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Abstract

Introduction

Pre-emptive therapy for cytomegalovirus (CMV) reactivation has been used in allogeneic

hematopoietic stem cell transplantation (allo-HSCT). It is unclear if this strategy has poorer

clinical outcomes in CMV-endemic areas and if more aggressive prophylaxis is required.

Methods

We retrospectively analyzed the patterns and survival after CMV reactivation in patients

undergoing pre-emptive therapy following allo-HSCT and assessed high-risk patients who

could benefit from aggressive CMV prophylaxis in endemic areas.

Results

Of the 292 patients who underwent allo-HSCT, 70.5% (donor+ or recipient+) were CMV

seropositive. CMV reactivation occurred in 139 patients (47.6%), with a median of 31.5 days

from day 0 of allo-HSCT. The overall survival of patients with CMV reactivation who received

pre-emptive therapy did not differ from those without reactivation. Of the 139 patients with

CMV reactivation, 78 (56.1%) underwent�2 rounds of pre-emptive therapy. In multivariate

analysis, the risk of CMV reactivation was higher in patients with multiple myeloma, with

CMV seropositivity of the recipient and donor, administered with a higher dose of anti-thy-

mocyte globulin (ATG), and with acute graft-versus-host disease (aGVHD)� grade 2.

Conclusion

Although half of the patients with allo-HSCT were administered with pre-emptive therapy for

CMV, CMV reactivation did not affect their survival, indicating the advantages of pre-
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emptive therapy, even in CMV-endemic areas. The cost-effectiveness of more aggressive

CMV prophylaxis should be re-evaluated in patients at a high risk for CMV reactivation.

Introduction

Cytomegalovirus (CMV) is endemic to the Republic of Korea. Endemic areas are generally

identified according to CMV seroprevalence, defined as the prevalence of anti-CMV immuno-

globulin G (IgG) antibodies in the serum within a given population. The estimated CMV sero-

prevalence in Koreans has been approximately 90% over the past two decades [1–3], which is a

relatively high number compared to that in other countries, including Germany (about 40%),

the United States (about 50%), and Japan (about 65%) [4–8]. Although not all CMV-seroposi-

tive recipients of allogeneic hematopoietic stem cell transplantation (allo-HSCT) experience

CMV reactivation, the risk is higher in CMV-seropositive recipients placed with grafts from

CMV-seronegative donors due to lack of donor-transferred CMV-specific immunity during

host reactivation of endogenous latent CMV. Moreover, CMV reactivation is associated with

high morbidity and mortality in recipients of allo-HSCT [9–12].

CMV primary prophylaxis is recommended in recipients of allo-HSCT at high risk of CMV

reactivation following allo-HSCT, with letermovir being considered in CMV-seropositive

recipients. In a phase 3 trial, letermovir prophylaxis gave rise to a significantly lower risk of

CMV infection compared to placebo in patients at high risk for CMV-related disease undergo-

ing allo-HSCT and who presented with CMV seropositivity [13]. The efficacy of letermovir

prophylaxis in preventing CMV reactivation is generally well-accepted in the real-world [14–

16]. Based on these data, letermovir should be considered a primary prophylaxis in most allo-

HSCT recipients in the Republic of Korea. However, there are insufficient data on whether the

conventional pre-emptive therapy for CMV has poor clinical outcomes in CMV-endemic

areas and whether this pre-emptive strategy should be changed to more aggressive prophylaxis

in all patients. Therefore, objective information is required to identify the advantages and dis-

advantages of the existing CMV preemptive therapy for confirming that letermovir should be

used in most asymptomatic high-risk patients in CMV endemic areas.

In this study, we retrospectively analyzed the patterns and survival of CMV reactivation in

patients undergoing pre-emptive therapy without using letermovir for CMV primary prophy-

laxis following HSCT and high-risk patients who could benefit from aggressive primary or sec-

ondary CMV prophylaxis in CMV-endemic area should be assessed.

Materials and methods

Patients

We retrospectively analyzed data from three tertiary hospitals affiliated with the Korea Univer-

sity Medical Center (Anam, Guro, and Ansan Hospitals) in the Korea University Transplant

Registry from November 2003 to July 2020. Patients who met all the following criteria were

included: (1) had undergone allo-HSCT; (2) were monitored for CMV reactivation using

CMV antigen or CMV polymerase chain reaction (PCR) for at least 6 months from the date of

allo-HSCT; (3) were treated with pre-emptive therapy for CMV reactivation. Patients who

used letermovir for CMV primary prophylaxis, whose first CMV reactivation occurred 6

months after allo-HSCT, and who received salvage treatment for disease recurrence before the

first CMV reactivation were excluded. All observable periods were checked to include
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recurrent CMV reactivation after the first CMV reactivation. Data were originally collected

between December 2020 and December 2021.

All procedures involving human participants were performed in accordance with the ethi-

cal standards of the institutional and national research committees and the 1964 Helsinki Dec-

laration and its later amendments or comparable ethical standards. The sex, age, and medical

information of each patient were obtained, but personal information was not collected. All

information was anonymized to ensure that individual participants could not be identified.

The study was approved by the Institutional Review Board (IRB) of the Korea University Med-

ical Center, and all data were fully anonymized (Anam Hospital: IRB No. 2020AN0444, Guro

Hospital: IRB No. 2020GR0505, and Ansan Hospital: IRB No. 2020AS0343). As this study was

conducted using anonymous patient data, the requirement for informed consent was waived

by the IRB.

Transplantation

The non-myeloablative conditioning regimen consisted of intravenous cyclophosphamide

(Cy) (50 mg/kg of body weight, from day -5 to day -2) or fludarabine (Flu) (30 mg/m2 of body

surface area (BSA), from day -7 to day -2), or Cy (300 mg/m2 of BSA, from day -6 to day -3)

and Flu (30 mg/m2 of BSA, from day -6 to day -3). The reduced-intensity conditioning regi-

men consisted of intravenous busulfan (Bu) (3.2 mg/kg of body weight, days -7 and -6) and

Flu (30 mg/m2 of BSA, from day -7 to day -2). The myeloablative conditioning regimen con-

sisted of intravenous Bu (3.2 mg/kg of body weight, from day -7 to day -4) and Flu (30 mg/m2

of BSA, from day -7 to day -2), or Bu (3.2 mg/kg of body weight, from day -7 to day -4) and Cy

(60 mg/kg of body weight, days -3 and -2), or total-body irradiation (3 Gy from days -7 to -4)

and Cy (60 mg/kg of body weight, days -3 and -2). Patients who underwent T cell depletion

were excluded from the study.

All patients received cyclosporine (3 mg/kg of body weight) or tacrolimus (0.03 mg/kg of

body weight) combined with methotrexate (15 mg/m2 of BSA on day 1 and 10 mg/m2 on days

3, 6, and 11) for graft-versus-host disease (GVHD) prophylaxis, and levofloxacin (500 mg,

once daily), acyclovir (400 mg, twice daily), micafungin (50 mg, once daily), and sulfamethoxa-

zole/trimethoprim (400/80 mg, twice daily) for infection prophylaxis. The use and dose of rab-

bit anti-thymocyte globulin (ATG) for the prevention of GVHD during conditioning were

determined at the discretion of the participating physicians according to the type of donor or

conditioning regimen.

CMV monitoring and pre-emptive therapy for CMV reactivation during

allo-HSCT

CMV monitoring was performed for all enrolled patients using CMV antigen (once or twice

weekly from 2003 to 2013) or CMV PCR (once or twice weekly from 2013 to 2020) for at least

6 months from the date of allo-HSCT. The presence of the CMV pp65 antigen was analyzed

using Clonab CMV1 pp65 (Bio-Rad, Germany), and CMV PCR was performed using an

Artus1 CMV QS-RGQ kit (Qiagen, Germany).

Patients with positive CMV antigenemia or a CMV PCR titer>1,000 copies/mL received

pre-emptive therapy for CMV by administration of continuous intravenous injection of ganci-

clovir (5 mg/kg of actual body weight every 12 h) until a negative test result for the CMV anti-

gen or a CMV PCR titer of<1,000 copies/mL was noted according to the treatment policy of

the Korea University Medical Center.
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Clinical endpoints

The primary endpoints were the patterns and survival of patients with CMV reactivation who

had undergone CMV monitoring and pre-emptive therapy for CMV infection during allo-

HSCT in a CMV-endemic area. The secondary endpoint was the investigation of high-risk

patients who could benefit from aggressive primary or secondary CMV prophylaxis. The fol-

lowing data were collected: age, sex, diagnosis, type of donor (matched, mismatched at one

allele, or haploidentical), hematopoietic cell transplantation-specific comorbidity index

(HCT-CI score) [17], CMV serostatus of the donor and recipient, type of conditioning regi-

men (non-myeloablative, reduced intensity, or myeloablative), ATG use and dose, type of

immunosuppressant (cyclosporine or tacrolimus), the occurrence of acute GVHD grade�2 or

chronic GVHD with more than moderate severity, and recurrence of the disease. The occur-

rence of acute GVHD grade�2 or chronic GVHD with more than moderate severity was dis-

tinguished using an operational definition. According to the general guidelines of GVHD and

treatment policy of the Korea University Medical Center, we had been treating patients with

acute GVHD grade�2 or chronic GVHD with more than moderate severity using systemic

steroid therapy with a dosage of at least 1 mg/kg of actual bodyweight or higher for at least 7

days [18–22]. Therefore, we classified patients with acute GVHD grade�2 or chronic GVHD

with more than moderate severity as those who received systemic steroid therapy with an

aforementioned dosage. Acute GVHD was classified as patients who met the aforementioned

criteria within 100 days from the transplantation date, while chronic GVHD was classified as

patients who met the aforementioned criteria after 100 days.

Statistical analysis

Median values and ranges were reported for continuous variables, and percentages were

reported for categorical values. Categorical values were analyzed using the chi-squared test.

Overall survival (OS) was defined as the time from day 0 of allo-HSCT to death from any

cause or censoring. Factors affecting OS or CMV reactivation were assessed using the Cox pro-

portional hazards model for univariate and multivariate analyses. OS was analyzed using the

following variables: age, sex, diagnosis, type of donor, HCT-CI score, type of conditioning reg-

imen, ATG use, type of immunosuppressant, CMV reactivation after allo-HSCT, the occur-

rence of acute GVHD grade�2 or chronic GVHD with more than moderate severity during

all observable periods, and recurrence of the disease. The risk of the first CMV reactivation

was analyzed using the following variables: age, sex, diagnosis, type of donor, HCT-CI score,

CMV serostatus of the donor and recipient, type of conditioning regimen, ATG use and dose,

type of immunosuppressant, the occurrence of acute GVHD grade�2, and the occurrence of

chronic GVHD with more than moderate severity within six months after the date of allo-

HSCT. IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA) was

used for data analysis. P<0.05 was considered statistically significant.

Results

Patient characteristics

A total of 292 patients who underwent allo-HSCT were analyzed (Table 1). The median age

was 46.5 years (range: 16.0–68.0 years), and the diagnoses were aplastic anemia (26 patients,

8.9%), acute myeloid leukemia/myelodysplastic syndrome (180 patients, 61.6%), acute lym-

phoblastic leukemia (64 patients, 21.9%), multiple myeloma (11 patients, 3.8%), and lym-

phoma (11 patients, 3.8%). CMV serostatus was confirmed in all patients in this study, with

CMV seropositivity of the recipient or donor at 70.5% (donor-recipient+: 21 patients, 7.2%;
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donor+recipient+: 60 patients, 20.5%; and donor+recipient-: 125 patients, 42.8%). ATG for

the prevention of GVHD during conditioning was administered to 68.5% of patients (200/292

patients). ATG doses were classified as<5,�5, <9, and�9 mg/kg according to the ATG dose

frequency of the enrolled patients in this study. The number of patients in each group was

Table 1. Baseline patient characteristics at the time of allogeneic hematopoietic stem cell transplantation.

Characteristic Total patients (n = 292)

Median age, years (range) 46.5 (16.0–68.0)

<50 years, n (%) 177 (60.6)

�50 years, n (%) 115 (39.4)

Sex

Male, n (%) 163 (55.8)

Female, n (%) 1294 (44.2)

Diagnosis

Aplastic anemia 26 (8.9)

Acute myeloid leukemia/myelodysplastic syndrome 180 (61.6)

Acute lymphoblastic leukemia 64 (21.9)

Multiple myeloma 11 (3.8)

Lymphoma 11 (3.8)

Donor type

Matched 222 (76.0)

Mismatched at one allele 13 (4.5)

Haploidentical 57 (19.5)

HCT-CI score, n (%)

0 111 (38.0)

1–2 128 (43.8)

�3 53 (18.2)

CMV serostatus, n (%)

Donor-Recipient- 86 (29.5)

Donor-Recipient+ 21 (7.2)

Donor+Recipient+ 60 (20.5)

Donor+Recipient- 125 (42.8)

Type of conditioning regimen, n (%)

Non-myeloablative 22 (7.5)

Reduced intensity 168 (57.5)

Myeloablative 102 (34.9)

Anti-thymocyte globulin use, n (%) 200 (68.5)

<5 mg/kg 84 (28.8)

�5 mg/kg and <9 mg/kg 77 (26.4)

�9 mg/kg 39 (13.4)

Immunosuppressant use, n (%)

Cyclosporin 202 (69.2)

Tacrolimus 90 (30.8)

Acute GVHD of grade�2, n (%) 99 (33.9)

Chronic GVHD of grade�moderate severity, n (%)* 60 (20.5)

Note: *Among them, 18 patients experienced chronic GVHD with more than moderate severity within 6 months

from the transplantation date.

HCT-CI, hematopoietic cell transplantation-specific comorbidity index; CMV, cytomegalovirus

https://doi.org/10.1371/journal.pone.0291268.t001
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28.8% (84/292 patients), 26.4% (77/292 patients), and 13.4% (39/292 patients). Among 292

patients, acute GVHD grade�2 was observed in 99 (33.9%) patients, while chronic GVHD

with more than moderate severity was identified in 60 (20.5%) patients.

Pattern and survival of CMV reactivation in patients undergoing CMV

monitoring and pre-emptive therapy during allo-HSCT

CMV reactivation occurred in 139 of 292 patients (47.6%), with a median of 31.5 days (range:

29.0–180.0 days) from the date of allo-HSCT to the first day of pre-emptive therapy for CMV

(Fig 1). There was no significant difference in the OS of patients with CMV reactivation com-

pared to that of patients without CMV reactivation (hazard ratio [HR]:0.978, 95% confidence

interval [CI]:0.694–1.378, p = 0.899) when the following factors were corrected: age, sex, diag-

nosis, type of donor, HCT-CI score, type of conditioning regimen, ATG use, type of immuno-

suppressant, CMV reactivation after allo-HSCT, occurrence of acute GVHD grade�2 or

chronic GVHD with more than moderate severity during all observable periods, and recur-

rence of the disease (Table 2). OS was independently associated with the occurrence of acute

GVHD of grade�2 (HR:1.875; 95% CI:1.310–2.684, p = 0.001) and disease recurrence

(HR:3.223, 95% CI:2.265–4.587, p<0.001). Of the patients with CMV reactivation, 43.9% (61/

139) died, and the causes of death were all forms of infection (28/61), disease progression (18/

Fig 1. Time to the start of pre-emptive therapy for CMV reactivation during allo-HSCT in patients positive for CMV antigen or with CMV PCR titers>1,000

copies/mL. Abbreviations: CMV, cytomegalovirus; allo-HSCT, allogeneic hematopoietic stem cell transplantation; PCR, polymerase chain reaction.

https://doi.org/10.1371/journal.pone.0291268.g001

PLOS ONE CMV prevention in stem cell transplant

PLOS ONE | https://doi.org/10.1371/journal.pone.0291268 September 13, 2023 6 / 13

https://doi.org/10.1371/journal.pone.0291268.g001
https://doi.org/10.1371/journal.pone.0291268


61), GVHD (12/61), and unknown (3/61). Three patients received pre-emptive therapy for

CMV reactivation within 1 week from the date of death. Of the patients without CMV reacti-

vation, 46.4% (71/153) died, and the causes of death were all forms of infection (38/71), disease

progression (23/71), GVHD (7/71), and unknown (3/71).

To monitor recurrent CMV reactivation after the first CMV reactivation, all observable

periods were checked. The median duration of the first pre-emptive therapy for CMV was 16

days (range: 1–73 days). Of the 139 patients with CMV reactivation, 78 (56.1%) underwent

two or more than two rounds of pre-emptive therapy for CMV. The median durations of the

second, third, fourth, and fifth or more rounds of pre-emptive therapy for CMV reactivation

were ten days (range: 1–44 days), 13 days (range: 1–74 days), ten days (range: 1–54 days), and

15 days (range: 1–44 days), respectively.

Patients at high risk for CMV reactivation

The risk of the first CMV reactivation was analyzed using the following variables: age, sex,

diagnosis, type of donor, HCT-CI score, CMV serostatus of the donor and recipient, type of

conditioning regimen, ATG use and dose, type of immunosuppressant, occurrence of acute

GVHD grade�2, and the occurrence of chronic GVHD with more than moderate severity

within six months after the date of allo-HSCT. In the multivariate analysis, the risk of the first

CMV reactivation was high in patients with multiple myeloma (HR:3.912, 95% CI:1.619–

9.450, p = 0.002), recipient and donor CMV seropositivity before allo-HSCT (HR:2.581, 95%

CI:1.590–4.191, p<0.001), acute GVHD grade�2 (HR:1.680, 95% CI:1.170–2.414, p = 0.005),

and use of ATG (Table 3). In the case of patients taking ATG, the risk increased with an

increase in the total dose of ATG (<5 mg/kg, HR:1.972, 95% CI:1.180–3.294, p = 0.010;�5

mg/kg and<9 mg/kg, HR:2.915, 95% CI:1.800–4.720, p<0.001; and�9 mg/kg, HR:6.460,

95% CI:3.766–11.081, p<0.001) compared to that in patients who did not receive ATG. Fig 2

presents the pattern of the first CMV reactivation according to ATG use and dose after cor-

recting for the abovementioned factors. Approximately half of the patients administered ATG

were treated with pre-emptive therapy for CMV (55.0%, 110/200 patients), and the proportion

of patients receiving pre-emptive therapy for CMV reactivation increased significantly with

the total dose of ATG (ATG dose <5 mg/kg, 39/86 [45.3%] patients, reference;�5 and<9

mg/kg, 44/77 [57.1%] patients, p = 0.089; and�9 mg/kg, 30/39 [76.9%] patients, p = 0.001).

Discussion

In this study, 47.6% of the patients showed CMV reactivation and were treated with pre-emp-

tive therapy during allo-HSCT. CMV reactivation and treatment with pre-emptive therapy did

not affect the survival of these patients. However, approximately half of these patients experi-

enced CMV reactivation more than twice, with a median treatment duration of 10–15 days.

Table 2. Univariate and multivariate analyses of variables associated with overall survival.

Variables Univariate analysis Multivariate analysis

HR (95% CI) p-value OR (95% CI) p-value

Acute GVHD of grade�2 versus the others 1.549 (1.089–2.202) 0.015 1.875 (1.310–2.687) 0.001

Disease recurrence 2.919 (2.063–4.131) <0.001 3.223 (2.265–4.587) <0.001

Note: Bold text indicates statistical significance.

CMV, cytomegalovirus; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; HR, hazard ratio; CI, confidence interval; GVHD, graft-versus-host

disease

https://doi.org/10.1371/journal.pone.0291268.t002
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The risk of CMV reactivation was higher in patients with multiple myeloma, CMV seropositiv-

ity of recipients and donors before allo-HSCT, acute GVHD grade�2, and the use and dose of

ATG.

Although the incidence of CMV reactivation can differ according to the situation at the

time of transplantation, region, and monitoring methods for CMV, reactivation has been

reported to develop in approximately 50% of cases (range: 10–70%) 4–8 weeks after allo-HSCT

[23–29]. In this study, 47.6% of patients showed CMV reactivation, most of which occurred

within 100 days (median: 31.5 days, range: 29.0–180.0 days). CMV is endemic in the Republic

of Korea; however, the incidence of CMV reactivation was comparable to previously reported

values. Additionally, CMV reactivation did not affect patient survival in this study, contrary to

previous reports that CMV is associated with increased non-recurrence mortality [24, 25]. In

the previous studies, the major CMV monitoring method was the detection of the CMV anti-

gen; however, in this study, more than half the patients were monitored using CMV PCR

(CMV antigen: 104/292 patients, 35.6%; CMV PCR: 188/292 patients, 64.4%). CMV reactiva-

tion can be detected earlier by CMV PCR than by monitoring the CMV antigen [30–32]. Stud-

ies performed with PCR-based CMV monitoring during allo-HSCT showed no effect of CMV

reactivation on survival [27, 30, 33]. These findings suggest that under proper prophylaxis,

CMV monitoring, and pre-emptive therapy for CMV reactivation, CMV reactivation may not

affect the survival of patients undergoing allo-HSCT, even in CMV-endemic areas.

However, approximately half of the patients in our study with CMV reactivation

experienced� 2 CMV reactivation events, with a median treatment duration of 10–15 days.

Previous studies have also reported repeated CMV reactivation in approximately 50% of cases

(range: 30–70%) [25, 34, 35]. Although CMV reactivation may not affect the survival of

Table 3. Univariate and multivariate analyses of variables associated with the first CMV reactivation.

Variables Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Diagnosis

Aplastic anemia 1 1

Acute myeloid leukemia/myelodysplastic syndrome 1.005 (0.560–1.805) 0.986 1.367 (0.755–2.477) 0.302

Acute lymphoblastic leukemia 1.129 (0.591–2.158) 0.714 1.512 (0.784–2.918) 0.217

Multiple myeloma 2.523 (1.078–5.909) 0.033 3.912 (1.619–9.450) 0.002

Lymphoma 0.731 (0.238–2.241) 0.583 1.090 (0.349–3.398) 0.882

CMV status

Donor-Recipient- 1 1

Donor-Recipient+ 1.215 (0.584–2.528) 0.602 1.235 (0.588–2.594) 0.577

Donor+Recipient+ 1.910 (1.199–3.043) 0.006 2.581 (1.590–4.191) <0.001

Donor+Recipient- 1.249 (0.822–1.897) 0.298 1.470 (0.961–2.249) 0.076

Anti-thymocyte globulin use

No use 1 1

<5 mg/kg 1.630 (0.999–2.658) 0.050 1.972 (1.180–3.294) 0.010

�5 mg/kg and <9 mg/kg 2.351 (1.470–3.761) <0.001 2.915 (1.800–4.720) <0.001

�9 mg/kg 4.487 (2.684–7.501) <0.001 6.460 (3.766–11.081) <0.001

Acute GVHD of grade�2 versus the others 1.386 (0.987–1.948) 0.060 1.680 (1.170–2.414) 0.005

Note: Bold text indicates statistical significance. *This event was counted only when it occurred within 6 months from the date of the allogeneic hematopoietic stem cell

transplant.

CMV, cytomegalovirus; HCT-CI, hematopoietic cell transplantation-specific comorbidity index; HR, hazard ratio; CI, confidence interval; GVHD, graft-versus-host

disease

https://doi.org/10.1371/journal.pone.0291268.t003
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patients undergoing allo-HSCT, it is reasonable to minimize it in consideration of hospital

stay, medical costs, and quality of life. In this study, the risk of CMV reactivation was associ-

ated with the diagnosis of multiple myeloma, CMV seropositivity of recipients and donors

before allo-HSCT, acute GVHD grade�2, and ATG use and dose. Well-known CMV reacti-

vation risk factors during allo-HSCT include CMV-positive recipient serostatus, acute GVHD

grade�2 and its duration, and unrelated or mismatched donors [27, 29, 36–38]. In addition,

the use of ATG [39], a higher titer of CMV-IgG in recipients before allo-HSCT [40], and the

titer of the human leukocyte antigen allele type [41] have also been associated with CMV reac-

tivation. ATG use or dose may increase CMV reactivation in patients with aplastic anemia and

renal transplantation [42–45]. More aggressive CMV prophylaxis, such as letermovir, should

be considered in patients with these risk factors, which present before allo-HSCT or may

occur during allo-HSCT.

This study had several limitations. First, this study retrospectively analyzed data from a

small number of patients. We aimed to present the pattern and effect of CMV reactivation on

clinical outcomes in CMV-endemic areas; however, the results of this study did not represent

the entire situation in CMV-endemic areas. In addition, although all patients in this study

underwent allo-HSCT, they had various diseases, including aplastic anemia, myelodysplastic

syndrome, leukemia, multiple myeloma, and lymphoma. Before allo-HSCT, each patient was

treated with different types and durations of chemotherapy or immunosuppressive therapies.

Therefore, this study alone cannot confirm the above conclusions, and additional studies are

required to accurately classify the risk of CMV reactivation in each patient group. Third, we

used operational definitions when defining the factors of acute or chronic GVHD that could

potentially influence the interpretation of clinical endpoints results. In clinical practice,

Fig 2. Time to the start of pre-emptive therapy for CMV reactivation during allo-HSCT according to the use and dose of ATG. Abbreviations: CMV,

cytomegalovirus; allo-HSCT, allogeneic hematopoietic stem cell transplantation; ATG, anti-thymocyte globulin.

https://doi.org/10.1371/journal.pone.0291268.g002
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GVHD diagnosis is not solely based on objective indicators. Therefore, the operational defini-

tion of patients who received systemic steroid therapy at a dosage of 1 mg/kg of actual body

weight or higher for a minimum of 7 days or more is not considered inappropriate. However,

patients with mild GVHD might have been included, and the possibility of misdiagnosis of

organ involvement as GVHD due to other causes, such as CMV infections, cannot be

completely ruled out. Although we controlled for each factor through multivariate analysis, the

results should be interpreted within the limitations of the retrospective study design. Neverthe-

less, it is meaningful that this study presented the real-world pattern and survival in patients

undergoing CMV monitoring and pre-emptive therapy for CMV reactivation during HSCT in

a CMV-endemic area and suggested that high-risk patients can benefit from more aggressive

CMV prophylaxis. This study presented real-world data that could serve as a basis for broaden-

ing the indication of primary prophylaxis for CMV reactivation and its use as secondary

prophylaxis.

Conclusion

Although half the patients with allo-HSCT were administered pre-emptive therapy for CMV,

CMV reactivation did not affect their survival, indicating the advantages of pre-emptive ther-

apy, even in CMV-endemic areas. These results show that aggressive CMV primary prophy-

laxis is not necessarily applicable to all patients, even in CMV-endemic areas. However, in

patients with multiple myeloma, in whom CMV seropositivity is observed in the recipient and

donor before allo-HSCT and those given a higher dose of ATG during conditioning, it may be

better to use aggressive CMV primary prophylaxis. In addition, patients who experience CMV

reactivation or acute GVHD requiring systemic steroid therapy during allo-HSCT should be

considered for aggressive secondary CMV prophylaxis. The cost-effectiveness of more aggres-

sive CMV prophylaxis should be re-evaluated in patients at high risk for CMV reactivation.
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economic impact of treated CMV infection in adult CMV-seropositive patients after allogeneic hemato-

poietic cell transplantation. J Med Virol. 2020; 92: 3665–73. https://doi.org/10.1002/jmv.25895 PMID:

32297984.

13. Marty FM, Ljungman P, Chemaly RF, Maertens J, Dadwal SS, Duarte RF, et al. Letermovir Prophylaxis

for Cytomegalovirus in Hematopoietic-Cell Transplantation. N Engl J Med. 2017; 377:2433–44. https://

doi.org/10.1056/NEJMoa1706640 PMID: 29211658.

14. Anderson A, Raja M, Vazquez N, Morris M, Komanduri K, Camargo J. Clinical "real-world" experience

with letermovir for prevention of cytomegalovirus infection in allogeneic hematopoietic cell transplant

recipients. Clin Transplant. 2020; 34:e13866. https://doi.org/10.1111/ctr.13866 PMID: 32242979.

15. Derigs P, Radujkovic A, Schubert M- L, Schnitzler P, Schöning T, Müller-Tidow C, et al. Letermovir pro-
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