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Abstract

Objective: To investigate whether neurofilament light polypeptide (NfL) level in cerebrospinal
fluid (CSF), currently a prognostic biomarker of neurodegeneration in patients with multiple
sclerosis (MS), may be a potential biomarker of cognitive dysfunction in MS.

Methods: This observational case—control study included patients with MS. CSF levels of NfL
were determined using enzyme-linked immunosorbent assay. Cognitive function was measured
with the Brief International Cognitive Assessment for MS (BICAMS) battery and Paced Auditory
Serial Addition Test (PASAT3), standardized to the Greek population.

Results: Of 39 patients enrolled (aged 42.7 4 13.6 years), 36% were classified as cognitively
impaired according to BICAMS z-scores (—0.34 4 I.13). Relapsing MS was significantly better
than progressive forms regarding BICAMS z-score (mean difference [MD] 1.39; 95% confidence
interval [ClI] 0.54, 2.24), Symbol Digit Modality Test score (MD 1.73; 95% CIl 0.46, 3.0) and Greek
Verbal Learning Test (MD 1.77; 95% CI 0.82, 2.72). An inversely proportional association between
CSF NfL levels and BICAMS z-scores was found in progressive forms of MS (r, =-0.944).
Conclusions: This study provides preliminary evidence for an association between CSF NfL
levels and cognition in progressive forms of MS, which requires validation in larger samples.
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Introduction

Cognitive impairment in patients with mul-
tiple sclerosis (MS) has received little atten-
tion previously, as diagnosis can be
challenging in the usual clinical setting.'*
Around 40-70% of patients with MS have
cognitive dysfunction to some degree, even
from the earliest stages of the disease.”®
Cognitive dysfunction in MS has been asso-
ciated with both white matter (demyelinated
lesions, normal appearing white matter) and
grey matter (cerebral cortex, deep nuclei),
with white matter loss being associated
with defects in mental processing speed and
working memory, and grey matter atrophy
being related to defects in verbal memory.’
Neurofilaments represent important com-
ponents of the axonal cytoskeleton, main-
taining  morphological integrity and
preserving speed and fidelity of the nerve
stimuli. Neurofilament-light (NfL) chains
are the ‘backbone’ to which neurofilament
heavy (NfH) and neurofilament medium
(NfM) chains copolymerise to form neuro-
filaments. There are a large number of phos-
phorylation sites for numerous kinases in the
tail regions of NfM and NfH. The downre-
gulation of NfL polypeptide-coding mRNA
leads to phosphorylation or metabolism
defects, common to many neurodegenerative
disorders.®® The disorganised neurofila-
ments provoke selective degeneration and
interference with axonal transport'® leading
to axonal loss and subsequent release of cel-
lular debris in the extracellular space.'""'* To
date, cerebrospinal fluid (CSF) NfL levels
have been used as a biomarker of neurode-
generation in many conditions®'° and
recent studies suggest significant validity of

blood NfL quantification using the Simoa
platform  (ultrasensitive  single-molecule
array serum immunoassay)."

Therapeutic interventions for cognitive
dysfunction in MS include cognitive-
counselling therapy, appropriate drug ther-
apy and cognitive rehabilitation.'*!?
Cognitive rehabilitation involves techniques
that help the patient to better manage their
deficits or to preserve cognitive reserve.'®
The fact that there are available treatments
underlines the need for clinical vigilance,
and thus, adding a cognitive dysfunction
biomarker to the clinical follow-up of
patients with MS would improve patient
care. The present study aimed to highlight
the importance of timely recognition of this
major cognition issue, that significantly
affects the quality of life of patients with
MS and their carers.

The primary objective of the present
study was to investigate CSF NfL level as
a potential biomarker of cognitive decline,
detected using the Brief International
Cognitive Assessment for MS (BICAMYS)
battery and the Paced Auditory Serial
Addition Test (PASATS3), in patients with
MS. The secondary objective was to exam-
ine the association of the indicator with
clinical parameters such as age, duration
of symptoms, Expanded Disability Status
Scale (EDSS), relapse and MS type.

Patients and methods

Study population

This observational case—control study
included sequential patients with MS who
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attended the First Neurology Clinic,
AHEPA Hospital, Aristotle University of
Thessaloniki between January 2014 and
January 2015. CSF samples were collected
by lumbar puncture as detailed in the NfL
test section below. Inclusion criteria com-
prised a diagnosis of MS based on the
revised McDonald criteria,'” agreement to
undergo lumbar puncture and neuropsy-
chological assessment, and age > 18 years.
Patients underwent brain and cervical
spine magnetic resonance imaging (MRI)
scans at baseline or within 3 months pre-
or post-CSF sampling. The subgrouping
of MS patients followed the 2013 revision
of the definitions of MS clinical course by
Lublin et al.'"® Exclusion criteria were: no
consent form, no brain and spine imaging,
diagnosis of systemic inflammatory disease,
neurological diagnoses other than MS, alco-
hol or substance misuse, severe psychopa-
thology, and CSF findings not typical of
MS. Due to evidence that natalizumab treat-
ment normalises CSF NfL levels,'® patients
with previous natalizumab treatment were
excluded from the study.

The study was approved by the regional
ethics board of Aristotle University of
Thessaloniki, Greece, and the study proto-
col was approved under the umbrella of an
ongoing PhD project. Patient samples were
collected after written informed consent
had been obtained from each participant.

Tests

Despite great difficulty in establishing a
brief test that is sufficiently sensitive to the
heterogeneous pattern of cognitive difficul-
ties in MS,?*?! the BICAMS battery has
been recommended as an adequate, brief
and sensitive tool that has been standar-
dised in the Greek population, to detect
cognitive dysfunction in MS.?'?*

The BICAMS battery includes the
California Verbal Learning Test (CVLT)
that is mainly used to assess verbal episodic

memory and learning curve, the Brief
Visuospatial Memory Test (BVMT) that
assesses visual spatial episodic memory,
and the Symbol Digit Modalities Test
(SDMT) that assesses processing speed,
attention, and working memory.”® The
Greek validated form of the CVLT,
namely the GVLT, was used instead of
the CVLT in this study. The PASATS3,
another screening test for cognitive dys-
function in MS that measures working
memory, was used for comparative pur-
poses. Fatigue and depression were con-
trolled by conducting a neuropsychological
assessment in all participants, which com-
prised the Hamilton Depression Rating
Scale (HDRS)* and the Modified Fatigue
Impact Scale (MFIS) for fatigue.?® Patients
with severe psychopathology (defined as
HDRS score > 17) were excluded from anal-
ysis. To decrease levels of fatigue, assess-
ments were performed during morning
hours, and time was given to patients to
rest after hospital arrival. Previously pub-
lished norms were used to calculate
z-scores for each of the BICAMS compo-
nent tests. Cognitive dysfunction, according
to the individual tests (GVLT, BVMT and
SDMT), was defined as a score of less than
the S5th percentile of the performance of
healthy controls, as described previously.**
According to the BICAMS battery, patients
were classified as being cognitively impaired
when their scores were outside the normal
range in any of the three BICAMS tests.**
Specific attention was given to the time that
cognitive function was assessed, since relap-
ses and high doses of corticosteroids are
indicated to have an adverse effect on atten-
tion and memory.?’ Thus, it was decided
that assessments would be performed simul-
taneously with CSF sampling in patients
without relapse or steroid use, and at
8 weeks following any steroid administration
or relapse. The MFIS was self-completed in
a quiet waiting area before the patient pro-
ceeded to the neuropsychological assessment
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that included a short 10 min interview and
the administration of HDRS, BICAMS
and PASAT3 by a trained psychologist
(T Koukoulidis). A neurostatus certified
neurologist (T Kalatha) rated all patients
on the EDSS.™

NFL assay

Cerebrospinal fluid samples were centri-
fuged for 5 min at 10000 x g immediately
following collection, and the supernatant
was collected and stored at —80°C until
use. CSF NfL levels were then measured
using an NfL sandwich enzyme-linked
immunosorbent assay kit? (NF-light®
[Neurofilament light] ELISA;
UmanDiagnostics, Umea, Sweden) accord-
ing to the manufacturer’s instructions. The
optical density was read at 450 nm with a
STAT FAX ELISA Microplate Reader
2100 (Awareness Technology, Palm City,
FL, USA). A 4-parameter logistic regres-
sion was performed to provide the best
curve fit using Softmax® Pro software
(Molecular Devices, San Jose, CA, USA).
The investigators who conducted the meas-
urements (EH, TK) were blinded to the
clinical data. CSF NfL values obtained in
the present study were compared with pub-
lished values and results from previous
studies performed in the neuroimmunology
department of the First Neurology clinic of
AHEPA Hospital Aristotle University of
Thessaloniki.**!

Statistical analyses

Data are presented as mean+SD, n (%)
prevalence or median (interquartile range),
and normality of distribution was assessed
using  Shapiro-Wilk  test.  Individual
z-scores for GVLT, SDMT, BVMT were
estimated according to published norms of
a Greek population.”* A composite z-score
for the BICAMS battery was calculated as
the mean of the three individual z-scores.>

Simple correlations were estimated using
Pearson’s correlation coefficient (r) and
Spearman’s rank correlation coefficient
(rho [p]). Furthermore, partial correlations
between each individual test and BICAMS
z-scores, PASAT3, EDSS and NfL were
estimated adjusting for age. Differences in
BICAMS test performance between the MS
subtypes were evaluated using Wilcoxon
rank-sum test or Student’s ¢-test, while
between-group differences in categorical
variables were evaluated using Fisher’s
exact test. Patients were classified as
having cognitive dysfunction when they
scored less than the 5th percentile of the
performance of healthy controls on one or
more tests, as described previously.?*
Logistic regression was used to test the
association between NfL levels and cogni-
tive dysfunction, adjusting for age, where
the dependent variable was defined as the
categorical outcome of the BICAMS
battery (normal or abnormal), and NfL
was included as the independent variable.
Regression was also used to examine the
association between NfL and relapse risk.
All statistical analyses were performed
using R version 3.4.4. software (Cran R
project) and a P value <0.05 was consid-
ered statistically significant.

Results

Demographic and clinical characteristics
of the study population are presented in
Table 1. A total of 39 patients enrolled
into the study, with a mean age of 42.7
+13.6 years, and a female majority (31/
39; 80%). Mean SDMT, GVLT, BVMT
and BICAMS composite z-scores (—0.70
+1.63, -0.31+1.31, -0.02+1.02 and
—0.34 + 1.13, respectively) were below aver-
age compared with a healthy Greek popu-
lation®* with 14/39 patients (36%) classified
as having cognitive dysfunction according
to the BICAMS battery. Twenty-three
patients (59%) had completed secondary
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Table |I. Demographic and clinical characteristics
in patients with multiple sclerosis.

Study population,

Variable n=39

Age, years 42.7+£13.6
Sex, female 31 (79.5)
CIS, 5(12.8)
RRMS, 27 (69.2)
SPMS, 2(5.1)
PPMS, 5(12.8)
SDMT, z-score -0.70 £ 1.63
GVLT, z-score —0.31 £ 1.31
BVMT, z-score —-0.02+1.02
BICAMS, z-score -034+1.13
PASAT3, score 392+129
EDSS, score 2.0 (0.0-3.0)
NfL, ng/l 785.0 (410.0-1301.0)
SDMT, impaired 12 (30.8)
GVLT, impaired 7 (17.9)
BVMT, impaired 5 (12.8)
BICAMS battery, impaired 14 (35.9)

Disease duration, months

Education level
Secondary education
Tertiary education

36.0 (12.0-126.0)

23 (59)
16 (41)

Data presented as mean £ SD, n (%) prevalence or median
(interquartile range).

Cognitive impairment was defined as SDMT, GVLT and
BVMT test scores below the 5th percentile of published
norms, and BICAMS battery impairment was defined as
abnormal performance in any of the three individual
tests.*

BICAMS, brief international cognitive assessment for
multiple sclerosis; BVMT, brief visuospatial memory test;
CIS, clinically isolated syndrome; EDSS, expanded disabil-
ity status scale; GVLT, Greek verbal learning test; NfL,
neurofilament light; PASAT 3, paced auditory serial addi-
tion test; PPMS, primary progressive multiple sclerosis;
RRMS, relapsing-remitting multiple sclerosis; SDMT,
symbol digit modalities test; SPMS, secondary progressive
multiple sclerosis.

education and 16 patients (41%) had com-
pleted higher education.

In patients grouped into relapsing
(n=32) and progressive (n=7) forms of
MS, cognitive function was better in the
relapsing group, shown by statistically sig-
nificant between-group differences in mean

z-score values for BICAMS composite
(mean difference [MD] 1.39; 95% confi-
dence interval [CI] 0.54, 2.24; P=0.002),
SDMT (MD 1.73; 95% CI 0.46, 3.0;
P=0.009), and GVLT (MD 1.77; 95% CI
0.82, 2.72; P=0.001), and in PASAT3 per-
formance (P =0.005). Mean age was signif-
icantly lower in patients with relapsing
forms (MD -15.8; 95% CI -26.3, -5.4;
P =0.004; Table 2), and EDSS scores were
significantly different between the two sub-
groups (P <0.001). There were no statisti-
cally significant between-group differences
in CSF NfL levels (P=0.143), BVMT
z-score (P=0.115), educational Ilevel
(P=0.206) or disease duration (P =10.390).

Correlation analyses of the overall study
population (Table 3) showed that age was
inversely associated with GVLT (r =-0.428;
P=0.007), SDMT (r=-0.624; P <0.001),
BVMT (r=-0.538; P<0.001), and
BICAMS (r=-0.625; P<0.001) z-scores
(Table 3 and Figure 1) and with PASAT3
(r=-0.318; P=0.049), and was positively
associated with EDSS scores (p=0.517,;
P=0.001). No statistically significant asso-
ciation was observed between age and CSF
NIfL levels (P =0.512; Table 3).

Duration of disease was positively asso-
ciated with age (P=0.03; Table 3) but did
not correlate with cognitive dysfunction test
results, or other factors (P =0.223-0.370)
except EDSS (p=0.481, P<0.05). After
adjusting for age, the PASAT3 score was
associated  with  individual cognitive
z-scores (P <0.01) and the BICAMS
z-score (r,=0.754; P <0.001), an associa-
tion which remained significant in the
relapsing (r, =0.708; P <0.001) and the
progressive (r,=0.922; P=0.009) sub-
groups (data not shown). EDSS score was
associated with the BICAMS z-score in the
total study sample (r, =-0.327; P=0.045),
a trend that was not reproduced within the
relapsing or  progressive  subgroups
(P=0.153 and 0.819, respectively).
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Table 2. Between-group differences in cognitive test performance and demographic/clinical characteristics

in 39 patients with multiple sclerosis.

Multiple sclerosis type

Relapsing forms

Progressive forms

(RRMS and CIS) (SPMS and PPMS) Mean difference Statistical

Parameter n=32 n=7 (95% Cl) significance
SDMT, z-score —0.39+ 1.55 2.11£1.26 1.73 (0.46, 3.00) P=0.009
GVLT, z-score 0.0l £1.10 -1.76 +1.25 1.77 (0.82, 2.72) P=0.001
BVMT, z-score 1.184+0.95 051 £ 1.21 0.67 (-0.17, 1.51) NS, P=0.115
BICAMS, z-score  0.27 + 1.00 —1.12+1.05 1.39 (0.54, 2.24) P=0.002
PASAT3, score 418+ 12.1 27.1+£9.7 14.7 (4.8, 24.6) P=0.005
EDSS, score 2.0 (0, 2.5) 5.5 (4.0, 6.0) n/a P <0.001
NfL, ng/l 701.5 (384.25, 1121.25) 1120.0 (834.5, 1402.5) n/a NS, P=0.143
Age, years 39.9 +12.1 55.7+13.5 —-15.8 (-26.3, -5.4) P=0.004
Disease duration, 33.0 (I1.5, 132.0) 114.0 (42.0, 120.0) n/a NS, P=0.390

months
Education, 15 (46.9) I (14.3) n/a NS, P=0.206

tertiary

Data presented as mean & SD, median (interquartile range) or n (%) prevalence, and statistically analysed using Wilcoxon
P! q 3 P Y Y g

rank-sum test, Student’s t-test, or Fisher’s exact test.

BICAMS, brief international cognitive assessment for multiple sclerosis; BVMT, brief visuospatial memory test; Cl, con-
fidence interval; CIS, clinically isolated syndrome; PASAT 3, paced auditory serial addition test; PPMS, primary progressive
multiple sclerosis; RRMS, relapsing-remitting multiple sclerosis; SDMT, symbol digit modalities test; GVLT, Greek verbal
learning test; SPMS, secondary progressive multiple sclerosis; n/a, not applicable.

NS, no statistically significant between-group difference (P> 0.05).

Subgroup analyses, adjusting for age,
showed a significant inverse association
between CSF NfL levels and the BICAMS
composite z-score in patients with progres-
sive forms of MS (n=7) (r,=-0.944;
P=0.005; Figure 2). After adjusting for
age, there was no statistically significant
association between CSF NfL levels and
BICAMS composite z-scores in patients
with relapsing forms of MS (n=32)
(rp,=-0.110; P=0.554), and this was the
same for the total study sample
(r,=-0.142; P=0.394). Regression analy-
sis revealed only a trend between CSF
NfL levels and cognitive dysfunction risk
according to BVMT scores (Odds
ratio [OR] 1.08; 95% CI 1.00, 1.17; per
100 ng/l increase in CSF NfL levels)
but not according to the BICAMS
battery (OR 1.02; 95% CI 0.98, 1.06; per
100 ng/l increase in NfL), in the total

study sample. Cognitive dysfunction risk
was not examined by regression in the pro-
gressive subgroup due to the limited
number of patients.

As noted above, there were no statistical-
ly significant differences in CSF NfL levels
between patients with relapsing versus pro-
gressive forms of MS (P=0.143; Table 2).
Patients with relapse did not demonstrate
significantly different levels of CSF NfL
compared with patients not on relapse at
the time of sampling (data not shown).

Discussion

Cognitive dysfunction in MS is considered
to be driven by grey matter damage with
trans-synaptic axonal degeneration playing
a complementary role.?'*3* Studies in
animal models have shown that autoimmu-
nity to NfL polypeptide is associated with
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Cognition Status among MS patients by Age Category

12

10

Patients, N

32 orless 32-40

40-54 54 and higher

Age category

Figure |. Association between age and overall cognitive dysfunction (normal or impaired), classified using
the Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) composite z-scores, in 39
patients with multiple sclerosis (MS) grouped into different age categories: Dark shade indicates normal
cognitive function, light grey shade indicates cognitive impairment. P=0.005 between the different

age groups.

axonal loss and grey matter pathology in
contrast to the lesions associated with
experimental ~ myelin  oligodendrocyte
glycoprotein-induced autoimmune enceph-
alomyelitis that involve less grey matter.>
Synapse loss contributes to increased NfL
levels, as it is an important component of
the synapses.*® In the present study sample,
cognitive dysfunction, measured using
BICAMS, was found to correlate with
raised CSF NfL levels in the progressive
forms of MS only. Apart from axonal
remodelling, these elevated NfL levels in
the progressive forms of MS may reflect
grey matter degeneration, which is known
to be more prominent than inflammation in
the progressive forms of the disease.

The age-related increase in CSF NfL
that has been reported previously’’ was

not observed in the present study.
Khademi et al.*® found that low or high
NfL levels in patients aged >54 years do
not follow the strong correlation with
CXCL13 (a B-cell attracting chemokine)
demonstrated in younger aged patients,
possibly reflecting a different pathophysio-
logical mechanism than inflammation
induced axonal degeneration in the older
age group. Contrary to the present findings,
the same study’® demonstrated lower NfL
levels in patients with progressive MS
versus those with relapsing-remitting MS,
but used an age cut-off of 54 years unlike
the mean age of 55.7 4+ 13.5 years in the pre-
sent patients with progressive MS. This dif-
ference may in part reflect the phenomenon
of immunosenescence, with an age-related
decline in T-cell function that, in age groups



Kalatha et al.

2195

00

BICAMS z-score
1.5 -1.0 05
L

20

25

500 1000

T T
1500 2000

CSF NFL (polL)

]

Figure 2. Partial correlation between cerebrospinal fluid (CSF) neurofilament-light (NFL) polypeptide
levels and Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) composite z-scores in
patients with the progressive forms of multiple sclerosis (secondary progressive multiple sclerosis and
primary progressive multiple sclerosis; n =7), controlled for age: Box-whisker plots show median (central
line), 25th and 75th percentiles (box extremities) and range (error bars).

above 54 years, is substituted by a more pro-
nounced neurodegenerative profile.*

The present study did not verify the pres-
ence of higher NfL levels in patients with
relapse compared with patients in remis-
sion.*”***? This may be attributed to the
fact that CSF sampling in patients with
relapse was usually performed within days
of the presentation of symptoms and in the
vast majority within one week, so the
relapse period was not extended to three
months, as in other studies.* In the present
study, CSF NfL levels were not found to
correlate with disability progression, mea-
sured using EDSS score, in keeping with
previous studies.*” The EDSS scores were
correlated with composite BICAMS in the
overall study population, in keeping with
previous studies that showed poorer perfor-
mance associated with physical disability,

rather than disease subtype.** Poorer cog-
nitive performance in patients with progres-
sive versus relapsing MS, particularly in
higher order working memory tests
(SDMT) or tests that require high speed
of information processing (PASAT3) has
been previously noted.*> Worse performan-
ces in BVLT showed a modest correlation
with increasing NfL Ievels in the whole
sample and may represent the cognitive
sub-territories that are first affected in
patients with MS, when neurodegeneration
increases. Age correlation with cognitive
dysfunction in the present study population
concurs with other studies that found
advanced age to be a risk factor for cogni-
tive dysfunction in patients with MS.**4¢
The present results may be limited by
several factors. First, the sample size was
relatively small and thus the power of the
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analysis, and the ability to control for a
number of potential covariates, including
sex, education, depression, and anxiety,
were limited. Secondly, the exact years in
education of the participants were not
recorded in the present study, and only
data regarding education completion level
was available. This hindered verification of
the known profile of cognitive dysfunction
in MS that is subject to education and pro-
fessional attributes,>*’ as well as the effect
of cognitive reserve in the prevention of
cognitive dysfunction in MS,*® as it has
been shown that the impact of pathology
on phenotype can be influenced by lifetime
intellectual enrichment (cognitive reserve)
and lifestyle variability (cognitive leisure).*’
Thirdly, only clinical parameters of the dis-
ease were investigated as confounders of
early cognitive dysfunction, and not predis-
posing factors, as this was not the primary
goal of the present study. Nonetheless, the
present patients were screened for depres-
sion and fatigue, and patients with severe
psychopathology were excluded. Patients
who were included willingly underwent
screening tests and no difficulties in concen-
tration were noted, which precludes severe
depression: lesser degrees of depression are
considered to alter self-report of cognitive
problems rather than the actual perfor-
mance in cognitive tests.’® Fourthly, the
cross-sectional nature of the study may
also limit the results, because NfL levels
have been shown to vary over time and/or
according to medication/treatment,’’ thus,
future research should use longitudinal
designs with focus on the predictive validity
of CSF NfL measurements. Lastly, radio-
logical investigations were not performed in
a manner that allowed quantitative meas-
ures to be extracted and calculated uni-
formly, thus MRI data could not be
combined in the analyses. Future studies
should aim to include quantitative MRI
measurements in order to link immunolog-
ical responses to imaging measures.

In conclusion, the present analysis pro-
vides preliminary evidence for a possible
association between CSF NfL levels and cog-
nition in the progressive forms of MS. These
results should be validated in larger samples,
as such an indicator may be useful in marking
a subgroup of patients that should be fol-
lowed closely from the perspective of cogni-
tion. Follow-up should include frequent
assessment with a brief and adequate tool
such as BICAMS in patients with increased
CSF NfL, to enable neurocognitive rehabili-
tation strategies to be included in the multi-
disciplinary management of MS.
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