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Abstract

Background Cerebrospinal fluid (CSF) kappa-free light chains (KFLC) are becoming a diagnostic biomarker for multiple
sclerosis (MS).

Objectives We aimed to compare the diagnostic performance of intrathecal synthesis biomarkers to that of oligoclonal bands
(OB) in diagnosing MS, radiological and clinical isolated syndromes (RIS-CIS) on a large cohort of patients collected over
10 years.

Methods We collected 1124 patients (58% females) in 10 years who underwent CSF analysis for intrathecal synthesis in the
diagnostic work-up, and they were classified according to their diagnosis as 417 MS, 287 with other neurological inflam-
matory disorders (including 76 RIS-CIS), and 420 non-inflammatory diseases (excluding lymphoproliferative and infective
diagnosis).

Results MS patients significantly differ from all other groups (including if considering the RIS-CIS cohort) for CSF KFLC,
KFLC intrathecal fraction (IF), Kappa index, and OB. Evaluating the diagnostic performance, the Kappa index cut-off was 6.4
for diagnosing MS and 5.7 for predicting OB. A diagnostic algorithm could avoid IEF if the Kappa index is higher than 20.
Conclusions The KFLC index confirmed its accuracy for MS diagnosis in this large Italian cohort, adding information also
in the RIS-CIS population.
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Introduction

Multiple sclerosis (MS) diagnostic criteria include the detec-
tion of immunoglobulin (Ig) type G oligoclonal bands (OB)
in the cerebrospinal fluid (CSF) to fulfil the dissemination
in time (DIT) criterion in case of single clinical attacks
with dissemination in space (DIS) [1]. The presence of OB
is routinely assessed qualitatively with isoelectric focus-
ing (IEF) on an agarose gel followed by immunoblotting
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or immunofixation [2] and remains a supportive biomarker
with a high sensitivity (ranging from 82% to almost 100%)
and specificity (86-96%) [3]. However, IEF is a time-con-
suming and technically demanding technique with a strongly
rater-dependent interpretation [4].

Alternative quantitative measures have been employed,
and the most known is the IgG or Link index, calculated as
the ratio between 1gG (Q),=12Gcsp/12Gqerym) and albumin
quotients (Q y, = Albumingge/Albuming, ) to normalize for
blood-CSF barrier dysfunction [5]. The Link index corre-
lates with OB detection [6] but is less sensitive (about 75%)
[7], and test performances do not improve if combined with
OB (versus OB alone) [8]. Several studies have assessed
kappa-free light chains (KFLC) with ultrasensitive immu-
noassays on turbidimetric or nephelometric platforms [9]
and compared CSF values and related indices to OB with
variable cut-offs [8, 10], showing a diagnostic relevance.
Subsequently, a recent meta-analysis determined a Kappa
index cut-off of 6.1 to discriminate clinically isolated syn-
drome (CIS) and MS patients from controls with sensitivity
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and specificity of almost 90%, similar to OB detection [11].
Moreover, the Kappa index showed a higher diagnostic per-
formance than the Link index [12]. Nevertheless, indices
require a linear relationship between albumin and the pro-
tein of interest, regardless of the difference in the size of
the molecules [13]. Other mathematical models have been
proposed to express the intrathecal synthesis of Ig or FLC:
an extended version of the IgG index [14], its logarithmic
correction (LogIndex) [15], Tourtellotte’s formula [16],
Schuller’s equation [17], or the hyperbolic Reiber’s func-
tion, or Reibergram [18]. This latter formula corrects for the
molecular size, predicting faster diffusion of smaller proteins
[19]. Some authors reviewed the most frequently available
metrics to express intrathecal synthesis, showing a higher
sensitivity of hyperbolic functions despite a greater risk of
false positive results [13].

For a decade, our group focused on the diagnostic, predic-
tive, and prognostic roles of KFLC in MS patients. In our
first two studies, the Kappa index showed high sensitivity
and specificity compared to OB and the IgG index, with an
optimal cut-off of 5.0 [20]. Consequently, we proposed a
sequential diagnostic work-up using the Kappa index as a
screening, followed by IEF only if above 5.0 [21]. Neverthe-
less, some authors support the use of solely OB accounting
for higher sensitivity compared with KFLC-related param-
eters or propose to use OB as a screening method [22]. At
present, our aim is a comprehensive re-evaluation of the
diagnostic performance of intrathecal synthesis biomark-
ers and, more specifically, of KFLC, in a large cohort to
re-define an optimal diagnostic cut-off and to evaluate the
best metrics for CSF biomarkers. Firstly, we focused on dis-
criminating MS from non-MS subjects. Secondly, we dis-
tinguished MS from radiologically and clinically isolated
syndrome (RIS-CIS) cases.

Methods
Patient recruitment and clustering

We collected a total of 1392 paired CSF and serum samples
upon a request from clinicians for assessing intrathecal syn-
thesis, from April 2014 to May 2024. The exclusion criteria
were: repetitive samples (N =50 cases), no definite diagnosis
at the end of the diagnostic work-up (154), IEF or neph-
elometric results not available due to technical or sample-
related issues (9), final diagnoses of central nervous system
(CNS) infections (49) and/or lymphomas (6). Consequently,
we finally included 1124 patients in the final analysis, classi-
fied as: (0) symptomatic controls (N=53), (1) clinically defi-
nite MS according to the McDonald criteria [1] (417), (2)
RIS-CIS (79), (3) other CNS inflammatory diseases (107:
acute disseminated encephalomyelitis, ADEM, autoimmune
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encephalitis, Hashimoto’s encephalopathy, neuromyelitis
optica or NMO, rheumatologic involvement of the CNS,
including neuroBehget, lupus and vasculitis), (4) inflamma-
tory diseases of the peripheral nervous system (PNS) (101:
autoimmune polyneuropathies, cryoglobulinemic polyneu-
ropathy, myasthenia gravis, vasculitic PNS disorders), (5)
non-inflammatory PNS diseases (74: compressive, diabetic,
hereditary, nutritional or paraneoplastic polyneuropathies),
(6) other non-inflammatory neurological diseases (293:
CNS primary tumor, cerebrovascular disorders, dementia,
epilepsy, iatrogenic cerebral lesions, headache, metabolic
encephalopathies, amyotrophic lateral sclerosis, parkinson-
ism, pseudotumor cerebri, radiculopathies).

These categories were pooled into three groups: a defi-
nite MS (417 patients), other inflammatory neurological
disorders including RIS-CIS group (OIND: 287 patients),
and other diagnoses (OD: 420 patients) (Fig. 1). For com-
parative analyses, we pooled the OIND and OD groups in
the non-MS group (707 subjects). All patients signed an
informed consent form for both diagnostic and research
purposes. The study was approved by the Ethics Commit-
tee of Maggiore della Carita University Hospital of Novara
(references: CE1804 and CE262/2022). Of note, part of this
cohort was already included in previous studies published
by our research group [20, 21, 23].

Sample collection and analytical techniques

All paired CSF and serum samples were centrifuged for
6 min at 3600 rpm, and, unless analyzed immediately,
they were stored at 2—8 °C for up to one week or frozen at
— 80 °C for long-term preservation.

OB detection was performed by IEF on an agarose gel
followed by immunofixation with a mammalian peroxidase-
labeled anti-IgG antiserum using the HYDRAGEL 3 CSF
ISOFOCUSING or HYDRAGEL 9 CSF ISOFOCUSING
kits by Sebia on the semiautomatic HYDRASYS 2 system
(IgG band detection limit: 0.31 mg/L). Serum and CSF
samples were always analyzed in parallel and pre-diluted,
if needed, to adjust the IgG concentration to the same level
recommended by the manufacturer (10-20 mg/L). CSF and
serum quantitative measurements were performed by immu-
nonephelometric assays on the BN II System by Siemens
(Siemens Healthcare Diagnostics, Marburg, Germany).
Albumin was determined using the N Antiserum to Human
Albumin kit (Siemens Healthcare Diagnostics Products
GmbH, Marburg, Germany) containing rabbit polyclonal
anti-human albumin antibodies (lower detection limits, or
LOD: 17.7 mg/L in CSF and 0.355 g/L in serum). KFLC and
LFLC were measured with the N Latex FLC kappa and N
Latex FLC lambda kits by Siemens using polystyrene parti-
cles coated with anti-KFLC or anti-LFLC murine monoclo-
nal antibodies (LOQ: 0.034 mg/L in CSF and 0.195 mg/L
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Fig. 1 Flowchart of sample collection, exclusion criteria, and patient
clustering into separate diagnostic categories. CIS, clinically isolated
syndrome; CNS, central nervous system; IEF, isoelectric focusing;
MS, multiple sclerosis, OD, other diagnoses (non-inflammatory);

in serum for KFLC and 0.480 mg/L in CSF and 0.532 mg/L
in serum for LFLC). Total IgG concentration was measured
using the N Antiserum to Human IgG by Siemens, contain-
ing rabbit polyclonal anti-human IgG antibodies (LOQ:
3.6 mg/L in CSF and 0.07 g/L in serum). Formulas to obtain
linear and non-linear values of intrathecal synthesis are pre-
sented in Supplementary Table 1. Concerning non-linear
functions, we specifically referred to the ones proposed by
Reiber [24] and Tourtellotte [25].

Statistical analysis

Statistical analysis was performed using MedCalc Software
version 22.021. Most data were not normally distributed
according to the Shapiro—Wilk test and, consequently, they
were all expressed as the median and interquartile range (IQR),
and non-parametric tests were then employed. Quantitative
variables were compared using the non-parametric Wil-
coxon—-Mann—Whitney U test. For multiple comparisons, the
Chi-squared test was adopted for categorical variables while
for quantitative data the non-parametric Kruskal-Wallis test

707
non-MS

OIND, other inflammatory neurological disorders; PNP, peripheral
neuropathy; RIS, radiologically isolated syndrome. Created with
BioRender.com

was chosen, followed by a post-hoc analysis using the Dunn
test. p Values less than 0.05 were considered statistically sig-
nificant. To assess the diagnostic performance, the online
Bayesian calculator (version 1.2) [26] offered by SIPMEL
(Italian Society of Clinical Pathology and Laboratory Medi-
cine) was employed to calculate sensitivity, specificity, like-
lihood ratio for a positive test (LR+), likelihood ratio for a
negative test (LR—), positive predictive value (PPV), negative
predictive value (NPV), overall diagnostic accuracy, and num-
ber needed to diagnose (NND) with 95% confidence intervals
(CI). The best cut-offs for each parameter were defined through
ROC curve analysis, which reported an area under the curve
(AUC) with a 95% CI. All ROC curves were obtained after
setting a type I error at 0.05 and a type II error at 0.20.
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Results

Demographic and clinical characteristics
of the study population

Demographic and CSF features of each diagnostic category
(from O to 6) are presented in Supplementary Table 2.

Our cohort included 655 females (58%) and 468 males
(42%). 417 (37%) patients were diagnosed with MS, and 79
(7%) with RIS-CIS (included in the OIND group). The median
age at the first spinal tap was 48 years (min—max range: 1-91),
38 (12-79) in the MS group, 50 (1-91) in the OIND category,
and 56 (1-91) in the OD group. Age was significantly differ-
ent among the groups, and the median age of MS patients was
significantly lower than that of all categories except RIS-CIS.

The prevalence of OB positivity was 42% (473/1124) in
the global cohort, 90% (374/417) in the MS group, and 25%
(71/287) in the OIND category. However, considering the RIS-
CIS patients as a separate group, the prevalence increased to
42% (33/79) but this subgroup did not fulfil the DIS criterion
according to the McDonald criteria [1].

Comparison of diagnostic categories and of MS vs
non-MS patients

We evidenced a significant difference for MS patients in com-
parison with each diagnostic category for CSF FLC-related
parameters: absolute CSF KFLC concentration, Qg ¢, Q1 pLeos
KFLC, ., LFLC, ., KFLC IF, LFLC IF, Kappa index, Lambda
index, and KFLC/LFLC ratio. In the post-hoc analysis, all
KFLC-related parameters and some LFLC-related parameters
persisted in differentiating MS from other groups (including
group 2). On the other hand, the IgG index was not effective
in discriminating between MS and RIS-CIS.

As anext step, we clustered patients into an MS group ver-
sus a non-MS group, including OIND and OD. However, given
the peculiarity of RIS-CIS diagnoses, we also extracted the
pure RIS-CIS patients from the non-MS group to compare
them with MS subjects in a separate analysis (Supplementary
Table 3 and Supplementary Fig. 1). Apart from CSF albumin,
all parameters were significantly different between MS and
non-MS patients. Interestingly, in discriminating between MS
and RIS-CIS, only the FLC-related parameters showed the
most statistically significant difference (p value <0.0001).

Diagnostic performance of quantitative
and quantitative biomarkers of intrathecal
synthesis

To assess the diagnostic performance of the main biomark-

ers of intrathecal synthesis, including the qualitative detec-
tion of OB at IEF, ROC curve analysis and contingency
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tables were applied to the whole cohort to define the optimal
cut-offs and to calculate sensitivity, specificity, PPV, NPV,
LR+, LR—, NNT, and overall diagnostic accuracy at each
threshold. It was decided not to include the absolute con-
centrations of IgG, KFLC, and LFLC since they are prone
to be influenced by plasma proteins in case of blood-CSF
barrier dysfunction. Table 1 displays the diagnostic perfor-
mance of all these parameters in their ability to discrimi-
nate clinically definite MS from all other diagnoses. We
then assessed the performance of quantitative parameters
in predicting OB detection at IEF (Table 2). Figure 2 shows
the ROC curves of the three most widely used biomarkers
of intrathecal synthesis, namely the IgG index, the Kappa
index, and the Lambda index. In discriminating MS from
non-MS subjects, the highest AUC (0.900) was associated
with the Kappa index, with a discriminative cut-off of 6.4,
immediately followed by the KFLC IF (0.899) and other
KFLC-related parameters. Also LFLC-associated biomark-
ers showed a high AUC (0.803), while the performance of
IgG-related biomarkers was markedly lower (AUC 0.683 for
the IgG index, 0.691 for IgG IF, 0.679 for IgG; ., and 0.644
for IgGroyurerione)- OB detection at IEF also showed good
diagnostic performance (AUC 0.878) and slightly higher
sensitivity, specificity, PPV, and NPV compared with the
Kappa index (for OB: Sn 89.7%, Sp 86.0%, PPV 79.1%,
NPV 93.4%, for the Kappa index: Sn 87.3%, Sp 84.7%, PPV
77.1%, NPV 91.9%). Overall, OB detection had the highest
diagnostic accuracy (87.4%).

The same trend was observed when assessing the diag-
nostic power of intrathecal synthesis biomarkers in predict-
ing OB detection at IEF. The Kappa index and the Kappa
IF confirmed themselves as the best diagnostic parameters
with AUC of 0.975 and 0.976, respectively. This time, the
best cut-off for the Kappa index was 5.7. In the second place,
there were LFLC-related biomarkers, whereas the perfor-
mance of IgG-associated parameters was much lower, with
sensitivities as low as 55.6% and 45.7% for IgGyyreliore a0
IgG, .. respectively.

Discussion

Our study performed a multiple comparison analysis of
qualitative and quantitative biomarkers of the intrathecal
immune response among all diagnostic categories, and the
parameters for which MS patients differed with the high-
est level of significance were related to CNS-restricted FLC
(CSF KFLC, Oxprc» Q. KFLCy ., LFLC; ., KFLC IF,
LFLC IF, Kappa index, Lambda index, and KFLC/LFLC
ratio). Conversely, markers of intrathecal IgG synthesis did
not differ between MS and RIS-CIS patients, implying that
FLC synthesis could represent a better discriminator in this
context, as we confirmed in the bivariate comparison of MS
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Fig.2 ROC curve analysis for IgG index, Kappa index, and Lambda index to diagnose MS (A-C) and to predict OB (D-F). AUC, area under the
curve; IgG, immunoglobulin G; MS, multiple sclerosis, OB, oligoclonal bands; ROC, receiver operating characteristic

versus non-MS patients and MS versus RIS-CIS groups.
Indeed, all parameters except CSF albumin discriminate
between MS and non-MS subjects. However, FLC-related
biomarkers emerged in discriminating RIS-CIS patients
from MS. Globally, our data suggest that the intrathecal Ig
synthesis proposed as a supportive criterion in MS diag-
nosis [1] should be re-discussed considering biomarkers of
intrathecal FLC synthesis.

Secondly, we assessed the diagnostic performances of
intrathecal synthesis parameters to find the most informa-
tive, to define optimal cut-offs, and to evaluate the use
of linear or non-linear functions. In this large cohort, the
Kappa index cut-off in predicting OB detection at IEF did
not differ significantly compared to the one originally pro-
posed by our group (5.0 [20] versus new cut-off: 5.7), but
it resulted higher for predicting MS diagnosis (new cut-off:
6.4). Anyway, the Kappa index confirmed an only slightly
lower sensitivity in diagnosing MS if compared to IEF (87.3
versus 89.7), preserving reasonable specificity (84.7), and
showing an accurate performance also at predicting OB.
Other KFLC-related biomarkers, namely Qgg; c, KFLCy ..
and KFLC IF, also showed very good diagnostic accuracy
and high AUC, especially in predicting OB detection at IEF.
However, the Kappa index is easier to interpret than non-
linear calculations. Consideration is needed for the graphical

use of Reiber’s formulas with the aid of informatic tools able
to generate a graph after simply importing the nephelometric
measurements of the absolute concentrations of intrathecal
synthesis biomarkers. Indeed, the visual impact of a graph
might become at least an interpretative aid for clinicians,
especially when the IEF interpretation is quite challenging.
Concerning the other biomarkers, those with the worst
performance were all related to IgG intrathecal synthesis, i.e.
016 18G1 oc» I8G IF, IgG index, and IgGryypieione- These data
corroborate previous findings [7, 8, 27, 28], confirming that
adding IgG-related biomarkers to qualitative CSF analysis
does not improve the overall diagnostic accuracy.
Regarding the controversial role of LFLC, apart from
Qqfprc, all biomarkers of intrathecal LFLC synthesis
(LFLC, ., LFLC IF, and Lambda index) showed satisfac-
tory AUC at the ROC curve analysis, both for MS diagnosis
(but below 80%) and for prediction of OB. However, LFLC
were not measured in all patients (only 964/1124 had LFLC
results available due to technical issues), so comparisons
of their diagnostic performance were limited by the dif-
ferent sample size. Overall, these results seem to confirm
what was already known from the literature [10, 29-31],
i.e. the fact that LFLC does not provide any added value to
MS diagnosis and are never superior to KFLC-related bio-
markers. In the future, it would be interesting to investigate
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whether LFLC could have a prognostic significance during
MS patient follow-up [31].

Notably, the choice of the best cut-off is also strongly
influenced by the study population and especially by the
exclusion methodology used to stratify patients into differ-
ent diagnostic categories. It is thus not surprising that the
thresholds proposed in the literature are so variable [3]. For
instance, some authors consider CIS together with MS [8],
while others exclude all peripheral neurological disorders to
better focus only on the CNS [10], resulting in considerable
variability when it comes to the evaluation of test perfor-
mance. As it relates to this study, we preferred to be not
so strict during sample selection, excluding only infections
and CNS lymphomas while keeping all other diagnoses to
better reflect the real population referring to our institution.
Perhaps a better standardization in the recruitment protocols
would determine an improvement in the inter-study concord-
ance and add value to the choice of shared decisional limits.

The adoption of a 5.7 cut-off for the Kappa index to
predict OB is associated with a 95.8% NPV and appears
a reasonable decisional limit should a sequential diagnos-
tic algorithm be applied to the patient work-up, as previ-
ously proposed by our group and called a rule-out algo-
rithm [20, 23] (Fig. 3). This cut-off would likely exclude
OB with sufficient confidence to avoid performing IEF in
all cases, reserving it only to those with a Kappa index > 5.7
as a confirmatory test. Using this algorithm on the actual
cohort, 27 patients (2.4% of the total cohort) with a Kappa
index <5.7 were OB+, of whom 11 with MS (2.6% of all MS
patients; according to the McDonald criteria [1], the DIT cri-
terion was fulfilled even without the need of CSF analysis)
and 2 with RIS-CIS (despite intrathecal synthesis, according
to the McDonald criteria [1]). On the other hand, 39 patients
(3.4% of the entire cohort) had a Kappa index > 5.7 but were
OB-—, of whom 5 had MS (1,2% of all MS patients) and 6
had RIS-CIS. Of note, using this algorithm, 639 patients
would not be tested with IEF (57%), resulting in savings
between 7600 and 14,400 euros (pending on the kit types)

when considering only the costs related to the kit purchase
and not those deriving from staff time, since it would have
been too difficult to provide an accurate estimate.

Another approach to discuss would be to avoid IEF in
patients with a Kappa index above a certain threshold, rely-
ing on a high PPV, called a rule-in algorithm. To reach a
100% PPV, the cut-off would be inflated to 121.4, drop-
ping the sensitivity to 13.5% (95% CI 10.6-16.9). Conse-
quently, we considered the highest cut-off published for
the Kappa index, i.e., the value of 20 by Desplat-Jégo et al.
[11, 30], which showed a sensitivity of 69.7% and a spec-
ificity of 81.8% in the original paper and a specificity of
98.8% (95% CI 97.6-99.5) and a PPV of 97.4% (95% CI
94.9-98.7) applied to our cohort in a rule-in diagnostic algo-
rithm. In this scenario, 8 patients with a Kappa index > 20
were OB- and, of these, 2 had MS. In this case, we would
have avoided 303 IEF analyses (27% of the total) and a cost
saving ranging from 3800 to 7200 euros (Fig. 3). According
to these speculations, we might update our diagnostic algo-
rithm to a rule-in method, but an interdisciplinary consensus
is hence needed according to the resource availability.

Conclusions

Our study firstly confirmed the role of quantitative measures
of intrathecal synthesis for MS diagnosis on a large Ital-
ian cohort evaluating the diagnostic performance of CSF
biomarkers and re-defining cut-offs to optimize the diag-
nostic work-up. Globally, OB detection remains the gold
standard for MS diagnosis when clinical and radiological
diagnostic criteria are not fully satisfied. Notwithstanding
this, quantitative biomarkers of intrathecal synthesis repre-
sent a valid adjunct to CSF qualitative analysis, and, among
these, the Kappa index is confirmed to have a diagnostic
accuracy similar to that of OB. Regarding the best metrics
to express biomarkers of intrathecal synthesis, using linear
indices appear the most appropriate both to correct for any

Fig. 3 Diagnostic algorithms RULE-OUT ALGORITHM RULE-IN ALGORITHM
proposed for the clinical labora- —— Y ——
tory. CSF, cerebrospinal fluid; Paired CSF and Paired CSF and
IEF, isoelectric focusing. Cre- serum collection serum collection
ated with BioRender.com ~ ~
Kappa index Kappa index
— -
No IEF No IEF
+ IEF IEF +
comment comment
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potential extra-CNS protein contribution and to facilitate
calculations and result interpretation. A rule-in algorithm,
that would avoid IEF in patients with a Kappa index above
20, could be considered for clinical practice. Further discus-
sion is needed to determine the most accurate approach to
avoid IEF in some cases, and a role for LFLC has not been
defined in the MS work-up yet.
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