Received: 8 January 2021 Revised: 14 May 2021

Accepted: 30 May 2021

DOI: 10.1111/tid.13687

ORIGINAL ARTICLE

WILEY

Letermovir treatment of cytomegalovirus infection or disease
in solid organ and hematopoietic cell transplant recipients

Kathleen A.Linder' | Christopher Kovacs?® | Kate M.Mullane®*® |

Cameron Wolfe*® | NinaM.Clark>® | RicardoM.LaHoz®® | JeanninaSmith’ ® |
Camille N. Kotton® ® | AjitP.Limaye’ ® | Maricar Malinis'®® | MorganHakki''® |
Aaron Mishkin®>® | Arnoldo Adrian Gonzalez'®* | MariaDioverti Prono*® |

Darin Ostrander'* | Robin Avery'* | Daniel R. Kaul*

1 Division of Infectious Disease, University of Michigan, Ann Arbor, Michigan, USA

2 Department of Infectious Disease, Cleveland Clinic, Cleveland, Ohio, USA

3 Department of Medicine, University of Chicago, Chicago, lllinois, USA

4 Division of Infectious Disease and International Health, Duke University, Durham, North Carolina, USA

5 Division of Infectious Disease, Loyola University, Chicago, lllinois, USA

6 Division of Infectious Disease, University of Texas Southwestern Medical Center, Dallas, Texas, USA

7 Division of Infectious Disease, University of Wisconsin, Madison, Wisconsin, USA

8 Division of Infectious Disease, Massachusetts General Hospital, Boston, Massachusetts, USA

? Division of Allergy and Infectious Disease, University of Washington, Seattle, Washington, USA

10 Section of Infectious Disease, Yale University, New Haven, Connecticut, USA

11 Division of Infectious Disease, Oregon Health and Science University, Portland, Oregon, USA

12 Dijvision of Infectious Disease, Temple University, Philadelphia, Pennsylvania, USA

13 West Coast ID, Safety Harbor, Florida, USA

14 Division of Infectious Disease, Johns Hopkins University, Baltimore, Maryland, USA

Correspondence

Daniel R. Kaul, MD, Division of Infectious
Diseases, F4133 University Hospital South,
1500 E. Medical Center Dr, SPC 5226, Ann
Arbor,MI148109, USA.

Email: kauld@umich.edu

Abstract

Background: Few options are available for cytomegalovirus (CMV) treatment in trans-
plant recipients resistant, refractory, or intolerant to approved agents. Letermovir
(LET) is approved for prophylaxis in hematopoietic cell transplant (HCT) recipients, but
little is known about efficacy in CMV infection. We conducted an observational study
to determine the patterns of use and outcome of LET treatment of CMV infection in
transplant recipients.

Methods: Patients who received LET for treatment of CMV infection were identified
at 13 transplant centers. Demographic and outcome data were collected.

Results: Twenty-seven solid organ and 21 HCT recipients (one dual) from 13 medical
centers were included. Forty-five of 47 (94%) were treated with other agents prior to
LET, and 57% had a history of prior CMV disease. Seventy-seven percent were intol-
erant to other antivirals; 32% were started on LET because of resistance concerns.
Among 37 patients with viral load < 1000 international units (IU)/ml at LET initiation,

two experienced >1 logrise in viral load by week 12, and no deaths were attributed to
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1 | INTRODUCTION

Disease caused by cytomegalovirus (CMV) remains a leading viral
cause of morbidity and mortality after solid organ transplant (SOT)
and hematopoietic cell transplant (HCT). Available treatments for
CMV infection and disease (ganciclovir, valganciclovir, foscarnet, and
cidofovir) have two significant limitations. First, antiviral resistance
may develop during treatment and limit efficacy. Up to 12% of CMV
seronegative recipients of organs from CMV seropositive donors
(D+R-) treated for CMV infection or disease develop ganciclovir resis-
tance mutations.>* Ganciclovir resistance is less common in patients
receiving ganciclovir or valganciclovir for prophylaxis, occurring in 1%-
3% of patients with the notable exception of D+R- lung recipients,
where resistance rates as high as 16% have been reported.>°8 In some
cases, additional mutations at UL54 result in cross-resistance to all
agents that act at the CMV DNA polymerase.” Outcomes associated
with drug resistant CMV infections in SOT/HCT recipients are poor,
with longer time to viral clearance, increased mortality, and increased
incidence of renal dysfunction compared to matched controls.#10:11
Second, adverse events may limit use of currently approved agents.
Ganciclovir and valganciclovir have hematological toxicities that may
preclude use in HCT recipients with baseline low blood counts.!?
Further, decreased blood counts frequently complicate CMV treat-
ment in SOT recipients, particularly in those receiving other agents
with hematological toxicity such as mycophenolate, trimethoprim-
sulfamethoxazole, and anti-thymocyte globulin. In addition, the renal
toxicities of foscarnet and cidofovir are significant,'%1314 and many
patients at risk for complex CMV syndromes are already on other
nephrotoxic drugs such as calcineurin inhibitors or have pre-existing
chronic or acute kidney disease.

Letermovir (LET) was approved for prevention of CMV infec-
tion/disease in CMV seropositive HCT recipients in 2017. LET prophy-
laxis was shown to be effective and well tolerated, without significant
hematological and renal toxicity, and demonstrated a possible benefi-
cial impact on mortality.2>1¢ Furthermore, as LET acts at the level of
the terminase complex rather the DNA polymerase, activity is expected
against CMV isolates resistant to other agents.

Limited data are available regarding the use of LET for treatment
of CMV infection or disease. An early case report describes successful

treatment of multi-drug resistant CMV with multi-organ involvement

CMV. Ten patients had viral load > 1000 IU/ml at LET initiation, and six of 10 (60%) had
a CMV viral load < 1000 IU/ml at completion of therapy or last known value. LET was
discontinued in two patients for an adverse event.

Conclusions: Patients treated with LET with viral load < 1000 IU/ml had good virologic
outcomes. Outcomes were mixed when LET was initiated at higher viral loads. Further

studies on combination therapy or alternative LET dosing are needed.

cytomegalovirus infection, letermovir, solid organ transplantation, stem cell transplantation

with LET under a compassionate use protocol.!” Since licensure of the
drug, case reports and case series show mixed results when SOT or
HCT recipients with CMV infection or disease are treated with LET, and
in a number of reports resistance developed rapidly leading to treat-
ment failure.19-26

Despite this paucity of data, LET represents a potentially attractive
option for the treatment of CMV in certain situations. Thus, we con-
ducted a multicenter observational study to better understand the pat-
terns of off-label use of LET for CMV infection or disease and subse-

quent outcomes.

2 | METHODS

Multiple transplant centers were approached, and 13 centers inter-
ested in participating were included. Cases of LET use in SOT and HCT
recipients were reviewed for inclusion. The enrollment time period var-
ied at each medical center. Initiation of LET was between January 2018
and January 2020. Standard definitions of CMV infection and end-
organ disease were followed.2” Enrollment criteria included receipt
of an HCT or SOT and the use of LET to treat an established CMV
infection. Subjects who were switched from another agent to com-
plete therapy for an ongoing episode of CMV infection/disease were
included. Subjects in whom LET was started as primary prophylaxis or
as secondary prophylaxis after a distant episode of CMV infection were
excluded. Subjects were excluded if they received less than 7 days of
LET or if poor adherence was suspected. Death was attributed directly
or indirectly to CMV based on the clinical determination of the investi-
gators at each center.

A REDCap survey was used to retrospectively collect demographic
and clinical subject data including transplant type, characteristics of
the CMV episode, CMV treatment information, and clinical, virological,
and safety outcome information. Information was collected by investi-
gators at each site and entered into the REDCap survey tool; data accu-
racy was not confirmed by the coordinating center or reviewed by more
than one investigator at each site. Data analysis was conducted at the
coordinating center (University of Michigan). Institutional regulatory
approval was obtained at each participating site and the coordinating
site.

Virological failure was defined as follows:



LINDER ET AL.

WILEY 12

1. For those with baseline CMV viral loads < 1000 international units
(IU)/ml at LET initiation
a. Increase of CMV viral > 1 log at any time while on LET treatment
2. For those with baseline CMV viral load > 1000 IU/ml at LET initia-
tion
a. Failureto achieve 1 log reduction of CMV viral load by weeks 2-
4 using the latest measurement available during that time inter-
val
b. CMV viral > 1000 IU/ml at weeks 5-8 and weeks 9-12, respec-
tively, using the latest measurement available during that time
period
c. Failure to achieve viral load < 1000 IU at the end of LET treat-
ment

Clinical failure was defined as symptomatic worsening of end organ
disease or CMV syndrome or relapse of previously resolved symptoms
while on treatment with LET.

3 | RESULTS

3.1 | Baseline patient and center characteristics
We collected data on 47 patients from 13 centers. One center con-
tributed 11 cases; all other centers contributed six or fewer cases.
Baseline characteristics are described in Table 1. Of 47 subjects, 27
were SOT recipients, and 21 were HCT recipients (one received both).
Lung recipients (including one kidney/lung) represented just over half
of SOT recipients, 14/27 (52%). Eight of 27 (30%) of SOT recipients
were treated for organ rejection in the 3 months preceding LET initia-
tion, and 19 of 27 (70%) were CMV D+R—. The two most common indi-
cations for LET were intolerance to other agents 36 of 47 (77%) and 15
of 47 (32%) proven antiviral resistance (more than one indication was
present in 20 patients).

3.2 | Characteristics of CMV events and CMV
treatment

Table 2 describes the classification of the CMV event, genotypic find-
ings, LET dosing, and the use of additional antiviral treatments. End
organ disease was present in 17 of 47 (36%) with the gastrointesti-
nal tract the most common involved site 13 of 17 (76%). In 8 of 17
(47%), end organ disease had resolved at the time of LET initiation.
Most patients received LET 480 mg daily 41/47 (87%); 8 of 47 (17%)
either had their dose increased above 480 mg (n = 2) or started at a
dose of 720 mg daily (n = 6). While most patients received monother-

apy with LET, combination therapy was used in seven patients.

3.3 | Treatment outcomes

Table 3 describes the clinical outcome of the entire cohort stratified by

TABLE 1 Patient baseline characteristics
Characteristic Number (percent)
Age, y, median (range) 56(15-73)
Male sex 32/47 (68)
Race/ethnicity
White? 35/47 (74)
Black 9/47 (9)
Asian 2/47 (4)
Other 1/47 (2)
Solid organ transplant
Lung 13/27 (48)
Kidney 6/27 (22)
Heart 2/27 (7)
Liver 1/27 (4)
Other? 5/27 (19)
Stem cell transplant (no autologous)
Haploidentical (not cord) 5/21(24)
Cord blood 6/21(29)
Graft vs. host disease 11/21(52)
Previous episode of CMV infection or 27/47 (57)
disease
Clinical indications for letermovir©
Resistance 15(32)
Clinically refractory 6(13)
Intolerance to other treatments 36(77)
Oral agent preferred 9(19)
Other (combination therapy 1(2)
desired)
CMV treatment at letermovir initiation
(Val)ganciclovir 19 (40)
Foscarnet 16 (34)
CMV immunoglobulin 6(13)
Leflunomide 3(6)
Other (CMV T cells, brincidofovir, 4(9)
intravitreal antivirals)
None 8(17)

Abbreviation: CMV, cytomegalovirus.

aThree Hispanic persons.

bOne intestine, one pancreas alone, two kidney /pancreas, one kidney/lung.
“Twenty patients with more than one indication.

dSeven patients on two or three treatments; in most cases these treatments
were stopped at letermovir initiation.

baseline CMV illness status. Nine of 17 with end organ disease were
still symptomatic at the time of LET initiation. Thirteen deaths occurred
by last known follow-up, including in 10 of 37 (27%) of those with viral
loads < 1000 IU/ml at onset of LET treatment. Only one of these deaths
was directly attributable to CMV infection. Of the three deaths indi-
rectly attributable to CMV disease, two were due to fungal infection,

and one was a consequence of renal failure after foscarnet treatment.
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TABLE 2 Characteristics of CMV event and letermovir treatment

Number
Characteristic (percent)
CMV end organ disease (including all 17/47 (36)
proven/probable/possible)?
Pneumonia 4/17 (24)
Gastrointestinal 13/17 (76)
Retinitis 3/17(18)
Other (skin) 1/17 (6)
CMV syndrome (solid organ only) 16/27 (59)
Resistance (proven by genotyping) 17/47 (36)
uL97 15/17(88)
UL54 4/17 (24)
Letermovir dosing and route at initiation
480 mg® 41/47 (87)
720 mg 6/47 (13)
Intravenous 5/47 (11)
Oral 42/47 (89)
Letermovir monotherapy*© 40/47 (85%)

Abbreviation: CMV, cytomegalovirus.

2Four patients had end organ disease at more than one site (two lung and
gastrointenstinal, one skin and gastrointestinal, and one retina and gas-
trointestinal).

bTwo patients increased from 720 mg to 960 mg, one from 480 mg to
960 mg, one from 480 mg to 720 mg.

¢Combination therapy in seven included (val)ganciclovir = 2, foscarnet = 2,
CMV IgG = 4, leflunomide = 2, intravitreal foscarnet/ganciclovir = 1.

Figure 1 describes virologic outcomes in patients with CMV viral
load below 1000 U at LET initiation. In this group, 29 of 37 (78%) were
on active CMV treatment at the time of LET initiation. The leading indi-
cation for LET was intolerance to alternative treatment, 29 of 37 (78%).
Other indications included documented or suspected viral resistance,
eight of 37 (22%), refractory infection, four of 37 (11%), or a prefer-
ence for oral therapy, seven of 37 (19%). In 11 patients, more than one
indication was present. In 34 of 37 (92%), LET was given as monother-
apy. Only one of 34 (3%) of patients who remained on LET and had a
viral load checked at 2-4 weeks had an increase in viral load of greater
than one log. Of the 28 patients still on LET at weeks 5-8, all remained
undetectable, and only one of 25 (4%) who continued treatment to 9-
12 weeks experienced a greater than one logincrease in viral load. Rea-
sons for stopping LET included completion of therapy nine of 37 (24%),
death seven of 37 (19%), persistent viremia seven of 37 (19%), insur-
ance issues two of 37 (5%), adverse event two of 37 (5%), determi-
nation that suspected resistance was not present one of 37 (3%). The
remaining nine of 37 (24%) remained on LET at last reported time point.
Over the course of 12 weeks, two patients experienced a one log or
greater increase in viral load while on LET. No deaths were attributed
to CMV.

Table 4 includes 10 patients with viral load > 1000 IU/ml at LET ini-
tiation. In no case was LET the initial treatment for these episodes of
CMYV, and the median time from CMV diagnosis to initiation of LET

was 63 days (range 10-318 days). In six of 10 cases, LET was used as
monotherapy. The median duration of LET treatment was 16.9 weeks.
In the eight patients with a CMV viral load checked at weeks 2-4 after
initiation of LET, four of eight (50%) experienced a 1 log reduction in
CMV viral load. At weeks 5-8, eight had a CMV viral load checked,
and three of eight (38%) had a viral load < 1000 IU/ml. At weeks 9-
12, six had a viral load checked, and two of six (33%) were less than
1000 IU/ml. Two additional patients who had a viral load > 1000 1U/ml
at weeks 9-12 received prolonged courses of LET monotherapy (19.4
and >52 weeks) with subsequent CMV viral loads remaining below
1000 IU/ml. In one of these 10 patients, CMV LET resistance testing
was sent and indicated UL 56 C325Y mutation associated with LET
resistance. LET course was completed in eight patients with initial viral
load > 1000 IU/ml, and of these, four had CMV viral loads < 1000
1U/ml at the time of LET discontinuation. Overall, six of 10 had a viral

load < 1000 IU/ml at end of treatment or last known value.

3.4 | Tolerability and safety

Overall LET was well tolerated and was discontinued for a possi-
ble adverse event/drug interaction in two patients (diarrhea which
resolved with discontinuation in one patient and increase in tacrolimus
levels in one other). In five patients, the dose of tacrolimus was
decreased during treatment with LET to achieve the same target

trough level.

4 | DISCUSSION

The FDA-approved indication for LET is prevention of CMV infection
and disease in CMV seropositive HCT recipients. This paper describes
the off-label use of LET in both SOT and HCT recipients at 13 academic
medical centers. The most frequent rationales for off-label LET use in
descending order were intolerance to other available treatments, CMV
resistance, and preference for an oral agent. In the majority of treated
patients, low levels of DNAemia (below 1000 IU/ml) had been achieved
with valganciclovir, ganciclovir, or foscarnet at the time of initiation
of LET. In this situation, patients on LET typically maintained a CMV
viral load < 1000 IU/ml, and progression or development of worsen-
ing symptoms was uncommon occurring in only one patient. While 10
of 37 patients in this group died, this was largely due to other factors
(e.g., relapse of leukemia in HCT recipient) rather than direct or indi-
rect effects of CMV infection. It is not known how much of this success
isdue to LET, and how much is due to other factors, including reduction
in immunosuppression, or spontaneous viral clearance. In contrast, in
patients with CMV viral load > 1000 IU/ml at initiation of LET, success
rates were lower. While both groups were heavily pretreated for CMV
prior to LET initiation, the group with higher viral loads at LET initiation
exhibited high rates of baseline CMV disease and resistance. Interest-
ingly, two patients in the group with higher viral loads at LET initiation
that did not achieve viral load < 1000 IU/ml at 9-12 weeks did maintain

viral suppression with extended (19.4 and > 52 weeks) courses of LET
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TABLE 3 Clinical outcomes by baseline CMV illness status

CMV Syndrome or DNAemia n = 30 (64%)

<1000 IU/ml
atLET start
(n=26)

Persistent or worsening 0

symptoms while on LET

Death?® 8(31%)

Death direct result of CMV 0

Death indirect result of CMV 1P (3%)

Abbreviations: CMV, cytomegalovirus; IU, international units; LET, letermovir.

2Death at last known follow-up.

WILEY 122

End organ diseasen = 17 (36%)
>1000 IU/ml at <1000 IU/ml at >1000 IU/ml at
LET start LET start LET start
(n=4) (n=11) (n=6)
0 1(9%) 3(50%)
2(18%) 3(50%)
1
25 (33%)

bTwo deaths due to invasive fungal infection, one as a consequence of renal failure due to foscarnet.

VL <1000 at LET initiation
n=37

n=2, < 2 weeks LET
n=1, VL not checked

A4

VL measured at week 2-4
n=34

T

VL increase > 1 log VL no increase > 1 log

VL measured week 5-8
n=28

n=5, < 5 weeks LET
n=1, VL not checked

)

VLincrease > 1 log VL no increase > 1 log
n=0 n=28

n=3, <9 weeks LET

VL measured week 9-12
n=25

/

VLincrease > 1 log VL no increase > 1 log
n=1 n=24

/

LET=letermovir
VL=viral load

FIGURE 1 Virological outcomes viral load at letermovir initiation
<1000 IU/ml

monotherapy. Overall, four of eight (50%) patients in whom LET was

stopped had viral load < 1000 IU/ml when treatment was discontinued.

Again, other interventions may have contributed to these outcomes.
While the literature on off-label LET use is sparse and consists pri-

marily of case reports or small case series,”:19-25

some larger case
series describe successful use of LET when started in patients with very

low CMV viral loads or as secondary prophylaxis.282? An analysis of

70 recipients from the phase Ill trial of LET as prophylaxis after HCT
with detectable CMV at entry noted similar outcomes compared to
study participants with no detectable CMV at LET initiation.28 CMV
viral loads were all quite low in this group (median 150 1U/ml, range
150-716). In a report of the French compassionate access experience
with 80 HCT recipients receiving LET as secondary prophylaxis, four of
80 (5.5%) experienced CMV disease (n = 3) or infection without disease
(n=1).2 Only one patient had a viral load above the limit of quantifica-
tion of the assay at LET initiation. Nonetheless, these reports are con-
sistent with the generally favorable virologic outcomes we observed
when LET was started in patients with CMV viral loads < 1000 1U/ml.
However, spontaneous clearance of untreated low level CMV viremia
has been well described, and the effect of LET in this situation is
uncertain.3%:31

While about one-third of patients had documented resistance muta-
tions, intolerance of currently available treatment for CMV (largely
renal toxicity of foscarnet or cidofovir and hematologic toxicity of gan-
ciclovir) was the most commonly cited reason for using LET. LET is
generally well tolerated, with discontinuation rates similar in placebo
versus LET arm in clinical trials, and hematological or renal toxic-
ity is rare.32 In the current series, only two of 47 (4%) discontinued
LET (one due to diarrhea and the other due to drug interaction with
tacrolimus).

There s little information on the safety and effectiveness of alterna-
tive treatment strategies including increased LET dosing or combina-
tion with other antiviral agents. The approved dose for prophylaxis is
480 mg daily, but in this series, due to either refractory disease or dis-
ease in the retina and concerns about drug penetration, eight patients
received either initial increased dosing (720 mg) or had their dose
increased when disease was not responding. Currently there are no
data to guide dosing of LET when used outside of the licensed prophy-
laxis indication. Combination therapy was applied in seven cases and
often used multiple drugs including CMV immune globulin and lefluno-
mide which likely have limited activity. Due to the small numbers of
cases involved and the fact that combination therapy and increased
LET doses were often used in the most challenging clinical situations,
we cannot comment on the relative effectiveness of these strategies.
Of note, the antiviral drug maribavir is being developed specifically for
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resistant/refractory CMV infection with phase 2 data published and
phase 3 trial data pending analysis.®3

The population described in this study is quite complex with multi-
ple risk factors for complex CMV syndromes, resistant virus, and poor
outcomes. Lung transplant recipients are overall at higher risk for CMV
resistance and more severe disease, and represent under 7% of total
SOT done in the USA.34 Lung transplant recipients, however, were just
over half the SOT recipients in this series. In the HCT population, hap-
loidentical (non-cord) or cord blood recipients tend to have difficulty
controlling CMV and also accounted for over half of the HCT recipients
in our series. Further, 27 of 41 (66%) of the recipients in this series had
a previous episode of CMV infection or disease. Thus, the high death
rate of just over a quarter of patients is not surprising and likely reflects
that clinicians are choosing to use LET off-label in the most challenging
situations when other options have been exhausted.

This study had a number of important limitations. Different institu-
tions used different CMV assays and specimen types (plasma vs. whole
blood) that cannot be precisely compared across centers. Furthermore,
since undetectable CMV viral loads are often not obtained even after
successful treatment due to increasingly sensitive CMV assays, we
used a one log reduction by weeks 2-4 and a CMV viral load < 1000
1U/ml at later time points to define virological success. In addition, we
used a relatively wide interval of time points since different centers
varied in how frequently CMV viral loads were assessed. We focused
on an on-treatment analysis given the complexity of these patients and
a desire to determine if in situations where patients were able to con-
tinue treatment a virologic response was seen.

In summary, clinicians in transplant centers are using off-label LET
primarily for patients intolerant of or resistant to available treatments.
In situations where other less well tolerated agents can be used to
reduce viral load to <1000 IU/ml, LET may be associated with favor-
able outcomes when used as “step down” therapy. Our series suggests
thatin situations where viral loads cannot be effectively reduced below
1000 IU/ml with other therapies, results are mixed. Randomized tri-
als are required to confirm these observations, and further research to
determine the effectiveness and safety of combination therapy and/or
higher doses of LET is needed to better understand how to treat this

challenging group of patients.
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