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Purpose: Two analyses, a cost-minimization and a budget impact, were conducted to estimate the economic and financial impact of 
subcutaneous (SC) vs intravenous (IV) natalizumab in terms of administration times and costs in the Italian setting from the 
perspective of multiple sclerosis (MS) center, patient, and society.
Patients and Methods: Cost minimization analysis (CMA) adopted a Markov model with three different states, and it is based on 
the results of REFINE study and its post-hoc analysis, which evaluated and demonstrated the non-inferiority of natalizumab SC vs IV 
formulation. The economic inputs came mainly from EASIER study, that estimated the administration time, resource consumption, and 
costs of natalizumab SC vs IV. A lifetime horizon was considered. Budget impact analysis (BIA) was conducted with a cost calculator 
approach and compared a base scenario (without SC natalizumab) with an alternative scenario (with SC natalizumab). The inputs were 
shared with the CMA and a 3-year time horizon was considered. A progressive increase in the number of patients treated with 
natalizumab SC was estimated from the 1st to the 2nd to the 3rd year after reimbursement in Italy.
Results: CMA estimated that savings due to the use of SC instead of IV natalizumab would be €2,824, €1,137, and €9,170 per patient 
from the perspectives of MS center, patient, and society, respectively, thus depicting a weak dominance (lower costs and non- 
inferiority efficacy). BIA estimated that the savings were approximately 3.2 million euros from the perspective of MS centers and 
around 10.3 million euros from the perspective of society in the first 3 years following reimbursement.
Conclusion: Administering natalizumab subcutaneously rather than intravenously to treatment-eligible patients would result in 
administration time and cost savings thus determining a favorable impact for the MS center, the patient and the society.
Keywords: intravenous natalizumab, subcutaneous natalizumab, multiple sclerosis, MS center, patient perspective, society 
perspective

Introduction
Multiple sclerosis (MS) is a chronic disease affecting the central nervous system that represents the leading cause of non- 
traumatic neurological disability in young adult people. In Italy, the prevalence and incidence of MS were estimated to be 
221/100,000 and 6 new cases per year every 100,000 persons, respectively (excluding Sardinia, which nearly doubles 
both prevalence and incidence).1 In 2023, around 137,000 patients are affected by MS in Italy, thus resulting in social 
costs of about €6 billion.1

The cost per MS patient is high: it was calculated that Italian National Healthcare Service (NHS) has to sustain 
a mean cost per treated patient with MS equal to €21,069.2 From the societal perspective, the mean annual costs for MS 
were estimated at €39,307 per patient in Italy.2

Relapsing remitting MS, the most common presentation, is characterized by alternating relapsing and remitting 
phases.3 Disease-modifying therapies (DMTs) can reduce the number of relapses and slow disease progression.4
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Natalizumab is a humanized monoclonal antibody targeting α4-integrin on the surface of lymphocytes, thus prevent-
ing immune cells from entering the central nervous system.5 It is indicated for adult patients affected by highly active 
relapsing remitting multiple sclerosis (RRMS), in patients who have failed a full course with another DMT, and in those 
with rapidly evolving severe RRMS.6 The Phase 3 Natalizumab Safety and Efficacy in Relapsing Remitting Multiple 
Sclerosis (AFFIRM) trial proved that intravenous (IV) natalizumab 300 mg every 4 weeks, as compared to placebo, 
reduced the rate of clinical relapse by 68% and lowered the risk of sustained disability progression by 42% over 2 years 
in patients with RRMS.7 A new subcutaneous (SC) formulation of natalizumab has been approved by the European 
Medicines Agency and recently reimbursed by the Italian Medicines Agency (AIFA).

The SC formulation was compared with the IV formulation in the Safety, Tolerability and Efficacy of Multiple 
Regimens of Natalizumab in Adult Participants With Relapsing Multiple Sclerosis (REFINE) study8 and its post-hoc 
analysis,9 which concluded that SC natalizumab was non-inferior to IV natalizumab in terms of efficacy, pharmacoki-
netics/pharmacodynamics, and safety. Both formulations were administered at a dosage of 300 mg every 4 weeks. SC 
formulations proved to be more convenient than IV formulations with monoclonal antibodies in different settings.10–16 In 
the case of natalizumab, furthermore, the continuity of all supporting services already in place for the IV formulation is 
guaranteed.

Regarding natalizumab, the Italian da Endovenoso A Sottocutaneo: Indagine su Efficienza e Risparmio (EASIER) 
study estimated that SC natalizumab reduced the patient procedure time by about 50%, health care professionals’ 
active working time by 55% and the occupancy time of the infusion chair by approximately 59% with respect to IV 
natalizumab.17 In addition, the cost per natalizumab administration procedure would be reduced by 63% for the 
multiple sclerosis center, by approximately 42% from the social perspective, and 17% from the patient’s 
perspective.17

Based on data from the REFINE study, its post-hoc analysis, and the EASIER study, we carried out two analyses to 
evaluate the pharmacoeconomic profile of natalizumab SC vs natalizumab IV: a cost-minimization analysis (CMA) and 
a budget impact analysis (BIA). The CMA aims to compare, based on non-inferior efficacy, the costs between IV 
natalizumab and SC natalizumab from the perspectives of the MS center, the patient, and the society. The BIA aims to 
estimate the differential costs between the base scenario, without SC natalizumab, and the alternative scenario, in which 
SC natalizumab represents an alternative in Italy for patients with highly active RRMS.

Methods
Overview
Cost-minimization analysis is a simplified cost-effectiveness analysis between treatments sharing the same level of 
clinical effectiveness. Given the same clinical benefit, CMA involves calculating costs to analyze the least costly 
alternative or therapeutic modality.

Data derived from the REFINE study8 and its post-hoc analysis18 demonstrated that the SC administration of 
natalizumab at a dosage of 300 mg every 4 weeks was non-inferior to IV natalizumab in terms of efficacy, pharmaco-
kinetics/pharmacodynamics, and safety.

Budget impact analysis estimates the short-term financial consequences of adopting a new health technology in 
a specific area from the perspective of the healthcare service, which, by definition, is characterized by resource 
constraints.

Based on the information reported, a CMA and a BIA were conducted to evaluate a pharmacoeconomic profile of 
natalizumab SC vs IV. Though having different study designs, these analyses shared the same source data, as reported in 
the following paragraph.

Shared Data Sources
Clinical Inputs
Two alternatives were compared: SC natalizumab 300 mg every 4 weeks vs IV natalizumab 300 mg every 4 weeks.
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The population analyzed was made up of adult patients affected by RRMS treated with natalizumab having baseline 
characteristics of the REFINE8 study population (mean age 38 years, 69% females), which overlapped with the EASIER 
study17 used to derive the resource consumption associated with the two routes of administration.

The Italian setting was based on data from REFINE study8 and its post-hoc analysis.18

Data about the discontinuation rate, which was assumed to be equal for IV and SC natalizumab, were derived from the 
Tysabri Observational Program (TOP) study.19

Expert opinion came from a board composed of neurologists from different areas of Italy with expertise in MS 
treatment to evaluate the resources consumed for monitoring and management of adverse events (AEs) in terms of visits, 
laboratory and instrumental tests, and drugs prescribed. In particular, two online sessions were held, and an Excel file was 
filled by each of them. They also suggested the most suitable method to evaluate adverse events analyzed (mild/moderate 
or severe) indicating the Diagnosis Related Group (DRG) or the Day Hospital (DH) number or outpatient code. The 
monitoring of the first year was not included since SC natalizumab is approved for use after one year of IV natalizumab 
use. Therefore, we compared SC and IV natalizumab populations starting from the second year of natalizumab use. 
Experts estimated that monitoring of IV and SC natalizumab could be assumed to be overlapping. The Supplementary 
Material provides details about the resources used for monitoring (Supplementary Tables S1–S3) and the management of 
adverse events (Supplementary Tables S4–S6) and serious adverse events (Supplementary Tables S7 and S8).

Mild-to-moderate AE rates were derived from the main manuscript of the REFINE study,8 whereas serious AE rates 
came from the details reported on the website ClinicalTrials.gov about the REFINE study (NCT01405820).20

Clinical inputs included annual risk of discontinuation (6.52%),19 MS relative mortality risk (2.88),21 and adminis-
tration route-specific AE rates,8,20 which is detailed in the Supplementary Tables S1–S8.

Time Inputs
The mean time dedicated to drug administration (IV and SC) was derived from the observational, multicenter, cross- 
sectional EASIER study14 and included: time of patient stay in the MS center, healthcare professional (HCP) active 
working time, time of occupancy of infusion chair, working hours lost by the patient, time for unpaid patient activities, 
and the time spent by the caregiver accompanying the patient to the MS center.

In particular, “patient time” was defined as the time from patient acceptance until he leaves the MS center; “HCP 
time” was defined as active working time of the HCP within the patient time; “chair time” was defined as the time 
occupied by the infusion chair within the patient time.

Economical Inputs
From the perspective of MS centers, direct healthcare costs were considered with the aim of capturing the impact of the 
introduction of natalizumab SC in terms of costs of acquisition and administration of the drug, costs of monitoring, and 
costs for the management of adverse events.

From the perspective of the society, in addition to direct healthcare costs, direct non-healthcare costs, and indirect 
costs were also included.

The valorization of consumed resources was based on the EASIER study17 regarding consumables used during the 
administration of natalizumab and the depreciation of durable equipment.

The remaining cost items were based on the rates for outpatient services determined in the DRG decree,22 the 
literature,8,23 and the Gazzetta Ufficiale 167/2023 (Table 1).

The valorization of resources used for monitoring and the managements of adverse events and serious adverse events 
are reported in the Supplementary Material.

Cost-Minimization Analysis—Study Design
The CMA was conducted by adapting a Markov model to the Italian setting based on data from REFINE study8 and its 
post-hoc analysis.18 The analyses were conducted from the MS center (reflecting the NHS perspective), patient (which 
includes direct non-healthcare costs and indirect costs), and society perspectives (which includes direct healthcare costs, 
direct non-healthcare costs and indirect costs).
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A lifetime horizon (60 years) was considered to cover the entire patient treatment period. Therefore, considering that 
the average age of entry into the model is 38 years, the lifetime horizon is long enough to cover the residual life 
expectancy of the cohort and to capture all the relevant consequences as per ISPOR recommendations.

The model, developed in Microsoft Excel®, had already been adopted in MS32 and consists of 3 health states: 
treatment state, non-treatment state, absorbing state (death) (Figure 1).

At the beginning of the evaluation, all patients were being treated with natalizumab (IV or SC): from this health state, 
patients could interrupt the treatment by moving to the non-treatment state or die; from the non-treatment state patients 
could move only to the death state.

At each 28-day cycle, the probabilities of switching between states were determined by the natalizumab treatment 
discontinuation rate described in the TOP study19 and the probability of death of the Italian population by sex and age33 

adjusted for the probability of death specific to MS.21

Table 1 Description of Direct Healthcare/Non-Healthcare and Indirect Costs [Data From8,17,22–30 and the Gazzetta Ufficiale 167/2023]

Description of Costs Cost Per Cycle (€/4 weeks) Reference

Direct health care costs

IV and SC monitoring (years 2+) 66.87 (total per cycle) Ministero della Salute, 2012;22  

Details In The Supplementary Material

Natalizumab IV adverse events 0.35 (total per cycle, mild and 
moderate) 
28.98 (total per cycle, mild, moderate 
and severe)

Ministero Della Salute, 2012;22  

Garattini, 2023;23 Details In The 
Supplementary Material

Natalizumab SC adverse events 0.30 (total per cycle, mild and 
moderate) 
12.66 (total per cycle, mild, moderate 
and severe)

Ministero della Salute, 2012;22  

Garattini, 2023, 23Supplementary Material

Acquisition of IV natalizumab (ex-factory price)a 1800 (1 vial, 300 mg) Gazzetta Ufficiale 167/202331

Acquisition of SC natalizumab (ex-factory price)a 1800 (2 pre-filled syringes, 300 mg) Gazzetta Ufficiale 167/202331

Natalizumab IV administration 32.67 (total per cycle) Filippi, 202317

Natalizumab SC administration 12.00 (total per cycle) Filippi, 202317

Direct non-healthcare costs

IV and SC natalizumab administration (travel/transport) 30.68 (total per cycle) Filippi, 202317

IV natalizumab administration (formal assistance, eg, babysitting) 2.38 (total per cycle) Filippi, 202317

SC natalizumab administration (formal assistance, eg, babysitting) 1.22 (total per cycle) Filippi, 202317

Indirect costs

IV natalizumab administration (patient productivity loss – portion not 
reimbursed/reimbursed)

14.75/42.19 (total per cycle) Filippi, 202317

SC natalizumab administration (patient productivity loss – portion not 
reimbursed/reimbursed)

7.57/21.65 (total per cycle) Filippi, 202317

IV natalizumab administration (consumption of unpaid patient time) 5.68 (total per cycle) Filippi, 202317

SC natalizumab administration (consumption of unpaid patient time) 2.92 (total per cycle) Filippi, 202317

IV natalizumab administration (loss of caregiver productivity) 31.10 (total per cycle) Filippi, 202317

SC natalizumab administration (loss of caregiver productivity) 15.96 (total per cycle) Filippi, 202317

Notes: Ex-factory price = is the price of a drug published in the Italian Official Gazette which does not include temporary reductions by law and any confidential discounts 
for Italian NHS negotiated with the Italian Medicines Agency (AIFA). aThe discounts for Italian NHS were applied for the calculations; cycle = 28 days. 
Abbreviations: IV, intravenous; SC, subcutaneous; NHS = National Healthcare Service.
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The model estimated the number of patients who remained in treatment over time to record and compare the 
accumulation of costs related to the treatment itself (acquisition and administration), the management of adverse events, 
monitoring, and other cost categories considered depending on the analysis perspective.

The model also estimated the times (patient, HCP, infusion chair, etc) of patients being treated with SC and IV 
natalizumab.

The reliability of the model and the robustness of the results were tested using univariate deterministic sensitivity 
analysis and probabilistic sensitivity analysis.

Budget Impact Analysis—Study Design
An impact analysis on budget and administration time was conducted by adapting a static model to the Italian setting 
(cost calculator approach).

The analysis was carried out from the perspectives of MS centers (reflecting NHS) or society.
A 3-year time horizon was considered.
The model, developed in Microsoft Excel®, compared a base scenario (the scenario 1, in which natalizumab SC was 

not available as a treatment option reimbursed by the Italian NHS), with an alternative scenario, (scenario 2, following 
the introduction of natalizumab SC) (Figure 2).

Figure 1 Health states in the Markov model used in the cost-minimization analysis.

Figure 2 Budget impact model. 
Abbreviations: HCP, healthcare professional; IV, intravenous; RRMS, relapsing remitting multiple sclerosis; SC, subcutaneous.
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From the perspective of MS centers (NHS), for each of the years of the time horizon considered (3 years), the model 
calculated the total annual costs (acquisition and administration of drugs, monitoring, and management of adverse events) 
and times (patient, HCP, infusion chair) for the treatment of patients included in the analysis.

Times and costs accumulated until the end of the 3-year time horizon in each scenario. Subsequently, they were 
compared to calculate the expense and time impact due to the progressive adoption of SC natalizumab.

The analysis was conducted in compliance with the ISPOR methodological guidelines,34 which recommend 
a structured framework for the BIA, offer recommendations on how to gather and utilize data, and suggest 
a standardized reporting format to enhance standardization and transparency.

The economic analysis considered that the size of the population receiving natalizumab remained stable during the 
simulation based on the assumption that the flow of incident patients starting treatment was in line with the flow leaving 
the treatment, due to discontinuation or death.

Scenario 1, without SC natalizumab, reflected the number of patients being treated in Italy with IV natalizumab 
(assumed constant for the 3 years of the simulation).

The treatment mix for scenario 2, with natalizumab SC, was estimated internally considering the number of patients 
who could start and be treated with natalizumab SC in the first, second and, third year after reimbursement.

It was assumed that 35%, 50%, and 55% of patients treated with IV natalizumab could be treated with natalizumab 
SC respectively in the first, second, and third year after reimbursement (Table 2).

The reliability of the model and the robustness of the results were tested using a one-way deterministic sensitivity analysis.

Results
Cost-Minimization Analysis
Table 3 shows data about costs per patient by year according to each perspective considered in the analysis.

Table 2 Market Shares in Scenario 1 and Scenario 2 of the Budget Impact 
Model

Year 1  
(n. Patients, %)

Year 2  
(n. Patients, %)

Year 3  
(n. Patients, %)

Scenario 1

IV natalizumab 8,360 (100%) 8,360 (100%) 8,360 (100%)

Scenario 2

IV natalizumab 5,434 (65%) 4,180 (50%) 3,762 (45%)

SC natalizumab 2,926 (35%) 4,180 (50%) 4,598 (55%)

Abbreviations: IV, intravenous; SC, subcutaneous.

Table 3 Costs per Patient by year According to MS Center, Patient, and Society Perspectives

Cost Category IV Natalizumab  
(€/Year)

SC Natalizumab  
(€/Year)

Difference IV – SC  
(€/Year)

MS center

Acquisitiona (calculated with ex-factory price) 23,400 23,400 0

Administration 442 162 −280

Monitoring 905 905 0

Adverse events 5 4 −1

(Continued)
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MS Center Perspective
CMA estimates that, from the perspective of the MS center, the use of the SC formulation results in savings for each 
patient over the mean duration of therapy equal to 166 hours of patient stay at the MS center, 13 hours of neurologist 
active working time, 24 hours of nurse active working time, 168 hours of infusion chair time (Table 4).

Direct healthcare costs related to the acquisition of study drugs, administration, monitoring, and management of 
adverse events were included.

As SC natalizumab was shown to be non-inferior to IV natalizumab,9 thus laying the foundation for performing 
a CMA, the years of life lived, total, and under treatment with natalizumab were the same in both treatment arms.

With the same acquisition cost, the SC vs IV formulation leads to savings especially in the cost of administration, due 
to decreased HCP active working time, infusion chair time, and consumption of healthcare consumables.17

Natalizumab SC is dominant (weak dominance,35 due to non-inferior efficacy8,18 and lower costs) compared to the IV 
formulation from the perspective of the MS center (reflecting NHS), as it generated a saving of €2,824 per patient treated 
over the mean length of therapy with natalizumab (Table 5).

Table 3 (Continued). 

Cost Category IV Natalizumab  
(€/Year)

SC Natalizumab  
(€/Year)

Difference IV – SC  
(€/Year)

Patient

Travel 416 416 0

Formal assistance 32 17 −16

Productivity loss, not reimbursed 200 103 −97

Society

Acquisitiona (calculated with ex-factory price) 23,400 23,400 0

Administration 442 162 −280

Monitoring 905 905 0

Adverse events 5 4 −1

Societal* 1,711 1,081 −630

Notes: *For more details on social costs, please refer to Table 1. aThe discounts for Italian NHS were applied for the calculations. 
Abbreviations: IV, intravenous; SC, subcutaneous; MS, multiple sclerosis.

Table 4 Per Patient Time Savings Over the Mean Duration of Treatment Estimated by the Cost- 
Minimization Analysis From the Perspective of the Multiple Sclerosis Center

IV Natalizumab  
(Hours)

SC Natalizumab  
(Hours)

Difference (Hours)

Patient stays at the MS center 345 179 −166

Neurologist active working time 18 6 −13

Nurse active working time 49 25 −24

Infusion chair time 285 117 −168

Abbreviations: IV, intravenous; MS, multiple sclerosis; SC, subcutaneous.
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Patient Perspective
The CMA estimates that, from the patient perspective, SC formulation results in savings for each patient over the mean 
duration of therapy equal to 166 hours of patient stay at the MS center and 245 hours of working time lost by the patient 
(considering the working hours lost by those in paid employment).

The direct non-healthcare costs relating to formal assistance (eg, babysitting) and transport towards the MS center at 
the expense of the patient were included. The working time lost by the patient and not reimbursed was also included.

As explained before, regarding MS center perspective, the years of life lived, total, and under treatment with 
natalizumab were the same in both treatment arms.

With the same cost for travel/transport, the SC formulation results in a saving on the costs incurred by the patient, 
especially indirect ones due to lost earnings, which are not reimbursed by social security bodies.

Natalizumab SC is dominant (weak dominance,35 due to non-inferior efficacy18 and lower costs) compared to the IV 
formulation from the perspective of the patient, as it generated a saving of €1,137 per patient treated over the mean length 
of therapy with natalizumab (Table 6).

Table 5 Results of the Cost-Minimization Analysis From the MS Center Perspective: per Patient, Over the 
Mean Duration of Natalizumab Treatment

Resources Consumed IV Natalizumab (€) SC Natalizumab (€) Difference SC vs IV (€)

Drug acquisition + Monitoring 158,079 158,079 –

Drug administration 4,453 1,636 −2,817

Management of adverse events 48 41 −7

Total cost for the MS center (NHS) 162,404 159,580 −2,824

Life yearsa 36 36 –

Years of treatment with natalizumaba 13 13 –

ICER SC vs IV natalizumab (Weak) dominanceb

Notes: aUndiscounted, bie, Technical definition depicting the cases where there are the same benefits and lower costs or greater benefits and 
the same costs.35 

Abbreviations: IV, intravenous; SC, subcutaneous; MS, multiple sclerosis; NHS, National Healthcare Service; ICER, incremental cost- 
effectiveness ratio.

Table 6 Results of the Cost-Minimization Analysis From the Patient Perspective: per Patient, Over the Mean Duration of 
Natalizumab Treatment

Resources Consumed IV Natalizumab (€) SC Natalizumab (€) Difference SC vs IV (€)

Direct non-healthcare costs (travel/transport) 4,183 4,183 –

Direct non-healthcare costs (formal assistance) 325 166 −159

Indirect costs (loss of patient productivity, not reimbursed) 2,010 1,032 −978

Total cost for the patient 6,518 5,381 −1,137

Life Yearsa 36 36 –

Years of treatment with natalizumaba 13 13 –

ICER SC vs IV natalizumab (Weak) dominanceb

Notes: aUndiscounted, bie, Technical definition depicting the cases where there are the same benefits and lower costs or greater benefits and the same costs.35 

Abbreviations: IV, intravenous; SC, subcutaneous; ICER, incremental cost-effectiveness ratio.
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Society Perspective
CMA estimates that, from the society perspective, the use of the SC formulation results in savings for each patient over 
the mean duration of therapy equal to: 166 hours of patient stay at the MS center, 37 hours of HCP active working time 
(neurologist and nurse), 245 hours of working time lost by the patient, 168 hours of infusion chair occupancy.

Furthermore, other time savings should be added, such as the time spent by informal caregivers (relatives/friends) to 
accompany/assist the patient during administration (151 hours), the time lost by the patient for unpaid activities 
(131 hours), and the working time lost by the patient reimbursed by social security bodies (included in the 245 working 
hours lost by the patient) (Table 7).

The expense that the society incurs to administer SC or IV natalizumab includes all costs borne by the MS center (which 
provides the administration), the patient (who receives the administration), and a third party identifiable as “all others”.

Regarding this last point, the analysis also shows a saving relevant to the reduction of the patient’s loss of 
productivity, whether reimbursed or not reimbursed by the social security bodies, to the time lost by unpaid patients, 
and to the costs that the society sustains for the time that friends and relatives dedicate to a patient to the detriment of 
their routine activities.

Natalizumab SC is dominant (weak dominance,35 due to non-inferior efficacy18 and lower costs) compared to the IV 
formulation from the perspective of the society, as it generated a saving of €9,170 per patient treated over the mean 
length of therapy with natalizumab (Table 8).

Table 7 Per Patient Time Savings Over the Mean Duration of Treatment Estimated by the Cost- 
Minimization Analysis From the Perspective of the Society

IV Natalizumab  
(Hours)

SC Natalizumab  
(Hours)

Difference  
(Hours)

Patient stays at the MS center 345 179 −166

Patient absenteeism from work 509 264 −245

HCP time 67 30 −37

Infusion chair time 285 117 −168

Caregiver time 314 163 −151

Time lost by the patient for unpaid activities 268 137 −131

Abbreviations: IV, intravenous; SC, subcutaneous; MS, multiple sclerosis; HCP, healthcare professional.

Table 8 Results of the Cost-Minimization Analysis From the Society Perspective: per Patient, Over the Mean Duration of 
Natalizumab Treatment

Resources Consumed IV Natalizumab (€) SC Natalizumab (€) Difference SC vs IV (€)

Total cost for the MS center (NHS) 162,404 159,580 −2,824

Total cost for the patient 6,518 5,381 −1,137

Indirect costs (loss of patient productivity, reimbursed) 5,721 2,938 −2,783

Indirect costs (unpaid time) 770 396 −374

Indirect costs (caregiver) 4,217 2,166 −2,051

Total cost for the society 179,630 € 170,460 € −9,170 €

Life Yearsa 36 36 –

Years of treatment with natalizumaba 13 13 –

ICER SC vs IV natalizumab (Weak) dominanceb

Notes: aUndiscounted, bie, Technical definition depicting the cases where there are the same benefits and lower costs or greater benefits and the same costs.35 

Abbreviations: IV, intravenous; SC, subcutaneous; MS, multiple sclerosis; NHS, National Healthcare Service; ICER, incremental cost-effectiveness ratio.
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Univariate Deterministic Sensitivity Analysis
The tornado diagram (Figure 3) shows the results of the univariate deterministic sensitivity analysis. Only the parameters 
that determine the greatest effect on the outcome are reported. The most relevant parameters that can influence the 
outcome are represented by the administration costs and, to a lesser extent, by the costs of managing adverse events. The 
variation of these parameters, nonetheless, does not result in a shift in the outcome’s sign, which consistently stays in 
favor of SC natalizumab.

Probabilistic Sensitivity Analysis
In Figure 4, the scatter plot’s 1,000 points depict the probabilistic estimates for the overall costs associated with IV 
natalizumab (in red), the total costs associated with SC natalizumab (in green), and the total cost difference between the 
two strategies (in light blue).

The cluster of cost difference estimates between the two strategies is highly condensed, suggesting the robustness of 
the findings. It is predominantly situated below the cost equivalence line, ie, in the area denoting savings with the 
adoption of SC natalizumab. A delta of the opposite sign estimated in only 0.1% of the simulations.

The results of the sensitivity analyses confirm the stability of the model and the robustness of the base case results.

Figure 3 Tornado diagram showing the results of the univariate deterministic sensitivity analysis performed on the cost-minimization analysis from NHS perspective. 
Abbreviations: AE, adverse events; IV, intravenous; SC, subcutaneous.

Figure 4 Scatter plot’s showing the results of the probabilistic sensitivity analysis performed on the cost-minimization analysis from NHS perspective. Estimates about total 
and differential costs (SC vs IV). 
Abbreviations: IV, intravenous; SC, subcutaneous.
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Budget Impact Model
MS Centers Perspective
Budget Impact Model (BIM) estimates that, from the MS centers perspective, treating 4,598 patients with SC natalizu-
mab, in the first 3 years after reimbursement, leads to overall savings of 186,207 hours of patient stay at the MS centers, 
14,034 hours of neurologist active working time, 28,046 hours of nurse active working time, and 188,355 hours of 
infusion chair time (Table 9).

Direct healthcare costs related to the acquisition of study drugs, administration, monitoring, and management of 
adverse events were included.

With the same acquisition cost, the SC vs IV formulation leads to savings especially in the cost of administration, due 
to decreased HCP active working time, infusion chair time, and consumption of healthcare consumables.

The progressive use of SC natalizumab leads to savings, from the perspective of MS centers, estimated at €790,939, 
€1,129,913, and €1,242,904 for the first, second, and third year, respectively. The total savings for the three-year period is 
approximately 3.2 million euros (Table 10).

Table 9 Time Savings Estimated by the Budget Impact Analysis From the Perspective of the 
Multiple Sclerosis Centers Over the First 3 years After Reimbursement

Scenario 1 without SC  
Natalizumab (Hours)

Scenario 2 with SC  
Natalizumab (Hours)

Difference  
(Hours)

Patients stay at the MS centers 826,796 640,589 −186,207

Neurologist active working time 43,950 29,916 −14,034

Nurse active working time 112,655 84,609 −28,046

Infusion chair time 682,330 493,975 −188,355

Abbreviations: SC, subcutaneous; MS, multiple sclerosis.

Table 10 Results of the Budget Impact Analysis From the MS Centers Perspective: First 3 years 
After Reimbursement

Year 1 Year 2 Year 3

Scenario without SC natalizumab

IV natalizumab N. pts 8,360 8,360 8,360

Direct healthcare costsa (€) 129,917,767 129,917,767 129,917,767

Overall scenario (€) 129,917,767 129,917,767 129,917,767

Scenario with SC natalizumab

IV natalizumab N. pts 5,434 4,180 3,762

Direct healthcare costsa (€) 84,446,549 64,958,885 58,464,995

SC natalizumab N. pts 2,926 4,180 4,598

Direct healthcare costsa (€) 44,680,279 63,828,971 70,211,868

Overall scenario 129,126,828 128,787,854 128,674,863

BI with SC natalizumab vs without SC natalizumab (€) −790,939 −1,129,913 −1,242,904

Notes: aacquisition + administration + adverse events + monitoring. 
Abbreviations: SC, subcutaneous; IV, intravenous; pts, patients; BI, budget impact.
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Society Perspective
BIM estimates that, from the society perspective, treating 4,598 patients with SC natalizumab, in the first 3 years 
after reimbursement, leads to overall savings of 186,207 hours of patients stay at the MS centers, 14,034 hours of 
neurologist active working time, 28,046 hours of nurse active working time, 188,355 hours of infusion chair time, 
278,197 hours of working time lost by the patients, 145,982 hours lost by the patients for unpaid activities, and 
175,650 hours spent by informal caregivers (relatives/friends) to accompany/assist the patient during administration 
(Table 11).

With the same acquisition cost, the SC vs IV formulation leads to savings due the decrease in the cost of 
administration, patient stay at the MS center, and subsequent reduction in the absenteeism from work and time spent 
for unpaid activities, and assistance from caregivers (relatives/friends).

The progressive use of SC natalizumab leads to savings, from the perspective of the society, estimated at about 
10.3 million euros in the first 3 years after reimbursement (Table 12).

Table 11 Time Savings Estimated by the Budget Impact Analysis From the Societal Perspective Over the First 3 years 
After Reimbursement

Scenario 1 without  
SC Natalizumab (Hours)

Scenario 2 with  
SC Natalizumab (Hours)

Difference  
(Hours)

Patients stay at the MS center 826,796 640,589 −186,207

Neurologist active working time 43,950 29,916 −14,034

Nurse active working time 112,655 84,609 −28,046

Infusion chair time 682,330 493,975 −188,355

Working time lost by the patients 1,224,496 946,299 −278,197

Time lost by the patients for unpaid activities 642,545 496,563 −145,982

Caregiver assistance time (relatives/friends) 773,131 597,481 −175,650

Abbreviations: SC, subcutaneous; MS, multiple sclerosis.

Table 12 Results of the Budget Impact Analysis From the Societal Perspective: First 3 years After 
Reimbursement

Year 1 Year 2 Year 3

Scenario without SC natalizumab

IV natalizumab N. pts 8,360 8,360 8,360

Direct healthcare costs (€) 129,917,767 129,917,767 129,917,767

Direct non-healthcare costs (€) 3,606,018 3,606,018 3,606,018

Indirect costs (loss of patients’ productivity) (€) 6,210,022 6,210,022 6,210,022

Indirect costs (patients’ unpaid time) (€) 619,701 619,701 619,701

Indirect costs (caregivers) (€) 3,391,976 3,391,976 3,391,976

(Continued)
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Univariate Deterministic Sensitivity Analysis
MS Centers Perspective 
The tornado diagram (Figure 5) shows the results of the univariate deterministic sensitivity analysis from the perspective 
of the MS centers. Only the parameters that determine the greatest effect on the outcome are reported.

Figure 5 Tornado diagram showing the results of the univariate deterministic sensitivity analysis performed on the budget impact analysis from the perspective of the MS centers. 
Abbreviations: IV, intravenous; MS, multiple sclerosis; SC, subcutaneous.

Table 12 (Continued). 

Year 1 Year 2 Year 3

Overall scenario 143,745,484 143,745,484 143,745,484

Scenario with SC natalizumab

IV natalizumab N. pts 5,434 4,180 3,762

Direct healthcare costs (€) 84,446,548 64,958,883 58,462,995

Direct non-healthcare costs (€) 2,343,912 1,803,009 1,622,708

Indirect costs (loss of patients’ productivity) (€) 4,036,515 3,105,011 2,794,510

Indirect costs (patients’ unpaid time) (€) 402,805 309,850 278,865

Indirect costs (caregivers) (€) 2,204,784 1,695,988 1,526,389

SC natalizumab N. pts 2,926 4,180 4,598

Direct healthcare costs (€) 44,680,279 63,828,970 70,211,868

Direct non-healthcare costs (€) 1,217,839 1,739,771 1,913,748

Indirect costs (loss of patients productivity) (€) 1,115,353 1,593,361 1,752,697

Indirect costs (patients’ unpaid time) (€) 111,301 159,002 174,902

Indirect costs (caregivers) (€) 609,217 870,310 957,341

Overall scenario (€) 141,168,554 140,064,156 139,696,023

BI with SC natalizumab vs without SC natalizumab (€) −2,576,930 −3,681,328 −4,049,461

Abbreviations: SC, subcutaneous; IV, intravenous; pts, patients; BI, budget impact.
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The tornado diagram shows the percentage variation in the absolute value of the base case in year 3. The blue arms 
show the result, in terms of percentage increase or reduction, in savings depending on the parameters in their high value. 
The gray arms indicate the same result associated with the low value. The arm width indicates the size of the overall 
impact, the uncertainty of the parameter, on the final result.

From the perspective of MS centers (NHS), administration costs and, to a lesser extent, population size are the 
parameters that can influence the outcome.

However, the variation of these parameters does not change the trend of the model, and the result is still favorable to 
SC natalizumab. The analyses on years 1 and 2 are in line with the analysis on the third year, thus confirming the stability 
of the model and the robustness of the base case results.

Society Perspective 
From the perspective of society, the model is sensitive to the working time lost by the patients and the caregivers 
assistance time (Figure 6).

The tornado diagram shows the percentage variation in the absolute value of the base case in year 3. The blue arms 
show the result, in terms of percentage increase or reduction, in savings depending on the parameters in their high value. 
The gray arms indicate the same result associated with the low value. The arm width indicates the size of the overall 
impact, the uncertainty of the parameter, on the final result.

Figure 6 Tornado diagram showing the results of the univariate deterministic sensitivity analysis performed on the budget impact analysis from the perspective of the society. 
Abbreviations: IV, intravenous; MS, multiple sclerosis; SC, subcutaneous.
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However, the variation of these parameters does not change the trend of the model, and the result is still favorable to 
SC natalizumab.

The analyses on years 1 and 2 are in line with the analysis on the third year, thus confirming the stability of the model 
and the robustness of the base case results.

Discussion
The two analyses conducted provide a complete picture of the pharmacoeconomic profile of SC natalizumab compared 
with IV natalizumab. In our analyses, the results relating to the different points of view (MS center and therefore NHS, 
patients, and society) give a specific estimate for each of them and provide robust data to support decision making.

CMA was conducted considering a lifetime horizon and the costs were calculated per treated patient. It estimated that 
savings due to the use of SC instead of IV natalizumab would be €2,824, €1,137, and €9,170, per patient from the 
perspectives of the MS center, the patient, and the society, respectively, thus depicting a weak dominance with respect to 
the IV formulation in all the three perspectives considered, because SC natalizumab had non-inferior efficacy and lower 
costs than IV natalizumab.

The most relevant parameters that can influence the outcome are represented by the administration costs and, to 
a lesser extent, the costs of managing adverse events.

The stability of the model and the robustness of the base case results were confirmed by the sensitivity analyses.
We chose to include in the analysis the mild and moderate adverse events that occurred during the REFINE study. We 

conducted a further analysis considering an alternative scenario that included also serious adverse events: the results 
confirmed the dominance of SC vs IV with savings of €5,041, €1,137, and €11,387 in the perspectives of the MS center, 
the patient, and the society, respectively.

The BIM estimated the amount of savings over the 3 years after the introduction of SC formulation considering the 
possible patients eligible for natalizumab in Italy.

The impact analysis on time and cost suggests that the adoption of SC compared with IV natalizumab in Italian 
clinical practice may result in savings for MS centers (which represent the point of view of the National Health Service) 
and for the society as a whole. In particular, the savings are approximately 1.2 million euros from the perspective of the 
MS centers and around 4 million euros from the perspective of the society considering a progressive use of SC 
natalizumab in the first 3 years after reimbursement (4,598 patients undergoing treatment at third year).

From the perspective of MS centers (NHS), administration costs and, to a lesser extent, population size are the 
parameters that can influence the outcome.

From the perspective of society, the model is sensitive to the working time lost by the patients and the caregivers 
assistance time. However, the variation of these parameters does not change the trend of the model, and the result is 
always favorable to SC natalizumab.

Natalizumab SC reduces patient stay in hospital, HCP active working time, and the occupancy time of durable 
equipment (infusion chair, bed, room) with a consequent improvement in MS center organization because the resources 
that are made available can be appropriately reallocated to other activities, thus promoting system efficiency.

The shorter patient stay in hospital results in a decreased number or duration of work permits, but also in the 
reduction of the mean time that the informal caregiver must dedicate to the patient. Furthermore, the need for “formal 
care” managed by babysitters/professional caregivers who replace the patient and/or informal caregiver during the 
administration is reduced.

Generally speaking, subcutaneous administration presents additional benefits compared with intravenous infusion. As 
already shown in studies in the oncology setting investigating monoclonal antibodies, such as trastuzumab and rituximab, 
among the advantages of adopting a subcutaneous instead of intravenous administration route are chair, patient, and HCP 
time reduction,10,11,15 increase in the number of treated patients, with consequent speed up in the waiting list,10 decrease 
in direct and indirect healthcare costs associated with decreased use of consumables,12,13,16 and reduced loss of 
productivity,14,16 respectively. It was also shown that the preference of patients generally goes with subcutaneous 
administration.12,16
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Regarding SC natalizumab, Alonso Torres and colleagues recently published a cost-minimization analysis in the 
Spanish context.36 Comparing analyses from the point of view of two different healthcare services is always challenging, 
trivially because different costs and tariffs are considered, but in this case there were also differences in the methods, data 
input, and study objective. The Spanish cost model was based on assumptions made solely by a panel of national experts. 
Conversely, our CMA was based on the EASIER study results17 that directly measured the time and resources 
consumption relevant to IV administration through a tailored App in a time-and-motion study, whereas the time spent 
for SC administration was estimated by national experts through a web-based specific-use questionnaire. In addition, the 
EASIER study17 estimated direct, indirect, and intangible costs and quality of life (QoL) for patients receiving IV 
natalizumab and the expected impact of the shift to SC administration through a questionnaire administered to patients.

Regarding dedication time for the administration process, the EASIER study17 took into account only HCP active 
working time, while the Spanish paper considered that the whole administration process was to be counted as HCP 
working time.36 As a result, the estimations of the Spanish cost-minimization analysis in terms of minutes spent by HCP 
were far greater than those measured by the EASIER study17 used in this CMA analysis.

In addition, the Spanish study considered even natalizumab-naïve patients,36 while in Italy SC natalizumab cannot be 
prescribed to such a subset of patients.

The CMA performed in Sweden37 by the group of Gianinazzi was based on the same three-state Markov model that we used 
and the inputs are almost the same, obviously taking into account the relevant national costs. The discontinuation rate was slightly 
different (6.26% vs 6.52%), as they used a different source (the AFFIRM study7 instead of the TOP study19). The Swedish 
analysis considered only mild and moderate adverse events coming from the published REFINE article, while we conducted also 
an alternative scenario that included also serious adverse events coming from the details reported on the website ClinicalTrials. 
gov about the REFINE study (NCT01405820). The administration time was completely fed by expert opinion, whereas, in the 
case of intravenous formulation, we used measured data from a time-and-motion study (the EASIER study17).

Two main differences are apparent: Gianinazzi and colleagues assumed a reduction in the monitoring time of SC 
natalizumab, that contributes half of the savings on administration time. In fact, they considered a full hour of monitoring 
for all the cycles in IV natalizumab and only for the first 6 cycles for SC natalizumab, thus resulting in greater time and 
money savings than our study. Furthermore, they also valorized the impact of administering natalizumab in a primary 
care setting instead of a specialized center.

In the Swedish analysis, the savings associated with the use of SC instead of IV natalizumab were estimated at 83.2% 
in administration costs (slightly higher than our percentage, ie, 63%) and 47% in time (very similar to our 48%).37 In the 
Swedish study, the cost categories included acquisition, administration, adverse events, and social cost.37

Despite the different approaches, the estimates relevant to the savings in terms of time and cost due to the use of SC instead of 
IV natalizumab show considerable and fairly comparable savings in three European countries (Italy, Spain,36 and Sweden37).

Although we followed well-known guidelines published by authoritative associations34,38 and relied on the best 
available evidence and our clinical experience in selecting our inputs, our economic evaluations have some limitations. 
The main limitation concerns input data about patient, HCP, and infusion chair times in SC administration. In fact, these 
data were only estimated based on questionnaires administered to HCPs and patients (in the EASIER study17), instead of 
being measured. However, as SC natalizumab was not yet on the Italian market when the EASIER study was conducted, 
a direct measurement was impossible.

Like most economic analyses, we also used data that derive from expert opinion and are not published in the literature. 
However, this method allows to include data suitable for a more complete comparison and, above all, makes the results more 
consistent with clinical practice. Sensitivity analyses were also conducted to evaluate how much any variability in the data 
could influence the final result and therefore test the reliability of the model and the robustness of the results.

Conclusion
The results of the conducted analyses indicate that natalizumab SC has a positive pharmacoeconomic profile compared to 
the IV formulation. In fact, administering natalizumab subcutaneously rather than intravenously to treatment-eligible 
RRMS patients results in time and cost savings from every perspective considered, the MS center, the patient, and the 
society. The SC formulation is dominant compared to IV administration. A progressive use of SC natalizumab shows, at 
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the third year after SC natalizumab introduction, a remarkable budget impact both from the perspective of the MS centers 
(1.2 million euros) and the society (4 million euros).

Abbreviations
AE, adverse events; BI, budget impact; BIA, budget impact analysis; BIM, budget impact model; CMA, cost- 
minimization analysis; DMT, disease-modifying therapies; HCP, healthcare professional; ICER, incremental cost- 
effectiveness ratio; IV, intravenous; MS, multiple sclerosis; NHS, National Healthcare Service; RRMS, relapsing 
remitting multiple sclerosis; SC, subcutaneous.
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