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Abstract

Background: Flu-like symptoms are common adverse events associated with interferon beta relapsing

multiple sclerosis therapies.

Objectives: To evaluate the incidence and severity of flu-like symptoms after transitioning from non-

pegylated interferons to peginterferon beta-1a and assess flu-like symptom mitigation using naproxen.

Methods: ALLOW was a phase 3b open-label study in relapsing multiple sclerosis patients. Patients had

received non-pegylated interferon for 4 or more months immediately before beginning a 4-week screen-

ing period. At baseline, patients switched to peginterferon beta-1a and were randomly assigned (1:1) to

continue their current flu-like symptoms management regimen or start twice-daily naproxen 500mg for

8 weeks. Patients then switched to their preferred regimen and were followed for 48 weeks in total.

Results: Of 201 patients, 89.6% did not experience new/worsening flu-like symptoms during their first

8 weeks on peginterferon beta-1a. Flu-like symptom severity remained low in current-regimen and

naproxen patients, with no significant between-group differences. Median flu-like symptom duration

per injection was 3.2 hours longer with peginterferon beta-1a versus prior interferon, but the 4-week

cumulative duration was reduced 49–78%. No new safety signals were identified.

Conclusion:Most patients who switched from non-pegylated interferon to peginterferon beta-1a did not

experience new/worsening flu-like symptoms. Flu-like symptom duration per injection increased, but

the cumulative duration significantly decreased. These data may inform flu-like symptom manage-

ment guidance.
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Introduction

Interferon (IFN) betas are effective therapies for the

treatment of relapsing multiple sclerosis (RMS) and

are typically viewed as having a good safety and

tolerability profile.1,2 The most prevalent adverse

events (AEs) across all IFN betas are flu-like symp-

toms (FLS) and injection site reactions (ISRs),

which are both commonly reported reasons for

non-adherence (i.e. not taking a therapy as pre-

scribed).3,4 Pivotal IFN trials have demonstrated

that FLS occur in 49–59% of patients and ISRs

with subcutaneous administration occur in 78–92%

of patients.5–7 Better adherence has been associated

with improved clinical outcomes and quality of life,

as well as reduced hospitalization and healthcare

costs8,9; therefore, reductions in the frequency or

severity of AEs related to non-adherence such as

FLS may improve RMS treatment outcomes.

Peginterferon beta-1a is an IFN beta-1a formulation

that has been pegylated, providing it with a longer
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half-life than other IFN beta formulations. It is

approved for the treatment of patients with RMS

and is administered subcutaneously at a dose of

125 lg every 2 weeks, the lowest injection frequency
approved for IFN beta in multiple sclerosis (MS). In

the pivotal phase 3 ADVANCE trial, patients receiv-

ing peginterferon beta-1a every 2 weeks exhibited a

36% reduction in the annualized relapse rate com-

pared with patients receiving placebo (P< 0.007), as

well as reductions in 12- and 24-week confirmed

disability progression of 38% (P¼ 0.04) and 54%
(P¼ 0.007), respectively, following 1 year of treat-

ment.10–12 Consistent with clinical outcomes, mag-

netic resonance imaging lesions were significantly

reduced in the peginterferon beta-1a cohort versus

the placebo cohort. Peginterferon beta-1a demon-

strated a similar safety profile as established IFNs;

the most common AEs were injection site erythema

(observed in 62% of treated patients vs. 7% on pla-

cebo) and influenza-like illness (observed in 47% of

treated patients vs. 13% on placebo).10

In clinical practice, patients initiating peginterferon

beta-1a may be switching from other IFN therapies,

so it is valuable to understand changes in FLS inci-

dence and severity in these transitioning patients.

The high proportion (83%) of treatment-naive

patients in the ADVANCE study precluded such

analysis.10 The ALLOW study was therefore specif-

ically designed to evaluate the safety and tolerability

of switching from non-pegylated IFN to peginter-

feron beta-1a. This study also examined FLS man-

agement in patients who have transitioned from non-

pegylated IFN to peginterferon beta-1a. The primary

objective was to evaluate the proportion of patients

who experienced new or worsening FLS. This study

also aimed to determine whether long-acting non-

steroidal anti-inflammatory prophylactic treatment

(naproxen) has a greater impact on FLS during

peginterferon beta-1a treatment than does standard

clinical practice at the discretion of the treating neu-

rologist. FLS onset and duration following peginter-

feron beta-1a injection versus non-pegylated IFN

were also compared. As another aspect of

ALLOW, the Delphi method was used to character-

ize peginterferon beta-1-associated ISRs and to

obtain consensus on ISR management strategies;

Delphi results have previously been published.13

Patients and methods

Study design and participants

ALLOW was a 1-year, multicenter, open-label phase

3b study to characterize FLS in patients with RMS

who transitioned from their current non-pegylated

IFN beta therapy to peginterferon beta-1a. A total

of 251 patients on a stable dose of non-pegylated

IFN were screened during a 4-week screening/run-

in period (weeks �4 to 0) on their current medica-

tion. At week 0 (baseline), 201 eligible patients ini-

tiated treatment with subcutaneous peginterferon

beta-1a in accordance with the approved treatment

initiation schedule (63lg at week 0, 94 lg at week 2,
and 125 lg at week 4, with 125 lg administered

every 2 weeks for all subsequent weeks). Week 0

also began an 8-week phase during which naproxen

(500mg) was compared with the patients’ existing

FLS management regimen. The 201 patients who

initiated treatment with peginterferon beta-1a were

randomly assigned (1:1) to receive either their cur-

rent FLS management regimen as determined by the

prescribing neurologist or naproxen 500mg twice

daily. In patients randomly assigned to the naproxen

arm, naproxen 500mg was administered up to 24

hours before peginterferon beta-1a treatment and

continued for 48 hours after injection. Thirty-eight

sites in the USA randomly assigned patients using an

interactive voice/web response system (Endpoint,

San Francisco, CA, USA). Following this 8-week

treatment phase, patients entered the monitoring

phase (weeks 8–48), in which they continued receiv-

ing peginterferon beta-1a treatment and either their

treatment-phase FLS management regimen or a reg-

imen chosen by their investigator.

The study included patients aged 18–65 years with

RMS and an Expanded Disability Status Scale score

of 5.0 or less who had been treated with a stable dose

of non-pegylated IFN beta for 4 or more months

immediately prior to screening/run-in. Other key

exclusion criteria were prior treatment with pegin-

terferon beta-1a, prespecified laboratory abnormali-

ties, and the occurrence of an MS relapse within 50

days of study baseline. Supplementary Table 1 pro-

vides a full list of inclusion and exclusion criteria.

To ensure a good representation of the subcutaneous

IFN beta-1a patient population, no more than 50%
of patients could be transitioning from intramuscular

IFN beta-1a.

The protocol was approved by the institutional

review board at each site and the study was con-

ducted according to the International Conference

on Harmonisation Guidelines for Good Clinical

Practice and the Declaration of Helsinki. Every

patient provided written informed consent before

entering the study. This trial is registered with

ClinicalTrials.gov (number NCT01939002).
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Study procedures and endpoints

FLS severity scores (FLS-S), based on the FLS

severity scale,14 were recorded by the patient using

a study-provided electronic diary at pre-injection (1

hour or less prior to the scheduled peginterferon

beta-1a injection) and post injection (within every

6 hours after the injection and within every 6

hours for at least 48 hours until FLS symptoms

had stopped). Patients reported an FLS-S from 0 to

3 describing the severity of each of the following

categories: muscle aches, chills, fatigue, and body

temperature. Muscle aches, chills, and fatigue were

each rated from 0 to 3: ‘0’ for absent; ‘1’ for mild,

did not interfere with daily activities; ‘2’ for moder-

ate, sufficient to interfere with daily activities; and

‘3’ for severe, bedrest required. Patients’ body tem-

peratures were also assigned a score from 0 to 3: ‘0’

if less than 99.1�F, ‘1’ if 99.1�F or greater but less

than 100.1�F, ‘2’ if 100.1�F or greater but less than

101.1�F, and ‘3’ if 101.1�F or greater. The total

FLS-S was calculated as a sum of the three symp-

toms scores and the fever score, for a score ranging

from 0 to 12. A mean increase of 2 points or more

was considered worsening.

The primary endpoint was the proportion of patients

experiencing new and/or worsening FLS, defined as

an increase of 2 points or more in total FLS-S during

the first 8 weeks of peginterferon beta-1a (the treat-

ment phase) after switching from non-pegylated IFN

beta. Secondary endpoints evaluated at baseline, 12

weeks, and 48 weeks included the severity of FLS,

the impact of naproxen (500mg twice daily) on FLS,

the onset and duration of FLS following injection

with peginterferon beta-1a, the incidence of AEs,

and the Patient-Determined Disease Steps (PDDS)

score.15–17 Total time experiencing FLS over the 4

weeks before and after switching to peginterferon

beta-1a was examined as a post hoc analysis.

Statistical analysis

For this exploratory study, the sample size calcula-

tion was not based on statistical power considera-

tions but aimed to provide meaningful data to

evaluate the proportion of patients experiencing

FLS. Assuming 25% (the best possible case) to

39% (the worst possible case) of the patients in

this study would experience FLS, with a sample

size of 160 patients, the upper and lower 95% con-

fidence bounds of the estimated proportion would

extend 6.7% to 7.6% from the assumed proportion

(25% to 39%) of subjects who would experience

FLS during the study. Assuming a 20% dropout

rate, the target sample size was 200 patients.

For the primary analysis, a one-sample chi-square

test was used to test the null hypothesis that 25%
of enrolled patients would have FLS after switching

to peginterferon beta-1a. New or worsening FLS

were defined as a 2-point-or-more increase in FLS-

S during the first 8 weeks of peginterferon beta-1a

treatment compared with the 4-week run-in period.18

FLS severity, onset, and duration were summarized

using mean (standard deviation) and median (mini-

mum and maximum) values. FLS management reg-

imen groups were compared using a t-test or a

Wilcoxon rank-sum test depending on the distribu-

tion of the FLS severity scores. The efficacy popu-

lation was defined as all randomized patients who

received one or more dose of treatment with pegin-

terferon beta-1a and had efficacy assessments in

both the 4-week run-in period and the post-

baseline treatment period. The safety population

was defined as all patients who received one or

more dose of treatment with peginterferon beta-1a.

Results

Patient disposition and baseline characteristics

Patient demographics and baseline disease character-

istics were generally well balanced in the two treat-

ment groups (Table 1). The mean patient age was

older and time with RMS since diagnosis was longer

than typically observed in the RMS pivotal clinical

trials, a reflection of a study design that required a

treatment-experienced group. The median (range) of

the duration of previous IFN use was 93.9 (4.0–

278.4) months for patients remaining on their current

FLS regimen and 72.1 (1.3–336.4) months for

patients randomly assigned to naproxen. All other

patient characteristics were similar to those found

in typical phase 3 RMS trials.10

Patients

In total, 201 patients (103 in the current FLS regi-

men and 98 in the naproxen group) from 38 sites

received at least one dose of medication

(Figure 1). The first patient was dosed on 6

November 2013, and the study was completed on

13 November 2015. Overall, 164 patients completed

the study (81.6% in each group). AEs were the most

common reason for study withdrawal in each group

(with 12.6% of patients on the current FLS regimen

and 13.3% of patients in the naproxen group with-

drawing on this basis). Almost all patients (99.5%)

used concomitant medications during the study,

including analgesics, antipyretics, and vitamins.

Concomitant medications used by more than 20%
of patients in the study were ibuprofen (46.3%),

Naismith et al.
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naproxen (32.8%), and paracetamol (25.9%)

(Supplementary Table 2).

FLS and other AEs

Of the 194 patients in the efficacy population, 174

(89.7%) reported at least one occurrence of FLS

during the 4-week screening/run-in period. A total

of 174 patients (89.7%) also reported an FLS-S

score greater than 0 in the first 8 weeks of the

study following the transition to peginterferon

beta-1a; only 20 (10.3%) of these were new or wors-

ening FLS events, significantly less than the null

hypothesis best case of 25% (P< 0.001). A trend

was apparent, but there was no significant difference

Table 1. Baseline characteristics of patients enrolled in the ALLOW study.

Characteristic

Peginterferon

beta-1aþ current

FLS regimen (n¼ 103)

Peginterferon

beta-1aþ naproxen

(n¼ 98) Total (n¼ 201)

Age, mean (SD), years 49.8 (10.32) 49.9 (9.45) 49.8 (9.88)

Gender, % female 81.6 80.6 81.1

Race, % Caucasian 88.3 90.8 89.6

Race, % Black or African American 10.7 5.1 8.0

Ethnicity, % not Hispanic or Latino 99.0 98.0 98.5

MS duration, mean (SD), years 14.0 (9.03) 12.8 (8.00) 13.4 (8.54)

Time since most recent relapse, mean (SD), years 5.7 (4.61) 5.1 (4.64) 5.4 (4.62)

Number of relapses within the last year, mean (SD) 0.2 (0.68) 0.2 (0.58) 0.2 (0.63)

Average FLS score at screening, mean (SD) 1.20 (1.233) 1.05 (1.02) 1.13 (1.13)

Prior exposure to IFNs, n 102* 98 200*

Duration of prior IFN exposure,

median (range), months

93.9 (4.0–278.4)* 72.1 (1.3–336.4) 83.0 (1.3–336.4)

FLS: flu-like symptoms; SD: standard deviation; MS: multiple sclerosis.

Before transitioning to peginterferon beta-1a, 50.8% of patients used intramuscular interferon (IFN) beta-1a, 27.3% used subcutaneous (SC) IFN

beta-1a, and 18.9% used SC IFN beta-1b; 82% of patients completed the study.

*Data missing for 1 patient in cohort.

201 randomized

251 enrolled during the 4-week 
screening (run-in) period

103 assigned to 
peginterferon beta-1a + 

current FLS regimen

50 patients excluded based 
on screening results

98 assigned to 
peginterferon beta-1a + 

naproxen

19 (18.4%) withdrew from study
 • 13 (12.6%) adverse events
 • 5 (4.9%) consent withdrawn
 • 1 (1.0%) other

18 (18.4%) withdrew from study
 • 13 (13.3%) adverse events
 • 3 (3.1%) consent withdrawn
 • 2 (2.0%) other

84 (81.6%) completed
48 weeks of study

80 (81.6%) completed
48 weeks of study

Figure 1. Patient disposition. FLS: flu-like symptoms.
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in the percentage of patients experiencing increased

FLS between those on their current FLS regimen and

those receiving naproxen (13.0% (n¼ 100) vs. 7.4%
(n¼ 94); P¼ 0.204).

To determine whether there were any differences

between the intramuscular IFN beta-1a and subcuta-

neous IFN beta-1a/b patient groups, the change in

each group in the proportion of patients experiencing

new and/or increased FLS between the 4-week run-

in period and the first 8 weeks of peginterferon beta-

1a was compared. There was no significant differ-

ence in new and/or increased FLS between patients

previously receiving intramuscular IFN beta-1a and

those previously receiving subcutaneous IFN beta-

1a/b (12.4% (n¼ 97) vs. 8.2% (n¼ 97); P¼ 0.345).

FLS severity was low during the 4-week screening/

run-in period prior to the initiation of peginterferon

beta-1a and remained low over 48 weeks of treat-

ment (Figure 2). Patients randomly assigned to the

naproxen FLS treatment regimen did not experience

a significant change in FLS severity compared with

patients who maintained their current FLS treat-

ment regimen.

Overall, the median duration of FLS following injec-

tion was 17.0 hours (interquartile range 12–22

hours) over 48 weeks. The median FLS duration fol-

lowing injection was 3.2 hours longer with peginter-

feron beta-1a than with the prior non-pegylated IFN

(median 17.0 vs. 13.8 hours; P< 0.001; Figure 3),

increasing in both the current FLS regimen group

(median 16.8 vs. 16.0 hours; P¼ 0.002) and the nap-

roxen group (median 17.0 vs. 12.8 hours; P< 0.001;

Figure 3). Overall, the median time to FLS onset

following injection was 10.4 hours (interquartile

range 7.2–15.8 hours). The overall median time to

FLS onset was 0.1 hours shorter following injection

with peginterferon beta-1a than with the prior IFN

(median 10.4 vs. 10.5 hours; mean 11.4 vs. 12.8

hours; P¼ 0.009).

While the median duration of FLS was greater per

injection with peginterferon beta-1a compared with

the prior IFN, the total time experiencing FLS

decreased with peginterferon beta-1a due to the

reduced frequency of drug administration. The

mean cumulative FLS duration during weeks 0–4

and 5–8 of peginterferon beta-1 treatment was 28.2

and 19.7 hours, respectively, compared with 85.3

hours during the 4-week run-in period on the prior

IFN (P< 0.001 vs. both peginterferon beta-1a time

periods; Figure 4). In patients previously adminis-

tered intramuscular IFN beta-1a, the mean cumula-

tive duration of FLS was approximately halved on

86 898388 9591174No. of patients 184174

Overall
(n=194)

Current FLS regimen
(n=100)

Naproxen 500 mg bid
(n=94)

0

1

2

3

4

6

5

1.13 1.18 1.14 1.20 1.31 1.28 1.05 1.04 0.98

Score range Symptoms
0–3 Muscle aches
0–3 Chills
0–3 Fatigue
0–3 Body temperature

FL
S-

S 
(m

ea
n)

FLS-S range and symptoms

4-week run-in on prior IFN 48 weeks on peginterferon beta-1a8 weeks on peginterferon beta-1a

Figure 2. Severity of flu-like symptoms (FLS) over 48 weeks. The mean overall FLS severity score (FLS-S) on non-

pegylated interferons during the 4-week screening/run-in was 1.13. The overall minimum and maximum duration during

the 4-week screening/run-in on prior interferon (IFN) were 0 and 7.3, respectively; the overall FLS-S minimum and

maximum during 48 weeks on peginterferon beta-1a were 0 and 6.5, respectively. Only data up to 48 hours post-injection

are included. The number of patients indicates patients recording an FLS-S score greater than 0. (Pre-dose data are not

used.) bid: twice a day.
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Figure 3. Median duration of flu-like symptoms (FLS) post-injection over 48 weeks. The median duration (in hours) of

FLS for a treatment is defined as the sum of hours from the treatment to 48 hours with a FLS score greater than 0. Pre-

dose data were not used. The overall FLS duration minimum and maximum on prior interferon (IFN) were 6.00 and

42.86, respectively; on peginterferon beta-1a it were 6.00 and 39.00, respectively.

n = 168 n = 159 n = 138
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Figure 4. Mean cumulative duration of total flu-like symptoms (FLS) over 4 weeks on prior interferon (IFN) and

following transition to peginterferon beta-1a. The duration of FLS for a treatment was defined as the sum of hours from

the treatment to 48 hours with a FLS score greater than 0. If the FLS score was greater than 0 at an evaluation time, the

event was assumed to have started at the previous evaluation time, and 6 hours was counted as the duration. The total

duration of FLS was defined as the total duration by weeks in screening/run-in, the 0–4-week period, and the 5–8-week

period. The P value is based on the paired t-test for the within-arm test. All patients were treated with intramuscular IFN

beta-1a, subcutaneous IFN beta-1a, or subcutaneous IFN beta-1b during the screening/run-in period.
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peginterferon beta-1a (from 53.6 to 27.3 hours;

P< 0.001). The mean cumulative duration of FLS

was reduced by approximately three-quarters on

peginterferon beta-1a in patients previously admin-

istered subcutaneous IFN beta-1b (from 136.7 to

32.9 hours; P< 0.001) or subcutaneous IFN beta-

1a (from 121.3 to 26.6 hours; P< 0.001).

Most patients (91.0%) experienced one or more AEs

during the course of treatment. The most commonly

reported AEs were injection site erythema (39.8%),

ISR (21.9%), and influenza-like illness (11.9%;

Table 2). Influenza-like illness is an investigator-

reported AE and is distinct from FLS reported by

patients. Injection site AEs were generally mild

(Supplementary Table 3). The majority of patients

experienced either mild events (34.3%) or moderate

events (47.3%), whereas 9.5% experienced severe

events. Serious AEs occurred in 5.0% of patients

overall, with 6.1% occurring in the naproxen and

3.9% in the current FLS regimen groups (Table 2).

In total, AEs led to permanent study discontinuation

in 13.4% of patients, with 4.0% discontinuing due

to ISRs and 2.5% discontinuing due to FLS. No

deaths occurred during the study.

Patient-reported outcomes

The majority of patients reported good control of

their walking disability through 48 weeks. PDDS

scores were similar at baseline and 48 weeks

(0.830 (n¼ 194) vs. 0.954 (n¼ 135), with

0¼ normal and 1¼mild disability; Supplementary

Figure 1).

Discussion

The results of the ALLOW study indicated that

patients who switch from a non-pegylated IFN to

peginterferon beta-1a do not experience a worsening

of FLS as measured by a 2 or greater point change

on the FLS-S scale. Overall, 89.6% of patients did

Table 2. Incidence of adverse events (AEs).

Event, n (%)

Peginterferon

beta-1aþ current FLS

regimen (n¼ 103)

Peginterferon

beta-1aþ naproxen

(n¼ 98)

Overall

(n¼ 201)

Any AE 93 (90.3) 90 (91.8) 183 (91.0)

AEs occurring in �5% of either patient group

Injection site erythema 46 (44.7) 34 (34.7) 80 (39.8)

Injection site reaction 23 (22.3) 21 (21.4) 44 (21.9)

Influenza-like illness 11 (10.7) 13 (13.3) 24 (11.9)

Injection site pruritus 12 (11.7) 7 (7.1) 19 (9.5)

Urinary tract infection 9 (8.7) 10 (10.2) 19 (9.5)

Upper respiratory tract infection 5 (4.9) 10 (10.2) 15 (7.5)

Headache 9 (8.7) 6 (6.1) 15 (7.5)

Sinusitis 10 (9.7) 4 (4.1) 14 (7.0)

Injection site pain 8 (7.8) 3 (3.1) 11 (5.5)

Injection site bruising 4 (3.9) 6 (6.1) 10 (5.0)

MS relapse 1 (1.0) 8 (8.2) 9 (4.5)

Arthralgia 2 (1.9) 7 (7.1) 9 (4.5)

Fatigue 2 (1.9) 6 (6.1) 8 (4.0)

Pain 2 (1.9) 6 (6.1) 8 (4.0)

Back pain 7 (6.8) 1 (1.0) 8 (4.0)

Constipation 2 (1.9) 6 (6.1) 8 (4.0)

Chills 6 (5.8) 1 (1.0) 7 (3.5)

Fall 2 (1.9) 5 (5.1) 7 (3.5)

Depression 3 (2.9) 6 (6.1) 9 (4.5)

Any SAE 4 (3.9) 6 (6.1) 10 (5.0)

AEs leading to discontinuation 14 (13.6) 13 (13.3) 27 (13.4)

Discontinuation due to FLS 3 (2.9) 2 (2.0) 5 (2.5)

Discontinuation due to ISRs 5 (4.9) 3 (3.1) 8 (4.0)

FLS: flu-like symptoms; MS: multiple sclerosis.

Patients were dosed at least once with peginterferon beta-1a; only post-dose AEs are included.
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not experience new and/or worsening symptoms

during the initial 8 weeks of switching to peginter-

feron beta-1a, and FLS severity remained low

throughout the 48 weeks of the study.

This study also further characterized FLS timing and

duration. Patients switching from a non-pegylated

IFN to peginterferon beta-1a may be counseled

that FLS most commonly begin approximately 10

hours after injection and last roughly 17 hours,

approximately 3 hours longer than would be experi-

enced with a non-pegylated IFN, though FLS onset

and duration may vary widely among individuals.

However, peginterferon beta-1a has the least fre-

quent dosing schedule of all IFN medications for

patients with MS, so although peginterferon beta-

1a increases individual FLS event duration following

each injection, the total number of FLS events per

month is reduced by 50% compared with intramus-

cular IFN beta-1a (weekly dosing) and by 86% com-

pared with subcutaneous IFN beta-1b (every-other-

day dosing).5,7,19 Moreover, following the switch to

peginterferon beta-1a, the total mean duration of

FLS was 57.1 hours shorter (a 67% reduction) in

weeks 0–4 and 65.5 hours shorter (a 77% reduction)

after acclimation to the new therapy in weeks 5–8.

The overall safety and tolerability of peginterferon

beta-1a over the 48 weeks of treatment was similar

in this study to that observed in the pivotal phase 3

ADVANCE trial for patients receiving peginterferon

beta-1a every 2 weeks.10 In the current study, 91%
of patients experienced an AE, similar to what was

seen in ADVANCE. The most common AEs in the

current study and ADVANCE were injection site

erythema and influenza-like illness. Although most

AEs were mild to moderate in both studies, fewer

severe (9% vs 18%) and serious (5% vs 11%) AEs

occurred in this study than in ADVANCE. This

could reflect most of the patient population in the

current study having previously received IFN treat-

ment, whereas the ADVANCE patient cohort was

mostly treatment naive.

Naproxen did not significantly change FLS out-

comes compared with patients’ current FLS manage-

ment regimens. This could be explained in part by

the study design, which did not restrict the use of

non-steroidal anti-inflammatory drugs (NSAIDs)

and other analgesic agents for those patients ran-

domized to their current FLS treatment; in fact,

24.3% of patients in the current therapy arm were

on naproxen. Moreover, established regimens may

have already been optimized to the individual

patient. These results indicate that FLS management

in patients initiating peginterferon beta-1a treatment

should be tailored to the individual, but they do not

exclude the possibility that NSAIDs may be an

effective FLS treatment. Strategies used to mitigate

FLS in patients using non-pegylated IFN include the

analgesic use, dose titration, and consideration of the

timing of administration so that FLS occur during

sleep. Strategies used to mitigate ISRs include site

massage, injection site rotation, and ice application

before and/or after injection.20–22 An initial analysis

of phenylephrine’s effect on ISRs in patients treated

with peginterferon beta-1a demonstrated a non-

significant trend towards reduction in injection site

redness compared with the no-treatment control

group.23 In two Delphi analyses conducted to gain

consensus on ISR and/or FLS experience and man-

agement, patient education and setting treatment

expectations before treatment initiation were identi-

fied as playing a critical role in both ISR and FLS

management.13,24

Over 48 weeks, study participants appeared clinical-

ly stable, with no increase in relapses upon switching

treatment. Based on PDDS scores, patients did not

experience a clinically significant increase in walk-

ing disability within 48 weeks after transitioning to

peginterferon beta-1a.

This study supports the safety and efficacy of pegin-

terferon beta-1a and demonstrates that peginterferon

beta-1a has a consistent safety and tolerability pro-

file over a broader age range (mean age of 49.8 in

ALLOW vs 36.9 years in ADVANCE), in patients

who have had MS for a longer duration (13.4 years

in ALLOW vs 6.9 years in ADVANCE), and in

those who are DMT-experienced, consistent with

an ADVANCE subgroup analysis.25

These data may help inform clinicians in setting

expectations regarding FLS severity, duration, and

management with patients treated with peginterferon

beta-1a. The study provides evidence that patients

administered peginterferon beta-1a generally experi-

ence FLS of similar severity and no greater frequen-

cy than patients receiving other IFN formulations.

Most FLS were mild or moderate, indicating mini-

mal impact on patients’ daily lives. Although the

data show wide ranges of FLS onset and extended

FLS duration per injection, which should be

accounted for when considering injection timing,

cumulative FLS duration over 4 weeks was signifi-

cantly reduced with peginterferon beta-1a because of

the less frequent dosing regimen compared with non-

Multiple Sclerosis Journal—Experimental, Translational and Clinical
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pegylated IFNs. With healthcare providers’ treat-

ment guidance and an effective FLS management

regimen, peginterferon beta-1a may provide relief

for patients who experience FLS following injec-

tions with more frequently administered medica-

tions, resulting in improved compliance and

treatment adherence.

The PDDS is provided for use by the NARCOMS

Registry: www.narcoms.org/pdds. NARCOMS is

supported in part by the Consortium of Multiple

Sclerosis Centers (CMSC) and the CMSC

Foundation.
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