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Abstract

Introduction A subcutaneous (SC) formulation of natalizumab has been recently authorised for multiple sclerosis patients.
This study aimed to assess the implications of the new SC formulation, and to compare the annual treatment costs of SC
versus intravenous (I'V) natalizumab therapy from both the Spanish healthcare system (direct health cost) and the patient
(indirect cost) perspectives.

Methods A patient care pathway map and a cost-minimisation analysis were developed to estimate SC and I'V natalizumab
annual costs over a 2-year time horizon. Considering the patient care pathway and according to natalizumab experience
(IV) or estimation (SC), a national expert panel involving neurologists, pharmacists, and nurses provided information/data
regarding resource consumption for drug and patient preparation, administration, and documentation. One hour of observation
was applied to the first six (SC) or 12 (IV) doses, and 5 min for successive doses. The Day hospital (infusion suite) facilities
at a reference hospital were considered for IV administrations and the first six SC injections. For successive SC injections,
either a reference hospital or regional hospital in a consulting room was considered. Productivity time associated with travel
(56 min to reference hospital, 24 min to regional hospital) and waiting time pre- and post-treatment (SC 15 min, IV 25 min)
were assessed for patients and caregivers (accompanying 20% of SC and 35% of IV administrations). National salaries for
healthcare professionals were used for cost estimation (€, year 2021).

Results At years 1 and 2, total time and cost savings (excluding drug acquisition cost) per patient, driven by saving on
administration and patient and caregiver productivity for SC at a reference hospital versus IV at a reference hospital, were
116 h (a reduction of 54.6%) and €3682.82 (a reduction of 66.2%). In the case of natalizumab SC at a regional hospital, the
total time and cost saving were 129 h (a reduction of 60.6%) and €3883.47 (a reduction of 69.8%).

Conclusions Besides the potential benefits of convenient administration and improving work-life balance, as suggested by
the expert panel, natalizamab SC was associated with cost savings for the healthcare system by avoiding drug preparation,
reducing administration time, and freeing up infusion suite capacity. Additional cost savings could be derived with regional
hospital administration of natalizumab SC by reducing productivity loss.

1 Introduction The relapsing-remitting multiple sclerosis (RRMS) pheno-
type, characterised by relapses followed by either complete

Multiple sclerosis (MS) is a chronic, inflammatory, demyeli-
nating, and neurodegenerative disease of the central nervous
system resulting in persistent neurological damage [1, 2].
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recovery periods or partial recovery periods without disease
progression, is identified according to the clinical and radio-
logical progression of the disease [3]. Manifestations such
as rapid deterioration of neurological function, evidence
of uncontrolled inflammatory activity, or accumulation of
lesions on magnetic resonance imaging (MRI) are defined
as highly active RRMS [2, 4]. Spain is considered to be a
medium-high risk region, with around 55,000 people with
MS. The prevalence is 80—180 cases, and the incidence is 4.2
new cases per 100,000 inhabitants [5, 6]. The most prevalent
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Key Points for Decision Makers

The availability of the new formulation of subcutaneous
(SC) natalizumab increases the therapeutic options for
relapsing-remitting multiple sclerosis patients and pro-
fessionals. This new option offers the potential benefits
of convenient administration and improvement of work—
life balance for patients.

The new administration option of natalizumab SC was

associated with cost savings for the healthcare system by
reducing the total treatment time and freeing up infusion
suite capacity, which allows increased hospital efficiency.

Additional cost savings could be derived with admin-
istration of natalizumab SC at a regional hospital

by reducing work productivity loss of patients and
caregivers.

MS phenotype is RRMS (around 85% of MS patients) [7],
and 4.0-23.1% of them manifest highly active RRMS [8].

Natalizumab (Tysabri®) is a high-efficacy disease-modi-
fying therapy (DMT) indicated in adults with highly active
RRMS, including patients with highly active disease despite
previous treatment with DMT and patients with rapidly evolv-
ing severe RRMS clinically defined by two or more disabling
relapses in 1 year associated with brain MRI activity (one or
more gadolinium-enhancing lesion or an increase in T2 lesion
compared to a previous MRI) [9]. Natalizumab intravenous
(IV) infusion has proved to be an effective, well-tolerated
treatment for patients with highly active RRMS, supported by
clinical trials and prescription data on approximately 251,119
people worldwide showing over 984,009 patient-years of
experience. Based on studies (DELIVER [10] and REFINE
[11]) and considering the analyses of pharmacokinetics and
pharmacodynamics, a new subcutaneous (SC) pharmaceuti-
cal formulation of natalizumab has recently been approved
in Europe (April 2021) [12]. Natalizumab SC offers a new
route of administration to meet individual patient needs that is
considered highly comparable to the IV regimen, with a safety
profile similar to IV natalizumab [9].

According to the Summary of Product Characteristics
(SmPC), the main differences between the two routes are the
administration times and observation times after administra-
tion [9]. Observation by a healthcare professional is required
during the administration of natalizumab. IV administration
of natalizumab requires a 1 h infusion, whereas the SC natali-
zumab therapy involves the injection of two consecutive pre-
filled syringes, one after the other without significant delay
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(expected to take less than 5 min) [9]. A post-dose obser-
vation period is required after completing administration of
natalizumab. This observation is established as 1 h for the
first 12 doses in the case of IV infusions and for the first six
doses in the case of SC injections. The reduction or elimi-
nation of this post-dose observation period can be applied
for the consecutive natalizumab doses, according to clinical
judgement, if the patient has not experienced any reaction to
the previous infusions or injections [9].

MS usually begins in young adulthood (between 20 and
40 years of age) and, depending on the severity of the dis-
ease, leads to a decrease in work and activity, which has an
impact on the economic burden on the patient and society
[13-15]. The economic burden for the National Health Ser-
vice (NHS) (direct costs) is estimated at €4989 per patient
relapse (€, 2017) [16]. Natalizumab is the first high-efficacy
MS therapy that offers two possible routes of administration,
providing patients and physicians the flexibility to choose
the option that best fits their individual needs [17]. Addi-
tionally, the introduction of natalizumab SC injection would
have advantages related to resource savings (health direct
cost and indirect cost) as time is reduced by avoiding drug
preparation, reducing administration time, and freeing up
infusion suite capacity.

Based on a revised, consensus-based patient care path-
way, this study aimed to assess the cost implications for MS
patients and the Spanish healthcare system associated with
the implementation of natalizumab SC versus the IV route
of administration.

2 Materials and Methods

For the assessment of the cost implications between the
two alternatives, a cost-minimisation analysis model was
designed in Microsoft Excel. The process of selecting the
inputs to this model was carried out in two phases; the first
one was the patient care pathway mapping for resource
identification and quantification, and the second one was
the development of the cost-minimisation analysis.

2.1 Care Pathway Mapping

A multidisciplinary panel of eight national experts in MS
involving neurologists, pharmacists, and nurses called the
Tysabri® in Subcutaneous Administration (TASC) working
group was set up by the study team on 6 May 2021, to iden-
tify the key points in the transition from IV to SC adminis-
tration of natalizumab. The TASC group is not an official
organisation at a national level; even so, the members of
the TASC group were selected for their global vision in the
treatment of MS with natalizamab. All of them had previous
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experience in the management of natalizumab SC in terms of
clinical trials, as well as experience in using I'V natalizumab
in their hospitals. In addition, they represented different types
of hospitals in Spain and different geographies, to ensure the
generalisability of the care pathway.

In the context of this analysis, reference hospitals are
characterised by a higher complexity of the care function
and thus have a larger service catchment area. In contrast,
regional hospitals have basic specialities and tend to be less
distant from patients, especially in regions with large geo-
graphical areas. The TASC group defined the patient care
pathway of natalizumab treatment from patient selection,
drug administration, and monitoring (follow-up) until the
discontinuation of treatment for both administration routes
carried out in a hospital setting, identifying the critical
points, common or exclusive to SC and/or IV administra-
tion, in naive and switch (from IV to SC) patients. Addition-
ally, given the proximity of regional hospitals, a specific
care pathway was described for patients eligible for referral
to the regional hospital with natalizamab SC therapy (con-
tinuing the follow-up and monitoring of the patient at the
reference hospital). Previous publications based on MS care
units [18], the Spanish consensus of natalizumab use [19],
and regional MS guidelines [20] were utilised to design the
patient care pathway flow. Two meetings of the group were
conducted, coordinated by an independent external mod-
erator. The objectives of the first meeting were to establish
the main contributions of the use of natalizumab SC in the
management of MS and to identify critical points in the
switch from IV to SC administration. The second, a con-
sensus meeting, validated the patient pathway mapping and
their recommendations to facilitate the transition to the SC
route of administration in the hospital setting.

The TASC group also provided information about the
resource consumption on the patient care pathway, based on
their experience with IV natalizumab or an estimation for SC
natalizumab administration. Moreover, other parameters such
as patient productivity loss and caregiver productivity loss
were explored. For this purpose, a structured questionnaire
was designed and shared with the members of the TASC
group for each expert to complete individually, providing
quantitative value responses. Subsequently, a consensus
meeting was held, with the participation of the entire TASC
group, where the individual responses were presented in the
form of propositions (mean, mode, and range). All param-
eters were discussed in a consensus process, where experts
validated them and made decisions by agreement, work-
ing together to find mutually representative and acceptable
values. This information was used to perform an economic
evaluation. No patient-level data were collected in this study.

2.2 Cost-Minimisation Analysis

A simple cost-analysis decision model was developed
to compare the annual costs of natalizumab IV infusion
and natalizumab SC injection therapy in a reference and/
or regional hospital, as appropriate. The analysis used the
Spanish NHS and societal perspective, including direct
health costs and the work productivity loss of the patients
and caregivers. The time horizon of the model was 2 years
because the SmPC mentioned that continued therapy after
2 years should be reassessed [9]. Despite the time horizon
being over 1 year, no discount rate was applied, because
the 2-year horizon was considered a short-term horizon
not requiring any time adjustment. In fact, the time horizon
was decided to be extended to 2 years in order to be able to
assure that all costs relevant to the decision problem were
accounted for. The appraised population is defined as new
patients appropriate for receipt of natalizumab IV or SC
therapy in the hospital setting.

To select the model inputs, a structured questionnaire
(including care pathway mapping and other parameters
related to patient outcomes) was developed and individu-
ally completed by each member of the TASC group accord-
ing to their experience in their routine clinical practice. All
selected input parameters from the TASC group were further
discussed and validated in a consensus meeting before being
included in the model.

The model considered the administration process cost and
the work productivity loss cost of patients and caregivers.
The administration process included the healthcare profes-
sionals’ time taken up by medication and patient preparation,
SC or IV administration, observation, and documentation.
The work productivity loss considered the administration
process time at the hospital, waiting times in the hospital
before and after the administration process, and accessibil-
ity, defined by the travel time to the regional or reference
hospital (Fig. 1). For work productivity loss, the time data
were provided by the TASC group as an estimate within the
administrative process of the hospitals, so these data were
not provided directly by the patients.

2.2.1 Health Resources Considered in the Model

To facilitate the identification of resources used during the
administration process, the different tasks were split into
two groups: pre-administration tasks (regimen verification,
preparation time, patient accommodation, prescription vali-
dation, dispensing order, and documentation and registra-
tion) and administration/observation tasks (taking of vital
signs and cannulation of peripheral line, patient observation
during the treatment of infusion/injection, post-dose obser-
vation, taking vital signs, cleaning and removal of peripheral
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line, and final documentation and registration of patient
information) (Table 1).

Pre-administration tasks comprised the dedicated time
professionals spent before the dose administration. An aver-
age healthcare professional “dedication time” was calculated
considering weighted participation of the different profes-
sionals (neurologists, nurses, pharmacists, and technical
pharmacists) in the different tasks (Table 1).

Administration/observation tasks comprised the procedures
involving the administration of doses in the infusion suite facil-
ities at a Day hospital or in the consulting room performed by
the nurse staff. In line with natalizumab SmPC, administration
every 4 weeks was considered for both IV and SC routes. The
total doses in the 2-year period were split into first doses (six
doses for natalizumab SC and 12 doses for natalizumab V)
and consecutive doses (from dose 7 onwards for natalizumab

Total time spent in hospital >

SC and from 13 onwards for natalizumab IV). The model
assumed that all IV infusion doses and first SC injection doses
would be performed in infusion suite facilities at a reference
hospital. The consecutive SC injection doses (dose 7 onwards)
would be performed in a consulting room, with two options:
at a reference hospital or at a regional hospital.

In relation to work productivity loss, this estimation
included the total time spent inside the hospital and the time
spent travelling (round trip) to the hospital. For the first part,
the TASC group provided an estimation of the waiting times
before (entry) and after (exit) treatment at the hospital. The
entry time was set at 15 min for the IV route and 10 min for
the SC route, and the exit time was set at 10 and 5 min for
the IV and SC routes, respectively. Likewise, 20% and 35%
of patients treated with natalizumab SC and IV, respectively,
were considered to require the assistance of a caregiver. For

ey ey
Travel home to (= 15 Travel hospital
hospital - ! g ! to home
I I
: Patients and caregivers : 4
y
: : y
I I
! Hospital (administration process) !
| I
Fig. 1 Diagram of the cost analysis
Table 1 Dedication time (minutes) for administration process
Administration process
Pre-administration (professionals weighted time)? Natalizumab IV (min) Natalizumab SC (min)
1. Regimen verification 1 1
2. Preparation time 10 5
3. Patient accommodation 15 5
4. Prescription validation 4
5. Dispensing order 2 2
6. Documentation register 10 5
Administration/observation IV Dose 1-12 IV Dose 13+ SC Dose 1-6 ~ SC Dose 7+
7. Taking of vital signs and cannulation of peripheral line 15 15 5 5
8. Infusion or injection (patient observation during the treatment) 60 60 7
9. Post-dose observation (after treatment) 60 5 60 5
10. Taking vital signs 5 5 5 5
11. Cleaning and removal of peripheral line 5 5 1 1
12. Final documentation registration of patient information 5 5 5 5

1V intravenous, SC subcutaneous

*Procedures and professionals weighed time: regimen verification (neurologist 12.5%, pharmacist 25.0%, nurse 62.5%); preparation time (phar-
macist 83.3%, nurse 16.7%); patient accommodation (nurse 100.0%); prescription validation (neurologist 25.0%, pharmacist 25.0%, nurse
50.0%); dispensing order (pharmacist 37.5%, nurse 50.0%, pharmacy technician 12.5%); and documentation register (neurologist 10.0%, phar-

macist 30.0%, nurse 60.0%)
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the second part, the accessibility of a reference hospital was
estimated to require an average travel time (round trip) of 56
min, while for a regional hospital, this time was 24 min, based
on the published data [21].

2.2.2 Costs

In this analysis, an equivalent drug acquisition cost was
assumed for SC (two pre-filled syringes of 150 mg natali-
zumab SC) and IV (one vial of 300 mg natalizumab) therapies,
so this category was not included in the total cost.

In keeping with the perspective of the analysis, direct health
costs and indirect costs were considered in the total cost. The
unitary costs for the dedication time of the healthcare pro-
fessionals were derived from national salaries [22]. The lost
workday cost for patients and caregivers was represented by
the national average wage [23]. The fees published in official
regional bulletins of a national health database were used for
the hospital facilities and consulting room costs [24] (Table 2).
All costs included in the model are expressed in euros valued
for the year 2021 (€, 2021).

Three scenarios were assessed. The first one assumed the
administration of all natalizumab IV doses happened at infu-
sion suite facilities (natalizumab IV in the reference hospi-
tal scenario). The second one assumed the administration of
the first six doses of SC therapy happened at infusion suite
facilities and the consecutive doses in a consulting room of a
reference hospital (natalizumab SC in the reference hospital
scenario). The third one assumed the administration of the
first six doses of SC therapy happened in the infusion suite
facilities at a reference hospital and the consecutive doses in a
consulting room at a regional hospital (natalizumab SC in the
regional hospital scenario).

3 Results
3.1 Care Pathway Mapping

The TASC group’s assessment of the care pathway for
patients receiving natalizumab reported that the new SC
route of administration will not involve major changes to
the current care pathway. Once the management of MS
patients was defined, potential changes in the patient path-
way with SC administration were linked to the admin-
istration facilities (infusion suite or consulting room),
the information and/or informed consent to be provided
to the patient, and the administration and post-dose obser-
vation times. The new SC route did not imply changes
in the treatment prescription validation circuit and sub-
sequent dispensing of the treatment in the hospital phar-
macy. The current management of MS patients and the
potential variations to the patient pathway associated

Table 2 Unitary costs included (€, 2021)

Unit cost Cost per
hour (€,
2021)
Neurologist specialist 24.68 [22]
Pharmacist 24.68 [22]
Nurse 14.32 [22]
Pharmacy technician 10.00 [22]
Patient/caregiver time 15.66 [23]
Infusion suite facilities 57.38 [24]
Consultation room 14.48 [24]

with SC administration are presented in the Appendix,
Figure 1 (see the electronic supplementary material). The
key points to be reinforced or considered in the transition
from IV to SC natalizumab were also identified (Table 3).

A referral of natalizumab SC to regional hospitals was
considered to improve the balance between the patient's
work and life and other daily activities. Dispensing and
administration would be at a regional hospital and the
follow-up and control maintained at a reference hospital.
The referral would be desirable after the first 6 months of
natalizumab SC treatment at the reference hospital. How-
ever, a generalised referral strategy cannot be planned;
hence, it would be analysed on a case-by-case basis and
continuous training of the professionals of the regional
hospitals would be essential, preferably provided by mul-
tidisciplinary teams of the reference centre. The TASC
group proposed a referral scheme for natalizumab SC
administration in the regional hospital considering patient
follow-up and monitoring would be provided by the ref-
erence hospital (Appendix, Figure 2, see the electronic
supplementary material).

Other advantages of changing from IV to SC considered
by the TASC group were:

e Positive emotional impact: Patients associate the [V route
with more severe treatments.

e Convenience: Venous access and catheter-associated
infection risk are avoided.

e Less time spent at hospital: The time needed would
change from 1 h of administration followed by 1 h of
observation (IV) to less than 5 min of administration and
only 1 h of observation for the first six doses (SC) [25].

e Improved work-life balance and adherence to treatment:
These improvements might be especially impactful in
patients who have not reported the disease at work.

e Less saturation of the infusion suite facilities at the Day
hospital, due to a greater flexibility in schedule appoint-
ments.

A\ Adis



436

A. M. Alonso Torres et al.

Table 3 Key points of transition from natalizamab IV to SC

Patient

Healthcare professional

Hospital

Changes in the information received (advan-
tages/drawbacks) of new route SC

Changes in the informed consent document

Greater time flexibility (to choose administra-
tion times)

Greater work-life balance

Greater comfort and less time during dosing

Less time at hospital (from 6th month).

Elimination of venous access problems

Rotation of injection site

Appointment management changes (more
flexibility)

Readaptation of protocols (MRI), training and
changes in follow-up

Neurologists should define the profile of
patients suitable to receive natalizamab SC
(start or switch)

Filters to prevent accidental interchangeability
of prescription (at the pharmacy level)

Possible changes of administration site and
waiting area to ensure patient privacy

Changes on patient follow-up and monitoring
of skin tolerance

Possible previous assessment visit (telemedi-

Selection and adaptation of facilities and
equipment

Appointment management changes (more
flexibility)

Shorter formulation preparation time

Shorter administration and observation time

Less use of resources

cine)

DMT disease-modifying therapy, /V intravenous, MRI magnetic resonance imaging, SC subcutaneous

3.2 Cost-Minimisation Analysis

The resultant total cost per patient was €3213.54, €1210.00,
and €1139.54 at year 1 and €2349.81, €670.93, and €540.34
at year 2 for the IV at a reference hospital scenario, the SC
at a reference hospital scenario, and the SC at a regional
hospital scenario, respectively. The disaggregated cost com-
parison of natalizumab SC and IV is presented in Table 4. At
year 1, the health direct cost per patient regarding the Span-
ish NHS and the indirect cost were €1980.13 and €1233.41
for IV at a reference hospital, €612.84 and €597.16 for SC
at a reference hospital, and €612.84 and €526.70 for SC at a
regional hospital, respectively. Equally, at year 2, the health
direct cost and indirect cost per patient were €1348.95 and
€1000.86 for IV at a reference hospital, €177.13 and €493.80
for SC at a reference hospital, and €177.13 and €363.21 for
SC at a regional hospital, respectively.

Table 4 Cost comparison of natalizumab SC vs IV (€, 2021)

Natalizumab SC administered at a reference hospital
would reduce overall costs by 62.3% (— €2003.54 per
patient at year 1) and 71.4% (— €1678.88 per patient
at year 2) versus natalizumab IV. With regional hospi-
tal administration, natalizumab SC reductions would
be 64.5% (— €2074.00 per patient at year 1) and 77.0%
(— €1809.47 per patient at year 2) (Fig. 2).

Total time per patient was 120, 54, and 50 h at year 1
and 94, 42, and 34 h at year 2 for IV at a reference hospi-
tal, SC at a reference hospital, and SC at a regional hos-
pital, respectively. The disaggregated time comparison of
natalizumab SC and IV is presented in Table 5.

Natalizumab SC administered at a reference hospital
would reduce overall time by 54.4% (— 65 h per patient
at year 1) and 54.7% (— 51 h per patient at year 2) ver-
sus natalizumab IV. With regional hospital administration
(from dose 7 onwards), natalizumab SC reductions would

Natalizumab IV
Reference hospital

Cost category

Natalizumab SC
Reference hospital

Natalizumab SC
Regional hospital

Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Administration €1980.13 €1348.95  €612.84 €177.13 €612.84 €177.13
Work productivity loss
Patient €913.64 €741.38 €497.63 €411.50 €438.92 €302.67
Caregiver €319.77 €259.48 €99.53 €82.30 €87.78 €60.53
Cost by year €3213.54 €2349.81  €1210.00 €670.93 €1139.54 €540.34
Cost savings by year ~ Reduction vs natalizumab €2003.54 €1678.88 €2074.00 €1809.97
IV (%) (62.3%) (71.4%) (64.5%) (77.0%)
Total cost (year 1 + 2) €5563.35 €1880.93 €1679.88
Total cost savings Reduction vs natalizumab €3682.42 €3883.47
IV (%) (66.19%) (69.80%)

1V intravenous, SC subcutaneous
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Fig.2 Cost comparison of
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be 58.2% (— 70 h per patient at year 1) and 63.6% (— 60 h
per patient at year 2) (Fig. 3).

At years 1 and 2, total time and cost saving (exclud-
ing drug acquisition cost) per patient, driven by saving on
administration and patient and caregiver productivity for
natalizumab SC at a reference hospital versus natalizumab
IV at a reference hospital, were 116 h (a reduction of 54.6%)
and €3682.42 (a reduction of 66.2%). In the case of natal-
izumab SC at a regional hospital, savings were 129 h (a
reduction of 60.6%) and €3883.47 (a reduction of 69.8%).

4 Discussion

The objective of the study was to assess the implications
associated with the new SC route versus IV natalizumab
therapy for MS patients and the Spanish NHS.

First, the TASC group concluded that the availability of
natalizumab SC would increase the therapeutic options for

RRMS patients and healthcare professionals. The main ben-
efits of natalizumab SC therapy for the patient manifested by
TASC group were the prevention of venous access problems
due to the less invasive route of administration, increased
patient comfort, higher compatibility between professional
life and treatment, improved quality of life, and reduced
intervention time (especially from the sixth month onwards).
On the other hand, the most challenging aspects would be
that hospital and healthcare professionals would have to
readjust protocols for the transition. The TASC group rec-
ommended starting the transition from natalizumab IV to
natalizumab SC in centres with experience in managing MS
patients (MS care unit), mainly because clinical and radio-
logical monitoring and surveillance require neurologists and
radiologists with MS experience to identify potential serious
adverse events. Furthermore, the TASC group mentioned
that the prospect of referral from the reference hospital to the
regional hospital after administration of six doses of natali-
zumab SC would show benefits for patients and for the NHS.

Table 5 Time comparison of

. Time category Natalizumab IV Natalizumab SC Natalizumab SC
natalizumab SC vs IV Reference hospital Reference hospital Regional hospital
Year 1 Year 2 Year 1 Year 2 Year 1 Year 2
Administration 41h 30h 16 h 11h 16 h 11h
Work productivity loss
Patient 58 h 47h 32h 26 h 28 h 19h
Caregiver 20h 17h 6h 5h 6h 4h
Time by year 120 h 94 h 54 h 42h 50h 34h
Time savings by year Reduction vs natalizumab IV~ 65h 51h 70 h 60 h
(%) (54%) (55%) (58%) (64%)
Total time (year 1 + 2) 213 h 97 h 84 h
Time saving Reduction vs natalizumab IV 116 h 129 h
(%) (55%) (61%)

1V intravenous, SC subcutaneous
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Second, the objective of the cost analysis was to estimate
the economic benefit of an alternative route of administra-
tion in patients who are candidates for natalizumab treat-
ment, in terms of healthcare direct costs (payer costs) and
indirect costs (work productivity loss). IV infusion requires
a longer administration process time than SC administra-
tion and the availability of an infusion suite facility at the
Day hospital at the reference hospital. In comparison, natal-
izumab SC offers more hospital areas as possibilities for
treatment, such as consulting rooms, available at regional
hospitals not just the reference hospital. Moreover, a refer-
ence hospital is not always easily accessible to all patients
with RRMS, especially in rural areas and large healthcare
areas [26, 27].

The cost analyses demonstrated that the administration of
natalizumab SC injections at a reference or regional hospital
(the latter is often close to the patient's home) constitutes
an advantage over natalizumab IV infusion at a reference
hospital. The overall cost savings per patient showed a reduc-
tion of 66.2% (€3682.42) at a reference hospital and 69.8%
(€3883.47) in the case of utilising a regional hospital over
the first 2 years of treatment. This reduction was due to the
shorter time spent on administration, which is reduced by
54.6% (116 h) and 60.6% (129 h) for reference and regional
hospital scenarios, respectively. The main cost reduction of
natalizumab SC was due to the reduction in administration
observation times from the sixth month onwards. Therefore,
additional cost savings in subsequent years (after the first 2
years) of up to 77% are potentially expected. This cost reduc-
tion can be improved by opting for consultation administra-
tion, which will free up hours in the Day hospital, improving
hospital capacity, and thus improve care for other patients.
These results are in line with other economic evaluations
such as a cost-minimisation analysis from a socio-economic
perspective on the introduction of natalizumab SC injection
performed in Sweden (presented at congress), which showed
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savings associated with SC natalizumab estimated at 83.2%
in administration costs and reductions of 47% in time in com-
parison with natalizumab IV [25]. In this evaluation, the cost
categories included were acquisition, administration, adverse
events, and social cost [25].

The benefits of the transition from IV to SC administra-
tion have also been assessed for other medications in other
therapeutic areas. Evidence in oncology drugs indicated
health direct cost savings using SC instead of IV administra-
tion, as well as reduced hospital time, flexibility, and fewer
side effects at the injection site, such as infection by infusion
catheters in the hospital setting [28, 29]. One study assessing
the trastuzumab IV to SC transition [30], showed a mean rel-
ative reduction of 50% (27.2 min for IV and 13.2 min for SC)
in healthcare professional dedication time, resulting from
avoiding IV catheter installation and removal, line flushing,
and drug reconstitution [30]. Also, the SC administration
resulted in a fivefold reduction in chair time and a fourfold
reduction in patient treatment room time, resulting in 24 h
of free time over the full course of treatment (18 cycles)
[30]. The total direct costs were €29,431.75 and €28,452.12
(€, 2016) for IV and SC, respectively, resulting in a saving
of €979.60 (€, 2016) over a full course of treatment [30].
Another study of the transition from IV rituximab (20% of
patients) to the SC route, estimated a saving to the payer of
$153,000 (€, 2021), increasing provider time capacity by
270 h and freeing up patient time by 470 h [31].

Furthermore, administration at the nearest regional hos-
pital to the patient will reduce the labour costs associated
with patients and their caregivers. Regions should have simi-
lar levels of accessibility, but in large regions, accessibility
to higher level services (reference hospital) depends on the
spatial distribution of the population [21].

One limitation of this model is the assumption of an equal
acquisition cost between the IV and the SC form. Likewise,
data on the patient consequences of the transition from the [V
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to SC form (patient satisfaction, treatment adherence, discon-
tinuation, health-related quality of life, adverse events) were
not included; the TASC recommended analysing these items
with a specific methodology. Along this line, the ongoing
NOVA long-term study (NCT03689972) is looking at patient
preference for IV or SC [32]. Particularly, there is evidence
of less adherence in patients with high-level MS severity in
comparison to patients with low MS severity [33], and the
natalizumab SC administration could improve this gap [33].
Furthermore, it is expected that patient preferences would be
favourable for SC administration as it has already occurred in
the transitions of other pathologies. Usually patients prefer
SC administration over I'V because of convenience [34-37] or
quality-of-life improvement [38]. For example, SC rituximab
scored higher than IV in terms of patient satisfaction with
treatment (87.5 vs 75.0%) and impact on activities of daily
living/adherence to treatment (both 83.3 vs 58.3%) [39]. Addi-
tionally, a systematic review showed that the preference for
IV infusions is due to the lower frequency of administration.
As the frequency between IV and SC natalizumab is similar,
more optimal results are expected for the SC presentation of
natalizumab [40]. Another limitation was that the percentage
of active patients was not considered. The study by Rath et al.
[37] identified the proportion of patients employed and the
working time used for treatment administration. In this case,
an exploration in the Spanish setting is needed. A limitation
related to the TASC group is the lack of patient participation,
which could have provided data closer to patients’ reality in
terms of measuring the lost work productivity, possibly under-
estimated because only the care time of the health professional
and an average travel time to the hospital were considered.
Similarly, although initial impressions suggest that the new
formulation will improve quality of life and satisfaction, it is
felt that these issues need to be explored directly with patients.
Further study of these aspects is required.

Obtaining economic model inputs from expert panels is a
common practice in economic evaluation to quantify uncer-
tain situations. In this study, the experience of the TASC group
is relevant because the SC presentation was not commercially
available before the cost analysis. This is the main strength of
our study, which allowed estimation of the cost difference of a
drug that will be available in a short period of time, including
the experience of an expert panel on MS patient management.
However, the results generated in the model should be ratified
in subsequent studies with observationally generated data.

5 Conclusion

The transition from IV to SC could show potential benefits
for the patient in terms of more convenient administration,
nearby accessibility, shorter intervention time, and improved
work-life balance. From the hospital and neurologist

perspective, lowering time requirements could reduce costs
and free up healthcare professional staff, while maintaining
adequate control and patient adherence.

In terms of costs, natalizumab SC was associated with
cost savings for the healthcare system by avoiding drug prep-
aration, reducing administration process time, and freeing up
hospital capacity. Additional cost savings could be derived
with regional hospital administration of natalizumab SC by
reducing productivity loss.
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