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Key Points

• Letermovir is a highly
effective and well-
tolerated CMV
prophylaxis in adult
CBT recipients.

• Extended CMV
prophylaxis for at least
6 months is beneficial
in adult CBT recipients,
but optimal prophylaxis
duration remains
unknown.
Cord blood transplantation (CBT) can be complicated by a high incidence of clinically significant

cytomegalovirus infection (csCMVi). We have investigated the efficacy of extended letermovir

prophylaxis in seropositive adult CBT recipients. The aimwas to continue prophylaxis for ≥6
months (insurance permitting). By day 100, the incidence of csCMVi was 0% in 28 patients who

received letermovir prophylaxis. Moreover, of 24 patients alive at day 100, none had csCMVi by

day 180, having continued prophylaxis for all (n = 20) or part (n = 4) of that period. Overall, 20

patients stopped letermovir at a median of 354 days (range, 119-455 days) posttransplant, with

only 5 requiring 1 (n = 4) or 2 (n = 1) courses of valganciclovir (median total duration, 58 days;

range, 12-67 days) for postprophylaxis viremia, with no subsequent csCMVi. There were no

toxicities attributable to letermovir. Of the 62 historic control subjects who received acyclovir

only, 51 developed csCMVi (median onset, 34 days; range, 5-74 days), for a day 100 incidence of

82% (95% confidence interval, 73-92). Seven patients developed proven/probable CMV disease,

and6diedbeforeday100 (3withproven/probableCMVpneumonia). Forty-fivepatients required

extended therapyduring thefirst 6months for 1 (n=10), 2 (n=14), or 3/persistent (n =21) csCMVi,

with 43 (84%) of 51 developing significant treatment toxicities. Letermovir is a highly effective,

well-tolerated prophylaxis that mitigates CMV infection, CMV-related mortality, and antiviral

therapy toxicities in CBT recipients. Our data support prophylaxis duration of at least 6 months

after CBT.
Introduction

Cord blood (CB) is a standard alternative stem cell source for patients in need of allogeneic trans-
plantation without suitable adult donors. Cytomegalovirus (CMV) infection is common after CB trans-
plantation (CBT) and contributes to morbidity and mortality in CMV-seropositive CBT recipients.1-8

Frequent viral load monitoring and preemptive antiviral therapy for CMV viremia have decreased the
risk of CMV disease.7-9 However, the high incidence of CMV infection, commonly requiring prolonged
antiviral therapy, is associated with significant hematologic or renal toxicity in CMV-seropositive CBT
recipients. Therefore, routine use of an effective nontoxic prophylaxis to mitigate CMV infection is
warranted.
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Letermovir is a novel antiviral that prevents CMV replication by
binding at the virus terminase complex.10 In the pivotal phase 3
trial, letermovir prophylaxis for 14 weeks posttransplant reduced
the risk of clinically significant CMV infection (csCMVi), defined as
viremia leading to preemptive treatment or CMV end-organ dis-
ease, in CMV-seropositive hematopoietic stem cell transplant
(HSCT) recipients.11 Several studies have since corroborated
that letermovir continued through day 100 posttransplant is safe
and effective CMV prophylaxis in adult donor HSCT12-20 or
CBT15,21,22 recipients. However, a high incidence of delayed-
onset csCMVi after letermovir discontinuation has been
observed when prophylaxis is limited to the first 14 weeks post-
transplant.11 Moreover, in a recent analysis of CMV-seropositive
CBT recipients receiving letermovir prophylaxis through day 98,
Hill et al22 observed that the early benefit of letermovir prophylaxis
was lost by 6 months post-CBT due to the high incidence of
delayed-onset csCMVi, with an overall day 180 incidence of
csCMVi similar to that of a control group of CBT recipients who
only received valacyclovir.

Based on these observations, the potential benefit of extended
letermovir prophylaxis after HSCT is being investigated in an
ongoing randomized phase 3 trial (clinicaltrials.gov
#NCT03930615). We have hypothesized, however, that
extended prophylaxis in all CMV-seropositive CBT recipients
would be safe and effective in preventing csCMVi in the first 6
months post-CBT and would not prohibit the subsequent
development of CMV-specific immunity. Herein, we report our
experience of extended prophylaxis in a retrospective analysis of
CMV-seropositive adult CBT recipients including a comparison
with historic CBT control patients.

Methods

Patients and transplant procedures

Recipients of letermovir prophylaxis. Recipients of letermovir
prophylaxis were CMV-seropositive adults with hematologic
malignancies and underwent double-unit CBT between
March 2018 and June 2020. All consecutive adults who received
intermediate-intensity conditioning (cyclophosphamide 50 mg/kg,
fludarabine 30 mg/m2 × 5 doses, thiotepa 5 mg/kg × 1-2 doses,
and total body irradiation 200 cGy × 2 doses)23 and graft-versus-
host disease (GVHD) prophylaxis with cyclosporin A (CSA) and
mycophenolate mofetil (MMF) plus tocilizumab (8 mg/kg) on
day −1 (clinicaltrials.gov #NCT03434730) were included in the
analysis. Grafts were selected using standard cell dose, HLA
match, and unit quality selection criteria.23,24

Historic control patients. Consecutive adult CMV-seropositive
historic control patients underwent double-unit CBT between
March 2013 and December 2017. These patients received iden-
tical conditioning but GVHD prophylaxis was with CSA and MMF
only. The double-unit CB grafts were selected using identical
criteria. In a subset of these patients, the CB grafts were supple-
mented with haplo-identical CD34+ cells (clinicaltrials.gov
#NCT01682226), as previously described.25

This study was performed with the approval of the Memorial
Sloan Kettering Cancer Center Institutional Review Board and
was conducted in accordance with the Declaration of Helsinki.
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Antiviral prophylaxis and monitoring

Letermovir was dosed at 240 mg daily, starting day 7 posttransplant
along with standard-dose acyclovir (250 mg/m2 IV every 8 hours or
400 mg every 12 hours orally) from admission (day −7). The aim was
to continue prophylaxis until at least 6 months posttransplant
(assuming continued insurance approval). Prescription coverage
screening was conducted at the preadmission visit, and the bone
marrow transplant pharmacists obtained prior authorizations, wrote
appeal letters, and/or applied for manufacturer patient assistance as
needed. The subsequent discontinuation of letermovir was ultimately
at the treating physician’s discretion and patient preference given the
lack of data to guide optimal prophylaxis duration beyond day 100.
The letermovir dose was increased to 480 mg daily11 if CSA was
discontinued before letermovir. Historic control patients received
ganciclovir prophylaxis (5 mg/kg per day) from day −7 until day −2
and then standard-dose acyclovir as of day −1.

In all patients, plasma viral load was monitored by quantitative poly-
merase chain reaction (COBAS AmpliPrep/COBAS TaqMan CMV
Test, Roche Diagnostics; quantification limit, 137 IU/mL) twice weekly
until day 60, at least weekly from day 60 to 100, and less frequently
beyond day 100 at the physician’s discretion based on presence of
GVHD and immunosuppression burden. In recipients of letermovir
prophylaxis, viral load monitoring was started on day 5, before drug
commencement on day 7; in historic control CBT recipients, moni-
toring was started on day 14. After discontinuation of letermovir
prophylaxis, CMV viral load monitoring was continued approximately
every 1 to 2 weeks for a minimum of 2 months.

In letermovir recipients, initiation of preemptive CMV therapy was
considered for a viral load >300 IU/mL in 2 consecutive mea-
surements. In contrast, only 1 positive viral load measurement at
any level was required to initiate preemptive therapy in historic
control patients. Management of CMV viremia after letermovir
discontinuation was at the treating physician’s discretion.

Definitions of CMV infection

CMV infection was defined as detection of any CMV DNAemia in the
plasma by polymerase chain reaction, or other body fluid or tissue
specimen.26 csCMVi was defined as CMV DNAemia requiring pre-
emptive treatment or development of end-organ disease.11 CMV
clearance was defined as 3 consecutive polymerase chain reaction
tests with undetectable DNAemia and no evidence of disease. CMV
pneumonia was defined by respiratory symptoms with compatible
imaging combined with CMV in bronchoalveolar lavage fluid or biopsy
samples.26 Gastrointestinal disease was defined by symptoms with or
without macroscopic mucosal lesions combined with evidence of
CMV infection in a tissue sample by culture, immunohistochemical
analysis, or in situ hybridization.26 Clinically significant neutropenia
was defined as an absolute neutrophil count of <2000/μL requiring
granulocyte colony-stimulating factor support.

Biostatistics

The cumulative incidence of engraftment, acute GVHD, and CMV
infection were calculated using the competing risk framework
considering death as a competing risk. Fine and Gray regression
was used to compare the incidences of CMV infection between
patient cohorts. Overall survival (OS) and progression-free survival
(PFS) were estimated by using Kaplan-Meier methods. A swimmer
plot was used to represent episodes of CMV viremia during the first
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6 months posttransplant in patients who received letermovir pro-
phylaxis. Two-sided P values <.05 were considered significant.
Biostatistical analysis was performed in R version 3.5.3 (The R
Foundation for Statistical Computing).

Results

Demographic characteristics and transplant

outcomes of recipients of letermovir prophylaxis

The demographic and graft characteristics of the 28 letermovir
recipients are shown in Table 1. Twenty-six (93%) patients
engrafted, whereas 1 had graft failure and 1 died early with
incomplete count recovery. The day 180 cumulative incidence of
grade 2 to 4 acute GVHD was 64% (95% confidence interval [CI],
47-82) with a median onset of 42 days (range, 16-72 days). With a
median follow-up among survivors of 29 months (range, 17-43
months), the 1-year OS and PFS estimates were 79% (95% CI,
65-95) and 75% (95% CI, 61-93), respectively.

CMV infections in patients receiving letermovir

prophylaxis: the first 100 days

Of the 28 letermovir prophylaxis recipients, 8 (29%) had detectable
viremia (all <137 IU/mL) at baseline before initiation of letermovir on
day 7 (Figure 1). Twenty-four of the 28 patients received letermovir
prophylaxis throughout the first 100 days. Of the remaining 4 patients,
1 remained on letermovir until initiating foscarnet on day 36 for human
herpesvirus 6 pneumonia and died 72 days posttransplant. The other
Table 1. Patient demographic and graft characteristics

Characteristic

Letermovir

prophylaxis patients

(n = 28)

Historic

control patients

(n = 62)*

Age, median (range), y 47 (26-65) 50 (23-66)

Weight, median (range), kg 79 (54-115) 76 (47-123)

Male 13 (46%) 27 (44%)

Diagnosis

Acute leukemia 21 (75%) 45 (73%)

AML 13 (46%) 36 (58%)

ALL 7 (25%) 7 (11%)

Biphenotypic 1 (4%) 2 (3%)

MDS/MPN 5 (18%) 7 (11%)

Non-Hodgkin lymphoma 2 (7%) 9 (15%)

Other 0 1 (2%)

CB-recipient 8-allele HLA match, median
(range)

4/8 (3-6) 5/8 (2-7)

Infused TNC dose × 107/kg/unit, median
(range)

2.4 (1.4-6.5) 2.5 (1.2-6.0)

Infused viable CD34+ cell dose ×
105/kg/unit, median (range)

1.8 (0.5-7.7) 1.3 (0.3-8.3)

GVHD prophylaxis

CSA/MMF 0 62 (100%)

CSA/MMF/tocilizumab 28 (100%) 0

CML, chronic myeloid leukemia; MDS, myelodysplastic syndromes; MPD,
myeloproliferative disorder; TNC, total nucleated cell.
* In 29 historic control patients, CB grafts were supplemented with haplo-identical

CD34+ cells as previously described.25
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3 remained on letermovir until their deaths caused by multiorgan
failure (n = 1), acute GVHD (n = 1), and disseminated adenovirus (n =
1) on days 26, 71, and 71, respectively. The patient with adenovirus
infection also received cidofovir from day 23.

Twelve patients (43%) had transient low-level viremia by day 100
posttransplant while receiving letermovir prophylaxis (median peak
viral load, <137 IU/mL; range, <137-206 IU/mL), including 7 (88%)
of 8 patients with detectable viremia at baseline and 5 (25%) of 20
patients without baseline viremia (Figure 1). In all patients, low-level
CMV viremia resolved spontaneously without therapy. Importantly,
no letermovir-treated patients developed csCMVi in the first 100
days (Figures 1 and 2). No toxicities were attributed to letermovir
prophylaxis, and no patient discontinued letermovir due to drug
toxicity through day 100 post-CBT.

CMV infections in patients receiving letermovir

prophylaxis: 100 to 180 days

Twenty-four patients alive at day 100 continued letermovir pro-
phylaxis (Figure 1). Of these, 20 patients received continuous
prophylaxis through day 180 and had no csCMVi, with a single
patient having an isolated episode of detectable viremia. One
additional patient had an 18-day interruption in prophylaxis (days
116-134) due to temporary insurance denial. This was complicated
by a single episode of detected viremia <137 IU/mL with no sub-
sequent viremia by day 180.

The remaining 3 patients (patients 1-3) (Table 2) discontinued
prophylaxis before day 180. Patients 1 and 2 discontinued due to
insurance denial at 119 and 145 days, respectively. Patient 1 had a
single episode of detected viremia <137 IU/mL (onset 26 days
after letermovir discontinuation) that spontaneously resolved.
Patient 2, who relapsed 172 days posttransplant, had no CMV
viremia through day 180. Patient 3 discontinued letermovir at 169
days due to physician’s preference and had no viremia through day
180. Thus, none of the 24 patients had csCMVi between days 100
and 180 (Figure 2). There were no toxicities requiring discontinu-
ation of letermovir in this period.

CMV infections in patients receiving letermovir

prophylaxis: beyond day 180

Of the 24 patients alive at day 180, 3 remained on letermovir until they
died at 282, 300, and 432 days due to infection/organ failure (n = 2)
and COVID-19 infection (n = 1). None of these patients had CMV
infection before their death. One additional patient with ongoing
GVHD therapy continues letermovir prophylaxis at last follow-up 506
days’ posttransplant without CMV infection.

The remaining 20 patients discontinued letermovir at a median of
354 days (range, 119-455 days) posttransplant (patients 1-20)
(Table 2). At the time of letermovir discontinuation, 4 patients were
off all immunosuppressive agents, whereas the remaining 16 were
still receiving systemic immunosuppression (most commonly sub-
therapeutic doses of CSA or low-dose prednisone).

Of the 3 patients (patients 1-3) (Table 2) who stopped letermovir
and had no csCMVi before day 180, 2 (patients 1 and 3) also had
no subsequent CMV viremia beyond day 180 through last follow-
up at days 817 and 1194, respectively. The third patient with
leukemia relapse (patient 2) developed low-level viremia at day 186
(41 days after discontinuation), resumed letermovir on day 193
EXTENDED LETERMOVIR PROPHYLAXIS IN CBT RECIPIENTS 6293
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Figure 1. Pattern of CMV viremia in the first 180 days post-CBT in recipients of letermovir prophylaxis. Patients are listed in chronological order. One patient

discontinued letermovir upon initiation of foscarnet on day 36 for human herpesvirus 6 pneumonia. One patient with adenovirus infection also received cidofovir from day 23.
with subsequent viremia resolution, and continued prophylaxis
thereafter until death 437 days’ posttransplant.

The other 17 patients completed the intended minimum prophylaxis
of 180 days (patients 4-20) (Table 2). They discontinued letermovir at
a median of 372 days’ (range, 211-455 days) posttransplant and
have a median follow-up of 569 days (range, 126-1030 days) since
discontinuation. Of these 17 patients, 4 have had no CMV viremia
(patients 4-7), 8 had transient low-level viremia (peak viral load,
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Figure 2. Cumulative incidence of csCMVi by day 180 in adult CBT recipients

receiving letermovir prophylaxis or historic control patients managed with

preemptive therapy. No recipient of extended-duration letermovir prophylaxis (n =

28) developed csCMVi in the first 180 days post-CBT. The day 180 cumulative

incidence of csCMVi in historic control patients (n = 62) was 82% (95% CI, 73-92).
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<137 IU/mL [n = 7], 324 IU/mL [n = 1]) with a median onset of
61 days (range, 21-140 days) after stopping letermovir that sponta-
neously resolved (patients 8-15), and 5 had csCMVi (median peak
viral load, 877 IU/mL; range, 347-1806 IU/mL) with a median onset of
18 days (range, 7-30 days) after discontinuation (patients 16-20).
These 5 csCMVi patients received preemptive valganciclovir that was
initiated at a median of 33 days (range, 25-44 days) after letermovir
discontinuation, for a median total duration of 58 days (range, 12-67
days). One (patient 16) received secondary letermovir prophylaxis,
which was discontinued at 399 days with subsequent transient low-
level viremia (peak viral load, <137 IU/mL) but no csCMVi. Three
patients had no subsequent viremia after completing valganciclovir
(patients 17, 18, and 20). The fifth patient (patient 19) had a second
episode of csCMViagain treated with short-course valganciclovir with
prompt clearance and no subsequent viremia. None of the 5 patients
developed CMV end-organ disease. There were no toxicities requiring
discontinuation of letermovir in any of the patients beyond day 180.

Demographic characteristics and transplant

outcomes of historic control patients

Historic control patients (n = 62) had characteristics similar to
those who received letermovir (Table 1). However, their CB grafts
had a lower infused CD34+ cell dose. Sixty-one (98%) patients
engrafted with CB, whereas 1 patient had graft failure and
underwent successful re-transplant with a CB unit. The day 180
cumulative incidence of grade 2 to 4 acute GVHD was 89% (95%
CI, 81-97), with a median onset of 37 days (range, 15-155 days).
The 1-year OS and PFS estimates were 84% (95% CI, 75-94) and
77% (95% CI, 68-89), respectively.

CMV infections in historic control patients

Of the 62 control patients, 51 developed csCMVi by day 100, for a
cumulative incidence of 82% (95% CI, 73-92) (Figure 2). The
27 DECEMBER 2022 • VOLUME 6, NUMBER 24



Table 2. CMV infections after discontinuation of LET prophylaxis

Patient no. Day of LET dc

Any viremia after

LET dc (day of

onset after ET dc) Late csCMVi

Initial (peak)

viremia after

LET dc, IU/mL

No. of days to

valganciclovir

initiation after LET dc Comments

Letermovir discontinuation before day 180

1 119 Yes
18

No <137 (<137) – Spontaneous resolution

2 145 Yes
41

No <137 (266) – Leukemia relapse day 172. CMV reactivation day 186 ->
LET restarted day 193 -> viremia resolution -> LET
continued until death

3 169 No No – –

Letermovir discontinuation after day 180 without CMV viremia

4 211 No No – –

5 278 No No – – 18-d interruption (days 116-134) due to insurance denial
with a single episode of CMV viremia (<137 IU/mL).
No subsequent viremia after LET dc

6 383 No No – –

7 446 No No – –

Letermovir discontinuation after day 180 with CMV reactivation without csCMVi

8 231 Yes
67

No <137 (<137) – Spontaneous resolution

9 273 Yes
70

No <137 (<137) – Spontaneous resolution

10 340 Yes
29

No 251 (324) – Spontaneous resolution

11 368 Yes
140

No <137 (<137) – Spontaneous resolution

12 372 Yes
42

No <137 (<137) – Spontaneous resolution

13 401 Yes
70

No <137 (<137) – Spontaneous resolution

14 414 Yes
21

No <137 (<137) – Spontaneous resolution

15 419 Yes
55

No <137 (<137) – Spontaneous resolution

Letermovir discontinuation after day 180 with csCMVi

16 222 Yes
7

Yes <137 (1806) 30 Valganciclovir (12-d) -> viremia resolution -> secondary
LET prophylaxis (days 264-399). After secondary LET
dc: transient viremia (<137 IU/mL), no csCMVi

17 254 Yes
24

Yes <137 (649) 33 Valganciclovir (58-d) -> viremia resolution.
No subsequent csCMVi

18 398 Yes
29

Yes <137 (877) 43 Valganciclovir (38 d) -> viremia resolution.
No subsequent csCMVi

19 402 Yes
18

Yes <137 (347) 25 Valganciclovir (67 d total): valganciclovir (39 d) -> initial
viremia resolution -> second csCMVi (peak viral load
216 IU/mL) -> valganciclovir (28 d) -> viremia
resolution. No subsequent csCMVi

20 455 Yes
30

Yes <137 (1095) 44 Valganciclovir (63 d) -> viremia resolution.
No subsequent csCMVi

dc, discontinuation; LET, letermovir.
median onset of CMV infection was 34 days (range, 5-74 days)
with a median viral load at first detection of <137 IU/mL (range,
<137-245 IU/mL). The median peak viremia in the first 100 days
was 376 IU/mL (range, <137-146 304 IU/mL). Seven patients
developed probable or proven CMV disease (5 cases of CMV
pneumonia that required supplemental oxygen or intubation; 2
cases of gastrointestinal disease).
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Of the 51 patients with csCMVi, 8 patients were treated with fos-
carnet induction, 20 foscarnet maintenance, 12 ganciclovir/valganci-
clovir induction, and 11 ganciclovir/valganciclovir maintenance dose.
Overall, 6 infected patients died before day 100 (range, 36-76 days’
posttransplant), including 3 with CMV pneumonia (Figure 3). The
remaining 45 patients required extended therapy during the first
6 months posttransplant for 1 (n = 10), 2 (n = 14), or 3/persistent
EXTENDED LETERMOVIR PROPHYLAXIS IN CBT RECIPIENTS 6295



(n = 21) infections (median duration of therapy, >100 days in each
group). A short duration of initial therapy was associated with a high
risk of persistent viremia or rapid second reactivation.

Toxicities of CMV antiviral therapy are summarized in Table 3. Of
51 historic control patients who received therapy within the first
100 days, 4 received only foscarnet, 16 received only ganciclovir or
valganciclovir, and 31 sequentially received both agents. Therapy
switches were due to toxicity, inadequate response, or the conve-
nience of oral valganciclovir. Of the 35 patients who received either
induction foscarnet or maintenance foscarnet between days 1 and
100, a total of 14 patients (40%) developed nephrotoxicity with a
median serum creatinine increase of 1.8-fold (range, 1.2-4) over
baseline. Of the 47 patients who received ganciclovir/valganciclovir
between days 1 and 100, a total of 32 (68%) developed neutropenia
requiring granulocyte colony-stimulation factor support (median, 5
doses; range, 1-22).

During days 101 to 180, 1 patient died of GVHD with CMV viremia,
and the majority of the remaining patients either continued on
therapy or had subsequent csCMVi after treatment withdrawal.
Similar serious therapy toxicities were seen in these patients during
this period (Table 3).

Discussion

The efficacy of letermovir prophylaxis in reducing the risk of csCMVi
after HSCT is well established.12-22,27 However, high rates of late
1 infection: n = 10
(1 colitis, 9 viremia)

CMV infection: n = 51 (82%)
(7 probable/proven CMV disease, 44 vi

20 induction: 8 FOS, 12 GAN/VALG
31 maintenance: 20 FOS, 11 GAN/VAL

Median days of therapy:
118 (27–148)

Median days of therapy:
112 (67–169)

2 infections: n = 14
(1 pneumonia, 1 colitis,

12 viremia)

62 CMV+ CBT recipients

Figure 3. Summary of CMV infections in the first 180 days post-CBT in CBT recip

foscarnet; GAN, ganciclovir; HHV-6, human herpesvirus 6; VALGAN, valganciclovir.
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csCMVi have been observed when letermovir prophylaxis is limited to
the first 100 days’ posttransplant, especially in high-risk patient groups
such as HLA-disparate donor recipients.11,22 A single-center analysis
has shown that extending prophylaxis duration beyond 100 days is
highly effective in preventing csCMVi in patients with GVHD, another
high-risk patient group.28 Although the results of the 100-day vs 200-
day prophylaxis, randomized phase 3 trial (#NCT03930615) are
awaited, we hypothesized that prophylaxis for at least 180 days’
posttransplant in adult CBT recipients would be beneficial.

Herein, we report our experience with extended letermovir pro-
phylaxis in adult CMV-seropositive CBT recipients. Most patients
were able to continue letermovir through day 180 as intended. We
show that extended letermovir prophylaxis mitigated csCMVi with
complete abrogation of the need for preemptive therapy, CMV end-
organ disease, and CMV-related mortality in the first 180 days’
posttransplant. These results compare very favorably to a historic
control cohort of patients managed with preemptive therapy who
had a high CMV infection burden with the associated serious
toxicities of antiviral therapy. Importantly, letermovir was well toler-
ated, with no adverse events requiring medication discontinuation.

Interestingly, approximately one-third of our patients had detectable
low-level viremia before letermovir initiation. These patients derived
the same benefit from prophylaxis as those without viremia at
baseline with no cases of csCMVi through day 180 in either group.
Patients with baseline viremia, however, had a higher incidence of
remia)

AN
GAN 

No CMV infection: n = 11 (18%)
All alive at day +180

Median days of therapy:
113 (55–172)

Early deaths: n = 6
•  1 proven and 2 likely CMV pneumonia
•  2 aGVHD with concurrent CMV viremia
•  1 HHV-6 pneumonitis  

3 infections or
persistent infection: n = 21

(1 pneumonia/retinitis, 20 viremia) 

ients who did not receive letermovir prophylaxis. aGVHD, acute GVHD; FOS,
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Table 3. Toxicities of CMV therapy in historic control CBT recipients

Days 1-100*

Foscarnet (n = 35) Value (percentage/range)

Nephrotoxicity requiring dose
reduction or therapy change

n = 14 patients (40%)
Median creatinine increase over baseline,
1.8 fold (1.2-4.0)
Median days on foscarnet, 19 (4-34)
Dosing before nephrotoxicity, 7 induction,
7 maintenance

Ganciclovir/valganciclovir (n = 47) Value (percentage/range)

G-CSF treatment (ANC <2) n = 32 patients (68%)
Median number of doses, 5 (1-22)
Median days on induction dosing, 19 (0-33)
Median days on maintenance dosing,
30 (0-69)

Days 101-180†

Foscarnet (n = 8) Value (percentage/range)

Nephrotoxicity requiring dose
reduction or therapy change

n = 4 patients (50%)
Median creatinine increase over baseline,
1.9 fold (1.6-2.3)
Median days on foscarnet, 51 (25-80)
Dosing before nephrotoxicity, 1 induction, 3
maintenance

Ganciclovir/valganciclovir (n = 40) Value (percentage/range)

G-CSF treatment (ANC <2) n = 21 patients (53%)
Median number of doses, 5 (1-25)
Median days on induction dosing, 0 (0-28)
Median days on maintenance dosing, 48
(12-80)

ANC, absolute neutrophil count; G-CSF, granulocyte colony-stimulating factor.
*Thirty-one patients received both foscarnet and ganciclovir/valganciclovir day 1 to 100

sequentially.
†Seven patients received both foscarnet and ganciclovir/valganciclovir day 101 to 180

sequentially.
low-level viremia after letermovir initiation, suggesting that prophy-
laxis may have prevented impending csCMVi in these patients. This
may have been due to the universal early initiation of prophylaxis on
day 7. These findings are in contrast to those of the pivotal phase 3
trial in which letermovir-treated patients with detectable baseline
viremia had higher csCMVi rates compared with those without.11,29

In that trial, letermovir was started at any time before day 28 (at a
median of 9 days) posttransplant.

Similar to previous reports,15,21,22,30 we also observed that low-
level viremia while receiving letermovir prophylaxis was common
in our CBT patient cohort and did not require CMV-directed
therapy. This observation supports the concept that detectable
low-level viremia in letermovir recipients may reflect abortive
infection rather than replicating virus.31 Therefore, such epi-
sodes are of limited clinical significance and can resolve spon-
taneously.30,31 This is in contrast to our CBT historic control
patients in whom low-level viremia commonly progressed to
csCMVi, mandating early initiation of preemptive therapy at any
level of viral load detection.

Our observation that letermovir prevented any csCMVi in the first
100 days is consistent with 1 prior study in CBT recipients21 but in
contrast with 2 other series of prophylaxis that reported a day 100
csCMVi incidence of 5% and 19%, respectively.15,22 It is also in
contrast to the findings of most analyses of letermovir prophylaxis in
adult donor HSCT recipients that have reported higher incidence
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of breakthrough infections by day 100 posttransplant.11-15,18,19

Differences in patient characteristics, timing of prophylaxis initia-
tion, type of assay used for viral load monitoring, and threshold to
initiate antiviral agents for csCMVi may account for the differences
between these studies. It should be acknowledged that the prac-
tice of extended letermovir prophylaxis at our center coincided with
the addition of tocilizumab to standard CSA/MMF for GVHD pre-
vention in adult CBT recipients (clinicaltrials.gov #NCT03434730).
Notably, the randomized phase 3 trial of tocilizumab-based GVHD
prophylaxis in adult donor HSCT recipients found that the addition
of tocilizumab was associated with a lower incidence of CMV
infections,32 likely independent of its effect on mitigating GVHD
severity.33,34 Thus, the use of tocilizumab may have reduced the
risk of CMV infection in our CBT recipients receiving letermovir.
Nevertheless, our findings provide strong support for the high
efficacy of letermovir prophylaxis in the first 100 days’ posttrans-
plant in adult CBT recipients when started by day 7 even when
using a threshold of 300 copies/mL for csCMVi.

Moreover, we found that continued prophylaxis beyond day 100
remained highly efficacious, with no csCMVi observed between
100 and 180 days’ posttransplant when letermovir was used
through at least day 180. This benefit was observed despite
letermovir interruptions or early discontinuation in a small number of
patients. Thus, we show that extension of prophylaxis abrogates
the increased incidence of postprophylaxis csCMVi between days
100 and180 that has been observed when letermovir is dis-
continued at 100 days’ posttransplant.11,15,21,22

One strength of our study is the detailed analysis of CMV infections
after letermovir discontinuation in long-term survivors. Detectable
viremia after letermovir discontinuation was common in CBT
recipients receiving extended prophylaxis. However, only a minority
of patients developed csCMVi that responded promptly to pre-
emptive oral valganciclovir, and there were no cases of CMV dis-
ease. It is also possible that some of the patients who developed
csCMVi after letermovir discontinuation could have been observed
expectantly, as the viral load threshold that warrants preemptive
antiviral therapy is not established. Notably, all patients who were
deemed to have csCMVi had viremia onset within 30 days of, and
initiated preemptive treatment within 45 days of, letermovir
discontinuation. This finding is consistent with prior studies
reporting that the risk of late csCMVi occurs within a few weeks
after prophylaxis discontinuation.11,18,21,22,29,30 Accordingly, as
suggested by others,30 and regardless of prophylaxis duration,
viremia monitoring is warranted for approximately the first 8 weeks
after discontinuing letermovir; intensive monitoring for an extended
period after cessation is likely not necessary.

Finally, studies have suggested that letermovir may delay emer-
gence of CMV-specific immunity due to suppression of CMV
antigen exposure.35,36 Although we did not assess CMV-specific
immune responses in our patients, we observed a low incidence
of postprophylaxis csCMVi with lack of recurrent CMV infections
after permanent cessation of CMV-active agents. It is likely that
extended letermovir prophylaxis protects against CMV infection
until the development of prompt CMV-specific immune
responses is possible, at a time when T-cell reconstitution has
improved and the burden of immunosuppression is reduced. In
addition, it is known that CMV reactivation has a strong impact
on quantitative and qualitative T-cell reconstitution after
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HSCT,37-40 may impair thymopoiesis,37 and has been associ-
ated with inferior CD4+ T-cell recovery in CBT recipients.38 It is
therefore possible that extended prophylaxis may also promote
CD4+ T-cell recovery by suppressing early CMV infections. A
detailed analysis of immune reconstitution patterns in CMV-
seropositive patients receiving letermovir prophylaxis vs
patients managed preemptively is needed.

As with other HSC sources, the optimal duration of letermovir
prophylaxis in CBT recipients remains unknown. The minimum
acceptable letermovir prophylaxis duration in CBT recipients has
been considered to be 100 days’ posttransplant, with recom-
mended consideration to extended prophylaxis in patients with
GVHD or delayed immune reconstitution.41 However, given the
high burden of csCMVi between 100 and 180 days in our his-
toric control patients, as well as the high efficacy and tolerability
of letermovir, our findings support extended letermovir prophy-
laxis until at least day 180 as a new standard of care in adult
CBT recipients. Moreover, we currently continue letermovir
prophylaxis beyond 6 months in patients receiving ongoing
immunosuppression for GVHD therapy or have delayed immune
reconstitution. This approach greatly simplifies early posttrans-
plant care given the substantial toxicities of preemptive CMV
therapy, and also mitigates the risk of late csCMVi. It is also
consistent with the recommendations of Hill et al22 for extended
letermovir prophylaxis in CBT recipients. Improved understand-
ing of the biology of CMV-specific T-cell immunity in letermovir
recipients and elucidation of the immune milestones required for
protection against csCMVi are needed to guide the optimal
timing of letermovir cessation, especially in high-risk seropositive
HSCT recipients.
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