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Purpose: The purpose of this study was to assess the prevalence of injection site reactions
(ISR) and flu-like symptoms (FLS) during treatment with subcutaneous (SC) interferon
(IFN) beta therapies and to document measures to mitigate and prevent ISR and FLS.
Patients and Methods: The cross-sectional post-authorization safety study PERFECT was
conducted from 11/2017 to 7/2019 in neurology practices in Germany. Adult patients with
relapsing-remitting multiple sclerosis (MS) receiving SC IFN beta for >3 months were
eligible. The primary endpoints were patient-reported prevalence of ISR and FLS.
Additional endpoints reported by patients, MS nurses, and neurologists included type,
frequency, duration, time of occurrence, and management of ISR and FLS.

Results: In total, 603 patients (median age 45 years [range 36-53], 74% female) were included in
the analysis. Time since MS diagnosis was >5 years in most patients. The majority had received
none (64%) or 1 (22%) prior therapy. Current MS therapy in 36%, 32%, and 30% of patients was
IFN beta-1b, IFN beta-1a, and peginterferon beta-1a, respectively. ISR and FLS under current
therapy were reported by 84% and 68% of patients, respectively. ISR developed within 5 days after
injection (84%) and lasted for 2—14 days (53%) in most patients. The most frequent patient-reported
symptom was erythema (39%). ISR resolved or abated with systemic treatments or topical oint-
ments. Most frequent preventive measures included alternating injection sites (58%). Occurrence of
ISR rarely resulted in treatment interruption (5%). FLS occurred predominantly up to 6 h after
injection (40%) and lasted <12 h (26%). The most frequent patient-reported symptoms were fatigue
(15%) and aching limbs (15%). Assessments by physicians and MS nurses differed from patient-
reported results.

Conclusion: Although ISR were experienced by the majority of patients, they rarely
resulted in treatment interruption. In this real-world setting, ISR and FLS management was
in line with published expert recommendations.
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Introduction

Interferon beta (IFN beta) therapies are well-established disease-modifying treat-
ments for patients with relapsing multiple sclerosis (RMS). Almost 25 years of
experience is available on the use of IFN beta treatment to treat multiple sclerosis
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(MS),"? and their safety and efficacy in MS therapy have
been studied extensively. All five IFN beta preparations
available feature a well-characterized efficacy and safety
profile, but differ in structure, formulation, dose as well as
frequency and route of administration.> The most recently
available IFN beta, peginterferon beta-1a, was developed
as a modern pegylated version of the native protein IFN
beta-1a with improved pharmacological properties to pro-
vide an interferon with increased biological activity, higher
exposure, decreased renal clearance and longer elimination
half-life.*® Based on results from the randomized pla-
cebo-controlled Phase 3 ADVANCE trial,” peginterferon
beta-la was EMA approved in July 2014 and has been
available in Germany since September 2014. By reducing
the frequency of administration to bi-weekly SC injec-
tions, peginterferon beta-1la therapy achieved a high level
of adherence in a real-world setting.®

The safety profile of peginterferon beta-1a is similar to
that of the non-pegylated interferons, with the most com-
mon adverse events being mild-to-moderate injection site
reactions (ISR) and flu-like symptoms (FLS).” Recurring
side effects such as ISR and FLS have important implica-
tions for quality of life and adherence and thus affect
treatment outcomes.'” > On therapy with peginterferon
beta-1a, the FLS duration per injection was shown to be
slightly longer than with non-pegylated IFN beta therapy,
but the cumulative duration was significantly decreased.'

Currently, there is only limited information on the actual
cause of skin reactions associated with SC injection of inter-
feron therapies, and in particular on the effectiveness and
implementation of recommended mitigation strategies in real
life. Skin biopsies indicated that non-pegylated IFN beta may
trigger inflammatory skin reactions through local chemokine
induction followed by rapid movement of immune cells to
the injection site.'> A better understanding of the adverse
events of subcutaneously injected interferon beta, including
the symptoms, pattern and duration of side effects, as well as
mitigation strategies of patients in daily real life, is essential
for developing effective strategies to improve adherence and
persistence and to reduce the rate of treatment discontinua-
tions. Therefore the cross-sectional study PERFECT as
a single-time-point evaluation was conducted to analyze
prevalence, severity, duration, and management of ISR and
FLS in patients with relapsing-remitting MS (RRMS) receiv-
ing SC peginterferon beta-1a, SC interferon beta la, or SC
interferon beta-1b. In addition, the perspectives of physi-
cians, MS nurses and patients with regard to the frequency,
duration, time to onset, and impact of ISR and FLS were

analyzed. Another important aim was to learn more about the
prevention and treatment of those side effects and their
impact on patient’s daily activities.

Materials and Methods
Study Design and Patients

This multicenter non-interventional, cross-sectional, open-
label voluntary post-authorization safety study (PASS)
(EU PAS reg no EUPAS21013) was conducted at 54
2017 to
September 2019. The study design was reviewed and

sites across Germany from November
approved by the Ethics Committee of the Medical
Association Lower Saxony, Germany (ref no. Bo/18/
2017), and is consistent with the ethical standards included
in the Declaration of Helsinki of 1964 and its later
amendments.

Adult patients with RRMS, who had been stable on SC
interferon beta treatment (IFN beta-la, IFN beta-1b or
peginterferon beta-1a) for at least 3 months were eligible
for inclusion. Switching between SC interferon beta treat-
ments within the 3-month period was allowed. Patients
were excluded from the observation if they had any con-
traindications to SC interferon beta according to the
German summary of product characteristics (SmPC), or
if they received treatment with glatiramer acetate or intra-
muscular (IM) interferon beta. All patients were required
to provide their written informed consent prior to
enrolment.

Study Procedure and Endpoints

All patients were treated with their current SC interferon
beta medication according to the SmPC and were managed
according to clinical practice. On a single visit (at a single
point of time), patients completed a standardized paper
questionnaire. The completed questionnaire was stored in
a sealed envelope to keep physicians and MS nurses
blinded in order to enable them to answer the same ques-
tions independently of the patient and each other in an
electronic case report form (eCRF). Additionally, the phy-
sician and MS nurse both documented the patient’s base-
line characteristics into the eCRF.

The two primary endpoints were the number and pro-
portion of patients with at least one patient-reported ISR
and the number and proportion of patients with at least one
patient-reported FLS. Secondary endpoints were the num-
ber and proportion of patients with at least one MS nurse-
reported ISR/FLS and the number and proportion of
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patients with at least one physician-reported ISR/FLS.
Additional secondary endpoints assessed by patients, MS
nurses and physicians, respectively, included type and
frequency of ISR/FLS assessed on a 5-point Likert scale
(almost always, often, sometimes, rarely, never), duration
of ISR/FLS (pre-defined periods: few minutes, up to 2 h,
upto 1d,2-3d,4-6d, 7-14 d, >2 weeks), usual time of
occurrence of ISR/FLS (pre-defined periods: immediately,
within 1 d, on the next day, after 2-5 d, after >5 d),
interference of ISR/FLS with patient’s daily activities
assessed by a visual analogue scale ranging from ‘0’ (not
at all) to ‘10" (extremely), number and proportion of
patients taking treatment/actions to relieve the ISR/FLS,
and number and proportion of patients with at least one
self-administered treatment/action resulting in resolution
or relief of ISR/FLS. Safety assessments included the
documentation of serious adverse events.

Statistical Analysis

All documented data were analyzed by descriptive statis-
tics using SAS® Version 9.3 (SAS Institute Inc., Cary, NC,
USA). For continuous variables, statistic parameters
including arithmetic mean, standard deviation and range
were calculated. Frequency distributions for discrete vari-
ables were provided as percentage in relation to the total
sample. No data imputation was performed. Due to the
exploratory nature of the study and absence of formal
hypothesis-testing, no formal sample size calculation was
carried out. Subgroup analyses were performed with
respect to patient’s previous and current MS therapy.

Results

In total, 626 patients provided informed consent. Of those,
23 patients were excluded from the analysis set for the
following reasons: the informed consent form was signed
after completion of the questionnaire (N=14), incorrect
inclusion (N=5), no questionnaire available (N=2), and
questionnaire completed prior to start of therapy (N=2). In
addition to the 603 patients included in the analysis set, 545
physicians and 599 nurses completed questionnaires; for 541
cases, completed questionnaires were available from all
involved functions (patients, physicians and MS nurses)
(Figure 1). Baseline demographics including current treat-
ment are summarized in Table 1. Patients, physicians and
MS nurses correspondingly documented that the application
of injections was mostly performed via autoinjector/pen
(patients 68.7%, physicians 72.8%, MS nurses 75.0%).
Nearly all patients received a training for injections.

Prevalence of ISR and FLS

Under their current SC interferon beta therapy, 83.7% of
patients experienced at least one ISR. In comparison,
65.8% of MS nurses and 56.1% of physicians reported
patients experiencing at least one ISR under current ther-
apy. ISR occurred across all skin types (Celtic, Nordic,
mixed, Mediterranean, dark skin, black skin). Among pre-
treated patients, those who had ISR under their previous
MS therapy (N=122) were with 91.8% numerically more
likely to experience ISR also under their current therapy
than patients who had no occurrence of ISR under pre-
vious therapy (N=69) (71.0%). The leading symptom of
ISR was erythema, which was experienced ‘almost
always’ by 38.5% of patients and documented by 31.2%
of MS nurses and 28.1% of physicians (Figure 2). ISR
lasted predominantly for 2 to 14 days (2-3 days: 18.4%
patients, 20.9% physicians, 22.8% MS nurses; 7-14 days:
18.7% patients, 14.1% physicians, 19.3% MS nurses)
(Figure 3). The most common time of onset of ISR was
documented as “within one day after the injection” by
32.5% of patients, 39.6% of MS nurses, and 40.8% of
physicians (Figure 4).

Under their current SC interferon therapy, 67.5% of
patients reported at least one FLS. 50.8% of MS nurses
and 47.9% of physicians reported at least one FLS. FLS
occurred predominantly after 2 to 6 h after injection
(30.3% reported by patients, 31.8% reported by physi-
cians, 36.2% reported by MS nurses) and lasted 12 h or
less (39.1% reported by patients, 48.7% reported by phy-
sicians, 50.5% reported by MS nurses). The most fre-
quently reported FLS symptoms were aching limbs,
headache, fatigue and weakness (Figure 5). No serious
adverse events occurred during the study.

Interference of ISR and FLS with Daily
Activities

Mean (+SD) interference of ISR with daily activities was
2.0 £ 2.3 reported by patients, 2.7 £ 2.2 reported by MS
nurses, and 2.6 £ 2.3 reported by physicians (Figure 6).
Mean (+SD) interference of FLS on daily activities was
4.5 £ 2.8 reported by patients, 4.4 + 2.3 reported by
physicians, and 4.2 + 2.5 reported by MS nurses
(Figure 6).

Management of ISR and FLS
Within the first 3 months of treatment 4.3% of patients
consulted a physician due to ISR compared to 2.5%
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(N=626)

Patients who gave
informed consent

Patients not included into the
p—| analysis set (N=23):
= Date of ICF after completion of

questionnaire (N=14)

= Incorrect inclusion (N=5)

= No questionnaire available
(N=2)

completed the
questionnaire
(N=603)

Patients included in
the analysis set who

= Questionnaire completed prior
to therapy start (N=2)

Questionnaires

Questionnaires

completed by patients
and physicians
(N=545)

and MS nurses
(N=541)

Questionnaires
completed by
patients, physicians

completed by patients

and MS nurses
(N=599)

Figure | Patient disposition.
Abbreviations: ICF, informed consent form; MS, multiple sclerosis.

within the last 3 months of treatment. Among patients,
33.0% (172/522) reported actions to relieve ISR and
22.3% of MS nurses (88/394) and 17.0% of physicians
(52/306) reported that patients performed actions to
relieve ISR. Treatment to mitigate ISR included local
topical treatments, including pharmaceuticals (eg, dime-
tindene, bamipine, heparin ointment, hydrocorticoid or
steroid ointments), and natural remedies (eg, cold
brewed black tea compresses, ointments of arnica, mar-
mot, hametum). Other measures such as cross-taping,
leaving the needle longer in the injection site, homeo-
pathic cell salts, or a mosquito bite stamp were used
(Figure 7). ISR self-
administered systemic treatments or topical ointments,
as reported by 4.3% of patients (26/603), 13.6% of MS
nurses (12/88) and 13.5% of physicians (7/52). Relief of
ISR symptoms with self-administered systemic treat-

symptoms resolved with

ments or topical ointments was reported by 21.1% of
patients (127/603), 67.0% of MS nurses (59/88) and
84.6% of physicians (44/52).

Precautions to prevent ISR were performed by 64.1%
of patients (379/591). In contrast, only 22.9% of physi-
cians (125/545) and 30.9% of MS nurses (185/599)

reported that patients performed such precautions. The
most frequently reported preventive measures used by
patients included alternating injection sites (57.9%), fol-
lowed by “allowing the injection solution to reach room
temperature before injecting” (40.6%), “disinfecting the
injection site before injecting” (39.6%), “taking plenty
of time for each injection” (35.3%), and “cooling the
injection site after injecting” (19.4%). These measures
and frequency of use were in accordance with the
assessments provided by physicians and MS nurses.

Treatment interruptions due to ISR within the last 3
months occurred only for 4.8% of patients; of those, n=11
patients missed only one injection, n=5 missed 2, n=3
missed 3, and n=7 missed >3 injections.

Actions to relieve FLS were performed by 76.0% of
patients (351/462); 73.7% of MS nurses (224/304) and
72.4% of physicians (189/261) reported that patients per-
formed actions to relieve FLS. The resolution of FLS
symptoms with self-administered treatment/action such as
use of analgesics (eg, ibuprofen or paracetamol) or change
of injection time from the morning to the evening, was
reported by 27.0% of patients (163/603), 36.2% of MS
nurses (81/224) and 33.3% of physicians (63/189). The
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Table | Baseline Demographics

Parameter N=603
Gender, N (%)?
Male 153 (25.4)
Female 446 (74.0)
Missing 4 (0.7)
Age (years), mean + SD* 446 £ 11.6
Age group, N (%)?
<40 years 214 (35.5)
240 years 385 (63.8)
Missing 4 (0.7)
Skin type, N (%)°
Celtic 27 (4.5)
Nordic 171 (28.4)
Mixed 344 (57.0)
Mediterranean 42 (7.0)
Dark skin 7(1.2)
Black skin 2 (0.3)
Time since MS diagnosis, N (%)°
<| year 46 (7.6)
>|-2 years 39 (6.5)
>2-5 years 126 (20.9)
>5 years 329 (54.6)
Unknown 4 (0.7)
Missing 59 (9.8)
Number of previous MS therapies, N (%)°
None 350 (58.0)
| 135 (22.4)
2 43 (7.1)
3 15 (2.5)
>3 2 (0.3)
Missing 58 (9.6)
Current subcutaneous MS medication, N (%)°
Interferon beta-la 202 (33.5)
Interferon beta-1b 173 (28.7)
Peginterferon beta-la 170 (28.2)
Missing 58 (9.6)

Notes: *Reported by MS nurse; ®Reported by patient; “Reported by physician.

most frequently patient-reported measures to achieve reso-
lution of FLS were ibuprofen (133/603) and paracetamol
(36/603). Relief of FLS with self-administered treatment/
action was reported by 35.0% of patients (211/603), 68.3%
of nurses (153/224) and 70.4% of physicians (133/189).
The most frequently patient-reported measure to achieve
relief of FLS was ibuprofen (147/603), followed by
“increase drinking per day” (49/603) and paracetamol
(47/603).

Discussion

The present study provided a cross-sectional overview of
the ISR and FLS prevalence in patients on SC interferon
beta therapy as reported from three different perspectives —
patients, physicians and MS nurses. The majority of
patients experienced at least one ISR and/or FLS under
current SC interferon beta therapy. The occurrence of ISR
and FLS was reported at numerically lower rates by MS
nurses and physicians compared to the data provided by
patients. An inconsistency between patient-reported cuta-
neous adverse events and the prevalence reported by treat-
ing neurologists has been previously observed, indicating
that skin reactions seem to be underrecognized by
neurologists.'® MS nurses on the other hand appeared
better informed about the occurrence of ISR and FLS
than physicians. The reason for the observed discrepancy
is unclear and warrants further investigation. Possibly
patients are more reluctant to report adverse events to the
neurologist, whereas they are more inclined to report them
to the MS nurse. Other reasons could be that physicians
are in a hurry. The occurrence of ISR was not associated
with any particular skin type.

The rate of FLS for peginterferon beta-la versus pla-
cebo after one year reported in the pivotal phase 3
ADVANCE trial (47%) was markedly lower than in the
present study, in particular compared to the patient-
reported rate (77%).

Consistent with ALLOW
study,'® mean interference of ISR with patients’ daily

observations from the

activities was assessed as low by all three groups.
Duration and interference of ISR and FLS with patients’
daily activities were slightly overestimated by nurses and
physicians compared to the data provided by patients. The
VAS applied here for assessing interference with daily
activities is a generic, ie, not disease-specific, instrument
commonly used to assess health status and is, for example,
part of the EuroQol-5D (EQ-5D) health questionnaire,'”"'®
but the horizontal VAS used in the PERFECT study differs
from that of the EQ-5D (vertical, scaled line). A 100-mm
horizontal VAS had been used in MS patients for the
assessment of injection pain of a novel glatiramer acetate
formulation'® and a novel SC IFN beta-la injection
device® as well as magnitude of discomfort of an IM
IFN beta-1a formulation.?

Adverse events such as ISR and FLS are often reported
as reasons for poor patient adherence to the treatment
regimens.'>*? Although the rate of treatment interruptions
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Figure 2 Frequency of ISR as reported by patients, physicians and MS nurses.
Abbreviations Pa, patients (N=603); Ph, Physicians (N=545); Nu, MS nurses (N=599).
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Figure 5 Frequency of FLS as reported by patients, physicians and MS nurses.
Abbreviations: Pa, patients (N=603); Ph, Physicians (N=545); Nu, MS nurses (N=599).
m Patients ®Physicians = MS Nurses N

2023 511

ISR 27122 240

26123 271

45128 413

FLS 44+23 188

42+25 212

0 1 2 3 4 5 6 7 8 9 10

Visual analogue scale

Figure 6 Mean (+SD) interference of ISR and FLS with patients’ daily activities assessed on a visual analogue scale ranging from ‘0’ (not at all) to ‘10" (extremely) as reported

by patients, physicians and MS nurses.

due to ISR within the previous 3 months was low (4.8%),
it is important to observe prevention and mitigation stra-
tegies in order to promote treatment persistence. In 2019,
experts from an interdisciplinary Board of German and
Austrian neurologists and dermatologists published recom-
mendations for ISR management in daily clinical care.”
Prevention strategies included warming the interferon
solution to room temperature before injection, usage of
an aseptic injection technique, and rotation of the subcu-
taneous injection site at each injection. Mitigation strate-
gies involved cold brewed black-tea compresses, topical
treatment with 5% polidocanol, and topical corticosteroids,

as well as refrigerated lotions, creams and ointments.>
Most of these recommendations were implemented by
the patients in our study. Despite the broad range of
reported mitigation strategies, however, the majority of
patients did not perform any actions to relieve ISR.
Among those applying self-administered treatments, ISR
rarely resolved, but relief was achieved in approximately
three-quarters of patients. Generally, a less frequent pre-
valence of ISRs with interferon beta-1a IM than with SC
administration has been reported in prior studies.’**
Consequently, IM administration may offer patients an
additional beta-la  treatment

peginterferon option.
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m Disappeared = Relief

Polidocanol

Marmot ointment

Mosquito bite stamp

Hamametum ointment

Schissler salts

Other local topical steroid ointment
Other local topical antihistamines
Soventol

Local topical hydrocorticoid

Heparin ointment or gel

Cross taping

Fomentation with cooled brewed back tea
Leaving needle longer in injection site
Arnica preparations

Fenistil Gel

Other systemic treatments

Figure 7 Actions performed to relieve ISR as reported by the patients.

A recent Phase 1 study established the bioequivalence of
IM compared to SC administration of peginterferon beta-
la and indicated a numerically lower prevalence of ISR
with IM than with SC administration, thus supporting the
consideration of IM injection as an alternative route of
administration for peginterferon beta-la in patients with
RMS or RRMS.?

Strategies applied to ease FLS were in line with pre-
viously published recommendations and included analge-
sic use, dose titration, and consideration of the timing of
administration so that FLS occur during sleep.”® MS
nurses were generally more aware of the patient’s discom-
fort and actions to relieve or prevent symptoms than phy-
sicians. Overall, a numerically higher percentage of
patients reported success of the measures applied to pre-
vent and relieve FLS than with ISR. In line with two

1622 the results reinforce expec-

previous Delphi analyses,
tation setting and tolerability management to reduce the
impact of ISR and FLS on patient experience.

This study was not designed as a head-to-head com-
parison between different SC interferon beta formulations,
but to provide a general overview of the scope and man-
agement of ISR and FLS during treatment with SC inject-
able interferons. The benefits and increase in satisfaction
of switching from non-pegylated interferon to peginter-
feron beta-la have already been addressed in the
ALLOW study and the Italian PLATINUM study.'*?7-®

No effect N=603

5 6 7 8 9 10
Patients (%)

However, contrary to the longitudinal design of the
ALLOW study, which reported the cumulative duration
of FLS, the cross-sectional design of our study provides
rather a snapshot in time and results may be subject to
recall bias.

The study is limited by its non-interventional cross-
sectional design which simultaneously assesses exposure
and outcome, and therefore does not provide evidence of
a temporal relationship between exposure and outcome. Yet,
this study design has advantages in terms of patient hetero-
geneity as it collects data in a real-world setting. Another
limitation was the incomplete data set, which is a common
issue in non-interventional studies. Furthermore, the ques-
tionnaire used was not validated as a tool for measuring
patient-reported outcomes. Cross comparison of data from
different functions (patient, physician, MS nurse) has to be
assessed with caution, as all results are based on descriptive
statistics only. No statistical tests were conducted to verify
how far comparable answers of two or more functions were
in accordance. Approximately 10% of physicians did not
complete the questionnaire and possible site effects have not
been investigated. For the survey of patient-reported data,
a paper questionnaire was used, therefore inconsistent data
for all analyses may be expected. The electronic question-
naire used by MS nurses and physicians was constructed
with filters enabling skipping over non-applicable questions
for a particular patient. As these filters were not applicable
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in the paper questionnaire, patients may have answered non-
applicable questions, resulting in inconsistencies of data,
which were not evaluated. There is no gold standard to
differentiate whether the data provided by one respondent
(eg, patient) is more valid than data from another (eg,
physician). Nevertheless, it might be expected that patients
were more aware of their own physical condition and mea-
sures to relieve and prevent discomfort, whereas physicians
and MS nurses might have been better informed about
previous medication, duration of treatment and injection
schemes. The strength of this study was the collection of
data from three different groups of respondents, thus provid-
ing a comprehensive overview of the occurrence, impact
and management strategies of ISR and FLS from the distinct
perspectives of patients, MS nurses and physicians.

Conclusion

Although ISR and FLS were experienced by the majority
of patients in this real-world setting, they rarely resulted in
treatment interruption, and interference with daily activ-
ities was low. In this real-world setting, ISR and FLS
management was in line with published expert recommen-
dations. However, the study uncovered an obvious need to
better educate patients as only a little more than half of
them applied the most simple and important strategies
such as rotating injection sites. The differences in assess-
ments observed between patients, physicians and MS
nurses may indicate a need in real-world settings to
improve communication between the three functions in
order to align perspectives.
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