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Abstract

Background: The manifestation of multiple sclerosis (MS) in childhood and adolescence
occurs in 3%-5% of all MS cases. However, the immunomodulatory and symptomatic
treatment options in this population group are still limited.

Objective: We aimed to elucidate the prescription frequency of medications used in pediatric
patients with multiple sclerosis (PwMS) compared with the general population, considering

the entire spectrum of medications prescribed.

Methods: Based on nationwide outpatient drug prescription data and statutory health
insurance (SHI) physicians’ claims data from 2018, we conducted a population-based cross-
sectional study in Germany. Children and adolescents aged <17 years (n=11,381,939)
diagnosed with MS (n=613), and a matched (age, sex, and health insurance sector) control
group (n=6130) were included. The prescription prevalence was measured as the proportion

of MS patients with =1 prescription.

Results: Of the 613 pediatric PwMS with a median age of 16 years, 403 (65.7%) were female.
For 15 out of the 18 different active agents analyzed, PwMS had a significantly higher
prescription prevalence than the control group (Fisher’s exact test: p<0.037). The most
frequently prescribed drugs in PwMS were ibuprofen (28.4%; anti-inflammatory drug),
cholecalciferol (23.0%; vitamin D3], and interferon beta-1a (21.5%; disease-modifying

drug, DMD]. The proportions of DMD prescriptions and antibiotic prescriptions were higher
among PwMS aged 15-17 years than among those <14 years (DMD: 43.4% vs 34.2%, p=0.05;
antibiotic: 34.1% vs 24.8%, p=0.031). In contrast, younger PwMS were more likely to receive a
prescription for anti-inflammatory/anti-rheumatic drugs (36.6% vs 26.5%, p=0.02).
Conclusion: Our study analyzing real-world medication data showed that interferon beta, anti-
inflammatory drugs, and vitamins play an essential role in the treatment of pediatric PwWMS.
Future research should evaluate longitudinal treatment patterns of pediatric PwMS, paying
particular attention to the time of diagnosis, time of first DMD initiation, and therapy switches.
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Introduction

Multiple sclerosis (MS) is the most common neu-
roimmunological disease in young adults.! The eti-
ology of MS is not yet clarified. There is no cure,
but the clinically highly heterogeneous MS symp-
toms? can be adequately treated using an increasing
number of immunomodulatory and symptomatic

drugs.! An estimated 3%—5% of patients with mul-
tiple sclerosis (PwMS) have a disease onset before
the age of 18 years and are referred to as pediatric
MS patients.? The diagnosis prevalence of MS in
German pediatric outpatients (aged<17 years)
was recently published for 2018 and is 5.4 per
100,000 insured.* Differences between pediatric
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and adult MS patients are apparent with regard to
clinical symptoms and the course of MS.5 For
instance, a progressive disease course is more likely
in adults than in pediatric patients.?> The degree of
disability remains relatively low in pediatric PwMS
in the first 10 years after the onset of MS. However,
higher relapse rates are common in the initial stage
of pediatric MS. Severe disability levels are reached
at a younger age in children and adolescents com-
pared to adult patients.?-% In this respect, the treat-
ment regimen plays a particularly important role
and differs between adult and pediatric MS.

Although an early initiation of disease-modifying
drugs (DMDs) is recommended in pediatric
PwMS to prevent the rapid progression of disabil-
ity,” licensed treatment options in this age group
are still limited. Relapse rate-reducing baseline
DMDs with favorable safety profiles, such as inter-
feron beta and glatiramer acetate, are common
drugs for pediatric patients in Europe.®” In
Germany, these DMD preparations are approved
for MS treatment in patients aged = 12 years. Only
the interferon beta-1a preparation Rebif® received
approval for use in patients aged=2 years.®
Escalation therapeutics, such as natalizumab and
fingolimod, are used when disease activity does not
decrease despite baseline therapy or when highly
active MS courses are present.® Fingolimod was
the first DMD studied in a global, randomized
controlled phase-III trial with 215 pediatric PwMS
(PARADIGMS) and showed superiority over
interferon beta in terms of efficacy.l® However,
severe side effects, such as seizures, leukopenia,
and hypersensitivity reactions, occurred in some
patients.® Fingolimod has been approved to treat
highly active relapsing-remitting MS in children
and adolescents aged =10 years in 2018.11:12 To
date, this is the latest DMD approval expansion
regarding pediatric patients. However, the most
experience in the treatment of highly active MS in
pediatric patients is available for natalizumab (off-
label use).® In addition to DMDs, targeted symp-
tomatic therapy is an essential component of MS
treatment management. The pediatric MS symp-
tomatology is multifaceted and can range, for
example, from motor disability and fatigue to cog-
nitive as well as emotional disturbances.!?
Therefore, various therapeutic strategies to treat
symptoms are required. On one hand, specific
symptomatic therapy can prevent or reduce impair-
ments in functional abilities and quality of life.! On
the other hand, it can reduce the development of
secondary physical impairment.

Adequate and individualized therapy for pediatric
PwMS is challenging because children and ado-
lescents differ significantly from adults in their
pharmacokinetics (e.g. volume of distribution,
mechanism, and rate of drug elimination). Real-
world data are needed to gain further experience
and insight into therapy efficacy and safety in
pediatric MS and to improve existing therapy
strategies or to develop new ones. The objective
of this study was to characterize drug utilization
patterns in German pediatric PwMS compared to
the general population of the same age, using
real-world prescription data from almost 90% of
the German population. Moreover, we aimed to
identify prescribing differences in subgroups of
pediatric PwMS stratified by age.

Materials and methods

Data acquisition

The findings presented in this paper are based on
pseudonymized outpatient physicians’ claims data
and nationwide outpatient prescription data for the
year 2018 of the German statutory health insurance
(SHI). The SHI covers roughly 87% of German
residents (aged <17 years (2018): n=11,381,939).
Data analyzed included sociodemographic and
clinical patient characteristics, such as sex, age,
place of residence, and outpatient diagnoses coded
according to the International Classification of
Diseases and Related Health Problems (ICD-10),
including a modifier describing the diagnostic cer-
tainty (“confirmed”, “suspected”, “status post”,
“excluded”). Pharmaceutical prescription informa-
tion comprised the Anatomical Therapeutic Chemical
(ATC) code, dates of prescription and dispensa-
tion, packaging size, strength, and formulation, as
well as the generic and trade names.

The use of claims data for scientific research is
regulated by the Code of Social Law (SGB V) in
Germany. An ethical approval and informed con-
sent are not required as this study used routinely
collected anonymized data. The research was con-
ducted in accordance with the Helsinki Declaration
(in its current revised form: 64th WMA General
Assembly, Fortaleza, Brazil, October 2013).

Inclusion criteria

PwMS were identified according to the ICD-10
GM code “G35-” (multiple sclerosis). Children
and adolescents aged <17 years (according to the
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age criteria of the International Pediatric MS Study
Group)!* were identified as pediatric PwMS if they
had a diagnosis of MS classified as “confirmed” in
=1 quarter of the year 2018 (n=613).

Drug classification

Active substances were classified using the ATC
classification system and were categorized into
pre-specified drug groups (Table 1). Substances
not captured by pre-specified drug groups were
then divided into three-digit ATC therapeutic
subgroups (Table 2). Active substances, pre-
specified drug groups, or three-digit ATC thera-
peutic subgroups prescribed to <30 patients were
not analyzed due to data protection regulations.
Prescription patterns in MS were investigated
using a case—control design. Cases were matched
to randomly selected controls by age, sex, and
region of residence (17 regions of Associations of
Statutory Health Insurance Physicians, ASHIPs,
with a case-to-control ratio of 1:10). The controls
(n=6130) used ambulatory health care in 2018
for reasons other than MS (i.e. they were not
diagnosed with MS in 2018 and previous years).

Statistics

The prescription prevalence (proportion of
patients and controls with =1 prescription in
2018) was calculated for active substances, pre-
specified drug groups, and three-digit ATC ther-
apeutic subgroups. In addition, we calculated the
mean number of drug prescriptions (for active
substances and three-digit ATC therapeutic sub-
groups) per patient with a respective prescription.
Fisher’s exact test and chi-square test were used
to compare the prescription prevalence between
the MS patients and the controls and between
two age groups (<14 years vs 15-17 years). The
significance level was defined as a =0.05. In addi-
tion, to consider alpha error accumulation in
multiple testing, a p value adjustment was con-
ducted according to the false discovery rate
(FDR) of 5%1'> (Supplementary Table 1).

Results

Sociodemographic and clinical characterization

of the patient population

Of the 613 pediatric PwMS, 161 (26.3%) were
aged =< 14 years, and 452 (73.7%) were 15-17 years
old. The median age was 16 years (interquartile

Table 1. Pre-specified drug groups in pediatric patients
sclerosis in Germany (2018].

with multiple

Pre-specified drug groups Active substance* ATC code
Analgesics

Dipyrone sodium N02BB02
Antibiotics

Amoxicillin JO1CAQ4

Azithromycin JOTFA10

Cefuroxime J01DCO02
Anti-inflammatory + antirheumatic drugs

Ibuprofen MO1AEOQ1
MS baseline drugs

Glatiramer acetate LO3AX13

Interferon beta-1a LO3ABO7

Interferon beta-1b LO3ABO8
MS escalation drugs

Fingolimod LO4AA27

Natalizumab L04AA23
MS relapse drugs

Prednisolone HO02AB06

ATC, anatomical therapeutic chemical; MS, multiple sclerosis; * active substances

prescribed for at least 30 patients.

range (IQR): 3 years), and the proportion of female
patients amounted to 65.7% (#=403). Female
PwMS were significantly more often aged 15-17
years than male PwMS (77.4% vs 66.7%; p=0.005).
The median number of three-digit ICD-10-codes
excluding “G35” in 2018 was 10 in PwMS (IQR: 9)
and 6 in the control patients (IQR: 7).

Drugs prescribed

In total, 335 PwMS were prescribed a DMD
(54.6%). The majority of those patients was aged
15-17 years (n=280; 83.6%). In this group of
280 PwMS, MS baseline drugs were prescribed
to 196 patients (70.0%), and escalation DMDs
were prescribed to 84 patients (30.0%).

Among pediatric PwMS, a total of 5603 prescrip-
tions were recorded in 2018. The drugs with the
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Table 2. Further drug groups in pediatric patients with multiple sclerosis in Germany (2018).

ATC-3 subgroups ATC-3 code  Active substance* Full ATC code
Acne drugs D10
Cough and cold drugs R05

Noscapine RO5DAQ7
Drugs for acid-related disorders A02

Omeprazole AQ02BCO01

Pantoprazole A02BC02
Drugs for functional gastrointestinal disorders AQ3
Drugs for obstructive airway diseases R0O3

Salbutamol RO3AC02
Nasal preparations RO1
Ophthalmological drugs S01
Sex hormones and modulators of the genital system G03

Levonorgestrel + ethinylestradiol GO3AAQ7
Topical dermatological corticosteroids D07
Vaccines Jo7

Papillomavirus vaccine J07BMO3
Vitamins A1

Cholecalciferol A11CCO05

ATC, Anatomical Therapeutic Chemical; * active substances prescribed for at least 30 patients.

highest prescription prevalence among pediatric
PwMS (n=613) were ibuprofen (28.4%; non-ste-
roidal anti-inflammatory drug, NSAID), cholecal-
ciferol (23.0%; vitamin D3), interferon beta-la
(21.5%; baseline DMD, subcutaneous and intra-
muscular application), pantoprazole (12.2%; ant-
acid), dipyrone (11.7%; analgesic), and fingolimod
(11.7%; escalation DMD) (Figure 1). The aver-
age number of prescriptions per MS patient with a
respective prescription was highest for the DMDs
natalizumab (6.6) and interferon beta-la (4.6).
Compared with the controls, PwMS had a signifi-
cantly higher prescription prevalence for 15 of the
18 active substances analyzed (FDR: ¢=<0.044).
Only for the combination of levonorgestrel with
ethinylestradiol (contraceptive), azithromycin
(antibiotic), and the human papillomavirus (HPV)
vaccine, differences in prescription prevalence
were not significant.

In addition, the prescription prevalence was also
determined for those drugs that (a) were not
included in the pre-specified drug groups of active
ingredients and (b) had a patient count of =30.
Those active substances were classified into cor-
responding three-digit ATC therapeutic sub-
groups. Among these drugs, vitamins (All:
23.2%), drugs for (gastric) acid-related diseases
(A02: 18.3%), and hormone preparations (G03:
17.0%) were most frequently prescribed to pedi-
atric PwMS (Figure 2). Compared with the con-
trols, PwMS used significantly more vitamins
(FDR: ¢<<0.001), drugs for (gastric) acid-related
diseases (FDR: ¢<<0.001), and drugs for obstruc-
tive airway diseases (FDR: ¢=0.048). The high-
est average number of prescriptions per patient
with a respective prescription was observed for
hormone preparations in both the MS cases and
controls (3.1 vs 3.2).
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Figure 1. Prescription prevalence of single drugs in pediatric MS patients compared with the controls (2018). This figure shows the
prescription prevalence of active substances in 613 pediatric PwMS (bars: blue—MS, orange—controls) and the mean numbers of
prescriptions per patient with a respective prescription (bars: blue—MS, orange—controls) compared with the matched controls
(n=6130). The active substances ibuprofen (28.4%), cholecalciferol (23.0%), and interferon beta-1a (21.5%) were prescribed most
frequently among the pediatric PwWMS. Furthermore, these drugs were taken significantly more often by PwMS than the control
patients (FDR: g <0.001). The largest average prescription numbers per MS patient resulted in natalizumab (6.6) and interferon

beta-1a (4.4). FDR: false discovery rate; MS: multiple sclerosis; g: p value adjustment according to FDR; PwMS: patients with

multiple sclerosis.

Comparison of age groups

Comparing prescription rates in PwMS and the
controls, stratified by age, could only be calcu-
lated for MS baseline drugs, anti-inflammatory/
antirheumatic drugs, and antibiotics due to suffi-
cient patient numbers (n = 30) in all patient sub-
groups. PwMS showed a higher prescription
prevalence for those drug groups than the con-
trols (Figure 3). In the age group of 15-17 years,
anti-inflammatory/antirheumatic drugs were used
by 26.5% of PwMS but only by 15.3% of the con-
trol patients (Fisher’s exact test: p < 0.001).
Furthermore, the prescription of MS baseline
drugs and antibiotics was more prevalent in the
“older” pediatric PwMS compared with the
younger ones (MS baseline drugs: 43.4% vs
34.2%, Fisher’s exact test: p = 0.05; antibiotics:

34.1% vs 24.8%, p = 0.031). PwMS aged < 14
years more frequently used anti-inflammatory/
antirheumatic drugs than the “older” adolescents
(36.6% vs 26.5%, Fisher’s exact test: p = 0.02).
A comparison of the prescription rates of MS
escalation drugs or overall DMDs between the
two age groups was not possible due to data pro-
tection regulations (MS escalation drugs were
prescribed to < 30 patients aged < 14 years).

Discussion

Pediatric and adult MS patients differ significantly
in terms of pharmacokinetics and therefore require
individualized and adequate treatment. Pediatric
MS is a rare disease affecting 5.4 out of 100,000
German children and adolescents aged <17
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Figure 2. Prescription prevalence of other drugs in children and adolescents with MS compared with the controls (2018). In this
diagram, the prescription prevalence of ATC therapeutic subgroups of 613 pediatric PwMS (bars: blue—MS, orange—controls)

and the prescription mean values per patient with a respective prescription (dots: blue—MS, orange—controls) compared with the
matched controls (n=6130) are presented. Vitamins (A11: 23.2%), drugs for acid-related diseases (A02: 18.3%), and hormone therapy
(G03: 17.0%) were prescribed most frequently among MS patients. There were significantly more prescriptions of vitamins and drugs
for acid-related diseases for pediatric PwMS compared with the controls (FDR: g <0.001). The largest average prescription value per
MS patient with a respective prescription was found for hormone therapy (3.1). ATC: Anatomical Therapeutic Chemical codes; FDR:
false discovery rate; MS: multiple sclerosis; g: p value adjustment according to FDR; PwMS: patients with multiple sclerosis.

years.* To improve and extend treatment strate-
gies of those patients, real-world therapy data are
essential. Based on nationwide outpatient claims
data covering a source population of about 87% of
the total German population, we assessed drug
utilization patterns in pediatric MS compared
with non-MS controls. In our study, we identified
the most common prescription medications
among 613 pediatric PwMS in 2018. This includes
not only the assessment regarding the prescription
of DMDs but also symptomatic as well as further
medications. To enhance the significance of our
analyses, we conducted comparisons concerning
the prescription prevalence of applied drugs with
6130 age-, sex-, and region-of-residence-matched
controls without MS. There were no new indica-
tion extensions for approved DMDs to treat pedi-
atric MS after 2018. The most recent update was
in 2018 for fingolimod, which was approved for

the use in children aged =10 years.!! Since then,
five DMDs have been approved for the treatment
of adult PwMS (ocrelizumab, ofatumumab, oza-
nimod, ponesimod, and siponimod), but no data
exist to date on the efficacy and safety of those
drugs in patients aged <17 years.!020 To our
knowledge, this is the most comprehensive study
in terms of population size and medication spec-
trum that evaluates the treatment patterns of pedi-
atric PwMS in current pediatric practice.

In our study, the significantly higher prevalence of
prescribed drugs in pediatric PwMS compared
with the controls likely reflects a high burden of
MS-associated comorbidities. In general, PwMS
are more often affected by comorbidities than the
general population,?! which adds to the complexity
of pharmacological MS treatment. Comorbidities
in PwMS can delay the initiation of DMD therapy
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Figure 3. Prescription prevalence of drug groups stratified by age. In this bar chart, the prescription prevalence of antibiotics,
anti-inflammatory/antirheumatic drugs, and MS baseline drugs were presented for 613 pediatric PwMS and the matched controls.
The bars visualize the prescription prevalence for PwMS (blue) and the controls (orange), stratified by age. In all three drug groups,
PwMS had higher prescription rates than the controls. Among PwMS aged < 14 (n=161] years, anti-inflammatory and antirheumatic
drugs were the most frequently prescribed drugs (36.6%). Adolescent PwMS aged 15-17 years (n=452) more frequently used MS
baseline drugs (43.4%) and antibiotics (34.1%). Both “younger” and “older” pediatric PwMS showed more frequent prescriptions of
antibiotics (Fisher’s exact test: p (<14 years)=0.315, p (15-17 years) =0.002) and anti-inflammatory/antirheumatic drugs (Fisher's
exact test: p (<14 years/15-17 years) <0.001) than the corresponding control groups. MS: multiple sclerosis; n: number of patients;

PwMS: patients with multiple sclerosis.

and are associated with increased disability pro-
gression, poorer quality of life, and increased mor-
tality.?! The delay in therapy initiation may be due
to masking or concealment of the MS diagnosis by
comorbidities. This issue has already been reported
in several large retrospective observational stud-
ies.22:23 Moreover, the diversity of MS symptoms
(e.g. cognitive, emotional, gastrointestinal, uro-
genital, and musculoskeletal) is connected with an
increased need for treatment compared to control
patients.! A healthy lifestyle can optimize therapy
management in pediatric PwMS (e.g. obesity
avoidance, smoking, and drug abuse) as well as
adequate treatment of MS symptoms and
comorbidities.?*

Considering the immunomodulatory treatments,
about 50% of the pediatric PwMS were treated
with DMDs. Interferon beta-1a was the most fre-
quently prescribed DMD due to its approval for
patients aged =2-12 years (Rebif®/Avonex®) and

its favorable safety profile. However, especially in
children, a subcutaneous application could pose
an issue, leading to a lack of therapeutic adher-
ence or treatment switches. In our study, the drug
group of baseline DMDs (interferon beta-la
(subcutaneous and intramuscular)/-1b, glati-
ramer acetate) was more frequently prescribed in
“older” pediatric patients (15-17 years) com-
pared with patients aged <14 years. Although chil-
dren, adolescents, and adults are not expected to
show differences concerning side effects, those
baseline DMDs are not approved for patients
younger than 12 years, except for the interferon
beta-la preparation Rebif®.78 This issue and the
limited number of DMDs approved for the treat-
ment in children and adolescents in general contrib-
ute to the fact that about half of the analyzed pediatric
PwMS were DMD-untreated. Fingolimod was only
recommended for the use in children =10 years by
EMA and FDA in the course of 2018 (FDA: May,
EMA: November).11:12
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The most prevalent prescribed substance in the
pediatric PwMS analyzed was the NSAID ibupro-
fen. This drug is commonly used to treat mild to
moderate pain as well as fever. The additional
benefit of ibuprofen in MS treatment is to prevent
flu-like symptoms, which can be caused by inject-
able DMDs, for example, by interferon beta or
glatiramer acetate.?> Another drug with high pre-
scription prevalence in our study was cholecalcif-
erol (vitamin D3). This vitamin is often prescribed
as an add-on to the established MS immunomod-
ulatory and symptomatic therapies. It is assumed
that higher cholecalciferol levels are associated
with less disability and with lower MS disease
activity. However, current evidence does not allow
assessment of a causal relationship between vita-
min D3 supplementation and disease activity.26
Prospective high-quality randomized controlled
trials are needed to increase the evidence concern-
ing the (long-term) effect of cholecalciferol on the
disease course. The analysis of the prescription
prevalence of ATC therapeutic subgroups in our
study also revealed that pediatric PwMS used vita-
mins (Al1) significantly more often than the con-
trols. Among PwMS, the regular intake of vitamins
and other dietary supplements is becoming a topic
of interest.?” In a Danish interview-structured
cross-sectional study examining 384 adult PwMS,
85% took dietary supplements within the last year,
with vitamin D, multivitamins, and calcium being
the most frequent supplements.2® To our knowl-
edge, apart from our analysis based on prescrip-
tion claims, no other study examined the frequency
of dietary supplements, such as vitamins, in pedi-
atric PwMS.

The only drugs prescribed with nearly equal fre-
quencies in PwMS and the controls were oral
contraceptives (levonorgestrel + ethinylestradiol)
and HPV vaccines. The initiation of conceptional
prophylaxis with oral contraceptives in adolescent
women today usually takes place during puberty.
Effective contraception is vital for PwMS, as most
DMDs are contraindicated or not recommended
during a planned or unplanned pregnancy.2® The
HPYV vaccination is recommended for girls since
2007 and for boys since 2018 (between the ages
of 9 and 14 years) by the German Standing
Vaccination Committee (STIKO) of the Robert
Koch Institute in Germany.3? In general, vaccina-
tions play an important role in PwMS.
Vaccinations protect against severe systemic
infections and thus also against an associated
worsening of the MS disease course.31,32

Comparing our results internationally, we found
similarities in the frequency of DMD wuse. A
study of the Swedish MS Registry compared
clinical and demographic data of 549 pediatric-
onset and 11,933 adult-onset PwMS with disease
onset between 1975 and 2014.33 Of the pediatric
PwMS ever treated with DMDs (n=518), 24.1%
only received first-line DMDs (interferon beta,
glatiramer acetate, teriflunomide, or dimethyl
fumarate), 17.8% only received second-line
DMDs (fingolimod, daclizumab, rituximab,
mitoxantrone, or natalizumab), and 58.1%
switched from first-line to second-line DMDs.
Using this DMD classification, our data showed
74.9% first-line DMD use and 25.1% second-
line DMD use among DMD-treated pediatric
PwMS. On one hand, the Swedish study pre-
sented longitudinal data on DMD switches. On
the other hand, the study was limited to analyz-
ing DMD treatment patterns; medications for
MS symptoms and comorbidities were not con-
sidered. In a Danish population-based cohort
study by Erdal ez al.,3* interferon beta was the
most commonly prescribed initial DMD, used by
64.3% of PwMS with a DMD initiation before
the age of 18 years between 2011 and January
2018 (n="70). Our study also revealed interferon
beta as the most used DMD among German
pediatric DMD-treated PwMS in 2018, but with
a lower prescription prevalence (53.1%). This
could be due in part to the fact that it was only in
2018 that the spectrum of DMDs for the treat-
ment of pediatric MS increased (approval expan-
sion of fingolimod).!! There were also differences
between the study by Erdal er al. and ours con-
cerning the prescription prevalence of glatiramer
acetate (4.3% vs 16.1%), natalizumab (12.9% wvs
9.3%), and fingolimod (4.3% wvs 21.5%) among
DMD-treated PwMS. These differences may be
attributed to differences in study designs and the
selection of the study populations: Erdal ez al
included PwMS with disease onset before the age
of 18 years from 1979 to 2018. Among these 347
patients included, only 70 received DMDs before
the age of 18 years between 2011 and January
2018. Furthermore, only the initiation DMD
was considered in the Danish analysis.
Consequently, the results by Erdal ez al are
unlikely to reflect current medical practice. Our
study solely included patients who had a con-
firmed MS diagnosis at age <17 years in 2018
and thus provided more recent information on
DMD treatment patterns. Moreover, in contrast
to other pediatric MS studies,333> our research
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provided information on symptomatic MS drugs
and non-MS-related drugs used in pediatric
patients. Overall, interferon beta still plays an
essential role as initiation therapy after MS diag-
nosis in childhood or adolescence, but the oral
escalation DMD fingolimod is becoming increas-
ingly common in pediatric patients.

Regarding the number of drugs prescribed, there
was a mean of 9.1 prescriptions (including several
prescriptions of the same drug) per pediatric
PwMS in 2018. Although a significant proportion
of prescriptions consist of DMDs, other drugs are
generally prescribed to support MS management
(e.g. cholecalciferol),? to treat comorbidities
(e.g. chronic and acute infections),3¢ and for con-
traception (e.g. levonorgestrel + ethinylestradiol).
It should be noted that such complex drug regi-
mens increase the risk of polypharmacy (the con-
comitant use of =5 drugs) as well as of severe
drug-drug interactions (DDIs), especially in
those PwMS suffering from comorbidities and
severe degrees of disability.37:38 Clinical decision
support systems (CDSSs) represent tools for
screening medication plans regarding potential
DDIs.3° However, to date, there is no CDSS that
is specialized for pediatric patients.3° In geriatrics,
databases to identify potentially inappropriate
medications (PIMs) are useful support tools in
therapy management, such as the Beers criteria
and the START/STOPP criteria.#® A list of 67
PIM specialized for children and adolescents has
been developed only since 2020 (the KIDS list).4!
To improve medication management in pediatric
patients in the long term, the acquisition of real-
world pharmacovigilance data of the drugs used
in children and adolescents is essential.

Our study presented both strengths and limita-
tions. To our best knowledge, there is no study
that has validated the case definition G35.-
(Multiple Sclerosis) in Germany to date. In other
electronic health databases, for instance, the
Clinical Practice Research Datalink from the
United Kingdom, many endpoints are validated,
for example, by sample surveys or chart reviews of
patient records.*?-43 Validation studies or data-
bases that provide information at least on the
positive predictive value of the case definition or
also on its sensitivity as well as specificity are
almost non-existent for German routine data. For
data protection regulations, we were unable to
present prescription frequencies of drugs and
drug groups with a patient number <30.

Nevertheless, our study presented real-world pre-
scription data from over 600 children and adoles-
cents, covering the vast majority of pediatric
PwMS in Germany (approximately 87%).
Another limitation is that we did not consider
over-the-counter drugs and dietary supplements
but only prescription drugs. However, generally,
prescription drugs pose the major proportion of
drugs used. Furthermore, the present spectrum
of medications included not only DMDs but also
drugs for the treatment of MS symptoms and
comorbidities as well as prophylactic interven-
tions, whereas other studies only focused on
DMDs. In addition, the significance of our results
for pediatric PwMS is greatly enhanced by the
fact that we conducted comparisons with a sex-
and age-matched control group of over 6000
non-MS patients.

Conclusion

In summary, our population-based cross-sec-
tional study presented real-world data on the pre-
scription situation in pediatric MS, covering the
vast majority of affected patients in Germany.
The data revealed that interferon beta plays the
most crucial role in the immunomodulating ther-
apy of pediatric MS in Germany. Our study did
not focus exclusively on DMDs but covered the
entire spectrum of medications prescribed, from
symptomatic drugs to treat MS to therapeutic
agents for comorbidities. The results showed that
vitamins, especially vitamin D3 (cholecalciferol),
were among the most commonly prescribed
drugs. In general, PwMS had a higher prescrip-
tion prevalence and more comorbidities than
non-MS patients. To our best knowledge, this is
the largest study of treatment patterns in pediatric
PwMS with regard to the size of the covered
patient population. In the coming years, new
DMDs will be approved for pediatric MS therapy
and the indication of DMDs approved only for
adults will be expanded to include children and
adolescents. To augment or innovate new therapy
strategies, existing treatment patterns have to be
well studied using real-world data. Therefore,
future research should longitudinally assess treat-
ment patterns of pediatric PwMS, giving particu-
lar attention to the time of diagnosis, time of first
DMD initiation, and medication switches.
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