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Background. In the letermovir primary prophylaxis (LET-PP) era, the epidemiology of human cytomegalovirus infection 
(HCMV-i) in allogeneic hematopoietic stem cell transplant (allo-HSCT) recipients has changed.

Methods. We prospectively evaluated incidence and risk factors for clinically significant (CS) HCMV-i at 180 days from 
transplant and 1-year overall survival in 1310 allo-HSCTs performed from January 2021 to March 2022 according to LET-PP use.

Results. The cumulative incidence of CS-HCMV-i at 100 and 180 days from transplant was 3.8% and 16%, respectively, in 
patients who received LET-PP, and 14% and 17% in patients who did not. Variables associated with increased risk of CS- 
HCMV-i in patients who received LET-PP included transplant from an HCMV-seronegative donor, transplant from a donor 
other than matched related, >20 days to engraftment, and acute graft-versus-host disease (GVHD). Transplant in HCMV- 
seropositive recipients was associated with increased risk of CS-HCMV-i in patients who did not receive LET-PP. One-year 
overall survival after transplant was 81.1%. Acute leukemia, disease not in remission at transplant, Eastern Cooperative 
Oncology Group performance status >1, >20 days to engraftment, acute GVHD, CS Epstein-Barr virus DNAemia, gram- 
negative bacteremia, and invasive fungal disease were associated with increased mortality in patients who received LET-PP. 
HCMV recipient seropositivity, Hematopoietic Cell Transplantation Comorbidity Index score ≥3, and gram-negative 
bacteremia were associated with increased mortality in patients who did not receive LET-PP.
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Conclusions. In patients who received LET-PP, recipient/donor serology no longer correlates with early CS-HCMV-i whereas 
it still predicts late CS-HCMV-i as well as risk of CS-HCMV-i in patients who did not receive LET-PP. Donor serology, CS-HCMV-i 
and HCMV disease no longer impact survival in allo-HSCT recipients who receive LET-PP.

Clinical Trials Registration. NCT04412811.
Keywords. allogeneic hematopoietic stem cell transplant; epidemiology; human cytomegalovirus; letermovir prophylaxis; 

survival.

Human cytomegalovirus infection (HCMV-i) is historically a 
major cause of morbidity and mortality in allogeneic hemato
poietic stem cell transplant (allo-HSCT) recipients [1–8]. 
With the availability of letermovir primary prophylaxis 
(LET-PP) in HCMV-seropositive recipients, the risk of 
HCMV-i and disease, particularly during the early (0–100 
days) posttransplant phase, has dramatically declined, but late 
HCMV-i after LET-PP discontinuation represents a challeng
ing phenomenon [1, 2, 9, 10]. Indeed, in the letermovir era 
with new transplant platforms, the risk factors of HCMV-i 
and disease need to be redefined, and variables impacting the 
overall survival of allo-HSCT patients need to be reconsidered.

This prospective observational study aimed to identify the 
current incidence and risk factors of HCMV-i and disease in 
the different allo-HSCT subpopulations in the letermovir era. 
Factors currently affecting overall survival at 1 year from trans
plant are also evaluated. These data provide the basis for pro
moting updated direct efforts in risk stratification and 
management of HCMV-i in the allo-HSCT population in the 
LET-PP era.

METHODS

Study Design

The study was sponsored by the Italian Stem Cell 
Transplantation Network (Gruppo Italiano Trapianto di 
Midollo Osseo [GITMO]) and the Italian Association of 
Clinical Microbiologists (Associazione Microbiologi Clinici 
Italiani [AMCLI]) and was named the CYTOALLO 
GITMO-AMCLI Survey. It was a prospective epidemiological 
study involving 42 of the 72 total GITMO Italian centers active 
for allogeneic transplant activity during the study period.

Patients

The study included patients receiving an allo-HSCT from 1 
January 2021 to 31 March 2022; patients were followed for 1 
year after allo-HSCT. Study start time could differ among cen
ters, but consecutive transplants were enrolled in each center. 
No transplant center mentioned patients who refused to be in
cluded in the study. The results of this study were reported ac
cording to the STROBE (Strengthening the Reporting of 
Observational Studies in Epidemiology) statement [11]. The 
study was approved by the ethical committee of each center 
and informed consent was obtained from the patients.

Data Collection

Variables included patients characteristics, diagnosis and phase 
of the underlying disease, prior HSCT, HCMV-i and diseases 
documented within the 3 months before transplant, prolonged 
neutropenia (polymorphonuclear leucocytes <500/μL cells for 
at least 7 days) during the month before transplant, HCMV se
rology of recipients and donors, Eastern Cooperative Oncology 
Group (ECOG) performance status at transplant, Hematopoietic 
Cell Transplantation Comorbidity Index (HCT-CI) score, stem 
cell donor, stem cell source, pretransplant conditioning regimen, 
use of T-cell depletion in vivo with antithymocyte globulin or 
ex vivo with cell manipulation, posttransplant cyclophospha
mide as prophylaxis of graft-versus-host disease (GVHD), an
tiviral prophylaxis, duration of preengraftment neutropenia, 
development of acute GVHD, HCMV DNAemia detection, 
clinically significant HCMV-i requiring antiviral therapy 
(CS-HCMV-i), HCMV end-organ diseases, antiviral treat
ments, Epstein-Barr virus (EBV) infections requiring preemp
tive therapy, microbiologically documented bacterial and 
fungal infections, survival at 12 months from transplant, and 
causes of death.

Definitions

HCMV-i and disease were defined according to international 
definitions of the Disease Definitions Working Group of the 
Cytomegalovirus Drug Development Forum [12]. In particular, 
HCMV-i was defined as detection of nucleic acid in blood 
(HCMV DNAemia) with values above the sensitivity limit of 
the local test. CS-HCMV-i was defined as HCMV-i or HCMV 
disease leading to antiviral treatment according to local practice.

Study Objectives

The first purpose of this study was to prospectively investigate 
the epidemiology and risk factors of CS-HCMV-i and diseases 
in adult and pediatric patients undergoing allo-HSCT during 
the first 6 months from transplant according to the different 
types of underlying disease, transplant variables, and antiviral 
prophylaxis. The secondary objective of the study was to assess 
the factors that may impact on the overall survival at 12 months 
from transplant.

Analyses

A separate analysis of CS-HCMV-i epidemiology and risk fac
tors and factors associated with 1-year survival was performed 
for patients who received LET-PP and those who did not. The 
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cumulative incidence of CS-HCMV DNAemia at 6 months 
posttransplant was calculated considering infection-free death 
as a competing risk, with only the first episodes of HCMV 
DNAemia included in the analysis. The cumulative incidence 
of late (>100 days) CS-HCMV DNAemia at 6 months post
transplant was calculated considering infection-free death 
and early CS-HCMV-i as competing risks. Cumulative inci
dence was assessed across various factors, including the under
lying disease type and status, stem cell donor and source, 
pretransplant conditioning, recipient and donor HCMV serol
ogy, history of HCMV infection before transplant, and occur
rence of acute GVHD. Multivariate analyses were conducted 
using Fine-Gray regression models for CS-HCMV-i and Cox 
proportional hazards regression models for 1-year posttrans
plant survival outcomes. In both models, all variables that 
reached statistical significance (P < .05) in the univariate anal
ysis were included.

Survival probabilities at 1-year posttransplant were estimat
ed using the Kaplan-Meier method, with log-rank tests applied 
for univariate comparisons. CS-HCMV-i, EBV DNAemia, 
acute GVHD, invasive fungal disease, gram-negative bacterie
mia, and use of HCMV-specific immunoglobulins in prophy
laxis were included as time-dependent covariates in the 
regression models to assess their impact only during the 
period following the onset. All statistical analyses were per
formed using R version 4.3.2 software. The CYTOALLO 
GITMO-AMCLI Survey is registered with ClinicalTrials.gov
(NCT04412811).

RESULTS

Patient Characteristics

Overall, 1310 allo-HSCTs from 42 centers were prospectively 
included in the study. Demographic and patient characteristics 
at transplant are shown in Table 1. Fourteen centers enrolled 
164 patients aged ≤18 years. Most of the patients were affected 
by acute leukemia (59.2%); 51.6% of transplants were from a 
human leukocyte antigen–matched related or unrelated donor 
while the remaining 48.4% of transplants were from haploi
dentical or mismatched related or unrelated donors. Overall, 
879 (67.1%) HCMV-seropositive patients received LET-PP.

Data on the incidence of early CS-HCMV-i (documented 
during the first 100 days from transplant), late CS-HCMV-i 
(documented after day 100 and until day 180 from transplant), 
end-organ HCMV diseases, and overall survival at 1 year from 
transplant according to the intake of LET-PP are also summa
rized in Table 1.

HCMV Infections and Diseases in Patients Who Received Letermovir 
Prophylaxis

HCMV DNAemia was documented in 284 of 879 (32.3%) 
allo-HSCT recipients who received letermovir prophylaxis 

(first documentation within 100 days from transplant in 85 of 
879 [9.7%] patients and after day 100 from transplant in 199 
of 827 [24.1%] evaluable patients).

CS-HCMV-i occurred in 144 of 879 (16.4%) transplants. The 
cumulative incidence of CS-HCMV-i at 100 days and 180 days 
from transplant was 3.8% (95% confidence interval [CI], 2.6%– 
5.2%) and 16% (95% CI, 14%–19%), respectively (Figure 1A).

Overall, HCMV end-organ disease was documented in 7 pa
tients who received LET-PP at 20, 126, 127, 135, 138, 152, and 
162 days from transplant, respectively. They were HCMV 
pneumonia in 5 cases and gastrointestinal disease in 2 cases. 
In only 1 case, the end-organ HCMV disease was a break
through infection documented during LET-PP whereas in the 
remaining 6 cases the disease occurred after LET-PP 
discontinuation.

HCMV Infections and Diseases in Patients Who Did Not Receive 
Letermovir Prophylaxis

HCMV DNAemia was documented in 100 of 431 (23.2%) 
allo-HSCT recipients who did not receive LET-PP (first docu
mentation within 100 days from transplant in 79 of 431 [18.3%] 
patients and after day 100 from transplant in 21 of 393 [5.3%] 
evaluable patients). The cumulative incidence of CS-HCMV-i 
at 100 days and 180 days from transplant was 14% (95% CI, 
11%–17%) and 17% (95% CI, 13%–20%), respectively 
(Figure 1B).

Overall, HCMV end-organ disease was documented in 3 pa
tients who did not receive LET-PP at 29, 47, and 123 days from 
transplant, respectively. They were HCMV pneumonia in 2 cas
es and gastrointestinal disease in 1 case.

Risk Factors for CS-HCMV-i in Patients Who Received Letermovir 
Prophylaxis

The risk of CS-HCMV-i occurring during the first 180 days 
from transplant according to demographic, underlying disease, 
and transplant variables are detailed in Table 2. By multivariate 
analysis, variables associated with increased risk of CS-HCMV-i 
were a previous allo-HSCT (hazard ratio [HR], 2.53 [95% CI, 
1.31–4.88]; P = .006), a transplant from an HCMV-seronegative 
donor (HR, 1.63 [95% CI, 1.16–2.29]; P = .005), a transplant 
from mismatched related donor (HR, 3.39 [95% CI, 1.29– 
8.92]; P = .013) and from a haploidentical donor (HR, 2.48 
[95% CI, 1.36–4.52]; P = .003), and >20 days’ duration to obtain 
engraftment (HR, 1.55 [95% CI, 1.11–2.16]; P = .010). Figure 2
shows the cumulative incidence of CS-HCMV-i at 6 months 
from transplant in patients receiving LET-PP according to the 
HCMV serology of the donor.

The risk factors of late CS-HCMV-i occurring from 100 to 
180 days from transplant after LET-PP discontinuation were 
also specifically evaluated (Table 3). By multivariate analysis, 
variables associated with increased risk of late CS-HCMV-i 
were a transplant from an HCMV-seronegative donor (HR, 
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Table 1. Patients and Transplant Characteristics

Characteristic
Total Patients  

(n = 1310)

Letermovir 
Prophylaxis 
(n = 879)

No Letermovir 
Prophylaxis 
(n = 431)

Age, y, median (range) 52 (1–77) 55 (3–77) 37 (1–74)

Pediatric patients (age ≤18 y) 164 (12.5) 13 (1.5) 151 (35)

Male sex 784 (59.8) 513 (58.4) 271 (62.9)

Underlying disease

Acute myeloid leukemia 557 (42.5) 404 (46.0) 153 (35.5)

Acute lymphoid leukemia 208 (15.9) 107 (12.2) 101 (23.4)

Other acute leukemias 11 (0.8) 11 (1.2) 0

Myelodysplastic syndromes 136 (10.4) 98 (11.1) 38 (8.8)

Chronic myeloproliferative 121 (9.2) 103 (11.7) 18 (4.2)

Lymphoma 143 (10.9) 104 (11.8) 39 (9.0)

Chronic lymphoid leukemia 29 (2.2) 20 (2.3) 9 (2.1)

Multiple myeloma, plasma cell leukemia, amyloidosis 16 (1.2) 10 (1.1) 6 (1.4)

Aplastic anemia 39 (3.0) 17 (1.9) 22 (5.1)

Other diseases 50 (3.8) 5 (0.6) 45 (10.4)

Phase of the underlying disease at transplant

Malignancies in complete remission 884 (67.5) 592 (67) 292 (68)

Malignancies not in complete remission/active 246 (18.8) 183 (21) 63 (15)

Nonmalignant stable/chronic diseases 180 (13.7) 104 (12) 76 (18)

Previous HSCT

Autologous alone 94 (7.2) 71 (8.1) 23 (5.3)

Allogeneic alone 49 (3.7) 26 (3.0) 23 (5.3)

Autologous and allogeneic 3 (0.1) 3 (0.3) 0

CS-HCMV infection/disease in the 6 mo before transplant 18 (1.4) 14 (1.6) 4 (0.9)

Prolonged neutropenia (PMN <500/μL for at least 7 d) during the month before 
transplant

205 (15.6) 136 (15.5) 69 (16.0)

HLA matching and donor type

Matched related 282 (21.4) 171 (19.4) 111 (25.5)

Mismatched related 52 (4.0) 27 (3.0) 25 (5.8)

Haploidentical related 337 (25.7) 237 (27.0) 100 (23.2)

Matched unrelated 402 (30.2) 271 (30.8) 131 (30.4)

Mismatched unrelated 237 (18.1) 173 (19.7) 64 (14.9)

Stem cell source

Bone marrow 195 (42.6) 68 (7.7) 127 (29.5)

Peripheral blood 1097 (54.7) 800 (91.0) 297 (68.8)

Cord blood 18 (2.7) 11 (1.2) 7 (1.6)

Conditioning regimen

Myeloablative 851 (65.0) 529 (60.2) 322 (74.7)

Reduced intensity 318 (24.3) 244 (27.8) 74 (17.2)

Nonmyeloablative 141 (10.8) 106 (12.1) 35 (8.1)

T-cell depletion

No 736 (56.2) 525 (59.7) 211 (49.0)

Yes, in vivo (antithymocyte globulin or alemtuzumab) 513 (39.2) 327 (37.2) 186 (43.1)

Yes, ex vivo (graft manipulation) 61 (4.7) 27 (30.7) 34 (7.9)

Posttransplant cyclophosphamide for GVHD prophylaxis

No 785 (60.0) 484 (55.1) 301 (69.8)

Yes 525 (40.9) 395 (44.9) 130 (30.2)

CMV serology

R–/D– 105 (8.6) 0 105 (24.4)

R–/D+ 96 (8.9) 0 96 (22.3)

R+/D– 377 (28.2) 314 (35.7) 63 (14.6)

R+/D+ 732 (54.3) 565 (64.3) 167 (38.7)

ECOG performance status at transplant

Grade 0–1 1248 (95.3) 843 (95.9) 405 (94.0)

Grade 2–4 62 (4.7) 36 (41.0) 26 (6.0)
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2.30 [95% CI, 1.55–3.40]; P < .001), a transplant from a haploi
dentical donor (HR, 3.51 [95% CI, 1.70–7.25]; P < .001), T-cell 
depletion (HR, 1.86 [95% CI, 1.19–2.91]; P = .006), >20 days’ 
duration to obtain engraftment (HR, 1.51 [95% CI, 1.02– 
2.22]; P = .038), grade II–IV acute GVHD (HR, 1.65 [95% CI, 
1.08–2.51]; P = .021), a clinically significant EBV DNAemia 
(HR, 1.59 [95% CI, 1.02–2.47]; P = .041), and an invasive fungal 
disease (HR, 2.02 [95% CI, 1.05–3.89]; P = .036).

Risk Factors for CS-HCMV-i in Patients Who Did Not Receive Letermovir 
Prophylaxis

The risk of CS-HCMV-i in patients who did not receive 
LET-PP according to demographic, underlying disease, and 
transplant variables are detailed in Table 4. By multivariate 
analysis, variables associated with increased risk of 
CS-HCMV-i were age <18 years (age >18 vs <18 years: HR, 
0.29 [95% CI, .16–.55]; P < .001) and the recipient-positive 
serostatus (R+/D− vs R−/D−: HR, 30.2 [95% CI, 3.99–228], 
P < .001; R+/D+ vs R−/D−: HR, 23.8 [95% CI, 3.25–174], 
P = .002) (Figure 3). Considering the 151 pediatric patients 
aged ≤18 years who did not receive LET-PP, the incidence of 
CS-HCMV-i did not differ comparing patients with oncologic 
and nononcologic diseases as CS-HCMV-i occurred in 28 of 91 
(30.8%) and in 19 of 60 (31.7%) patients, respectively.

Survival

One-year posttransplant mortality was 18.9% (247 patients). 
Death was related to hematological disease relapse in 89 
(36%) cases and to a transplant complication in 158 (64%) cas
es. In 52 patients (21%) the primary cause of death was an in
fection, and in only 1 case due to an HCMV pulmonary disease.

The overall survival at 12 months after transplant was 81.1% 
(95% CI, 79.0%–83.2%). It was 80.9% and 81.4% in patients 
who received LET-PP and in those who did not, respectively.

Variables involved with the overall survival at 1 year from 
transplant were separately evaluated according to LET-PP intake 
(Table 5). In patients who received LET-PP, a diagnosis of acute 
leukemia, a disease not in complete remission at the time of 
HSCT, an ECOG performance status >1, prolonged (>20 
days) preengraftment neutropenia, grade II–IV acute GVHD, 
clinically significant EBV DNAemia, gram-negative bacteremia, 
and invasive fungal disease were factors independently associat
ed with increased mortality rate. Use of HCMV-specific immu
noglobulins administered in prophylaxis was associated with a 
significantly reduced mortality rate. Conversely, recipient/donor 
HCMV serology and CS-HCMV-i did not correlate with the pa
tient outcome at 12 months from transplant.

In patients who did not receive LET-PP, recipient HCMV se
ropositivity, high HCT-CI score at transplant, cord blood 
transplant, and gram-negative bacteremia were factors associ
ated with an increased mortality rate.

Out of 7 patients who received LET-PP and developed an 
HCMV end-organ disease, 2 died at 233 days from transplant 
due to the viral pulmonary infection and at 129 days due to leu
kemia relapse with concomitant HCMV pulmonary infection, 
respectively. All 3 patients who did not receive LET-PP and de
veloped an HCMV end-organ disease survived at 1 year from 
transplant.

DISCUSSION

In the pre-letermovir era, allo-HSCT recipients with positive 
HCMV serology were at high risk for early CS-HCMV-i result
ing in increased nonrelapse mortality and decreased disease- 
free survival, with the most unfavorable condition being a 
transplant from an HCMV-seronegative donor to a seroposi
tive recipient [6–8,13,14] In view of the above, the recipient se
rostatus has been considered a major criterion for donor 
selection: The choice of an HCMV-seronegative donor for an 

Table 1. Continued

Characteristic
Total Patients  

(n = 1310)

Letermovir 
Prophylaxis 
(n = 879)

No Letermovir 
Prophylaxis 
(n = 431)

HCT-CI score

0, low risk 582 (44.4) 318 (36.2) 264 (61.2)

1–2, intermediate risk 409 (31.2) 314 (35.7) 95 (22.0)

≥3, high risk 319 (24.4) 247 (28.1) 72 (16.7)

HCMV-specific immunoglobulins in prophylaxis 62 (4.7) 38 (4.3) 24 (5.6)

Early CS-HCMV, first infection, No. of cases/evaluable patients (%) 93/1310 (7.1) 33/879 (3.7) 60/431 (13.9)

Late CS-HCMV, first infection, No. of cases/evaluable patients (%) 122 /1129 (10.8) 111/796 (13.9) 11/333 (3.3)

HCMV end-organ disease 10/1310 (0.8) 7 (0.8) 3 (0.7)

Overall survival at 1 y from transplant 1063/1310 
(81.1)

712/979 (81.0) 351/431 (81.4)

Data are presented as No. (%) unless otherwise indicated.

Abbreviations: CMV, cytomegalovirus; CS, clinically significant; D+, donor seropositive; D–, donor seronegative; ECOG, Eastern Cooperative Oncology Group; GVHD, graft-versus-host 
disease; HCMV, human cytomegalovirus; HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index; HLA, human leukocyte antigen; HSCT, hematopoietic stem cell transplant; PMN, 
polymorphonuclear leucocytes; R+, recipient seropositive; R–, recipient seronegative.
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HCMV-seronegative recipient, and of an HCMV-seropositive 
donor for an HCMV-seropositive recipient, has been recom
mended, if possible, particularly in the setting of unrelated 
allo-HSCT prepared with myeloablative conditioning [1, 2].

With the advent of LET-PP, the epidemiology and clinical im
pact of CS-HCMV-i and diseases have significantly changed in 
the population of HCMV-seropositive recipients. A large phase 
3 randomized, placebo-controlled trial and several real-world 

A

B

Figure 1. A, The cumulative incidence of clinically significant human cytomegalovirus (CS-HCMV) infections at 100 d and 180 d in allogeneic hematopoietic stem cell 
transplant (allo-HSCT) recipients who received letermovir primary prophylaxis (LET-PP) was 3.8% and 16%, respectively. The low rate of infections during the prophylaxis 
period was balanced by a rebound of infections in the late posttransplant phase, when prophylaxis was discontinued. B, The cumulative incidence of CS-HCMV infections at 
100 d and 180 d in allo-HSCT recipients who did not receive LET-PP was 14% and 17%, respectively, with infections occurring mainly in the early period after transplant. 
Abbreviations: CI, confidence interval; CS-HCMV, clinically significant human cytomegalovirus; Cum Inc., cumulative incidence.
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observational studies demonstrated that LET-PP administered 
during the first 100 days after transplantation in HCMV- 
seropositive patients is highly effective in reducing the likelihood 
of early CS-HCMV-i by day +100 and HCMV disease by day 

+200, and significant lower odds of all-cause and nonrelapse 
mortality beyond day 200 after allo-HSCT [9, 10]. Indeed, 
LET-PP in HCMV-seropositive patients is now considered the 
standard of care in the first 100 days after transplantation [1, 2, 15].

Table 2. Risk Factors of Clinically Significant Human Cytomegalovirus (CS-HCMV) Infection in 879 Patients Who Received Prophylaxis With Letermovir 
According to the Demographic, Underlying Disease, and Transplant Variables (the First CS-HCMV Infection Episode Was Considered)

Characteristic Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Sex Female 1.00 …

Male 1.12 (.80–1.57) .50 …

Age (increased by 10 y) 1.00 (.99–1.01) .86 …

Underlying hematologic disease Diseases other than acute leukemia 1.00 …

Acute leukemia 1.31 (.93–1.84) .13 …

Phase of the underlying disease at transplant Complete remission 1.00 …

Chronic phase 1.15 (.71–1.86) .57 …

No complete remission 0.86 (.55–1.33) .49 …

Previous HSCT No 1.00 …

Previous autologous HSCT 0.58 (.27–1.25) .16 .62 (.29–1.32) .2

Previous allogeneic HSCT 2.51 (1.33–4.78) .005 2.53 (1.31–4.88) .006

CS-HCMV infection in the 3 mo before transplant No 1.00 …

Yes 2.12 (.78–5.72) .14 …

Recipient/donor HCMV serology Positive/positive 1.00 …

Positive/negative 1.75 (1.26–2.42) <.001 1.63 (1.16–2.29) .005

ECOG performance status at transplant 0–1 1.00 …

>1 1.25 (.55–2.83) .59 …

HCT-CI score at transplant 0 1.00 …

1–2 1.03 (.70–1.52) .89 …

≥3 1.13 (.75–1.70) .56 …

Stem cell source Peripheral blood 1.00 …

Bone marrow 1.02 (.56–1.84) .95 …

Cord blood 1.93 (.62–6.07) .26 …

Donor type Matched related 1.00 …

Mismatched related 3.33 (1.28–8.67) .014 3.39 (1.29–8.92) .013

Haploidentical 2.69 (1.48–4.89) .001 2.48 (1.36–4.52) .003

Matched unrelated 2.41 (1.33–4.35) .004 1.82 (.99–3.34) .052

Mismatched unrelated 1.99 (1.03–3.79) .040 1.53 (.79–2.96) .2

Conditioning regimen Myeloablative 1.00 …

Nonmyeloablative/reduced intensity 0.98 (.70–1.37) .90 …

T-cell depletion No 1.00 …

Yes 1.34 (.96–1.86) .082 …

Use of posttransplant cyclophosphamide as GVHD prophylaxis No 1.00 …

Yes 1.25 (.90–1.75) .19 …

Days to engraftment ≤20 d 1.00 …

>20 d 1.63 (1.17–2.26) .004 1.55 (1.11–2.16) .010

Prophylaxis with CMV-specific immunoglobulinsa No 1.00 …

Yes 1.05 (.49–2.24) .91 …

Acute GVHDa Grade 0–I 1.00 …

Grade II–IV 1.78 (1.21–2.62) .004 1.64 (1.10–2.43) .014

EBV DNAemiaa Negative or <1000 copies/mL 1.00 …

≥1000 copies/mL 1.85 (1.24–2.77) .003 1.90 (1.25–2.88) .002

Gram-negative bacteremiaa No 1.00 …

Yes 1.26 (.82–1.94) .30 …

Invasive fungal diseasea No 1.00 …

Yes 2.24 (1.24–4.05) .007 1.98 (1.09–3.61) .025

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; CS, clinically significant; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; GVHD, graft-versus-host disease; 
HCMV, human cytomegalovirus; HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index; HR, hazard ratio; HSCT, hematopoietic stem cell transplant.
aIncluded as time-dependent covariates in the regression model to assess their impact only during the period following the onset.
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The CYTOALLO GITMO-AMCLI Survey is the largest pro
spective study conducted to date on the epidemiology of 
HCMV-i and disease. It provides a comprehensive and 
up-to-date description of HCMV reactivation and disease find
ings in a heterogeneous allo-HSCT population in the current 
LET-PP era. A valuable characteristic of this study, which in
cluded about 60% of allo-HSCTs performed in Italy in the study 
period, was the inclusion of complete denominator data pro
spectively collected for consecutive patients who received 
transplant at each center.

A limitation in the interpretation of the data in this study 
could be represented by the variability in the virological tech
niques (ie, blood vs plasma as matrix used), in the interpreta
tion of the HCMV DNAemia results (HCMV DNAemia 
threshold for the start of preemptive therapy, interpretation 
of the so called “blips” during LET-PP), and in the indication 
for the use and timing of LET-PP in the different transplant 
centers. However, considering that such variabilities are ex
pected in a real scenario, that most centers reported adminis
tering LET-PP usually from the first week and up to day 100 
from transplantation (or until CS-HCMV-i), and that different 
virological techniques are substantially comparable in detecting 
HCMV infection, we do not believe that these possible variabil
ities could have significantly influenced the interpretation of 
the data.

The analysis of the epidemiology, risk factors for 
CS-HCMV-i and variables involved in the overall survival 
was conducted separately for patients who received LET-PP 

and for those who did not, as these populations are noncompa
rable in terms of age and recipient serological status as well. As 
we will comment further below, the use of letermovir seems 
nowadays crucial in defining the natural history of allo-HSCT 
and in influencing many clinical phenomena.

The cumulative incidence of CS-HCMV-i in seropositive pa
tients who received LET-PP was 3.8% at 100 days and 16% at 
180 days from transplant, confirming the findings observed 
since the early clinical trials [9, 10]—a low rate of infections 
during the prophylaxis period that was balanced by a 
rebound of infections in the late posttransplant phase, 
when prophylaxis was discontinued. The high rate of late 
CS-HCMV-i after discontinuing LET-PP may result from a de
lay of HCMV-specific CD4 and CD8 T-cell immune reconsti
tution, which is presumably related to suppression of HCMV 
replication and subsequent lack of exposure of the immune sys
tem to viral antigens during antiviral prophylaxis [16–20]. The 
phenomenon of HCMV replication inhibition during LET-PP 
with a rebound in infections after prophylaxis discontinuation 
has been also observed in a recent placebo-controlled phase 3 
trial of extended duration of LET-PP [21]. In this study, after 
discontinuation of LET-PP at 200 days (28 weeks) following 
transplantation, there was an increased incidence of 
CS-HCMV-i until week 38 in the letermovir group, which 
was similar to the incidence in the placebo group at the same 
timepoint. Given that LET-PP results in virological suppression 
rather than cure, we should expect a certain number of late in
fections after prophylaxis anyway, thus suggesting the need for 

Figure 2. Cumulative incidence of clinically significant human cytomegalovirus (HCMV) infections at 6 mo from transplant in seropositive allogeneic hematopoietic stem 
cell transplant recipients who received letermovir primary prophylaxis (LET-PP) according to donor HCMV serology (P value univariate model). Transplant from a 
HCMV-seronegative donor was characterized by a significantly higher rebound of infections in the late posttransplant phase, when LET-PP was discontinued, compared 
to transplant from a seropositive donor. During prophylaxis, there was no difference in the incidence of clinically significant HCMV infections in the 2 groups. 
Abbreviations: CS-HCMV, clinically significant human cytomegalovirus; D+, donor seropositive; D–, donor seronegative; R+, recipient seropositive.
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an extended monitoring of viremia. However, these infections 
appear to be more manageable, generally with a less adverse im
pact on overall transplant outcomes. The other variables 

associated with a significantly increased risk of CS-HCMV-i 
in our study—a previous allo-HSCT, a donor other than 
matched related, prolonged preengraftment neutropenia, grade 

Table 3. Risk Factors of Late Clinically Significant Human Cytomegalovirus (CS-HCMV) Infection in 879 Patients Who Received Prophylaxis With 
Letermovir According to the Demographic, Underlying Disease, and Transplant Variables (the First CS-HCMV Infection Episode Was Considered)

Characteristic Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Sex Female 1.00 …

Male 1.17 (.80–1.72) .41 …

Age (increased by 10 y) 1.01 (.99–1.02) .40 …

Underlying hematologic disease Diseases other than acute leukemia 1.00 …

Acute leukemia 1.29 (.88–1.90) .20 …

Phase of the underlying disease at transplant Complete remission 1.00 …

Chronic phase 1.21 (.71–2.08) .49 …

No complete remission 0.91 (.55–1.49) .70 …

Previous HSCT No 1.00 …

Previous autologous HSCT 0.64 (.28–1.45) .28 …

Previous allogeneic HSCT 2.01 (.88–4.58) .10 …

CS-HCMV infection in the 3 mo before transplant No 1.00 …

Yes 0.68 (.10–4.90) .71 …

Recipient/donor HCMV serology Positive/positive 1.00 …

Positive/negative 2.36 (1.62–3.43) <.001 2.30 (1.55–3.40) <.001

ECOG performance status at transplant 0–1 1.00 …

>1 1.09 (.40–2.95) .87 …

HCT-CI score at transplant 0 1.00 …

1–2 1.11 (.72–1.73) .64 …

≥3 1.17 (.73–1.87) .52 …

Stem cell source Peripheral blood 1.00 …

Bone marrow 1.09 (.57–2.09) .79 …

Cord blood 1.74 (.43–7.05) .44 …

Donor type Matched related 1.00 …

Mismatched related 2.41 (.66–8.76) .18 2.51 (.68–9.28) .2

Haploidentical 2.96 (1.47–5.97) .002 3.51 (1.70–7.25) <.001

Matched unrelated 2.81 (1.41–5.60) .003 1.76 (.87–3.56) .12

Mismatched unrelated 2.17 (1.02–4.64) .045 1.55 (.71–3.38) .3

Conditioning regimen Myeloablative 1.00 …

Nonmyeloablative/reduced intensity 1.02 (.70–1.49) .91 …

T-cell depletion No 1.00 …

Yes 1.58 (1.09–2.29) .016 1.86 (1.19–2.91) .006

Use of posttransplant cyclophosphamide as GVHD prophylaxis No 1.00 …

Yes 1.30 (.88–1.90) .18 …

Days to engraftment ≤20 d 1.00 …

>20 d 1.50 (1.03–2.19) .035 1.51 (1.02–2.22) .038

Prophylaxis with CMV-specific immunoglobulinsa No 1.00 …

Yes 0.94 (.39–2.32) .90 …

Acute GVHDa Grade 0–I 1.00 …

Grade II–IV 1.84 (1.21–2.78) .004 1.65 (1.08–2.51) .021

EBV DNAemiaa Negative or <1000 copies/mL 1.00 …

≥1000 copies /mL 1.89 (1.24–2.88) .003 1.59 (1.02–2.47) .041

Gram-negative bacteremiaa No 1.00 …

Yes 1.19 (.72–1.95) .50 …

Invasive fungal diseasea No 1.00 …

Yes 2.29 (1.20–4.38) .012 2.02 (1.05–3.89) .036

Death and early CS-HCMV infection were considered as competitive risks.

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; CS, clinically significant; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; GVHD, graft-versus-host disease; 
HCMV, human cytomegalovirus; HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index; HR, hazard ratio; HSCT, hematopoietic stem cell transplant.
aIncluded as time-dependent covariates in the regression model to assess their impact only during the period following the onset.
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Table 4. Risk Factors of Clinically Significant Human Cytomegalovirus (CS-HCMV) Infection in 431 Patients Who Did Not Receive Prophylaxis With 
Letermovir According to the Demographic, Underlying Disease, and Transplant Variables (the First CS-HCMV Infection Episode Was Considered)

Characteristic Variable

Univariate Analysis Multivariate Analysis

HR (95% CI) P Value HR (95% CI) P Value

Sex Female 1.00 …

Male 0.98 (.60–1.59) .93 …

Age (increased by 10 y) 0.97 (.96–.98) <.001 …

Age <18 y 1.00 …

≥18 y 0.22 (.14–.37) <.001 0.29 (.16–.55) <.001

Underlying hematologic disease Diseases other than acute leukemia 1.00 …

Acute leukemia 0.68 (.43–1.08) .10 …

Phase of the underlying disease at transplant Complete remission 1.00 …

Chronic phase 1.46 (.80–2.64) .21 1.26 (.69–2.30) .4

No complete remission 2.18 (1.23–3.85) .007 1.57 (.87–2.84) .14

Previous HSCT No 1.00 …

Previous autologous HSCT 0.75 (.24–2.40) .63 …

Previous allogeneic HSCT 1.67 (.72–3.86) .23 …

CS-HCMV infection in the 3 mo before transplant No 1.00 …

Yes 3.52 (.86–14.4) .079 …

Recipient/donor HCMV serology R–/D– 1.00 …

R–/D+ 7.81 (.96–63.4) .055 7.42 (.91–60.5) .061

R+/D– 34.8 (4.43–262) <.001 30.2 (3.99–228) <.001

R+/D+ 35.0 (4.82–254) <.001 23.8 (3.25–174) .002

ECOG performance status at transplant 0–1 1.00 …

>1 0.69 (.22–2.20) .53 …

HCT-CI score at transplant 0 1.00 …

1–2 0.66 (.36–1.21) .18 0.85 (.45–1.62) .6

≥3 0.43 (.18–.99) .048 0.01 (.39–2.58) >.9

Stem cell source Peripheral blood 1.00 …

Bone marrow 1.64 (1.02–2.65) .043 0.71 (.41–1.21) .2

Cord blood 1.28 (.18–9.31) .81 0.68 (.09–5.28) .7

Donor type Matched related 1.00 …

Mismatched related 1.86 (.73–4.76) .19 …

Haploidentical 1.61 (.85–3.07) .15 …

Matched unrelated 1.07 (.55–2.06) .85 …

Mismatched unrelated 0.80 (.33–1.94) .62 …

Conditioning regimen Myeloablative 1.00 …

Nonmyeloablative/reduced intensity 0.85 (.49–1.48) .56 …

T-cell depletion No 1.00 …

Yes 1.37 (.85–2.19) .19 …

Use of posttransplant cyclophosphamide as GVHD prophylaxis No 1.00 …

Yes 1.25 (.74–2.12) .40 …

Days to engraftment ≤20 d 1.00 …

>20 d 1.16 (.70–1.93) .57 …

Prophylaxis with CMV-specific immunoglobulinsa No 1.00 …

Yes 0.46 (.11–1.88) .28 …

Acute GVHDa Grade 0–I 1.00 …

Grade II–IV 1.26 (.62–2.56) .53 …

EBV DNAemiaa Negative or <1000 copies/mL 1.00 …

≥1000 copies/mL 0.90 (.35–2.32) .83 …

Gram-negative bacteremiaa No 1.00 …

Yes 0.09 (.54–2.19) .81 …

Invasive fungal diseasea No 1.00 …

Yes 2.05 (.75–5.63) .16 …

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; CS, clinically significant; D+, donor seropositive; D–, donor seronegative; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative 
Oncology Group; GVHD, graft-versus-host disease; HCMV, human cytomegalovirus; HCT-CI, Hematopoietic Cell Transplantation Comorbidity Index; HR, hazard ratio; HSCT, hematopoietic 
stem cell transplant; R+, recipient seropositive; R–, recipient seronegative.
aIncluded as time-dependent covariates in the regression models to assess their impact only during the period following the onset.
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II–IV acute GVHD, and clinically significant EBV DNAemia— 
are expected factors that correlate with immune recovery and 
the risk for various types of infection. In addition, HSCTs 
from seronegative donors, transplant from haploidentical do
nors, T-cell depletion as GVHD prophylaxis, and clinically sig
nificant EBV infections were identified as conditions 
specifically associated with a significant risk of late 
CS-HCMV-i occurring after LET-PP discontinuation. This in
formation may be useful in identifying patients who may ben
efit from an extension of prophylaxis beyond 100 days after 
transplant. Another result of particular interest from our study 
was the low incidence of end-organ diseases, which were doc
umented almost exclusively after LET-PP discontinuation 
and resulted in poor outcomes in only a minority of cases.

The cumulative incidence of CS-HCMV-i in patients who 
did not receive LET-PP was 14% at 100 days and 17% at 180 
days from transplant, in most cases being documented in 
HCMV-seropositive recipients during the early posttransplant 
period. Patients aged <18 years were at higher risk of 
CS-HCMV-i compared to adults. This finding was likely relat
ed to the fact that adults who did not receive LET-PP were ei
ther HCMV-seronegative or seropositive but not given LET-PP 
as they were presumably considered at low risk for 
transplant-related complications due to their specific clinical 
and transplant characteristics. On the other hand, the seropos
itive population of patients ineligible to LET-PP due to age 
(<18 years old) experienced several early CS-HCMV-i, with a 
positive serostatus in the recipient being a significant risk factor 
for early viral infection in the absence of LET-PP. This finding 

supports the need to extend LET-PP indications for use to sero
positive young transplant recipients.

Our study evaluated pretransplant factors and events occur
ring during the first 6 months from transplant that could poten
tially impact 1-year overall survival after allo-HSCT in the 
LET-PP era. For the analysis of factors correlated with survival, 
we also decided to carry out a separate analysis based on the use 
or not of LET-PP. The overall survival was 81.1% at 1 year after 
allo-HSCT and was comparable in the 2 populations. A diagno
sis of acute leukemia, a hematologic disease not being in com
plete remission at transplant, a poorer performance status of 
the patient at transplant, the long duration of preengraftment 
neutropenia, grade II–IV acute GVHD, clinically significant 
EBV DNAemia, gram-negative bacterial infections, and invasive 
fungal infections were independent variables of survival in pa
tients who received LET-PP. Of interest, the administration of 
HCMV-specific immunoglobulins in prophylaxis was associated 
with an improved overall outcome. These data should be inter
preted with caution considering that the positive effect of 
HCMV-specific immunoglobulin prophylaxis on survival has 
never been reported in the literature. Furthermore, in our study 
and in other previous studies, HCMV-specific immunoglobulins 
administered as prophylaxis failed to contribute to the reduction 
of HCMV infections, and guidelines do not recommend its use 
in HSCT [1, 2]. However, it must be considered that in the leter
movir era the use of HCMV-specific immunoglobulins in pro
phylaxis has not been evaluated in large prospective studies 
and it is therefore not possible to conclusively define their role 
in the prevention of HCMV infections.

Figure 3. Cumulative incidence of clinically significant human cytomegalovirus (CS-HCMV) infections in allogeneic hematopoietic stem cell transplant recipients who did 
not receive letermovir primary prophylaxis (LET-PP) according to recipient/donor HCMV serology (P value univariate model). Seropositive patients who did not receive LET-PP 
(in most of cases being ineligible to LET-PP as they were <18 y of age) experienced several early CS-HCMV infections in the absence of LET-PP. Abbreviations: CS-HCMV, 
clinically significant human cytomegalovirus; D+, donor seropositive; D–, donor seronegative; R+, recipient seropositive; R–, recipient seronegative.
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Our study showed that in patients submitted to LET-PP re
cipient/donor HCMV serology, CS-HCMV-i and HCMV dis
eases no longer correlate with the patient outcome, contrary 
to what was shown in large experiences from the pre– 
LET-PP era [6–8]. In particular, donor serology in seropositive 
recipients did not impact survival, presumably due to the re
duction of early CS-HCMV-i in all transplant conditions, in
cluding transplants from seronegative donors. In a recent 
retrospective single-center cohort study, LET-PP abrogated 
the mortality gap due to HCMV serostatus with a protective ef
fect that persisted after discontinuation of primary prophylaxis 
[22]. All of these data may support a major change in transplant 
standards redefining the criteria for selecting donors for sero
positive recipients [1, 2]. The preference of a seropositive donor 
for a seropositive patient is no longer mandatory given the lack 
of influence on patient outcome; however, the risk of late 
CS-HCMV-i in transplants with recipient/donor viral serology 
mismatch may still justify preferring a seropositive donor for a se
ropositive recipient, if possible. Our study also demonstrates that 
both CS-HCMV-i and disease no longer correlate with poorer 
outcomes in seropositive patients submitted to LET-PP. By delay
ing infections through LET-PP, they become easier to manage 
during a later phase of the transplant, which consequently miti
gates issues related to infection treatment.

In the population that did not receive LET-PP, high HCT-CI 
score at transplant, gram-negative bacteremia, and importantly, 
HCMV seropositivity of the recipient were the variables associat
ed with a significantly poorer outcome. These data, in confirming 
how the impact of recipient HCMV serology on survival outside 
of LET-PP is still relevant, further support the need to extend the 
indication of LET-PP to the pediatric population, for which the 
use of letermovir is awaiting approval.

In conclusion, our study identifies incidence and risk factors 
for CS-HCMV-i and disease as well as variables related to 
1-year survival in allo-HSCT recipients in a LET-PP real-life 
scenario. Recipient/donor serology still predicts the risk of ear
ly and late CS-HCMV-i and impacts overall survival in patients 
who do not receive LET-PP, whereas it no longer correlates 
with early CS-HCMV-i but still predicts late CS-HCMV-i risk 
in seropositive patients who receive LET-PP. CS-HCMV-i and 
diseases no longer represent life-threatening complications in 
allo-HSCT recipients. Our study supports a change in the priority 
of criteria for HSCT donor selection, enabling relevant factors 
others than HCMV donor serology in seropositive recipients. 
These real-life data may be helpful in redefining some infection 
control strategies, particularly in the late phase of transplantation, 
for which it is still necessary to define virological monitoring and 
prevention practices.
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