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Abstract
Introduction EASIER is a multicenter, observational, cross-sectional study investigating the consumption of healthcare 
resources, including healthcare professional (HCP) active working time, the costs associated with the current natalizumab 
intravenous (IV) administration, and the potential impact of the adoption of subcutaneous (SC) route.
Methods The EASIER study has three parts: (1) time and motion study to measure healthcare resources and working time 
needed for natalizumab IV administration using a digital data collection tool operated directly by HCPs; (2) HCP structured 
questionnaire-based estimation of the potential impact of natalizumab SC vs. IV administration; and (3) patient survey on 
the burden of natalizumab administration.
Results Nine Italian multiple sclerosis (MS) centers measured 404 IV natalizumab administration procedures and adminis-
tered 26 HCP questionnaires and 297 patient questionnaires. Patients had a mean of 52 (range 1–176) previous IV administra-
tions and spent a mean (median, IQR) of 152 (130, 94–184) minutes in the center per each IV procedure, with IV infusion 
covering 50% of the total. Including patient travel time, an average of 5 h was dedicated to each IV administration. Active 
working time by HCP amounted to 29 min per IV administration procedure, 70% of which by nursing staff.
With adoption of the SC route, HCPs estimated a 50% reduction in patient procedure time and 55% lower HCP active work-
ing time. This translated into a 63% cost reduction for the MS center per natalizumab administration procedure.
Conclusions SC natalizumab administration will consistently reduce consumption of patient and HCP times per procedure 
and associated costs.
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Introduction

Multiple sclerosis (MS) is an inflammatory disorder affect-
ing the central nervous system and causing several clinical 
deficits. It is the most common neurological cause of dis-
ability in young adults [1]. The most recent analyses from 
the World Health Organization estimate a global prevalence 
of 2.8 million people [1], i.e., 36:100,000 persons, but with 
different distribution among countries, with Europe report-
ing the greatest prevalence (133:100,000) and Western 

Pacific and Africa the lowest one, i.e., 5:100,000 (likely 
to be influenced by lack of data). In Italy, the current total 
number of patients with MS diagnosis is estimated to be 
around 127,000 with a prevalence of 208:100,000 [2]. Each 
year, 3400 Italian citizens are diagnosed with MS (inci-
dence = 5.5:100,000) [2], mainly females (69%), mean age 
at diagnosis 32 years [1]. All over the world, the number of 
affected people is growing, as a result of improved diagnosis, 
improved counting methods, increased survival (due to more 
effective treatments), and growing population [1].

The total cost of MS in Europe in 2010 was estimated 
at € 14.6 billion [3]. The overall cost of the disease in Italy 
was € 4.8 billion and the mean annual cost per patient was 
estimated at € 39,307 in 2019 [4].
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Natalizumab  (Tysabri®, Biogen, Cambridge (MA), USA) 
is a recombinant humanized monoclonal antibody target-
ing α4-integrin on the surface of leukocytes, approved as 
an MS disease-modifying therapy (DMT). Through its 
mechanism of action, it prevents leukocytes from crossing 
the blood–brain barrier, thereby suppressing inflammatory 
activity at the disease site and inhibiting further recruit-
ment of immune cells into inflamed tissues [5]. It has long 
been indicated as an intravenous (IV) infusion in adults with 
highly active relapsing-remitting MS (RRMS) despite a full 
and adequate course of treatment with at least one DMT or 
with rapidly evolving severe RRMS [6].

In the phase III pivotal clinical trial AFFIRM [7], 942 
patients affected by RRMS were recruited and randomized 
to receive natalizumab 300 mg or placebo IV every 4 weeks 
for more than 2 years. Natalizumab reduced the risk of sus-
tained progression of disability by 42%, the rate of clinical 
relapse at one year by 68%, and the accumulation of new 
or enlarging T2-hyperintense lesions by 83%. Its effective-
ness has been confirmed in several real-world studies, which 
demonstrated: increased proportion of patients reaching the 
No Evidence of Disease Activity (NEDA) status [8], reduced 
Expanded Disability Status Scale (EDSS) score [9], reduced 
cortical lesion accumulation and cortical atrophy progres-
sion [9–12], improvement in cognitive function [12–16], 
quality of life [14, 17], fatigue [14, 18], and productivity 
[19–21].

In 2021, the European Commission authorized the formu-
lation for subcutaneous (SC) administration of natalizumab 
[5]. Two studies compared the IV and the SC administrations 
of natalizumab: DELIVER [22] and REFINE [23] studies.

The DELIVER study found that mean serum concen-
trations after repeated dosing were similar with SC or IV 
administration. Pharmacodynamic characteristics, safety, 
tolerability, and immunogenicity were comparable among 
all the administration routes considered.

Similarly, the REFINE study proved that natalizumab 
300 mg administered SC every 4 weeks was comparable to 
the IV administration with the same dosage and frequency 
regarding efficacy, pharmacokinetics/pharmacodynamics, 
and safety.

The advantages of the SC formulation over the IV formu-
lation at the same dosing frequency have been extensively 
proved in other therapeutic areas, thus providing a rationale 
to support the value of SC natalizumab. These experiences 
suggest that the SC formulation can potentially better meet 
patients’ needs and improve the efficiency of Healthcare 
Services.

In particular, studies on other monoclonal antibodies, 
such as trastuzumab and rituximab, showed that SC admin-
istration with respect to IV administration:

• facilitates the management of administrations [24];

• greatly reduces the infusion chair time [25, 26];
• reduces the healthcare professional’s (HCP) time [25, 

26];
• increases the number of treatable patients, thus reducing 

the waiting list [25];
• decreases the time spent by patients in hospital [27];
• reduces the direct healthcare costs for the National 

Healthcare Service, as it significantly decreases the use 
of consumables (syringes, cotton, infusion set, flow regu-
lator, etc.) [24, 28, 29];

• decreases the indirect costs (loss of productivity) [28, 
30];

• in most cases is the preferred route of administration for 
the patients [28];

• improves patients’ quality of life (QoL) as a result of 
increased convenience associated with shorter adminis-
tration times and increased flexibility [24];

• eliminates the need for venous access and allows the use 
of more injection sites [29].

This study aimed at evaluating the economic impact 
associated with the use of natalizumab SC vs. natali-
zumab IV in patients with RRMS from the perspec-
tives of the MS center, the patient, and the society.

Methods

Study design

EASIER is a multicenter, observational, cross-sectional 
study carried out from July 19, 2021 to November 30, 2021 
in 9 Italian MS centers.

Specifically, the EASIER study consists of three parts:

• part 1: measurement of administration time, HCPs work-
ing time and healthcare resource consumption associated 
with the IV administration of natalizumab conducted by 
means of an ad hoc App (EASIER App, see below), oper-
ated directly by HCPs involved in the IV natalizumab 
administration (time & motion methodology);

• part 2: analytic parametric estimation of administration 
time, working time of HCPs, and healthcare resource 
consumption expected for the SC administration of natal-
izumab, by means of a structured questionnaire adminis-
tered to the HCPs involved in part 1;

• part 3: estimation of direct, indirect, and intangible 
costs and QoL for patients receiving IV natalizumab and 
expected impact of the shift to the SC administration, by 
means of a structured questionnaire administered to the 
treated MS patients.
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Participating centers

The participating centers are listed here: IRCCS San Raf-
faele Scientific Institute (Milan), Fondazione Istituto 
G. Giglio (Cefalù, PA), University Hospital Policlinico 
Umberto I (Rome), San Salvatore Hospital (L’Aquila), Santa 
Maria della Misericordia University Hospital (Udine), S. 
Luigi Gonzaga University Hospital (Orbassano, TO), Uni-
versity Hospital of Parma (Parma), Montichiari Hospital 
(Brescia), and Federico II University Hospital (Naples).

Population

The EASIER study recruited adult RRMS patients present-
ing in any of the participating centers to receive their usual 
IV natalizumab administration, according to standard clini-
cal practice. Inclusion criteria were the following: age ≥ 18 
years old, RRMS diagnosis according to McDonald criteria, 
treatment with IV natalizumab according to an approved 
indication, access to the clinical center due to a previously 
scheduled natalizumab administration, and willingness to 
participate in the study by signing the informed consent 
form.

Endpoints

The primary endpoint was the comparison of the mean 
cost of IV and SC administration routes of natalizumab in 
patients affected by RRMS from the MS center perspective. 
The following costs were considered: healthcare resources 
consumed (medications and consumables), active working 
time spent by the HCPs, and use of durable equipment.

The secondary endpoints were:

• the evaluation of the active working time of HCPs (total 
time and time per every role of HCP and per each task)—
HCP time;

• the evaluation of patient’s length of stay in the MS center 
for the IV administration—patient total time;

• the evaluation of time of durable equipment use (infusion 
chair or bed)—chair total time;

• the evaluation of the mean cost for IV vs. SC administra-
tion routes of natalizumab from the patients and society 
perspectives—total costs and costs per every compo-
nent, direct non-healthcare costs (such as transportation 
and formal non-healthcare), indirect costs (such as loss 
of patient productivity), and intangible costs (such as 
decreased quality of life perceived by the patient).

Data collection

Patients were proposed to participate in the study during 
a previously planned access to the MS center for their 

usual IV natalizumab administration: clinicians or nurses 
explained the design and the purpose of the study, pro-
vided patients with written information, and collected the 
informed consent authorizing the process of personal data 
of patients willing to participate in the study.

In part 1, every participating center was asked to 
measure time and resource consumption of a number of 
natalizumab IV infusion procedures (≤ 50 infusions) in 
the context of their routine clinical practice. A protocol 
amendment allowed centers to recruit a higher number of 
patients, thus 3 centers exceeded 50 patient recruitments. 
HCPs performed the measurements through the EASIER 
App, which allowed the selection of a single procedure 
and a specific task to be measured during the natalizumab 
IV administration. Every single measurement occurred 
using the start/stop buttons. Resources used for the pro-
cedure were associated directly through a selection of 
pre-defined items. The App allowed for concurrent use by 
several HCPs along with the measurement of concomitant 
procedures, by a single or more operators. The EASIER 
App was installed on the mobile devices of the participat-
ing researchers.

The estimation of administration time and resource con-
sumption of natalizumab SC and of the potential impact of 
SC administration (part 2) was performed by HCPs of par-
ticipating MS centers through an ad hoc prepared question-
naire called “How much EASIER?”, which was provided 
online or in printed form (if specifically requested). Data 
were recorded in the EASIER study centralized database. 
Printed forms were scanned and sent to be manually entered 
into the database. Each center was asked to enroll at least 
one person per every specific professional role (i.e., one phy-
sician, one nurse, etc.).

The estimation of costs and QoL of patients under IV 
natalizumab and of the potential impact of SC administration 
(part 3) was collected through an ad hoc prepared question-
naire called “EASIER for you?”, which was provided online 
or in printed form (if specifically requested by the patients) 
and was filled by enrolled patients themselves or with the 
help of a caregiver or an HCP. All collected data were organ-
ized in the centralized database of the EASIER study. In the 
questionnaire, patients also had to evaluate their QoL by 
means of the Visual Analog Scale (VAS) scale, ranging from 
0 (the lowest possible QoL) to 100 (the highest possible 
QoL). Additional explorative analyses were carried out on 
the preferences the patients assigned to the proposed routes 
of administration.

No follow-up was planned, as data were collected just 
once, according to the cross-sectional design of the study.

The sample size, thus, obtained was deemed to be appro-
priate to carry out a health economics analysis.

Data collection for the EASIER study was planned to end 
on November 30, 2021.
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Data management

To ease the measurements by the EASIER App, the admin-
istration procedure was split into macro-tasks, as reported in 
Online Resource 1. This also shows how such timings were 
aggregated in the subsequent analyses.

When data were lacking due to errors in the recording 
of execution times, the mean value of the lacking task esti-
mated in the same center was inserted. The execution times 
for the SC administration were calculated by applying to the 
IV elaborated data the possible mean absolute difference 
estimated by HCPs who answered to the relevant questions 
in the survey “How much EASIER?”.

Statistical analyses

The categorical variables are represented in terms of abso-
lute and relative frequencies (percentages), whilst the con-
tinuous variables are synthesized by showing mean, standard 
deviation and, if deemed informative, total range (min–max).

To account for the possible differences concerning the 
organization among the enrolled centers, total costs and 
times of intravenous procedures (HCP time and patient time) 
were also estimated through a random-intercept regression 
model.

The variables were adjusted according to the number 
of previous infusions of each enrolled subject, to take into 
account for the possible confounding effect of HCP expe-
rience in managing each single patient (i.e., the execution 
times may be longer in new patients as HCP may have to 
explain some steps or answer patients’ questions).

Briefly, the model used in this analysis is shaped as 
follows:

 where Y is the dependent variable to be analyzed (cost/
HCP and patient time), αcenter represents the estimation of 
Y in the base case (i.e., a patient without previous infu-
sions), β describes the increase in Y value for every previ-
ous additional infusion, and ε represents the error term on 
the observed data (assumed as normal with mean = 0 and 
the same variance for every measurement). In the random-
intercept model, αcenter parameter follows a normal distribu-
tion centered on a mean value α with variance τcenter, which 
describes the variability in the measure Y for every enrolled 
center.

Non-parametric Wilcoxon test was used to evaluate the 
difference between groups. The impact of the employment 
status and the previous experience with other SC therapies 
was further investigated by multivariate regression analy-
sis that evaluated the association between the measured 

Y = �center + � × #infusions + �,

factors and the preference expressed by the patients about 
the alternative administration routes, whilst at the same time 
adjusting for the QoL in the days without administrations 
and other possible confounders. These analyses were of an 
incremental nature, i.e., they did not focus on the absolute 
values assigned by the patients to the various modalities 
proposed, but on the difference in scores assigned to mode 
pairs: as a result, the analyzed sample did not correspond to 
the total, but included only the patients who assigned a value 
to the analyzed modalities.

Health economics analyses

MS center perspective

A pertinent unit cost was assigned to every resource con-
sumed. Unit costs were collected by the App or derived from 
the national literature.

The cost of the working time of HCPs was estimated 
according to the opportunity-cost principle and set at the 
mean national values reported by the Italian National Insti-
tute of Statistics (ISTAT), i.e., 67 €/h, 27 €/h, 25 €/h, and 
25 €/h for physicians, nurses, unlicensed assistive personnel 
(UAP), and administrative personnel, respectively [31].

The depreciation cost, which was assigned to the use of 
durable equipment, was estimated assuming a 10-year dura-
tion with a use equal to 8 hours a day and 260 working days 
a year [32]. Basing on the article from Schivazappa et al. 
[32], the infusion chair and the IV pole were assigned values 
equal to 3,400 € and 100 €, respectively.

The consumption of the materials needed to administer 
the drug was estimated using the unit costs collected during 
the study.

In accordance to the good activity-based accounting prac-
tice [33], hospital general costs, which included cost items 
that are non-specific to the department where the adminis-
tration took place, must also be considered when evaluat-
ing the total cost. Hospital general costs were reversed pro 
quota on the center according to the activity provided and 
included: intermediate healthcare services, common costs, 
general and administrative costs, depreciation, purchases of 
non-healthcare goods and services. To this end, 25% was 
added to the intermediate calculation thus obtained, based 
on the general estimate that hospital general costs represent 
20% of the total costs of a healthcare service [33].

Patient and society perspective

The cost areas investigated in the survey entitled “EASIER 
for you?” included non-healthcare and indirect costs. In 
the first case, resources that patients themselves had to pay 
to get access to the therapy (e.g., transport costs to the MS 
center) were considered. Indirect costs are the economic 
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value of the productivity lost by the patient due to his/
her reduced functionality or by the caregiver to provide 
informal assistance to the patient.

In particular, the following non-healthcare expenses 
borne by the patient were investigated: the costs concern-
ing the transport from home to the MS center and the for-
mal assistance for the patient (accompanying to the MS 
center), his/her relatives (e.g., baby-sitter), or home care 
(e.g., maid) for the period in which the patient is at the 
center.

Transportation costs were estimated based on reported 
distance and type of transportation, valued according to pub-
lic official sources [34–36]. For travel by plane, a flat rate for 
round-trip flights in Italy of 100 € has been assumed.

The direct costs paid by the patient for a caretaker/accom-
panying person or for a maid/baby-sitter was calculated on 
the basis of the national collective agreement according to 
level and training [37].

The hours in which patients were unable to perform their 
daily duties because they had to travel to the MS center to 
receive IV therapy were translated into indirect costs accord-
ing to the following scheme:

• the mean number of working hours lost (absenteeism, 
time-off requests) was divided into:

– hours paid by social security bodies, which represent 
an indirect cost for society and were valued, accord-
ing to Human Capital Theory, through the gross 
hourly wage [38] (updated to 2021);

– hours not paid by social security bodies (lost earn-
ings), which represent an indirect cost suffered 
firstly by the individual patient, and secondly by the 
society. Accordingly, it was reasonable to value it 
through the hourly wage net of the tax burden (mean 
tax burden = 25%).

• the number of hours “stolen” from one’s routine unpaid 
tasks is also an indirect cost for the society and have 
been valued using the Market Cost Method (evaluation of 
unpaid tasks at the market price of a substitute’s work). 
The time that each person, depending on age group and 
gender, dedicates to housework, to the care of cohabit-
ing family members or other families, and to volunteer-
ing was quantified through the ISTAT data collected in 
“L’uso del tempo” report [38]. These activities have been 
monetized through the minimum wages of housekeepers 
(super B level of the CCNL, 2021 [37]), caretakers (mean 
between super B level for autonomous patients and super 
C/D for non-autonomous patients [37]), and indices of 
the CNEL-ISTAT report for the economic evaluation 
of voluntary work [39] (updated to 2021), respectively. 
These costs were spread over 16 h to obtain a mean cost 
per hour of a routine day (counting 8 fixed and “non-

usable” hours of sleep/rest). The abovementioned costs 
per hour are shown in Online Resource 2.

The time dedicated by informal caregivers to assist and 
go with the patient to the MS center where he/she receives 
IV therapy was valued according to the following scheme:

• the mean number of hours used multiplied by the hourly 
wage of a caretaker (mean between super B level for 
autonomous patients and super C/D for non-autonomous 
patients [37]) according to the Human Capital Theory, if 
the caregiver had no paid employment;

• the mean number of hours used multiplied by the value 
that time would have had if it had been dedicated to one’s 
usual job [38] (updated to 2021) if the caregiver had a 
paid job.

The abovementioned costs per hour are also shown in 
Online Resource 2.

Results

Part 1: time and resources for IV administration

Among the 9 MS centers involved, 404 natalizumab intrave-
nous administration procedures were evaluated.

The number of procedures evaluated per center ranged 
from 15 to 80. Patients had undergone on average 52 pre-
vious administrations (median = 43, interquartile range—
IQR = 18–85, range = 1–176), as reported by HCPs who 
carried out the measurement.

Table 1 shows that patients spent on average 2.5 hours 
(152 minutes) in the MS center to receive the intravenous 
administration of natalizumab and about half of the time was 
dedicated to the actual infusion.

Table 1  Patient and HCP time spent for the intravenous administra-
tion

In some cases, rounding prevents the sum to seem precise
HCP healthcare professionals, SD standard deviation
a Including tasks 1–4 of Online Resource 1
b Including tasks 6–8 of Online Resource 1

Patient time (min) HCP time (min)

Mean (SD) Proportion 
(%)

Mean (SD) Proportion 
(%)

Pre-infusiona 18 (57) 12 14 (17) 47
Infusion 77 (29) 50 3 (6) 11
Post-infu-

sionb
58 (47) 38 13 (16) 43

Total 152 (79) 100 29 (16) 100
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Overall, median total time was equal to 130  min, 
IQR = 94–184  min. The mean time per patient varied 
among centers from 86 to 213 min. The analysis using the 
random-intercept linear regression model showed a mean 
time equal to 143 min (95% confidence interval—95% CI 
119–167 min). Online Resource 3 showed a statistically sig-
nificant center effect, whilst previous infusions had no effect 
on the mean time per patient.

On average, HCPs devoted approximately half an hour 
(29 min) of active working time to intravenously administer 
natalizumab, with about half the time dedicated to the prepa-
ration before the actual infusion (Table 1).

Globally, median working time by the HCP was 23 min, 
IQR = 10–31 min. The analysis using the random-intercept 
linear regression model estimated a mean working time of 
28 min (95% CI 22–34). As to patient time, the center effect 
was statistically significant and the number of previous infu-
sions seemed to have no effect on the mean time per HCP, 
as reported in Online Resource 4.

Concerning the time spent by HCPs, the prominent role 
was played by the nurse, whose time summed up to 70% 
(21 min) of the total time. The total remaining time was dis-
tributed as follows: physician 27% (corresponding to 8 min) 
and UAPs and administrative personnel 2% (0.5 min) and 
1% (0.3 min), respectively.

Healthcare resources consumed during the administra-
tion of intravenous natalizumab were also measured: average 
utilization varies only slightly between centers (see also the 
“Economic impact analysis” paragraph below). The infusion 
chair/bed was occupied for an average of 125 (± 62) minutes 
per procedure.

Part 2: how much EASIER? questionnaire. Time 
and resources with subcutaneous administration

The answers of 10 nurses, 13 neurologists, and 3 admin-
istrative employees (trial coordinators) to the How much 
EASIER? questionnaire were collected. Only 5 HCPs 
among responders had experience with SC natalizumab 
administration.

Responders were asked to consider each task that was 
measured for IV administration and estimate a decrease, 
increase, or maintenance of the time if the administrations 
were subcutaneous (Online Resource 5).

Considering the task organization shown in Online 
Resource 1 and the times for measurements recorded for IV 
administrations (Table 1), and applying the expected time 
reductions according to the respondents to the survey “How 
much EASIER?” (Online Resource 5), the estimated times 
for SC administrations were obtained (Table 2).

Overall, we estimated that the total patient stay in the 
center was 78 min for each subcutaneous administration of 
natalizumab, thus depicting almost a 50%-time reduction in 

comparison to the current IV administration procedure. Infu-
sion chair time was also estimated to decrease in a consist-
ent manner (− 74 min, i.e., − 59%). Concerning HCP time, 
only 13 min were considered to be spent for SC administra-
tion, in comparison with 29 calculated for IV administration 
(− 55%).

HCPs were also asked their opinion about the new admin-
istration route. No one was against the use of SC administra-
tion, whilst 92% were in favor or very much in favor of it.

Part 3: EASIER for you? questionnaire. Impact 
on the patient

The responders of the questionnaire “EASIER for you?” 
were mainly female (69%), had a mean age of 37 years, and 
had been in treatment with natalizumab for approximately 
4 years (Table 3).

Around half of the respondents (54%) took natalizumab 
as first-line therapy for RRMS (naïve patients).

Those who had a paid job (more than 70%) declared 
that they lost around 5 working hours per administration, 
71% of which were reimbursed thanks to welfare measures 
(Table 3). Furthermore, 10% of patients had to stop work-
ing due to their absences from work to receive natalizumab 
administration, 64% of whom found a new job subsequently. 
For the same reason, 21% and 7% of respondents reduced 
their working hours in a self- or company-imposed manner, 
respectively. A further 11% reduced the level of their duties. 
Overall, one-third of the patients found that the need for 
periodic absences to receive the therapy negatively affected 
their working life.

The round trip to the MS center added up an average dis-
tance of 73.6 km, covered mainly by private vehicle (86% of 
respondents) in an average time of 1.6 h (Online Resource 
6). There was great variability in the distance between the 
MS center and patients’ home (range = 0.75–1200 km) and 
how long it took to reach it (range = 0–5 h).

Table 2  Comparison between measured times for IV and estimated 
times for SC administration of natalizumab

In some cases, rounding prevents the sum to seem precise
HCP healthcare professionals

Times Measured 
IV time 
(min)

Estimated 
difference 
(min)

Estimated 
SC time 
(min)

Total patient time 152 − 73 78
Total infusion chair time 125 − 74 51
Total HCP time 29 − 16 13
 Pre-infusion 14 − 8 6
 Infusion 3 − 2 1
 Post-infusion 13 − 6 6
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About a half of patients went to the MS center with an 
informal caregiver, who, in 58% of cases, was a male. The 
mean age (SD) of caregivers was 51.7 years (± 13.5 years). 
No respondents (n = 286) were accompanied by a nurse or 
a formal caretaker, while friends or relatives were always 
involved. More than one-third of informal caregivers had 
a paid job. On average, 1.4 accompanying people were 
needed per patient and participated in 65% of transfers; 
39% of patients declared they always needed an informal 
caregiver.

The absence from work of the patient (and possibly his/
her caregiver) due to natalizumab infusions resulted in the 
need for paid personnel in 9% of cases (Online Resource 
7). One to 3 paid professionals (mean = 1.2 ± 0.5) were 
needed, who were baby-sitters in 46% of cases (Online 
Resource 7). They were required 70% of times for 4.6 h 
on average.

Quality of life

As expected, in the days on which they had to go to the MS 
center, patients perceived a lower QoL (66 ± 23) with respect 
to standard days (79 ± 19). A lower impact on the QoL was 
expected in case of subcutaneous administration (69 ± 23).

Employment status was strongly and positively associ-
ated with the value assigned to a possible SC natalizumab 
administration (p value = 0.0104). Conversely, the previous 
experience with other SC therapies showed no association 
with the value assigned to a possible SC natalizumab admin-
istration (Online Resource 8).

When analyzing the overall mean differences among the 
preferences that patients assigned, a delta equal to − 12.2 
was found for days without administration vs. days with IV 
administration. This delta decreased when the comparison 
was between days with no administration and days with SC 

Table 3  Data from the 
responders of the survey 
“EASIER for you?”

SD standard deviation

N. (%) responders Mean (SD) Range

Patients data
 Patients 297 (100%)
 Age 293 (99%) 37 (10) 19–65
 N. male (age) 92 (31%) 37 21–65
 N. female (age) 205 (69%) 38 19–60
 Time in treatment with natalizumab (months) 294 (99%) 49 (35) 1–176

Previous treatments
 None 159 (54%)
 Any (n. treatments) 138 (46%) 1.4 (0.6) 1–3
 Any (months in treatment) 138 (46%) 51 (50) 1–290
 Oral drugs (months) 96 (32%) 23 (28) 0–120
 Subcutaneous drugs (months) 125 (42%) 35 (41) 0–208
 Intramuscular drugs (months) 72 (24%) 31 (41) 0–208
 Intravenous drugs other than natalizumab (months) 40 (13%) 18 (34) 0–170

Impact of IV natalizumab on everyday life
 Hours per administration 293 (99%) 5.6 (2.9) 0–25
  Among those who have a paid job 210 (71%) 5.9 (2.8) 1–25

 Paid job (responder) 294 (99%)
 Paid job (yes) 211 (72%)
 Working hours lost due to administration (among those 

who have a paid job)
200 (95%) 5.2 (2.8) 0–25

 Hours reimbursed 167 (84%) 71% (44%) 0–100%
Caregiver accompanying the patient
 Caregiver (responder) 286 (96%)
 Caregivers (yes) 138 (48%) 1.4 (0.7) 1–4
  Age 51.7 (13.5) 20–80
  Sex (male) 107 (58%)
  Role
   Nurse or caretaker 0 (0%)
   Informal 166 (100%)
  Of whom with paid job 41 (35%)
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administration (− 8.4). A direct comparison of days with 
IV and SC administration was in favor of the latter (+ 2.3).

The multivariate analysis showed a significant effect of 
the employment status for SC administration. The experi-
ence with other SC therapies showed no significant effects.

Economic impact analysis

Mean cost per administration procedure 
from the perspective of the MS center

The material consumption for the IV and SC administra-
tions and the relevant economic valorization are reported 
in Table 4.

Table 5 shows the estimates of direct healthcare costs 
borne by the MS center for each hospital administration pro-
cedure of natalizumab, according to the administration route.

The mean total cost per IV procedure ranged between 
€ 23 and € 33 depending on the center with a mean cost 
of € 32.26. The random-intercept linear regression model 
estimated a mean cost per IV administration of € 30 (95% CI 
25–35), unaffected by the number of past infusions (− 0.003, 
95% CI − 0.03 to 0.02), but with a significant effect of the 
center, depending on the impact of the latter on the patient’s 
total working and stay time (Online Resources 3 and 4). The 
uncertainty on the total cost did not affect the overall saving 
estimate that could be obtained by adopting the SC route of 
administration.

Table 4  Material consumption 
and economic valorization

In some cases, rounding prevents the sum to seem precise

Material Unit cost (€) IV natalizumab SC natalizumab

Consumption 
(measured)

Cost (€) Consumption 
(estimated)

Cost (€)

Band-aid 0.19 1 0.19 2 0.38
Disposable gloves 0.29 6 1.71 2 0.57
100 ml saline solution 0.29 3 0.88 0 –
Gauze compresses 0.015 5 0.08 5 0.08
Disinfectant 0.93 0.02 0.02 0.04 0.04
Peripheral intravenous 

catheter/Huber/butterfly
0.33 1 0.33 0 –

Syringe with needle 0.20 1 0.20 0 –
Detergent 2.39 0.02 0.05 0.02 0.05
Infusion connection 1.07 1 1.07 0 –
IV administration set 1.41 1 1.41 0 –
Peripheral venous catheter 

dressing
0.29 1 0.29 0 –

Kidney basins 0.05 2 0.10 1 0.05
Film 0.51 1 0.51 1 0.51
Tourniquet 0.15 1 0.15 0 –
Total materials 6.82 1.67

Table 5  Mean cost per 
procedure from the perspective 
of the MS center

In some cases, rounding prevents the sum to seem precise
a The unit cost of HCP time was obtained as the weighted average of national average wages, as reported by 
ISTAT in 2018 [31]; it was different in the two procedures due to the different composition, with greater 
relative relevance of the physician’s time in the IV procedure with respect to SC procedure.
b Details in Table 4

Cost item IV procedure SC procedure Delta (€)

Use (min) Unit  costa (€) Cost (€) Use (min) Unit  costa (€) Cost (€)

HCP time 29 38 18.63 13 35 7.66 − 10.98
Chair time 125 0.17 0.69 51 0.17 0.28 − 0.41
Materialsb 6.82 1.67 − 5.16
Hospital costs 6.45 2.37 − 4.08
Total 32.67 12.00 − 20.67
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The expected total cost reduction if natalizumab was 
administered subcutaneously rather than intravenously was 
approximately € 20 for every administration. More than 50% 
of this reduction was due to the decrease in the active work-
ing time spent by HCPs to administer the drug. The saving 
was due also to the decrease in the consumption of health-
care materials and the use of equipment, as well as in the 
shorter stay at the MS center. This was a reduction of about 
two-thirds from the estimated total cost of IV administra-
tion (about € 32 per session). However, it should be noted 
that the absolute value of the difference was not sensitive 
to the estimate of the cost per IV administration, as it was 
based on the reductions in the consumption of direct health-
care resources estimated on the basis of the answers to the 
questionnaire “How much EASIER?”, and on the relevant 
monetary values.

Mean cost per administration procedure 
from the perspective of the patient and the society

Table 6 shows the direct healthcare costs, direct non-health-
care costs, and indirect costs per administration procedure.

Table 7 shows the impact of SC administration from the 
society, MS center, and patient perspectives.

About non-healthcare costs, when valorizing the trans-
port costs, it should be taken into account that most patients 
reached the MS center by private vehicles, 11% by public 
transport, 2 patients took an airplane, and a minority of 
patients walked to the center. The mean transport cost per 
administration was € 30.68 (± 36.09) (Table 6), with a wide 

interindividual range, from € 0 (those who went on foot) to 
€ 200 (those who traveled 400 km round trip by a private 
vehicle).

For those (9% of patients) who needed to pay personnel 
(e.g., baby-sitter) while away due to natalizumab adminis-
tration, the disbursement was € 27.50 per administration 
(€ 2.38 when redistributing the costs over the total number 
of patients, Table 6).

Concerning indirect costs, it has to be noticed that the 
time spent to travel from home to the MS center and to stay 
there is an indirect cost for the society, since in this timespan 
the patient cannot carry out his normal activities, whether 
they are formally paid or not. From a financial point of view, 
three sub-indicators have been elaborated: the first is related 
to the loss of earnings by patients, the second is charged 
to the society as supported by the social security bodies, 
and the third is again borne by the society, which has to 
replace patients in various active roles, such as taking care of 
children, parents, domestic environment, or others through 
voluntary work.

This analysis showed that the time combination of 
travel + waiting + IV administration resulted on average in 
the loss of 3.61 and 3.47 h of work for male and female 
patients, respectively. This time was reimbursed by the 
social security bodies in 65–74% of workers. The unpaid 
time was estimated at about 2 h per administration. As 
reported in Table 6, the average cost for the lost working 
time at the expense of the patient was € 14.75 (± 29.98; 
range = €  0–130.31), the social cost for the lost work-
ing time was € 42.19 (± 61.45; range = € 0–431.25), and 

Table 6  Direct healthcare costs, direct non-healthcare costs, and indirect costs per administration procedure

In some cases, rounding prevents the sum to seem precise

Cost type Details Mean cost/administration (€)

IV procedure SC procedure Delta

Direct healthcare costs Direct healthcare costs 32.67 12.00 − 20.67
Indirect cost due to loss of patient productivity Lost working time—at the expense of the patient 14.75 7.57 − 7.18

Lost working time—social costs 42.19 21.65 − 20.54
Unpaid activities—social costs 5.68 2.92 − 2.77

Indirect cost due to informal care Cost borne by the society 31.10 15.96 − 15.14
Non-healthcare costs borne by the patient Transport 30.68 30.68 –

Babysitters and other paid professionals 2.38 1.22 − 1.16

Table 7  Impact of SC 
administration from the 
society, MS center, and patient 
perspectives

In some cases, rounding prevents the sum to seem precise

IV adminis-
tration (€)

SC adminis-
tration (€)

Difference (€) Difference (%)

Total cost in the perspective of society 159.47 92.00 − 67.46 − 42%
Total cost in the MS center perspective 32.67 12.00 − 20.67 − 63%
Total cost in the patient perspective 47.82 39.48 − 8.34 − 17%
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the social costs for unpaid activities was € 5.68 (± 8.94; 
range = € 0–81.72). Taking together, these costs add up to 
€ 62.63 per administration.

As reported above, 48% of patients need the help of infor-
mal caregivers, 35% of whom have a paid job. Considering 
the average loss of hours declared by the patients, the mean 
cost for society (distributing the average on all the patients) 
was equal to € 31.10 per administration.

Overall, the total costs to be paid by the society was equal 
to € 159 for each IV administration. By applying the reduc-
tion in total patient time estimated in phase 2 of the study 
(Online Resource 5) to the time-dependent cost items, we 
estimated the reduction in the case of SC administration. 
As shown in Table 7, this saving was quantified as € 67.46 
per administration from the perspective of the society as a 
whole, i.e., 42% of the total cost for IV administration borne 
by the society.

The direct financial burden on the patients and families 
was just over 8 euros (Table 7). In this case, the reduction 
percentage was consistently lower (less than 20%). This is 
easily explained by the absence of a differential effect of the 
route of administration, with the same setting, on transport 
costs, which represent the most relevant component of this 
type of cost in the patient’s perspective.

Discussion

The EASIER study was designed and conducted to estimate 
the impact associated with the use of SC natalizumab vs. IV 
natalizumab in patients with RRMS from the perspectives 
of the MS center, the patient, and the society. The use of SC 
administration route, compared to the IV one, may reduce 
the consumption of healthcare resources, decrease the bur-
den of therapy for patients and the time commitment for 
HCPs, as already demonstrated with other drugs in different 
therapeutic settings [25, 40–42].

Thanks to the measurements carried out in part 1 of the 
study, it was calculated that each IV procedure requires 
patients to spend on average two and a half hours in the 
MS center and HCPs to dedicate half an hour per infusion 
procedure. According to the questionnaires administered to 
HCPs and patients in part 2 and part 3, respectively, it was 
estimated that the SC administration route would result in 
a 50% and 55% reduction in patient time and HCPs active 
working time, respectively. As a consequence, a 63% cost 
reduction is estimated for the MS center per natalizumab 
administration procedure. In addition, indirect costs due to 
the loss of productivity of patients and caregivers would 
decrease as well as direct non-medical costs with cost reduc-
tion also from the point of view of the patient (− 17%) and 
society (− 42%).

In lifelong diseases, such as MS, the quality of life of 
patients should be carefully considered when evaluating 
the effects of a treatment. An Italian study carried out by 
Battaglia and colleagues [43] demonstrated that MS affected 
health-related QoL in all five domains evaluated by EQ-5D 
questionnaire, i.e., pain/discomfort, usual activities, mobil-
ity, anxiety/depression, and self-care, and that the severity 
and the domains involved changed with advancing disease. 
Another study in MS setting [44] used a different tool to 
evaluate the QoL, i.e., VAS, which is the same tool that we 
adopted in this study.

According to VAS in part 3 of the study, natalizumab 
administration was estimated to result in an important reduc-
tion in the perceived QoL in the days of IV infusion com-
pared with days without infusion, regardless of long-lasting 
experience with infusions. When patients were asked to 
estimate the expected QoL in case of subcutaneous admin-
istration, their score was slightly higher than the intrave-
nous one. This is in line with a study performed in oncology 
setting [28], which found that among patients who had the 
opportunity to test both routes of administration of another 
monoclonal antibody (trastuzumab), the subcutaneous route 
was preferred in 91.5% of patients. Among the advantages 
of SC administration, which may be particularly appreciated 
by patients, there are the elimination of the need for venous 
access and the possibility to use different injection sites [29]. 
Preliminary results of an observational study conducted in 
Germany on SC natalizumab [45] confirm this trend. In par-
ticular, at baseline, 89.6% (n = 163) of recruited MS patients 
preferred SC to IV natalizumab and 98.7% of them (n = 156) 
were satisfied with their choice. After 6 months of treatment, 
96.4% of patients preferred SC natalizumab and 98.1% of 
them were satisfied with their choice. In addition, SC natali-
zumab was well tolerated; 8.4% (n = 14) patients reported 
adverse events related to natalizumab injection. The inten-
sity of these events was mild or moderate. Furthermore, SC 
administration, with respect to IV infusion, lasted 1.5 h less, 
for both patients and HCPs.

In the EASIER study, working patients were more prone 
to give higher expected QoL scores for SC administration 
than non-working patients. It is worth considering that more 
than 70% of responders to the questionnaire “EASIER for 
you?” (part 3) had a paid job and that the time spent for 
monthly infusions (5 h per administration) was not com-
pletely reimbursed by welfare measures. In addition, the 
absences from work to receive natalizumab administration 
had an impact on other aspects of the working life, such as 
the need for reducing the working hours, the level of duties, 
up to stop working, although it is probably difficult to draw 
a line between the working problems directly related to mul-
tiple sclerosis and those related only to drug administration.
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Similar to our study, in the project “Tieni al Tempo” 
[46], where ad-hoc questionnaires were administered to 
255 Italian patients affected by MS with scheduled treat-
ment sessions with a disease-modifying therapy (in general, 
monoclonal antibodies), the day of infusion was considered 
more stressful than the days without infusion by 80% of 
responders. In addition, 60% of responders declared that the 
quality of the infusion time was the main problem associated 
with the infusion in the MS center. Therefore, the reduc-
tion in the total patient time that was estimated in our study 
(152 min measured for IV infusion vs. 78 min estimated for 
SC administration) and confirmed in other setting evaluating 
the comparison IV vs. SC administrations [27] may result in 
an additional improvement in the quality of life perceived. 
In working patients, the reduction in the time spent in the 
MS center that may be achieved with subcutaneous admin-
istration also decreases the loss of productivity, as already 
calculated in other settings [28, 30]. In addition, caregivers 
also undergo loss of productivity, and this is particularly 
apparent when considering that in our study one-third of 
informal caregivers accompanying the patient to the MS 
center had a paid job.

The subcutaneous administration offers further advan-
tages as compared to intravenous infusion. First, as already 
reported by other studies on IV vs. SC administrations [25, 
26], the EASIER study estimated a decrease in the active 
time spent by HCPs for the administration, as more than a 
half of total time spent by HCPs is estimated to be spared 
(29 min measured for IV infusion vs. 13 min estimated for 
SC administration). This extra-time may be used by HCPs 
to deal with other tasks favoring the efficiency of the sys-
tem. Second, the infusion chair, being occupied for a shorter 
time (125 min measured for IV infusion vs. 51 min esti-
mated for SC administration), is free to host other patients, 
whether affected by MS or other pathologies, as reported 
by other studies on rituximab [25] and trastuzumab [26]. 
As a consequence, the waiting lists for these categories of 
patients should be shortened and the general management 
of the health administration improved, as demonstrated in 
other settings [24]. Finally, the decreased consumption of 
consumables such as infusion set and disposable gloves, also 
confirmed by studies evaluating the advantages of subcuta-
neous administration [24, 28, 29], far from resulting just in 
a decrease in costs (which are generally quite low), have also 
the advantage of reducing the waste quantity and, above all, 
the time spent for waste disposal, thus freeing further time 
for HCPs.

A reliable and detailed picture of the cost of illness in 
Italy comes from a recent study of Battaglia et al. [4], which 
took into account several items, when calculating direct 

healthcare costs (hospital admissions, rehabilitation at home, 
day hospital and outpatient visits at MS centers, additional 
outpatient medical visits, tests and diagnostic procedures, 
pharmacological treatments, and external technical aids/
orthoses), direct non-healthcare costs (transport, paid assis-
tance, house and car modifications due to MS), and indirect 
costs (patients and caregivers’ productivity losses due to 
MS). The mean annual cost per patient varied according 
with disease severity, i.e., € 29,676, € 43,464, and € 53,454 
for mild, moderate, and severe MS, respectively.

The EASIER study may be compared with a Span-
ish study that estimated the time spent for natalizumab 
IV infusion and SC administration and the relevant costs 
(not considering natalizumab acquisition costs), based 
on the judgement of a dedicated task force that provided 
data based on experience on IV administration and estima-
tions on SC administrations (recently authorized in Spain 
for natalizumab) [47]. The total time spent per patient in 
2 years, including administration time and time spent by 
patients and caregivers, was 55–61% lower with subcutane-
ous administration with respect to IV infusion. Similar time 
reductions were estimated in the EASIER study, as the total 
patient time, total infusion chair time, and total HCP time 
decreased by 48%, 59%, and 55%, respectively. Concerning 
costs, the Spanish study estimated a 66–70% cost reduction 
in SC administration when compared with IV administration 
in a 2-year time [47]. These costs included administration 
process and the productivity loss for patients and caregivers. 
A direct comparison between the Spanish and the present 
study shows the following results: reduction for adminis-
tration costs 76% vs 63%, decrease in productivity loss for 
patients 45–55% vs 49% and decrease in productivity loss 
for caregivers 69–74% vs 49%.

In the EASIER study, the economic quantification of the 
data collected on IV infusions allowed the estimation of the 
main outcomes of the study and indicates that the average 
total healthcare cost borne by the MS center per administra-
tion procedure may be reduced by about two-thirds (− 63%), 
thanks to the SC administration. From the society perspec-
tive, including direct non-healthcare costs and indirect costs 
as well as direct healthcare costs, the current average cost 
per single administration would be reduced by approxi-
mately 42%.

From the patient’s perspective, although the cost of trans-
port to the MS center remains unchanged, a reduction in 
costs of approximately 17% was also estimated, due to the 
decrease in the time spent in the health care facility, resulting 
in a reduction in the working hours lost and the hours spent 
as formal care by accompanying family members and friends 
during the administration.
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The main limitation of this study is that the impact of 
subcutaneous administration of natalizumab on costs, 
work, and QoL was estimated by HCPs and patients using 
questionnaires, instead of being measured during clinical 
practice. However, at present, since SC administration of 
natalizumab is not yet authorized in Italy, a measurement 
is not possible. Therefore, it will be necessary to confirm 
the results of this study with real-world data also for sub-
cutaneous natalizumab.

In conclusion, this study confirms data coming from 
other therapeutic settings, as it estimates a reduction 
of the impact of SC vs. IV administration in terms of 
time, costs, and burden for the patients. Only focusing 
on aspects affecting healthcare economics, SC route, if 
compared with IV route for natalizumab administration, 
is expected to save 78 min of the total current 152 min 
procedure time, resulting in a reduction in the time spent 
by the patient in the hospital; active HCP working time per 
procedure is estimated to drop from 29 to 13 min. Coupled 
with a slight reduction in material consumption, time sav-
ings are expected to positively impact on the total costs 
per procedure, with a reduction of about 42%, 63%, and 
17% (− 68 €, − 21 €, and − 8 €) from the perspectives of 
the society, MS center, and patient, respectively. In addi-
tion, a positive impact on the organization and efficiency 
of the MS center is expected, as HCPs would have further 
time to perform other tasks and the infusion chair may be 
used by an increased number of patients, thus reducing the 
waiting lists and then favoring the efficiency of the system. 
We also confirm that the SC route is widely preferred by 
patients over the IV one, including those affected by MS.
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