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Background. A systematic review and meta-analysis of real-world observational studies was conducted to summarize the 
impact of letermovir cytomegalovirus (CMV) primary prophylaxis (PP) among adult allogeneic hematopoietic cell transplant 
(allo-HCT) recipients.

Methods. Systematic searches in Medline/PubMed, Embase, and conferences (from database inception to October 2021) were 
conducted to identify studies for inclusion. Random-effects models were used to derive pooled estimates on the relative effectiveness 
of letermovir PP compared to controls.

Results. Forty-eight unique studies (N = 7104 patients) were included, most of which were comparative, single-center, and 
conducted in the United States. Letermovir PP was associated with statistically significant reduction in odds of CMV 
reactivation (pooled odds ratio [pOR], 0.13 and 0.24; P < .05), clinically significant CMV infection (pOR, 0.09 and 0.19; P < .05), 
and CMV disease (pOR, 0.31 and 0.35; P < .05) by day +100 and day +200 after allo-HCT, respectively. Letermovir PP was 
associated with significantly lower odds of all-cause (pOR, 0.73; P < .01) and nonrelapse mortality (pOR, 0.65; P = .01) beyond 
day 200 after allo-HCT.

Conclusions. Letermovir for CMV PP was effective in reducing the risk of CMV-related complications overall and mortality 
beyond day 200 among adult allo-HCT recipients.
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INTRODUCTION

Cytomegalovirus (CMV) reactivation is common after alloge
neic hematopoietic cell transplantation (allo-HCT) and can 
lead to serious complications [1, 2]. If left untreated, it can re
sult in tissue-invasive CMV disease [3–6] and can have damag
ing effects including increased risk of other infections, graft 
failure, and death [7]. Historically, preemptive therapy (PET) 
for CMV infection and disease with ganciclovir, valganciclovir, 
or foscarnet has been utilized to avoid prolonged medication 
exposure, thereby limiting undesirable myelosuppressive or 

nephrotoxicity associated with these agents [8–12]. However, 
PET has shown to increase the risk of neutropenia and acute 
kidney injury [13], which ultimately increases the risk of mor
tality [14] and healthcare resource utilization [15–17].

Letermovir was approved by the United States (US) Food and 
Drug Administration in November 2017 and the European 
Medicines Agency in January 2018 for the prophylaxis of CMV 
infection and disease in adult CMV-seropositive (R+) allo-HCT 
recipients. A phase 3 trial showed that letermovir primary pro
phylaxis (PP) reduced clinically significant CMV infection 
(cs-CMVi) at 24 weeks post-HCT compared to placebo [18]. 
Additional analysis of the phase 3 dataset showed that patients 
who received letermovir had lower all-cause mortality at week 
24 (10.2% vs 15.9%, P = .03) and numerically lower mortality at 
week 48 (P > .05) compared to those who received placebo [19].

Several site-specific real-world studies have been published 
to evaluate the real-world effectiveness of letermovir PP in 
allo-HCT recipients, many of which have smaller sample sizes. 
A comprehensive systematic literature review and meta- 
analysis of all real-world studies published till recently is yet 
not available. Such a systematic review and meta-analysis will 
help better understand the effectiveness of letermovir PP in a 
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larger representative patient sample across multiple study sites. 
Therefore, we conducted a systematic review and meta-analysis 
of real-world observational studies focusing on the incidence of 
CMV reactivation (CMVr), cs-CMVi, and CMV disease 
(CMVd), other clinical outcomes including mortality, and 
healthcare resource utilization following PP with letermovir 
among adult allo-HCT recipients.

METHODS

This systematic review was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines [20–22].

Inclusion Criteria for the Systematic Review

Studies eligible for inclusion were prospective or retrospective 
observational studies published in English language and with 
no geographical restrictions. We included prospective or retro
spective observational studies that used either case-control or 
cohort design. We included studies with a population of adults 
undergoing allo-HCT, received letermovir PP for the interven
tion group, and had no comparator (single-arm study) or had a 
control group with no letermovir PP (with or without PET). 
We excluded studies where letermovir was utilized as a second
ary prophylaxis or for treatment of CMV infection.

Systematic Literature Search

A comprehensive systematic search of real-world evidence was 
conducted in Embase and PubMed using a combination of key
words that included “letermovir,” “cytomegalovirus or CMV or 
cytomegaloviral,” or “transplant or transplantation” as text 
words, title/abstract, or exploded terms, from their inception 
through October 2021. We also searched conference proceed
ings indexed in Embase as well as specifically searched abstracts 
and retrieved posters presented at Transplant Cellular Therapy 
meetings, European Blood and Marrow Transplantation meet
ings, European Hematology Association Meetings, American 
Society of Clinical Oncology meetings, and IDWeek meetings 
using the conference portal and contacting authors for access 
to full posters. References of the included studies and relevant 
systematic reviews were also searched for additional studies.

Study Selection, Data Extraction, and Study Quality Assessment

Titles and abstracts of studies were reviewed by 1 of the co- 
authors (A. V.) to determine eligibility for the full text review 
based on the predefined criteria. Then, 2 reviewers (A. V. and 
S. K.) independently examined the full text reports of all the ar
ticles that were deemed eligible. Disagreements were resolved 
through discussion.

Data from all studies that met the eligibility criteria were 
extracted by 1 reviewer (S. K.) and validated by a second one 
(A. V.). Data on specific characteristics of the studies, interven
tions, patients, and outcomes were extracted. For outcomes, 

data on CMV outcomes (including presence of CMVr, 
cs-CMVi, and CMVd), indirect outcomes (including 
graft-vs-host disease [GVHD], all-cause mortality, and nonre
lapse mortality) and healthcare resource use and costs (includ
ing CMV-related hospitalization) were extracted when 
available at different time points from allo-HCT (D+100: 
follow-up of 100 days or 14 weeks; D+200: follow-up of 200 
days or 24 weeks; and beyond D+200: follow-up of ≥200 
days or ≥24 weeks). Any discrepancies were resolved through 
discussion and by a third reviewer (K. L.).

Two independent reviewers appraised methodological qual
ity of the eligible real-world observational studies using the 
Newcastle-Ottawa Scale [23]. Studies with scores ≥7, 4–6, 
and <4 were considered high, moderate, and low quality, 
respectively.

Data Synthesis and Statistical Analysis

The feasibility of performing meta-analysis for each outcome 
was assessed. Any substantial variations in the disease charac
teristics, time period within which outcomes occurred, and 
the type of publication were assessed. Based on heterogeneity 
across studies, we pooled the data from the relevant studies 
for meta-analysis on each outcome of interest using the 
random-effects model. Pooled odds ratios (pORs) and the cor
responding 95% confidence intervals (CIs) and P values for 
each outcome were determined. Heterogeneity between studies 
was examined using I2 statistics and Cochrane χ2 statistics. 
Subgroup analyses by country of study (US/non-US), full pub
lication versus abstracts/presentations, studies with R+-only 
patients versus R+ and other risk factors, studies that included 
cord-blood recipients only, and high-CMV-risk patients only 
were performed for certain outcomes as we found moderate 
(30%–60%) to substantial (50%–90%) heterogeneity in the 
meta-analyses. Publication bias was assessed for cs-CMVi, 
CMVd, CMVr, and all-cause mortality (outcomes for which 
>10 studies were available) using Egger method. Additionally, 
contour-enhanced funnel plots were used to identify publication 
bias by examining the plot symmetry. Statistical software R was 
used to perform meta-analyses.

RESULTS

Of 576 retrieved citations identified, 60 citations representing 
48 unique studies (see Supplementary Appendix 1 for the list 
of citations and unique studies) met the inclusion criteria 
(Figure 1).

Study and Patients’ Characteristics

Most of the studies were comparative retrospective cohort 
studies (n = 40 [83.3%]), were single-center studies (n = 43 
[89.6%]), and were conducted in the US (n = 28 [58.3%]), 
Italy (n = 7 [14.6%]), or Japan (n = 5 [10.4%]) (Table 1). 
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Twenty-two studies (45.8%) were full publications whereas 26 
studies (54.2%) were conference proceedings. The patient sam
ple size ranged from 12 to 204 patients in the letermovir arm 
and 18 to 637 patients in the control arm. Table 2 lists the 
CMV serostatus and inclusion–exclusion criteria of patients 
in each included study. Of the 40 comparative studies, 21 stud
ies had PET historical group as a comparator, 13 had nonleter
movir historical group as a comparator, 4 had CMV 
prophylaxis historical group as a comparator, and 2 had 
matched historical group as a comparator.

Twenty-seven studies included any type of allo-HCT 
(56.3%), 3 studies included cord-blood transplant recipients 
only (6.3%), and 18 studies (37.5%) included haploidentical, 
cord-blood, or unrelated donor cell recipients, with GVHD, 
and/or in the setting of posttransplant GVHD prophylaxis or 
T-cell depletion therapy. Of the 48 studies, 22 (45.8%) included 
patients who were at high risk of CMV infection and/or disease 
as per the authors of these studies (Table 3). The median days 
for initiation of letermovir PP was in the range of 0–42 days 
posttransplant, while the duration of letermovir prophylaxis 
ranged between 79 and 191 days.

The median age of patients ranged from 42 to 65 years in the 
letermovir arm and from 26 to 65 years in the comparator arm 

(Supplementary Appendix 2). Overall, most of the studies had a 
higher proportion of patients at high risk of CMVr or CMVd in 
the letermovir arm compared to the control arm (see footnote 
of Supplementary Appendix 2).

Quality Assessment of Included Studies

Of all of the studies included in this systematic review, 12 stud
ies (25.0%) were high-quality studies, while 4 studies (8.3%) 
were low-quality studies and the remaining 32 studies 
(66.7%) were of moderate quality (Supplementary Appendix 3).

CMV-Related Outcomes

CMV-related outcomes included CMVr, cs-CMVi, and CMVd. 
In the individual studies that provided a definition of CMVr, 
CMVr was defined as any DNAemia or viremia in 20 studies, 
CMV antigenemia in 2 studies, CMV viral load of >500 IU/ 
mL in 1 study, and polymerase chain reaction (PCR) >137 
DNA IU/mL in 1 study. In the individual studies that provided 
a definition of cs-CMVi, cs-CMVi was defined as CMV viremia 
requiring PET or CMV disease in 30 studies, or CMV viral load 
>1250 IU/mL in peripheral blood in 1 study. Last, in the indi
vidual studies that provided a definition of CMVd, CMVd was 
defined as CMV end-organ disease in 8 studies, CMV 

568 Records identified through database searching
(Embase, n = 411; PubMed, n = 157)
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Additional records identified through other sources
(n = 8)

Records after removing those published prior to 2017 and after duplicates removed 
(n = 346)

Records screened for titles/abstracts
(n = 346)

Records excluded by titles/abstract screening
(n = 275)

Full-text articles and abstracts assessed 
for eligibility

(n = 71) Full-text articles and abstracts excluded,
with reasons (n = 11)
• Use of letermovir not assessed
 (n = 2)
• Outcomes were not relevant (n = 5)
• Use of letermovir for treating CMV (n = 2)
• Same data presented (n = 1)
• Data for letermovir group obtained
 from an RCT (n = 1)Records included 

(n = 60)
• 48 distinct studies included

Records excluded (n = 230) 
• Prior to 2017: n = 80
• Duplicates: n = 150

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) flow diagram for study selection. Abbreviations: CMV, cytomegalovirus; RCT, 
randomized controlled trial.
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Table 1. Characteristics of the Included Real-World Studiesa of Letermovir Primary Prophylaxis in Allogeneic Hematopoietic Cell Transplant Recipients

Study IDb Country
LET Identification 

Period
Control Identification 

Period
Historic Control vs Parallel 

Control
Total Sample Size, 

No.
LET, 
No.

Comparator, 
No.

Comparative retrospective cohort studies

Anderson, 2020 US Mar 2018–Jan 2019 Sep 2012–May 2016 Historic 131 25 106

Derigs, 2021 Germany Mar 2018–Mar 2019 Jan 2017–Mar 2018 Historic 160 80 80

Sassine, 2021 US Mar 2016–Feb 2018 Mar 2018–Oct 2018 Historic 537 123 414

Hill, 2021 US Oct 2018–Dec 2019 2014–2017 Historic 61 21 40

Hosoi, 2020 Japan Oct 2018–Mar 2020 Oct 2016–Mar 2018 Historic 44 22 22

Johnsrud, 2020 US Jan 2018–Dec 2019 Jan 2013–May 2019 Historic 745 108 637

Zavras, 2019 US Dec 2017–2018 2017 Historic 193 98 95

Lin, 2020 US Jan 2018–2019 2014–2017 Historic 64 32 32

Malagola, 2020 Italy Dec 2018–Apr 2020 Nov 2017–Nov 2018 Historic 86 45 41

Marzolini, 2021c UK Jul 2019–Aug 2020 Jan 2006–Feb 2017 Historic 344 110 234

Mori, 2021c Japan Jan 2015–Mar 2019d … Historic 685 114 571

Royston, 2021 Switzerland May 2019–May 2020 Jan 2015–May 2019 Historic 78 26 52

Serio, 2021 Italy Feb 2012–Sep 2020d … Historic 35 13 22

Sperotto, 2021 Italy Jan 2016–Mar 2020d … Historic 110 55 55

Studer, 2020 Switzerland 2019–2020 2010–2018 Historic 381 28 353

Sharma, 2020 US 2018 Dec 2009–Dec 2018 Historic 133 32 101

Terao, 2021 Japan 2018–Aug 2020 Jan 2014–2018 Historic 48 25 23

Wolfe, 2021 US Jul 2018–Jun 2020 Jun 2016–Jul 2018 Historic 262 119 143

Archambeau, 2019 US Mar 2018–Feb 2019 Mar 2017–Feb 2018 Historic 109 42 67

Bradshaw, 2021 US NR NR Historic 91 28 63

Cutini, 2021 Italy 2019–2020 2016–2018 Historic 121 31 90

Dadwal, 2019 US Feb 2018–Jun 2018 Jan 2017–Feb 2018 Historic 338 59 279

Desnica, 2021 Croatia Jun 2019–Jun 2020d NR Historic NR 90 NR

Dwabe, 2020 US 2018–2020d NR NR 116 71 45

Faraci, 2021 Italy 2019–Apr 2020 Jan 2015–2019 Historic 93 19 74

Freyer, 2021 US Feb 2019–May 2020 Feb 2013–Jan 2019 Historic 37 19 18

Hedvat, 2019 US Nov 2017–Mar 2019 Jul 2016–Nov 2017 Historic 150 50 100

Jinnouchi, 2020 Japan NR After 2008 Historic 62 31 31

Karam, 2019 US 2017–2019d … Historic 104 63 41

Koch, 2021 Germany Jan 2017–Aug 2020d … Historic 48 27 21

Lau, 2020 US Dec 2017–Jun 2019 Mar 2013–Dec 2017 Historic 82 20 62

Loecher, 2020 US Jun 2018–Jun 2019 Jun 2017–Jun 2018 Historic 67 31 36

Markowski, 2019 US Jan 2014–Dec 2018d … Historic 85 15 70

Merchant, 2019 US Dec 2017–Aug 2018 NR Historic 65 30 35

Muhsen, 2021 US Jan 2016–Jun 2020d … Historic 79 24 55

Myers, 2021 US NR NR Historic 192 38 154

Ngyuen, 2020 Germany 2018+ 2013–2017 Historic 347 12 335

Satake, 2020 Japan May 2018–Aug 2019 Jan 2009–Apr 2018 Historic NR 27 NR

Shahan, 2021 US Jul 2019–Oct 2020 Mar 2018–Jun 2019 Historic 59 26 33

Smith, 2021c UK Jul 2019–Oct 2020e Jan 2004–Feb 2014 Historic 184 60 124

Single-arm retrospective cohort studies

Abidi, 2021f US NR … NA 26 26 …

Bansal, 2021 US Jan 2018–Jan 2020 … NA 20 20 …

Cassaniti, 2021c Italy NR … NA 75 75 …

Chen, 2021 US Nov 2017–Dec 2019 … NA 60 60 …

Ferrari, 2019 US Jan 2018–Sep 2018 … NA 25 25 …

Kodiyanplakkal, 
2019

US Jan 2018–Jan 2019 … NA 31 31 …

Paviglianiti, 2021c Italy Jan 2019–Jun 2020 … NA 204 204 …

Patel, 2020 US May 2018–Dec 2019 … NA 20 20 …

Total sample size … … … … 7104 2350 4754

Abbreviations: LET, letermovir; NA, not applicable; NR, not reported; UK, United Kingdom; US, United States.  
aFull publication studies: Anderson 2020, Bansal 2020, Cassaniti 2021, Chen 2021, Derigs 2020, Sassine 2021, Hill 2021, Hosoi 2020, Johnsrud 2020, Zavras 2019, Lin 2020, 
Malagola 2020, Marzolini 221, Mori 2020, Paviglianiti 2021, Royston 2021, Serio 2021, Sperotto 2021, Studer 2020, Sharma 2020, Terao 2021, Wolfe 2021. Abstract/poster 
studies: Abidi 2021, Archambeau 2019, Bradshaw 2021, Cutini 2021, Dadwal 2019, Desnica 2021, Dwabe 2020, Faraci 2021, Ferrari 2019, Freyer 2021, Hedvat 2019, 
Jinnouchi 2020, Karam 2019, Koch 2021, Kodiyanplakkal 2019, Lau 2020, Loecher 2020, Markowski 2019, Muhsen 2021, Myers 2021, Ngyuen 2020, Patel 2020, Satake 
2020, Shahan 2021, Smith 2021.  
bCitations of all the included studies are found in Supplementary Appendix 1.  
cMulticenter study.  
dIdentification period for both letermovir and comparator groups.  
eStudy focused on adult patients, but LET group included patients in the age range 16–74 years.  
fProspective cohort study.
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Table 2. Patient Characteristics of the Included Real-World Studies of Letermovir Primary Prophylaxis in Allogeneic Hematopoietic Cell Transplant 
Recipients

Study IDa
Included CMV 

Serostatus Inclusion Criteria Exclusion Criteria

Comparative retrospective cohort studies

Anderson, 2020 R+ Allo-HCT + (HAPLO/UCB/MMURD/prednisone 
for acute GVHD)

Died within 30 days post-HCT or had active CMV DNAemia at the time 
of LET initiation or <100 days follow-up

Derigs, 2021 R+ Allo-HCT …

Sassine, 2021 R+ Allo-HCT R– recipients

Hill, 2021 R+ Allo-HCT + UCB Received CMV treatment at index HCT

Hosoi, 2020 NR Allo-HCT Engraftment failure, died, or relapsed within 60 days post-HCT

Johnsrud, 2020 R+ or D+ Allo-HCT + (HAPLO/UCB/MMURD/ATG/CD34+ 

selected graft/considered at high risk by the 
provider)

Previous transplant; no CMV measurements; participated in RCT

Zavras, 2019 R+ Allo-HCT + (PB/BM) UCB recipients

Lin, 2020 R+ Allo-HCT + (PB/BM) + (HAPLO/HLA MMURD) + 
PTCy

UCB recipients

Malagola, 2020 R+ or D+ Allo-HCT …

Marzolini, 2021 R+ Allo-HCT + (alemtuzumab) …

Mori, 2021 D+/− or R+/− Allo-HCT Received other prophylactic agent for CMV reactivation, graft failure, 
or died before engraftment

Royston, 2021 R+ Allo-HCT …

Serio, 2021 R+ or D+ Allo-HCT …

Sperotto, 2021 R+ Allo-HCT + (HAPLO/MMURD/MUD/ATG 
regimen and/or prednisone treatment)

Died within 29 days post-HCT

Studer, 2020 R+ Allo-HCT Survived at least until day +180 without LET prophylaxis

Sharma, 2020 R+ Allo-HCT + (HAPLO/UCB) Baseline CMV reactivation, graft failure, death, or relapse before day 
100, or participated in CMV prophylaxis trial

Terao, 2021 R+ or D+ Allo-HCT + HAPLO + PTCy + PB; Allo-HCT + 
MRD + PB

…

Wolfe, 2021 R+ Allo-HCT + acute GVHD …

Archambeau, 
2019

R+ or D+ Allo-HCT CrCl <10 mL/min; severe liver impairment; foscarnet/ganciclovir use 
within 90 days posttransplant

Bradshaw, 2021 R+ Allo-HCT R– recipients, LET missed/held for ≥5 doses, CMV reactivation prior to 
LET PP

Cutini, 2021 R+ Allo-HCT + hematologic malignancies …

Dadwal, 2019 R+ Allo-HCT …

Desnica, 2021 R+/− Allo-HCT …

Dwabe, 2020 R+/− Allo-HCT …

Faraci, 2021 R+/D− Allo-HCT Not able to take oral therapy at day +7 posttransplant or those with 
major pharmacokinetic interactions

Freyer, 2021 R+ Allo-HCT + HAPLO + PTCy …

Hedvat, 2019 R+ Allo-HCT …

Jinnouchi, 2020 NR Allo-HCT …

Karam, 2019 R+ Allo-HCT + (HAPLO/UCB/MUD/ATG) …

Koch, 2021 R+ Allo-HCT …

Lau, 2020 R+ Allo-HCT + CB …

Loecher, 2020 R+ Allo-HCT …

Markowski, 
2019

NR Allo-HCT + (HAPLO/ MUD/MRD) + PTCy …

Merchant, 2019 R+ or D+ Allo-HCT + (HAPLO/UCB/MUD with ATG/ 
ruxolitinib use/prednisone use)

Active CMV reactivation prior to LET initiation or anti-CMV treatment 
posttransplant

Muhsen, 2021 R+ Allo-HCT + unrelated donor + alemtuzumab …

Myers, 2021 D+/− or R+/− Allo-HCT …

Ngyuen, 2020 NR Allo-HCT …

Satake, 2020 NR Allo-HCT …

Shahan, 2021 R+ Allo-HCT …

Smith, 2021 R+ Allo-HCT …

Single-arm retrospective cohort studies

Abidi, 2021 R+ Allo-HCT + (HAPLO/UCB/pre-HCT CMV 
cell-mediated immunity)

<180 days follow-up posttransplant
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tissue-invasive disease or dysfunction in 2 studies, or presence 
of appropriate clinical signs and symptoms and/or radiograph
ic findings in an appropriate risk patient plus detection of CMV 
by rapid culture, direct fluorescent antibody tests, cytology, or 
detection of CMV by PCR in 1 study.

Table 4 and Figures 2–4 show the pORs for clinical outcomes 
comparing letermovir PP to the control group among 
allo-HCT recipients. Letermovir PP was associated with 87% 
(pOR, 0.13 [95% CI, .08–.22]; I2 = 74%), 76% (pOR, 0.24 
[95% CI, .18–.32]; I2 = 0%), and 78% (pOR, 0.22 [95% CI, 
.15–.32]; I2 = 55%) decreased odds of CMVr at D+100, D 
+200, and beyond D+200, respectively (P < .01; Table 4 and 
Figure 2). Regarding cs-CMVi, letermovir PP was associated 
with a 91% (pOR, 0.09 [95% CI, .05–.14]; I2 = 76%) and 81% 
(pOR, 0.19 [95% CI, .14–.25]; I2 = 47%) decreased odds in the 
random-effects model at D+100 and D+200, respectively 
(P < .01; Figure 3). For CMVd, letermovir PP was associated 
with a 69% (pOR, 0.31 [95% CI, .12–.77]; I2 = 0%) and 65% 
(pOR, 0.35 [95% CI, .16–.78]; I2 = 0%) decreased odds in the 
random-effects model at D+100 and D+200, respectively 
(Figure 4). The findings from the subgroup analyses are avail
able in Table 5.

Time to CMV Reactivation and Duration of CMV Viremia

At D+100, time to CMVr in the letermovir group ranged from a 
median of 10 days (interquartile range [IQR], 5–38 days) [24] 
to 38 days (IQR was not reported in these 2 studies) [25, 26]. 
At D+200, time to any detectable CMV viremia ranged from 
a median of 19 days (IQR, 14–67 days) [27] to 67 days (IQR, 
32–100 days) [28]. At D+100, duration of CMVr was lower 
in the letermovir group compared to the control group in sev
eral studies that reported the data and ranged from a median of 

3 days (IQR, 1–24 days) [29] to 29 days (IQR, 26–38 days) [30] 
in the letermovir group compared to a range of 27 days (IQR, 
3–99 days) [29] to 42 days (IQR, 31–54 days) in the control 
group [30]. The findings remained consistent for the D+200 
follow-up as well.

Graft-Versus-Host Disease and Mortality Outcomes

The odds of grade ≥2 GVHD was significantly lower in patients 
who received letermovir PP compared to those who did not (con
trol group) at D+100 (pOR, 0.52 [95% CI, .32–.86]; I2 = 0%) 
(Table 4); however, this finding was not significant for D+200 
(pOR, 1.03 [95% CI, .67–1.61]). Letermovir was associated with 
30% reduced odds of all-cause mortality at D+100 (pOR, 0.70 
[95% CI, .46–1.07]; P = .1, I2 = 0%) (Table 4 and Figure 5). 
Beyond D+200, letermovir was associated with a significant 
27% decreased odds of all-cause mortality (pOR, 0.73 [95% CI, 
.60–.90]; P < .01, I2 = 0%). The findings remained consistent for 
nonrelapse mortality (pOR, 0.70, P = .23 for D+100, and pOR, 
0.65, P = .01 for beyond D+200) (Table 4 and Figure 6).

Healthcare Utilization and Costs

The odds of CMV-related hospitalization were significantly 
lower with letermovir PP at D+100 (pOR, 0.08 [95% CI, 
.02–.36]; P < .01; Table 4); however, the finding was nonsignif
icant for D+200 follow-up. The duration of CMV-related hos
pitalization was 35 days in the letermovir group compared to 
20 days in the comparator group as reported in 1 study [25]. 
One US-based study reported letermovir costs of $38 461 for 
up to D+200 follow-up [31], whereas another US-based study 
reported letermovir costs of $21 686 for the letermovir group 
compared to PET costs of $22 466 for the comparator group 
at D+100 [32].

Table 2. Continued  

Study IDa
Included CMV 

Serostatus Inclusion Criteria Exclusion Criteria

Bansal, 2021 R+ Allo-HCT + (acute/chronic GVHD) Those without GVHD within 100 days after LET PP

Cassaniti, 2021 R+ Allo-HCT Baseline CMV viremia with D0–D5 post-HCT or received CMV 
treatment at index transplant

Chen, 2021 R+ Allo-HCT + (HAPLO/MMRD/MMURD/UCB/ 
GVHD prophylaxis)

Use of secondary prophylaxis; quantifiable CMV DNAemia prior to LET 
initiation; R– with high-risk HCT procedure; participation in RCT; <10 
days LET PP

Ferrari, 2019 R+ or D+ Allo-HCT Pediatric patients

Kodiyanplakkal, 
2019

R+ Allo-HCT + (rATG/alemtuzumab) CMV DNA prior to PP

Paviglianiti, 
2021

R+ Allo-HCT Incomplete data

Patel, 2020 R+ Allo-HCT + HAPLO CMV end-organ disease within 6 mo of HCT, history of viremia at any 
point prior to transplant, received PET within 7 days of transplant

Abbreviations: –, negative; +, positive; Allo-HCT, allogeneic hematopoietic stem cell transplantation; ATG, antithymocyte globulin; BM, bone marrow; CB, cord blood; CMV, cytomegalovirus; 
CrCl, creatinine clearance; D, donor; GVHD, graft-versus-host disease; HAPLO, haploidentical; HCT, hematopoietic stem cell transplant; HLA, human leukocyte antigen; LET, letermovir; 
MMURD, mismatched unrelated donor; MRD, matched related donor; MUD, matched unrelated donor; NR, not reported; PB, peripheral blood; PET, preemeptive therapy; PP, primary 
prophylaxis; PTCy, posttransplant cyclophosphamide; R, recipient; rATG, rabbit antithymocyte globulin; RCT, randomized controlled trial; UCB, umbilical cord blood.  
aCitations of all the included studies are found in Supplementary Appendix 1.
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Table 5. Pooled Odds Ratios on Clinical Outcomes Comparing Letermovir With the Control Group in Different Subgroups of Allogeneic Hemopoietic Cell 
Transplant Recipients

Outcome Durationa Subgroups

Relative Effect (RE Model)

No. of Studies No. of Patients Pooled OR (95% CI) P Value I2

CMV reactivation D+100 18 3054 0.13 (.08–.22) <.01 74%

Full publication 10 2083 0.19 (.12–.32) <.01 60%

Abstracts 8 971 0.09 (.03–.22) <.01 80%

US-based studies 11 1988 0.27 (.20–.36) <.05 27%

Non-US-based studies 7 1066 0.05 (.02–.14) <.01 77%

R+-only studies 9 1670 0.11 (.04–.29) <.01 85%

Studies with R+ and others 9 1384 0.17 (.11–.27) <.01 44%

High-risk population 8 1361 0.15 (.08–.26) <.01 58%

Cord blood only (100% cord blood) 2 194 0.24 (.08–.69) <.05 46%

Posttransplant cyclophosphamide 3 155 0.09 (.02–.43) <.05 57%

D+200 5 1297 0.24 (.18–.32) <.01 0%

Full publication 3 926 0.28 (.20–.39) <.01 0%

Abstracts 2 371 0.16 (.07–.35) <.01 43%

US-based studies 3 502 0.20 (.13–.30) <.01 11%

Non-US-based studies 2 795 0.28 (.19–.40) <.01 0%

R+-only studies 3 904 0.25 (.18–.36) <.01 42%

Studies with R+ and others 2 393 0.22 (.14–.35) <.01 0%

High-risk population 2 241 0.28 (.16–.51) <.05 0%

Beyond D+200 8 2109 0.22 (.15–.32) <.01 55%

Full publication 4 1270 0.22 (.14–.35) <.01 53%

Abstracts 4 839 0.22 (.09–.54) <.05 68%

US-based studies 3 502 0.20 (.13–.30) <.01 11%

Non-US-based studies 5 1607 0.24 (.13–.45) <.05 70%

R+-only studies 5 1372 0.25 (.13–.47) <.05 59%

Studies with R+ and others 3 737 0.18 (.11–.28) <.01 37%

High-risk population 2 241 0.28 (.16–.51) <.05 0%

Clinically significant 
CMV infection

D+100 21 3993 0.09 (.05–.14) < .01 76%

Full publication 11 3139 0.08 (.05–.14) <.01 69%

Abstracts 10 854 0.08 (.03–.22) <.01 81%

US-based studies 14 2523 0.11 (.06–.20) <.01 72%

Non-US-based studies 7 1490 0.06 (.02–.13) <.01 79%

R+-only studies 10 2127 0.11 (.05–.25) <.01 81%

Studies with R+ and others 11 1866 0.06 (.04–.11) <.01 56%

High-risk population 11 1638 0.10 (.05–.22) <.01 73%

Cord blood only (100% cord blood) 3 276 0.05 (.01–.32) <.01 48%

Posttransplant cyclophosphamide 2 101 0.07 (.02–.21) <.01 0%

D+200 14 2771 0.19 (.14–.25) <.01 47%

Full publication 8 1986 0.17 (.11–.27) <.01 65%

Abstracts 6 785 0.21 (.15–.30) <.01 0%

US-based studies 9 1485 0.20 (.16–.27) <.01 21%

Non-US-based studies 5 1286 0.16 (.09–.28) <.01 70%

R+-only studies 6 1641 0.22 (.17–.29) <.01 0%

Studies with R+ and others 8 1130 0.16 (.10–.27) <.01 60%

High-risk population 6 524 0.17 (.09–.33) <.01 55%

CMV disease D+100 10 1838 0.31 (.12–.77) .0125 0%

Full publication 7 1507 0.22 (.07–.65) <.05 0%

Abstracts 3 331 0.75 (.11–5.37) >.05 17%

US-based studies 6 1405 0.37 (.11–1.26) >.05 0%

Non-US-based studies 4 433 0.23 (.06–.98) <.05 0%

R+-only studies 5 675 0.49 (.13–1.84) >.05 0%

Studies with R+ and others 5 1163 0.19 (.05–.71) <.05 0%

High-risk population 6 1258 0.23 (.07–.75) <.05 0%

Cord blood only (100% cord blood) 2 143 0.30 (.04–2.51) >.05 0%
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DISCUSSION

This systematic review aimed to understand the current and 
real-world effectiveness of letermovir use as primary 

prophylaxis for CMV infection and disease in adult allo-HCT 
recipients, using data from real-world observational studies 
since the approval of letermovir. Our systematic review 

Table 5. Continued  

Outcome Durationa Subgroups

Relative Effect (RE Model)

No. of Studies No. of Patients Pooled OR (95% CI) P Value I2

D+200 7 1261 0.35 (.16–.78) .0105 0%

Full publication 5 1044 0.31 (.13–.75) <.05 0%

Abstracts 2 217 0.91 (.03–24.37) >.05 65%

US-based studies 4 412 0.69 (.17–2.77) >.05 0%

Non-US-based studies 3 849 0.25 (.09–.67) <.05 0%

R+-only studies 3 902 0.35 (.13–.94) <.05 41%

Studies with R+ and others 4 359 0.36 (.10–1.38) >.05 0%

High-risk population 4 359 0.36 (.10–1.38) >.05 0%

All-cause mortality D+100 5 1723 0.70 (.46–1.07) .10 0%

Full publication 4 1573 0.61 (.38–.95) <.05 0%

Abstracts 1 150 1.81 (.57–5.71) .31 NA

US-based studies 4 1563 0.73 (.46–1.17) .3 19%

Non-US-based studies 1 160 0.55 (.15–1.95) >.05 NA

R+-only studies 3 847 0.78 (.38–1.61) .21 35%

Studies with R+ and others 2 876 0.66 (.34–1.25) .4 0%

High-risk population 2 876 0.66 (.34–1.25) .4 0%

Beyond D+200 15 2685 0.73 (.60–.90) <.01 0%

Full publication 9 1933 0.72 (.57–.92) <.05 0%

Abstracts 6 752 0.81 (.48–1.39) .12 43%

US-based studies 9 1569 0.83 (.65–1.07) .43 1%

Non-US-based studies 6 1116 0.59 (.42–.82) <.05 0%

R+-only studies 10 2017 0.75 (.59–.96) <.05 14%

Studies with R+ and others 5 668 0.70 (.49–1.00) <.05 0%

High-risk population 6 632 0.79 (.54–1.17) .67 0%

Nonrelapse mortality D+100 3 889 0.70 (.39–1.25) .23 0%

US-based studies 2 729 0.72 (.38–1.38) .31 3%

Non-US-based studies 1 160 0.58 (.13–2.53) >.05 NA

R+-only studies 2 697 0.57 (.29–1.14) .58 0%

Studies with R+ and others 1 192 1.14 (.38–3.43) .49 NA

High-risk population 1 192 1.14 (.38–3.43) .49 NA

Beyond D+200 6 1829 0.65 (.47–.90) .01 0%

Full publication 4 1513 0.62 (.43–.90) <.05 0%

Abstracts 2 316 0.77 (.37–1.60) >.05 0%

US-based studies 3 930 0.69 (.46–1.05) >.05 0%

Non-US-based studies 3 899 0.59 (.35–1.00) <.05 0%

R+-only studies 4 1436 0.61 (.42–.89) <.05 0%

Studies with R+ and others 2 393 0.78 (.41–1.47) >.05 0%

High-risk population 1 131 0.70 (.27–1.82) >.05 NA

Grade ≥2 GVHD D+100 6 471 0.52 (.32–.86) .0098 0%

Full publication 2 177 0.34 (.11–1.08) >.05 50%

Abstracts 4 294 0.66 (.34–1.30) >.05 0%

US-based studies 4 365 0.69 (.39–1.23) >.05 0%

Non-US-based studies 2 106 0.25 (.10–.65) <.05 0%

R+-only studies 3 222 0.33 (.15–.77) <.05 11%

Studies with R+ and others 3 249 0.66 (.36–1.23) >.05 0%

High-risk population 4 365 0.69 (.39–1.23) >.05 0%

Heterogeneity was examined as I2 statistic along with other parameter as per the Cochrane Handbook for systematic reviews: 30%–60% may represent moderate heterogeneity; 50%–90%, 
substantial heterogeneity; 75%–100%, considerable heterogeneity. CMV reactivation indicates any CMV DNAemia or viremia; clinically significant CMV infection indicates CMV DNAemia or 
viremia requiring preemptive therapy.  

Abbreviations: CI, confidence interval; CMV, cytomegalovirus; GVHD, graft-versus-host disease; NA, not applicable; OR, odds ratio; RE, random effects; US, United States.  
aDurations: D+100, follow-up of 100 days or 14 weeks; D+200, follow-up of 200 days or 24 weeks; beyond D+200, follow-up of ≥200 days or ≥24 weeks.
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Figure 2. Cytomegalovirus reactivation at D+100 follow-up (A), D+200 follow-up (B), and beyond D+200 follow-up (C ). Abbreviations: CI, confidence interval; OR, odds ratio.
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identified several noteworthy findings. Real-world use of leter
movir demonstrated significant decline in CMVr, cs-CMVi, 
and CMVd at D+100 and D+200, compared to any control 
group, usually the historical control group. In addition, leter
movir PP significantly reduced the odds of all-cause and non
relapse mortality beyond D+200 compared to historical 
controls.

Patients on letermovir PP had significantly lower odds of ex
periencing CMVr at D+100, and beyond. Our study findings 
for D+100 is consistent with a published summary of reported 
data of 19 real-world studies which described that letermovir 
PP was associated with significantly lower CMVr [33]; howev
er, the latter study did not perform meta-analysis of the 
CMV-related outcomes. Importantly, our findings underscore 
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the prolonged and sustained positive impact of letermovir even 
after its discontinuation, which was consistent with that report
ed in the phase 3 study [18]. Due to differences in characteris
tics of the included studies, we found moderate to substantial 
heterogeneity for the CMVr finding. To assess the source of 
heterogeneity, subgroup analyses by publication type, location 
of studies, and CMV risk of populations were conducted. At D 
+100, it was found that studies presented at conferences or 
meetings (80% vs 60% heterogeneity for presentations vs full 
publications), and non-US studies (77% for non-US studies 
vs 27% for the US-based studies) contributed substantially to 
the high heterogeneity. However, there was consistency in the 
effectiveness of letermovir PP in the subgroup analyses. 
Similar findings about sources of heterogeneity were found 
for D+200 and beyond as well. Variation in methods, patient 
characteristics, and initiation of PET to define CMVr in the in
cluded studies may have contributed to this heterogeneity in 
our meta-analysis findings. Another important finding was 
that letermovir PP also had a relatively stronger positive effect 

on patients at high risk of CMV infection and who received 
posttransplant cyclophosphamide with comparatively lower 
heterogeneity than that reported for the overall analyses. 
This finding about effectiveness of letermovir in high-risk pa
tients is consistent with the phase 3 trial by Marty et al [18]. 
and highlights the importance of effectiveness beyond 100 
days posttransplantation with letermovir [18].

Letermovir PP was also associated with significant reduction 
in the incidence of cs-CMVi compared to control groups arms, 
at D+100 and D+200 showcasing again sustained effectiveness 
post–letermovir discontinuation. Our findings are consistent 
with the results of the phase 3 clinical trial [18] that reported 
lower incidence of cs-CMVi by week 24 posttransplantation 
for patients who received letermovir PP. The proportion of pa
tients with cs-CMVi in the letermovir group was 11% at D+100 
follow-up in the studies that reported the data. This proportion 
increased to 23% in the D+200 period, which indicates that 
some patients may experience late CMV infections following 
letermovir cessation. Despite this finding, letermovir was found 
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Figure 4. Cytomegalovirus disease at D+100 follow-up (A) and D+200 follow-up (B). Abbreviations: CI, confidence interval; OR, odds ratio.
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to significantly reduce cs-CMVi at D+200 compared to the con
trol group. The odds ratio estimates were not significantly dif
ferent when subgroup analysis was performed only for the 
high-risk population. The heterogeneity was substantial for 
D+100 follow-up (76%) whereas moderate heterogeneity was 
found for D+200 follow-up period (47%). In subgroup analy
ses, conference presentations and non-US studies contributed 
substantially to the high heterogeneity. An important observa
tion in our meta-analysis was that at D+100, letermovir had a 
significantly stronger effect for cord-blood recipients only, 
those who received cyclophosphamide posttransplantation, or 
those who were at the high-risk of CMV. Lau et al included 
CMV-seropositive cord-blood transplant recipients and found 
significantly lower incidence of cs-CMVi at D+100 in the leter
movir group compared to the historical control group (0% vs 
82%, P < .0001) [32].

Overall, letermovir use was also associated with significantly 
reduced risk of CMVd at both D+100 and D+200 follow-up 

periods, with no heterogeneity in the pooled results. In the 
studies included in the meta-analysis, patients who received le
termovir PP had lower rates of CMVd that ranged from 0% to 
6%. Surprisingly, in the subgroup analyses, conference presen
tations and US-based studies showed a nonsignificant effect of 
letermovir PP on CMVd at both D+100 and D+200 follow-up. 
A likely explanation of these findings is inclusion of relatively 
smaller number of studies with comparatively lower sample siz
es in these subgroups.

Letermovir PP was associated with a significant decrease in 
all-cause mortality and nonrelapse mortality beyond D+200, 
with no heterogeneity reported between the included studies. 
Our findings are different than that reported in the phase 3 
trial for letermovir PP at D+200, although a trend was ob
served [18]. By combining studies and increasing the sample 
size, we identified enough number of outcome events, thereby 
resulting in significant outcomes beyond D+200 . Additionally, 
immune reconstitution following allo-HCT improves over 
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Figure 5. All-cause mortality at D+100 follow-up (A) and beyond D+200 follow-up (B). Abbreviations: CI, confidence interval; OR, odds ratio.
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time. The reduction or delay in CMVr may allow the reconsti
tuted immune system to control the deleterious outcomes of 
CMVr [10, 34]. Hence, letermovir PP may bestow mortality 
benefit compared to the control group by reducing the risk of 
or delaying CMVr. Furthermore, letermovir PP may reduce, 
shorten duration, or delay PET with antiviral agents that are as
sociated with serious toxicities, thereby providing observed 
mortality benefit for the letermovir PP group. Our findings 
for the mortality outcomes remained consistent in many sub
groups: Abstracts reported nonsignificant findings for all-cause 
mortality and nonrelapse mortality, while full publications 
demonstrated significant findings in favor of letermovir use. 
Overall, US-based studies showed that letermovir PP was not 
significantly associated with lower all-cause and non-relapse 
mortality, in contrast with the non-US studies. This finding 
could be explained by the inclusion of high-risk allo-HCT pop
ulation in many of the US-based studies compared to the 
non-US studies. In fact, 4 of 9 US studies that reported all-cause 
mortality beyond D+200 had a slightly higher mortality rate in 
the letermovir group compared to the control group. 
Furthermore, all-cause and nonrelapse mortality among high- 
risk allo-HCT recipients was not statistically significant be
tween the letermovir PP and control groups.

To the best of our knowledge, this is the first comprehensive 
systematic review and meta-analysis of all of the published real- 
world studies that summarized the role of letermovir PP for 
CMV-related outcomes among adult allo-HCT recipients. 
Our review provides real-world evidence that is consistent 
with 1 of the pivotal trial studies on letermovir PP among adult 
CMV-seropositive allo-HCT recipients [18]. This review in
cludes studies conducted in several countries, predominantly 
in the US, Italy, and Japan. Importantly, we summarized find
ings in this systematic review by several subgroup analyses in
cluding publication type, location of studies, and high-risk 
population. This systematic review focused on real-world stud
ies, some with limited sample sizes and shorter follow-up peri
od. The studies also varied in terms of patient characteristics. 
We have addressed these limitations by exploring these differ
ences through statistical analysis in random-effects model and 
subgroup analysis/meta-regression.

In summary, our systematic review of real-world studies 
among adult allo-HCT recipients supports that compared to 
the control group, letermovir use for CMV PP was effective 
in reducing the risk of CMV-related complications including 
CMVr, cs-CMVi, CMVd, all-cause and nonrelapse mortality, 
and CMV-related hospitalization at different time points 
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Figure 6. Nonrelapse mortality at D+100 follow-up (A) and beyond D+200 follow-up (B). Abbreviations: CI, confidence interval; OR, odds ratio.
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post–allo-HCT. Finally, the use of letermovir for CMV PP re
duced the incidence of CMV-related complications, the use 
of PET with anti-CMV agents that are associated with severe 
adverse events and may have prevented the direct and indirect 
effects of CMV infections that most probably led to improved 
clinical outcomes in adult allo-HCT recipients.
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