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Background. Cytomegalovirus (CMV) reactivation is one of the most common infectious complications after allogeneic hema-
topoietic cell transplant (HCT) and may result in significant morbidity and mortality. Primary prophylaxis with letermovir demon-
strated a reduction in clinically significant CMV infections (CS-CMVi) in clinical trials of CMV-seropositive HCT recipients. This
study aims at exploring the effect of primary letermovir prophylaxis in this population on the incidence and outcomes of refractory
or resistant CMV infections.

Methods. This is a single-center, retrospective cohort study of 537 consecutive CMV-seropositive allogeneic HCT recipients
cared for between March 2016 and October 2018. Baseline demographics, HCT characteristics, CMV infections, treatment, and
mortality data were collected from the electronic medical record. CMV outcomes were defined according to the recently standard-
ized definitions for clinical trials. Characteristics and outcomes were assessed according to receipt of primary letermovir prophylaxis.

Results. Of 537 patients identified, 123 received letermovir for primary prophylaxis during the first 100 days after HCT; 414
did not. In a multivariate analysis, primary prophylaxis with letermovir was associated with reductions in CS-CMVi (hazard ratio
[HR] 0.26; 95% confidence interval [CI], 0.16-0.41), CMV end-organ disease (HR 0.23; 95% CI, 0.10-0.52), refractory or resistant
CMV infection (HR 0.15; 95% CI, 0.04-0.52), and nonrelapse mortality at week 48 (HR 0.55; 95% CI, 0.32-0.93). There was neither

resistant CMV nor CMV-related mortality in the primary letermovir prophylaxis group.

Conclusions.

Primary letermovir prophylaxis effectively prevents refractory or resistant CMV infections and decreases

nonrelapse mortality at week 48, as well as CS-CMVi and CMV disease after allogeneic HCT.
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Human cytomegalovirus (CMV) is a common opportunistic in-
fection in hematopoietic cell transplant (HCT) recipients [1],
with clinical manifestations ranging from asymptomatic vi-
remia or DNAemia to end-organ disease such as pneumonitis,
retinitis, or colitis [1]. Risk factors for CMV infection and di-
sease after HCT include recipient seropositivity for CMV, um-
bilical cord blood transplant, conditioning regimens containing
antithymocyte globulin, and graft-versus-host disease (GVHD)
[2]. Until recently, in the absence of safe chemoprophylactic
agents, the main preventive strategy against CMV disease in
HCT recipients was preemptive treatment targeting patients
with early clinically significant CMV infection (CS-CMVi).
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Letermovir, a novel antiviral targeting the viral terminase com-
plex, was approved in November 2017 by the US Food and Drug
Administration for primary prophylaxis in CMV-seropositive
recipients after allogeneic HCT [3], after the phase 2 and 3 clin-
ical trials demonstrated a significant reduction in the incidence
of CS-CMVi by week 24 compared with placebo [4, 5]. Because
of its efficacy and safety, letermovir has become the standard of
care for primary prophylaxis against CMV during the 100 days
after transplant; yet, its impact on resistant or refractory CMV
infections is not understood.

In 2019, definitions for refractory and resistant CMV infec-
tion and disease in transplant recipients for use in clinical trials
were published, providing a uniform framework to evaluate re-
sponse to antiviral therapy [6]. In the past, resistant CMV in-
fections have been reported mostly in solid organ transplant
recipients and in patients with acquired immunodeficiency syn-
drome. In HCT recipients, the reported rates of resistant CMV
infections range from 1.7% to 14.5% [7-10]. The most common
mutations associated with resistance affect UL97, encoding for
protein kinase, and conferring resistance to ganciclovir and
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valganciclovir, followed by mutation of UL54, encoding for
DNA polymerase, and conferring resistance to various DNA
polymerase inhibitors, including ganciclovir, valganciclovir,
foscarnet, and cidofovir [11]. In comparison, the reported rates
of refractory CMV infections in HCT recipients range from
19% to 29% [7, 12, 13]. This wide range of reported rates could
be explained by the lack of standardized definitions at the time
and by limited access to phenotypic or genotypic testing for re-
sistance to commercially available anti-CMV agents.

To date, no study has evaluated the effect of primary
letermovir prophylaxis on the development of refractory or re-
sistant CMV infections in allogeneic HCT recipients, particu-
larly in the context of the new definitions [6]. This study aims
to describe the real-life experience with primary letermovir
prophylaxis since its systematic implementation at our compre-
hensive cancer center, as well as its effects on CS-CMVi, CMV
end-organ disease, refractory or resistant CMV infections, and
mortality in allogeneic HCT recipients.

METHODS

Study Design

We performed a single-center retrospective study of all consec-
utive CMV-seropositive recipients of allogeneic HCT cared for
from March 2016 through October 2018 at The University of
Texas MD Anderson Cancer Center. The study was approved
by the institutional review board, and a waiver of informed con-
sent was granted.

Patient Population

We identified all patients who received an allogeneic HCT
during the study period. We excluded CMV-seronegative re-
cipients because primary letermovir prophylaxis is approved,
and used at our institution, in CMV-seropositive recipients
only. Based on our institutional protocol, primary letermovir
prophylaxis was implemented starting March 2018 and admin-
istered starting day 5 after HCT through day 100 or longer at
480 mg intravenously or orally once daily (240 mg once daily
if administered concurrently with cyclosporine), all contin-
gent on insurance authorization. Additionally, haploidentical
HCT recipients, donor-mismatched recipients with post-HCT
cyclophosphamide, and cord blood HCT recipients received
ganciclovir at 5 mg/kg intravenously every 12 hours from ad-
mission through day -2, according to institutional protocols.
All patients underwent CMV monitoring at least twice weekly
by polymerase chain reaction in plasma using the COBAS
AmpliPrep/COBAS TagMan CMV system with a 97 CMV
DNA IU/mL limit of detection. Patients with a positive poly-
merase chain reaction result meeting the institutional threshold
for preemptive therapy or with diagnosed end-organ disease
were started on appropriate antiviral therapy according to insti-
tutional guidelines [2, 14]. Patients were stratified into 2 groups

based on whether they received letermovir for primary CMV
prophylaxis or not.

Outcomes

The primary outcome of the study was the development of re-
fractory or resistant CMV infection after HCT, as defined by the
Resistant Definitions Working Group of the Cytomegalovirus
Drug Development Forum, specifically for use in clinical trials
in transplant recipients [6]. Briefly, refractory CMV infection
is a >1-log, increase in CMV viremia after at least 2 weeks of
appropriate therapy. A probable refractory CMV infection is a
persistent or <1-log  increase in CMV viremia after at least 2
weeks of appropriate therapy. Refractory and probable refrac-
tory CMV end-organ disease are defined as worsening in signs
and symptoms or lack of improvement, respectively, after 2
weeks of appropriate therapy. Finally, resistant CMV infection
requires the detection of a viral genetic mutation known to de-
crease susceptibility to 1 or more antivirals.

Secondary outcomes included the development of CS-CMVi
after HCT, defined as CMV viremia or disease that resulted
in initiation of anti-CMV therapy [4]; CMV end-organ di-
sease after HCT; CMV-related mortality; all-cause mortality
and nonrelapse mortality at day 100, week 24, and week 48.
Additional outcomes included the number of CMV episodes
(new CMYV viremia or disease after 4 weeks of undetect-
able viral loads [15]), the administration of anti-CMV agents
(ganciclovir, valganciclovir, or foscarnet), and major side effects
associated with antiviral therapy, including myelosuppression
(50% decrease in absolute neutrophil count or platelet count
after initiation of therapy), nephrotoxicity (50% increase in
serum creatinine after initiation of therapy), and hepatotoxicity
(increase in transaminases to at least 3 times the upper limit of
normal after initiation of therapy).

Variables

Demographic and clinical data were obtained from the electronic
medical record, including age, sex, race/ethnicity, underlying he-
matological disease, HCT type and conditioning regimen, donor
CMV seropositivity, administration of antithymocyte globulin or
post-HCT cyclophosphamide for GVHD prophylaxis, primary
graft failure, time from HCT to engraftment, and development
of GVHD. For patients who developed CS-CMVi, absolute neu-
trophil and lymphocyte counts at the onset of CS-CM Vi, absolute
lymphocyte count at day 40 after HCT, and administration of ac-
tive GVHD therapy or other immunosuppressants within 30 days
before the onset of CS-CMVi were collected.

Statistical Analysis

A’ or Fisher exact test was used to compare categorical vari-
ables according to receipt of primary letermovir prophylaxis;
a Wilcoxon rank-sum test was used to compare continuous
variables between those groups. Similar comparisons were

Letermovir and Refractory/Resistant Cytomegalovirus « CID 2021:73 (15 October) « 1347



performed in the subset of patients who developed CS-CMVi.
A box plot was applied to compare the peak CMV viral load
between patients with and without primary letermovir prophy-
laxis. A competing risk analysis identified independent pre-
dictors of the development of CS-CMVi and of refractory or
resistant CMV, with death the competing event, estimated and
compared the cumulative incidence curves of CS-CMVi and
refractory or resistant CMV in the 2 groups. A logistic regres-
sion model identified the independent predictors of CMV end-
organ disease. A Cox proportional hazards regression model
identified the independent predictors of nonrelapse mortality.
Because primary graft failure was independently associated
with nonrelapse mortality but failed to satisfy the proportional
hazards assumption, the Cox regression analysis was strati-
fied into patients with graft failure and patients without graft
failure. With the number of patients with graft failure being
too small (n = 10) for a valid analysis, we performed a Cox re-
gression analysis on nonrelapse mortality in patients without
graft failure only (n = 527, 98% of the study population). Hence,
Kaplan-Meier curves for nonrelapse survival were estimated for
patients without graft failure and compared between those with
and without primary letermovir prophylaxis using a log-rank
test. All tests were 2-sided with a significance level of 0.05. The
statistical analyses were performed using SAS version 9.3 (SAS
Institute Inc., Cary, NC) and R version 3.4.1 (R Foundation for
Statistical Computing, Vienna, Austria).

RESULTS

Study Population

We identified a total of 537 patients cared for between March 2016
and October 2018 who met our inclusion criteria and were in-
cluded in our analysis. Of the total cohort, 123 patients received
primary letermovir prophylaxis and 414 did not. The 2 groups
were similar in demographic and transplant characteristics, ex-
cept for the source of donor stem cells and administration of
antithymocyte globulin and post-HCT cyclophosphamide, re-
flecting a change in practice at our institution over time, with less
frequent use of marrow cells and antithymocyte globulin and more
frequent use of peripheral blood cells and post-HCT cyclophos-
phamide. Additionally, the letermovir group had a higher donor
CMV seropositivity and a lower rate of skin GVHD (Table 1).

Refractory or Resistant CMV

A significantly lower incidence of refractory or resistant CMV
infection was observed in patients who received primary
letermovir prophylaxis compared with those who did not re-
ceive it (2% vs 11%, P =.001, Figure 1A). In the letermovir
group, only 2 patients developed probable refractory CMV in-
fection, and none developed refractory or resistant CMV in-
fection (Table 2). One of them underwent genotypic testing for
letermovir resistance at UL56, and no mutations were identified.

Neither of these patients had CMV end-organ disease. One had
gastrointestinal GVHD and died at day 255, whereas the other
was still alive at the time of last follow-up.

Among the patients who did not receive primary letermovir
prophylaxis, 3 developed resistant CMV infections; all had
UL54 mutations. An additional 30 patients developed refrac-
tory CMV infections, and 12 had probable refractory CMV
infections. Of these 45 patients with resistant or refractory in-
fections, 22 had CMV end-organ disease; 30 had GVHD; 20
died by week 48, including 2 from CMV-related causes; and 4
had primary disease relapse. For the entire study cohort, the all-
cause mortality rate at week 48 was higher among the patients
who developed refractory or resistant CMV (45%) compared
with those who did not (29%, P = .02).

A multivariate competing risk analysis (Table 3) identified
primary letermovir prophylaxis as an independent protective
factor against the development of refractory or resistant CMV
infections (adjusted hazard ratio [HR] 0.15; 95% confidence in-
terval [CI], 0.04-0.58; P = .006).

Clinically Significant CMV Infection

Patients who received primary letermovir prophylaxis had a
significantly lower incidence of CS-CMVi (17%) compared
with those who did not (53%, P < .0001, Figure 1B). There was
no significant difference in the timing of CS-CMVi after HCT
between the 2 groups (P = .16), and the majority of CS-CMVi
occurred before day 100 in both groups (Table 2). Among
the patients who received primary letermovir prophylaxis, 74
(60%) received letermovir beyond day 100. A competing risk
analysis to identify independent predictors of CS-CMVi (Table
4) revealed a significant protective effect for primary letermovir
prophylaxis (adjusted HR 0.26; 95% CI, 0.16-0.41; P < .0001).

Clinical Outcomes in Patients With CS-CMVi

The majority of patients who developed CS-CMVi had 1 ep-
isode (92%). None of the patients who received primary
letermovir prophylaxis developed a second episode, whereas
9% of those who did not receive letermovir had a second ep-
isode (Supplemental Table 1). Foscarnet was administered at
a significantly lower rate in the CS-CMVi letermovir group
(43% vs 69%, P = .014), likely resulting in the lower incidence
of nephrotoxicity during anti-CMV therapy in this group (19%
vs 44%, P = .025). None of the patients with CS-CMVi who re-
ceived letermovir developed hepatotoxicity during anti-CMV
therapy (Supplemental Table 1). Among the patients who de-
veloped CS-CMVi, those who received primary letermovir pro-
phylaxis had a lower peak CMV viral load (median 756 IU/
mL vs 1485 IU/mL, P = .047, Figure 2). The CS-CMVi subset
showed no differences according to letermovir prophylaxis
with regard to absolute neutrophil or lymphocyte counts at the
onset of CMV viremia, active GVHD therapy, or immunosup-
pressants within 30 days of CS-CMVi.
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Table 1.

Characteristics of Patients Who Did or Did Not Receive Letermovir for Primary Prophylaxis

Primary Letermovir Prophylaxis

No Yes All Patients
Characteristic (n=414) (n=123) (n =537) P Value®
Age, median (range), y 54 (6-78) 57 (18-93) 55 (6-93) .18
Male, no. (%) 215 (62) 64 (52) 279 (562) .98
Race/ethnicity, no. (%) .73
White 272 (66) 79 (64) 351 (65)
Black 29 (7) 10 (8) 39 (7)
Hispanic 68 (16) 18 (15) 86 (16)
Asian 18 (4) 5 (4) 23 (4)
Middle Eastern 22 () 7 (6) 29 (5)
Other 5 (1) 4(3) 9(2)
Underlying disease, no. (%) .63
AML 187 (45) 52 (42) 239 (45)
ALL 59 (14) 16 (13) 75 (14)
MDS 57 (14) 14 (11) 71 (13)
MF 33 (8) 10 (8) 43 (8)
Others 78 (19) 31 (25) 109 (20)
Type of conditioning regimen, no. (%) 18
Myeloablative/reduced-intensity 401 (97) 116 (94) 517 (96)
Nonmyeloablative 13 (3) 7 (6) 20 (4)
Type of transplant, no. (%) .79
MRD 128 (31) 37 (30) 165 (31)
MUD/MMUD 190 (46) 58 (47) 248 (46)
Haploidentical 74 (18) 24 (20) 98 (18)
Cord 22 (5) 4(3) 26 (5)
Source of stem cells, no. (%)
Marrow 141 (34) 27 (22) 168 (31) .01
Peripheral 251 (61) 92 (75) 343 (64) .004
Single cord 1(0.2) 0(0) 1(0.2) >.99
Double cord 21 (5) 4(3) 25 (b) 40
Donor CMV seropositivity, no. (%) 211/407 (52) 79/122 (65) 290/529 (55) .012
N/A or unknown 7 (2) 1(1) 8 (1)
ATG 134 (32) 19 (15) 153 (28) <.001
Post-cy 158 (38) 78 (63) 236 (44) <.0001
Primary graft failure 9(2) 1(1) 10 (2) 47
Time from HCT to engraftment, median (range), d 15 (7-49) 15 (7-124) 15 (7-124) .34
Any GVHD, no. (%) 212 (51) 65 (563) 277 (52) .75
Skin 136/212 (64) 31/65 (48) 167/277 (60) .018
Gastrointestinal 130/212 (61) 40/65 (62) 170/277 (61) .97
Liver 9/212 (4) 7/65 (11) 16/277 (6) .066
Ocular 8/212 (4) 2/65 (3) 10/277 (4) >.99
Acute GVHD, no. (%) 198 (48) 60 (49) 258 (48) .85

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATG, antithymocyte globulin; CMV, cytomegalovirus; GVHD, graft-versus-host disease; HCT, hematopoietic
cell transplant; MDS, myelodysplastic syndrome; MF, myelofibrosis; MMUD, mismatched unrelated donor; MRD, matched related donor; MUD, matched unrelated donor; N/A, not available;

post-cy, posttransplant cyclophosphamide.

@ Pvalues are from the test comparing patients with and without primary letermovir prophylaxis.

CMV End-Organ Disease

Primary letermovir prophylaxis was associated with a lower in-
cidence of CMV end-organ disease (6% vs 20%, P = .0002), with
a notable absence of CMV retinitis or gastrointestinal disease
in the letermovir group (Table 2). A logistic regression analysis
identified primary letermovir prophylaxis as a protective factor
(adjusted OR 0.23; 95% CI, 0.10-0.52; P < .001) against CMV
disease (Supplemental Table 2).

Mortality

On univariate analysis, there was a trend toward lower all-
cause mortality at day 100 in the primary letermovir pro-
phylaxis group (7% vs 12%, P = .12, Table 2), which was less
pronounced at weeks 24 and 48. For nonrelapse mortality, there
was a survival advantage in the primary letermovir prophylaxis
group that persisted from day 100 through weeks 24 and 48
(Table 2), although it was not statistically significant. A Cox
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Figure 1. Cumulative incidence curves of refractory or resistant CMV (A, P=.001) and clinically significant CMV infection (B, P< .0001) in patients with and without pri-

mary letermovir prophylaxis. CMV, cytomegalovirus.

regression analysis of the patients without primary graft failure
(527 of 537 patients) showed a significantly lower nonrelapse

mortality at week 48 in the primary letermovir prophylaxis
group (adjusted HR 0.55; 95% CI, 0.32-0.93; P = .025). Risk

Table 2. Impact of Letermovir Primary Prophylaxis on Clinical CMV Qutcomes

Primary Letermovir Prophylaxis

No Yes All Patients
Outcome (n=414) (n=123) (n =537) PValue®
CS-CMVi, no. (%) 221 (53) 21 (17) 242 (45) <.0001
Time from HCT to CS-CMVi, median (range), d 24 (1-1294) 15 (1-146) 23 (1-1294) .16
CS-CMVi by day 100, no. (%) 218 (53) 19 (15) 237 (44) <.0001
Late CS-CMVi (beyond day 100), no. (%) 3(0.7) 2(2) 5(0.9) .32
Peak CMV viral load, median (range), IU/mL 1485 (136-304 402) 756 (136-66 398) 1354 (136-304 402) .047
Time from first detection of CMV in plasma to initiation of 16 (0-64) 22 (0-116) 17 (0-116) .067
antiviral therapy, mean (range), d
CMV end-organ disease, no. (%) 83 (20) 7 (6) 90 (17) .0002
Gastrointestinal 13 (3) 0(0) 13(2) .047
Lungs 51 (12) 4 (3) 55 (10) .004
Retinitis 2 (0.5) 0(0) 2 (0.4) >.99
Bone marrow 25 (6) 1(1) 26 (5) .018
Other® 2(0.5) 2(2) 4(1) .23
R/R CMV, no. (%) 45 (11) 2(2) 47 (9) .001
Refractory 30 (7) 0(0) 30 (6) .002
Probable refractory 12 (3) 2 (2) 14 (3) .75
Resistant 3(1) 0(0) 3(1) >.99
Time from HCT to R/R CMV, median (range), days 22 (1-44) 37 (15-59) 22 (1-59) .48
All-cause mortality
At day 100, no. (%) 51 (12) 9(7) 60 (11) 12
At week 24, no. (%) 81 (20) 19 (15) 100 (19) .30
At week 48, no. (%) 129 (31) 35 (28) 164 (31) .57
Time to all-cause mortality post-HCT, median (range), d 183 (1-1279) 179 (18-726) 181 (1-1279) .85
CMV-related mortality, no. (%) 13 (3) 0(0) 13 (2) .047
Nonrelapse mortality
At day 100, no. (%) 45 (11) 8(7) 53 (10) .15
At week 24, no. (%) 62 (15) 12 (10) 74 (14) 14
At week 48, no. (%) 88 (21) 18 (15) 106 (20) .1
Time to nonrelapse mortality post-HCT, median (range), days 174 (1-1279) 167 (18-565) 170 (1-1279) 18

Abbreviations: CMV, cytomegalovirus; CS-CMVi, clinically significant cytomegalovirus infection; HCT, hematopoietic cell transplant; R/R, refractory or resistant.

?Pvalues are from the test comparing patients with and without primary letermovir prophylaxis.

®Other sites of CMV end-organ disease include central nervous system and pericardium.
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Table 3. Independent Predictors of Refractory or Resistant CMV by
Competing Risk Analysis®

Predictor Adjusted HR 95% Cl PValue
Type of transplant <.0001
MRD Reference
MUD/MMUD 3.87 1.15 10 13.03
Haploidentical 12.92 3.84 10 43.43
Cord 4.35 0.70 to 27.11
Donor CMV seropositivity 0.43 0.24t00.78 .005
Letermovir primary prophylaxis 0.15 0.04 to 0.58 .006

Abbreviations: 95% Cl, 95% confidence interval; CMV, cytomegalovirus; HR, hazard ratio;
MMUD, mismatched unrelated donor; MRD, matched related donor; MUD, matched un-
related donor.

“Death is the competing event in the competing risk analysis.

factors for nonrelapse mortality at week 48 are reported in
Tables 5 and 6. A Kaplan-Meier curve for nonrelapse survival
of patients without graft failure is shown in Figure 3, with a
log-rank P value of .10 for a comparison of the letermovir and
nonletermovir groups.

DISCUSSION

This study describes the largest single-center cohort of alloge-
neic HCT recipients receiving primary letermovir prophylaxis
published to date. We report a significant decrease in the in-
cidence of refractory or resistant CMV infections in patients
receiving primary letermovir prophylaxis, a finding that has
not been described yet. We also found significant decreases
in CS-CMVi, CMV end-organ disease, peak CMV viral load,
use of foscarnet, subsequent nephrotoxicity, and nonrelapse
mortality at week 48 in patients receiving primary letermovir

prophylaxis.
Table 4. Independent Predictors of CS-CMVi by Competing Risk
Analysis®
Predictor Adjusted HR 95% ClI PValue
Race/ethnicity .025
White Reference
Black 1.80 1.18-2.72
Hispanic 1.24 0.85-1.81
Others (including Asian and 1.54 1.02-2.33
Middle Eastern)
Type of transplant <.0001
MRD Reference
MUD/MMUD 2.14 1.41-3.25
Haploidentical 3.23 2.20-4.75
Cord blood 1.44 0.72-2.90
ATG 1.62 1.16-2.27 .005
Letermovir primary prophylaxis  0.26 0.16-0.41 <.0001

Abbreviations: 95% Cl, 95% confidence interval; ATG, anti-thymocyte globulin; CS-CMVi,
clinically significant cytomegalovirus infection; HR, hazard ratio; MMUD, mismatched unre-
lated donor; MRD, matched related donor; MUD, matched unrelated donor.

?Death is the competing event in the competing risk analysis.

o
100000 +
o
]
g o
o
S
= 10000 I
=
> <
5 o
=
S
S
a
1000 -
100 |
- T
No Yes

Primary Letermovir Prophylaxis

Figure 2. Box plot of peak CMV viral load in patients with clinically significant
CMV infection with and without primary letermovir prophylaxis (P = .047). The hori-
zontal line in the box interior represents the group median. The diamond represents
the group mean. CMV, cytomegalovirus.

Refractory and resistant CMV infections carry significant mor-
bidity and mortality in HCT recipients, with poor clinical outcomes
despite aggressive therapy that can often be toxic [16]. In pre-
vious studies, the incidence of refractory CMV infections ranged
between 19% and 29% [7, 12, 13], and resistant CMV infections
ranged from 1.7% to 14.5% [7-10]. In our study, the group that
did not receive letermovir prophylaxis had a 6% rate of refractory,
3% probable refractory, and 1% resistant CMV infections. These
differences from the previously reported rates could in large part
be explained by the adoption of standardized definitions [6] after
the prior studies were conducted, as well as differences in the HCT
population, type of HCT, time to immune reconstitution, devel-
opment of GVHD, and prophylactic and therapeutic approaches
to GVHD, all of which are established risk factors for CMV resist-
ance [17]. Notably; all 3 cases of resistant CMV in our cohort, none
of whom had received primary letermovir prophylaxis, had UL54
mutations, conferring resistance to foscarnet, consistent with our
institutional practice of favoring foscarnet over ganciclovir, partic-
ularly in the immediate posttransplant period, owing to its lower
risk of myelosuppression. This is in contrast with the literature re-
porting UL97 mutations more commonly than UL54 mutations 7,
11, 18, 19], which probably reflects different practices across var-
ious institutions.

Our study showed a decrease in the incidence of CS-CMVi
with primary letermovir prophylaxis, from 53% to 17%, con-
sistent with the results of the phase 3 clinical trial of primary
letermovir prophylaxis (42% to 18%) [4] and additional retro-
spective studies (22%-69% to 0%-22%) [20-25]. The majority
of the CS-CMVi occurred before day 100 in our cohort, in line
with previous studies [26, 27]. Remarkably, the increase in
CS-CMVi noted in the phase 3 clinical trial after letermovir dis-
continuation at day 100 [4] was not noted in our study, probably
because 60% of our patients on primary letermovir prophylaxis
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Table 5. Patient Characteristics According to Nonrelapse Mortality Status at Week 48

Nonrelapse Mortality at Week 48

No Yes All Patients

Characteristic (n =431) (n =106) (n =537) P Value®
Age, median (range), y 54 (6-93) 57 (21-78) 55 (6-93) .035
Male, no. (%) 234 (54) 45 (42) 279 (52) .029

Race/ethnicity, no. (%) 617

White 274 (63) 77 (72) 351 (66)

Black 33 (8) 6 (6) 39 (7)

Hispanic 71 (16) 15 (14) 86 (16)

Asian 20 (5) 3(3) 23 (4)

Middle Eastern 25 (6) 4(4) 29 (5)

Other 8(2) 1(1) 9(2)
Underlying disease, no. (%) 779

AML 194 (45) 45 (43) 239 (45)

ALL 61 (14) 14 (13) 75 (14)

MDS 53 (12) 18 (17) 71 (13)

MF 34 (8) 9 (8) 43 (8)

Others 89 (21) 20 (19) 109 (20)
Type of conditioning regimen, no. (%) .091

Myeloablative/reduced-intensity 412 (96) 105 (99) 517 (96)

Nonmyeloablative 19 (4) (1) 20 (4)
Type of transplant, no. (%) <.001

MRD 149 (35) 16 (15) 165 (31)

MUD/MMUD 193 (45) 55 (52) 248 (46)

Haploidentical 66 (15) 32 (30) 98 (18)

Cord 23 (5) 3(@) 26 (5)
Source of stem cells, no. (%)

Marrow 124 (29) 43 (40) 167 (31) .019

Peripheral 284 (66) 60 (57) 344 (64) .040

Single cord 1(0) 0 (0) 1(0) .620

Double cord 22 (5) 3@Q) 25 (5) 319
Donor CMV seropositivity, no. (%) 236 (56) 54 (51) 290 (55) .370
ATG, no. (%) 114 (26) 39 (37) 153 (28) .035
Post-cy, no. (%) 188 (44) 48 (45) 236 (44) .757
Primary letermovir prophylaxis, no. (%) 105 (24) 18 (17) 123 (23) .105
CS-CMVi, no. (%) 178 (41) 64 (60) 242 (45) <.001
CMV end-organ disease, no. (%) 54 (12) 36 (34) 90 (17) <.001
R/R CMV, no. (%) 30 (7) 17 (16) 47 (9) .003
Primary graft failure, no. (%) 5 (1) 5 (5) 10 (2) .015
Any GVHD, no. (%) 219 (51) 58 (55) 277 (52) 471
Acute GVHD, no. (%) 202 (47) 56 (53) 258 (48) 271

Abbreviations: ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; ATG, anti-thymocyte globulin; CMV, cytomegalovirus; CS-CMVi, clinically significant cytomegalovirus infec-
tion; GVHD, graft-versus-host disease; MDS, myelodysplastic syndrome; MF, myelofibrosis; MMUD, mismatched unrelated donor; MRD, matched related donor; MUD, matched unrelated

donor; N/A, not available; post-cy, posttransplant cyclophosphamide; R/R, refractory or resistant.

#P value is from the test comparing patients who survived at week 48 versus patients with nonrelapse mortality at week 48.

received letermovir beyond day 100. Additionally, we demon-
strated a significant decrease in CMV end-organ disease asso-
ciated with primary letermovir prophylaxis (decreasing from
20% to 6%), which has been shown in 1 retrospective study of
high-risk patients (no CMV disease in the primary letermovir
prophylaxis group compared with 5% in the control group)
[24]. Last, we describe a significant decrease in the peak CMV
viral load in association with primary letermovir prophylaxis, a
finding noted in 2 other retrospective studies [23, 24].

Analyzing the association between primary letermovir pro-
phylaxis and mortality, our study showed numerically lower
all-cause mortality and nonrelapse mortality through week
48. The association of letermovir with lower nonrelapse mor-
tality at week 48 achieved statistical significance on Cox re-
gression analysis. The relationship between CMV reactivation
and mortality after HCT, independently of preemptive therapy,
is well described [26, 28]. Our results are consistent with the
phase 3 clinical trial of letermovir prophylaxis, demonstrating
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Table 6. Independent Predictors of Nonrelapse Mortality Within 48
Weeks by Cox Regression Analysis

Predictors Adjusted HR 95% ClI PValue
Age (every 1-y increase) 1.02 1.001-1.03 .033
Sex .024
Male Reference
Female 1.58 1.06-2.35
Type of transplant <.0001
MRD Reference
MUD/MMUD 2.42 1.38-4.24
Haploidentical 4.27 2.30-7.93
Cord 1.70 0.48-5.99
Letermovir primary prophylaxis 0.55 0.32-0.93 .025

This analysis was performed for the patients without graft failure (n = 527). Data analysis
was not performed for the patients with graft failure owing to the small number of patients
in that group (n = 10).

Abbreviations: 95% Cl, 95% confidence interval; HR, hazard ratio. MMUD, mismatched
unrelated donor; MRD, matched related donor; MUD, matched unrelated donor.

a significantly lower all-cause mortality at week 24 in the
letermovir group (from 16% to 10%, P = .03) [4]. This was re-
produced in a mortality analysis of the same trial focusing on
the patients with undetectable CMV viral load at randomiza-
tion, in which all-cause mortality was significantly lower in the
letermovir arm at week 24; the study was not powered enough
to detect a difference at week 48 [29]. One retrospective study
evaluated nonrelapse mortality at day 200, with no significant
difference between patients who received letermovir for pro-
phylaxis and those who did not [23]. The lower nonrelapse
mortality in the primary letermovir prophylaxis group in our
study could be explained by the prevention of CS-CMVi and
the need for preemptive therapy and its associated toxicities, the
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Figure 3. Kaplan-Meier curves of nonrelapse survival of patients with and
without primary letermovir prophylaxis. The Kaplan-Meier nonrelapse survival anal-
ysis was performed in the patients without graft failure (n = 527). The Pvalue was
.10 from a log-rank test comparing the patients with and without primary letermovir
prophylaxis. However, after adjusting for the potential confounders, a multivariate
Cox regression analysis showed a significant difference in nonrelapse survival be-
tween these 2 groups of patients (P=.025).

lower incidence of refractory or resistant CMV infections, and
the lower CMV viral load in the letermovir group, similar to the
mortality analysis of the letermovir phase 3 trial [28, 29].

Our study has multiple strengths. It is the largest real-life
cohort of allogeneic HCT recipients who received primary
letermovir prophylaxis published to date using standardized
definitions for CMV outcomes, particularly CMV disease [15]
and refractory or resistant CMV infections [6]. Furthermore,
our cohort included all CMV-seropositive allogeneic HCT re-
cipients, whereas most retrospective studies focused on high-
risk HCT populations receiving letermovir. Nevertheless, our
study has some limitations, owing to its retrospective nature
and single-center design. CMV resistance testing was limited,
particularly in the nonletermovir group. Finally, there was
some heterogeneity in both groups of our cohort related to the
GVHD prophylactic regimens and the types of HCT performed
owing to changes in clinical practice over time.

In conclusion, our cohort study showed that primary
letermovir prophylaxis in allogeneic HCT recipients effec-
tively prevents refractory or resistant CMV infections and
decreases nonrelapse mortality at week 48. Our study also con-
firms the findings of prior studies with significant reductions in
CS-CMVi, CMV disease, and peak CMV viral loads.

Supplementary Data

Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors, so
questions or comments should be addressed to the corresponding author.
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