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Summary

Patients with Langerhans cell histiocytosis (LCH) may develop progressive neuro-
degeneration in the central nervous system (ND-CNS-LCH). Neurofilament light
protein (NFL) in cerebrospinal fluid (CSF) is a promising biomarker to detect and
monitor ND-CNS-LCH. We compared paired samples of NFL in plasma (p-NFL)
and CSF in 10 patients (19 samples). Nine samples had abnormal CSF-NFL (defined as
>380ng/l) with corresponding p-NFL >2 ng/l. Ten samples had CSF-NFL <380 ng/l;
eight (80%) with p-NFL <2 ng/l (p<0.001; Fisher's exact test). Thus, our results sug-
gest that p-NFL may be used to screen for ND-CNS-LCH. Further studies are en-
couraged, including the role of p-NFL for monitoring of ND-CNS-LCH.

KEYWORDS
central nervous system (CNS), Langerhans cell histiocytosis, neurodegeneration, neurofilament light
chain protein (NFL)

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. British Journal of Haematology published by British Society for Haematology and John Wiley & Sons Ltd.

Br ] Haematol. 2022;00:1-8. wileyonlinelibrary.com/journal/bjh 1


www.wileyonlinelibrary.com/journal/bjh
https://orcid.org/0000-0001-6322-8035
https://orcid.org/0000-0001-5308-092X
https://orcid.org/0000-0003-3155-1123
mailto:﻿
https://orcid.org/0000-0002-0629-2126
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jan-­inge.henter@ki.se

SCREENING FOR NEURODEGENERATION IN LANGERHANS CELL HISTIOCYTOSIS WITH

NEUROFILAMENT LIGHT IN PLASMA

BRITISH JOURNAL OF HAEMATOLOGY

Family Foundation; Olav Thon Foundation;
Alzheimer's Association, Grant/Award
Number: ZEN-21-848495, ADSF-21-
831377-C, ADSF-21-831381-C and ADSF-
21-831376-C; Alzheimer's Drug Discovery
Foundation, Grant/Award Number:
RDAPB-201809-2016615 and 201809-2016862;
European Research Council, Grant/Award
Number: 101053962 and 681712; Swedish
Research Council, Grant/Award Number:
2017-00915 and 2018-02532

INTRODUCTION

Langerhans cell histiocytosis (LCH) is an inflammatory
myeloid neoplastic disorder with a wide range of clinical
manifestations.”” While survival recently has improved
markedly,' long-term consequences are still frequent in-
cluding various forms of central nervous system (CNS)
involvement, here referred to as CNS-LCH.">* A severe
long-term complication is LCH-associated neurodegener-
ative CNS-LCH (ND-CNS-LCH), that may develop years
after assumed remission.">* It may present as cognitive and/
or motor dysfunction that is often slowly progressive and
diagnosed by characteristic magnetic resonance imaging
(MRI) findings.4 Patients with CNS-risk lesions, defined in
Table 1, are particularly prone to develop diabetes insipidus
(DI), and those with DI and/or BRAF V600E mutations to
develop ND-CNS-LCH.*® In a Swedish population-based
study, at least 24% of all children diagnosed with LCH devel-
oped radiologic signs of ND-CNS-LCH which corresponds
well with the reported 5.9% 15-year cumulative incidence of
clinical ND-CNS-LCH in France, since 25% of patients with
radiological ND-CNS-LCH have been reported to develop
clinical ND-CNS-LCH.”” There is, thus, an urgent need
to prevent the development of neurodegeneration, such as
by earlier detection and improved methods to monitor and
evaluate treatment attempts.

Neurofilament light protein (NFL) in cerebrospinal fluid
(CSF), a well-established biomarker of neuroaxonal damage,
is a promising biomarker for ND-CNS-LCH.*"' However,
lumbar puncture (LP) for CSF sampling requires sedation
in small children and may, albeit rarely, be associated with
complications.'” We therefore initiated this pilot study with
the aim of comparing NFL in plasma (p-NFL) and CSF (CSF-
NFL) sampled simultaneously to see if they correlate, and if
p-NFL can be used to screen for neurodegeneration and in
therapeutic monitoring.

PATIENTS AND METHODS
Patients

We retrospectively studied all paediatric and adult LCH pa-
tients at Karolinska University Hospital, Stockholm, Sweden,
with paired p-NFL and CSF-NFL samples from 1 December
2019 to 31 October 2021, to a total of seven children and
three adults (n = 10). Consecutive samples were obtained

from two children (five occasions each) and one adult (two
occasions). In total, 19 paired blood and CSF samples were
collected simultaneously.

All patients had biopsy-verified LCH at diagnosis, where
nine were CDla-positive and one diagnosed on morphology
alone. BRAF V600E mutations were detected in five of six
sequenced patients.

Clinical, laboratory and radiology data were extracted
from the patients' medical files. The patient characteristics
are presented in Table 1. The seven children's age at sampling
ranged from 2.5 to 8.3years (median 6.4years). The three
adults were diagnosed with LCH in adulthood and were 25—
45years old at sampling. Brain MRI was performed prior to
16 of the 19 samplings. Additional information on patients
and sampling time points in relation to disease activity is
presented in Text S1.

The study was approved by the Ethics Review Board of
Sweden (2019-03956). Written informed consent was ob-
tained from all patients.

Laboratory analyses

Cerebrospinal fluid-NFL concentration (normal reference
value <380 ng/l) was measured as a clinical laboratory rou-
tine assay at Karolinska University Laboratory, Stockholm,
Sweden, using a commercial enzyme-linked immunosorb-
ent assay NF-light kit (Uman Diagnostics, Umed, Sweden).

Plasma was collected after ficoll separation of blood, al-
iquoted and frozen. Plasma-NFL concentrations were mea-
sured in samples collected at similar time points as the CSF
using NF-Light Advantage Single molecule array (Simoa)
assay on an HD-X Analyser, as described by the kit man-
ufacturer (Quanterix, Billerica, MA, USA), at the Clinical
Neurochemistry Laboratory, Sahlgrenska  University
Hospital, Molndal, Sweden. The clinically validated lower
limit of quantification of the assay was 2 ng/l.

Statistics

To evaluate the value of p-NFL for screening for abnormal
CSE-NFL, Fisher's exact test was used. We also studied the
strength and direction of the association between p-NFL and
CSF-NFL using Kendall's tau-b (tb) correlation coefficient
(two-sided test). In Figure S1, the correlation between p-NFL
and CSF-NFL was calculated using Pearson correlation.
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RESULTS
Correlation between plasma-NFL and CSF-NFL

Plasma-NFL levels ranged from <2-15ng/l and CSE-NFL
from 130-1000ng/l. Using Kendall's tau-b, we found an
association between p-NFL values and CSE-NFL values
(r=0.39; p = 0.028). Using Pearson correlation, we found no
correlation between p-NFL and CSF-NFL (Figure S1).

Plasma-NFL as screening for abnormal CSF-
NFL

Nine samples had abnormal CSE-NFL (=380ng/l), all of
which had corresponding p-NFL levels >2 ng/l. Ten CSF-
NFL values were <380 ng/l; eight (80%) of the paired p-NFL
values were <2 ng/l (p<0.001; Fisher's exact test). Thus, the
sensitivity of p-NFL>2 ng/l to identify abnormal CSF-NFL
(=380ng/1) was 100% and the specificity 80%.

Plasma-NFL in relation to clinical and
neuroradiological findings

All nine samples from the four patients with cognitive/
neurological symptoms (samples 2, 6.1-6.5, 8, 9.1-9.2)
had p-NFL>2 ng/l while only two of 10 samples from pa-
tients without cognitive/neurological symptoms had p-
NFL>2 ng/l (patients 7 and 10, both with new-onset DI).
All samples from the two patients with neuroradiologically
verified neurodegeneration (6.2, 6.4, 8) and all four sam-
ples from three patients with active non-neurodegenerative
CNS lesions [enlarged pituitary stalk (7.1, 9.1-9.2, 10); focal
signal enhancement in brain stem (9.2)] at sampling had p-
NFL>2 ng/l (Table S1).

Monitoring with p-NFL over time

Sequential samples of paired blood and CSF were available in
three patients; three baseline and nine follow-up samplings.
Changes in p-NFL and CSF-NFL followed a similar trend,
except for sample 4 in patient 6. In samples 3-5 in patient 7,
p-NFL was below the detection limit (Figure 1). Brief infor-
mation on these three patients is provided in Text S1.

Plasma-NFL levels in relation to treatment
with mitogen-activated protein kinase
pathway inhibitors

All three first samples taken after initiating mitogen-
activated protein kinase pathway inhibitors (MAPKi) (while
on or 2weeks after such therapy) showed reduced p-NFL
levels (samples 6.2, 6.5 and 7.2) while the p-NFL level had in-
creased in one of the first samples taken after discontinuation

BJHaem
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of MAPKi (sample 6.3) and remained undetectable in the
other (sample 7.3) (Figure 1).

DISCUSSION

Neurodegeneration in LCH may, markedly, reduce the
quality of life, and there is an urgent need of novel strate-
gies to identify, prevent, treat and monitor ND-CNS-LCH.
Brain MRI is the golden standard for diagnosis and moni-
toring of ND-CNS-LCH, but it takes time for MRI findings
of neurodegeneration to develop and to regress. CSF-NFL
has been reported as a promising marker to monitor ND-
CNS-LCH,*" but LP requires sedation in small children and
may be associated with complications.>'? Our findings are
encouraging since they suggest that p-NFL may be used as
a screening tool for ND-CNS-LCH, and thereby avoid the
use of LP for routine monitoring. Instead, LP could then
potentially be reserved for patients with elevated p-NFL, or
clinical or neuroradiological findings of CNS involvement,
as well as for monitoring of therapeutic interventions.

One obvious question is how NFL, a marker of neuroax-
onal damage, gets into the blood. Based on the trafficking of
other proteins degraded in the CNS, it has been suggested
that partially degraded fragments of neurofilaments drain
directly into CSF and blood via multiple routes. These in-
clude direct drainage into CSF and blood via arachnoid
granulations as well as lymphatic drainage into the sub-
arachnoid and perivascular spaces."

In our cohort, p-NFL and CSF-NFL did not correlate well,
but 100% of the samples with CSF-NFL>380ng/1 (n = 9) had
a corresponding p-NFL above the detection level (=2 ng/l),
suggesting that p-NFL>2 ng/l clinically would indicate
further analysis of CSF-NFL. Moreover, all samples with p-
NFL <2 ng/l had a corresponding CSF-NFL below the lower
reference value (<380ng/l), suggesting that patients with p-
NFL <2 ng/l may not need prompt CSF-NFL analysis, but
could instead be followed with continued p-NFL screening.
The sensitivity of this screening method in our cohort was
100% and the specificity 80%.

Since NFL analysis now is commercially available, p-NFL
may be of value as a screening test for ND-CNS-LCH. Even
though there may be a risk of missing patients with elevated
CSF-NFL, blood samples are easy to repeat and since neuro-
degeneration is a slow process, a moderate delay in the diag-
nosis of ND-CNS-LCH may be acceptable if numerous LPs
can be avoided. Furthermore, assessment for ND-CNS-LCH
should be completed with MRI, neurological and neuropsy-
chological evaluations."?

In line with our previous report on the value of monitor-
ing the effect of MAPKi in ND-CNS-LCH by CSE-NFL," we
here observed a similar trend in that p-NFL levels also had a
tendency to decrease during treatment with MAPKi.

This study has limitations, in particular the small num-
ber of patients and the limited number of sequential samples.
Nevertheless, the results of the 19 paired samples evaluated
in this study are encouraging, and further studies on p-NFL
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FIGURE 1
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Plasma (p)-NFL (neurofilament light protein) over time of three patients. The normal reference value for cerebrospinal fluid (CSF)-

NFL is <380 ng/l (depicted as a dotted line). The lower limit of detection for p-NFL is 2 ng/l (depicted as a continuous line). The period marked BRAFi
represents the time on BRAF-inhibitor therapy. In addition, patient 7 received vinblastine, prednisolone and 6-mercaptopurine at sampling 1, and
6-mercaptopurine and methotrexate at sampling 5 while patient 9 was administered dexamethasone and cladribine between sampling 1 and sampling
2, and MEK-inhibitor after sampling 2. Brief information on the three patients is provided in Text S1

in LCH are warranted to validate our results. Moreover,
blood-brain barrier permeability itself may be a confounder,
since the NFL quotient in blood compared to CSF could be
selectively increased following periods of inflammation,
such as that seen in relapse of multiple sclerosis, positively
skewing blood NFL levels. Recent studies on this topic pres-
ent conflicting results."*"?

In conclusion, our study suggests that p-NFL may be a
useful screening test for neurodegeneration in LCH. With
the NFL assay method used in our study, p-NFL>2 ng/l
would indicate the need of further evaluation by CSF-NFL.
Our data cannot confirm whether p-NFL can be used to
monitor CNS-LCH development and treatment effects in
individual patients. More studies with larger cohorts are
needed before our results can be incorporated into clini-
cal diagnostics. Nevertheless, the results are encouraging
since it would be a major improvement if LCH-associated
neurodegeneration could be monitored more frequently and
thereby detected earlier.
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