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A new free light chain immunoassay shows advantages
in the classification and in the follow-up of patients with
paraproteinemia compared to a nephelometric assay
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Abstract

Background: For screening for monoclonal gammopathies, their prognostic stratification and therapy monitoring, the quantitative determination of free
immunoglobulin light chains is a significant component. Nephelometric and turbidimetric test methods have so far been associated with analytical limitations and
pitfalls. The new quantitative s-FLC ELISA (Sebia) was tested for its suitability for use in routine clinical diagnostics in an application study in a supraregional
laboratory center in Germany.

Materials and Methods: 510 samples in which the free light chains had previously been determined with the Freelite assays (The Binding Site) were compared with
the new ELISA. Furthermore, the M-protein peak concentrations from 25 serum protein electrophoresis (SPE) were compared with the results of free light chain
measurements of Freelite and Sebia FLC.

Results: Only moderate correlations for the k and A light chains between the two methods, Sebia FLC ELISA and Freelite, were found. The concordance correlation
coeflicients (CCC) were only r=0.68 and r=0.67, respectively. There were significant quantitative differences between the two methods, which were particularly
pronounced in samples with high FLC concentrations. The agreement between the immune fixation, which is considered the gold standard, and the Sebila FLC
determination was 92.6%, but only 83.0% for the Freelite tests. The Sebia monoclonal FLC concentrations were consistent with the M protein concentrations
determined with the SPE. Compared to this, the Freelite monoclonal FLC concentrations were consistently higher. The average overestimation was 10-fold
compared to the SPE.

Conclusion: The Sebia FLC Assay proved to be a robust platform for the sensitive and accurate determination of free light chains in serum. Due to the good
agreement with the SPE and the conformity to the immunofixation as well as the low rerun rate resulting from the larger measuring range of the Sebia sFLC ELISA,
these assays are suitable alternatives for the determination of free light chains for screening on monoclonal gammopathies as well as for the follow-up of patients with
multiple myeloma.

Introduction Because of the unreliability of the lower end of the calibration

range of these assays, an analytical gap between 1 mg/L - 7 mg/L can

Since the availability of the serum free light chain (sFLC) assay,
the diagnosis, monitoring and prognosis for plasma cell dyscrasias
has greatly improved, because the x/A ratio represents a sensitive
balance between the two types of light chain [1]. Overexpression of a
light chain type by a malignant B-cell clone leads to a shift in the k
to X ratio reference range [2] so that it is possible to identify affected
patients before the disease has progressed to the extent that Bence-
Jones proteinuria becomes detectable in the urine. This has ultimately
led to the inclusion of the determination of FLC in the guidelines for
the diagnosis, treatment and follow-up of multiple myeloma [3]. An
incorrect determination of FLC can therefore have direct consequences
for the outcome of the patient.

However, the nephelometric and the turbidimetric methods for the
determination of FLC are accompanied by a series of analytical limits,
pitfalls and technical difficulties [4]. Depending on the lot, an effect can
occur with k as well as with A.
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occur, which can have a dramatic effect on the calculation of the x/A
ratio. This can lead to an abnormal /A ratio in healthy individuals
and apparently significant changes in the ratio between sequential
samples from myeloma patients who are in fact still in remission
[5]. Strong discrepancies between the FLC concentrations of Freelite
(The Binding Site, Birmingham, UK) and the monoclonal FLC band
on serum protein electrophoresis (SPE) were reported [6]. Freelite
overestimation can be greater than 10 times and has been attributed
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to FLC polymerization, which leads to larger immune complexes and
greater scattering by nephelometry. FLC concentrations in the near
range of the values obtained with SPE were detected by using a new
commercially available ELISA test [6]. The quantitative sSFLC values
obtained with these assays show a better comparability to M- protein
concentrations generated by the integration of the paraprotein peaks in
the SPE which is listed in the guidelines as a reference for diagnostics,
staging and response criteria [1].

Here we present data from a large-scale validation of this
observation using the Sebia FLC immunoassay (Sebia, Lisses, France)
compared to the Freelite assays performed on BNII nephelometer
(Siemens, Eschborn, Germany). The aim of the investigations was to
determine whether significant differences occur in a routine collective
due to the use of different measurement methods with a consequence
for diagnostics or the further course of therapy in patients with multiple
myeloma.

Material and Methods

The study used serum samples from a supraregionally operating
routine laboratory in North Rhine-Westphalia, Germany, from
different oncological centers for the diagnosis of dysproteinemia or for
follow-up.

Comparative analysis of Sebia and Freelite results was done
anonymously on the same working day, preventing to draw
conclusions on individual subjects. The local ethics committee at the
RWTH University Hospital Aachen approved our study (EK158/18).
This authority has provided a written statement that we do not require
a special ethical vote because the retrospective study is covered by § 6 of
the law for the protection of personal data in the health care system (§
6 GDSG NW), which allows data processing for scientific purposes. In
the federal state North Rhine-Westphalia this law is still valid even after
the introduction of the new EU General Data Protection Regulation
(EU-DSGVO) on May 25, 2018.

For the biomarker measurements, a total of 510 serum samples
were measured over 18 working days. The FLCs were measured with
Sebia FLC ELISA and Freelite (The Binding Site) on BNII nephelometer
(Siemens) according to the valid manufacturer’s instructions for use.
For all samples capillary electrophoresis and immunofixation were
available to evaluate the results. The data from the laboratory journal
were used to evaluate the rerun rate of BNII nephelometer.

In order to assess the diagnostic performance of the calculated
kappa/Lambda quotients, the deviations of the quotients from
the reference ranges were compared with the clinical data and the
qualitative results of the immune fixation.

For sFLC methods comparison with SPE, sera obtained from
patients with measurable involved FLC peaks were analysed on Freelite
and Sebia FLC and compared to iFLC peak quantification on SPE by
using the tangent scimming method [7].

For statistical analysis, continuous variables were expressed as
mean * standard (SD) deviation. After One-Sample Kolmogorov-
Smirnov Test, Spearman test were used to determine the correlation,
and Wilcoxon Signed Ranks Test were used to determine the difference
between the two methods. Passing and Bablok were performed for
method comparison that identifies systematic and proportional
differences. The intercept of the formula is a measure of the systematic
differences between the two methods. The hypothesis of intercept equals
to zero is accepted if the confidence interval for intercept contains the
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value zero. If else, both methods differ at least by a constant amount.
The slope of formula is a measure of the proportional differences
between the two methods. The hypothesis of the proportional
difference is accepted if the confidence interval for slope contains
the value 1. If else, there is at least a proportional difference between
the two methods [8]. Bland-Altman plot was used to determine the
analysis of the differences. Agreement between methods was realized
by computing the concordance correlation coefficient (CCC) [9]. A
difference with a p value < 0.05 was considered significant. Statistical
analyses were performed using MedCalc (MedCalc Software, Ostend,
Belgium), SPSS 18.0 (SPSS Inc., Chicago, IL, USA) and Microsoft Excel
2016 (Microsoft Corporation, Redmond, WA, USA).

Results

Method comparison

KFLC and AFLC were measured in 510 sera using both Sebia FLC
and Freelite. Descriptive features of the parameters are shown in
Table 1. Parameters were nonparametric distributed. Spearman rank
correlation coefficients (CI 95%) between Sebia and Freelite for x, A and
k/A were r=0.891 (0.866 t0 0.916), 0.774 (0.720 to 0.819), 0.583 (0.496 to
0.659), respectively (p<0.0001). The CCC of k and A showed a moderate
agreement (r=0.68 and 0.67, respectively) between both methods. A
linear regression analysis of the measured values in a concentration
range between 0 and 250 mg/L (n=257) which correspond to the
measuring ranges of the assays between Sebia and Feelite is shown in
Figure 1A. The Passing-Bablok regression line is depicted in Figure 1B.
The line demonstrated both proportional and systematic differences
between both methods for all parameters. The confidence intervals (CI
95%) are shown in the graph and the numerical values for intercept and
slope were demonstrated in Table 2. In undiluted samples, the Freelite
values are more than two times as high as the ELISA values. Over the
entire concentration range of the samples measured in the study, the
Freelite FLC values were 5.9 fold higher for kFLC samples and 8.6 fold
higher for A\FLC samples compared to the Sebia FLC assays which
indicates that there is no linearity in dilution. Also, Bland-Altman plot
revealed that Freelite provides higher values than Sebia especially at the
higher levels (Figure 2). The mean biases were 17.2 mg/L and 1.7 mg/L
for k and A, respectively. The difference between methods for A was not
significant (p= 0.184) but for x and for the quotient it was significant
(p<0.05).

Table 1. Descriptive properties of free light chains analysed in Sebia and Freelite

Sebiak | Sebia) Sebiawi PN prectiten ’ifi“e
N 510 510 510 510 510 510
Mean 3079 | 4284 230 | 7952 | 12407 1239
Median 249 | 806 048 | 1215 | 3026 @ 492
Mode 1902 | 2026 | 090 2755 | 1830 | 143
Std. deviation S6.16 | 18195  10.85 @ 27448 | 68345 | 11120
Variance 3154 | 33105 118 | 75342 | 467108 12364
Skewness 847 | 1270 1360 | 1172 853  16.00
Kurtosis 87.95 | 18870 20553 | 157.80  77.01 | 278.66
Minimum 0.9 24 0 134 | 071 0
Maximum 766 | 3137 188 | 4070 | 7280 | 2120
Percentiles 2.5 4.79 7.16 0.07 5.70 341 0.02
25 1352 | 1564 | 069 1790 | 1270 | 1.08
50 19012 | 2026 | 090 2755 | 1830 | 143
75 | 2871 2675 | 127 | 5363 2895 2.1
975 | 9484 9837 | 993 | 46725 75865 | 6425
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Figure 1. Regression analysis. (A) Linear regression analyses and (B) Passing and Bablok regression analyses of Sebia and Freelite. Scatter diagram with regression line
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Figure 2. Bland—Altman plots of differences between Sebia and Freelite. Individual plots are shown for (A) the k light chain, (B) the A light chain, and the « to A chain ratios
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Table 2. Passing and Bablok regression of free light chains between Sebia and Freelite

the IFE the FLC determination with Sebia and Freelite are displayed. As

The concordance of the clinical interpretation of the FLC ratio
between both methods was 76.7%, which resulted in 119 discrepant
FLC ratios out of the 510 samples. The moderate agreement was further
shown by the Cohen k coefficient of 0.753. The agreement of the light
chain quotients determined with Sebia to the clinical data and to the
qualitative findings of the immune fixation was 92.6%, however, higher
than that of the quotients determined with Freelite, which was 83.0%.
Although, most of the discrepant results were observed in samples
with FLC ratio values close to the cut-off value of the reference ranges,
at least 6 samples showed results that caused a significant clinical
misinterpretation.

Accuracy of FLC measurements

Differences between Freelite and Sebia FLC were most apparent at
the high end of the concentration range. To assess the accuracy of both
of the FLC assays results were compared to SPE concentrations in 25
patients with measurable sFLC peaks on SPE. The concentrations of
the iFLC in the 25 serum samples ranged from 6.8 to 22,580 mg/L. The
Freelite SFLC concentrations were consistently higher in 23 of the 25
samples tested with a mean 10-fold overestimation compared to SPE.
The complete data of the comparison are displayed in Table 3. The
observed differences were unsystematic and patient-dependent. Sebia
sFLC concentrations showed a good comparability to the SPE FLC
peak concentrations with an average 0.9-fold underestimation. Figure
3 shows four examples of these discrepant samples. Beside the SPE and
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. . CI 95% for CI 95% for can be seen in the figure, contradictory statements are made about the
Light Chain r Formula . . . .
intercept slope two methods in the four examples. In example A of a free A light chain,
K 0.893 y=5.94+041x 4.97-6.78 0.38-0.45 the Sebia value clearly fits better to the peak height of the paraprotein in
L 0.774 y=851+0.59x = 728-9.62 0.54-0.65 the SPE which was 4250 mg/L. In example B (IgAA/Gk) the opposite is
/A 0.583 y=022+045x | 0.14-031 0.39-0.51 observed. Here the value determined with Freelite appears too low for
Table 3. Comparison of FLC concentration between SPE, Sebia and Freelite the p.eak heig htin the SPE. A quantiﬁcatio.n was not possible b.ecause of
’ the biclonality. In C, IgA/ A,. only the Sebia ELISA shows an increased
NO SPE Sebia (mg/L) | Freelite (mg/L) FLC value and a decreased ratio. D is a putative positive AFLC. The Sebia
1 182 6.8 711 Lambda ELISA value is here only slightly increased, while the free elite value is
2 115 102 11,1 Kappa 11 times higher, although in the SPE no quantifiable extra gradient and
3 814 687 7599 Lambda in the immune fixation no sharply defined band is recognizable.
4 360 324 8677 Lambda
5 88 79,4 7588 Lambda Reruns
3 94 021 3866’3 9215052 LKappa Serum FLC covers a wide concentration range that must be
ambda . . .
p 260 ' 5850 Lambda covered by analytical methods. Often serum samples with higher, but
9 199 201 1995 Lambda
10 15,8 17,7 325 Kappa A Free light chain A
11 28,4 23,6 46,5 Lambda L
12 132 224 1487 Kappa Densitogram
13 277 255 2360 Lambda
14 255 235 4250 Kappa
15 49 44,1 71,5 Lambda
16 234 19,5 32,4 Lambda
17 82,1 67,8 166,5 Kappa M K(mgiL} 118 16
18 55,4 44,6 89,4 Kappa ! LI ! ! ! Afmgll)  800.91 7280
Alb Oy B W
19 122 117 227 Lambda 614 67 118 96 105  [%] KA 0.01 0
20 399 368 2471 Lambda
21 1280 987 4250 Kappa B 1 IgAAIIgGx
22 15 15,4 29,8 Kappa
23 105 99,7 202 Lambda Densitogram -
24 244 23 523 Kappa - - -
25 2055 1908 2258 Lambda
P 317 289 3092 ELP G A M K A
1 0.9 10 | | sebia | Freelite |

K{mgiL)  3.64 1.88
Alb o, q B v A(mgll)  146.16 1.5
43.5 38 100 320 57  [¥] KiA 0.02 0.16
| g
c Vi
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Figure 3. Exemplary presentation of discrepant samples
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also with lower FLC concentrations have to be re-analyzed several
times before a valid result is obtained using the common turbidimetric
or nephelometric methods. To measure the 510 serum samples of this
study, a total of 1234 dilution runs were necessary using the Freelite
reagent on the BNII nephelometer. This averages 2.34 approaches to
determine a k/\ ratio. Using the Sebia FLC ELISA, 1067 approaches
were sufficient, which corresponds to a ratio of 1:2.08 per reported
result.

Discussion

This retrospective study describes under routine conditions the
performance of the Sebia FLC assay for the quantitative determination
of kFLC and AFLC in serum. The measurement of monoclonal free light
chains is an essential supplementary test in the screening of patients
with suspected monoclonal gammopathy, in the course of prognostic
stratification and within therapy monitoring [1,10,11]. We report here
on this modern sandwich ELISA, which uses polyclonal antibodies
as a modern new-fashioned platform for the sensitive, accurate and
reproducible quantification of serum FLC.

In principle, it is difficult to compare the two methods as there is
neither a reference method nor a certified reference material available.
Despite a particularly good agreement, in individual cases, especially
within high FLC concentrations, there are particularly significant,
clinically relevant deviations in addition to the two methods that can
also be demonstrated under consideration of the respective reference
ranges (Figure 4). In the majority of cases, the sFLC concentrations
determined with the ELISA fit better to the concentration to the
concentration of the M protein fraction determined by integration of
the peak in the SPE.

KiAPPA [ig/I]

Freelite

R = 0,8043

sebia FLC

Laboratory methods for FLC screening have traditionally used
electrophoresis and immunofixation of urinary proteins because
they are more sensitive than SPE and IFE in serum. The sensitivity
of serum FLC measurements was significantly increased by use of
automated nephelometric assays [12]. So that the calculation of the
ratio FLC /A has become a sensitive method for the detection and
the monitoring of monoclonal gammopathies. Meanwhile, alternative
FLC immunoassays are available on differentiated analysis platforms
for diagnostic laboratories. Because of the heterogeneity of FLC
[13-15], any FLC test has specific analytical limitations. The three
currently routinely available assays show significant differences in
value levels in method comparisons [16,17], especially depending on
the antibodies used. These methods show significant differences in the
type of antibodies used. The advantage of using polyclonal antibodies
in comparison to monoclonal antibodies is the detection of a larger
range of epitopes, which results in tests using a polyclonal reagent
having a higher detection rate of monoclonal FLC [18]. On the other
hand, monoclonal reagents have been reported to be more suitable
for follow-up of individual patients due to their higher specificity
and reproducibility. However, both test methods show analytical
limitations regarding linearity and precision.

Previous comparative studies between Freelite and N Latex
FLC assays showed significant differences especially at high FLC
concentrations [19,20]. It has been shown that this overestimination
is caused by polymerization of the FLC in Freelite as well as N Latex
nephelometric assays [19,21]. The results of our study may be due
to such polymerizations. FLC determination was consistently 10-
fold higher than the values quantitated from electrophoresis. In
contrast, the values of the FLC ELISA are significantly lower and

KAPPA [mg/1]

v -

Freelite

= 0,8043

sebia FLC

o0

Froelite

KAPPA [mg/1]

R = 0,8044

sebia FLC

Figure 4. Deviations between the different methods in relation to the respective reference ranges

Hematol Med Oncol, 2019 doi: 10.15761/HMO.1000195

Volume 4: 5-7



Helden V] (2019) A new free light chain immunoassay shows advantages in the classification and in the follow-up of patients with paraproteinemia compared to a

nephelometric assay

much more consistent with those obtained by quantification via
electrophoresis especially in samples with very high FLC titers. This
strong overestimation of samples with high FLC concentrations by
the Freelite assay is in accordance with the previously published facts
and suggests that it is due to FLC polymerization [21,22]. Due to the
completely different values of both assays, it is not possible to use both
tests alternately in the follow-up of a patient. Therefore, if a laboratory
wishes to switch to the new ELISA technology for the determination of
FLG, it is urgently necessary to perform both methods in parallel for a
certain period of time in order to gain an impression of each patient’s
new individual value situation.

Serum FLC concentrations can extend over a wide range (from 1
to 100,000 mg/L), depending on the extent of the underlying disease,
and are therefore susceptible to excess antigen that can lead to a high
dose hook effect [23]. The suitability of the non-ELISA FLC assays is
additionally limited by the lack of dilution linearity for samples with
high FLC titers [24,25]. Finally, due to the limited measurement range
of today’s FLC assays, a large number of dilutions are often necessary to
determine a final valid patient result [26]. The new Sebia FLC ELISAs are
not subject to these restrictions, they are linear in dilution and are not
subject to antigen excess [26-28]. They have good reproducibility and
good lot to lot stability [6]. Since they also require fewer dilution steps,
they are a alternative to the Freelite FLC assay for monitoring patients
with monoclonal gammopathy. As the current guidelines provide for
the use of the current turbidimetric or nephelometric assays [3], the
inclusion of ELISA technology in future versions should be considered
as the results of ELISA determinations are in better agreement to those
obtained by the SPE and immunofixation reference tests.

In conclusion, the Sebia FLC assays offer a robust platform for
sensitive and accurate sFLC measurements. Sebia FLC showed better
agreement with SPE FLC peak concentrations. The Sebia FLC results
are in line with the quantification of M-Protein in the SPE and the
Sebia FLC repeat rate is lower due to the larger measurement range.
For these reasons, the Sebia FLC assay is presently the superior method
for the determination of free light chains in serum.
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