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Purpose: A retrospective analysis was conducted to estimate the number of patients with focal epilepsy and drug-resistant epilepsy
(DRE) and their characteristics, the therapeutic patterns, the consumption of health resources in a real-world Italian setting.
Patients and Methods: A retrospective study was carried out on the administrative databases of a sample of Italian Health
Departments, covering approximately 8.7 million health-assisted individuals. All adult patients with at least one hospitalization for
focal epilepsy and an electroencephalogram (between 01/2010 and 12/2019), and at least one prescription of antiseizure medication
(ASM) (between 01/2011 and 12/2018) were included in the study. Patients with at least two treatment failures and treated with
a subsequent ASM were considered DRE.

Results: Overall, 1897 patients with focal epilepsy (mean age 56 years, 47% male) were identified, of which 485 (25.6%) with DRE
(mean age 53 years, 43% male). Among patients with focal epilepsy and DRE, respectively, 48% and 54% had essential hypertension,
23.4% and 26.6% had cardiovascular disease, and 46.3% and 62.1% had peptic ulcer/prescription of gastric secretion inhibitors.
During follow-up, patients with focal epilepsy maintained first-line treatment for 53.9 months; among these, 52% passed to the second-
line, and 485 (25.6% of the total) began third-line treatment. In patients with focal epilepsy, the mean cost was € 4448 (of which €
1410 were epilepsy-related), and in DRE patients total expenditures averages € 5825 (of which € 2165 were epilepsy-related). In both
patients with focal epilepsy and DRE, hospitalizations represented the most impacting item of expenditure.

Conclusion: The present analysis conducted in a setting of Italian clinical practice has shown that 25% of patients with focal epilepsy
were resistant to antiepileptic treatments. Furthermore, these results showed that health-care costs for the management of epileptic
patients were mainly accountable for the costs related to the disease-management and to hospitalizations.
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Introduction
Epilepsy is one of the most common chronic severe neurological disorders, affecting approximately 68 million people

worldwide." It usually manifests as infantile (epileptic) spasms or focal seizures during the first year of life. Focal
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epilepsy remains the most frequent form after the first year of life.> Many patients with epilepsy have significant
disabilities and severe physical, neuropsychological complications.® Since epilepsy is a fairly common clinical condition
affecting all ages and requiring long-term treatment, thus it is associated with high health-care costs for health systems.*
Conventional treatment for epilepsy is based on the long-term administration of antiseizure medications (ASM).” Today,
the pharmacological armamentarium against epilepsy is very complex and includes several drugs.® Although polytherapy
with antiepileptic drugs results in long-term seizure remission in most patients, about 30% of patients do not achieve
remission with currently available ASM and are defined as patients with refractory or refractory drug-resistant epilepsy
(DRE).”® These individuals sustained the physical and psychological consequences of uncontrolled seizures with a heavy
drug burden and an increased mortality.” In addition, the management of DRE patients in some cases required non-
pharmacological treatment, especially surgery.'®

It has been well recognized that epilepsy is a disease with a pronounced societal and healthcare impact.'' The high
health-care costs are related to assessment and treatment, surgery and hospitalization for seizures, lost employment,
income, and household work.'? These costs vary according to the severity of the condition, response to treatment, length
of time since diagnosis.!' However, the economic impact of epilepsy and the real impact of drug-resistant epilepsy have
been poorly quantified, and few studies are available up to now, particularly in Italy.

Thus, the present retrospective analysis aimed to estimate the number of patients with focal epilepsy and drug-
resistant epilepsy, their therapeutic pathway, and the economic burden of the disease, in terms of the consumption of
health resources and the related direct costs, in a real-world Italian setting.

Materials and Methods

Data Source

This is an observational study based on data extracted from the administrative databases from different Italian Entities,
distributed among the Italian territory, covering approximately 8.7 million inhabitants. Within the administrative flows,
the anonymous univocal numeric code assigned to each patient allowed the electronic linkage of all subjects’ records
across the databases. Specifically, data-linkage was performed among the following databases: demographic database (to
collect data on patients’ demographic), pharmaceutical database [to collect data on prescription drugs reimbursed by the
Italian National Health System (NHS), in terms of related Anatomical-Therapeutic Chemical (ATC) code, and prescrip-
tion date], hospitalization database [to give information on discharge diagnoses at any level classified according to the
International Classification of Diseases, 9-th Revision, Clinical Modification (ICD-9-CM) and date of diagnosis],
outpatient diagnostic tests and specialist visits database (contains the date of prescription, type, description of diagnostic
tests and procedure for patients in analysis), and exemption database [to collect data on date and type of exemption code].
For the current study, Italian entities databases were selected by their geographical distribution, by data completeness,
and by the high-quality linked datasets. The anonymous univocal numeric code ensured total compliance with the
European General Data Protection Regulation (GDPR) (2016/679). No identifiers related to patients were provided to the
authors. All the results of the analyses were produced as aggregated summaries, and thus data cannot be assigned, either
directly or indirectly, to a single institution, department, doctor, individual, or individual prescribing behaviors. Based on
the Privacy Guarantor Authority general authorization for personal data treatment for scientific research purposes— n.9/
2014, informed consent was not required, as its collection would be impossible for organizational reasons. According to
the Italian law on the conduction of observational analyses, the ethics committee of each participating entity was notified
and approved the study (Supplementary Table 1).

Study Design

Among the study population, all adult patients with a diagnosis of focal epilepsy were enrolled. Focal epilepsy was
identified by the presence of all the following criteria (the applied methodology was previously reported and
validated):'*'* i) the presence of at least one hospitalization discharge diagnosis at primary or secondary level for
focal epilepsy (ICD-9-CM codes are listed in the Supplementary Table 2) evaluated during all study period from

January 2010 to December 2019; ii) the presence of at least one prescription for an ASMs (ATC codes: NO3A,
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NO5BAO09), with the first ASM prescribed as a monotherapy with at least 60 days’ supply (evaluated during the
inclusion period, ie, from January 2011 to December 2018); and iii) the presence of at least one electroencephalogram
(EEG) (ICD-9-CM procedure code 89.14) evaluated during all study period from January 2010 to December 2019.
Among patients with focal epilepsy, those with at least two failed ASM treatment lines and in third-line treatment at
the inclusion time were defined as patients with DRE. For focal epileptic patients, the index date was the date of first
ASM prescription during the inclusion period; while for DRE patients the date of prescription of third-line ASM was
defined as the index-date. All patients were followed-up for all available period (at least one year) after the index-
date.

Analysis of Baseline Characteristics

For all patients included in the study, baseline characteristics in terms of age, sex, previous hospitalizations and
treatments, during the characterization period (12 months prior index-date) were evaluated. Comorbidities and clinical
manifestations were identified by hospital discharge diagnosis, the exemption code and/or the prescription of specific
medications. In line with the recent literature,'> the presence of the following diagnoses/treatments were evaluated: use of
anti-dementia medications (by at least one prescription of drugs with ATC code N0O6D); use of antimigraine preparations
(at least of one prescription of drugs with ATC code N02C); hypertension [identified by at least one hospitalization with
a discharge diagnosis for essential hypertension (ICD-9-CM code 401) or at least one prescription of antihypertensive
drugs (ATC codes: C02, C03; C07; C08; C09)]; previous cardiovascular disease [identified by at least one hospitalization
with a discharge diagnosis for ischemic heart disease (ICD-9-CM codes: 410, 411, 413, 414), cardiac dysrhythmias ICD-
9-CM code: (ICD-9-CM code: 427), heart failure (ICD-9-CM code: 428), cerebrovascular disease (ICD-9-CM codes:
430, 431, 432, 433, 434, 435, 436, 437, 438), atherosclerosis and aneurysm (ICD-9-CM code: 440—442), and other
peripheral vascular disease (ICD-9-CM codes: 443)]; tumors [identified by at least one hospitalization with a discharge
diagnosis for malignant neoplasms, stated or presumed to be primary, of specified sites, except of lymphatic and
hematopoietic tissue (ICD-9-CM codes: 140-195), malignant neoplasms, stated or presumed to be secondary, of specified
sites (ICD-9-CM codes: 196—198), malignant neoplasms, without specification of site (ICD-9-CM code: 199), malignant
neoplasms, stated or presumed to be primary, of lymphatic and hematopoietic tissue (ICD-9-CM codes: 200-208),
neuroendocrine tumors (ICD-9-CM code: 209)]; peptic ulcer/use of gastric secretion inhibitors [identified by at least one
hospitalization with a discharge diagnosis for gastric, duodenal, peptic (site unspecified), or gastrojejunal ulcer (ICD-
9-CM codes: 531-534), or at least one hospitalization with a procedure for control of hemorrhage and suture of ulcer of
stomach or duodenum (ICD-9-CM codes: 44.4), or at least one prescription of drugs for peptic ulcer and gastro-
esophageal reflux disease (ATC code A02B)]; arthritis (identified by at least one hospitalization with a discharge
diagnosis for diffuse diseases of connective tissue (ICD-9-CM codes: 710-719)).

Pharmaco-Uctilization Analysis and Treatment Sequences

Treatment sequences were evaluated in terms of ASM treatment lines. ASM treatment lines were identified based on the
prescription of a different ASM (respect to the index medication) as by the replacement of the current ASM (switch) or as
a drug addition to the current ASM (add-on). The switch, the add-on or the prescription of a new ASM with respect to the
existing therapy, marked the beginning of a new treatment line; discontinuation of treatment and elimination of ASM
from the combination therapy did not mark the beginning of a new line.

Analysis of Healthcare Resources Consumptions and Related Direct Costs

In all alive patients during the first year of follow-up, the healthcare resource consumption (per patients) was evaluated in
terms of drug treatments, hospitalizations admissions, and outpatient specialized services (laboratory tests, specialistic
visits, diagnostic procedures). Overall direct medical costs in Euros (€) were related to the following resource
consumption: hospitalizations (determined by using the DRGs tariffs) and epilepsy-related hospitalizations (considering
ICD-9-CM codes: 345.90; 345.91), drug costs (evaluated for those drugs reimbursed by the Italian NHS and using the
NHS purchase price) and ASM-related costs, and the outpatient specialist service costs (accordingly to Regional tariffs)
and EEG-costs. Data were reported as the mean annual healthcare cost per patient.

ClinicoEconomics and Outcomes Research 2022:14 https: 515
Dove!


https://www.dovepress.com
https://www.dovepress.com

Perrone et al Dove

Statistical Analysis

All analyses were descriptive. Continuous variables were reported as meantstandard deviation (SD); categorical
variables were expressed as numbers and percentages. All analyses have been performed using STATA SE version
17.0 (StataCorp LLC, College Station, TX, USA).

Results

During the study period and among the study population of 8.7 million of health-assisted individuals, 11,562 (0.1%) patients
with at least one hospitalization discharge diagnosis for focal epilepsy were identified (Figure 1). Among them, 9204 (79.6%)
had at least one ASM prescription. Overall, 1897 adult patients (which represents 0.02% of the study population) affected by
focal epilepsy were included. Among them, 485 (25.6%) were identified as DRE patients (Figure 1). The baseline
characteristics of patients are reported in Table 1. In focal epilepsy and DRE patients, respectively, the age at the inclusion
averaged 56 and 53 years, and 47% and 43%, respectively, were males. 48% of focal epilepsy patients and 54% of DRE
patients had hypertension, 46% of focal epilepsy patients and 62% of DRE patients had peptic ulcer/prescription of gastric
secretion inhibitors, and 23% and 26% of focal epileptic and DRE patients, respectively, had previous cardiovascular events
(Table 1). Almost 4% and 7% of focal epileptic and DRE patients had a diagnosis of cancer, respectively (Table 1).

The evaluation of treatment sequences in focal epileptic patients is reported in Table 2. During the follow-up, overall
1897 of focal epileptic patients were in first-line treatment and remained in first-line for a mean period of 54 months, and
the most prescribed medications were levetiracetam (42.8% of patients), carbamazepine (13.8%), valproic acid (11.0%)
(Supplementary Figure 1). Among patients starting the first-line, 988 patients (52%) started a second-line treatment

[specifically 759 patients had an add-on treatment, while 229 switched therapy]; patients remained in the second line with
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Figure | Flow-chart for the identification patients with focal epilepsy and DRE.
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Table | Baseline Demographic and Clinical Characteristics of Patients with Focal Epilepsy and DRE

Focal Epilepsy DRE
(N=1897) (N=485)
Age, mean (SD) 55.8 (20.1) 52.7 (19.0)
Male, n (%) 888 (46.8) 207 (42.7)
Previous diagnoses/treatments
Peptic ulcer/prescription of gastric secretion inhibitors, n (%) 879 (46.3) 301 (62.1)
Essential hypertension, n (%) 910 (48.0) 262 (54.0)
Cardiovascular disease, n (%) 444 (23.4) 129 (26.6)
Tumors, n (%) 68 (3.6) 33 (6.8)
Arthritis, n (%) 21 (1.1) 12 (2.5)
Anti-migraine drugs, n (%) 30 (1.6) 13 (2.7)
Anti-dementia medications, n (%) 23 (1.2) 8 (1.6)

Table 2 Evaluation of Treatment Sequences During the Follow-Up Among Included Patients

Therapeutic Lines | Patients, N (%) Average Lenght (Months), Patients Add-On N (%) Switch N (%)
SD Remaining in
Line, N (%)

First line 1897 (100.0) 53.9 345 909 (47.9) 759 (40.0) 229 (12.1)
Second line 988 (52.1) 29.0 302 503 (50.9) 301 (30.5) 184 (18.6)
Third line (DRE pts) 485 (25.6) 25.1 26.9

a mean duration of 29 months. In the group of patients in second-line therapy, during the follow-up, 485 patients (25.6 of
overall focal epilepsy patients) passed to third-line treatment [301 patients had an add-on treatment and 184 switched the
therapy]; these patients were defined as DRE and remained in the third line for an average period of 25 months (Table 2).
During the first year of follow-up, the mean/annual consumption of health-care resources for patients with focal epilepsy
was (mean £+ SD): 20.1 £ 11.8 of drug prescriptions, 7.4+7.6 outpatient specialized services prescriptions, and 0.7+1.1
hospitalizations. In DRE patients, the mean/annual consumption of health-care resources was 26.7+15.1 of drug
prescriptions, 8.5+7.9 outpatient specialized services prescriptions, and 0.8+1.1 hospitalizations (Table 3). For the
management of focal epileptic patients, the average annual total cost amounted to € 4448, of which € 1410 were epilepsy-
related; specifically, 1237 € were related to drugs (540 € for ASM consumptions), 740€ to outpatient specialized services
(and 17€ to EEG specifically), and 2470 € to hospitalizations (with 853 € for epilepsy-related hospitalizations)
(Figure 2A). Regarding the management of DRE patients, a tendency of increase of annual total cost was found: €
5825, of which € 2165 were epilepsy-related; specifically, 1837 € were related to drugs (1144 € for ASM consumptions),
1017 € to outpatient specialized services (and 13€ to EEG specifically), and 2971 € to hospitalizations (with 1009 € for
epilepsy-related hospitalizations) (Figure 2B).

Table 3 Healthcare Resource Consumptions in Alive Patients During the First Year of Follow Up

Patients with Focal Epilepsy Patients with DRE

(N=1868) (N=411)
Overall drugs prescriptions, mean (SD) 20.1 (11.8) 26.7 (15.1)
Overall hospitalizations, mean (SD) 0.7 (1.1) 0.8 (I.1)
Overall outpatient specialist services 74 (7.6) 8.5 (7.9)

prescriptions, mean (SD)

Note: All prescriptions of drugs, specialist services and all hospitalizations were considered.
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Figure 2 Overall and epilepsy-related direct healthcare costs during first year of follow up, in patients with focal epilepsy (A) and DRE (B).
Notes: Patients with at least | year of follow-up (deaths excluded). ¥ICD-9-CM codes: 345.90; 345.91 included.
Abbreviations: ASM, antiseizure medication; EEG, electroencephalogram.

Discussion
The present analysis of real-world data among the Italian population estimated the number of patients affected by focal
epilepsy and by DRE, their therapeutic pathway, and the economic burden associated with the disease management.
Overall, about 1900 patients with a diagnosis of focal epilepsy during the study period were identified, and among
them almost 490 patients were affected by the drug-resistant form. The proportion of patients with DRE was found to be
25% of overall patients with focal epilepsy, in line with previously published evidence.”® The analysis of clinical
characteristics of patients enlightened a significant portion of epileptic patients being affected by numerous comorbid-
ities, such as hypertension, cardiovascular disease, and using several co-medications, ie, inhibitors of gastric secretion,
anti-dementia drugs, and anti-migraine agents. Large-population studies report that several diseases, including depres-
sion, anxiety, dementia, migraine, heart disease, peptic ulcers, and arthritis, are up to eight times more common in people

518 https: ClinicoEconomics and Outcomes Research 2022:14
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Perrone et al

5717 thus defining a high comorbidity burden in these patients.'> In

with epilepsy than in the general population,
particular, in the present analysis, diagnoses of hypertension and of cardiovascular disease were found in almost 50%
and 23% of focal epilepsy patients, respectively. Data from an observational study among US population has reported
that hypertension accounted in almost 12% of epileptic patients,'® while in survey-based analysis 24-34% of patients
with focal epilepsy were also affected by hypertension, 15% by stroke and 10-18% by heart disease.'” The higher
prevalence of hypertension and cardiovascular disease found in the present analysis could be attributable by the fact that
late-onset patients were enrolled based on hospitalization for focal-epilepsy and ASM prescription.

The therapeutic pathway of focal epileptic patients showed that only half of the patients remained in first-line treatment
during years, and a half passed to the second-line. Among patients in the second line, almost half passed to the third-line
treatment, and these are drug-resistant patients. The progression among lines (second and third line) accounted for the most
of patients (60-70%) for the addition of ASM to the current therapeutic plan. This tendency in epilepsy clinical practice
could be explained by several findings. In a recent large hospital cohort study over the past two decades, it has been reported
that combination therapy was associated with a progressive increase in seizure-free rate than monotherapy in DRE patients. '
The benefits of polytherapy in the management of DRE might be related to the recent introduction of many new ASMs with
different and novel mechanisms of action and better pharmacokinetic and tolerability profiles.'” Therefore, polytherapy,
including these new ASMs in the regimen, is the approved mode of DRE management, and this has prompted physicians to
try various combinations of polytherapy to optimize the clinical outcomes."’

The estimation of the economic burden in focal epilepsy patients and especially in those with DRE has shown that
during the one-year follow-up, high healthcare resource consumptions was found, mainly related to the high number of
drug prescriptions. These data could be explained by the polytherapy regimen adopted for DRE patients but also by the
presence of a high rate of comorbidities/clinical manifestations among epileptic patients. In our cohorts, the management
of epilepsy was associated with a high annual cost, especially in patients with DRE, of which a considerable portion was
related to medications and hospitalizations and to epilepsy-related health-care resources. These data are in line with
a previous observational study that stated that the costs of epilepsy vary significantly according to the time course of the

320 with hospital admissions (probably for surgery procedures)'® and drugs (ie,

disease and the response to treatment,
polytherapy) being the major sources of expenditure. In addition, it has been reported that a significant fraction of the
drug costs is attributable to the new ASMs, and the spending on ASMs has been estimated to be increasing at a rate of
10% per year in developed countries.”'

The limitations of the present analysis were related to its retrospective and observational nature and to the use of
anonymized data derived from administrative databases. Although administrative databases have progressively improved
data collection, in terms of accuracy and completeness, some information may be missing or incorrectly reported. In case
the necessary information is missing for a given patient, that patient has been discarded from the analysis. Our cohorts of
patients reflected real clinical practice by evaluating data from a sub-set of health-assisted individuals. Primary care data
were not collected for this study; therefore, it was not possible to assess the primary care-based management of the
patients in the analysis. In addition, there was a lack or limited clinical information on comorbidities, and other potential
confounders that could have influenced the present results. Since the comorbidities herein analyzed were addressed based
on any available data before inclusion (using proxy of diagnosis), there might be incomplete capture of these variables
among patients. Data on pharmacological treatments were captured from medical prescription and dispensing informa-
tion, and the reason of treatment switch has not been retrievable from the database. Moreover, since the availability of
patients’ clinical data are scarce, thus the assumption of the stay in first-line treatment as a seizure-free state could
represent a study limitation. Another limitation could be represented by the fact that among epilepsy-related healthcare
resource consumptions, epilepsy surgery and hospitalization for EEG monitoring to presurgical evaluation were not
evaluated as outpatient EEGs. Moreover, in the present analysis, patients from the inpatient setting have been included,
thus mostly patients with more severe motor onset seizures that require hospitalized care have been identified.

Conclusion
In conclusion, this retrospective observational study among the Italian population describes the characteristic of patients
affected by focal epilepsy, their therapeutic management, and the disease economic burden. Among epileptic patients, almost
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a quarter had the drug-resistant form, being in the third-line of treatment. The healthcare resource consumptions and costs for
patient” management were mainly derived from hospitalizations and drug-related expenditure. Our finding suggested that the
management of epilepsy still represents substantial health and economic burden, and improving seizure control and reducing
the economic burden, especially in refractory epilepsy, still remain an important unmet medical need.
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