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Abstract
Background and purpose: Rituximab	(RTX)	is	frequently	used	off-	label	in	multiple	sclero-
sis.	However,	studies	on	the	risk–benefit	profile	of	RTX	in	pediatric-	onset	multiple	scle-
rosis are scarce.
Methods: In this multicenter retrospective cohort study, patients with pediatric- onset 
multiple	 sclerosis	 from	 Sweden,	 Austria	 and	 Germany,	 who	 received	 RTX	 treatment	
were	 identified	 by	 chart	 review.	 Annualized	 relapse	 rates,	 Expanded	Disability	 Status	
Scale	scores	and	magnetic	resonance	imaging	parameters	(new	T2	lesions	and	contrast-	
enhancing	lesions)	were	assessed	before	and	during	RTX	treatment.	The	proportion	of	
patients	who	remained	free	from	clinical	and	disease	activity	(NEDA-	3)	during	RTX	treat-
ment was calculated. Side effects such as infusion- related reactions, infections and labo-
ratory abnormalities were assessed.
Results: Sixty-	one	 patients	 received	 RTX	 during	 a	 median	 (interquartile	 range)	 fol-
low-	up	 period	 of	 20.9	 (35.6)	months.	 The	 annualized	 relapse	 rate	 decreased	 from	0.6	
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INTRODUC TION

Approximately	2%−5%	of	 all	multiple	 sclerosis	 (MS)	 patients	 pres-
ent	before	the	age	of	18 years	[1].	Patients	with	pediatric-	onset	MS	
(POMS)	 show	a	 two	 to	 three	 times	higher	 relapse	 rate	 [2] and ac-
quire	physical	and	cognitive	deficits	at	a	younger	age	compared	to	
their	adult	counterparts	[3, 4]. Yet at disease onset brain volumes are 
smaller compared to age- matched controls and brain growth is oc-
curring	at	slower	rates	[5].	Healthcare	resource	utilization	and	costs	
are	high	in	this	population	and	patients	report	a	reduction	in	quality	
of	life	and	significant	fatigue	compared	to	age-	matched	controls	[6].

Early	initiation	of	high-	efficacy	treatment	leads	to	better	long-	term	
outcomes	in	both	adult-	onset	MS	and	POMS	[7, 8].	However,	only	few	
disease-	modifying	therapies	(DMTs)	approved	for	adults	have	been	in-
vestigated	in	randomized	controlled	trials	in	the	pediatric	MS	popula-
tion	[9–11] and access to treatment is highly variable around the globe.

In	MS,	treatment	strategies	targeting	anti-	CD20	show	excellent	ef-
ficacy	in	reducing	clinical	and	magnetic	resonance	activity	[12, 13] and 
slowing	disease	progression	 [14].	Both	ocrelizumab	and	ofatumumab	
are currently tested in phase III pediatric trials but, still, access in the pe-
diatric	MS	population	is	limited,	depending	on	local	healthcare	systems.

Rituximab	 (RTX)	 is	 currently	 used	off-	label	 in	many	neuroimmu-
nological	 disorders	 both	 in	 children	 and	 adults	 due	 to	 its	 excellent	
risk–benefit	profile	[15–20].	In	Sweden,	RTX	has	become	the	most	pre-
scribed	DMT	for	MS	[21].	With	respect	to	the	pediatric	MS	population,	
increasing	data	from	the	United	States	[22, 23] as well as from Sweden 
[24] report high effectiveness and few side effects in their cohorts.

The aim of the present observational study is to report the safety 
and	 effectiveness	 of	 RTX	 in	 a	 cohort	 of	 61	 pediatric	MS	 patients	
from	Sweden,	Austria	and	Germany.

PATIENTS AND METHODS

Study population and design

For	 this	 retrospective	 multicenter	 observational	 cohort	 study,	
patients	with	a	diagnosis	of	pediatric	MS	(disease	onset	before	the	
age	of	18)	were	identified	according	to	the	current	diagnostic	criteria	

[25,	26]	between	1	February	2009	and	1	February	2022	from	local	
databases	 in	 Sweden,	Austria	 and	Germany.	 Patients	who	 started	
RTX	treatment	before	the	age	of	19	were	eligible	for	the	study.

Demographic	 data	 included	 age	 at	 first	MS	 symptoms,	 age	 at	
MS	diagnosis,	sex,	age	at	onset	of	first	DMT,	age	at	onset	of	RTX,	
time	from	disease	onset	to	RTX	onset,	and	the	Expanded	Disability	
Status	Scale	 (EDSS)	at	 first	presentation.	The	use	of	DMTs	before	
the	initiation	of	RTX	therapy	as	well	as	RTX	infusion	schedules	were	
recorded.	CD19+ counts were followed, if available.

Magnetic	resonance	imaging	(MRI)	scans	were	reviewed	by	local	ex-
perienced	radiologists	(J.	Sv.,	Sweden,	for	patients	from	Sweden;	RI.	M.,	
Austria,	for	patients	from	Austria	and	Germany).	The	imaging	variables	
were	the	number	of	T2	and	contrast-	enhancing	lesions	(CELs)	at	base-
line	and	at	the	predefined	time	points	“before	RTX”	and	“during	RTX”.

Outcome measures

With	respect	to	effectiveness,	the	annualized	relapse	rates	(ARRs),	
the	number	of	new	T2	lesions	and	the	number	of	CELs	from	disease	
onset	 to	 the	 onset	 of	 RTX	 as	well	 as	 from	 RTX	 onset	 to	 the	 last	
available	 MRI	 during	 RTX	 therapy	 were	 calculated.	 EDSS	 scores	
at	 the	 time	 of	 RTX	 onset	 and	 the	 last	 available	 EDSS	 were	 also	
recorded.	No	evidence	of	disease	activity	 (NEDA-	3),	as	defined	by	
the	absence	of	relapses,	the	absence	of	MR	activity	as	well	as	the	
absence	of	EDSS	progression,	was	assessed.

Adverse events

Adverse	events	(AEs)	were	grouped	into	infusion-	related	AEs,	infec-
tions and laboratory abnormalities such as hypogammaglobulinemia 
and lymphopenia.

Statistical analyses

Patient characteristics were assessed using descriptive statis-
tics. The distribution of numerical data was assessed visually with 

(95%	confidence	interval	[CI]	0.38–0.92)	to	0.03	(95%	CI	0.02–0.14).	The	annual	rate	of	
new	T2	lesions	decreased	from	1.25	(95%	CI	0.70–2.48)	to	0.08	(95%	CI	0.03–0.25)	and	
annual	rates	of	new	contrast-	enhancing	lesions	decreased	from	0.86	(95%	CI	0.30–3.96)	
to	0.	Overall,	70%	of	patients	displayed	no	evidence	of	disease	activity	(NEDA-	3).	Adverse	
events	were	observed	in	67%	of	patients.	Six	patients	discontinued	treatment	due	to	on-
going disease activity or adverse events.
Conclusion: Our	study	provides	class	IV	evidence	that	RTX	reduces	clinical	and	radiologi-
cal activity in pediatric- onset multiple sclerosis.

K E Y W O R D S
central nervous system, cohort study, disease- modifying therapy, pediatric- onset multiple 
sclerosis,	rituximab
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histograms	 and	 quantile−quantile	 plots.	 According	 to	 distribution	
and	sample	size,	continuous	and	discrete	numerical	variables	are	re-
ported	as	median	and	interquartile	range	(IQR)	and/or	range	where	
appropriate.	 Categorical	 variables	 are	 reported	 as	 frequency	 and	
percentage.	Denominators	of	 given	 frequency	 rates	 represent	pa-
tients with available data.

Annualized	 relapse	 rates	 (ARRs),	 rates	of	 new	T2	 lesions	 and	
new	CELs	were	 assessed	using	unadjusted	negative	binomial	 re-
gression	with	 log-	link.	The	data	were	separated	 into	two	groups,	
before	and	during	RTX	therapy,	based	on	the	start	of	RTX	therapy.	
ARRs	were	estimated	by	modelling	 the	number	of	 relapses	 from	
disease	onset	to	the	start	of	RTX	therapy	and	from	RTX	therapy	
to the last follow- up over the respective observation periods. The 
initial	attack	was	excluded	from	ARR	calculations	consistent	with	
prior	reports	[24].

To	 estimate	 annual	 T2	 lesion	 rates	 and	 CEL	 rates,	 MRI	 from	
three	 time	points	was	used:	 (1)	MRI	at	MS	diagnosis;	 (2)	MRI	be-
fore	RTX	start;	 and	 (3)	MRI	at	 the	 last	 follow-	up.	The	number	of	
new	lesions	since	the	previous	MRI	was	modelled	over	the	interval	
between	MRIs	before	and	during	RTX	therapy.	Annual	rates	were	
compared,	again	using	negative	binomial	 regression	with	 log-	link.	
Models	 included	 the	 data	 of	 both	 observation	 periods	 and	were	
adjusted by a binary variable indicating the observation periods 
(before	or	during	RTX).

Rates	 of	 new	 CELs	 were	 compared	 descriptively	 [27].	 EDSS	
before	 and	 during	 RTX	 therapy	were	 compared	 using	 a	Wilcoxon	
signed-	rank	test	for	paired	data.	Statistical	analysis	was	performed	
using	R	version	4.1.3	 (R	Core	Team,	2022,	Vienna,	Austria).	The	R	
packages	ggplot2	(Wickham,	2016)	and	ggpubr	(Kassambara,	2020)	
were	 used	 for	 graphical	 presentation	 of	 the	 data.	 Missing	 val-
ues	 in	 the	outcome	variables	were	handled	by	pairwise	exclusion.	
Denominators	 of	 given	 frequency	 ratios	 represent	 patients	 with	
available data.

All	 patients	 and	 their	 caregivers	 gave	 informed	 consent	 to	
the study. The study was approved by the local institutional ethi-
cal	 review	 boards	 in	 Austria	 (Ethikkommission	 der	 Medizinischen	
Universität	Wien,	no.	EK1123)	and	Germany	 (Ethics	Committee	of	
the	 Witten/Herdecke	 University,	 Germany,	 BIOMARKER-	Study	
number	AN4059)	and	by	the	national	ethical	review	board	in	Sweden	
(Etikprövningsmyndigheten,	Dnr	2020-	02378).

RESULTS

Patient characteristics

All	 pediatric	MS	 patients	 starting	 treatment	with	 RTX	 before	 the	
age	of	19	who	could	be	identified	by	local	databases	and	networks	
were	 included.	One	patient	was	excluded	due	to	 insufficient	data.	
In	summary,	a	total	of	61	patients	(43	females,	70%)	from	centers	in	
Sweden,	Austria	and	Germany	were	included	in	this	study.	Median	
age	at	 first	MS	symptoms	was	14.9 years	 (IQR	2.6).	Median	age	at	
MS	diagnosis	was	15.2 years	(IQR	2.6).	All	patients	had	a	diagnosis	

of	 relapsing–remitting	MS.	 Cerebrospinal-	fluid-	specific	 oligoclonal	
bands	were	 found	 in	54	out	of	60	patients	 (90%)	 (Table 1).	 In	 the	
remaining patient, lumbar puncture was performed, but oligoclonal 
band data were missing.

Disease- modifying therapies

In	42	of	61	patients	(69%),	the	first	DMT	used	was	RTX,	interferon-	
beta	 in	 seven	 of	 61	 (11%),	 natalizumab	 in	 seven	 of	 61	 (11%),	
fingolimod	in	three	of	61	(5%)	and	dimethyl	fumarate	or	glatiramer	
acetate	 in	one	of	61	each	 (2%).	 In	15	patients,	RTX	was	used	as	
the	second	DMT,	 in	 three	patients	as	 the	third	 (after	 interferon-	
beta and dimethyl fumarate in two and after interferon- beta and 
natalizumab	 in	one)	and	 in	one	patient	as	 the	 fourth	DMT	 (after	
glatiramer	 acetate,	 dimethyl	 fumarate	 and	 fingolimod).	 Median	
age	at	the	start	of	the	first	DMT	was	15.4 years	(IQR	2.5),	whereas	
the	 median	 time	 from	 the	 first	 symptom	 to	 DMT	 start	 was	
150 days	(IQR	211).	Median	age	at	the	start	of	RTX	was	16.2 years	
(IQR	2.1).	The	median	time	from	the	first	symptom	to	the	start	of	
RTX	was	240 days	(IQR	497).	The	median	EDSS	at	the	start	of	RTX	
treatment	was	1.0	(IQR	2)	(Table 1).

RTX infusion regimen

Rituximab	(RTX)	was	administered	according	to	local	 infusion	regi-
mens.	A	 total	 of	 330	doses	were	 administered	between	February	
2009	 and	 February	 2022.	 The	 median	 number	 of	 doses	 per	 pa-
tient	was	5	 (IQR	4).	Treatment	regimens	varied	with	respect	 to	 (1)	
the	number	of	initial	doses	(one	[n = 32]	versus	two	doses	[n = 29]);	
(2)	the	time	interval	between	the	two	doses	 if	there	were	two	ini-
tial	doses	 (2 weeks	 [n = 20];	3 weeks	 [n = 3]	 and	4 weeks	 [n = 6]);	 (3)	
the	overall	dose	given,	ranging	from	375 mg/m2 body surface area 
(n = 17)	and	500 mg/m2	body	surface	area	(n = 6)	to	500 mg	(n = 19),	
750 mg	 (n = 4),	 950 mg	 (n = 1)	 and	 1000 mg	 (n = 13)	 per	 infusion	 (in	
one	patient,	the	dosing	was	not	available);	and	(4)	the	redosing	inter-
val	at	fixed	intervals	of	6 months	(n = 51)	versus	redosing	according	
to	B	cell	 repopulation	within	4−11 months	 (n = 10).	The	most	com-
mon	infusion	regimen	was	a	single	initial	dose	of	500 mg	(n = 13)	or	
1000 mg	 (n = 9)	 repeated	every	6 months,	 as	 recommended	by	 the	
Swedish	MS	Society	[28]. Due to the highly variable regimens with 
small numbers within each group, adjusting for treatment regimens 
was not feasible.

Clinical disease activity

Six	out	of	61	patients	experienced	one	 relapse	each.	Relapses	oc-
curred	within	4 weeks	after	the	first	infusion	in	three	patients;	and	
seven,	12	and	14 months	after	RTX	start	in	the	other	three	patients.	
The	ARR	decreased	from	0.60	(95%	confidence	 interval	 [CI]	0.38–
0.92)	before	 the	 start	of	RTX	 (70.53	person-	years	 at	 risk)	 to	0.03	
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(95%	CI	0.01–0.07)	during	RTX	 treatment	 (181.42	person-	years	at	
risk).	The	rate	ratio	between	the	two	observation	periods	was	0.06	
(95%	CI	0.02–0.14,	p < 0.001)	(Figure 1a).	90%	(55	of	61)	of	patients	
remained	relapse-	free	during	RTX	treatment.

In	a	subgroup	of	27	patients,	a	median	of	9	(range	1–31)	B	cell	
counts	was	available	during	follow-	up.	Amongst	20	of	these	27	pa-
tients,	some	extent	of	repopulation	was	found	at	least	once	during	
follow- up. Two relapses were documented in these 27 patients; one 
relapse	 occurred	 at	 the	 time	 of	 B	 cell	 return	 (7 months	 after	 RTX	
start),	and	one	relapse	was	documented	in	a	patient	who	was	com-
pletely	B	cell	depleted	at	the	time	of	the	relapse	(6 months	after	the	
last	RTX	 infusion	and	12 months	 after	RTX	 start).	Relapses	occur-
ring	within	 4 weeks	 after	 treatment	 initiation	were	 excluded	 from	
the analysis.

The	median	EDSS	decreased	from	1	(IQR	2)	at	RTX	start	to	0	(IQR	
1.5)	at	last	follow-	up	(p = 0.027)	(Figure 2).

MRI activity

Magnetic	 resonance	 scans	 were	 performed	 at	 non-	standardized	
time points, with no predefined intervals between the scans before 
and	after	the	first	RTX	infusion.	Therefore	MRI	data	from	three	time	
points	were	used:	at	MS	diagnosis,	before	RTX	start	and	at	the	last	

follow-	up.	The	median	interval	between	MRI	scans	performed	at	the	
first	 two	 time	points	was	8.5 months	 (range	0.9−61.2 months)	 and	
the	median	 interval	 between	MRIs	 performed	 at	 the	 second	 two	
time	points	was	22.9 months	(range	3.3−152.4 months).

The	rate	of	new	T2	lesions	per	year	decreased	from	1.25	(95%	
CI	0.70–2.48)	 to	0.08	 (95%	CI	0.03–0.25).	The	 rate	 ratio	between	
these	 observation	 periods	was	 0.06	 (95%	CI	 0.02–0.17,	p < 0.001)	
(Figure 1b).	Annual	rates	of	new	CELs	decreased	from	0.860	(95%	CI	
0.30–3.96)	before	RTX	to	0	during	RTX	(Figure 1c).

No	evidence	of	disease	activity	(NEDA-	3)	was	seen	in	70%	(35	of	
50)	of	patients	during	RTX.

Detailed data on statistical analyses are depicted in Table S1. 
Sensitivity	analysis,	excluding	three	of	the	major	MS	centers,	is	pre-
sented in Table S2.

Adverse events

Adverse	events	(AEs)	were	reported	in	40	out	of	60	patients	(67%,	
data not available in n = 1	 patient)	 and	 the	majority	 (39	 of	 60	 pa-
tients)	were	graded	as	mild	to	moderate.	Infusion-	related	AEs	were	
the	most	 frequently	 reported	AEs	 in	29	of	60	patients	 (48%),	 fol-
lowed	by	 infectious	 complications	 in	 12	 of	 60	 patients	 (20%),	 hy-
pogammaglobulinemia	in	nine	of	52	patients	(17%)	and	lymphopenia	

All (n = 61)

Female	sex,	n	(%) 43	(70)

Countries,	n	(%)

Sweden 44/61	(72)

Austria 12/61	(20)

Germany 5/61	(8)

Age	at	first	symptoms,	median	(IQR,	range) 14.86	(2.6;	8.39–17.45)

Age	at	MS	diagnosis,	median	(IQR,	range) 15.17	(2.58;	8.62–18.01)

EDSS	at	MS	diagnosis,	median	(IQR,	range;	n = 11) 3	(1.5;	2–6.5)

Relapsing–remitting	MS,	n	(%) 61	(100)

Oligoclonal bands, n	(%) 54/60a	(90)

First	DMT,	n	(%)

Rituximab 42/61	(69)

Interferone 7/61	(11)

Natalizumab 7/61	(11)

Fingolimod 3/61	(5)

Dimethyl fumarate 1/61	(2)

Glatirameracetate 1/61	(2)

Age	at	start	of	first	DMT,	n	(%) 15.38	(2.53;	9.73–17.62)

Days	first	symptoms	to	DMT	start,	median	(IQR,	range) 150	(211;	7–2917)

Age	at	RTX	start,	median	(IQR,	range) 16.25	(2.11;	9.73–18.31)

Days	first	symptoms	to	RTX	start,	median	(IQR,	range) 240	(497;	17–2917)

EDSS	at	RTX	start,	median	(IQR,	range;	n = 58) 1	(2;	0–4)

Abbreviations:	DMT,	disease-	modifying	therapy;	EDSS,	Expanded	Disability	Status	Scale;	IQR,	
interquartile	range;	MS,	multiple	sclerosis;	n,	number;	RTX,	rituximab.
aOligoclonal band data were not available in one patient.

TA B L E  1 Baseline	characteristics.
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in	four	of	56	patients	(7%).	In	four	patients	(7%),	the	treatment	was	
permanently	discontinued	due	to	AEs,	which	was	severe	in	one	case	
(infusion-	related	toxic	reaction	and	dyspnea).

Last follow- up and treatment persistence

Median	 time	 on	 RTX	 at	 the	 last	 follow-	up	 was	 20.9 months	 (IQR	
35.6,	 range	 1.1–151.1).	 The	 overall	 treatment	 persistence	 of	 RTX	
was	90%.

Four	patients	discontinued	RTX	due	to	AEs	and	two	patients	due	
to	disease	activity.	In	total,	55/61	patients	(90%)	were	followed	until	
the end of the observation period. Individual clinical courses of the 
61 patients are shown in Figure 3.

DISCUSSION

Pediatric-	onset	MS	 (POMS)	 is	now	recognized	as	a	non-	benign	 in-
flammatory	 demyelinating	 disease	 associated	 with	 a	 high	 risk	 of	
early	physical	and	cognitive	 impairment	 [3, 4],	 fatigue	 [6] and psy-
chiatric	comorbidities	 [29], leading to a significant impact on fami-
lies	 and	 high	 healthcare	 resource	 utilization	 [6]. Therefore, there 
is increasing consensus on the need for early initiation of highly 

F I G U R E  1 Annualized	relapse	rate,	new	T2	lesions	and	CELs	
before	and	during	treatment	with	rituximab	(RTX)	(annual	rate;	95%	
confidence	interval).	Small	dots	represent	individual	patients.

F I G U R E  2 EDSS	before	rituximab	(RTX)	start	and	on	last	follow-	
up	(median;	95%	confidence	interval).
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effective	therapies	[30, 31]	 in	this	young	population.	However,	ac-
cess	 to	newer	DMTs	 is	 limited	 in	many	countries,	due	 to	differing	
reimbursement rates of insurance providers.

In	 adult	MS,	 recent	 phase	 3	 trials	 have	 shown	 the	 efficacy	 of	
the	 newer	 anti-	CD20-	therapies	 ocrelizumab	 and	 ofatumumab	
[12–14].	In	pediatric	MS,	there	are	ongoing	phase	3	trials	evaluating	
the	 safety	 and	 efficacy	 of	 ocrelizumab	 compared	with	 fingolimod	
(NCT05123703)	 and	 ofatumumab	 or	 siponimod	 versus	 fingolimod	
(NCT04926818).

Although	RTX	is	only	available	for	off-	label	treatment	of	MS,	it	
has	become	the	most	frequently	prescribed	DMT	for	treating	relaps-
ing–remitting	MS	in	Sweden	[21].	Data	in	the	pediatric	MS	popula-
tion are rare but consistently show significant reductions in relapse 
rates	and	MRI	activity	[22–24].

In this multicenter observational cohort study, effectiveness and 
safety	from	61	pediatric	MS	patients	treated	with	RTX	over	a	me-
dian	period	of	20.9 months	with	a	maximum	treatment	duration	of	
151 months	are	reported.	Unique	to	our	cohort	is	the	use	of	RTX	as	
a	first-	line	agent	in	69%	of	patients.

Relapse	rates,	as	well	as	the	number	of	new	T2	lesions	or	CELs,	
were	significantly	 reduced	after	 the	onset	of	RTX	and	the	median	

EDSS	at	last	follow-	up	was	0.0.	93%	of	patients	remained	free	from	
relapses,	77%	remained	free	 from	new	T2	 lesions	and	100%	were	
free	 from	CELs.	NEDA-	3,	which	 is	 rarely	 reported	 in	pediatric	 co-
horts,	was	reached	in	70%	of	patients.

Three	 out	 of	 the	 six	 documented	 relapses	 occurred	 within	
4 weeks	 after	 the	 first	 RTX	 infusion,	 indicating	 overlap	 activity	 in	
this	cohort	of	young	and	active	MS	patients.	In	contrast,	it	was	not	
possible	to	determine	the	exact	time	point	of	the	occurrence	of	new	
T2	lesions	due	to	the	highly	variable	MRI	intervals	before	and	after	
the	start	of	RTX	therapy	and	to	the	lack	of	a	predefined	re-	baselining	
MRI,	which	is	a	limitation	of	our	study.

CD19+ counts were available in a subgroup of 27 patients. 
Twenty	of	these	patients	showed	some	extent	of	B	cell	return	during	
follow-	up.	Amongst	the	two	relapses	observed	in	these	27	patients,	
one occurred following B cell return, whilst the other occurred de-
spite	complete	B	cell	depletion.	Since	MRI	scans	and	serology	were	
performed	at	non-	standardized	 intervals	and	variable	 frequencies,	
it	was	not	possible	 to	correlate	MRI	activity	with	B	cell	 return.	As	
shown	in	other	cohorts	[32],	our	data	indicate	that	some	extent	of	B	
cell repopulation does not lead to immediate return of relapse activ-
ity.	However,	further	prospective	data	are	needed	in	order	to	draw	

F I G U R E  3 Individual	clinical	courses	
of	pediatric-	onset	MS	patients.	Lines	
indicate	the	duration	of	follow-	up	(in	
months)	before	DMT	(dotted),	under	
DMT	other	than	RTX	(dashed)	and	under	
RTX	therapy.	Arrows	at	the	end	of	the	
lines	indicate	continued	RTX	therapy	
after	the	last	follow-	up,	squares	indicate	
discontinuation	of	RTX	therapy	before	the	
end- of- study or patients lost to follow- 
up. Triangles indicate relapses, vertical 
lines	indicate	MRIs,	and	points	indicate	
detection	of	T2	lesions	(brain	and/or	
spinal)	or	CELs	(brain	and/or	spinal).	Zero	
on the x-	axis	indicates	the	start	of	RTX	
therapy.	CEL,	contrast-	enhancing	MRI	
lesion;	DMT,	disease-	modifying	therapy;	
MRI,	magnetic	resonance	imaging;	RTX,	
rituximab.
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a conclusion on a correlation of B cell return and re- occurrence of 
disease activity.

As	one	of	the	first	studies,	Salzer	et	al.	reported	the	use	of	RTX	
in	14	pediatric	MS	patients	who	did	not	relapse	after	onset	of	RTX	
treatment	[24]. Thirteen of these patients have also been included 
in	our	study,	with	 longer	 follow-	up	periods.	Krysko	et	al.	assessed	
the	 effectiveness	 of	 injectable	DMTs	 versus	 newer	DMTs	 and	 in-
cluded	56	pediatric	patients	treated	with	RTX	[22].	Whilst	the	study	
demonstrated	that	initial	treatment	with	newer	DMTs	led	to	better	
disease	 control	 than	 treatment	with	 injectable	DMTs,	 no	 detailed	
data	 on	 the	 RTX	 subgroup	 were	 provided.	 A	 recently	 published	
Turkish	case	series	provided	data	on	10	pediatric	MS	cases	treated	
with	 ocrelizumab:	 none	 had	 relapses	 or	 new	MRI	 lesions	 and	 the	
mean	EDSS	decreased	from	1.75	to	1.20.	One	patient	experienced	
anaphylaxis	[33].

Only	recently,	Shukla	et	al.	presented	data	on	DMT	use	in	1092	
patients	 from	 the	 US	 Network	 of	 Pediatric	MS	 Centers	 including	
clinical	 and	MRI	data	 from	166	patients	on	RTX	 [23]. The relapse 
rate decreased from 1.01 to 0.12 and new T2 lesions were noted in 
only	10%	of	patients.	NEDA-	2,	 including	relapse	and	MRI,	but	not	
EDSS	data,	was	 achieved	 in	 84%	 in	 the	 first	 12 months.	 This	 is	 in	
contrast	to	our	cohort	in	which	new	T2	lesions	were	found	in	23%	of	
patients.	However,	our	patients	were	followed	for	a	median	obser-
vation	period	of	20.9 months	and	included	EDSS	scores	in	order	to	
provide	data	on	NEDA-	3.

In	 our	 cohort,	 AEs	 were	 reported	 in	 67%	 of	 patients;	 most	
AEs.	 were	 infusion-	related	 and	 graded	 as	 mild	 to	 moderate.	
Hypogammaglobulinemia	was	found	in	nine	out	of	52	patients	(17%).	
Although	not	common	in	our	pediatric	cohort,	there	is	a	known	risk	
of hypogammaglobulinemia in particular on long- term B cell deple-
tion	[12, 14] and therefore it has to be monitored also in the pediatric 
population.	Whilst	Krysko	et	al.	reported	a	lower	rate	of	AEs	(26.3%)	
in	POMS	[22],	in	a	randomized	controlled	study	in	adults	AEs	follow-
ing	RTX	were	detected	in	98.6%	[15]. Differences in study designs 
indicate that multicenter retrospective database studies may favor 
underreporting	of	minor	AEs	[22].

There	are	several	limitations	to	our	study.	First,	although	data	
were collected prospectively, data analyses were performed ret-
rospectively, and all patients were treated according to local pro-
tocols. Thus, there is high variability in treatment regimens and 
follow- up management, which did not enable an adjustment for 
different	 treatment	 regimens.	 This	 also	 includes	 variable	 quality	
and	sequences	of	MRI	performed	at	each	center	according	to	local	
guidelines,	including	the	lack	of	a	re-	baselining	MRI.	To	reduce	po-
tential	local	imaging	bias,	MR	images	were	assessed	by	two	experi-
enced	neuroradiologists	specialized	in	imaging	of	POMS	(patients	
from	Sweden	analyzed	in	Stockholm	and	patients	from	Austria	and	
Germany	analyzed	in	Vienna).	Secondly,	a	selection	bias	has	to	be	
taken	into	account,	as	RTX	is	more	often	used	in	cases	of	higher	
disease	activity.	However,	such	selection	bias	will	 lead	to	under-
estimating	 the	 treatment	 effect.	 Thirdly,	 the	 limited	 sample	 size	
does	not	allow	subgroup	analyses.	Fourthly,	although	significant,	
the	EDSS	decrease	from	1.0	to	0.0	has	no	impact	on	activities	of	

daily	living.	However,	data	on	cognitive	outcomes,	a	key	problem	
in	POMS	[2, 4], accounting better for overall impairment, were not 
available	 in	our	cohort.	Finally,	 the	 lack	of	a	control	group	 limits	
the interpretation of the data of this study.

In	summary,	our	data	suggest	that	RTX	is	an	effective	and	safe	
treatment	option	 in	POMS	when	applied	both	as	first-	line	therapy	
and	as	a	rescue	therapeutic	option.	POMS	is	associated	with	higher	
inflammatory activity and irreversible disability at a younger age 
compared	to	adult-	onset	MS	[2, 3]. Therefore, as suggested recently 
[30, 31],	the	use	of	RTX	as	a	first-	line	agent,	as	seen	in	69%	of	our	
patients, may prevent patients from the medical, social and emo-
tional	consequences	of	ongoing	disease	activity	and	reduce	the	risk	
of future disability in this particularly vulnerable population. In ad-
dition to the efforts on the development and evaluation of newer 
anti-	CD20	therapies	in	POMS	our	data	underline	that	RTX	is	a	treat-
ment	strategy	with	an	excellent	risk–benefit	profile	in	pediatric	MS	
patients	at	risk	for	unfavorable	disease	outcomes.
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