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ABSTRACT

Objectives: to describe cutaneous reactions caused by injected immunomodulators
used for the treatment of multiple sclerosis (MS) and associated factors. Methods: a
descriptive and analytical cross-sectional study was conducted with a nonprobability
sample of MS patients undergoing treatment at a hospital’s neuroimmunology
center. The data were collected using structured interviews consisting of two
instruments. Results: the sample consisted of 116 MS patients with an average
age of 39.8 years, who were predominantly female (72.4%) and white (98.3%).
The most prevalent type of MS was relapsing-remitting MS (70.0%). A total of 101
(87.0%) participants developed one or more cutaneous reactions at the injection
site. The most frequent reactions were hyperemia (n = 86; 74%), sclerosis (n = 68;
59%), ecchymosis (n = 59; 51%), oedema (n = 53; 46%) and warmth (n = 50; 43%).
Reactions were mostly mild and moderate intensity. The factors associated with
reactions were depression (p = 0.01) and Body Mass Index considered to be obese
(p = 0.04). Conclusions: a significant proportion of patients developed cutaneous
reactions at the immunomodulator injection site, and the presence of reactions was
associated with depression and obesity.

Descriptors: Multiple Sclerosis; Hypersensitivity; Drug-Related Side Effects and
Adverse Reactions.

INTRODUCTION

Multiple Sclerosis (MS) is a chronic autoimmune inflammatory demuyelinating
and degenerative disease of the central nervous system (CNS) and is disabling in
more than 50.0% of cases. It usually affects young adults aged between 20 and 40,
its etiology is multifactorial and its exact cause remains elusive®®.

It is estimated that MS affects around 2.8 million people worldwide®®, with
prevalence being highest in North America (140 cases per 100,000) and Europe
(108 cases per100,000)”. Brazil is considered an area of low to medium prevalence,
with a wide variation in rates across states and regions®?,

There are three types of MS: Relapsing-Remitting (RRMS), Secondary-Pro-
gressive (SPMS) and Primaru-Progressive (PPMS)®, with the latter two being the
most aggressive forms. While most people with MS are initially diagnosed with
RRMS, many transition to SPMS over time, probably as a result of neurodegener-
ative processes®?.

There is currently no cure for MS and treatment is based mainly on the use of
immunosuppressive and immunomodulatory agents, as well as disease-madifying
therapies®™. Irrespective of the tupe of treatment, it is recommended that patients
start therapy as early as possible to slow disease progression, reduce the frequency
of flare-ups and improve quality of life®1),
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The immunomodulators available on the public health system
in Brazil for the treatment of RRMS are glatiramer acetate, interfer-
on beta-1a and beta-1b (subcutaneous or intramuscular), fingolimod
(oral) and natalizumab (intravenous infusion)®. The first-choice im-
munomodulators for the treatment of MS are beta interferons and
glatiramer acetate®, which have been used since 1993 and 1998
respectively, can be self-administered and have a well-established
long-term safety profile®.

Despite this safety profile, therapy is long-term and subcutane-
ous (SC) and intramuscular (IM) drugs can induce localized or gener-
alized cutaneous reactions, which adversely affect patient physical
and emotional health and contribute to treatment abandonmentt®),

It is therefore important to understand the types of cutaneous
reactions presented by patients using self-injected immunomodu-
lators and associated factors to help develop effective early inter-
ventions and contribute to treatment adherence.

Considering the above, the aim of this study was therefore to
describe the occurrence of cutaneous reactions caused by inject-
able immunomodulators used to treat MS and potential associat-
ed factors.

METHODS

A descriptive and analytical cross-sectional study was conduct-
ed at a university hospital in the state of S3o Paulo between Jan-
uary and September 2015. The report was prepared following the
recommendations of the STROBE (STrengthening the Reporting of
OBservational studies in Epidemiology) statement®.

The nonprobability sample consisted of MS patients of both
sexes aged 18 years and over taking the injectable immunomod-
ulators beta interferons and/or glatiramer acetate and undergoing
treatment at the hospital’s neurcimmunology center. Patients with
a disability that could compromise their understanding of the study
information were excluded.

Patients were approached before or after their routine appoint-
ment with the doctor, and after the participants signed an informed
consent, a structured interview consisting of three instruments was
then conducted in a private room.

The first instrument was devised to collect information on pa-
tient sociodemographic and clinical characteristics and treatment.
MS was classified as Relapsing-Remitting (RRMS), progressive
(Secondary-Progressive Multiple Sclerosis - SPMS; Primary-Pro-
gressive Multiple Sclerosis — PPMS; and Flare-up Remission Multi-
ple Sclerosis — FRMS) and unspecified.

The second instrument was developed and refined by the re-
searchers to assess cutaneous reactions caused by the injectable
drugs using the following classifications: mild cutaneous reac-
tion — presence of hyperemia, dryness, scaling, ecchymosis or
hyperpigmentation; moderate reaction — presence of hyperemia
plus warmth, hematoma, eczema, oedema or sclerosis; and se-
vere reaction — presence of panniculitis, lipoatrophy, ulcerative
lesion or necrosis.

Adherence to treatment was assessed by asking patients
about the medications they were taking and compliance with ad-
vice given by health professionals. Patients who reported follow-
ing the prescribed recommendations correctly were deemed to be
adhering to treatment.

The data were analyzed using software Statistical Package
for the Social Sciences — SPSS, version 21.0 (2012, International
Business Machines Corporation, United States). The categorical
variables were described using simple and relative frequencies and
percentages and compared across subgroups using William’s cor-
rected G-test for the polytomous variables, Fisher's exact test for
the dichotomous variables and analysis of residuals in contingen-
cy tables. The quantitative variables were described using means
and Standard Deviation (SD) or median and first and third quartiles
(01 =P25; Q3 = P75). The parametric data were assessed using the
Mann-Whitney and Kruskal-Wallis tests.

The sample non-probabilistic was selected using convenience
sampling, including all patients who met the eligibility criteria during
the study period.

The study was conducted in accordance with ethical norms
and standards for research involving human beings and the
recommendations set out in Brazilian National Health Council
Resolution 466/2012. The study was approved by the Botuca-
tu Medical School’s (Sao Paulo State University) research eth-
ics committee (Certificate of Submission for Ethical Appraisal
N2 36520714.1.0000.5411).

RESULTS

The sample consisted of 116 MS patients (Table 1) with an av-
erage age of 39.8 years (SD +11.1). The participants were predom-
inantly women (n = 84; 72.4%), white (n = 114; 98.3%), married (n
= 63; 54.3%) and had completed higher education (n = 51; 44.0%).
Most were retired or on sick leave due to the disease (n = 46; 39.7%)
and had a BMI considered to be obese (n = 59; 50.8%).

In relation to clinical forms of disease, 81 (70.0%) had RRMS
and 27 (23.0%) had SPMS or PPMS (Table 1).

Table 2 shows the results regarding the immunomodulators
and cutaneous reactions. The vast majority of participants (87.1%)
had some kind of cutaneous reaction. Of these, 27 (23.3%) were pa-
tients with recent reactions who had also had a history of previous
cutaneous reactions.

The median length of time of use of the immunomodulators
was as follows: Subcutaneous (SC) interferon beta-1a — 35 months
(12 - 48 months); intramuscular (IM) interferon beta-1a — 36 months
(24-63 months); SC interferon beta-1b - 36 months (215 -
36 months); and glatiramer acetate — 24 months (18 - 36 months).
The frequency of cutaneous reactions was higher among patients
using only glatiramer acetate (n = 43; 37.0%).

Regarding the severity of cutaneous reactions (Table 2), glati-
ramer acetate accounted for the highest frequency of moderate
(n = 49; 66.2%) and severe (0 = 16; 21.6%) reactions, showing a
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Table 1 - Sociodemographic and clinical characteristics of multiple
sclerosis patients (n = 116), Botucatu (SP), Brazil, 2015

Sex — n (%)

Female 84 (72L4)

Male 32 (27.6)
Age — mean (SD?) in years 39.8 (111)
Color n (%)

White 114 (98.3)

Black 2(17)
Marital status - n (%)

Married 63 (54.3)

Single 41(354)

Divorced 8(69)

Widowed 4(34)
Education level — n (%)

Primary education 22 (19.0)

Secondary education 43(37.0)

Higher education 51 (44.0)
Occupation - n (%)

Intellectual worker 22 (19,0)

Services 29 (25,0)

Retired or on leave 46 (39.6)

Other 19 164)
BMIB - classification, median (P25-P75)

Below weight 6(5.2)

Normal weight 51 (4h)

Obese 59 (50.8)
Tupe of MSP - n (%)

RRMSE 81(70.0)

SPMSF or PPMS® 27 (23.0)

Unspecified 8 (7.0)
;eonri:]:f time with the disease - median (P<25-P75), 72 (38-126)
;a;r;n);[t;z;tihn;e since the first flare-up - median (P<25- 96 (52-168)

) ) o ' —

;;r;()gytrnzi;:;e since the last flare-up - median (P25 24 (12-48)
Length of time since initiation of treatment using 63 (36-132)

immunomodulators - median (P©25-P75), months

Notes: ASD: standard deviation; 8BMI: Body Mass Index; “P: percentile; "MS: Multiple Scle-
rosis; ERRMS: Relapsing-Remitting Multiple Sclerosis; FSPMS: Secondary-Progressive
Multiple Sclerosis; °PPMS: Primary-Progressive Multiple Sclerosis

statistically significant difference when compared to interferon be-
ta-1a (IM) (p < 0.01 — William'’s corrected G-test).

The most frequent cutaneous reactions (Figure 1) were hyper-
emia (n = 86; 74+.0%), sclerosis (n = 68; 59.0%), ecchymosis (N = 59;
51.0%), edema (n = 53; 46.0%) and localized warmth (n = 50;
43.0%), and the least frequent reactions were lipoatrophy (n = 17;

15.6%), hyperpigmentation (n = 15; 13.8%), dryness (8; 7.3%), pan-
niculitis (N =7; 6.4%), necrosis (N=3; 2.8%) and eczema (n =2; 1.8%).
The most affected injection sites were the side of the thigh (74,
64%) and the abdomen (73; 63%), followed by the arms (54; 47%).
Fifty-two patients (52; 44.8%) reported that they self-inject-
ed (Table 3), with the rest saying they asked for help from a family
member or health professional. The injection technique and use of
an autoinjector were described correctly by 46 (40.0%) patients,
partially correctly by 43 (37.0%) patients and incorrectly by 27
(23.3%) patients. Eighty-eight (76.0%) patients used the autoin-
jector provided by the immunomodulator manufacturer, 84 (72 4%)
received previous training on self-injection and injection site care
provided by the manufacturer and/or referral centers, and 88
(75.8%) adhered to the proposed treatment.
The presence of cutaneous reactions was associated with de-
pression (p < 0.01) and obesity based on BMI (p < 0.01) (Table 4).
No association was found between the presence of cutaneous
reactions and tupe of MS (Table 5).

DISCUSSION

While immunomodulators are described in the literature as safe
medications, a previous study showed that 90.0% of MS patients
using SC formulations and 33% of those using IM formulations de-
veloped mild localized cutaneous reactions®©?. Similar results were
found in the current study, which showed that 87.0% (n = 100) of
patients experienced this adverse event.

Cutaneous reactions can adversely affect treatment adher-
ence® and patient quality of life. It is therefore important to provide
guidance on injection site rotation, the correct injection technigque
and continuous monitoring of the injection site to ensure early iden-
tification of reactions.

The most frequent cutaneous reactions in the present study
were, in general, mild (huperemia and ecchymosis) and moderate
(sclerosis at the injection site and oedema). The most frequent severe
reactions were panniculitis and lipoatrophy. Previous studies have
also reported higher incidence of mild and moderate localized skin
reactions, including hyperemia, erythema, oedema, pruritus, inflam-
mation and hardening of the surrounding area®-??. While mild and
moderate cutaneous reactions have less serious clinical outcomes,
they can cause discomfort and undermine patient commitment to on-
going treatment®. Injection-site reactions may occur less frequently
when the autoinjector provided by the manufacturer is used@©.

Panniculitis generally develops after around two months of
glatiramer acetate treatment, regressing spontaneously within
three months of stopping therapy®. One of the possible causes of
this reaction is a local inflammatory reaction triggered by the drug’s
direct toxic effect on adipocytes. The inflammatory phase is then
followed by hypersensitivity reactions and residual lipoatrophy©®.

Lipoatrophy is a severe adverse event reported in patients tak-
ing these injectable immunomodulators®. In the present study 17
patients (15.6%) developed this tupe of reaction.
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Table 2 - Injectable immunomodulators for the treatment of multiple sclerosis and cutaneous reactions (n=116), Botucatu (SP), Brazil, 2015
Cutaneous reaction - n (%)
Yes 101 (87.1)
No 15(129)

Time since cutaneous reaction - n (%)*

Recent 27 (267)
Previous 74 (73.3)
Length of time using glatiramer acetate — median PA225-P75 214 (18-36)

Length of time using interferon beta — median PA25-P75

Subcutaneous la 35 (12-48)
Intramuscular 1a 36 (25-63)
Subcutaneous 1b 36 (21.5-36)

Immunomodulator with presence of cutaneous reaction - n (%)*

Glatiramer acetate (SC®) 43(37.0)
Interferon beta-1a (IMS) 13(13.0)
Interferon beta-1a (SCB) and glatiramer acetate (SCB) 10 (10.0)
Interferon beta-1b (SC?) L4 (4.0)
Interferon beta-1a (IMC) and glatiramer acetate (SCB) 6(6.0)
Interferon beta-1a(SCB) and interferon beta-1b (SCB) 2(20)
Interferon beta-1a(IMC), interferon beta-1a (SCB) and interferon beta-1b (SCB) 1(1.0)
Interferon beta-1a (SCB), interferon beta-1a (IMS) and glatiramer acetate (SC®) 1(1.0)
Interferon beta-1a (SCB), interferon beta-1a (IMC) 1(1.0)
Interferon beta-1a (IM®), interferon beta-1b (SC®) and glatiramer acetate (SC8) 1(1.0)
Interferon beta-1a (IMO), interferon beta-1a (SC®), interferon beta-1b (SCB) and glatiramer acetate (SCB) 1(1.0)
Interferon beta-1a (SCB), interferon beta-1b (SC®) and glatiramer acetate (SC®) 1(1.0)
Total 101 (100.0)

Severity of cutaneous reaction by immunomodulator - n (%)
Interferon beta-1a (SCB)
Mild reaction® 8(25.8)
Severe reaction 6(19.3)

Interferon beta-1a (IMS)

Mild reaction® 13 (43.3)
Moderate reaction® 15 (50.0)
Severe reaction” 2(6L)

Interferon beta-1b (SCB)

Mild reaction® 7(31.8)
Moderate reaction® 12 (54.5)
Severe reaction® 3(13.6)

Clatiramer acetate (SC8)

Mild reaction® 9(121)
Moderate reaction® 49 (66.2)
Severe reaction® 16 (21.6)

Notes: #P: percentile; 8SC: subcutaneous; IM: intramuscular; °mild reaction: hyperemia, dryness, scaling, ecchymosis and hyperpigmentation; Emoderate reaction: hyperemia plus warmth,
ecchymosis, hematoma, eczema, edema and hardening; Fsevere reaction: panniculitis, lipoatrophy, ulcerative lesion and necrosis.
*n =101
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Figure 1 - Cutaneous reactions at medication injection sites in multiple sclerosis patients, Botucatu (SP), Brazil, 2015

Notes: Mild reactions: images A (hyperemia) and B (hyperpigmentation); Moderate reactions: images C (ecchymosis - violaceous macule in the periumbilical region) and D (panniculitis - har-
dened painful patches - erythema nodosumon - on the abdomen); and Severe reactions: images E (lipoatrophy in a single depression on the side of the thigh) and E (lipoatrophy in multiple

depressions on the abdomen).

Table 3 - Patient characteristics by injection technique, use of an
autoinjector and previous training on self-injection (n = 116), Botu-
catu (SP), Brazil, 2015

Variables )] %

Who applies the injection

Patient (self-injection) 52 L4 8

Patient and family member 27 232

Family member 16 138

Patient and health professional 8 69

Health professional L 34

Family member and health professional 2 17

Missing information 7 60
Injection technique

Correct 46 40.0

Partially correct 43 370

Incorrect 27 233
Use of autoinjector

Yes 88 76.0

No 28 241
Previous training

Yes 84 724

No 32 275
Adherence to treatment

Yes 88 75.8

No 28 241

Moderate and severe localized cutaneous reactions were more
frequent in patients using glatiramer acetate when compared to
those taking betainterferone. Cutaneous reactions caused by glati-
ramer acetate were also identified by a previous study, in which
nine out of 12 patients with RRMS (75.0%) developed early lesions
with urticated erythematous patches and nodules, while the re-
maining participants had late lesions such as lipoatrophy (n = 2;
16.6%) and morphoea (n = 1; 8.4%)27.

Interferon beta can trigger skin reactions due to the drug’s
potential cutaneous toxicity, with mild reactions being more com-
mon®©®, which is in line with the findings of the present study.

While early or late severe cutaneous reactions are less prev-
alent, the development of these events is extremely undesirable.
Even if them occurs in a single patient, they can have a negative
impact on the quality of life of patient, as shown by a study®” that
found necrosis of the skin and subcutaneous tissue around the in-
terferon beta 1b (SC) injection site after 10 years of administration in
a 55-year-old male patient.

The findings of the present study revealed an association be-
tween cutaneous reaction and obesity. To the best of our knowl-
edge this is the first time this finding has been documented in the
literature. However, it is known that obesity affects skin physiology
and the skin barrier, collagen structure, wound healing, as well as
the sebaceous and sweat glands, and circulatory and lymphatic
systems. Obesity also has metabolic effects and is associated with
inflammatory skin diseases. In this sense, localized traumas caused
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Table 4 - Sociodemographic and clinical characteristics and fre-
quency of cutaneous reactions in multiple sclerosis patients (n
=116), Botucatu (SP), Brazil, 2015

Drug reaction

Variables p-value
Yes No
Age - mean (SD*) in years 395 (12.5) 417 (109) 0.898
Sex n (%)
Female 76 (65.5) 8(7.0) 0.23¢
Male 25 (26.0) 7 (6.0)
Education level n (%)
Primary education 18 (15.5) L (3L4) 0.840
Secondary education 36 (31.0) 7 (6.0)
Higher education 47 (40.5) L4 (3L4)
Occupation n (%)
Retired or on sick leave 41 (41.0) 5(333) 0.78°
Intellectual worker 19 (18.8) 3(20.0)
Other 17 (16.8) 2(133)
Diabetes n (%)
Yes 97 (96.0) 14(93.3) 049¢
No 04 (39) 1(6.6)
Depression n (%)
Yes 27 (267) 0 0.01¢
No 74 (73.3) 15 (100)
Body Mass Index n (%)
Low weight Ok (66.7%) 2(33.3%) 0.04°
Normal weight 43 (84.3%) 8 (15.7%)
Obese 54 (91.5%) 5 (84%)

Notes: ASD: standard deviation; 8Student's t-test; Fisher’s test; "William’s corrected G-test

Table 5 - Association between cutaneous reactions and type of
multiple sclerosis (n = 116), Botucatu (SP), Brazil, 2015

Cutaneous reaction

Yes No p-value®
n (%) n (%)
RRMSA 70 (60.3) 11(95)
SPMSB 16(13.8) 4 (3.5)
PPMSC 4L (35) 0 p=099
EMSRP 3(25) 0
UMSE 8(69) 0

Notes: ARRMS: Relapsing-Remitting Multiple Sclerosis; 8SPMS: Secondary-Progressive
Multiple Sclerosis; ‘PPMS: Primary-Progressive Multiple Sclerosis; FUMS: Unspecified
Multiple Sclerosis; FFisher’s test p < 0.05.

by subcutaneous and intramuscular injections can exacerbate in-
flammatory processes in the skin and adjacent muscle®.

As well the present study reveals an association between cuta-
neous reactions caused by using immunomodulators and depres-
sion, reinforcing the notion that effects of MS can adversely affect
patient quality of life, leading to disability, fatigue, depression®©?,
cognitive impairment and unemployment®?,

Patient adherence to therapy is vital to ensure treatment effi-
cacy. Itis therefore important to provide adequate guidance to pa-
tients on treatment expectations, adverse effects and the treatment
strategies adopted to address these problems®”. The present study
shows that 88 (75.8%) patients adhered to treatment, which is
higher than the adherence rate found by a previous study®?. Simi-
lar results were found by another study showing that treatment
adherence was greater in patients using intramuscular drugs once a
week. Several authors have pointed out a potential association be-
tween treatment regime complexity and adherence®23, while oth-
ers found a strong association between perceived benefits of using
immunomodulators and treatment adherence®+3%. Factors associ-
ated with adherence are patient-centered and reflect individual ex-
pectations®®. Treatment adherence is also related to support from
family members®?.

Another study also found high levels of treatment adherence,
showing an association between adherence and guidance on the
disease received from health professionals before starting treat-
ment, with patients who were well-guided showing a significatively
higher level of adherence®®.

In contrast, complex and/or painful treatment regimens with
unpleasant side effects and frequent changes to the treatment plan
increase the chances of not adhering to treatment®. The absence
of immediate improvements in the patient’s clinical condition, pro-
gression of the disease and disability caused by MS can also com-
promise treatment adherence®?.

It is important to emphasize that consistencies and differences
in adherence rates across studies can be explained by differences
in the variables used to assess this outcome.

While this study provides important insights into cutaneous
reactions caused by injected immunomodulators, one of the limita-
tions of this study is recall bias, with participants finding it difficult
to recall illness and treatment history, especially with regard to the
immunomodulators used and length of treatment. Another limita-
tion is research design, as cross-sectional studies are limited in their
ability to determine the direction of causality in the relationship be-
tween associated factors.

Itis worth noting that, while not one of the objectives, one of the
contributions of this study to clinical practice was the production of
a guide on the management of MS in patients using injected im-
munomodulators containing information for health professionals to
help with patient guidance“9.

In light of our findings, future research should explore the fac-
tors causing adverse reactions in MS patients with long-term use
of injected immunomodulators and the relationship between re-
actions and number of injections, doses, part of the body, obesity
and depression.

CONCLUSION

Most of the MS patients using injected immunomodulators
developed mild, moderate or severe cutaneous reactions at the in-
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jection site. The most frequent reactions were hyperemia, sclerosis
and ecchymasis and the least frequent reactions were lipoatrophy,
panniculitis and necrosis. Obesity and depression were associated
with a higher frequency of adverse reactions.
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