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Serum free light chain measurements (sFLC) play a key role in the diagnosis and management of patients with
monoclonal gammopathies. To obtain a realistic impression of between-method performance and agreement of
sFLC analysis in The Netherlands, we studied results of 37 laboratories participating in 56 rounds of the Dutch
External Quality Assessment (EQA) programme in the past fourteen years.

Satisfactory overall method-specific between-laboratory precision was observed for both The Binding Site
Freelite (mean CV «xFLC 23.3% and AFLC 19.5%) and Siemens N Latex FLC (xFLC 10.8% and AFLC 15.2%).
Within-laboratory precision as tested in seven EQA samples that were repeatedly sent to all participants was
adequate for both Freelite (mean CV xFLC 16.4% and AFLC 15.6%) and N Latex FLC (xFLC 9.8% and AFLC
19.6%). Method comparison and Bland-Altman analyses demonstrated a systematic bias between both methods
over the entire range of sFLC testing. In general, Freelite results were higher compared to N Latex FLC (relative
median bias: kFLC +29.7% and AFLC +37.0%). Clinical concordance of the FLC ratio interpretation was high
between both methods (88%). Especially at high FLC concentrations, strong method-specific differences were
observed in individual EQA samples which also resulted in discordances in reported FLC ratio around clinically

relevant cut-off points.

Method-stratified sFLC reporting in EQA programmes creates awareness that current sFLC assays are not
equivalent, hampering the application of universal diagnostic, prognostic, or response criteria. Such EQA may
also provide opportunities for monitoring the success of future sFLC standardisation initiatives.

1. Introduction

Monoclonal gammopathies are characterized by clonal expansion of
plasma cells (or B-cells) and the excretion of a monoclonal immuno-
globulin (M-protein) or a fragment thereof such as monoclonal free light
chains (FLC) [1]. Clinically, monoclonal gammopathies encompass a
broad spectrum of disorders ranging from benign monoclonal gamm-
opathy of undetermined significance to life-threatening diseases such as
multiple myeloma and light-chain amyloidosis [2].

Detection and quantification of M-proteins are integral parts of
screening and monitoring of monoclonal gammopathies and are tradi-
tionally performed using electrophoretic methods [3-5]. In the early
2000s, Freelite nephelometric/turbidimetric reagents of The Binding
Site were introduced to quantitate serum FLC, and soon developed into

an important complementary test in the management of patients with
monoclonal gammopathies [6,7]. Nonetheless, FLC immunoassays have
analytical challenges and limitations that are mainly caused by FLC
heterogeneity [8]. Each individual patient produces a unique mono-
clonal FLC, which hampers the exact definition of the analyte intended
to be measured. With the introduction of the turbidimetric Siemens N
Latex FLC assay in 2011 [9], soon followed by other FLC assays across
different analytical platforms [10,11], inequivalent FLC test-results be-
tween different methods became evident. The clinical consequence of
non-harmonized FLC measurements in combination with the universal
application of decision limits established in the first developed method,
is that an individual patient may or may not meet certain diagnostic,
prognostic, or response criteria, depending on which FLC method is
used.
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External Quality Assessment (EQA) programmes on M-protein di-
agnostics provide participants understanding of their laboratory per-
formance compared to their method-group and allow unique insight into
differences between methods [12,13]. Although the different FLC re-
agents have been extensively studied in clinical trials, these studies were
usually single-center studies performed by top-expertise academic cen-
tres performed on retrospective cohorts [14-18]. An EQA perspective on
FLC reagent performance adds value since it provides insight into per-
formance over many years and it better reflects routine daily diagnostic
care as it includes the wide range of different FLC-reagents and analysers
that are actually used in both academic and small peripheral labora-
tories. Vavrova et al. already performed such a study in 2011 and
indicated differences between analysers [19]. However, this study only
investigated the Freelite reagents, as N Latex FLC was not yet available
at the time. Another EQA manuscript by Rollborn et al. describes the
performance of both Freelite and N Latex FLC reagents, however they
made exclusively use of samples with a normal FLC ratio [20]. To pro-
vide an overview of the method-specific performance of serum FLC
(sFLC) assays in The Netherlands within both normal and abnormal
samples, we analysed Freelite and N Latex FLC results of 56 samples
distributed to an average of 37 participants from 2012 untill 2025 in the
Dutch EQA programme.

2. Methods

This study was performed in collaboration with the Dutch EQA or-
ganization SKML [21], where sFLC analysis is part of the M-protein EQA
scheme. sFLC data from 56 EQA samples were collected starting in 2012,
the year that the first participants started using Siemens N Latex FLC
reagents, up until 2025. EQA samples included sera from healthy con-
trols, patients with chronic kidney disease (CKD) stage G5 (end-stage
renal disease patients who receive dialysis), and patients with various
M-protein isotypes (Table 1). No samples with FLC-antigen excess were
included. Over this fourteen year period, the M-protein EQA scheme had
on average 60 participants of whom approximately 37 (varying over
time between 25 and 43) also reported sFLC results. These included both
university medical centers (n = 8) and general hospitals. Laboratories
reported sFLC concentrations in mg/L; the corresponding FLC ratio;
whether this ratio is low, normal or high; and the sFLC method that was
used. Each laboratory reported FLC-results of only one sFLC method per
EQA sample (either Freelite or N Latex FLC). Freelite assays were

Table 1
Overview of EQA samples and number of reported FLC ratios.

Sample description Number of EQA Number of reported results

samples (FLC ratio)
Healthy Control 1 Freelite: 21
(no M-protein) N Latex FLC: 19
Chronic Kidney Disease (no 9 Freelite: 233
M-protein) N Latex FLC: 105
Oligoclonal pattern 1 Freelite: 20
N Latex FLC: 15
Biclonal monoclonal 3 Freelite: 79
gammopathy N Latex FLC: 32

Freelite: 28
N Latex FLC: 9
Freelite: 604

Gamma Heavy Chain Disease 1

Intact M-protein with kappa o IgM-kappa: 10
light chain o IgA-kappa: 6 N Latex FLC: 249
e IgG-kappa: 8
Intact M-protein with lambda e IgG-lambda: 3 Freelite: 256
light chain e IgD-lambda: 4 N Latex FLC: 112
e IgM-lambda: 2
e IgE-lambda: 1
Kappa light chain only 3 Freelite: 79
N Latex FLC: 34
Lambda light chain only 4 Freelite: 96
N Latex FLC: 55
Total 56 Freelite: 1416

N Latex FLC: 630
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performed on various analysers including The Binding Site Optilite
platform, Roche Cobas, Beckman Coulter, and Siemens systems. N Latex
FLC analyses were exclusively performed on Siemens systems namely
BNII, BN ProSpec and Atellica NEPH.

EQA samples were prepared by spiking patient sera, obtained from
patients with a monoclonal gammopathy who had a clinical indication
for a plasmapheresis procedure, into M-protein free control serum. All
samples were carefully homogenised prior to aliquoting, stored at
—20 °C, and shipped to participating laboratories at room temperature.
All samples were obtained with informed consent, coded and anony-
mized prior to be used in the EQA programme. To investigate laboratory
precision, seven samples were distributed two to five times over a period
of several years (as specified in Supplementary Table S1). Importantly,
participants were not aware that these samples were repeatedly sent
around to the same participants. The study was performed in accordance
with the Helsinki Declaration and was approved by the authors' Insti-
tutional Review Board (#2016-2356).

Results from all 56 EQA samples were included for method com-
parisons between Freelite and N Latex FLC. For each combination of
method and sample, the median and median absolute difference (MAD)
were calculated. These consensus values are displayed in a method
comparison plot, where method agreement between consensus values
was assessed using Deming regression with Pearson's r. The same
consensus values are represented in a Bland-Altman plot as the relative
bias of Freelite — N Latex FLC. These method comparisons were per-
formed separately for xFLC, AFLC and the involved/uninvolved FLC
ratio (inv./uninv.), calculated as the inverse of reported FLC ratios (ik/A)
<1.

Before calculating within- and between-method precision, outliers
were removed using the following procedure. For each individual result,
the method-specific CV (SD/mean) of the corresponding sample was
compared before and after excluding this specific result. The CV
decrease factor was calculated as CV before / CV after exclusion. A result
was considered an outlier when CV decrease factor > 2, and for n > 15
when CV decrease factor > 1.25. For sample/method combinations
where n < 5, no results were removed. This procedure determined 97
outliers in 6289 results (1.5%). Since using the FLC ratio (inv./uninv.)
would raise the illusion of lower CV around values of 1, the FLC ratio
(x/\) was used for these calculations.

Method-specific between-laboratory CV was calculated as the mean
of CVs (SD/mean) derived from the reported measurements of all 56
samples. Within-laboratory CV was calculated as the mean of CVs (SD/
mean) derived from the reported measurements of the seven blind
replicate samples. Here, data was also included from laboratories that
reported multiple results for less than seven samples. These calculations
took into account whether a participant switched sFLC method during
the fourteen-year period of this EQA-study.

To evaluate trends over time for each method, we analysed results for
one blind replicate sample that was distributed five times to the
participating laboratories. For each participant, the slope of change in
FLC measurements across the five study years was estimated using
Theil-Sen robust linear regression. The resulting slopes represent the
median annual change for each participant. To test whether these slopes
differed from zero, a one-sample Wilcoxon signed-rank test was applied.

All data analyses were performed and figures were generated in
Rstudio version 2025.5.0.496 using the following packages: readxl,
tidyverse, mcr, mblm, scales, ggplot2 and patchwork.

3. Results

Over 56 EQA rounds, 2063 results were collected for kFLC, 2051 for
AFLC, and 2046 for /A FLC ratio. The number of N Latex FLC partici-
pants gradually increased from 2 out of 28 participants in 2012 to 20 out
of 40 participants in 2025. Table 1 provides an overview of the 56 EQA
samples and the number of reported results for the FLC ratio. In Sup-
plementary Table S1, one can find an extensive overview of all 56
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individual EQA samples, including reagent-specific median reported
values, the corresponding median absolute difference (MAD) and
number of reported results.

3.1. Freelite and N Latex FLC method comparison

Overall, a good correlation was observed between Freelite and N
Latex FLC results for kFLC (Pearson's r = 0.960), AFLC (r = 0.844), and
FLC ratio (inv./uninv., r = 0.882) as shown in Fig. 1. However, we
observed differences between both methods: Freelite values were sys-
temically higher than N Latex FLC for both kxFLC and AFLC, and strong
differences in absolute quantification were observed in individual
samples.

In line with the method comparison plots, Bland-Altman analysis as
shown in Fig. 2 demonstrated a systemic bias over the entire FLC-
concentration range. The median increase of Freelite values compared
to N Latex FLC was +29.7% for ¥FLC, +37.0% for AFLC, and + 21.4% for
the FLC ratio (inv./uninv.).

To investigate the degree of spreading between results of different
laboratories, method-specific between-laboratory precision was calcu-
lated based on all 56 EQA samples (Fig. 3). Overall, mean between-
laboratory CV of N Latex FLC (ranging between 11 and 15%) was
slightly better compared to Freelite (20-34%). In some EQA samples,
between-laboratory CV values of >50% are found for the Freelite
reagents.

Since patient follow-up and monitoring of therapy responses often
occurs at one and the same institution, we studied within-laboratory
precision using results of seven EQA materials that were repeatedly
distributed (2-5 times as indicated in Supplementary Table S1, Fig. 4).
On average, within-laboratory CV of N Latex FLC ratio (15%) was
smaller than Freelite FLC ratio (21%).

As we have distributed one blind replicate sample five times, we had
the unique opportunity to study method-specific consistency in results
over time. This sample from a CKD patient was first circulated in 2011
(at which point there were not yet any N Latex FLC participants) and for
the fifth time in 2018 (Fig. 5). A significant positive time trend was
observed for Freelite kFLC, with a median increase from 75 mg/L in
2011 to 118 in 2018 (median slope: 7.1 mg/L per year, p < 0.001).

In contrast, no significant time trend was found for N Latex xFLC
(median slope: —2.9 mg/L per year, p = 0.81), Freelite AFLC (median
slope: 1.4 mg/L per year, p = 0.54) or N Latex AFLC (median slope: —3.7
mg/L per year, p = 0.38). This increase in Freelite kFLC cannot be
explained by a partial evaporation of the sample during storage at
—20 °C, since partial evaporation of the sample would also increase
Freelite AFLC and N Latex FLC values over time. As a consequence, only
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Freelite k/A FLC ratio showed a significantly increasing trend over time
(median slope: 0.08 per year, p < 0.001).

3.2. Clinical concordance between Freelite and N Latex FLC

Apart from the reported FLC ratio value, participants were also asked
to interpret their FLC ratio (k/A) as either ‘low’, ‘normal’ or ‘high’. The
clinical concordance was assessed making use of this self-reported
interpretation of the FLC ratio (x/A), comparing the most frequently
reported interpretation for each sample between Freelite and N Latex
FLC. Overall, there was a concordance of 88% between both methods
(Table 2). Most of the discordances between methods were observed in
values around the FLC ratio cut-off (data not shown).

We observed a clear difference between Freelite and N Latex FLC
performance in patients with renal impairment compared to the healthy
control sample (Fig. 6). This is in line with expectations, since Freelite
FLC ratios are known to increase in patients with renal impairment [22].
Guidelines therefore recommend the use of adjusted reference ranges for
these patients. In contrast, no increase of the N Latex FLC ratio is
observed in these patients and thus also no adjusted reference values are
needed when using these reagents.

FLC ratios are not only interpreted based on the traditional FLC ratio
reference ranges, but also by more recently defined clinically relevant
cut-off points in clinical guidelines. The FLC ratio (inv./uninv.) provides
a biomarker that can be used for risk-stratification (e.g. ratio > 8 or >
20) [7,23-25]. An FLC ratio (inv./uninv.) >100 is a myeloma defining
event with direct treatment consequences. From literature it is known
that concordance between Freelite and N Latex FLC regarding these
universal cut-off points is poor [7,26]. Fig. 7 shows examples of EQA
results for samples with FLC ratios close to the clinically relevant cut-off
points of 8, 20 and 100, respectively. Indeed, poor concordance is
observed between both FLC-methods, with Freelite results often above
and N Latex FLC ratio often below these clinically relevant cut-off points.

4. Discussion

sFLC data analysis of on average 37 laboratories participating in the
Dutch EQA programme over the past fourteen years provides a realistic
impression of FLC test-performance across the Netherlands. The abso-
lute differences between Freelite and N Latex FLC, previously reported
in single-center method comparisons of individual patient samples, are
underlined by our independent multicenter cohort [14,16,27]. Possible
explanations for these discrepancies are the polyclonal nature of Freelite
detection reagents compared to the monoclonal N Latex FLC reagents
[8], and differences in their reactivity to FLC monomers versus FLC
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Fig. 1. Method comparison plots of EQA results (n = 56, 2012-2025) between Freelite and N Latex FLC reagents for kFLC, AFLC, and FLC ratio (inv./uninv.). Black
data points represent the median of reported results &+ median absolute deviation (MAD) of both Freelite and N Latex FLC. Orange (Freelite) and blue (N Latex FLC)
points represent results of individual laboratories, where individual results of Freelite participants are displayed around the median reported result for N Latex FLC
and vice versa. The Deming regression line was fitted through the median results for the 56 samples and displayed together with the regression equation and
Pearson's r in each panel. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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who have submitted at least 2 results for a replicate sample and the number of replicate samples (number of combinations = 223). Overall CV is represented as the
mean of CVs for each combination of laboratory and sample for Freelite and for N Latex FLC.

dimers [28,29].

Overall, the data showed satisfactory correlation between Freelite
and N Latex FLC assays, resulting in 88% clinical concordance of the FLC
ratio. However, structural bias was observed resulting in Freelite values
that were 30-37% higher compared to N Latex FLC (median relative
difference). This bias was observed over the entire concentration ranges
of both xFLC and AFLC and also resulted in higher Freelite FLC ratios. In

some EQA samples, we observed strong quantitative differences with up
to 10-fold differences in FLC quantification between both methods. All
these findings are in line with those reported in literature regarding
Freelite versus N Latex FLC quantification [16,17,30,31]. An important
difference between both SFLC methods was the structurally higher
Freelite FLC ratios in EQA samples from patients with chronic kidney
disease who had no monoclonal gammopathies.
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Fig. 5. Time-trends in kFLC, AFLC and FLC ratio (x/A) in a chronic kidney disease sample that was sent five times to the participating laboratories. Background lines
represent results of individual laboratories, whereas thick lines represent the median result + MAD.

Table 2
Clinical concordance between Freelite and N Latex FLC ratio (x/A).

N = 56, concordance 88% N Latex FLC ratio

Low Normal High
Freelite FLC ratio Low 8 1 0
Normal 1 24 4
High 0 1 17

Regarding precision, we observed that between-laboratory CV is
higher for Freelite (mean CV ranging from 23 to 34%) compared to N
Latex FLC (10-15%). On the one hand, this may be explained by the fact
that N Latex FLC reagents make use of monoclonal antibody detection,
most probably resulting in lower batch-to-batch differences compared to
the polyclonal detection reagents used by Freelite. On the other hand,
Freelite facilitates their analyses on a wide variety of analysers from
different vendors. It has been shown that sFLC results vary significantly
by instrument platform [20,31,32]. However, in clinical practice it is
more important to have adequate within-laboratory precision, since
most patients are monitored within the same institute over the course of
their disease. Overall, we observed within-laboratory CV values that
were acceptable for both methods, although in this study they were
higher compared to the claimed CV in the inserts [33].

The structural bias, in which Freelite reports significantly higher
values compared to N Latex FLC, resulted in strong discrepancies in the
FLC ratio between both methods. In this study, we demonstrated in
several EQA samples that depending on the FLC method used, an

Healthy control

Chronic Kidney Disease

individual patient may or may not meet certain diagnostic, prognostic,
or response criteria. It is important to note that most international
guidelines are based on FLC data obtained using Freelite. Due to the lack
of standardisation, this requires other manufacturers, or laboratories
using these FLC-reagents, to generate their own method-specific clinical
cut-off points for their FLC assays [27].

Recently, several groups have created awareness of a drift of the
Freelite kFLC calibrator over the past two decades resulting in higher
kFLC concentrations and higher FLC ratios (k/A) over time [34-36]. In
the blind replicate sample that we distributed five times over the course
of seven years, we detected a significant kFLC and FLC ratio (x/A) in-
crease exclusively in participants using Freelite reagents, which could be
in line with the reported Freelite drift.

Method-stratified sFLC reporting in EQA programmes creates
awareness that results of the current sFLC assays are not equivalent and
therefore hamper safe interchangeability and the use of universal deci-
sion limits. Depending on the FLC-method used an individual patient
may or may not meet certain diagnostic, prognostic, or response criteria.
Therefore, we would like to encourage standardisation initiatives that
would improve equivalence of clinical decision-making based on sFLC
results independent of the analytical method used, and thus better pa-
tient care. EQA programmes may have an important role in monitoring
the success of these future sFLC standardisation initiatives.

5. Conclusion

In this study, we have provided insight into differences between

Chronic Kidney Disease
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Freelite and N Latex FLC based on fourteen years of EQA data in the
Netherlands. In line with scientific literature, we have shown that both
Freelite and N Latex FLC are able to differentiate well between normal
and abnormal FLC ratios. However, we observed structural bias result-
ing in Freelite values that were 30-37% higher compared to N Latex FLC
(median relative difference). This results in poor concordance between
both assays regarding clinical cut-off points that have been defined in
clinical guidelines to assess risk-stratification and myeloma defining
events. In conclusion, results from different FLC assays are not equiva-
lent and therefore, method-specific cut-off points are needed in routine
clinical patient care.
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