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Abstract
Purpose The aim of this study was to evaluate the cost effectiveness of cladribine compared with alemtuzumab, natalizumab, 
and ocrelizumab for the treatment of highly active multiple sclerosis (HAD-MS) from the perspective of the Chilean health 
care public sector.
Materials and Methods A Markov model was used to compare costs and quality-adjusted life-years (QALYs) over a 45-year 
time horizon using a 3% discount rate for costs and outcomes. Natural history of the disease was modeled in terms of pro-
gression of disability according to the Expanded Disability Status Scale (EDSS). A network meta-analysis was used as a 
source of comparative effectiveness for disability progression and annual relapse rates. Differences in costs and outcomes 
were modeled for only 10 years due to high temporal uncertainty. Ocrelizumab was assumed to have the same efficacy as 
cladribine due to lack of data. Direct costs were taken from national tariffs and expressed in 2019 US dollars. Utilities for 
EDSS health states were obtained from the literature. Second-order uncertainty was characterized through deterministic 
and probabilistic sensitivity analysis.
Findings Compared with natalizumab (the current strategy covered in Chile), cladribine is associated with incremental costs 
and QALYs of US$70,989 and 1.875, respectively (incremental cost-effectiveness ratio [ICER] $37,861). Ocrelizumab was 
extendedly dominated by cladribine and natalizumab, and alemtuzumab was dominated by cladribine. A scenario analysis of 
a 10% discount did not modify the results substantially, but showed a decrease in the ICER of cladribine versus natalizumab 
(ICER $29,833/QALY).
Implications Cladribine is a new oral alternative to treat patients with HAD-MS that is expected to produce higher QALYs 
than all evaluated alternatives. In the context of a conservative analysis, cladribine cannot be considered cost effective for 
the Chilean health care public sector using a 1 GDP per capita threshold. However, under reasonable discount scenarios, 
cladribine becomes an attractive alternative for the health system.
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Key Points for Decision Makers 

Given the increasing number of approvals in multiple 
sclerosis, payers might consider evaluating these new 
alternatives for highly active multiple sclerosis (HAD-
MS) for coverage in a high-cost drug fund.

Our findings suggest that cladribine can be considered 
cost effective at threshold of 3 GDP per capita, with an 
estimated incremental cost-effectiveness ratio (ICER) of 
US$37,861/QALY.

In July 2019, cladribine, alemtuzumab, and ocrelizumab 
were incorporated formally into the Ley Ricarte Soto 
Fund to treat HAD-MS.

Considering a 10% discount scenario, the ICER of 
cladribine decreased between 1 and 2 GDP per capita 
(US$29,833/QALY).

1 Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease of 
the central nervous system (CNS) that results in progressive 
inflammation of the brain and spinal cord due to demyeliza-
tion and axonal degeneration [1]. The prevalence worldwide 
is estimated in 30 per 10,000 inhabitants, affecting mainly 
adults < 40 years old, and is three times more frequent in 
women [2]. In Latin America, the countries most affected 
by MS are Brazil and Argentina, with prevalence up to 21.5 
per 100,000 inhabitants, whereas Ecuador, Colombia, and 
Panama show 0.75–6.5 cases per 100,000 inhabitants [3]. 
In Chile, the prevalence of MS has been estimated in the 
range of 11.7–13.4 per 100,000 inhabitants, with a female 
to male ratio of 2:1 [4, 5]. In addition, the disease burden in 
Chile has been estimated to be 329 disability-adjusted life-
years (DALYs), accounting for 1% of all neuropsychiatric 
diseases [6].

Generally, MS starts with a relapsing-remitting course 
(RRMS), characterized by acute episodes of neurological 
symptoms (vision loss, pain, fatigue, and impaired coordi-
nation), which are often followed by periods of remission 
where patients recover most of their functions, though they 
may maintain some deficit. Among patients with RRMS, 
there is a subset that show an increased rate of relapse or 
disability progression, usually referred as high disease 
activity (HAD-MS). They usually progress to a form called 
secondary progressive MS (SPMS) after 15–25 years, 
where patients present a rapid impairment with progressive 

neurodegeneration and disability. HAD-MS includes two 
subgroups: rapidly evolving severe RRMS (RES-MS), 
in which, according to the European Medicines Agency 
(EMA), patients present two or more disabling relapses in 1 
year and one or more gadolinium-enhancing (Gd+) lesions 
on brain MRI, or a significant increase in T2 lesion load as 
compared with a previous recent MRI. The second subgroup 
is the sub-optimally treated (SOT-MS) patients, defined by 
one relapse in the previous year plus at least one Gd+ lesion 
on brain MRI and nine lesions in T2. A third form of MS is 
called primary progressive multiple sclerosis (PPMS) and 
affects only 15% of cases. It is characterized by a progressive 
neurodegeneration and early disability from disease onset.

There is no curative treatment available for MS and the 
current goal of disease-modifying treatments (DMTs) is to 
reduce the early clinical and sub-clinical disease activity 
to avoid potential disability progression in the long term. 
To date, 15 DMT therapies have been approved by the US 
Food and Drug Administration (FDA) [7], all concentrated 
on controlling, segregating, blocking, or depleting disease-
causing autoimmune cells, thus limiting their ability to enter 
and damage the CNS. DMTs can be grouped in two catego-
ries: ‘moderate efficacy’ like β-interferons (INF, two drugs), 
glatiramer acetate (GA, two drugs), teriflunomide, dimethyl 
fumarate, and daclizumab; and ‘high efficacy’, which cur-
rently comprise alemtuzumab, ocrelizumab, fingolimod, 
and natalizumab. All these therapies have shown significant 
results compared with placebo in terms of reducing relapse 
events and disease progression as demonstrated by clinical 
and MRI activity. Nevertheless, ‘high efficacy’ agents have 
the potential for more serious adverse effects or have a less 
well established safety profile and are usually reserved for 
HAD-MS [8].

Cladribine, (2-chloro-2’-deoxyadenosine) is an immu-
nomodulator acting through its active metabolite, 2-chloro-
deoxyadenosine triphosphate, which causes inhibition of the 
synthesis and repair of DNA, leading to cellular apoptosis. 
Consequently, a rapid and sustained depletion of the CD4+ 
and CD8+ lymphocytes population is observed as well as 
a transitory reduction of CD19+ B leucocytes. Originally 
approved by the FDA as a treatment for hairy cell leukemia, 
cladribine efficacy and safety for treatment of RRMS was 
evaluated in a phase III clinical study, named CLARITY 
(cladribine tablets treating MS orally) [9, 10] and its exten-
sion (CLARITY EXT) [11]. A total of 1326 patients with 
RRMS were randomly assigned in an approximate 1:1:1 
ratio to receive one of two cumulative doses of cladrib-
ine tablets (either 3.5 mg or 5.25 mg per kilogram of body 
weight) or matching placebo. It was concluded that cladrib-
ine (3.5 mg/kg) was associated with a statistically significant 
improvement in annualized relapse rate (ARR) and a lower 
proportion of relapsing patients compared with placebo, and 
this effect was not different for the 5.25-mg/kg group.
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A further analysis of the clinical evidence showed a sig-
nificant effect on the disability progression restricted to the 
HAD-MS subpopulation. In addition, CLARITY EXT indi-
cated that treatment with cladribine over 2 years (3.5 mg/
kg), followed by 2 years of placebo, was not significantly 
different to continuous treatment [11]. This finding suggests 
that cladribine might present an interesting economic per-
formance compared with other alternatives on the market. 
In terms of safety, cladribine showed a good risk profile 
including its use in pregnant women.

The aim of this study was to estimate the cost effective-
ness of cladribine compared with natalizumab, ocrelizumab, 
and alemtuzumab for the treatment of patients with HAD-
MS from the perspective of the Chilean health care public 
sector.

2  Methods

2.1  Model Design

A Markov state transition model was used to predict the 
lifetime costs and benefits of treatment with cladribine and 
its comparators. The model uses the Kurtzke Expanded Dis-
ability Status Scale (EDSS) to define the disability status of 
people with MS, which comprises 10 health states plus a 
separate one for death (Fig. 1) [12].

At model entry, the cohort was proportionally assigned 
to the 10 EDSS states according to the baseline EDSS dis-
tribution of the CLARITY study (Table 1), an assumption 
that was tested and validated with local experts [9–11]. We 
implemented annual cycles to model progression of dis-
ease over a 45-year time horizon in the base case, which 
is a lifetime horizon. In each cycle, patients were at risk of 
either moving to a higher EDSS state (disability progres-
sion), moving to a lower EDSS state (improvement in dis-
ability status), remaining at their current level of disability, 
or dying. In addition, occurrence of relapses and discontinu-
ation of treatment were also captured in the model. To esti-
mate the number of relapses we multiplied the ARR by the 
number of patients alive in each cycle. Reasons for treatment 
discontinuation were loss of DMT efficacy, loss of tolerabil-
ity, or development of SPMS (EDSS > 7).

Transition probabilities were obtained from the British 
Columbia registry [13, 14] and were assumed to be constant 
throughout the time horizon. A half-cycle correction was 
applied to every transition probability. These probabilities 
were calculated for a cohort of people with active RRMS, 
including persons with less active forms of RRMS than 
HAD-MS. Therefore, in order to adjust these parameters 
to the HAD-MS population, we used an acceleration factor 
(AF) to account for the expected larger probability of EDSS 
progression. The correction was applied to EDSS states 0–5 

only, whereas for patients who develop SPMS or EDSS ≥ 6, 
the transition probabilities are expected to be similar to the 
general RRMS group. The adjustment factor was calculated 
as the hazard ratio of progression rates in HAD-MS vs non-
HAD-MS patients in the placebo arm of CLARITY at week 
96, which produced an estimate of 1.382. Although this 
approximation has been criticized elsewhere [12] because 
it assumes a constant effect, possibly underestimating the 
progression rate, we decided to maintain this assumption 
since no additional data to produce better estimates were 
available.

Although CLARITY EXT demonstrated that the cladrib-
ine effect would persist in years 3 and 4 and some patients 
did not report relapses in years 5 and 6, it is still uncertain 
when a further medication cycle is necessary. Hence, we 

Fig. 1  Structure of the 11-state EDSS model considering periods 
on and off DMT used in the Markov models ** Source: Technology 
appraisal provided by Merck
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Table 1  Model inputs: non-cost parameters such as general settings, efficacy inputs, probabilities of adverse events, and utilities used in the 
base-case model

Parameter Value (SE) Distribution Source

Average starting age 38.7 (0.473) Log-normal CLARITY study [9]
Female/male ratio 1.93 N/A CLARITY study [9]
Average patient weight 70.67 (3.46) Normal NHS 2010 [19]
Annualized rate of relapse by EDSS state
 EDSS 0 0.890 (0.267) Log-normal NICE [38]
 EDSS 1 0.679 (0.204) Log-normal
 EDSS 2 0.642 (0.193) Log-normal
 EDSS 3 0.596 (0.179) Log-normal
 EDSS 4 0.523 (0.157) Log-normal
 EDSS 5 0.458 (0.137) Log-normal
 EDSS 6 0.401 (0.120) Log-normal
 EDSS 7 0.310 (0.093) Log-normal
 EDSS 8 0.251 (0.075) Log-normal
 EDSS 9 0.217 (0.065) Log-normal

Baseline EDSS distribution
 EDSS 0 2.80% Dirichlet CLARITY study [9]
 EDSS 1 2.80% Dirichlet
 EDSS 2 32.50% Dirichlet
 EDSS 3 21.50% Dirichlet
 EDSS 4 23.50% Dirichlet
 EDSS 5 11.10% Dirichlet
 EDSS 6 5.80% Dirichlet
 EDSS 7 0.00% Dirichlet
 EDSS 8 0.00% Dirichlet
 EDSS 9 0.00% Dirichlet

Mortality multiplier
 EDSS 0 1.00 Log-normal Sadovnik et al. [39]
 EDSS 1 1.43 Log-normal
 EDSS 2–2.5 1.60 Log-normal
 EDSS 3–3.5 1.64 Log-normal
 EDSS 4–4.5 1.67 Log-normal
 EDSS 5–5.5 1.84 Log-normal
 EDSS 6–6.5 2.27 Log-normal
 EDSS 7–7.5 3.10 Log-normal
 EDSS 8–8.5 4.45 Log-normal
 EDSS 9–9.5 6.45 Log-normal

Disability progression (hazard ratio versus placebo)
 Cladribine 0.180 (0.176) Log-normal NMA Merck [40]
 Alemtuzumab 0.360 (0.132) Log-normal
 Natalizumab 0.353 (0.139) Log-normal
 Ocrelizumab 0.180 (0.176) Log-normal

Acute relapse events (rate ratio versus placebo)
 Cladribine 0.350 (0.056) Log-normal NMA Merck [40]
 Alemtuzumab 0.353 (0.034) Log-normal
 Natalizumab 0.399 (0.031) Log-normal
 Ocrelizumab 0.366 (0.040) Log-normal

Recue therapy (only for cladribine) 0.400 (0.076) Log-normal CLARITY study [9]
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Table 1  (continued)

Parameter Value (SE) Distribution Source

Treatment waning effect
 0–2 years 1.000 N/A NICE assumption [12]
 2–4 years 0.750 N/A
 4–10+ years 0.500 N/A

Annual probability of 
treatment withdrawal

CLA1 ALE1 NAT2 OCR3 Dist Source

Year 0–2 4.9% 2.3% 10.6% 10.6% N/A 1Pooled trial data (CLARITY for cladribine tablets; CAMMS223, CARE-MS I, 
and CARE-MS II for alemtuzumab)

2NMA Merck
3Assumed to be equal to natalizumab
Pooled trial data (CLARITY and Care-MS II for alemtuzumab)

Year 2–10 0% 0% 10.6% 10.6% N/A
Year 10 to lifetime 0% 0% 10.6% 10.6% N/A

Adverse event type CLA ALE NAT OCR Dist Source

Infusion-site reaction 0.00% 90.1% 23.6% 34.3% Beta NMA Merck [40]
PML 0.00% 0.00% 0.21% 0.00% Beta
Severe infection 2.80% 2.30% 1.90% 1.90% Beta
Gastrointestinal 24.5% 22.8% 22.8% 22.8% Beta
Thyroid-related events 0.00% 0.00% 3.99% 0.00% Beta
Flu symptoms 1.30% 1.10% 0.10% 1.20% Beta
Malignant tumor 0.60% 0.60% 0.60% 0.60% Beta
Idiopathic thrombocytopenic 

purpura
0.00% 1.80% 0.00% 0.00% Beta

Utilities by EDSS state Value (SE) Distribution Source (country/population/elicitation method)

EDSS 0 0.906 (0.026) Log-normal CLARITY and CLARITY EXT study [9–11]
(UK, US, Australia, Canada and Italy/ patients/ 

not informed by the company
EDSS 1 0.845 (0.046) Log-normal
EDSS 2 0.804 (0.012) Log-normal
EDSS 3 0.701 (0.012) Log-normal
EDSS 4 0.655 (0.013) Log-normal
EDSS 5 0.565 (0.026) Log-normal
EDSS 6 0.496 (0.012) Log-normal Hawton and Green [35]

(UK/ patients/ UK tariffs)EDSS 7 0.392 (0.032) Log-normal
EDSS 8 0.025 (0.038) Log-normal
EDSS 9 − 0.195 (0.087) Normal Orme et al. [41]

(UK/ patients/ UK tariffs)Relapse − 0.071 (0.013) Normal

Utilities—adverse event type Value (SE) Distribution Source

Infusion-site reaction − 0.011 (0.002) Normal Alemtuzumab NICE submission [42]
PML − 0.2 (0.04) Normal
Severe infection − 0.19 (0.038) Normal Utilities for treatment-related adverse events in type 2 diabetes, Shingler 

et al. [43]Gastrointestinal − 0.04 (0.008) Normal
Thyroid-related events − 0.11 (0.022) Normal Alemtuzumab NICE submission [42]
Influenza-like symptoms − 0.21 (0.042) Normal Health state utilities associated with attributes of treatments for hepatitis 

C
Malignant tumor − 0.116 (0.023) Normal Breast cancer in young women: health state utility impacts by race/ethnic-

ity, Trogdon et al. [44]
Idiopathic thrombocytopenic purpura − 0.09 (0.18) Normal Alemtuzumab NICE submission [42]

ALE alemtuzumab, CLA cladribine, Dist distribution, N/A not applicable, NAT natalizumab, OCR ocrelizumab, PML progressive multifocal leu-
koencephalopathy, SE standard error
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adopted a conservative approach, applying a further cycle 
of the drug at years 5 and 6 followed by the same pattern of 
no treatment in the subsequent 2 years.

The model also incorporated a waning effect, which grad-
ually reduced the treatment effect beyond the second year 
according to previous NICE appraisals for MS [15, 16]. For 
all comparators, we assumed 100% of effect in years 1 and 
2, 75% in years 3 and 4, and 50% thereafter. This approach 
for cladribine may lead to a sub-estimation of the drug effect 
compared with other alternatives, as the CLARITY EXT 
study has shown a persistent effect of cladribine in years 
3 and 4 compared with placebo. However, the absence of 
relapses was observed in 75% of the cases, which is consist-
ent with our assumption [11].

The model has been undergoing face validity, verification, 
and validation consistent with recommendations by ISPOR 
Task Force 7 [17]; nonetheless, external validation and pre-
dictive validation were not feasible to perform.

2.2  Target Population

Patients with HAD-RRMS, including rapidly evolving 
severe (RES) and high relapse activity types, as described 
in post-hoc analysis of the CLARITY study (n = 261), were 
followed through the Markov model [9, 10, 18]. HAD-
RRMS was the most effective subgroup of the post-hoc anal-
ysis, and therefore, in order to make the most of cladribine’s 
potential, HAD-RRMS patients were defined as the target 
population for this study. The definition of HAD-RRMS 
used in this study was any patients with ≥ 2 relapses dur-
ing the year prior, whether on DMT treatment or not. The 
starting age was the mean age of the trial: 37.9 ± 10.3 years 
[9]. The proportion of women with the health problem that 
was used to estimate the weighted mortality rate dependent 
on female/male ratio comes from the trial (68.8% females), 
whilst the weights for both genders are from the National 
Health Survey 2010 (average weight 70.67 kg) [19].

2.3  Comparators

Primarily, cladribine was compared with placebo, as in the 
CLARITY study. The Chilean clinical guidelines for MS did 

not mention treatment schemes for HAD-MS [6, 20]. There-
fore, the comparators’ selection was guided by Chilean lead-
ing clinicians’ suggestions, owing to their potential effective-
ness in HAD-MS patients and according to the approved 
indications of the local regulatory authority. Consequently, 
comparators were limited only to natalizumab, ocrelizumab, 
and alemtuzumab. The selection of each comparator was 
validated by local clinical experts and an advisor of the Min-
istry of Health in Chile [21]. Information about the treatment 
regimen is presented in Table 2.

2.4  Comparative Efficacy

Treatment effect estimates were obtained from a network 
meta-analysis (NMA) [22], which provided effectiveness 
estimates for cladribine versus alemtuzumab and natali-
zumab. The comparison against ocrelizumab was not 
reported due to lack of data. Using a conservative approach, 
we supposed an efficacy for ocrelizumab equivalent to 
cladribine. The selected ratio estimates are summarized in 
Table 1.

Although we modeled a 45-year time horizon, compara-
tive effectiveness and drug costs were modeled only for 10 
years. In other words, after year 10, we assumed that all 
patients would receive one drug, incurring the same costs 
and producing the same effects. There are several reasons to 
support this assumption. First, there is large uncertainty on 
whether the treatment effect holds after 6 years. In fact, most 
studies model a waning effect assuming 50% of the effect 
after year 5. However, there is no information to estimate 
what is expected after year 10 with these new drugs. Second, 
it is highly likely that the differences in costs will be different 
in 10 years, given a change in the market of treatments for 
MS. Third, this approach is better than modeling a 10-year 
time horizon, because the effect on therapies observed in the 
first 10 years will affect the natural progression of the dis-
ease in the remaining years, even though patients are forced 
to receive one single treatment. This will impact on the cost 
and QALY estimates. We implemented these assumptions 
by applying the effect reported for natalizumab (the actual 
drug coverage in Chile). For costs, we assumed the average 
price among the four comparators included in this report.

Table 2  Treatment regimens for each comparator (doses, posology, number of doses per year, and duration)

Technology Dose Posology Number of doses per year Duration

Cladribine 0.875 mg/kg per dose 10 mg every day for 2 weeks/year 12 tabs per year 2 years
Alemtuzumab 12 mg per day 12 mg/day for 5 days (1st year)

12 mg/day for 3 days (2nd year)
5 per year (1st year)
3 per year (2nd year)

2 years

Natalizumab 300 mg per dose 300 mg every 4 weeks 13 per year Lifetime
Ocrelizumab 300 mg per dose 300 mg every 2 weeks (initial dose)

600 mg every 6 months (maintenance dose)
6 per year (1 year)
4 per year (2+ years)

Lifetime
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2.5  Cost Input

The total cost of each intervention comprised six compo-
nents: drug acquisition, drug administration, treatment 
and disease follow-up, drug monitoring, adverse events, 
and relapses (Table  3). Costs were measured from the 

perspective of the public health sector in Chilean pesos 
(CLP) (adjusted to 2018 using the consumer price index) 
and then converted to US dollars (1 USD = 667 CLP). The 
study followed the Chilean guidelines for economic evalu-
ation provided by the Ministry of Health [23]. The valua-
tion of resources was performed using the 2018 FONASA 

Table 3  Model inputs: cost 
parameters such as drug 
acquisition, drug administration, 
clinical management, relapse 
event, drug monitoring, and 
event adverse used in the base-
case model

a Unitary costs in US dollars
HVP human papillomavirus, JC John Cunningham, MRI magnetic resonance imaging, N/A not applicable, 
PML progressive multifocal leukoencephalopathy

Parameter Value (SE)a Distribution Source

Drug acquisition
 Cladribine $2547 N/A Merck Chile [40]
 Alemtuzumab $8250 N/A MINSAL [45]
 Natalizumab $2320 N/A
 Ocrelizumab $5411 N/A

Clinical Management by EDSS state (Annualized cost)
 EDSS 0 $403 ($40) Gamma Own elaboration with 

clinical expert and 
using EVC 2015 
tariffs [46]

 EDSS 1 $403 ($40) Gamma
 EDSS 2 $403 ($40) Gamma
 EDSS 3 $403 ($40) Gamma
 EDSS 4 $403 ($40) Gamma
 EDSS 5 $403 ($40) Gamma
 EDSS 6 $987 ($99) Gamma
 EDSS 7 $987 ($99) Gamma
 EDSS 8 $987 ($99) Gamma
 EDSS 9 $987 ($99) Gamma

Drug administration $218 Point estimate
Relapse event
 With hospitalization $1258 (±10%) Gamma EVC 2015 [46]
 w/o hospitalization $564 (±10%) Gamma

Drug monitoring
 Biochemistry test $10 Point estimate EVC 2015 [46]
 Complete blood counts $8 Point estimate
 HVP test $81 Point estimate UC-FONASA 2017
 MRI scan $98 Point estimate EVC 2015 [46]
 Neurology visit $14 Point estimate
 Ophthalmology visit $14 Point estimate
 Thyroid function test $14 Point estimate
 Tuberculin skin test $7 Point estimate MAI 2018 [24]
 Urinalysis test with microscopy $2 Point estimate EVC 2015 [46]
 JC virus test $99 Point estimate UC-FONASA 2017

Adverse event type
 Infusion site reaction N/A Own elaboration with 

clinical expert and 
using EVC 2015 
tariffs [46]

 PML $999 ($100) Gamma
 Severe infection $841 ($84) Gamma
 Gastrointestinal $107 ($11) Gamma
 Thyroid-related events $75 ($8) Gamma
 Influenza-like symptoms $24 ($2) Gamma
 Malignant tumor $5380 ($538) Gamma
 Idiopathic thrombocytopenic purpura $1124 ($112) Gamma
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(national public insurer) tariff for public provision of health 
services (Modalidad de Atención Institucional, MAI) [24]. 
Prices of treatment comparators were obtained from health 
technology assessment documents produced by the Ministry 
of Health in 2017. For cladribine, we assumed a price con-
sistent with 12.4 tablets per year. This was estimated based 
on an average body weight of 70.67 kg, which was calcu-
lated according to the data provided by the 2010 Chilean 
national health survey [19].

Administration costs included neurological visits, nurse 
intervention, chlorphenamine, acetaminophen, acyclovir, 
and methylprednisolone. Resource use was estimated based 
on the information provided by two rheumatologists from 
‘Red Salud UC-Christus’ via individual interviews. Like-
wise, costs associated with relapse events were estimated 
based on packages of services built using information from 
local experts. We estimated an expected cost for relapse 
necessitating hospitalization and out-of-hospital care. Fur-
thermore, we estimated expected costs due to treatment and 
follow-up for EDSS states, assuming the same cost for EDSS 
0–5, increasing for EDSS states 6–9 to account for rehabili-
tation therapies. For cost of treatment-related adverse events, 
we built packages of services including all events reported 
in the literature for one or more comparators included in this 
study [22, 25–28].

2.6  Utilities

Utilities used for the calculation of quality-adjusted life-
years (QALYs) were taken from previous reports validated 
by NICE committees [29]. Details of utilities and disutili-
ties associated with each EDSS state and adverse event are 
reported in Table 1.

2.7  Time Horizon, Discounting and Thresholds

A 45-year time horizon was used to approach a lifetime 
horizon, with a starting age of 37.9. The cost and benefits 
were discounted using an undifferentiated 3% discount rate 
with 0% and 6% used in scenarios, in accordance with the 
Chilean guideline for health economic evaluation [23]. The 
thresholds used in this study were 1 and 3 GDP per capita, 
as mentioned in the Chilean guideline for health economic 
evaluation [23].

2.8  Sensitivity Analysis

Deterministic and probabilistic sensitivity analyses (PSA) 
were performed to characterize second-order uncertainty. 
In the one-way deterministic sensitivity analysis, we varied 
each parameter, increasing and decreasing the magnitude 
of their point estimates using their confidence interval. Dis-
count rate parameters (cost and benefits) were sensitized 
between 0% and 6%, whilst the “basal male/female” param-
eter, and the “discontinuation natalizumab and cladribine” 
parameter were varied by 25% relative. For PSA, we ran 
10,000 Monte Carlo simulations using the corresponding a 
priori distributions presented in Tables 1 and 3.

3  Results

3.1  Base Case Results

Results of the base-case cost-effectiveness analysis are 
shown in Table 4. Compared with natalizumab, none of 
the alternatives can be considered cost effective when the 

Table 4  Result of base-case 
cost-utility analysis and 
hypothetical introduction of a 
10% price discount

CLB cladribine, ICER incremental cost-effectiveness ratio, NTZ natalizumab, QALYs quality-adjusted life-
years

Treatment Total cost (US$) QALYs ICER ICER vs NTZ

Natalizumab $218,959 9.519 $0 $0
Ocrelizumab $241,778 9.912 $58,062 $58,062 Extended dominated
Cladribine $289,949 11.394 $32,504 $37,861
Alemtuzumab $293,629 10.786 −$6052 $58,934 Dominated by CLB
10% price discount
 Natalizumab $218,959 9.519 $0 $0
 Ocrelizumab $241,778 9.912 $58,062 $58,062 Extended dominated
 Cladribine $274,898 11.394 $22,348 $29,833
 Alemtuzumab $293,629 10.786 −$30,807 $58,934 Dominated by CLB

Sensitivity analysis: 10-year time horizon
 Alemtuzumab $140,654 5.026 $0 $160,964
 Cladribine $153,795 5.212 $70,745 Dominant
 Natalizumab $170,109 5.209 −$5,907,228 $0 Dominated by CLB
 Ocrelizumab $191,421 5.446 $90,125 $90,125
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incremental cost-effectiveness ratios (ICERs) are com-
pared to the Chilean reference threshold (1 GDP per capita 
= US$15,750). However, cladribine shows the best cost-
effectiveness profile being the only alternative whose ICER 
is < 3 × GDP, often used in many jurisdictions as a higher 
threshold. Table 4 also shows a scenario analysis where we 
assumed a hypothetical 10% discount in the price of clad-
ribine. Nevertheless, no significant changes in cladribine 
performance concerning its comparators were observed. Fig-
ure 2 illustrates the results on the cost-effectiveness plane.

3.2  Deterministic Sensitivity Analysis Results

Figure 3 presents the set of parameters that showed the larg-
est impact on cost effectiveness. It is worth noting that the 
diagram shows changes in terms of incremental net health 
benefits (iNHB), which for the base-case comparison 
between cladribine and natalizumab corresponds to − 1.06 
NHB. These results show that the main impact was related 
to variation in the discounting rate applied to costs; the prob-
ability to suspend natalizumab in the first 2 years or between 
2 and 10 years; and basal weight of the intent-to-treat popu-
lation. Nevertheless, no parameter produced significant 
changes on a decision based on cost effectiveness when a 
cost-effectiveness threshold of US$15,750 was assumed.

3.3  Probabilistic Sensitivity Analysis Results

The second-order joint parameter uncertainty is presented 
in Fig.  4. Notably, most of the iterations that compare 

cladribine and natalizumab are in the north-east quadrant. 
Although most of the points are above the reference thresh-
old of 1 GDP, 70% of them are below the 3 × GDP threshold.

This distribution is coherent with the cost-effectiveness 
acceptability curves presented in Fig. 5, where we also pre-
sent results for alemtuzumab, natalizumab, and ocrelizumab. 
The graph shows that cladribine has the highest probabil-
ity of being cost effective when the threshold is larger than 
US$47,750 per QALY gained (3 GDP per capita).

4  Discussion

Several new effective alternatives to treat MS have been 
launched in the last few years. However, many health sys-
tems struggle to provide direct access to them due to their 
high cost. Cladribine is one of these new drugs, which has 
shown to be particularly efficacious in patients with HAD-
MS. In this study, we evaluated the cost effectiveness of 
cladribine compared with natalizumab (the current alterna-
tive covered in Chile), ocrelizumab, and alemtuzumab in 
this subset of patients, from the perspective of the Chilean 
health care public sector. Results indicate that cladribine can 
be considered cost effective only if the cost-effectiveness 
threshold is assumed to be equivalent to 3 GDP per capita. 
However, compared with ocrelizumab and alemtuzumab, 
cladribine is expected to be the most cost-effective alterna-
tive when they are all compared to natalizumab since ocre-
lizumab and alemtuzumab are dominated.

Our results are mostly consistent with similar evaluations, 
regardless of the differences in structural assumptions we 

Fig. 2  Deterministic cost-
effectiveness plane for base-case 
results and threshold lines
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have imposed into the decision model. For instance, the 
Canadian Agency for Drugs and Technology (CADTH) 
assessed cladribine, concluding that it was not a cost-
effective alternative in HAD-MS; a 15% discount would be 
necessary to be cost effective. Thus, it was recommended 
for coverage only under a price reduction [30]. In contrast 

with Canada, cladribine was founded to be cost effective 
compared with all other treatments in the UK [31]. Unfortu-
nately, we could not compare our results with NICE because 
they only presented SOT and RES subgroups showing differ-
ences in incremental QALYs versus alemtuzumab. Although 
we know that SOT and RES populations are subgroups 

Fig. 3  Tornado diagram for 
deterministic sensitivity analy-
ses, cladribine tablets versus 
natalizumab

Fig. 4  Cost-effectiveness plane 
with 10,000 Monte Carlo draws 
and willingness-to-pay lines for 
base-case results of cladribine 
versus natalizumab
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of HAD-MS, their effectiveness parameters are different, 
and despite being published by NICE, those were hidden, 
whereby we could not check the difference between results 
[12]. Furthermore, the model submitted to NICE considered 
a discount rate of 3.5% and a time horizon of 50 years, while 
our model used 3% and 45 years, respectively.

Our model considered several conservative assumptions 
for cladribine in the base-case scenario, such as assuming 
the same effectivity of cladribine as ocrelizumab due to the 
lack of evidence regarding the ocrelizumab treatment effect. 
Although it might not benefit alemtuzumab or natalizumab, 
a lower value than that for cladribine would not be con-
servative. Secondly, the model considered the same waning 
effect for each comparator. Besides that, cladribine has been 
shown to maintain its clinical effectiveness until the fourth 
year. However, there is not enough evidence to extrapolate 
this to the HAD-MS subgroup [11]. Therefore, our study 
considered that the declining effect begins after the second 
year as it is presented among other NICE appraisals and fol-
lowing the same strategy that NICE used for its cladribine 
evaluation [29, 31]. A third assumption was made in order to 
be conservative in terms of cost by assuming that cladribine 
will be administered until years 5–6, notwithstanding recent 
clinical trials (still to be published) suggesting this not to 
be necessary. Despite conservative assumptions, the results 
of the base-case scenario demonstrate that cladribine is the 
alternative with higher benefits but is not cost effective at 
thresholds of 3 GDP per capita. A 10% discount over the 
list price of cladribine was necessary to be cost effective at 3 
GDP per capita (following the WHO recommendation [32]), 
but not enough to be cost effective at 1 GDP per capita as 
suggested by the Chilean HTA guideline [23].

As was expected, the drug cost is one of the most signifi-
cant drivers of the ICER. Notwithstanding, clinical effects 
such as disability progression could have a similar impact 
on the ICER. Increasing the hazard ratio of the disability 

progression (more risk of having a disability progression) 
of cladribine versus placebo by 93% suggests that cladribine 
is not cost effective against alemtuzumab. Likewise, when 
increasing the hazard ratio by 180% and 225%, cladribine 
is not cost effective against natalizumab and ocrelizumab, 
respectively. Although clinical effects or utilities are essen-
tial inputs, they are not sensitive-enough parameters to vary 
the outcomes significantly, as can be seen in the tornado 
graph.

Furthermore, the estimates of the current study suggest 
that the incorporation of cladribine to the pool of drugs for 
the treatment of MS could generate additional costs for the 
first 2 years of therapy, but produce remarkable savings for 
years 3 and 4, compensating the initial expenses. Cladribine 
not only presented advantages in terms of QALYs gained 
compared with comparators, but since cladribine produces 
fewer relapses than the other drugs, the QALY loss avoided 
by this is about 70%. Likewise, just by diminishing disease 
progression through the years, cladribine increases the 
QALYs gained by around 10%.

One of the limitations encountered during this study was 
the lack of local data to estimate the real affected population 
in Chile. Therefore, the estimates obtained here are based 
on international data that could differ from the local reality. 
However, the positive impact regarding the budget for years 
3 and 4 of treatment should behave in the same way, even 
though it could vary in magnitude due to the corrections 
made for the population of this study. Another limitation 
referring to the limited sources of information was the fact 
that for the costing in our study, we considered the use of 
clinical expert support, the national clinical guidelines, and 
prices from public health payer and public healthcare tariffs. 
Therefore, the cost inputs previously estimated were under-
estimated to compare them with better data sources such as 
local provider data or an annual cost resource from a hospital 
or health service institution, as was mentioned by Jimenez 

Fig. 5  Multi-way cost-effec-
tiveness acceptability curve 
(CEAC)
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and Cid [33] and Gutierrez and Medina [34]. Unfortunately, 
those ‘better sources’ are not available. A third limitation 
regarding utility values was, firstly, these values came from 
CLARITY [9, 10], CLARITY EXT [11], and Hawton and 
Green [35], which consider the RRMS population, including 
HAD-MS. Using a less severe population in general terms 
could overestimate the utility values, increasing the QALYs 
gained. Nonetheless, we are aware that using foreign utility 
values is a limitation in cost-effectiveness analysis. However, 
especially for the Chilean case, utilities valued using the 
British tariff can be less biased than utilities valued with 
other tariffs. As shown by Zarate et al. [36], the national 
Chilean tariff is more similar to the British than the Spanish, 
Argentinian and American Hispanic populations.

This study presents a cost-effectiveness analysis where 
comparators and the population are relevant for several 
decision makers from Latin-American jurisdictions. Never-
theless, each of these jurisdictions should generate its own 
cost-effectiveness results. This study reveals the information 
gap that exists in Chile for MS, which means that each Latin-
American jurisdiction should evaluate their assumptions 
with local experts, evaluate the possibility of using local tar-
iffs or utilities, if appropriate, and consider the relevant com-
parators, such as ocrelizumab, as was the case in Chile. Our 
results were estimated exclusively for the Chilean case, and 
we suggest considering not just an appropriate price vector. 
Thus, our findings are not transferable to other jurisdictions 
and the data and the assumptions used are to be implemented 
exclusively in the Chilean public health system.

5  Conclusion

Our findings show that cladribine is the alternative with 
most QALYs gained; however, at a WTP threshold of 1 
GDP per capita per QALY gained, it would not be a cost-
effective alternative to treat patients with HAD-MS in the 
context of the public health system of Chile. Furthermore, 
we were able to verify that there is a significant gap concern-
ing data. It is essential to increase the efforts to deal with the 
uncertainty associated with the model. Consequently, further 
research on both clinical and cost parameters is required to 
increase the robustness of the model. Better information will 
also serve to deal with structural and parameter uncertainties 
and to support recommendations made by clinicians [37], 
and last but not less, to provide local data.
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