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Abstract

Purpose The aim of this study was to assess the cost effectiveness of letermovir prophylaxis with the option for subsequent
pre-emptive therapy (PET) for the prevention of cytomegalovirus (CMV) infection compared with a PET-only scenario in
adult allogeneic hematopoietic stem cell transplant (allo-HCT) recipients in the United States over a 10-year time horizon.
Materials and Methods A publicly available decision tree model was constructed using a commercial third-party payer
perspective to simulate an allo-HCT recipient’s clinical trajectory in the first-year post-transplant, followed by entry to a
Markov model to simulate years 2 through 10. Clinical inputs and utility estimates were derived from published literature.
Costs were derived from published literature and US Department of Veterans Affairs Federal Supply Schedule drug pricing.
Outcomes assessed included life expectancy, quality-adjusted life-years (QALYSs), direct medical costs, and the incremental
cost-effectiveness ratio (ICER). One-way and probabilistic sensitivity analyses (PSA) were performed to test the robustness
of the findings.

Results Compared with PET alone, letermovir prophylaxis was projected to increase life-years per person (4.99 vs. 4.70
life-years), and increase QALY's (3.29 vs. 3.08) and costs (US$83.411 vs. US$70,698), yielding an ICER of US$59,356 per
QALY gained. One-way sensitivity analyses indicated our model was sensitive to mortality (ICER: $164,771/QALY) and
utility (letermovir ICER: $117,447/QALY; PET ICER: $107,290/QALY) in the first-year post-transplant. In 57.1% of the
PSA simulations, letermovir was a cost-effective option using a willingness-to-pay threshold of US$100,000 per QALY.
Conclusions Letermovir prophylaxis is cost effective compared with PET alone with a willingness-to-pay threshold of
US$100,000 per QALY gained. Sensitivity analysis results indicate future research is required to understand the impact of
mortality and quality of life in the first-year post-transplant to arrive at a conclusive decision on letermovir adoption.

54 Aryana Sepassi 1 Introduction

asepassi@hs.uci.edu o . . .
Immunosuppression in cancer patients following allogeneic

' Department of Clinical Pharmacy Practice, University hematopoietic stem cell transplantation (allo-HCT) leaves
of California, Irvine School of Pharmacy and Pharmaceutical patients susceptible to a host of opportunistic infections such
Sciences, Irvine, CA, USA . K

as cytomegalovirus (CMV), which may lead to asympto-
2 Division of Clinical Pharmacy, University of California, matic CMV infection (viremia) and, subsequently, CMV

San Diego Skaggs School of Pharmacy & Pharmaceutical

Sciences, La Jolla, CA, USA end-organ disease. CMV viremia is prevalent in 40-90% of

seropositive allo-HCT recipients and may increase the risk
of all-cause mortality by 86% compared with those without
CMV [1-5]. CMYV viremia, defined as the isolation of CMV
by culture, may cause patients to present as asymptomatic. If

Division of Infectious Diseases and Global Health, left unmitigated, viremia may progress to CMV end-organ
University of California, San Diego, La Jolla, CA, USA

Department of Veteran Affairs, Health Economic Resource
Center, Menlo Park, CA, USA

4 Department of Medicine, City of Hope, Duarte, CA, USA

A\ Adis


http://crossmark.crossref.org/dialog/?doi=10.1007/s41669-023-00398-y&domain=pdf
http://orcid.org/0000-0003-0149-7824

394

A. Sepassi et al.

Key Points for Decision Makers

Letermovir stands as a cost-effective option for prophy-
laxis against cytomegalovirus compared with pre-emp-
tive therapy alone in allogeneic hematopoietic stem-cell
transplant patients over a 10-year time period post-
transplant.

The demonstrated cost-effectiveness of letermovir was
contingent on the quality of life and mortality of patients
at the first-year post-transplant. Decision makers need

to weigh the risks of these uncertainties against demon-
strated benefits when considering letermovir use.

Future research should focus on reducing the uncertainty
surrounding mortality and quality of life, in addition to
accounting for potential risks due to the development of
viral resistance to letermovir.

disease, which involves the manifestation of clinical signs or
symptoms in various organ systems of the body [6]. Despite
available treatment, non-relapse mortality related to CMV
disease remains as high as 45-60% [6—11]. The economic
burden of CMV end-organ disease may be sizeable due to its
severe and acute clinical presentation, with payers incurring
incremental costs of US$160,000 per CMV disease patient
per year [12]. Due to the high risk of mortality associated
with CMV end-organ disease, prevention of initial CMV
viremia is necessary to mitigate these negative downstream
events and costs.

Antiviral prophylaxis with pre-emptive therapy (PET) or
use of PET alone are the two predominant treatment strate-
gies used to prevent CMV infection and subsequent disease
in allo-HCT recipients [13]. Both strategies have demon-
strated effectiveness in reducing CM V-related morbidity and
mortality [14-16]. Prophylaxis involves administration of
an antiviral agent to all allo-HCT recipients, irrespective
of CMYV serostatus or viral burden [15]. Patients exhibit-
ing signs or symptoms of CMV viremia while on prophy-
laxis will have their prophylactic antiviral discontinued
and replaced with antivirals used for PET. In contrast, the
PET-alone strategy utilizes a monitoring approach at regular
intervals post-transplant, where PET antivirals are admin-
istered only when viral load measurements exceed a pre-
determined, institution-specific threshold. The PET-alone
strategy is preferred due to the high risk of costly and detri-
mental adverse events from prophylactic antivirals, such as
neutropenia or clinically significant myelosuppression, as
is the case with ganciclovir [16]. However, the PET-alone

A\ Adis

strategy relies heavily on early detection of CMV viremia
through viral load monitoring, requiring patients to remain
adherent to frequent polymerase chain reaction (PCR) test-
ing procedures [14]. Moreover, viremic patients utilizing
PET may also suffer the same adverse events as those receiv-
ing prophylaxis once therapy is initiated [14, 16]. Despite
these limitations, upwards of 68% of institutions providing
allo-HCT exclusively utilize PET-alone as a CMV preven-
tion strategy [17].

In 2017, the antiviral letermovir was approved by the
US Food and Drug Administration for CMV prophylaxis
in CMV-seropositive adult allo-HCT recipients [18]. The
safety profile demonstrated in the phase III clinical trial for
letermovir addressed concerns regarding the risk of severe
toxicities of traditional antiviral agents, with rates of myelo-
toxicity and nephrotoxicity similar to that of placebo [19].
Furthermore, letermovir was effective at reducing the rate
of clinically significant CMV infection compared with pla-
cebo 24 weeks post-transplant [19]. However, letermovir is
significantly more costly per dose than traditional antiviral
agents used in a PET-only strategy. It is unclear whether the
high drug cost of letermovir is offset by a reduction in down-
stream costs associated with negative outcomes compared
with a PET-alone scenario. Therefore, an assessment of
overall value utilizing updated data is required to determine
whether use of this agent is cost effective compared with a
conventional PET-alone strategy from an unsponsored per-
spective with integration of updated data. The objective of
this study was to evaluate the cost effectiveness of letermovir
prophylaxis compared with PET-alone in the prevention of
CMV viremia and related outcomes in an adult cohort of
allo-HCT recipients in the United States using a commercial
payer perspective.

2 Methods

We conducted a cost-effectiveness analysis of letermovir
prophylaxis with an option for PET compared with PET-
alone. Costs were estimated from the commercial US
healthcare payer perspective. Health outcomes were val-
ued as quality-adjusted life-years (QALYs) with a 10-year
time horizon starting from the date of transplant. We used a
10-year time horizon for this patient population to account
for full immune reconstitution in allo-HCT recipients at the
10th-year post-transplant in addition to the lack of published
survival data in allo-HCT recipients past 10 years post-trans-
plant [20].
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2.1 Model Structure

We employed a decision analytic approach to model the dis-
ease course of CMV post-transplant based on a previously
published model using a third-party payer perspective [21].
A decision tree was constructed to simulate the first year of
a hypothetical post allo-HCT adult patient cohort with sub-
sequent entry into a Markov model for post-transplant years
2 through 10 (Fig. 1). The model compared patients receiv-
ing letermovir prophylaxis with the option to subsequently
receive PET with patients receiving PET alone. Herein,
‘PET-alone’ refers to patients who did not receive any pro-
phylactic therapy but did undergo PCR testing for CMV
viral load at regular intervals. These patients would receive
PET antiviral therapy upon developing CMV viremia.
‘Letermovir prophylaxis’ refers to patients who received
letermovir antiviral therapy and initiated PET upon the pres-
ence of CMV viremia. Patients were at risk of developing
CMYV viremia starting from day 1 post-transplant, defined
as detectable plasma CMV by PCR testing. Upon detection,
CMV viremia was treating using PET [19, 22].

We assumed patients utilized valganciclovir for PET in
our deterministic analysis. For the intervention arm, patients
were assumed to receive letermovir prophylaxis up to day
100 post-transplant [19]. For the PET-alone arm, patients
were assumed to visit their provider at weekly intervals for
PCR monitoring of viral load. Patients were determined to
have CMV viremia if they reached a PCR threshold of at

Fig. 1 Decision tree and
Markov model for seroposi-
tive allogeneic hematopoietic
stem cell transplant recipients
post-transplant. All patients
who develop CMV viremia are
assumed to initiate pre-emptive
therapy with valganciclovir,

CMV Viremia

least 150 copies/mL for high-risk patients, and > 300 cop-
ies/mL for low-risk patients (definitions for risk catego-
ries may be found in the electronic supplementary mate-
rial [ESM]) [19]. We assumed these patients were at risk
of experiencing neutropenia as an adverse drug event, and
of CMV end-organ disease with subsequent complications,
defined as acute graft-versus-host disease (GVHD) or CMV-
related rehospitalization. In the decision tree, patients either
terminally survived or died; those who survived entered
into a Markov model for years 2—10 post-transplant. The
Markov model had two health states (alive and dead) utiliz-
ing monthly cycles. As a minority of patients relapse after
allo-HCT, we assumed patients would live in complete
remission of their original cancer after receipt of allo-HCT
[24-26]. Costs and utility benefits of survival were annually
discounted using a 3% rate, as recommended by the Second
Panel on Cost-Effectiveness in Health and Medicine [23].
All analyses were performed using Microsoft Excel (Micro-
soft Corporation, Redmond, WA, USA). Additional model
assumptions can be found in the ESM. External validation
of the model with an independent expert reviewer who was
unaffiliated with this study reinforced the robustness of the
model structure and underlying methodology and found no
significant problems. The model is publicly available and
can be found at https://github.com/arysepassi/letermovir_
cea/tree/main.

Alive

Complications

Dead

CMYV Disease Alive

PET*

followed by subsequent risks
of CMV disease and CM V-
related complications, ending in
survival or death by year 1. For
years 2 through 10, survivors
enter the ‘Alive’ health state
indicated on the bottom right,
with yearly risk of death. PET
pre-emptive therapy, CMV
cytomegalovirus, HCT hemat-
opoietic stem cell transplant,

Letermovir
Prophylaxis

Adult CMV R+

4 No Complications

Dead
Alive

No CMYV Disease
Dead

Alive

Allogeneic HCT M
Recipient

+ indicates the shown decision
tree branches as replicated

for the ‘Pre-Emptive Therapy
Alone’” arm

[+]
—e
Pre-Emptive
Therapy Alone

No CMYV Viremia

Dead

Dead
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2.2 Patient Population

We modeled a patient cohort based on data presented in
the letermovir phase III clinical trial [19]. A total of 565
adult CMV-seropositive allo-HCT recipients at high- or
low-risk of CMV reactivation were randomized to receive
either letermovir or placebo, orally or intravenously, through
week 14 post-transplant. High-risk patients included those
with unrelated donors, related donors with mismatching
gene loci, those with haploidentical donors, those receiving
umbilical cord blood as the stem cell source, those receiving
ex-vivo T-cell-depleted grafts, and those having GVHD of
grade II or higher who required the use of corticosteroids at
baseline [19].

2.3 Model Inputs—Clinical

All model inputs are listed in Table 1. We used evidence spe-
cific to allo-HCT recipients treated in the US for all model
data. Clinical parameters were mostly derived from phase
III clinical trial data [19]. Data regarding CMV viremia
were extracted from the week 24 follow-up point of the trial
[27]. We utilized data obtained at the week 48 follow-up
point from the phase III trial for CMV end-organ disease
and year 1 survival [19, 27]. This was done to ensure our
estimates were as close to 1-year post-transplant as possible.
Week 48 data missing from the published phase III clinical
trial were extracted from a published report of the Canadian
Agency for Drugs and Technologies in Health (CADTH) on
the clinical effectiveness of letermovir [27].

We assumed that all patients receiving PET received
valganciclovir, in accordance with trends and recommenda-
tions from the literature [28]. To account for any differences
in treatment modalities, we performed a scenario analysis
assuming that 50% of patients received valganciclovir, 39%
received ganciclovir, and 10% received foscarnet [19]. Using
published guidelines, the dose and frequency of valganci-
clovir was set at 900 mg orally twice daily for 14 days as
induction therapy, followed by 450 mg orally twice daily up
to 36 days (the average length of PET described in the phase
III trial) [29]. We assumed all patients using PET were at
risk of developing neutropenia as a potential adverse event
[30]. CMV complication rates of acute GVHD and CMV-
related rehospitalization were extracted from the phase III
clinical trial results at 48 weeks (rates can be found in the
ESM) [27]. We assumed that patients would independently
experience CMV-related rehospitalization or acute GVHD,
as data of overlapping event rates in the allo-HCT population
are unavailable to date.

A\ Adis

2.4 Model Inputs—Long-Term Survival

Survival data for the patient population were modeled using
three sources of data and fitted using smoothed spline curves
with three knots to estimate long-term life expectancy. The
survival curves were constructed in a stepwise manner
using the best available long-term data that best matched
the model population. Survival data from months 0—12 post-
transplant were obtained from the phase III clinical trial for
letermovir [19]. Data for survival from the beginning of year
2 until year 10 were extrapolated using data from a pub-
lished study in a cohort of allo-HCT recipients followed up
to 5 years post-transplant [31]. Data from the Kaplan—Meier
curve of the study were extracted using the ‘digitize’ pack-
age in R (Boston, MA, USA) and were used to reconstruct
individual patient-level data using methods adapted from
Guyot et al. [32, 33]. These data were used to fit various
parametric survival curves, including exponential, Weibull,
log-normal, log-logistic, gamma, Gompertz, and generalized
gamma distributions using the ‘flexsurv’ package in R (Bos-
ton, MA, USA) [34]. The fit of the models to the extracted
data was analyzed using the Akaike Information Criteria
(AIC) and visual inspection of function tails to determine
clinical plausibility of the estimated fit (see the ESM). Based
on these criteria, Gompertz distribution yielded the best fit.

The survival curve for years 2 through 10 was applied to
both the intervention and control groups using the Gompertz
distribution (Eq. 1):

s = el (F ) ()

where 6 and x denote parameters from the Gompertz distri-
bution and 7 denotes the month when the Gompertz distri-
bution was fitted to the Kaplan—Meier curve. A visual rep-
resentation of the Gompertz curve fit to the Kaplan—-Meier
curve and other fitted distributions is provided in the ESM.
The same extrapolated curve was fitted to both treatment
groups beginning at year 2 and throughout the post-trans-
plant period (months 13—120). Survival estimates for month
120 (year 10) and on post-transplant were obtained using
adjusted annual relative mortality risks applied to life
expectancies of the general population from 2017 US life
tables. We utilized a relative mortality risk observed in a
retrospective observational study of patients who received
an allo-HCT at age 45 years or older, which closely matched
that of the original letermovir phase III trial population
[35]. The survival model constructed from these three data
sources was then fitted to a smoothed spline model using
three splines with 13 degrees of freedom for curve smooth-
ing using the ‘splines’ and ‘ISLRA’ packages in R (Boston,
MA, USA) [36, 37].

To test the robustness of changes to long-term life expec-
tancy, we performed a sensitivity analysis using different
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Table 1 List of utilized parameters

Parameter Deterministic value Low range Highrange Description Distribution Source
Clinical inputs
Viremia, LET 0.16 0.14 0.18 Probability of CMV viremia Beta Marty et al. [19]
with letermovir at week
24
Viremia, PET 0.40 0.36 0.44 Probability of CMV viremia Beta Marty et al. [19]
with PET alone at week
24
CMV disease, LET 0.015 0.008 0.022 Probability of CMV disease Beta CADTH report [24]
with letermovir at week
48
CMV disease, PET 0.018 0.008 0.028 Probability of CMV disease Beta CADTH report [24]
with PET alone at week
48
Year 1 survival, LET 0.81 0.79 0.83 Probability of survival with Beta Ljungman et al. [22]
letermovir at week 48
Year 1 survival, PET 0.77 0.73 0.80 Probability of survival with Beta Ljungman et al. [22]
PET alone at week 48
Neutropenia 0.47 0.37 0.56 Probability of neutropenia  Beta Zavras et al. [27]
with valganciclovir/PET
CMV complications®, LET 0.86 0.76 0.96 Probability of experiencing Beta Marty et al. [19]
a CMV-related complica-
tion with letermovir
CMV complications, PET  0.90 0.81 0.99 Probability of experiencing Beta Marty et al. [19]
a CMV-related complica-
tion with PET alone
Cost inputs
Cost of letermovir US$12,182 US$9746  US$14,618 Cost of 100 days of leter- Gamma VA FSS pricing [35]
movir therapy at 480 mg
daily
Cost of PET® US$1237 US$990 US$1485 Cost of PET using valgan- ~ Gamma VA FSS pricing [35]
ciclovir
Cost of GVHD US$18,605 US$14,884 US$22,326 Cost of treating an acute Gamma Yu et al. [32]
GVHD event
Cost of rehospitalization US$45,002 US$36,002 US$54,002 Cost of a CMV-related Gamma El Haddad et al. [37]
rehospitalization
Cost of CMV disease US$98,442 US$78,754 US$118,130 Cost of experiencing CMV ~ Gamma Scheflout et al. [36]
end-organ disease
Monthly cost, year 2 post ~ US$8625 US$6900  US$10,350  Cost of care for second-year Gamma Zhou et al. [40]
allo-HCT post allo-HCT
Utility inputs
Year 1, LET 0.724 0.579 0.869 Weighted baseline utility Beta CADTH report [24]
with LET prophylaxis
Year 1, PET 0.728 0.582 0.874 Weighted baseline utility Beta CADTH report [24]
with PET alone
Year 2+ 0.760 0.686 0.850 Yearly utility for either Beta Castejon et al. [42]

intervention, year 2 post-

allo HCT and on

LET letermovir prophylaxis, PET pre-emptive therapy alone (no prophylaxis scenario), CMV cytomegalovirus, CADTH Canadian Agency for
Drugs and Technologies in Health, PCR polymerase chain reaction, GVHD graft-versus-host disease, VA Veterans Affairs, F'SS Federal Supply

Schedule

4CMV complications are defined as either acute GVHD or CM V-related rehospitalization

®Includes the cost of weekly CMV DNA PCR testing and complete blood count +differential laboratory examinations

A\ Adis
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survival curves (e.g., Weibull, log-normal, generalized
Gamma) during years 2 through 10 post-transplant to eval-
uate impact on long-term mortality and incremental cost-
effectiveness ratio ICER) compared with the deterministic
analysis. Additionally, we performed a sensitivity analysis
assuming a 30% reduction in all monthly death risks from
years 2—10 post-transplant and on, to compensate for poten-
tially overestimating mortality.

2.5 Model Input—Costs

All costs were valued in 2021 US dollars ($US) using the
medical consumer price index (CPI) [23]. Drug costs were
based on Federal Supply Schedule (FSS) pricing publicly
provided by the US Department of Veterans Affairs (VA)
in accordance with recommendations by the Second Panel
in Cost-Effectiveness in Health and Medicine [38, 39]. The
cost of letermovir prophylaxis included the costs of both
intravenous and oral administration. The Centers for Medi-
care and Medicaid Services (CMS) fee-for-service pricing
was used to determine the cost of an outpatient visit for post-
transplant follow-up and PCR monitoring (Current Proce-
dural Terminology [CPT] code 96395). Costs of CMV dis-
ease, CMV-related rehospitalization, neutropenia and acute
GVHD were extracted from the literature [39-42]. Medical
costs of an allo-HCT recipient in their second-year post-
transplant were derived using an average of published data
from patients seen in outpatient, specialist, and inpatients
settings [43].

2.6 Model Inputs—Health-Related Quality of Life

We valued health outcomes using QALYs, a metric that is
calculated by weighing expected survival by a utility score
that encompasses quality of life and ranges from O (death)
to 1 (perfect health) [41, 44]. Health utilities included in our
analysis were collected using data from a phase III clini-
cal trial that used the EQ-5D-3L scale with UK tariffs to
extract utility scores for both letermovir and placebo groups
at baseline (immediately post-transplant), week 14, week
24, and week 48 [27]. These utility scores were weighted
according to the number of weeks in the year for which they
applied and were incorporated as a final weighted utility
score for each arm in the model’s decision tree. For health
utilities past this point, we applied a utility score derived
from a study in a set of patients with acute myeloid leukemia
(AML) in remission from the United Kingdom that used the
time trade-off (TTO) method, on the basis that the majority
of allo-HCT recipients originally had AML in the phase III
trial for letermovir [45].
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2.7 Model Outputs

We assessed total discounted direct costs and QALY for a
10-year post-transplant time horizon and estimate the ICER
comparing letermovir with PET alone. We considered a
treatment strategy to be cost effective if the deterministic
ICER was less than a willingness-to-pay (WTP) threshold
of US$100,000 per additional QALY gained [46].

2.8 Sensitivity Analyses

To assess model uncertainty, we performed a series of
one-way sensitivity analyses to determine the influence of
individual parameters on the ICER. If data related to vari-
ance (e.g., standard error) of the deterministic inputs were
reported in the literature, then those data were used to esti-
mate lower and upper bounds (e.g., deterministic + standard
error). If data were not reported in the literature, we used a
+20% range of the deterministic value. Additionally, we
used annual discount rates of 1% and 5% in one-way sen-
sitivity analyses to evaluate their influence on the ICER.
We performed a probabilistic sensitivity analysis (PSA) to
account for uncertainty across all model parameters simul-
taneously. Probability and utility inputs were modeled using
a beta distribution, and cost inputs were modeled using a
gamma distribution. Long-term survival data were adjusted
for uncertainty in the PSA using a Cholesky decomposition
matrix of the Gompertz distribution. Monte-Carlo simula-
tion was performed with 1000 iterations to achieve conver-
gence in order to determine the impact of parameter uncer-
tainty on costs, QALYs, and ICER estimates. PSA results
were used to generate a cost-effectiveness acceptability
curve (CEAC) to determine the probability that letermovir
prophylaxis was cost effective compared with PET alone at
various WTP thresholds.

3 Results
3.1 Deterministic Analysis

In our deterministic analysis, the expected total cost per
patient of letermovir prophylaxis for a post allo-HCT recipi-
ent was US$12,713 greater compared with PET alone over a
10-year time horizon (US$83,411 vs. US$70,698). Addition-
ally, letermovir prophylaxis was associated with 0.29 addi-
tional life-years per patient compared with PET alone (4.99
life-years vs. 4.70 life-years). An estimated 39/100 simulated
patients were alive after 10 years post-transplant, closely
matching estimates from the published literature [28]. When
adjusted with utility weights, the letermovir prophylaxis arm
was expected to gain 0.21 QALY per patient compared with
PET alone (3.29 QALYs vs. 3.08 QALYs). Based on these
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Table 2 Deterministic and probabilistic results comparing letermovir prophylaxis with pre-emptive therapy alone
Treatment Total costs (US$)* Per-person cost QALYs® Per-person Total life-years Per-
(US$) QALYs person
life-years

Deterministic results

Letermovir 8,385,712 83,857 328.16 3.28 497.76 4.98

prophylaxis
PET alone 7,066,095 70,661 306.57 3.07 468.95 4.69
ICER US$59,356 per additional QALY gained
Mean (95% CI) Minimum Maximum SD

Probabilistic results

Incremental cost US$9802 (US$9473, —US$8929 US$27,079 US$5322

US$10,131)
Incremental QALY's 0.13(0.12, 0.14) —0.40 0.71 0.18

Mean ICER

US$75,497 per additional QALY gained

CI confidence interval, SD standard deviation, QALY quality-adjusted life-year, /CER incremental cost-effectiveness ratio

Total costs in a 100-patient cohort

findings, letermovir use was reported to be cost effective
with an ICER of US$59,356 per QALY gained, assuming a
WTP threshold of US$100,000 per QALY.

Table 2 summarizes our main results, including total
costs, life-years gained, QALYSs, and the deterministic
ICER. Of the events captured in the first-year post-trans-
plant (Table 3), letermovir prophylaxis was most impact-
ful in reducing CMV viremia events (incremental —24.0
events). The letermovir prophylaxis strategy was associated
with a reduction in events downstream of CMV viremia,
including neutropenia (— 8.4 events with letermovir), CMV-
related rehospitalization (—4.9 events with letermovir),
and acute GVHD (- 1.4 events with letermovir). This was

accompanied by a total cost reduction of US$8333 per per-
son within the first-year post-transplant compared with PET
alone.

In our scenario analysis, changing the proportion of
patients receiving valganciclovir based on data from Marty
et al. (where 51.0% of patients received valganciclovir,
39.0% received ganciclovir, and 10.0% received foscarnet)
resulted in an ICER of US$53,822 per QALY gained [19].
This reduced ICER was likely due to the increased cost of
PET and reduced number of CMV viremia events in the
letermovir intervention compared with PET alone. Results
of the long-term survival scenario analysis can be found in
the ESM. Overall, the base-case ICERs generated by the dif-
ferent survival distributions ranged between US$53,710 and

Table 3 Estimated event outcomes and costs for deterministic scenario per 100 patients

Outcome Letermovir prophy- PET alone Incremental differ- Letermovir PET alone (US$) Incremental

laxis (n events) (n events) ence (events) prophylaxis (US$) difference (costs,
USS$)

CMV prophylaxis — — - 1,218,201 — 1,218,201

PET® - - - 19,795 49,489 —29,694

CMV viremia® 16.0 40.0 —-24.0 - - -

CMV disease 1.5 1.8 -0.3 147,663 177,195 —29,532

Rehospitalization® 3.1 8.0 -4.9 139,506 360,016 —220,510

Acute GVHD 48.6 50.0 -14 904,194 930,241 —26,047

Neutropenia 5.6 13.9 -8.3 52,679 131,669 — 78,990

PET pre-emptive therapy, CMV cytomegalovirus, PCR polymerase chain reaction, GVHD graft-versus-host disease

“Defined as exceeding 150 copies/mL (high-risk patients) or 300 copies/mL (low/standard-risk patients) on CMV PCR examination up to week

14 post-transplant
PPET with valganciclovir

“Defined as CMV-related rehospitalization

A\ Adis



400

A. Sepassi et al.

US$62,703 per QALY gained. Expected life-years ranged
between 3.97 and 5.37 for letermovir prophylaxis and 3.58
and 5.07 for PET alone, while expected QALYs ranged
between 2.62 and 3.54 for letermovir prophylaxis and 2.33
and 3.32 for PET alone.

3.2 Sensitivity Analyses

According to the one-way sensitivity analyses, the deter-
ministic analysis was sensitive to a mortality rate of PET
alone at the end of the first-year post-transplant in addition
to weighted utilities at year 1 post-transplant for letermo-
vir and PET, respectively (Fig. 2). Otherwise, the deter-
ministic analysis was robust to all other parameters (ICER
range of remaining parameters: US$47,269-US$99,751).
The PSA generated a mean ICER of US$75,497 per QALY
gained. Incremental costs generated by the PSA ranged from
—US$8929 to US$27,079, and incremental QALY's gener-
ated ranged from — 0.40 to 0.71. The CEAC generated from
the results of the PSA indicated that at a WTP threshold of
US$100,000 per QALY gained, the probability of letermovir
prophylaxis being cost effective compared with PET alone
was 57.1% (Fig. 3). The majority of incremental results gen-
erated from the PSA fell into the northeast quadrant of the

cost-effectiveness plane (74.2%), with 22.8% falling into the
northwest quadrant (Fig. 4).

4 Discussion

This was the first cost-effectiveness analysis of letermovir
prophylaxis compared with PET alone performed from an
unsponsored perspective using novel survival data. We found
that letermovir was cost effective in a US healthcare setting
using a WTP threshold of US$100,000 per QALY gained.
This was largely due to cost offsets from reduced use of PET
after CMV viremia, CMV end-organ disease, CMV-related
rehospitalizations, and PET-related neutropenia. Moreover,
improvements in mortality and health-related quality of life
contributed to the cost effectiveness of letermovir compared
with PET alone. Our PSA results indicated that the pres-
ence of parameter uncertainty evidenced a 57.5% probability
of letermovir remaining cost effective at a standard WTP
threshold. However, this likelihood increased well past the
US$100,000 per QALY threshold, plateauing at around 60%.
Although key decision makers may be constrained to various
WTP thresholds per QALY, the CEAC indicates that there is
some degree of certainty of letermovir as the cost-effective
option past a threshold of US$100,000 per QALY gained.
We hypothesize that this uncertainty is due to sensitivity

One Way Sensitivity Analysis - Tornado Diagram

= Low Value

Alive Year 1, PET
Alive Year 1, LET
Year 2+ Utility

Cost of Letermovir
Baseline Utility, LET
Week 24 Utility, LET
Week 14 Utility, LET
Baseline Utility, PET
Week 14 Utility, PET
Week 48 Utility, PET
Discounting Rate
Week 24 Utility, PET
Cost of Year 2 +

Week 48 Utility, LET

Model Input

CMV Disease, PET
Neutropenia

CMV Viremia, PET

Cost of Neutropenia
CMV Viremia, LET

CMV Disease, LET

Cost of CMV Disease
Cost of PET

CMV Complications, PET
Cost of Rehospitalization

Cost of GVHD

CMV Complications, LET

$40,000.00 $60,000.00 $80,000.00

$100,000.00

High Value

$120,000.00 $140,000.00 $160,000.00 $180,000.00

Incremental Cost-Effectiveness Ratio

Fig.2 Tornado diagram of incremental cost-effectiveness ratios
assessing letermovir prophylaxis versus pre-emptive therapy alone in
a series of one-way sensitivity analysis values. A willingness-to-pay
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threshold of US$100,000 per QALY gained is displayed using a red
dotted line. PET pre-emptive therapy alone, LET letermovir prophy-
laxis, GVHD graft-versus-host disease, CMV cytomegalovirus
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Fig. 3 Probabilistic sensitivity Cost-Effectiveness Acceptability Curve
analysis results presented as - - -LET Prophylaxis ——PET-Alone
cost-effectiveness acceptability 1
curves. The vertical black line
represents a willingness-to-pay 0.9
threshold of US$100,000 per 0.8
QALY gained, the red dotted o
line represents letermovir 507
prophylaxis, and the blue line % 0.6
represents PET alone. PET pre- %
emptive therapy, QALY quality- 505
. . >
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Fig.4 Probabilistic sensitivity analysis results presented as a cost-
effectiveness scatter plane. Each blue dot represents one of 1000
Monte Carlo simulations performed, and the black line represents

of the model to mortality of patients at the first-year post-
transplant. Uncertainty in models are inevitable; the lack of
data on long-term mortality with letermovir limits our abil-
ity to make accurate predictions, highlighting the demand
for future research to address this gap. Ultimately, key deci-
sion makers must interpret our findings in the context of this
uncertainty and carefully balance the current demonstrated

Value of Ceiling Ratio

Incremental QALYs

0.6 0.8 1

a willingness-to-pay threshold of US$100,000 per QALY gained.
QALY quality-adjusted life-year

benefits and costs of letermovir prophylaxis when deciding
on post-transplant strategies.

Our results are consistent with other published models
assessing letermovir prophylaxis [21, 47, 48]. An indus-
try-sponsored model published using the US third-party
payer perspective demonstrated similar results, with sensi-
tivity to mortality rates in the PET-alone group at year 1
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post-transplant [21]. These results were consistent with two
other industry-sponsored models using Italian- and Hong
Kong-specific data [47, 48]. However, these models applied
a 24-week survival rate at the first-year post-transplant. To
account for the patients who may have died between week
24 and the first year, we utilized a 48-week survival rate. Our
decision to utilize survival data at 48 weeks for the decision
tree portion of the model was motivated by the observa-
tion that a significant proportion of allo-HCT recipients die
within the first-year post-transplant. Moreover, we found that
the published models utilized survival data obtained from
a cohort of patients already alive at 2 years post-transplant
and applied it to the model starting at the first-year post-
transplant. To account for patients who may have died in
the second post-transplant year, we utilized survival data
from a cohort of patients studied for a 5-year period starting
from the time of transplant. While their results also dem-
onstrated cost effectiveness of the letermovir intervention,
their base-case ICER was significantly lower compared with
our results, at US$25,046 per QALY gained (vs. $56K per
QALY gained, respectively). Aside from our differences in
the use of survival data for allo-HCT recipients, certain costs
in our models were different from other published models,
which may have accounted for discrepancies in ICERs. The
costs utilized in our model for certain events (e.g., CMV
disease, GVHD) were obtained from various microcosting
studies for these events in the allo-HCT population. This
allowed for a more holistic estimate of event costs compared
with those used in other letermovir models, where only the
cost of a therapeutic treatment as considered. As more data
continue to be published on the clinical effectiveness of
letermovir, we urge investigators to consider other events
that significantly affect our results, such as drug-resistant
CMV. Current in vitro studies suggest a low genetic bar-
rier to development of letermovir-resistant CMV [49, 50].
Overall, resistant and refractory CMV have been previously
associated with significant morbidity and mortality that was
not currently captured in this model [51]. The authors of
the phase III trial assessing the efficacy of letermovir have
acknowledged these risks, stating that CMV-seropositive
patients receiving letermovir prophylaxis can experience
CMYV reactivation and reduced susceptibility to letermovir
[19]. We theorize that our model results may be impacted
with the consideration and addition of drug-resistant CMV.

Our model had limitations of note. First, our analysis
was largely driven by data from the letermovir phase III
clinical trial, where certain data were only collected up to
week 48 post-transplant [19]. While we assumed that these
data would not change at 1 year, this may have overlooked
other CMV-related events that may have occurred between
the week 48 and 1-year interval. Furthermore, while phase
III trial data from a randomized controlled trial may indi-
cate efficacy of an intervention, results may not necessarily
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translate to effectiveness in the real-world setting. With
real-world evidence (RWE)-based studies gaining traction,
considerable thought has been put into guidance as to how
non-traditional sources of data may be used to support valid
inference [53-55]. We encourage investigators to utilize
these guidelines to support RWE-based studies evaluating
the clinical efficacy of letermovir prophylaxis. We assumed
the duration of letermovir therapy to be the same as that
observed from the phase III trial; this duration may signifi-
cantly differ from what is observed in clinical practice today.
In addition, our model did not account for other potentially
substantial adverse events related to PET, such as acute kid-
ney injury. Our decision to exclude these events was based
on the observation that renal injury is not frequently asso-
ciated with valganciclovir use, but rather foscarnet, which
is infrequently used for PET [30]. We did not account for
health states outside of life or death in years 2 through 10
post-transplant, excluding events such as cancer recurrence
due to a lack of published data, as doing so would require
relapse data for each type of cancer for which allo-HCT
may be indicated, conditional on having received an allo-
HCT. Our model applied weighted utility scores based on
the number of weeks post-transplant in the first year. This
may have underestimated changes in utility due to differ-
ent health states, such as the difference in presumed utility
between CMV disease or CMV viremia. Further work must
be done to quantify quality of life in this patient population
to fill this gap. Furthermore, we did not perform a cost-
effectiveness analysis using a societal perspective as were
unable to find or obtain data related to non-healthcare cost
benefits from the use of letermovir, such as productivity
gains due to a reduction in CMV-related events. Finally, our
source of long-term survival data from year 1 post-transplant
onward was derived from a single-center observational study
conducted from 2009 to 2013. Additional data are needed
on the long-term survival of allo-HCT patients starting from
the time of post-transplant.

5 Conclusion

We performed a cost-effectiveness analysis to assess the
cost and clinical outcomes of letermovir prophylaxis versus
PET only in seropositive adult allo-HCT patients in the US.
Our base-case findings indicate that the use of letermovir
prophylaxis may be cost effective, with a WTP threshold
of US$100,000 per QALY gained. To aid in future decision
making, models assessing the use of letermovir prophy-
laxis should consider data related to drug-resistant CMV
infection.
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