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Abstract. – OBJECTIVE: Peginterferon β-1a 
(PEG-IFN-β-1a) is the most recent interferon 
beta formulation approved for treating relaps-
ing-remitting multiple sclerosis (RRMS). We aim 
to describe the real-world utilization of PEG-IFN-
β-1a in RRMS and compare it with other inject-
able disease-modifying therapies (DMTs).

PATIENTS AND METHODS: In this popula-
tion-based study, we used 2015-2019 routine-
ly collected healthcare data of the Campan-
ia region of Italy from National Healthcare Sys-
tem DMT prescriptions, inpatient and outpa-
tient clinical records of hospitals in Campa-
nia, and the Federico II University MS clini-
cal registry for a subset of patients. We in-
cluded individuals with RRMS receiving new 
prescriptions of PEG-IFN-β-1a [n=281; age = 
38.8±12.3 years; females=70.5%; disease dura-
tion = 8.4±8.3 years; Expanded Disability Sta-
tus Scale (EDSS) at baseline=2.0 (1.0-6.5)], glati-
ramer acetate [n=751; age = 46.0±11.4 years; fe-
males=67.1%; disease duration = 9.8±8.2 years; 
EDSS=4.0 (1.5-8.5)], and subcutaneous (SC) 
IFN-β-1a [n=1,226; age = 39.7±11.7 years; fe-
males=66.5%; disease duration = 8.2±6.5 years; 
EDSS 2.5 (1.5-6.5)]. Adherence [medication pos-
session ratio (MPR)], escalation to more ef-
fective DMTs, hospitalization rates and costs 
were measured. We used mixed-effect linear re-
gression models (for adherence, hospitalization 
rates and costs) and Cox regression models (for 
escalation) to assess differences between PEG-
IFN-β-1a (statistical reference), glatiramer ace-
tate, and SC IFN-β-1a. All models included age, 
sex, previous treatment/untreated, year of treat-
ment initiation, treatment duration, and adher-
ence as covariates.

RESULTS: Adherence was lower in glatiram-
er acetate (MPR = 0.91±0.1; Coeff=-0.11; p<0.01), 
and IFN-β-1a (MPR = 0.92±0.1; Coeff=-0.08; 
p<0.01), compared with PEG-IFN-β-1a (MPR = 
1.01±0.1). The probability of escalating to more 
effective DMTs was higher for glatiramer acetate 
(14.9%; HR=4.09; p<0.01) and IFN-β-1a (9.1%; 
HR=3.35; p=0.01), compared with PEG-IFN-β-
1a (4.9%). No differences in annualized hospi-
talization rates were identified between glati-
ramer acetate [annualized hospitalization rates 
(AHR) = 0.05±0.30; Coeff=0.02; p=0.31), IFN-
β-1a (AHR = 0.02±0.21; Coeff=0.01; p=0.97], 
and PEG-IFN-β-1a (AHR = 0.02±0.24); howev-
er, monthly costs for MS admissions were high-
er for glatiramer acetate (€49.45±€195.27; Co-
eff=-29.89; p=0.03), compared with IFN-β-1a 
(€29.42±€47.83; Coeff=6.79; p=0.61), and PEG-
IFN-β-1a (€23.91±€43.90).

CONCLUSIONS: SC PEG-IFN-β-1a and IFN-
β-1a were used in relatively similar populations, 
while glatiramer acetate was preferred in older 
and more disabled patients. PEG-IFN-β-1a was 
associated with higher adherence and lower es-
calation rates toward more effective (and cost-
ly) DMTs.
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Introduction

Interferons have been a treatment option for 
relapsing-remitting multiple sclerosis (RRMS) 
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for over 20 years. These drugs are considered 
to offer a favorable benefit-risk profile1. Pegin-
terferon-β-1a (PEG-IFN-β-1a), a pegylated form 
of IFN-β-1a administered subcutaneously every 
2 weeks, was approved by the European Medi-
cines Agency (EMA) for treating adult patients 
with RRMS in July 2014 and by the US FDA for 
relapsing MS in August 20141. Evidence from the 
phase III ADVANCE clinical trial2,3, demonstrat-
ing the efficacy of 1 year of treatment with PEG-
IFN-β-1a compared with placebo in RRMS on 
clinical and imaging outcome measures, support-
ed the approval by these regulatory agencies. The 
ATTAIN extension study4 confirmed sustained 
efficacy for over 4 years. 

PEGylation is a well-established modification 
of therapeutic biological compounds introduced 
to extend drug exposure and prolong dosing 
intervals. Adding a polyethylene glycol (PEG) 
moiety increases the molecular mass, inhibits 
proteolysis, and decreases renal elimination5,6. 
Dosing intervals are prolonged by delaying drug 
elimination, which should increase treatment ad-
herence, and drug exposure can be more consis-
tent over time7,8. PEGylation reduces the risk of 
poor drug adherence, which is often responsible 
for the reduced success of treatments for chronic 
illnesses requiring long-term pharmacotherapy9. 
PEG-IFN-β-1a has a prolonged half-life and in-
creased systemic drug exposure compared to oth-
er interferon-based products7,8. These character-
istics could also help reduce healthcare resource 
utilization through better adherence compared 
to other injectable disease-modifying therapies 
(DMTs) for RRMS10,11. 

This study investigated the use of subcuta-
neous (SC) PEG-IFN-β-1a and other approved 
injectable DMTs for treating RRMS in clinical 
practice in an Italian region, to assess possible 
differences in population characteristics at base-
line, treatment adherence, risk of escalation, and 
healthcare resource utilization.

Patients and Methods

Study Design
A retrospective population-based study was 

conducted by analyzing the Administrative Data-
bases of the Campania region and, for a subset of 
patients, also the clinical registry of the MS unit 
at Policlinico Federico II University Hospital of 
Naples. These databases record information on 
all the patients residing in the Campania region in 

Southern Italy. More precisely, hospital discharge 
records, regional prescription data and outpatient 
records from 2015 to 2019 were analyzed12.

The study was approved by the Federico II Uni-
versity Ethics Committee [approval code 355/19].

Population
Data was collected between 1 July 2015 and 

30 September 2019 (enrollment period), and the 
observational period was from 1 July 2015 to 
31 December 2019. A characterization period 
was defined from January 1st to June 30, 2015, 
to identify the presence or absence of previous 
drug prescriptions for the treatment of RRMS. 
Patients with new prescriptions of selected DMTs 
(SC PEG-IFN-β-1a, glatiramer acetate, SC IFN-
β-1a) during the study period were included. The 
population was stratified as previously treated/
untreated with other DMTs (different from SC 
PEG-IFN-β-1a, glatiramer acetate, SC IFN-β-1a) 
in the 6 months before the index date (characteri-
zation period). The index date (starting treatment) 
was defined as the date of the first prescription 
of one of the study drugs during the enrollment 
period. 

Subjects treated with study drugs for less than 
3 months, those with incomplete records (age, 
sex), and those not residing in the Campania re-
gion were excluded from the analysis. 

Data Extraction
An ad hoc query extracted data from hospital 

discharge records, the regional prescription data-
base, and outpatient records of the Campania re-
gion. This procedure allowed the evaluation of all 
the subjects residing in the Campania region and 
treated with injectable DMTs between 2015 and 
2019, with high sensitivity and low probability of 
missing cases12. For a subset of patients, clinical 
variables were obtained from the clinical registry 
of the MS Center at Federico II University of 
Naples. The data from the different sources were 
harmonized and combined through a record-link-
age process into a single data set suitable for con-
ducting the analyses necessary for the purpose of 
the study.

Healthcare Resource Utilization, Costs, 
and Adherence to Treatment

Healthcare resource utilization included MS-re-
lated and non-MS-related hospital admissions 
that were classified based on the main discharge 
diagnosis. The number of hospital admissions 
was reported on an annual basis [annualized 
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hospitalization rates (AHR)]13. DMT utilization 
during the study period was used to compute the 
Medication Possession Ratio (MPR), expressed as 
the proportion of days of medication supply with-
in the defined time interval between administra-
tions, to measure adherence to treatment14. We 
considered MPR ≥80% as optimal adherence15,16. 
Patients who switched treatment from included 
DMTs (SC PEG-IFN-β-1a, glatiramer acetate, 
SC IFN-β-1a) to alemtuzumab, natalizumab or 
ocrelizumab, were identified to define DMT es-
calation (first prescription/administration of new 
DMT was used as censoring date). We specifical-
ly decided to include natalizumab, alemtuzumab, 
and ocrelizumab for the definition of treatment 
escalation, while we did not consider oral DMTs, 
where the switch could be related to tolerability 
issues and not necessarily lack of efficacy.

Direct healthcare costs were derived from re-
gional datasets, referred to corresponding health-
care resource utilization, and inflated to the most 
recent values (2019) to avoid variations in price 
per unit of service through different years13. Costs 
are presented in EUR (€1.00 corresponds to about 
US$1.10)17.

We further collected age, sex, and, for pa-
tients with Hospital Discharge Records, Charlson 
Comorbidity Index13. This latter index assigns 
different weights to comorbidities reported with 
ICD codes in Hospital Discharge Records.

Clinical Variables
Age, sex, disease duration (time from reported 

clinical onset to index date), and disability (only 
for patients with record linkage with clinical 
registry) assessed at baseline using the Expanded 
Disability Status Scale, EDSS18, were collected.

Statistical Analysis
Demographic and clinical characteristics of 

patients at index date were reported as frequency 
(n, %) for categorical variables, and median [min-
max] or mean (SD) for continuous variables, as 
appropriate. Use and type of DMT after a switch 
was also described as the frequency of use (n, %).

Differences between DMTs (using SC PEG-
IFN-β-1a as a reference in the statistical models) 
were explored using mixed-effect Cox regression 
models (i.e., risk of DMT escalation to more ef-
fective treatment), and linear regression models 
[i.e., adherence, annualized hospitalization rates 
(AHR), costs], as appropriate. Covariates were 
age, sex, year of treatment start, previously treat-
ed/untreated patients, treatment duration, and ad-

herence (MPR). Statistical models were used for 
the subgroup of patients with hospital discharge 
records, with the addition of the Charlson comor-
bidity index to the covariates. The proportional 
hazard assumption was met, as assessed using 
plots of log (-log survival time) against log surviv-
al time and Schoenfeld residuals against survival 
time; we also used a linear regression of Schoen-
feld residuals on time to test for independence 
between the residuals and the time.

Results were reported as adjusted coefficient 
(Coeff), adjusted hazard ratio (HR), 95% CIs, and 
p-values, as appropriate. Statistical analyses were 
performed using Stata 15.0. Results were consid-
ered statistically significant for p<0.05.

Results

We retrieved 2,643 individual records from the 
databases, including MS patients with prescrip-
tions of SC PEG-IFN-β-1a, glatiramer acetate, or 
SC IFN-β-1a. We excluded 475 patients because 
the treatment period was <3 months, and 16 be-
cause of incomplete data recording. Finally, 2,152 
patients were included in the analysis (Figure 1).

Demographic and clinical data at baseline are 
reported in Table I. SC PEG-IFN-β-1a and SC 
IFN- β-1a were used in populations with similar 
mean age (38.84±12.35 years and 39.77±11.79 
years, respectively), while the mean age of 
the glatiramer acetate population was higher 
(46.01±11.41 years).

The EDSS score at baseline and disease dura-
tion were available for 553 patients treated at the 
Federico II MS Center. Median baseline EDSS 
was higher in patients treated with glatiramer 
acetate (4.0, range 1.5-8.5), compared to patients 
receiving SC PEG-IFN-β-1a (2.0, range 1.0-6.5) 
or SC IFN-β-1a (2.5, range 1.5-6.5). The mean 
disease duration was longer in the glatiramer 
acetate population (9.85±8.22 years), compared 
to SC PEG-IFN-β-1a (8.44±8.34 years) and SC 
IFN-β-1a (8.22±6.56 years). 

Treatment adherence, was significantly higher 
for SC PEG-IFN-β-1a (MPR = 1.01±0.16), com-
pared to glatiramer acetate (MPR = 0.91±0.19, 
Coeff=-0.11, 95% CI -0.14 to -0.08; p<0.01) and 
SC IFN-β-1a (MPR = 0.92±0.16, Coeff=-0.08, 
95% CI -011 to -0.06; p<0.01) (Table II).

Table III shows the switch frequency from 
each study drug to other DMTs. The majority of 
switches were dimethyl fumarate, fingolimod, 
and teriflunomide for all three study DMTs. 
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Figure 1. Demographic and clinical characteristics at index date.

Table I. Demographic and clinical characteristics at index date.

 Variable PEG-IFN-β-1a  SC IFN-β-1a Glatiramer acetate

N 281 1,226 751
Females, n (%) 198 (70.5) 816 (66.5) 504 (67.1)
Age (years), mean ± SD 38.84 ± 12.35 39.77 ± 11.79 46.01 ± 11.41
No DMT in the previous 6 months (n) 114 1203 650
EDSS* at baseline, mean (range)  2.0 (1-6.5) n = 60 2.5 (1.5-6.5) n = 353 4.0 (1.5-8.5) n = 163
Disease duration* (years), Mean ± SD 8.44 ± 8.34 n = 60 8.22 ± 6.56 n = 353 9.85 ± 8.22 n = 163

*Only for subjects with record linkage with the clinical registry. Peginterferon β-1a (PEG-IFN-β-1a), subcutaneous (SC) 
interferon beta 1a IFN-β-1a.

Table II. Healthcare utilization variables and costs.

Variable PEG-IFN-β-1a  SC IFN-β-1a Glatiramer acetate

N 281 1,226 751

Mean treatment adherence (MPR) ± SD 1.01 ± 0.1 0.92 ± 0.1 (coeff= 0.91 ± 0.2 (coeff=
  -0.08, 95% CI -0.11 to -0.11, 95% CI -0.14 to
   -0.06, p < 0.01)   -0.08, p < 0.01)

Patients with MPR < 80% 8.8% 17.3% 21.2%

Time (months) to escalation (to natalizumab, 16.15 ± 5.8 22.31 ± 14.2 20.10 ± 14.3
alemtuzumab or ocrelizumab, mean ± SD 

Patients with escalation (to natalizumab,  4.9% 9.1% (HR 3.35, 95%  14.9% (HR 4.09, 95%
alemtuzumab, or ocrelizumab)   CI 1.21-9.20, p = 0.01) CI 1.56-10.74, p < 0.01)

Annualized hospitalization rate 0.02 ± 0.24 0.02 ± 0.21 (IRR: 0.01, 95% 0.05 ± 0.30 (IRR: 0.02,
  CI -0.04–0.04, p = 0.97) 95% CI -0.02–0.05,
   p = 0.31)

Costs for hospitalization due to MS 23.91 ± 43.9 29.42 ± 47.8 (coeff = 6.79, 49.45 ± 195.2 (coeff = 29.89,
(€/month), mean ± SD  95% CI -20.01–33.61,  95% CI 3.18-56.90, 
  p = 0.61) p = 0.03)

Costs for hospitalization for any cause 30.36 ± 73.83 36.78 ± 68.86 (coeff = 6.88, 81.69 ± 257.21 (coeff = 29.9,
(€/month), mean ± SD  95% CI -18.23–31.99,  95% CI 4.29-53.90,
  p = 0.59) p = 0.02)

PEG-IFN-β-1a – reference in the regression models. Peginterferon β-1a (PEG-IFN-β-1a), subcutaneous (SC) interferon beta 1a 
IFN-β-1a. €1.00 corresponds to about US$1.1015.
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The rate of escalation to more effective DMTs 
(natalizumab, alemtuzumab, or ocrelizumab) was 
higher for glatiramer acetate (14.9%; HR=4.09; 
95% CI 1.56-10.74; p<0.01), and SC IFN-β-1a 
(9.1%; HR=3.35; 95% CI 1.21-9.20; p=0.01), com-
pared to SC PEG-IFN-β-1a (4.9%) (Table II). 

AHR was very low in all groups and no dif-
ference between treatment groups was observed 
[SC PEG-IFN-β-1a = 0.02±0.24; glatiramer ace-
tate = 0.05±0.30 (IRR: 0.02, 95% CI -0.02-0.05, 
p=0.31); SC IFN-β-1a = 0.02±0.21 (IRR: 0.01, 
95% CI -0.04-0.04, p=0.97)]. This result was 
confirmed after adjusting by the Charlson Co-
morbidity Index.

Costs for hospitalizations for any cause were 
higher in patients receiving glatiramer acetate 
(€81.60±€257.21/month, Coeff=29.9, 95% CI 
4.29-53.90, p=0.02) than those treated with SC 
PEG-IFN-β-1a (€30.36±€73.83/month). Similar 
results were observed for hospitalizations due to 
MS: costs were 49.45±195.2 (Coeff=29.89, 95% 
CI 3.18-56.90, p=0.03 vs. SC PEG-IFN-β-1a) €/
month for patient in treatment with glatiramer ac-
etate and €23.91±€43.9/month for SC PEG-IFN-
β-1a (Table II). These results were confirmed af-
ter adjusting for the Charlson Comorbidity Index.

Discussion

This retrospective population-based study 
described the utilization of SC PEG-IFN-β-1a, 
compared to SC IFN-β-1a and glatiramer acetate 
in the Campania region of Southern Italy. SC 
PEG-IFN-β-1a, the newest IFN-β-1a formulation 

approved on the market, demonstrated a favorable 
profile of adherence, risk of DMT escalation, 
healthcare resource utilization and related costs 
when compared to previously approved injectable 
DMTs (SC IFN-β-1a and glatiramer acetate).

The patient populations in this study were sim-
ilar in many parameters, but the patients treated 
with SC PEG-IFN-β-1a and SC IFN-β-1a were 
younger and had lower disability than patients 
treated with glatiramer acetate. These results 
suggest that SC PEG-IFN-β-1a and SC IFN-β-1a 
are mainly used in the early stages of the disease, 
which hold greater treatment potential due to 
higher inflammatory activity and less disabili-
ty19. In contrast, glatiramer acetate was possibly 
used more often at a later stage of disease when 
disability has already accumulated beyond com-
pensatory possibilities19,20, and escalation to more 
effective treatments was deemed not necessary21. 

Although treatment adherence was high in all 
groups, MPR was significantly higher in patients 
receiving SC PEG-IFN-β-1a than in the other 
groups. It can be hypothesized that this result is 
related to the prolonged dosing interval, which is 
expected to facilitate long-term adherence in the 
treatment of chronic diseases and supports the 
evidence on the role of pegylation22-26. Results 
from the Platinum, multicenter, open-label, phase 
IV study24 conducted in 32 Italian centers sug-
gested that RRMS patients dissatisfied with inter-
ferons may find that SC PEG-IFN-β-1a is a viable 
treatment choice, which is able to improve patient 
satisfaction, quality of life, and adherence while 
maintaining comparable clinical efficacy. Coyle 
et al27 found better clinical outcomes with SC 

Table III. Switch from study drug to other DMTs.

 PEG-IFN-β-1a  SC IFN-β-1a Glatiramer acetate
 (n = 281), n (%) (n = 1,226), n (%) (n = 751), n (%)

SC PEG-IFN-β-1a – 51 (4.1) 3 (0.3)
SC IFN-β-1a  8 (2.8) – 6 (0.6)
CS Glatiramer acetate 11 (3.9) 17 (1.3) –
IM IFN-β-1a  10 (3.5) 13 (1.0) 1 (0.1)
SC IFN-β-1b  2 (0.7) 1 (0) 3 (0.3)
Os Fingolimod 20 (7.1) 135 (11.0) 54 (7.1)
IV Alemtuzumab 1 (0.3) 4 (0.3) 3 (0.3)
IV Ocrelizumab 2 (0.7) 8 (0.6) 18 (2.3)
Os Teriflunomide 18 (6.4) 57 (4.6) 43 (5.7)
Os Dimethyl fumarate 46 (16.3) 172 (14.0) 56 (7.4)
IV Natalizumab 3 (1.0) 33 (2.6) 8 (1.0)
Total 121 (43.0) 440 (35.8) 195 (25.9)

IM: intramuscular; IV: intravenous; Os: oral; SC: subcutaneous; Peginterferon β-1a (PEG-IFN-β-1a), subcutaneous (SC) 
interferon beta 1a IFN-β-1a.
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PEG-IFN-β-1a every 2 weeks than with SC IFN-
β-1a three times per week in matching-adjusted 
comparisons (annualized relapse rate: 0.256 vs. 
0.335, respectively; confirmed disability worsen-
ing: 6.5% vs. 13.2%, respectively), suggesting that 
higher adherence to treatment could also impact 
outcomes. A reduction in serious relapse rates 
(12.4% vs. 19.9%, p=0.013) and direct and indi-
rect costs (US$14,095 vs. US$16,638, p=0.048) 
in patients with optimal adherence compared to 
non-adherent patients was demonstrated by Iva-
nova et al16, further highlighting the importance 
of treatment adherence. 

Hospitalization costs for any cause and for MS 
were higher in patients treated with glatiramer 
acetate than in the other groups. Since these 
patients were older than the other groups, the 
cost difference may be related to older age and 
the associated burden of comorbidities, shown 
in the baseline patient characteristics. However, 
the results were derived from statistical models 
accounting for age and were confirmed even after 
adjusting for CCI. 

The costs of hospitalization for all causes and 
for MS are higher in patients treated with SC 
IFN-β-1a vs. SC PEG-IFN-β-1a, but the differ-
ence is not statistically significant. These data 
align with previously reported data28 supporting 
that SC PEG-IFN-β-1a compared with SC IFN-β-
1a for RRMS treatment in Italy is a cost-saving 
strategy that moderates healthcare resource use 
for disability and sick leave costs. 

Clinical trial and a phase IV study data sup-
port PEG-IFN-β-1a administered subcutaneously 
every 2 weeks as effective and have a favorable 
tolerability profile, similar to SC IFN-β-1a, but 
with significantly less cumulative flu-like syn-
drome duration1,2,24,29. Additionally, PEG-IFN-B-
1a is associated with a reduced risk of producing 
neutralizing antibodies3,30,31, an established cause 
of loss of efficacy32 and higher costs33. The results 
of an economic evaluation33 suggest the presence 
of an association between neutralizing antibodies 
(NAb+) status and increased costs for the man-
agement of RRMS in Italy. The cost increase 
related to the NAb+ status was €3,100 from the 
Italian societal perspective and €1,111 from the 
Italian National Healthcare Service perspective. 

The risk of escalating to high-efficacy DMTs 
was higher for glatiramer acetate and SC IFN-β-
1a compared to SC PEG-IFN-β-1a. This differ-
ence could result in lower costs with SC PEG-
IFN-β-1a from the perspective of the Italian Na-
tional Healthcare Service since the prescription 

of high-efficacy treatment could lead to a relevant 
increase in therapeutic costs, being high efficacy 
options more expensive than injectable platform 
DMTs. On the other hand, this data could be read 
as an indirect index of the efficacy of SC PEG-
IFN-β-1a compared to SC IFN-β-1a and glati-
ramer acetate in line with the findings by Reder 
et al34 showing SC PEG-IFN-β-1a was associated 
with lower relapse rate when compared with 
glatiramer acetate. Additionally, results from sep-
arate matching comparisons of phase III clinical 
trials35 and extension studies suggested that SC 
PEG-IFN-β-1a may provide a lower annualized 
relapse rate and probability of 12-week confirmed 
disability worsening than glatiramer acetate. 

Natalizumab, alemtuzumab, and ocrelizumab 
were included for the definition of treatment esca-
lation, and oral DMTs were excluded, so as not to 
confound the reason switching as potentially re-
lated to tolerability issues and not lack of efficacy. 

Limitations
Limitations of the study include the use of 

data from a specific geographical area, that may 
not generalize to other countries15. We have had 
access to clinical variables from a limited sample 
and have only used them for descriptive pur-
poses; further investigation is warranted using 
clinical registries as well. Further characteriza-
tion of the cohort could have included treatment 
sequencing over the previous years, while we 
have only accounted for the use of DMTs in the 
previous 6 months. 

Conclusions

SC PEG-IFN-β-1a and SC IFN-β-1a SC were 
used in relatively similar populations, while glati-
ramer acetate was preferred in older and more 
disabled patients. SC PEG-IFN-β-1a is associated 
with better adherence to treatment in compar-
ison with SC IFN-β-1a and glatiramer acetate. 
Increased adherence may improve outcomes, as 
shown by the reduced risk of treatment escala-
tion, and could be a strategy to reduce direct and 
indirect costs for RRMS patients.

Conflict of Interest
Marcello Moccia has received research grants from the EC-
TRIMS-MAGNIMS, the UK MS Society, and Merck; hon-
oraria from Biogen, Ipsen, Merck, Roche, and Sanofi-Gen-
zyme. Vincenzo Brescia Morra has received research grants 



Utilization of PEG-IFN-β-1ai n the real-world practice for relapsing-remitting multiple sclerosis

417

from the Italian MS Society, and Roche, and honoraria 
from Bayer, Biogen, Merck, Mylan, Novartis, Roche, Sano-
fi-Genzyme, and Teva. Laura Santoni and Ilaria Vaccari are 
employees of and may hold stock/stock options in Biogen.
All other authors have nothing to disclose.

Acknowledgements
Editorial assistance was provided by Laura Brogelli, Ph.D, 
Valentina Attanasio, and Aashni Shah (Polistudium SRL, 
Milan, Italy). Biogen funded medical writing support in the 
development of this manuscript. Biogen reviewed and pro-
vided feedback on the manuscript to the authors. The au-
thors had full editorial control and provided final approv-
al of all content.

Availability of Data and Materials
All data presented in this article are included in the manu-
scripts or tables/figures. Further inquiries can be directed to 
the corresponding author.

Ethics Approval 
The study was approved by the Federico II University Eth-
ics Committee (approval code: 355/19). 

Informed Consent
All patients signed informed consent authorizing the use of 
anonymized, routinely collected healthcare data in line with 
data protection regulations (GDPR EU2016/679).

Authors’ Contribution
Study conception and design: MM, LS, RP; collection of 
data: MM, GA, DC, RL, RP; statistical analysis: RP, MM, 
VBM; interpretation of data/results: all authors; manuscript 
drafting: MM, LS, IV; all the authors read and approved the 
manuscript for submission.

References

 1) Kolb-Mäurer A, Sunderkötter C, Kukowski B, 
Meuth SG; members of an expert meeting. An 
update on peginterferon beta-1a management in 
multiple sclerosis: results from an interdisciplin-
ary Board of German and Austrian Neurologists 
and dermatologists. BMC Neurol 2019; 19: 130.

 2) Calabresi PA, Kieseier BC, Arnold DL, Balcer LJ, 
Boyko A, Pelletier J, Liu S, Zhu Y, Seddighza-
deh A, Hung S, Deykin A; ADVANCE Study In-
vestigators. Pegylated interferon β-1a for relaps-
ing-remitting multiple sclerosis (ADVANCE): a 
randomised, phase 3, double-blind study. Lancet 
Neurol 2014; 13: 657-665. 

 3) Kieseier BC, Arnold DL, Balcer LJ, Boyko AA, 
Pelletier J, Liu S, Zhu Y, Seddighzadeh A, Hung 
S, Deykin A, Sheikh SI, Calabresi PA. Peginter-
feron beta-1a in multiple sclerosis: 2-year results 
from ADVANCE. Mult Scler 2015; 21: 1025-1035.

 4) Arnold DL, Shang S, Dong Q, Meergans M, Nay-
lor ML. Peginterferon β-1a every 2 weeks in-
creased achievement of no evidence of disease 
activity over 4 years in the ADVANCE and AT-
TAIN studies in patients with relapsing-remitting 
multiple sclerosis. Ther Adv Neurol Disord 2018; 
11: 1756286418795085.

 5) Zhang X, Wang H, Ma Z, Wu B. Effects of phar-
maceutical PEGylation on drug metabolism and 
its clinical concerns. Expert Opin Drug Metab 
Toxicol 2014; 10: 1691-1702.

 6) Pasut G, Guiotto A, Veronese F. Protein, peptide 
and non-peptide drug PEGylation for therapeutic 
application. Expert Opin Ther Pat 2004; 14: 859-
894. 

 7) Baker DP, Pepinsky RB, Brickelmaier M, Gron-
ke RS, Hu X, Olivier K, Lerner M, Miller L, Cross-
man M, Nestorov I, Subramanyam M, Hitchman 
S, Glick G, Richman S, Liu S, Zhu Y, Panzara MA, 
Davar G. PEGylated interferon beta-1a: meeting 
an unmet medical need in the treatment of relaps-
ing multiple sclerosis. J Interferon Cytokine Res 
2010; 30: 777-785.

 8) Hu X, Miller L, Richman S, Hitchman S, Glick G, 
Liu S, Zhu Y, Crossman M, Nestorov I, Gronke 
RS, Baker DP, Rogge M, Subramanyam M, Davar 
G. A novel PEGylated interferon beta-1a for multi-
ple sclerosis: safety, pharmacology, and biology. 
J Clin Pharmacol 2012; 52: 798-808.

 9) Brown MT, Bussell JK. Medication adherence: 
WHO cares? Mayo Clin Proc 2011; 86: 304-314.

10) Al-Qerem W, Jarab AS, Badinjki M, Hammad A, 
Ling J, Alasmari F. Factors associated with glyce-
mic control among patients with type 2 diabetes: 
a cross-sectional study. Eur Rev Med Pharmacol 
Sci 2022; 26: 2415-2421. 

11) Lai C, Filippetti G, Schifano I, Aceto P, Tomai M, 
Lai S, Pierro L, Renzi A, Carnovale A, Marang-
hi M. Psychological, emotional and social impair-
ments are associated with adherence and health-
care spending in type 2 diabetic patients: an ob-
servational study. Eur Rev Med Pharmacol Sci 
2019; 23: 749-754.

12) Moccia M, Brescia Morra V, Lanzillo R, Loperto 
I, Giordana R, Fumo MG, Petruzzo M, Capas-
so N, Triassi M, Sormani MP, Palladino R. Multi-
ple Sclerosis in the Campania Region (South It-
aly): Algorithm Validation and 2015-2017 Preva-
lence. Int J Environ Res Public Health 2020; 17: 
3388. 

13) Moccia M, Loperto I, Santoni L, Masera S, Affinito 
G, Carotenuto A, Lanzillo R, Triassi M, Morra VB, 
Palladino R. Healthcare resource utilization and 
costs for extended interval dosing of natalizumab 
in multiple sclerosis. Neurodegener Dis Manag 
2022; 12: 109-116. 

14) Hess LM, Raebel MA, Conner DA, Malone DC. 
Measurement of adherence in pharmacy admin-
istrative databases: a proposal for standard defi-
nitions and preferred measures. Ann Pharmaco-
ther 2006; 40: 1280-1288.



M. Moccia, L. Santoni, I. Vaccari, G. Affinito, D. Caliendo, et al

418

15) Moccia M, Affinito G, Ronga B, Giordana R, Fu-
mo MG, Lanzillo R, Petracca M, Carotenuto A, 
Triassi M, Brescia Morra V, Palladino R. Emer-
gency medical care for multiple sclerosis: A five-
year population study in the Campania Region 
(South Italy). Mult Scler 2022; 28: 597-607.

16) Ivanova JI, Bergman RE, Birnbaum HG, Phillips 
AL, Stewart M, Meletiche DM. Impact of medica-
tion adherence to disease-modifying drugs on se-
vere relapse, and direct and indirect costs among 
employees with multiple sclerosis in the US. J 
Med Econ 2012; 15: 601-609.

17) Currency Converter. www.xe.com/it/currencycon-
verter/convert/?Amount=1&From=EUR&To=USD 

18) Kurtzke JF. Rating neurologic impairment in multi-
ple sclerosis: an expanded disability status scale 
(EDSS). Neurology 1983; 33: 1444-1452.

19) Kuhlmann T, Moccia M, Coetzee T, Cohen JA, 
Correale J, Graves J, Marrie RA, Montalban X, 
Yong VW, Thompson AJ, Reich DS; Internation-
al Advisory Committee on Clinical Trials in Multi-
ple Sclerosis. Multiple sclerosis progression: time 
for a new mechanism-driven framework. Lancet 
Neurol 2023; 22: 78-88. 

20) Leray E, Yaouanq J, Le Page E, Coustans M, 
Laplaud D, Oger J, Edan G. Evidence for a two-
stage disability progression in multiple sclerosis. 
Brain 2010; 133: 1900-1913.

21) Giovannoni G. Disease-modifying treatments for 
early and advanced multiple sclerosis: a new 
treatment paradigm. Curr Opin Neurol 2018; 31: 
233-243.

22) Mancuso ME, Oldenburg J, Boggio L, Kenet G, 
Chan A, Altisent C, Seifert W, Santagostino E. 
High adherence to prophylaxis regimens in hae-
mophilia B patients receiving rIX-FP: Evidence 
from clinical trials and real-world practice. Hae-
mophilia 2020; 26: 637-642. 

23) Hoy SM. Peginterferon beta-1a: a review of its 
use in patients with relapsing-remitting multiple 
sclerosis. CNS Drugs 2015; 29: 171-179.

24) Centonze D, Fantozzi R, Buttari F, Grimaldi LME, 
Totaro R, Corea F, Marrosu MG, Confalonieri P, 
Cottone S, Trojano M, Zipoli V. Multicenter inter-
ventional phase IV study for the assessment of 
the effects on patient’s satisfaction of Peg IFN be-
ta-1a (Pre-filled pen) in subjects with relapsing-re-
mitting multiple sclerosis unsatisfied with other 
injectable subcutaneous interferons (PLATINUM 
study). Front Neurol 2021; 12: 637615.

25) Harris JM, Chess RB. Effect of pegylation on 
pharmaceuticals. Nat Rev Drug Discov 2003; 2: 
214-221.

26) Menge T, Rehberg-Weber K, Taipale K, Nas-
tos I, Jauß M. Peginterferon beta-1a was asso-
ciated with high adherence and satisfaction in 
patients with multiple sclerosis in a German re-
al-world study. Ther Adv Neurol Disord 2021; 14: 
17562864211000461.

27) Coyle PK, Shang S, Xiao Z, Dong Q, Castril-
lo-Viguera C. Matching-adjusted comparisons 
demonstrate better clinical outcomes with SC 
peginterferon beta-1a every two weeks than with 
SC interferon beta-1a three times per week. Mult 
Scler Relat Disord 2018; 22: 134-138. 

28) Gitlin M, Snyder S, Jhaveri M. Payer and socie-
tal benefit of Peginterferon beta-1a versus subcu-
taneous interferon beta-1a in patients with relaps-
ing-remitting multiple sclerosis in Italy. Interna-
tional Society for Pharmacoeconomics and Out-
comes Research – 22nd Annual European Con-
gress, 2-6 November 2019, Copenhagen, Den-
mark. Poster: PND52.

29) Naismith RT, Hendin B, Wray S, Huang D, 
Gaudenzi F, Dong Q, Sperling B, Mann M, Wer-
neburg B. Patients transitioning from non-pe-
gylated to pegylated interferon beta-1a have a low 
risk of new flu-like symptoms: ALLOW phase 3b 
trial results. Mult Scler J Exp Transl Clin 2019; 5: 
2055217318822148.

30) White JT, Crossman M, Richter K, Berman M, 
Goyal J, Subramanyam M. Immunogenicity eval-
uation strategy for a second-generation thera-
peutic, PEG-IFN-β-1a. Bioanalysis 2015; 7: 2801-
2811.

31) White JT, Newsome SD, Keiseier BC, Bermel 
R, Cui Y, Seddighzadeh A, Hung S, Crossman 
M, Subramanyam M. Incidence, characterization, 
and impact of peginterferon beta-1a immunoge-
nicity in patients with MS in the ADVANCE trial. 
Ther Adv Neurol Disord 2016; 9: 239-249.

32) Paolicelli D, D’Onghia M, Pellegrini F, Direnzo V, 
Iaffaldano P, Lavolpe V, Trojano M. The impact 
of neutralizing antibodies on the risk of disease 
worsening in interferon β-treated relapsing mul-
tiple sclerosis: a 5 year post-marketing study. J 
Neurol 2013; 260: 1562-1568.

33) Paolicelli D, Iannazzo S, Santoni L, Iaffalda-
no A, Di Lecce V, Manni A, Lavolpe V, Tortorel-
la C, D’Onghia M, Direnzo V, Puma E, Trojano M. 
The cost of relapsing-remitting multiple sclero-
sis patients who develop neutralizing antibodies 
during interferon beta therapy. PLoS One 2016; 
11: e0159214.

34) Reder AT, Arndt N, Roman C, Geremakis C, Men-
doza JP, Su R, Makin C, Avila RL, Vignos MC. 
Real-world propensity score comparison of treat-
ment effectiveness of peginterferon beta-1a vs. 
subcutaneous interferon beta-1a, glatiramer ac-
etate, and teriflunomide in patients with relaps-
ing-remitting multiple sclerosis. Mult Scler Relat 
Disord 2021; 51: 102935. 

35) Scott TF, Su R, Xiong K, Altincatal A, Cas-
trillo-Viguera C, Naylor ML. Matching com-
parisons of therapeutic efficacy suggest bet-
ter clinical outcomes for patients treated with 
peginterferon beta-1a than with glatiramer 
acetate. Ther Adv Neurol Disord 2021; 14: 
1756286420975916.


