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Cytomegalovirus (CMV) reactivation is a major cause 
of morbidity and mortality after organ or hemato-
poietic stem cell transplantation (HSCT). Letermo-
vir (LTV) is a novel antiviral agent approved for CMV 
prophylaxis after allogeneic transplantation. In this 
single-center real-world study, we evidenced efficacy 
and safety of LTV for CMV prophylaxis in allogeneic 
HSCT recipients. A total of 133 consecutive patients 
who underwent autologous or allogeneic HSCT were 
included in the study, and a subgroup of 13 allogeneic 
HSCT recipients received CMV prophylaxis with LTV 
240 mg/daily from day +7 to +100 (allo-LTV cohort). 
All patients in the allo-LTV cohort were at moderate 
or high risk of reactivation based on donor/recipient 
serology status, and 62% also received haploidentical 
HSCT and cyclophosphamide which further increased 
CMV reactivation risk. CMV infection rate was also 
compared to that observed in allogeneic HSCT pa-
tients without CMV prophylaxis and autologous re-
cipients who have the lowest reported CMV infection 
incidence and were used as a control cohort. In our ex-
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perience, patients receiving LTV showed a significant 
decline in CMV reactivation incidence to similar rates 
described in autologous HSCT recipients (7.7% of al-
logeneic LTV-treated vs 68% of allogeneic recipients 
without prophylaxis vs 15% of autologous patients; 
p<0.0001). The only patient in the allo-LTV cohort with 
CMV reactivation was a 25-year-old female with a di-
agnosis of very high-risk acute lymphoblastic leuke-
mia who received a haploidentical HSCT after ex vivo T 
cell depletion. CMV reactivation occurred beyond LTV 
course, at +187 days from transplantation. In addition, 
we confirmed efficacy and safety of valganciclovir 450 
mg/daily as pre-emptive therapy or for treatment of 
CMV disease in allogeneic and autologous HSCT re-
cipients who experienced CMV reactivation even after 
LTV prophylaxis. However, further clinical trials in 
larger populations and longer follow-up are required 
to confirm our preliminary results.

Keywords: Cytomegalovirus, bone marrow transplan-
tation, antiviral agents, letermovir.

n INTRODUCTION

Cytomegalovirus (CMV), a human beta-
herpesvirus, has an estimated worldwide 

seroprevalence of 45% to 100% increasing with 
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age [1]. Primary infection usually occurs asymp-
tomatically in immunocompetent subjects, and 
the virus remains in its latent form in CD34+ 
Hematopoietic Stem Cells (HSCs) and in CD33+ 
myeloid progenitors [2, 3]; however, only my-
eloid dendritic cells and monocytes can pro-
ductively spread viral particles leading to CMV 
reactivation [4]. Immunosuppression is one of 
the major causes of reactivation, and immuno-
compromised subjects, such as solid-organ and 
HSC transplanted patients, can experience a 
more aggressive disease with hepatitis, severe 
pneumonia, central and peripheral nervous 
system manifestations, myelosuppression, and 
graft rejection [5-7]. Indeed, CMV reactivation 
remains one of the leading causes of morbidity 
and mortality after HSC transplantation (HSCT) 
frequently associated with other opportunistic 
infections and increased incidence of Graft ver-
sus Host Disease (GvHD) [8, 9]. In hematologi-
cal patients receiving HSCT, CMV reactivation 
frequently occurs in the early post-engraftment 
phase with a cumulative incidence of 8-35% in 
the first year after transplantation and a mortal-
ity rate up to 70% due to CMV-related pneumo-
nia complications [10-14]. Risk factors of CMV 
reactivation after HSCT are: pre-transplant CMV 
donor/recipient (D/R) serostatus, the most im-
portant independent factor with the highest risk 
with D-/R+ or D+/R+ [15]; recipient age; type 
of donor (matched unrelated, HLA mismatched, 
or haploidentical); source of HSCs; ex vivo T-cell 
depletion or administration of Anti-Thymocyte 
Globulin (ATG) or alemtuzumab; Reduced In-
tensity Conditioning (RIC) regimens; and de-
velopment of GvHD treated with high-dose ste-
roids [12, 16]. 
Since the introduction of specific antiviral agents, 
such as ganciclovir (GCV), and their rapid admin-
istration as early as detection of CMV-DNA cop-
ies by Polymerase Chain Reaction (PCR) and/or 
pp65 antigenemia (pp65), the incidence of CMV 
disease has dramatically decreased; however, 
mortality rate is still high especially in D-/R+ or 
D+/R+ or in those patients receiving T-cell de-
pleted or matched/mismatched allogeneic HSCT 
[17]. Antivirals can be given in prophylaxis or 
as pre-emptive therapy when asymptomatic pa-
tients show positive CMV antigenemia or viremia 
[18]. GCV, valganciclovir (VGCV), foscavir, and 
cidofovir have limited use especially for prophy-

laxis because of their side effects, such as myelo-
suppression and nephrotoxicity [19]. 
Letermovir (LTV), a new antiviral agent, selec-
tively disrupts CMV terminase complex prevent-
ing viral component assembling and acting differ-
ently from GCV that blocks viral DNA synthesis. 
Therefore, LTV reduces viral spread by interfer-
ing with both actively replicating and latent CMV 
forms [20]. Because of its efficacy and safety, LTV 
has been approved in 2017 for CMV prophylaxis 
and disease treatment in seropositive allogeneic 
HSCT recipients, and initial findings have report-
ed a significant decrease of CMV disease after 
24 weeks from transplant [20-23]. In this single-
center real-world evidence study, we have inves-
tigated efficacy and safety of LTV in a cohort of 
allogeneic HSCT recipients, and incidence rates, 
clinical manifestations, type and duration of pre-
emptive therapy, and Overall Survival (OS) were 
compared to those described in allogeneic recipi-
ents not receiving CMV prophylaxis and to au-
tologous HSCT recipients. 

n PATIENTS AND METHODS 

Patients and conditioning regimens
A total of 133 consecutive patients who under-
went to HSCT at the Hematology and Transplant 
Center, University Hospital “San Giovanni di 
Dio e Ruggi d’Aragona” of Salerno, Italy, from 
February 2012 to September 2020, was included 
in this study. Patients were diagnosed with he-
matological diseases based on current interna-
tional criteria, and received chemotherapy and 
HSCT following current international standards 
of care after informed consent obtained accord-
ing to the Declaration of Helsinki [24-26]. Subjects 
were divided in three cohorts: autologous HSCT 
recipients (N=98; auto-HSCT); allogeneic HSCT 
recipients who did not receive LTV (N=22; allo-
NO-LTV); and allogeneic HSCT recipients who 
received LTV for CMV prophylaxis (N=13; allo-
LTV). Patients characteristics before autologous 
or allogeneic transplantation are summarized in 
Tables 1 and 2, respectively.
In the auto-HSCT cohort, patients were diagnosed 
with: multiple myeloma (MM; N=53); Non-Hodg-
kin Lymphoma (NHL; N=21); Hodgkin Lympho-
ma (HL; N=11); Acute Myeloid Leukemia (AML; 
N=9); and Acute Lymphoblastic Leukemia (ALL; 
N=4). Conditioning regimens were melphalan 



104 B. Serio, V. Giudice, R. Guariglia, et al.

(MEL) 140 mg/m2 or 200 mg/m2 at day -1; bu-
sulfan 2.5 mg/kg and fludarabine 20 mg/m2 (BU-
FLU) from day -5 to -2; thiotepa (T), etoposide, 
cytarabine (Ara-C), and melphalan (ThEAM); BU 
3.2 mg/kg at days -3 to -2 and MEL 140 mg/m2 
at day -2 (BU-MEL); bendamustine (300 mg/m2 
at day -6), etoposide (200 mg/m2 from day -5 to 
-2), Ara-C (200 mg/m2 from day -5 to -2) and mel-
phalan (140 mg/m2 at day -2) (B-EAM); or T-MEL 
(Table 1). Thirteen subjects (13.3%; MM, N=11; 
HL, N=1; and NHL, N=1) underwent to a previ-
ous autologous HSCT with a median time from 
first to second transplantation of 8 months (range, 
3-52 months).
In the allo-NO-LTV cohort, patients received a di-
agnosis of AML (N=12), ALL (N=4), MM (N=3), 
myelodysplastic syndrome (MDS; N=2), and T-
cell NHL (N=1). Nineteen (86.4%) received allo-
geneic HSCT from a matched sibling donor, while 
the remaining three subjects (13.6%) from haploi-

dentical donor. Conditioning regimens were BU-
FLU (FLU at 30 mg/m2) from day -6 to -3; RIC 
BU-FLU (BU 0.8 mg/kg, and FLU 30 mg/m2) 
from day -6 to -3. Two MM patients received FLU 
30 mg/m2 from day -5 to -3 and MEL 70 mg/m2 
from day -2 to -1; three AML subjects had T-BU-
FLU; and one MM patient BU-MEL (BU 130 mg/
m2 from day -7 to -4, and MEL 70 mg/m2 from day 
-2 to -1) (Table 2). Six subjects underwent to a pre-
vious autologous HSCT with a median time from 
first to second transplantation of 23.5 months 
(range, 19-50 months).
In the allo-LTV cohort, 38% of subjects (N=5) 
received allogeneic HSCT from a matched sib-
ling donor, while 62% (N=8) from haploidenti-
cal donor. Nine patients had a diagnosis of AML, 
two ALL, one MDS, and one MM. Three AML 
patients received BU-FLU from day -6 to -3; one 
MDS and one AML a RIC BU-FLU from day -6 
to -3; other five AML and two ALL subjects had 
T-BU-FLU, and cyclophosphamide post; and one 
MM patient received BU-MEL from day -2 to -1 
(Table 2). A MM patient received two autologous 
HSCTs, while four AML subjects had a previous 
allogeneic HSCT from a matched sibling donor.

GvHD and CMV prophylaxis 
In patients receiving allogeneic HSCT, acute 
GvHD (aGvHD) prophylaxis was performed ac-
cording to current guidelines with cyclosporine 
A (CsA) at 1 mg/kg intravenously from day -1 
to +21, then 8 mg/kg orally for at least 6 months 
with or without short-course methotrexate (MTX; 
10 mg/kg at days+1, +3 +6 and +11), mycophe-
nolate mofetil (MMF; 15 mg/kg/twice daily from 
day +1 to +28), or cyclophosphamide. Rabbit an-
tithymocyte globuline (ATG) was administered at 
5 mg/kg on days -3 to -1 (Table 2) [27]. Ex vivo T 
cell depletion was performed in two patients of 
the allo-LTV cohort.
In the allo-LTV cohort, CMV prophylaxis was 
performed with LTV at 240 mg/daily started at 
day +7 (range, from day +3 to +10) for 100 days. 
Two patients (one MDS and one AML) discontin-
ued LTV because of a grade IV acute liver GvHD 
or disease relapse, respectively. In the autologous 
and allo-NO-LTV cohorts, patients did not receive 
CMV prophylaxis while were monitored for CMV 
reactivation and VGCV at 900 mg/daily was ad-
ministered as soon as viral reactivation was diag-
nosed. 

Table 1 - Patients’ characteristics at baseline - au-
to-HSCT cohort.

N=98 (%)

Median age at transplant, years (range) 62 (19-76)

Sex (M/F) 55/43

Diagnosis (%)
MM
NHL
HL
AML
ALL

53 (54.1)
21 (21.4)
11 (11.2)
9 (9.2)
4 (4.1)

Median lines of treatment (range) 4 (1-6)

Disease status at transplant
I CR
II CR
VgPR
Progression

71 (72.5)
11 (11.2)
11 (11.2)
5 (5.1)

Conditioning regimens
MEL
BU-FLU
ThEAM
BU-MEL
B-EAM
T-MEL

54 (55.1)
18 (18.4)
10 (10.2)
8 (8.2)
6 (6.1)
2 (2.0)

Abbreviations. MM = multiple myeloma; NHL = non-Hodgkin lym-
phoma; HL = Hodgkin lymphoma; AML = acute myeloid leukemia; 
ALL = acute lymphoblastic leukemia; I CR = first remission; II CR = sec-
ond remission; VgPR = very good partial response; MEL = melphalan; 
BU-FLU = busulfan + fludarabine; ThEAM = tiothepa + etoposide + 
cytarabine + melphalan; BU-MEL = busulfan + melphalan; B-EAM = 
bendamustine + etoposide + cytarabine + melphalan; T-MEL = tiothepa 
+ melphalan.
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CMV-DNA quantification and serology 
Specific anti-CMV Immunoglobulin G (IgG) lev-
els were measured in patients and donors before 
transplantation. Plasma CMV-DNA copy number 
was quantified by real-time TaqMan CMV-DNA 
PCR according to manufacturers’ instructions 
(Roche) every three weeks in seropositive recipi-
ents of the auto-HSCT and allo-NO-LTV cohorts, 
or every two weeks for seropositive recipients of 
the allo-LTV cohort. After diagnosis of CMV re-

activation, CMV-DNA levels were assessed every 
week until negativization. Instrument cut-off for 
positive results was CMV-DNA copy number 
>137 copies/µL. 

Statistical analysis
Data were analyzed using Prism (v.8.3.0; Graph-
Pad software, San Diego, CA). Two group com-
parison was performed by unpaired t-test, and 
one-way analysis of variance (ANOVA) for three-

Table 2 - Patients’ characteristics at baseline - allo-NO-LTV and allo-LTV cohorts.

Allo-NO-LTV N=22 (%) Allo-LTV N=13 (%) p value

Median age at transplant, years (range) 57 (19-64) 43 (22-71) 0.073

Sex (M/F) 15/7 8/5 0.726

Diagnosis 
AML
ALL
MM
MDS
NHL

12 (54.6)
4 (18.2)
3 (13.6)
2 (9.1)
1 (4.6)

9 (69)
2 (15)
1 (8)
1 (8)

–

0.488
>0.999
>0.999
>0.999

–

Median lines of treatment (range) 2 (1-4) 3 (2-5)

Disease status 
I CR
II CR
III CR
VgPR
Progression
Relapse

12 (54.6)
4 (18.2)

–
1 (4.6)
2 (9.1)
3 (13.6)

–
9 (69)
4 (31)

–
–
–

Conditioning regimens
BU-FLU
BU-FLU (RIC)
T-BU-FLU (or RIC)
FLU-MEL
BU-MEL

12 (54.6)
4 (18.2)
3 (13.6)
2 (9.1)
1 (4.6)

3 (23)
2 (15)
7 (54)

–
1 (8)

0.089
>0.999
0.02*

–
>0.999

Donor
Matched sibling
Haploidentical 

19 (86.4)
3 (13.6)

5 (38)
8 (62)

0.007*

AB0 incompatibility
Major
Minor
Bidirectional mismatched
Matched

9 (40.9)
7 (31.8)

–
6 (27.3)

2 (15)
2 (15)
1 (8)
8 (62)

0.075

GvHD prophylaxis
CsA
CsA+MTX
CsA+MMF+Cy
ATG

17 (77)
1 (4)
3 (14)
16 (73)

5 (38)
–

8 (62)
5 (42)

0.062
–

0.007*
0.139

Abbreviations. LTV = letermovir; AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia; MM = multiple myeloma; MDS = myelod-
ysplastic syndrome; NHL = non-Hodgkin lymphoma; I CR = first remission; II CR = second remission; III CR = third remission; VgPR = very good 
partial response; BU-FLU = busulfan + fludarabine; RIC = reduced intensity conditioning regimen; T-BU-FLU = tiothepa + busulfan + fludarabine; 
FLU-MEL = fludarabine + melphalan; BU-MEL = busulfan + melphalan; GvHD = graft versus host disease; CsA = cyclosporine; MTX = methotrex-
ate; MMF, mycophenolate mofetil; Cy = cyclophosphamide; ATG = anti-thymocyte globulin.
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group comparison was carried out corrected with 
Tukey’s test for multiple comparisons. Differ-
ences in cumulative incidence of CMV reactiva-
tion between groups were assessed by Log-rank 
(Mantel-Cox) test. A p value <0.05 was considered 
statistically significant. 

n RESULTS

CMV reactivation in the auto-HSCT cohort
In the auto-HSCT cohort, 88 patients (89.8%) were 
seropositive for CMV, and reactivation was docu-
mented in 17% of them (N=15; MM, N=10; NHL, 
N=3; HL, N=1; and one AML) with a median age 

at reactivation of 59 years (range, 27-66 years), 
and 53% of them were males (Table 3). Median 
time to reactivation was 34 days (range, 11-306 
days) with a median CMV-DNA copy number of 
268 UI/mL (range, 141-3,000 UI/mL). At reactiva-
tion, five patients (33%) were asymptomatic; four 
(27%) had fatigue, muscle pain, and thrombocy-
topenia; three (20%) fever and fatigue; and three 
(20%) developed CMV disease. All 15 reactivated 
patients received VGCV 450 mg/twice daily un-
til negativization of circulating CMV-DNA lev-
els with a median length of treatment of 22 days 
(range, 8-63 days). None of those patients died 
because of CMV disease. 

Table 3 - Patients’ characteristics at CMV reactivation - auto-HSCT cohort.

CMV reactivation N=15 (%) No reactivation N=83 (%)

Median age, years (range) 65 (27-66) 61 (18-76)

Sex (M/F) 8/7 47/36

Diagnosis 
AML
ALL
MM
NHL
HL

1 (6.7)
–

10 (66.7)
3 (20.0)
1 (6.7)

8 (9.6)
4 (4.8)

43 (51.8)
18 (21.7)
10 (12.0)

Conditioning regimens
MEL
BU-FLU
ThEAM
B-EAM
T-MEL
BU-MEL

10 (66.7)
1 (6.7)
1 (6.7)

–
–

3 (20.0)

44 (53.0)
17 (20.5)
9 (10.8)
6 (7.2)
2 (2.4)
5 (6.0)

CMV serology
Positive
Negative

15 (100)
–

73 (88.0)
10 (12.0)

Total IgG, mg/dL (range) 400 (350-589) 768 (306-1430)

CMV-DNA, UI/mL (range) 553 (141-3,000) –

Time to reactivation, days (range) 34 (11-306) –

Clinical manifestations
No symptoms
Fatigue and muscle pain
Fatigue and fever
Pneumonia
Hepatitis
Death

5 (33.3)
4 (26.7)
3 (20.0)
2 (13.3)
1 (6.7)

–

–
–
–
–
–
–

Treatment with VGCV 15 –

Time to negativization, days (range) 22 (8-63)

Abbreviations. MM = multiple myeloma; NHL = non-Hodgkin lymphoma; HL = Hodgkin lymphoma; AML = acute myeloid leukemia; ALL = acute 
lymphoblastic leukemia; MEL = melphalan; BU-FLU = busulfan + fludarabine; ThEAM = tiothepa + etoposide + cytarabine + melphalan; BU-MEL 
= busulfan + melphalan; B-EAM = bendamustine + etoposide + cytarabine + melphalan; T-MEL = tiothepa + melphalan; IgG = immunoglobulin G; 
VGCV = valganciclovir.w
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Table 4 - Patients’ characteristics at CMV reactivation - allo-NO-LTV cohort.

CMV reactivation N=15 (%) No reactivation N=7 (%)

Median age, years (range) 57 (19-64) 51 (28-59)

Sex (M/F) 9/6 6/1

Diagnosis 
AML
ALL
MM
NHL
MDS

10 (66.7)
2 (13.3)
1 (10.0)

–
2 (13.3)

2 (28.6)
2 (28.6)
2 (28.6)
1 (14.3)

–

Donor
Matched sibling
Haploidentical

13 (86.7)
2 (13.3)

6 (85.7)
1 (14.3)

Conditioning regimens
BU-FLU
BU-FLU (RIC)
T-BU-FLU
FLU-MEL

9 (60.0)
3 (20.0)
2 (13.3)
1 (6.7)

3 (42.9)
1 (14.3)
1 (14.3)
1 (14.3)

GvHD prophylaxis
ATG
CsA

12 (80.0)
15 (100.0)

4 (57.1)
7 (100.0)

aGvHD 8 (53.3) 2 (28.6)

Grade aGvHD
I
II
III
IV

1 (12.5)
2 (25.0)
5 (62.5)

–

–
2 (100.0)

–
–

cGvHD 8 (53.3) 4 (57.1)

Grade cGvHD
Limited
Extensive

1 (12.5)
7 (87.5)

–
4 (100.0)

CMV serology
D+/R+
D+/R-
D-/R+
D-/R-

14 (93.3)
–

1 (6.7)
–

4 (57.1)
1 (14.3)
2 (28.6)

–

Total IgG, mg/dL (range) 842 (425-1420) 689 (389-1190)

CMV-DNA, UI/mL (range) 332 (140-50.000) –

Time to reactivation, days (range) 45 (7-640) –

Clinical manifestations
No symptoms
Fatigue
Fever
Diarrhea
Pneumonia/bronchitis 
Hepatitis
Death

8 (53.3)
3 (20.0)
4 (26.7)
2 (13.3)
2 (13.3)

–
–

–

Treatment with VGCV 15 (100.0) –

Time to negativization, days (range) 21 (9-150) –

Abbreviations. AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia; MM = multiple myeloma; MDS = myelodysplastic syndrome; 
NHL = non-Hodgkin lymphoma; BU-FLU = busulfan + fludarabine; RIC = reduced intensity conditioning regimen; T-BU-FLU = tiothepa + busulfan 
+ fludarabine; FLU-MEL = fludarabine + melphalan; GvHD = Graft versus Host Disease; ATG = antithymocyte globuline; CsA = cyclosporine A; 
aGvHD = acute GvHD; cGvHD = chronic GvHD; D = donor; R = recipient; IgG = immunoglobulin G; VGCV = valganciclovir.
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CMV reactivation in the allo-NO-LTV cohort
CMV serological status of recipients and donors 
in the allo-NO-LTV cohort was: D+/R+ in 82% 
of cases (N=18); D-/R+ in 14% of patients (N=3); 

and D+/R- in 5% of cases (N=1) (Table 4). There-
fore, 87% of patients had low/high-moderate 
and 14% high risk of CMV reactivation. Fifteen 
patients (68%) experienced CMV reactivation, 

Table 5 - Patients’ characteristics at CMV reactivation - allo-LTV cohort.

CMV reactivation N = 1 No reactivation N = 12

Median age, years (range) 26 46 (22-65)

Sex (M/F) -/1 8/3

Diagnosis 
AML
ALL
MM
MDS

–
1
–
–

9
1
1
1

Donor
Matched sibling
Haploidentical

–
1

5
7

Conditioning regimens
BU-FLU
BU-FLU (RIC)
T-BU-FLU
BU-MEL

–
–
1
–

3
2
6
1

GvHD prophylaxis
ATG
CsA
Ex vivo T cell depletion

–
1
1

5 
12
1

aGvHD 1 6 (46)

Grade aGvHD
I
II
III
IV

–
1
–
–

4
1
–
1

cGvHD 1 2 (15)

Grade cGvHD
Limited
Extensive

1
–

1
1

CMV serology
D+/R+
D+/R-
D-/R+
D-/R-

–
–
1
–

10
–
2
–

CMV-DNA, UI/mL (range) 3490 –

Time to reactivation, days (range) 187 –

Clinical manifestations
Fever
Death

1
–

–

Treatment with VGCV 1 –

Time to negativization, days (range) 30 –

Abbreviations. AML = acute myeloid leukemia; ALL = acute lymphoblastic leukemia; MM = multiple myeloma; MDS = myelodysplastic syndrome; 
BU-FLU = busulfan + fludarabine; RIC = reduced intensity conditioning regimen; T-BU-FLU = tiothepa + busulfan + fludarabine; FLU-MEL = 
fludarabine + melphalan; GvHD = Graft versus Host Disease; ATG = antithymocyte globuline; CsA = cyclosporine A; aGvHD = acute GvHD; cG-
vHD = chronic GvHD; D = donor; R = recipient; IgG = immunoglobulin G; VGCV = valganciclovir.
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and 14 of them (93%) were D+/R+, while one 
subject was D-/R+. Ten (67%) out of those 15 pa-
tients with CMV reactivation had a diagnosis of 
AML, two (13%) MDS, two (13%) ALL, and one 
(7%) MM. Two high-risk subjects (13%) received 
HSCs from a haploidentical donor, and 13 (87%) 
from a matched sibling donor. Median age at re-
activation was 54 years (range, 19-64 years old), 
and 60% of patients (N=13) were males. Median 
time to reactivation was 45 days (range, 7-640 
days), with a median CMV-DNA copy number 
of 332 UI/mL (range, 140-50,000 UI/mL). Of the 
remaining seven subjects without CMV reactiva-
tion, two of them were D-/R+, four D+/R+, and 
one D+/R-; only one high risk subject received 
HSCs from a haploidentical donor, while the re-
maining six patients received allogeneic HSCT 
from a matched related donor. At reactivation, 
47% of patients (N=7) were symptomatic mostly 
with fatigue, and fever (Table 4). All reactivated 
patients received VGCV 450 mg/twice daily un-
til negativization of CMV viremia with a median 
length of treatment of 21 days (range, 9-150 days). 
Ten subjects (45.5%) developed aGvHD involving 
the skin or gastrointestinal system, and eight out 
of these 10 patients had CMV reactivation. Twelve 
subjects experienced chronic GvHD (cGvHD), 
and eight of them also had aGvHD involving 
skin, liver, gastrointestinal system, and/or lungs. 

CMV reactivation in the allo-LTV cohort
All patients in the allo-LTV cohort were at mod-
erate and high risk of reactivation as 77% of 
them (N = 10) were D+/R+, and 23% (N=3) D-/
R+ (Table 5). Transplanted patients started CMV 
prophylaxis after a median of seven days (range, 
3-10 days). The only patient with CMV reactiva-
tion was a 25-year-old female with a diagnosis of 
VHR ALL, and was D-/R+ receiving HSCs from a 
haploidentical donor after ex vivo T cell depletion. 
CsA and MMF were used for GvHD prophylaxis; 
however, she developed a grade II acute skin and 
gastrointestinal GvHD treated with CsA for three 
months, and a chronic limited hepatic GvHD at 
+163 days treated with budesonide and CsA. At 
+187 days, she also showed CMV reactivation 
(CMV-DNA copy number, 3,490 UI/mL) with 
fever, thrombocytopenia, and increased liver en-
zymes. No signs of pneumonia were documented 
by CT scan. Reactivation was treated with VGCV 
450 mg/twice daily for 30 days. No other patients 

experienced viral reactivation. In the allo-LTV co-
hort, one subject died because of disease relapse 
at +62 days, one because of GvHD at +104 days, 
one for sepsis (+399 days), and one for liver fail-
ure at +118 days.

Incidence of CMV reactivation and outcomes
Cumulative incidence of post-HSCT CMV reacti-
vation was significantly different among cohorts 
with the highest incidence in allogeneic HSCT 
recipients without CMV prophylaxis (p<0.0001) 
(Figure 1A). Significant differences were also 
described when considering only allogeneic 
HSCT recipients with or without CMV prophy-
laxis (p=0.0045). A total of 15 patients (15%) of 
the auto-HSCT cohort had CMV reactivation, 15 
(68%) of the allo-NO-LTV cohort, and one (7.7%) 
in the allo-LTV cohort. All CMV-reactivated pa-
tients received VGCV 450 mg/twice daily until 
CMV-DNA negativization, and no differences 
were found in treatment length among cohorts 
(mean+SD, 29.5+16.2 days vs 34.1+35.8 days vs 
30 days, auto-HSCT vs allo-NO-LTV vs allo-LTV; 
p=0.9006). In addition, no variations were ob-
served in CMV-DNA copy number at reactivation 
(mean+SD, 506.7+727.6 UI/mL vs 5,811+13,445 
UI/mL vs 187 UI/mL, auto-HSCT vs allo-NO-
LTV vs allo-LTV; p=0.3130).
Next, OS were compared between cohorts, and 
no variations were described (p=0.3056) with me-
dian survivals of 46.8 months in the auto-HSCT 
cohort vs 61.5 months of allo-NO-LTV patients 
and vs 13.3 months of allo-LTV cohort, and six-
month OS of 63.5%, 77.8%, and 85.7% (allo-LTV, 
allo-NO-LTV, and autologous HSCT cohorts 
respectively) (Figure 1B). No differences in OS 
were also observed between allo-NO-LTV and 
allo-LTV cohorts (p=0.0903). In each cohort, out-
comes were also compared between CMV-reacti-
vated and non-reactivated patients. In the auto-
HSCT cohort, 3-year OS in reactivated patients 
was slightly higher than that of non-reactivated 
subjects (85.7% vs 54.3%), while similar 5-year 
OS were described (58.8% vs 47.5%). Despite this 
difference in first years after transplantation, OS 
between reactivated and non-reactivated patients 
was similar (p=0.4387), as well as OS of those 
receiving allogeneic HSCT without CMV pro-
phylaxis (p=0.5930). In particular, in this cohort, 
3-year OS was 71.4% in non-reactivated patients 
and 46.9% in CMV-reactivated subjects. In the al-
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lo-LTV cohort, the small number of censored sub-
jects and the short follow-up could not allow to 
determine differences in 3- or 5-year OS; however, 
the six-month OS was 100% in patients with CMV 
reactivation and 58.3% in subjects without CMV 
reactivation (p=0.4833).

n DISCUSSION

To date, HSCT remains the only curative therapeu-
tic strategy for various hematological malignan-
cies or benign disorders, such as congenital bone 
marrow failure syndromes; however, several trans-
plant-related complications, such as infectious dis-
eases and GvHD, increase morbidity and mortal-
ity of transplant recipients. CMV reactivation is the 
most frequent post-HSCT infectious disease com-
plication in seropositive patients, especially alloge-
neic HSCT recipients [11, 28]. In this single-center 
real-world evidence study, incidence of CMV reac-
tivation was studied in autologous and allogeneic 
HSCT patients, and efficacy and safety of CMV 
prophylaxis with LTV was investigated. 
Incidence of early-onset CMV disease has dra-
matically decreased after introduction of high-
sensitivity PCR methodologies for early detection 
of circulating CMV-DNA allowing a prompt start 
of specific antiviral drugs (pre-emptive therapy) 
[29-32]. Despite these clinical advancements, 
CMV-related multiorgan disfunction and pneu-

monia are the major causes of death in transplant-
ed patients especially those with CMV seroposi-
tivity [15, 17, 33, 34]. CMV prophylaxis and pre-
emptive therapy are essential to reduce morbidity 
and mortality of post-transplant CMV disease 
[35]. Acyclovir, GCV, and VGCV have been histor-
ically used for CMV prophylaxis; however, these 
drugs frequently cause myelosuppression and 
nephrotoxicity and require intravenous admin-
istration [19, 36, 37]. Moreover, these drugs only 
act on active replicating virus, not on latent form, 
and risk of CMV reactivation after antiviral agent 
discontinuation is high [38]. LTV, a novel antivi-
ral agent, inhibits the virus in both its replicating 
and latent status without causing myelosuppres-
sion and nephrotoxicity, and can half incidence of 
CMV reactivation at 14 and 24 weeks from allo-
geneic transplantation [23, 38]. In this study, no 
CMV reactivation at 14 weeks was documented in 
the cohort of transplanted patients receiving LTV 
as CMV prophylaxis, and only one (7.7%) reacti-
vated after 12 weeks from LTV discontinuation 
per dose schedule (day +187); therefore, our co-
hort of allogeneic HSCT recipients receiving LTV 
displayed a significantly lower CMV reactivation 
rate than that of allogeneic recipients without 
CMV prophylaxis. We also compared incidences 
between allogeneic and autologous recipients 
used as a control group because autologous HSCT 
patients have the lowest reported CMV reactiva-

Figure 1 - Cumulative incidence of CMV reactivation and overall survival (OS). Transplanted patients were divided 
in three cohorts: autologous Hematopoietic Stem Cell Transplantation (HSCT) recipients (auto-HSCT); allogeneic 
HSCT recipients without CMV prophylaxis (allo-NO-LTV); and allogeneic HSCT recipients receiving letermovir (al-
lo-LTV). (A) CMV reactivation events (1 reactivation/0 no reactivation) and related time to reactivation (days from 
transplantation) for each patient are represented among cohorts. (B) OS are reported in each cohort. A p < 0.05 
was considered statistically significant.
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tion rate (<30%) [39, 40]. Indeed, our autologous 
patients had lower incidence of CMV reactivation 
compared to allogeneic HSCT; however, among 
allogeneic recipients, subjects who received LTV 
had CMV reactivation rates similar to that of 
autologous patients and lower than that of al-
logeneic subjects who did not receive CMV pro-
phylaxis. CMV infection is particularly frequent 
in haploidentical recipients and reported to be 
the highest among allogeneic HSCT even under 
VGCV prophylaxis [41, 42]. Of note, 62% of our 
patients receiving LTV underwent to haploiden-
tical transplantation and received cyclophospha-
mide post thus at very high risk of CMV reactiva-
tion; however, only one out of these eight subjects 
experienced CMV infection after 187 days from 
transplantation. 
LTV can further decrease CMV disease rate and 
delay time to reactivation suggesting the ben-
eficial of extension of LTV administration in al-
logeneic HSCT recipients especially in those with 
GvHD [43, 44]. An ongoing phase 3 randomized, 
double-blind, placebo-controlled clinical trial is 
evaluating efficacy and safety of LTV adminis-
tered for 200 days post-transplant in R+ allogeneic 
HSCT (ClinicalTrials.gov Identifier, NCT03930615) 
because of clinical evidence from small case series 
of LTV efficacy in preventing CMV reactivation 
also as secondary prophylaxis [44]. In our cohort, 
the only reactivation was a high-risk patient who 
developed acute and chronic GvHD and CMV 
reactivation beyond the 100-day LTV schedule. 
However, although encouraging, our preliminary 
results from a small case series require further in-
vestigation and extension of number of patients 
and follow-up. 
We have previously reported efficacy and safety 
of low-dose VGCV for CMV prophylaxis after 
allogeneic HSCT showing that VGCV is more ef-
fective than aciclovir in reducing CMV reactiva-
tion; however, administration needs to be started 
after engraftment because of increased risk of my-
elosuppresion [19, 22]. Our preliminary results 
showed that LTV was effective and safe when 
started seven days after transplant without af-
fecting engraftment as no patient displayed LTV-
related anemia, neutropenia, and/or thrombocy-
topenia. The most common drug-related adverse 
events were grade I gastrointestinal symptoms 
with rates similar to those reported [23]. LTV 
course was completed in 85% of cases and was 

discontinued in two subjects (15%) because of dis-
ease relapse or GvHD, similar to rates previously 
described [23]. Mori et al. in their multi-center 
real-world study also show an improvement in 
six-month OS and lower non-relapse mortality 
[45]; although six-month OS of our reactivated 
patients was slightly different between groups, 
the small number of censored subjects and the 
short follow-up did not allow to reach statistical 
significance in our single-center experience.
In conclusion, CMV disease still represents a 
life-threatening condition in allogeneic HSCT re-
cipients, and effective prophylaxis is required to 
reduce morbidity and mortality related to CMV 
reactivation [10]. LTV is a novel antiviral agent 
approved as prophylactic therapy after allogeneic 
transplantation [23]. In this single-center real-
world evidence study, we added evidence of ef-
ficacy and safety of LTV for CMV prophylaxis in 
allogeneic HSCT recipients, as incidence of CMV 
reactivation declined to similar rates described in 
autologous HSCT. However, further clinical trials 
in larger populations and longer follow-up are re-
quired to confirm our preliminary results.
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