan ? cyclophosphamide ? anti-human thymocyte immunoglobulin, FCA fludarabine ? cy-
clophosphamide ? anti-thymocyte globulin, Bu busulfan, PTCy fludarabine ? cyclophosphamide ? anti-thymocyte
globulin ? posttransplant cyclophosphamide ± TBI, PTCy-Bu fludarabine ? cyclophosphamide ? anti-thymocyte
globulin ? posttransplant cyclophosphamide ? busulfan, MSD matched sibling donor, MUD matched unrelated donor,
HID haploidentical
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Table 2 Comparison of patient characteristics in the letermovir and control groups

Characteristic Before matching After matching

Control
(N = 53)

Letermovir
(N = 34)

P Control
(N = 21)

Letermovir
(N = 21)

P

Gender, n (%) 1.000 1.000

Female 26 (49.1) 17 (50.0) 11 (52.4) 10 (47.6)

Male 27 (50.9) 17 (50.0) 10 (47.6) 11 (52.4)

Age at HSCT 0.369 0.842

Mean (SD) 29.3 (12.3) 26.8 (12.7) 28.2 (11.8) 29.0 (14.2)

Median (Min, Max) 28.0 (10.0,

60.0)

26.5 (5.0, 54.0) 29.0 (11.0,

59.0)

30.0 (5.00, 54.0)

AA, n (%) 0.966 0.582

NSAA 2 (3.8) 1 (2.9) 1 (4.8) 0 (0)

SAA 30 (56.6) 20 (58.8) 14 (66.7) 14 (66.7)

VSAA 21 (39.6) 13 (38.2) 6 (28.6) 7 (33.3)

Interval from diagnosis to
HSCT, n (%)

0.954 1.000

\ 3 month 25 (47.2) 15 (44.1) 7 (33.3) 7 (33.3)

C 3 month 28 (52.8) 19 (55.9) 14 (66.7) 14 (66.7)

ECOG score pre-HSCT, n (%) 0.081 1.000

0–1 34 (64.2) 29 (85.3) 18 (85.7) 19 (90.5)

2 17 (32.1) 5 (14.7) 3 (14.3) 2 (2.5)

3 2 (3.8) 0 (0)

Age of donor 0.994 0.208

Mean (SD) 32.0 (11.6) 32.0 (11.9) 31.1 (8.55) 35.4 (12.7)

Median (Min, Max) 32.0 (9.00,

57.0)

30.0 (13.0, 60.0) 32.0 (19.0,

57.0)

37.0 (13.0, 60.0)

Donor-recipient sex match, n (%) 0.998 0.805

Female–female 5 (9.4) 3 (8.8) 1 (4.8) 2 (9.5)

Female–male 21 (39.6) 13 (38.2) 10 (47.6) 8 (38.1)

Male–female 9 (17.0) 6 (17.6) 4 (19.0) 3 (14.3)

Male–male 18 (34.0) 12 (35.3) 6 (28.6) 8 (38.1)

Condition regimen, n (%) 0.323 0.635

BuCy 8 (15.1) 3 (8.8) 5 (23.8) 6 (28.6)

FCA 5 (9.4) 5 (14.7) 3 (14.3) 2 (9.5)

PTCy 17 (32.1) 11 (32.4) 4 (19.0) 7 (33.3)
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adjusted to 240 mg every other day for children.
This regimen continued until day ? 100 post-
transplantation, aiming to offer optimal pro-
tection against CMV infection during the early
post-transplant period. The control group only
received conventional preemptive treatment
after allo-HSCT. If CMV infection is detected in
a patient, prophylactic medication is discon-
tinued, and intravenous antiviral treatment is
initiated. Ganciclovir and foscarnet are admin-
istered intravenously as appropriate, with gan-
ciclovir being the preferred drug. If a patient
cannot tolerate ganciclovir due to low blood
cell counts, or if ganciclovir proves ineffective,
foscarnet is used instead. Ganciclovir was
administered at a dose of 5 mg/kg body weight
twice daily intravenously, and foscarnet was
administered at a dose of 80 mg/kg body weight
thrice daily. Simultaneously, CMV-DNA load
was measured 2–3 times weekly. If the results of
two continuous tests showed a CMV-DNA load
of\ 500 copies/ml, antiviral therapy was dis-
continued. In addition, patients were treated
based on the infection site; for instance,
patients with CMV retinitis were treated with

intravenous and vitreous cavity injections of
ganciclovir. CMV clearance was defined as
undetectable CMV-DNA in the blood or CMV-
DNA load below the lower limit of quantifica-
tion (500 copies/ml) in two consecutive tests
performed at an interval of several days.

Statistical Analyses

All statistical analyses were performed using
SPSS software (version 23.0, IBM Corp.,
Armonk, NY) and R software (version 3.6.1,
https://www.r-project.org/). Propensity score
matching (PSM) analysis was executed using the
MatchIt and Table 1 packages. The Man-
n–Whiney test and v2 test were respectively
used for continuous and categorical variables to
compare differences between groups. The last
follow-up date for all surviving patients was
April 30, 2023. The overall survival (OS) analy-
ses were performed using the Kaplan–Meier
method and log-rank tests. The primary end-
point was the number of patients with clinically
significant CMV infection. The cumulative
incidence of CMV infection was evaluated using

Table 2 continued

Characteristic Before matching After matching

Control
(N = 53)

Letermovir
(N = 34)

P Control
(N = 21)

Letermovir
(N = 21)

P

PTCy-Bu 23 (43.4) 9 (26.5) 9 (42.9) 6 (28.6)

Donor type, n (%) 0.140 0.572

MSD 16 (30.2) 15 (44.1) 10 (47.6) 8 (38.1)

MUD 10 (18.9) 9 (26.5) 7 (33.3) 6 (28.6)

HID 27 (50.9) 10 (29.4) 4 (19.0) 7 (33.3)

ABO match, n (%) 0.226 1.000

Matched 27 (50.9) 12 (35.3) 8 (38.1) 8 (38.1)

Mismatched 26 (49.1) 22 (64.7) 13 (61.9) 13 (61.9)

SD standard deviation, NSAA non-severe aplastic anemia, SAA severe aplastic anemia, VSAA very severe aplastic anemia,
ATG anti-thymocytes globulin, BuCy busulfan ? cyclophosphamide ? anti-human thymocyte immunoglobulin,
FCA fludarabine ? cyclophosphamide ? anti-thymocyte globulin, Bu busulfan, PTCy fludarabine ? cyclophos-
phamide ? anti-thymocyte globulin ? posttransplant cyclophosphamide ± TBI, PTCy-Bu fludarabine ? cyclophos-
phamide ? anti-thymocyte globulin ? posttransplant cyclophosphamide ? busulfan, MSD matched sibling donor, MUD
matched unrelated donor, HID haploidentical
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Gray’s test. Univariate and multivariate COX
regression analyses were performed to deter-
mine the risk factors of CMV infection. All fac-
tors with a significance of P\ 0.1 in the
univariate analysis were evaluated in the mul-
tivariate analysis. Factors were considered
independently predictive of outcomes when a
significant association was observed, and
P\ 0.05 was considered statistically significant.

RESULTS

Patient Characteristics and Survival

A total of 87 patients (44 male, 50.6%; 43
female, 49.4%) were included. All 87 patients
were CMV-seropositive, with 82 of their donors
being CMV-seropositive and five CMV-
seronegative. Of the total, 31 patients under-
went MSD-HSCT, 19 underwent MUD-HSCT,
and 37 underwent HID-HSCT. A total of 53
patients in the control group did not receive
letermovir for CMV infection prevention, as
compared to 34 patients in the letermovir
group. The information on a specific patient is
shown in Table 1. To reduce the effect of
potential confounding factors, PSM analysis was
performed for patients treated with either
letermovir or acyclovir tablets for preventing
CMV infection. The propensity score was cal-
culated based on the patient’s sex and age at
transplantation, diagnosis, pre-transplantation

Eastern Cooperative Oncology Group score,
donor’s age and sex, treatment regimen prior to
transplantation, donor source, and compatibil-
ity of donor-recipient blood groups. A total of
21 matched pairs of cases were included,
wherein all variables were balanced in both
groups after matching (P[0.05). The basic
characteristics of the patients with AA before
and after matching are shown in Table 2. Dur-
ing the observation period, among the 34
patients who received letermovir for CMV pro-
phylaxis, only one patient discontinued the
medication due to significant gastrointestinal
side effects, particularly diarrhea. The symp-
toms subsided after discontinuation of leter-
movir, and no other serious adverse reactions
were observed. Among the 87 patients, two
patients died during the follow-up period due to
severe pneumonia and sepsis. The median fol-
low-up duration was 267 days (range, 100–-
478 days). The OS rate was 97.7%, with no
significant difference in OS between the groups
(P = 0.34; Fig. 1).

CMV Infection and Risk Factors

Within the first 100 days after allo-HSCT,
among the 34 patients who received letermovir,
nine (26.5%) developed CMV infection, while
25 (73.5%) remained infection-free. In contrast,
41 (77.4%) of the 53 patients in the control
group developed CMV infection. The cumula-
tive incidence of CMV infection within
100 days after transplantation was significantly
different between both groups (P\ 0.0001;
Fig. 2), and the median duration for developing
CMV DNAemia was 38.5 days (range, 7–98 days)
post-transplant. In this study, multiple factors
such as sex and disease duration were analyzed
using Cox regression analysis to identify the risk
factors for CMV infection within 100 days after
allo-HSCT. The factors with P values\0.1 in
the Cox regression univariate analysis were
included in the multifactor analysis. According
to the analysis, letermovir and younger age at
HSCT (\30 years) were statistically significant
protective factors against CMV infection
occurring within 100 days after transplantation
(Table 1). In the matched group analysis (42

Fig. 1 Overall survival after allogeneic hematopoietic stem
cell transplantation before PSM
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patients), the letermovir group showed a sig-
nificantly lower incidence of CMV infection
(14.3 vs. 90.5% in the control group, P\ 0.001;
Fig. 3). No cases of CMV disease affecting organ
function were observed in the letermovir group.

The median maximum peak value of CMV-DNA
load was 1900 copies/ml (1070–2270 copies/ml)
for letermovir patients and 3060 copies/ml
(808–9910 copies/ml) for the control group
(P = 0.0165; Fig. 4), indicating a higher viral
load in the control group. Additionally, two
control-group patients developed CMV retinitis,
evidencing the severity of CMV infection in this
group.

Regression of CMV Infection

The mean duration from diagnosis to clearance
of CMV infection in the letermovir and control
groups was 11.7 and 18.6 days, respectively,
which was significantly different (P = 0.0219;
Fig. 5). Although three patients in the leter-
movir group were diagnosed with CMV infec-
tion, none experienced organ function
impairment or involvement until the end of the
follow-up. Conversely, two of 18 patients in the
control group with CMV DNAemia developed
CMV retinitis.

Fig. 3 Cumulative incidence of cytomegalovirus infection
after allogeneic hematopoietic stem cell transplantation in
the letermovir (n = 21) and control (n = 21) groups after
PSM

Fig. 4 The highest amount of CMV-DNA in both groups
after PSM

Fig. 2 Cumulative incidence of cytomegalovirus infection
after allogeneic hematopoietic stem cell transplantation in
the letermovir (n = 34) and control (n = 53) groups
before PSM
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Immune Function Reconstitution
within 100 days after allo-HSCT

One month after HSCT, no statistical differ-
ences were observed in the absolute number of
T cell subsets (CD3?, CD4?, CD8?), CD19?B

cells, CD16?CD56?NK cells, and serum
immunoglobulin concentrations (IgM, IgG,
IgA) levels between the letermovir and control
groups. Two months after transplantation,
there were higher CD3? and CD8? T lympho-
cytes in the control group, with statistical dif-
ferences between both groups. Three months
after transplantation, there were statistical dif-
ferences in CD19? B cells, CD16?CD56? NK
cells, and IgG in both groups, which were
higher in the control group. Overall, patients in
the control group had higher reconstitution of
immune function after transplantation than in
the letermovir group Fig. 6.

DISCUSSION

CMV belongs to the family of human her-
pesviruses (HHVs), and it is also known as HHV-
5. CMV remains latent in approximately
40–70% of children and 60–90% of adults [15].
CMV activation by the recipient or donor
source is observed in patients after allo-HSCT,
which causes direct and indirect virulence and
increases the risk of bacterial and fungal infec-
tions, thereby suppressing the immune system
[16].

Fig. 6 Immune function at 3 months after allo-HSCT in both groups after PSM

Fig. 5 Days to CMV clearance in both groups after PSM
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AA presents a severe and acute condition
where allo-HSCT stands as the primary treat-
ment. Prior to transplantation, patients with AA
are immunocompromised due to disease char-
acteristics, which increases their risk of devel-
oping various potential infections. Typically, a
nonmyeloablative conditioning regimen
involving immunosuppressive agents is
employed in AA transplantation. A prolonged
post-transplantation administration of
immunosuppressive drugs is compulsory to
prevent rejection and treat GVHD, leading to a
slower re-establishment of immune function
and a relatively higher rate of CMV infection
than in patients with hematologic malignancies
after transplantation [6, 7]. In our center, the
incidence of CMV infection in patients with AA
was 84.8% after 100 days of transplantation
before using letermovir as a prophylactic agent.
Furthermore, CMV infections are more prone in
substitute donor transplants than MSD-HSCT,
and the median time onset of CMV infection is
30 days after allo-HSCT. Consequently, our
center initiated CMV prophylaxis with leter-
movir from the day of neutrophil engraftment
following transplantation. As CMV activation
and CMV disease-related morbidity were found
to be associated with transplantation-related
mortality, preventing, detecting, and treating
CMV infection is crucial, especially during the
early stage after transplantation [3, 17]. This will
help reduce the indirect effects of potential
CMV, such as the increased risk of other
opportunistic infections, disease-free progres-
sion, and reduced mortality, thereby improving
the success of transplantation [2].

The choice of a treatment strategy to prevent
CMV infection primarily depends on factors
such as the status of CMV-DNA load in serum,
other transplantation-related risks, and the cost
of antiviral drugs. Some antiviral drugs have
serious adverse effects, such as myelosuppres-
sion, nephrotoxicity, and drug resistance, lim-
iting their clinical application. With the
advancement and increased use of substitute
donor transplant techniques in recent years,
there is an urgent need to design effective
strategies to prevent CMV infection. Regular
monitoring after transplantation facilitates
early detection of viral replication. Antiviral

therapy should be initiated when viral load
values exceed predetermined threshold values
to avoid symptomatic infections. Our trans-
plant center uses a mixed approach to reduce
drug costs. Patients in the letermovir group
were given aggressive prophylactic agents in the
early post-transplant phase when the risk of
infection was the highest. The decision to con-
tinue using letermovir was based on the
patient’s discretion and economic status.
Patients who discontinued letermovir were
given oral acyclovir tablets for prophylaxis.

Letermovir inhibits the CMV DNA terminase
complex, which is required for viral DNA pro-
cessing and packaging, and disrupts the assem-
bly of viral genes. It has no side effects, such as
myelosuppression and nephrotoxicity, which
are commonly observed with other antivirals.
This is particularly beneficial for patients with
AA, who often experience slow hematologic
recovery and immune reconstitution. Based on
the latest foreign guidelines and clinical expe-
rience, in 2020, the best approach to prevent
CMV infection after allo-HSCT was to use
letermovir as a specific antiviral prophylactic
agent. Currently, letermovir is approved
worldwide for preventing CMV seropositivity in
adults after allo-HSCT [6, 12]. Furthermore,
studies have shown that letermovir has a good
safety and efficacy profile in pediatric and ado-
lescent patients who underwent transplantation
[18–21]. In our study, 1 of 5 children or ado-
lescents aged\18 years in the letermovir group
developed CMV infection without progression
to CMV disease. No adverse drug reactions were
observed, and the tolerability and safety profile
of letermovir were comparable to other studies
and clinical trials [20, 21]. In our study, three
patients in the letermovir group developed
CMV infection with peak CMV-DNA values of
1900 copies/ml, 1070 copies/ml, and 2270
copies/ml, respectively, without progression to
CMV disease. The overall viral load of patients
in the letermovir group was lower after CMV
infection as compared to the control group, and
the time required for treatment was shorter.
Thirty-four patients were given letermovir to
prevent CMV infection until the end of follow-
up. Only one patient discontinued the drug due
to a significant gastrointestinal reaction
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(diarrhea); however, the symptom was resolved
after the drug was discontinued. Letermovir
demonstrated a good tolerability and safety
profile in clinical settings, in line with other
studies [12, 22–24]. Furthermore, previous
studies have reported a correlation between the
incidence of CMV infection and immune
function reconstruction following transplanta-
tion, with patients having low immune func-
tion being more susceptible to CMV infection
[25]. Patients with AA are immunocompro-
mised and have slow immune function recovery
due to the disease characteristics and often
require immunosuppressive drugs during and
after transplantation. These patients have a
higher incidence of CMV infection as compared
to those with other hematologic malignant
diseases. In this study, patients in the letermovir
group have lower immune function than the
control group within 100 days after allo-HSCT.
This may be because doctors are increasingly
advocating for the use of letermovir in
immunocompromised patients who are at a
high risk of developing infections in clinical
practice. The incidence of CMV infection was
significantly lower in the former group, indi-
cating a preventive effect of letermovir in
immunocompromised patients. There are some
studies, however, that have shown that pro-
phylaxis with letermovir is associated with a
reduction in CMV-specific immune reconstitu-
tion after transplantation [26]. However, the
overall mortality rate of patients in both groups
was not significantly different, which may be
attributed to the small sample size and short
follow-up duration. Using letermovir as a pri-
mary prophylaxis in patients with AA after allo-
HSCT significantly reduces CMV infection and
demonstrates a high safety profile. Therefore,
letermovir is currently used as a prophylactic for
patients with AA undergoing allo-HSCT in our
institution.

At present, primary prophylaxis with leter-
movir within 100 days after transplantation is
the standard protocol for CMV-seropositive
allo-HSCT recipients, as endorsed by the latest
CMV prophylaxis guidelines of The American
Society of Transplant and Cellular Therapy [27].
Letermovir discontinuation significantly
increased the cumulative incidences of CMV

infection within 200 days post-transplantation.
As this study utilized letermovir for a short
period, CMV infection occurring only within
100 days after transplantation was analyzed.
The incidence of CMV infection in patients
beyond the 100-day timeframe is still being
monitored. Therefore, the timing of drug dis-
continuation should be further explored.
Ongoing randomized clinical trials have exten-
ded the duration of prophylaxis in high-risk
patients to 200 days post-transplantation,
wherein the effects and benefits should be fur-
ther explored. In this study, we have not
explored the efficacy of letermovir therapy for
treating pre-existing CMV infection and resis-
tance to letermovir. A study has shown a low
success rate for treating patients with pre-exist-
ing CMV activation using letermovir [23].
Studies investigating the use of letermovir for
treating CMV infection after transplantation are
limited. Here, we treated a few patients with
letermovir, but they were excluded from this
study due to the small sample size and short
follow-up duration.

Although the patients’ overall tolerability to
letermovir was good, the possibility of other
adverse events exists due to the complex drug
interactions [6]. In our center, patients were not
prevented from letermovir for a long time, and
the follow-up duration was short. Therefore, the
long-term effects and cumulative incidences of
CMV infection must be monitored continu-
ously. In addition, the viral load of patients in
the letermovir group at the time of CMV
infection was lower compared to the control
group. The treatment duration of patients in the
letermovir group with intravenous antiviral
drugs was short. Treating CMV infection poses a
significant economic burden on patients.
Hence, further pharmacoeconomic analyses
comparing preventive strategies in transplant
populations are essential to determine the role
of letermovir in CMV management [24].

Our study has one limitation, which is its
small sample size. Therefore, future large sam-
ple-sized studies exploring the effect of leter-
movir in preventing CMV infection after HSCT
are warranted.
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CONCLUSIONS

CMV infection is a dangerous complication in
patients with AA undergoing allo-HSCT.
Researchers have attempted to balance the risk
of CMV infection and the toxicity of therapeu-
tic agents, considering the adverse effects and
resistance to previous nucleoside analogs.
Letermovir offers a new option for managing
CMV infection in patients post-HSCT due to its
unique mechanism of action. In addition, it has
demonstrated a high safety profile and effec-
tiveness in preventing and treating CMV infec-
tion in patients with AA post-transplantation,
especially in patients with slow reestablishment
of immune function.
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