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ABSTRACT

Objective: To evaluate the cost-effectiveness of alemtuzumab
compared with fingolimod, natalizumab, ocrelizumab, and generic
glatiramer acetate 20 mg among patients with relapsing multiple
sclerosis (RMS) in the United States. Study Design: Markov model with
annual periods from payer perspective. Methods: The modeled pop-
ulation represented pooled patients from the CARE-MS I and II trials.
Therapies’ comparative efficacy at reducing relapses and slowing
disability worsening was obtained from network meta-analyses.
Safety information was extracted from package inserts. With-
drawal rates, treatment waning, resource use, cost, and utility in-
puts were derived from published studies and clinical expert
opinion. To project the natural history of disease worsening, data
from the British Columbia cohort was used. Results: Alemtuzumab
dominated comparators by accumulating higher total quality-
adjusted life-years (QALYs) (8.977) and lower total costs ($421 996)
compared with fingolimod (7.955; $1 085 814), natalizumab (8.456;
$1 048 599), ocrelizumab (8.478; $908 365), and generic glatiramer ace-
tate (7.845; $895 661) over a 20-year time horizon. Alemtuzumab’s
dominance was primarily driven by savings in treatment costs

because alemtuzumab has long-term duration of response and is
initially administered as 2 annual courses, with 36.1% of patients
requiring retreatment over 5 years, whereas comparators are used
chronically. In model scenarios where alemtuzumab’s long-term
duration of response was assumed not to hold and therapy had to
be administered annually, probabilistic sensitivity analyses showed
that alemtuzumab remained cost-effective versus ocrelizumab at a
willingness-to-pay threshold of $100 000/QALY in 74% to 100% of
model runs. Conclusions: Alemtuzumab was a cost-effective ther-
apy. Model results should be used to optimize clinical and managed
care decisions for effective RMS treatment.

Keywords: fingolimod, immune competence, natalizumab, ocrelizu-
mab, relapsing multiple sclerosis, response
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Introduction

Multiple sclerosis (MS) is a chronic degenerative disorder of the
central nervous system associated with disrupted transmission of
nerve impulses.” It affects approximately 572 000 individuals in
the United States and mostly affects individuals between 20 and
50 years of age,”* with mean and median peak age of onset at 30
and 23.5 years, respectively,® and is at least twice as prevalent
among women than among men.” Common symptoms such as
fatigue, depression, urinary incontinence, gait abnormalities,
paresthesia, vision problems, and cognitive changes have signif-
icant impact and reduce patients’ health-related quality of life
and work productivity.””’ Furthermore, MS is the second most
costly chronic condition in direct all-cause medical expenditure in
the United States (after congestive heart failure)® and costs more
than $4 million in total lifetime costs per patient.’

Relapsing forms of multiple sclerosis (RMS) are the most
prevalent type of MS, affecting approximately 85% to 90% of MS
patients, and are characterized by patients experiencing relapses
that may be interspersed with periods of disease remission.™
Therapy for RMS entails modifying the disease course by
reducing relapse frequency and slowing disability worsening." In
November 2014, alemtuzumab (Lemtrada) was approved by the
US Food and Drug Administration for the treatment of patients
with RMS. Alemtuzumab was evaluated in 3 randomized, rater-
blinded, active-comparator clinical trials compared with subcu-
taneous interferon beta-1a (IFNB-1a) in treatment-naive patients
(CAMMS223, NCT00050778; CARE-MS I, NCT00530348)'"** and
patients with an inadequate response to prior treatment (CARE-
MS II, NCT00548405)."* The trial data showed benefits over 2 years
in relapse and disability outcomes and freedom from clinical
disease and magnetic resonance imaging activity; most frequent
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adverse events (AEs) with alemtuzumab were infusion-associated
reactions and autoimmune AEs. Alemtuzumab-treated patients
who followed up in extension studies for an additional 3 years (5
years total) have continued to demonstrate durable efficacy in the
absence of continuous treatment,”* where only 25.6% received 1
additional course, 9.0% received 2 additional courses, and 1.5%
received 3 additional courses.™'®

Review of recent RMS cost-effectiveness literature found
studies that compare disease-modifying therapies (DMTs) that
were approved before 2014 ?° but do not cover high-efficacy
treatments such as alemtuzumab that were approved after 2014.
Previous meta-analyses comparing all available oral, injectable,
and infusion therapies have found alemtuzumab to be among the
highest-ranked DMTs with respect to reducing relapses and
disability worsening.’"?* Yet, there is no available consensus on
the relative place of each DMT in the treatment regimen for RMS.
Similarly, lack of clarity exists with respect to the relative cost-
effectiveness of each DMT.”

The objective of this study was to evaluate the cost-
effectiveness of alemtuzumab versus fingolimod, natalizumab,
ocrelizumab, and generic glatiramer acetate 20 mg among a
pooled population of patients with RMS in the United States.

Methods

Previous literature has identified multiple methodological chal-
lenges in assessing cost-effectiveness analyses in RMS.?* In this

6.0 0.24%
7.0 0.00%
8.0 0.00%
9.0 0.00%

study, we reviewed and applied the latest recommendations for
conducting cost-effectiveness analysis in MS.**

Model Structure

A Markov model with annual periods was constructed, similar to a
previous widely used model structure,”” and run over a time ho-
rizon of 20 years from a US payer perspective. A hypothetical
cohort of patients with RMS was tracked as they progressed
through disability states or naturally regressed to lower disability
states (Fig. 1).

The disability states in the model were defined using steps
0 (normal) through 9 (helpless patient confined to bed and unable
to communicate effectively or eat/swallow) of the Kurtzke
Expanded Disability Status Scale (EDSS).”° In each model period,
patients were allowed to stay in the same disability state, progress
to a higher (worse) disability state, regress to a lower (better)
disability state, or die. Step 10 (death) in the EDSS scale was not
included; instead, mortality was modeled as described later.

The probability of dying in any state was assumed to depend
on the current EDSS state and was modeled indirectly using
mortality ratios for each EDSS state multiplied by age- and sex-
specific background mortality.”® The probability of transitioning
to a higher or lower disability state was assumed to depend on the
patient’s current EDSS health state. Furthermore, within each
state, patients could experience a relapse (the rate of which was
also EDSS-specific) that may or may not have resulted in
hospitalization.

Fig. 1 - Schematic representation of the cost-effectiveness model structure and initial distribution of patients in each EDSS

state. EDSS, Kurtzke Expanded Disability Status Scale.
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Treatment efficacy was modeled using therapy-specific rela-
tive risk ratios (RRs) for annualized relapse rate and hazard ratios
(HRs) for disability worsening, as compared with best supportive
care (BSC). For natalizumab, fingolimod, and generic glatiramer
acetate 20 mg, treatment efficacy estimates were derived from a
network meta-analysis (NMA) published by Fogarty et al.”’
Because ocrelizumab was not included in the NMA, the treat-
ment efficacy estimates for that comparator were derived using
data from the primary ocrelizumab publications for the OPERA I
and II trials.”” The RRs and HRs used to measure efficacy were
multiplied by the natural RMS rates for relapse and disability
worsening, respectively, to adjust the projected natural course
and manifestations of the disease.

The model also assumed that treatment efficacy may diminish
over time and therefore incorporated treatment waning multi-
pliers to bring the HRs closer to null in the later years of the time
horizon. A proportion of patients could withdraw from treatment
each year and were assumed to switch to BSC. Patients could also
experience AEs from treatment. Each disability state was associ-
ated with EDSS-specific annual disease management cost and
disutility (loss of quality of life compared with perfect health).
Each relapse or AE was also associated with cost and disutility.
The drug acquisition, administration, and monitoring costs for
each DMT were calculated for each year of treatment. As patients
progressed through the model, the costs and utilities were sum-
med up over the time horizon and discounted at 3% every year to
calculate total cumulative cost and total number of quality-
adjusted life-years (QALYSs) for patients on each treatment over
the 20-year time horizon. The difference in cumulative costs and
QALYs was used to calculate the incremental cost-effectiveness
ratio (ICER), measuring the additional cost required to gain 1
additional QALY by treating patients with alemtuzumab versus
comparators.

For a summary of all model assumptions, please refer to
Appendix Table 1 (see Supplemental Materials found at https://
doi.org/10.1016/j.jval.2018.08.011).

Model Inputs

Population characteristics

The modeled patient population had an initial EDSS distribution
representative of patients from alemtuzumab clinical trials who
were treatment naive (CARE-MS I) or had an inadequate response
to prior treatment (CARE-MS II; Fig. 1). The mean age of the pop-
ulation was 34.3 years, and the female-to-male ratio was 1.9,
similar to the patient characteristics of other RMS trials.

Data sources
The model uses data from the British Columbia Multiple Sclerosis
(BCMS) longitudinal observational cohort’®?® to project the

natural history of disability worsening for patients receiving BSC,
which was assumed to represent progression in patients not
treated with DMT. The untreated BCMS cohort is a population-
based dataset of MS patients established in 1980, in which the
disability scores of RMS patients were obtained during face-to-
face neurologist-administered patient interviews. Although no
single perfect natural history dataset exists, the BCMS cohort has
been identified as the most appropriate natural history compar-
ator cohort validated for the purposes of cost-effectiveness
models in RMS.” The BCMS cohort allows for EDSS score
improvement using “real-time” EDSS assessments. In addition,
the BCMS cohort is a larger cohort (N = 2837) than the next most
commonly used natural history source, the London Ontario (LO)
cohort (N = 1099), and as such its use results in reduced sampling
variability. It also covers a more recent time period (1980-1995)
than the LO dataset. The treatment-specific annual transition
probability matrix for BCMS is provided in Appendix Table 2 (see
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.08.011).

Although the LO cohort has been the source of natural history
data for most cost-effectiveness models in RMS to date, it has
been severely criticized.?* It censors any improvement in EDSS
state, which does not allow patients to spontaneously regress to a
lower RMS disease state; this leads to more rapid EDSS progres-
sion and underestimates the time patients stay in a particular
EDSS state and the cumulative QALYs lived. Further, the LO data
collected are relatively old and do not truly reflect the progression
rate of MS patients as per the current clinical paradigm.

For transparency regarding the choice of natural history data
source, we also compared cost-effectiveness results using pooled
data from the placebo arms of the DEFINE (NCT00420212) and
CONFIRM (NCT00451451) clinical trials and the LO dataset, as
conducted previously in comparisons for dimethyl fumarate.”
Owing to the lack of data for disease worsening beyond EDSS
state 7 in the placebo arms of DEFINE/CONFIRM, the transition
probability matrix for EDSS states 8 and 9 used transition proba-
bilities derived from the LO.%

As the data sources for the comparative efficacy of available
DMTs at reducing relapses and slowing disability worsening in
RMS, we used a published NMA conducted by academicians with
the National Centre for Pharmacoeconomics in Ireland and the
Luxembourg Institute of Health?® (Table 1). Given that ocrelizu-
mab was not included in the NMA because of its recent approval,
an indirect comparison (Bucher method) using estimates from
OPERA I and II trials on ocrelizumab versus subcutaneous IFNB-
1a?” and anchored on the NMA results for IFNB-1a versus BSC, was
conducted. The approach can be assumed valid because prior
NMAs found only negligible treatment-effect modification owing
to baseline patient characteristics,”"*° whereas NICE guidance
suggests that anchored indirect comparisons implicitly control for

Table 1 - Comparative treatment efficacy of disease-modifying therapies for relapsing multiple sclerosis.

Treatment Confirmed disability worsening, HR Annualized relapse rate, RR
(95% CI) (95% CI)
3 months 6 months (base case)
Alemtuzumab 0.32 (0.17-0.59) 0.41 (0.27-0.63) 0.31 (0.26-0.36)
Ocrelizumab 0.41 (0.27-0.61) 0.45 (0.28-0.73) 0.35 (0.26-0.48)
Natalizumab 0.55 (0.42-0.73) 0.46 (0.33-0.63) 0.31 (0.27-0.36)
Fingolimod 0.75 (0.62-0.90) 0.69 (0.53-0.88) 0.47 (0.41-0.53)
Generic glatiramer acetate 20 mg 0.81 (0.63-1.03) 0.75 (0.56-0.98) 0.65 (0.59-0.71)
Placebo (BSC) 1.00 (1.00-1.00) 1.00 (1.00-1.00) 1.00 (1.00-1.00)

BSC indicates best supportive care; CI, confidence interval; HR, hazard ratio; RR, relative risk ratio.
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cross-study differences in prognostic characteristics.®* Overall,
the effect size and associated confidence intervals were similar to
inputs used in the analysis conducted by the Institute for Clinical
and Economic Review.*®

The base case for our analysis used the HR estimates for 6-
month confirmed disability worsening (CDW).

Relapse rates

The effect of treatment on relapse rates was modeled by applying
the treatment-specific RR ratios (Table 1) to natural history relapse
rates derived from Held et al®*’ (see Appendix Table 3 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.08.011). Patients’ relapse severity was assumed to differ
depending on whether the relapse led to a hospitalization or not.
The proportion of patients with relapses who needed hospitali-
zation was assumed to be 30.7% across all EDSS states and was
applied similarly across comparators.®®

Treatment withdrawal rates

Compared with other DMTs, which need to be administered on a
chronic or a defined periodic basis, the administration of alem-
tuzumab is different. Alemtuzumab has long durability of treat-
ment effect and is dosed initially as 2 annual treatment courses,
administered as intravenous (IV) infusions. The first treatment
course is on 5 consecutive days and the second course is admin-
istered on 3 consecutive days, 12 months later. Retreatment of up
to 2 treatment courses may be administered more than 1 year
after a previous course and consists of 3 consecutive days of
alemtuzumab. In the extension study of alemtuzumab over 5
years, patients who had clinical or magnetic resonance imaging
disease activity received alemtuzumab retreatment after the
initial 2 annual treatment courses.®* All patients on alemtuzumab
received treatment in the first 2 years; 63.9% received no retreat-
ment over 5 years, whereas 36.1% received any retreatment in
years 3, 4, or 5 (25.6% received 1 additional course, 9.0% received 2
additional courses, and 1.5% received 3 additional courses (see
Appendix Table 4 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.08.011).343*

Therefore, withdrawal from other DMTs was assumed to result
in similar treatment efficacy as switching to BSC, whereas the
treatment effect of alemtuzumab was assumed to persist even
after the initial 2 years of administration. The withdrawal rate for
all therapies except alemtuzumab was assumed to be constant at
10% for each of the first 2 years followed by 3% for each subse-
quent year until the end of the time horizon, as used
previously.?**®

Although clinically unlikely, under conservative model as-
sumptions of no durable treatment effect for alemtuzumab after
year 10 of the time horizon, we also examined scenarios in which
alemtuzumab was administered each year. In those scenarios,
treatment discontinuation of either alemtuzumab or comparators
resulted in BSC treatment efficacy in the next model period and
thereafter.

Treatment waning

For both alemtuzumab and comparators, the comparative treat-
ment efficacy for disability worsening and annualized relapse
rates were assumed to be unchanged for years 0 to 5 of the time
horizon (full 100% treatment effect). For years 6 to 9, 75% treatment
effectiveness was assumed, whereas for years 10+ until the end of
the time horizon, 50% treatment effectiveness was assumed.*”

Mortality rates
The model calculated a weighted average mortality rate based
indirectly on the age and sex of the modeled population, using the

background all-cause mortality rates for US men and women aged
20 to 100 years for 2010, as obtained from the Centers for Disease
Control and Prevention, multiplied by a mortality factor®® corre-
sponding to each EDSS health state (see Appendix Table 5 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.08.011).%°

Adverse events

Adverse events (AEs) including warnings and precautions were
extracted from package inserts (PIs) for each DMT, and selected
for inclusion based on the following algorithm. The selection of
AE’s followed a systematic approach, as used previously in RMS.?°
First, AEs listed on the PI with at least 5% overall incidence or with
at least 3% higher incidence in the drug arm than in the placebo
arm of the clinical trials were taken into consideration. The list of
AEs was then sorted first by the magnitude of the difference be-
tween the drug and placebo arms in each comparator trial and
then sorted by the absolute AE incidence in the drug arm.

From this sorted list, the top 5 AEs were selected for each
comparator. Additional AEs were also considered based on sig-
nificant cost burden as reported by clinical experts. The time rate
of AEs obtained from clinical trials of various durations was
converted to annualized risk using a standard formula (see
Appendix Table 6 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.08.011).>* The incidence of AEs for com-
parators was assumed to remain constant for all years of the
model time horizon while the patient cohort continued on ther-
apy. Because of alemtuzumab’s unique dosing frequency, the
incidence of AEs for alemtuzumab, except infusion reactions, was
constant every year for 9 years of the model time horizon (ie,
treatment and retreatment with alemtuzumab for up to 5 years
plus another 4 years of possible AEs after discontinuation). The
incidence of infusion reactions was restricted to each year on
alemtuzumab treatment.

The disutility and duration for each AE were obtained from a
variety of sources or based on clinical expert opinion when no
data were available (see Appendix Table 7 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.08.011). The
average annual cost for AE treatment was calculated using the
annualized incidence, duration, and resource use and monitoring
rates for each AE, multiplied by the unit cost for each resource use
category, sourced from the National Fee Analyzer using 50th
percentile (median) charge data (see Appendix Table 8 in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2
018.08.011).*°

Cost inputs
The model included costs associated with disability worsening
through EDSS states, where each individual EDSS state was
associated with annual direct care costs consisting of medical care
and formal care costs. The cost of relapse leading to hospitaliza-
tion was assumed as the cost of managing a high-intensity
episode of relapse, inflated to 2016 US dollar value ($20607),
whereas that of managing a relapse not leading to hospitalization
was assumed as the average cost of managing a low- or moderate-
intensity episode of relapse, inflated to 2016 US dollar value
($1673).*" The natural history costs by EDSS state were obtained
from a published study and inflated to 2016 US dollar value (see
Appendix Table 9 in Supplemental Materials found at https://doi.
org/10.1016/j.jval.2018.08.011).2%42

The wholesale acquisition costs for each treatment included in
the model were sourced from Redbook.*® Table 2 lists the annual
acquisition costs for each treatment included in the model
Administration costs were assumed to be zero for fingolimod and
glatiramer acetate 20 mg, whereas costs related to infusion or
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Table 2 - Annual treatment-related costs based on wholesale acquisition costs sourced from Redbook (July 2016).

Treatment Administration method Treatment acquisition = Administration Monitoring costs
cost cost
Year 1 Year 2+

Alemtuzumab

Course 1 (year 1) IV infusion $101 219 $2 038 $6 376 NA
Courses 2-5 (years 2-5) IV infusion $60 731 $1 223 NA $5 306
Fingolimod Oral capsule $82 043 $0 $4 473 $4 112
Generic glatiramer acetate Self-injected subcutaneously $63 236 $0 $3 642 $3 165

20 mg
Natalizumab IV infusion by health professional $75 361 $2 222 $6 768 $6 125
every 4 weeks
Ocrelizumab IV infusion at weeks 0 and 2, $65 000 $1 010 (year 1) $4 211 $3 650

then every 6 months $831 (year 2)

IV indicates intravenous.

administration for ocrelizumab, natalizumab, and alemtuzumab
were included in accordance with each PI and clinical experts.

Sensitivity and Scenario Analysis

A list of data parameter sensitivity analyses were conducted by
setting alemtuzumab’s 6-month disability worsening and relapse

Utility inputs

Baseline utility by EDSS state was sourced from Palace et al*° (see
Appendix Table 10 in Supplemental Materials found at https://doi.
0rg/10.1016/j.jval.2018.08.011). The annual utility loss per relapse
was —0.0252 for relapses leading to hospitalization and —0.0076

rate efficacy ratios at the upper and lower 95% confidence interval
values, varying alemtuzumab treatment acquisition costs (+10%),
assessing the sensitivity around the cost of managing relapse
(£20%), and varying the model time horizon and treatment with-
drawal rate for the comparators. In addition, we examined select

model scenarios of interest and conducted probabilistic sensi-
tivity analysis (PSA) to assess the uncertainty around all model
parameters simultaneously.

for relapses not leading to hospitalization, assuming 1 month
duration of relapse®* multiplied by utility loss values for relapse
from Prosser et al.**

Table 3 - Base-case results by treatment (6-month HRs for disability worsening and BCMS natural history data).

Treatment Total costs Total life-years Total QALYs Incr. costs Incr. QALYs ICER
Alemtuzumab $421 996 14.7589 8.9772 NA NA NA
Disease-related* $193 258 NA 9.0179
Treatment-related’ $226 406 NA NA
Adverse events $2 332 NA —0.0407
Ocrelizumab $908 365 14.7215 8.4781 —$486 368 0.4991 Dominated
Disease-related* $212 795 NA 8.4874 —$19 537 0.5305
Treatment-related’ $693 632 NA NA —$467 226 NA
Adverse events $1 937 NA —0.0093 $395 —0.0314
Natalizumab $1 048 599 14.7198 8.4557 —$626 602 0.5215 Dominated
Disease-related* $211 912 NA 8.4678 —$18 654 0.5501
Treatment-related' $835 330 NA NA —$608 924 NA
Adverse events $1 357 NA —0.0121 $976 —0.0286
Fingolimod $1 085 814 14.6826 7.9549 —$663 817 1.0223 Dominated
Disease-related* $227 448 NA 7.9740 —$34 190 1.0439
Treatment-related' $857 109 NA NA —-$630 703 NA
Adverse events $1 256 NA —0.0191 $1 076 —0.0216
Generic glatiramer acetate 20 mg $895 661 14.6731 7.8447 —$473 664 1.1325 Dominated
Disease-related* $235 155 NA 7.8449 —$41 897 1.1729
Treatment-related’ $660 318 NA NA —$433 913 NA
Adverse events $187 NA —0.0003 $2 146 —0.0404
Best supportive care $253 755 14.6354 7.3578 $168 241 1.6193 $103 895
Disease-related* $253 755 NA 7.3578 —$60 497 1.6600
Treatment-related’ $0 NA NA —$226 406 NA
Adverse events $0 NA 0 $2 332 —0.0407

HR indicates hazard ratio; ICER, incremental cost-effectiveness ratio; Incr., incremental; NA, not applicable; QALY, quality-adjusted life-year.
* Costs and QALYs owing to disability and relapse.
 Treatment acquisition cost, administration cost, and monitoring cost.
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Table 4 - Model scenarios for alemtuzumab compared with ocrelizumab.

Parameter

Incremental costs

Incremental QALYs ICER

Baseline results (main assumptions)

a. 6-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per BCMS dataset

c. Treatment on alemtuzumab for up to 5 years

Scenario 1:

a. 3-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per BCMS dataset

c. Treatment on alemtuzumab for up to 5 years

Scenario 2:

a. 6-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per placebo arms in
DEFINE/CONFIRM trials and LO dataset”

c. Treatment on alemtuzumab for up to 5 years

Scenario 3:

a. 3-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per placebo arms in
DEFINE/CONFIRM trials and LO dataset”

c. Treatment on alemtuzumab for up to 5 years

—$486 368

—$490 499

—$249 571

—$258 614

0.4991 Alemtuzumab dominant

0.6870

Alemtuzumab dominant

0.3897 Alemtuzumab dominant

0.5776 Alemtuzumab dominant

Conservative scenarios related to no long-term durability of effect for alemtuzumab

Scenario 4:

a. 6-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per BCMS dataset

c. Alemtuzumab administered annually after year 10 with
3% withdrawal rate for both drugs

Scenario 5:

a. 6-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per BCMS dataset

c. Alemtuzumab administered annually after year 10 with
10% withdrawal rate for both drugs

Scenario 6:

a. 6-month disability worsening HR estimates for
alemtuzumab and ocrelizumab

b. Natural history data as per BCMS dataset

c. Alemtuzumab administered annually after year 10 with
20% withdrawal rate for both drugs

—$127 775

—$12 295

$42 925

0.4616 Alemtuzumab dominant

0.6382

Alemtuzumab dominant

0.7850 $54 681 per QALY

BCMS indicates British Columbia Multiple Sclerosis; HR, hazard ratio; ICER, incremental cost-effectiveness ratio; LO, London, Ontario; QALY,

quality-adjusted life-year.

Results

Base-case results indicated that alemtuzumab dominated fingoli-
mod, natalizumab, ocrelizumab, and generic glatiramer acetate 20
mg because it was less costly and more effective over the 20-year
time horizon (Table 3). The total 20-year costs of managing pa-
tients were lower for alemtuzumab ($421 996) compared with
fingolimod ($1 085 814), natalizumab ($1 048 599), ocrelizumab
($908 365), and generic glatiramer acetate 20 mg ($895 661). Patients
on alemtuzumab also had the highest number of 20-year cumu-
lative QALYSs (8.977) compared with fingolimod (7.955), natalizu-
mab (8.456), ocrelizumab (8.478), and generic glatiramer acetate
(7.845). The time-to-dominance for alemtuzumab was, respec-
tively, 3, 3, 4, and 4 years. Furthermore, patients on alemtuzumab
had the lowest total number of relapses, whether leading to hos-
pitalization or not (see Appendix Table 11 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.08.011).

The PSA confirmed the base-case results that alemtuzumab
dominated comparators as patients accrued lower incremental
total costs and higher incremental QALY (see Appendix Table 12in
Supplemental Materials found at https://doi.org/10.1016/j.jval.2018.
08.011). When applying the choice for faster-progression natural
disease history data from DEFINE/CONFIRM/LO (see Appendix
Table 13 in Supplemental Materials found at https://doi.org/10.1
016/j.jval.2018.08.011), PSA results corroborated that alemtuzu-
mab is dominant, regardless of the natural history data source.

Detailed parameter sensitivity and model scenario analyses
were conducted comparing alemtuzumab versus ocrelizumab,
which was the most effective of the 4 comparators. Varying the
time horizon of the model, discount rate, setting the HRs for
disability worsening at the upper and lower range of the 95%
confidence intervals, and changing the assumption for with-
drawal rate on ocrelizumab were most influential in affecting
incremental costs and QALYs, but none of the parameters altered
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the conclusion that alemtuzumab was more effective and less
costly than ocrelizumab (see Appendix Fig. 1 in Supplemental
Materials found at https://doi.org/10.1016/j.jval.2018.08.011).

Under conservative model scenarios in which the disease
was modeled using the BCMS natural history data’® and
alemtuzumab was assumed to have no long-term durability of
effect after year 10 of the time horizon and was administered
annually after that year (Table 4), the magnitude of the incre-
mental costs decreased, but alemtuzumab continued to domi-
nate or be cost-effective compared with ocrelizumab (scenarios
4 through 6) at a willingness-to-pay threshold (WTP) of
$100 000.

Under a similar conservative scenario (not shown) that also
assumed no withdrawal rate for ocrelizumab up to year 10,
followed by 10% annual withdrawal rates for both alemtuzumab
and ocrelizumab, incremental total costs were —$388 561 and
incremental QALYs were —0.0543. In this scenario, alemtuzu-
mab could be considered cost-saving despite the lower
effectiveness.

In the PSA for each of the 6 scenarios in Table 4, the likelihood
that alemtuzumab was cost-effective compared with ocrelizumab
varied. In the most conservative scenario (scenario 6), where
alemtuzumab was assumed to have no durability of effect after
year 10 and administered every year after year 10, and the
withdrawal rate for both alemtuzumab and ocrelizumab was
20% annually, the likelihood of alemtuzumab being cost-effective
varied between 37% (at WTP = $50 000), 74% (at WTP = $100 000),
and 91% (at WTP = $200 000) (Fig. 2).

Supplementary model scenarios assuming zero costs or QALY
losses associated with AEs, no treatment waning effect for alem-
tuzumab or comparators, discontinuing treatment at EDSS = 7.0,
incorporating societal perspective (indirect costs in Appendix
Table 9; see Supplemental Materials found at https://doi.org/10.1
016/j.jval.2018.08.011), and using an alternative published source

for natural history relapse rate® had only marginal effects on
model results.

Discussion

Alemtuzumab dominated the other 4 DMTs by being either cost-
effective or cost-saving across a range of tested assumptions
and scenarios. Similar to other published analyses, we modeled a
long-time horizon of 20 years to reflect that RMS disability accu-
mulates over an extended period.”**%***’ An independent anal-
ysis by the Institute for Clinical and Economic Review (ICER) has
recently shown that alemtuzumab is the most cost-effective
treatment option for RMS when compared with the regimens
examined in this study and other regimens, such as dimethyl
fumarate, glatiramer acetate 40 mg, IFNB-1a, and peginterferon
beta-1a.?° The ICER analysis noted that NMA efficacy estimates by
Fogarty et al (data source used in our study) are close to ICER’s
own meta-analysis on relapses and only negligibly differ for the
disability progression outcome.*® Results from our extended in-
direct treatment comparison for ocrelizumab versus BSC were
consistent with ICER’s estimates.

The cost-effectiveness of alemtuzumab in our study was
driven not only by higher treatment effectiveness but also by
much lower treatment-related cost. Because other DMTs have to
be administered on a chronic or defined periodic basis, the cu-
mulative costs of treatment for fingolimod ($857 109), natalizu-
mab ($835 330), ocrelizumab ($693 632), and generic glatiramer
acetate 20 mg ($895 661) were higher than that of alemtuzumab
($226 406), which is initially administered as 2 courses because of
its long-term durability of effect with 36.1% of patients requiring
retreatment over 5 years. Generally, differences in total costs be-
tween alemtuzumab and comparators decreased with assump-
tions for higher withdrawal rates for chronic therapies as

Cost effectiveness acceptability curve for ALEM vs OCR according to various
model scenarios
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Basecase (6-month HRs for CDW;--British Columbia;--ALEM treatment up to 5 years)

e+eeee Scenario 1 (3-month HRs for CDW;--British Columbia;--ALEM treatment up to 5 years)

= == == Scenario 2 (6-month HRs for CDW;--DEFINE/CONFIRM/LO;--ALEM treatment up to 5 years)

Scenario 3 (3-month HRs for CDW;--DEFINE/CONFIRM/LO;--ALEM treatment up to 5 years)

== == Scenario 4 (Basecase+ALEM given chronically ever year after Year 10; withdrawal 3% annually for both therapies)
== Scenario 5 (Basecase+ALEM given chronically ever year after Year 10; withdrawal 10% annually for both therapies)
= .. Scenario 6 (Basecase+ALEM given chronically ever year after Year 10; withdrawal 20% annually for both therapies)

Fig. 2 - Likelihood of alemtuzumab (ALEM) being cost-effective compared with ocrelizumab (OCR) under select model

scenarios.
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proportionally more patients switched to BSC and accumulated
lower treatment costs.

AEs of alemtuzumab may be examined more closely than
those of other comparators owing to concern among payers
regarding high-cost AEs, such as immune thrombocytopenia; but
our study confirmed that AEs have only a small impact on overall
cost-effectiveness results, in line with results from prior
analyses.”®

Because of AEs, patients are likely to discontinue their treat-
ment or move to an alternative treatment regimen, but our model
may not fully represent MS management in clinical practice. To
the extent possible, we examined in sensitivity analyses various
assumptions for treatment withdrawal.

Other study limitations included the Markovian assumption
that the probability of transitioning to another EDSS state was
contingent only on the current EDSS state, irrespective of any
previous transitions or the length of time in the current state,
which may not fully reflect the nature of disease in real-world
settings. In addition, differential severity levels of relapse be-
sides those that lead to hospitalization and those that do not were
not considered; nevertheless, the sensitivity analysis showed that
relapse model parameters had only a negligible impact on model
results. Finally, any benefits in terms of patient convenience
resulting from two initial courses for alemtuzumab instead of
chronic treatment were not captured in the model.

Worth noting in our study is the use of the more recent BCMS
cohort as the natural history data source. Modeling RMS using the
BCMS cohort has been validated previously against data from the
United Kingdom and has been used by an Independent Scientific
Committee, including members from Health Departments of En-
gland, Wales, Scotland, Northern Ireland, and the UK National
Institute of Health Research’s Health Technology Assessment
Programme, to evaluate the cost-effectiveness of the UK Multiple
Sclerosis Risk Sharing Scheme.” Previous cost-effectiveness
models in RMS have predominantly used the LO cohort as the
data source for natural disease history progression. The use of the
LO cohort, however, has intrinsic flaws because it only allows
patients to remain in the same EDSS state or progress, which
clinically is uncharacteristic of RMS as some patients naturally
regress to a better EDSS disability state even in the absence of
DMT treatment. As expected, using the DEFINE/CONFIRM/LO
dataset in sensitivity analysis to model the natural disease history
of RMS resulted in more conservative cost-effectiveness estimates
for alemtuzumab as patients progressed much faster through the
EDSS states.

Conclusions

Alemtuzumab is a cost-effective DMT for the treatment of pa-
tients with RMS when compared with fingolimod, natalizumab,
ocrelizumab, and generic glatiramer acetate 20 mg. Model results
from our study should be used to optimize disease management
decisions for the effective treatment of RMS. Future research
should consider other sources of natural history data, especially
as DMTs become standard of therapy and patient responses to
treatment may alter the underlying disease progression. Defini-
tive real-world evidence on the adherence, withdrawal, combi-
nation therapy, gaps in care, and switching patterns among DMT
agents in RMS is not yet available, and future research should
incorporate that evidence when it becomes so.
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