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Background: Free light chain (FLC) measurements are important in diagnosing monoclonal gammopathies. As 
FLC are heterogeneous, different reagents and instruments for measuring FLC concentrations may give diverging 
results that affect assessment of patients with monoclonal gammopathies. Here we investigated agreement be-
tween different FLC methods using data from the Swedish external quality assurance (EQA) programme. 
Methods: The two main FLC assays, N Latex FLC (Siemens) and Serum Freelite (The Binding Site), using four 
nephelometric or turbidimetric instrument platforms, were compared. Results from 27 EQA rounds distributed to 
11–16 Swedish hospital laboratories during 2015–2020 were investigated. 
Results: The kappa (κ) FLC measurements deviated significantly over time, but when only nephelometry was 
used, deviation from the mean was lower (median ranges: − 5% to 13 %). The CV was significantly higher for the 
Freelite assay (mean CV = 8.7) than for the N latex assay (mean CV = 5.7) (p < 0.0001). The coefficient of 
determination between all combinations of reagents and instrument platforms used was generally good (r2 

=

0.76–0.87), and the correlation slope acceptable (0.81–1.2). For lambda (λ) FLC measurements, no concordance 
between combinations of instruments and reagents is apparent, deviating between − 40 % to + 48 % from the 
mean. The CV was significantly higher for the combination with nephelometry and the Freelite assay (CV mean 
= 13.9 %) than nephelometry and the N latex assay (CV mean = 9.9 %) (p <0.001). The coefficient of deter-
mination varied between combinations of reagents and instrument platforms (r2 = 0.59–0.89) and the slope 
ranged between 0.48 and 1.5. Significant differences between the two reagents used were sometimes noted. 
Conclusions: Imprecision in λFLC affects the κFLC/λFLC ratio. This may be important in clinical assessment of 
patients, especially differentiating between monoclonal and polyclonal gammopathies.   

1. Introduction 

Monoclonal gammopathies are conditions characterised by clonal 
proliferation of plasma cells and the production of immunoglobulins 
and/or antibody fragments [1]. As these antibodies and antibody frag-
ments are derived from the same cell clone, they will be identical, thus 
the definition monoclonal. Monitoring of monoclonal proteins is an 
essential part of the care of patients with plasma cell disorders [2]. 
Traditionally this has been performed by protein electrophoresis of 
serum or urine samples, often combined with immunofixation [1]. The 

effect of this two-step approach is that the test-turnaround time (TAT) 
usually is a few days. 

Human antibodies are composed of two heavy chains and two light 
chains. The light chains are of either kappa (κ) or lambda (λ) type and 
are usually produced in excess compared to the heavy chains. The excess 
light chains are secreted into the blood and are usually referred to as free 
light chains (FLC). It is generally considered that λFLC are released as 
dimers and κFLC as either monomers or dimers [3,4]. FLCs in the 
bloodstream have a typical half-life of 2–6 h [5]. Normally, FLCs are 
freely filtered by kidney glomeruli and are reabsorbed from cells of the 
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proximal convoluted tubule. 
Usually, we consider FLC as a monoclonal protein without a specific 

function. However, there are several biological attributes of FLCs 
including complement activation [6], mast cell activation [7] and as 
part of circulating immune complexes [8]. Today, methods to measure 
the concentration of FLCs are part of the assay panel of most Swedish 
hospital laboratories. Serum FLC assays are recommended by the In-
ternational Myeloma Working Group and the NCCN Clinical Practice 
Guidelines in Oncology (NCCN Guidelines®) for initial diagnostic 
workup of multiple myeloma (MM) and other gammopathies including 
monoclonal gammopathies of undetermined significance (MGUS) [9]. 

Automated immunoassays for FLC measurements from the Binding 
Site became available approximately 20 years ago [10]. The assay time 
for these types of particle enhanced turbidimetric assays are usually 
around 10 min. These types of FLC methods can thus shorten the TAT in 
comparison with traditional serum/plasma protein electrophoresis for 
the detection of monoclonal gammopathies. 

The aim of the present study was to report the method variations 
between different reagents and instrumentations used by routine labo-
ratories. The study was based on the external quality materials sent out 
from the Swedish external quality assurance organisation Equalis 
(Uppsala, Sweden) during the time-period 2015–2020. 

2. Materials and methods 

2.1. EQA material 

A total of 27 external quality assessment (EQA) rounds were 
distributed from Equalis to Swedish hospital laboratories during the 
period 2015–2020. Each EQA round consisted of one sample for the 
period 2015–2017 and two samples for the period 2018–2020. The EQA 
materials were mixtures of pooled plasma samples with elevated levels 
of C-reactive protein mixed with serum samples from healthy blood 
donors that were generated for the Equalis EQA scheme for plasma 
proteins. All donors were anonymised. 

All samples were prepared at five different Clinical Chemistry De-
partments in hospitals in Sweden (Stockholm, Göteborg, Uppsala, 
Malmö, and Gävle). The mixed preparations were stored at − 20 ◦C 
before being sent to Equalis. At Equalis, the samples were thawed, and 1 
mL pipetted into 2 mL tubes with one 1 mL sample per tube. These EQA 
materials were then stored at − 20 ◦C until distribution to participating 
laboratories, with distribution by post. A standard operating procedure, 
developed at Equalis, was sent with the EQA materials to the partici-
pating laboratories. The samples were stored refrigerated until analysis. 
These EQA materials were handled exactly as routine samples for 
analysis, and were analysed within five days from distribution. 

2.2. Ethical approvement 

The use of unidentified pooled plasma samples was approved by the 
ethical committee at Uppsala University (Dnr 01–367). Ethical approval 
regarding preparing EQA materials from surplus unidentified pooled 
blood donor plasma was not required. 

2.3. Reagents and instruments 

Freelite reagents from the Binding Site ltd., (Birmingham, UK) (BS) 
and N latex reagents from Siemens Healthineers AG., (Erlangen, DE) (S) 
were used by the study participants. Different instrument platforms from 
three separate suppliers, Beckman Coulter (BC), Roche Diagnostics 
(RD), Siemens Healthineers (SH) were used. The BC and RD platforms 
use turbidimetry and the SH platform uses nephelometry (Table 1.). The 
participating laboratories were anonymised during the 27 EQA rounds. 
In each round the number of participating laboratories ranged between 
11 and 16. The combinations of instrument and reagent supplier for 
different participants are presented in Table 1. 

2.4. Statistical analysis 

Data from the different laboratories were combined then grouped for 
reagent type and instrument platform. Results that were generated 
following an automatic dilution step were removed from the statistical 
analyses. Statistical analyses were performed with the R software [11], 
using R packages ggplot2 [12] and tidyverse [13]. For all tests p < 0.05 
was considered to indicate statistically significant differences. 

Robust mean value and coefficient of variation (CV) were calculated 
according to ISO 13528 [14]. The CV for Siemens/Siemens and 
Siemens/Binding Site were compared using paired t-tests with test sta-
tistic t= (average difference)/(standard deviation). The deviations from 
the total mean according to time-period and instrument/reagent com-
binations were explored by two-way ANOVA. This was done for SH/S 
and SH/BS λFLC in the time period 2016:01–2017:06 and 
2019:01–2021:01. 

If the time period was not associated with a significant difference, 
then instruments/reagents were assumed to be responsible for signifi-
cant differences identified. A pairwise Pearson correlation analysis was 
used to compare all methods and reagents (i.e., six combinations) using 
the ggplot2 package in R. Bland Altman plots were used for comparison 
of all combinations of methods and reagents (i.e., six combinations) by 
calculating the mean concentration obtained by each method and 
comparing it with the difference between concentrations in percentage. 

3. Results 

3.1. Kappa Chain, free (κFLC) 

The overall robust mean concentration (±SD) of κFLC over the study 
period was 22.6 ± 10.6 mg/L, (range: 4.7–48 mg/L). The κFLC results of 
the EQA materials varied widely between different methods and re-
agents over time. At the end of 2015 (2015:06) the deviation was largest 
(− 58 % to + 52 %), with a single result at 2016–04 (+98 %), excluded as 
this result was generated following an automatic instrument dilution 
(Fig. 1). From 2017:03 an apparent concordance between all methods/ 
reagents was observed up until 2017:06 (− 10 % to + 20 %). When two 
EQA materials were sent out per round starting 2018:01, the results 
reported deviated again (− 59 % to + 35 %). Overall, the largest devi-
ation was found for the BC/BS combination, consisting of only one or 
two laboratories (Fig. 1). Supplemental figure S1 shows results when 
only nephelometry had been used. From 2017:03 and onwards the de-
viation was low (median ranges: − 5% to + 13 %), although high 

Table 1 
Instrument and reagent supplier combinations used for analysis.  

Instrument platform Reagents Max no. participant labs per platform/reagent 

Supplier Method Supplier Type 

Beckman Coulter Turbimetric Binding site Freelite BC/BS = 2 
Roche Diagnostics Turbimetric Binding site Freelite RD/BS = 2 
Siemens Healthineers Nephelometric Binding site Freelite SH/BS = 7 
Siemens Healthineers Nephelometric Siemens Healthineers N Latex SH/S = 7  
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deviations occurred for single observations (− 44 % to + 31 %). The CV 
was statistically significantly higher for SH/BS (mean CV = 8.7) than 
SH/S (mean CV = 5.7) (p < 0.0001) (Fig. 4A). 

Generally, the coefficient of determination was good between all 
combinations of reagents and instrument platforms used for κFLC (r2 =

0.76–0.87), and the correlation slope was acceptable, ranging between 
0.81 and 1.2 (Supplemental Fig. S4A-S4F). The largest deviation of the 
correlation slope was found for the RD/BS combination. Corresponding 

Bland Altman plots are found in Supplemental Figure S7A-S7F. 

3.2. Lambda Chain, free (λFLC) 

The overall robust mean concentration of λFLC over the study period 
was 27.3 ± 10.04 mg/L, (range: 7.2–80.5 mg/L). Up until early 2016:01 
the deviation was largest (− 40 % to + 48 %), with a single result at 
2016–01 (+109 %), excluded as this result was generated following an 

Fig. 1. Illustrates the deviation from the mean for the κFLC results of the EQA materials. The results varied widely between different methods and reagents over time. 
At the end of 2015 (2015:06) the deviation was largest (-58 % to + 52 %). 

Fig. 2. Illustrates the deviation from the mean for the λFLC results of the EQA materials. In contrast to κFLC, there is no clear concordance between the combinations 
of instruments and reagents. 
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automatic instrument dilution. In contrast to κFLC, there is no clear 
concordance between the combinations of instruments and reagents 
(Fig. 2). Supplemental figure S2 shows results where only nephelometry 
has been used. In the time-period between 2016:05-2017:06 a statisti-
cally significant difference between the two reagents used was found (p 
= 8.3e-16). In contrast, from 2019:01 and onwards there was no sig-
nificant difference between the reagents used. 

Using a paired t-test, the CV was statistically significantly higher for 
SH/BS than SH/S (p < 0.001). There is a clear trend that the CV in-
creases for SH/BS at concentrations > 25 mg/L and decreases for SH/S, 
and this is not dependent on the study period (not shown) (Fig. 4B). The 
CV mean for SH/BS was 13.9 % and SH/S was 9.9 %. The correlation 
coefficient was poorer between the combinations of reagents and in-
strument platforms used for λFLC, ranging between r2 = 0.59–89 and the 
slope ranged between 0.48 and 1.5, compared to the κFLC results pre-
sented above (Supplemental Figure S5A-S5F). It is, again, the RD/BS 
combination resulting in the largest deviation of the correlation slope. 
As seen in the Bland Altman plots, the few measurements (n = 5) > 40 
mg/L resulted in bias, seemingly independent of methods and reagents 
used (Supplemental Figure S8A-S8F). 

3.3. Kappa chain / lambda Chain, free (κFLC/λFLC) 

As expected, the ratio (κFLC/λFLC) also varies considerably between 
different methods and reagents used. Since the κFLC measurements had 
a better concordance than λFLC, it is logical that the κFLC/λFLC ratio 
resembles the λFLC observations (Fig. 3, Supplemental Figure S3 and 
S6A-S6F). 

4. Discussion 

Here we have investigated the agreement between different clini-
cally used FLC methods using the Swedish external quality assurance 
(QA) for determination of κFLC and λFLC in serum and plasma. Our 
study has two major differences from other multicentre comparisons of 
the N latex and BS FLC assays, namely: 1. The plasma/serum samples 
analysed throughout our study are “normal” and do not include the 

higher FLC concentrations observed in MM etc. The levels of FLC ex-
pected should have meant that the automatic instrument dilution, and 
thus the non-linearity that has been described for FLC assays would not 
occur. 2. The variability of the two methods over time is the second 
observation, where the labs reported periods of time with concordance 
in the methods that are in agreement with the observations reported by 
others [15] and other periods of time that the methods significantly 
deviate. Although the results reported in this study deviated signifi-
cantly over time for κFLC, a good correlation between all combinations 
of reagents and instrument platforms was found. In addition, a lower 
deviation from the mean value was found when only nephelometry was 
used. For λFLC measurements, concordance between the combinations 
of instruments and reagents was poorer than for the κFLC measure-
ments. For some periods, there was also a statistically significant dif-
ference between the Freelite and N Latex FLC assays. 

The imprecision of λFLC found in this study, directly affects the 
κFLC/λFLC ratio, which is important for the clinical assessment of in-
dividual patients. Method comparison of the clinically available assays 
for sFLC analysis has been reported, where good overall agreements for 
κFLC, λFLC, and FLC-ratio were observed [15], where the agreement 
became poorer as the analyte concentrations increased above 100 mg/ 
ml. However, it is recognised that the sFLC assays used in clinical 
practice exhibit significant analytical limitations, including antigen 
excess, imprecision, lot-to-lot variations, and non-linear dose response 
curves [16–18]. In addition, the different assays report results that differ 
from each other and therefore the assays cannot be used interchangeably 
[17] and that patient follow-up should be performed using a single assay 
[19]. 

Some of the analytical differences reported have been ascribed to the 
lack of an international standard [20,21], thus making it difficult to 
calibrate the FLC assays correctly and consistently. To minimise this, the 
N Latex FLC assay has apparently been standardised to the Freelite 
reference ranges in healthy patient controls, [15,22]. Non-harmonised 
sFLC measurements have been previously suggested to be the cause of 
poor inter-laboratory agreement, with CVs ranging from 25 % to 70 % in 
EQA programs [20]. The results shown in this study for κFLC and the 
FLC ratio were typically higher for the Freelite than the N Latex FLC 

Fig. 3. Illustrates the ratio (κFLC/λFLC) of the EQA materials. The ratios vary considerably between different methods and reagents used. Since the κFLC mea-
surements had a better concordance than λFLC, the κFLC/λFLC ratio resembles the λFLC observations. 
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assay, with higher variability of the λFLC. These observations are in 
accordance with previously reported data [23,24]. 

There has been controversy in the literature regarding assays for 
serum FLC; however, there is consensus that measuring monoclonal 
proteins is not easy [25–27]. It is of note that CVs of over 100 % were 
observed in EQA trials using reagents calibrated with a common stan-
dard [27]. 

The results obtained in our study are similar to those obtained in 
previous multicentre studies in which the same analytical methods as we 
have used for measuring serum FLC were compared [23,28]. One study 
included both samples that were initially submitted for serum FLC 
analysis or were samples from healthy controls [28], whereas the other 
study included unselected routine samples submitted for serum FLC 
analysis [23]. In contrast with the study of Chae et al, our study did not 
include samples from patients with monoclonal gammopathies and 
therefore we should not have encountered the problem associated with 
auto-dilution [28]. 

The deviation from the mean oscillated for both κFLC and λFLC 
throughout the study period (2015–2020). However, when only neph-
elometry was used for κFLC, the deviation from the mean is small, from 
2016:05 until the end of the study period. When only turbidimetry was 
used, this was not observed. Several different factors may explain these 
observations. For example, there were fewer turbidimetry measure-
ments than nephelometry measurements; however, the precision of 
these two methods, in combination with how well the reagent antibody 
captures the epitope in any given sample, seems to have a greater role on 
the final result. FLC has many epitope variants, which means that some 
antibodies bind the antigen better in some patient samples and worse in 
other patient samples. 

It is apparently more difficult to obtain concordant results for λFLC 
than for κFLC [29], as shown in this study. This could be explained by 
the fact that λFLC has more constant regions than κFLC [30], therefore, a 
broader spectrum of antibodies may be required for binding λFLC var-
iants with variable immunoreactivity, dependent on the polymeric 

nature of the FLC [31]. Although we have no information on the poly-
meric nature of the FLCs used in this study, it is likely that the λFLC 
material used in the preparation of the EQA material exhibited a more 
diverse polymeric presentation than the κFLC material. 

One problem reported for assays for FLCs is due to the FLCs being a 
heterogeneous group of molecules. The variable polymeric nature of FLC 
in serum has been documented since the 1970s [3,32]. Considerable 
variation has been shown, and polymeric forms often occur in blood, 
serum, plasma, and urine, for example as dimers, tetramers, or higher 
polymeric forms. For example, Sölling el al showed that a majority of the 
kappa chains in normal and anephric serum existed as monomers and 
non-covalently linked dimers, whereas the lambda chains mainly existed 
as stable, covalently linked dimers [3]. Abraham et al showed that 
monoclonal λ light chains may present as hexameric aggregates that 
cannot be cleared by renal excretion [33]. Kaplan et al showed that 
amyloid light-chain (AL) amyloidosis and multiple myeloma (MM) pa-
tients displayed an abnormally increased dimerization of monoclonal 
FLC, accompanied by higher clonality values of FLC dimers, as 
compared to that of monomers [34]. These abnormalities of FLC pat-
terns were not observed in patients with monoclonal gammopathy of 
unknown significance (MGUS), smouldering myeloma (SMM), amyloid 
A (AA) amyloidosis, and healthy individuals. 

However, unless anti-FLC antibodies recognise all molecular forms in 
an equimolar manner, sFLC assays will not provide equivalent results in 
all samples. Caponi et al highlighted the polymer associated discrepancy 
between the FLC assays [35]. Using gel chromatography and Western 
blotting, with and without disulfide bond reduction of the sample, the 
authors concluded that the Freelite assay may selectively recognize the 
dimeric λFLC in a patient with MM whereas the N Latex assay appeared 
to recognize the monomeric form. Caponi et al demonstrated that the 
Freelite assay recognised both kappa monomers and dimers, but pref-
erably lambda dimers, and N-Latex preferably recognised kappa 
monomers and dimers, but only lambda monomers [31]. In our study, 
CV was higher for both κFLC and λFLC when the Freelite reagent was 

Fig. 4. A shows the CV results when only nephelometry had been used for the κFLC measurements. The CV was statistically significantly higher for SH/BS com-
bination, in comparison to SH/S. Fig. 4B shows the CV results when only nephelometry had been used for the λFLC measurements. The CV was statistically 
significantly higher for SH/BS combination, in comparison to SH/S. There is a clear trend that the CV increases for SH/BS at concentrations > 25 mg/L and decreases 
for SH/S. 
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used compared to N Latex. FLC assays using monoclonal Abs are prob-
ably more reproducible, but FLC assays using polyclonal Ab are known 
to detect a larger proportion of FLC hidden antigens [21]. 

For concentrations > 25 mg/L λFLC, the %CV increased using the 
Freelite assay, and this was not observed using N Latex. Higher vari-
ability of the Freelite compared to N Latex has been reported for λFLC by 
others [36,37]. Non-linearity of dilution is frequently observed when 
measuring FLC [16], however for this study, the analyte concentrations 
of 5–45 mg/L should not have been a source of variation, as extra 
dilution steps would not be required. It is interesting to note that the two 
most deviating results that were identified in this study, and excluded 
from the analysis (+98 % for kappa, and +109 % for lambda), were 
reported following an analyser automatic dilution step. 

Lot-to-lot variation of the Freelite assay could be a factor in the 
observed variability of the λFLC results [38], and the analyser used 
could also be a contributing factor. In a study published by Pattenden et 
al [39] in which serum FLC values from 112 patients obtained with two 
analysers (Dade Behring BNII and the Olympus AU400) were compared, 
higher values were obtained with the BNII device than with the AU 400, 
with the difference being more marked for λ FLCs. The generation of 
local reference ranges are strongly recommended by the manufacturers 
of the assays. 

In conclusion, EQA materials are valuable tools for monitoring 
method differences. There are clear method differences for FLC that are 
dependent on the reagents and instruments used. Considering that the 
decision limits for FLC do not take the methods into account, the choice 
of methods will influence patient treatments, and thus measurement 
methods have important clinical implications that medical practitioners 
should be made aware of. As the choice of reagents and assay platforms 
is expected to increase in the future, which could increase variations yet 
further, it is important to take this into account in the analytical labo-
ratory, especially when moving to a new instrument or reagent. In 
addition, developers of platforms and reagents should attempt to mini-
mise such variation. An important step forward would be developing an 
improved assay for the quantification of FLCs that has traceable cali-
bration and for which the results exhibit less lot-to-lot reagent variation. 

4.1. Limitations of the study 

As this was a retrospective study, samples were not selected ac-
cording to a predefined sampling plan, and as the participating labs were 
anonymised, difficulties were encountered in describing the changes in 
the methods over time. Also, samples from B-cell lymphoproliferative 
disorders (e.g. MM and MGUS patients) were not targeted. However, this 
retrospective sampling does provide information based on the type of 
samples routinely delivered for these analyses. 

Another possible limitation of the study was the relatively low 
number of labs participating in this study. Nevertheless, this is more 
than included in some other multicentre studies [23], although fewer 
than others [28]. 

In addition, we had no information on the structure of the FLCs in the 
EQA material; this is relevant, as polymerisation factors may affect the 
assay results. Study bias may have been introduced due to differences in 
the number of samples analysed by the various labs, methodologies, and 
reagents. 
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