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Abstract

Background: Multiple sclerosis (MS) is one of the neuroinflammatory disorders that commonly affect the
young. Injectable interferons beta-1a (Rebif 22-44, Betaseron 250 and Avonex 30) are one of the most important
first line disease modifying therapies with less side effects compared to others. But the injection site reaction
(ISR) is an important side effect, which can decrease the patient’s compliance to the medications that will lead to
the disease progression.

Objective: The purpose of this study was to compare the ISR in the three types of interferon (2 subcutaneous
Rebif 22-44, Betaseron 250 and one intramuscular Avonex 30) and determine whether the route of administration
(subcutaneous versus intramuscular) affects the frequency of ISR, and to reduce this side effect and ensure
compliance.

Methods: This was a single center, prospective observational study of 300 patients at King Fahad University
Hospital (Al Khobar, Saudi Arabia) form September 2015 to August 2016 with a relapsing remitting form of
multiple sclerosis for which 114 patents were receiving injectable interferon. A questionnaire was filled out by
the participants including type of interferon, type of ISR and pain severity. Patients were then evaluated in our
MS clinic and dermatology clinic after 1 week and 3 months. Data were analyzed by IBM-SPSS version 21.
Appropriate statistical tests will be mandated per the collected data. Statistical significance is determined at p-
value<0.05 with a confidence interval of 0.95. Frequency and proportion, and relative risks (RR) were calculated
and Chi-square test was used.

Results: ISRs in the form of erythema were reported by fewer patients on Avonex group 21.1% compared to the
other two injectables, Betaseron group (77.8%, p<0.0001, RR=2.6) and Rebif groups (69.8%, p<0.0001,
RR=2.3). Similar observations were noticed 3 months later, where the Avonex group had statistically significant
less ISRs with no abnormality in 89.9% compared to (52.3%, p<0.0001, RR=3.5) and (44.4%, p<0.0001,
RR=4.2) in Rebif and Betaseron respectively. Only patients on Rebif had skin ulceration 3.5% (n=3) at initial
assessment; however, there was insignificant difference and none of the patients had skin ulceration at the 3
months’ evaluation.

Conclusions: Interferon beta-1a (Avonex) found to be the least to cause ISR compared to Rebif and Betaseron.
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Abbreviations / Acronyms:

ALT: Alanine Aminotransferase; IM: Intramuscular; INF: Interferon; IFNB-1a: Interferon beta 1a; IFNB-1b:
Interferon beta 1b; ISP: Injection Site Pain; ISR: Injection Site Reaction; MS: Multiple Sclerosis; RR: Relative
Risk; SC: Subcutaneous; ULN: Upper Limit of Normal; VAS: Visual Analogue Scale

1. Introduction

Injection site reaction (ISR) and pain occur frequently on patients receiving interferon injections (1, 2) with unclear
cause. Reaction ranges from mild erythema to rare occurrence of skin necrosis, which can cause discomfort to the
patient and subsequent discontinuation of the treatment (3). Instructions should be given to the patients to minimize
those reactions, such as correct use of injectors (4, 5) site massage, hot or cold compression and avoiding sun
exposure to the injection site. Comparing the injection site reaction on patients using interferons was mentioned in
earlier literature, such as a previous BRIGHT study between interferon beta-1b (Betaseron) 250 mg subcutaneously
every other day and interferon beta-1a (Rebif) 44mg subcutaneously three times weekly in patients with relapsing-
remitting MS. The study showed that the proportion of pain-free patients was higher with Betaferon than with Rebif,
and the ISRs occurred in a significantly lower proportion of patients with Betaseron than with Rebif (6). The
Canadian Betaseron versus Rebif study on injection site pain shows the same findings of the previous two studies
that indicate that subcutaneous injection with interferon beta-1b is associated with a lower incidence and severity of
pain than subcutaneous injection with interferon beta-1a in patients with MS (7). There are some data from a small
comparative study comparing Betaseron and Rebif injection, suggesting that the occurrence and severity of injection
site pain (ISP) may vary with the high-frequency therapy received (7). The aim of this study was to compare the
three types of injectable INF, ISR and ISP in our patients at King Fahad University Hospital as the previous studies
compared the subcutaneous type of INF only, and to determine whether the route of administration effects ISR
frequencys; to facilitate the choice between those injectable INFs in patients who had side effects with ISR. The most
common side effect for INFs is ISR, so, minimizing those ISRs can lead to more treatment adherence.

2. Material and Methods

2.1. Research design and participants

This was an observational study at a single center (King Fahad University Hospital) at Al Khobar, Saudi Arabia. A
total of 114 multiple sclerosis patients were selected to participate in this study form September 2014 to August
2015 to compare (2 subcutaneous Rebif 22-44, Betaseron 250 and one intramuscular Avonex 30) and determine
whether the route of administration effects frequency of ISR.

2.2. Sample size and sampling method
A total of 114 subjects with MS n=42 (36.8%) male and n=72 (63.2%) female were included in this study. Sample
size was calculated as follows: 1) Rebif [n=86 (75.4%)], 2) Betaseron [n=9 (7.9%)], and 3) Avonex [n=19 (16.7%)].

2.3. Inclusion criteria
The following were set as the inclusion criteria:

1) Patients aged between 18 to 54 years of both genders

2) Patients with a definite diagnosis of relapsing remitting multiple sclerosis (RRMS)

3) Justified prescription of one interferon beta by subcutaneous or intramuscular routes as following Interferon
beta 1b ([IFNB-1b] Betaferon 250 mcg (8 mlIU) administered on intermittent days by subcutaneous
injection using Betaject Lite Interferon beta-1a ([IFNB-1a] Rebif) 22mcg -44 mcg (6-12 mIU) three times
per week by subcutaneous injection using Rebiject II or Interferon beta-la (IFNB-1a) Avonex 30 mg
intramuscular weekly either for the first time or previously prescribed.

2.4. Exclusion Criteria
The exclusion criteria were:
1) Any contraindication to the prescription of interferon beta 1b SC (Betaferon), interferon beta 1a SC (Rebif)
or interferon beta 1a IM (Avonex)
2) Pregnancy or lactation
3) Known hypersensitivity to natural or recombinant interferon beta, to mannitol, to human albumin or any
other excipients used
4) History of severe depression or suicide attempt or current suicidal ideation
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5) Inadequate liver function, defined by a alanine aminotransferase (ALT) > 3 x upper limit of normal (ULN),
or alkaline phosphatase > 2 x ULN, or total bilirubin > 2 x ULN if associated with any elevation of ALT or
alkaline phosphatase

6) Inadequate bone marrow reserve, defined as a white blood cell count less than 0.5 x lower limit of normal

7) Epilepsy not adequately controlled by treatment

8) Medical, psychiatric or other conditions that compromise the patient's ability to understand the patient
information, to give informed consent, to comply with the trial protocol or to complete the study

9) History of any chronic pain syndrome and any visual or physical impairment that precludes the subject
from self-injecting the treatment using the injection.

2.5. Instrument and data collection

Assessment is carried out by clinical examination at 1 week after interferon injections and followed up at 3 months
for the same site in neurology and dermatology clinic. Percentage of site reaction 24 Hours after injection as
reported by participants, then 1 week by the physician up to 3 months, Scoring system of site reaction based on
previous trial (Bayer Study Director Bayer, August 2013), Score range is: 0 (no abnormal reaction), 1 (erythema), 2
(edema), 3 (infiltration), 4 (ulceration or necrosis). Mean Pain Assessment using Visual Analogue Scale (VAS) as
reported by participants 24 hours after injection scale was used to report the pain from 0 (no pain) to 10 (maximal

pain).

2.6. Statistical methods

Data were analyzed by IBM©O SPSS© Statistics version 21 (IBM© Corp., Armonk, NY, USA). Relative Risk (RR),
Chi-square, and statistical significance were calculated and analyzed. Statistical significance is determined at p-
value <0.05 with a confidence interval of 0.95.

2.7. Ethics of research

This study was approved by the local Human Research Ethics Committee. The ethical review board of the Imam
Abdurrahman Bin Faisal University approved the project (Ref: IRB-2014-01307). All participants received a
complete description of the study and granted written informed consent. Each patient received sufficient education
regarding injection and appropriate injector use. Females of child-bearing potential agreed to practice adequate
contraceptive methods over the duration of the study (not applicable for men).

3. Results

Of a total of 114 patients diagnosed with MS (42 male, 36.8% and 72 female, 63.2%),the overall mean age at
enrollment was 33.5 years (£9.3) and age range was 18 to 54 years. Participants on this study were either on Rebif
(n=86, 75.4%), Betaseron (n=9, 7.9%), or Avonex (n=19, 16.7%). At first evaluation, ISRs in the form of erythema
were reported by fewer patients in the Avonex group (n=4, 21.1%) than the Betaseron group (n=7, 77.8%) and Rebif
group (n=60, 69.8%) (p<0.0001) (Figure 1). ISRs were less in the Avonex group compared to the Betaseron group
(RR=2.6) and Rebif group (RR=2.3). Similar observations were noticed 3 months later, where the Avonex group
had statistically significant less ISRs with no abnormality in 89.9% (n=17) compared to 52.3% (n=45, p<0.0001,
RR=3.5) and 44.4% (n=4, p<0.0001, RR=4.2) in Rebif and Betaseron groups respectively. Only patients on the
Rebif group had skin ulceration 3.5% (n=3) at initial assessment, however, the difference was insignificant and none
of the patients had skin ulceration at 3 months’ evaluation (Table 1).

Table 1. Injection site reaction at three month assessment

ISR Type of INF; n (%)

Rebif Betaseron | Avonex
No abnormality | 45 (52.3) | 4 (44.4) 17 (89.5)
Erythema 41 (47.7) | 4 (44.4) 2 (10.5)
Eodema 0 (0.0) 0 (0.0) 0 (0.0)
Infiltration 0 (0.0) 1(11.1) 0 (0.0)
Ulceration 0 (0.0) 0 (0.0) 0 (0.0)
p-value: 0.000

ISR: Injection site reaction
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Figure 1. Frequency of Injection Site Reaction at the Initial Assessment

Regarding the injection site pain (ISP) score, no statistically significant differences were found between the three
groups. In the Rebif group, 61.6% of patients experienced no pain or mild annoying pain, 44.4% in the Betaferon
group experienced no pain or mild annoying pain, and 42.1% in the Avonex group showed the same. In the Rebif
group, 1.2% patients and in the Avonex group, 5.3% patients showed intense unbearable pain. Therefore, Avonex
was the least to cause injection site reaction compared to Rebif and Betaseron. However, no significant differences
were found between the three injectable disease modifying therapies in regard to pain (Table 2).

Table 2. Pain severity in the three groups at initial assessment.

Pain severity Type of INF; n (%)

Rebif Betaseron | Avonex
No pain and mild annoying pain 53(61.6) | 4(44.4) 8 (42.1)
Nagging uncomfortable troublesome pain | 32 (37.2) | 5 (55.6) 10 (52.6)
Intense dreadful horrible pain 1(1.2) 0 (0.0) 1(5.3)
p-value: 0.360

4. Discussion

ISRs are a common side effect of injectable DMTs. This is the first study comparing the frequency and severity of
ISP and ISR among the three types of injectable interferon. In our study, by adding Avonex, which had different
routes of administration as being intramuscular to the comparison, we found it the least in causing ISR. These
reactions can happen secondary to chemical aspects of agents components or mechanical issues as well as whether
using injectors or not, and the needle gauge size. Comparing injectable interferon efficacy and tolerability were
studied in multiple trails (8-10) which are compatible with our study that show they are all effective and tolerable
with few sides effects, as well as comparing the ISP and ISR between two of them as Betaseron and Rebif (1) that
states that the Betaferon is lower to cause ISR and ISP, although, both of them were used by injector, which can
decrease the ISR to some extent, but this could be related to the acidity PH component of them.

All previous studies support Betaseron being the least to cause ISR and ISP, but adding the Avonex to the
comparison in our study changed the scale, making it the best recommendation to any patient who had any issues
with treatment site reaction. This advantage of being least to cause ISP is added to its dosing frequency being used
once per week. Cutaneous adverse events associated with interferon-f treatment of Multiple Sclerosis as well as
new-onset and exacerbation of psoriasis has also described (11). ISR is an issue that can cause discontinuation of the
treatment because of cosmetic concerns as well as depressive symptoms (12, 13), therefore, we need to minimize
these complications that can be caused by the treatment, and increase the patients’ satisfaction. Some techniques can
be somewhat helpful -to limit unwanted ISR, such as use of an auto injector, cooling pack, massage and site rotation.
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5. Strengths and limitations

To our knowledge, this is the first study that compares the three injectable interferon ISRs. This was an
observational study and future studies with more patients in the Betaseron group are recommended. Another two
limitations that were found during the data collection were that some patients are not continuously using the
injectors, so we cannot label them as fixed users of injectors or not. The other limitation is forgetting to record the
exact site examined for the ISR to follow it up in the next three months, which leads to repeating the exam for the
patient for a new site and the needle gauge size, which was not studied here (14-16) and probably will need further
studies assessing the injectors, needle depth and gauge as contributing factors for the ISR and ISP. This study was
done with the approval of RebiSmart modern injectors for Rebif.

6. Conclusions

The most common side effect for patients taking injectable INFs is ISR and this side effect decreases the treatment
adherence. Our study found that Avonex is the lowest causing ISR. This will lead to more adherences for medication
and avoid noncompliance. Further future studies are needed with a larger number of patients to clarify the cause of
these side effects and study different methods of injection for less ISR
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