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Abstract
Objective
To test the hypothesis that the intrathecal synthesis of free light chain kappa (FLC-k) can be
used as a CSF biomarker to differentiate patients with myelitis due to multiple sclerosis (MS),
myelitis due to neuromyelitis optica spectrum disease (NMOSD), and noninflammatory
myelopathy, we analyzed FLC-k in 26 patients with MS myelitis, 9 patients with NMOSD
myelitis, and 14 patients with myelopathy.

Methods
This is a retrospective monocentric cohort study. FLC-k were analyzed using the nephelometric
Siemens FLC-k kit in paired samples of CSF and sera. Intrathecal fraction (IF) of FLC-k was
plotted in a FLC-k quotient diagram.

Results
Ninety-six percent of patients with MS myelitis had an intrathecal synthesis of FLC-k in
comparison with 55.6% for NMOSD and 14.3% of patients with noninflammatory myelopathy.
The locally synthesized absolute amount of FLC-k was significantly higher in patients with
myelitis due to MS than in patients with NMOSD (p = 0.038) or noninflammatory myelopathy
(p < 0.0001). The sensitivity of FLC-k synthesis to detect inflammation in patients with myelitis
is 85.7%. Using a receiver operating characteristic analysis, FLC-k IF >78% can discriminate
patients with myelitis due to MS and NMOSD with a sensitivity of 88.5% and a specificity of
88.9%

Conclusions
With the hyperbolic reference range in quotient diagrams for FLC-k, it is possible to distinguish
inflammatorymyelitis from noninflammatory myelopathies. An FLC-k IF >78% can be a hint to
suspect myelitis due to MS rather than NMOSD.
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The causes of myelopathies can be manifold, and there is a
broad range of differential diagnoses. Besides compressive my-
elopathy, the most frequent causes of myelopathy are in-
flammatory disorders such as MS or neuromyelitis optica
spectrum disease (NMOSD).1 Although neuroimaging is es-
sential for the evaluation of myelopathy, overlap in the imaging
appearance is a challenging issue.1 The additional analysis of
CSF can provide useful information on further etiologic
determination.1–3 In noninflammatory myelopathies, CSF
analysis seldom reveals signs of inflammation, such as pleocy-
tosis or intrathecal immunoglobulin (Ig) G synthesis.3 In MS,
there is a high prevalence of oligoclonal band (OCB) in ap-
proximately 95%,4 in contrast toNMOSD,where the absence of
OCB is a supportive evidence for the correct diagnosis, although
sensitivity and specificity are modest.5 It has been shown that
the analysis of free light chain kappa (FLC-k) can be used in the
diagnostic process of MS with equal sensitivity to OCB analy-
sis.6 Methodologically, its use provides the advantage of an easy-
to-use, commercially available nephelometric assay for a rapid
and quantitative evaluation of intrathecal inflammation.7 Up to
date, no study analyzed the diagnostic performance of FLC-k
intrathecal synthesis for the discrimination between patients
with MS myelitis, NMOSD myelitis, and noninflammatory

myelopathies. The prespecified hypothesis stated that the in-
trathecal synthesis of FLC-k in CSF is the highest in patients
with MS associated myelitis, lower in myelitis due to NMOSD,
and absent in non-inflammatory myelopathies.

Methods
This is a retrospective monocentric cohort study. Patients were
identified for analysis based on diagnosis in medical records.
Paired CSF and serum samples were acquired between 2008 and
2020 from patients of the Department of Neurology, University
Medicine Greifswald, Germany. Between 2008 and 2016 sam-
ples were stored at −80°C. The samples acquired between 2016
and 2020 have been measured either as part of other study
cohorts7–9 or for the purpose of this study without being stored.
Patients were grouped by the clinical diagnosis according to the
corresponding criteria (MS: modified Mc Donald criteria10;
NMOSD: criteria proposed by Wingerchuk et al.5).

Laboratory analysis
Laboratory analyses were performed in the Interdisciplinary
CSF laboratory of the University Medicine Greifswald as
described previously.7,11

Table 1 Baseline characteristics and cerebrospinal fluid results

Myelitis due to MS or CIS NMOSD Noninflammatory myelopathya p Valueb

n (%) 26 (53.1) 9 (18.4) 14 (28.6)

Age, y 35.5 (29.75; 49.25) 56 (47.5; 63) 58 (46.25; 74) <0.0001

Female, n (%) 15 (43.3) 5 (44.4) 7 (50) 0.926

Immunotherapy, n (%) 0 4 (44.4)c

QAlb 5 (4.13; 7.19) 17.02 (4.495; 24.12) 10.58 (7.09; 12.1) 0.001

CC, /μL 9 (3; 21) 2 (1; 4) 1 (1; 2) 0.001

FLC-k serum, mg/L 11.8 (9.85; 14.8) 17.9 (15.3; 36.15) 13.8 (9.67; 23.35) 0.006

FLC-k CSF, mg/L 4.22 (1.29; 7.92) 1.04 (0.43; 8.88) 0.39 (0.15; 0.72) 0.0001

FLC-k index 63.71 (19.39; 154.999) 5.81 (1.07; 13.35) 2.05 (1.43; 2.52) <0.0001

FLC-k IF, % 94.8 (84.2; 97.9) 34.5 (0; 76.6) 0 (0; 0) <0.0001

OCB CSF, n (%) 23 (88.5) 3 (33.3) 0 (0) <0.0001

Abbreviations: Ab = antibody; CC = cell count; CIS = clinically isolated syndrome; FLC-k = free light chains kappa; IF = intrathecal fraction; neg = negative;
NMOSD = neuromyelitis optica spectrum disease; OCB = oligoclonal band; pos = positive; QAlb = albumin quotient; SCT = stem cell transplantation.
Continuous data are expressed as median (1st; 3rd quartile); nominal data are given as percentages.
a Compressivemyelopathy (n = 6), vascularmyelopathy (n = 5), radiationmyelopathy (n = 1), and unknown etiology, but no signs of inflammation either in CSF
nor in MRI (n = 2).
b Statistical significance p value ≤0.05.
c Immunotherapy patient 1: anti-AQP-4 Ab pos/OCB pos/IF FLC-k 75.6% rituximab 9 months before CSF analysis; patient 2: anti AQP-4 Ab pos/OCB neg/IF
FLC-k 34.5% Allo-SCT 16months before CSF analysis; patient 3: anti-AQP-4 Ab pos/OCB neg/IF FLC-k 0 rituximab 2months before CSF analysis; patient 4: anti-
AQP-4 Ab pos/OCB neg/IF FLC-k 49.1% methylprednisolone 1 mg/kg per os at the time of CSF analysis.

Glossary
CIS = clinically isolated syndrome; FLC-k = free light chain kappa; IF = intrathecal fraction; Ig = immunoglobulin;NMOSD =
neuromyelitis optica spectrum disease; OCB = oligoclonal band; ROC = receiver operating characteristic.
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FLC-k in sera and CSF were measured by nephelometry with
the N Latex FLC kappa kit (Siemens Healthcare Diagnostics
Products GmbH, Marburg, Germany) according to the
manufacturers protocol on the BN Prospec analyzer. CSF
predilution was set to 1:1; serum predilution was set to 1:100.
The lower limit of quantification was 0.034 mg/L and was
given by the manufacturer (details are provided in table e-1,
links.lww.com/NXI/A316).

The hyperbolic reference range and the amount of intrathecal
synthesized FLC-k was calculated according to the formulas
defined by Reiber et al.11

Statistical analysis
SPSS 25.0 (IBM Co., Armonk, NY) and RStudio (R version
3.5.1 2018-07-02) were used for statistical and graphical
processing of the data. Statistical significance was assessed
using χ2 test or Fisher exact test for nominal data. Intergroup
comparison was performed using the Kruskal-Wallis analysis
of ranks test. For statistical group comparison, the FLC-k
intrathecal fraction (IF) and the locally synthesized absolute
amount of FLC-k was calculated in relation to the Qmean. The
sensitivity and specificity of FLC-k IF was displayed in a re-
ceiver operating characteristic (ROC) curve. The optimal
cut-off to discriminate patients with myelitis due to MS and

NMOSD was determined using the Youden index. p Values
≤0.05 were regarded as statistically significant.

Standard protocol approvals, registrations,
and patient consents
The study has been approved by the institutional review board
(BB019/18).

Data availability
Anonymized data will be shared by request from any qualified
investigator.

Results
Forty-nine patients were retrospectively identified for analy-
sis. Twenty-six patients (53.1%) with myelitis as manifesta-
tion of MS/clinically isolated syndrome (CIS), 9 patients
(18.4%) with a myelitis due to NMOSD, and 14 patients with
a noninflammatory myelopathy (28.6%) (table 1).

FLC-k values in quotient diagrams
Figure 1A shows the IF of FLC-k values in quotient diagrams.
Ninety-six percent (n = 25/26) of the FLC-k quotients in
patients with myelitis due to MS/CIS are above the upper
discrimination line Qlim representing intrathecal FLC-k

Figure 1 Data of the cohort in a double logarithmic FLC-k Reibergram and ROC analysis

(A) Data of the FLC-k quotients in a double logarithmic FLC-k Reibergram. The black line showsQFLC-k(lim); the red line shows theQFLC-k(mean). The green line is
the lower limit of the reference range QFLC-k(low). Ninety-six percent of the FLC-k quotients in patients with myelitis due to MS or CIS are above the upper
discrimination line Qlim. Fifty-five of the patients with a myelitis due to NMOSD showed FLC-k quotients > Qlim. Approximately 85.7% of patients with a
noninflammatory myelopathy had FLC-k values < Qlim. (B) ROC analysis in respect to FLC-IF > Qlim. The AUC is 0.915. With a cut-off of 78.6% IF, sensitivity is
88.5%, specificity 88.9% to discriminate patients with MS/CIS and NMOSD. Box plots: The locally synthesized absolute amount of FLC-k (Kloc = [Qkappa(total) −
Qkappa(mean)] × Skappa [mg/L]) is significantly higher in patients with myelitis due to MS than in patients with NMOSD (p = 0.038). AUC = area under the curve;
CIS = clinically isolated syndrome; FLC-k = free light chains kappa; IF = intrathecal fraction; NMOSD= neuromyelitis optica spectrumdisease; OCB = oligoclonal
band; Q = quotient; ROC = receiver operating characteristic.
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synthesis. Sensitivity for OCB detection in CSF in this cohort
is 88.5%.

In contrast to myelitis due to MS/CIS, only 5 of 9 (55.6%)
patients diagnosed with a NMOSD myelitis showed in-
trathecal FLC-k synthesis (table 1, figure 1). Of interest is the
clinical course of 1 patient whose OCB became transiently
negative after stem cell transplantation, although FLC-k
quotients remained > Qlim (figure 2).

The sensitivity of FLC-k synthesis to detect inflammation in
patients with myelitis (due to MS/CIS and NMOSD) is
85.7%, in comparison with 74.3% for OCB detection.

All patients diagnosed with a noninflammatory myelopathy
were OCB negative and 2 had FLC-k values > Qlim (14.3%).

The total amount of intrathecal FLC-k
synthesis discriminates MS myelitis from
NMOSD myelitis
The locally synthesized absolute amount of FLC-k is sig-
nificantly higher in patients with MS myelitis than in pa-
tients with NMOSD myelitis (p = 0.038) or
noninflammatory myelopathy (p < 0.0001) in post hoc
analysis. Using a ROC analysis, FLC-k IF >78.6% can dis-
criminate between patients with myelitis due to MS and
NMOSD with a sensitivity of 88.5% and a specificity of
88.9% (figure 1B).

Discussion
The determination of FLC-k and interpretation in quotient
diagrams11 reached a sensitivity of 96% to confirm intrathecal
inflammation in patients with a MS myelitis in comparison
with 55.6% in patients with NMOSD myelitis and 14.3% in
patients with noninflammatory myelopathies. Sensitivity to
detect intrathecal inflammation in both cohorts of in-
flammatory myelitis (MS/CIS and NMOSD) was higher than
the OCB analysis as the current gold standard (88.5% for
myelitis due to MS/CIS and 33.3% for NMOSD,
respectively).

One explanation is that FLC-k probably represents other as-
pects of inflammation, for example higher values of FLC-k can
also reflect intrathecal IgM or A synthesis in contrast to OCB
which represents IgG.

Another aspect is the analytical sensitivity of OCB detection
in cases with low intrathecal IgG synthesis. As evidenced by
case studies with no or small amounts of OCB bands in iso-
electric focusing,8 patients with inflammatory diseases and
negative OCB still present an FLC-k IF >0%.

The only other study so far describing FLC-k values to dis-
criminate patients with MS and NMOSD obtained compa-
rable results with our study cohort.12 Although using the index
method for FLC-k interpretation with the known risk of false

Figure 2 Data of FLC-k quotients of a patient with NMOSD in a double logarithmic FLC-k Reibergram

See also the legend of figure 1. Inverted triangle: CSF
analysis 07/2008 before immunotherapy, IF 95.1%; tri-
angle: CSF analysis 02/2013 12 months after autologous-
SCT, IF 12.5%; square: CSF analysis 06/2013, IF 34.5%;
rectangle CSF analysis 02/2017, IF 77.8; circle CSF analysis
02/2017 IF 88.3% (new disease activity). FLC-k = free light
chains kappa; IF = intrathecal fraction; neg = negative;
NMOSD = neuromyelitis optica spectrum disease; OCB =
oligoclonal band; pos = positive; Q = quotient; SCT = stem
cell transplantation.
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positive or negative values11 and not restricting the cohort of
MS to myelitis manifestation, the highest FLC-k index values
were seen in patients with MS in comparison to NMOSD.12

An advantage of FLC-k analysis is the quantification in
comparison with the qualitative OCB analysis. We could
identify an IF of 78.6% with a sensitivity of 88.9% and a
specificity of 88.5% to discriminate patients with myelitis due
to MS and NMOSD.

One major limitation of this study is the small sample size of
the patient and the control cohort due to the rarity of the
described diagnoses. The proposed FLC-k IF to discriminate
patients with MS myelitis and NMOSD myelitis has to be
validated preferably in a prospective multicenter study with a
larger cohort.

With the hyperbolic reference range in quotient diagrams for
FLC-k, it is possible to distinguish inflammatory myelitis from
noninflammatory myelopathies. The additional measurement
of FLC-k can support the diagnosis in patients with a sus-
pected inflammatory origin of myelitis. A FLC-k IF >78% can
be a hint to suspected MS myelitis rather than NMOSD
myelitis in clinically unclear cases, in consideration of other
surrounding diagnostic results, such as MRI and antibody
status.
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