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Abstract
Background and Objectives Nusinersen was approved as the first disease-modifying therapy in spinal muscular atrophy 
(SMA). Our aim was to analyse therapy-related changes in cerebrospinal fluid (CSF) and serum parameters of adult type 
2–3 SMA and to correlate biochemical data with motor functional status.
Methods Nine adult SMA type 2–3 patients and ten control subjects without neurodegenerative diseases were included in 
our single-centre study. Cross-sectional analysis of CSF routine parameters, CSF neurofilament light chain, CSF Tau, CSF 
phospho-Tau and serum creatinine was performed between SMA patients at baseline (T0) and control subjects. The above-
mentioned fluid parameters were longitudinally analysed in the SMA cohort after loading dose (T1) and after four mainte-
nance doses (T2, T3, T4, T5). Hammersmith Functional Motor Scale Expanded (HFMSE), Revised Upper Limb Module 
(RULM) and the 6-minute walking test (6MWT) were used to evaluate motor outcomes.
Results Improvements in HFMSE, RULM and 6MWT were observed only after the loading dose of nusinersen. No sig-
nificant differences in routine CSF parameters and CSF markers of neurodegeneration were found between SMA patients 
and control subjects. Serum creatinine levels were significantly lower in SMA patients than in control subjects. CSF/serum 
albumin ratio (Qalb) significantly increased from T0 to each time point, without any further increase after the maintenance 
doses. Persistent systemic oligoclonal bands (OCBs) were found in five patients from baseline. Three more patients developed 
persistent systemic OCBs from T1; one patient showed intrathecal OCBSs from baseline to T5. Markers of neurodegenera-
tion did not change during the follow-up and did not correlate with motor scores at baseline and at each timepoint. Serum 
creatinine levels significantly correlated with HFMSE and RULM at each time point.
Conclusions The increase of the Qalb values and the development of systemic OCBs in some SMA patients could be due to 
repeated lumbar puncture and to the immunogenic effect of nusinersen. On the other hand, the presence of OCBs in serum 
and/or CSF at baseline should be further investigated. Furthermore, biomarkers of neurodegeneration did not play a prog-
nostic role in our cohort of adult SMA patients.
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1 Introduction

Spinal muscular atrophy (SMA) is an autosomal, neuro-
degenerative disease caused by homozygous deletion or 
point mutation in gene survival motor neuron 1 (SMN1) 
on chromosome 5, which results in a reduction of fully 

functional SMN protein. The role of this protein is essen-
tial in neuronal and peripheral tissue development, and its 
absence leads prevalently to degeneration of lower motor 
neurons with progressive skeletal, bulbar and respiratory 
muscle weakness [1]. Most subjects retain the function of 
at least one copy of the paralogous gene SMN2, whose RNA 
transcripts could lead to the production of reduced levels 
of functional SMN protein, due to alternative splicing that 
excludes exon 7 of the protein SMN. A wide spectrum of 
clinical severity characterises the disease, which is classified 
according to age at onset and motor milestones achieved. 
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Key Points 

Nusinersen is the first disease-modifying therapy 
approved in spinal muscular atrophy. Robust biomarkers 
of treatment-response in adult SMA are still lacking.

In our cohort routine CSF parameters were normal 
except for blood–brain barrier dysfunction and systemic 
oligoclonal bands synthesis detected at the baseline and 
during treatment with nusinersen. Blood-brain barrier 
dysfunction and immunological impairment could reflect 
the systemic involvement beyond motor neurons that 
characterises SMA disease.

CSF neurofilament light chain, Tau and Ptau did not 
change during treatment with nusinersen.

SMA patients provided less robust results on the role of CSF 
neurofilament light chain (NFL) and Tau, probably due to 
the wide range of age of onset, long disease duration and 
highly variable phenotypic spectrum of disease [11–13]. 
Recent studies proposed amyloid peptide 1-42 [14] and prot-
eomics profile [15] as new promising biomarkers to evaluate 
treatment response in late-onset SMA patients.

We report a single-center study in a small cohort of adult 
SMA patients treated with nusinersen. The main aim was 
to gain further knowledge on changes in CSF and serum 
parameters during nusinersen treatment and to correlate 
biochemical data with clinical changes to find potential bio-
markers of treatment response.

2  Patients and Methods

2.1  Subjects

SMA patients referring to the regional center of motor neu-
ron diseases of the Department of Neurology at the Univer-
sity of Bari, Italy were included in the study. Patients were 
treated with nusinersen from October 2018 to January 2021. 
Inclusion criteria were: (1) age ≥ 18 years at the time of 
enrollment; (2) molecular confirmation of SMA by genetic 
testing; (3) SMA type 2 or 3, without limitation with regard 
to the age of onset or initial diagnosis; (4) willingness to 
pursue clinical treatment with nusinersen; (5) willingness 
and ability to participate in outcome measure assessments. 
Patients were informed in detail about the lumbar puncture 
and the potential need for imaging, with CT-scan, with sub-
sequent radiation exposure, due to spinal abnormalities. 
All patients gave written informed consent. The study was 
approved by the Interregional Independent Ethics Commit-
tee of Azienda Ospedaliero-Universitaria Policlinico Bari, 
Italy (N.6779).

Nusinersen was administered according to the standard 
protocol [16]. Before each intrathecal administration of 12 
mg/5 mL of the drug, 5 mL of CSF had been withdrawn at 
baseline (T0), at day 63 (T1) after the loading dose, and at 
each maintenance dose: day 180 (T2), day 300 (T3), day 420 
(T4) and day 540 (T5).

Patients were functionally rated as walkers, sitters and 
non-sitters as described elsewhere [17]. Clinical severity 
was evaluated by Hammersmith Functional Motor Scale 
Expanded (HFMSE), which consists of 33 items with a max-
imum of 66 points (higher scores indicating better function), 
and Revised Upper Limb Module for SMA (RULM), which 
includes 20 items with a maximum score of 37 (higher 
scores indicating better function). Although a recent study 
has questioned the validity of these scales in adult SMA 
patients [18], they were the most widely used motor scales 
in multicentre observational cohort studies of adult SMA 

The most severe phenotype is the type 0 SMA, with pre-
natal onset and death early after birth; the onset of type 1 
SMA (namely Werdnig Hoffman syndrome) is within the 
first months of life and the death occurs within 2 years; type 
2 and type 3 SMA (namely Kugelberg-Welander) usually 
display a highly variable phenotypic spectrum of disease, 
with life expectancy from infancy to adult age; finally type 
4 SMA shows mild motor symptoms starting in the adult 
age with a very slow evolution over time [2]. The sever-
ity of the clinical phenotypes correlates inversely with the 
number of SMN2 copies, with 0–1 copies of SMN2 in the 
most severe type 0, or more than 4 copies in the mildest type 
4 [1]. Nevertheless, this phenotype-genotype correlation is 
not absolute, as recent studies indicated that additional cel-
lular mechanisms (e.g., positive or negative disease modi-
fiers) may be involved in the modulation of SMA clinical 
severity [3, 4]. The antisense oligonucleotide nusinersen is 
the first disease-modifying drug approved for the treatment 
of children and adult SMA patients [5]. It binds the SMN2 
pre‐mRNA downstream of exon 7, leading to the translation 
of a fully functional SMN protein [6]. Nusinersen must be 
intrathecally (i.t) administered, due to its inability to cross 
the blood-brain barrier (BBB). The central nervous system 
(CNS) tissue is the primary site of action for nusinersen, 
while the plasma is just a site for the clearance of the drug 
and, to date, no biologically active sites for nusinersen have 
been reported within peripheral tissues [7]. Considering the 
high cost of nusinersen, as well as the compliance of the 
patients because of the intrathecal  administration, robust 
biomarkers of early treatment response are required to iden-
tify patients who could benefit from it. Although several 
studies showed the role of some cerebrospinal fluid (CSF) 
parameters as prognostic biomarkers in children with SMA 
type 1 treated with nusinersen [8–10], studies on late-onset 
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patients [13, 19–21]. Patients were defined as walkers if able 
to ambulate with or without walking aids and orthotics, for 
a distance ≥ 10 m [22]. The clinical outcome measure for 
SMA patients able to walk was assessed using the 6-minute 
walking test (6MWT) [23]. Clinical evaluation was per-
formed before the first administration (T0), at the loading 
dose (T1) and at each maintenance dose (T2, T3, T4, T5).

2.2  Cerebrospinal Fluid (CSF) and Serum Samples

CSF and serum samples were collected according to stand-
ardized procedures.

After collection, CSF routine analysis was immediately 
performed, including CSF cells count, CSF/serum glucose 
ratio and CSF/serum albumin ratio (Qalb). Normal Qalb val-
ues were considered as < 6.5 for patients aged 18–40 years, 
< 8.0 for patients aged 41–60 years and < 9.0 for patients 
over 60 years of age [24, 25]. Accordingly, Qalb was defined 
as pathological for values greater than or equal to the reported 
thresholds. IgG oligoclonal bands in CSF or serum were qual-
itatively investigated by isoelectric focusing on polyacryla-
mide gel followed by immunoblotting using an IgG-specific 
antibody staining. Patterns of OCBs were classified according 
to an International Consensus [26]. Quantitative intrathecal 
IgG synthesis was performed by CSF/serum quotient diagram 
with plots according to Reiber [27] and also calculated by IgG 
Link index [24]. For the analysis of biomarkers of neurode-
generation as NFL, Tau and phosphor-Tau (p-Tau), an aliquot 
of CSF was immediately centrifuged within 30 min of the 
collection and subdivided into smaller polypropylene tubes. 
Considering the high susceptibility of NFL to degradation by 
proteases [28], a protease inhibitor (AEBSF-4-2-aminoethyl 
benzenesulfonyl fluoride hydrochloride Sigma-Aldrich, St. 
Louis, MO, USA) was added to CSF for NFL assay. All ali-
quots were stored at − 80 °C until analysis. Commercially 
available ELISA kits were used for CSF NFL assay (ELISA 
test Uman Diagnostic AB; Umea, Sweden) (inter-assay vari-
ability coefficient < 9%) as previously reported [29–31]. A 
solid-phase enzyme immunoassay (Fujirebio Innotest, Gent 
Belgium) was used for CSF Tau, p-Tau, (Intra-assay CV% was 
< 5, inter-assay CV% was < 10) [31–33].

Creatinine levels were measured in serum samples. Kid-
ney function was systematically monitored with creatinine-
independent methods: no changes in cystatin C-calculated 
glomerular filtration rate were observed under nusinersen 
treatment.

2.3  Control Group

The control group included 12 patients without neurodegen-
erative or inflammatory neurological diseases (seven chronic 

migraines, five diabetic neuropathies) who underwent spi-
nal tap for CSF analysis included in their diagnostic work-
up. Routine blood tests and brain MRI were normal in all 
patients. Only one lumbar puncture was obtained from each 
patient. The control group was matched for sex and age with 
the SMA population (Table 1).

2.4  Statistical Analysis

Continuous variables were described as mean, standard devi-
ation (SD), median and range. Categorical variables were 
described with relative frequencies.

The Mann-Whitney and Fisher’s exact tests were 
assessed for comparisons between SMA patients and the 
control group; Wilcoxon matched-pairs signed-rank test 
was used for longitudinal studies in SMA patients. Corre-
lations between categorical demographic variables, motor 
outcome measures, CSF and serum parameters were inves-
tigated by point-biserial correlation coefficient or Spear-
man’s correlation as appropriate. Considering the explora-
tory aim of this study and the small sample size, statistical 
tests were not performed in each subgroup (e.g. sitter, non-
sitter, walker). Significance was set at a level of α ≤ 0.05. 
Statistical analysis was performed with the software IBM 
SPSS Statistics 22.

3  Results

3.1  Demographic and Clinical Features in Spinal 
Muscular Atrophy (SMA) Patients

Nine adult patients with SMA were included in the study: 
three patients were SMA type 2 and six SMA type 3. The 
genetic analysis detected three copies of SMN2 in seven 
patients and four copies in the remaining two. Demo-
graphic and clinical features are reported in Table 1. One 
SMA type 2 patient underwent spinal fusion surgery due 
to severe scoliosis. Two patients voluntarily dropped out 
during the follow-up: the first at T2 and the second one 
at T3.

Significant increases in both RULM and HFMSE were 
observed from T0 to each time point, respectively T1 (p 
= 0.026 and p = 0.039), T2 (p = 0.026 and p = 0.039), T3 
(p = 0.027 and p = 0.026), T4 (p = 0.048 and p = 0.042) 
and T5 (p = 0.048 and p = 0.042) (Fig. 1a, 1b) Conversely, 
no clinical improvements were found between intermediate 
time points (T1–T2, T2–T3, T3–T4 and T4–T5). In the two 
patients able to walk, 6MWT increased from baseline to 
T1 by 50 m in one patient and 5 m in the other one, and it 
remained stable at each other time point.
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3.2  CSF and Serum Findings

3.2.1  Cross‑Sectional Analysis Between SMA Patients 
and Control Subjects at Baseline

At T0 CSF white cells and CSF/serum glucose ratio were 
within the normal range. No significant differences in Qalb 
values were found between SMA patients and control sub-
jects (p = 0.602). One patient with SMA type 2 and two 
patients with SMA type 3 showed a BBB dysfunction, 
according to the above-mentioned cut-offs. Serum and cor-
responding CSF IgG oligoclonal bands (OCBs) (pattern 4) 
were found in four SMA patients, whereas intrathecal IgG 
OCBs associated with systemic OCBs (pattern 3) was found 
only in one SMA patient. In all control subjects, CSF and 
serum IgG pattern was normal. No differences in CSF NFL, 
Tau and p-Tau levels between SMA patients and the control 
group were found (p = 0.542, p = 0.157, p = 0.602, respec-
tively). Serum creatinine levels were lower in SMA patients 
compared to control subjects (p < 0.001).

3.2.2  Longitudinal Analysis in SMA Patients

Longitudinal CSF and serum parameters in SMA patients 
were reported in Table 2. No changes in CSF white cells 
and CSF/serum glucose ratio were detected in relation to 
treatment with nusinersen.

A significant increase of Qalb was observed from T0 to 
each time point, respectively T1 (p = 0.012), T2 (p = 0.007), 

T3 (p = 0.012), T4 (p = 0.018) and T5 (p = 0.02), but not 
between intermediate time points (T1–T2, T2–T3, T3–T4 
and T4–T5). Looking at Fig. 2, BBB dysfunction was con-
firmed after each administration of nusinersen in the three 
patients who exhibited this finding even at baseline, with an 
increase of Qalb values at T1 and T2 in one of them, and 
at T3 in the remaining two patients. One SMA 3 patient, 
with normal Qalb value at baseline, developed BBB damage 
from T1 to the drop out (T2). Of the remaining five patients 
with normal Qalb values at baseline, three patients showed 
a slight but not pathological increase of Qalb from T1 to 
T4. At the end of the follow-up, only three patients showed 
near-baseline values.

The pathological patterns of IgG OCBs found at the base-
line in five patients did not change during the longitudinal 
evaluation. Moreover, three more patients developed persis-
tent systemic OCBs from T1 to T5. IgG Link Index ranged 
from 0.4 to 0.5 in all SMA patients, without any significant 
changes during the follow-up.

No significant changes in CSF NFL, CSF Tau and CSF 
p-Tau and serum creatinine levels were detected during 
nusinersen treatment.

3.2.3  Correlation

CSF routine parameters and markers of neurodegeneration 
did not correlate with sex, age and disease duration and 
motor scales (see Online Supplementary Material (OSM) 
Tables S1 and S2). Interestingly, serum creatinine levels 

Table 1  Clinical and demographic features in SMA patients and control subjects

SMA spinal muscular atrophy, HFMSE Hammersmith Functional Motor Scale Expanded, RULM Revised Upper Limb Module
a Mann–Whitney U test: p = ns
b Fisher’s exact test p = ns

 Characteristic SMA patients, n = 9 Control subjects, n = 12

Age at treatment (years)
 Mean ± SD (median; range) 42.56 ± 14.37 (41; 18–72)a 46.7 ± 2.45 (47; 42–50)a

Age at onset (years)
 Mean ± SD (median; range) 6.89 ± 5.93 (3; 1–16) -

Sex (M/F)
 M (%)

6/3b

66.7%
8/4b

66.7%
Age at onset (years)
 Mean ± SD (median; range) 6.89 ± 5.93 (3; 1–16) -

Non sitters/Sitters/Walkers (%) 33%/44%/23% -
Disease duration at treatment (years)
 Mean ± SD (median; range) 35.89 ± 14.85 (36; 4–62) -

HFMSE at baseline
 Mean ± SD (median; range) 14.78 ± 20.88 (7; 0–61) -

RULM at baseline
 Mean ± SD (median; range) 17.6 ± 13.9 (15; 0–37) -
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correlated with HFMSE (Spearman’s correlation coeffi-
cient rs = 0.702; p = 0.035) and RULM (rs = 0.799; p = 
0.001) both at baseline and at each time point (p < 0.05 
with a rs ranging from 0.707 to 0.827 regarding HFMSE and 
from 0.752 to 0.836 regarding RULM) (see OSM Table S2). 
Changes in motor scales between T0 and each time point did 
not correlate with changes in CSF biomarker of neurodegen-
eration and serum creatinine (see OSM Table S3).

4  Discussion

In our small cohort of adult SMA patients, clinical motor 
improvements were found only after the loading dose 
of nusinersen. As opposed to previous studies [20, 34], 
we failed to detect further clinical ameliorations during 
the maintenance doses, which could be related to several 
issues. First, the small sample size of our cohort, which, 

moreover, was phenotypically heterogenous, could have 
reduced the power of our statistical analysis. On the other 
hand, the motor scales used may have underestimated the 
clinical improvements in weaker patients (‘floor effect’) and 
stronger patients (‘ceiling effect’), as suggested by Vázquez-
Costa et al. [18]. Therefore, new outcome measures should 
probably be developed and/or validated in a larger cohort of 
adult SMA patients or at least different motor scales should 
be used after stratifying patients according to the functional 
subgroups (non-sitters, sitters, walkers) [18]. Nevertheless, 
albeit minimal, in our patients the clinical improvement 
remained stable after 18 months of follow-up.

The main results of the present study were the abnor-
malities found in CSF and serum parameters of adult SMA 
patients both at baseline and during nusinersen treatment. 
Focusing on Qalb, the BBB damage was already detected in 
three SMA patients at baseline. As reported in previous stud-
ies [35, 36], this finding might reflect a CSF flow dysfunc-
tion related to spinal stenosis or scoliosis, commonly found 
in patients with SMA. More interestingly, we found a slight 
but significant increase of Qalb already detectable after the 
loading dose of nusinersen in seven out of nine patients, 
independently from the baseline value. As suggested by pre-
vious studies [35, 36], this finding may be explained by the 
repeated lumbar punctures. We agree with previous studies 
that suggested routinely monitoring albumin CSF/serum 
ratio as a security marker of CSF flow dysfunction at each 
administration of nusinersen [12, 35].

Another interesting finding in our adult SMA patients 
was the evidence of an immunological involvement. Five 
patients showed the presence of systemic OCBs and one of 
them had associated intrathecal OCBs, already present at 
baseline. Wurster et al. reported the presence of intrathecal 
OCBs at baseline in only two out of 63 SMA patients, while 
systemic OCBs were not found [35]. On the contrary, sys-
temic OCBs were detected at baseline in one out of 10 SMA 
patients [15]. The multi-system nature of SMA pathogen-
esis has been demonstrated in several previous studies [37, 
38]. Specifically, immunological abnormalities have been 
observed in the spleens of patients and mouse models of 
SMA, including reduced size and number of lymphocytes, 
and increased levels of megakaryocytes [39]. Simultane-
ous systemic inflammation has been noted in a severe SMA 
mouse model with increased expression of proinflamma-
tory cytokines in all tissues and activation of the proteins 
of acute phase response in the liver [40, 41]. Although the 
presence of systemic OCBs is a non-specific and ambigu-
ous finding, it reflects the occurrence of a humoral response 
towards hetero- or autoantigens [42]. For the first time, the 
intrathecal administration of nusinersen in SMA provides 
the opportunity to explore biological compartments oth-
erwise not investigated, since the diagnosis is prevalently 
based on genetic testing, the collection of data in larger case 

Fig. 1  a Longitudinal values of Hammersmith Functional Motor 
Scale Expanded (HFMSE). b Longitudinal values of Revised Upper 
Limb Module (RULM)
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series from multicentre studies could allow us to understand 
if some findings, such as the presence of OCB, are linked 
to the pathogenesis of the disease, or instead to a case. 
Undoubtedly, gathering data in larger case series from mul-
ticentre studies could allow us to understand whether some 
findings, such as the presence of OCBs, are related to the 
pathogenesis of the disease, or to chance. More interestingly, 
we found the development of systemic OCBs during treat-
ment in three more patients. Previous studies reported the 
occurrence of transient positive OCBs in CSF during treat-
ment with nusinersen and the authors speculated that this 
finding could be due to the immunogenic role of ASOs [15, 
35]. On the other hand, two studies described unusual inclu-
sions in CSF macrophages called ‘nusinophages’. Gingele 
et al. [43] hypothesized that these granular inclusions could 
contain nusinersen, while Miranda et al. [44] suggested that 
the vacuoles and inclusions are due to macrophage activation 

and cytokine accumulation. Immunostimulatory effects have 
been previously associated with a large number of ASOs 
through different mechanisms: the base-pair sequence and 
the backbone chemistry of these drugs are recognized by 
nucleic acid-sensing TLR receptors inducing a drug-spe-
cific immune response [45]; moreover, ASOs directly act 
on lymphoid cells causing them to produce proinflamma-
tory cytokines, such as TNF-α and interferon-γ, and conse-
quently, IgG and IgM against auto- and hetero-antigens [46]. 
Based on this evidences, we could speculate that systemic 
OCBs developing during nusinersen treatment reflects anti-
drug antibody (ADA) production [47], or it could mirror the 
proinflammatory effects of this drug on immune system [46]. 
To explain the action of immune system in SMA, the future 
direction should be to characterize the IgG OCBs bands 
during nusinersen treatment, to investigate other markers 
of systemic immune activation, and to identify the possible 

Table 2  CSF and serum findings in SMA patients (from baseline to each time point) and control subjects

SMA spinal muscular atrophy, CSF cerebrospinal fluid, Qalb CSF/serum albumin ratio, BBB blood–brain–barrier, OCB oligoclonal bands, NFL 
neurofilament light chain, p-Tau phospho-Tau
a One out of four patients with BBB dysfunction dropped out
b Two out of four patients with BBB dysfunction dropped out
c One patient with systemic oligoclonal bands dropped out

 Subject group White cells/µL
(median; 
range)

Qalb 
mean ± SD 
(median; 
range)
[n. patients 
with BBB 
dysfunction]

Systemic 
OCB
n. patients

Intrathecal 
OCB
n. patients

CSF NFL, 
pg/ml
mean ± SD 
(median; 
range)

CSF Tau, pg/
ml 
mean ± SD
(median; 
range)

CSF p-Tau, 
pg/ml
mean ± SD 
(median; 
range)

Serum creati-
nine, mg/dl
mean ± SD 
(median; range)

SMA patients
T0 (9)

1
(0–4)

5.5 ± 2.5
(4; 3.3–10.1)
[n. 3]

n. 4 n. 1 501.38 ± 
116.40

(486; 
343–695)

176.1 ± 78.4 
(189.5; 
70–276)

34.5 ± 16.3
(40; 16–57)

0.22 ± 0.08
(0.18; 

0.14–0.41)

SMA patients
T1 (9)

1
(0–2)

6.5 ± 2.9
(4.6; 3.4–10.5)
[n. 4]

n. 7 n. 1 512.25 ± 
153.76

(540; 
317–813)

166.5 ± 84.4
(144; 73–276)

37.8 ± 20.1
(33.5; 16–64)

0.24 ± 0.11
(0.17; 

0.14–0.41)

SMA patients
T2 (9)

1
(0–3)

6.9 ± 3.2
(5.6; 4–11.3)
[n. 4]

n. 7 n. 1 417.88 ± 
128.97

(420; 
185–601)

167.6 ± 90.4
(173; 68–305)

31.9 ± 13.5
(33; 16–57)

0.24 ± 0.15
(0.17; 

0.14–0.61)

SMA patients
T3 (8)

1
(0–2)

7.1 ± 3.2
(5.6; 3.9–11.7)
[n.  3]a

n. 7 n. 1 446.26 ± 
227.72 
(393.6; 
192–920)

165.7 ± 73.9
(171.5; 

81–264)

31.6 ± 19.4
(25; 16–64)

0.29 ± 0.17
(0.24; 

0.15–0.66)

SMA patients
T4 (7)

2
(1–4)

6.6 ± 2.8
(5.6; 4–12.1)
[n.  2]b

n.  6c n. 1 423 ± 152
(457; 

218–644)

177.3 ± 59.9
(179; 84–240)

37.7 ± 12.2
(43; 16–48)

0.25 ± 0.16
(0.18; 

0.14–0.57)
SMA patients
T5 (7)

1
(0–3)

6.2 ± 3.45
(4.9; 3.4–13.1)
[n.  2]b

n.  6c n. 1 440 ± 252
(361; 

160–957)

151.6 ± 53.3
(158; 67- 218)

39.3 ±14
(42; 16–53)

0.24 ±0.17
(0.18; 

0.15–0.55)
Control sub-

jects
(12)

1;
(0–2)

5.9 ± 2.3
(5.6; 3.2–10.4)
[sn. 2]

n. 0 n. 0 481.58 ± 90
(434.5; 

385–628)

125.8 ± 56.9
(120; 53–229)

33.5 ± 14.4
(33; 15–58)

0.88 ± 0.15
(0,94; 

0,59–1,05)
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development of ADA that could influence the efficacy of 
nusinersen.

This study does not provide evidence of any sensitive 
and specific CSF biomarker of efficacy of nusinersen in 
our cohort. Similar to previous studies carried out in adult 
SMA patients, NFL, Tau and p-Tau in the CSF were simi-
lar to age-matched controls [11, 12]. In our adult SMA 
cohort we did not found changes in biomarkers, probably 
because the analysis has already been performed when 
the neurodegeneration process is completed, different to 
in paediatric SMA where this is ongoing [8, 9]. Further-
more, levels of CSF biomarkers did not change in relation 
to treatment with nusinersen or correlated with changes in 
motor scales. Again, this is in contrast to paediatric SMA 
patients, where the decrease of CSF NFL and Tau was 
more rapid under nusinersen therapy [8] and correlated 
with improvements in motor function [9]. These latter 
findings led to the proposal of the above-mentioned CSF 
parameters as potential biomarkers of treatment response 
in children with SMA type 1–2. To date, only two stud-
ies in adult SMA patients found a significant decrease of 
markers of neurodegeneration during nusinersen treatment 
[11, 34]. The longer disease duration (35.89 years com-
pared to 20 [11] and 19.75 [34]) and the worse motor func-
tional status of our cohort could explain the discrepancy 
with the reported studies.

In line with recent literature data [48], serum creatinine 
levels were remarkably lower in SMA patients compared to 
control subjects, and correlated with the disease duration 
and motor clinical scales, confirming the role of this serum 
parameter as biomarkers of disease severity. However, our 
study failed to find changes in serum creatinine levels in 
relation to nusinersen treatment. The lack of longitudinal 

changes in creatinine levels may depend on the small sample 
size as well as the short follow-up of our cohort to detect 
increases in serum creatinine levels since it reflects an ame-
lioration of muscle mass. Additionally, it needs to be taken 
into account that serum creatinine levels could be influenced 
by several variables such as body mass index and hydration 
status. Future studies should evaluate the role of this serum 
biomarker in a prospective design after correcting creatinine 
levels for all known influencing factors.

Although noteworthy, our study is not without limita-
tions: Considering the low prevalence of adult SMA patients 
eligible for nusinersen treatment, the monocentric nature 
of our study led to the enrolment of a limited number of 
patients. Larger multicentre patient cohorts are needed to 
confirm our findings.

5  Conclusion

Our study suggested that the development of BBB dysfunc-
tion and both systemic and intrathecal OCBs in some SMA 
patients could be due to repeated lumbar puncture and the 
immunogenic effect of nusinersen. Furthermore, biomarkers 
of neurodegeneration did not play a prognostic role in our 
cohort of adult SMA patients.
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