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Introduction
Cytomegalovirus (CMV) infection is a serious 
complication in allogeneic hematopoietic cell 
transplant (allo-HCT) recipients, and is associ-
ated with increased morbidity and mortality.1–3 
CMV-seropositive patients undergoing allo-HCT 
are at increased risk of CMV infection, with up to 
80% developing CMV reactivation in the absence 
of prophylaxis.2,4

Antiviral agents used in the treatment of CMV 
are associated with significant toxicities. 
Ganciclovir, a synthetic nucleoside that inhibits 
viral DNA synthesis, and its pro-drug, valganci-
clovir, are associated with myelosuppression, 
which may preclude their use in patients in the 
early post-transplant setting.1,5 Foscarnet, a 
pyrophosphate analogue that inhibits viral DNA 
polymerase, is nephrotoxic and can cause electro-
lyte imbalances that require close monitoring, 

and, in some cases, hospitalization for manage-
ment.1,5 Because of the toxicity of these agents, 
they have fallen out of favor, at least for primary 
prophylaxis of CMV infections. Instead, a pre-
emptive monitoring strategy has been adopted for 
allo-HCT recipients. This strategy involves close 
monitoring of CMV viral load via quantitative 
CMV DNA by polymerase chain reaction (PCR), 
pp65 antigenemia, or other molecular methods of 
detection. Once the virus reactivates, pre-emptive 
anti-CMV therapy is initiated to prevent progres-
sion to CMV end-organ disease.1,6 While this 
approach has decreased the incidence of CMV 
end-organ disease, the impact on overall morbid-
ity and mortality that is associated with CMV 
viremia in allo-HCT recipients is still unclear.2,3,7

The development of a safe and effective agent for 
prophylaxis, one that would prevent CMV reacti-
vation and disease while avoiding significant 
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toxicities, has been an area of unmet need in 
CMV management. Letermovir was approved by 
the United States Food and Drug Administration 
(FDA) for the prophylaxis of CMV infection and 
disease in adult CMV-seropositive allo-HCT 
recipients in November 2017.8 Here, we summa-
rize the available literature on letermovir, high-
lighting its use as primary prophylaxis for 
allo-HCT recipients, as well as discussing clinical 
considerations for the use of letermovir in prac-
tice and potential future directions.

Letermovir
Letermovir is a novel agent that represents a new 
class of non-nucleoside CMV inhibitors, the 3,4 
dihydro-quinazoline-4-yl-acetic acid deriva-
tives.9,10 Unlike other anti-CMV therapies that 
are currently available, letermovir has activity in 
the late stages of viral replication rather than 
against the viral DNA polymerase.10,11

Successful CMV viral replication requires cleav-
age of concatemeric DNA into functional mono-
mers that are subsequently packaged into viral 
capsids. This process is performed by a group of 
proteins that are collectively known as a “termi-
nase complex”; these include the protein subunits 
pUL56 and pUL89 and at least five additional 
proteins whose functions have yet to be fully elu-
cidated.9,10,12,13 More recently, one of these pro-
teins, pUL51, was further characterized; it likely 
represents a third component of the terminase 
complex that interacts with the previously 
described proteins, pUL56 and pUL89.13

Letermovir inhibits the viral terminase complex 
at pUL56 and pUL89, which leads to compro-
mised viral replication by preventing genomes of 
proper unit length and the accumulation of imma-
ture viral DNA.9–11

In vitro studies have demonstrated that letermovir 
is one of the most potent anti-CMV agents identi-
fied to date, with reports illustrating up to 1000-
fold potency compared with that of ganciclovir.9,10,14 
Furthermore, given the absence of the mamma-
lian counterpart of the viral terminase enzyme, 
mechanism-based adverse effects are unlikely, 
making letermovir an appealing alternative to cur-
rent therapies.10,12,14 In addition, it has selective 
activity against only CMV14; as a result, antiviral 
prophylaxis to prevent herpes simplex virus and 
varicella zoster virus is recommended.

The approved dose of letermovir is 480 mg 
(240 mg if co-administered with cyclosporine) 
once daily. Presently, it is recommended to start 
letermovir at this dose in CMV seropositive adult 
recipients of an allo-HCT between day 0 and 28 
and continue through day 100 post-transplant 
(Table 1).15,16

Letermovir clinical studies for primary 
prophylaxis

Phase II study
A phase IIb, multi-center, double-blinded, dose-
range study was conducted to evaluate the safety 
and efficacy of letermovir as prophylaxis (Table 
2).17 CMV-seropositive allo-HCT recipients from 
a matched related or unrelated donor with evi-
dence of engraftment within 40 days of transplant 
and undetectable CMV were eligible for enroll-
ment. Patients were excluded if they had received 
an ex vivo T-cell-depleted graft, had undergone 
anti-CMV treatment after transplantation, or had 
past or present CMV end-organ disease, uncon-
trolled infection, or acute graft-versus-host disease 
(GVHD) of grade II or higher. Since letermovir is 
not active against herpes simplex virus or varicella 
zoster virus, the use of low-dose acyclovir, valacy-
clovir, or famciclovir was permitted.17

Patients were assigned in a 3:1 ratio to receive 
60 mg, 120 mg, or 240 mg of letermovir or placebo 
for 12 weeks. Virologic failure was defined as either 
detectable CMV antigen or DNA at two consecu-
tive time points, leading to pre-emptive treatment 
with anti-CMV therapy or evidence of CMV end-
organ disease. The incidence and the time to onset 
of all-cause failure (discontinuing the study drug 
for virologic failure or any other reason) during the 
12 weeks of study drug administration were the 
two primary efficacy endpoints.17

Between March 2010 and October 2011, 131 
patients were assigned randomly to receive the 
study drug. The incidence of all-cause failure was 
lower in the groups that received 120 mg of leter-
movir [10 of 31 (32%)] and 240 mg of letermovir 
[10 of 34 (29%)] than in those that received pla-
cebo [21 of 33 (64%); p = 0.01 and p = 0.007, 
respectively]. There was no difference between 
60 mg of letermovir and placebo [16 of 33 (48%), 
p = 0.32]. When evaluating virologic failure only, 
the incidence of detectable CMV was lower in 
patients who received letermovir than in those 
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who received placebo in all arms. No cases of 
CMV end-organ disease were observed in this 
study.17

The most common reason for discontinuation of 
the study drug was CMV infection, which was 
more common in the placebo arm (letermo-
vir = 26% versus placebo = 58%). In addition, the 
safety profiles of letermovir versus placebo were 
similar, with no hematologic toxicity associated 
with letermovir. The most frequent adverse event 
reported in both groups was gastrointestinal tox-
icity (letermovir = 66% versus placebo = 61%), 
such as nausea, vomiting, and diarrhea.17

Although a lower dose of letermovir was studied, 
a further analysis of this patient population 
revealed that patients who received the 240 mg 
dose without cyclosporine had drug exposure lev-
els that were closer to those of the 60 mg and 
120 mg daily doses, which were associated with 
more virologic failures.16,17 As a result, on the 
basis of all available safety data and exposure-
response modeling and simulation, the dose of 
letermovir was increased to 480 mg once daily in 
patients who were not receiving cyclosporine, and 
continued at 240 mg once daily with cyclo-
sporine.16 The promising results of this phase IIb 

trial afforded the opportunity to proceed with a 
phase III trial, not only with the adjusted letermo-
vir dose but also starting the study drug prior to 
engraftment since no myelosuppression had been 
observed.

Phase III study
This phase III, multi-center, double-blinded, 
placebo-controlled study of letermovir enrolled 
eligible CMV-seropositive allo-HCT recipients 
(Table 2). They were randomly assigned, in a 2:1 
ratio, to receive letermovir or placebo, starting 
between day 0 and 28 through week 14 (approxi-
mately day 100).16 Patients were excluded if they 
were less than 18 years old; had severe liver 
impairment, an estimated creatinine clearance of 
less than 10 ml/min, or detectable CMV DNA; or 
were currently undergoing or had recently under-
gone receipt of anti-CMV therapy.16 Patients 
were classified as high or low risk for CMV reac-
tivation and CMV end-organ disease. Patients 
were considered high risk if they met one or more 
of the following criteria: haploidentical trans-
plant; umbilical cord transplant; major human 
leukocyte antigen (HLA) mismatch at HLA-A, B, 
or DR donor (related or unrelated); ex vivo T-cell-
depleted graft; and GVHD grade II or higher 

Table 1. Letermovir overview.15

Dose/
frequency

Route Dose 
adjustment

Pharmacokinetics Drug interactions Clinical pearls

480 mg once 
daily
240 mg once 
daily with 
cyclosporine
Start between 
days 0 and 
28, continue 
through day 
100

PO (tablet), 
with or without 
food
IV containing 
hydroxylpropyl 
beta-
cyclodextrin

Renal 
impairment: 
no dose 
adjustment†

Hepatic 
impairment: 
no dose 
adjustment‡

F = 35–94%*
Vd = 45.5 l, 99% 
protein bound
Hepatic 
metabolism 
through 
UGT1A1/1A3 
(minor)
t 1/2 = 12 h
Excretion: feces, 
93% (70% as 
unchanged drug)

Substrate:
CYP3A, CYP2D6, 
UGT1A1, UGT1A3; 
transporters P-gp, 
OATP1B1/3
Inhibitor:
CYP3A (moderate)
CYP2C8, P-gp, 
OAT3, OATP1B1/3
Inducer:
CYP2C9, CYP2C19, 
CYP2B6, CYP3A

28-day blister pack
Letermovir decreases 
voriconazole concentration; 
recommend monitoring 
voriconazole levels
Only active against CMV; 
recommend antiviral 
prophylaxis to prevent herpes 
simplex virus and varicella 
zoster virus
Consider ordering CMV 
genotype to assess for 
resistance if patient develops 
clinically significant CMV 
infection on letermovir 
(>1000 IU/ml)

CMV, cytomegalovirus; CrCL, creatinine clearance; F, bioavailability; IU, international units; t ½, half life; Vd, volume of distribution.
*Bioavailability in healthy subjects = 94% without cyclosporine (240–480 mg once daily), hematopoietic cell transplant recipients without 
cyclosporine (480 mg once daily) = 35%, hematopoietic cell transplant recipients with cyclosporine (240 mg once daily) = 85%.
†Patients with CrCL < 10 ml/min or patients on hemodialysis were excluded from the phase III trial. Caution should be used in patients with CrCL 
⩽50 ml/min receiving IV letermovir.
‡Patients with moderate (Child Pugh Class B) or severe (Child Pugh Class C) liver dysfunction were excluded from the phase III trial.

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 11

4 journals.sagepub.com/home/tah

requiring ⩾1 mg/kg of prednisone or equivalent.16 
Patients with clinically significant CMV infection 
(CS-CMVi) (i.e., CMV disease or CMV viremia 
leading to pre-emptive therapy) discontinued the 
trial regimen and began anti-CMV therapy.16

Between June 2014 and March 2016, 565 patients 
gave consent and were randomly assigned study 
drug. The baseline characteristics between the 
trial groups were well balanced, and, overall, 31% 
(175 of 565) were considered to be at high risk for 

Table 2. Letermovir primary prophylaxis: summary of clinical studies in hematopoietic cell transplant.

Study design No. of patients Outcomes

Clinical trials

Chemaly et al.17 Phase IIb
Prospective, 
randomized, placebo 
controlled, multi-
center, dose ranging

LTV (60 mg), n = 33
LTV (120 mg), n = 31
LTV (240 mg), n = 34
Placebo, n = 33

All-cause prophylaxis failure,-no. (%); p value LTV versus 
placebo
LTV (60 mg) = 16 (48%), p = 0.32
LTV (120 mg) = 10 (32%), p = 0.01
LTV (240 mg) = 10 (29%), p = 0.007
Placebo = 21 (64%)
Any drug-related adverse event, no. (%)
LTV (60 mg) = 11 (33%)
LTV (120 mg) = 4 (13%)
LTV (240 mg) = 2 (6%)
Placebo = 11 (33%)

Marty et al.16 Phase III
Prospective, 
randomized, placebo 
controlled, multi-
center

LTV, n = 325
Placebo, n = 170

CS-CMVi at week 14,-no. (%)
LTV 62 (19.1%) versus 85 (50%), p < 0.001
CS-CMVi at week 24,-no. (%)
LTV = 122 (37.5%) versus placebo = 103 (60.6%), p < 0.001
All-cause mortality at week 24
LTV = 10.2% versus placebo = 15.9%, p = 0.03
All-cause mortality at week 48
LTV = 20.9% versus placebo = 25.5%, p = 0.12
Any adverse event (LTV n = 373, placebo n = 192), no. (%)
LTV = 365 (97.9% versus placebo = 192 (100%), p = 0.07

Phase III follow-up analyses

Marty et al.18 Analysis of patients 
with detectable CMV 
at randomization 
excluded from phase 
III trial

LTV, n = 48
Placebo, n = 22

CS-CMVi at week 14,-no. (%)
LTV = 22 (45.8%) versus placebo = 20 (90.9%), p < 0.001
CS-CMVi at week 24,-no. (%)
LTV = 31 (64.6%) versus placebo = 20 (90.9%), p < 0.01
All-cause mortality at week 24
LTV = 15% versus placebo = 18.2%, no reported p value
All-cause mortality at week 48
LTV = 26.5% versus placebo = 40.9%, p = 0.268

Ljungman et al.19 Post hoc analysis of 
phase III data

Week 24 (59 deaths)
LTV, n = 293
Placebo, n = 143
Week 48 (101 deaths)
LTV, n = 264
Placebo, n = 130

HR all-cause mortality at week 24 (LTV versus placebo)
0.58 (95% CI, 0.35–0.98), p = 0.04
HR all-cause mortality at week 48 (LTV versus placebo)
0.74 (95% CI, 0.49–1.11), p = 0.14
HR of letermovir group with versus without CS-CMVi 
(week 48)
1.15 (95% CI, 0.56–2.37), p = 0.71
HR of placebo group with versus without CS-CMVi (week 
48)
2.34 (95% CI, 1.17–4.67), p = 0.02
HR all-cause mortality CS-CMVi (LTV versus placebo)
0.45 (95% CI, 0.21–1.00), p = 0.05

CS-CMVi, clinically significant CMV infection; LTV, letermovir.
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CS-CMVi. The median time to begin letermovir 
or placebo was 9 days (range, 0–28 days) after 
transplantation, with a median duration of ther-
apy of 82 days (range, 1–113 days) in the letermo-
vir arm, and 56 days (range, 4–115 days) in the 
placebo arm.16

Of the patients who received the trial regimen, 495 
(325 on letermovir and 170 on placebo) were 
included in the primary efficacy population for the 
primary endpoint of CS-CMVi through week 24; 
the other patients were excluded for detectable 
CMV DNA at the time of randomization.16 By 
week 24, fewer patients in the letermovir group 
had developed CS-CMVi than had those in the 
placebo group (letermovir = 37.5% versus pla-
cebo = 60.6%, p < 0.001). Of note, few patients in 
both arms had developed CMV end-organ disease, 
which involved the gastrointestinal tract in all cases 
(letermovir = 1.5% versus placebo = 1.8%).16

A more pronounced difference in the secondary 
end point of CS-CMVi was found between groups 
by week 14, again in favor of letermovir (letermo-
vir = 19.1% versus placebo = 50%, p < 0.001). 
Interestingly, around week 18, the incidence of 

CS-CMVi increased in the letermovir group 
shortly after the discontinuation of therapy. This 
was reflective of an ongoing or new CMV risk, 
particularly in patients with GVHD who required 
corticosteroids.16

All-cause mortality at week 24 after transplantation 
was lower among patients who received letermovir 
(letermovir = 10.2% versus placebo = 15.9%, 
p = 0.03). However, all-cause mortality at week 48 
was not statistically different between groups (leter-
movir = 20.9% versus placebo = 25.5%, p = 0.12). 
The prevention of CS-CMVi was consistent among 
all risk groups, and a lower mortality rate was more 
pronounced in the high-risk group, although the 
study was not powered to evaluate this endpoint.16

The most common reason for discontinuation of 
the trial regimen was CS-CMVi, which was more 
common in the placebo arm [82 of 194 (42.3%)]. 
No difference was noted between arms in regards 
to time to engraftment, relapse of hematologic 
disease, or incidence and grade of GVHD. In 
addition, the overall rates of adverse effects were 
similar between both groups, with no statistically 
significant difference noted (Figure 1).16
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Figure 1. Select LTV versus placebo adverse events (any grade) reported in phase III trial.16

*Cardiac event included (LTV versus placebo): atrial fibrillation (3.5% versus 1%), atrial flutter (1.1% versus 0%), cardiac failure (1.3% versus 0%), 
sinus tachycardia (1.1% versus 1.6%), and tachycardia (4% versus 2.1%). Further analysis did not show a relationship between letermovir and atrial 
arrhythmias.
LTV, letermovir.

https://journals.sagepub.com/home/tah


Therapeutic Advances in Hematology 11

6 journals.sagepub.com/home/tah

Phase III study follow-up analyses
There have been two follow-up studies from the 
phase III trial with letermovir (Table 2) that have 
further evaluated outcomes in patients with 
detectable CMV DNA at the time of randomiza-
tion and mortality analysis.18,19

A total of 70 patients from the phase III trial had 
detectable CMV DNA at randomization; how-
ever, since the viral load was verified in a central 
laboratory, the results were not known in real 
time. As a result, these patients continued on the 
study drug, but were excluded from the primary 
efficacy analysis.18 At the time of randomization, 
more patients with detectable CMV DNA by 
PCR were at high risk for CMV reactivation, 
received a myeloablative conditioning regimen, or 
received antithymocyte globulin, than did patients 
with undetectable CMV.18

More patients completed treatment with the study 
drug through week 14 in the letermovir group (25 
of 48) than did those in the placebo group (2 of 
22), with the main reason for discontinuation 
being CS-CMVi.18 A lower proportion of patients 
in the letermovir group had CS-CMVi at weeks 14 
and 24 than did those in the placebo group (week 
14: letermovir = 45.8% versus placebo = 90.9%, 
p < 0.001; week 24: letermovir = 64.6% versus pla-
cebo = 90.9%, p < 0.01). The proportion of 
CS-CMVi was lower in the letermovir arm at 
weeks 14 and 24 (week 14: letermovir = 33.1% ver-
sus placebo = 86.6%; week 24: letermovir = 51.8% 
versus placebo = 86.6%).18 Of note, all patients 
with detectable CMV at the time of randomization 
had higher rates of CS-CMVi than did all patients 
with undetectable CMV.18

The median time to CS-CMVi in the letermovir 
arm was longer than that in the placebo arm 
(letermovir = 156 days versus placebo = 34 days). 
Lastly, similar to patients with undetectable 
CMV, patients with detectable CMV at randomi-
zation had an all-cause mortality rate that favored 
letermovir at week 24 and week 48 (week 24: 
letermovir = 15% versus placebo = 18.2%; week 
48: letermovir = 26.5% versus placebo = 40.9%).18 
Although the results of this study were limited by 
the small sample size and low levels of CMV 
detection at randomization, they highlight the 
importance of early initiation of CMV prophy-
laxis with letermovir.

A recent post hoc analysis of the phase III data fur-
ther evaluated the effects of letermovir on all-
cause mortality.19 As previously mentioned, an 
all-cause mortality benefit with letermovir was 
seen at week 24, and a numerical benefit with 
letermovir was seen at week 48.16 Of the 495 
patients with undetectable CMV at the time of 
randomization, 437 had vital-status data available 
through week 48 [101 deaths (20.4%)]. A sensi-
tivity analysis at week 24 and week 48 demon-
strated results that were similar to those that had 
been previously reported for the incidence of all-
cause mortality.16,19 In addition, lower Kaplan–
Meier event rates for all-cause mortality were 
found for letermovir (week 24: letermovir = 12.1% 
versus 17.2%; p = 0.04; week 48: letermo-
vir = 23.8% versus placebo = 27.6%; p = 0.21).19

Univariate and multivariable Cox models for time 
to all-cause mortality through week 24 and week 48 
were calculated for possible risk factors associated 
with mortality. After adjusting for age, risk factors 
for CMV reactivation, and acute GVHD, the haz-
ard ratio (HR) for all-cause mortality for the leter-
movir arm was 0.58 [95% confidence interval 
(CI), 0.35–0.98; p = 0.04] at week 24 and 0.74 
(95% CI, 0.49–1.11; p = 0.14) at week 48.19

The incidence of all-cause mortality was also 
evaluated at week 48 in patients with or without 
CS-CMVi by week 24 after transplant. The inci-
dence of all-cause mortality in the placebo group 
was substantially higher in patients with 
CS-CMVi, despite the use of pre-emptive ther-
apy, than it was in patients without CS-CMVi 
[HR = 2.34 (95% CI = 1.17–4.67; p = 0.02)].19 
This finding is consistent with those in the avail-
able literature that have demonstrated that 
CMV reactivation, regardless of the initiation of 
appropriate pre-emptive therapy, increases mor-
tality.2,3 Contrariwise, the incidences of all-
cause mortality in the letermovir group were 
similar, irrespective of CS-CMVi [HR = 1.15 
(95% CI = 0.56–2.37; p = 0.71)].19 In a Cox 
regression model, and, after adjusting for other 
risk factors, the HR for all-cause mortality 
through week 48 in patients with CS-CMVi was 
0.45 (95% CI = 0.21–1.00, p = 0.05) for leter-
movir versus placebo.19 This follow-up analysis 
supports the initial findings that suggest that 
letermovir reduces mortality by preventing, or 
maybe delaying, CS-CMVi.
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Retrospective, single-center, real-world data
Three studies examined retrospective data on the 
use of letermovir as primary prophylaxis to pro-
vide further insight into its safety and efficacy.

Fooled et al. evaluated all adult patients who were 
CMV-seropositive and received an allo-HCT 
between March and October 2018.20 A total of 
140 patients was included, with 111 receiving 
letermovir prophylaxis.20 The most common rea-
son for not initiating letermovir prophylaxis was 
insurance approval and cost. Fewer patients on 
letermovir had CS-CMVi than did patients who 
did not receive prophylaxis [15 of 111 (14%) ver-
sus 13 of 29 (45%), p < 0.01]. Proven or probable 
CMV end-organ disease was similarly low in both 
groups [letermovir = 2 of 111 (2%) versus pla-
cebo = 2 of 29 (7%)]; further analysis is currently 
ongoing.20

Sharma et al. reported on the use of letermovir in 
cord blood transplant (CBT) recipients, as few 
CBT patients were enrolled in the phase III trial.16 
This retrospective study evaluated three prophy-
lactic strategies used in CBT recipients (double 
umbilical cord or haploidentical-cord transplant) 
at their institution from December 2009 through 
December 2018.21 Patients either received leter-
movir through day 100 (n = 32), 2 g of valacyclovir 
by mouth three times daily through day 100 
(“valacyclovir day 100”) (n = 60), or 2 g of valacy-
clovir by mouth three times daily through hospital 
discharge, followed by 800 mg of acyclovir by 
mouth twice daily (“valacyclovir hospital dis-
charge”) (n = 41). The CS-CMVi incidence was 
lower in the letermovir arm than in both arms 
with valacyclovir (0 of 32 letermovir, 6 of 60 vala-
cyclovir day 100, and 9 of 41 valacyclovir hospital 
discharge; p = 0.06 and p = 0.005, respectively).21 
There were also no delays in engraftment or graft 
failure in patients who received letermovir. Of 
note, among patients who were evaluated between 
days 100 and 180, late CMV reactivation was 
observed in patients who received letermovir 
(24%) or valacyclovir up to day 100 (18%),21 fur-
ther supporting judicious monitoring of CMV 
events after day 100. Overall, letermovir prophy-
laxis was safe and effective in CBT recipients.

Lastly, Lin et al. performed a retrospective review 
of letermovir use in allo-HCT recipients between 
January and June 201822; the majority of patients 
were at high risk for CMV reactivation [27 of 39 
(69%)], including ex vivo T-cell-depleted grafts.22 

CS-CMVi was observed in 2 of the 39 patients 
(5%) receiving letermovir primary prophylaxis. In 
addition, the median duration of letermovir use 
was 116 days (range, 12–221 days), with 29 
patients continuing beyond day 100. Only one 
patient (3.4%) in this group had CS-CMVi.22 
This study underlines the safety and efficacy of 
extended primary prophylaxis beyond day 100 
with letermovir.

Clinical considerations
Since letermovir has activity in the late stages of 
viral replication, traditional CMV monitoring 
strategies with pp65 antigen or DNA detection 
may not be accurate biomarkers of response if the 
drug is used for the treatment of CMV infections 
beyond its indication; instead, they will detect 
prophylactic failures in the setting of persistently 
rising CMV titers. Furthermore, these biomark-
ers may be detectable for prolonged periods of 
time or have transient increases after the initiation 
of letermovir as therapy for CS-CMVi, contribut-
ing to the difficulty in interpreting laboratory 
findings.18,23 Monitoring with pp67 RNA may 
help in assessing response to letermovir; however, 
pp67 RNA is not commercially available and 
would need to be validated in this setting prior to 
implementation.24

Dosing and administration
As previously mentioned, the dose of letermovir is 
480 mg (240 mg if given concomitantly with 
cyclosporine), administered by mouth (with or 
without food) or intravenously (over 1 h) once 
daily, starting between day 0 and 28 and continu-
ing through day 100.15

Letermovir is minimally excreted in urine (<2%). 
A phase I trial determined that patients with renal 
impairment (moderate, 30–59 ml/min/1.73 m2, 
and severe, <30 ml/min/1.73 m2, using the modi-
fication of diet renal disease equation) experi-
enced higher exposure to letermovir than did 
healthy subjects.25 Nevertheless, there was a weak 
correlation between clearance and eGFR; in addi-
tion, letermovir was well tolerated among all 
groups, with no adverse effects that were attribut-
able to the drug.25 On the basis of this informa-
tion, no letermovir adjustment is recommended 
in patients with renal impairment; however, there 
is insufficient data to make recommendations for 
patients with CrCL ⩽10 ml/min or patients on 
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hemodialysis.15 A case report describes the use of 
oral letermovir, prescribed under eIND, in a 
patient who was on hemodialysis for the treat-
ment of refractory CMV disease.26 The patient 
was initiated on 120 mg once daily, with the dose 
eventually increasing to 240 mg once daily. 
Pharmacokinetic sampling revealed no alterations 
in levels with hemodialysis.26 It is also recom-
mended to use caution with patients receiving the 
intravenous (IV) formulation with CrCL ⩽50 ml/
min because of the potential accumulation of 
hydroxylpropyl beta-cyclodextrin.15

Letermovir undergoes hepatic metabolism and is 
excreted primarily via the liver by bile (this is fur-
ther described, along with its other pharmacoki-
netic properties, below); therefore, impaired 
hepatic function may affect letermovir concentra-
tion and exposure. In a phase I trial by Kropeit 
and colleagues,27 patients with moderate (Child 
Pugh Class B) and severe (Child Pugh Class C) 
hepatic impairment were found to have a 1.6- and 
3.8-fold increase in the area under the receiver 
operating characteristic curve (AUC), respec-
tively, compared with healthy subjects.27 Although 
generally well tolerated, lower dosages of leter-
movir were used compared with the determined 
therapeutic dose. Of note, patients with moderate 
or severe liver dysfunction were excluded from 
the phase III trial.16 Currently, there is no leter-
movir dose adjustment recommendation for 
patients with mild-to-moderate hepatic impair-
ment, and the drug is not recommended for 
patients with severe hepatic impairment.15

Letermovir has a large tablet size; an oral solu-
tion, although initially evaluated in phase I stud-
ies, is not commercially available.28 Presently, it is 
not recommended to divide, crush, or chew the 
tablets because of the lack of data available on 
tablet manipulation15; however, letermovir tablets 
are formulated as immediate release, and the film 
coating is essentially non-functional except for 
appearance, which makes crushing a viable 
option.29 An IV solution is available that contains 
hydroxypropyl beta-cyclodextrin, which is an 
excipient that is used to increase the solubility of 
the drug and reduce irritation at the injection 
site.15,30 There was a recent shortage of the IV for-
mulation, and, with its return, there has been an 
updated recommendation to administer IV leter-
movir with a sterile 0.2-micron polyethersulfone 
in-line filter and the use of IV bags and infusion 

set materials that are free of the plasticizer bis(2-
ethylhexyl) phthalate (DEHP).31

Pharmacokinetics
Letermovir is absorbed quickly, with a median 
time to peak concentration of 1.5 h.28 Its bioa-
vailability was 94% in healthy subjects, 35% in 
HCT patients without cyclosporine, and up to 
85% in HCT patients receiving cyclosporine.15 
Although food intake may decrease the rate and 
extent of absorption, the AUC was not affected; 
therefore, letermovir may be taken with or with-
out food.15,28 Letermovir has a mean steady-state 
volume of distribution of 45.5 l following IV 
administration in HCT recipients and is 99% 
protein bound. It undergoes hepatic metabolism 
through UGT1A1/1A3 (minor), and its route of 
elimination is hepatic uptake through 
OATP1B1/3. The drug is excreted mainly in the 
feces (93%) as unchanged (70%), with minimal 
excretion in the urine.15 Lastly, letermovir has a 
mean terminal half-life of 12 h.15,28

Drug–drug interactions
In vitro results showed that letermovir is a sub-
strate of CYP3A, CYP2D6, UGT1A1, UGT1A3, 
and the transporters P-gp and OATP1B1/3. 
Letermovir is considered a moderate CYP3A 
inhibitor and inhibits CYP2C8, P-gp, OAT3, 
and OATP1B1/3. It is also an inducer of CYP2C9, 
CYP2C19, CYP2B6, and CYP3A.15 As letermo-
vir has the potential for a number of drug–drug 
interactions, given its pharmacokinetic proper-
ties, this review will focus on its interactions with 
immunosuppressants and antifungals that are 
commonly used in the HCT patient population.

Kropeit et  al. reported that letermovir (80 mg 
twice daily) increased the exposure of cyclosporine 
and tacrolimus in healthy volunteers. In addition, 
cyclosporine was found to alter letermovir phar-
macokinetics.32 A 5-phase I trial design validated 
and expanded on these findings; it also evaluated 
sirolimus and mycophenolate mofetil and the use 
of higher doses of letermovir for co-administration 
(240 mg or 480 mg once daily).33 Letermovir 
increased the AUC of cyclosporine, tacrolimus, 
and sirolimus 1.7-, 2.4-, and 3.4-fold, and the 
maximum plasma concentration by 1.1-, 1.6-, and 
2.8-fold, respectively.33 The increases in the expo-
sure of these immunosuppressants support the 
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known CYP3A inhibition of letermovir. Although 
dose adjustments were not required for concomi-
tant immunosuppressants in the letermovir clini-
cal studies, judicious drug monitoring should be 
employed. Two recently published retrospective 
studies evaluating the effect of letermovir on tac-
rolimus and/or cyclosporine concentrations deter-
mined that empiric dose adjustments for the 
addition of letermovir is not warranted; however, 
azoles were also administered concomitantly and 
potentially mitigating the impact of the interac-
tions.34,35 Cyclosporine increased the letermovir 
AUC and maximum plasma concentration by 2.1- 
and 1.5-fold, respectively; it also decreased both 
apparent total body clearance and volume of dis-
tribution.33 This observed effect is likely due to 
cyclosporine inhibiting the liver uptake transport-
ers OATP1B1/3, which are responsible for leter-
movir elimination, and supports the dose 
adjustment to 240 mg of letermovir when given 
concomitantly.33 Lastly, the co-administration of 
letermovir with mycophenolate mofetil had no 
meaningful effect on the pharmacokinetics of 
mycophenolate mofetil, and vice versa.33

Posaconazole and voriconazole are commonly 
used in HCT patients to prevent opportunistic 
fungal infections. Two pharmacokinetic trials 
conducted in healthy female subjects evaluated 
the interactions between these azole antifungals 
and 480 mg of letermovir. Posaconazole’s AUC 
ratio and mean Cmax ratio were unchanged when 
it was co-administered with letermovir (0.98 and 
1.11, respectively), suggesting that letermovir has 
no clinically meaningful effect on posaconazole 
concentrations.36 Conversely, when given con-
comitantly with letermovir, voriconazole’s mean 
AUC ratio decreased to 0.56 and its mean Cmax 
ratio decreased to 0.61. This effect is attributed to 
the induction of CYP2C9 and CYP2C19 by 
letermovir.36 In addition, two case reports have 
demonstrated the significance of this interaction, 
with a decrease in voriconazole serum concentra-
tions when the drugs were administered concomi-
tantly, and an increase in serum concentrations 
after letermovir therapy had been completed.37 
As a result, voriconazole levels should be moni-
tored with increased frequency when it is co-
administered with letermovir. To our knowledge, 
the pharmacokinetic effect of letermovir on other 
antifungals, such as fluconazole, isavuconazo-
nium, and caspofungin, have not been evaluated.

Resistance in letermovir prophylaxis
Letermovir resistance has been described in both 
in vitro and in vivo studies.38–43 The viral muta-
tions that confer letermovir resistance are linked 
primarily to the UL56 component of the terminal 
complex, with mutations at UL89 and UL51 also 
reported.38

Both phase IIb and phase III trials characterized 
resistance mutations in patients with CMV break-
through infections. Lischka et  al. performed 
UL56 genotyping in 12 of the 15 patients consid-
ered to have virologic failure in the phase IIb 
study. Six amino acid substitutions were detected 
in five patients, including the known letermovir 
resistance mutation V236M in one patient in the 
60-mg dose group, whereas the other variants 
were shown to be inert with regards to letermovir 
susceptibility.41 This finding supports the emer-
gence of resistance, likely because of suboptimal 
dosing.

Douglas et  al. performed genomic analyses of 
some patients enrolled in the phase III trial.43 
CMV resistance among patients receiving leter-
movir prophylaxis was low (three patients) and 
included known resistance-associated variants of 
UL56 V236M and C325W in one patient each, 
in addition to the novel variants E237G and 
R369T.43

Letermovir cross-resistance with ganciclovir and 
foscarnet is unlikely, highlighting the differences 
in the mechanism of action.44 Pilorge et al. noted 
polymorphisms in UL56 and UL89 at similar 
rates in both resistant and non-resistant isolates 
from patients with resistance to ganciclovir, cido-
fovir, or foscarnet.44

It is important to note that, although CMV 
resistance in the setting of letermovir primary 
prophylaxis was uncommon in both clinical tri-
als, this may not be true in the setting of treat-
ment. Letermovir use in patients with a higher 
CMV viral load or CMV end-organ disease may 
be limited because of the emergence of resist-
ance. An ongoing phase II trial [ClinicalTrials.
gov identifier: NCT03728426] that is evaluat-
ing the use of letermovir for refractory or resist-
ant CMV infection will provide additional 
information in relation to resistance to letermo-
vir treatment.
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Lessons from solid organ transplant 
recipients
HCT patients are a subset of the population that 
is at increased risk for CMV infection. The poten-
tial role of letermovir in CMV prevention in solid 
organ transplant recipients is an area of increasing 
interest. Currently, letermovir is not approved for 
use in the solid organ transplant population; how-
ever, a phase III, randomized, double-blind study 
[ClinicalTrials.gov identifier: NCT03443869] is 
currently recruiting adult kidney transplant recip-
ients to evaluate letermovir versus valganciclovir 
for the prevention of CMV disease through 
52 weeks after transplantation.

Letermovir prophylaxis in solid organ 
transplant recipients
Data on the use of letermovir in solid organ trans-
plant recipients remain limited for CMV prophy-
laxis. The available data show mixed responses, 
indicating that caution is required when using 
letermovir off label. Chong et al. reported the suc-
cessful use of letermovir for secondary prophylaxis 
in a heart transplant recipient with ganciclovir-
resistant (UL97) CMV after an undetectable 
CMV viral load was achieved with foscarnet.45 On 
the other hand, another report noted rapid leter-
movir resistance after the initiation of letermovir 
for secondary prophylaxis in a lung transplant 
recipient with ganciclovir-resistant CMV 
infection.46

A single-center review of letermovir use in nine 
thoracic organ transplant recipients reported 
mixed results for both the prophylaxis and treat-
ment of CMV disease (eight patients received 
letermovir for prophylaxis and two for treat-
ment).47 Of the eight patients who received leter-
movir prophylaxis (two primary and six secondary), 
three developed CMV DNAemia and were con-
sidered treatment failures. Of note, most of these 
patients were considered to be at high risk for 
CMV infection because of CMV mismatches 
(donor+/recipient–) or a history of CMV infec-
tion in those receiving letermovir as secondary 
prophylaxis.47

Letermovir treatment in solid organ transplant 
recipients
At present, letermovir is not recommended for 
the treatment of CMV infection in HCT or solid 

organ transplant recipients; limited data exist for 
this treatment off label. In one of the first reported 
uses of letermovir for the treatment of CMV 
infections, compassionate use was initiated for 
multi-drug-resistant CMV disease in a lung trans-
plant recipient. The initiation of letermovir at 
120 mg daily, later increased to 240 mg daily for a 
total of 49 days, and a reduction in immunosup-
pression were associated with a rapid resolution 
of CMV disease (lungs, gastrointestinal tract, and 
retinas), with no observed relapse or recurrent 
CMV infection for >3 months after the discon-
tinuation of treatment.26

In addition, letermovir was evaluated as pre-emp-
tive treatment in kidney transplant recipients in a 
phase IIa, randomized, open-label study. A total 
of 27 patients with active CMV infection were 
randomly assigned to receive 40 mg of letermovir 
twice daily, 80 mg of letermovir once daily, or the 
local standard of care (ganciclovir or valganciclo-
vir) for 14 days.23 All patients experienced a sta-
tistically significant decrease in CMV DNA load, 
but patients who received letermovir had a slower 
decline in viral load, which was attributed to 
letermovir’s mechanism of action.23 It is also 
unclear whether these results would have been 
different if letermovir had been given at higher 
doses, such as the currently FDA-approved dose 
of 480 mg for prophylaxis. Nevertheless, this 
exploratory proof-of-concept trial is the only 
study thus far that has evaluated letermovir as an 
alternative to standard pre-emptive therapies for 
CMV infections.

In the study by Aryal et al., two patients (one lung 
and one heart transplant recipient) were treated 
with letermovir for CMV DNAemia. One patient 
failed to respond, whereas the other patient, after 
a slight rise in his CMV DNA in blood, had a 
sustained response and remained on therapy for 
10 months.47 Lastly, Turner et  al. described the 
use of high dose letermovir (720–960 mg) as sal-
vage therapy for ganciclovir-resistant CMV reti-
nitis in four solid organ transplant recipients.48 
Whereas all patients experienced clinical improve-
ment, with resolution of retinitis, three had recur-
rence of CMV DNAemia and two developed 
resistance to letermovir (UL56).48

These overall mixed results highlight the need for 
careful consideration when using letermovir off 
label, especially in the setting of treatment, given 
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concerns about the development of resistance. 
More clinical studies are needed to further eluci-
date the role of letermovir in both HCT and solid 
organ transplant recipients for the treatment of 
CMV DNAemia or CMV end-organ disease.

Future directions
Unanswered questions still exist regarding the use 
of letermovir as prophylaxis, including extended 
primary prophylaxis beyond day 100 and second-
ary prophylaxis.

An ongoing multi-center, phase III, double-blind, 
placebo-controlled clinical trial [ClinicalTrials.
gov identifier: NCT03930615] is evaluating the 
safety and efficacy of letermovir prophylaxis 
extended beyond 100 days. This study focuses on 
delayed CMV reactivation and hypothesizes that 
continued letermovir prophylaxis until day 200 is 
superior to placebo in preventing CS-CMVi in 
HCT recipients who are at high risk for CMV 
infections beyond day 100.

Secondary prophylaxis is the initiation of letermo-
vir after the receipt of pre-emptive therapy for 
CS-CMVi. Two retrospective studies have 
reported on the use of letermovir for secondary 
prophylaxis. Lin et  al. described letermovir sec-
ondary prophylaxis in 14 patients, in whom leter-
movir was continued for a median of 125 days 
(range, 18–270 days), with no recurrent CMV 
reactivation.22 A second, larger retrospective study 
from the French Compassionate Program reported 
on letermovir secondary prophylaxis in 80 patients 
who had at least one CS-CMVi (infection or dis-
ease).49 Letermovir was given for a median of 
118 days (range, 26–396 days). Of the 80 patients, 
50 had current or previous GVHD, and 14 had 
CMV end-organ disease after transplant.49 Four 
patients developed CMV breakthrough infections, 
including one with CMV end-organ disease. CMV 
resistance testing was completed in these four 
patients; three had UL56 mutation C325Y or 
W,49 which is consistent with letermovir resist-
ance. Both of these studies demonstrated the 
potential for letermovir use as secondary prophy-
laxis, but a prospective trial will need to be com-
pleted to further expand on the above findings.

Lastly, letermovir’s approval came 12 years after 
pivotal guidelines on CMV prevention and man-
agement were published; therefore, letermovir 

was not included.50 A more recent publication 
from the 2017 European Conference on Infections 
in Leukemia provided guidelines for CMV man-
agement in patients with hematologic malignan-
cies and those who had undergone allo-HCT. 
Letermovir was recommended for primary proph-
ylaxis (evidence from at least one properly 
designed randomized, controlled trial strongly 
supports the recommendation for use) and did 
not distinguish between low- and high-risk 
patients.51 Given limited data, no recommenda-
tion was provided for letermovir secondary 
prophylaxis or treatment.51 Updates to the 2009 
guidelines by the American Society of Transplant 
and Cellular Therapy are in development, and 
those recommendations will help to further solid-
ify letermovir’s current place in the management 
of CMV infections after HCT.

Conclusion
Letermovir’s unique mechanism of action, lim-
ited toxicity profile, and proven efficacy in CMV 
prevention, including its all-cause mortality ben-
efit through week 24, has launched it to the fore-
front of CMV management. As we garner more 
experience with letermovir use, we will continue 
to further our understanding of its use not only as 
primary prophylaxis but in other areas of interest, 
including the prevention of late CMV reactiva-
tion with extended primary prophylaxis, second-
ary prophylaxis, treatment, and the prevention of 
resistance.
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