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ABSTRACT

Background: Neurofilament Light (NFL) is a promising biomarker of neuroaxonal injury. Its utility may be
improved by expression relative to age-matched controls and by adjusting for other covariates, such as body mass
index. It has recently been suggested that renal function may modulate the rate of clearance of NFL from cir-
culation, which if confirmed would make renal function an important additional covariate to take into account
when interpreting NFL data in research or clinical settings. Here we explore the relationship between renal
function and NFL in a cohort of patients with secondary progressive multiple sclerosis (SPMS).

Methods: We examined data from patients with SPMS who took part in the MS-STAT randomised controlled trial.
We use multivariable linear regression to explore the relationship between serum NFL and renal function, and
additionally to examine whether including renal function as a covariate improves the ability of NFL to predict the
subsequent rate of whole brain atrophy.

Results: Data on renal function and serum NFL was available for 122 patients. Mean eGFR 88 ml/min/1.73 m?
(range 38.2-121.9). We found no evidence to support a relationship between renal function and serum NFL in
this cohort. Furthermore, the inclusion of eGFR as a covariate in models assessing the relationship between NFL
and the rate of whole brain atrophy had no significant effect upon the relationships observed.

Conclusions: We find no evidence for a relationship between renal function and NFL in a cohort of patients with
secondary progressive multiple sclerosis. We hypothesise that the previously observed relationships between NFL
and renal function related to associations between renal function and subclinical neuropathology, rather than
due to modulating clearance of NFL from the circulation, but further research would be required to confirm such
mechanisms.

Introduction

are expressed relative to age-matched controls (Khalil et al., 2018).
Similarly, when quantifying central nervous system (CNS) pathology,

Neurofilament light (NFL), quantified in serum or plasma, is rapidly
progressing towards clinical practice as an easily accessible biomarker of
neuro-axonal injury (Leppert and Kuhle, 2019). Facilitated by im-
provements in assay sensitivity, elevated NFL can be detected across a
range of neurological disorders (Fyfe, 2019). It is not specific to any
particular aetiology, instead quantifying the current degree of central or
peripheral neuroaxonal injury independent of the disease process.

The accuracy of NFL in predicting clinically useful outcomes may be
improved through the identification of additional covariates that
modulate NFL independent of disease activity. Patient age is an estab-
lished modifier of NFL concentrations in healthy controls, and the utility
of NFL in diseased cohorts may be improved when NFL concentrations
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adjustment for circulating volume or body mass index (BMI) may again
improve accuracy, accounting for the variable degree of dilution that
occurs when CNS-derived NFL is released into the systemic circulation
(Manouchehrinia et al., 2020).

Renal function has recently been reported to additionally modulate
NFL concentrations (Akamine et al., 2020). The authors suggest that the
negative correlation between renal function and NFL may be due to NFL
being removed from the systemic circulation via the kidneys. If
confirmed, this would be an important additional covariate to include in
analyses of NFL, both when it is used as an outcome measure in clinical
trials, and when contributing to clinical decision making.

Patients with secondary progressive multiple sclerosis (SPMS) have

Received 22 September 2021; Received in revised form 6 October 2021; Accepted 9 October 2021

Available online 12 October 2021
2666-1446/© 2021 The Authors.

(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Published by Elsevier

B.V. This is an

open access article under the CC BY-NC-ND license


mailto:Thomas.williams@nhs.net
www.sciencedirect.com/science/journal/26661446
https://www.sciencedirect.com/journal/biomarkers-in-neuropsychiatry
https://doi.org/10.1016/j.bionps.2021.100044
https://doi.org/10.1016/j.bionps.2021.100044
https://doi.org/10.1016/j.bionps.2021.100044
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bionps.2021.100044&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

T. Williams et al.

elevated serum NFL concentrations due to ongoing neuroaxonal damage
within the CNS. At a group level, serum NFL is positively associated with
measures of future disease worsening, such as whole brain atrophy
(Williams et al., 2020a, 2020b). Here we re-examine the MS-STAT
clinical trial cohort of patients with SPMS in order to further explore
the role of renal function in NFL concentrations.

Methods

The MS-STAT clinical trial cohort has been previously described
(Chataway et al., 2014). Briefly, 140 patients with SPMS, age 18-65 and
with an expanded disability status score (EDSS) of 4.0-6.5 were
recruited. Serum samples were analysed for safety parameters, including
renal function, using standard laboratory techniques as part of the
screening procedure. eGFR was calculated by the abbreviated MDRD
equation. Patients were subsequently randomised to high dose simva-
statin (80 mg) or placebo, and assessed clinically and by magnetic
resonance imaging (MRI) for 2 years.

Serum was stored at — 80 °C until analysis. NFL was quantified using
the Simoa NF-Light Advantage kit (Quanterix, Billerica, MA) on a HD-1
analyser, according to the manufacturer’s instructions. Duplicate mea-
surements were taken of each sample. Sample concentrations were
extrapolated from a standard curve, fitted using a 4-parameter logistic
algorithm. The lower limit of quantification (LLoQ) for NFL is 0.174 pg/
ml (Quanterix, 2017). NFL data was skewed, and hence all analyses were
performed following logs-transformation.

MRI was performed at baseline, 12 and 25 months, and analysed as
described previously (Chataway et al., 2014; Eshaghi et al., 2019). The
rate of whole brain atrophy was calculated from 3D T1-weighted images
using the boundary shift integral method, and expressed as yearly per-
centage change in whole brain volume.

Multivariable linear regression models were constructed to assess the
relationship between NFL and renal function. In the first model, baseline
eGFR was included as the predictor variable, with baseline NFL as the
outcome. Patient age, EDSS, T2 lesion volume, and number of relapses in
the prior 24 months were additionally included as a covariates due to
their established relationship with NFL.

A second model was constructed in order to assess whether the in-
clusion of eGFR as a covariate improved the ability of NFL to predict the
subsequent rate of whole brain atrophy. Baseline NFL was included as
the predictor variable, and yearly percentage change in whole brain
volume as the outcome. Age and trial treatment allocation (high dose
simvastatin or placebo) were included as covariates, and models were
compared with and without the additional inclusion of eGFR as a further
covariate.

For all regression models, assumptions were assessed regarding
normality of residuals and homoskedasticity. When interpreting the
coefficients and confidence intervals of the relationship between eGFR
and sNFL, we inverse the logp-transformation of sNFL and present the
relationships for a 10 ml/min/1.73 m? change in eGFR, so that the units
are readily interpretable in pg/ml.

Results

122 patients had baseline NFL and baseline eGFR data available, and
were included in this analysis. The characteristics of this cohort are
described in Table 1. The mean age was 51 years, and mean eGFR 88 ml/
min/1.73 m? (S.D. 13.0, min 38.2, max 121.9). Of these patients, 112
additionally had data available on the rate of whole brain atrophy.

There was no evidence for an association between serum NFL and
eGFR in this cohort (Fig. 1, and Table 1). The confidence intervals of our
model suggest that a 10 ml/min/1.73 m? increase in eGFR, whilst
controlling for the covariates, would be expected to result in a change in
sNFL within the range of a 1.09 pg/ml decrease to a 1.06 pg/ml increase.
Results were unchanged when we limited analyses to patients with age
> 60 years (data not shown).
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Table 1

Characteristics of the MS-STAT cohort with NFL and eGFR data.
N 122
Age 51.3 (6.9)
Gender (female) 67%
Duration MS (y) 21.4 (8.4)
Duration SPMS (y) 7.2 (5.2)
EDSS (median, IQR) 6 (5.5-6.5)
T2 lesion volume (ml) 21.8 (15.3)

0.42% (0.52%)
88.8 (12.9; range 38.1-121.9)

Whole brain atrophy (%/year)
€GFR (ml/min/1.73 m?

Data represent mean (standard deviation) unless otherwise specified.

Including eGFR in models assessing the relationship between NFL
and whole brain atrophy had no material impact upon the predictions
(Table 2). eGFR was not in itself significantly associated with whole
brain atrophy, and its inclusion as a covariate had minimal impact upon
the relationship between NFL and whole brain atrophy (a doubling of
baseline NFL was associated with a 0.207% increase in the rate of whole
brain atrophy when eGFR was excluded, and a 0.206% increase in the
rate of whole brain atrophy when eGFR was included. Overall model fit
was similarly not improved by including eGFR as a covariate (likelihood
ration test, p=0.718, AIC and BIC both worsened when eGFR
included).

The table presents data from 3 separate linear regression models. In
the first model, baseline eGFR (ml/min/1.73 m?) is the predictor, with
logy-sNFL (pg/ml) as the outcome. Patient age, EDSS, T2 lesion volume,
and number of relapses in the prior 24 months were additionally
included as a covariates. We report the coefficient, with its 95% CI and
p-value, for the relationship between eGFR and logy-sNFL from this
model.

The second model assesses the relationship between baseline logs-
sNFL (predictor), and the subsequent rate of whole brain atrophy over 2
years (outcome). Age and trial treatment allocation are included as
covariates; eGFR is not included. We report the coefficient, with its 95%
CI and p-value, for the relationship between baseline sNFL and the rate
of whole brain atrophy.

The final model repeats this analysis, but additionally including
baseline eGFR as a covariate, in order to show whether the inclusion of
eGFR affects the relationship between sNFL and the rate of whole brain
atrophy, and whether eGFR itself is associated with the outcome. eGFR,
estimated glomerular filtration rate; sNFL, serum neurofilament light;
CI, confidence interval; NA, not applicable; EDSS, expanded disability
status scale.

Discussion

In this cohort of patients with secondary progressive multiple scle-
rosis, we find no evidence for an association between renal function and
serum NFL. Additionally, we find no evidence for renal function being an
important covariate in the established relationship between serum NFL
and the subsequent rate of whole brain atrophy.(Williams et al., 2020a).

The previous report of a significant negative correlation between
blood NFL and renal function was found in a cohort of healthy controls
and patients with diabetes mellitus aged > 60 years. It is suggested that
NFL may be cleared from the blood via the kidneys, which would make it
vital to include renal function as a covariate in modelling of blood NFL
data. It is important to note, however, that the molecular weight of NFL
at 68 kDa is above the threshold at which free filtration at the glomer-
ulus would be expected in the healthy kidney (Lawrence et al., 2017;
Quanterix, 2017). Secondly, it is well established that declining renal
function is associated with an increase in the incidence or severity of
various neuropathologies (central or peripheral) in both those with and
without diabetes (Kaewput et al., 2019; Seliger et al., 2004). These are
often asymptomatic, and hence may be present in the cohorts previously
examined (Akamine et al., 2020). A patient with worse renal function is
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Fig. 1. Renal Function and Serum NFL in Multiple Sclerosis. Figure includes data from 122 patients with Secondary Progressive Multiple Sclerosis. Points represent
raw data; line and shaded area represent a univariable linear regression slope and 95% confidence interval. There was no evidence of a relationship between serum
NFL and eGFR in this cohort. NFL; Serum Neurofilament Light; eGFR, estimated Glomerular Filtration Rate.

Table 2
Outputs of models assessing the relationship between eGFR, sNFL, and whole
brain atrophy rate.

Model Coefficient 95% CI of coefficient
and p-value
Baseline eGFR predicting Baseline log,- eGFR: eGFR: — 0.012 to
sNFL — 0.002 0.008
p =0.677
Baseline log, sNFL predicting whole Log,NFL: Log,NFL:
brain atrophy rate, without eGFR as 0.207 0.082-0.332
covariate eGFR: NA p = 0.001
eGFR: NA
Baseline log,-sNFL predicting whole Log,NFL: Log,NFL:
brain atrophy rate, with eGFR as 0.206 0.081-0.332
covariate eGFR: p = 0.002
— 0.001 eGFR: — 0.008 to
0.006
p=0.725

therefore more likely to have an asymptomatic peripheral neuropathy,
or asymptomatic cerebrovascular disease, resulting in increased release
of NFL through the resulting neuroaxonal damage.

If the previously observed negative relationship between NFL and
renal function was due to renal function modulating the rate at which
NFL is cleared from systemic circulation, one would expect to see this
relationship in other disease cohorts. This would include patients with
SPMS, where the on-going neuroaxonal damage drives release of NFL
from the CNS. Renal function would also be expected to significantly
modulate the relationship between NFL and other measures of disease
severity, such as the rate of whole brain atrophy.

Whilst we conclude that there is no evidence to support a relation-
ship between sNFL and renal function in this cohort of patients with
SPMS, we acknowledge differences between our cohort and that pre-
sented by Akamine et al. Significant renal impairment was rare in the
MS-STAT study, and hence our data should only be interpreted across
the range of eGFR reported in Table 1. Additionally, whilst are results
were unchanged when restricting analyses to those > 60 years, the
majority of our patients were younger than 60. We also cannot exclude
statistically significant relationships between eGFR and sNFL being
found in larger cohorts, but the confidence intervals of our models
suggest that this study is sufficiently powered to exclude an important
influence of eGFR on sNFL in either direction. Based upon our conclu-
sions, we therefore hypothesise that NFL may not be to be cleared from

the systemic circulation by a mechanism dependent upon renal function,
and postulate that the previously observed relationship between blood
NFL and renal function may be related to the established associations
between worsening renal function and various, often asymptomatic,
neuropathologies (Akamine et al., 2020). Such hypotheses, however,
cannot be confirmed from our study, and required further research in
cohorts that include the quantification of both renal function and NFL,
together with measures of the subclinical neuropathologies (CNS small
vessel disease, peripheral neuropathies) that we postulate may explain
the previously observed relationship.
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