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Abstract
Introduction: Letermovir (LMV) is a new antiviral agent approved in 2017 for prophylaxis to prevent cytomegalovirus 
(CMV) reactivation in CMV-seropositive allogeneic hematopoietic cell transplant recipients. Numerous reports on real- 
-world experiences with LMV have been presented at international hematology and hematopoietic cell transplantation 
meetings. The objective of this study was to summarize data reported 2019–2020 on primary prophylaxis with LMV in 
adult patients.
Methods: We analyzed 19 studies published or presented in 2019 and 2020, including two studies presented twice. 
Results: An overall 817 patients received primary prophylaxis with LMV. In 12 studies with a control group, the rate of 
breakthrough infection was 99/577 (17.2%) vs. 874/1,525 (57.3%), odds ratio (OR) =6.5 [95% confidence interval (CI) 
=5.1–8.2), p <0.0001]. In seven studies without a control group, the rate was 17/240 (7.1%). Overall breakthrough 
infection occurred in 116/817 (14.2%) patients on LMV primary prophylaxis vs. 874/1,525 (57.3%) without prophylaxis, 
OR =8.1 (95% CI =6.5–10.1), p <0.0001.
Conclusions: LMV when used for primary prophylaxis challenges the standard of care for CMV reactivation based on 
preemptive therapy. Presented real-world data shows a significant improvement in reducing the risk of any CMV viremia 
and clinically significant CMV infection in all reported studies performed so far. LMV is a drug that breaks the paradigm 
of preventive therapy by moving it from pre-emptive treatment to prophylaxis.
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Introduction

Antiviral anti-CMV prophylaxis
To prevent cytomegalovirus (CMV) disease in allogeneic 
hematopoietic cell transplantation (allo-HCT) recipients, 
early CMV replication should be prevented. It has been 
shown that the presence of any CMV viremia contributes to 

non-relapse mortality (NRM) and all-cause mortality in the 
early and late post-transplant periods up to one year after 
HCT, even with preemptive therapy [1]. The rationale for 
the use of prophylaxis against CMV infection (CMVi) after 
allo-HCT is the observation that CMV replication increases 
mortality, while CMV seropositivity of the recipient signifi-
cantly reduces overall survival (OS) [2–4].
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In an allo-HCT setting, prophylaxis of CMV infection 
usually has not been used to date due to the high rate of 
nephro- and myelotoxicity of available anti-CMV drugs, and 
the possibility of postponed onset of CMVi and CMV disease 
after prophylaxis discontinuation. Also, previous studies 
have described the risk of development of drug resistan-
ce or intolerance, delayed CMV-specific immune reconsti-
tution, and finally no improvement in OS. Additionally, un-
successful trials with maribavir (MBV) [5] and brincidofovir 
(BCV) [6] used as a prophylaxis have shown that improve-
ment is difficult. Unnecessary treatment of patients who 
neither develop CMVi nor CMV disease is the main pitfall 
of a prophylaxis strategy.

However, a successful phase III study with letermovir 
(LMV) in prophylaxis [7] has changed the landscape and 
opened up the possibility of a very safe and effective ap-
proach. Consequently, the current recommendations of the 
7th European Conference on Infection in Leukemia (ECIL-7) 
on prophylaxis of CMV in allo-HCT setting [8] include: leter-
movir (with highest grade of recommendation) [7], valacy-
clovir [9, 10] (in association with preemptive strategy), acy-
clovir [11] (less efficient than valacyclovir), and gancyclovir 
[12, 13], while foscarnet is not recommended for anti-CMV 
prophylaxis [14, 15].

Gancyclovir, valgancyclovir, cidofovir, foscarnet, acyclo-
vir and valacyclovir are currently available antivirals with 
anti-CMV potential. Three new antiviral agents have emer-
ged recently, enhancing the ability to prevent and treat 
CMV, namely LMV, MBV and BCV. In phase II studies, LMV, 
MBV and BCV were effective [16–18], although this was 
not confirmed in phase III studies for MBV [5] and BCV [6].

At present, LMV is approved in Europe and the US for 
prophylaxis, while studies on the roles of MBV and BCV are 
ongoing. MBV is close to being given European Medicine 
Agency (EMA) and Food and Drug Agency (FDA) licenses, 
as studies show that it is effective in preemptive treatment 
and in refractory and recurrent CMVi [19, 20].

Letermovir 
CMV for replication involves viral terminase cleaving of con-
catemeric genomic viral DNA which is located to intended 
viral capsids. CMV replication is inhibited by LMV, which 
binds to the complex of viral terminase [7]. In vitro and 
in vivo studies have shown its specific anti-CMV activity 
with no activity contrary to other viruses, and no cross-
-resistance with other medicines applied in the treatment 
of CMV disease [21]. LMV is a 3,4-dihydro-quinazoline-4-
-yl-acetic acid derivative and belongs to a new class of 
antivirals [21]. The bioavailability in healthy individuals is 
94%, when administered orally.

However, in allogeneic HCT patients, LMV bioavailability 
is 85% with simultaneous cyclosporine administration, and 
decreases to 35% without cyclosporine. In 93% it is excre-
ted in faeces, and in 70% as unchanged drug. In cases of 

renal insufficiency, there is no need for dose adjustments 
due to minimal renal excretion [22].

Currently, the EMA and FDA approve LMV for prophy-
laxis of CMV in allo-HCT patients, while LMV has not been 
approved for: secondary prophylaxis of CMVi, preemptive 
treatment of asymptomatic CMVi, or treatment of CMV 
disease, including those resistant to gancyclovir. There is 
also no registration for its use in children.

Numerous reports on real-world experiences with leter-
movir have been presented to international hematology and 
HCT meetings. The objective of this study was to summari-
ze data reported in 2019–2020 on the use of letermovir 
in primary prophylaxis in adults.

Methods

Design of study
We analyzed studies on primary prophylaxis with LMV in 
adult patients published in 2019 and 2020, and abstracts 
from international hematology and HCT meetings held in 
2019–2020 including the American Society of Transplan-
tation and Cellular Therapy (ASTCT/TCT), the European 
Society of Blood and Marrow Transplantation (EBMT), and 
the American Society of Hematology (ASH). The following 
data was retrieved from these reports: number of patients 
treated with LMV; number of patients with clinically signifi-
cant CMV infection which required preemptive treatment; 
day of beginning LMV prophylaxis; and definition of high-risk 
patients, if available. For some abstracts, data on a control 
group not treated with LMV was also available.

Definitions 
CMV infection (CMVi) was defined when the virus, its an-
tigens (proteins) or genetic material were present in any 
tissue or body fluid. Clinically significant CMVi (cs-CMVi) 
was defined as viremia that required the use of antiviral 
compound, usually as a pre-emptive therapy.

Patients at high risk of CMV reactivation 
In the pivotal phase III study by Marty et al. [7], patients 
at high risk of CMV reactivation and CMV disease were 
defined as meeting one or more of the following criteria 
at the time of randomization: having an unrelated donor 
with at least one mismatch at one of the specified four 
human leukocyte antigen (HLA) gene loci (HLA-A, B, C, and 
DRB1); having a related donor with at least one mismatch 
at one of the specified three HLA gene loci (HLA-A, B, or 
DR); having a haploidentical (haplo) donor; the use of ex 
vivo T-cell-depleted grafts; the use of umbilical cord blood 
as the hematopoietic-cell source; and having graft-versus-
-host disease (GvHD) of grade 2 or greater that led to the 
use of 1 mg or more of prednisone (or its equivalent) per 
kilogram of body weight per day. Other patients not fulfilling 
high-risk criteria were considered to be the low-risk group.
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Statistical analysis 
Odds ratio (OR) with 95% of confidence interval (95% CI) 
were calculated in order to compare rates of categoric 
variables in analyzed groups.

Results

We analyzed real-world practice on primary prophylaxis with 
LMV for prevention of CMV in adult allo-HCT recipients. Data 
published or presented at major hematological conferences 
(ASTCT/TCT, EBMT, and ASH) in 2019–2020, supplemented 
with two papers published in 2019 [23–25], was reviewed.

Overall, we found and analyzed 19 reports on primary 
prophylaxis with LMV conferred in 2019 and 2020, inclu-
ding two studies presented twice. We did not find any other 
conference materials in this field. 817 patients on primary 
prophylaxis with LMV were described (Tables I, II).

In 12 studies with a control group, the rate of breakthrough 
infection was 99/577 (17.2%) vs. 874/1,525 (57.3%), 
with odds ratio OR =6.5 (95% CI =5.1–8.2), p ≤0.0001. 
In seven studies without a control group, the rate was 
17/240 (7.1%). Overall breakthrough infection occurred 
in 116/817 (14.2%) patients on LMV primary prophylaxis 
vs. 874/1,525 (57.3%) without prophylaxis, OR =8.1 (95%  
CI =6.5–10.1), p ≤0.0001.

Discussion

Real-world experience with LMV shows significant re-
ductions of CMVi and cs-CMVi in presented studies contrary 
to any control, usually historical. In presented studies, 
a highly effective LMV prophylaxis decreased the need 
for the use of toxic anti-CMV therapies. It also contributed 
to decreased CMV-related mortality, while no significant 

Table I. Summary of reported data in abstracts and full papers on primary prophylaxis with LMV in 2019-2020 with control group

No. Study reference Number 
of  

patients 

Characteristics High-risk  
patients

Start 
of 

LMV

No. of pts with 
CMVi on LMV vs. 
total no. of pts  

on LMV

No. of pts with CMVi 
in control group vs. 
no. of pts in control 

group

Study 
type

1. Lau et al. (A1) 10 CMV R+ CBT N/D +7 0/10 (0%) 51/62 (82.3%) PS

2. Foolad et al. (A3) 53 CMV R+ N/D N/A 11/53 (21%) 11/21 (52.4%) RS

3. Dadwal et al. (A7) 59 CMV R+ Haplo, CBT, 
ATG

+13 13/59 (22.4%) 126/307 (41.1%) RS

4. Shigle et al. (A4) 53 CMV R+ N/D N/A 11/53 (21%) 11/21 (52%) RS

5. Karam et al. (A13) 63 Haplo, MUD, 
CBT, ATG

N/D N/A 12/63 (19.4%) 28/41 (68.3%) RS

6. Sharma et al. [23] 32 CMV R+ CBT 
(double/haplo)

N/D 0 0/32 (0%) 15/101 (14.9%) RS

7. Anderson et al. 
(A14) [26]

25 CMV R+, haplo, 
MMUD, CBT, 

GvHD +predni-
sone >1 mg/kg

N/D +10 1/25 (4%) 63/106 (59.4%) PS

8. Dominietto et al. 
(A17)

30 CMV R+ N/D +14 0/30 (0%) 71/157 (45.2%) RS

9. Mori Y et al. (A18) 114 CMV R+ MMUD/ 
/MMRD, 

CBT, GvHD 
treated with 

steroids

N/A 34/114 (29.8%) 428/571 (74.9%) RS

10. Satake et al. (A19; 
A12)

27 Haplo, MMUD, 
CBT

N/D 0 3/27 (11.1%) 15/27 (55.6%) RS

11. Derigs et al. (A20; 
A10) [25]

80 CMV R+ N/D N/A 11/80 (14%) 33/80 (41.2%) RS

12. Jinnouchi et al. 
(A21)

31 CMV R+ 
(MMUD, CBT, 

ATG)

N/D N/A 3/31 (9.7%) 22/31 (71.0%) RS

TOTAL 99/577 (17.2%) 874/1,525 (57.3%)
CMVi — significant cytomegalovirus infection; HCT — hematopoietic cell transplantation; CBT — cord blood transplantation; MUD — matched unrelated donor; MMUD — mismatched unrelated donor; 
MMRD — mismatched related donor; haplo — haploidentical HCT; R+ — seropositive recipient; ATG — anti-thymocyte globulin; N/A — not available; N/D — not defined; PS — prospective study; RS — retro-
spective study
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adverse effect of LMV, especially myelosuppression, was 
observed.

Patients on LMV prophylaxis had lower incidence of cs-
-CMVi (21% vs. 52%, p =0.01), descending trend in frequ-
ency of CMV disease (6% vs. 10%, p =0.55), fewer hospi-
talizations for treatment of CMVi (7% vs. 12%, p =0.57), 
and lower all-cause mortality assessed at day +100 (4% 
vs. 14%, p =0.1) (A3).

Multivariate analysis has shown that two factors had 
an impact on the occurrence of cs-CMVi at day +100: tre-
atment of GvHD increased the risk, while administration 
of LMV decreased it. 

Another important observation performed in this stu-
dy was that LMV had a significantly stronger positive ef-
fect than the negative effect of graft-versus-host disease. 
Only LMV use influenced the risk of any CMV-DNA detec-
tion, while other factors such as transplantation type and 
CMV donor serostatus had no effect on cs-CMVi and CMV 
viremia (A3).

Patients who were on LMV for prophylaxis had less cs-
-CMVi, fewer episodes of CMVi (21% vs. 52%, p =0.01), and 
a trend towards lower all-cause mortality by day +100 (A4). 
In another study, the efficacy of LMV in a real-world setting 

for prevention of cs-CMV during the first 14 weeks after al-
lo-HCT in CMV-seropositive patients compared to control 
group (0% vs. 45% respectively, p <0.0001) was observed, 
with no serious adverse event of LMV prophylaxis (A17). 
LMV significantly reduced the risk of CMV reactivation in 
high-risk patients compared to historical control group (20% 
vs. 63%, p =0.003) (A5).

The cumulative incidence of CMV reactivation wit-
hin 100 days post-HCT was lower in the LMV group ver-
sus control group (20% vs. 72% respectively, p ≤0.001) 
as well as 100-day cumulative incidence of cs-CMVi (4% 
vs. 59% respectively, p ≤0.001) with no CMV invasive 
disease. This beneficial effect on reduction of cs-CMVi 
was also observed at day +200 in the LMV group, which 
suggests sustained efficacy after discontinuation of prop-
hylaxis. However, no difference in mortality was observed 
between LMV group and control group (20% vs. 21%,  
p =0.79) in the first 100 days post-HCT. Further studies 
are needed to investigate the role of LMV beyond 100 days 
post-HCT (A14) [26].

Compared to the control group, LMV reduced frequency 
of CMV reactivation in high-risk allo-HCT patients (9.7% vs. 
71% respectively, p ≤0.001). The authors suggest that LMV 

Table II. Summary of reported data in abstracts and full papers on primary prophylaxis with LMV in 2019–2020 without control group

No. Study refe-
rence

Number 
of  

patients

Characteristics High-risk 
patients

Start 
of 

LMV

No. of pts with 
CMVi on LMV 
vs. total no.  

of pts on LMV

Comments Study 
type

1. Merchant 
et al. (A5)

30 CMV R+ and or D+

Haplo, CBT, MUD

N/D +14 6/30 (20.8%) Authors provided data on histo-
ric control group with infection 
rate of 63%, but no more deta-

ils provided

RS

2. Ferrari  
et al. (A6)

22 CMV R+ and/or D+ N/D +5 0/22 (0%) RS

3. Lin et al. 
(A2; A8) 
[24]

39 CMV R+ TCD, 
haplo, 

MMUD/ 
/MMRD

+7 2/39 (5.1%) 1/27 (3.7%) in high-risk and 
1/12 (8.3%) in low-risk

RS

4. Robin et al. 
(A9)

22 CMV R+, haplo, 
CBT, GvHD, ATG

N/D N/A 0/22 (0%) RS

5. Kodiyan-
plakkal  
et al. (A11)

31 CMV R+, ATG, anti-
-CD52

N/D N/A 1/31 (3.2%) RS

6. Patel et al. 
(A15)

20 CMV R+ haplo N/D +16 5/20 (25%) RS

7. Nguyen  
et al. (A16)

76 Haplo, CBT, ATG, 
MUD, MMRD

N/D N/A 3/76 (3.9%) Authors provided data on histo-
ric control group with infection 
rate 48/553 (8.7%), but some 
of them treated with other an-

tivirals

PS

TOTAL 17/240 (7.1%)
CMVi — significant cytomegalovirus infection; HCT — hematopoietic cell transplantation; CBT — cord blood transplantation; MUD — matched unrelated donor; MMUD — mismatched unrelated donor; MMRD — 
mismatched related donor; haplo — haploidentical HCT; R+ —seropositive recipient; ATG — anti-thymocyte globulin; N/A — not available; N/D — not defined, PS — prospective study, RS — retrospective study
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in prophylaxis probably reduces treatment-related mortali-
ty directly by CMV disease suppression, but also indirectly 
by incidence reduction of other transplant complications 
such as acute graft-versus-host disease (A21).

Recently published data suggests that LMV use in the 
initial period after HCT significantly inhibits CMVi (A12, 
A19), especially in high-risk patients (T-cell depleted allo-
-HCT recipients) (A11).

LMV was safe and significantly lowered the cumulati-
ve incidence of CMV reactivation. In CMV seropositive al-
lo-HCT recipients, the use of LMV significantly decreased 
the cost of therapy of CMVi correlated with valgancyclovir 
and foscarnet administration (A20, A10).

Other studies have shown that LMV was effective and 
well tolerated in primary prophylaxis lasting 14 weeks or 
longer just after allo-HCT or as a secondary prophylaxis. 
However, to obtain the optimal time of prophylaxis in high-
-risk allo-HCT patients, additional studies should be un-
dertaken (A8, A2).

It has been shown that LMV prophylaxis had a benefi-
cial effect on the reduction of risk of cs-CMVi in CMV-sero-
positive unselected, mostly high-risk, transplant recipients. 
However, contrary to the study by Marty et al. [7], just a few 
CMVi occurring after day +100 since discontinuation of 
LMV prophylaxis were seen. Also, no differences in time to 
neutrophil or platelet recovery, incidence of relapse, acute 
GvHD, OS and NRM were observed (A13).

There was no CMV reactivation in all 22 high-risk pa-
tients, with only 1/35 (3%) patients on secondary prophy-
laxis developing breakthrough infection. LMV may provide 
a safe bridge between preemptive therapy and specific im-
mune reconstitution (A9). In high-risk patients, LMV for pri-
mary prophylaxis was well tolerated without hematopoietic/ 
/organ toxicity. CMV viremia occurred in 71% of patients 
on LMV and in 74% in the control group, however 34% of 
patients on LMV prophylaxis started this prophylaxis on 
a different CMV-active agent compared to 50% of controls. 
LMV prophylaxis decreased the burden of CMV, and only 
3.9% of patients on LMV developed disease, compared to 
8.7% in the control group (A16).

Compared to alternative prophylaxis approaches in pa-
tients after cord blood transplants (CBT) through day +100, 
LMV is safe and effective. No additional CMV-directed tre-
atment has been used in patients during LMV prophylaxis 
[23]. LMV was well tolerated with no drug toxicities in adult 
patients after CBT with a simultaneous cost decrease in 
this group of patients (A1).

In patients after CBT, CMV can reactivate very early 
[27], which is why prophylaxis with LMV should be started 
on the day of transplantation, with no negative influence on 
time of engraftment or graft failure [23]. However, one po-
tential problem, especially in CBT recipients, is postponed 
CMV reactivation after cessation of LMV prophylaxis [23]. 
That is why it has been postulated to treat LMV patients 

and recommend serial CMV monitoring at least monthly 
through six months post-transplantation [23].

In CMV-seropositive haplo-HCT recipients on LMV pri-
mary prophylaxis, CMV reactivation occurred in 25% of pa-
tients before day +100, and an additional 27% had CMV 
reactivation after LMV was discontinued at day +100. Howe-
ver, significant CMV reactivation was not seen beyond day 
+100, and future studies need to be conducted on the ideal 
duration of prophylaxis in this high-risk population (A15).

In the study by Dadwal et al. (A7), the high-risk patient 
group was defined as CMV-seropositive haplo-HCT reci-
pients, CBT-recipients, and patients using anti-thymocyte 
globulin (ATG), whereas all others were regarded as the low 
risk group. Patients on LMV had lower rate of CMVi than 
control group (22.4% vs. 41.1%, p =0.008), but the bene-
fit was greater in high-risk HCT patients (22.2% vs. 62.8%, 
p =0.004) than in low-risk patients (22.8% vs. 35.6%,  
p =0.11) with LMV prophylaxis. In the LMV group, clinical-
ly significant CMV infections requiring preemptive therapy 
occurred in 8.4% (n =5); when excluding two patients who 
were not on LMV at the time of CMVi, the rate was 5%. The 
low level of CMVi (<2,500 IU/mL) in most patients resol-
ved spontaneously with continued LMV prophylaxis with no 
need for treatment of CMVi.

Mori et al. (A18) among CMV-seropositive recipients 
distinguished mismatched unrelated donors (MMUD), CBT 
or systemic treatment for GvHD as a high-risk group. The 
cumulative incidence of cs-CMVi was significantly lower in 
LMV patients than in non-LMV patients (29.8% vs. 74.9%,  
p <0.0001). This welcome decrease is mirrored in reci-
pients with a high risk of CMV reactivation rather than a low 
risk (LMV vs. non-LMV: high-risk group 34.1% vs. 81.8%, 
respectively, p <0.001, low-risk group 15.4% vs. 50.4% re-
spectively, p =0.076) (A18).

In the study by Lin et al. (A2; A8), primary LMV prophy-
laxis was introduced before day +7 after HCT in a high-risk 
group and before day +28 after HCT in low-risk patients. 
Clinically significant CMV reactivation without disease oc-
curred in 2/39 (5%) patients, including only one patient (i.e. 
2.5%; HR 1/27, LR 0/12) at 14 weeks after allo-HCT. The 
other patient (after a second allogeneic transplantation), 
presented breakthrough CMV reactivation after short-term 
off-drug treatment. Around day +100, UL56 mutation was 
diagnosed, followed by cure with valgancyclovir. Only in this 
one patient, in whom prolonged LMV primary prophylaxis 
was given, was cs-CMV observed.

As delayed CMV reactivation after prophylaxis discon-
tinuation is controversial, screening for CMV reactivation 
beyond day +100 should be obligatory. Further studies on 
prolonged prophylaxis after day +100 should be conduc-
ted in patients after CBT (A1) and on immunosuppressive 
treatment of graft-versus-host disease. All demonstrated 
benefits should prompt consideration of LMV prophylaxis 
in all CMV-seropositive allo-HCT recipients (A3).
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Conclusions

Real-world data has confirmed the results of the pivotal 
study by Marty et al. [7] on primary prophylaxis with LMV 
in adult CMV-seropositive recipients of allo-HCT. It has 
been shown that the use of LMV is safe and effective for 
prophylaxis in this group of patients. There has been no 
delay observed in hematological recovery in any published 
report. Moreover, HCT patients with a high risk of CMV 
reactivation (i.e. recipients of CBT, haplo, MMUD and with 
ATG use) had a more beneficial effect with LMV prophylaxis 
than did other patients. In high-risk patients, a positive 
effect of prolonged LMV administration is appreciable, but 
the objective duration of its use requires further studies.

Compared to preemptive therapy [7], LMV was much 
more effective in preventing CMV infection and CMV 
disease. The real-world experience shows that LMV does 
not cause myelotoxicity and has a beneficial safety profile. 
Simultaneously, prophylaxis with LMV improves OS during 
the first 24 and 48 weeks after HCT [7, 28–30].

All these findings indicate that in CMV-seropositive pa-
tients after HCT, a preventive strategy based on preemptive 
therapy could be successfully shifted to a prophylaxis stra-
tegy. Such a prophylaxis strategy results in a reduction of 
cs-CMVi, a decreased need for preemptive treatment and 
hospitalizations, and contributes to lower all-cause mor-
tality. In addition, a prophylaxis strategy with LMV shows 
a potential benefit in reducing costs, especially in the con-
text of negative effects decrease such as graft-versus-host 
disease or bacterial and fungal infections.

The recent approval of LMV for primary anti-CMV prop-
hylaxis in adults challenges the current standard of care 
that is based on preemptive therapy. Real-world data shows 
a significant risk reduction of any CMV viremia or cs-CMVi 
in all analyzed reports.

LMV is a drug that breaks the paradigm of anti-CMV 
management by shifting preventive therapy to prophylaxis. 
Additionally, recent studies have indicated needs for prop-
hylaxis in children [31] and secondary prophylaxis [32].
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