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ARTICLE INFO ABSTRACT

Keywords: We report the results of the French Temporary Authorization of Use (ATU) compassionate program of letermovir
Allogeneic hematopoietic cell transplantation for primary prophylaxis conducted in 21 transplant centers. Patients were CMV seropositive allogeneic he-
Cyton?efal?‘“ms matopoietic cell transplantation recipients and at high risk for CMV infection. Primary prophylaxis was defined
I(fgl;;lr;‘e]ic:lon as initiation of letermovir between day 0 and day +28 post-transplant. Between November 2017 and January

2019, 96 patients with a median age of 56 years received letermovir and follow-up data were available for 78
patients. The median time from transplant to letermovir initiation was 4 days, and the median duration of
exposure to letermovir was 78 days, with 57 patients still on treatment at the cutoff date. Letermovir was
temporarily discontinued in 4 patients (5.1%) and stopped in 39 patients (50.0%), in most cases due to planned
end of treatment (n = 16, 20.5%). Fifteen patients (19.2%) each presented one positive CMV PCR, in median 13
days after letermovir initiation. Clinically significant CMV infection was reported in 5 patients (6.4%). No CMV
disease was reported. At least one adverse drug reaction was reported for 12 patients (15.4%). In this early access
program, letermovir was effective with comparable results of the phase 3 study with a low rate of clinically
significant CMV infection, including in patients who were at high-risk for CMV infection.

Primary prophylaxis
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Fig. 1. Flow-chart of letermovir use for study population.

1. Introduction

Cytomegalovirus (CMV) infection is a frequent and potentially se-
vere complication after allogeneic hematopoietic cell transplantation
(allo-HCT), as approximately half of allo-HCT recipients are CMV-
seropositive [1-6]. CMV infection occurrence depends on multiple risk
factors such as level of immunosuppression, donor type and
CMV-serostatus, and graft-versus-host disease (GVHD) prophylaxis and
treatment [7,8]. Until recently, based on regular monitoring of CMV
DNA in the blood during the first months after transplantation, the
preemptive strategy was the most widely used [9]. Treatments using
specific antiviral agents such as ganciclovir, valganciclovir and foscarnet
were initiated according to local procedures given that guidelines do not
recommend a specific threshold [10]. A curative strategy, using the
same aforementioned drugs, was used in cases of CMV end-organ disease
such as pneumonia and gastroenteritis, but has become rarer thanks to
the preemptive strategy [11]. In the same way as for other human herpes

viruses (i.e. herpes simplex virus; varicella zoster virus), a preventive
strategy has been considered with valaciclovir and ganciclo-
vir/valganciclovir as well as with new drugs such as brincidofovir and
maribavir; however, these approaches were either ineffective or too
toxic [12-15].

Letermovir is an oral or intravenous specific inhibitor of the CMV
terminase complex that works by binding to the terminase components
(UL51, UL56, or both) [16]. Positive results from a randomized,
double-blind phase 3 study including 565 patients led the Food and Drug
Administration and the European Medicines Agency to approve leter-
movir in 2017 in CMV-seropositive recipients of allo-HCT up to 100 days
post-transplant [17-20]. In France, the Temporary Authorization of Use
(ATU) compassionate program allows early treatment access. Letermo-
vir ATU was initiated in November 2017 and ended in January 2019 and
access to the drug was granted in CMV-seropositive allo-HCT recipients
who were considered at high-risk for CMV infection. One hundred and
eighty-two patients received treatment and were divided into three
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groups according to the type of prophylaxis (primary, late primary,
secondary). This article reports the results of primary prophylaxis in the
French letermovir ATU cohort.

2. Materials and methods

CMYV infection was defined as the detection of CMV DNA in the blood
and clinically significant CMV infection by the use of a preemptive
therapy. Patients eligible for the letermovir ATU program met the
following inclusion criteria: allo-HCT recipient; CMV seropositive; high
risk for CMV infection; incompatibility of preemptive therapy with other
available antivirals due to potentially deleterious effects. Primary pro-
phylaxis was defined as initiation of letermovir between day 0 and day
+28 post allo-HCT without previous CMV infection since allo-HCT.
Blood CMV DNA had to be negative before treatment access. The
authorization for treatment was mostly granted within 24 h on working
days by the Agence Nationale de Sécurité du Médicament (ANSM) after
having completed an eligibility form including inclusion/exclusion
criteria and clinical and laboratory parameters as well as transplant
characteristics. A handwritten case report form (CRF) had to be
completed by transplant centers at the following time-points post-
transplant: letermovir initiation; day +15; day +30; and then once a
month until letermovir discontinuation, whatever the reason. Treatment
exposure calculation was based on the date of treatment discontinuation
when available or the date when the French ATU program ended (cutoff
date). Follow-up duration was equivalent to treatment exposure dura-
tion as data collection stopped at the time of treatment discontinuation.
In case of adverse events, a specific CRF was completed. All CRFs were
anonymously sent to a Clinical Research Organization mandated by
MSD France for data monitoring and analysis. Data collection ended on
January 20, 2019. This French compassionate program was led ac-
cording to local regulations and the patients were fully informed of their
data privacy rights.

Letermovir was stored and delivered to patients by the hospital
pharmacy. According to the phase 3 study by Marty et al., letermovir
had to be started before day 28 after transplantation. The dose was
either 480 mg/day or 240 mg/day (in cases of concomitant use with
cyclosporine), with or without food intake [18]. Letermovir was stopped
at the physician’s discretion, because of clinically significant CMV
infection (defined by the use of preemptive treatment, based on a blood
CMV DNA threshold between 3.0 and 3.5 log UI/mL, varying by center)
or CMV disease, clinician-assessed related adverse event or on day +100
post transplantation. Depending on patient’s general condition and
gastrointestinal absorption, oral or intravenous forms were made
available to the patient. Monitoring letermovir efficacy (weekly CMV
DNA whole blood test by real-time PCR) and safety was carried out
routinely in both the clinic and laboratory as part of patient analysis.

Descriptive statistical analysis was performed using SAS software
package, release 9.2 or higher (SAS Institute, Cary, North Carolina,
USA). Quantitative variables were described by median (interquartile
range, IQR), and qualitative variables as percentage per modality with
95% confidence interval calculated using the Wilson score interval with
continuity correction [21]. Missing values were shown but not factored
into percentage calculation.

3. Results

Between November 2017 and January 20, 2019, letermovir access
was requested for 217 patients and granted for 214 patients from 21
transplant centers. Thirty-two patients did not start letermovir due to
discontinuation of the ATU program (n = 16), death (n = 5), CMV
infection (n = 3), non-compliance eligibility criteria (n = 3) and un-
known reason (n = 5). One hundred and eighty-two patients received at
least one dose of letermovir including 96 patients for primary prophy-
laxis. The median time from treatment access to letermovir initiation
was 10 days (IQR 7-16). No follow-up report was available for 18
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Table 1
Patient characteristics in the primary prophylaxis cohort (n = 96).

n (%) / median 95% CI / IQR

Age, years 56.0 40.0 - 64.0
Sex

Female 43 (44.8) 34.8 -55.3
Male 53 (55.2) 44.7 - 65.3
Primary reason for transplant

Acute myeloid leukemia 45 (46.9) 36.7 - 57.3
Acute lymphoblastic leukemia 16 (16.7) 10.1 - 26.0
Lymphoma 12 (12.5) 6.9 - 21.2
Myelodysplastic syndrome 9(9.4) 4.6 -17.5
Myelofibrosis 4(4.2) 1.3-10.9
Myeloma 1(1.0) 0.1-6.5
Chronic myeloid leukemia 1 (1.0) 0.1-6.5
Chronic lymphoid leukemia 1 (1.0) 0.1-6.5
Aplastic anemia 0 (0) -

Other diseases 7 (7.3) 3.2-14.9
Donor CMV serostatus

Seronegative 56 (60.9) 50.1 -70.7
Seropositive 36 (39.1) 29.3 -49.9
Missing data 4

High risk factors of CMV infection* 95 (100) 96.2 - 100.0
Unrelated donor 56 (58.9) 48.4 - 68.8
Antithymocyte globulin use 54 (56.8) 46.3 - 66.8
Intensive conditioning regimen 50 (53.8) 43.2 - 64.1
Missing data 2

Haplo-identical donor 31 (32.6) 23.6 -43.1
Graft-versus-host disease 3(3.2) 0.8-9.7
Missing data 1

Alemtuzumab use 2(2.1) 0.4-8.1
Cord blood graft 1(1.1) 0.1-6.6
Ex-vivo T-cell-depleted graft 1(1.1) 0.1-6.6
Missing data 1

Previous CMV infection 16 (16.8) 10.2 - 26.2
Missing data 1

Time from previous CMV infection, months 1.6 0.8-6.1
Missing data 1

Previous CMV disease 0 (0) -

Missing data 2

Intended immunosuppressant treatment**

Cyclosporine 87 (94.6) 87.2 -98.0
Tacrolimus 4(4.3) 1.4-11.4
Others 27 (29.3) 20.6 - 39.9
Missing data 4

Dose of letermovir

240 mg/day 87 (91.6) 83.6 — 96.0
480 mg/day 8(8.4) 4.0-16.4
Missing data 1

CMV: cytomegalovirus; GVHD: graft-versus-host disease; IQR: interquartile
range.

*One missing data; some patients may have several high risk factors of CMV
infection.

**Some patients may have multiple immunosuppressant treatment.

patients because of short follow-up (< 1 month) due to the end of the
ATU program (cutoff date) (n = 11) or missing data (n = 7). At least one
follow-up form was completed for 78 patients (Fig. 1).

Baseline characteristics of the primary prophylaxis cohort at the time
of treatment access request are shown in Table 1. Median age was 56
years (IQR 40-64), including 40.7% of patients older than 60, and male
patients were slightly predominant at 55.2%. Acute myeloid leukemia
was the most common cause of transplantation (46.9%). In 60.9% of
patients, the donor was CMV seronegative. All patients had a high risk of
CMV infection with at least one of the following high-risk criteria: un-
related donor (58.9%); antithymocyte globulin use (56.8%); intensive
conditioning regimen (53.8%); haplo-identical donor (32.6%); GVHD
(3.2%); alemtuzumab use (2.1%); cord blood graft (1.1%); ex-vivo T-
cell-depleted graft (1.1%). History of CMV infection without CMV dis-
ease was found in 16.8% of patients with a median time of 1.6 months
(IQR 10.2 - 26.2) from previous infection. Nevertheless, these patients
were considered as primary prophylaxis since infection had occurred
before transplantation. The intended immunosuppressant treatment was
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Table 2 Table 3
Letermovir utilization (n = 78). Complications during follow-up (n = 78).
n (%) / 95% CI / n (%) / 95% CI /
median IQR median IQR
Time from transplant to letermovir initiation, 4 1-8 CMV infection 15 (19.2) 11.5 - 30.0
days* Number of positive PCR per patient 2 1-3
Missing data 11 Time between letermovir initiation and first 13 7-27
Duration of exposure to letermovir, days 78 44 -101 positive PCR, days
Missing data 4 Minimum value of PCR, copies/mL 2 045 125-2 269
Duration of exposure in patients having completed 96 84-109 Missing data 4
the treatment, days** Maximum value of PCR, copies/mL 3124 125-12
Letermovir exposition > 100 days 18 (23.1) 14.6-34.2 660
Dose modification of letermovir*** 7 (9.0) 4.0-18.2 Missing data 4
Dose reduction 3(3.8) 1.0-11.5 Clinically significant CMV infection 5(6.4) 2.4 -15.0
Dose increase 5 (6.4) 2.4 -15.0 Minimum value of PCR, copies/mL 2131 2 045-2 379
Change of formulation 0(0) - Maximum value of PCR, copies/mL 5769 3529-12
Time from treatment initiation to the first dose 13 6-28 660
modification, days CMV disease 0 (0) -
Missing data 2 Any other infection 32 (46.4) 35.2-58.0
Temporary interruption of letermovir 4(5.1) 1.6-13.3 Suspected to be related to letermovir 0 (0) -
Reason for treatment interruption Missing data 9
HHV6 encephalitis 1(1.3) 01-79 Death 7 (9.0) 4.0 -18.2
Grade 4 mucositis 1(1.3) 01-7.9 Disease progression 5(6.4) 2.4-15.0
Cytokine release syndrome 1(1.3) 0.1-79 Suspected to be related to letermovir 0 (0) -
No treatment release for outpatient 1(1.3) 01-7.9 Graft versus host disease 23 (35.9) 25.6 — 47.6
Time from treatment initiation to the first treatment 21 7-35 Missing data 14
interruption, days Acute GVHD 21 (32.8) 22.8-445
Missing data 1 Grade I-1I 14 (21.9) 13.6 - 33.0
Duration of treatment interruption, days 10 9-162 Grade III-IV 7 (10.9) 5.3 -20.5
Missing data 1 Chronic GVHD 2(3.1) 0.7 -10.6
Discontinuation of letermovir during ATU 39 (50.0) 38.6 - 61.4 At least one reported adverse reaction 12 (15.4) 8.6 - 25.7
period Immune system disorders 5 (6.4) 2.4-15.0
Reason for treatment discontinuation Acute GVHD 4(5.1) 1.6-13.3
Planned end of treatment 16 (20.5) 12.5-31.4 Cytokine release syndrome 1(1.3) 0.1-7.9
CMV infection or disease 5(6.4) 2.4 -15.0 Gastrointestinal disorders 2(2.6) 0.5-9.9
Patient death 7 (9.0) 4.0-18.2 Diarrhea 1(1.3) 01-7.9
Adverse event suspected to be related to letermovir 1 (1.3) 0.1-7.9 Enterocolitis 1(1.3) 0.1-7.9
Physician’s choice (GVHD/disease relapse) 3(3.8) 1.0-11.5 Transaminitis 2(2.6) 0.5-9.9
Other reasons 7 (9.0) 4.0-18.2 Renal and urinary disorders 3(3.9 1.0-11.7
. . Acute kidney injury 2(2.6) 0.5-9.9
CMV: cytomegalovirus; GVHD: graft-versus-host disease; HHV6: Human Toxic nephropathy 1(1.3) 01-7.9
herpesvirus 6; IQR: interquartile range. Cardiac disorders 3(3.9) 1.0-11.7
*Variable calculated from the 85 initiation forms available. Acute cardiac failure 2(2.6) 0.5-9.9
**Median calculated on 15 patients with available data. Atrial fibrillation 1(1.3) 0.1-7.9
***QOne patient had reduction and increase of letermovir. Central nervous system disorders 1(1.3) 01-79
Encephalitis 1(1.3) 0.1-7.9
Seizures 1(1.3) 0.1-79

cyclosporine (94.6%), tacrolimus (4.3%) and others (29.3%), resulting
in a planned dose of letermovir at 240 mg/day (91.6%) or 480 mg/day
(8.4%).

Table 2 shows data regarding letermovir use. The median time from
transplant to letermovir initiation was 4 days (IQR 1-8), the median
duration of letermovir exposure was 78 days (IQR 44-101) across the
entire cohort and 96 days (IQR 84-109) in patients who completed all
planned treatment. Fifty-seven patients were still considered on treat-
ment at the end date of the ATU program. Eighteen patients (23.1%)
received letermovir for more than 100 days. The dose of letermovir was
modified in 7 patients (9.0%) with a median time from treatment
initiation of 13 days (IQR 6-28). Letermovir was temporarily inter-
rupted in 4 patients (5.1%) with a median time from treatment initiation
of 21 days (IQR 7-35) and a median duration of interruption of 10 days
(IQR 9-162). The reasons for temporary interruption were: HHV6 en-
cephalitis (n = 1, 1.3%), grade 4 mucositis (n = 1, 1.3%), cytokine
release treatment (n = 1, 1.3%), and no treatment delivery for an
outpatient (n = 1, 1.3%). Letermovir was discontinued in 39 patients
(50.0%) during ATU period, mostly because of a planned end of treat-
ment (n = 16, 20.5%). CMV infection was evidenced in 5 patients
(6.4%). The other causes of discontinuation were patient death (n = 7,
9.0%), renal disorder suspected to be related to letermovir (n = 1, 1.3%),
GVHD or disease progression (n = 3, 3.8%) and other reasons (n = 7,
9.0%).

Fifteen patients (19.2%) presented, regardless of the threshold, a
CMYV infection with at least one positive CMV PCR during the follow-up

CMV: cytomegalovirus; GVHD: graft-versus-host disease; PCR: Polymerase chain
reaction; IQR: interquartile range.

with a median number of positive PCR per patient of 2 (IQR 1-3) and a
median time from letermovir initiation of 13 days (IQR 7-27) (Table 3).
The minimum and maximum median values of CMV PCR were 2 045
copies/mL (IQR 125-2 269) and 3124 copies/mL (IQR 125-12 660),
respectively. Clinically significant CMV infection was reported in 5 pa-
tients (6.4%), representing one third of the patient population with at
least one positive CMV PCR. Of these 5 patients, none had CMV infection
before transplantation and the median maximum value of CMV PCR was
higher (5 769 copies/mL, IQR 3 529-12 660) compared to those without
clinically significant CMV infection (419 copies/mL, IQR 125-2 269).
No CMV disease was reported during follow-up. Kaplan-Meier analysis
for clinically significant CMV infection is shown in Fig. 2. Of interest,
GVHD was frequent in the 15 patients with positive CMV PCR (n = 11,
73.3%). Non-CMV infections were reported in 32 patients (46.4%)
without any suspected infection related to letermovir. Five patients
(6.4%) experienced a disease progression. GVHD was reported in 23
patients (35.9%) including grade I-Il acute GVHD (n = 14, 21.9%), grade
III-1V acute GVHD (n = 7, 10.9%) and chronic GVHD (n = 2, 3.1%). At
least one adverse drug reaction was reported for 12 patients (15.4%)
(Table 3).
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Fig. 2. Kaplan-Meier analysis for clinically significant CMV infection.

4. Discussion

Letermovir efficacy in preventing CMV infection in CMV-
seropositive patients after allo-HCT has been demonstrated by Marty
et al. in a phase 3 study, and represents a breakthrough in the field of
viral complications after allo-HCT [18]. Remarkably, adverse events
were not different between the letermovir group and the placebo group.
Nevertheless, after approval, making a new drug available to a large
number of patients may reveal adverse events not observed during the
clinical trial. Indeed, patients in the real world context are selected ac-
cording to less stringent criteria and may present more comorbidities
[22]. Additionally, efficacy may differ due to multiple factors such as
non-compliance, malabsorption, drug interaction, and other routine
care issues. Real-world studies are therefore essential and form part of
the drug’s life cycle [23]. The population of the French letermovir ATU
program was divided into 3 prophylaxis groups—primary, late primary,
and secondary. The results of secondary prophylaxis have already been
described [24]. Primary prophylaxis, defined as initiation of letermovir
before day 28 post allo-HCT, as in the phase 3 study, accounted for 96
patients. Inclusion in the French ATU compassionate program required
CMV-seropositive patients to be at high-risk for CMV infection. The most
frequently reported high-risk factors in the compassionate program were
receiving a graft from an unrelated donor (58.9%) and antithymocyte
globulin use (56.8%), which were not considered as high-risk factors in
the study of Marty et al.

The threshold at which CMV infection should be considered clini-
cally significant and preemptive treatment should be initiated has long
been debated and varies from center to center [25-27]. The impact of
CMV PCR blips has remained uncertain as this may reflect PCR artifact
or transient low-level replication [28]. In France, there is a consensus to
initiate preemptive therapy with a blood CMV PCR thresholds between
3.0 and 3.5 log Ul/mL [29]. The rate of viral load increase must also be
considered [30]. Thresholds suggested in the letermovir phase 3 study
were lower: 150 copies/mL for low-risk patients and 300 copies/mL for
high-risk patients [18]. In the French ATU program, 19.2% of patients
had a CMV infection with at least one positive CMV PCR but only 6.4%
received preemptive treatment at a minimum viral load median of 2 131
copies/mL (IQR 2 045-2 379). These numbers are comparable to the
letermovir group in the Marty et al. study in which 7.7% of patients
presented clinically significant infection at week 14. Interestingly, the
infection rate increased to 17.5% at week 24 after discontinuation of

letermovir and was probably related to GVHD and corticosteroids use
according to the authors. We were not able to study this new period of
CMV risk because of a short follow-up of patients whose treatment was
discontinued soon after letermovir initiation due to the program ending
and due to a limited proportion of patients (23.1%) exposed to leter-
movir for longer than 100 days. Nonetheless this incidence rate at week
14 is very low compared with studies using similar thresholds but
without letermovir, thus strengthening clinical trial results [10,31].
GVHD was frequent (73.3%) in patients with positive CMV PCR, sug-
gesting GVHD as a very high risk factor for CMV infection despite
letermovir use [32-34].

Letermovir is a new drug with few known side effects. In the phase 3
study, 17.2% of patients discontinued the trial before week 24 versus
15.9% in the placebo group, mainly because of patient’s death without
CMV infection [18]. Discontinuation of the trial due to adverse events
was reported in 1.8% and 0.6% of patients in the letermovir and placebo
groups, respectively. In this compassionate program, only one patient
(1.3%) stopped letermovir due to suspected letermovir-related adverse
events. No significant specific letermovir complications were reported in
the compassionate program. Despite the few adverse effects of leter-
movir described to date, it should be used carefully because of potential
multiple drug interactions. As a CYP3A moderate inhibitor and
CYP2C9/19 inductor, therapeutic drug monitoring is recommended
where used in combination with cyclosporine and voriconazole [35,36].
In addition, letermovir is eliminated by the hepatic transporter
OATP1B1/3 which is inhibited by cyclosporine, leading to a recom-
mendation to reduce the letermovir dose when used in combination with
cyclosporine [37]. Other drugs leading to clinically relevant interactions
related to transporter inducers (e.g. P-glycoproteine) and/or enzymes
(e.g. UDP-glucuronosyltransferase) should not be used with letermovir
as it may lead to subtherapeutic letermovir exposure. As letermovir
subexposure has been shown to be associated to CMV replication or
emergence of resistance [38], monitoring letermovir concentrations
could be useful in detecting both under or overexposure to the drug. In
view of these issues, real-world studies are particularly important to
detect the causes of unexplained adverse events and potential loss of
efficacy [39].

The French letermovir ATU compassionate program’s results for
primary prophylaxis of CMV infection is the first real-world report
conducted in multiple transplant centers. Homogeneity was achieved
through the French ATU program with strict access criteria. Monitoring
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was done prospectively, and data collection was centralized in a dedi-
cated unit. Several limitations can be noted, the main one being that the
analysis was not controlled. The decision to discontinue letermovir was
made at the discretion of the treating physician and local procedures. No
follow-up visit was available for 18 patients, mainly due to the end of the
ATU program in January 2019. Finally, due to the very limited data, the
effect of letermovir on late CMV infection after day 100 was not
evaluable. Because CMV infection appears to increase after discontinu-
ation of letermovir in the phase 3 study, probably related to GVHD and
corticosteroids use, extended follow-up should be done in real-world
studies. In this way, the results of the clinical trial evaluating the
value of prolonging letermovir from day 100 to day 200 will be of great
interest (NCT 03930615).

Despite these limitations, this multicenter report in current practice
confirms the interest of letermovir, certainly in patients who are high-
risk for CMV infection. Because of its high efficacy, letermovir is likely
to change practices in hematopoietic transplantation and, in the future,
it could be considered in solid organ transplantation where CMV
infection also affects numerous patients (phase III ongoing study in
kidney transplant recipients, NCT03443869) [40].
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