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Abstract

Multiple sclerosis (MS) is a chronic inflammatory disease of the central nervous system with a very high economic impact.
Peginterferon beta-1a is the first approved pegylated interferon beta-1a for the treatment of relapsing-remitting multiple
sclerosis (RRMS). Its efficacy and safety were demonstrated in the placebo-controlled ADVANCE trial. A complete path to
the assessment of a new health technology requires, in addition to a clinical evaluation, also an economic evaluation. In
Italy, two economic evaluations were conducted and recently published.
The objective of this article is focused on the two Italian economic analyses in order to describe the methods used, to
summarize the main results, and to give a comprehensive picture of the pharmacoeconomic profile of peginterferon
beta-1a in Italy in approved indication.
The two analyses were conducted to evaluate such profile; the former was a cost-effectiveness analysis, the latter was a
budget impact analysis:

1) The cost-effectiveness analysis – developed through a lifetime Markov model – compared peginterferon beta-1a
with injectable first-line treatments for RRMS in Italy from the perspective of the Italian National Healthcare Service
(NHS) and from the societal perspective. Efficacy data were derived from a published Network Meta-analysis. Unit costs
were based on current prices and tariffs, and the published literature.
From the Italian NHS perspective, peginterferon beta-1a was dominant in one case, while in all others its incremental
cost-effectiveness ratio (ICER) was between €10,580/QALY and €22,023/QALY. From the societal perspective,
peginterferon beta-1a was dominant versus every comparator.
2) The budget impact analysis estimated – using a simple decision analytic model from the perspective of the Italian
NHS – the financial impact due to the introduction of peginterferon beta-1a on the Italian drug market. The
cumulative budget impact over 3 years was a cost saving of approximately €3.1 million.
Based on the results of both analyses, the adoption of peginterferon beta-1a for the treatment of RRMS is not only
clinically effective, but also economically efficient and financially sustainable from the Italian NHS perspective.
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Background
Multiple sclerosis (MS) is a chronic inflammatory disease
of the central nervous system, entailing a progressive dis-
ability. In 85% of patients with multiple sclerosis (MS) the
onset form is relapsing–remitting MS (RRMS) [1].
MS affects 2.1 to 2.3 million people all over the world,

including 600,000 in Europe and 75,000 in Italy (where an
incidence is estimated of about 2000 cases/year) [2, 3].
The disease onset in full working age, its chronicity

and its progression all heavily impact patients’ quality of
life and societal costs [4].
The annual societal cost of MS is estimated in Italy at

€2.7 billion [3], 29% of which is for direct medical costs
(hospitalizations, drugs, diagnostics), 29% for indirect
costs (productivity losses), and 42% for direct non-
medical costs (informal care, transportation, aids) [5].
The estimated average cost per patient/year from the

perspective of the Italian society (i.e., including direct and
indirect costs) amounts to €38,000 ca. It varies from
€23,000 ca. in patients with mild disability (Expanded Dis-
ability Status Scale [6] (EDSS) score: 0–3), to €44,000 ca. in
patients with moderate disability (EDSS: 4–6.5), to €63,000
ca. in patients with severe disability (EDSS ≥7) [7].
The correlation between disease severity and cost sig-

nificance was reported in several sources [3–9]. The Dis-
ease Modifying Therapies (DMTs) reduce the frequency
of clinical relapses and delay disability progression.
Interferon (IFN) beta-1a, IFN beta-1b and glatiramer

acetate (GA) are among the DMTs used in the first line
treatment of patients with RRMS in Italy. They are avail-
able in injectable formulations (subcutaneous [SC] or
intramuscular [IM]), with a variable administration fre-
quency from once a day to once a week.
The European Commission granted marketing

authorization to peginterferon beta-1a (Plegridy®) on July
18, 2014. This is the first pegylated formulation for the
treatment of RRMS and the only therapy administered
with the frequency of one SC injection every 2 weeks.
In the randomized, double-blind, phase 3 clinical trial

ADVANCE [10, 11] the efficacy and safety of peginter-
feron beta-1a were evaluated on a 2-year time horizon.
The primary endpoint was the annualized relapse rate
(ARR) at 48 weeks.
In the first year patients were treated with peginter-

feron beta-1a, administered every two (Q2W) or 4 weeks
(Q4W) or with placebo; in the second year all patients
were treated with peginterferon beta-1a, as placebo
patients were re-randomized to be treated with either
peginterferon beta-1a Q2W or Q4W. In the first year,
patients treated with peginterferon beta-1a reported on
average fewer relapses than those taking placebo (0.26
for the Q2W group [p = 0.0007], 0.29 for the Q4W
group [p = 0.0114]. The confirmed disability progression
24 weeks decreased significantly (p = 0.0069) in patients

treated with peginterferon beta-1a Q2W compared with
placebo.
In the second year peginterferon beta-1a efficacy was

maintained, with greater effects for the Q2W vs Q4W
dosing.
Moreover, in both administration regimens the AD-

VANCE study indicated a good safety and tolerability
profile of peginterferon beta-1a, similar to the profile of
the currently available IFN beta-1a therapies.
A complete path to the assessment of a new health

technology requires, in addition to a clinical evaluation,
also an economic evaluation.
The economic profile of peginterferon beta-1a versus

other injectable first line therapies for the treatment of
RRMS was recently evaluated In Italy with two different
analyses: cost-effectiveness analysis and budget impact
analysis [12, 13].
Both analyses are published in Italian language, on a

journal mostly addressed to pharmacoeconomists; a
purpose of the present article is to provide with new
data a wider area of readers, since it is written in
English, on a journal which is read mainly by clinicians.
The primary objective of the present article is focused

on the two cited analyses [12, 13], in order to describe
the methods used, to summarize the main results, and
to give a comprehensive, unified picture of the pharma-
coeconomic profile of peginterferon beta-1a in Italy in
the approved indication.

Materials and methods
Economic evaluations reflect the need to rationalize the
allocation of the available resources (scarce by defin-
ition), offering the decision-maker some criteria (on the
basis of the information available and their reliability)
such as to make justifiable choices [14]. Normally, such
evaluations follow two steps.
The first (fundamental) step is aimed at estimating the

economic efficiency in the allocation of healthcare re-
sources, assuming they are invested in a given technol-
ogy instead of another. The technique preferably used is
the cost-effectiveness analysis (CEA) [15], with the
objective of quantifying (as far as possible, consistent
with the specificity of the assessed technology) how
much the new technology costs in order to gain one
additional benefit (typically, a life year, LY) as compared
to a competitor. Such measure, on which many
economic evaluations are based in healthcare, is named
incremental cost-effectiveness ratio (ICER). In the deci-
sion process, the ICER is compared to an acceptability
threshold value, an acknowledged (not necessarily
official) benchmark to which the meaning may be given
of how much the society or the National Healthcare
Service (NHS) is willing to pay (willingness to pay,
WTP) for one additional benefit gained (for example, as
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above, a life year). When the new technology is more ef-
fective and less expensive than the standard, then it is
named dominant.
A LY takes the name of QALY (quality-adjusted life

year) when it is weighted with the patient’s quality of life.
One QALY is a measure unit “equivalent” to the benefit
provided by one LY in full health. When QALYs are
used, the evaluation technique may be called cost-utility
analysis (CUA) – “utility” because the quality of life is
converted into a synthetic coefficient which can be
related, in economics, to a concept of utility such as “the
degree of personal satisfaction”, with values varying from
1 (full health) to 0 (death). CEAs/CUAs are preferably
conducted on a medium to long term time horizon.
No economic acceptability threshold has been officially

defined in Italy to date. Some proposals have been for-
mulated by Italian authors [16–18]. In other countries
official thresholds are used [19], or thresholds are
proposed by authors or organizations [20, 21]). Based on
data from these sources, an ICER value was assumed to
be economically acceptable in Italy when it is less or
equal to a range from €30,000 to €50,000 per QALY
gained.
The second (complementary) step of an economic

evaluation is aimed at answering a more immediate and
frequent question from the decision-maker, regarding
the financial sustainability of a new technology in the
short term (1–3 years). Such objective is pursued with
the budget impact analysis (BIA), with a view to estimate
how and how much a change in the mix of therapies
(following the introduction and spread of the new tech-
nology) used in the treatment of a given health condition
will impact on the trend of the expenditure for such
condition [22] from the perspective of the National
Healthcare Service.
In the next sections we describe the methods which

were followed to perform the two steps (CEA and BIA
[12, 13]) to evaluate the economic performance of pegin-
terferon beta-1a for the treatment of RRMS in Italy.

The cost-effectiveness analysis (CEA) of peginterferon
beta-1a in Italy
The analysis was conducted using a Markov model (a
tool particularly useful when a decision problem in-
volves risk that is continuous over time, when the
timing of events is important, and when important
events may happen more than once – such as the
transitions that a patient performs from one health
state to another, often in a recursive way [23]). The
model was based on a previously published one [24],
reviewed and accepted by – among several agencies –
the National Institute for Health and Clinical Excel-
lence (NICE) in the UK [25].

General description of the model
The economic perspective of the Italian National Health
Service (NHS) is adopted, with an additional scenario
taking into consideration the perspective of the whole
Italian society. The time horizon is lifetime; costs and
outcomes are discounted at the annual rate of 3.5% (to
account for the effect of time on current cost and
outcomes values).
Peginterferon beta-1a is compared to other injectable

DMTs used in the first line therapy of RRMS:

– IFN beta-1a, 30 μg, intramuscular (IM), once a week
(Avonex®)

– IFN beta-1a, 22 μg, subcutaneous (SC), three times a
week (Rebif 22®)

– IFN beta-1a, 44 μg SC, three times a week (Rebif
44®)

– IFN beta-1b, 250 μg SC, every other day (Betaferon®
and Extavia®)

– GA, 20 mg SC, once a day (Copaxone®).

The model simulates the mortality, the disease pro-
gression between EDSS levels, the relapse frequency and
the transition to secondary progressive multiple sclerosis
(SPMS), estimating the survival (LYs), the survival
adjusted for quality of life (QALYs), the overall costs, the
incremental cost per QALY gained (ICER).

Twenty-one health states are included in the model
(Fig. 1):

– 10 states in the RRMS form (EDSS levels 0; 1–1.5;
2–2.5; ….; 9–9.5)

– 10 states in the SPMS form (EDSS levels 0; 1–1.5;
2–2.5; ….; 9–9.5)

– Death

The simulation starts with a hypothetical cohort
distributed in the different EDSS levels of RRMS, ac-
cording to the initial distribution and demographic
characteristics of the patients in the ADVANCE study
[10, 11]. At each (annual) simulation cycle the pa-
tients can progress/regress between the EDSS levels
or remain in the same EDSS level in the RRMS form,
progress to the SPMS form, have a relapse according
to the specific probability in each level, or die.
Patients cannot return from SPMS to RRMS, nor
regress to lower EDSS levels in the SPMS form.
The treatments included in the model exert their ef-

fect both slowing down the disability progression (com-
pared to the natural history of the disease) and reducing
the relapse incidence in the RRMS form. Such effects
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persist over the long term [26–30]. No effect is consid-
ered on the progression from RRMS to SPMS, on the
transition between EDSS levels in the SPMS form and
on mortality.
It is assumed that patients stop therapy, with the

DMTs included in the analysis, when reaching an EDSS
level ≥ 7 in the RRMS form or when passing to the
SPMS form.
In respect to each treatment adverse events are

simulated.

Clinical data
The annual transition probabilities between EDSS
scores of RRMS patients were obtained on the basis
of data from the ADVANCE study [10, 11] (for levels
0–5), together with data from the London database,
Ontario [31, 32] (for levels 6–9). The annual transi-
tion probabilities from RRMS to SPMS, and between
EDSS scores of SPMS patients, were derived only
from the London database (patients with SPMS were
not enrolled in the ADVANCE study).
Annual relapse incidence data were obtained from the

ADVANCE study [10, 11], pooled with more data from
literature [33–35].
The death probability was estimated for each cycle

considering the general mortality of the Italian popula-
tion broken down by age and gender [36], adjusted for
the specific relative risk (RR) in each EDSS score (risk
obtained by fitting data reported in the literature [37]).
The treatment efficacy was simulated reducing the

disability progression and the relapse incidence, using
data derived from the recently published comprehensive
Network Meta-analysis [38].
The adverse events (AEs) for all therapies included in

the model were those occurred with an incidence ≥5%

for peginterferon beta-1a 125 mcg in the ADVANCE
study as well as AEs that occurred at an incidence of ≥3%
in the overall peginterferon beta-1a group compared to
the placebo group (even if the overall incidence in the
peginterferon beta-1a arms was <5%). The serious adverse
events were excluded, considering their very low fre-
quency in the ADVANCE study. Annual incidences for
comparators were obtained from several sources [39–46].
The utility (related to the quality of life) in the EDSS

scores of RRMS patients was assessed by Kobelt et al.
[5], together with a disutility (a decrement of utility, due
to a health worsening) equal to 0.18 for each relapse
(independent from the EDSS score). The utility in the
EDSS scores of SPMS patients was estimated subtracting
a disutility equal to 0.045 from the utility in the same
level in RRMS [32].
The disutilities of the adverse events were obtained

from literature or based on expert opinion [47–51].
A zero utility value was assumed when subtracting

disutility gave a negative value.

Economic data
The analysis from the Italian NHS perspective identified,
measured and quantified the direct medical costs relative
to the health management of patients with MS.
The annual treatment cost per patient was calculated

based on the ex-factory price per pack, net of temporary
low reductions and any negotiated hidden discounts,
multiplied by the number of units needed to cover 1
year. For all DMTs included in the model, adherence to
treatment was considered equal to 100%.
Administration costs were not considered, since all

DMTs in the model can be self-administered subcutane-
ously or intramuscularly, i.e. at zero cost from the
perspective of the Italian NHS.

Fig. 1 CEA Model structure. EDSS = Expanded Disability Status Scale; RRMS = relapsing-remitting multiple sclerosis; SPMS = secondary-
progressive multiple sclerosis; State N = current EDSS state. Adapted from Gani et al. [23], Iannazzo et al. [12]
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Annual monitoring costs were calculated based on MS
healthcare regional recommendations adopted in Emilia-
Romagna [52] and Lazio [53]; resources consumption
was valued according to current tariffs [54]. For pegin-
terferon beta-1a, the same consumption was assumed as
for non pegylated IFN beta-1a therapies.
The direct medical management cost per relapse

was calculated on the basis of an elaboration of the
societal cost of one relapse assessed by Kobelt et al.
[5], inflated to December 2014 with the Italian con-
sumption price index [36].
The management cost of adverse events was calculated

multiplying the annual incidence rates of the adverse
events associated to each DMT included in the model
by the unit cost of each event. It was assumed that ad-
verse events included in the analysis were managed in
the outpatient setting, by a general practitioner [55] or
by a specialist [54].
Disease management costs (hospitalizations, out-

patient care, visits and lab tests, drugs except DMTs) in
the different EDSS scores of RRMS and SPMS patients
were estimated processing data reported in the MS cost
of illness analysis by Karampampa et al. [56].
In the additional scenario where the Italian society

perspective was adopted, indirect costs due to productiv-
ity losses (sick leaves, early retirements) caused by MS
were also valued, together with direct non-medical costs,
e.g. for informal care (from relatives and/or friends) [56].

Sensitivity analysis
The sensitivity analysis was conducted in order to check
the robustness of the results and the impact of uncer-
tainties in the data used, considering that the clinical
and economic parameters of the model might – in the
real life and over time – take values both more or less
favorable as compared to those adopted in the basic
configuration of the model.
In the one-way sensitivity analysis (OWSA) the value

of each parameter was separately varied, and the impact
was calculated and registered of such change on the re-
sults. For each parameter the low and high value of its
uncertainty interval were given. Such interval was de-
fined as the 95% statistical confidence interval (95%CI)
when available or as ±10% of the parameter basic value.
The probabilistic sensitivity analysis (PSA) was

performed by simultaneously and randomly varying
(through 1000 replications) the values of all parameters.
To each of them a probability distribution was assigned,
centered on the parameter base value and with a
variance derived from the 95%CIs reported in the cited
Network Meta-analysis [38] (for relapse and progression
parameters) or with a standard error assumed equal to
25% of the base value (in all other cases).

The budget impact analysis (BIA) of peginterferon
beta-1a in Italy
A simple decision analysis model was used in order to
evaluate the potential financial impact of the introduc-
tion of peginterferon beta-1a in the Italian drug market
for the treatment of RRMS, from the perspective of the
Italian NHS, on a 3-year time horizon.

General description of the model
The overall treatment costs were analyzed of a popula-
tion with RRMS (target population) in Italy, by compar-
ing two different scenarios (Fig. 2):

– A scenario in which the target population is treated
with the injectable first line DMTs available in Italy
(IFNs beta, GA) excluding peginterferon beta-1a
(base scenario)

– A scenario including peginterferon beta-1a among
the injectable first line DMTs available in Italy
(alternative scenario)

By processing drug consumption data in Italy [57], the
number of patients treated with a first line injectable
DMT (target population) in the first year of observation
was estimated at 35,472. To this number, the number of
naïve patients (2000 per year [3]) was added for the fol-
lowing years. The mortality was not taken into account
in the budget impact analysis, in view of the short period
of observation.
The treatment mix in the base scenario was derived

from estimated market shares [57], assuming it remains
constant during the three observed years.
In the alternative scenario, the number was initially es-

timated of the patients that might start the treatment
with peginterferon beta-1a in the first 3 years after
launch. The number of equivalent patients per year was
then calculated (such number allows to consider that
every patient is treated for 1 year). Based on the

Target 
population

Scenario without 
peginterferon beta-1a

Therapies costs
Administration costs

Monitoring costs
Adverse events costs

Relapses costs

Scenario with 
peginterferon beta-1a

Therapies costs
Administration costs

Monitoring costs
Adverse events costs

Relapses costs

Budget impact for Italian 
NHS

Fig. 2 BIA Model structure. NHS: National Health Service; Adapted
from Iannazzo et al. [13]
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similarity between active principles, it was assumed that
peginterferon beta-1a could compete mainly with IFN
beta-1a therapies, and only marginally with IFN beta-1b
and GA (considering other characteristics too: ways of
use in the clinical practice, action mechanism, etc.).

Clinical data
Efficacy data – in terms of relapse incidence rate without
treatment, and of relapse relative risk reduction associ-
ated to the drug treatments of the RRMS – were derived
from the recently published Network Meta-analysis [38].
With the objective of maintaining a simple cost struc-

ture, among the adverse events only those related to the
injection site necrosis and flu-like syndrome were con-
sidered. The respective incidences were derived from the
Prescribing Information of each DMT included in the
analysis [58–63].

Economic data
The treatment cost (for which a general adherence of
85% was assumed [64]), the annual monitoring costs
and the management cost per relapse were valued
with the same criteria adopted in the cost-
effectiveness model (see point 2.1.3). The manage-
ment cost of adverse events was assumed equal to
the cost of an outpatient specialist visit [54].

The sensitivity analysis
An OWSA was performed, based on the same criteria
adopted in the cost-effectiveness evaluation (see point
2.1.4). The analysis was focused on the maximum budget
impact occurring in the third year.

Results
Similarly to the order followed in the Methods section,
results are presented sequentially in the two steps of the
economic evaluation of peginterferon beta-1a: CEA and
BIA respectively.

The cost-effectiveness analysis (CEA) of peginterferon
beta-1a in Italy
The comparison of peginterferon beta-1a with IFN beta-1a
in the NHS perspective
Results of the analysis indicated that peginterferon beta-
1a appeared more effective than IFN beta-1a, in terms
both of survival (LYs, discounted) and of survival ad-
justed for quality of life (QALYs, discounted) (Table 1).
The (discounted) total direct medical cost of a patient

treated with peginterferon beta-1a was slightly higher
than that of a patient treated with IFN beta-1a 30 μg or
with IFN beta-1a 22 μg; in fact, the higher drug and
monitoring cost is only partially offset by lower costs for
relapses, adverse events and disease management (as
compared with the two comparators). On the contrary,
the total direct medical cost of peginterferon beta-1a
was lower than that of IFN beta-1a 44 μg (Table 1).
Peginterferon beta-1a was dominant vs IFN beta-1a

44 μg because it was more effective and with lower
costs. The ICER of peginterferon beta-1a vs IFN beta-1a
30 μg and vs IFN beta-1a 22 μg resulted equal to
€11,112 and €12,604 per QALY respectively. In both
cases, the ICER is below the acceptability threshold of
€30,000–50,000/QALY (Table 1).
Comparing peginterferon beta-1a with IFN beta-1a

30 μg and with IFN beta-1a 22 μg, the OWSA showed
that the parameters which most impact on the cost-
effectiveness results are the disability progression hazard
rates and the outcomes discount rate. However, only the

Table 1 CEA of peginterferon beta-1a vs IFN beta-1a in Italy from the NHS perspective

Outcomes peginterferon beta-1a 125 μg IFN beta-1a 30 μg IFN beta-1a 22 μg IFN beta-1a 44 μg

Clinical outs. LYs 19.94 19.71 19.73 19.81

QALYs 9.07 8.09 8.19 8.55

[a] 0.98 0.87 0.51

Cost outs. (€) Drugs & mon. 113,095 92,599 93,511 129,261

Relapses 8789 9331 9078 8768

Adverse events 102 153 107 150

Disease manag. 111,107 120,152 119,651 116,368

Total cost 233,091 222,235 222,077 254,547

[b] 10,856 11,014 −21,456

ICER (€) [c] 11,112 12,532 Dominant

outs. = outcomes
drugs & mon. = treatment acquisition and monitoring
manag. = management
[a] = Incremental benefit (QALYs) (peginterferon beta-1a vs comparators)
[b] = Incremental cost (total) (peginterferon beta-1a vs comparators)
[c] = [b]/[a]
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variation in the hazard rates can give rise to ICERs ex-
ceeding the €30,000/QALY threshold. Also in the com-
parison between peginterferon beta-1a and IFN beta-1a
44 μg, where the former was dominant (Table 1), the
most impacting parameters are the same – but in no
case the ICER exceeds €30,000/QALY.
The PSA primarily showed that the results are robust

to variations in the input parameters, in all cases. More-
over, over the 1000 simulations where parameters were
varied from the base-case assumptions, in the compari-
son with IFN beta-1a 22 μg, the probability that pegin-
terferon beta-1a was cost-effective when WTP is
assumed to be €30,000/QALY was 74.1% (79.8% if WTP
is €50,000/QALY). In the comparison with IFN beta-1a
30 μg, the analogous probability was 79.7% for peginter-
feron beta-1a when WTP is assumed to be €30,000/
QALY (85.1% when WTP is €50,000/QALY).
Finally, in the comparison with IFN beta-1a 44 μg, the

PSA showed that peginterferon beta-1a is dominant in
76.2% of cases and cost-effective in 97.6% when WTP is
€30,000/QALY.

The comparison of peginterferon beta-1a with other
injectable first line DMTs in the NHS perspective
Peginterferon beta-1a was more effective than IFN beta-
1b and GA (in terms both of LYs and of QALYs), with a
total medical direct cost per patient slightly higher
(Table 2).
The ICER of peginterferon beta-1a was €10,580,

€16,702, and €22,023 per QALY vs IFN beta-1b 250 μg
(Betaferon), IFN beta-1a 250 μg (Extavia), and GA

20 mg, respectively – below the acceptability threshold
of €30,000–50,000/QALY in all comparisons (Table 2).
The results of the OWSA are in line with those rela-

tive to the comparisons between peginterferon beta-1a
with IFN beta-1a (reported above).
In the PSA, the comparisons show trends analogous to

those described for IFN beta-1a. In particular, the prob-
ability for peginterferon beta-1a to be cost-effective is
74.7% vs GA, 81.4% vs IFN beta-1b 250 μg (Extavia) and
87.0% vs IFN beta-1b 250 μg (Betaferon) when WTP is
€50,000/QALY.

The analysis in the societal perspective
The total societal cost of a patient treated with peginter-
feron beta-1a was lower than those of all the compara-
tors included in the analysis (Table 3).
Peginterferon beta-1a was dominant vs all injectable

first line DMTs (IFN beta-1a, IFNβ-1b, GA) because it is
more effective, in terms both of survival (LYs) and of
survival adjusted for quality of life (QALYs) and with a
lower total societal cost (Table 3).
The PSA showed peginterferon beta-1a dominant vs

all comparators, with probabilities between 76.3% (vs
IFN beta-1a 44 μg) and 85.8% (vs IFN beta-1b 250 μg).

The budget impact analysis (BIA) of peginterferon beta-
1a in Italy
In the base scenario (without peginterferon beta-1a), the
total medical cost of the target population was equal to
€321,530,021, €339,658,686, and €357,787,352 in the
first, second, third year of the observation period, re-
spectively (Table 4). In the alternative scenario (with

Table 2 CEA of peginterferon beta-1a vs IFN beta-1b and GA in Italy from the NHS perspective

Outcomes peginterferon beta-1a 125 μg IFN beta-1b
250 μga

IFN beta-1a
250 μgb

GA 20 mg

Clinical outs. LYs 19.94 19.68 19.68 19.68

QALYs 9.07 8.06 8.06 8.15

[a] 1.01 1.01 0.92

Cost outs. (€) Drugs & mon. 113,095 92,105 86,019 82,887

Relapses 8789 8808 8808 8502

Adverse events 102 110 110 94

Disease manag. 111,107 121,277 121,277 121,424

Total cost 233,091 222,399 216,213 212,908

[b] 10,691 16,877 20,183

ICER (€) [c] 10,580 16,702 22,023

outs. = outcomes
drugs & mon. = treatment acquisition and monitoring
manag. = management
[a] = Incremental benefit (QALYs) (peginterferon beta-1a vs comparators)
[b] = Incremental cost (total) (peginterferon beta-1a vs comparators)
[c] = [b]/[a]
aBetaferon
bExtavia
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peginterferon beta-1a) the analogous costs were lower:
€321,118,561, €338,559,367, and €356,201,191, respect-
ively. Therefore, from the perspective of the Italian NHS,
the introduction of peginterferon beta-1a to the Italian
market of first line injectable therapies for the treatment
of RRMS resulted in a 3-year cumulative impact of about
€3.1 million savings (−0.3% of the expenditure).
The comparison of the detailed cost items in the two

scenarios showed that the reduction of the total expend-
iture in the alternative scenario was mainly due to the
reduction of the overall acquisition cost for the pharma-
cological therapy and to the lower costs for the relapse
management thanks to the reduction of the total num-
ber of relapses.

The OWSA, focused on the cumulative impact of
the 3 years, showed that the acquisition cost of
peginterferon beta-1a is the most relevant parameter,
the variation (±10%) of which can result in an im-
pact with a positive value (i.e. in a cost to the Italian
NHS). The result is influenced, albeit to a lesser
extent, also by the efficacy parameters of the treat-
ments (in terms of relapse increase or reduction)
and by the cost per relapse; the variation of these
parameters, however, can never give rise to a sign
change in the result, which remains consistently
favourable in the alternative scenario (with peginter-
feron beta-1a).

Table 3 CEA of peginterferon beta-1a vs the other injectable first line DMTs in Italy from the societal perspective

Outcomes peg-IFN β-1a
125 μg

IFN β-1a
30 μg

IFN β-1a
22 μg

IFN β-1a
44 μg

IFN β-1b
250 μga

IFN β-1b
250 μgb

GA
20 mg

Clinical outcomes

LYs 19.94 19.71 19.73 19.81 19.68 19.68 19.68

QALYs 9.07 8.09 8.19 8.55 8.06 8.06 8.15

[a] 0.98 0.87 0.51 1.01 1.01 0.92

Direct medical costs (€)

Drugs & mon. 113,095 92,599 93,511 129,261 92,105 86,019 82,887

Relapses 8789 9331 9078 8768 8808 8808 8502

Adverse evts. 102 153 107 150 110 110 94

Disease man. 111,107 120,152 119,651 116,368 121,277 121,277 121,424

Indirect and non-medical costs (€)

Relapses 8901 9453 9196 8882 8922 8922 8613

Other costs 528,222 586,700 583,313 561,586 594,367 594,357 595,374

Total cost 770,213 818,388 814,585 825,015 825,689 819,503 816,894

[b] −48,175 −44,372 −54,801 −55,475 −49,289 −46,681

ICER (€) [c] dominant dominant dominant dominant dominant dominant

Peg-IFNβ-1a = peginterferon beta-1a
IFNβ = IFN beta
adrugs & mon. = treatment acquisition and monitoring
evts. = events
man. = management
[a] = Incremental benefit (QALYs) (peginterferon beta-1a vs comparators)
[b] = Incremental cost (total) (peginterferon beta-1a vs comparators)
[c] = [b]/[a]
aBetaferon
bExtavia

Table 4 BIA of peginterferon beta-1a in Italy from the NHS perspective

Costs Year 1 Year 2 Year 3 Cumulative

Base scenario
(without peg-IFNβ-1a) (€)

321,530,021 339,658,686 357,787,352 1,018,976,059

Alternative scenario
(with peg-IFNβ-1a) (€)

321,118,561 338,559,367 356,201,191 1,015,879,119

Absolute impact(€) −411,460 −1,099,319 −1,586,161 −3,096,940

Relative impact (%) −0.13% −0.32% −0.44% −0.30%

Peg-IFNβ-1a = peginterferon beta-1°
Adapted from Iannazzo et al. [13]
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Discussion
The economic profile of peginterferon beta-1a in the treat-
ment of RRMS in Italy was assessed with two analyses.
In the cost-effectiveness analysis (CEA), peginterferon

beta-1a was compared with other injectable first line
DMTs on a lifetime horizon, and was found to be the
most effective. From the NHS perspective, peginterferon
beta-1a was dominant versus IFN beta-1a 44 μg. The
ICER of peginterferon beta-1a versus IFN beta-1a, IFN
beta-1b and GA was consistently below the acceptability
threshold adopted (€30,000–50,000/QALY [16–21]) –
or, from another point of view, well below the level con-
sidered acceptable in another jurisdiction like UK [19].
From the societal perspective, peginterferon beta-1a was
always dominant versus all the alternatives included in
the cost-effectiveness model.
The analysis of the budget impact (BIA) from the

NHS perspective showed that the introduction of
peginterferon beta-1a results in a health expenditure
reduction over the three analysed years, starting from
the first year.
In both the CEA and the BIA, the sensitivity analysis

confirmed the reliability of the base case results.
On the other hand, it is worth highlighting the major

limitations associated to these assessments, starting from
those which are common to both the CEA and the BIA
of peginterferon beta-1a.
The first limitation is due to the unavailability of a

head-to-head study comparing peginterferon beta-1a
with the alternatives included in the analysis. As a
consequence, for clinical data about the efficacy of the
treatments the Network Meta-analysis [38] was used,
which provides indirect comparisons. This is likely
acceptable, however, considering that such analyses are
numerically grown very much in the last years [65] and
that their use in pharmacoeconomic evaluations is now
well established [66, 67].
The second limitation lies in not having captured, in

the design of the models, all the features that might be
differentiating for peginterferon beta-1a, such as the
administration frequency and the degree of
immunogenicity.
In fact, peginterferon beta-1a is administered subcuta-

neously once every 2 weeks. Considering that the num-
ber of administrations per month of comparator first
line injectable DMTs currently available in Italy is be-
tween 4 and 28, a reduction in administration frequency
between 50% and 94% can be achieved with peginter-
feron beta-1a. Such a reduction might result in better
adherence to treatment, with clinical and economic ben-
efits for both patients and NHS. The adherence to ther-
apies for MS has proved inversely correlated to the
relapse incidence and to the total direct and indirect
costs; in particular, the comparison between adherent

and non-adherent patients showed that in the former
the incidence of serious relapses is significantly lower
(12.4% vs 19.9%, p < 0.013), and the average total direct
and indirect costs are also significantly lower ($14,095 vs
$16,638, p < 0.048) too [68].
In the pivotal study peginterferon beta-1a showed a

low immunogenicity. This results in a low risk of produ-
cing neutralizing antibodies (NAbs), which reduce treat-
ment efficacy. Patients with NAbs show a significant
increase of the relapse incidence rate ratio (IRR = 1.38;
p = 0.0247) and a significant decrease of the time to the
first relapse (IRR = 1.51; p = 0.0111) [69]. This means
that a low immunogenicity results in a low economic
impact from the perspective of both the NHS and the
society: the annual increment of the management cost of
a patient who develops NAbs is equal to €1111 from the
perspective of the Italian NHS and to €3100 from the
perspective of the Italian society [70].
In any case, it should be noted that assuming an equal

adherence to treatment (100% in the CEA and 85% in
the BIA) in all the DMTs included in the analysis, and
not considering a different immunogenicity degree
among the IFNs, is a conservative approach in assessing
peginterferon beta-1a.
Another limitation is represented by the value used

for the relapse cost from the perspective of the Italian
NHS: not having found ad hoc data in the literature,
such value was calculated processing the societal cost
estimated by Kobelt et al. [5]. Moreover, this source
is not recent and the relapse management mode has
meantime changed in the clinical practice, with a re-
duction of the number of relapses associated to a
hospitalization. To keep into consideration the poten-
tial weakness of the adopted value, its variation inter-
val was extended to −30% of the basic value in the
OWSA.
Among the limitations specific to peginterferon beta-

1a CEA only, the first one regards the model configur-
ation, which is limited to the first line of treatment and
cannot simulate possible further treatments. This is due
to the fact that no therapeutic algorithm is reported in
the Italian guidelines for the MS treatment.
Finally, the analysis does not capture the patient’s sat-

isfaction/dissatisfaction effects nor the effects of incre-
ment/decrement of the quality of life associated to a MS
therapy as compared with another. Due to the unavail-
ability of data in the literature to this purpose, the util-
ities adopted to assess the quality of life do not keep
into account the possible preferences of patients for the
individual drugs.
As to the budget impact analysis, not including costs

due to disability progression is a specific limitation. On
the other hand, this choice was made because a three-
year time horizon looked too short to appreciate the
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possible economic consequences of a slowing in the dis-
ability progression.
Some evidence and confirmations could be given in

addition to the results of this study.
The first one regards the cost-effectiveness analysis

where the average proportion between the total lifetime
per patient cost from the NHS perspective (direct
medical costs) and the society perspective (direct and in-
direct costs) is about 28% (Tables 1–3). This percentage
is in line with the estimated proportion of direct
medical costs in the Kobelt study [5]. The second one
regards the budget impact analysis where the cost per
patient per year which can be derived from Table 4
(about € 9200) looks comparable with the mean dir-
ect medical cost per patient per year reported in the
Kobelt study [5] (€ 11,100) considering also that in
the BIA were not considered all costs included in the
Kobelt study (such as: physical visits, over the coun-
ter drugs, rehabilitation).
Further supports are available for CEA only. They

show how the results from the Italian analysis are in line
with those reported for US, Scotland, and Ireland.
A study was conducted in the US assessing the cost-

effectiveness of peginterferon beta-1a vs IFN beta-1a
(44 μg SC three times per week) and GA (20 mg SC
once daily) in the treatment of RRMS from the perspec-
tive of a US payer [71].
The Markov model used for the analysis is the same

(both in structure and in assumptions) as that above de-
scribed in Section 2, only differing in some options (e.g.,
time horizon: 10 years in the base case instead of life-
time; annual discount rate: 3% instead 3.5%) and in the
data concerning the US demographic and economic
environment (mortality, medical costs) instead of the
Italian one.
Compared with IFN beta-1a 44 μg and GA 20 mg,

peginterferon beta-1a was associated with a slower rate
of disability progression during RRMS and of progres-
sion to SPMS. This resulted in peginterferon beta-1a
being dominant over both competitors, with cost savings
of $ 22,070 (€ 19,424) and $ 19,163 (€ 16,865) respect-
ively and additional 0.06 and 0.07 QALYs gained respect-
ively (original monetary values were converted from $ to
€ @0.88 [72]).
A comparison of results from Italian and USA analyses

– specific data are not reported here – shows that LYS
and QALYs are fewer in the former, due to the shorter
time horizon adopted in the US model. However, all
(but one) cost items are higher (in particular, the cost
for drugs and monitoring) than in Italy, which might be
explained by a positive difference between the unit
prices in the respective health systems.
The only cost item which appears higher in Italy is the

cost for disease management: a kind of cost particularly

increasing with the worsening of the disease, which can
be better assessed in a longer time horizon.
The probabilistic sensitivity analysis showed that

peginterferon beta-1a was dominant over both competi-
tors in >90% of 5000 replications and was cost-effective
in 95% of the replications when using a WTP threshold
equal to $50.000 (€ 44,000) per QALY gained.
The study [67] showed that peginterferon beta-1a has

a favorable cost-efficacy profile relative to its compara-
tors, confirming the results from the Italian CEA [12].
In Scotland, the cost-effectiveness evaluation of pegin-

terferon beta-1a vs IFNs beta and GA from the NHS
perspective showed peginterferon beta-1a dominant vs
IFN beta-1a 30 μg, IFN beta- 1a 22 μg and IFN beta-1b
and cost-effective (assuming a WTP equal to £20,000) vs
IFN beta- 1a 44 μg and GA 20 mg [73].
Also in Ireland, in the cost-effectiveness evaluation of

peginterferon beta-1a vs IFNs beta and GA from the
perspective of a third payer, peginterferon beta-1a re-
sulted dominant vs all comparators [74].

Conclusions
In conclusion, the results from the cost-effectiveness
analysis show that peginterferon beta-1a in the treat-
ment of RRMS in Italy is a cost-effective alternative, vs
both IFN beta- 1a and other injectable first line treat-
ments (IFN beta- 1b and GA) from the perspective both
of the Italian NHS and of the Italian society. In the light
of the budget impact analysis, the introduction of pegin-
terferon beta-1a among the first line injectable available
alternatives does not result in additional costs but, on
the contrary, it generates savings for the NHS.
Overall, reading together the results from two analyses

(CEA and BIA), peginterferon beta-1a is a cost-effective
and financially sustainable alternative from the NHS per-
spective and a valid option in the treatment of patients
with RRMS in Italy.
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