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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.
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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
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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].
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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
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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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