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Abstract

Objective Since May 2018, a 6-year post-marketing surveillance (PMS) has been underway to evaluate the safety and
effectiveness of letermovir for cytomegalovirus (CMV) prophylaxis in Japanese patients with allogenic hematopoietic stem-
cell transplantation (allo-HSCT). The interim PMS data for 461 patients collected as of March 2021 are reported in this
publication.

Methods The case report forms (CRFs) were drafted in part by the Japanese Data Center for Hematopoietic Cell Trans-
plantation (JDCHCT) using data elements in the Transplant Registry Unified Management Program (TRUMP) and sent to
individual HSCT centers to decrease burden of reporting. These CRFs were completed by physicians in the respective HSCT
centers and sent to MSD K K., Tokyo, Japan.

Results Allo-HSCT recipients prescribed with letermovir for CMV prophylaxis were included across 136 centers in Japan
between May 2018 and March 2021. Safety and effectiveness were assessed for 460 and 373 patients, respectively. Of the
patients in the safety analysis, 13.9 % experienced adverse drug reactions, the most frequent of which were renal impairment
(2.2 %) and nausea (1.7 %). Among patients in the effectiveness analysis, the overall CMV antigen positivity rate was 21.2 %
at Week 14 and 37.5 % at Week 24 after allo-HSCT.

Conclusions Interim data from this largest of real-world studies confirm the safety and effectiveness of letermovir for CMV
prophylaxis in Japanese allo-HSCT recipients. Given the limited data on Asian patients for letermovir use, this survey will
provide valuable information for medical decision-making in routine clinical practice, serving as a vital supplement to the

results obtained from clinical trials.
Key Points

1 Introduction

Cytomegalovirus (CMYV) is identified as a leading oppor-

tunistic infection observed in patients after hematopoietic
stem cell transplantation (HSCT) [1]. The CMV reactiva-
tion and seropostivity of donor and/or recepient are associ-
ated with adverse prognosis after allogenic-HSCT (allo-
HSCT) and increased morbidity and mortality [2—4]. In
2019, the estimated global CMV seroprevalence was 83 %
in the general population and 86 % among blood or organ
donors [5]. The CMV reactivation rate in HSCT recipients
is estimated at 30-70 % [4, 6, 7].
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The safety and effectiveness of the novel CMV DNA
terminase inhibitor, letermovir, were investigated in
a post-marketing survey involving 461 Japanese allo-
HSCT patients.

The percentage of patients with CMV antigen-positive
rate was 21.2 % at Week 14 and 37.5 % at Week 24 of
the survey; while the percentage of patients who were
CMYV antigen positive during prophylaxis with letermo-
vir was 11.0 %.

The percentages of patients who had any ADRs were
similar to those in the Phase III letermovir trial.
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A couple of studies have shown significant reduction
in CMYV reactivation with ganciclovir prophylaxis; how-
ever, improvement in survival was not observed, which can
be attributed to the increase in infectious diseases due to
accompanying neutropenia [8, 9]. Therefore, preemptive
therapy is considered as the conventional CMV preven-
tion strategy after HSCT [10-12]. Although preemptive
therapy has significantly reduced the development of CMV
disease subsequently reducing the mortality in HSCT
recipients [6, 13, 14], CMV seropositivity and early CMV
reactivation after HSCT remains associated with increased
mortality [2, 15]. Therefore, there is a compelling need for
a safe and effective antiviral agent for the prophylaxis of
CMV in patients with allo-HSCT.

Letermovir is a CMV deoxyribonucleic acid (DNA)
terminase inhibitor and its favorable safety, tolerability,
and effectiveness profile displayed in a Phase III trial and
real-world studies makes it a competent addition to CMV
prophylaxis [16-21]. It interferes with the CMV virus
terminal complex and disrupts viral replication, which is
required for CMV genome packaging and virion matura-
tion, an action mechanism distinct from other CMV agents
[22]. In a global Phase III trial, letermovir was compared
with placebo for CMV prophylaxis administered orally or
intravenously 14 weeks after allo-HSCT in CM V-seropos-
itive transplant recipients. Fewer patients in the letermovir
group (37.5 %) presented with clinically significant CMV
infection (defined as CMV disease or CMV viremia lead-
ing to preemptive treatment) compared with the placebo
group (60.6 %) at Week 24 after transplantation. All-cause
mortality at Week 48 after transplantation was 20.9 % in
the letermovir arm and 25.5 % in the placebo arm [16].
Letermovir was approved for prophylaxis of CMV infec-
tion in adult CMV-seropositive allo-HSCT recipients by
the United States Food and Drug Administration (US
FDA) in 2017, and was further approved in Japan with
a market authorization under orphan drug status in 2018
[23].

The safety and effectiveness of letermovir has been
widely explored in real-world studies from the United
States and Europe [17-21] but there are limited data from
the Asian population. In the letermovir Phase III trial [16],
there were only 58 Asian patients (40 in the letermovir
arm and 18 in the placebo arm) and 36 Japanese patients
(25 in the letermovir arm and 11 in the placebo arm) in
spite of the number of HSCT cases in Japan (excluding
autologous transplant cases) totaling 3688 in 2014 and
3724 in 2015 [24]. A recent real-world analysis published
by the Japanese investigator group reported the prophy-
laxis data of letermovir in 114 patients [25]; however, no
nationwide data on letermovir have been published to date.
The post-marketing surveillance (PMS) to evaluate the
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safety and effectiveness of letermovir for prophylaxis of
CMV infection in Japanese allo-HSCT recipients was con-
ducted at multiple registered institutions during the survey
period. Given the limited enrollment of Asian population,
including Japanese, in the Phase III trial, the survey of the
actual clinical use status and clinical response in Japan
may contribute to the proper use of letermovir across Asia.
The interim analysis results of the ongoing PMS survey
are presented in this publication.

2 Methods
2.1 Survey Design

Based on the law relating to HSCT, HSCT centers in Japan
are obliged to make efforts to report their HSCT outcome
data to the Japanese Society for Transplantation and Cellular
Therapy (JSTCT) and the Japanese Data Center for Hemat-
opoietic Cell Transplantation (JDCHCT) using the Trans-
plant Registry Unified Management Program (TRUMP)
[26].

The JSTCT and the JDCHCT supported the transplant
centers with case report forms (CRFs), which decreased the
burden of reporting for the centers. PMS CRFs were drafted
in part by the JDCHCT, using data reported to TRUMP, and
were sent to centers. The physicians at the centers completed
the PMS CRFs and sent them to MSD K.K., Tokyo, Japan.

This is an ongoing single-arm retrospective case survey
with patients registered from 136 centers across Japan. This
survey has an observation period of 6 months or 1 year.
The registration period for patients with allo-HSCT in the
current survey is planned from May 2018 to April 2022
(4 years), while the survey period is from May 2018 to April
2024 (6 years). Patients were followed up for 12 weeks,
24 weeks, and 48 weeks after transplantation. All allo-HSCT
patients who received letermovir at the registered institute
during the survey registration period were enrolled in the
survey. Letermovir is also indicated for prophylaxis in CMV
antibody-negative recipients in Japan and effectiveness in
CMV antibody-negative recipients from antibody-positive
donors is an effectiveness specification in the Risk Man-
agement Plan instructed by Pharmaceuticals and Medical
Devices Agency (PMDA). Thus, these recipients were also
included in this survey [27]. The patients were administered
letermovir by accredited physicians, as part of routine care
and in accordance with the local (country-specific) prescrib-
ing information at transplantation centers. Letermovir was
administered via oral (tablet) or intravenous (IV) routes
with/without cyclosporine (240 mg/480 mg) [28]. This
observational survey used post-marketing surveillance data
and was conducted in accordance with the requirements of
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the pharmaceutical affairs law and the ministerial ordinance
of ‘Good Post-Marketing Study Practice (GPSP)’. Thus, the
single-arm surveillance method was an approved condition
by the Ministry of Health, Labor and Welfare.

2.2 Assessments and Outcomes

The CRFs included information on the patient’s clinical
history and current status of transplantation including
primary diseases, presence of CMV antibody (recipient/
donor) at the time of transplant, type of human leuko-
cyte antigen (HLA), type of donor, and presence of acute/
chronic graft-versus-host disease (GVHD) after transplant.
Details of therapeutic regimens received prior to transplant
were also collected. The important survey items were renal
impairment with IV administration, developmental and
reproductive toxicity, and cardiac disorder, determined
according to the risk management plan as per the PMDA
in Japan. The survey primarily collected adverse drug reac-
tions (ADRs), defined as adverse events (AEs) for which
the causal relationship to letermovir could not be ruled out
by the attending physician or the pharmaceutical company.
The important survey items were collected regardless of
relevance to the drug during the observation period. The
seriousness of an AE was determined by the discretion
of the company or attending physician. Effectiveness was
confirmed under daily medical practice by the attending
physician based on laboratory and clinical assessments:
CMV disease, CMV antigen and preemptive treatment
(PET). For CMV monitoring, polymerase chain reaction
(PCR) or CMV antigenemia test was used at baseline, treat-
ment initiation, Week 1, Week 8, Week 14, Week 24, and
Week 48 post-transplantation. The setting of a threshold
for preemptive and target therapy, as well as the treatment
strategy in the event of CMV infection, was determined by
the attending physician.

2.3 Statistical Analysis

For items related to safety and effectiveness, summary sta-
tistics were calculated in accordance with the nature of the
data. Categorical variables, including baseline characteris-
tics and ADRs, are presented as the count (n) and percent-
age (%) of patients. Continuous variables were described
with standard statistics including mean or median and
standard deviation (SD). All events identified as ADRs
were aggregated; AEs and ADRs were defined according
to the Medical Dictionary for Regulatory Activities (Med-
DRA) version 22.1. The Kaplan—Meier method was used
to calculate patient survival and CMV antigen positivity
rate. All statistical analyses were performed using Statisti-
cal Analysis System version 9.4 (SAS Institute Inc., Cary,
NC, USA).

3 Results

A total of 932 patients who received letermovir with allo-
HSCT were registered for this survey of real-world data
between May 2018 and March 2021. The CRFs were col-
lected for 603 patients at 136 centers, whereas the CRFs
for the remaining 329 patients were not collected until the
development of the interim report. As of March 26, 2021,
complete data were available for 461 patients from 93 cent-
ers and are included in this manuscript. Of the data procured,
complete 6-month data could be recovered for 6 patients and
12-month data for the remaining 455 patients. The safety
analysis was conducted for all 460 patients included in the
interim analysis. The effectiveness analysis was conducted
for 373 patients; of the 87 excluded patients, there were
21 patients who received letermovir for other indications and
66 patients who were not treated with the approved dosage

(Fig. 1).
3.1 Patient Characteristics

Baseline patient characteristics for the safety analysis popu-
lation are presented in Table 1. The median age in this survey
was 53 (range: 4-73) years, with a higher proportion of male
patients 58.0 % (n = 267) compared with female patients
42.0% (n = 193). The median duration of hospital stay at
the first transplant was 86 (range: 17-472) days with 81.1 %
(n = 373) of patients undergoing only 1 transplant. The
prevalent primary diseases and the most important causes
for transplantation were found to be acute myeloid leukemia
(AML) in 40.4 % (n = 186) of patients, followed by acute
lymphoblastic leukemia in 15.9 % (n = 73) of patients.
The baseline CMV serologic status included Recipi-
ent+/Donor+ (R+/D+) combination in 35.7 % (n = 164)
of patients, R+/D— in 33.9 % (n = 156) of the patients,
R—/D+ in 6.3 % (n = 29) of the patients, and R—/D— in
4.6 % (n = 21) of the patients. The source of stem cells for
the safety analysis population was bone marrow in 35.7
% (n = 164) of patients, peripheral blood in 33.3 % (n =
153) of the patients, and cord blood in 31.1 % (n = 143)
of patients. HLA matching was found in 35.7 % (n = 164)
patients, while 64.1 % (n = 295) of patients reported HLA
mismatching. Overall, 49.4 % (n = 227) of patients under-
went myeloablative transplantation. Although GVHD pre-
vention strategy was performed in 99.1 % (n = 456) of
patients, 53.7 % (n = 247) had acute GVHD and 17.6 %
(n = 81) had chronic GVHD after transplantation. A total
0f 95.0 % (n = 437) of the patients achieved engraftment.
The baseline characteristics for the effectiveness analy-
sis data set are presented in Supplementary Table 1. In the
effectiveness analysis population, baseline characteristics
were similar to those of the safety analysis population.
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Patients registered (n=932) ]

Case report forms collected (n=603) ]

Data analyzed (n=461) ]—{

6-months data (n=6)
12-months data (n=455)
o{ Duplicate case (n=1) )

Safety Analysis (n=460) ]

( Patient excluded (n=87)

Effectiveness Analysis (n=373) ]

Fig. 1 Patient flowchart. Letermovir indications in Japan: Prevention
of cytomegalovirus (CMV) disease in allogeneic hematopoietic stem
cell transplant (HSCT) patients. The usual adult dose is 480 mg as
letermovir administered orally once daily. If letermovir is co-admin-
istered with cyclosporine, the dosage of letermovir is 240 mg orally

In the safety analysis population, 74.4 % (n = 342) of
patients received 480 mg of letermovir as their first dose
without concomitant use of cyclosporine. The dosage
administration pattern is presented in Table 2.

Most (71.5 %, n = 329) patients received only oral
dosage form and 4.4 % (n = 20) of patients received only
IV infusion, while the dosage form was switched between
oral and IV in 24.1 % (n = 111) of the patients. The
median duration of letermovir treatment was 84 (range:
1-521) days and the duration of oral administration (72.0,
1-238) was longer than IV administration (21.0, 1-109).
The median time of first dose was 4 days after transplant
(— 6 days before transplant to 100 days post-transplant).
A total of 37.0 % (n = 170) of patients received first dose
on Day 1 and 26.7 % (n = 123) of patients received their
first dose between Days 2 and 7.

3.2 Safety

Among the 460 patients analyzed for safety, 13.9 % (n = 64)
of patients had ADRs during the survey period, as presented
in Table 3. The most frequent ADRs were renal impairment
(2.2 %; n = 10) and nausea (1.7 %; n = 8).

ADRs were observed in 10.5 % (n = 46/440) of patients
who received oral formulation and in 8.4 % (n = 11/131)
who received only IV formulation. No specific ADR was
more commonly observed after administration via either
route (Supplementary Table 2).
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Out of indication? (n=21)
L Out of approved dosage® (n=66)

once daily. Letermovir is recommended to be started between the day
of allogenic HSCT and within 28 days post-transplant. The recom-
mended duration of treatment is through 100 days post-transplant. In
Japan, letermovir is also indicated for prophylaxis in CMV antibody-
negative recipients

AE:s related to renal dysfunction and cardiac disorder, the
important survey items, are shown in Table 4. Among the
patients who received IV infusion of letermovir, 5.3 % (n =
7) had renal AEs. A causal relationship to letermovir could
not be ruled out for 4 of these AEs: serious renal dysfunc-
tion (2 patients), serious acute kidney injury (1 patient) and
non-serious increased blood creatinine (1 patient). Among
patients who received an oral dose of letermovir, 4.3 % (n =
19) had renal AEs, 8 of which were ADRs.

Overall, 3.0 % of patients were reported with 14 serious
cardiac AEs; a causal relationship to letermovir could not
be ruled out for 3 AEs (atrial fibrillation, acute heart failure
and congestive heart failure) (Table 4). The effects of drug
administration in pregnant or lactating women patients or
adverse reactions concerning reproductive and developmen-
tal toxicity in male patients were not reported in this survey.

The incidence of ADRs did not differ by stem cell
sources; 15.9 % in bone marrow recipients, 12.4 % in periph-
eral blood recipients, and 13.3 % in cord blood recipients
(p = 0.654). The safety by CMV antigen combination also
showed no difference in the incidence of ADRs; 12.2 % in
R+/D+, 12.8 % in R+/D—, 24.1 % in R—/D+, 14.3 % in
R—/D- and 15.6 % in unknown group (p = 0.374).

3.3 Effectiveness

Effectiveness analysis was conducted for 80.9 % (n = 373) of
patients. The percentage of patients who were CMV antigen
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Table 1 Baseline patient Characteristic Value
characteristics for safety
analysis population (n = 460) Age
Median (range) (years) 53 (4-73)
Mean + SD (years) 495+ 142
Sex, n (%)
Male 267 (58.0)
Female 193 (42.0)
Length of hospital stay related to transplantation when receiving letermovir
Median (range) (days) 86 (17-72)
Mean + SD (days) 100.5 £ 55.5
Number of transplants, n (%)
1 373 (81.1)
2 or more 86 (18.7)
Unknown 1(0.2)
Primary reason for hematopoietic cell transplantation, n (%)
Acute myeloid leukemia 186 (40.4)
Acute lymphoblastic leukemia 73 (15.9)
Lymphoid malignant tumor 65 (14.1)
Myelodysplastic syndrome 63 (13.7)
Other diseases 73 (15.9)
CMYV antibody combination, n (%)
R+/D+ 164 (35.7)
R+/D—- 156 (33.9)
R—-/D+ 29 (6.3)
R—-/D- 21 (4.6)
Unknown 90 (19.6)
Stem cell source, n (%)
Bone marrow 164 (35.7)
Peripheral blood 153 (33.3)
Cord blood 143 (31.1)
Type of donor, 1 (%)
Allogeneic transplant 460 (100)
Related 134 (29.1)
Sibling 90 (19.6)
Other sibling 44 (9.6)
Unrelated 326 (70.9)
HLA, n (%)
Matched 164 (35.7)
Mismatched 295 (64.1)
Mismatched exclude haploidentical 236 (51.3)
Haploidentical 59 (12.8)
Unknown 1(0.2)
Conditioning regimen, n (%)
Myeloablative transplantation 227 (49.4)
Anti-thymocyte globulin use 7(1.5)
Alemtuzumab use 0(0.0)
T-cell depletion or CD34(+) selected hematopoietic cell Transplantation 6(1.3)
Steroid use (pre-transplantation) 234 (50.9)
GVHD prevention/after transplantation, n (%)
GVHD prophylaxis, n (%)
Presence 456 (99.1)
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Table 1 (Continued) Characteristic Value
Absence 2(0.4)
Unknown 2(0.4)
Drugs used for GVHD prophylaxis (>5 %), n (%)
Methotrexate 359 (78.0)
Tacrolimus 357 (77.6)
Cyclosporine 91 (19.8)
Mycophenolate mofetil 75 (16.3)
Cyclophosphamide 27 (5.9)
Acute post-transplant GVHD, n (%)
Presence 247 (53.7)
Absence 200 (43.5)
Unevaluable 12 (2.6)
Unknown 1(0.2)
Chronic post-transplant GVHD, n (%)
Presence 81 (17.6)
Absence 305 (66.3)
Unevaluable 74 (16.1)
Engraftment, n (%)
Presence 437 (95.0)
Absence 23 (5.0)

CD cluster of differentiation, CMV cytomegalovirus, D donor, GVHD graft-versus-host disease, HLA human

leukocyte antigen, R recipient, SD standard deviation,

positive was 21.2 % (n = 79) at Week 14 and 37.5 % (n =
140) at Week 24 of the survey (Fig. 2). The percentage of
patients who were CMV antigen positive during prophylaxis
with letermovir was 11.0 % (n = 41). Data were missing
in 17 patients at both Week 14 and Week 24 (4.6 %), and
patients who discontinued observation numbered 30 at Week
14 (8.0 %) and 54 at Week 24 (14.5 %). All were counted as
not antigen positive.

No difference in the CMV antigen-positive rate among
the stem cell sources up to Week 24; 36.9 % in bone mar-
row recipients, 38.7 % in peripheral blood recipients, and
38.1 % in cord blood recipients (p = 0.896). In the effec-
tiveness by CMV antigen combination, antigen positive rate
up to Week 24 tended to be higher in the recipient-positive
patient group; 36.0 % in R+/D+, 47.4 % in R+/D—, 12.5 %
in R—/D+ and 22.2 % in R—/D —.

In Kaplan—Meier analysis, the overall CMV antigen posi-
tivity rate was 0.0 % at baseline, 22.1 % at Week 14, 42.3 %
at Week 24, and 43.4 % at Week 48 (Fig. 3).

Overall, 15.0 % (n = 56) of patients received PET up
to Week14 and 26.3 % (n = 98) of patients up to Week 24
(Fig. 4). The incidence of CMV PET during prophylaxis
with letermovir was 6.7 % (n = 25).

There was no difference in PET rate up to Week 24 by
stem cell source; 28.1 % in bone marrow recipients, 25.2 %
in peripheral blood recipients and 25.4 % in cord blood
recipients (p = 0.841). The rate of PET up to Week 24 also
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tended to be higher in the recipient-positive group; 25.6 %
in R+/D+, 34.0 % in R+/D—, 8.3 % in R—/D+ and 5.6 %
in R—/D-.

Onset of CMV disease was observed in 6 patients
at Week 14, 11 patients at Week 24, and 12 patients at
Week 48. The most frequent CMV disease was pneumo-
nia (n = 7), followed by hepatitis (n = 2). Three of 12
patients developed CMV disease during administration of
letermovir.

In Kaplan—Meier analysis, the cumulative survival rate
of patients was reduced from 100 % at Week 0 to 88.6 % at
Week 14, 80.6 % at Week 24 and 70.4 % at Week 48 (Fig. 5).

No mutation was reported in the drug resistance gene test.

4 Discussion

The interim results of this real-world survey demonstrated
that letermovir is safe and effective in the prevention of
CMV infection in Japanese patients. The interim safety and
effectiveness data from the survey are consistent with the
results of a Phase III clinical trial of letermovir [16] and pre-
vious real-world studies [17-21, 25]. The median age of the
patients in the survey was 53 years, which is consistent with
study patient characteristics in the letermovir arm in Phase
III trial, with a median age of 53 years [16], and a previous
retrospective cohort study by Johnsrud et al with a median
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Table 2 Dosage administration for safety analysis population

Category Value
Cyclosporine status, 1 (%)

Letermovir 480 mg without cyclosporine 342 (74.4)

Letermovir 240 mg without cyclosporine 27(5.9)

Letermovir 480 mg with cyclosporine 204)

Letermovir 240 mg with cyclosporine 89 (19.4)
Dosage form, n (%)

Only oral (tablet) 329 (71.5)

Only IV 20 (4.4)

Form switching (tablet to IV) 111 (24.1)
Administration period

Median, range (min/max) (days) 84 (1-521)
Oral (tablet) 72.0 (1-238)
v 21.0 (1-109)
Breakdown to administration period, n (%)

< 10 days 36 (7.8)

> 10 days to < 40 days 73 (15.9)

> 40 days to < 70 days 65 (14.1)

> 70 days to < 100 days 222 (48.3)

> 100 days 64 (13.9)
Timing of the first dose, n (%)

Median, range (min/max) (days) 4 (- 6to 100)

Before transplant 6(1.3)

Day 1 170 (37.0)

Days 2-7 123 (26.7)

Days 8-14 93 (20.2)

After Day 15 68 (14.8)

1V intravenous, SD standard deviation

Table3 Most frequent adverse drug reactions (ADRs) (>0.5 % of

patients, n = 460)

Preferred term

Number of
patients (%)

Any adverse drug reaction (number of patients) 64 (13.9)
Ascites 3(0.7)
Nausea 8 (1.7)
Hepatic function abnormal 3(0.7)
Liver disorder 3(0.7)
Renal impairment 10 (2.2)
Drug interaction 4(0.9)
Drug level increased other than letermovir 4(0.9)
Cytomegalovirus test positive 5(1.1)

age of 55.5 years in the letermovir arm [17]. In this survey,
AML emerged as the primary reason for HSCT in 40.4 % of
patients. This proportion was similar to the patient charac-
teristics in the letermovir Phase III trial, in which 38.1 % of

patients underwent HSCT due to AML [16], and the study
by Johnsrud et al, in which 37.7 % patients underwent HSCT
due to AML [17]. In this survey population, the percentage
of HLA matching was 35.7 %, whereas more than half, that
is, 64.1 % of patients, had HLA mismatch during transplan-
tation. The percentage of HLA mismatch in this survey dem-
onstrated consistency with the Johnsrud et al study, which
showed HLA mismatch related/unrelated donor in 58.8 %,
haploidentical donor in 19.3 %, and HLA matching in 25.4 %
of patients [17], and a real-world study conducted in the
USA that reported 56 % (n = 14) of patients with HLA mis-
match, 20 % (n = 5) of patients with haploidentical and 16 %
(n = 4) with HLA matching [19]. However, compared with
the Phase III trial, this survey had a considerably higher
proportion of cord blood as the source of stem cells (31.1 %
vs 3.2 %) [16].

A total of 13.9 % of patients had at least 1 ADR in the
current survey, the most common were associated with renal
impairment. The percentage of patients who had renal AEs
in this survey was 5.3 % after IV administration and 4.3 %
after oral administration, although direct comparison is not
possible due to different method or survey population, which
is lower than the percentage of patients who experienced
renal and urinary disorders in the letermovir group (21.7 %)
of the Phase III trial [16]. In this interim survey report, 3.0 %
(n = 14) of patients had AEs associated with cardiac dis-
order; this was lower than in the Phase III letermovir trial
(12.6 %).

The CMYV antigen positivity rate increased between Week
14 (22.1 %) and Week 24 (42.3 %) in the Kaplan—Meier
analysis. Although the definitions of effectiveness outcomes
of this survey are different from those in the Phase III trial,
the trend of CMV reactivation in both studies was similar
and more pronounced after Week 14 [16]. In our survey, the
percentage of breakthrough CMV infection was low (11.0 %
of patients were CM V-antigen positive and 6.7 % of patients
had CMV preemptive antiviral treatment) while letermo-
vir was administered. The previous Phase III clinical trial
showed that while 7.4 % (24/325) of patients developed clini-
cally significant CMV infection through Week 14 post-trans-
plant, only 3.7 % (12/325) had breakthrough CMV infections
during prophylaxis with letermovir [16]. The results of this
survey showed that breakthrough CMV infection during
letermovir prophylaxis is limited in the real-world setting as
well as in clinical trials. The percentage of patients who were
CMV-antigen positive was 21.2 % at Week 14 and 37.5 %
at Week 24, and the percentage of patients who received
preemptive treatment was 15.0 % at Week 14 and 26.3 % at
Week 24 after transplantation. Although direct comparison
is not possible because the evaluation indices are different,
these percentages are comparatively higher than 17.5 % of
patients with clinically significant CMV infection at Week
24 after transplantation, reported as the primary endpoint
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Table 4 Adverse events related to renal dysfunction and cardiac disorder (n = 460)

Event Total Serious AE Non-serious AE
Total Related AE Total Related AE Total Related AE
With IV infusion of letermovir (n = 131)
Renal AES 5.3 % (n=17)
Increased blood creatinine 1 1 0 0 1 1
Renal failure 1 0 1 0 0 0
Renal dysfunction 4 2 4 2 0 0
Acute kidney injury 1 1 1 1 0 0
With oral administration of letermovir (n = 440)
Renal AEs 4.3 % (n=19)
Increased blood creatinine 1 1 0 0 1 1
Cystitis hemorrhagic 3 0 3 0 0 0
Renal failure 1 0 1 0 0 0
Tubulointerstitial nephritis 1 0 1 0 0 0
Renal dysfunction 9 7 9 7 0 0
Chronic kidney disease 2 0 2 0 0 0
Acute kidney injury 2 0 2 0 0 0
Cardiac AEs 3.0 % (n = 14)
Acute myocardial infarction 1 0 1 0 0 0
Atrial fibrillation 2 1 2 1 0 0
Heart failure 2 0 2 0 0 0
Acute heart failure 3 1 3 1 0 0
Congestive heart failure 2 1 2 1 0 0
Pericardial effusion 1 0 1 0 0 0
Pericarditis 1 0 1 0 0 0
Prinzmetal angina 1 0 1 0 0 0
Ventricular fibrillation 1 0 1 0 0 0
Ventricular tachycardia 1 0 1 0 0 0
Cardiac dysfunction 1 0 1 0 0 0
AE adverse event, IV intravenous
100 in the Phase III trial [16]. This can be attributed to the vari-
90% ation in CMV measurement methods in both the studies.
809 During this survey period, CMV monitoring by polymerase
2 70 o chain reaction (PCR) was not reimbursed by the Japanese
2 0% 78.8 insurance system; hence, CMV monitoring was performed
é — by antigenemia in Japan (antigenemia assay is reported to
§ 40 have a lower threshold than PCR to initiate preemptive ther-
€ - apy) [29]. Therefore, this survey might have observed more
% )0 preemptive treatment compared with the Phase III trial. The
o effectiveness results of the current survey are in line with
S o the recently published Japanese real-world analysis, which
o 14 week 24 week indicated that letermovir is highly effective in preventing
T — CMV infection and reduces transplant-related mortality in

Fig.2 CMV antigen positivity rate at Weeks 14 and 24. CMV cyto-
megalovirus
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allo-HSCT recipients [25]. As instructed by the local health
agency, efficacy in antibody-negative recipients was also
investigated in this study as part of the RMP. As expected,
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Fig.3 Kaplan—Meier analysis 100
of CMV antigen positivity rate
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CMV antigen positive rate % of infection patients| = 66.67 9091 91.67
1009 patients in this survey was 31.1 %, reflecting the real-world
909 situation in Japan, where the proportion of CBT in the entire
30¢ population is 23.8 % [30]. It has been reported that CBT
10% has a high risk of CMV reactivation because of the delayed
£ 737 immune reconstitution [11]; however, real-world evidence
g . 85.0 of letermovir in CBT patients is limited. Recently, there
'é have been several reports on the effects of letermovir on
5 40% CBT patients [17, 18]. The study by Johnsrud et al included
= 30% 26.3 % of CBT patients, with the CMV reactivation rate of
20 45.3 % on Day 100 in the letermovir administration group.
10% 15.0 Although the CMV reactivation rate is high in the study,
09 it should be noted that this study included only high-risk
14 week 24 week patients for CMV reactivation including CBT patients. On

without preemptive antiviral treatment

m with preemptive antiviral treatment

Fig.4 Percentage of patient who received preemptive antiviral treat-
ment up to Weeks 14 and 24

CMYV antigen-positive and PET rates were higher in recipi-
ent-positive patients than in recipient-negative patients, but
a certain number of CMV infections were observed even
in R-D- cases. Although the number of recipient-negative
subjects was limited in this survey, these can be important
indicators for determining the intended population for leter-
movir. Notably, it was observed that this survey had a con-
siderably higher proportion of patients with cord blood as
the source of stem cells compared with the Phase III trial and
the equivalent prophylaxis effect and ADR rate as other stem
cell sources. The proportion of cord blood transplant (CBT)

the other hand, the Sharma et al study enrolled only CBT
patients and had a CMV reactivation rate of 21.9 % (n = 7),
with no patients requiring preemptive therapy up to Day 100
[18]. All patients in the study were initiated on prophylaxis
of letermovir from Day 0 of transplantation, indicating that
early treatment of letermovir for CBT patients may reduce
the risk of CMV reactivation. Given this situation, the data
from this survey add to the literature regarding letermovir
real-world evidence in the CBT population, but further
research is warranted to support these findings.

This real-world clinical practice survey based on PMS was to
assess the safety and effectiveness of letermovir for prophylaxis
of CMYV infection in allo-HSCT recipients in Japan. However,
it is acknowledged that there are some limitations to the present
survey. First, as the survey included patients who received leter-
movir only, it had no comparator arm because, as mentioned
earlier, the single arm study design was instructed by the local

A\ Adis



1084 |. Hiraishi et al.
Fig.5 Survival curve of patients 100 [
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agency. Second, it should be noted that we do not consider com-
peting risks in effectiveness analysis, therefore, it cannot be ruled
out that the effectiveness rate may be overestimated. Third, the
findings of the present survey are limited to the clinical setting
in Japan. In particular, the effectiveness results in Japan, where
CMYV monitoring by antigenemia is the mainstay, may not be
directly compared with the data from previous publications,
where PCR monitoring was conducted. The direct comparison
is impractical owing to the difference in the sensitivity of these
two methods [31]. In addition, this survey included recipients
who were negative for CMV antibodies based on Japanese indi-
cation. Therefore, the data may not be generalizable elsewhere.
Finally, some participants in this survey had unknown patient
characteristics. This survey included 19.6 % of patients with
unknown CMYV antibody combination status. However, this may
be a reasonable rate given that previous studies using same data
source as this survey also found that 17 % of patients’ CMV
serology was not available [7]. While acknowledging these
limitations, the survey provides nationwide real-world evidence
for allo-HSCT recipients at high risk of CMYV, from 93 differ-
ent centers across Japan. In addition, to the best of the authors’
knowledge, this is the largest real-world survey in this indication
with a total of 461 patients enrolled. We would like to empha-
size that the importance of this survey lies in the large amount
of real clinical data for Asians given limited previous data on
Asian patients using letermovir. In addition, this survey is the
first report on the safety and effectiveness of letermovir includ-
ing the antibody-negative recipients. This can be an important
reference when considering the intended population for letermo-
vir prophylaxis. The survey is uniquely positioned and adds vital
evidence for the prophylaxis of CMV in allo-HSCT patients.

A\ Adis

Further analysis of data from this survey may identify factors
that influence safety and effectiveness of letermovir and assist
in defining its appropriate use.

5 Conclusion

The interim data confirmed the safety and effectiveness of
letermovir in allo-HSCT recipients for CMV prophylaxis
among 461 patients in a real-world clinical setting in Japan.
Given limited previous data on Asian patients using letermo-
vir, the survey will provide valuable information for medical
decision-making in routine clinical practice, serving as a
vital supplement to the results obtained from clinical trials.
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