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Abstract

Epidemiological data on primary progressive multiple sclerosis (PPMS) are scarce. This study was aimed to evaluate the burden
of PPMS in Italy with healthcare resources utilisation and costs for Italian National Health System (INHS). A 2-year cross-
sectional analysis of real-world data collected in the ARCO database, covering > 10 million Italian inhabitants, was performed.
From a cohort of patients affected by MS in 2014, those supposedly affected by PPMS were defined by the concurrent matching
of absence of disease-modifying treatments and use of rehabilitation services. Any other drug prescriptions, outpatient services
and hospitalisations were analysed in 2015 for each subject. The average annual cost per patient was provided both for each
expenditure item and by integrating these. Of 13,253,591 inhabitants, 18,453 resulted affected by MS (prevalence 139 x

100,000). Of these, 1849 agreed with additional criteria to identify PPMS (10% of MS population). The 26.8% of these
experienced at least one admission in 1 year, 97.3% used at least one outpatient service and 94.3% received at least one
reimbursed drug. In the perspective of INHS, PPMS generated an average annual cost of € 3783 per person: 49% for
hospitalisations, 28% for outpatient services and 23% for drugs. This study provides a reliable estimation of the PPMS burden
in Italy, in terms of healthcare utilisation and direct costs. These findings could be useful to estimate the changes in health
expenditure following the incoming of new drugs to treat PPMS with increase of pharmaceutical cost and potential decrease of
rehabilitation and hospitalisation costs.
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Introduction A recent analysis of all these studies estimated that in

Italy, in 2015, the average MS prevalence was 176 per

Multiple sclerosis (MS) is the most frequent demyelinat-
ing disease and one of the main cause for permanent
disability in young adults. WHO estimated that, in
2013, this disease affected more than 2.3 million people
worldwide, and 600,000 only in Europe: figures have
increased in recent years [1].

In Italy, a country considered as high-risk area for MS,
several epidemiological studies have been conducted at
regional and local levels and with different methodolo-
gies, resulting in a wide range of prevalence estimations.
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100,000, ranging from 122 to 232 cases per 100,000 [2].
However, in these studies, no data on the epidemiology of
different disease courses were provided, due to the diffi-
culty in identifying the subtypes of MS in different data
sources investigated (e.g. in healthcare administrative da-
tabase, there is no information on clinical course of
disease).

Moreover, economic evaluations on MS generally are lack-
ing for differential analyses according to the specific course,
although economic analyses on the basis of disease severity
(measured by EDSS—Expanded Disability Status Scale)
showed an increase of the total cost with the augmentation
of disability [3-8].

This issue is relevant due to MS is not a unique disease and
it is characterised by variable courses. The majority of patients
starts with relapsing-remitting (RR) form and approximately
50-60% of them progress to secondary progressive (SP) dis-
ease. Only 10-15% of patients develop a progressive disease
course from the onset, termed primary progressive multiple
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sclerosis (PPMS) [9]. The course of this last subtype of MS
differs from others since its progression consists mainly of
gradual worsening of neurologic disability from symptom on-
set, although relapses may occur [10].

During the past years, several advances were reached
through researches in MS field, especially for the treatment
of RRMS; however, several clinical needs remain unmet [11].
The main unmet need, until recent years, was the treatment of
progressive forms, in particular PPMS [12, 13]. After the fail-
ure of several trials in searching treatment for this form of
disease [14—16], recently, new therapeutic options are incom-
ing to treat PPMS [17].

In order to better forecast and manage the impact of the
new therapeutic options for PPMS, it is essential to investigate
the real-life population affected by this form of disease. This
should allow to better allocate resources in prevision of an
increase of pharmaceutical cost and a potential decrease of
rehabilitation and hospitalisation expenditures.

In this scenario, the aim of this study was to evaluate the
burden of PPMS in Italy and the related healthcare resources
utilisation and costs for Italian National Health System
(INHS), by using health administrative databases.

Methods
Study design

This was a 2-year cross-sectional study based on real-world
data: each selected patient was identified in the accrual year
(2014) and observed in the subsequent year (2015).

The analysis was conducted by using ARCO database, cre-
ated with the collaboration of CINECA (Interuniversity
Consortium).

This data source, covering more than 10 million of Italian
inhabitants of different regions and local health units, was
involved in published observational researches [18, 19].
ARCO is a patient-centred data-warehouse, where all INHS
administrative databases are integrated with each other: reim-
bursed outpatient prescriptions database, hospital discharges
database and outpatient services and visits database.

Based on this feature, ARCO can be searched to describe,
for each subject, the precise healthcare pathway and related
direct costs for INHS.

Patients

Patients with PPMS were identified among a population af-
fected by MS in 2014 (accrual year).

Firstly, the population affected by MS (any type) was se-
lected among the overall ARCO population, by the presence
of at least one of the following information:
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(1) exemption code for MS (Italian exemption code: 046), or
(i) hospitalisation with a primary or secondary diagnosis of
MS, codified by the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD9-
CM): ICD9-CM code 340; or
(iii) prescription of a disease-modifying drug (DMD) la-
belled for MS, identified by the Anatomical
Therapeutic Chemical (ATC) codification: (interferon
beta-1b LO3ABO0S8; interferon beta-1la LO3ABO07,
glatiramer acetate LO3AX13, teriflunomide LO4AA31,
dimethy] fumarate NO7XX09, natalizumab L04AA23,
fingolimod LO4AA2 or alemtuzumab L04AA34).

This algorithm was already applied and validated by
Bargagli and colleagues with the purpose to investigate the
prevalence of MS in Lazio Region [20], and it is quite similar
to that used by Bezzini and co-workers to estimate the preva-
lence of MS in Tuscany Region [21].

Among MS population, PPMS patients were identified by
searching those subjects without immunomodulatory and im-
munosuppressive treatments and needing rehabilitation.
Therefore, the following additional criteria that should be con-
currently met in 2 years (2014 and 2015), were applied:

(i) absence of any prescription of DMDs labelled for MS
(listed above) and immunosuppressive drugs used for
MS treatment (azathioprine ATC code L04Ax01, metho-
trexate LO4AXO03, cyclophosphamide LO1AAOI,
mitoxantrone LOIDBO07 or mycophenolic acid
L04AA06) over both years,

and

(ii) atleast one utilisation of ambulatory services for rehabil-
itation and visits during the 2 years.

Statistical analysis

At the accrual year (2014), the crude prevalence estimations
(per 100,000 inhabitants) of MS (any type) and of PPMS were
provided. Moreover, the rate of PPMS among overall MS
population was calculated. Gender and age distribution of
overall MS and PPMS patients was also depicted.

The healthcare resources utilisation and related direct costs
were calculated for the 2015 population affected by PPMS.
Hospital admissions were analysed in terms of primary diag-
nosis or procedure, by ICD9-CM codes. Reimbursed outpa-
tient drug prescriptions were described in terms of therapeutic
class, according to the IV level of ATC classification.
Outpatient services and visits were analysed by using regional
lists of all healthcare services reimbursed by INHS.
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Overall ARCO population (2014)
13,253,591

A

Patients affected by Multiple Sclerosis (MS):
18,453
(139 x 100,000 inhabitants)

A4
Patients affected by PPMS
1,849
(10% of MS patients)
(14 x 100,000 inhabitants)

Fig. 1 Selection of the study cohort: primary progressive multiple
sclerosis (PPMS) patients in ARCO database in 2014

Healthcare costs were evaluated using real price paid by
INHS and tariffs for in- and outpatient services (only direct
costs). Cost analyses were performed both as single expendi-
ture item (i.e. hospital discharges, drug prescriptions and am-
bulatory services and visits) and as integrated costs. The total
annual cost and the average annual cost per patient, in the
perspective of INHS, were calculated.

Results

Prevalence and socio-demographic characteristics
of PPMS

Starting from an overall population of 13,253,591 subjects,
resident in 6 Italian Regions (Sardinia excluded) at 2014 and
with complete data recorded in ARCO database, 18,453 pa-
tients resulted affected by MS (crude prevalence 139 per
100,000 inhabitants). Out of these, 1849 (10.0%) resulted
without any pharmacological treatment and users of rehabili-
tation services or visits. Therefore, the 2014 prevalence of
PPMS patients was 14 per 100,000 inhabitants (Fig. 1).

Females represented the 69.2% of PPMS group, with a
F:M ratio similar to that retrieved in overall MS group (i.e.
2.3:1). The mean age of PPMS patients was 54.0 years old,
higher than that recorded in overall MS population (47.4 years
old) (Table 1).

Healthcare utilisation and direct costs of PPMS

In 1-year period, almost all PPMS population (99.3%) used at
least one healthcare resource with a total cost for INHS of €
6,994,663, referring to an average annual cost per patient of €
3783.

The 94.3% of subjects received during this period at least
one reimbursed drug, with a total cost of € 1,583,612 and on
average € 856 per patient. The most prescribed drug classes
were “proton pump inhibitors” (39.2% of PPMS patients),
followed by “vitamin D and analogues” (37.3%),
“glucocorticoids” (27.0%) and “penicillins” (24.8%).
Among the first 10, there were also therapies often used to
treat symptoms of MS such as “muscle relaxants” (24.7%)
and “drugs for neuropathic pain” (21.1%). This last therapeu-
tic class generated the highest annual cost per patient (€ 103.7)
among all reimbursed drugs.

The analysis of hospital admissions showed that 26.8% of
the studied population was admitted at least one time in the 1-
year period, with a yearly total cost of € 3,442,312 and on
average € 1862 per patient. Hospitalisations for “multiple
sclerosis” (as a primary diagnosis) occurred in 4.8% of pa-
tients with an average annual cost per patient of € 236.6. Other
diagnoses or procedures recorded in more than 1% of the
studied population were “administration of long-term high-
risk medications” (3.1%) and “paraplegia” (1.6%).

Outpatient services or visits were used over 1 year by
97.3% of PPMS subjects generating a total cost of €
1,968,739 and an average annual cost per patient of € 1065.
Visits were performed for 91.0% of patients, laboratory exams
for 83.7% and rehabilitation services for 54.5%. This last ser-
vice implicated the highest annual cost per patient (€ 352.9),
among all outpatient services (Table 2).

Table 1  Prevalence estimations and socio-demographic characteristics of patients affected by multiple sclerosis (MS any type) and those with PPMS
(primary progressive multiple sclerosis), in 2014

MS (any type) PPMS

F M Tot F M Tot
No. 12,691 5762 18,453 1279 570 1849
Prevalence (x 100,000 inhabitants) 186.8 84.8 139.2 18.8 8.8 14.0
PPMS on overall MS (%) - - - 10.1% 9.9% 10.0%
Gender (%) 68.8 31.2 100.0 69.2 30.8 100.0
Mean age (year) 47.7 46.9 47.4 53.8 54.4 54.0

F female, M male
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Table 2 Specific healthcare
resources utilisation and related
cost over 1 year for patients
affected by primary progressive
multiple sclerosis (PPMS), in
2015
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PPMS patients PPMS expenditure for NHS
No. (1849) % (100) Total cost (€) Average cost
per patient (€)

Any healthcare resource 1836 99.3 6,994,663 € 3783

Drug prescriptions*

Any drug 1744 94.3 1,583,612 856
Proton pump inhibitors 720 39.2 64,628 352
Vitamin D and analogues 685 373 25,345 13.8
Glucocorticoids 496 27.0 15,685 8.5
Penicillins 456 24.8 7922 43
Muscle relaxants 454 24.7 52,750 28.7
Fluoroquinolones 453 24.7 11,663 6.3
Antiepileptics for neuropathic pain 387 21.1 190,412 103.7
SSRIs 357 19.4 30,331 16.5
Platelet aggregation inhibitors 270 14.7 11,102 6.0
NSAIDs (propionic acid derivatives) 260 14.2 3561 1.9

Hospital admissions*

Any diagnosis or procedure 496 26.8 3442312 1862

Diagnoses
Multiple sclerosis 89 4.8 437,439 236.6
Paraplegia 29 1.6 494,025 267.2
Acute respiratory failure 15 0.8 185,625 100.4
Urinary tract infection, site not 10 0.5 2569 139

specified
Erysipelas 0.3 18,769 10.1
Trigeminal neuralgia 0.3 15,131 8.2

Procedures

Long-term (current) use of other 58 3.1 68,431 37.0
medications

Other physical therapy 13 0.7 57,731 31.2

Encounter for antineoplastic 9 0.5 45,237 24.5
chemotherapy

Fitting and adjustment of other 5 0.3 2106 1.1
devices related to nervous
system and special senses

Outpatient services and visits*

Any service or visit 1799 97.3 1,968,739 1065
Visits 1683 91.0 2,24,709 121.5
Laboratory exams 1547 83.7 2,38,913 129.2
Rehabilitation services 1008 54.5 6,52,530 3529
Magnetic resonance imaging 721 39.0 430,350 232.7
Echography 684 37.0 67,593 36.6
X-ray/scintigraphy 589 31.9 64,315 34.8
Treatment procedures 475 25.7 105,138 56.9
Mammography 469 25.4 101,677 55.0
Outpatient interventions 217 11.7 11,531 6.2
Computed tomography 167 9.0 35,650 19.3

*For each healthcare resource, first 10 items were listed in the table
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Fig. 2 Integrated healthcare costs
for INHS generated by primary
progressive multiple sclerosis
patients (average annual cost per
patient) in 2015 €1,065
€0 €500 €1,000 €1,500 €2,000 €2500 €3,000 €3,500  €4,000

M Drug prescriptions

The integrated cost analysis showed that, in the perspective
of INHS, every subject affected by MS without any specific
drug (i.e. PPMS) on average yearly accounted for € 3783. This
expenditure was composed by 49% due to hospitalisations,
28% to outpatient services and the remaining 23% to drug
prescriptions (Fig. 2).

Discussion

This study, investigating a specific subgroup of MS patient in
Italy (i.e. PPMS), provided information on its burden of disease
and related costs for INHS. This becomes essential in order to
define the potential benefits in terms of healthcare expenditure
of the incoming therapeutic strategies. Indeed, previous Italian
epidemiological studies [20, 21] based on administrative data-
bases, although recognising the value of this data source to
investigate MS, did not perform any analysis on different dis-
ease courses. Moreover, previous Italian analyses of MS costs
were based on questionnaires that stratified population accord-
ing to EDSS and not to disease course, due to the difficulties in
recognising by patient itself the specific disease subtype [7].
The study, by analysing real-world data, found a MS preva-
lence estimation in line with previous Italian studies [2] and it
added the prevalence figures of PPMS, accounting for 10% of
overall MS patient, as expected and reported in the literature [ 10,
22]. This was possible by applying specific selection criteria to
administrative databases. One of these criteria was the absence
of any prescription of drug aimed to reduce disease progression
(i.e. immunomodulatory and immunosuppressive drugs); this
could allow to argue that these subjects were affected by the
only one subtype of disease without specific treatment in
analysed years, i.e. PPMS. Nevertheless, also patients affected
by other types of MS could receive no specific treatments for
several reasons (e.g. intolerance, inefficacy or others).
Therefore, the choice to add a second selection criterion based
on the use of rehabilitation services allows us to reduce the risk
of selection of those patients affected by relapsing forms and at
early stage of the disease (i.e. they did not needing rehabilita-
tions). Based on these considerations, we can reliably affirm
that, in our analysis, the 10% of MS subjects meeting these
two selection criteria suffered from PPMS. As expected, the
mean age of this group of patients was higher than that recorded

id Hospital admissions M Outpatient services and visits

in overall MS population [10]. Concerning the F:M ratio, liter-
ature reports that it should be around 1:1 for PPMS [10], while
our results found a ratio of 2.3:1. This discrepancy should be due
to the choice to analyse prevalent cases and not incident ones.

In the light of these results, this study demonstrated that the
lack of specific information on the MS course in the adminis-
trative databases could be overcome by applying specific in-
clusion criteria. These could be helpful to conduct epidemio-
logic and economic analyses on different MS courses by using
this data sources. Indeed, the study showed that a patient with
PPMS generated an annual average cost of € 3783 in the
perspective of INHS. The main cost-diver for PPMS was hos-
pital admissions, followed by outpatient services, and by drug
prescriptions. This ranking is due to the absence of specific
treatment for this group of MS patients. In view of incoming
new strategies, it should be forecasted that the cost for drugs
will increase but, at the same time, hospitalisations and outpa-
tient services should be reduced. To these direct costs, should
be added the indirect costs, that are huge for MS patients [6,
7], and should be reduced by new drugs.

The main strength of this analysis is that it describes a real-
world setting concerning a large population. However, this
strength is also the well-known limitation of observational
researches in relation to the features of data source used for
the analysis [23, 24].

In conclusion, the results of this study could be helpful for
policy decision-maker for an appropriate allocation of the re-
source in the management of patients affected by PPMS, es-
pecially in view of the changes of therapeutic strategies that
are incoming for this group of patients until now without
specific treatment.
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