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ABSTRACT
This study characterizes movement disorders and treatment responses in seven children with Aicardi–Goutières syndrome 
(AGS). We retrospectively evaluated motor phenotypes, neuroimaging, and interferon signatures in patients treated with ba-
ricitinib or anifrolumab. Spasticity affected all patients, while dystonia was present in 4/7. GMFCS levels ranged from I to V. 
Following immunomodulation, interferon signatures normalized in 6/7 of patients, and 6/7 showed clinical stabilization or 
improvement, with no further regression events. These findings indicate that targeted therapy was associated with reduced sys-
temic inflammation and stabilized disease. However, motor outcomes varied, suggesting that established CNS injury may limit 
functional recovery despite a biochemical response.

1   |   Introduction

Aicardi Goutières syndrome (AGS) comprises a group of mono-
genic disorders characterized by chronic activation of the type 
I interferon pathway. AGS-associated genes include TREX1, 
RNASEH2A/B/C, SAMHD1, ADAR, IFIH1, RNU7-1, and LSM11 
[1, 2]. AGS presents with early-onset encephalopathy, mixed 
movement disorders, cognitive disability, epilepsy, recurrent 
fevers, and neuroimaging abnormalities including intracra-
nial calcifications [1, 3]. Despite these characteristic features, 
genotype–phenotype correlations show remarkable variabil-
ity, even between identical genotypes [4, 5]. Because of this 
phenotypic overlap and the rarity of AGS, affected individuals 

may be misdiagnosed as having cerebral palsy or hereditary 
spastic paraplegia [6]. With the increasing availability of tar-
geted immunomodulatory therapies, movement disorder spe-
cialists must consider AGS early in the differential diagnosis, as 
timely treatment initiation may prevent or ameliorate long-term 
neurological disability.

JAK inhibitors and anifrolumab have emerged as a potential 
disease-modifying approach in type I interferonopathies, with 
small cohorts reporting favorable systemic outcomes. Baricitinib 
is an oral Janus kinase (JAK) 1/2 inhibitor that blocks down-
stream intracellular signaling of type I interferons and other 
inflammatory cytokines [7, 8]. Anifrolumab is a monoclonal 
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antibody that directly antagonizes the type I interferon receptor 
(IFNAR), providing potent, targeted suppression [9]. Seminal 
multicenter studies have established the safety and systemic ef-
ficacy of JAK inhibitors in large pediatric AGS cohorts, demon-
strating substantial improvements in systemic inflammatory 
markers; however, neurological and movement-related benefits 
remain variable and incompletely defined [7, 8]. In addition, an-
ifrolumab use in AGS patients has not been described.

We characterize movement and motor disorder phenotypes in 
seven patients with AGS, describe their response to immuno-
modulation, and explore genotype–phenotype relationships. We 
hypothesized that while targeted therapy effectively reduces 
systemic interferon signatures, motor outcomes remain hetero-
geneous and are primarily dependent on the extent of baseline 
neurological injury.

2   |   Methods

Following informed consent (Boston Children's Hospital IRB 
#P00033016), we reviewed seven cases of genetically confirmed 
AGS. We assessed longitudinal changes in motor phenotype, 
neuroimaging, treatments (baricitinib, anifrolumab), CSF ne-
opterin, and adverse events. Interferon scores reflect CD169 
expression on monocytes via flow cytometry through testing at 
Cincinnati Children's Hospital or at Boston Children's Hospital 
[10]. Prior to initiating JAK inhibitors, patients underwent eval-
uation for latent infections, including polymerase chain reaction 
(PCR) evaluations for Epstein–Barr virus (EBV), cytomegalovi-
rus (CMV), and human herpesvirus 6 (HHV6). In addition, pre-
treatment evaluation was performed for infection with hepatitis 
B, hepatitis C, herpes simplex virus (HSV), human immunode-
ficiency virus (HSV), or mycobacterium tuberculosis. During 
treatment, BK virus levels in the urine and blood were regularly 
monitored, and other viral PCRs were tracked longitudinally as 
clinically indicated.

3   |   Results

3.1   |   Demographic and Molecular Spectrum

Seven patients with a median age of 10 years (range: 
22 months–13 years) were included. Genotypes comprised 
RNASEH2B (n = 4), ADAR (n = 1), TREX1 (n = 1), and IFIH1 
(n = 1) (Table  1). Median age at onset was 3.6 months (range 
0–1.25 years) and median age at diagnosis was 1.7 years (range 
0.2–10.25 years). Mean diagnostic delay was 3.15 years (range 
0.2–9.25 years).

3.2   |   Movement Disorders and Neurological 
Features

Movement and motor disorders were categorized into isolated 
and mixed phenomenologies. Spasticity was universal through-
out the cohort (7/7). Isolated spasticity occurred in three pa-
tients (RNASEH2B (n = 2), IFIH1 (n = 1)). A mixed movement 
disorder characterized by concurrent spasticity and dystonia 
was present in four patients (ADAR (n = 1), RNASEH2B (n = 2), 

TREX1 (n = 1)). Three patients had spastic tetraparesis (e.g., 
Patient 1, Video S1), three had spastic paraparesis (e.g., Patient 
2, Video  S2), and one had mild unilateral leg spasticity and 
weakness (Patient 3, Video S3). Axial hypotonia with appen-
dicular hypertonia affected 6/7. Three patients had generalized 
dystonia (Patient 4, Video  S4), one (Patient 5, Video  S5) had 
focal lower-extremity dystonia that progressed to generalized 
involvement of the limbs, jaw, and neck, and three patients 
did not experience dystonia (Figure 1A). Pyramidal signs in-
cluded hyperreflexia (6/7) and ankle clonus (6/7). Fine motor 
impairment was present in all patients, ranging from severe 
limitations with minimal hand use to mild impairments 
with preserved self-feeding abilities. Dysarthria or phonatory 
dysfunction occurred in 5/7, including two nonverbal pa-
tients. Seizures occurred in 4/7 patients and microcephaly in 
5/7 patients (z-score range: −2.71 to −2.29).

3.3   |   Functional Severity

Three patients were non-ambulatory with minimal head and 
trunk control (GMFCS V). Two individuals were wheelchair-
dependent but retained partial truncal control (GMFCS IV), 
and one was ambulatory with limitations (GMFCS II). One had 
nearly age-appropriate mobility (GMFCS I). Ambulatory pa-
tients commonly exhibited toe-walking or spastic gait.

3.4   |   Neuroimaging Findings

Neuroimaging demonstrated white matter signal and volume 
abnormalities and basal ganglia calcifications in 6/7 patients. 
Imaging findings remained stable in 5/7. One patient developed 
progressive cerebral volume loss despite treatment. Another pa-
tient, who presented with multiple early strokes, had no addi-
tional infarcts over 8.5 years of baricitinib therapy (Figure S1).

3.5   |   Response to Immunomodulation

All patients received weight-adjusted baricitinib (2–8 mg daily 
in divided doses), with treatment durations ranging from 
7 months to 8.5 years. Three patients transitioned to anifrolumab 
(5.5 mg/kg monthly) because of persistently elevated interferon 
signatures or treatment-limiting side effects. Interferon signa-
tures normalized in 6/7 patients: four on baricitinib and two on 
anifrolumab. One patient demonstrated persistently elevated 
interferon scores 6 months after baricitinib initiation; however, 
concurrent persistent EBV viremia may have contributed to 
the elevated levels. CSF neopterin was elevated in most tested 
patients prior to immunomodulation (3/4). Repeat CSF testing 
after treatment initiation was not performed. Four patients (4/7) 
experienced pre-treatment episodes of developmental regres-
sion. No further acute regression events occurred after initiation 
of immunomodulatory therapy (Figure 1B).

Most patients (6/7) on immunomodulatory therapy had disease 
stabilization and no further regression events after treatment 
initiation. Patient 3 (RNASEH2B-related AGS) displayed reso-
lution of chilblains and preservation of age-appropriate devel-
opment (GMFCS I) with interferon normalization. Patient 6 
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(RNASEH2B-related AGS), who had multiple early cerebral in-
farcts prior to treatment, had no further strokes or stroke-like 
episodes over more than 8 years of baricitinib and contin-
ued cognitive gains with interferon normalization. Patient 1 
(RNASEH2B-related AGS) had improved alertness, disease 
stabilization, and interferon score normalization. Patient 4 
(RNASEH2B-related AGS) showed improved engagement and 
vocalizations, along with disease stabilization and interferon 
signature normalization. Patient 2 (IFIH1-related AGS) re-
mained clinically stable despite a persistently elevated inter-
feron score. Patient 7 (TREX1-related AGS) had a mixed course: 
dystonia initially improved on baricitinib, which occurred 
concurrently with interferon signature normalization on a 
high dose of 2 mg QID. Despite the early motor response, cere-
bral volume loss progressed, and the patient developed severe 
side effects, prompting a transition to anifrolumab. The inter-
feron signature has remained normal on anifrolumab for the 
3 months since initiation with some improvement in irritability 
and autonomic instability.

One patient demonstrated clinical progression despite partial 
biochemical response. Patient 5 (ADAR-related AGS) had de-
velopmental regression episodes prior to baricitinib that did not 
recur after treatment initiation; however, spasticity and dysto-
nia worsened over 3 years despite dose escalation and improve-
ment (though not normalization) of interferon signature. After 
switching to anifrolumab, the interferon signature normalized, 
and while disease progression slowed, dystonia and functional 
status (GMFCS V) remained unchanged.

Adverse reactions to baricitinib included thrombocytosis (2/7), 
anemia (3/7), hyperlipidemia (2/7), elevated creatine kinase 
(4/7), and weight gain (2/7). These side effects were treatment-
limiting in three patients and led to transition to anifrolumab. 
Anifrolumab was well tolerated, with no major adverse events 
reported. All 3 patients on anifrolumab were able to reduce the 
dose of baricitinib (2/3) or stop baricitinib (1/3) and maintain 
normalized interferon signature and clinical stability.

3.6   |   Notable Individual Cases

Two patients sharing the RNASEH2B p.Ala177Thr homozygous 
variant (Patients 1 and 3) had markedly different clinical tra-
jectories. Patient 1 developed severe encephalopathy in early 
infancy (onset 4 months) with developmental plateau, mixed 
hypertonia, and extensive basal ganglia calcifications, and re-
mains profoundly impaired (GMFCS V) despite baricitinib ini-
tiation at age 2. In contrast, Patient 3, who had microcephaly 
at birth, was milder at baseline and followed a milder course 
(onset 2 years). After starting baricitinib at 2.5 years, he main-
tains age-appropriate development with independent ambula-
tion (GMFCS I).

4   |   Discussion

This case series refines the characterization of movement 
disorders in AGS and highlights both the potential and lim-
itations of immunomodulatory treatment. Spasticity was a 
universal feature (7/7) yet has been infrequently quantified in V

ar
ia

bl
e

P
t 1

P
t 2

P
t 3

P
t 4

P
t 5

P
t 6

P
t 7

Tr
ea

tm
en

t 
D

is
co

nt
in

ue
d 

or
 

W
ea

n

N
o

N
o

N
o

Tr
an

si
tio

n 
fr

om
 

ba
ri

ci
tin

ib
 to

 a
ni

fr
ol

um
ab

 
du

e 
to

 p
er

si
st

en
tly

 
el

ev
at

ed
 IF

N
 a

nd
 

co
nc

er
n 

fo
r n

eu
ro

lo
gi

ca
l 

pr
og

re
ss

io
n.

Tr
an

si
tio

n 
fr

om
 

ba
ri

ci
tin

ib
 to

 
an

ifr
ol

um
ab

 d
ue

 
to

 p
er

si
st

en
tly

 
el

ev
at

ed
 IF

N
 

an
d 

co
nc

er
n 

fo
r 

ne
ur

ol
og

ic
al

 
pr

og
re

ss
io

n.

N
o

Tr
an

si
tio

n 
fr

om
 

ba
ri

ci
tin

ib
 to

 
an

ifr
ol

um
ab

 d
ue

 
to

 p
er

si
st

en
tly

 
el

ev
at

ed
 IF

N
, 

an
em

ia
 a

nd
 

co
nc

er
n 

fo
r 

ne
ur

ol
og

ic
al

 
pr

og
re

ss
io

n.

T
A

B
L

E
 1

    
|    


(C

on
tin

ue
d)

 23289503, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acn3.70407 by B

oston C
hildren'S H

ospital, W
iley O

nline L
ibrary on [11/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



7Annals of Clinical and Translational Neurology, 2026

prior literature. Our findings underscore spasticity as a prin-
cipal contributor to disability in AGS, with half of patients 
demonstrating lower extremity–predominant involvement 
and more than one third exhibiting spastic tetraparesis, closely 
mirroring published rates [11].

Extending beyond spasticity, dystonia was also prominent, af-
fecting approximately two-thirds of patients (4/7), with a broad 
range of severity and progression. Mixed axial hypotonia with 
peripheral hypertonia (6/7) aligns with the largest published 
series (n = 167), in which dystonia and axial hypotonia were re-
ported in 73.7% and 86.8% of patients, respectively [11].

The discordance between interferon normalization and clinical 
response echoes published experience with JAK inhibition in 
AGS [7, 8]. Although most patients in our cohort showed nor-
malization of interferon signaling, only a subset experienced 
meaningful gains in dystonia or motor function. These obser-
vations support the potential limitations with interferon signal-
ing inhibition. Limited clinical responses despite biochemical 

normalization may relate to poor central nervous system pen-
etrance, particularly for large monoclonal antibodies like an-
ifrolumab. However, another important limitation is the efficacy 
of interferon inhibition in the setting of established CNS injury, 
irreversible basal ganglia damage acquired before treatment. 
While the natural history trajectories in AGS include sponta-
neous disease stabilization, this timeline is variable and early 
targeted therapy is likely advantageous and can potentially pre-
vent further irreversible injury and accumulation of motor defi-
cits (e.g., Patient 5; see Appendix S1).

The striking severity difference between the two RNASEH2B 
p.Ala177Thr homozygous patients highlights the heteroge-
neity of AGS and the limited prognostic value of genotype 
alone [5, 12]. Despite relatively early intervention in both, dif-
ferences in baseline CNS injury likely shaped long-term out-
comes, emphasizing the limitations posed by the contribution 
of prenatal injury in some patients as well as the need for early 
recognition and treatment before further irreversible injury 
may occur.

FIGURE 1    |    Movement disorder phenotypes and clinical course in pediatric type I interferonopathies. (A) Distribution of motor phenotypes in the 
study cohort (n = 7). Spasticity was the predominant feature (7/7), presenting as spastic para- or tetra- or, in one case, mild unilateral leg spasticity. 
Dystonia was present in 4/7 of patients, ranging from focal to generalized forms. (B) Clinical timelines and treatment history stratified by genotype. 
Horizontal bars represent the duration of immunomodulation with baricitinib (blue) or anifrolumab (red). Markers indicate key clinical events: 
Symptom onset (black circles), molecular diagnosis (purple square), acute developmental regression (orange diamonds), and time point of interferon 
signature normalization (green triangles). The dashed horizontal gray line represents the documented period of neurological stability following the 
initiation of effective immunomodulatory therapy. Note the absence of new regression events following treatment initiation.

 23289503, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acn3.70407 by B

oston C
hildren'S H

ospital, W
iley O

nline L
ibrary on [11/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



8 Annals of Clinical and Translational Neurology, 2026

Three patients transitioned to anifrolumab, a type I interferon 
receptor–blocking antibody that achieves robust interferon sup-
pression in other interferonopathies, although AGS-specific 
data are limited [9]. Interferon normalization was achieved in 
two patients and was successfully maintained in one patient de-
spite reductions in baricitinib dose, suggesting potential utility 
for individuals with persistent interferon activation or intoler-
ance to JAK inhibition.

Regular peripheral interferon monitoring can guide decision 
making, particularly after dose adjustments. JAK inhibitors re-
main first-line given their established safety profile, while tran-
sition to anifrolumab is indicated for treatment-limiting adverse 
events or inadequate interferon suppression despite optimized 
dosing. The necessary duration of interferon suppression in AGS 
patients has not yet been defined, but at this time we consider 
treatment to be lifelong, as it has been observed that abrupt dis-
continuation can lead to neurological worsening [13]. Any nec-
essary dose reductions should be gradual and accompanied by 
interferon signaling monitoring.

Limitations include the small retrospective cohort, variable 
treatment timing, and the lack of standardized goal-setting 
frameworks or objective neuropsychological assessments to for-
mally quantify the pre-treatment disease burden and subsequent 
cognitive trajectories. Nevertheless, this detailed longitudinal 
phenotyping adds granularity to the emerging AGS literature. 
Overall, our findings suggest that interferon suppression may 
be associated with disease stabilization, though the disconnect 
between biochemical and motor responses suggests that factors 
beyond systemic interferon suppression, such as the timing of 
intervention and baseline CNS injury, critically shape motor out-
comes. However, given the heterogeneity of AGS, distinguishing 
true therapeutic stabilization from the natural history of milder 
phenotypes remains challenging. Early genetic diagnosis and 
initiation of targeted therapy are still thought to be important 
clinically, and larger prospective studies are needed to define 
predictors of motor response and optimize treatment strategies.
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Supporting Information

Additional supporting information can be found online in the 
Supporting Information section. Appendix S1: Clinical Vignettes. 
Figure S1: Neuroimaging findings in pediatric type I interferonopa-
thies. (A) Axial CT image of Patient 1 with RNASEH2B-related AGS 
at 2 years 8 months (top) demonstrating basal ganglia and periventric-
ular calcifications and axial T2/FLAIR MRI at 3 years 4 months (bot-
tom) showing hypomyelination/demyelination in the subcortical white 
matter of the frontal lobes and periatrial regions with mild thinning 
of the corpus callosum; both studies were obtained during baricitinib 
treatment. (B) Axial T2/FLAIR MRI image of Patient 5 with ADAR-
related AGS at 10 years 3 months (top) showing atrophy and abnormal 
signal of the putamina and caudate nuclei, scattered subcortical white 
matter T2 hyperintensities, and mild sulcal enlargement. Axial SWI im-
ages demonstrates basal ganglia calcifications. Imaging was obtained 
prior to baricitinib initiation. Video S1: Patient 1: A 5-year-old girl with 
homozygous RNASEH2B (NM_024570.4:c.529G>A;p.Ala177Thr) vari-
ants. The video, obtained at the last follow-up (age 5 years), demonstrates 
axial hypotonia and weakness with appendicular spasticity, and wheel-
chair dependence (GMFCS level V). Video S2: Patient 2: A 13-year-old 
girl with a heterozygous de novo IFIH1 (NM_022168.4:c.2336G>A; 
p.Arg779His) variant. The video, obtained at the last follow-up 
(age 13 years), demonstrates mild bilateral lower-extremity “pre-
dominant spasticity and mildly impaired gait” (GMFCS level II). 
Video S3: Patient 3: A 3-year-old boy with homozygous RNASEH2B 
(NM_024570.4:c.529G>A; p.Ala177Thr) variants. The video, obtained 
at the last follow-up (age 3 years), demonstrates independent ambulation 
(GMFCS level I) with a mild right-predominant spastic gait. Video S4: 
Patient 4: A 10-year-old girl with compound heterozygous RNASEH2B 
variants (NM_024570.4:c.428_434delAGGAAAA; p.Glu144ValfsTer5 
/ NM_024570.4:c.529G>A; p.Ala177Thr). The video, obtained at the 
last follow-up (age 10 years), demonstrates axial hypotonia, appendic-
ular spasticity, and generalized dystonia, with wheelchair dependence 
(GMFCS level IV). Video S5: Patient 5: A 13-year-old boy with com-
pound heterozygous ADAR variants (NM_015841.4:c.164C>T; p.Pro-
55Leu/NM_015841.4:c.3223A>T; p.Lys1075Ter). The video, obtained 
at the last follow-up (age 13 years), demonstrates prominent cervical 
dystonia, action-induced upper-limb dystonia, intermittent oroman-
dibular dystonia, and lower-limb spasticity. The patient is wheelchair-
dependent (GMFCS level V), with impaired fine motor skills and severe 
dysarthria. 
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