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CMV infection remains the most common clinically significant infection in
pediatric allogeneic hematopoietic stem cell (HCT) recipients, with
seropositive recipients of transplants from seronegative donors at the highest
risk for complications. In recent years, letermovir, a novel antiviral with a
favorable toxicity profile, was approved first for adults and more recently for
pediatric patients for the primary prophylaxis of CMV infection and disease in
high-risk HCT recipients. Growing evidence from real-life data regarding the
safety and efficacy of letermovir has transformed the landscape of CMV
disease in HCT transplant recipients and led to a paradigm shift from a
preemptive approach to prophylaxis. Other novel additions to the diagnosis,
risk stratification, and treatment of CMV include the measurement of CMV-
specific cellular-mediated immunity and the approval of maribavir as a
treatment option for resistant/refractory CMV infection and disease. Other
prevention and treatment modalities currently under development include
virus-specific T cells, monoclonal antibodies, and vaccines. Despite these
promising advancements, additional pediatric-specific studies are needed to
better understand the viral and immunological implications of these novel
preventive and therapeutic methods in this patient population.
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Highlights

Letermovir, a novel antiviral agent with a favorable toxicity profile, has transformed
CMV disease management in hematopoietic stem cell transplant recipients, shifting the
approach from preemptive treatment to prophylaxis in high-risk patients.
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Introduction

Cytomegalovirus (CMV) is a double-stranded DNA virus of
the herpesvirus family that establishes latency in the host after
primary infection and can reactivate during periods of
immunosuppression. CMV infection is the most common
clinically significant infection following allogeneic hematopoietic
stem cell transplantation (HCT) (1-3). Infection usually results
from reactivation in seropositive recipients, and seropositive
recipients with seronegative donors are considered to be at the
highest risk of infection and disease (4). In the absence of
appropriate prevention and timely treatment, CMV causes
significant morbidity and mortality following HCT. Beyond the
direct effect of CMV disease and the organ dysfunction it
causes, CMV has indirect and immune-modulating effects on
the host, as manifested by an increased risk of other
opportunistic infections (including fungal infections) (5-7), a
bidirectional relationship with graft-versus-host disease (GVHD)
(8, 9), and increased non-relapse mortality (10). In the absence
of prophylaxis, up to 80% of seropositive patients undergoing
allogeneic HCT experience CMV reactivation (11).

Over the years, different approaches to CMV infection post-
HCT have been adopted, including prophylaxis and preemptive
therapy (PET). In this review, we provide an overview of CMV
infection in pediatric HCT recipients, focusing on the most
recent risk  stratification,

developments in  prevention,

and management.

Epidemiology and risk factors

CMV is a ubiquitous virus (12). Primary infection occurs via
various modes of transmission: person-to-person through virus-
containing secretions, mother-to-infant transmission, receipt of
blood products, and solid organ transplantation or HCT
(12-14). After primary infection, the virus establishes a lifelong
latency in hematopoietic progenitor cells, blood monocytes, and
tissue cells (12, 14).

In the United States, approximately 50% of the population is
CMV seropositive, with varying prevalence depending on age,
status (15, 16).
Approximately 30% of pediatric HCT recipients develop CMV
infection between days +30-100 post-HCT (17).

An important risk factor for CMV infection and disease in

sex, Dbirthplace, and socioeconomic

HCT recipients is the combination of donor and recipient
serostatus (18). HCT recipients are at the highest risk when
the recipient is seropositive and the donor is seronegative (1,
18). Other risk factors for CMV infection and disease include
lymphopenia, immunosuppressive therapy (including steroid
use and post-HCT (19),
transplant, and post-transplant complications (such as
GVHD) (1). Recipients of T-cell-depleted umbilical cord
blood, matched unrelated, mismatched, and haploidentical

cyclophosphamide) type of

transplants are at a higher risk than recipients of matched-
related transplants (1, 18).
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Diagnosis and definitions

The initial determination of CMV serostatus in recipients and
donors is determined by serologic measurement of CMV-IgG.
Currently, post-HCT diagnosis of CMV infection relies on
molecular testing to detect CMV DNA in whole blood, serum,
and plasma. The definitions of CMV infection and disease are
based on consensus by a group of expert panels and are updated
regularly for clinical trial purposes. The most recent definitions
were published in 2024: CMV infection is defined as CMV
in the blood or CMV DNAemia (CMV DNA
detection by qPCR). Clinically significant CMYV infection
(csCMVi) is defined as the development of CMV disease or the
need to initiate anti-CMV preemptive therapy for DNAemia

detection

above a certain threshold. CMV disease is defined as an end-
organ disease; that is, CMV infection of a specific organ is
demonstrated by the presence of symptoms in the setting of
CMYV infection and, ideally, documentation of the presence of
CMV or CMV-related changes in tissue. End-organ diseases
include pneumonia, gastrointestinal disease, hepatitis, central
nervous system infection, retinitis,

nephritis, ~ cystitis,

myocarditis, and pancreatitis. End-organ disease can be
classified as proven, probable, or possible, depending on the
availability of histological findings and CMV documentation
in tissue.

Refractory CMV infection is defined as a CMV DNAemia
increase of more than 1 log;y from the peak viral load or
persistence after at least two weeks of appropriate
antiviral therapy.

Refractory CMV end-organ disease is defined as worsening
signs and symptoms, progression to end-organ disease during
treatment, or lack of improvement after at least two weeks of
appropriate antiviral therapy. Resistant CMV infection is defined
as refractory CMV infection, in addition to viral genetic
alterations that decrease susceptibility to one or more antiviral

drugs (20).

Initial management
Preemptive therapy and prophylaxis

The initial approaches to CMV infection in HCT recipients
consist of PET, antiviral prophylaxis, or a combination of both.
PET aims to detect CMV DNAemia early through frequent
(usually weekly) monitoring and initiation of antiviral therapy
before the of CMV disease
thresholds. Prophylaxis involves administering antiviral therapy

development at predefined

to high-risk patients early in the post-transplant course and
throughout the highest risk of CMV
reactivation (21).

period of the

Historically, antivirals for the management of CMV infection
have carried undesirable side effects, such as myelosuppression
from ganciclovir and valganciclovir and nephrotoxicity from
foscarnet and cidofovir. These toxicity profiles, in the absence of
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other alternatives and the widespread availability of PCR,
frequently favor PET.

In 2017, a phase 3 clinical trial showed that letermovir, a CMV
viral terminase complex inhibitor, started prophylactically within
28 days of HCT and continued for up to 100 days post-
transplant, resulted in a significant reduction in ¢sCMVi in
CMV-seropositive adult allogeneic HCT recipients. Letermovir
was accordingly approved by the United States Food and Drug
Administration (FDA) as a safe and effective medication for
primary CMV prophylaxis in CMV seropositive adult allogeneic
HCT recipients in the first 100 days post-transplant (22), and
this has since become of the standard of care in this population
(1) More recently, the duration of letermovir has been extended
to 200 days in higher-risk in higher risk patients based on
individualized criteria (23). Studies including adult participants
suggest that although PET may prevent development of CMV
disease, patients with CMV viremia prompting PET have higher
overall and non-relapse related mortality compared to patients
with no CMV reactivation and not requiring PET (24).
Moreover, one study showed that adult patients on letermovir
had lower rates of c¢sCMVi and hospitalization, with no
incidence of CMV disease compared to aa ~5% incidence of
CMV disease in patients receiving PET (25).

In 2024, the FDA approval of letermovir was expanded to
include pediatric allogenic HCT recipients aged >6 months and
weighing >6 kg. This approval was based on the results of a small
phase 2b, single-arm, non-comparative study (NCT03940586).
Data from a clinical trial that included 28 adolescents 12-18 years
of age demonstrated a favorable safety profile and comparable
rates of csCMVi as seen in the pivotal phase 3 adult study: 24%
through week 24 post-HCT (26). Until recently, data on the use
of letermovir in pediatrics remained anecdotal through its use as
salvage therapy in single patients or case series. A recently
published meta-analysis of letermovir prophylaxis in pediatric
HCT recipients reviewed 12 observational studies, including a
27).
Letermovir was given for 92-221 days and the CMV infection

pooled population of 253 pediatric HCT recipients

rate was 10.9%. No CMV disease was reported during letermovir
prophylaxis, and there were no CMV-related deaths. For the four
studies that included a control group (using acyclovir or
valacyclovir), the incidence of CMV infection was significantly
lower in the letermovir group (RR 0.29, 95% CI 0.16-0.56,
P <0.001). The rate of letermovir discontinuation was low (2.4%),
and adverse events were mild and infrequent, with no reported
myelosuppression or nephrotoxicity (27). Dosing was weight-
based, and the dose was reduced by 50% in the case of
concurrent cyclosporine administration.

Additional articles reporting the use of letermovir in pediatric
HCT have been published in 2025. These studies have supported
the safety and tolerability of letermovir compared to
valganciclovir and ganciclovir (27), provided additional efficacy
data in higher-risk umbilical cord and haploidentical HCT
recipients, supported early vs. later initiation of letermovir (28),
and demonstrated lower cumulative CMV reactivation up to
1-year post-transplant. as well as the potential for delayed

immune reconstitution in letermovir recipients (29).
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FDA approval for pediatric use, as well as the results of a
recent meta-analysis and other publications, highlight the
importance and safety of using letermovir prophylaxis in
pediatric HCT recipients in the first 100 days post-transplant, in
line with the current adult guidelines. The recently published
ECIL-10 guidelines for management of CMV in patient
undergoing allogeneic stem cell transplant has incorporated this
data and recommends considering letermovir prophylaxis in
high risk pediatric patients (28). This is expected to be reflected
as well in the recommendations of the upcoming updated
ASTCT guidelines for CMV prevention in HCT.

Viral and immune-response monitoring

Concerns  regarding letermovir  prophylaxis  include
breakthrough infection and the potential for delayed CMV-
specific cellular reconstitution, leading to late-onset CMV, which
may be due to decreased CMV antigen exposure (29).

The initial study prompting FDA approval of letermovir
demonstrated the potential for breakthrough CMV DNAemia
while receiving prophylactic treatment. Consequently, the
current guidelines recommend continued CMV monitoring
during letermovir  prophylaxis. Monitoring is  usually
recommended for up to 6 months post-HCT, based on the
initial letermovir trial showing significant rates of reactivation
up to day 180 after discontinuation of letermovir, as supported
by other real-life studies suggesting the same. Letermovir
prophylaxis and monitoring for CMV DNAemia may be
extended in patients assessed to be at high risk of viral
reactivation. Monitoring may have to be extended to select
patients receiving letermovir prophylaxis for longer periods or
those deemed to have risk factors for the later development of
c¢sCMVi. The cut-offs for the initiation of PET are institution-
dependent and patient-specific. Studies have shown success in
preventing the progression to CMV disease using thresholds of
2-3 log;o IU/ml (30). One pediatric study performed prior to
routine letermovir prophylaxis demonstrated that initiation of
PET at >1,000 IU/ml (>3log;,) vs. <1,000 IU/ml resulted in a
higher peak viral load and longer duration of viremia, though
without significant differences in end-organ disease, overall
survival, or non-relapse-related mortality at 12 months post-
HCT (31).

Measuring CMV-specific T-cell-mediated immunity (CMV
CMI) has been explored to identify patients at risk for
reactivation following discontinuation of prophylaxis and CMV-
seropositive or viremic patients at risk of progression to
c¢sCMVi. CMV CMI combined with an assessment of patient
risk factors may allow for individualized plans for primary and
secondary prophylaxis, thresholds for PET, and duration of
letermovir prophylaxis (32). This is mostly based on adult
studies that explored the role of CMV CMI in stratifying the
risk of CMV infection over time through serial monitoring and
predicting the progression of DNAemia to csCMVi. Few
pediatric studies have explored the role of CMV CMI in

predicting the risk of CMV infection and recurrence. Although
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these studies had small sample sizes, they showed promising
results for the clinical use of CMV CMI therapy (33, 34).

Adult studies suggest that letermovir prophylaxis results in
delayed development of CMV-specific cellular immunity, with a
100-day delay in the development of CMV-specific immunity
and lower CMV-specific CD4 cells noted up to 1-year post-
transplant in the letermovir group (29, 35).

Treatment approaches
Breakthrough infection on letermovir

Breakthrough CMYV reactivation on letermovir can occur even
in the absence of known genotypic resistance (36, 37).
Breakthrough infection often results in low-level viremia and is
typically managed with alternative antiviral therapy if the viral
load reaches a predetermined threshold or if CMV disease
develops (36). Risk factors for breakthrough infection include
higher cumulative steroid exposure, GVHD prophylaxis with
post-transplant cyclophosphamide or calcineurin inhibitors in
combination with mycophenolate, low-grade CMV replication
(21-149 IU/ml) at the time of letermovir initiation or during
prophylaxis, and acute GVHD (36, 38).

As noted above, CMV reactivation following letermovir
studies,
occurring in 12%-45% of patients (39-41). Risk factors for late
CMV infection after letermovir discontinuation include severe

discontinuation has been documented in several

neutropenia on the day of stem cell infusion, HLA-mismatched
donors, and CMV-seronegative donors (42, 43).

Management of resistant and refractory
CMYV infection

Refractory and resistant CMV infections occur in 19%-39%
and 1.7 t0o14.5% of adult allogeneic HCT recipients, respectively
(17, 44, 45). Limited data in pediatric allogeneic HCT recipients
suggest resistance in 4%-10% (17). Resistance typically involves
mutations in UL97 (conferring resistance to ganciclovir and
valganciclovir) or UL54 (potentially conferring resistance to
ganciclovir, valganciclovir, foscarnet, and cidofovir) (45).

The initial evaluation and management of refractory CMV
infection or end-organ disease involves optimizing the immune
status (e.g., decreasing immune suppression) when feasible,
ensuring that antiviral therapy is appropriately dosed, and
evaluating antiviral drug resistance (44). Alternative antiviral
dosing or therapy may be explored if antiviral resistance is
detected and/or when testing is pending (44).

Maribavir is a novel antiviral agent that received FDA
approval in 2021 for the management of refractory/resistant
CMV infection and end-organ disease (46). Maribavir is a
benzimidazole antiviral that inhibits multiple stages of CMV
replication (47). Maribavir has been associated with a lower
treatment effect in patients with higher baseline viral loads,
acute graft-versus-host disease, and T-cell depletion (48, 49).
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Adverse effects include dysgeusia and gastrointestinal distress
(e.g., nausea, vomiting, and diarrhea) (46). In the AURORA
trial, a multicenter, double-blind, randomized, phase 3 trial
comparing maribavir to valganciclovir for first asymptomatic
CMV infection in HCT recipients 16 years and older, maribavir
showed less neutropenia and discontinuation of therapy and
comparable CMV viremia clearance to that of valganciclovir
during post-treatment follow-up, although it failed to achieve
non-inferiority (49). The SOLSTICE

randomized, trial

tria, a phase 3,

open-label comparing maribavir to
investigator assigned therapy (IAT: valganciclovir/ganciclovir,
foscarnet, or cidofovir) for the treatment of refractory CMV
infection with or without resistance in HCT and solid organ
transplant recipients showed superiority of maribavir for CMV
(50).

maribavir appears to be as effective as foscarnet for viral

viremia clearance and symptom control Similarly,
clearance, with similar resistance rates (51). Pediatric data are
limited, although case reports and series have shown results like

those in adults in terms of safety and efficacy (52, 53).

Future directions
Virus-specific T-cells (VSTs)

Given the limited antiviral options available, alternative
treatment strategies have been investigated. One promising
innovation is the use of virus-specific T-cells (VSTs). This
that
recognize specific viral epitopes, and the cells can be collected

therapy involves manufacturing or isolating T-cells
from a patient’s HCT donor or from a third party (54-56).
VSTs are manufactured by stimulating donor peripheral blood
mononuclear cells (PBMCs) with virus-specific peptides. T cells
are then selectively amplified and expanded in culture (55).
Alternatively, T-cells can be isolated from seropositive donors,
stimulated with viral peptides, and antigen-specific cells can be
isolated (55).

Current research suggests that CMV-specific VSTs are
effective in treating CMV viremia and end-organ diseases (55).
One study of pediatric allogeneic HCT recipients treated with
VSTs for CMV and other double-stranded DNA viruses showed
no difference in clinical response between donor-derived and

third-party VSTs (54).

Vaccine

Triplex® is a recombinant attenuated poxvirus vaccine
(modified vaccinia Ankara) that expresses immunodominant
CMV antigens (57). A multicenter, double-blind, randomized,
placebo-controlled phase II trial was performed, which included
102 CMV-seropositive adult allogeneic HCT recipients (57). The
study participants received the Triplex vaccine or placebo on
days +28 and +56 following HCT. Vaccine recipients showed a
reduction in clinically relevant CMV events, higher levels of
CMV-specific T-cells in the first 100 days post-HCT, and no
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vaccine-related deaths, infections, or serious adverse events were
observed (57).

Another small study evaluated the feasibility, safety, and
immunogenicity of vaccinating matched-related HCT donors
with the Triplex vaccine. This phase 1 trial showed that the
vaccine was feasible and safe, with no effects on recipient
engraftment. Although the vaccine was not ultimately powered
to assess efficacy, the results indicated a higher frequency of
functionally activated CMV-specific T-cells early post-HCT in
pairs with vaccinated donors and continued expansion of the
T-cell population during immune reconstitution (58). Phase 1
and 2 of CMYV-seropositive
transplant recipients are ongoing (NCT03354728).

studies pediatric  allogeneic

Monoclonal antibodies

Fistasovimab (NPC-21) is a fully human, neutralizing
the epitope of CMV
glycoprotein B (59). An in vitro study has shown a significant
anti-CMV effect (60). A phase 2 study in adult renal transplant
recipients showed a lower incidence of CMV disease in patients

monoclonal antibody that targets

who received the antibody administered monthly as an
intramuscular injection, although there was no significant

benefit in preventing CMV infection (59).

Discussion

CMV remains the most common and clinically significant
infection in pediatric HCT recipients. Despite significant
advancements and ongoing research, additional well-designed,
larger pediatric-specific studies are still needed to optimize the
diagnosis, prevention, risk stratification, and treatment of CMV
infection in this patient population. The approval of letermovir
has been the most significant development in the prevention of
CMV disease in pediatric HCT recipients in recent years. More
long-term longitudinal real-world data on CMV infection and
disease during and after discontinuation of letermovir are
needed, including studies on immune reconstitution in the
context of letermovir prophylaxis.

Additional information on the use of CMV CMI and its
integration in clinical practice in the pediatric population is
needed, although this seems to hold promise as a good guidance
measure in tailoring the need and duration of prophylaxis, as
well as the need and frequency of monitoring and threshold for
PET in selected patients.

In addition to a growing armamentarium of antiviral drugs
with the approval of maribavir in recent years, CMV vaccines,
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monoclonal antibodies, and VSTs hold hope for additional
means to prevent and treat CMV disease and change its
landscape in HCT recipients, allowing for continued improved
outcomes and reduced mortality.
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Despite current prophylaxis regimens, cytomegalovirus (CMV) is common in hematopoietic cell transplantation (HCT) and solid
organ transplantation (SOT) and remains a significant cause of morbidity and mortality. Newer antiviral medications are reshaping
the landscape for prevention and treatment of CMV DNAemia, infection, and disease. Letermovir is approved for CMV prevention
in adult HCT patients and is attractive due to the absence of marrow suppression seen with ganciclovir/valganciclovir. Letermovir
should not be routinely used for CMV treatment due to its low threshold for resistance. Maribavir is approved for the treatment of
refractory or resistant CMV disease in HCT and SOT recipients 212 years of age, though it has no current role in CMV prevention.
More research is needed to fully elucidate the roles, efficacy, and safety of these newer agents in prevention and treatment of CMV

in pediatric transplant recipients.
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INTRODUCTION

Cytomegalovirus (CMV) continues to cause significant mor-
bidity after solid organ transplantation (SOT) and hematopoi-
etic cell transplantation (HCT) with recent reports showing
CMV disease rates of up to 5% [1, 2] and 7% [3], respectfully.
The risk of posttransplant CMYV is affected by donor and recip-
ient serostatus, organ or graft type, T-cell depletion, immuno-
suppressive agent, and intensity [4, 5]. Prevention strategies and
newer treatment options provide effective options to diminish
the impact of this virus.

As itis not possible to avoid CMV in HCT recipients (highest
risk individuals are seropositive prior to transplant) and prefer-
ential use of CMV seronegative HCT and SOT donors is not
routinely feasible, alternative prevention strategies are needed
to mitigate risk. Further, no current antivirals eliminate latent
virus, requiring ongoing monitoring and/or prevention for
at-risk patients posttransplant. Several strategies have emerged
and are endorsed in guidance documents including prophy-
laxis, monitoring with preemptive therapy, or a combination of
these strategies, also referred to as surveillance after prophylaxis
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[4, 5]. Prophylaxis entails giving an antiviral medication, usu-
ally ganciclovir/valganciclovir at present, for a predetermined
amount of time with the goal of preventing CMV DNAemia.
Prophylaxis is generally targeted based on the CMV risk profile,
including donor and recipient serostatus, where the highest risk
exists when CMV R— SOT receive seropositive (D+) organs or
CMYV R+ HCT receive D— grafts. The major drawbacks of this
strategy include the side effects of the antiviral medications, spe-
cifically bone marrow suppression with the use of ganciclovir/
valganciclovir, and late-onset CMV disease after prophylaxis
is discontinued [4, 5]. Preemptive therapy includes moni-
toring for CMV DNAemia at routine times posttransplant and
initiating antiviral therapy if DNAemia is found at a predeter-
mined threshold. This strategy avoids unnecessary antiviral side
effects, though studies have shown that it does not prevent the
indirect effects of CMV DNAemia such as graft dysfunction and
all-cause mortality [4, 5]. Many experts use surveillance after
prophylaxis in patients at risk for developing CMV DNAemia,
such as those with a high-risk CMV profile. Secondary prophy-
laxis is the use of antiviral prophylaxis, after treatment for CMV
DNAemia or disease, for prevention of recurrent CMV.

The optimal prevention strategy for each organ and HCT
subgroup is not fully elucidated, and data support several
approaches. In pediatric HCT, primary prophylaxis with
valganciclovir, ganciclovir, or foscarnet may be considered
in some populations; however, monitoring with preemptive
therapy is also a reasonable option [6], as it may avoid the
toxicities associated with the use of these agents. In the adult
HCT population, letermovir has emerged as the primary
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Figure 1. Mechanisms of activity of anti-CMV antivirals. Ganciclovir (GCV) is a nucleoside analog that requires initial phosphorylation by the viral protein
kinase encoded by UL97. Itis subsequently di- and tri-phosphorylated by host cellular kinases. Ganciclovir triphosphate inhibits CMV DNA polymerase (UL54)
activity and also serves as substrate for the enzyme, substituting for deoxyguanosine triphosphate (dGTP) during chain elongation, slowing viral DNA syn-
thesis. Cidofovir (CDV) is not a substrate for UL97 but is di- and tri-phosphorylated by host kinases, as with GCV monophosphate, and serves as competitive
inhibitor of DNA polymerase. Foscarnet (FOS) is a noncompetitive inhibitor of CMV DNA polymerase, blocking the pyrophosphate binding site and preventing
cleavage of deoxynucleotide triphosphates. Maribavir (MBV) is a potent inhibitor of the UL97 kinase, which is involved in phosphorylation of a number of
viral proteins, leading to inhibition of multiple stages of CMV DNA replication, viral encapsulation, and nuclear egress. Letermovir (LET) inhibits the CMV
DNA terminase complex by binding to its pUL56 subunit. The enzymatic targets are also the main sites of resistance for each drug: GCV-UL97 > UL54; CDV-
UL54; FOS-UL54; MBV-UL97; LET-UL56 > UL89. Figure was made using Biorender. Abbreviations: CDV, cidofovir; CMV, cytomegalovirus; FOS foscarnet; GCV,

ganciclovir; LET, letermovir, MBV, maribavir, NUC, nucleotide.

prophylactic agent, but limited pediatric data have restricted its
use to small cohorts to date (covered subsequently in this re-
view). For pediatric SOT, monitoring with preemptive therapy
has been successfully reported primarily in pediatric liver trans-
plant recipients [7, 8], while the bulk of the published data sup-
port the use of universal prophylaxis in other pediatric SOT
populations [1, 2, 9-11]. However, challenges exist related to
optimal prophylaxis durations [12] and dosing strategies [13,
14], as well as frequent medication side effects [15, 16], which
highlight the need for additional therapeutic options for both
prevention and treatment.

Despite CMV prevention strategies, CMV DNAemia and
disease continue to occur. Occasionally, CMV DNAemia does
not respond to traditional antiviral agents either due to drug
resistant or refractory disease. Refractory CMV is defined as
CMV DNAemia that continues to increase despite 2 weeks of
adequately dosed antiviral medication [17]. Cytomegalovirus is
considered resistant if it has a genetic mutation that decreases
susceptibility to one or more antiviral drugs [17]. Limited treat-
ment strategies are available to treat resistant/refractory disease,
but maribavir, a novel CMV antiviral, is now FDA approved for
this indication in individuals 12 years of age and older. This ar-
ticle explores the potential therapeutic uses and challenges of

maribavir and letermovir, two newer CMV antivirals, in addi-
tion to traditional CMV agents.

TRADITIONAL AGENTS

Ganciclovir was the first drug to be approved for the treatment
and prevention of CMV DNAemia and disease. It is a nucleoside
analog that requires phosphorylation by UL97 kinase and host
kinases to inhibit viral DNA polymerase, therefore inhibiting
the synthesis of CMV DNA (Figure 1) [18-20]. Valganciclovir
is an oral prodrug of ganciclovir with excellent bioavailability
[21]. Ganciclovir and valganciclovir are currently the drugs of
choice for the prevention and treatment of CMV in HCT and
SOT recipients [5, 22, 23], though their use is limited by sig-
nificant toxicities including myelosuppression, predominantly
neutropenia, and acute kidney injury, which both have been as-
sociated with dose modification and early cessation of therapy
[15, 24, 25]. This is of particular concern with valganciclovir
as optimal dosing in the pediatric population is controversial.
The FDA recommended dosing for valganciclovir is based on
body surface area and creatinine, but adverse effects with this
dosing strategy are common [15, 16]. Therefore, in 2018, the
FDA updated its dosing guidance to prevent supratherapeutic

Prevention and Treatment of Cytomegalovirus « JPIDS 2024:13 (Suppl1) « S15



concentrations [26]. A PK study by Peled et al. showed that
weight-based dosing produced more appropriate area under the
curve values with continued clinical efficacy [14]. Subsequently,
numerous pediatric centers have changed their dosing strategy
to weight-based and achieved similar results [13].

Foscarnet is a pyrophosphate analog that binds reversibly to
DNA polymerase, stopping the elongation of CMV DNA [27].
Foscarnet can be used as preemptive therapy in HCT or treat-
ment for CMV disease in HCT or SOT, in an effort to avoid the
myelosuppressive effects of ganciclovir/valganciclovir [5, 22].
The most common adverse event is nephrotoxicity [27], caused
by both renal tubule toxicity [28] and formation of crystal neph-
ropathy [29]. Other toxicities include electrolyte abnormalities,
seizures, genital ulcerations, anemia, and nausea [27].

Cidofovir is a nucleotide analog that inhibits CMV DNA
polymerase, slowing DNA synthesis and destabilizing viral
DNA [30]. Cidofovir is a second-line agent for CMV treatment
and a third-line agent for CMV prevention in HCT recipients
[22]. It is a third-line treatment agent in SOT recipients, but
is not recommended for prophylaxis in this population [23].
Nephrotoxicity limits its use primarily to patients intolerant
of other medications or with resistant or refractory infections
[30]. Brincidofovir, an oral lipid prodrug of cidofovir with less
nephrotoxic potential, is not currently available for treatment
of CMV.

The development of CMV resistance to these agents is a
major concern. The primary ganciclovir resistance mechanism
is via a mutation in the UL97 phosphotransferase gene, which
prevents the initial phosphorylation step required for antiviral
activity [31]. A less common ganciclovir resistance mechanism,
mutation in the UL54 DNA polymerase, also confers resistance
to foscarnet or cidofovir [31]. Resistant and refractory CMV in-
fection in HCT and SOT recipients remains a challenge given
the limited number of traditional antiviral agents and their as-
sociated toxicities. The development of newer antiviral agents
for the prevention and treatment of CMV infection and disease
is paramount to improve outcomes in pediatric HCT and SOT
patients. Pertinent prescribing information for antivirals dis-

cussed is located in Table 1.

MARIBAVIR

Maribavir is a benzimidazole riboside that competitively in-
hibits the protein kinase activity of CMV enzyme pUL97, which
results in the inhibition of phosphorylation of proteins [34, 35]
and inhibition of multiple stages of CMV DNA replication,
viral encapsulation, and nuclear egress [36-41]. Maribavir dif-
fers from ganciclovir/valganciclovir in that it is a UL97 inhib-
itor rather than a UL97 substrate [31], thus it can antagonize
the antiviral activity of ganciclovir/valganciclovir and should
not be used simultaneously [42]. Foscarnet, cidofovir, and
letermovir have no activity at pUL97 and therefore, can be used

concurrently with maribavir. Mutations that confer resistance
to ganciclovir, valganciclovir, foscarnet, and cidofovir generally
do not affect maribavir activity as the UL97 mutations con-
ferring resistance to maribavir and ganciclovir/valganciclovir
have limited overlap and differential resistance levels [43], and
maribavir does not have action against the UL54 CMV DNA
polymerase utilized by foscarnet and cidofovir [44]. Low-level
maribavir resistance has been seen with UL27 mutations [45],
though these are felt to have less of an impact on susceptibility
than UL97 mutations [43]. Notably, maribavir is a CMV-specific
antiviral agent; other antiviral agents should be used to treat or
prevent non-CMV herpesvirus infections during maribavir
administration.

Early adult trials of maribavir focused on CMV DNAemia
prophylaxis. A phase II, randomized, double-blind, placebo-
controlled study in CMV-seropositive HCT recipients found
that maribavir was more effective than placebo for reducing the
incidence of CMV DNAemia (CMV DNA polymerase chain
reaction [PCR]: 7%-19% vs 46%; all P < .05), and CMV dis-
ease was only seen in three patients, all in the placebo group
[46]. However, separate phase III prophylaxis trials in HCT and
high-risk D+/R- liver transplant recipients found maribavir was
not superior to placebo and oral ganciclovir, respectively [47,
48]. Based on these results, the evaluation for use of maribavir
shifted toward treatment of CMV disease.

The pivotal SOLSTICE trial, a phase III, randomized, open-
label, active-controlled trial, compared the safety and efficacy
of 400 mg of maribavir twice daily to investigator-assigned
therapy (valganciclovir/ganciclovir, foscarnet, or cidofovir) for
refractory or resistant CMV in HCT and SOT recipients [49].
Significantly more patients in the maribavir group met the pri-
mary endpoint of confirmed CMV DNAemia clearance by week
8 of therapy (55.7% vs 23.9%; P < .01) and the secondary end-
point of CMV DNAemia clearance by week 8 with maintenance
of clearance and symptom control through week 16 (18.7% vs
10.3%, P =.01) [49]. Notably, significantly more patients in the
maribavir group met the primary end point even when control-
ling for early discontinuation of investigator-assigned therapy;
therefore, maribavir’s superiority is not solely the result of better
tolerance and adherence. Unfortunately, despite eligibility of
patients 212 years, no children under 18 years of age were en-
rolled in the trial. Subsequently, a pharmacokinetic simulation
was performed and supported adult dosing in children 212
years of age [50]. A phase III trial with the aim of determining
the safety, tolerability, and pharmacokinetics of maribavir in
children 0 to <18 years of age (NCT05319353) is planned [51].
In November 2021, the U.S. FDA approved maribavir as the first
drug for treatment of resistant or refractory CMV infection in
HCT and SOT recipients 212 years of age and weighing at least
35 kg (Table 1) [52].

Maribavir is well-tolerated with the most common side effect
being dysgeusia seen in 37.2% of participants in the SOLSTICE
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trial [49]. Participants on maribavir also had a lower rate of
marrow suppression than the valganciclovir group (24.8% vs
53.5%) and less acute kidney injury than the foscarnet group

(8.5% vs 21.3%) [49]. Notably, maribavir is currently offered
in a 200 mg tablet form, which can make dosing a challenge
for critically ill patients where intravenous formulation may

Table 1. Antiviral Drugs for the Prevention and Treatment of Cytomegalovirus in Pediatric Hematopoietic Stem Cell and Solid Organ Transplant Recipients
Dosing for CMV Pre- Dosing for CMV
Indications in Trans- vention in Pediatric Treatment in Pediatric
Agent plant Recipients Transplant Transplant Comments/Challenges to Use

First line for treat-
ment and pre-
vention of CMV
DNAemia and
disease

Valganciclovir

First line for treat-
ment and pre-
vention of CMV
DNAemia and
disease

Ganciclovir

Foscarnet Second-line agent
for therapy in
SOT recipients

First-line agent for
HCT recipients
who can't tol-
erate marrow
suppression
from ganciclovir/
valganciclovir

Third-line agent
for treatment of
CMV DNAemia
and disease in
SOT recipients

Second-line agent
for prevention
and treatment of
CMV DNAemia
and disease in
HCT recipients

Refractory CMV
DNAemia or
disease (with
or without
resistance to tra-
ditional agents)
age 12 and older

Cidofovir

Maribavir

Letermovir Prophylaxis of CMV
infection and
disease in adult
CMV-seropositive
recipients [R+] of
an allogeneic he-
matopoietic stem
cell transplant

7 x BSA x creatinine
clearance with upper
limit of creatinine
clearance of 150 mL/
min PO daily (max
dose 900 mg PO
daily)

or

16 mg/kg PO daily (max
dose 900 mg PO
daily)

5 mg/kg IV once daily

Currently not indicated
for prevention in SOT
recipients

90 mg/kg IV every 24 h
for prevention in HCT

Currently not indicated
for prevention in SOT
recipients

5 mg/kg/dose IV once
weekly for 2 consec-
utive weeks followed
by 5 mg/kg/dose IV
once every 2 weeks,
in combination with
probenecid in HCT
[32]

Currently not indicated
for CMV prevention

480 mg PO or IV ad-
ministered once daily
(over 1 h) through 100
days posttransplant;
dose should be re-
duced to 240 mg if
coadministered with
cyclosporine

7 x BSA x creatinine
clearance with
upper limit of cre-
atinine clearance
of 150 mL/min PO
BID (max dose
900 mg PO BID)

or

16 mg/kg PO BID
(max dose 900 mg
PO BID)

5 mg/kg IV every
12 h

90 mg/kg IV every
12 h

5 mg/kg/dose IV once
weekly for 2 con-
secutive weeks
followed by 5 mg/
kg/dose IV once
every 2 weeks, in
combination with
probenecid

400 mg PO twice
daily for patients
>12 years of age
and >35 kg [33]

Currently not
indicated for treat-
ment

Causes myelosuppression, predominately leukopenia
Requires dose adjustment for renal dysfunction
Oral formulations available as a tablet and a suspension

Causes myelosuppression, predominately leukopenia
Requires dose adjustment for renal dysfunction
Intravenous administration

Highly nephrotoxic

Requires dose adjustment for renal dysfunction

Intravenous administration

Used for UL97-mutant ganciclovirresistant CMV DNAemia
or disease

Highly nephrotoxic

Requires dose adjustment for renal dysfunction

Intravenous administration

Second-line agent for UL97-mutant ganciclovirresistant
CMV DNAemia or disease

Well-tolerated (Gl side effects including taste disturbance
are most common)

Primarily metabolized by CYP3A4 and can increase the
concentration of common immunosuppressant. There-
fore, monitor immunosuppression levels closely

Recommend reviewing contaminant medications as it has
numerous other drug—drug interactions

Oral tablet formulation only. Can be crushed and placed
through orogastric or nasogastric tubes

No dose adjustment is needed for impaired renal or mild to
moderate hepatic function

Do not coadminister with ganciclovir/valganciclovir due to
concerns for antagonism

No CNS penetration

Generally well-tolerated (Gl side effects most common)

Oral formulation only available as a tablet that must be
swallowed whole

CYP3A4 inhibitor and has notable drug interactions (cyclo-
sporine, tacrolimus, and statins) that require dose ad-
justments and/or close monitoring when coadministered

Abbreviations: BID, twice daily; BSA, body surface area; CMV, cytomegalovirus; HCT, hemopoietic cell transplantation; IV, intravenous; kg, kilograms; mg, milligrams; mL, milliliter; min,

minute; PO, orally; SOT, solid organ transplant.
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be preferable. However, alternative administration via an
orogastric or nasogastric tube after crushing the tablet is feasible
[33]. Maribavir is primarily metabolized by CYP3A4 so drugs
that are strong inducers of this pathway, specifically many anti-
convulsants, can decrease the concentration of maribavir and
dose adjustments may be warranted [33]. Similarly, concentra-
tions of immunosuppressants that are CYP3A4 substrates, such
as mTOR inhibitors, may increase when taken concomitantly
with maribavir so immunosuppression levels should be moni-
tored closely [33]. Importantly, maribavir does not cross the
blood-brain barrier [53].

LETERMOVIR

Letermovir is a CMV DNA terminase complex (subunit
pUL56) inhibitor with potent activity against human CMV
[54]. Because of its site and mechanism of action, it does not
inhibit CMV DNA replication and, thus, may lead to accumula-
tion of concatemeric (ie, nonreplicative) DNA that could cause
misleading interpretation of quantitative PCR results [55].
Nevertheless, it acts in a manner distinct from other CMV an-
tiviral agents and does not exhibit cross-resistance with these
other drugs. As with maribavir, it is a CMV-specific drug that
has no activity against other herpesviruses; other antiviral
agents should be coadministered to prevent or treat non-CMV
herpesviruses, as appropriate. Letermovir is available in oral and
intravenous formulations. However, there are clinically relevant
drug-drug interactions between letermovir and other medica-
tions metabolized via the cytochrome P450 system that require
reduced dosages of letermovir (eg, cyclosporine) [56] or neces-
sitate the use of a reduced dose or diligent therapeutic/clinical
monitoring of the coadministered medication (eg, tacrolimus
[56, 57], statins [58], and voriconazole [59, 60]).

Letermovir was approved by the FDA in 2017 for the pre-
vention of CMV infection and disease in seropositive (R+)
adult allogeneic HCT recipients [61]. Approval came following
a phase III, double-blind, placebo-controlled trial in which par-
ticipants with undetectable CMV DNA at randomization who
received 14 weeks of letermovir had fewer clinically significant
CMYV infections (defined as CMV disease or DNAemia re-
quiring treatment) by week 24 after transplantation than recipi-
ents of placebo (37.5% vs 60.6%) [62]. In a secondary analysis
evaluating outcomes among trial participants with detectable
CMV DNA at randomization, letermovir administration was
similarly associated with a lower incidence of clinically signif-
icant CMV infection compared to placebo through weeks 14
(33.1% vs 86.6%, P <.001) and 24 (64.6% vs 90.9%, P = .01)
[63]. A post hoc analysis of the trial data showed that all-cause
mortality at 24 weeks was significantly lower among letermovir
recipients with a trend towards lower mortality at week 48 [64].
In a 2022 systematic review combining data from 48 studies
and more than 7100 adult allogeneic HCT patients, Vyas and

colleagues determined that letermovir prophylaxis was associ-
ated with a significant reduction in CMV reactivation, clinically
significant CMV infection, CMV disease, and grade 22 graft-
versus-host disease, as well as all-cause and nonrelapse mor-
tality beyond day 200 posttransplant [65]. Based on the totality
of data, the FDA approved an extension of prophylaxis in high-
risk adult HCT patients from 100 to 200 days [66].

A recently completed phase III trial of high-risk (D+/R-)
adult kidney transplant recipients determined that letermovir
is noninferior to valganciclovir for the prevention of CMV dis-
ease [67]. Based on these results, the FDA has also approved
letermovir for CMV prevention in high risk (D+/R-) adult
kidney transplant recipients [68].

Although letermovir is only approved for primary pro-
phylaxis, there are reports of its use as secondary prophylaxis
following a CMV event [69], as well as for treatment of CMV
disease in the setting of valganciclovir intolerance or failure [69,
70]. However, treatment of CMV disease does not appear to be
the ideal clinical situation for its use. This stems largely from
concerns about a low threshold for resistance development, par-
ticularly in the setting of high viral loads and/or poor immu-
nologic control [71]. Letermovir’s unique mechanism of action
and lack of cross-resistance make it a possible option for treat-
ment of refractory or resistant CMV infection or disease [72,
73]; however, clinical failures and development of resistance
have been reported [74-76]. As a result, no industry-sponsored
CMV treatment trials are active for this drug. Additionally,
dedicated studies evaluating letermovir’s safety and efficacy as
secondary prophylaxis are warranted before its routine clinical
adoption for this indication.

Oft-label use with letermovir has been reported in SOT
recipients with valganciclovir intolerance [57, 77]. Oft-label
use of letermovir in pediatric HCT patients has also been re-
ported, although published data remain limited to small case
series [78-81]. In general, outcomes have been favorable.
However, despite these reports, the effectiveness of letermovir
for primary prophylaxis in pediatric HCT recipients is un-
known. Formal investigation is warranted given the differ-
ences between pediatric and adult HCT recipients themselves,
as well as in outcomes associated with CMV infection in these
patient populations. Further, pediatric dosing of letermovir
has also not been established. A trial to evaluate this in pe-
diatric allogeneic HCT patients is ongoing (NCT03940586).
Preliminary data from adolescent participants of this trial re-
ported at IDWeek 2022 (Washington, DC) suggest that adult
dosages (Table 1) are appropriate in the adolescent population
(12 to <18) [82], although final dosing recommendations for
pediatric patients, particularly younger ones, have yet to be
determined.

Letermovir is very well-tolerated with far fewer significant
adverse effects than older drugs. In the phase III trial, the rates
of hematologic toxicities and acute kidney injury events were
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similar between letermovir and placebo recipients, as were
other adverse events [62]. Meanwhile, in the recently com-
pleted phase 3 trial in adult kidney transplant recipients [67],
fewer recipients of letermovir had hematological toxicities (ei-
ther leukopenia or neutropenia; 26% vs 64%, P < .0001). And,
in a recent cost effectiveness analysis, with clinical parameters
informed mostly from the phase 3 trial data, letermovir pro-
phylaxis in adults HCT was found to be cost effective compared
to preemptive treatment alone in a US healthcare setting [83].
With its favorable side effect profile and data supporting its effi-
cacy and cost effectiveness, letermovir is becoming standard of
care for CMV prevention in high-risk adult HCT patients.

CURRENT AND POTENTIAL FUTURE CLINICAL
APPLICATIONS OF LETERMOVIR AND MARIBAVIR IN
PEDIATRIC TRANSPLANT RECIPIENTS

Primary Prophylaxis of CMV

Currently, letermovir is only approved for primary prophylaxis
of CMV infection and disease in adult CMV-seropositive alloge-
neic HCT [61] and high-risk adult kidney transplant recipients
[68]. Based on dosing from adolescent PK studies [78], some
centers have begun using this agent for primary prophylaxis
more routinely among adolescent HCT patients. We anticipate
that letermovir will increasingly be used off-label in pediatric
HCT, including young patients once dosing is known. This is
especially likely in the highest-risk patients (ie, T-cell-depleted
grafts) or in patients who have developed toxicities with other
antiviral agents. Despite letermovir’s appeal, close clinical
monitoring for CMV DNAemia with preemptive therapy still
remains a viable option in pediatric HCT recipients.

Letermovir may also be attractive for CMV prevention in
pediatric SOT recipients. Unfortunately, there are significant
drug-drug interactions that may limit its use. As a result, close
monitoring of drug concentrations (eg, tacrolimus) or for clin-
ical symptoms of toxicity (eg, myopathy with coadministration
of statins) is imperative. We would strongly suggest that ded-
icated studies be performed to fully understand all clinically
relevant drug interactions before letermovir is routinely used
for CMV prevention in any patient populations routinely pre-
scribed these medications.

The best way to monitor for breakthrough CMV DNAemia
on letermovir prophylaxis has not yet been elucidated. This
poses a unique challenge given that letermovir use can result in
nonreplicative CMV DNAemia [55], creating challenges to the
interpretation of viral loads. Future studies are needed to under-
stand how best to distinguish nonreplicative CMV DNAemia
from replicative virus.

Meanwhile, maribavir should not be used as primary pro-
phylaxis in pediatric HCT or SOT. Although it has been studied
for this indication in adult populations, primary prophylaxis
does not appear to be its greatest utility.

Secondary Prophylaxis

Which pediatric transplant recipients require secondary pro-
phylaxis and, when used, for how long remains controversial.
While most experts would offer secondary prophylaxis to a pa-
tient who has recovered from CMV disease and is still in the early
posttransplant period (ie, when primary prophylaxis would be
offered), other scenarios may be more subjective. In our opinion,
letermovir could be a viable option when secondary prophylaxis
is deemed necessary, particularly for patients who are intolerant
of traditional antiviral agents. Due to the low barrier to resistance
development, resulting in mutations within the UL56 gene [75,
84], letermovir is best suited as a preventative agent in the absence
of ongoing DNAemia, particularly if the patient is significantly
immunosuppressed. Meanwhile, maribavir is not currently indi-
cated for secondary prophylaxis. Although the treatment course
utilized in the SOLTICE trial (400 mg twice daily for 8 weeks)
may have included a period of secondary prophylaxis for individ-
uals whose DNAemia cleared promptly [49], the optimal dosing
and duration for this indication are unknown.

Treatment of CMV
Ganciclovir and valganciclovir remain the primary drugs for
treatment of CMV infection and disease in children. In the
absence of resistant virus or contraindications to one of these
agents, they remain as first-line therapy for the majority of
CMV infections in pediatric transplant recipients. Maribavir is
the first drug approved for treatment of refractory or resistant
CMV in patients 12 years of age and older, with an ongoing trial
to establish dosing in younger children (NCT05319353). With
an improved safety profile compared to foscarnet and cidofovir,
maribavir may become the preferred treatment option for re-
fractory or resistant CMV infection/disease in the future.
However, there are several caveats that may temper enthu-
siasm for the use of maribavir in pediatric transplant recipi-
ents. First, the drug is currently only available as 200 mg tablets,
which may be challenging to dose accurately in small children
(<10 kg). Second, maribavir has poor penetration into the eye
and central nervous system. Alternative agents or the use of
combination therapy are needed when encephalitis, meningitis,
or retinitis are of concern. Lastly, maribavir may not be an ideal
agent for treatment of CMV infections with high viral loads.
A notable fraction of patients in the phase II trial had recur-
rence of DNAemia while actively receiving maribavir, some of
whom developed maribavir-resistant virus [85]. Ultimately, the
optimal strategy for treatment of refractory infections with per-
sistently high viral loads remains to be established.

CONCLUSIONS

Letermovir and maribavir are newer antiviral agents with
promise to significantly improve CMV prevention and treat-
ment, respectively, in adult and pediatric HCT and SOT
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recipients. With their widespread use in adult transplant re-

cipients, their specific roles in pediatric transplant will become

clearer. While off-label use is likely to occur in children given

the toxicities associated with traditional anti-CMV agents, ded-

icated pediatric trials are urgently needed.
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ABSTRACT

Objective: Letermovir (LTV) is a novel antiviral agent approved by the FDA in 2017 for CMV prophylaxis in adult CMV-
seropositive allogeneic hematopoietic stem cell transplantation (allo-HSCT) recipients and approved for pediatric use in 2024. This
study systematically evaluates the efficacy and safety of LTV prophylaxis for CMV infection in pediatric allo-HSCT recipients.
Methods: We systematically searched PubMed, Scopus, Web of Science, Embase, and Cochrane Library up to December 2024 for
studies that evaluated the use of LTV prophylaxis in pediatric allo-HSCT recipients. We conducted single-arm meta-analysis using
Open Meta Analyst software and double-arm meta-analysis using R Studio. We pooled the dichotomous outcomes as event and
total using the fixed-effects model.

Results: Twelve articles were included in the analysis. The single-arm meta-analysis indicated that the prophylactic use of LTV
against CMV among pediatrics was associated with a 10.9% (95% CI: 0.065, 0.153) infection rate without any disease occurrence.
The percentage of patients who discontinued the drug due to adverse reactions was only 2.4% (95% CI: 0.003, 0.045), and all-cause
mortality was 7.9% (95% CI: 0.032, 0.126). The double-arm meta-analysis results indicated that the incidence of CMV infection was
significantly lower in the LTV group in comparison to the control group (RR: 0.29; 95% CI: 0.16, 0.56; p < 0.001).

Conclusion: LTV has demonstrated safety and efficacy in preventing CMV infection and disease among high-risk pediatric
patients. Future large scale randomized trials are necessary to validate the findings.

Abbreviations: Allo-HSCT, allogeneic hematopoietic stem cell transplantation; CMV, Cytomegalovirus; LTV, letermovir.

© 2025 Wiley Periodicals LLC.
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1 | Introduction

Allogeneic hematopoietic stem cell transplantation (allo-HSCT)
is an important intervention for pediatric patients with malignant
and nonmalignant hematological disorders [1]. Infections remain
a significant cause of morbidity and mortality following allo-
HSCT [2]. Cytomegalovirus (CMV) infection, despite current
surveillance and preemptive antiviral therapy, remains a signifi-
cantdriver of morbidity and non-relapse mortality in the pediatric
allo-HSCT recipients [3].

The prevention and management of CMV infection is a crucial
aspect of posttransplant care for pediatric patients, who are
at increased risk due to their immature immune systems [4].
Although antiviral therapies such as ganciclovir, valganciclovir,
foscarnet, and cidofovir are effective, yet treating CMV remains
challenging due to their toxic side effects. These antivirals
effectively prevent CMV disease but often lead to myelosup-
pression, nephrotoxicity, and electrolyte disturbances, limiting
their use, especially in pediatric populations [5, 6]. Foscarnet’s
nephrotoxicity and the myelosuppression caused by ganciclovir
and valganciclovir have limited their use for primary CMV
prophylaxis [7, 8].

Letermovir (LTV) is a novel antiviral agent specifically targeting
CMYV, inhibiting its DNA terminase complex, and preventing
viral replication [9]. LTV got approved by the FDA in 2017 for
CMV prophylaxis in adult CMV-seropositive allo-HSCT recipi-
ents and in 2024 for pediatric use [10], LTV has demonstrated
efficacy and safety in preventing CMV activation in both adult
and pediatric populations following allo-HSCT [11, 12]. Unlike
ganciclovir/valganciclovir, LTV is not associated with myelo-
suppression and is clinically well-tolerated, even when initiated
before engraftment [13].

Although there is substantial evidence supporting the use of LTV
in adult patients, its use in pediatric patients lacks a definitive
conclusion. To provide a more comprehensive assessment, this
systematic review and meta-analysis aimed to evaluate the effi-
cacy and safety of LTV prophylaxis for CMV infection in pediatric
allo-HSCT recipients.

2 | Methods

2.1 | Registration

This systematic review and meta-analysis followed the PRISMA
guidelines [14]. We registered the protocol of this study on
the International Prospective Register of Systematic Reviews
(PROSPERO) (No. CRD42024593577).

2.2 | Search Strategy and Eligibility Criteria

We systemically searched PubMed, Scopus, Web of Science,
Embase, and Cochrane Library databases up to December
2024. We constructed the search strategy using medical sub-
ject headings (MeSH) and keywords including letermovir,
cytomegalovirus, pediatric, and transplant. The detailed search
strategy for each database is shown in Appendix 1. Furthermore,

we reviewed the reference lists of retrieved articles to supplement
our extensive search. No restrictions were applied on the language
and publication year of articles.

Patient, intervention, comparison, and outcome framework
(PICO) was used to develop the inclusion and exclusion criteria.
We included studies that use [1] LTV as CMV prophylaxis in [2];
pediatric patients [3]; following allo-HSCT. Studies that did not
meet the inclusion criteria were excluded.

2.3 | Study Selection, Data Extraction, and
Outcomes

Two authors independently screened the title and abstract of
the studies. Then, we obtained the full texts of the potentially
eligible studies for more in depth assessment. Any conflicts
were resolved by a third author. The final decision to include
each paper was reached by consensus among all authors. The
same authors extracted data from the studies separately using
a standard Excel sheet. Certain data were extracted from the
included studies, including the study characteristics (first author,
year of publication, journal name, country/region, and study
design), baseline data (gender, age, weight, recipient and donor
CMYV serostatus, and acute graft vs. host disease), efficacy data,
and safety data. The outcomes were CMV infection rate (defined
as any evidence of CMV activation and a CMV viral load of >
500 IU/mL), CMV disease rate (defined as the presence of CMV
infection with concurrent CMV-related impairment of organ
function), discontinuation due to adverse effects, and all-cause
mortality.

2.4 | Quality Assessment and Risk of Bias

The selected studies were evaluated by two independent authors.
We used the Risk of Bias in Non-randomized Studies of Interven-
tions (ROBINS-I) tool [15], to evaluate the methodological quality
of the selected articles. It covers seven key areas of potential bias:
confounding factors, selection bias, misclassification of inter-
ventions, deviations from intended interventions, missing data,
outcome measurement, and selective reporting. Each study’s risk
of bias was rated across five levels: low, moderate, serious, critical,
or insufficient information. Studies rated as having a low or
moderate risk of bias across all domains were considered to
have high-quality methodology. Any disagreements in quality
assessment were resolved by a third independent author.

2.5 | Statistical Analysis

We conducted a single-arm meta-analysis using Open Meta
Analyst software (Version 3.13) [16]. We pooled the dichotomous
outcomes as event and total and calculated the overall event
rate with a 95% confidence interval (CI). A double-arm meta-
analysis comparing the incidence of CMV infection between
the LTV group and the control group was conducted using R
Studio, and we calculated the pooled risk ratio (RR) using the
Mantel-Haenszel method. To avoid publication bias, we did not
exclude studies with zero events. However, since the logit of 0 is
undefined or infinite for studies with zero events, we applied a
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FIGURE 1 | Forest plot of study selection flow chart.

continuity correction by adding 0.5 to the events and nonevents
in those studies, ensuring a more conservative effect size. We
used the fixed-effects model as low heterogeneity was observed
in all outcomes. We used the Cochrane Q chi-square test and
the I? statistic to assess heterogeneity across the included studies.
We considered substantial heterogeneity if I> > 50%. Finally, we
performed a meta-regression analysis on variables such as age,
recipient serostatus, and donor serostatus to identify potential
effect modifiers.

3 | Results

3.1 | Study Selection and Characteristics

Our systematic search of the databases retrieved 942 articles.
After removing duplicates, 571 articles remained for screening.
Following the initial selection process, 81 articles were identified
for more detailed assessment based on the full text. Of these, 69
articles did not meet our inclusion criteria and were excluded.
Finally, 12 articles [11, 17-27] met our inclusion criteria and were
included in our analysis (Figure 1).

The studies included in this analysis were published between
2020 and 2024 and involved a total of 253 pediatric patients
receiving LTV prophylaxis. The mean age of the patients ranged
from 4 to 17 years and the median duration of LTV prophylaxis
ranged from 92 days to 221 days. Five studies were conducted
in Europe [11, 17, 18, 25, 26], three in the United States [20-22],
three in Asia [23, 24, 27], and one was multicenter [19]. The LTV
dose was reduced by 50% when administered with contaminant
cyclosporine. The main characteristics of the included studies are
reported in Table 1. Transplantation details are summarized in
Table 2.

3.2 | CMV Infection Rate

CMYV infection was reported in 10 studies [11, 18, 20-27] with 185
pediatric patients. The single arm meta-analysis results indicated
that the CMV infection rate was 10.9% (95% CI: 0.065, 0.153) when
LTV was used as the prophylactic agent. No clinically important
heterogeneity was observed (I> = 0%, p = 0.395) (Figure 2). The
meta-regression analysis was insignificant for age (coefficient
= -0.007, 95% CI: —0.017, 0.003, p = 0.156), proportion of
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FIGURE 2 | Forest plot of CMV infection rate.
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FIGURE 3 |

seropositive recipients (coefficient = 0.001, 95% CI: —0.005, 0.007,
p = 0.801), and proportion of seropositive donors (coefficient =
0.00, 95% CI: —0.001, 0.002, p = 0.693) (see Appendix 2a—c).

Four studies [18, 21, 24, 27] compared the CMV infection event
between the LTV group and the control group. A total of 93
patients were included in the LTV group, while 156 patients were
in the control group. The double-arm meta-analysis showed that
the LTV group experienced a lower incidence of CMV infection
in comparison to the control group (RR: 0.29; 95% CI: 0.16, 0.56; p
< 0.001). No clinically important heterogeneity was observed (I?
= 0%, p = 0.97) (Figure 3).

3.3 | CMV Disease Rate

Eight studies [11, 17-20, 23, 26, 27] with 183 pediatric patients
reported CMV disease events. LTV was effective in preventing
CMV-related organ dysfunction, as all included studies reported
zero CMV disease event (95% CI: —0.002, 0.033) (Figure 4).

3.4 | Discontinuation Due to Adverse Effects

Discontinuation of the drug due to adverse effects was reported
in nine studies [11, 17-23, 27] with 189 pediatric patients. Pooled
analysis results indicated that the discontinuation rate of LTV was
2.4% (95% CI: 0.003, 0.045). No clinically important heterogeneity

0.1 051 2 10

Favors LTV  Favors Control
Risk Ratio

Forest plot comparing the incidence of CMV infection between the LTV group and the control group.

was observed (I> = 0%, p = 0.404) (Figure 5). The meta-regression
analysis was insignificant for age (coefficient = 0.006, 95% CI:
—0.002, 0.013, p = 0.157), proportion of seropositive recipients
(coefficient = 0.00, 95% CI: —0.001, 0.001, p = 0.819), and
proportion of seropositive donors (coefficient = 0.00, 95% CI:
—0.001, 0.001, p = 0.501) (see Appendix 3a-c).

Adverse events associated with LTV were generally mild and
infrequent such as nausea and headache. None of the studies in
this analysis reported clinically significant myelosuppression or
nephrotoxicity associated with LTV.

3.5 | All-Cause Mortality

Five studies [11, 18, 19, 24, 25] with 123 pediatric patients reported
the all-cause mortality. Pooled analysis showed that the all-
cause mortality rate was 7.9% (95% CI: 0.032, 0.126). No clinically
important heterogeneity was observed (I> = 0%, p = 0.595)
(Figure 6). It’'s important to mention that none of the deaths were
caused by CMV infection or disease.

3.6 | Risk of Bias

A quality assessment was performed on all studies that were
included in our review to evaluate their inherent risk of bias.
No studies were excluded from the systematic review due to
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FIGURE 6 | Forest plot of all-cause mortality.

a known risk of bias that could affect the results. Among the
included studies, five were judged as having a serious risk, two
as moderate, and five as having a low risk of bias. The detailed
quality assessment is shown in (see Appendix 4).

4 | Discussion

Allo-HSCT in pediatric patients poses unique challenges due
to the distinct physiological, immunological, and developmental
characteristics of children [4]. Several preventive measures and
prophylactic protocols for pediatrics have been reviewed [28].
We aimed to systematically evaluate the efficacy and safety of
LTV prophylaxis in pediatric allo-HSCT recipients to reach a

definitive conclusion. Based on our analysis, the prophylactic use
of LTV against CMV among pediatric patients was associated
with a 10.9% infection rate without any disease occurrence.
The percentage of patients who stopped the drug because of
adverse reactions was only 2.4%, and all-cause mortality was 7.9%.
In addition, the meta-regression analysis showed insignificant
results for age, the proportion of seropositive donors, and the
proportion of seropositive recipients.

Current clinical guidelines still recommend ganciclovir and its
oral prodrug, valganciclovir, for CMV prophylaxis in pediatric
populations, despite the significant risk of adverse events associ-
ated with these agents [4]. Both drugs exhibit strong anti-CMV
activity and have been shown to prevent CMV infection and
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disease [29]. Ganciclovir is particularly noted for its myelosup-
pressive effects, primarily neutropenia, which has been reported
in 25%-62% of patients [10]. Similarly, valganciclovir is associated
with myelosuppression in addition to gastrointestinal side effects
such as nausea and diarrhea [30]. Both medications require
close monitoring and dose adjustments in patients with renal
impairment owing to their potential nephrotoxicity [31]. Other
antiviral drugs, such as acyclovir and valacyclovir, did not sig-
nificantly reduce CMV infection or disease compared to placebo
[10, 29]. Similarly, Maribavir failed to prevent CMV disease in
Phase 3 studies involving both adult liver transplant and allo-
HSCT recipients [32, 33]. Foscarnet has not been studied as a
prophylactic agent in controlled allo-HSCT trials, and its use is
restricted by its potential for renal toxicity. This has increased
the need for newer and safer antiviral agents to improve patient
outcomes and reduce adverse effects [34].

LTV has significant potential as a CMV prophylaxis agent, effec-
tively preventing CMV infection while also exhibiting a favorable
side-effect profile. In a Phase 3 trial [13], LTV prophylaxis
significantly reduced CMV infection, with minimal side effects
in adult patients undergoing allo-HSCT. The LTV group had
lower rates of clinically significant CMV infection and all-cause
mortality than the placebo group did. Vyas et al. [35] conducted
a comprehensive meta-analysis to assess the efficacy and safety
of LTV in adults. They found that LTV was effective in reducing
the risk of CMV-related complications and mortality beyond Day
200 in adult allo-HCT recipients. These findings demonstrate
the favorable use of LTV in adult patients receiving allo-HSCT.
Although there is substantial evidence supporting the use of LTV
in adult patients, this is not the case in pediatric patients. The
application of LTV in pediatrics remains off-label with a limited
sample size and follow-up duration. In this systematic review, we
analyzed the available data regarding LTV efficacy, safety, and
dose regimens for the pediatric population to provide a more
comprehensive overview.

The dosage regimen was similar across most included studies.
They provided a dose based on the child’s weight. 120, 240, or
480 mg were given for pediatrics weighing < 18, 18-30, or > 30 kg,
respectively. There was an instance where an infant was adminis-
tered an 80 mg dose. The results of the Phase 2b pharmacokinetics
trial support an LTV dose of 480 mg (240 mg with cyclosporine) in
pediatric allo-HCT recipients [19]. LTV dose was reduced by 50%
when cyclosporine was concomitantly administered. This was
due to cyclosporine’s inhibition of cytochrome P450 3A4, which
is involved in LTV metabolism [36]. LTV can be administered via
oral or intravenous routes without the need for dose adjustments
in cases of mild renal impairment and mild liver failure, which
distinguishes it from other available options [37].

Our meta-analysis results indicated that the CMV infection rate
was 10.9% (95% CI: 0.065, 0.153) when LTV was used as a
prophylactic agent. In addition, LTV was effective in lowering
the incidence of CMV infection compared to the control group
which used acyclovir and valacyclovir (p < 0.001). LTV was also
effective in preventing CMV disease (95% CI: —0.002, 0.033).
These results demonstrate the efficacy of LTV in preventing CMV-
related complications in the pediatric population. Reed et al.
[38] investigated the use of ganciclovir in adults receiving allo-
HSCT and found improved CMV infection up to 33.1% with

only a single disease event. Interestingly, LTV offered a lower
infection rate as surpassed in our analysis, strongly suggesting its
superior efficacy over ganciclovir. In addition, Haastrup et al. [39]
reported CMV infection rates and disease events of up to 21.8%
and 12.5%, respectively, after acyclovir prophylaxis combined with
ganciclovir, which is still significantly higher than that in our
pooled analysis. This highlights the potential use of LTV in
pediatric patients. However, these results cannot be generalized,
as the studies were conducted on different populations.

The primary concern regarding the antiviral agents used for CMV
prophylaxis is their adverse effects. Antivirals such as ganciclovir
and valganciclovir are associated with myelosuppression, which
significantly increases the risk of infection and bleeding [30].
Our meta-analysis showed that LTV was well tolerated, with
only 2.4% of pediatric patients discontinuing the drug. Notably,
none of the studies included in this analysis reported clinically
significant myelosuppression or nephrotoxicity associated with
LTV. Some studies have reported very few incidences of liver
toxicity, but they were statistically insignificant [20, 25]. This
favorable safety profile underscores the potential of LTV as
a promising alternative for CMV prophylaxis. In addition to
LTV efficacy, incorporating LTV into clinical practice could
significantly reduce the risk of leukopenia in high-risk pediatric
allo-HSCT recipients, a complication commonly associated with
ganciclovir and valganciclovir.

Analysis of the included studies revealed an all-cause mortality
rate of 7.9% following allo-HSCT. Notably, neither CMV activation
nor disease accounted for any death. Tiera et al. [40] investigated
the non-relapse mortality among adults and found that CMV
reactivation was associated with higher non-relapse mortality
compared to other causes. This raises the importance of prevent-
ing CMV activation, particularly in pediatric patients, who have
inherently weaker immune systems than adults [41]. Another
study by Ljungman et al. [42] reported improved overall survival
rates in adults receiving LTV prophylaxis, which was linked to a
reduction in CMV reactivation. One possible explanation is that
immune reconstitution after allo-HCT gradually improves, and
delaying or reducing CMV infection may provide the recovering
immune system with a better opportunity to control the infection.
Therefore, LTV prophylaxis could offer a mortality benefit by
lowering the risk or delaying CMV infection. Another explana-
tion is that LTV prophylaxis may reduce or delay the need for
preemptive therapy with other antiviral agents that can lead to
serious adverse events, further reducing the mortality. Although
our meta-analysis demonstrated low mortality rate in pediatric
patients on LTV prophylaxis, data specifically analyzing mortality
in pediatric patients are lacking.

CMV serostatus is an important factor that determines the out-
comes after allo-HSCT. According to Boeckh et al. [43], positive
serology is associated with increased transplant-related mortality,
with recipient seropositivity being at the highest risk. In our
analysis, the majority of pediatric patients were considered high-
risk due to their CMV seropositive status. Many of the studies
we reviewed reported a high percentage of seropositive recipients
and donors, with some reaching as high as 100%. Although
the patients were at high risk, LTV showed excellent results in
preventing transplant-related mortality and CMV disease. Meta-
regression analysis did not find a significant association between
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CMV serostatus and the clinical outcomes we measured. This
suggests that LTV offers effective CMV prophylaxis even in high-
risk pediatric patients. In addition, LTV prophylaxis was found to
be cost-effective compared to preemptive therapy alone, offering
potential economic benefits [44].

To our knowledge, this is the first comprehensive analysis to
summarize the role of LTV prophylaxis in CMV-related outcomes
among pediatric HSCT recipients. This systematic review focused
on real-world experiences, with some limitations. The overall
sample size of the included studies was relatively small. In
addition, the follow-up duration for the included studies was
generally short, with most studies reporting follow-up periods of
less than 200 days. These studies also varied in terms of patient
characteristics. We addressed this limitation by conducting meta-
regression analysis. The majority of the studies included in this
meta-analysis were observational and nonrandomized, which can
introduce bias. Large-scale randomized controlled trials with a
control group or head-to-head comparison with other antivirals in
pediatric patients are needed, with a primary focus on evaluating
CMV disease incidence and adverse events to guide future clinical
decision-making.

5 | Conclusion

Based on our analysis, LTV has demonstrated safety and efficacy
in preventing CMV infection and disease among high-risk pedi-
atric patients. Future large scale randomized trials are necessary
to validate the efficacy and safety of LTV, and identify the most
effective parameters for monitoring treatment duration.
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ANTIMICROBIAL REPORTS

Pharmacokinetics, Safety, and Efficacy of Letermovir for
Cytomegalovirus Prophylaxis in Adolescent Hematopoietic
Cell Transplantation Recipients

Andreas H. Groll®, MDD, * Johannes H. Schulte, MD, 1 Ali Biilent Antmen, MDD, PhD,} Christopher J. Fraser, MD,§
Valerie L. Teal, MS,9 Barbara Haber, MDD, Luzelena Caro, PhD, ¥ Jacqueline B. McCrea, PharmD, 9
Craig Fancourt, PhD,Y Mayankbhai Patel, PhD, Y Karsten Menzel, PhD, Y and Cyrus Badshah, MD, PhDY

Introduction: Letermovir is a cytomegalovirus (CMV) terminase complex
inhibitor approved for prophylaxis of CMV infection and disease in adult
CM V-seropositive allogeneic hematopoietic cell transplantation (allo-HCT)
recipients (R+). We report pharmacokinetics (PK), safety, and efficacy of
letermovir in adolescent (12—18 years) allogeneic HCT recipients from an
ongoing clinical study.

Methods: In this phase 2b, multicenter, open-label study (NCT03940586),
28 adolescents received 480mg letermovir [240mg with cyclosporin A
(CsA)] once daily orally or intravenously. Blood was collected for intensive
(n = 14) plasma concentrations of letermovir. Intensive PK data were used
for dose confirmation. Target exposure range 34,400—-100,000 h x ng/mL for
pediatric median exposures was based on model-predicted phase 3 popula-
tion PK simulations in adult HCT recipients.

Results: All participants were CMV-seropositive (body weight 28.7—
95.0kg). Of 12 PK-evaluable participants, 8 receiving 480 mg letermovir
without CsA and 4 receiving 240 mg letermovir with CsA achieved expo-
sures comparable to the adult exposure range. Exposure above the target
but below the adult clinical program maximum was observed in 1 patient.
Safety was consistent with previously described safety in adults. The pro-
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portion of participants with clinically significant CMV infection through
week 24 post-HCT was comparable (24%) to that in the pivotal phase 3
study in adults (37.5%).

Conclusions: Administration of adult letermovir doses in this adolescent
cohort resulted in exposures within adult clinical program margins and was
associated with safety and efficacy similar to adults. Results support a leter-
movir dose of 480 mg (240 mg with CsA) in adolescent allo-HCT recipients.

Key Words: pharmacokinetics, letermovir, cytomegalovirus, hematopoietic
cell transplantation, adolescent

(Pediatr Infect Dis J 2024;43:203-208)

Ithough information on the number of hematopoietic cell trans-

plantations (HCT) by age group among pediatric patients is
limited, 2016-2020 data from the Center for International Blood
and Marrow Transplant Research, Wisconsin, USA, indicate that
approximately 10% of US HCTs are performed in pediatric patients
(<18 years old).! Clinical manifestations of cytomegalovirus
(CMV) disease appear to be similar in adults and children,”* and
there is a substantial clinical and economic burden of CMV among
pediatric allogeneic HCT (allo-HCT) recipients.**

CMV seropositivity and reactivation are associated with
increased morbidity and mortality in allo-HCT recipients.”* Leter-
movir is a CMV terminase complex inhibitor. In contrast to current
standard-of-care anti-CMV agents, all of which are CMV deoxyri-
bonucleic acid (DNA) polymerase inhibitors, letermovir use is not
subject to cross-resistance!® due to its unique mechanism of action
and is not limited by myelosuppression and nephrotoxicity.!" In the
pivotal phase 3 trial in adult CMV-seropositive allo-HCT recip-
ients (R+), letermovir was well tolerated and reduced the risk of
clinically significant CMV infection (CS-CM Vi) through week 24 post-
transplant when compared with placebo.'” Letermovir was subse-
quently approved in >60 countries for prophylaxis of CMV infection
and disease in adult R+ allo-HCT recipients.'>!*

Letermovir is expected to have a similar efficacy and safety pro-
file in pediatric populations when administered at doses that achieve
exposures observed in adult populations; however, no pharmacokinetic
(PK) data are currently available to inform pediatric dosing. PK, safety,
and efficacy of letermovir for CMV prophylaxis in allo-HCT recipients
from birth to 18 years of age are being assessed in an ongoing study.
The PK data obtained in this study will be used to update currently
available adult population PK and physiologically-based pharmacoki-
netics (PBPK) models to support final dosing recommendations in the
pediatric population. Here we report data on PK, safety, and efficacy
from the cohort of adolescent participants (12 < 18 years old).

METHODS

Study Design and Population

The objectives of this phase 2b, open-label, single-arm
study (NCT03940586) were to evaluate PK, safety, and efficacy of

www.pidj.com | 203

2]



Groll et al

The Pediatric Infectious Disease Journal e Volume 43, Number 3, March 2024

letermovir in participants from birth <18 years of age who were at
risk of developing CMV infection and/or disease following allo-
HCT. Study design is summarized in Figure 1A, Supplemental
Digital Content 1, http://links.lww.com/INF/F344. Participants
(planned total: N =~60) were enrolled at 40 centers across 11 coun-
tries (Australia, Colombia, France, Germany, Israel, Japan, Mex-
ico, Poland, Spain, Turkey and United States). Study participants
were enrolled in 3 age groups (AG): AG1 (adolescents: 12 < 18
years old), AG2 (children: 2 < 12 years old) and AG3 (neonates,
infants and toddlers: from birth <2 years). Enrollment began with
AG]1 participants and moved sequentially to younger age groups
based on PK and safety evaluations in the preceding age group
(Figure 1B, Supplemental Digital Content 1, http://links.lww.com/
INF/F344).

All participants (or their legally acceptable representatives)
provided written informed consent before participating in the study.
The study protocol was reviewed and approved by the appropriate
institutional review board or independent ethics committee at each
center. Here we report data from AG1 participants (planned n = 26)
enrolled in the ongoing study.

Eligible AG1 participants received a first allo-HCT (bone
marrow, peripheral blood stem cell or cord blood) within 28 days
before enrollment, were documented as being seropositive for
CMYV immunoglobin G (R+) within 90 days before enrollment, and
had undetectable CMV viremia by DNA polymerase chain reaction
(PCR) from a sample collected within 5 days before enrollment.
Key exclusion criteria for AG1 participants included CMV end-
organ disease within 6 months before enrollment, prior receipt of
an allo-HCT, evidence of CMV viremia at any time between sign-
ing informed consent or the HCT procedure (whichever was ear-
lier) until enrollment, severe hepatic insufficiency, end-stage renal
impairment or the need for renal replacement therapy. A full list of
inclusion/exclusion criteria can be found in Supplemental Digital
Content 2, http:/links.lww.com/INF/F345.

Dose Selection and Pharmacokinetic Exposure
Targets

Before the initiation of this study, no PK data existed for
letermovir in pediatric patients. Based on accepted principles of
ontogeny, the recommended and approved daily adult dose of
480mg letermovir [adjusted to 240mg with concomitant cyclo-
sporin A (CsA) administration] was used for the study in adoles-
cent participants. Dose selection was guided by both PBPK and
population PK models. The PBPK model was developed based on
healthy adult data obtained in a phase 1 study,” and it was car-
ried out using a virtual pediatric population in the age range of
12 < 18 years. The population PK model, which characterized
letermovir PK at steady state, was previously developed based on
adult data from the pivotal phase 3 trial in HCT recipients.'® The
phase 3 adult population PK model was extrapolated to pediatrics
using allometric scaling, and the scaled model was used to simu-
late letermovir PK in AG1 participants. Both modeling approaches
(PBPK and Population PK) were used and compared. Based on the
comparable body weight range and OATP1B maturation in AG1
and adult participants from the letermovir clinical program (body
weight: 35.1 to 141.5kg), we anticipated that the PK of letermovir
in AG1 would behave similarly to those of adults.'® Predicted expo-
sures in adolescents generally fell within target exposures and were
below the highest exposure achieved in the entire clinical program
(~328,000h x ng/mL). There were no weight limits set on adoles-
cent dosing. Results of these modeling analyses suggested that the
adult dose would result in letermovir exposures in AG1 comparable
to exposures in adults.

The steady-state median target range for the area under the
concentration-time curve from 0 to 24 hours postdose (AUC_,,),
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predicted in adult HCT recipients from the phase 3 population PK
model,'® following administration of oral and intravenous (IV)
letermovir 480 mg daily without CsA was 34,400-100,000h x ng/
mL. The lower and upper bounds of the adult HCT exposure range
were 16,900h x ng/mL (10th AUC_,, percentile following admin-
istration of 480mg oral letermovir) and 148,000h x ng/mL (90th
AUC, ,, percentile following 480 mg IV letermovir), respectively.'

Treatment, PK Sampling, and Follow-up

Participants were screened from up to 15 days before
transplant to 28 days post-transplant and enrolled within 28 days
post-transplant (Figure 1A, Supplemental Digital Content 1, http://
links.lww.com/INF/F344), with weekly confirmation of the absence
of CMV viremia by DNA PCR before enrollment.

For oral administration, participants received either currently
marketed oral adult tablets or a newly developed age-appropriate
pediatric oral granule formulation, which is bio-equivalent to the
tablets. Oral letermovir administration was preferred, with IV
administration being reserved for participants who could not tol-
erate oral intake (eg, due to mucositis, vomiting or gastrointesti-
nal graft-versus-host disease). An initial cohort of participants (n
= 6; Panel A) was evaluated to determine optimum dosing for oral
letermovir in the absence of CsA before enrolling additional partic-
ipants in the same age group (Panel B). The final dose selected in
Panel A simultaneously triggered initiation of enrollment in Panel
B for the same age group and Panel A for the next youngest age
group. Use of CsA and/or IV letermovir were permitted in Panel
B only. Letermovir 480 mg (adjusted to 240 mg with concomitant
CsA administration) was administered once daily (QD) through
week 14 post-transplant.

Both intensive and sparse PK sampling were performed. For
intensive PK sampling, samples were collected predose and at 1,
2.5, 8 and 24 hours postdose on day 7 for participants who received
the oral formulation and on day 5 for those who received the IV
formulation for =5 consecutive days (excluding participants who
had already undergone intensive PK sampling while receiving the
oral formulation). The interim analysis was based on participants
with intensive PK data only.

Participants were followed through week 24 post-transplant
for efficacy and through week 48 post-transplant for safety and tol-
erability. CMV disease was assessed at every visit from screening
through week 24 post-transplant. CMV DNA PCR testing was per-
formed using qualitative or quantitative assays done at the local
laboratory, using the same methodology throughout the study.
Cases of investigator-reported CMV disease were confirmed by an
independent clinical adjudication committee. All adverse events
(AEs), serious AEs and other reportable safety events were reported
by the investigator from the time of treatment allocation/randomi-
zation through 28 days following cessation of treatment. Thereafter,
only serious AEs related to study medication or leading to death
were collected through week 48 post-transplant.

Analysis

There was no formal hypothesis testing in this study. PK
parameters were assessed in participants who complied with the
protocol in a manner ensuring that the data were likely to exhibit
the effects of treatment (per-protocol population). Noncompart-
mental analysis was performed on the subset of participants who
underwent intensive PK sampling. The primary objective of this
ongoing study is to evaluate letermovir PK in pediatric patients
grouped by age based on PK endpoints including steady-state
AUC, ,, for letermovir, maximum plasma concentration (C_ )
for participants receiving the oral formulation [concentration

at the end of infusion (C,,) for participants receiving the IV
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formulation], time to C__ (T, ) for participants receiving the oral
formulation, and half-life (#2). For this interim analysis, intensive
PK data were used to calculate PK parameters of interest (AUC
2 Cooo Cop and £12) at day 7, which were summarized by dose
level, with geometric means based on natural log-transformed
values and t-distribution. Individual AUC values were plotted by
weight band.

Safety was evaluated in the all-participants-as-treated pop-
ulation, comprising those who received =1 dose of study drug.
Safety and tolerability were assessed by clinical review of relevant
parameters, including summation of the proportions of participants
with AEs, serious AEs, drug-related AEs, discontinuations due to
AEs and AEs with fatal outcomes.

Efficacy was evaluated as a secondary study objective,
based on the proportion of participants with CS-CMVi through
weeks 14 and 24 post-transplant. The primary efficacy popula-
tion, the full analysis set, consisted of participants who received
=1 dose of study drug and had no detectable CMV viral DNA on
day 1 of treatment. CS-CMVi was defined as the onset of CMV
end-organ disease adjudicated by an independent committee,
and/or initiation of anti-CMV preemptive therapy based on doc-
umented CMV viremia and the participant’s clinical condition.
The primary missing data approach used was the noncompleter =
failure approach, where participants who prematurely discontin-
ued the study, or who had missing efficacy data at weeks 14 or 24
post-transplant, were also imputed as having reached the efficacy
endpoint. To estimate proportion of participants with CS-CMVi
through week 14 and week 24 post-transplant, 95% confidence
interval was calculated based on the exact binomial method of
Clopper and Pearson.

Interim analyses of PK and safety (by external data monitor-
ing committee) following the completion of intensive PK sampling
by Panel A participants from AG1 were prespecified, with a pause
in enrollment for reevaluation of the initial dose.

RESULTS

Participants

Between August 8, 2019 and July 18, 2021 (data cutoff for
this analysis), 28 adolescents (12 < 18 years of age) enrolled in
AGI received study medication, and 17 (60.7%) completed treat-
ment (Table 1). The most common reasons for discontinuation of
study medication were AEs (17.9%) and lack of efficacy (17.9%).
Although enrollment for AG1 has been completed, the study is
ongoing; data from AG2 and AG3 will be reported separately.

AG1 participant demographics and baseline characteristics
are summarized in Table 2. The median age of the population was

TABLE 1. Disposition of Participants
Participants, n (%) Age Group 1 (N =28)
Treated 28 (100.0)
Completed study medication 17 (60.7)
Discontinued study medication 11 (39.3)
Adverse event 5(17.9)
Lack of efficacy* 5(17.9)
Withdrawal by parent or guardian 1(3.6)
Completed study 21 (75.0)
Discontinued study 7(25.0)
Death 3(10.7)
Withdrawal by parent or guardian 3(10.7)
Physician decision 1(3.6)

*Efficacy is defined as prevention of clinically significant CMV infection through
week 14 (~100 days) post-transplant and through week 24 (~6 months) post-transplant.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc

TABLE 2. Baseline Demographic and Clinical
Characteristics (All Participants as Treated)

Age Group 1 (N = 28)

13.5 (12-17)
53.8 (28.7-95.0)

Parameter

Median (range) age, years
Median (range) body weight, kg

Sex, n (%)
Male 15 (53.6)
Female 13 (46.4)
Race, n (%)
White 15 (53.6)
Asian 6(21.4)
Black or African-American 3(10.7)
Mixed 4(14.3)
Ethnicity, n (%)
Hispanic or Latino 9(32.1)
Not Hispanic or Latino 14 (50.0)
Not reported 4(14.3)
Unknown 1(3.6)
Region, n (%)
Europe and Middle East 9(32.1)
Asia-Pacific 8 (28.6)
North America 6(21.4)
Latin America 5(17.9)
Immunosuppressive regimen, n (%)
CsA* 19 (67.9)
TacrolimusT 9(32.1)
Others 0(0.0)
CMYV DNA on day 1 of study treatment, n (%)
Detected 3(10.7)
Not detected 25 (89.3)
Primary reason for transplant
Acute lymphocytic leukemia 1(3.6)
Acute lymphocytic leukemia, recurrent 3(10.7)
Acute myeloid leukemia 6(21.4)
Acute myeloid leukemia, recurrent 1(3.6)
Aplastic anemia 4(14.3)
B precursor type acute leukemia 2(7.1)
Bone marrow failure 1(3.6)
Chronic granulomatous disease 1(3.6)
Chronic myeloid leukemia 1(3.6)
Congenital dyskeratosis 1(3.6)
Gene mutation 1(3.6)
Immunodeficiency, congenital 1(3.6)
Myelodysplastic syndrome 1(3.6)
Myeloid leukemia 1(3.6)
Non-Hodgkin lymphoma 1(3.6)
Sickle cell anemia 1(3.6)
Sickle cell disease 1(3.6)
Recipient CMV-seropositive, n (%) 28 (100.0)
Donor CMV serostatus, n (%)
CMV-seropositive 20 (71.4)
CMV-seronegative 8 (28.6)
Donor type, n (%)
Matched related 6(21.4)
Mismatched related 9(32.1)
Matched unrelated 9(32.1)
Mismatched unrelated 4(14.3)
Haploidentical donor, n (%)
Yes 8(28.6)
No 20 (71.4)
Stem cell source, n (%)
Peripheral blood 15 (53.6)
Bone marrow 12 (42.9)
Cord blood 1(3.6)
Conditioning regimen, n (%)
Myeloablative 25 (89.3)
Reduced intensity 3(10.7)

*Coadministered with letermovir during the treatment phase with or without
other immunosuppressants.

TRegimen containing tacrolimus alone or with any other immunosuppressant
except CsA.

FRegimen containing any immunosuppressant except CsA and tacrolimus.

CMV indicates cytomegalovirus; CsA, cyclosporin A.
www.pidj.com | 2039
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13.5 years, and 53.6% of participants were male. Three (10.7%)
participants had detectable CMV DNA on day 1 of study treatment
and were not included in the primary efficacy analysis. The most
common conditions necessitating transplant were acute myeloid
leukemia [6 participants (21.4%)], aplastic anemia [4 participants
(14.3%)] and recurrent acute lymphocytic leukemia [3 participants
(10.7%)].

Pharmacokinetics

PBPK and Population PK modeling approaches provided
similar exposure in AG1 participants, supporting the dose selection
for this group. All AG1 participants who received letermovir orally
were administered the adult tablets, except for 1 participant who
received the oral granules through a nasogastric tube.

The AG1 PK population included 14 participants who had
intensive PK data; 12 were included in the per-protocol popula-
tion for the final PK analysis. One participant’s PK profile was not
physiologically plausible for an adolescent administered 480 mg of
oral letermovir and was therefore excluded from the PK analysis.
One participant was excluded from the analysis due to missing PK
samples on intensive PK day.

Of'the 12 evaluable participants (body weight 28.7-95.0kg),
8 received 480mg QD letermovir without CsA, and 4 received
240mg QD letermovir with CsA. The PK parameters for letermo-
vir based on noncompartmental analysis are summarized in Table
3. In AG1 Panel A, letermovir exposures at the 480 mg oral dose (n
= 5) were comparable with the reference adult exposure range (ie,
16,900-148,000h x ng/mL). One participant achieved exposure
above the upper bound of the adult HCT reference range, but lower
than the maximum observed in the clinical program (~328,000h
x ng/mL, with oral administration) (Fig. 1). No letermovir dose
modifications were necessary based on the final intensive PK anal-
ysis for AG1 Panel A. Letermovir exposures for participants in AG1
Panel B, who received 480 mg IV letermovir (n = 3) or 240mg IV
letermovir with CsA (n = 4), were comparable with the reference
adult exposure.

Safety

All participants experienced at least 1 AE during the
treatment phase. The most common recorded AEs were vomit-
ing [14 (50%) cases], nausea [12 (42.9%) cases], diarrhea [12
(42.9%) cases], abdominal pain [11 (39.3%) cases] and pyrexia
[11 (39.3%) cases]. Individual AEs occurring in =5 participants
are summarized in Table 4. AEs leading to discontinuation of
letermovir were reported in 5 participants. No safety signal was
observed as none of the AEs were reported in more than 1 par-
ticipant (Table, Supplemental Digital Content 3, http://links.lww.
com/INF/F346).

The most common AEs considered to be drug-related by
the investigators were nausea (14.3%) and drug-drug interac-
tions (with CsA, tacrolimus and voriconazole) (10.3%), which
is consistent with the previously reported AE profile for leter-
movir.'” The drug-drug interactions have been described in the
product label.'

Efficacy

Of the 25 efficacy-evaluable participants, there were 5
(20%) “failures” (ie, participants who developed CS-CM Vi, prema-
turely discontinued from the study, or had missing data at the visit
window) through week 14 post-transplant, and 6 (24%) failures
through week 24 post-transplant (Table, Supplemental Digital Con-
tent 4, http://links.lww.com/INF/F347). None of the participants
developed documented CMV end-organ disease.

206 | www.pidj.com

I %
o0 8 ]
=] i P g
= O |R XS B
© DO @
& gc\lmw g
g I BT e a8
b= = o = Z 5 g
IECANEE 2 28
= |8 ©w s =g
= ) § B3
+ i ) S B
Q & S ©°3F
1 : g5
M S 2 A
8 T gk
m 15 < O
=t g
Bl olann i ES
| X | Sinig g 2 E
g Elo-a 5 o2
é £l o rai g ££
~ .~ e
a8 | woo i = &
o SE| B8 y 22
> 38 | -~ & g =
= iS50 8 205
a SI= R TR ) o B
2l eSSy 4 2E
3 ERRCEE = E5
2 2 : 22
- 3 5 S
<] E £
n
4 5 23
< Q@
g £
—
IS -
~ oo g S
a > g g°
- 3 s EE
ol © £ 23
w
£ &|asa LR
. e e n
~|csw® 525“3
) J|lEA< > >
@ ISR Bg£D
o Elocoo S SED
< | OO gc"gm
2, g | he© T Eg<
2 = g 2153 g
3] * » ® 8B5S E
o= ] 32 % 8
v £ w 2% &
s © fogs
A ggg%
— a8 3 .
RSN =]
=8 & 50 8
=] go._.,,;;
o I wﬁt‘)gs“f
2RI g583E
G S 2E 8
[S) ~EZSE g
I S8y gs
< = | 2o t Ba 85 ¢
< b~ < O S8 g
S| Ylcee) TiEEad
3| 2/888| <$Ezii:
=1 E|lads L eEEEE 2
— Wl Sww| FEZ a4 g8
[a] =] Q0 ™ D~ »—10(}@.5""
> % — geSEEEE
o o€ R
€] < - R
=22 3 c8
A 5 Swe S 2E
— 3 ERCES LR
&) o= & gw iE
i S £EE35 05
£ o8 T 0%
~ < v s T E LT E
N EIVEERO RS
1 SXEESEd
g EES2FEE
B D1 ol
5 ‘5.5*37.337«
g &= aE 2 g ;'ﬂ.
"q'; ey L‘5-‘—O<o:go\m
flwmwe| B38EFa
— ~ pagp - B
= Swa B8
=} (S| = 8 =
=1 CSEdE8ggav
" 23S ®Eg
o S L EE g
9] nQ Z& = 8O
+© o| XYW ESUE <SS
Q 9| EEE| E5omw il
=3 o g & & .8
= coo ot g T
I PRI 282 EF
= £ﬂ§§§m5
QC?. TLTTTEQ
S5 w2
5 CHEEET Y
e SE23S9 ¢ %
)] T i aN =]
a 3 <S5 588
= g o w'ﬁ'ﬁi‘liwg
g R|RBE| £52cE% 8
S A ss5gyE
< S 42280 3
s 888 8<
g SIEEEZE
= S 888¢8x
s g
.icg < 1) ;5,3‘“'*"'§E;*
o o S
~ 2 o S5 B E
SRR E.E‘?T:cugg
: SEEEEES
=) SEEAAREZ
Do e e
= B CRCRCIE Y
- 1. < << oE
£ cEE8ED 0
a ,-g *—1»:-%;<§
=l SIZEE £

© 2024 The Author(s). Published by Wolters Kluwer Health, 1n3



The Pediatric Infectious Disease Journal e Volume 43, Number 3,

March 2024 Letermovir in Adolescent HCT Recipients

328,000

148,000 —

100,000 —F = — e e

£ s i
? H
£ R ‘ CsA
g i i [
o~
Q
2
< 34,400

16,900 —

10,000

Phase 3 IV 95th percentile

Dose (mg)
@] e 20
__________ ® 40
® 60
® 120
CsA ® 240
® @ 480

Route-formulation
QO IV solution

[ Oral tablet

O Oral granules

/\ NG- Oral granules

10 20 30 40 50
Weight (kg)

I I I 1
60 70 80 90

FIGURE 1. Individual letermovir exposures for all evaluable age group 1 participants who underwent intensive

pharmacokinetic sampling. AUC_ ,,

indicates area under the concentration-time curve from administration to 24 hours

postdose (logarithmic scale); CsA, cyclosporin A; IV, intravenous; NG, nasogastric tube; PO, oral; phase 1 PO maximum,

highest AUC_ , observed in letermovir program.
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TABLE 4. Participants With Adverse Events During
Treatment Phase (Incidence >5 Participants; All
Participants as Treated*)

Participants, n (%) Age Group 1 (N =28)

With >1 AET 28 (100)
Gastrointestinal disorders 27 (96.4)
Vomiting 14 (50.0)
Nausea 12 (42.9)
Diarrhea 12 (42.9)
Abdominal pain 11 (39.3)
Stomatitis 8(28.6)
General disorders and administration site 16 (57.1)
conditions
Pyrexia 11 (39.3)
Immune system disorders 15 (53.6)
Graft-versus-host disease 10 (35.7)
Renal and urinary disorders 14 (50.0)
Dysuria 6(21.4)
Nervous system disorders 13 (46.4)
Headache 6(21.4)
Respiratory, thoracic, and mediastinal disorders 13 (46.4)
Oropharyngeal pain 5(17.9)
Skin and subcutaneous tissue disorders 12 (42.9)
Pruritus 6(21.4)
Vascular disorders 10 (35.7)
Hypertension 7(25.0)
Blood and lymphatic system disorders 8 (28.6)
Thrombocytopenia 5(17.9)

*Primary safety population, defined as all allocated participants who received >1
dose of study intervention.

TAEs were reported using the medical dictionary for regulatory activities (Med-
DRA) Version 24.1. Each participant was counted once for each system organ class or
specific AE.

AE indicates adverse event.

© 2024 The Author(s). Published by Wolters Kluwer Health, Inc

DISCUSSION

The results obtained in adolescent (12 < 18 years of age)
allo-HCT recipients enrolled in the pediatric phase 2b dose-finding
study (NCT03940586) of letermovir indicate that administration of
adult doses of letermovir for CMV prophylaxis post-transplant in
adolescent participants resulted in exposures within the prespeci-
fied bounds of the adult HCT exposure range.

Selection of the 480 mg (240 mg when coadministered with
CsA) dose of letermovir for use in adolescent participants was
guided by population PK and PBPK models developed based on
concentration data obtained in clinical trials in adults.!® PK expo-
sures in adolescents observed in this study confirm the appropri-
ateness of these modeled dose predictions and lend support to their
continued use for dose prediction in the younger age groups of the
study. Moreover, given that the pathogenesis of CMV and mech-
anism of action of letermovir in pediatric patients are not antic-
ipated to be fundamentally different from adults, achievement of
letermovir exposures in adolescent HCT recipients like exposures
observed in adult HCT recipients is expected to result in similar
efficacy and safety in the 2 populations. This is supported by safety
and efficacy results observed to date, notwithstanding the limited
number of study participants discussed here.

No new major safety concerns were reported with letermo-
vir use in adolescent HCT recipients in this study. The AE profile
was like that seen in adult participants in the pivotal trial evaluating
letermovir prophylaxis in adult HCT recipients, with no evidence
of myelotoxicity, hepatotoxicity or nephrotoxicity.'?

In the pivotal trial, efficacy as evaluated by incidence of treat-
ment failure (ie, CS-CMVi or early discontinuation or missing data
imputed as a primary endpoint case) was 37.5% among letermovir
recipients versus 60.6% among placebo recipients (P < 0.001) at
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week 24 post-transplant.’> Efficacy of letermovir in the preven-
tion of CS-CMVi in adolescents through week 24 post-transplant
in the current study (ie, failure rate of 24.0%) was comparable to
that in adults from the pivotal trial.'?

This study provides limited safety and efficacy data because
it was primarily designed for selecting doses. The results here sup-
port using 480 mg QD (240 mg if coadministered with CsA) as the
letermovir dosing regimen for CMV prophylaxis in adolescent allo-
HCT recipients.
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pharmacokinetics, efficacy, and safety results of a Phase 2b study

Andreas H. Groll,' Lara Danziger-Isakov,> Aharon Gefen,>* Christopher J. Fraser,” Johannes H. Schulte,® Bella Bielorai,”® Nicole A.
Karras,® David Bueno,'® Peter J. Shaw,"’ Natalya Broyde,'? Barbara Haber,"? Christopher L. Gilbert,’> Mayankbhai Patel,’? Jacqueline

B. McCrea,” Cyrus Badshah™
AUTHOR AFFILIATIONS See affiliation liston p. 11.

ABSTRACT Letermovir, a cytomegalovirus (CMV) terminase complex inhibitor, was
first approved for prophylaxis of CMV infection and disease in adult CMV-seropositive
allogeneic hematopoietic cell transplant (HCT) recipients (R+). This study evaluated the
pharmacokinetics (PK), efficacy, and safety of letermovir in pediatric R+ allogeneic HCT
recipients. In this Phase 2b, single-arm, open-label study, 65 participants were enrolled
sequentially in three age groups (AG; AG1, 12 to <18 years; AG2, 2 to <12 years; and
AG3, birth to <2 years). PK was evaluated in an initial cohort in each AG using intensive
PK data to confirm or modify dosing before enrolling the remaining participants. Adult
HCT population PK (PopPK) data were used to establish the exposure reference range.
The adult letermovir dose evaluated in AG1 and AG2 participants achieved exposures
generally within the adult HCT reference range. In AG3, the initial cohort (letermovir
with cyclosporin A) achieved exposures trending lower than the median exposure target;
the letermovir dose was increased for the remaining participants. Efficacy and safety
in pediatric participants were generally consistent with adult HCT data. A pediatric
HCT PopPK model was developed to determine dose recommendations to be included
in patient prescribing information. The doses evaluated achieved exposures generally
within the adult HCT reference range. At exposures achieved, letermovir was efficacious
and safe in preventing clinically significant CMV infection in pediatric allogeneic HCT
recipients. The observed concentration data informed a pediatric PopPK model to
optimize final letermovir dose recommendations in this population.

CLINICAL TRIALS This study is registered with ClinicalTrials.gov as NCT03940586.

KEYWORDS pharmacokinetics,
transplantation, pediatric

letermovir, cytomegalovirus, hematopoietic cell

ytomegalovirus (CMV) is a common viral pathogen associated with considerable

morbidity and mortality in recipients of allogeneic hematopoietic cell transplant
(HCT), with CMV-seropositive recipients (R+) being at the highest risk of CMV reactivation
(1). In Europe in 2021, ~20% of recipients of allogeneic HCTs were pediatric patients,
with over 4,000 patients aged <18 years receiving an HCT that year (2). More than
12,000 HCTs, or approximately 10% of total HCTs, in the United States were performed
in pediatric patients (aged <18 years) during 2016-2020 (3). Approximately one-quarter
of pediatric allogeneic HCT recipients develop CMV infection (i.e., CMV viremia) (4). There
were no approved antiviral agents available for CMV prophylaxis in pediatric allogeneic
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HCT recipients when the current study was initiated. Therefore, there was a substantial
unmet need for a safe and effective agent for CMV prophylaxis in this population.

Letermovir, a CMV DNA terminase inhibitor, is approved for the prophylaxis of
CMV infection and disease in adult R+ allogeneic HCT recipients in over 60 countries,
including the United States, the European Union, and Japan (5). Results of a Phase
3 placebo-controlled study (P001, NCT02137772) conducted in adult R+ allogeneic
HCT recipients demonstrated that letermovir was generally safe, well tolerated, and
efficacious in the prevention of clinically significant CMV infection (CS-CMVi; defined as
initiation of anti-CMV pre-emptive therapy [PET] based on documented CMV viremia
and/or the onset of CMV end-organ disease) (6). In adult HCT recipients (P001), exposure-
response analyses indicated efficacy within the entire range of exposures achieved
with letermovir 480 mg once daily, adjusted to 240 mg once daily with concomitant
cyclosporin A (CsA). The pathogenesis of CMV infection (viremia) and disease, and the
mechanism of action of letermovir, are not anticipated to differ in pediatric patients
compared with adults. Therefore, letermovir pediatric exposures within the range of
exposures achieved in adult HCT recipients are expected to provide comparable efficacy
and safety in the pediatric population. The steady-state area under the concentration-
time curve from 0 to 24 h post-dose (AUC0-24) in adults following oral and intravenous
(IV) letermovir 480 mg (without CsA) was defined as the pediatric HCT exposure target
(reference exposure range, 16,900 to 148,000 h x ng/mL).

The objectives of this study were to evaluate the pharmacokinetics (PK), efficacy, and
safety of letermovir in pediatric R+ allogeneic HCT recipients. The PK data from this study
were used to assess plasma exposures following the doses evaluated and to develop a
pediatric HCT population PK (PopPK) model to derive the final dose recommendations
for approval in the pediatric HCT population (7).

MATERIALS AND METHODS
Study design and participants

This Phase 2b (P030, NCT03940586), open-label, single-arm study assessed PK, efficacy,
and safety of letermovir for CMV prophylaxis in pediatric participants from birth to <18
years of age at risk of developing CMV infection and/or disease following an allogeneic
HCT. The study design is summarized in Fig. 1a. All study participants received letermo-
vir within 28 days post-HCT through Week 14 post-HCT. Thereafter, participants were
followed through Week 24 post-HCT for efficacy, and through Week 48 post-HCT for
safety and tolerability. Intensive and sparse PK sampling were performed to characterize
letermovir PK in pediatric HCT recipients (Fig. 1a).

There were three interim PK analyses planned to confirm dosing. Interim analysis 1 for
an initial cohort of participants for age group (AG) 1 Panel A (aged 12 to <18 years, n = 6)
was used to determine the optimum dosing for oral letermovir in the absence of CsA.
The final dose selected in AG1 Panel A simultaneously triggered enroliment of AG1 Panel
B and AG2 Panel A. Similarly, with interim analysis 2, AG2 Panel A (aged 2 to <7 years, n =
3; and aged 7 to <12 years, n = 3) PK was evaluated to determine the optimum oral
letermovir dosing (without concomitant CsA). The final dose selection in AG2 Panel A
simultaneously triggered enrollment of AG2 Panel B and AG3 (aged birth to <2 years;
initial cohort, n = 3). Interim analysis 3 informed dosing for the remaining cohort of AG3
(n =5). All AG3 participants (initial cohort, n = 3 and remaining participants, n = 5) were
dosed with oral or IV letermovir, with or without CsA coadministration, prior to PK
evaluation (Fig. 1b).

Interim analysis data for AG1 were previously reported and demonstrated that
administration of letermovir 480 mg once daily (240 mg once daily with concomitant
CsA) in adolescents resulted in exposures within the prespecified bounds of the adult
HCT exposure range, as well as an efficacy and safety profile similar to adults (8). The
study was subsequently completed on 25 August 2023, and final analyses of the data for
the entire study population are presented here.
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FIG 1 (a) Study design and (b) sequential pharmacokinetic (PK) evaluation of age groups. AG, age group; CSA+, may receive concomitant cyclosporin A; CSA—,

cannot receive concomitant cyclosporin A; HCT, hematopoietic cell transplant; IV, intravenous; LET, letermovir; PO, oral. Intensive PK sampling was performed

pre-dose and 1, 2.5, 8, and 24 h post-dose. Sparse PK sampling took place at Weeks 2, 4, 6, 8, 10, 12, and 14 post-HCT during the treatment phase. “Number of

PK-evaluable participants. "Interim PK analysis occurred at three time points: when all evaluable participants had completed intensive PK sampling in AG1 Panel

A, when all evaluable participants had completed intensive PK sampling in AG2 Panel A, and when the first three evaluable participants had completed intensive

PK sampling in AG3.

Eligible participants were recipients of a first allogeneic HCT (bone marrow, peripheral
blood stem cell, or cord blood) within 28 days prior to enroliment and had undetectable
CMV DNA from a plasma or whole blood sample collected within 5 days prior to
enrollment. AG1 participants had to be documented with a CMV R+ status within 90 days
prior to enrollment; AG2/3 participants had to be documented as CMV R+ within 90 days
prior to enrollment and/or the donor had to be CMV-seropositive within 1 year prior to
enrollment. Given the relatively small number of HCTs performed in pediatric patients
and the lower CMV seroprevalence in younger individuals (3, 4), restricting enrollment to
only include participants with CMV R+ status in this study would have been challenging,
particularly in the youngest AGs. These considerations were taken into account when
designing the study to enable broad enrollment across the subpopulation of HCT
recipients. Key exclusion criteria included CMV end-organ disease within 6 months prior
to enrollment, prior allogeneic HCT, and evidence of CMV viremia at any time between
informed consent or HCT procedure (whichever was earlier) until enrollment. Full
eligibility criteria are provided in the Supplementary Material (Tables ST and S2).

Participants’ legally acceptable representative(s) provided written informed consent.
The study was reviewed and approved by the appropriate institutional review board
or independent ethics committee at each center. This study was conducted in accord-
ance with local and/or national regulations (including all applicable protection laws and
regulations), the International Council for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use Good Clinical Practice, and the ethical principles that
have their origin in the Declaration of Helsinki regarding independent ethics committee
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review, informed consent, and the protection of human participants in biomedical
research.

Letermovir dose selection and administration

Initial dose selection was guided by both physiologically based PK and PopPK models.
The pre-study initial dosing selections were based on simulations using an allometrically
scaled adult HCT PopPK model. The participants in AG1 received the recommended daily
adult dose of 480 mg letermovir (adjusted to 240 mg with concomitant CsA adminis-
tration, if needed, in Panel B) through Week 14 post-HCT (without weight limits). The
remaining initial dose selections for AG2 and AG3 were based on weight-band dosing.
Dose modifications based on the interim analyses are described in the results (Table S3).

Participants received letermovir from the day of enrollment through Week 14
post-HCT (Fig. 1a). All Panel A participants in AG1 and AG2 received oral letermovir,
with no CsA, from Day 1 through Day 7, after which they could receive letermovir by
oral or IV administration. AG1/2 Panel B participants and AG3 participants received either
oral or IV letermovir with or without concomitant CsA. Oral letermovir administration
was preferred, with IV administration provided to participants who could not tolerate
oral intake (e.g., due to nausea and vomiting, mucositis, or a malabsorptive condition).
For oral administration, AG1 participants received either the currently marketed oral
tablets or a newly developed oral granule formulation (or “oral pellets”), which were
administered mixed with soft food or via a gastric or nasogastric tube; AG2 and AG3
study participants received only the oral granule formulation.

PK exposure targets

The steady-state median target range for AUC0-24, predicted in adult HCT recipients
from the Phase 3 PopPK model following administration of letermovir 480 mg orally or IV
once daily without CsA, was 34,400-100,000 h x ng/mL (9). The lower and upper bounds
of the adult HCT exposure range were 16,900 h x ng/mL (5th AUC0-24 percentile
following letermovir 480 mg orally) and 148,000 h x ng/mL (95th AUC0-24 percentile
following letermovir 480 mg IV), respectively.

Objectives and end points

The primary objective of the study was to evaluate letermovir PK in pediatric partici-
pants grouped by standard age cohorts. PK end points were assessed in the per-proto-
col population (defined as the subset of participants who comply with the protocol
sufficiently to ensure that these data are likely to exhibit the effects of the study drug,
according to the underlying scientific model). The primary measure of PK exposure was
the AUCO0-24 for determination of letermovir exposure. This parameter was used to
match pediatric exposure to the adult HCT reference range and is the focus of the results.

Efficacy was a secondary objective evaluated in all participants who received at
least one dose of study drug and had no detectable CMV DNA on Day 1 when the
study drug was initiated (primary efficacy population). The efficacy end points were the
proportion of participants with CS-CMVi (1) through Week 14 and (2) through Week 24
post-HCT. Efficacy was assessed through Week 14, the period of the highest risk of CMV
reactivation (1). Participants were followed for an additional 10 weeks, through Week 24,
to assess rebound CMV infection after cessation of prophylaxis. CS-CMVi was defined as
the initiation of anti-CMV PET based on documented CMV viremia and the participant’s
clinical condition, and/or the onset of CMV end-organ disease. Documented viremia
was defined as any detectable CMV viral DNA (including polymerase chain reaction
results above or below the lower limit of quantification) using local laboratory testing.
The primary missing data approach for the primary efficacy analyses was the non-com-
pleter = failure (NC = F) approach. Under this approach, not only were participants who
developed CS-CMVi (true failures) counted as failures, but participants who prematurely
discontinued from the study or who had missing outcome data were also imputed as
failures. An alternative missing data approach, the Data as Observed (DAO) approach,
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FIG 2 Participant disposition (all randomized and treated participants): (a) status for trial and (b) status for study medication in trial. AE, adverse event; AG, age

group.

was also used for the efficacy analyses. With this approach, participants who discontin-
ued prematurely or had missing outcome data (i.e., imputed failures) were excluded from
the analysis. The DAO approach thus accounts for the incidence of CS-CMVi (i.e., true
failure rate) only.

Safety and tolerability were assessed by clinical review of relevant parameters,
including adverse events (AEs), prospectively collected during the study. All AEs were
collected through 28 days following the last dose of the study drug (treatment phase).
Thereafter, only drug-related serious AEs (SAEs) and SAEs leading to death were collected
through Week 48 post-HCT. The primary safety population consisted of all participants
who received at least one dose of the study drug.

To assess genotypic resistance, CMV DNA sequence analysis was performed using
next-generation sequencing on samples from participants with CS-CMVi. Letermovir
resistance was assessed by genotypic analysis of the CMV terminase complex genes
(UL56, UL89, and UL51) with detectable CMV DNA.

Statistical analysis

There was no formal hypothesis testing in this study. A noncompartmental analysis was
used for the primary PK parameters of interest, which was AUC0-24 derived from the
intensive PK sampling on Day 7. The interim noncompartmental PK analyses occurred
at three intervals: (i) when all evaluable participants completed intensive PK sampling
in AG1 Panel A; (ii) when all evaluable participants completed intensive PK sampling in
AG2 Panel A; and (iii) when the first three evaluable participants completed intensive
PK sampling in AG3. The final noncompartmental PK analyses were performed on the
PK population who underwent intensive PK sampling. Individual AUC0-24 values were
plotted by dose and weight. Additional PK parameters, including but not limited to Cax,
Tmax: and Ty, were estimated as well, although they are not presented in this paper as
AUCO0-24 was the primary parameter determining dose selection.

For efficacy analyses, the estimated proportion of participants with CS-CMVi through
Weeks 14 and 24 post-HCT, 95% Cls were calculated based on the exact binomial method
of Clopper and Pearson (10). For safety analyses, the proportions of participants within
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different categories of AEs were summarized, with 95% Cls estimated by the Clopper-
Pearson method (10).

RESULTS
Participants

The study was initiated on 8 August 2019, and completed on 25 August 2023. Among
65 participants <18 years of age enrolled in the study, 28 participants were 12 to <18
years of age, 29 participants were 2 to <12 years of age, and 8 participants were <2 years
of age (Fig. 2a). Sixty-three participants (96.9%) received at least one dose of letermovir,
and 48 (73.8%) completed treatment (Fig. 2a). The most common reasons for early
discontinuation of letermovir were AEs (12.7%) and lack of efficacy (i.e., due to CS-CMVi;
12.7%) (Fig. 2b).

Participant demographics and baseline clinical characteristics are shown in Table 1.
Approximately 70% of participants were male, and the median age was 11.0 years (range,
0-17). The most common indications for HCT were acute myeloid leukemia (11 [17.5%]
cases), aplastic anemia (6 [9.5%] cases), and chronic granulomatous disease (4 [6.3%]
cases) (Table S4). Seven (11.1%) participants had detectable CMV viremia on Day 1 of
treatment and were not included in the primary efficacy analysis.

PK

The PK analyses were performed on a subset (n = 36) of the PK population who
underwent intensive PK sampling and did not have any missing PK samples on intensive

TABLE 1 Baseline demographic and clinical characteristics (all participants as treated)”

Parameter AG1(n=28) AG2(n=27) AG3(n=8) Total (N =63)
Sex, n (%)

Male 15(53.6) 22 (81.5) 7 (87.5) 44 (69.8)

Female 13 (46.4) 5(18.5) 1(12.5) 19(30.2)
Age (years)

Mean (SD) 14.1(1.5) 6.6 (3.2) 0.7 (0.3) 9.1 (5.3)

Median (range) 13.5(12-17) 7.0(2-11) 0.7 (0-1) 11.0(0-17)
Race, n (%)

Asian 6(21.4) 3(11.1) 0 9(14.3)

Black or African American 3(10.7) 0 0 3(4.8)

Multiple 4(14.3) 2(7.4) 1(12.5) 7(11.1)

White 15(53.6) 22 (81.5) 7 (87.5) 44 (69.8)
Stem cell source, n (%)

Peripheral blood 15 (53.6) 16 (59.3) 4 (50.0) 35 (55.6)

Bone marrow 12 (42.9) 10 (37.0) 3(37.5) 25(39.7)

Cord blood 1(3.6) 1(3.7) 1(12.5) 3(4.8)
Conditioning regimen used, n (%)

Myeloablative 25(89.3) 24 (88.9) 6 (75.0) 55(87.3)

Reduced intensity 3(10.7) 1(3.7) 2(25.0) 6(9.5)

conditioning

Non-myeloablative 0 2(7.4) 0 2(3.2)
Days from transplantation to randomization

Mean (SD) 9.9 (8.38) 9.0 (8.59) 6.5 (4.07) 9.1 (8.03)

Median (range) 7.5(1.0-28.0) 5.0(1.0-27.0) 7.5(1.0-11.0) 7.0(1.0-28.0)
Donor/recipient CMV serostatus, n (%)

D+/R+ 20(71.4) 18 (66.7) 0 38 (60.3)

D—-/R+ 8(28.6) 6(22.2) 4 (50.0) 18 (28.6)

D+/R- 0 3(11.1) 4 (50.0) 7(11.1)

°AG, age group; CMV, cytomegalovirus; D+, CMV-seropositive donor; D—, CMV-seronegative donor; R+,
CMV-seropositive recipient; R—, CMV-seronegative recipient; SD, standard deviation.
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PK sampling days. The intensive and sparse PK data for each AG (total n = 60) were
included in the pediatric HCT PopPK analysis, which was used to optimize the final
dose recommendations. The pediatric PopPK analysis will be described in a separate
publication.

Of the 12 PK-evaluable participants in AG1, 8 received letermovir 480 mg orally or
IV once daily without CsA, and 4 received letermovir 240 mg IV once daily with CsA
(Fig. 3). Participants in AG1 Panel A achieved letermovir exposures comparable with
the reference adult exposure, with one participant (480 mg, oral) achieving a higher
exposure than the adult reference range, but lower than the maximum observed in the
Phase 1 letermovir program (upper limit of 328,000 h x ng/mL). No dose modifications
were necessary in AG1 Panel A based on interim PK analysis. All participants in AG1 Panel
B achieved letermovir exposures comparable with the reference adult exposure (Fig. 3).

Of the 16 PK-evaluable participants in AG2, 6 received letermovir 240 mg orally or IV
once daily without CsA, 4 received letermovir 120 mg orally or IV once daily without CsA,
1 received letermovir 60 mg IV once daily without CsA, 1 received letermovir 120 mg
IV once daily with CsA, and 4 received letermovir 60 mg IV once daily with CsA (Fig. 3).
Similar to AG1, participants in AG2 Panel A, all of whom received oral letermovir without
concomitant CsA, experienced letermovir exposures comparable with the reference
adult exposure. No dose modifications based on the interim PK analysis were necessary
in AG2 Panel B. In AG2 Panel B, eight of the participants who received IV letermovir were
within the reference adult exposure range, and the remaining two participants, who
received IV letermovir with CsA, had exposures lower than the reference adult exposure
(Fig. 3).

Of the eight PK-evaluable participants in AG3, one received letermovir 60 mg orally
once daily without CsA, one received letermovir 40 mg IV once daily without CsA,
two received letermovir 60 mg orally or IV once daily with CsA, three received leter-
movir 40 mg orally once daily with CsA, and one received letermovir 20 mg IV once
daily with CsA (Fig. 3). Letermovir exposures for the first three AG3 participants, all of
whom received concomitant CsA, were lower than the target median adult exposure
(Fig. 3). The letermovir dose was increased for the remaining five participants (body
weight <10 kg) (Table S3). The resulting letermovir exposures were comparable with the
reference adult exposures (Fig. 3).

Efficacy

Of the 56 participants evaluable for efficacy (i.e., received at least one dose of study
drug and had undetectable viremia on Day 1) using the NC = F approach, there were 11
(19.6%) failures (true and imputed) through Week 14 post-HCT and 14 (25.0%) failures
through Week 24 post-HCT (Table 2). The proportion of participants for whom treatment
failed was similar across the three AGs at both time points, and there were no cases of
CMV end-organ disease at either time point.

The true failure rate (incidence of CS-CMVi only) as evaluated using the DAO approach
for missing data were 8.2% (4/49) and 12.5% (6/48) at Weeks 14 and 24, respectively
(Table S5).

Safety

There were 63 participants in the safety population (i.e., those who received at least
one dose of study drug). Overall, the AE profile was comparable across the three AGs in
the broad categories of AEs during the treatment phase (Table S6). The most common
AEs reported were vomiting (37 [58.7%] cases), pyrexia (27 [42.9%] cases), diarrhea (24
[38.1%)] cases), graft-versus-host disease (GVHD; 24 [38.1%] cases), nausea (18 [28.6%]
cases), and abdominal pain (18 [28.6%] cases) (Table 3). Among these, the most common
drug-related AEs were gastrointestinal disorders, including vomiting (11 [17.5%] cases)
and nausea (2 [3.2%)] cases) (Table S7).
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FIG 3 Individual letermovir exposures for all participants who underwent intensive PK sampling compared with reference adult values (n = 36). AG, age group;

AUCO0-24, area under the concentration-time curve for the dosing interval (0-24 h) (logarithmic scale); CsA, cyclosporin A; IV, intravenous; NG, nasogastric; PK,

pharmacokinetic; PO, oral; PopPK, population PK. CsA above the symbol indicates CsA was coadministered with the letermovir dose. Vertical dotted lines show

the dosing weight-band boundaries for 2 to < 12 years (AG2) and birth to < 2 years (AG3); there are no dosing weight boundaries for 12 to < 18 years (AG1). The

upper and lower bounds of the adult reference exposure range were prespecified based on the Phase 3 PopPK model (9).

Thirty-five (55.6%) participants experienced at least one SAE (Table S6). The most
commonly reported SAEs were pyrexia (7.9%) and GVHD (4.8%). Only two participants
had SAEs that were considered by investigators to be drug-related (one case each of
atrial fibrillation and increased blood bilirubin). Both SAEs were multifactorial in origin,
such that other etiologies could not be ruled out, and both resolved.

There were four deaths reported during the treatment phase that were considered
to be due to AEs. The causes of death included Candida infection and multiple organ
dysfunction syndrome (n = 1), post-HCT lymphoproliferative disorder and hepatosplenic
candidiasis (n = 1), recurrent acute myeloid leukemia (n = 1), and septic shock (n = 1).
None of the deaths were considered related to the study drug by the investigators.

Viral resistance

Resistance genotyping was attempted on samples collected from 12 participants with
viremia. Of these, 10 participants had evaluable sequence data available for analysis
(AG1, n = 4; AG2, n = 4; and AG3, n = 2). In two participants, known letermovir resist-
ance-associated amino acid substitutions were detected in pUL56 at an allele frequency
above the validated assay cutoff of 5%. One was an AG1 participant who had an R369S
substitution detected on Day 54 of the study. The other, an AG3 participant who was
positive for CMV DNAemia on Day 1, had a C325W substitution detected on Day 129
of the study. Among the 10 participants with evaluable data, no known letermovir
resistance-associated substitutions were observed in the pUL51 or pUL89 terminase
subunits.
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TABLE 2 Proportion of participants with CS-CMVi through Weeks 14 and 24 post-HCT (NC=F approach, primary efficacy population)*®

Parameter, n (%) AG1 (n=25) AG2 (n=24) AG3 (n=7) Total (N =56)

Through Week 14 post-HCT
Failures® 5(20.0) 4(16.7) 2(28.6) 11(19.6)
CS-CMmVie through visit window 2(8.0) 1(4.2) 1(14.3) 4(7.1)
Initiation of PET based on documented CMV viremia 2(8.0) 1(4.2) 1(14.3) 4(7.1)
CMV end-organ disease 0 0 0 0
Discontinued from study before visit window 2(8.0) 3(12.5) 1(14.3) 6(10.7)
Missing outcome in visit window 1(4.0) 0 0 1(1.8)

Through Week 24 post-HCT
Failures® 6 (24.0) 6 (25.0) 2(28.6) 14 (25.0)
CS-CMmVie through visit window 2(8.0) 3(12.5) 1(14.3) 6(10.7)
Initiation of PET based on documented CMV viremia 2(8.0) 3(12.5) 1(14.3) 6(10.7)
CMV end-organ disease 0 0 0 0
Discontinued from study before visit window 4(16.0) 3(12.5) 1(14.3) 8(14.3)
Missing outcome in visit window 0 0 0 0

?AG, age group; CMV, cytomegalovirus; CS-CMVi, clinically significant CMV infection; HCT, hematopoietic cell transplant; NC = F, non-completer = failure; PET, pre-emptive
therapy.

bPrimary efficacy population, defined as all participants who received >1 dose of study intervention and had no detectable CMV viral DNA on Day 1 of treatment.

“Categories of failure are mutually exclusive and listed in hierarchical order. With the NC = F approach, failure was defined as all participants who developed CS-CMVi,
prematurely discontinued from the study, or had a missing outcome through the post-HCT visit window.

9Defined as proven or probable CMV end-organ disease, or initiation of PET based on documented CMV viremia and the participant’s clinical condition.

DISCUSSION

Pediatric allogeneic HCT recipients are at risk of CMV infection or reactivation (1, 4), and
there is a significant need for an antiviral agent for CMV prophylaxis in this population
(4). As the pathogenesis and manifestations of CMV infection and disease are similar in
adult and pediatric patients (11), the initial dose selections and dose recommendations
of letermovir were based on achieving comparable exposures anticipated to result in
similar efficacy and safety in both populations. The primary objective of this study was to
evaluate the PK of letermovir in pediatric HCT recipients from birth to <18 years of age
to inform proposed pediatric dosing of letermovir. Another objective of the study was to
generate additional data to provide substantial evidence for the safe and effective use of
letermovir in this population. Viral resistance was also assessed in this study.

The doses used in this study were based on simulations using an allometric scaling of
an adult HCT PopPK model to approximate letermovir exposures in pediatric participants
to the adult HCT reference exposure range. There were no letermovir dose modifications
to the initial dose selections for AG1 and AG2. For AG3, the youngest participants,
letermovir exposures for the first three participants (who received letermovir with CsA)
were trending lower than the target median adult exposure at the interim analysis.
In the remaining five AG3 participants, the letermovir dose was increased for partici-
pants weighing <10 kg. The letermovir exposures in pediatric participants for the doses
evaluated in the study were generally within the adult HCT recipient reference exposure
range.

The final dose recommendations for the pediatric HCT population were based on
using the PK data from this study in a pediatric HCT PopPK model, which will be the
subject of a separate publication. The predicted letermovir exposures, based upon the
final pediatric HCT PopPK model, informed and supported the dose recommendations of
the recent pediatric approval (7). The weight-band dosing of letermovir for participants
<12 years of age is largely consistent with the doses evaluated in this study with the
addition of combining some weight bands across ages.

The efficacy of letermovir in preventing CS-CMVi in this study was consistent with the
efficacy demonstrated in the pivotal Phase 3 adult study. With the NC = F approach used
to account for missing data, 19.6% of study participants had failed at Week 14 post-HCT,
compared with 19.1% in the adult study at the same time point. The corresponding
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TABLE 3 Participants with AEs through Week 14 post-HCT (incidence >20% in one or more AG; safety
population; treatment phase)®®

n (%) AG1 AG2 AG3 Total
(n=28) (n=27) (n=8) (N=63)
With >1 AE* 28 (100) 27 (100) 8(100) 63 (100)
Gastrointestinal disorders 27 (96.4) 27 (100) 5(62.5) 59(93.7)
Vomiting 14 (50.0) 20 (74.1) 3(37.5) 37 (58.7)
Nausea 12 (42.9) 6(22.2) 0 18 (28.6)
Diarrhea 12 (42.9) 12 (44.4) 0 24 (38.1)
Abdominal pain 11(39.3) 6(22.2) 1(12.5) 18 (28.6)
Stomatitis 8(28.6) 9(33.3) 0 17 (27.0)
Infections and infestations 21 (75.0) 18 (66.7) 5(62.5) 44 (69.8)
Device-related infection 1 (3.6) 3(11.1) 2(25.0) 6(9.5)
Epstein-Barr virus infection 2 (7.1) 0 2(25.0) 4(6.3)
reactivation
General disorders and 16 (57.1) 18 (66.7) 4(50.0) 38(60.3)
administration site
conditions
Pyrexia 11(39.3) 13 (48.1) 3(37.5) 27 (42.9)
Immune system disorders 15 (53.6) 13 (48.1) 4 (50.0) 32(50.8)
Graft-versus-host disease 10 (35.7) 11 (40.7) 3(37.5) 24 (38.1)
Skin and subcutaneous tissue 12 (42.9) 17 (63.0) 2 (25.0) 31(49.2)
disorders
Pruritus 6(21.4) 3(11.1) 0 9(14.3)
Metabolism and nutritional 12 (42.9) 14 (51.9) 4 (50.0) 30 (47.6)
disorders
Decreased appetite 3(10.7) 8(29.6) 0 11(17.5)
Blood and lymphatic system 8 (28.6) 15 (55.6) 1(12.5) 24 (38.1)
disorders
Thrombocytopenia 5(17.9) 9(33.3) 0 14 (22.2)
Neutropenia 2(7.1) 8(29.6) 1(12.5) 11(17.5)
Anemia 1(3.6) 7(25.9) 0 8(12.7)
Vascular disorders 10 (35.7) 11 (40.7) 2(25.0) 23(36.5)
Hypertension 7 (25.0) 9(33.3) 0 16 (25.4)
Renal and urinary disorders 14 (50.0) 8(29.6) 0 22 (34.9)
Dysuria 6(21.4) 3(11.1) 0 9(14.3)
Nervous system disorders 13 (46.4) 5(18.5) 1(12.5) 19(30.2)
Headache 6(21.4) 3(11.1) 0 9(14.3)

9AE, adverse event; AG, age group; HCT, hematopoietic cell transplant.

bSafety population, defined as all participants who received >1 dose of study drug.

‘AEs were reported using the Medical Dictionary for Regulatory Activities Version 25.1. Each participant was
counted once for each system organ class or specific AE.

rates at Week 24 post-HCT were 25.0% and 37.5% in pediatric and adult participants,
respectively (6).

It should be noted that the NC = F approach for estimating failure rates is a conserva-
tive approach, where the failure rate includes not only individuals who develop CS-CMVi
(true failures), but also those who discontinue the study prematurely or where data are
missing (imputed failures). The true failure rate with the DAO approach was substantially
lower (8.2% and 12.5% at Weeks 14 and 24 post-HCT, respectively).

It should also be noted that a subset of participants from AG2 and AG3 were
CMV-seronegative recipients with a CMV-seropositive donor (D+/R-) at baseline (to
facilitate study enrollment of the younger AGs given the relatively small number of
HCTs performed in pediatric patients and lower CMV seroprevalence observed globally
in younger individuals [3, 4]). As D+/R— allogeneic HCT recipients have a lower risk of
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developing CS-CMVi (~30% risk [12]), this would be a potential caveat when comparing
failure rates in this study with the adult data.

Letermovir was generally safe and well tolerated in this study, with a safety profile
similar to that seen in the adult Phase 3 HCT study. Gastrointestinal-related AEs were the
most common treatment-emergent AEs, and treatment discontinuation due to drug-
related AEs was rare (3.2%; Table S6). No treatment-related deaths were reported. Thus,
letermovir has a favorable toxicity profile compared with other anti-CMV agents (such
as ganciclovir, foscarnet, and cidofovir); most notably, letermovir shows no evidence of
hematologic toxicity in the allogeneic HCT setting (1, 6, 13).

There are several well-recognized approaches to providing substantial evidence for
the safe and effective use of a drug in a pediatric population that often involve
leveraging available data in adults. This concept is referred to as pediatric extrapola-
tion (14, 15), and it is an accepted means to facilitate pediatric drug approval with-
out necessitating large pediatric Phase 3 trials. Pediatric extrapolation of efficacy is
considered to be appropriate when it can be assumed that the course of the disease
and the expected response to a drug would be sufficiently similar in the pediatric and
reference populations.

For the purpose of pediatric extrapolation, robust safety and efficacy data were
available from a large multicenter trial in adults demonstrating a clinically meaningful
and statistically significant effect on CS-CMVi prevention, as well as a mortality benefit
(6). Confirmation of these results in a pediatric population in a second large trial with
a traditional design (i.e., large sample size, double-blind with a placebo comparator)
was unnecessary and would have been impracticable given the difficulties of patient
recruitment for pediatric trials and the length of time needed to complete them (16).
A traditional trial design would also have presented significant ethical concerns as
no additional benefits would have been demonstrated, and there would have been
substantial delays in the availability of a much-needed intervention in this vulnerable
patient population.

The PK data obtained in this study were used in a pediatric HCT PopPK model to
predict exposures for this population and support proposed dose recommendations,
along with additional safety and efficacy data supporting pediatric extrapolation, for
submission to regulatory authorities. The first regulatory approval for use of letermovir in
pediatric R+ HCT recipients for CMV prophylaxis was obtained in August 2024. Final dose
recommendations are provided in the patient prescribing information (Table S8).

In conclusion, at the doses used and the letermovir exposures achieved in this
study, letermovir is generally safe and effective in preventing CS-CMVi in pediatric HCT
recipients.
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Abstract

The burden of CMV infection and disease is important in pediatric hematopoietic stem cell
transplantation (HSCT), notably in the subgroup of patients with inborn errors of immunity (IEls).
Letermovir (LMV) is now a standard of care for CMV prophylaxis in adult sero-positive (R+) recipients, but
is not yet labeled for children. Published pediatric studies are still scarce. We report a monocentric real-life
use of LMV in 36 HSCT pediatric recipients with IEls considered at high-risk of CMV infection including 14
patients between 2 and 12 months of age. A homogenous dosage proportional to the body surface area
was used. Pharmacokinetic (PK) was performed in 8 patients with a median of 6 years of age (range
0,6;15). The cumulative incidence of clinically significant CMV infections (CS-CMVi) and the overall
survival of patients under LMV were compared to a very similar historical cohort under (val)aciclovir
prophylaxis. LMV tolerance was good. As compared to the historical cohort, the incidence of CS-CMVi
was significantly lower in LMV group (5 out of 36 transplants (13.9%) versus 28 of the 62 HSCT (45.2%))
(p =0.002). Plasma LMV exposures did not significantly differ with those reported in adult patients. In
this high-risk pediatric HSCT cohort transplanted for IEls, CMV prophylaxis with LMV at a homogenous
dosage was well tolerated and effective in preventing CS-CMVi compared with a historical cohort.

Introduction

Human cytomegalovirus (CMV) infection and disease remain clinically significant complications in
recipients of hematopoietic stem cell transplantation (HSCT) [1-2]. Despite close monitoring with a
regular sensitive polymerase chain-reaction (PCR) and preemptive strategy, CMV sero-positive recipients
(R+) and those with any degree of CMV reactivation after HSCT are associated with an increased risk of
overall mortality after transplant through direct and indirect effects, such as increased incidence of
opportunistic infections, association between CMV and graft versus host disease (GVHD) [3]. Moreover,
anti-CMV drugs such as (val)ganciclovir, foscarnet or cidofovir available for the preemptive treament
have significant side effects making their use challenging in the post-HSCT period. Thus, the
development of safe and effective antiviral drugs for CMV prophylaxis is a major goal in HSCT.

Letermovir (LMV) is an antiviral agent with a unique mechanism of action through inhibition of the CMV-
terminase complex [4-5]. LMV pharmacokinetics (PK) in adult HSCT recipients is well described with a
two-compartment model with linear elimination and absorption, following administration of 480 mg once
daily orally or intravenously (dose reduced to 240 mg/day in case of cyclosporin (CSA) comedication)
[6-7]. LMV was shown to be well tolerated and highly efficient to prevent clinically significant CMV
infections (CS-CMVi) in adult R +in a phase 3 randomized double-blind trial [8] and has become the
standard of care for prophylaxis of CMV infection/disease in adult R + recipients through day 100 post-
transplant. Moreover, LMV prophylaxis may be effective in reducing mortality beyond day 200 among
adult allo-HSCT recipients. [9] While most of the studies so far focused on R + recipients, seronegative
patients with a seropositive donor (D+/R-), a frequent scenario in pediatric transplants, are also at risk of
CMV infection/disease and the impact of LMV in such cases still needs to be confirmed.
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Published experiences in children remain still scarce with only 7 small series (of maximum 17 cases),
with patients mostly in late childhood or adolescence [10-18]. There is no data in infants and in patients
with inborn errors of immunity (IEI). The latter group of patients are highly vulnerable to CMV infection
and disease [19-20].

We report in this monocentric, real-life study, the tolerance, efficacy and preliminary PK data of LMV for
CMV prophylaxis in very high-risk pediatric HSCT recipients transplanted for IEls.

Methods & patients

Since November 2020, recipients of HSCT transplanted for IEls at Necker Hospital (Paris, France) and
considered to be at high-risk of CMV infection/disease received LMV prophylaxis. These patients could
be i) R+ or D+/R- transplanted with a mismatched related donor (MMRD), a mismatched unrelated donor
(MMUD) or a matched unrelated donor (MUD) and free of recent episode of CS-CMVi (= primary
prophylaxis); or ii) regardless on donor compatibility, recipients having experienced CS-CMVi either within
3 weeks before HCST or earlier in case of profound immunosuppression in the bridging period to
transplant (= secondary prophylaxis). LMV was initiated no later than on DO or, in case of secondary
prophylaxis, as soon as CMV PCR reached the lower limit of quantification. A daily dose in milligrams
was given once daily based on body surface area (BSA): BSAx480/1.73 (reduced to BSAx240/1.73 in
case of CSA comedication). LMV was initiated intravenously and given orally without dose modification
as soon as the patient could swallow, either with the existing tablets if the dosage was appropriate, or
with reconstituted capsules of LMV provided by the hospital pharmacy. Capsules were opened and
content diluted before oral administration.

CMV PCR was quantified in whole blood weekly until M3 then every 2 other weeks until M6, using the
same CMV R gene assay (Argene BioMerieux®) bearing a lower limit of detection (LLOD) and a lower
limit of quantification (LLOQ) of 2,6 and 2,8 log, IU/ml respectively. CS-CMVi was defined as CMV
disease or CMV DNAemia leading to preemptive treatment [21]. In the case of CS-CMVi, LMV was stopped
and could be later reinitiated after resolution of the episode and the interruption of the
preemptive/curative treatment. The duration of LMV treatment was based on immune reconstitution
data.

Results were compared with an historical cohort consisting of 59 consecutive recipients of 62 transplants
performed for IEls between January 2017 and December 2019 in the same pediatric unit and fulfilling the
same inclusion criteria as the LMV cohort. Patients in the historical group received antiviral prophylaxis
with acyclovir 500 mg/m? every 8h intravenously followed by valacyclovir 6.7 mg/kg three times daily.
Viral monitoring and definition of CS-CMVi were similar for both cohorts.

PK studies were performed in a sub-set of patients. Blood samples were collected at TO, T1 (end of the
infusion), T2 (i.e. 2 hours after the start of the infusion), T6 and T10 a few days after LMV initiation. LMV
plasma concentrations were determined using ultra high-performance liquid chromatography coupled
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with tandem mass spectrometry (UPLC-MS/MS, Waters Xevo®, Milford, MA, USA) [22]. PK data were
analyzed using Monolix Suite 2023R1 (Lixoft, France).

The outcomes were the tolerance, the efficacy of LMV prophylaxis and the evaluation of the PK in
children. LMV tolerance was assessed by the number of reported adverse events imputable to the drug.
Number, percentage and cumulative incidence of CS-CMVi and CMV disease were compared between the
2 groups. The maximum CMV PCR values, type and duration of curative treatment received by each
group were also compared. Overall survival and causes of death were analyzed.

Categorical and continuous variables were compared by Chi-square or Fisher exact tests where relevant
and by Mann-Whitney test, respectively. The baseline of all survival analyses was the age at HSCT. The
survival without CS-CMVi and the 6-months overall survival were estimated with the Kaplan-Meier
method, accommodating competing risks, and compared with the Cox model. Death from any cause,
receiving another HSCT and discontinuation of LMV treatment were considered as competing risks. In the
LMV group, patients were at risk only if they had already started their treatment. All analyses were
performed using R software version 3.6.1 (— Core Team, Vienna, Austria). Due to the pediatric age of the
patients, LMV was prescribed outside the EMA marketing authorization but followed the French
legislation. The study was in accordance with the Helsinki Declaration and approved by the local ethical
committee (IRB registration n°00011928).

Results

Between November 2020 and November 2022, LMV was initiated in 31 patients, recipients of 36
transplants at a median of DO (range: D-52 to D +48). In 24 and 12 transplants, LMV was used as
primary prophylaxis and secondary prophylaxis, respectively (see Table S1 for details on the secondary
prophylaxis subgroup).

The characteristics of the historical cohort and the LMV cohort are given in Table 1 and showed no
statistically significant differences in terms of age at transplant, donor compatibility, presence of CMV
DNAemia in the 3 weeks prior to HSCT, intensity of conditioning, use of serotherapy, T-depletion of the
graft and occurrence of GVHD. Distribution of IEls differed between the 2 groups with slightly more T-cell
immune deficiencies in the historical cohort and more primary hemophagocytic lymphohistiocytosis and
phagocyte defects in the LMV cohort.
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Table 1
Characteristics of the patients.

Age — yr
Median [IQR25-75%)] (range)

Age<1-no. (%)

Male sex — no. (%)

Reason for HSCT - no. (%)
SCID

CID

HLH

PIRD

Phagocyte defects
Agammaglobulinemia
Number of HSCT - no. (%)
1st HSCT

2nd HSCT

3rd HSCT

Historical Group
62 HSCT
(in 59 patients)

410.7;,10.4]
(0.2,17.3)

21 (33.9%)
40 (64.5%)

14 (22.6%)
26 (41.9%)
5(8.1%)

6 (9.7%)
11 (17.7%)
0 (0%)

58 (93.5%)
4 (6.5%)
0 (0%)

HLA matching and donor type — no. (%)

Matched unrelated
Matched related
Mismatched related
Mismatched unrelated
Stem cell source — no. (%)

Bone marrow

15 (24.2%)
7 (11.3%)
38 (61.3%)
2 (3.2%)

57 (91.9%)

Letermovir Group
36 HSCT
(in 31 patients)

4.7 0.6;7.6]
(0.2,19.2)

14 (38.9%)
22 (61.1%)

5 (13.9%)
12 (33.3%)
6 (16.7%)
0 (0%)

11 (30.6%)
2 (5.6%)

30 (83.3%)
5 (13.9%)
1(2.8%)

8 (22.2%)
5 (13.9%)
20 (55.6%)
3 (8.3%)

28 (77.8%)

value

0.991

0.617
0.736
0.042

0.148

0.695

0.046

SCID: severe combined immune deficiency, CID: combined immune deficiency, HLH: hemophagocytic

lymphohistiocytosis, PIRD: primary immune regulatory disorder, HSCT: hematopoietic stem cell
transplantation, GVHD: graft versus host disease. Categorical and continuous variables were

compared by Chi-square or Fisher exact tests where relevant and by Mann-Whitney test, respectively.
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Historical Group Letermovir Group p-
value

62 HSCT 36 HSCT

(in 59 patients) (in 31 patients)
Peripheral blood 5(8.1%) 8 (22.2%)
CMV serological status — no. (%) 0.852
D-/R+ 6 (9.7%) 2 (5.6%)
D+/R+ 36 (58.1%) 22 (61.1%)
D+/R- 20 (32.3%) 12 (33.3%)
CM\(/ D)NAemia within 3 weeks before HSCT - 14 (22.6%) 9 (25%) 0.785
no. (%
Myeloablative conditioning regimen — no. (%) 52 (85.2%) 31 (86.1%) 0.907
Antithymocyte globulin use — no. (%) 20 (32.3%) 9 (25%) 0.448
Alemtuzumab use - no. (%) 36 (58.1%) 24 (66.7%) 0.399
Ex vivo T-cell depletion — no. (%) 8 (12.9%) 7 (19.4%) 0.386
GVHD prophylaxis — no. (%) 60 (96.8%) 31 (86.1%) 0.096
Acute GVHD of grade 2 or more — no. (%) 19 (30.6%) 9 (25%) 0.551
SCID: severe combined immune deficiency, CID: combined immune deficiency, HLH: hemophagocytic
lymphohistiocytosis, PIRD: primary immune regulatory disorder, HSCT: hematopoietic stem cell
transplantation, GVHD: graft versus host disease. Categorical and continuous variables were
compared by Chi-square or Fisher exact tests where relevant and by Mann-Whitney test, respectively.

Tolerance of LMV was good with only 2 patients presenting nausea and iterative vomiting concomitant to
oral intake of the drug, leading to its premature discontinuation at D70 in one. No other adverse event
attributable to LMV was noticed.

As compared to the historical cohort, the incidence of CS-CMVi was significantly lower in LMV group (5
out of 36 transplants (13.9%) versus 28 of the 62 HSCT (45.2%) (p = 0.002)) (Table 2). Details of the CMV
viral load, sequences of antiviral treatment and characteristics of the 5 patients who experienced LMV
failure are shown in Fig. 1. They did not differ from the other patients in terms of baseline characteristics.
In 2 of these 5 patients, the CMV viral loads were transiently detected below the LLOQ. The 5 CS-CMVi
under LMV occurred at a median of 7 days (range: 4-14) after HSCT. The maximal viral load in the LMV
cohort (median 3.7 log4o Ul/l, range not quantifiable; 3.8) was significantly lower than in the historical
cohort (median 4.2 log,o Ul/l, range 3.1; 6.5) (p = 0.025). No CMV disease occurred in the LMV cohort,
compared to 4/62 (6.5%) in the historical group (p = 0.293). The durations of curative/preemptive
treatment with anti CMV drugs were similar between the 2 groups. The survival without CS-CMVi was
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significantly higher in the LMV group (84%, 95% Cl 65; 93) than in the control group (55%, 95% Cl 41; 66)
(p=0.009) (Fig. 2A). Two patients in the LMV group (5.6%) died (respectively of adenovirus infection and
veno-occlusive disease (VOD) at 38 and 30 days post HSCT) as compared to 16 in the historical cohort
(25.8%) (infectious causes n = 13, graft failure n = 1 and toxicities n = 2) (median 58 days post HSCT,
range 5; 212). Among patients who died in the latter group, 8 (50%) experienced a CS-CMVi including 3
CMV disease (CMV colitis and CMV pneumonia in 1 patient each and CMV pneumonia, colitis, meningitis
and retinitis in one). As shown in Fig. 2B, six-month overall survival (OS) was 93% (95% CI 85; 100) and
75% (95% Cl 64; 87) for the LMV and the historical groups respectively (p = 0.0266).

Table 2
Efficacy endpoints.
Control Group Letermovir p-
Group value
62 HSCT
36 HSCT
(in 59 patients)
(in 31 patients)
Clinically significant CMV infection — no. (%) 28 (45.2%) 5(13.9%) 0.002
Maximal CMV PCR value — median [IQR25-75%] 4.2[3.7:4.8] 3.7[2.8;3.8] 0.025
(range) log UI/I (3.1;6.5) (NQ;3.8)
CMV disease - no. (%) 4 (6.5%) 0 (0%) 0.293
Preemptive/curative treatment used 0.001
Ganciclovir = no. (%) 9 (32.1%) 0 (0%)
Foscavir — no. (%) 16 (57.1%) 1(20%)
Ganciclovir and Foscavir — no. (%) 1(3.6%) 4 (80%)
Brincidofovir — no. (%) 2 (7.1%) 0 (0%)
Treatment duration — median [IQR25-75%] (range) (20.5 [1)4;28] 21[14,41] (7,64) 0.84
6,216
All-cause mortality — no. (%) 16 (25.8%) 2 (5.6%) 0.014
HSCT: hematopoietic stem cell transplantation, NQ: not quantifiable. Categorical and continuous
variables were compared by Chi-square or Fisher exact tests where relevant and by Mann-Whitney
test, respectively.

Three CS-CMVi among 24 HSCT (12.5%) occurred in the primary prophylaxis subgroup compared with 2
CS-CMVi out of 12 HSCT (17%) in the secondary prophylaxis subgroup (NS) (Table S2).

Among the LMV group, the emergence of mutation of resistance to LMV could not be documented in the
5 children who experienced CS-CMVi (too low CMV DNAemia (n = 3), no available blood sample (n = 2)).
After treatment of CS-CMVi, LMV was resumed after the negativation of the CMV PCR due to the low level
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of immune reconstitution. There was no recrudescence of the CMV DNAemia in 4 of them while in the
last case (see patient 2 in Fig. 1), a second CS-CMVi occurred 1 week after the resume of LVM, followed
rapidly by the patient’s death due to VOD. At the most recent follow up, LMV was terminated in all but 1
patient, at a median of D155 post-HSCT (range: 47-349) and a median count of CD4 T-cells of 278/l
(range: 8-1000). Eight patients (28.6%) experienced transient low level CMV replications, left untreated in
all cases because of the sufficient immune reconstitution level.

Drug monitoring with PK data were available in 8 patients (62 samples) who received intravenous LMV,
including 2 infants. Their characteristics are presented in Table S3. In our setting, a two-compartment
model best fitted the PK of intravenous LMV. Gender, age (considering adolescent group (12-18 years
old) as reference) and the co-administration of CSA were identified as co-variates impacting LMV
clearance. The PK parameters are available in Table S4. From the data at steady-state in these 8 children,
the median AUC _ 54, was 50.9 mg.h/L (IQR25-75% 35.4-84.4) and C24h was 0.2 mg/L (IQR25-75% 0.1-

0.6).

Discussion

This monocentric real-life study in a high-risk pediatric population showed that LMV was effective and
well tolerated to prevent CS-CMVi. As compared to an historical cohort bearing very similar
characteristics, a decreased incidence of CS-CMVi and overall mortality was documented.

While LMV has become the standard of care to prevent CS-CMVi in adult R+, the experience in children is
limited. The results of the on-going prospective study aiming to evaluate PK, efficacy and tolerability of
LMV at pediatric age are not yet available. Seven small series (including 2 to 17 patients) and few cases
reports have been published so far [10—-18] accumulating less than 70 recipients mostly transplanted for
malignant diseases. Half of these reported patients were adolescent (12 years or older), the youngest
being 3.5 years old. LMV dosing was heterogeneous. The patient cohort included in this study is unique
in various ways. Beyond the fact that it is, to our knowledge, the largest pediatric cohort reported to date,
these patients are also the youngest, the LMV dosage given was homogeneous, and preliminary PK data
were generated. The median age of the 36 recipients was 4.6 years; 14 were less than 12 months old and
the youngest was merely 2 months of age. All were transplanted for IEls and were at high-risk of CMV
infection/diseases with at least one risk factor previously shown to expose to these events (such as R+,
active CMV infection early pre-transplant, use of mismatched donor, T-depletion of the graft, use of
serotherapy, occurrence of GVHD). This profile justified the extension of the inclusion criteria beyond R +
to D+/R- and patients with recent CS-CMVi before HSCT regardless of donor compatibility.

The initial dosage we used in our series was based on adult recommendations proportionally to body
surface area. The dosage was modified in the case of co-medication with CSA, as recommended in
adults. Plasma LMV exposures did not significantly differ from those reported in adult patients [6], also in
the 2 infants for which PK was available.
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Tolerance of LMV was generally good and consistent with what is described in the adult population [2, 8,
23-24]. In accordance with the tolerance assessment, no elevated plasma exposure of LMV was
reported. As expected [6], we reported an increased clearance of LMV in the younger groups (both 0-2
and 2-12 years of age) compared to the adolescent group. Also, we reported a mild decrease of LMV
clearance when CSA was co-administered, since the latter compound is a mild inhibitor of pump efflux
transporters [7]. Surprisingly, gender seems to have a relevant impact on LMV clearance. The small
number of patients with available PK data in our cohort is a limitation and does not allow firm
conclusions about the dosage we used, but these promising preliminary data encourage to study itin a
prospective way and to test the bioequivalence of the oral formulation for children.

Compared to our historical cohort that showed incidence of CS-CMVi in line with previous series [19, 25,
26], a lower cumulative incidence (13.9%) of CS-CMVi was observed in subjects receiving LMV
prophylaxis, and no CMV disease occurred. Risk factors of developing CMV infection/disease were very
similar between the LMV and historical cohorts. The only difference lies in the distribution of underlying
IEIs (more HLH and phagocytes defects in the LMV group and more T cell deficiencies in the historical
one). Despite this limitation, the significant difference of CS-CMVi between the 2 groups argues for the
efficacy of LMV in CMV prophylaxis in our population of patients with IEls. We did not observe any
significant difference between the outcomes in primary or secondary prophylaxis subgroups, and patients
in the latter subgroup were at very high-risk regarding CMV infection because, either highly
immunosuppressed in the pre-transplant period, or still very early after transplant. Thus, in our cohort,
LMV seemed to be also promising as a secondary prophylaxis after a treated CMV infection episode, as a
bridge to HSCT and/or immune reconstitution.

The efficacy of LMV to prevent CS-CMVi is in line with the result of the phase 3 randomized controlled
double-blind trial performed in adults [8] although the difference between the study populations, the
design, the inclusion criteria and the duration of treatment prevent direct comparison of the results.

Among the 5 patients we documented with CS-CMVi, 2 presented transient low CMV DNAemia. The
clinical significance of the viral load in these 2 patients is questionable and one could consider this to be
a blip rather than a clinically relevant CMV replication. The limited experience in this population of
patients and the fear of selecting mutations associated to LMV resistance prevented us from considering
these values as clinically irrelevant. It also raises the question of formal criteria for defining and
managing blips occurring while on LMV. Relying on CMV viral load kinetics might be a good option. Two
distinct positive CMV PCR values with a significant increase might enable to distinguish the relevant
patients for treatment, as suggested [27].

Beyond the benefit on the occurrence of CS-CMVi, we also documented a significant improvement of
overall survival in the LMV cohort as compared to the historical cohort, with a lower all-cause mortality
consistent with the data in adult patients [8, 28]. This benefit, although promising, may rely on other
factors than CMV prophylaxis and needs to be confirmed in future larger pediatric prospective studies.
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The occurrence of a LMV resistant strain is an important preoccupation [29], and could not be
documented in the 3 patients that had a CS-CMVi with a prolonged DNAemia. This is a limitation of our
study, in particular in patient 2 who presented a second CS-CMVi under LMV prophylaxis, which could
suggest the emergence of a resistant strain.

Duration of LMV treatment in adult R + is currently recommended until D100. Extension up to D200 to
prevent late CS-CMVi has been recently shown to be safe and efficient in adults [30] and is currently under
evaluation by the FDA. Due to the patients’ characteristics we treated with high risk of CMV reactivation,
the long-lasting experience of our team in monitoring immune reconstitution after HSCT, LMV prophylaxis
was stopped based on CD4 + T cell counts with a threshold of 200/uL CD4 T cells independently of post
HSCT timing. Despite frequent transient CMV reactivation after LMV weaning, hone was clinically
relevant. A strategy based on a monitoring of CMV-specific T-cells is also under investigation and seems
promising [31, 32]. Further studies will be needed to document the best timing and best parameters for
monitoring treatment duration.

In conclusion, in this high-risk pediatric HSCT cohort transplanted for IEls, CMV prophylaxis with LMV at a
homogenous dosage was well tolerated and effective in preventing CS-CMVi compared with a historical
cohort. This study included notably young children, 14 of them being 2 to 12 months old. Further studies
are needed in order to corroborate our results, validate the LMV indications, the pediatric dosage and PK,
and determine the best parameters to monitor treatment duration.
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Figure 1

Representation of the virological follow-up of the 5 patients experiencing viral failure while on letermovir
prophylaxis. Blood CMV DNAemia was expressed in log;q Ul/ml.

HSCT: hematopoietic stem cell transplant, LLOQ: lower limit of quantification (2,8 log Ul/ml), LLOD: lower
limit of detection (2,6 log; Ul/ml), LAD1: leucocyte adhesion deficiency type 1, CID: combined immune
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deficiency, CGD: chronic granulomatous disease, WAS: Wiskott Aldrich Syndrome
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Survival analysis.

(A) Survival without clinically significant CMV infection. Note that 7 patients in the control group were
currently treated for a clinically significant CMV infection the day of HSCT and count for an event at day
1. The clinically significant CMV infection at day 1 for the letermovir group concerned the patient 2,
treated from 7 days before HSCT. The 5 patients absent of the letermovir group at DO started the
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treatment later, after the resolution of their CMV infection. (B) 6-months overall survival. The survivals

were estimated with the Kaplan-Meier method, accommodating competing risks for (A), and compared
with the Cox model.
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Abstract. Background/Aim: Cytomegalovirus (CMV)
infection is one of the major causes of morbidity following
hematopoietic cell transplantation (HCT). Allogeneic HCT
(allo-HCT) recipients are at the highest risk of clinically
significant CMV reactivation. While letermovir has been
approved for prophylactic use in CMV seropositive adults,
reports on pediatric data are very limited. The objective of
the study was to examine the use of letermovir for prophylaxis
from CMV infection in children undergoing allo-HCT in a
single center. Patients and Methods: This retrospective
matched-pair analysis study included 39 CMV-seropositive
pediatric patients undergoing allo-HCT receiving letermovir
as a primary prophylaxis for CMYV infection on a
compassionate-use basis (LMV group, n=13) or not (control
group, n=26). There were no differences in basic
characteristics between the analyzed groups. Among patients
of the study group, 12 received primary prophylaxis with
letermovir from day +1 after HCT. One patient, previously
treated with ganciclovir received secondary prophylaxis from
day +18. Results: Prophylactic dose of letermovir was
adjusted to cyclosporine co-administration, varied in between
120-480 mg, and given orally, once daily. No CMV
reactivation was observed during administration of
letermovir. Cumulative incidence of CMV reactivation was
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significantly higher for the control group not receiving
prophylaxis. Of the 13 patients of the study group, three died;
however, deaths were not attributable to CMV infection. We
did not observe any toxicities related to letermovir.
Conclusion: Our data support letermovir prophylaxis efficacy
and safety in pediatric patients after allo-HCT. Compared
with the historical group, prophylactic use of letermovir
decreased the number of CMV reactivations in children.

Cytomegalovirus (CMV) infection following hematopoietic
cell transplantation (HCT) is one of the major causes of
morbidity in immunocompromised hosts (1-3). Over the last
few decades anti-CMV preemptive therapy based on
detection of CMV DNA in plasma is the standard of care (4).
The use of antiviral agents reduces the incidence of CMV
disease; however, it does not prevent early CMV
reactivation, which is associated with lower overall survival.
Moreover, CMV viral load has been identified as a surrogate
clinical endpoint, which is associated with an increased risk
of overall mortality and non-relapse mortality during the first
year after HCT (5).

CMV-seropositive allogeneic HCT recipients are at the
highest risk of clinically significant CMV reactivation. The
risk factors for reactivation include: haploidentical
transplantation, CMV-seronegative donors or HLA
mismatch, steroids, immunosuppressive therapy for graft
versus host disease (GVHD) (1, 3, 6-8).

Depending on the patient risk factors, clinically significant
CMV infection (CS-CMVi) onset is being defined as virus
isolation or detection of viral proteins in any tissue or body
fluid sample. CMV disease is diagnosed considering a
combination of clinical symptoms with CMV tissue
sampling, DNAemia or documented immunochemistry
recognition (9). The most common clinical manifestation of
CMYV infection in HCT recipients is pneumonia, hepatitis,
gastroenteritis, retinitis or encephalitis. Furthermore, in these
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patients indirect CMV effects increase the risk of secondary
bacterial or fungal infections or the risk of GVHD
development (10).

Among currently available antiviral agents with anti-CMV
potential, letermovir is approved by the Food and Drug
Agency (FDA) and European Medicine Agency (EMA) for
CMV prophylaxis in CMV-seropositive adult patients
undergoing HCT procedure. With its unique mechanism of
action, letermovir binds to components of the terminase
complex inhibiting replication of the CMYV, effectively
preventing CMV viremia in transplant recipients (1, 11-14).
As described in previous adult randomized studies,
letermovir significantly reduces the risk of CS-CMVi and
was proven to be safe and well-tolerated (1, 4, 10). Yet,
published pediatric data are limited to only few studies (15-
18) and study protocols for children were not published. So
far, the use of letermovir in pediatrics is off-label based.

The objective of our study was to retrospectively analyze the
use of letermovir given off-label as a primary or secondary
prophylaxis in children undergoing HCT in a single center.

Patients and Methods

Design of the study. This retrospective matched-pair study included
39 CM V- seropositive pediatric patients who underwent allogeneic
HCT and received letermovir as a primary prophylaxis for CMV
infection on a compassionate-use basis (LMV group, n=13) or not
(control group, n=26). The patients in the study group were matched
and compared to a historical population treated and followed at the
same hospital (1:2). The matching analysis took into account CMV
serology status of recipient and donor, diagnosis, conditioning and
type of transplantation.

Patients. There were no differences in basic characteristics between
the analyzed groups with respect to diagnosis (p=0.632), sex
(male/female, 6/7 vs. 14/12, p=0.741), age (median, 13.2 vs. 12.5,
p=0.233). Patient characteristics are presented in Table I.

Transplant/conditioning characteristics. In both groups, the majority
of patients received myeloablative conditioning appropriate for
diagnosis (69.2% vs. 65.4%). Patients with acute leukemias were
treated with either TBI/VP (total body irradiation, vepeside), BuMel
(busulfan, melfalan), FluMel (fludarabine, melfalan) or TreoFluThio
(treosulfan, fludarabine, thiotepa). Lymphoma patients received
either TBI/VP or TreoFlu and severe aplastic anemia patients were
treated with FluCy+ATG (fludarabine, cyclophosphamide, anti-
thymocyte globulin) regimens. The stem cell source was peripheral
blood in 10/13 patients in the study group, and 20/26 patients in the
control group. There were no differences in donor characteristics in
between groups (p=0.909), 10 patients were transplanted from
matched family donor (MFD), 28 were transplanted from matched
unrelated donor (MUD), and one donor was haploidentical. We
noted statistically significant differences in GVHD prophylaxis in
between the groups (p<0.001). In the control group, GVHD
prophylaxis was cyclosporine-based for all patients (n=26; 100%),
while in the study group, 53.8% of patients received cyclosporine-
based treatment and 46.2% were treated with post-transplant
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Table 1. Patient characteristics.

Variable LMV Controls p-Value
Number of patients 13 26
Sex (Male/Female) 6/7 14/12 0.741
Age (median, range) (years) 13.2 (7.1-16.9) 12.5 (4.6-16.7) 0.233
Diagnosis 0.632
Leukemia 8 16
Aplastic anemia 3 7
Lymphoma 2 2
Primary immunodeficiency 0 1
Conditioning (myeloablative) 9 (69.2%) 17 (654%) 0.813
Donor 0.909
MFD 4 6
MUD 8 20
Haploidentical 1 0
CMV recipient positive 13 26 1.000
CMYV donor positive 8 (61.5%) 20 (76.9%)  0.635
GVHD prophylaxis <0.001
CsA-based 7 (53.8%) 26 (100%)
PTCy-based 6 (46.2%) 0

CMV: Cytomegalovirus; GVHD: graft versus host disease; CsA:
cyclosporine; PTCy: post-transplant cyclophosphamide; LMV: letermovir;
MFD: matched family donor; MUD: matched unrelated donor.

cyclophosphamide (PTCy). We did not notice any differences
regarding acute GVHD development or delayed engraftment
between groups (Table II).

Criteria of inclusion. All patients in each group were CMV-
seropositive before HCT and 12/13 in the study group received
letermovir as primary prophylaxis. One patient diagnosed with acute
lymphoblastic leukemia relapse was treated with gancyclovir due to
CMV DNAemia (2,440 IU/ml) documented before HCT procedure.
Once the viral load was negative, the patient started secondary
prophylaxis with letermovir after transplantation.

Letermovir  administration.  Letermovir  prophylaxis  was
administered orally once daily starting from day +1 after HCT,
except for one patient on secondary prophylaxis, who started on day
+18. Dose was adjusted to cyclosporine co-administration and
calculated according to patient body weight and data available from
the literature (19, 20).

Antimicrobial prophylaxis. Standard prophylactic and supportive
therapy were used in all patients. Depending on conditioning
regimen, patients received cefuroxime axetil, ciprofloxacin,
micafungin, posaconazole, acyclovir and trimethoprim/sulfametho-
xazole as antimicrobial prophylaxis.

CMYV monitoring. Patients were screened for CMV DNA on weekly
basis until day +100 after transplantation. Later, PCR testing was
performed every 2-4 weeks. Viremia was monitored by standardized
PCR with the use of PCR Cobas z480 device (Roche, Basel,
Switzerland).

Definitions. We defined CMV reactivation when the virus, its antigens
(proteins) or genetic material were identified in any tissue or body
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fluid. Clinically significant CMV infection (CS-CMVi) was defined
as viremia that required the use of antiviral therapy. While CMV
disease was defined as proven disease with clinical symptoms,
confirmed by new findings on imaging, combined with CMV viremia
or positive results of histopathology, immunochemistry, or DNA
hybridization techniques.

Bioethical issues. This retrospective study was performed as part of
the project of management of viral infections after HST (Local
Bioethical Committee agreement 696/2017). All patients/parents
gave their consent for the use of letermovir.

Statistical analysis. The Mann-Whitney U-test was used for non-
categorical comparisons and Chi-square test for categorical
comparisons. Cumulative incidence of CMV infections was
calculated using the competing risk analysis from the first day of
letermovir administration. Death was considered as a competing
event. A p-value <0.05 was considered as statistically significant.

Results

Letermovir administration. Letermovir prophylaxis was
started at day +1 for primary prophylaxis (n=12) and at day
+18 for secondary prophylaxis (n=1). Letermovir was
administered for a median of 12 weeks, with a shortest and
maximum time of treatment of 8 and 21 weeks, respectively.
Prophylactic dose of letermovir was adjusted to cyclosporine
co-administration and calculated by body weight and varied
between 120-480 mg. In our study group, 8/13 of patients
(61.5%) received 240 mg, 3/13 of patients received 120 mg,
and 2/13 received 480 mg of letermovir orally once daily.

Letermovir efficacy. No CMV reactivation was observed during
administration of letermovir in our study group. In weekly
screening, based on molecular PCR testing (CMV DNA), we
noted transient CMV DNAemia in 2 patients in the study
group. None of the patients from the study group developed
break through CMV disease on letermovir therapy and during
follow-up period, regardless GVHD prophylactic treatment
(Table II). In the control group, 16/26 patients (61.5%)
developed CMV reactivation and 2/26 patients (7.7%) were
diagnosed for CMV disease: 1 developed CMV encephalitis
and 1 was diagnosed for multiorgan CMV disease (retinitis,
typhlitis and pneumonia). Cumulative incidence of CMV
reactivation was significantly higher for the historical group
(p<0.001) (Figure 1). Follow-up period was significantly
longer in the control group (median, >18 months vs. 4 months,
p<0.001). During the follow up period, 3/13 patients died in
the study group, and 10/26 died in the control group, and
survival was comparable in both groups (66.9% vs. 51.5%,
p=0.343). In patients receiving letermovir, deaths were not
attributable to CMV; 1 patient died because of disease
progression, 1 of GVHD with pulmonary manifestation, and 1
of septic shock complications. In the control group, we noted
2 deaths caused by active CMV infection: 1 with clinical

Table II. Transplant outcomes.

Variable LMV Controls p-Value
Granulocyte engraftment 12 (92.3%) 25 (96.1%) 0.999
ANC >0.5 g/l 19 (15-24) 19 (12-25)  0.213
(days after HCT)

(median, range)

Platelet engraftment 11 (84.6%) 25 (96.1%) 0.253
PLT >20 g/ (days after HCT) 15 (8-30) 16 (9-42) 0.452
(median, range)

Acute GVHD =2 6 (46.2%) 8 (30.8%) 0.351
CMV reactivation (overall) 0/13 16 (61.5%) <0.001
CMYV reactivation 0/7 16 (61.5%) 0.007
(CsA-based GVHD prophylaxis)

CMV disease 0/13 2 (7.7%) 0.311
Follow-up 4 (2-13) >18 <0.001
Relapse 1(7.7%) 7 (26.9%) 0.166
Death 3 (23.1%) 10 (38.5%) 0.343
Death CM V-attributed 0/13 2 (7.7%) 0.543
ANC: Absolute neutrophil count; HCT: hematopoietic cell

transplantation; PLT: platelet count; GVHD: graft versus host disease;
CsA: cyclosporine; CMV: cytomegalovirus; LMV: letermovir.

manifestation of encephalitis and 1 with severe pneumonia and
typhlitis, while the other deaths were due to relapse/progression
(n=5), sepsis with multiorgan failure (n=2) or GVHD (n=1).

Toxicity. We did not notice any delay in hematological
reconstitution in the study group. No differences regarding
granulocyte engraftment (92.3% vs. 96.1%; p=0.999) or
platelet engraftment (84.6% vs. 96.1%; p=0.253) were found.
No serious hepatotoxicity, nephrotoxicity or letermovir
intolerance was described.

Discussion

In this report, we showed that administration of letermovir as
a primary prophylaxis for CMV infection in children resulted
in a significant decrease in CMV reactivation. Even more, in
the group of 13 CMV-positive pediatric recipients, no patient
reactivated CMV neither during letermovir administration nor
during subsequent follow-up. Overall, our data present the
excellent efficacy of letermovir in, so far, the largest pediatric
analysis and obviously confirms previously published results
in adults (1, 2, 10, 21, 22). Among the entire analyzed group,
no breakthrough CMV infection or disease was observed.
Furthermore, in the study group, we did not notice any
toxicity, which could be attributable to CMV infection.
Letermovir dose administered in the pediatric group ranged
between 120-480 mg, depending on concomitant cyclosporine
use and calculations according to body weight. Despite oft-
label use of letermovir, without existing dose recommendation
and therapy duration, we did not report any toxicities. In
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Figure 1. Cumulative incidence of CMV reactivation.

addition, no evidence of myelotoxicity or engraftment failure
was noted. Median time of white blood cell (absolute
neutrophil count >0.5 g/l) and platelets (>20 g/I) recovery was
19 days and 15 days, respectively, after HCT, and those
parameters were comparable with the control group.

For comparison, we analyzed CMV reactivations in the
historical group of patients which appeared in children
treated with cyclosporine for GVHD prophylaxis. Analyzing
the potential risk of post-transplant CMV reactivation (HLA
mismatch, haploidentical donor, GVHD of grade 2 or higher
or the use of ex vivo T-cell-depleted grafts) (1), we did not
find significant differences in between the groups.

Letermovir prevented CMV reactivation in all our CMV-
seropositive pediatric patients, regardless of GVHD
prophylaxis. It has been reported that the use of PTCy can
influence the rate of CMV viremia (23, 24). However, in our
study the preventive effect of letermovir was significant also
in this subgroup of patients when compared to the historical
group (Table II).

There are some limitations to the study, including the
small patient numbers and relatively short post-LMYV follow-
up. The retrospective nature is a consequence of off-label use
of the drug.

In conclusion, incidence of CMV reactivation and disease
was highly decreased in the group of CMV-seropositive
children receiving prophylaxis with letermovir in comparison
to the historic control group not receiving prophylaxis. No
deaths were attributable to CMV infection in the letermovir
group. Our data support the high efficacy and safety of
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letermovir prophylaxis in pediatric patients after allo-HCT.
Further studies in children are ongoing.
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Abstract

Background Cytomegalovirus (CMV) infection is a frequent event in patients undergoing allogeneic haematopoietic cell
transplantation (HCT) and is associated with increased morbidity and mortality due to eventual progress to end-organ dis-
ease. Letermovir prophylaxis for CMV infections has become a standard of care in adult HCT recipients due to its efficacy
and high tolerability. However, it is not yet approved for paediatric patients.

Objective In a retrospective single-centre observational study we evaluated the use of letermovir for prophylaxis or pre-
emptive treatment of cytomegalovirus (CMV) infection in seropositive paediatric HCT recipients receiving the compound
outside of clinical trials. The primary endpoint was CMV reactivation requiring a change of medication.

Methods A total of 17 patients (seven female/ten male; median age 12.2 [range 3.5-19] years, median body weight 39.5
[range 15-63] kg; median follow-up time 463.7 [range 41-1022] days) were identified who were started on oral (14) or
intravenous (3) followed by oral (2) letermovir shortly after neutrophil engraftment at doses determined on the basis of age,
weight, and concomitant cyclosporine use.

Results Five patients had no evidence of viral replication (prophylactic use), while 12 patients had varying extents of viral
replication (pre-emptive therapy). A change of therapy was required in one patient due to a sustained increase in CMV viral
load, and in two patients, letermovir was stopped without later reactivation after initiation of palliative care for recurrent
leukaemia. Of the 14 patients who completed treatment, 3 had evidence of transient viral replication after end of treatment
that required no further antiviral treatment. No patients (of 17) discontinued letermovir due to an adverse event.
Conclusion Letermovir was effective in controlling CMV infection in seropositive paediatric allogeneic HCT recipients
and was overall well tolerated. Pending completion of the still ongoing paediatric investigation plans, letermovir will be an
important adjunct to our options for control of infectious complications in this special population.

Key Points

Letermovir was effective in controlling CMV infection in
seropositive paediatric HCT recipients.

Katharina F. Korholz and Miriam A. Fiiller contributed equally. Letermovir was well tolerated in paediatric patients.
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1 Introduction

Cytomegalovirus (CMV) infection with evidence of viral
replication in blood by polymerase chain reaction (PCR)
assays is a frequent event in patients undergoing alloge-
neic hematopoietic cell transplantation (HCT) [1, 2]. It is
associated with increased morbidity and mortality due to
eventual progress to end-organ disease, including chori-
oretinitis, pneumonia, and gastrointestinal disease [3-7].
Cytomegalovirus-seropositivity of the recipient and/or the
donor is the most important risk factor for CMV infection
in adults [8, 9] and is similarly associated with increased
CMV infection rates in paediatric patients [7, 10].

Letermovir is an antiviral compound targeting the
viral terminase complex of the cytomegalovirus [11].
Randomised controlled clinical trials in adults have
demonstrated that letermovir is well tolerated and sig-
nificantly reduces CMV infection and mortality in high-
risk allogeneic HCT recipients receiving the compound
in prophylactic intent when started within 28 days after
transplant [12—-14]. Since FDA approval for prophylaxis
against CMV infections in CMV-seropositive adult HCT
recipients in 2017, letermovir prophylaxis has become a
standard of care in adult allogeneic HCT recipients who
are seropositive and/or have a seropositive donor [13,
15]. Additionally, there is an increased interest in using
letermovir in off-label indications, including prophylaxis
of CMV-reactivation or pre-emptive therapy in paediat-
ric patients [16]. Pre-emptive treatment with ganciclovir,
foscavir or cidofovir has long been the therapy of choice
for paediatric patients with CMV infection, but is associ-
ated with critically unfavourable and treatment-limiting
safety profiles [17]. Therefore, there is an urgent need for
the investigation of safer CMV-directed antiviral agents in
paediatric patients.

A Phase IIb dose-finding study for prophylactic leter-
movir use in children and adolescents is ongoing but has
not yet been completed or published (NCT03940586)
[18]. In this single-centre retrospective study, we assess
the effectiveness, safety and tolerance of prophylactic and
pre-emptive off-label use of letermovir in paediatric allo-
geneic HCT patients who were at increased risk of CM V-
infection and disease and who were not included in the
ongoing clinical trial.

2 Patients and Methods

The study was a single-centre, retrospective, observa-
tional cohort study including all CMV-seropositive chil-
dren, adolescents and young adults aged <20 years who
underwent allogeneic HCT between July 2019 and March

A\ Adis

2022 and received letermovir and were not included in
the ongoing dose-finding trial of the manufacturer. Dur-
ing that period, a total of 72 children and young adults
received allogeneic HCT at our centre, 38 of whom were
CMV-seropositive. Written informed consent for off-label
drug use, data collection and analysis was obtained within
the consent procedure for cancer treatment, HCT and spe-
cialised medical care approved by the local institutional
review board.

The Centre for Bone Marrow Transplantation of the
Department of Paediatric Haematology and Oncology of
the University Children’s Hospital of Muenster is one of the
largest paediatric transplant centres in Germany with 25 to
30 allogeneic transplantations per year for standard indica-
tions in malignant and non-malignant conditions without
restrictions as to the underlying condition [19]. Conditioning
regimens follow the recommendations of the relevant regis-
tries and study groups [20, 21] with post-transplant immu-
nosuppression consisting of methotrexate and cyclosporine
A in the vast majority of patients, and management of acute
or chronic graft-vs-host disease (GVHD) follows the recom-
mendations of the European Society for Blood and Marrow
Transplantation (EBMT [22]). Therapeutic drug monitor-
ing is regularly performed for cyclosporine, tacrolimus and
sirolimus, and for voriconazole and posaconazole if used.
Prior to transplant, both recipient and donor are screened
for CMV by CMV immunoassays (Elecsys® CMV IgG and
IgM, cobas® e 801 system, Roche, Basel, Switzerland) and
polymerase-chain reaction (PCR) investigations (artus CMV
QS-RGAQ Kit; QIAsymphony RGQ System, Qiagen, Hilden,
Germany). Post-transplant, quantitative PCR investigations
are performed once weekly, and twice weekly once CMV
replication is detected. The centre is accredited by the Joint
Accreditation Committee of the International Society for
Cellular Therapies and the European Society for Blood and
Marrow Transplantation [23].

Letermovir was commenced as prophylaxis in PCR-neg-
ative patients or as (per definition) pre-emptive therapy in
asymptomatic PCR-positive patients at viral copy thresh-
olds left to the discretion of the responsible attending phy-
sician. Dosing was based on age, body weight, and use of
cyclosporine and in accordance with the preliminary dosing
scheme of the ongoing paediatric dose-finding trial [18].
Patients weighing > 30 kg received adult doses of 480 mg
letermovir (orally), patients weighing <30 kg and > 18 kg
received 50% reduced adult doses of letermovir (240 mg),
and patients weighing < 18 kg received 25% of the adult
dose (120 mg). In patients receiving concomitant cyclo-
sporine (but not tacrolimus or sirolimus), letermovir doses
were reduced by 50% in each weight cohort. Intravenous
doses of letermovir were similar to oral doses, except for
patients aged < 12 years and > 30 kg who received 120 mg
letermovir (with and without concomitant cyclosporine).
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Letermovir was continued until discontinuation of immu-
nosuppression and stable recovery of the CD4+ lymphocyte
count to at least 200 cells/uL in patients with successful
suppression of viral replication, and prematurely discontin-
ued in patients with either lack of response as measured
by increasing viral replication without predefined thresh-
old and/or signs of CMV disease, or occurrence of adverse
events attributed to letermovir at the discretion of the
responsible attending physician.

For analysis, the following characteristics were obtained
in each patient: sex, age and weight at the time of transplant,
underlying disease, CMV serostatus of donor and recipient,
type of donor and transplant, day of neutrophil engraftment,
CD4+ lymphocyte counts around Day +50, +100, +180,
and +360 post-transplant, occurrence and treatment with
steroids of GVHD, and duration of follow up. Start and dura-
tion of letermovir treatment and reason for stop of treatment;
CMYV replication in blood at the start of treatment, while on
treatment, and at the end of treatment; occurrence of CM V-
disease and reactivation of CMV after discontinuation of
letermovir treatment; and adverse events attributed to leter-
movir were also recorded.

The primary endpoint of the descriptive analysis was
defined as increases in CMV-copies/CM V-replication (reac-
tivation) during letermovir treatment that prompted a change
of antiviral medication. Adverse events resulting in discon-
tinuation of letermovir; the impact of GVHD treatment on
CMV replication under letermovir; and the occurrence of
CMV-reactivation and -disease after elective discontinuation
of letermovir were secondary endpoints of the study.

3 Results

A total of 17 patients (seven girls / ten boys; median [3.5-19
y] age 12.2 years, median [15-63 kg] body weight 39.5 kg)
were identified who received letermovir post-transplant due
to their high predicted risk to develop CMV infection and
disease as assessed by the individual CMV serostatus con-
stellation of donor and recipient (positive/negative, n = 11;
and positive/positive, n = 6). The relevant patient demo-
graphics are summarised in Table 1. Nine of the patients
underwent allogeneic HCT for high-risk acute leukaemia or
non-Hodgkin’s lymphoma, and eight for either bone marrow
failure syndrome or inherited haemoglobin disorders. The
majority of patients received bone marrow from a matched
related or unrelated donor with post-transplant immunosup-
pression with methotrexate and cyclosporine A. Neutrophil
engraftment occurred between Day +11 and +26, and six
patients developed transient grade I or I GVHD controlled
successfully with systemic steroids (Table 1).

Table 1 Demographics of 17 patients receiving letermovir between
July 2019 and March 2022 off-label for prophylaxis or pre-emptive
treatment

Variable/unit No. of patients (n) Percent
or median +SD (%) or
range
Median age (years) 122 +5.1 3.5-19
Median weight (kg) 39.5+16.3 15-63
Female sex 7 41.2
Underlying disease
Malignant haematological disease* 9 52.9
Non-malignant haematological 8 47.1
disease**
Cytomegalovirus IgG serostatus
Donor positive/recipient positive 6 353
Donor positive/recipient negative 11 64.7
HLA-matching and donor type
Matched sibling donor 4 23.5
Matched family donor 1 5.9
Matched unrelated donor 10 58.8
Mismatched unrelated donor 2 11.8
Transplant type
Bone marrow 16 94.1
Peripheral blood stem cells 1 5.9
Immunosuppression
Cyclosporin A 15 88.2
Tacrolimus/sirolimus 2 11.8
Neutrophil engraftment day (day post- 20.6 + 4.3 11-26
HCT)
Graft-vs-host disease (GVHD)
Acute GVHD 6 353
Acute GVHD receiving steroids 6 353
Chronic GVHD 0 0
Stop of all immunosuppression (day 131.4 +47.6 72-259

post-HCT) (n = 14)

ALL acute lymphoblastic leukaemia, AML acute myeloid leukaemia,
GVHD graft-vs-host disease, HCT haematopoietic cell transplanta-
tion, IgG immunoglobulin G, MDS myelodysplastic syndromes, NHL
non-Hodgkin lymphoma, SCD sickle-cell disease, VSAA very severe
aplastic anemia

*ALL, 5 pts; AML, 1 pt; NHL, 3 pts; ** bone marrow failure syn-
dromes (e.g., MDS, VSAA), 4 pts; inherited haemoglobin-disorders
(e.g., SCD, B-Thalassemia), 4 pts

Details of treatment with letermovir of the 17 patients
are listed in Table 2. A diagram of the descriptive results
is depicted in Fig. 2. In most of the patients (n = 13), leter-
movir was started post-neutrophil engraftment at a median
of 27.8 days post-transplant. Five patients had no evidence
of viral replication, while 12 patients had varying extents
of viral replication. Letermovir was administered orally
in 14 patients, intravenously in one patient, and intrave-
nously followed by oral administration in the remaining
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Table 2 Treatment details of 17 patients receiving letermovir between July 2019 and March 2022 off-label for prophylaxis or pre-emptive treat-

ment
Variable/unit No. of patients (n) or median +SD Percent
(%) or
range

Start of letermovir (day post-HCT) 27.8 + 10 14-55
Viral replication at start of letermovir

No 5 29.4

Yes 12 70.6
Route of administration

Oral 14 82.3

Intravenous 59

Intravenous followed by oral 2 11.8
Letermovir daily dose

240 mg 12 70.6

120 mg 4 235

60 mg 1 59
Treatment outcomes

Change to other CMV directed treatment 1 5.9

Discontinuation due to intolerance 0 0

Treatment ongoing 0 0

Treatment completed 14 82.4

Transient reactivation after end of treatment 3 17.6
Duration of treatment (days) n = 14 139.7 + 86.3 10-302
Follow-up after completed LTV treatment (days) n = 14 362.6 + 196.4 91-665
Patients replication kinetics during treatment

Transient increase in CMV viral load 47.1
Maximum viral load (1000 IU/mL) n = 16 * 4.7+09.1 0-38.8
Patients with acute GVHD and steroid therapy 353

Transient increase in CMV viral load 3 17.6

CMYV cytomegalovirus, GVHD graft-vs-host disease, HCT haematopoietic cell transplantation, LTV letermovir

“Pt 13 excluded due to change to ganciclovir treatment at a max. viral load of 366000 IU/mL

two patients at doses selected on the basis of age, weight,
and concomitant cyclosporine use.

In one of the patients (pt. 13), letermovir was prema-
turely discontinued on Day 10 of treatment due to a sus-
tained increase in the viral load and antiviral therapy was
changed to ganciclovir; resistance testing was initiated
with inconclusive results due to technical problems with
the assay. In two patients (pts 5 and 14), letermovir was
stopped without later reactivation on Days 107 and 10 of
treatment, respectively, due to recurrent disease and initia-
tion of palliative care. The remaining 14 patients (pts. 1-4,
6—-13 and 15-17) received letermovir until recovery of the
CD4+ lymphocyte count to >200 cells/uL. and durable
absence of viral replication, for a median duration of 139.7
days (Table 2). On average, a CD4+ lymphocyte count
above 200 cells/uL was reached at Day +180 post-HCT,
with a median CD4+ count of 352.3 cell/uL [81-1056
cells/uL].

A\ Adis

Figure 1 depicts the course over time of the CMV viral
load in plasma in the 17 patients receiving letermovir. In
the five patients who were started without prior evidence
of replication, only one patient had transient increases in
the viral load up to a maximum of 1498 IU/mL. At end
of treatment, all of the five patients had no detectable viral
load (Fig. 1a). Of the 12 patients with evidence for CMV
replication at start of treatment, eight patients experienced a
transient increase in CMV-viral load. Ten of the 12 patients
had an undetectable viral load at the end of letermovir treat-
ment; one patient was changed to ganciclovir due to absent
response to letermovir, and in one patient, letermovir was
discontinued due to lymphoma relapse and palliative care
(Fig. 1b). Of note, of the six patients who developed grade
I/I GVHD and received short-term steroid treatment, three
had a transient increase in the viral load to a maximum of
1040, 940 and 1498, IU/mL, respectively, and one had an
increase to up to 366,000 IU/mL in the course of 10 days.
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Fig.1 Course of CMV viral load in plasma over time in 17 patients
receiving letermovir between July 2019 and March 2022 off-label for
prophylaxis or pre-emptive treatment. In each plot, CMV viral rep-
lication at transplant day + 5 days, at the start of letermovir treat-
ment, at the end of letermovir treatment and in between, the maxi-
mum observed value while on letermovir therapy with letermovir is
depicted. Each line represents one individual patient. (a) CMV viral

17 patients
CMV serostatus
+/+ (n=11) or +/- (n =6)

start of LTV treatment
- before neutrophil engraftment n = 4
- post neutrophil engraftment n = 13

At start of LTV treatment
no viral replication n = 5 patients
evidence of viral replication n = 12 patients

* 1 patient: LTV discontinued due to sustained
increase of CMV viral copies

*» 2 patients: LTV discontinued due to recurrent
disease and initiation of palliative care

v

14 patients 3 patients: transient
median LTV treatment 137.9 days » viral replication after
no CMV disease end of LTV treatment

Fig.2 Diagram depicting the descriptive results concerning viral rep-
lication status and LTV treatment status. CMV cytomegalovirus, LTV
letermovir

There was no discontinuation of letermovir due to an
adverse event in the 17 patients, and no patient developed
CMV disease. Of the 14 patients who completed treat-
ment, after a median follow-up time of 362.6 days after
discontinuation, three had evidence of transient viral
replication after the end of letermovir treatment that was
followed clinically and did not require further antiviral
treatment (Fig. 2, Table 2).

load in plasma in IU/mL over time in five patients with no evidence
of viral replication at the time of start of treatment. * Patient (5) died
before end of treatment. (b) CMV viral load in plasma in IU/mL
over time in 12 patients with evidence of viral replication at the time
of start of treatment. * Patient (14) died before end of treatment. A
Patient (13) was changed to ganciclovir treatment. CMV cytomegalo-
virus, LTV letermovir

4 Discussion

In this single-centre, retrospective, observational cohort
study including all paediatric patients at high risk for CMV
reactivation who received letermovir outside of the ongoing
dose-finding trial as primary prophylaxis (n = 5) or early
pre-emptive therapy (n = 12), letermovir was discontin-
ued prematurely due to a persistently high viral load in one
patient who was salvaged with ganciclovir and in two further
patients who were transitioned to palliative care for recur-
rent disease. In 14 patients who completed treatment, tran-
sient reactivations after the end of treatment without need
for intervention occurred in three patients. Letermovir was
overall well-tolerated, and no patients developed treatment-
limiting adverse events.

Transient increases in the CMV viral load in plasma
were not infrequent while on treatment with letermovir
and were observed in 5 of 11 patients (45%) without
and in 3 of 6 patients (50%) with acute GVHD receiv-
ing steroid treatment. While the occurrence of GVHD is
a well-described risk factor for the development of CMV
reactivation [13, 24-27], the latter appeared not to have
been influenced by the presence of GVHD during leter-
movir exposure. Supporting the efficacy of letermovir in
our study, no breakthrough CMV infections were reported
by others in children with off-label prophylactic letermo-
vir treatment [16, 27]. Styczynski et al, in an EBMT-
initiated multicentre, retrospective observational study,
reported an incidence of CMV breakthrough infections in
patients (adults and children) with letermovir prophylaxis
of approximately 10% [16]. However, transient increases
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in the CMV viral load were not captured in that study.
Most patients included in this study (70%) received leter-
movir per definition as pre-emptive treatment following
documented CMV reactivation, and most responded very
well to letermovir treatment. There are only few reports
for letermovir pre-emptive therapy or secondary prophy-
laxis in children, which show, however, overall high viral
clearance rates [16, 28, 29]. In adult patients, a Phase 2a
study was conducted for pre-emptive letermovir treatment
in kidney transplant recipients [30] and experiences with
letermovir secondary prophylaxis in HSCT recipients
have been previously published [16, 31]. However, at the
time of the writing of this article, letermovir is approved
for prophylaxis of CMV reactivation only [13, 16] and
approval of this indication in paediatric patients is pending
until completion of the ongoing paediatric dose-finding
trial.

We found that letermovir was overall very well tolerated:
there were no treatment discontinuations due to adverse
events thought to be related to letermovir treatment. This
observation is in line with previous reports of letermovir use
in paediatric patients, where letermovir provoked common
adverse events such as nausea and vomiting [16, 27] or mild
liver function impairment [27, 29] but did not result in leter-
movir discontinuation. With a median treatment duration of
132.6 days, even long-term use of letermovir was well toler-
ated in our cohort. In one patient, letermovir had to be dis-
continued due to absent response to letermovir pre-emptive
therapy. While resistance testing in our patient was prompted
but was unsuccessful due to technical problems with the
assay, resistance to letermovir has been linked to mutations
in a gene for the viral terminase subunit (UL56) that does
not affect susceptibility to ganciclovir treatment [32, 33]. In
line with these findings, breakthrough CMV-viremia in our
patient could be cleared with ganciclovir treatment.

A limitation of our study is the lack of a comparator
group receiving alternative CMV prophylaxis or pre-emptive
treatment. Therefore, no statistical analyses regarding effi-
cacy and safety can be derived from the study. To date, there
are limited reports of letermovir use in children [16, 27-29,
34, 35] with overall very small sample sizes, underlining
the need for more analysis of letermovir prophylaxis or pre-
emptive treatment in children.

5 conclusions

In conclusion, the results of this necessarily limited analysis
suggest that letermovir is well tolerated even for long-term
use and effective in CMV prophylaxis and pre-emptive treat-
ment in paediatric patients with high-risk CMV constella-
tions undergoing allogeneic HCT. The demonstration of
effective prevention of CMV infection and disease without

A\ Adis

haematological or renal adverse events with letermovir [13]
is a breakthrough in infectious disease supportive care in
allogeneic HCT recipients, which needs to be made availa-
ble to children and adolescents by appropriate dose-findings
studies. In addition, further studies are required to inves-
tigate the role of letermovir for pre-emptive treatment of
CMYV infections.
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BACKGROUND

Cytomegalovirus (CMV) infection is a common and life-threatening complication
following allogeneic haematopoietic stem cell transplantation (allo-HSCT). Letermovir
(LET) has been the standard prophylaxis for adult recipients, but studies in children
remain limited.

METHODS

We retrospectively analyzed children with or without LET prophylaxis after
haploidentical donor (HID) for the Beijing protocol or unrelated cord blood (UCB)
transplantation.

RESULTS

Of the 151 patients, 67 received LET, including 35 HID recipients and 32 UCB recipients.
During the 180 days after transplantation, we found that the LET group had a lower
incidence of clinically significant CMV infection (csCMVi) than the non-LET group
(13.4% vs. 56.0%, P <0.001). In the LET group, later LET administration was identified as
a risk factor for the occurrence of csCMVi (HR: 1.07, 95% CI: 1.01 - 1.14, P=0.029).
Further, the HID subgroup had a lower incidence of csCMVi during follow-up than the
UCB subgroup (2.9% vs. 25.0%, P=0.009). In terms of safety, the incidence and severity of
adverse events, overall survival, cumulative incidence of relapse, relapse free survival,
nonrelapse mortality and graft versus host disease-free, relapse-free survival were similar
between the two groups.

CONCLUSION

LET is effective and safe in preventing csCMVi among Chinese children undergoing
allo-HSCT. Compared to UCB recipients, children undergoing HID transplantation for the
Beijing protocol develop less scCMVi up to 180 days post-HSCT.
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Efficacy and safety of primary letermovir prophylaxis for cytomegalovirus infection in paediatric patients u...

INTRODUCTION

Cytomegalovirus (CMV) infection is a common and life-
threatening complication following allogeneic hematopoi-
etic stem cell transplantation (allo-HSCT). It is estimated
that 10 to 40% of patients underwent HSCT will develop
CMYV infection, with a mortality rate as high as 70%. No-
tably, patients were defined as being a high risk of CMV dis-
ease if they received stem cells from unrelated cord blood
(UCB) or haploidentical donors (HID), due to their delayed
immune reconstitution (IR) and HLA disparity.1:2

Letermovir (LET) is a novel exclusive anti-CMV drug that
acts by inhibiting the CMV terminase complex and has been
successfully confirmed to reduce clinically significant CMV
infection (csCMVi) with good tolerability. Since a landmark
prospective, randomized, large-scale cohort studies, it has
been recommended as the standard prophylaxis for adult
seropositive recipients following allo-HSCT by the US Food
and Drug Administration (FDA) and the European Confer-
ence on Infections in Leukaemia (ECIL 7).1:3 Subsequently,
several studies also unequivocally demonstrated the effi-
cacy and safety of LET in mitigating the risk of CMV dis-
ease, particularly among those identified as being at high
risk.#-6 Although the partially published data from the on-
going Phase 2b non-randomized, multicenter, open-label,
sequential dose escalation study (NCT03940586;
MK-8228-030) indicateed the efficacy and safety of using
adult doses of LET in children aged 12-18 years,’ the use of
LET in pediatric patients was still considered off-label, es-
pecially in those under the age of 12. Currently, there are
several small retrospective cohort studies that have con-
firmed the efficacy and safety of LET in children,8-1! but
less studies have further explored it in the context of alter-
native donors.

Here, we retrospectively evaluated the efficacy and
safety of primarily prophylactic LET for paediatric patients
who underwent UCB or HID transplantation.

MATERIALS AND METHODS

PATIENTS AND STUDY DESIGN

A total of 151 children underwent allo-HSCT between Janu-
ary 2021 and December 2023 at the Institute of Hematology
& Blood Diseases Hospital, Chinese Academy of Medical
Sciences. Sixty-seven patients who received LET prophy-
laxis after allo-HSCT were compared retrospectively with
eighty-four patients without.

Because infection affects 20% to 30% of CMV-seroneg-
ative recipients who have undergone transplantation from
CMV-seropositive donors,!2 and the effectiveness of LET
in these recipients is specified in the Risk Management
Plan mandated by the Pharmaceuticals and Medical Devices
Agency (PMDA) of Japan,!3 Our study included these recip-
ients. The primary end point was the incidence of csCMVi
within 180 days post-HSCT, which was defined as CMV
viremia or the application of preemptive treatment (PET).
The secondary end point was the occurrence of adverse
events (AEs) and post-transplant outcomes. The median

follow-up time for the LET group and the non-LET group
was 417 (22-796) and 732.5 (96-1253) days, respectively.

LET PROPHYLAXIS AND CMV MANAGEMENT

The dosages of letermovir were based on body surface area
(BSA), specifically BSA/1.73x480mg. The patients who re-
ceived concomitant cyclosporine (CsA) were administered
half a dose of letermovir, BSA/1.73x240mg. According to
the medication instructions, we began administering leter-
movir after allo-HSCT. The median interval from transplan-
tation to LET administration was 10 (1-44) days, and the
treatment was continued until day +100 post-transplanta-
tion.

We routinely measured the CMV-DNA load in plasma
using real-time quantitative polymerase chain reaction
(qPCR). This was done twice a week until neutrophil en-
graftment, then once a week until 100 days post-HSCT,
and during subsequent outpatient follow-up visits. CMV
DNAemia was defined in accordance with our institu tional
guidelines as treatment initiated after CMV-DNA load >125
IU/mL (1000 copies/ml).14 Due to the bleeding tendency
observed in the pediatric patients, the diagnosis of sus-
pected CMV gastrointestinal disease in this study was based
on clinical symptoms and CMV DNA in stool samples, with-
out the conduct of histological biopsy. The anti-CMV drugs
(intravenous ganciclovir or foscarnet) for PET were selected
at the physician 's discretion.

DEFINITIONS

The hematopoietic cell transplantation-specific comorbid-
ity index (HCT-CI) were defined according to Sorror et al.15
ADs included neutrophil graft failure, any organ impair-
ment and orther infection. Neutrophil engraftment was de-
fined as the first of 3 successive days with an absolute neu-
trophil count of >500/ul after post-transplantation.1® The
hepatic, renal, and cardiac impairment was according to
AST, ALT, Cr, and Tnl levels, and their grade referring to
the Common Terminology Criteria for Adverse Events (CT-
CAE - Version 5.0). The overall survival (OS), cumulative in-
cidence of relapse (CIR), relapse free survival (RFS), non-
relapse mortality (NRM), graft versus host disease (GVHD),
and GVHDfree, relapse-free survival (GRFS) were assessed
as post-transplant outcomes and calculated from the date
of HSCT. GRFS events were defined as grade III-IV acute
GVHD (aGVHD), moderate to severe chronic GVHD
(cGVHD), disease relapse, or death from any cause after
HSCT.

STATISTICAL ANALYSES

Continuous variables are expressed using the average
(range), while categorical variables are represented using
number (percentage). Categorical variables were appropri-
ately evaluated using the Chi-square test, while continuous
variables were assessed using the Mann-Whitney U test. A
cumulative incidence curve was utilized for comparing cu-
mulative incidence of csCMVi, GVHD, CIR and NRM. The
OS, RFS, and GRFS were estimated using the Kaplan-Meier
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method and compared with the log-rank test. Cox propor-
tional hazards model was conducted to assess the rela-
tionships between clinical factors and csCMVi. A P value
greater than 0.05 was considered statistically insignificant
when using a two-tailed test. Statistical analyses were per-
formed using R version 4.3.0.

RESULTS

STUDY POPULATION

A total of 151 patients were included, consisting of 67 in the
LET group and 84 in the non-LET group. The two groups
had well balanced clinical and transplantation character-
istics (Table 1). The preexisting disorders included lym-
phoma and bone marrow failure (BMF), acute myeloid
leukemia (AML), acute lymphoblastic leukemia (ALL),
myelodysplastic syndromes (MDS), myelodysplastic/myelo-
proliferative neoplamsms (MDS/MPN), hybrid acute
leukemia (HAL). All HID recipients underwent the Beijing
protocol, which included antithymocyte globulin (ATG),
and none had received alemtuzumab or undergone ex vivo
T-cell depletion

EFFICIENCY ANALYSIS

At the 180 days after transplantation, the cumulative in-
cidence of csCMVi was significantly different between the
LET group and the non-LET group (9/67 [13.4%] vs.46/84
[56.0%], P<0.001) (Figure 1A). Further, among patients who
reached the primary end point, the LET group had later
a later average time of infection onset (day +71 [25-147]
vs.+41 [22-115] after transplantation, P=0.306), lower aver-
age CMV-DNA peak load (343 [136-811] vs. 1080 [134-7187]
IU/ml, P=0.015) and shorter average duration (11 [2-18] vs.
19 [3-53] days, P=0.113) than the non-LET group (Figure
1B&C). In Cox proportional hazards model, LET adminis-
tration was identified as an independent favourable factor
for protecting children from csCMVi (hazard ratio [HR]
0.19,95% CI 0.09 - 0.40, P<0.001) (Figure 2). A few patients
developed suspected CMV infection, affecting the gastroin-
testinal tract in all cases, with 4/67 (6.0%) in the LET group
and 6/84 (7.1%) in the non-LET group. Finally, all success-
fully treated with antiviral therapy (ganciclovir / foscarnet).

Among the LET group, there were 9 children developed
csCMVi. Their clinical features prior to their first csCMVi
were presented in Table 2. Their average age was 7.7 years,
similar to the average age of the LET group, which was
7.6 years. All pediatric patients were administered Leter-
movir up to 100 days post-transplantation. Although a few
patients experienced csCMVi after discontinuation of LET,
they did not resume LET treatment. 6/67 (9.0%) developed
breakthrough CMV infection, including 5 receiving UCB
transplantation and 1 receiving HID transplantation
(P=0.071). Their average time of csCMVi was day +36 (25 -
46) post-HSCT, their average CMV-DNA peak load was 319
(136 - 811) IU/ml, and their average duration of CMVi was
11 (5 - 18) days. After viral clearance, two patients (Pt 4 and
Pt 6) developed recurrent csCMVi. Pt 4 developed break-

through infection again at day +95 post-transplantation,
while Pt 6 experienced reactivation at day +123 post-trans-
plantation, which was also the 23 days after LET discon-
tinuation. Besides them, after LET discontinuation, other
three patients (Pt 7, Pt 8 and Pt 9) receiving UCB trans-
plantation also developed csCMVi. The cumulative curve
showed HID subgroup had significantly lower incidence of
c¢sCMVi than UCB subgroup (P=0.009, Figure 1D). The mul-
tivariable analysis suggested the late initiatial time of LET
administration was risk for the occurence of csCMVi (HR
1.07, 95% CI 1.01 - 1.14, P=0.029) (Figure 2). All pediatric
patients who developed GVHD were administered steroid-
based immunosuppressive therapy, with gradual dose re-
duction upon symptomatic improvement. Among those
who experienced GVHD, the incidence of csCMVi was also
significantly lower in the LET group compared to the non-
LET group (30/61, 49.2% versus 8/51, 15.7%, P < 0.001).

SAFETY ANALYSIS

There was no discontinuation due to toxicity was observed
in our study. There was no engraftment failure observed
in the LET group and the non-LET group, and the average
time to neutrophil engraftment was 16 (10 - 34) days and 16
(9 - 28) days in patients with and without LET prophylaxis,
respectively (P=0.490). For transplantation-related compli-
cation, although the LET group had a higher incidence of
Epstein-Barr virus (EBV) infection compared to the non-
LET group (9/67 [13.4%] vs.5/84 [6.0%], P=0.196), their sub-
sequent incidence of post-transplantation lymphoprolifer-
ative disorder (PTLD) were similar (2/67 [3.0%] vs.2/84
[2.4%], P=1, Table 3). Besides, our data indicated that both
groups exhibited comparable frequencies and severity of
GVHD (Figure 1E&F), organ damage, and other infections
(Figure 1G). The median aGVHD was 30 days and 27 days
for the LET and non-LET groups, respectively (p = 0.061,
Figure 1E). The median time to onset of aGVHD was 30 days
and 27 days for the LET and non-LET groups, respectively
(p=0.061).

The main post-HSCT outcomes are summarized in Table
3. The causes of death among the 11 children included re-
lapse, non-CMYV severe infection and transplantation-asso-
ciated thrombotic microangiopathy (TA-TMA). In each of
the LET and non-LET groups, the 1-year OS of 89.6% and
95.2% (p = 0.220), CIR of 16.7% and 8.1% (p = 0.321), RFS
of 83.6% and 90.5% (p = 0.261), NRM of 6.3% and 3.2% (p
= 0.648) and GRFS of 59.7% and 72.6% (p = 0.071), respec-
tively, were observed (Table 3). There were also no statis-
tically significant differences in OS, CIR, RFS, NRM, and
GRFS between the two groups in the cumulative incidence
curves. The median GRFS for the LET group was 175 days,
the median GRFS for the non-LET group was not reached.

DISCUSSION

The study retrospectively analyzed the efficacy and safety
of LET prophylaxis in children undergoing HID and UCB
transplantation. In addition, we focused on its efficacy in
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Table 1. Baseline characteristics of the all paediatric patients.

LET Group Non-LET Group Pvalue
n 67 84
Sex 1
Female 24(35.8) 31(36.9)
Male 43(64.2) 53(63.1)
Age, years 0.194
mean (range) 7.6(1-17) 8.4(1-19)
BMI 0.837
mean (SD) 17.72(3.75) 17.72(3.99)
CMV antibody combination 0.207
Donor+/Recipient+ 27 (40.3) 44 (52.4)
Donor+/Recipient- 14 (20.9) 10(11.9)
Donor-/Recipient+ 26(38.8) 30(35.7)
Primary reason for transplantation 1
Benign disease 18(26.9) 23(27.4)
Malignant disease 49(73.1) 61(72.6)
HCT-CI 0.132
0 54 (80.6) 75(89.3)
21 13(19.4) 9(10.7)
Stem cell source 0.288
cord blood 32(47.8) 33(39.3)
peripheral blood 25(37.3) 30(35.7)
bone marrow+peripheral blood 10(14.9) 21(25.0)
Conditioning regimen 1
MAC 49(73.1) 62(73.8)
RIC/NMAC 18(26.9) 22(26.2)
Drugs used for GVHD prophylaxis 0.967
Cyclosporin based 62 (92.5) 79 (94.0)
Tacrolimus based 5(7.5) 5(6.0)
Type of donor 0.379
UCB 32(47.8) 33(39.3)
HID 35(52.2) 51(60.7)
ABO match graft 0.716
Matched 33(49.3) 45(53.6)
Mismatched 34 (50.7) 39 (46.4)

L LET, Letermovir; BMI, Body Mass Index; CMV, Cytomegalovirus; HCT-CI, Hematopoietic Cell Transplantation-specific Comorbidity Index; MAC, Myeloablative transplantation; RIC/
NMAC, Reduced intensity conditioning/Non-MAC; GVHD, graft-versus-host disease; UCB, unrelated cord blood; HID, haploidentical donor; SD: standard deviation.

2 Values are reported as n (%) of patients, unless indicated otherwise.

3 P values were calculated using a two-sided Chi-Square Test for categorical variables and a Wilcoxon rank-sum test for continuous variables.

paediatric patients who received transplants from different
donor sources.

Among 151 paediatric patients who underwent alterna-
tive donor transplantation in our center both before and
after the the introduction of LET in China (August 2022),
we found that LET was highly effective in preventing CMV
infection. Despite the fact that all our study populations
were considered high-risk for CMV infection, the reported
rates of breakthrough infections (8/39, 20.5%) and the in-
cidence of endpoint events within 180 days post-transplan-

tation (4/41, 9.8%) from previous paediatric studies were
comparable to our findings.8? It is noteworthy that both
our and previous paediatric studies have reported lower in-
fection rates compared to the phase 3 clinical trial,3 sug-
gesting that the age of the recipients may be a major factor
contributing to this discrepancy. Raheel Iftikhar et al. found
that being older than 12 years was an independent risk fac-
tor for CMV infection, through analysis of 230 consecutive
patients undergoing allo-HSCT.17 In addition, age-related
thymic insufficiency also contributes to differences in CD4+
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Figure 1. Panel A shows the cumulative incidence of clinically significant Cytomegalovirus infection (csCMVi),
stratified by letermovir administration group, through 180 days after allogeneic hematopoietic cell
transplantation (allo-HSCT). Panel B and C show the time of csCMVi onset, CMV-DNA peak load and csCMVi
duration. Panel D shows the cumulative incidence of csCMVi through 180 days after allo-HSCT, stratified by
donor type subgroup. Panel E, F and G show acute graft-versus-host disease (aGVHD), chronic graft-versus-host
disease (cGVHD) and orther viral infection probability. All P values are two-sided.

and CD8+ T cells reconstitution patterns between children
and adults after transplantation.!® Besides, the phase 3
clinical trial enrolled only R+ patients, whereas approxi-
mately 20% of our study recipients had a negative CMV
serostatus, which may partly contribute to the observed dif-
ference. Overall, our study highlights the significant effi-
cacy of LET in preventing CMV infection, even in high-risk
paediatric patients.

We then conducted a further analysis of the paediatric
patients in the LET group. Our study first compared the
efficacy of LET in paediatric patients undergoing HID for
the Beijing protocol and UCB transplantation. We found
that the efficacy of LET in HID recipients for the Beijing
protocol exceeded that in UCB recipients. During prophy-
laxis, 5 out of 6 patients who developed a breakthrough in-
fection received a UCB transplantation. After discontinua-
tion of LET, all 3 cases of late-onset CMV infection were
from the UCB subgroup. This may be related to the lower
total lymphocyte count in UCB grafts, leading to delayed
IR post-transplantation.l® A retrospective study by Hill et
al. of 61 patients who received a UCB transplantation, of
whom 21 received LET prophylaxis, also suggested this. Af-
ter one year of follow-up, they found that the cumulative
incidence of CMV infection was almost similar between the
group receiving LET prophylaxis and the group not receiv-
ing LET prophylaxis.20 Therefore, long-term monitoring of
children undergoing UCB transplantation after discontinu-
ation of LET was indeed necessary. To further optimize the
prophylactic strategy, extensive long-term research is es-
sential to investigate the feasibility of extending the dura-
tion of LET use in UCB recipients. Most importantly, our
results showed that early use of LET after transplantation

significantly reduced the risk of CMV infection. This im-
portant finding, which has not yet been reported in chil-
dren, requires further validation and consolidation through
larger cohort studies. Such efforts will also help determine
the optimal timing of LET administration.

In terms of safety, previous pediatric studies have pre-
dominantly determined the dosage of letermovir based on
BSA and concurrent CsA use, with all of them validating its
favorable efficacy and safety, and our study also adhered to
this principle. Nevertheless, age continued to be a crucial
factor that cannot be overlooked in pediatric medication.
An ongoing Phase 2 clinical trial has divided patients into
three age groups to explore optimal dosing strategies.”
Published data from this trial has indicated that children
aged 12-18 could safely receive the same LET dosage as
adults, which was consistent with the dosing administered
to this age group in our study.

During follow-up, we did not observe any LET-related
myelosuppression, organ toxicity or transplant-related
complications. The absence of myelosuppression with LET
was a prerequisite for its use prior to neutrophil engraft-
ment, thereby ensuring its safety. In line with similar find-
ings in previous studies, the study confirmed that the time
to neutrophil engraftment was comparable between pa-
tients who received LET and those who did not (P=0.953).21
Notably, although the EBV infection rate was slightly
higher in the LET group compared to the non-LET group,
this difference was not statistically significant. In addition,
the incidence of PTLD was similar between the two groups.
Several recent studies have suggested that LET may in-
crease the risk of EBV infection and PTLD in adults,?2:23 but
there are few reports in children.
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Figure 2. Forest plots showed the impact of clinical factors on the incidence of clinical significant Cytomegalovirus infection (csCMVi) in all patients and the

letermovir group.

Clinical factors included the administration of LET, body mass index (BMI), CMV serostatus of recipients, donor type, Hematopoietic Cell Transplantation-specific Comorbidity Index (HCT-CI) score more than one, the conditioning regimen, graft-versus-host disease
(GVHD) prophylaxis, ABO match graft, the occurrence of GVHD prior to the csCMVi, and the occurrence of other types of viral, bacterial, or fungal infection prior to the csCMVi. Diamonds represent the hazard ratios, and the horizontal bars extend from the lower limit
to the upper limit of the 95% confidence interval.
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Table 2. Clinical manifestations before or at primary endpoint in patients within the LET group.

ID Pt1 Pt2 Pt3 Pt4 Pt5 Pté6 Pt7 Pt8 Pt9
Sex M M F F F M F F M

Age 3 3 2 10 8 14 4 14 11
CMV D- x D- .

serostatus D-/R+ D-/R+ D+/R+ R+ D-/R+ D+/R- R+ D+/R- D-/R+
Transplant- MDS/

ation Leukemia Leukemia Leukemia MDS MPN Leukemia MDS Leukemia Leukemia
indication

Conditioni-ng MAC MAC MAC MAC MAC MAC MAC MAC MAC
regimen

Letermovir 8 a4 23 30 21 2 9 32 2

start time

GVHD CsA CsA CsA CsA CsA CsA CsA CsA CsA
prophylaxis based based based based based based based based based
Donor type UCB UCB HID UCB UCB UCB ucB UCB UCB
Neutrophil es es es es es es es es es
engraftme-nt Y Y Y Y Y Y Y Y Y
aGVHD grade - 4 3 1 3 4 2 1 2
cGVHD - - - - - - - - yes
Other bacterial - - - fungal  BKV - - BKV
infection

Primary end day day day

point day +25 day +28 day +34 +39 +40 day +46 +136 day +141 day +147
Peak CMV 249 1U/ 8111U/ 3191U/ 192 209 136 1U/ 315 43010/ 427 1U/
DNA load ml ml ml 1U/ml 1U/ml ml 1U/ml ml ml
Therapy

ganciclovir yes yes yes yes yes yes yes yes yes
foscarnet - yes - - yes - - - -

*CMV-IgG (+) in UCB indicates that the infant was exposed to CMV during the mother’s pregnancy, and the CMV IgG antibodies were transferred to the fetus through the mother.
Pt: patient; M, Male; F, Female; BMI, Body Mass Index; CMV, Cytomegalovirus; R: recipients; HCT-CI, Hematopoietic Cell Transplantation-specific Comorbidity Index; MAC, Mye-
loablative transplantation; GVHD, graft-versus-host disease; CsA: Cyclosporin A; UCB, unrelated cord blood; HID, haploidentical donor.

This study was a small-sample, single-center, retrospec-
tive real-world study. Additionally, there was no estab-
lished dosing protocol for LET in children, resulting in a
considerable time span for the initiation of LET in the LET
group. Furthermore, although most of the patients in-
cluded in the non-LET group underwent transplantation
before the approval of LET (August 2022), a portion of them
received allo-HSCT recently without LET prophylaxis. Due
to the advent of new antibiotics, diagnostic techniques and
so on,24 the clinical outcomes of patients undergoing trans-
plantation recently have improved. This may also impact
the results of this study.

In conclusion, LET demonstrates efficacy in preventing
csCMVi among Chinese children undergoing alternative
donor transplantation, especially in HID recipients, and
also has a good safety profile.
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Table 3. Adverse Events.

Adverse Event LET group Non-LET group X-squared Pvalue
n=67 n=84
aGVHD 47(70.1) 60(71.4) 0 1.000
O grade 20(29.9) 27(32.1) 3.418 0.332
1grade 11(22.9) 16(19.0)
2 grade 9(13.4) 18(21.4)
3-4 grade 27 (40.3) 23(27.4)
cGVHD 15(22.4) 24 (28.6) 0.456 0.499
mild 12(17.9) 19(22.6) 0.748 0.731
moderate to severe 3(4.5) 5(6.0)
Hepatic impairment 60 (89.6) 74 (88.1) <0.001 0.982
O grade 7(10.4) 10(11.9) 1.202 0.878
1grade 19(28.4) 27(32.1)
2 grade 16 (23.9) 16 (19.0)
3grade 19(28.4) 26(31.0)
4 grade 6(9.0) 5(6.0)
Renal impairment 7(10.4) 6(7.1) 0.183 0.669
O grade 60 (89.6) 78(92.9) 0.532 0.767
1grade 6(9.0) 5(6.0)
2 grade 1(1.5) 1(1.2)
Cardiac impairment 4(6.0) 2(2.4) 0.494 0.482
O grade 63(94.0) 82(97.6) 0.494 0.482
1grade 4(6.0) 2(2.4)
Any other infection 32(47.8) 40 (47.6) 0 1
Other viral infection 29(43.3) 33(39.3) 0.109 0.742
Epstein-Barr Virus infection 9(13.4) 5(6.0) 1.670 0.196
PTLD 2(3.0) 2(2.4) <0.001 1
Adenovirus infection 1(1.5) 1(1.2) <0.001 1
BK Polyomavirus infection 20(29.9) 27(32.1) 0.016 0.900
Bacterial infection 4(6.0) 13(15.5) 2.487 0.115
Fungal infection 3(4.5) 4(4.8) <0.001 1
oS 60 (89.6) 80(95.2) 2.001 0.220
*CIR 8(16.7) 5(8.1) 0.985 0.321
*RFS 56 (83.6) 76(90.5) 1.262 0.261
*NRM 3(6.3) 2(3.2) 0.570 0.648
*GRFS 40(59.7) 61(72.6) 3.268 0.071

*Subjects: Malignant disease children , LET group: n=48 , non-LET group: n=62.

aGVHD: Acute Graft-versus-Host Disease; cGVHD: Chronic Graft-versus-Host Disease; PTLD: Post Transplant Lymphoproliferative Disease; OS, overall survival; CIR, cumulative inci-

dence of relapse; RFS, relapse free survival; NRM, nonrelapse mortality; GRFS, GVHD-free, relapse-free survival.
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Figure 3. Panel A shows the overall survival (OS) for all children. Panel B, C, D and E show the cumulative
incidence of relapse (CIR), relapse free survival (RFS), nonrelapse mortality (NRM) and graft-versus-host disease-
free, relapse-free survival (GRFS) in children with malignant diseases. All P values are two-sided.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-4.0). View this license’s legal deed at http://creativecommons.org/licenses/by/4.0 and legal code at http://creativecom-
mons.org/licenses/by/4.0/legalcode for more information.
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HIGHLIGHTS OF PRESCRIBING INFORMATION

These highlights do not include all the information needed to use
PREVYMIS safely and effectively. See full prescribing information
for PREVYMIS.

PREVYMISP® (letermovir) tablets, for oral use
PREVYMIS® (letermovir) oral pellets

PREVYMIS?® (letermovir) injection, for intravenous use
Initial U.S. Approval: 2017

--------------------------- RECENT MAJOR CHANGES -------=-====ssmemecenane

Indications and Usage (1.1, 1.2) 08/2024

Dosage and Administration (2.1, 2.3, 2.4, 2.5, 2.6, 2.7, 2.9, 2.10)
08/2024

Warnings and Precautions (5.2) 08/2024

INDICATIONS AND USAGE

PREVYMIS is a CMV DNA terminase complex inhibitor indicated for:

o Prophylaxis of cytomegalovirus (CMV) infection and disease in adult
and pediatric patients 6 months of age and older and weighing at least
6 kg who are CMV-seropositive recipients [R+] of an allogeneic
hematopoietic stem cell transplant (HSCT). (1.1)

e Prophylaxis of CMV disease in adult and pediatric patients 12 years
of age and older and weighing at least 40 kg who are kidney
transplant recipients at high risk (Donor CMV seropositive/Recipient
CMYV seronegative [D+/R-]). (1.2)

----------------------- DOSAGE AND ADMINISTRATION ---=ssn=mmmnnmanannnnan
¢ Adult and Pediatric Patients 12 Years of Age and Older and Weighing
at least 30 kg Who Are HSCT Recipients or Adult and Pediatric
Patients 12 Years of Age and Older and Weighing at least 40 kg Who

Are Kidney Transplant Recipients:

o HSCT: 480 mg administered once daily orally or as an intravenous
(IV) infusion over 1 hour through 100 days post-HSCT. In patients
at risk for late CMV infection and disease, PREVYMIS may be
continued through 200 days post-HSCT. (2.1, 2.3)

o Kidney Transplant: 480 mg administered once daily orally or as an
IV infusion over 1 hour through 200 days post-transplant. (2.1, 2.3)

o Pediatric Patients 6 Months to Less than 12 Years of Age or 12 Years
of Age and Older and Weighing Less than 30 kg Who Are HSCT
Recipients:

o HSCT: Dosing based on weight administered once daily orally or
as an |V infusion over 1 hour through 100 days post-HSCT. In
patients at risk for late CMV infection and disease, PREVYMIS may
be continued through 200 days post-HSCT. (2.1, 2.5)

e PREVYMIS injection must be diluted prior to administration. (2.1)

e PREVYMIS injection must be administered through a sterile 0.2
micron or 0.22 micron polyethersulfone (PES) in-line filter. (2.1, 2.10)

e Following the completion of PREVYMIS prophylaxis, monitoring for
CMV reactivation in HSCT recipients is recommended. (2.2)

e Dosage Adjustment: If PREVYMIS is co-administered with
cyclosporine, the dosage of PREVYMIS should be decreased to
240 mg once daily in adult and pediatric patients 12 years of age and
older. (2.4) If PREVYMIS is co-administered with cyclosporine in
pediatric patients less than 12 years of age, dose adjustment may be
required. (2.6)

e Instructions for Use should be followed for preparation and
administration of PREVYMIS oral pellets. (2.9)

e Do not use PREVYMIS injection with IV bags and infusion set
materials containing the plasticizer diethylhexyl phthalate (DEHP).
(2.10, 2.13)

--------------------- DOSAGE FORMS AND STRENGTHS ---------------------

e Tablet: 240 mg; 480 mg (3)

e Oral Pellets: 20 mg or 120 mg per packet (3)

¢ Injection: 240 mg/12 mL (20 mg/mL) or 480 mg/24 mL (20 mg/mL) in
a single-dose vial (3)

CONTRAINDICATIONS
PREVYMIS is contraindicated with:

e Pimozide. (4)

e Ergot Alkaloids. (4)

o Pitavastatin and simvastatin when co-administered with cyclosporine.

(4)

----------------------- WARNINGS AND PRECAUTIONS ------------n=mmmmmeeem

o Risk of Adverse Reactions or Reduced Therapeutic Effect Due to
Drug Interactions: The concomitant use of PREVYMIS with certain
drugs may result in potentially significant drug interactions, some of
which may lead to adverse reactions (PREVYMIS or concomitant
drugs) or reduced therapeutic effect of PREVYMIS or the concomitant
drug. Consult the full prescribing information for contraindications and
dosage recommendations for concomitant drugs. (4, 5.1, 7.1, 7.2,
7.3)

e Risks Associated with Hydroxypropyl Betadex Excipient in
Intravenous Formulation: Intravenous formulation of PREVYMIS
contains the excipient hydroxypropyl betadex. PREVYMIS injection
should be used only in patients unable to take oral therapy. If possible,
intravenous administration should not exceed 4 weeks. In patients
with renal impairment, accumulation of hydroxypropyl betadex may
occur. Animal studies have shown the potential for hydroxypropyl
betadex to cause ototoxicity. (5.2, 8.6, 13.2)

ADVERSE REACTIONS

e Adult HSCT Patients: Most common adverse events (occurring in at
least 10% of subjects in the PREVYMIS group and at a frequency at
least 2% greater than placebo) are nausea, diarrhea, vomiting,
peripheral edema, cough, headache, fatigue, and abdominal pain.
(6.1)

e Adult Kidney Transplant Patients: Most common adverse event
(occurring in at least 10% of subjects in the PREVYMIS group and at
a frequency greater than valganciclovir) is diarrhea. (6.1)

o Pediatric Patients: Adverse events in pediatric patients are similar to
adults. (6.1)

To report SUSPECTED ADVERSE REACTIONS, contact Merck
Sharp & Dohme LLC at 1-877-888-4231 or FDA at 1-800-FDA-1088
or www.fda.gov/medwatch .

DRUG INTERACTIONS

e Dosage Adjustment: If PREVYMIS is co-administered with
cyclosporine, the dosage of PREVYMIS should be decreased to
240 mg once daily in adult and pediatric patients 12 years of age and
older. (2.4) If PREVYMIS is co-administered with cyclosporine in
pediatric patients less than 12 years of age, dose adjustment may be
required. (2.6)

e Co-administration of PREVYMIS may alter the plasma concentrations
of other drugs and other drugs may alter the plasma concentrations
of PREVYMIS. Consult the full prescribing information prior to and
during treatment for potential drug interactions. (2.4, 2.6, 4, 5.1, 7.1,
7.2,7.3,7.4,123)

----------------------- USE IN SPECIFIC POPULATIONS ------------==un-mee---

¢ Renal Impairment: Closely monitor serum creatinine levels in patients
with CLcr less than 50 mL/min using PREVYMIS injection. (8.6)

e Hepatic Impairment: PREVYMIS is not recommended for patients
with severe (Child-Pugh C) hepatic impairment. (8.7)

See 17 for PATIENT COUNSELING INFORMATION and FDA-
approved patient labeling.

Revised: 08/2024
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1 INDICATIONS AND USAGE

2 DOSAGE AND ADMINISTRATION

1.2 CMV Prophylaxis in Kidney Transplant Recipients

21 Important Dosing and Administration Information

e PREVYMIS is available in 3 dosage forms:
o PREVYMIS Tablets

- Administer orally with or without food.

- Swallow tablets whole.

o PREVYMIS Oral Pellets

1.1 CMV Prophylaxis in Hematopoietic Stem Cell Transplant (HSCT) Recipients

PREVYMIS® is indicated for prophylaxis of cytomegalovirus (CMV) infection and disease in adult and
pediatric patients 6 months of age and older and weighing at least 6 kg who are CMV-seropositive
recipients [R+] of an allogeneic hematopoietic stem cell transplant (HSCT).

PREVYMIS is indicated for prophylaxis of CMV disease in adult and pediatric patients 12 years of age and
older and weighing at least 40 kg who are kidney transplant recipients at high risk (Donor CMV
seropositive/Recipient CMV seronegative [D+/R-]).

- Administer orally mixed with soft food or via nasogastric tube (NG tube) or gastric tube (G tube)

[see Dosage and Administration (2.9)].

- Do not crush or chew.

o PREVYMIS Injection

- PREVYMIS injection must be diluted prior to administration.
- Administer PREVYMIS through a sterile 0.2 micron or 0.22 micron polyethersulfone (PES) in-

line filter.

- Administer by intravenous infusion via a peripheral catheter or central venous line at a constant

rate over 1 hour.

Reference ID: 5433331



- Do not administer as an intravenous bolus injection.

- PREVYMIS injection, which contains hydroxypropyl betadex, should be used only in patients
unable to take oral therapy. Patients should be switched to oral PREVYMIS as soon as they
are able to take oral medications. If possible, intravenous administration should not exceed
4 weeks [see Warnings and Precautions (5.2)].

e No dosage adjustment is necessary when switching formulations in adult and pediatric patients
12 years of age and older [see Dosage and Administration (2.3)].

e Dosage adjustment may be necessary for pediatric patients less than 12 years of age when switching
between oral and intravenous formulations (see Table 1 and Table 2) [see Dosage and Administration

(2.5)].
2.2 Patient Monitoring

Following the completion of PREVYMIS prophylaxis, monitoring for CMV reactivation in HSCT recipients is
recommended [see Clinical Studies (14.2)].

2.3 Recommended Dosage for Adult and Pediatric Patients 12 Years of Age and Older Who Are
HSCT or Kidney Transplant Recipients

HSCT: Adult and Pediatric Patients 12 Years of Age and Older and Weighing at least 30 kg

The recommended dosage of PREVYMIS is 480 mg administered orally or intravenously once daily. When
PREVYMIS is administered orally, the recommended dosage is one 480 mg tablet once daily or two 240 mg
tablets once daily. Four 120 mg packets of oral pellets once daily can be used for patients who cannot
swallow tablets [see Dosage and Administration (2.9)]. For preparation and administration instructions of
intravenous dosing refer to instructions in subsection 2.10 [see Dosage and Administration (2.10)]. For
pediatric patients less than 12 years of age or weighing less than 30 kg, refer to weight-based dosing in
Table 1 and Table 2 [see Dosage and Administration (2.5)].

Initiate PREVYMIS between Day 0 and Day 28 post-HSCT (before or after engraftment) and continue
through Day 100 post-HSCT. In patients at risk for late CMV infection and disease, PREVYMIS may be
continued through Day 200 post-HSCT [see Clinical Studies (14.2)].

Dosage of PREVYMIS should be adjusted when co-administered with cyclosporine [see Dosage and
Administration (2.4)].

Kidney Transplant: Adult and Pediatric Patients 12 Years of Age and Older and Weighing at least 40 kg
The recommended dosage of PREVYMIS is 480 mg administered orally or intravenously once daily. When
PREVYMIS is administered orally, the recommended dosage is one 480 mg tablet once daily or two 240 mg
tablets once daily. Four 120 mg packets of oral pellets once daily can be used for patients who cannot
swallow tablets [see Dosage and Administration (2.9)]. For preparation and administration instructions of
intravenous dosing refer to instructions in subsection 2.10 [see Dosage and Administration (2.10)].

Initiate PREVYMIS between Day 0 and Day 7 post-transplant and continue through Day 200 post-
transplant.

Dosage of PREVYMIS should be adjusted when co-administered with cyclosporine [see Dosage and
Administration (2.4)].

2.4 Dosage Adjustment When Co-administered with Cyclosporine for Adult and Pediatric Patients
12 Years of Age and Older Who Are HSCT or Kidney Transplant Recipients

e |If oral or intravenous PREVYMIS is co-administered with cyclosporine, the dosage of PREVYMIS
should be decreased to 240 mg once daily in the following populations [see Drug Interactions (7.1, 7.2,
7.3) and Clinical Pharmacology (12.3)]:

Reference ID: 5433331
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o HSCT: adult and pediatric patients 12 years of age and older and weighing at least 30 kg
or

o Kidney transplant: adult and pediatric patients 12 years of age and older and weighing at least
40 kg.

e If cyclosporine is initiated after starting PREVYMIS, the next dose of PREVYMIS should be decreased
to 240 mg once daily.

o If cyclosporine is discontinued after starting PREVYMIS, the next dose of PREVYMIS should be
increased to 480 mg once daily.

e If cyclosporine dosing is interrupted due to high cyclosporine levels, no dose adjustment of PREVYMIS
is needed.

2.5 Recommended Dosage for Pediatric Patients 6 Months to Less than 12 Years of Age or
12 Years of Age and Older and Weighing Less than 30 kg Who Are HSCT Recipients

The recommended dosages of PREVYMIS for pediatric HSCT recipients 6 months to less than 12 years of
age are based on weight and shown in Table 1 (tablets or oral pellets) and Table 2 (injection) [see Clinical
Pharmacology (12.3)]. PREVYMIS can be administered orally (tablet or pellet) or intravenously once daily.
Dosage adjustment may be necessary for pediatric patients less than 12 years of age when switching
between oral and intravenous formulations (see Table 1 and Table 2).

Initiate PREVYMIS between Day 0 and Day 28 post-HSCT (before or after engraftment) and continue
through Day 100 post-HSCT. In patients at risk for late CMV infection and disease, PREVYMIS may be
continued through Day 200 post-HSCT [see Clinical Studies (14.2)].

Table 1: Recommended Daily Oral Dosage of PREVYMIS in Pediatric HSCT Recipients 6 Months to
Less than 12 Years of Age or 12 Years of Age and Older and Weighing Less than 30 kg

Body Weight Dally Oral Tablets Oral Pellets
S| om | QT | P e
15 kg to less than 30 kg 240 mg One 240 mg tablet Two 1§?a1np?eﬁ:tcskets of
7.5kg to less than 15 kg 120 mg Not recommended One 102rgln;gellpz)j§ket of
6 kg to less than 7.5 kg 80 mg Not recommended | ' OUr f)?arpgeﬁ’laeggets of
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Table 2: Recommended Daily IV Dosage of PREVYMIS in Pediatric HSCT Recipients 6 Months to
Less than 12 Years of Age or 12 Years of Age and Older and Weighing Less than 30 kg

Body Weight Daily IV* Dose
30 kg and above 480 mg
15 kg to less than 30 kg 120 mg
7.5 kg to less than 15 kg 60 mg
6 kg to less than 7.5 kg 40 mg

*Refer to Subsection 2.10 for intravenous preparation and
administration dosing instructions

2.6 Dosage Adjustment When Co-administered with Cyclosporine for Pediatric Patients 6 Months
to Less than 12 Years of Age or 12 Years of Age and Older and Weighing Less than 30 kg Who
Are HSCT Recipients

If oral or intravenous PREVYMIS is co-administered with cyclosporine in pediatric HSCT recipients

6 months to less than 12 years of age, the dosage of PREVYMIS may require adjustment as shown in

Table 3 [see Drug Interactions (7.1, 7.2, 7.3) and Clinical Pharmacology (12.3)].

e If cyclosporine is initiated after starting PREVYMIS, the next dose of PREVYMIS should be the daily
oral or intravenous dose co-administered with cyclosporine (Table 3)

e If cyclosporine is discontinued after starting PREVYMIS, the next dose of PREVYMIS should be the
daily oral or intravenous dose administered without cyclosporine (Table 1 or Table 2)

e If cyclosporine dosing is interrupted due to high cyclosporine levels, no dose adjustment of PREVYMIS
is needed.

Table 3: Recommended Dosage of PREVYMIS when Co-administered with Cyclosporine in
Pediatric HSCT Recipients 6 Months to Less than 12 Years of Age or 12 Years of Age and Older
and Weighing Less than 30 kg

Body Weight Daily Oral Tablets Oral Pellets Daily IV

Dose Dose

30 kg and above 240 mg One 240 mg tablet Two 120 mg packets of 240 mg
oral pellets

15 kg to less than 30 kg 120 mg Not recommended One 120 mg packet of 120 mg
oral pellets

7.5 kg to less than 15 kg 60 mg Not recommended Three 20 mg packets of 60 mg
oral pellets

6 kg to less than 7.5 kg 40 mg Not recommended Two 20 mg packets of 40 mg
oral pellets

* Refer to Subsection 2.10 for intravenous preparation and administration dosing instructions

2.7 Use in Patients with Renal Impairment

e For adult patients with creatinine clearance (CLcr) greater than 10 mL/min and pediatric patients
with a similar degree of renal impairment (based on age-appropriate assessment of renal function),
no dosage adjustment of PREVYMIS is required based on renal impairment [see Use in Specific
Populations (8.6), and Clinical Pharmacology (12.3)].

e There are insufficient data in adult patients with CLcr 10 mL/min or less or in patients on dialysis or
in pediatric patients with a similar degree of renal impairment (based on age-appropriate
assessment of renal function) to make PREVYMIS dosing recommendations.

e In adult patients with CLcr less than 50 mL/min and in pediatric patients with a similar degree of
renal impairment (based on age-appropriate assessment of renal function) receiving PREVYMIS
injection, accumulation of the intravenous vehicle, hydroxypropyl betadex, may occur. Closely
monitor serum creatinine levels in these patients [see Warnings and Precautions (5.2)].
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2.8 Use in Patients with Hepatic Impairment

No dosage adjustment of PREVYMIS is required for patients with mild (Child-Pugh Class A) or moderate
(Child-Pugh Class B) hepatic impairment. PREVYMIS is not recommended for patients with severe (Child-
Pugh Class C) hepatic impairment [see Use in Specific Populations (8.7)].

2.9 Preparation and Administration of Oral Pellets

PREVYMIS oral pellets can be administered:
e orally after mixing with soft food or
e via NG tube or G tube.

Preparation and Administration Mixed with Soft Food
See Instructions for Use for details on the preparation and administration of PREVYMIS oral pellets mixed
with soft food.

e Do not crush or chew PREVYMIS oral pellets.

e Mix PREVYMIS oral pellets with 1 to 3 teaspoons of soft food (such as applesauce, yogurt, or pudding)
that is at or below room temperature. Do not use hot food.

e Administer entire mixture within 10 minutes of mixing PREVYMIS oral pellets with the soft food.

Preparation and Administration via NG Tube or G Tube
See Instructions for Use, Table 4 (NG tube) and Table 5 (G tube) for details on the preparation and
administration of PREVYMIS oral pellets via NG tube or G tube.

1. Pour PREVYMIS oral pellets into a medicine cup containing room temperature water (see Initial Volume
in Table 4 and Table 5). Do not mix PREVYMIS oral pellets with hot or cold (refrigerated) water.

2. Wait 10 minutes. Do not shake or swirl the medicine cup. PREVYMIS oral pellets will not dissolve but
will become loose or broken up. The entire mixture should be administered (see steps 3 and 4) within
2 hours.

3. Stir the mixture with the syringe and administer entire mixture right away using the syringe and NG tube
or G tube.

4. Addroom temperature water (see Rinse Volume in Table 4 and Table 5) to the medicine cup for rinsing,
stir with a syringe and administer the entire rinse mixture using the syringe and NG tube or G tube.

5. Flush the NG tube or G tube with the volume of water recommended by the NG or G tube manufacturer.

Table 4: Recommendations for Administration of PREVYMIS Oral Pellets Via NG Tube

Syringe Mixing Initial Volume Rinse
Dosage NG Tube* Tvpel . Volume
ype Container (mL) (mL)
120 mgto | Any 28 Fr NG 15 15
480 mg tube Appropriately
5 Fr PUR NG sized ENFit Medicine
40 mg to tube or c_atheter- Cup
80 mg or tipped 3 2
Any = 6 Fr NG syringe
tube
* Fr = French; PUR = polyurethane
T With ENFit syringe, a medicine straw (large bore) is needed to aid withdrawal of the
mixture from the medicine cup.
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Table 5: Recommendations for Administration of PREVYMIS Oral Pellets Via G Tube

Syringe Mixin Initial Volume Rinse
Dosage G Tube* y qr g Volume
Type Container (mL) (mL)
120 mg to Appropriately
480mg | A Gbe |G ed ENFit Viedici 15 15
or catheter- edicine
40 mg to Any 12 Fr G : Cup
80 mg tube tipped 3 2
syringe
* Fr = French; PUR = polyurethane
T With ENFit syringe, a medicine straw (large bore) is needed to aid withdrawal of the
mixture from the medicine cup.

2.10 Preparation and Administration of Intravenous Solution

PREVYMIS injection is supplied in 30 mL single-dose vials containing either 240 mg/12 mL per vial
(20 mg/mL) or 480 mg/24 mL per vial (20 mg/mL).

PREVYMIS vials are for single use only. Discard any unused portion.

Preparation Instructions

PREVYMIS must be diluted prior to intravenous (IV) use. Only 0.9% Sodium Chloride and 5% Dextrose
are chemically and physically compatible with PREVYMIS injection.

Do not shake PREVYMIS vial.

Inspect vial contents for discoloration and particulate matter prior to dilution. PREVYMIS injection is a
clear colorless solution and may contain a few product-related small translucent or white particles.

Do not use the vial if the solution is cloudy, discolored, or contains matter other than a few small
translucent or white particles.

Once diluted, the solution of PREVYMIS is clear, and ranges from colorless to yellow. Variations of
color within this range do not affect the quality of the product.

Do not use PREVYMIS injection with IV bags and infusion set materials containing the plasticizer
diethylhexyl phthalate (DEHP). Use only with IV bags and infusion set materials that are DEHP-free.
Materials that are phthalate-free are also DEHP-free.

Use compatible IV bags and infusion set materials. PREVYMIS injection is compatible with the following
IV bags and infusion set materials. PREVYMIS injection is not recommended with any IV bags or
infusion set materials not listed below (note that PREVYMIS injection is not recommended for use with
polyurethane-containing IV administration set tubing).

o |V Bags Materials:
Polyvinyl chloride (PVC), ethylene vinyl acetate (EVA) and polyolefin (polypropylene and
polyethylene)

o Infusion Sets Materials:
PVC, polyethylene (PE), polybutadiene (PBD), silicone rubber (SR), styrene—butadiene copolymer
(SBC), styrene-butadiene-styrene copolymer (SBS), polystyrene (PS)

o Plasticizers:
Tris (2-ethylhexyl) trimellitate (TOTM), benzyl butyl phthalate (BBP)
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o Catheters:
Radiopaque polyurethane

For the 480 mg or 240 mg dose, add PREVYMIS injection (see Table 6) into a 250 mL pre-filled 1V
bag containing either 0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection, USP and mix bag
gently. Do not shake.

For the 120 mg or 60 mg dose, add PREVYMIS injection into a pre-filled IV bag containing either 0.9%
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP (see Table 6) and mix bag gently. Do
not shake.

Table 6: Preparation of PREVYMIS Intravenous Solution for Doses of 60 mg or Greater

Volume of PREVYMIS
PREVYMIS Dose 20 mg/mL to be Volume of Diluent
Withdrawn from Vial
480 mg 24 mL 250 mL
240 mg 12 mL 250 mL
120 mg 6 mL 100 mL
60 mg 3 mL 50 mL

For the 40 mg dose, prepare a dilution of PREVYMIS injection according to Table 7 in either 0.9%
Sodium Chloride Injection, USP or 5% Dextrose Injection, USP and mix bag gently. Transfer 20 mL
from the prepared dilution into an appropriately sized IV bag or syringe. Do not shake.

Table 7: Preparation of PREVYMIS Intravenous Solution for Doses of 40 mg

Final Infusion Volume of the

Preparation of 2 mg/mL
PREVYMIS Dose PREVYMIS Dilution Prepared 2 mg/mL PREVYMIS

Dilution
Add 5 mL of 20 mg/mL
PREVYMIS to 45 mL of diluent
40 mg (0.9% Sodium Chloride Injection 20 mL
or 5% Dextrose Injection) and mix
gently

Administration Instructions

Administer the entire contents of the intravenous bag or syringe by intravenous infusion via a peripheral
catheter or central venous line at a constant rate over 1 hour [see Dosage and Administration (2.1)].

The diluted solution must be administered through a sterile 0.2 micron or 0.22 micron polyethersulfone
(PES) in-line filter. Do not administer through a filter other than a sterile 0.2 micron or 0.22 micron PES
in-line filter.

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to
administration.

Discard if the diluted solution is cloudy, discolored, or contains matter other than a few small translucent
or white particles.

211 Storage of the Diluted Solution
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The diluted solutions (as prepared in Table 6 or Table 7) are stable for up to 24 hours at room temperature
or up to 48 hours under refrigeration at 2°C to 8°C (36°F to 46°F) (this time includes storage of the diluted
solution in the intravenous bag through the duration of infusion).

2.12 Compatible Drug Products Used for Intravenous Administration

Compatible Drug Products

The physical compatibility of PREVYMIS injection with selected injectable drug products was evaluated in
two commonly available diluents. PREVYMIS should not be co-administered through the same intravenous
line (or cannula) with other drug products and diluent combinations except those listed below. Refer to the
respective prescribing information of the co-administered drug(s) to confirm compatibility of simultaneous
co-administration.

List of Compatible Drug Products when PREVYMIS and Drug Products are Prepared in 0.9% Sodium
Chloride Injection, USP:
Ampicillin  sodium, ampicillin sodium/sulbactam sodium, anti-thymocyte globulin, caspofungin,
daptomycin, fentanyl citrate, fluconazole, furosemide, human insulin, magnesium sulfate,
methotrexate, micafungin.

List of Compatible Drug Products when PREVYMIS and Drug Products are Prepared in 5% Dextrose
Injection, USP:
Amphotericin B (lipid complex)*, anidulafungin, cefazolin sodium, ceftaroline, ceftriaxone sodium,
doripenem, famotidine, folic acid, ganciclovir sodium, hydrocortisone sodium succinate, morphine
sulfate, norepinephrine bitartrate, pantoprazole sodium, potassium chloride, potassium phosphate,
tacrolimus, telavancin, tigecycline.
*Amphotericin B (lipid complex) is compatible with PREVYMIS. However, Amphotericin B (liposomal)
is incompatible [see Dosage and Administration (2.13)].

213 Incompatible Drug Products and Other Materials Used for Intravenous Administration

Incompatible Drug Products

PREVYMIS injection is physically incompatible with amiodarone hydrochloride, amphotericin B (liposomal),
aztreonam, cefepime hydrochloride, ciprofloxacin, cyclosporine, diltiazem hydrochloride, filgrastim,
gentamicin sulfate, levofloxacin, linezolid, lorazepam, midazolam HCI, mycophenolate mofetil
hydrochloride, ondansetron, palonosetron.

Incompatible IV Bags and Infusion Set Materials
PREVYMIS injection is incompatible with diethylhexyl phthalate (DEHP) plasticizers and polyurethane-
containing IV administration set tubing.

3 DOSAGE FORMS AND STRENGTHS

Tablets

o PREVYMIS 240 mg tablet: yellow oval tablet with “591” on one side and corporate logo on the other

. ISDIg(EVYMIS 480 mg tablet: pink oval, bi-convex tablet with “595” on one side and corporate logo on the
other side.

Oral Pellets

e PREVYMIS oral pellets: beige round pellets in packets. Each packet contains 20 mg letermovir.
e PREVYMIS oral pellets: beige round pellets in packets. Each packet contains 120 mg letermovir.
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Injection

PREVYMIS 240 mg/12 mL (20 mg/mL) injection: clear and colorless solution in a single-dose vial.
PREVYMIS 480 mg/24 mL (20 mg/mL) injection: clear and colorless solution in a single-dose vial.

4 CONTRAINDICATIONS
e PREVYMIS is contraindicated in patients receiving pimozide or ergot alkaloids:

o Pimozide: Concomitant administration of PREVYMIS in patients receiving pimozide may result in
increased concentrations of pimozide due to inhibition of cytochrome P450 3A (CYP3A) by
letermovir, which may lead to QT prolongation and torsades de pointes [see Warnings and
Precautions (5.1) and Drug Interactions (7.2, 7.3)].

o Ergot alkaloids: Concomitant administration of PREVYMIS in patients receiving ergot alkaloids may
result in increased concentrations of ergot alkaloids (ergotamine and dihydroergotamine) due to
inhibition of CYP3A by letermovir, which may lead to ergotism [see Warnings and Precautions (5.1)
and Drug Interactions (7.2, 7.3)].

e PREVYMIS is contraindicated with pitavastatin and simvastatin when co-administered with
cyclosporine. Concomitant administration of PREVYMIS in combination with cyclosporine may result in
significantly increased pitavastatin or simvastatin concentrations, which may lead to myopathy or
rhabdomyolysis [see Warnings and Precautions (5.1) and Drug Interactions (7.2, 7.3)].

5 WARNINGS AND PRECAUTIONS

5.1 Risk of Adverse Reactions or Reduced Therapeutic Effect Due to Drug Interactions

The concomitant use of PREVYMIS and certain drugs may result in potentially significant drug interactions,
some of which may lead to adverse reactions (PREVYMIS or concomitant drugs) or reduced therapeutic
effect of PREVYMIS or the concomitant drug [see Contraindications (4) and Drug Interactions (7.1, 7.2,
7.3)].

See Table 11 for steps to prevent or manage these possible or known significant drug interactions, including
dosing recommendations. Consider the potential for drug interactions prior to and during PREVYMIS
therapy; review concomitant medications during PREVYMIS therapy; and monitor for adverse reactions
associated with PREVYMIS and concomitant medications.

5.2 Risks Associated with Hydroxypropyl Betadex Excipient in Intravenous Formulation

Intravenous formulation of PREVYMIS contains the excipient hydroxypropyl betadex. PREVYMIS injection
should be used only in patients unable to take oral therapy and patients should be switched to oral
PREVYMIS as soon as they are able to take oral medications. If possible, intravenous administration should
not exceed 4 weeks [see Dosage and Administration (2.1)].

In patients with renal impairment, accumulation of hydroxypropyl betadex may occur. In adult patients with
CLecr less than 50 mL/min and in pediatric patients with a similar degree of renal impairment (based on age-
appropriate assessment of renal function) receiving PREVYMIS injection, closely monitor serum creatinine
levels [see Dosage and Administration (2.7) and Use in Specific Populations (8.6)].

Animal studies have shown the potential for hydroxypropyl betadex to cause ototoxicity [see Nonclinical
Toxicology (13.2)]. The active ingredient, letermovir, is not known to be associated with ototoxicity.

10

Reference ID: 5433331



6 ADVERSE REACTIONS

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in
the clinical trials of a drug cannot be directly compared to rates in the clinical trials of another drug and may
not reflect the rates observed in practice.

Adult CMV-seropositive Recipients [R+] of an Allogeneic HSCT

Prophylaxis Through Week 14 (~100 days) Post-HSCT

The safety of PREVYMIS was evaluated in a Phase 3 randomized, double-blind, placebo-controlled trial
(P0O01) in which 565 subjects were randomized and treated with PREVYMIS (N=373) or placebo (N=192)
through Week 14 post-HSCT. Adverse events were those reported while subjects were on study medication
or within two weeks of study medication completion/discontinuation. The mean time for reporting adverse
events and laboratory abnormalities was approximately 22% longer in the PREVYMIS arm compared to
the placebo arm.

Cardiac Adverse Events

The cardiac adverse event rate was higher in subjects receiving PREVYMIS (13%) compared to subjects
receiving placebo (6%). The most common cardiac adverse events were tachycardia (reported in 4% of
PREVYMIS subjects and in 2% of placebo subjects) and atrial fibrillation (reported in 3% of PREVYMIS
subjects and in 1% of placebo subjects). Among those subjects who experienced one or more cardiac
adverse events, 85% of PREVYMIS and 92% of placebo subjects had events reported as mild or moderate
in severity.

Common Adverse Events
The rate of adverse events occurring in at least 10% of subjects in the PREVYMIS group and at a frequency
at least 2% greater than placebo are outlined in Table 8.

Table 8: Trial P001 All Grade Adverse Events Reported in 2 10% of PREVYMIS-Treated HSCT
Recipients at a Frequency at least 2% Greater than Placebo

Adverse Events PREVYMIS Placebo

(N=373) (N=192)
nausea 27% 23%
diarrhea 26% 24%
vomiting 19% 14%
peripheral edema 14% 9%
cough 14% 10%
headache 14% 9%
fatigue 13% 11%
abdominal pain 12% 9%

Overall, similar proportions of subjects in each group discontinued study medication due to an adverse
event (13% of PREVYMIS subjects vs. 12% of placebo subjects). The most frequently reported adverse
event that led to study drug discontinuation was nausea, occurring in 2% of PREVYMIS subjects and 1%
of placebo subjects. Hypersensitivity reaction, with associated moderate dyspnea, occurred in one subject
following the first infusion of IV PREVYMIS after switching from oral PREVYMIS, leading to treatment
discontinuation.

Laboratory Abnormalities
Selected laboratory abnormalities reported during treatment or within 2 weeks of stopping treatment are
presented in Table 9.

Table 9: Trial P001 Selected Laboratory Abnormalities

11

Reference ID: 5433331



PREVYMIS Placebo
N=373 N=192

Absolute neutrophil count (cells/yL)

<500 19% 19%

500 — < 750 4% 7%

750 — < 1000 8% 9%
Hemoglobin (g/dL)

<6.5 2% 1%

6.5-<8.0 14% 15%

8.0-<95 41% 43%
Platelets (cells/uL)

< 25000 27% 21%

25000 — < 50000 17% 18%

50000 — < 100000 20% 30%
Serum creatinine (mg/dL)

>25 2% 3%

>15-25 17% 20%

The median time to engraftment (defined as absolute neutrophil count = 500/mm?3 on 3 consecutive days
after transplantation) was 19 days in the PREVYMIS group and 18 days in the placebo group.

Prophylaxis From Week 14 (~100 days) Through Week 28 (~200 days) Post-HSCT

The safety of PREVYMIS was evaluated in a Phase 3 randomized, double-blind, placebo-controlled trial
(P040) in which 218 subjects who completed PREVYMIS prophylaxis through ~100 days post-HSCT were
randomized to treatment with PREVYMIS (N=144) or placebo (N=74) through Week 28 (~200 days) post-
HSCT. Adverse events were those reported while subjects were on study drug or within two weeks of study
drug completion/discontinuation.

The most commonly reported adverse events in PO40 were similar to those reported in PO01. Study drug
was discontinued due to an adverse event in 5% of PREVYMIS subjects and 1% of placebo subjects. The
cardiac adverse event rate was 4% in the PREVYMIS and placebo groups.

The rates of hematologic laboratory abnormalities were comparable in the PREVYMIS and placebo groups.
Serum creatinine abnormalities > 1.5 mg/dL occurred in 15% of PREVYMIS and 8% of placebo subjects.

Adult Kidney Transplant Recipients [D+/R-]

The safety of PREVYMIS was evaluated in a Phase 3 randomized, double-blind, active comparator-
controlled trial (P002) in which 589 subjects were treated with PREVYMIS (N=292) or valganciclovir
(N=297) through Week 28 post-transplant. Adverse events were those reported while subjects were on
study medication or within two weeks of study medication completion/discontinuation. In these subjects,
diarrhea was reported in at least 10% of subjects in the PREVYMIS group and at a frequency greater than
valganciclovir (PREVYMIS, 32%; valganciclovir, 29%). Study drug was discontinued due to an adverse
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event in 4% of PREVYMIS subjects and 14% of valganciclovir subjects. The most frequently reported
adverse events that led to study drug discontinuation were neutropenia (PREVYMIS, 1%; valganciclovir,
2%) and leukopenia (PREVYMIS, 1%; valganciclovir, 5%).

Laboratory Abnormalities
Selected laboratory abnormalities reported through Week 28 post-transplant are presented in Table 10.

Table 10: Trial P002 Selected Laboratory Abnormalities

PREVYMIS Valganciclovir
N=292 N=297
Absolute neutrophil count (cells/uL)
<500 2% 7%
500 — < 750 1% 4%
750 — <1000 1% 8%
Total < 1000 5% 18%
Hemoglobin (g/dL)
<6.5 2% 0%
6.5-<8.0 4% 5%
8.0-<95 29% 32%
Total <9.5 34% 37%
Platelets (cells/uL)
< 50000 0% 0%
50000 — < 100000 1% 3%
Total < 100000 1% 3%
Leukocytes (cells/uL)
< 1000 1% 2%
1000 — < 2000 5% 19%
2000 — < 2500 4% 14%
Total < 2500 10% 35%
Serum creatinine (mg/dL)
>25 24% 22%
>15-25 49% 52%
Total > 1.5 73% 73%

Pediatric Recipients of an Allogeneic HSCT
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The safety of PREVYMIS was evaluated in 63 pediatric subjects aged 2 months to less than 18 years of
age who received an allogeneic HSCT (P030). PREVYMIS was administered orally (tablet or pellet) or
intravenously. The duration of PREVYMIS exposure ranged from 3 days to 102 days (median duration 84
days). The safety profile was consistent with the safety profile observed in clinical trials of PREVYMIS in
adults [see Use in Specific Populations (8.4) and Clinical Studies (14.4)].

7 DRUG INTERACTIONS
7.1 Potential for Other Drugs to Affect PREVYMIS

Letermovir is a substrate of organic anion-transporting polypeptide 1B1/3 (OATP1B1/3) and P-glycoprotein
(P-gp) transporters and UDP-glucuronosyltransferase 1A1/3 (UGT1A1/3) enzymes. Co-administration of
PREVYMIS with drugs that are inhibitors of OATP1B1/3 transporters may result in increases in letermovir
plasma concentrations (Table 11).

Co-administration of PREVYMIS with inducers of transporters (e.g., P-gp) and/or enzymes (e.g., UGTs) is
not recommended due to the potential for a decrease in letermovir plasma concentrations (see Table 11).

7.2 Potential for PREVYMIS to Affect Other Drugs

Co-administration of PREVYMIS with midazolam results in increased midazolam plasma concentrations,
indicating that letermovir is a moderate inhibitor of CYP3A [see Clinical Pharmacology (12.3)]. Co-
administration of PREVYMIS with drugs that are CYP3A substrates may result in clinically relevant
increases in the plasma concentrations of co-administered CYP3A substrates (Table 11) [see
Contraindications (4) and Warnings and Precautions (5.1)].

Letermovir is an inhibitor of OATP1B1/3 transporters. Co-administration of PREVYMIS with drugs that are
substrates of OATP1B1/3 transporters may result in a clinically relevant increase in plasma concentrations
of co-administered OATP1B1/3 substrates (Table 11).

The magnitude of CYP3A- and OATP1B1/3-mediated drug interactions on co-administered drugs may be
different when PREVYMIS is co-administered with cyclosporine. See the prescribing information for
cyclosporine for information on drug interactions with cyclosporine.

7.3 Established and Other Potentially Significant Drug Interactions

If dose adjustments of concomitant medications are made due to treatment with PREVYMIS, doses should
be readjusted after treatment with PREVYMIS is completed.

Table 11 provides a listing of established or potentially clinically significant drug interactions. The drug
interactions described are based on adult studies conducted with PREVYMIS or are predicted drug
interactions that may occur with PREVYMIS [see Contraindications (4), Warnings and Precautions (5.1),
and Clinical Pharmacology (12.3)].

Table 11: Potentially Significant Drug Interactions: Alteration in Dose May Be Recommended
Based on Results from Adult Drug Interaction Studies or Predicted Interactions* (Information in
the Table Applies to Co-administration of PREVYMIS and the Concomitant Drug without
Cyclosporine, Unless Otherwise Indicated)

Concomitant Drug Effect on Clinical Comments
Class and/or Clearance | Concentration®
Pathway: Drug Name

Anti-arrhythmic Agents
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amiodarone

1 amiodarone

Close clinical monitoring for adverse events
related to amiodarone is recommended during co-
administration. Frequently monitor amiodarone
concentrations when amiodarone is co-
administered with PREVYMIS.

Antibiotics

nafcillin | letermovir Co-administration of PREVYMIS and nafcillin is
not recommended due to potential for loss of
efficacy of PREVYMIS.

Anticoagulants

warfarin | warfarin When PREVYMIS is co-administered with
warfarin, frequently monitor International
Normalized Ratio (INR)*.

Anticonvulsants

carbamazepine | letermovir Co-administration of PREVYMIS and
carbamazepine is not recommended due to
potential for loss of efficacy of PREVYMIS.

phenobarbital | letermovir Co-administration of PREVYMIS and
phenobarbital is not recommended due to
potential for loss of efficacy of PREVYMIS.

phenytoin | letermovir Co-administration of PREVYMIS and phenytoin is

, not recommended due to potential for loss of
| phenytoin efficacy of PREVYMIS.
Antidiabetic Agents
Examples: 1 glyburide When PREVYMIS is co-administered with
. - o glyburide, repaglinide, or rosiglitazone, frequently
glyburide, repaglinide, 1 repaglinide monitor glucose concentrationst.

rosiglitazone

1 rosiglitazone

When PREVYMIS is co-administered with
cyclosporine, use of repaglinide is not
recommended.

Antifungals

voriconazole$

| voriconazole

If concomitant administration of voriconazole is
necessary, closely monitor for reduced
effectiveness of voriconazolet.

Antimycobacterials

rifabutin

| letermovir

Co-administration of PREVYMIS and rifabutin is
not recommended due to potential for loss of
efficacy of PREVYMIS.
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rifampin$ | letermovir Co-administration of PREVYMIS and rifampin is
not recommended due to potential for loss of
efficacy of PREVYMIS.

Antipsychotics

Co-administration is contraindicated due to risk of

pimozide I pimozide QT prolongation and torsades de pointes [see
Contraindications (4)].
thioridazine | letermovir Co-administration of PREVYMIS and thioridazine

is not recommended due to potential for loss of
efficacy of PREVYMIS.

Endothelin Antagonists

bosentan | letermovir Co-administration of PREVYMIS and bosentan is

not recommended due to potential for loss of
efficacy of PREVYMIS.

Ergot Alkaloids

Co-administration is contraindicated due to risk of

ergotamine, I ergotamine, ergotism [see Contraindications (4)].

dihydroergotamine dihydroergotamine

Herbal Products

St. John'’s wort | letermovir Co-administration of PREVYMIS and St. John'’s
(Hypericum perforatum) wort is not recommended due to potential for loss
of efficacy of PREVYMIS.

HIV Medications

efavirenz | letermovir Co-administration of PREVYMIS and efavirenz is
not recommended due to potential for loss of
efficacy of PREVYMIS.

etravirine | letermovir Co-administration of PREVYMIS and etravirine is
not recommended due to potential for loss of
efficacy of PREVYMIS.

nevirapine | letermovir Co-administration of PREVYMIS and nevirapine is
not recommended due to potential for loss of
efficacy of PREVYMIS.

HMG-CoA Reductase Inhibitors

atorvastatin$ T atorvastatin When PREVYMIS is co-administered with
atorvastatin, do not exceed an atorvastatin dosage
of 20 mg daily*. Closely monitor patients for
myopathy and rhabdomyolysis.

When PREVYMIS is co-administered with
cyclosporine, use of atorvastatin is not
recommended.
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pitavastatin, 1+ HMG-CoA

. . reductase inhibitors
simvastatin

Co-administration of PREVYMIS and pitavastatin
or simvastatin is not recommended.

When PREVYMIS is co-administered with
cyclosporine, use of either pitavastatin or
simvastatin is contraindicated due to significantly
increased pitavastatin or simvastatin
concentrations and risk of myopathy or
rhabdomyolysis [see Contraindications (4)].

fluvastatin, lovastatin, 1+ HMG-CoA
pravastatin, rosuvastatin | reductase inhibitors

When PREVYMIS is co-administered with these
statins, a statin dosage reduction may be
necessary*. Closely monitor patients for myopathy
and rhabdomyolysis.

When PREVYMIS is co-administered with
cyclosporine, use of lovastatin is not
recommended.

When PREVYMIS is co-administered with
cyclosporine, refer to the statin prescribing
information for specific statin dosing
recommendations.

Immunosuppressants

cyclosporine$ 1 cyclosporine

1 letermovir

Decrease the dosage of PREVYMIS to 240 mg
once daily in adult and pediatric patients 12 years
of age and older [see Dosage and Administration
(2.4) and Clinical Pharmacology (12.3)]. Dose
adjustment may be required in pediatric patients
less than 12 years of age [see Dosage and
Administration (2.6) and Clinical Pharmacology
(12.3)].

Frequently monitor cyclosporine whole blood
concentrations during treatment and after
discontinuation of PREVYMIS and adjust the dose
of cyclosporine accordingly?.

sirolimus$ 1 sirolimus

When PREVYMIS is co-administered with
sirolimus, frequently monitor sirolimus whole blood
concentrations during treatment and after
discontinuation of PREVYMIS and adjust the dose
of sirolimus accordinglys.

When PREVYMIS is co-administered with
cyclosporine and sirolimus, refer to the sirolimus
prescribing information for specific sirolimus
dosing recommendations®.

tacrolimus$ 1 tacrolimus

Frequently monitor tacrolimus whole blood
concentrations during treatment and after
discontinuation of PREVYMIS and adjust the dose
of tacrolimus accordingly*.

Proton Pump Inhibitors
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omeprazole | omeprazole Clinical monitoring and dose adjustment may be

needed.

pantoprazole | pantoprazole Clinical monitoring and dose adjustment may be
needed.

Wakefulness-Promoting Agents

modafinil | letermovir Co-administration of PREVYMIS and modafinil is

not recommended due to potential for loss of
efficacy of PREVYMIS.

CYP3A Substrates

Examples: alfentanil, 1 CYP3A substrate When PREVYMIS is co-administered with a
fentanyl, midazolam, and CYP3A substrate, refer to the prescribing
quinidine information for dosing of the CYP3A substrate with

a moderate CYP3A inhibitort.

When PREVYMIS is co-administered with
cyclosporine, the combined effect on CYP3A
substrates may be similar to a strong CYP3A
inhibitor. Refer to the prescribing information for
dosing of the CYP3A substrate with a strong
CYP3A inhibitor*.

CYP3A substrates pimozide and ergot alkaloids
are contraindicated [see Contraindications (4)].

* This table is not all inclusive.

T | =decrease, 1 =increase

* Refer to the respective prescribing information.

§ These interactions have been studied [see Clinical Pharmacology (12.3)].

7.4 Drugs without Clinically Significant Interactions with PREVYMIS

No clinically significant interactions were observed in adult clinical drug-drug interaction studies of
letermovir and acyclovir, digoxin, mycophenolate mofetil, fluconazole, itraconazole, posaconazole, ethinyl
estradiol, and levonorgestrel.

8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy

Risk Summary
No adequate human data are available to establish whether PREVYMIS poses a risk to pregnancy

outcomes. In animal reproduction studies, embryo-fetal developmental toxicity (including fetal
malformations) was observed in rats during the period of organogenesis at letermovir exposures (AUC) 11
times higher than human exposure at the recommended human dose (RHD). In rabbits, no embryo-fetal
developmental toxicity was noted at exposures that were not maternally toxic (up to letermovir exposures
2 times higher than human exposure at the RHD). In a rat pre/post-natal development study, total litter loss
was observed at maternal letermovir exposures approximately 2 times higher than human exposure at the
RHD (see Data).
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The background risk of major birth defects and miscarriage for the indicated population is unknown. In the
U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically
recognized pregnancies is 2-4% and 15-20%, respectively.

Data
Animal Data

Letermovir was administered orally to pregnant rats at 0, 10, 50 or 250 mg/kg/day from gestation days 6 to
17. Developmental toxicities, including skeletal malformations and umbilical cord shortening, were
observed at 250 mg/kg/day (approximately 11 times higher than human exposure at the RHD). In addition,
decreased fetal body weight and skeletal variations (due to maternal toxicity) were observed at this dose.
No embryo-fetal toxicities were observed at 50 mg/kg/day (approximately 3 times higher than human
exposure at the RHD).

Letermovir was administered orally to pregnant rabbits at 0, 25, 75 or 225 mg/kg/day from gestation days
6 to 20. Developmental toxicities, including spontaneous abortion, increased post-implantation loss, and
skeletal variations, were observed at a maternally toxic dose (225 mg/kg/day; approximately 2 times higher
than human exposure at the RHD). No embryo-fetal toxicities were observed at 75 mg/kg/day (less than
human exposure at the RHD).

In the pre/post-natal development study, letermovir was administered orally to pregnant rats at 0, 10, 45 or
180 mg/kg/day from gestation day 6 to lactation day 22. At 180 mg/kg/day (approximately 2 times higher
than human exposure at the RHD), total litter loss due to stillbirth or possible maternal neglect was observed
in 5 of 23 pregnant females by post-partum/lactation day 4. In surviving offspring, slight developmental
delays in vaginal opening and pinna unfolding were accompanied by reduced body weight gain at this dose.
No toxicities were observed at 45 mg/kg/day (similar to human exposure at the RHD).

8.2 Lactation

Risk Summary
It is not known whether letermovir is present in human breast milk, affects human milk production, or has

effects on the breastfed child.

When administered to lactating rats, letermovir was present in the milk of lactating rats as well as the blood
of nursing pups (see Data).

The developmental and health benefits of breastfeeding should be considered along with the mother's
clinical need for PREVYMIS and any potential adverse effects on the breastfed child from PREVYMIS or
from the underlying maternal condition.

Data

In a lactation study, letermovir was excreted in milk when administered intravenously (at 10 mg/kg) to
lactating rats on post-partum/lactation day 10. Letermovir was also detected in the blood of nursing pups
on post-partum/lactation day 21 in the pre/post-natal developmental study.

8.3 Females and Males of Reproductive Potential

Infertility
There are no data on the effect of letermovir on human fertility. Decreased fertility due to testicular toxicity

was observed in male rats [see Nonclinical Toxicology (13.1, 13.2)].

8.4 Pediatric Use

The safety and effectiveness of PREVYMIS have been established for:
o Prophylaxis of CMV infection and disease in pediatric CMV-seropositive recipients of an allogeneic
HSCT 6 months of age and older and weighing at least 6 kg, and
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o Prophylaxis of CMV disease in pediatric kidney transplant recipients 12 years of age and older and
weighing at least 40 kg who are at high risk [D+/R-].

HSCT Recipients: The use of PREVYMIS for prophylaxis of CMV infection and disease in pediatric
recipients of an allogeneic HSCT is supported by evidence from adequate and well-controlled studies in
adults with additional pharmacokinetic and safety data from pediatric patients in Trial P030. The safety and
pharmacokinetic results were similar to those in adults [see Warnings and Precautions (5.2), Adverse
Reactions (6.1), Clinical Pharmacology (12.3), Clinical studies (14.2, 14.4)].

Kidney Transplant Recipients: The use of PREVYMIS for prophylaxis of CMV disease in high-risk [D+/R-]
kidney transplant recipients 12 years of age and older and weighing at least 40 kg is supported by evidence
from an adequate and well-controlled study in adults and safety data from pediatric HSCT recipients (Trial
P030). Letermovir exposures are expected to be similar between adult and pediatric patients 12 years of
age and older and weighing at least 40 kg [see Warnings and Precautions (5.2), Adverse Reactions (6.1),
Clinical Pharmacology (12.3), Clinical studies (14.3, 14.4)].

The safety and effectiveness of PREVYMIS have not been established for:
o HSCT recipients less than 6 months of age or weighing less than 6 kg, or
o Kidney transplant recipients less than 12 years of age or weighing less than 40 kg.

8.5 Geriatric Use

Of the 373 subjects treated with PREVYMIS in Trial PO01, 56 (15%) subjects were 65 years of age or older.
Of the 144 subjects treated with PREVYMIS in Trial P040, 32 (22%) subjects were 65 years of age or older.
Of the 292 subjects treated with PREVYMIS in Trial P002, 48 (16%) subjects were 65 years of age or older.
Safety and efficacy were similar across older and younger subjects in each trial. No dosage adjustment of
PREVYMIS is required based on age [see Clinical Pharmacology (12.3)].

8.6 Renal Impairment

For adult patients with CLcr greater than 10 mL/min (by Cockcroft-Gault equation), and pediatric patients
with a similar degree of renal impairment (based on age-appropriate assessment of renal function), no
dosage adjustment of PREVYMIS is required based on renal impairment [see Clinical Pharmacology
(12.3)]. The safety of PREVYMIS in adult patients with end-stage renal disease (CLcr less than 10 mL/min)
or in pediatric patients with a similar degree of renal impairment (based on age-appropriate assessment of
renal function), including patients on dialysis, is unknown.

In adult patients with CLcr less than 50 mL/min and in pediatric patients with a similar degree of renal
impairment (based on age-appropriate assessment of renal function) receiving PREVYMIS injection,
accumulation of the intravenous vehicle, hydroxypropyl betadex, could occur. Closely monitor serum
creatinine levels in these patients [see Dosage and Administration (2.7) and Warnings and Precautions

(5.2)].
8.7 Hepatic Impairment

No dosage adjustment of PREVYMIS is required for patients with mild (Child-Pugh Class A) or moderate
(Child-Pugh Class B) hepatic impairment. PREVYMIS is not recommended for patients with severe (Child-
Pugh Class C) hepatic impairment [see Clinical Pharmacology (12.3)].

10 OVERDOSAGE

There is no specific antidote for overdose with PREVYMIS. In case of overdose, it is recommended that
the patient be monitored for adverse reactions and appropriate symptomatic treatment be instituted.

It is unknown whether dialysis will result in meaningful removal of PREVYMIS from systemic circulation.
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11 DESCRIPTION

PREVYMIS contains letermovir, an inhibitor of the CMV DNA terminase complex, and is administered orally
or by intravenous infusion.

Letermovir has a molecular formula of C29H2s8F4N4O4 and a molecular weight of 572.55. The chemical name
for letermovir is (4S)-2-{8-Fluoro-2-[4-(3- methoxyphenyl)piperazin-1-yl]-3-[2-methoxy-5-
(trifluoromethyl)phenyl]-3,4-dihydroquinazolin-4-yl}acetic acid. Letermovir is very slightly soluble in water.

The chemical structure of letermovir is:

HyCO N/\ OCH,
_ B

N COzH

F

PREVYMIS is available as 240 mg and 480 mg tablets. PREVYMIS tablets contain either 240 mg or 480 mg
of letermovir and the following inactive ingredients: colloidal silicon dioxide, croscarmellose sodium,
magnesium stearate, microcrystalline cellulose, povidone 25, and film-coated with a coating material
containing the following inactive ingredients: hypromellose 2910, iron oxide red (only for 480 mg tablets),
iron oxide yellow, lactose monohydrate, titanium dioxide, and triacetin. Carnauba wax is added as a
polishing agent.

PREVYMIS is available as 20 mg and 120 mg packets of oral pellets. PREVYMIS packets of oral pellets
contain either 20 mg or 120 mg of letermovir. PREVYMIS oral pellets contain the following inactive
ingredients: colloidal silicon dioxide, croscarmellose sodium, magnesium stearate, microcrystalline
cellulose, povidone K-29/32, and are film-coated with a coating material containing the following inactive
ingredients: hypromellose 2910, iron oxide red, iron oxide yellow, lactose monohydrate, titanium dioxide,
and triacetin.

PREVYMIS is available as 240 mg/12 mL (20 mg/mL) and 480 mg/24 mL (20 mg/mL) injection for
intravenous infusion. PREVYMIS injection is a clear, preservative-free sterile solution and may contain a
few small translucent or white particles in single-dose vials of either 240 mg or 480 mg per vial. Each 1 mL
of solution contains 20 mg letermovir, hydroxypropyl betadex (150 mg), sodium chloride (3.1 mg), sodium
hydroxide (1.2 mg), and Water for Injection. The amount of sodium hydroxide may be adjusted to achieve
a pH of approximately 7.5.

12  CLINICAL PHARMACOLOGY

12.1 Mechanism of Action

PREVYMIS is an antiviral drug against CMV [see Microbiology (12.4)].
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12.2 Pharmacodynamics

Cardiac Electrophysiology

In a thorough QT trial in healthy adult subjects, letermovir at the therapeutic IV dose or at a dose of 2 times

the approved IV dose did not prolong QTc to any clinically relevant extent.

12.3 Pharmacokinetics

The pharmacokinetic properties of letermovir are displayed in Table 12.

Table 12: Absorption, Distribution, Metabolism, Elimination (ADME), and Pharmacokinetic
Properties of PREVYMIS*

Pharmacokinetics in Adult HSCT Recipients

Treatment Regimen

480 mg oral once daily, no cyclosporine
480 mg IV once daily, no cyclosporine
240 mg oral once daily, with cyclosporine

240 mg IV once daily, with cyclosporine

Steady-state median (90% prediction interval)
AUC (ngehr/mL) of PREVYMIS

34,400 (16,900, 73,700)
100,000 (65,300, 148,000)
60,800 (28,700, 122,000)
70,300 (46,200, 106,000)

Pharmacokinetics in Adult Kidney Transplant Recipients

Treatment Regimen

480 mg oral once daily, no cyclosporine

240 mg oral once daily, with cyclosporine

Steady-state median (90% prediction interval)
AUC (ngehr/mL) of PREVYMIS

62,700 (17,500, 139,000)
71,900 (42,400, 125,000)

Pharmacokinetics in Healthy Adult Subjects

Treatment Regimen

480 mg oral once daily

Steady-state geometric mean AUC and Cmax of
PREVYMIS

Cmax: 13,000 ng/mL
AUC: 71,500 ngehr/mL

Dose proportionality

Greater than proportional following single and
multiple oral or IV doses of PREVYMIS 240 mg
and 480 mg

Reference ID: 5433331

Accumulation ratiot Cmax: 1.03
AUC: 1.22
Time to steady-state 9-10 days
Absorption
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Bioavailability

Healthy adult subjects administered PREVYMIS
without cyclosporine: 94% at an oral dose range
of 240 mg to 480 mg

Adult HSCT recipients administered PREVYMIS
without cyclosporine: 35% with 480 mg oral once
daily

Adult HSCT recipients administered PREVYMIS
with cyclosporine: 85% with 240 mg oral once
daily

Adult kidney transplant recipients administered
PREVYMIS without cyclosporine: 56%* with
480 mg oral once daily

Median Tmax (hr)

1.5t0 3.0 hr

Effect of food (relative to fasting)$

AUC: 99.63% [84.27% - 117.80%]
Cmax: 129.82% [104.35% -161.50%]

Oral pellets versus tablet (fasting)

AUC and Cmax values were comparable when
comparing PREVYMIS tablet (240 mg) and
PREVYMIS oral pellets (2 X 120 mg)

Distribution

Mean steady-state volume of distribution

45.5 L following IV administration in adult HSCT
recipients

% In vitro bound to human plasma proteins

99% across the concentration range of 0.2 to 50
mg/L

In vitro blood-to plasma ratio

0.56 across the concentration range of 0.1 to 10
mg/L

Metabolism

In vitro metabolism

UGT1A1/1A3 (minor)

Drug-related component in plasma

97% unchanged parent

No major metabolites detected in plasma

Elimination

Route of elimination

Hepatic uptake (OATP1B1/3)

Mean terminal t12 (hr)

12 hrs after dosing of PREVYMIS 480 mg IV once
daily

% of dose excreted in feces' 93%
% of dose excreted in urinel <2%
% of unchanged drug excreted in feces' 70%

* Values were obtained in studies of healthy adult subjects unless otherwise indicated.

T Based on geometric mean data.

Reference ID: 5433331
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1 95% CI (46%, 65%)

§ Values refer to geometric mean ratio [fed/fasted] percentage and 90% confidence interval back
transformed from linear mixed-effects model performed on natural log-transformed values. The meal
administered was a standard high fat and high calorie meal (33 grams protein, 65 grams
carbohydrates, 58 grams fat; 920 total calories).

' Single oral administration of radiolabeled letermovir in mass balance study.

Specific Populations

Pediatric Patients
Letermovir AUC in pediatric HSCT recipients was estimated using population pharmacokinetic analysis

using Trial PO30 data (see Table 13 and Table 14). Exposures for pediatric HSCT recipients for body weight
bands 6 kg and above are within the range of exposures observed at the recommended doses of

PREVYMIS in adults (see Table 12).

Table 13: PREVYMIS AUC (ngehr/mL) Values Following Once Daily Oral Administration in Pediatric
HSCT Recipients

Steady-state Oral Dose Steady-state
Body Weiaht Oral Dose, No Median With ’ Median
y g Cyclosporine | (90% Prediction Cvclosporine (90% Prediction
Interval)* y P Interval)*
38,500 50,200
t ’ ’
30 kg and above 480 mg (18,100, 78,100) | 240 ™mg (24,100, 102,000)
39,600 53,200
15 kg to less than 30 kg 240 mg (21,300, 71,800) 120 mg (27,800, 102,000)
32,900 42,300
7.5 kg to less than 15 kg 120 mg (16,800, 61,200) 60 mg (22,300, 81,500)
29,400 39,200
i ) )
6 kg to less than 7.5 kg 80 mg (16,600, 54,100) 40 mg (20,900, 71,800)
* Medians and 90% prediction intervals are based on simulations using the pediatric HSCT population
PK model with inter-individual variability.
T Includes pediatric patients 12 years of age and older or weighing = 30 kg.
 Includes pediatric patients 6 months of age and older and weighing 6 kg to < 7.5 kg.

Table 14: PREVYMIS AUC (ngehr/mL) Values Following Once Daily IV Administration in Pediatric
HSCT Recipients

Steady-state Steady-state
Body Weight IV Dose, No Median IV Dose, With Median
y 9 Cyclosporine | (90% Prediction | Cyclosporine | (90% Prediction
Interval)* Interval)*
114,000 61,400
t ’ ’
30 kg and above 480 mg (53,900, 230,000) | 240™mg (29,300, 128,000)
56,400 62,300
15 kg to less than 30 kg 120 mg (29,100, 110,000) 120 mg (32,100, 114,000)
45,900 49,900
7.5 kg to less than 15 kg 60 mg (24,500, 86,400) 60 mg (26,300, 96,300)
42,800 46,400
t . :
6 kg to less than 7.5 kg 40 mg (23,800, 79,200) 40 mg (26,300, 86,500)
* Medians and 90% prediction intervals are based on simulations using the pediatric HSCT population
PK model with inter-individual variability.
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T Includes pediatric patients 12 years of age and older or weighing = 30 kg.
* Includes pediatric patients 6 months of age and older and weighing 6 kg to < 7.5 kg.

Age, Gender, Race, and Weight
Age (18 to 82 years), gender, race, and body weight (up to 100 kg) did not have a clinically significant effect
on the pharmacokinetics of letermovir in adult subjects.

Renal Impairment

Clinical Study in a Renally Impaired Population

Letermovir AUC was approximately 1.9- and 1.4-fold higher in adult subjects with moderate (eGFR greater
than or equal to 30 to 59 mL/min/1.73m?) and severe (eGFR less than 30 mL/min/1.73m?) renal impairment,
respectively, compared to healthy adult subjects.

Post-kidney Transplant

Based on population pharmacokinetic analysis, letermovir AUC was approximately 1.1-, 1.3- and 1.4-fold
higher in adult subjects with mild (CLcr greater than or equal to 60 to less than 90 mL/min), moderate (CLcr
greater than or equal to 30 to less than 60 mL/min) and severe (CLcr greater than or equal to 15 to less
than 30 mL/min) renal impairment, respectively, compared to adult subjects with CLcr greater than or equal
to 90 mL/min.

Intravenous Formulation

Hydroxypropyl betadex present in the intravenous letermovir formulation is mainly eliminated by glomerular
filtration. Decreased elimination of hydroxypropyl betadex has been reported in the literature in patients
with severe renal impairment.

Hepatic Impairment

Letermovir AUC was approximately 1.6- and 3.8-fold higher in adult subjects with moderate (Child-Pugh
Class B [CP-B], score of 7-9) and severe (Child-Pugh Class C [CP-C], score of 10-15) hepatic impairment,
respectively, compared to healthy adult subjects.

Drug Interaction Studies

Drug interaction studies were performed in healthy adult subjects with PREVYMIS and drugs likely to be
co-administered or drugs commonly used as probes for pharmacokinetic interactions (see Table 15 and
Table 16).

In vitro results indicate that letermovir is a substrate of drug metabolizing enzymes CYP3A, CYP2D6,
UGT1A1, and UGT1A3, and transporters OATP1B1/3 and P-gp. Oxidative metabolism is considered to be
a minor elimination pathway based on in vivo human data. Inhibitors of OATP1B1/3 may result in increases
in letermovir plasma concentrations. Changes in letermovir plasma concentrations due to inhibition of P-
gp/BCRP by itraconazole were not clinically relevant. Changes in letermovir plasma concentrations due to
inhibition of UGTs are not anticipated to be clinically relevant.

Based on in vitro studies, the metabolism of letermovir is not mediated by CYP1A2, CYP2A6, CYP2B6,
CYP2C8, CYP2C9, CYP2C18, CYP2C19, CYP2E1, CYP4A11, UGT1A4, UGT1A6, UGT1A7, UGT1AS8,
UGT1A9, UGT1A10, UGT2B4, UGT2B7, UGT2B15, or UGT2B17. The transport of letermovir is not
mediated by OATP2B1, OCT1, OAT1, BCRP, or MRP2 in vitro.

Letermovir is a time-dependent inhibitor and inducer of CYP3A in vitro. Co-administration of PREVYMIS
with midazolam resulted in increased exposure of midazolam, indicating that the net effect of letermovir on
CYP3A is moderate inhibition (see Table 16). Based on these results, co-administration of PREVYMIS with
CYP3A substrates may increase the plasma concentrations of the CYP3A substrates [see
Contraindications (4), Warnings and Precautions (5.1), Drug Interactions (7.2, 7.3), and Table 11].
Letermovir is a reversible inhibitor of CYP2C8 in vitro. When co-administered with PREVYMIS, plasma
concentrations of CYP2C8 substrates are predicted to be increased [see Table 11 in Drug Interactions
(7.3)]. Co-administration of PREVYMIS reduced the exposure of voriconazole, most likely due to the
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induction of voriconazole elimination pathways, CYP2C9 and CYP2C19. Co-administration of PREVYMIS
with CYP2C9 and CYP2C19 substrates may decrease the plasma concentrations of the CYP2C9 and
CYP2C19 substrates [see Table 11 in Drug Interactions (7.3)]. Letermovir is an inducer of CYP2B6 in vitro;
the clinical relevance is unknown.

Letermovir inhibited efflux transporters P-gp, breast cancer resistance protein (BCRP), bile salt export pump
(BSEP), multidrug resistance-associated protein 2 (MRP2), OAT3, and hepatic uptake transporter
OATP1B1/3 in vitro. Co-administration of PREVYMIS with substrates of OATP1B1/3 transporters (e.g.,
atorvastatin, a known substrate of CYP3A, OATP1B1/3, and potentially BCRP) may result in a clinically
relevant increase in plasma concentrations of OATP1B1/3 substrates [see Table 11 in Drug Interactions
(7.3)]. There were no clinically relevant changes in plasma concentrations of digoxin, a P-gp substrate, or
acyclovir, an OAT3 substrate, following co-administration with PREVYMIS in clinical studies (see Table 16).
The effect of letermovir on BCRP, BSEP, and MRP2 substrates was not evaluated in clinical studies; the
clinical relevance is unknown.

Based on in vitro results letermovir is not an inhibitor of CYP1A2, CYP2A6, CYP2C9, CYP2C19, CYP2DG6,
CYP2E1, UGT1A4, UGT1A6, UGT1A9, or UGT2B7 and is not an inducer of CYP1A2. Letermovir is not an
inhibitor of OATP2B1, OCT1, OCT2, or OAT1 in vitro.

Table 15: Drug Interactions: Changes in Pharmacokinetics of Letermovir in the Presence of
Co-administered Drug

Reference ID: 5433331

. Geometric Mean Ratio [90% CI] of
o Regimen of Letermovir PK with/without
Co-administered Co- Letermovir Co-administered Drug
Drug administered | Regimen (No Effect=1.00)
Dru
g AUC | Cmax | C24hr
Antifungals
Cconazole 400 mg single Si:;g mo 1.11 1.06 128
dose PO PO (1.01,1.23) | (0.93,1.21) | (1.15, 1.43)
traconazole 200 mg once oﬁg’g g’a?l 1.33 1.21 1.90
daily PO 5o Y 1 (1.17,151) | (1.05, 1.39) | (1.58, 2.28)
Antimycobacterials
600 mg single si:8|?a m9 2.03 159 2.01
dose PO gpo (1.84,2.26) | (1.46,1.74) | (1.59, 2.54)
600 mg single si:Blg 9 158 137 0.78
dose IV gpo (1.38,1.81) | (1.16, 1.61) | (0.65, 0.93)
rifampin 600 mg once 0;‘32 g 0.81 1.01 0.14
daily PO o Y | (0.67,098) | (0.79, 1.28) | (0.1, 0.19)
600 mg once
(ZZH%OF:’?S once g;?'y © 301 7| © 20 31) | (0 060 12)
after PO
rifampin)f
Immunosuppressants
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. Geometric Mean Ratio [90% CI] of
. Regimen of ) Letermovir PK with/without
Co-administered Co- Letermovir Co-administered Drug
Drug administered Regimen (No Effect=1.00)
Dru
g AUC Cmax C24hr*
velosboring 200 mg single oﬁgg S 2.11 148 2.06
yclosp dose PO 5o Y | (1.97,2.26) | (1.33,1.65) | (1.81, 2.35)
mycophenolate 1 g single olntsg g;?l 1.18 1.11 1.39
mofetil dose PO PO y (1.04, 1.32) | (0.92,1.34) | (1.12,1.74)
tacrolimus 5 mg single tw?c%rggily 1.02 0.92 1.02
dose PO PO (0.97,1.07) | (0.84,1.00) | (0.93, 1.12)
Abbreviations: PO= oral
* C12hr for tacrolimus
T These data are the effect of rifampin on letermovir 24 hours after final rifampin dose.

Table 16: Drug Interactions: Changes in Pharmacokinetics for Co-administered Drug in the
Presence of Letermovir

Reference ID: 5433331

. Geometric Mean Ratio
Co- Regimen of _ [90% CI] of Co-administered Drug PK
administered Co- Letermovir with/without Letermovir
Drug adm:)mstered Regimen (No Effect=1.00)
ru
g AUC | cmax | c24nr
CYP3A Substrates
1 mg single 240 mg once 1.47 1.05 2.74
. dose IV daily PO (1.37,1.58) | (0.94,1.17) | (2.16, 3.49)
midazolam
2 mg single 240 mg once 2.25 1.72 Not available
dose PO daily PO (2.04,2.48) | (1.55, 1.92)
P-gp Substrates
digoxin 0.5 mg single 240 mg twice 0.88 0.75 0.90
9 dose PO daily PO (0.80, 0.96) | (0.63,0.89) | (0.84,0.96)
Immunosuppressants
cvelosporine 50 mg single 240 mg once 1.66 1.08 2.19
yclosp dose PO daily PO (1.51,1.82) | (0.97,1.19) | (1.80, 2.66)
mycophenolate | 1 g single dose | 480 mg once 1.08 0.96 1.04
mofetil PO daily PO (0.97,1.20) | (0.82,1.12) | (0.86, 1.27)
tacrolimus 5 mg single 480 mg once 242 1.57 2.53
dose PO daily PO (2.04,2.88) | (1.32,1.86) | (2.12, 3.03)
sirolimus 2 mg single 480 mg once 3.40 2.76 3.15
dose PO daily PO (3.01, 3.85) | (2.48,3.06) | (2.80, 3.55)
Antifungals and Antivirals
acvclovir 400 mg single 480 mg once 1.02 0.82 1.13
y dose PO daily PO (0.87,1.2) (0.71,0.93) | (0.94, 1.36)
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. Geometric Mean Ratio
Co- Regimen of _ [90% CI] of Co-administered Drug PK
Drug adm:)nlstered Regimen (No Effect=1.00)
ru
g AUC Cmax C24hr*
fluconazole 400 mg single | 480 mg single 1.03 0.95 1.04
dose PO dose PO (0.99, 1.08) | (0.92,0.99) | (1.00, 1.08)
itraconazole 200 mg once 480 mg once 0.76 0.84 0.67
daily PO daily PO (0.71,0.81) | (0.76,0.92) | (0.61,0.73)
osaconazole 300 mg single 480 mg once 0.98 1.11 1.10
P dose PO daily PO (0.82,1.17) | (0.95,1.29) | (0.94, 1.30)
voriconazole 200 mg twice 480 mg once 0.56 0.61 0.49
daily PO daily PO (0.51,0.62) | (0.53,0.71) | (0.42,0.57)
HMG-CoA Reductase Inhibitors
atorvastatin 20 mg single 480 mg once 3.29 217 3.62
dose PO daily PO (2.84,3.82) | (1.76,2.67) | (2.87,4.55)
Oral Contraceptives
(EE) single dose PO | 480 mg once (1.32,1.52) | (0.83,0.96) | (1.45,1.70)
Nlevonorgestrel | 0.15 mg LNG daily PO 1.36 0.95 1.38
(LNG) single dose PO (1.30, 1.43) | (0.86, 1.04) | (1.32, 1.46)
Abbreviations: PO=oral
* C12hr reported for voriconazole.

12.4 Microbiology

Mechanism of Action

Letermovir inhibits the CMV DNA terminase complex (pUL51, pUL56, and pUL89) which is required for viral
DNA processing and packaging. Biochemical characterization and electron microscopy demonstrated that
letermovir affects the production of proper unit length genomes and interferes with virion maturation.
Genotypic characterization of virus resistant to letermovir confirmed that letermovir targets the terminase
complex.

Antiviral Activity

The median ECso value of letermovir against a collection of clinical CMV isolates in a cell-culture model of
infection was 2.1 nM (range = 0.7 nM to 6.1 nM, n = 74). There was no significant difference in ECso value
by CMV gB genotype (gB1=29; gB2=27; gB3=11; and gB4=3).

Combination Antiviral Activity
No antagonism of the antiviral activity was seen when letermovir was combined with CMV DNA polymerase
inhibitors (cidofovir, foscarnet, or ganciclovir).

Viral Resistance

In Cell Culture

CMV mutants with reduced susceptibility to letermovir have been selected in cell culture and the resistance
mutations map to UL51, UL56, and UL89. Resistance-associated substitutions were found in pUL51 (P91S,
A95V), pUL56 (C25F, S229F, V231A/L, N232Y, V236A/L/M, E237D, L241P, T244K/R, L254F, L257F/I,
K258E, F261C/L/S, Y321C, C325F/R/W/Y, L328V, M329T, A365S, N368D, R369G/M/S), and pUL89
(N320H, D344E). ECso values for recombinant CMV mutants expressing these substitutions are 1.6- to
9,300-fold higher than those for the wild-type reference virus.
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In Clinical Studies

In a Phase 2b trial evaluating letermovir or placebo in 131 adult HSCT recipients, DNA sequence analysis
of a select region of UL56 (amino acids 231 to 369) was performed on samples obtained from 12 letermovir-
treated subjects who experienced prophylaxis failure and for whom on-treatment samples were available
for analysis. One subject had a letermovir resistance substitution, pUL56 V236M (19-50-fold reduction in
susceptibility).

In a Phase 3 trial (P0O01), DNA sequence analysis of the entire coding regions of UL56 and UL89 was
performed on samples obtained from 50 letermovir-treated adult subjects who had received at least one
dose of study drug and experienced prophylaxis failure and for whom samples were available for analysis.
The pUL56 substitutions V236M (19-50-fold reduction), E237G (13-fold reduction), C325W (9300-fold
reduction), and R369T (52-fold reduction) were detected in 3 subjects; however, no 2 subjects had
substitutions at the same positions.

In a Phase 3 trial (P040), DNA sequence analysis of the entire coding regions of UL51, UL56 and UL89
was performed on samples obtained from 32 adult subjects (regardless of treatment group) who
experienced prophylaxis failure or who discontinued early with CMV viremia. No letermovir resistance-
associated substitutions were detected above the validated assay limit.

In a Phase 3 trial (P002), DNA sequence analysis of the entire coding regions of UL51, UL56 and UL89
was performed on samples obtained from 52 letermovir-treated adult subjects who experienced CMV
disease or who discontinued early with CMV viremia. No previously characterized resistance-associated
substitutions were identified. Novel substitutions were detected in letermovir-treated subjects at resistance-
associated positions (pUL56 S229Y [n=1], pUL56 M329I [n=9], and pUL89 D344Y [n=5]) at low frequencies,
ranging between 0.05 to 0.07. The clinical significance of these substitutions is unknown; phenotypic
analysis is planned.

In a Phase 2b trial (P030), DNA sequence analysis of the entire coding regions of UL51, UL56 and UL89
was performed on samples obtained from 10 letermovir-treated pediatric subjects at a visit for evaluation
of CMV infection. A total of 2 letermovir resistance-associated substitutions both mapping to pUL56 were
detected in 2 subjects. One subject had the substitution C325W (9300-fold reduction), and the other had
R369S (38-fold reduction).

Cross Resistance

Cross resistance is not likely with drugs outside of this class. Letermovir is fully active against viral
populations with substitutions conferring resistance to CMV DNA polymerase inhibitors (cidofovir,
foscarnet, and ganciclovir). These DNA polymerase inhibitors are expected to be fully active against viral
populations with substitutions conferring resistance to letermovir.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Carcinogenesis and Mutagenesis
Letermovir was not genotoxic in in vitro or in vivo assays, including microbial mutagenesis assays,
chromosomal aberration in Chinese hamster ovary cells, and in an in vivo mouse micronucleus study.

Letermovir was not carcinogenic in a 6-month RasH2 transgenic mouse study up to the highest doses
tested (150 mg/kg/day in males and 300 mg/kg/day in females). Based on a comprehensive assessment
of the available toxicology data and the CMV-specific target, letermovir is not expected to be carcinogenic
in humans.

Impairment of Fertility
In a fertility and early embryonic development study in rats, no effects of letermovir on female fertility were
observed at letermovir exposures (AUC) approximately 5 times higher than human exposure at the RHD.

29

111

Reference ID: 5433331



In male rat fertility studies, decreased fertility associated with irreversible testicular toxicity was observed at
>180 mg/kg/day (greater than or equal to 3 times the human exposure at the RHD). No fertility or testicular
effects were observed at dose levels resulting in letermovir exposures (AUC) similar to human exposure at
the RHD [see Nonclinical Toxicology (13.2)].

13.2 Animal Toxicology and/or Pharmacology

Testicular toxicity in rats observed at 2180 mg/kg/day (greater than or equal to 3 times the human exposure
at the RHD) was characterized by decreased testis weight, bilateral seminiferous tubular degeneration,
decreased sperm count and motility, and resultant decreased male fertility. Male reproductive system
toxicities were not observed in either a monkey testicular toxicity study up to 240 mg/kg/day (approximately
2 times higher than human exposure at the RHD), or a general toxicology study in mice up to 250 mg/kg/day
(approximately 3 times higher than human exposure at the RHD).

The excipient, hydroxypropyl betadex, present in the IV letermovir formulation, has been associated with
hearing loss resulting from damage to the inner ear in multiple animal species. In published studies in rats,
a single subcutaneous dose of 2000 mg/kg hydroxypropyl betadex resulted in changes in hearing
parameters and associated decreases in outer hair cells in the inner ear. These findings were observed at
hydroxypropy! betadex levels approximately 3 times higher than those present in the letermovir IV drug
product at the MRHD, based on body surface area (BSA) comparisons. No adverse changes in hearing
parameters or hair cell populations in the inner ear were observed in rats following a single subcutaneous
dose of 1000 mg/kg hydroxypropyl betadex, which corresponds to levels approximately 1.5 times higher
than those present in the letermovir IV drug product at the MRHD, based on BSA comparisons [see
Warnings and Precautions (5.2)].

14 CLINICAL STUDIES
14.1 Overview of Clinical Studies

An overview of the trials contributing to the assessment of efficacy and safety of PREVYMIS in HSCT and
kidney transplant recipients is provided in Table 17.

Table 17: Trials Conducted with PREVYMIS

Trial Population Trial Arms (N)* Duration of Efficacy
(NCT Number) Prophylaxis Endpoint
Post-Transplant
P0O01 Adult allogeneic PREVYMIS (373) | Through Week 14 | Clinically
(NCT02137772) HSCT recipients Placebo (192) significant CMV
[R+] infection through
Week 24 post-
HSCT
P040 Adult allogeneic PREVYMIS (144) | Extension of Clinically
(NCT03930615) HSCT recipients Placebo (74) prophylaxis from | significant CMV
[R+] at risk for Week 14 through | infection through
late CMV Week 28 Week 28 post-
infection and HSCT
disease
P002 Adult kidney PREVYMIS (292) | Through Week 28 | CMV disease
(NCT03443869) transplant Valganciclovir through Week 52
recipients [D+/R-] | (297) post-kidney
transplant
P030 Pediatric PREVYMIS (63) Through Week 14 | Clinically
(NCT03940586) allogeneic HSCT significant CMV
recipients infection through
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Week 24 post-
HSCT

* N represents the number of subjects treated.

14.2 Adult CMV-seropositive Recipients [R+] of an Allogeneic Hematopoietic Stem Cell Transplant
(Trial P001 and Trial P040)

Prophylaxis Through Week 14 (~100 days) Post-HSCT (Trial PO01)

To evaluate PREVYMIS prophylaxis as a preventive strategy for CMV infection or disease in transplant
recipients at high risk for CMV reactivation, the efficacy of PREVYMIS was assessed in a multicenter,
double-blind, placebo-controlled Phase 3 Trial (P001, NCT02137772) in adult CMV-seropositive recipients
[R+] of an allogeneic hematopoietic stem cell transplant (HSCT). Subjects were randomized (2:1) to receive
either PREVYMIS at a dose of 480 mg once daily adjusted to 240 mg when co-administered with
cyclosporine, or placebo. Randomization was stratified by investigational site and risk level for CMV
reactivation at the time of study entry. Study drug was initiated after HSCT (at any time from Day 0 to Day
28 post-HSCT) and continued through Week 14 post-HSCT. Study drug was administered either orally or
intravenously; the dose of PREVYMIS was the same regardless of the route of administration. Subjects
received CMV DNA monitoring weekly until post-HSCT Week 14 and then bi-weekly until post-HSCT Week
24, with initiation of standard-of-care CMV pre-emptive therapy if CMV viremia was considered clinically
significant. Subjects had continued follow-up through Week 48 post-HSCT.

Among the 565 treated subjects, 70 subjects were found to have CMV viremia prior to study drug initiation
and were therefore excluded from the efficacy analyses. The efficacy population consisted of 325 subjects
who received PREVYMIS (including 91 subjects who received at least one IV dose) and 170 who received
placebo (including 41 subjects who received at least one IV dose). The IV formulation of PREVYMIS was
used at investigators’ discretion in subjects who were unable to take oral therapy (e.g., unable to tolerate
oral intake). The median time to starting study drug was 8 days after transplantation. Thirty-four percent
(34%) of subjects were engrafted at baseline. The median age was 55 years (range: 18 to 76 years). 57%
were male; 84% were White; 9% were Asian; 2% were Black or African American; and 5% were other
(American Indian or Alaska Native, multiple, and missing). 7% were Hispanic or Latino; 89% not Hispanic
or Latino; and 4% other (not reported, unknown, and missing).

At baseline, 30% of all subjects had one or more of the following factors associated with increased risk for
CMV reactivation (high risk stratum): Human Leukocyte Antigen (HLA)-related donor with at least one
mismatch at one of the following three HLA-gene loci: HLA-A, -B or —DR; haploidentical donor; unrelated
donor with at least one mismatch at one of the following four HLA-gene loci: HLA-A, -B, -C and -DRB1; use
of umbilical cord blood as stem cell source; use of ex vivo T-cell-depleted grafts; Grade 2 or greater Graft-
Versus-Host Disease (GVHD) requiring systemic corticosteroids. The remaining 70% of subjects did not
meet any of these high risk stratum criteria and were therefore included in the low risk stratum. Additionally,
48% of subjects received a myeloablative regimen, 51% were receiving cyclosporine, and 43% were
receiving tacrolimus. The most common primary reasons for transplant were acute myeloid leukemia (38%),
myelodysplastic syndrome (16%), and lymphoma (12%).

Clinically Significant CMV Infection

The primary efficacy endpoint of Trial PO01 was the incidence of clinically significant CMV infection through
Week 24 post-HSCT (prophylaxis failure). Clinically significant CMV infection was defined as the
occurrence of either CMV end-organ disease, or initiation of anti-CMV pre-emptive therapy (PET) based
on documented CMV viremia (using the Roche COBAS® AmpliPrep/COBAS TagMan® assay, LLoQ is 137
IU/mL, which is approximately 150 copies/mL) and the clinical condition of the subject. The protocol-
specified guidance for CMV DNA thresholds for the initiation of PET during the treatment period was = 150
copies/mL or > 300 copies/mL for subjects in the high and low risk strata, respectively. From Week 14
through Week 24, the threshold was >300 copies/mL for both high and low risk strata subjects. The Non-
Completer=Failure (NC=F) approach was used, where subjects who discontinued from the trial prior to
Week 24 post-HSCT or had a missing outcome at Week 24 post-HSCT were counted as failures.

Efficacy results from Trial PO01 are shown in Table 18.
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Table 18: Trial P001 Incidence of Clinically Significant CMV Infection in HSCT Recipients (NC=F
Approach, FAS Population) Through Week 24

Parameter PREVYMIS Placebo
(N=325) (N=170)
Proportion of subjects who failed prophylaxis 38% 61%
Reasons for failures*

Clinically significant CMV infection by Week 24t 18% 42%
Ir)itiat[on of PET based on documented CMV 16% 40%
viremia
CMV end-organ disease 2% 2%

Discontinued from study before Week 24+ 17% 16%

Missing outcome in Week 24 visit window 3% 3%

Stratum-adjusted treatment difference
(PREVYMIS-Placebo)$
Difference (95% ClI) -23.5 (-32.5, -14.6)1

* The categories of failure are mutually exclusive and based on the hierarchy of categories in the order listed.

T Through Week 14, 8% of subjects in the PREVYMIS group and 39% of subjects in the placebo group experienced clinically
significant CMV infection.

*Reasons for discontinuation included adverse event, death, lost to follow-up, physician decision, and withdrawal by subject.

§$95% Cl and p-value for the treatment differences in percent response were calculated using stratum-adjusted Mantel-Haenszel
method with the difference weighted by the harmonic mean of sample size per arm for each stratum (high or low risk).

T p-value <0.0001.

Note: FAS=Full analysis set; FAS includes randomized subjects who received at least one dose of study medication, and
excludes subjects with detectable CMV DNA at baseline. Approach to handling missing values: Non-Completer=Failure
(NC=F) approach. With NC=F approach, failure was defined as all subjects who developed clinically significant CMV infection
or prematurely discontinued from the study or had a missing outcome through Week 24 post-HSCT visit window.

Efficacy results were consistent across high and low risk strata for CMV reactivation. The time to clinically
significant CMV infection is shown in Figure 1. Among subjects in the PREVYMIS group, the cumulative
rate of clinically significant CMV infection increased from 6.8% at the end of prophylaxis (Week 14) to
18.9% at Week 24. In the placebo group, the cumulative rate of clinically significant CMV infection
increased from 41.3% at Week 14 to 44.3% at Week 24 [see Dosage and Administration (2.2)].
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Figure 1: P001: Kaplan-Meier Plot of Time to Onset of Clinically Significant CMV Infection Through
Week 24 Post-Transplant in HSCT Recipients (FAS Population)
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Post-hoc analysis demonstrated that among PREVYMIS-treated subjects, inclusion in the high risk stratum
for CMV reactivation at baseline, occurrence of GVHD, and steroid use at any time after randomization may
be associated with the development of clinically significant CMV infection between Week 14 and Week 24
post-HSCT.

Mortality
The Kaplan-Meier event rate for all-cause mortality in the PREVYMIS vs. placebo groups was 12% vs. 17%
at Week 24 post-HSCT, and 24% vs. 28% at Week 48 post-HSCT.

Prophylaxis From Week 14 (~100 days) Through Week 28 (~200 days) Post-HSCT (Trial P040)

The efficacy of extending PREVYMIS prophylaxis from Week 14 (~100 days) through Week 28 (~200 days)
post-HSCT in patients at risk for late CMV infection and disease was assessed in a multicenter, double-
blind, placebo-controlled Phase 3 trial (P040, NCT03930615) in adult CMV-seropositive recipients [R+] of
an allogeneic HSCT. Eligible subjects who completed PREVYMIS prophylaxis through ~100 days post-
HSCT were randomized (2:1) to receive PREVYMIS or placebo from Week 14 through Week 28 post-
HSCT. Subjects received PREVYMIS at a dose of 480 mg once daily (adjusted to 240 mg when co-
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administered with cyclosporine) or placebo. Study drug was administered either orally or 1V; the dose of
PREVYMIS was the same regardless of the route of administration. One subject received IV PREVYMIS
for 2 days. Subjects were monitored through Week 28 post-HSCT for the primary efficacy endpoint with
continued off-treatment follow-up through Week 48 post-HSCT.

Among the 218 treated subjects, 144 subjects received PREVYMIS and 74 received placebo. The median
age was 55 years (range: 20 to 74 years); 62% were male; 79% were white; 11% were Asian; 2% were
Black; 1% were multiple races; 6% had missing race; and 10% were Hispanic or Latino.

At study entry, all subjects had risk factors for late CMV infection and disease, with 64% having two or more
risk factors. The risk factors included: HLA-related (sibling) donor with at least one mismatch at one of the
following three HLA-gene loci: HLA-A, -B or —DR; haploidentical donor; unrelated donor with at least one
mismatch at one of the following four HLA-gene loci: HLA-A, -B, -C and -DRB1; use of umbilical cord blood
as stem cell source; use of ex vivo T-cell-depleted grafts; receipt of anti-thymocyte globulin; receipt of
alemtuzumab; use of systemic prednisone (or equivalent) at a dose of 21 mg/kg of body weight per day.
The most common reasons for transplant were acute myeloid leukemia (42%), acute lymphocytic leukemia
(15%), and myelodysplastic syndrome (11%).

Clinically Significant CMV Infection

The primary efficacy endpoint of Trial P040 was the incidence of clinically significant CMV infection through
Week 28 post-HSCT. Clinically significant CMV infection was defined as the occurrence of either CMV end-
organ disease, or initiation of anti-CMV PET based on documented CMV viremia and the clinical condition
of the subject. The Observed Failure (OF) approach was used, where subjects who discontinued
prematurely from the study without viremia or were missing data at the timepoint were not counted as
failures. The number of subjects who discontinued from the study before Week 28 without viremia was 14
(9.7%) in the PREVYMIS arm and 0 in the placebo arm. The number of subjects with a missing outcome in
the Week 28 visit window was 3 (2.1%) in the PREVYMIS arm and 4 (5.4%) in the placebo arm, none had
prior viremia.

Efficacy results from Trial P040 are shown in Table 19. Efficacy was consistent across subgroups based
on participant characteristics (age, gender, race) and risk factors for late CMV infection and disease.

Table 19: Trial P040 Efficacy Results in HSCT Recipients at Risk for Late CMV Infection and
Disease (OF Approach, FAS Population)

PREVYMIS Placebo
Parameter (~200 days (~100 days
PREVYMIS) PREVYMIS)
(N=144) (N=74)
Failures* 2.8% 18.9%
Clinically significant CMV infection from 1.4% 17.6%
Week 14 through Week 287
Initiation of PET based on documented 0.7% 14.9%
CMV viremia
CMV end-organ disease 0.7% 2.7%
Discontinued from study with CMV viremia 1.4% 1.4%
before Week 28
Stratum-adjusted treatment difference
(PREVYMIS (~200 days PREVYMIS)-
Placebo (~100 days PREVYMIS))*
Difference (95% ClI) -16.1 (-25.8, -6.5)8
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* The categories of failure are mutually exclusive and based on the hierarchy of categories in the order listed.

T Clinically significant CMV infection was defined as CMV end-organ disease (proven or probable) or initiation of
PET based on documented CMV viremia and the clinical condition of the subject.

* The 95% Cls and p-value for the treatment differences in percent response were calculated using stratum-
adjusted Mantel-Haenszel method with the difference weighted by the harmonic mean of sample size per arm for
each stratum (haploidentical donor yes or no). A one-sided p-value <0.0249 was used for declaring statistical
significance.

§ p-value = 0.0005

Approach to handling missing values: Observed Failure (OF) approach. With the OF approach, failure was defined
as all subjects who developed clinically significant CMV infection or discontinued prematurely from the study with
CMYV viremia from Week 14 (~100 days) through Week 28 (~200 days) post-HSCT.

N = Number of subjects in each treatment group.

The time to clinically significant CMV infection is shown in Figure 2. Among subjects in the PREVYMIS
group, the cumulative rate of clinically significant CMV infection increased from 1.6% at the end of
prophylaxis (Week 28) to 15.6% at Week 38. In the placebo group, the cumulative rate of clinically
significant CMV infection increased from 17.6% at Week 28 to 19.0% at Week 38. There were no additional
cases of clinically significant CMV infection in either group between Weeks 38 and 48 [see Dosage and

Administration (2.2)].

Figure 2: Trial P040 Kaplan-Meier Plot of Time to Onset of Clinically Significant CMV Infection
From Week 14 Through Week 48 Post-transplant in HSCT Recipients at Risk for Late CMV

Infection and Disease (FAS Population)
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14.3 Adult CMV-seronegative Recipients of a Kidney Transplant from a CMV-seropositive Donor
[D+/R-] (Trial P002)

To evaluate PREVYMIS prophylaxis as a preventive strategy for CMV disease in kidney transplant
recipients, the efficacy of PREVYMIS was assessed in a multicenter, double-blind, active comparator-
controlled non-inferiority Phase 3 trial (P002, NCT03443869) in adult kidney transplant recipients at high
risk [D+/R-]. Subjects were randomized (1:1) to receive either PREVYMIS or valganciclovir. PREVYMIS
was administered at a dose of 480 mg once daily (adjusted to 240 mg when co-administered with
cyclosporine). PREVYMIS was given concomitantly with acyclovir. Valganciclovir was given concomitantly
with a placebo to acyclovir. Randomization was stratified by the use or nonuse of highly cytolytic, anti-
lymphocyte immunotherapy during induction. Study drug was initiated between Day 0 and Day 7 post-
kidney transplant and continued through Week 28 (~200 days) post-transplant. Study drug was
administered either orally or IV; the dose of PREVYMIS was the same regardless of the route of
administration. Three subjects received IV PREVYMIS for a mean duration of 1.7 days. Subjects were
monitored through Week 52 post-transplant.

Among the 589 treated subjects, 292 subjects received PREVYMIS and 297 received valganciclovir. The
median age was 51 years (range: 18 to 82 years); 72% were male; 84% were White; 9% were Black; 3%
were multiple; 2% were Asian; 1% Alaskan native or American Indian; 17% were Hispanic or Latino; and
60% received a kidney from a deceased donor. The most common primary reasons for transplant were
congenital cystic kidney disease (17%), hypertension (16%), and diabetes/diabetic nephropathy (14%).

CMV Disease

The primary efficacy endpoint of Trial P0O02 was the incidence of CMV disease (CMV end-organ disease or
CMV syndrome, confirmed by an independent adjudication committee) through Week 52 post-transplant.
The Observed Failure (OF) approach was used, where subjects who discontinued prematurely from the
study for any reason or were missing data at the timepoint were not counted as failures. The number of
subjects who discontinued from the study before Week 52 was 32 (11%) in the PREVYMIS arm and 28
(9%) in the valganciclovir arm. The number of subjects with a missing outcome in the Week 52 visit window
was 24 (8%) in the PREVYMIS arm and 25 (8%) in the valganciclovir arm.

Efficacy results from Trial PO02 are shown in Table 20.

Table 20: Trial P002 Incidence of CMV Disease in Kidney Transplant Recipients (OF Approach,
FAS Population) Through Week 52

Parameter PREVYMIS Valganciclovir
(N=289) (N=297)
CMV Disease* Through Week 52 10% 12%
CMV Syndrome? 8% 11%
CMV End-organ Disease 2% <1%
Stratum-adjusted Treatment
P +
Difference 1.4 (-6.5, 3.8)5
(PREVYMIS - Valganciclovir)

* CMV disease cases confirmed by an independent adjudication committee.

T Defined as evidence of CMV in blood by viral isolation, rapid culture, antigenemia, or nucleic acid testing, and
two or more of the following: 1) fever 238°C for at least 2 days, 2) new or increased malaise/fatigue, 3) leukopenia
or neutropenia on two separate measurements at least 24 hours apart, 4) 25% atypical lymphocytes, 5)
thrombocytopenia, 6) elevation of ALT or AST to 2x ULN.
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* The 95% Cls for the treatment differences in percent response were calculated using stratum-adjusted Mantel-
Haenszel method with the difference weighted by the harmonic mean of sample size per arm for each stratum
(use/non-use of highly cytolytic, anti-lymphocyte immunotherapy during induction).

§ Based on a non-inferiority margin of 10%, PREVYMIS is non-inferior to valganciclovir.

Note: Approach to handling missing values: Observed failure (OF) approach. With OF approach, subjects who
discontinued from the study before Week 52 or had a missing outcome in the Week 52 visit window were not
counted as failures.

Efficacy was comparable across all subgroups, including the use/nonuse of highly cytolytic, anti-
lymphocyte immunotherapy during induction.

In an exploratory analysis of the incidence of CMV disease through Week 28 post-transplant, the
difference (PREVYMIS — Valganciclovir) was -1.7% with 95% CI of (-3.4, 0.1). No subjects in the
PREVYMIS group experienced CMV disease through Week 28 post-transplant (end of treatment period)
compared with 5 subjects in the valganciclovir group.

14.4 Pediatric Recipients of an Allogeneic HSCT (Trial P030)

Sixty-three children 2 months to less than 18 years of age who had an allogeneic HSCT were enrolled in a
multicenter, open-label, single-arm pharmacokinetic, safety and effectiveness study of PREVYMIS (P030,
NCT03940586). Subjects received PREVYMIS daily either orally or intravenously for CMV prophylaxis
within 28 days post-HSCT through Week 14 post-HSCT. The intravenous formulation was used for up to
four weeks in subjects who were unable to take oral therapy. The daily doses of PREVYMIS were based
on body weight [see Dosage and Administration (2.3, 2.5)]. Among the 63 treated subjects, 8 were 2 months
to less than 2 years of age, 27 were 2 to less than 12 years of age and 28 were 12 to less than 18 years of
age. The median age was 11 years; 70% were male; 70% were White; 14% were Asian; 5% were Black;
and 22% were Hispanic or Latino [see Use in Specific Populations (8.4)].

The efficacy analyses population consisted of 56 subjects who received at least one dose of study drug
and had no detectable CMV DNA at baseline. The proportion of subjects who failed CMV prophylaxis
through Week 24 post-HSCT was 25% (14 of the 56 subjects). Six subjects had initiation of pre-emptive
therapy based on CMV viremia and 8 subjects discontinued from the study before Week 24. None of the
subjects had CMV end-organ disease.

PREVYMIS is indicated for pediatric recipients of an allogeneic HSCT aged 6 months and older and
weighing at least 6 kg.

16 HOW SUPPLIED/STORAGE AND HANDLING

Tablets:

Each PREVYMIS 240 mg tablet is a yellow oval tablet; each tablet is debossed with “591” on one side and
corporate logo on the other side. Each PREVYMIS 480 mg tablet is a pink oval, bi-convex tablet debossed
with “595” on one side and corporate logo on the other side.

The 240 mg tablets are packaged into a carton (NDC 0006-3075-02) containing four (4) Child Resistant
(CR) Dosepaks®, each containing a 7-count blister card for a total of 28 tablets, or into a carton (NDC 0006-
3075-04) containing two (2) unit-dose 7-count blister cards for a total of 14 tablets.

The 480 mg tablets are packaged into a carton (NDC 0006-3076-02) containing four (4) Child Resistant
(CR) Dosepaks®, each containing a 7-count blister card for a total of 28 tablets, or into a carton (NDC 0006-
3076-04) containing two (2) unit-dose 7-count blister cards for a total of 14 tablets.

Store PREVYMIS tablets in the original package until use to protect from moisture.
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Store PREVYMIS tablets at 20°C to 25°C (68°F to 77°F); excursions permitted to 15°C to 30°C (59°F to
86°F) [see USP Controlled Room Temperature].

Oral Pellets:

PREVYMIS oral pellets are supplied as beige round pellets in packets. Each packet contains 20 mg of
letermovir.

PREVYMIS oral pellets are supplied as beige round pellets in packets. Each packet contains 120 mg of
letermovir.

The 20 mg packets of PREVYMIS oral pellets are packaged into a carton (NDC 0006-5086-01). Each carton
contains 30 child resistant packets.

The 120 mg packets of PREVYMIS oral pellets are packaged into a carton (NDC 0006-5085-01). Each
carton contains 30 child resistant packets.

Store PREVYMIS oral pellets in the original packet until use.

Store PREVYMIS oral pellets at 20°C to 25°C (68°F to 77°F); excursions permitted between 15°C to 30°C
(59°F to 86°F) [see USP Controlled Room Temperature].

Injection:

PREVYMIS is supplied as a sterile, clear and colorless solution for intravenous use of 240 mg/12 mL
(20 mg/mL) or 480 mg/24 mL (20 mg/mL) that may contain a few product-related small translucent or white
particles.

The single-dose vials are supplied in cartons that contain a 240 mg single-dose vial (NDC 0006-5003-01)
or a 480 mg single-dose vial (NDC 0006-5004-01).

Store PREVYMIS injection vials at 20°C to 25°C (68°F to 77°F); excursions permitted to 15°C to 30°C (59°F
to 86°F) [see USP Controlled Room Temperature].

Store in the original carton to protect from exposure to light.

17 PATIENT COUNSELING INFORMATION

Advise the patient to read the FDA-approved patient labeling (Patient Information and Instructions for Use).

Drug Interactions

Inform patients that PREVYMIS may interact with some drugs; therefore, advise patients to report the use
of any prescription, non-prescription medication, or herbal products to their healthcare provider [see Dosage
and Administration (2.4, 2.6), Contraindications (4), Warnings and Precautions (5.1), and Drug Interactions

(7)1

Risks Associated with Hydroxypropyl Betadex Excipient in Intravenous Formulation

Inform patients that the intravenous formulation of PREVYMIS contains hydroxypropyl betadex which is
eliminated through glomerular filtration and may accumulate in patients with renal impairment. In animals,
hydroxypropyl betadex has been shown to cause ototoxicity [see Warnings and Precautions (5.2), Use in
Specific Populations (8.6) and Nonclinical Toxicology (13.2)].

Administration
Inform patients that it is important not to miss or skip doses and to take PREVYMIS for the duration that is
recommended by the healthcare provider. Instruct patients that if they miss a dose of PREVYMIS, they
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should take it as soon as they remember. If they do not remember until it is time for the next dose, instruct
them to skip the missed dose and go back to the regular schedule. Instruct patients not to double their next
dose or take more than the prescribed dose.

Advise patients that PREVYMIS injection should be used only in patients unable to take oral therapy and
that patients should be switched to oral therapy as soon as they are able [see Dosage and Administration

(2.1)].

For PREVYMIS oral pellets, advise patients or caregivers to read and follow the Instructions for Use for
preparing and taking the correct dose [see Dosage and Administration (2.3, 2.4, 2.5, 2.6, 2.9)].

Storage
Advise patients to store PREVYMIS tablets and oral pellets in the original package until use [see How

Supplied/Storage and Handling (16)].

Distributed by: Merck Sharp & Dohme LLC
Rahway, NJ 07065, USA

For patent information: www.msd.com/research/patent

The trademarks depicted herein are owned by their respective companies.

Copyright © 2017-XXXX Merck & Co., Inc., Rahway, NJ, USA, and its affiliates.
All rights reserved.

uspi-mk8228-mf-XXXXrXXX
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Patient Information

PREVYMIS® (PREH-vih-miss) PREVYMIS® (PREH-vih-miss) PREVYMIS® (PREH-vih-miss)
(letermovir) (letermovir) (letermovir)
tablets oral pellets injection, for intravenous use

What is PREVYMIS?

PREVYMIS is a prescription medicine used to help prevent:

e cytomegalovirus (CMV) infection and disease in adults and children 6 months and older weighing at least 13.2 pounds
(Ibs) or 6 kilograms (kg) who:
o have received an allogeneic hematopoietic stem cell (bone marrow) transplant, and
o have a high risk for getting CMV infection and disease.

e CMV disease in adults and children 12 years of age and older weighing at least 88.2 Ibs (40 kg) who:
o have received a kidney transplant, and

o have a high risk for getting CMV disease.
It is not known if PREVMYIS is safe and effective in:

e children under 6 months of age or weighing less than 13.2 Ibs (6 kg) who received a hematopoietic stem cell
transplant, or
e children under 12 years of age or weighing less than 88.2 Ibs (40 kg) who received a kidney transplant.

Who should not take PREVYMIS?

Do not take PREVYMIS if you take:
e pimozide
e ergot alkaloids

If you are taking PREVYMIS with cyclosporine, do not take:
e pitavastatin or simvastatin

What should I tell my healthcare provider before taking PREVYMIS?

Before taking PREVYMIS, tell your healthcare provider about all your medical conditions, including if you:

e have kidney or liver problems.

e are pregnant or plan to become pregnant. It is not known if PREVYMIS will harm your unborn baby.

e are breastfeeding or plan to breastfeed. It is not known if PREVYMIS passes into your breast milk. Talk to your
healthcare provider about the best way to feed your baby while taking PREVYMIS.

Tell your healthcare provider about all of the medicines you take, including prescription and over-the-counter
medicines, vitamins and herbal supplements. PREVYMIS may affect the way other medicines work, and other medicines
may affect how PREVYMIS works and cause serious side effects.

Know the medicines you take. Keep a list of medicines and show it to your healthcare provider and pharmacist when you
get a new medicine. Your healthcare provider or pharmacist will tell you if it is safe to take PREVYMIS with other
medicines. Do not start or stop taking another medicine without telling your healthcare provider first.

How should | take PREVYMIS?

e PREVYMIS comes as a tablet, oral pellets, or can be given by your healthcare provider through an IV line
(intravenously).

e PREVYMIS given intravenously should be used only if you are unable to take PREVYMIS tablets or PREVYMIS oral
pellets. You should switch to PREVYMIS tablets or PREVYMIS oral pellets as soon as you are able to.
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o Take PREVYMIS tablets or oral pellets exactly as your healthcare provider tells you to take it. Do not stop taking
PREVYMIS without talking to your healthcare provider first.

e Take PREVYMIS tablets or oral pellets 1 time a day.

e |tis important that you do not miss or skip doses of PREVYMIS.

e If you miss a dose of PREVMYIS tablets or oral pellets, take it as soon as you remember. If you do not remember until
it is time for your next dose, skip the missed dose and take your dose at the next scheduled time. Do not take 2 doses
of PREVYMIS at the same time or take more than your prescribed dose to make up for a missed dose.

e If you take too much PREVYMIS tablets or oral pellets, call your healthcare provider right away.

e If you take PREVYMIS tablets:
o Take PREVYMIS with or without food.
o Swallow PREVYMIS tablets whole.

e If you take PREVYMIS oral pellets:

o Your healthcare provider will tell you the number of PREVYMIS oral pellet packets to take for your prescribed
dose.

o PREVMYIS oral pellets can be taken by mouth after mixing with soft food or given through a nasogastric tube (NG
tube) or gastric tube (G tube).

o See the Instructions for Use for the right way to prepare and take a dose of PREVYMIS oral pellets. Keep
the Instructions for Use and follow it each time you prepare and take PREVYMIS oral pellets.

o Do not crush or chew PREVYMIS oral pellets.
o If you receive PREVYMIS through an IV line (intravenously):
o You will receive PREVYMIS 1 time each day given over 1 hour.
o If you miss or skip your dose of PREVYMIS, call your healthcare provider right away.

What are the possible side effects of PREVYMIS?

The most common side effects of PREVYMIS in adults who have received a hematopoietic stem cell transplant

include:
e nausea e cough
e diarrhea e headache
e vomiting e tiredness
e swelling in your arms and legs e stomach (abdominal) pain

The most common side effect of PREVYMIS in adults who have received a kidney transplant is diarrhea.
The side effects of PREVYMIS in children are similar to the side effects in adults.

These are not all the possible side effects of PREVYMIS.
Call your doctor for medical advice about side effects. You may report side effects to FDA at 1-800-FDA-1088.

How should | store PREVYMIS?

e Store PREVYMIS tablets, PREVYMIS oral pellets, and PREVYMIS injection at room temperature between 68°F to
77°F (20°C to 25°C).

e Store PREVYMIS tablets in the original package until you are ready to take it to protect from moisture.

e Store PREVYMIS oral pellets in the original packet until you are ready to take them.

e Store PREVYMIS injection in the original carton to protect from exposure to light.

Keep PREVYMIS and all medicines out of the reach of children.

General information about the safe and effective use of PREVYMIS.
Medicines are sometimes prescribed for purposes other than those listed in the Patient Information leaflet. Do not use
PREVYMIS for a condition for which it was not prescribed. Do not give PREVYMIS to other people, even if they have the
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same symptoms that you have. It may harm them. You can ask your pharmacist or healthcare provider for information
about PREVYMIS that is written for healthcare professionals.

What are the ingredients in PREVYMIS?

Active ingredient: letermovir

Inactive ingredients:

Tablets: colloidal silicon dioxide, croscarmellose sodium, magnesium stearate, microcrystalline cellulose, and povidone
25.

Film coating: hypromellose 2910, iron oxide red (only for 480 mg tablets), iron oxide yellow, lactose monohydrate,
titanium dioxide, and triacetin. Carnauba wax is added as a polishing agent.

Oral Pellets: colloidal silicon dioxide, croscarmellose sodium, magnesium stearate, microcrystalline cellulose, and
povidone K-29/32.

Film coating: hypromellose 2910, iron oxide red, iron oxide yellow, lactose monohydrate, titanium dioxide, and triacetin.
Injection: hydroxypropyl betadex, sodium chloride, sodium hydroxide, and Water for Injection.

Distributed by: Merck Sharp & Dohme LLC
Rahway, NJ 07065, USA

For patent information: http://www.msd.com/research/patent

The trademarks depicted herein are owned by their respective companies.
Copyright © 2017-#### Merck & Co., Inc., Rahway, NJ, USA, and its affiliates.
All rights reserved.

usppi-mk8228-mf-XXXXrXXX

For more information go to www.PREVYMIS.com or call 1-800-444-2080.

This Patient Information has been approved by the U.S. Food and Drug Administration. Revised: 08/2024
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