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White Paper - Interpretation of FREELITE assay results and the risk of patient misclassification

Introduction

Since its introduction in 2002, free light chains (FLC)
testing has become a key laboratory parameter for
diagnosis and management of monoclonal
gammopathies.” Most recommendations on diagnosis and
management of monoclonal gammopathies published
by the International Myeloma Working Group (IMWG)
and other international societies refer to serum free light
chains (sFLC)—mostly the ratio between involved and
uninvolved FLC—as an indicator and differentiator of
the different stages of monoclonal gammopathies.>®

Currently, several assays for determination of sFLC are
commercially available, of which some designs use
polyclonal antibodies, whereas others use monoclonal
antibodies.” In addition, there are two detection
methodologies—nephelometric and turbidimetric—
that can be used with different sFLC assays.

These two methodologies apply different detection

and quantification principles to measure changes

in cloudiness or turbidity in a sample resulting from
aggregation of the antibody and antigen. Nephelometry
measures the amount of light scattering caused by the
particles in the solution, which increases in accordance
with the level of cloudiness, while turbidimetry
determines the light transmittance blocked by the
particles in the solution, which decreases with increasing
cloudiness. Nephelometry is known to have

a sensitivity advantage over turbidimetry, allowing
lower limits of quantitation (LoQ) compared to
turbidimetry (Figure 1).
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The FREELITE assay, a polyclonal assay from The Binding
Site, can be used on either nephelometric systems

(e.g., BN™ || System from Siemens Healthineers or
Beckman Coulter IMMAGE 800 system) or turbidimetric
systems (The Binding Site SPA PLUS and OPTILITE
systems, Roche COBAS c and COBAS Integra systems,
Hitachi 911/912/917/Modular P systems, ADVIA®
Chemistry Systems from Siemens Healthineers). The first
recommendation on free light chains testing in multiple
myeloma patients was published in 2009 and refers to
the nephelometric BN Il System from Siemens
Healthineers and the FREELITE kappa and lambda assays,’
which were the only commercially available free light
chain assays at the time, to establish the recommended
diagnostic cutoffs.® However, all subsequent updates to
this guideline? and other guidelines involving free light
chains testing in multiple myeloma patients®® refrain
from mentioning or recommending specific assays or
systems. Nonetheless, the updated criteria for the
diagnosis of multiple myeloma published in 20142 and
the ESMO Clinical Practice Guidelines for diagnosis,
treatment, and follow-up? clearly recommend automated
nephelometry as the technology of choice to measure
serum free light chains. However, the current lack of an
international standard material makes it impossible to
define a “true” sFLC value for a sample (kappa, lambda,
or ratio). Thus, results of any FLC assay need to be
interpreted in the context of clinical presentation and
other laboratory indicators of the patient.
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Figure 1. Limit of quantitation of the FREELITE assays on a turbidimeter (OPTILITE system from The Binding Site)
and N Latex FLC assays on a nephelometer (BN Il System from Siemens Healthineers). Source: Manufacturers’ IFU.
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Polyclonal vs. monoclonal antibodies:
Does it make a difference?

Several free light chain assays have been introduced to
the market.” Some make use of polyclonal antibodies,
whereas others use monoclonal antibodies to determine
free light chains in serum, urine, or cerebrospinal fluid
(CSF) sample types. It is important to point out that the use
of polyclonal or monoclonal antibodies for detection of
FLCs may have an impact on assay results. Caponi et al.,
2018,° showed that the polymerization status of the free
light chains determines the extent to which free light
chains are detected by the different assays. Polyclonal
FREELITE assays and monoclonal N Latex FLC assays
detect FLC kappa monomers and dimers with differing
sensitivities. FREELITE assays detect mostly FLC lambda
dimers, while N Latex FLC assays detect mostly FLC
lambda monomers. The significance of these differences
can be observed in comparison studies between the
assays, which conclude that assays cannot be used
interchangeably, as they yield different results.’®'> These
differences may also explain other clinically significant
variations in performance between the polyclonal
FREELITE assays and the monoclonal N Latex FLC assays.
Nevertheless, the reference ranges are very comparable.

Numeric results, especially in pathologic samples, may
be different, but clinical concordance is imperative for
accurate result interpretation and monitoring. With the
FREELITE assays being the first method to have been
clinically validated, most of the recently launched sFLC
assays have since proven concordance with and can
therefore substitute for the FREELITE assays following
“baselining” when switching to the new method.™ It is
also important to note that baselining is also required
when changing the analyzer type—even when
continuing to use the same assay.

Influence of the analyzer
on FLC assay results

While differences between FLC assays, specifically the
non-interchangeability of FREELITE and N Latex FLC
assays, have been reported in numerous publications,
the influence of the system and detection method
(nephelometry or turbidimetry) used to run an assay
and its impact on clinical decision making have been
largely underrated. Additionally, the polyclonal assay
principle of FREELITE assays might also contribute to
the large variability observed."”

The FREELITE assay reference intervals, originally
established on a nephelometric BN Il System in 2002,°
have been adopted for other platforms as well, as
outlined in the manufacturer’s instructions for use.
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However, comparison studies of the FREELITE assays on
different systems show significant differences among
the systems. Comparing FREELITE assays on BN Il System
(nephelometer) vs. an OPTILITE system (turbidimeter),

a bias of +10.9% for FREELITE kappa assay and +17.7%
for FREELITE lambda assay was reported between the
two systems.'® These results are of particular interest
considering that clinical decision-making points such

as the upper limit of the reference interval or the “rule
100" for risk stratification of multiple myeloma? were
established using FREELITE assays on BN Il System.
Currently, the FREELITE assays are most often measured
with the OPTILITE turbidimeter. Taking system biases into
account, patients with results close to clinical decision
points may be misclassified if FREELITE assays are used
in combination with the OPTILITE system.

Comparison of FREELITE assays on an undefined system
from The Binding Site (turbidimeter) and FREELITE assays
on a Beckman Coulter IMMAGE 800 system (nephelometer)
also yielded a bias of —21.4% for FLC kappa (KFLC),
—10.9% for lambda free light chains FLC lambda (LFLC),
and —10.5% for the FLC ratio and Passing-Bablok slopes
of 0.802 for KFLC, 0.888 for LFLC, and 0.781 for FLC
ratio.’ Why the authors of this study consider these
results to indicate a "very good concordance” is difficult
to comprehend, especially when considering the
identical reference interval mentioned in the respective
package inserts.

The different performance of the FREELITE assays on
various analyzers can also be easily tracked in external
quality assessment (EQA) rounds where each system/
assay combination has a separate peer group to overcome
the numeric discrepancies in single samples. Another
source is the FDA 510(k) memorandum for FREELITE
assays on the OPTILITE system stating: “Prior to changing
assay or system, the laboratory MUST confirm baseline
values for patients being serially monitored.” (https://www.
accessdata.fda.gov/cdrh_docs/reviews/k150658.pdf)

N Latex FLC assays have been applied on BN Il System,
BN ProSpec® System, and their successor Atellica® NEPH
630 System (all Siemens Healthineers nephelometers)
as well as Atellica CH 930 Analyzer, a turbidimetric
analyzer. In contrast to FREELITE assay results on various
analyzers as described above, comparability of N Latex
FLC assay results among these systems from Siemens
Healthineers was shown to be very consistent in internal
method comparison studies (Passing-Bablok regression
slope ranging from 0.914 to 1.01, intercept ranging from
—0.07 to +0.12 mglL, and Pearson correlation coefficients
[r] of 0.970 to 0.999 in comparisons of BN Il System to
BN ProSpec System and BN ProSpec System to Atellica CH
930 Analyzer). To prevent discordant results, N Latex FLC
assays must not be applied to third-party analyzers.
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The effect of assay and system
combinations on treatment and
clinical decision making

A recent evaluation of 27 external quality assessment
(EQA) rounds distributed from 2015-2020to 11-16
hospital laboratories in Sweden reported results for
different assay/platform combinations (FREELITE assays/
Beckman system, FREELITE assays/Roche system,
FREELITE assays/Siemens Healthineers systems, and

N Latex FLC assays/Siemens Healthineers systems).

This evaluation revealed that the combinations of reagents
and instrument platforms used for KFLC showed an
acceptable correlation ranging from 0.81 to 1.2, but that
for LFLC, no clear concordance among the various assay/
platform combinations could be observed.?° These results
demonstrate clear combination-specific differences for FLC
measurements, which are currently not considered when
using the established clinical decision points for FLC using
FREELITE assays. The authors of the analysis concluded
that medical practitioners should be made aware of the
implications, specifically that the choice of reagent/system
combinations may have an impact on patient treatment
and clinical decisions. In a study comparing N Latex FLC
and FREELITE assays on a nephelometer as well as
FREELITE assays on a turbidimeter (Roche COBAS 6000
system), the authors also concluded that “monitoring

of disease response requires FLC analysis on the same
platform using the same reagents,” as considerable
disagreement in patient classification was observed

based on the assay/system combination used."”
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Figure 2. Distribution of KFLC, LFLC, and FLC ratio results in reference
sera. Serum KFLC, LFLC, and FLC ratio results (n = 126) in reference
sera were determined by the COBAS, IMMAGE, OPTILITE, and SPAPLUS
systems and plotted as a function of the density of results (density =
frequency/bin width). Representative results determined from one of
two OPTILITE instruments are shown. The vertical dashed lines indicate
the manufacturer’s reported lower and upper FLC reference limits.
Adapted from Cotten et al, 2018.7®
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Utility of FREELITE assay
reference intervals

The magnitude by which reference intervals for KFLC,
LFLC, and FLC K/L ratio are affected by the assay and
system used in case of the FREELITE assays was well-
illustrated in a study published by Cotton et al. in 2018."¢
The authors stressed the marked differences in
distribution for all three FLC parameters, as shown

in Figure 2, and highlighted the potential impact on
the resulting patient classification.

The four platforms investigated—The Binding Site
SPAPLUS, The Binding Site OPTILITE, Roche COBAS 6000
c601, and Beckman Coulter IMMAGE 800 systems—
did not yield an acceptable transference of the KFLC
reference interval as reported by the manufacturer of the
FREELITE assay, which resulted in up to 23% of patients
being misclassified (on the Roche COBAS 6000 system).
As LFLC was not so much affected by the platform,

the FLC ratio exhibited a misclassification rate of up to
8.7% (on the OPTILITE system). Interestingly, only the
nephelometer (Beckman Coulter IMMAGE 800 system)
ideally demonstrated the reference intervals of the
FREELITE assays and yielded no misclassification.

A recent letter to the editor also discussed the wide
variability of FREELITE assay reference intervals for
FLC ratio depending on the system used and the risk
for misclassification (Figure 3).%!
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Figure 3. Distribution of serum FLC kappal/lambda ratios (FLCr)
reported by proficiency testing participants on different platforms.
Nonconsensus for FLCr was partially due to the wide distribution of
values reported for this specimen, which ranged from 1.09 to 3.70
Adapted from Fink et al., 2023.%"



Interpretation of FREELITE assay results and the risk of patient misclassification -

Astonishingly, almost all assay/system combinations in this
study have reference intervals with a median above the
manufacturer’s uniform reference interval’s upper limit of
normal (1.65), meaning that more than 50% of results might
be falsely positive. The median values also illustrate the
marked differences between the reference intervals shown
and the lack of consensus among them. Consequently,

the authors state “that revised clinical guidelines should
avoid citing assay or instrument-specific FLCr RI, and that
laboratories may consider establishing the FLCr Rl using local
patient populations in collaboration with clinical teams.”?'

The observation that reference intervals for the FREELITE
assays are more than 20 years old, and thus may no longer
be clinically accurate, was reported as early as 2016, when
an abnormal FLC k/A ratio was observed in 36.4% of
patients without evidence of monoclonal gammopathy.?

The importance of reference range
intervals in patient classification

A more recent investigation of KFLC, LFLC, and FLC ratio
reference intervals for FREELITE assays on the OPTILITE
system concluded that “these ranges are different from
those provided by the manufacturer and from those used
in most studies in the literature, which may lead to
patient misclassification.”??

Furthermore, two recent studies observed a shift toward
a higher FLC K/L ratio in FREELITE assays (Figure 4),
raising additional concern about patient misclassification
when using the FREELITE assay reference interval from
2002 as indicated by the manufacturer.242>
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Figure 4. Free light chain ratio reporting frequency over time
demonstrates an increasing trend in elevated abnormal ratios primarily
in the >1.66 to 3 range from 1/2012 to 1/2020. The upper X axis
demonstrates lot changes, including those corrected by the
manufacturer (green arrow). The line of fit is shown with its 95%
confidence interval, showing significant trends up or down (P <
0.0001). Frequency of low abnormal ratios (<0.26) and ratios above
the renal reference range (>3.0) both demonstrate a downward trend,
while the percentage above the normal reference range (>1.66)
demonstrates an increasing trend. Adapted from Murray et al., 2020.%
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Consequently, Minnema et al.?® noted in their comment on
the new renal reference intervals from the iStopMM study?’
that the manufacturer of the FREELITE assays should
“perform a platform-wide recalibration bringing the FLC
ratio reference ranges back to 2002" or “introduce novel
FREELITE reference intervals, not only for patients with
impaired renal function but also for healthy controls.”

Schroeder et al.,?8 in their recent retrospective analysis
of FREELITE reference intervals showing a significant
discrepancy between the claimed and real reference
intervals, came to a similar conclusion: “These findings
corroborate recent reference interval studies and support
recommendations for independent re-evaluation of
intervals by institutions as well as an update of
international guidelines.”

All this evidence clearly indicates that using the
current manufacturer’s reference interval for the
FREELITE assay as well as the IMWG definition for
multiple myeloma? on platforms other than BN I
System might lead to patient misclassification and
possible mistreatment.

Influence of Ridney function on
FLC results

Renal impairment is common in patients with monoclonal
gammopathies. As free light chains are primarily cleared
via the kidneys, decreased renal function results in an
increasing enrichment of free light chains in the blood
and thus greatly affects sFLC measurements.

Impaired kidney function influences the serum free light
chains results of the polyclonal FREELITE assays, particularly
in FLC lambda, necessitating use of at least two different
reference intervals for FLC ratio, depending on the renal
status of the patient’?%2° or complex mathematical
processes such as principal component analysis.°

Even more striking is that the analysis of FREELITE assay
SFLC results derived from the 6561 patients included in
the large iStopMM study who were not under renal
replacement therapy showed no evidence of monoclonality
and had an eGFR <60 mL/min. The evaluation resulted in a
proposal of new renal reference intervals for FLC ratios for
FREELITE assays that are dependent on the patient’s
kidney status, which were 0.46-2.62, 0.48-3.38, and
0.54-3.30 for eGFR 45-59, 30-44, and <30 mL/min/1.73
m? groups, respectively.?’
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The authors conclude that current reference intervals for
FLC and FLC ratio (of the FREELITE assay) are inaccurate
in CKD patients and propose new eGFR-based reference
intervals be implemented. However, these new intervals
have not yet been implemented.

The manufacturer of the FREELITE assays currently only
recommends using a separate reference interval based on
a study from 20083" if the estimated glomerular filtration
rate is below 60 mL/min/1.73 m2 (0.37-3.1 instead of
0.26-1.65). It can be questioned if all laboratories are
aware of these different reference ranges and if they have
correctly calculated the patient’s kidney function data to
the adjusted reference range. In any case, each patient’s
kidney status must be known to apply the manufacturer-
recommended reference range, and the cutoffs for the
risk stratification (“rule 100" or >100 mg/L of involved
light chain) should be challenged, even if not taking the
iStopMM study results into account.

In contrast, reference intervals for the monoclonal N Latex
FLC assay ratio are stable and can be used irrespective of
renal function status.3'* Xu et al. in 20223* showed the
close linear relationship of sFLC results obtained with

N Latex FLC assays and renal impairment in comparison
to the “poor” correlation observed with the FREELITE
assays (Figure 5).

The authors of the study concluded: “The ratio of FLC
K/L determined by the N-Latex method is not affected
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by renal function and remained stable within the
recommended range.”3*

Thus, even if the renal status of a patient is unknown,
N Latex FLC assays can be used to detect the presence
of a monoclonal gammopathy with confidence.

If | use the FREELITE assays, am |
following the IMWG recommendations?

The simple answer: It depends.

Differences in FREELITE assay results depend on the
measuring system. In addition, minor yet significant drift
of assay performance not only impacts the reference
interval, but also the classification rules for multiple
myeloma (“rule 100"2). To re-emphasize the point: These
rules were established using the FREELITE assays on BN I
System more than two decades ago using a diagnostic
range?® and have not been updated. Current evidence
strongly suggests the “rule 100,” which was valid for
the FREELITE assays on BN Il System, may not be valid
for the FREELITE assays on the OPTILITE analyzer or other
turbidimetric systems.

Despite the lack of clinical revalidation of important
clinical decision points, many users still consider using
the FREELITE assays as working in accordance with the
IMWG recommendations from 20097 and 2014.2 Based
on the scientific evidence outlined here, this assumption
cannot be supported.
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Figure 5. Expression of serum and urinary FLC detected by two methods in different renal functions:
(a) serum KFLC; (b) serum LFLC; (c) urinary KFLC; (d) urinary LFLC. FLC: free light chain.
Kidney staging according to KDIGO guidelines. Adapted from Xu et al., 2022.3¢
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Summary

History: FREELITE assay reference intervals were
established on BN Il System in 2002 and adopted
identically for all platforms used to run the assays.

More history: Clinical cutoffs (i.e., “rule 100") for
sFLC in the IMWG guidelines’ updated criteria for the
diagnosis of multiple myeloma? were also established
with the FREELITE assays on BN Il System.

Reality: FREELITE assay reference intervals differ
significantly from the original reference intervals and
also between each other. Most importantly, the
manufacturer’s reference intervals do not match for the
OPTILITE system, and for patients with renal impairment.

More reality: Considering the significant differences in
FREELITE assay results on various systems, the IMWG
2014 clinical cutoffs should only be valid for FREELITE
assays run on BN Il System.

References:

1. Milani P, Palladini G, Merlini G. Serum-free light-chain analysis in
diagnosis and management of multiple myeloma and related
conditions. Scand J Clin Lab Invest Suppl. 2016;245:5113-8.

2. Rajkumar SV, Dimopoulos MA, Palumbo A, et al. International
Myeloma Working Group updated criteria for the diagnosis of multiple
myeloma. Lancet Oncol. 2014;15(12):e538-48.

3. Moreau P, San Miguel J, Sonneveld P, Mateos MV, Zamagni E, Avet-
Loiseau H, Hajek R, Dimopoulos MA, Ludwig H, Einsele H, Zweegman
S, Facon T, Cavo M, Terpos E, Goldschmidt H, Attal M, Buske C; ESMO
Guidelines Committee. Multiple myeloma: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2017;28(suppl 4):iv52-iv61.

4. Mateos MV, Kumar S, Dimopoulos MA, Gonzélez-Calle V, Kastritis E,
Hajek R, De Larrea CF, Morgan GJ, Merlini G, Goldschmidt H, Geraldes
C, Gozzetti A, Kyriakou C, Garderet L, Hansson M, Zamagni E, Fantl D,
Leleu X, Kim BS, Esteves G, Ludwig H, Usmani S, Min CK, Qi M,
Ukropec J, Weiss BM, Rajkumar SV, Durie BGM, San-Miguel J.
International Myeloma Working Group risk stratification model for
smoldering multiple myeloma (SMM). Blood Cancer J. 2020 Oct
16;10(10):102.

5. Kumar SK, Callander NS, Alsina M, Atanackovic D, Biermann JS,
Chandler JC, Costello C, Faiman M, Fung HC, Gasparetto C, Godby K,
Hofmeister C, Holmberg L, Holstein S, Huff CA, Kassim A, Liedtke M,
Martin T, Omel J, Raje N, Reu FJ, Singhal S, Somlo G, Stockerl-
Goldstein K, Treon SP, Weber D, Yahalom J, Shead DA, Kumar R.
Multiple myeloma, version 3.2017, NCCN Clinical Practice Guidelines
in Oncology. J Natl Compr Canc Netw. 2017;15(2):230-69.

6. Bird JM, Owen RG, D'Sa S, Snowden JA, Pratt G, Ashcroft J, Yong K,
Cook G, Feyler S, Davies F, Morgan G, Cavenagh J, Low E, Behrens J;
Haemato-oncology Task Force of British Committee for Standards in
Haematology (BCSH) and UK Myeloma Forum. Guidelines for the
diagnosis and management of multiple myeloma 2011. BrJ
Haematol. 2011;154(1):32-75.

7. Dispenzieri A, Kyle R, Merlini G, Miguel JS, Ludwig H, Hajek R,
Palumbo A, Jagannath S, Blade J, Lonial S, Dimopoulos M, Comenzo
R, Einsele H, Barlogie B, Anderson K, Gertz M, Harousseau JL, Attal M,
Tosi P, Sonneveld P, Boccadoro M, Morgan G, Richardson P, Sezer O,
Mateos MV, Cavo M, Joshua D, Turesson |, Chen W, Shimizu K, Powles
R, Rajkumar SV, Durie BG; International Myeloma Working Group.
Guidelines for serum-free light chain analysis in multiple myeloma
and related disorders. Leukemia. 2009 Feb;23(2):215-24.

Clinical concordance: Although results are not
interchangeable, clinical concordance to the FREELITE
assays has been shown for most commercially available
assays, so they can be used with confidence.

FDA recommendation: FDA requests baselining
when switching the system or sFLC assays.

Choose N Latex FLC assays:

* One reference interval across patient populations
and systems independent of renal impairment

* Stable results (negligible lot-to-lot variation) due
to monoclonal assay principle using nephelometry

* Most complete clinical claims for sFLC testing, including
“evaluation and monitoring of MGUS” cleared for
N Latex FLC assays under IVDR in July 2023, which was
not the case for other assays at that time

8. Katzmann JA, Clark RJ, Abraham RS, Bryant S, Lymp JF, Bradwell AR,
Kyle RA. Serum reference intervals and diagnostic ranges for free
kappa and free lambda immunoglobulin light chains: relative
sensitivity for detection of monoclonal light chains. Clin Chem.
2002 Sep;48(9):1437-44.

9. Caponi L, Koni E, Romiti N, Paolicchi A, Franzini M. Different
immunoreactivity of monomers and dimers makes automated
free light chains assays not equivalent. Clin Chem Lab Med.
2018;57(2):221-229.

10. Caponi L, Romiti N, Koni E, Fiore AD, Paolicchi A, Franzini M. Inter-
assay variability in automated serum free light chain assays and their
use in the clinical laboratory. Crit Rev Clin Lab Sci. 2020.

11. White-Al Habeeb NMA, Earle T, Spencer M, Blasutig IM. Evaluation of
the N-latex serum free light chain assay on the Siemens BNII analyzer
and agreement with The Binding Site FreeLite assay on the SPAPlus.
Clin Biochem. 2018;51:90-6.

12. Fleming CKA, Swarttouw T, de Kat Angelino CM, Jacobs JFM, Russcher
H. Clin Chem Lab Med. 2019 Nov 14.

13. Palladini G, Jaccard A, Milani P, Lavergne D, Foli A, Bender S, Lavatelli
F, Bosoni T, Valentini V, Pirolini L, Ferraro G, Basset M, Russo F,
Nuvolone M, Albertini R, Cogne M, Merlini G. Circulating free light
chain measurement in the diagnosis, prognostic assessment and
evaluation of response of AL amyloidosis: comparison of FREELITE
and N latex FLC assays. Clin Chem Lab Med. 2017 Oct
26;55(11):1734-43.

14. Mahmood S, Wassef NL, Salter SJ, Sachchithanantham S, Lane T,
Foard D, Whelan CJ, Lachmann HJ, Gillmore JD, Hawkins PN,
Wechalekar AD. Comparison of free light chain assays: FREELITE and
N Latex in diagnosis, monitoring, and predicting survival in light
chain amyloidosis. Am J Clin Pathol. 2016 Jul;146(1):78-85.

15. Kennard A, Hawley C, Tate J, Klingberg S, Pretorius C, Hutchison C,
Mollee P. Comparison of Freelite®™ and N Latex serum free light
chain assays in subjects with end stage kidney disease on
haemodialysis. Clin Chem Lab Med. 2016,;54(6):1045-52.

16. Cotten SW, Shajani-Yi Z, Cervinski MA, Voorhees T, Tuchman SA,
Korpi-Steiner N. Reference intervals and diagnostic ranges for serum
free k and free A immunoglobulin light chains vary by instrument
platform: implications for classification of patient results in a multi-
center study. Clin Biochem. 2018 Aug;58:100-7

17. Messiaen AS, De Sloovere MMW, Claus PE, Vercammen M, Van
Hoovels L, Heylen O, Debrabandere J, Vanpoucke H, De Smet D.
Performance evaluation of serum free light chain analysis:
nephelometry vs turbidimetry, monoclonal vs polyclonal reagents.
Am J Clin Pathol. 2017 Jun 1;147(6):611-22.

References continued on next page



At Siemens Healthineers, we pioneer breakthroughs in healthcare.
For everyone. Everywhere. Sustainably. As a leader in medical
technology, we want to advance a world in which breakthroughs
in healthcare create new possibilities with a minimal impact on
our planet. By consistently bringing innovations to the market,

we enable healthcare professionals to innovate personalized care,
achieve operational excellence, and transform the system of care.

Our portfolio, spanning in vitro and in vivo diagnostics to image-
guided therapy and cancer care, is crucial for clinical decision-making
and treatment pathways. With the unique combination of our
strengths in patient twinning,* precision therapy, as well as digital,
data, and artificial intelligence (Al), we are well positioned to take on
the greatest challenges in healthcare. We will continue to build on
these strengths to help overcome the world’s most threatening
diseases, enable efficient operations, and expand access to care.

We are a team of more than 71,000 Healthineers in over 70 countries
passionately pushing the boundaries of what is possible in healthcare
to help improve the lives of people around the world.

*Personalization of diagnosis, therapy selection and monitoring, aftercare, and managing health.

References continued:
18. Ghillani P, Dufat L, Sterlin D, Musset L. Analytical performances of

ADVIA, Atellica, BN, BN ProSpec, and all
associated marks are trademarks of Siemens
Healthcare Diagnostics Inc., or its affiliates.
All other trademarks and brands are the
property of their respective owners.

Product availability may vary from country to
country and is subject to varying regulatory
requirements. Please contact your local
representative for availability.

light chains and serum protein electrophoresis? Am J Clin Pathol.

20.

21.

22.

23.

24.

25.

26.

27.

OPTILITE turbidimeter (The Binding Site): a new dedicated analyser
for specific proteins determination. Ann Biol Clin (Paris). 2017 Feb
1,75(1):29-37.

.Zhu G, Fu X, Ren Y, Wang Y, Wang S, An G. Comparative analysis of

three serum-free light-chain detection systems in the diagnosis of
multiple myeloma. Int J Lab Hematol. 2022;44(3):576-81.

Rollborn N, Jakobsson J, Campbell A, Nordin G, Karlsson M, Larsson A,
Kultima K. Accuracy of determination of free light chains (kappa and
lambda) in plasma and serum by Swedish laboratories as monitored
by external quality assessment. Clin Biochem. 2023;111:47-53.

Fink SL, Wener MH, Rudolf JW, Nwosu A, Tacker DH, Kadkhoda K,
Tebo AE, Willrich MAV. A universal reference interval for serum
immunoglobulins free light chains may be outdated. Clin Chem Lab
Med. 2023 May 25.

Singh G. Serum free light chain assay and kappa/lambda ratio
performance in patients without monoclonal gammopathies: high
false-positive rate. Am J Clin Pathol. 2016;146:207-14.
Morales-Garcia U, Pacheco-Delgado MS. Serum free light chain
reference intervals in an Optilite and their influence on clinical
guidelines. Clin Biochem. 202;92:54-60.

Rindlisbacher B, Schild C, Egger F, Bacher VU, Pabst T, Leichtle A, et al.
Serum free light chain assay: shift toward a higher kappal/lambda
ratio. J Appl Lab Med. 2020;5:114-25.

Murray D, Dispenzieri A, Kumar S, Gill H, Vachon C, Snyder M, et al.
Free light chain assay drift: potential for misdiagnosis? J Appl Lab
Med. 2020;5:1411-13.

Minnema MC, Jacobs JFM. In response to: Defining new reference
intervals for serum free light chains in individuals with chronic kidney
disease: results of the iStopMM study. Blood Cancer J. 2022 Nov
14;12(11):152.

Abadie JM, van Hoeven KH, Wells JM. Are renal reference intervals
required when screening for plasma cell disorders with serum free

28

29.

30.

31.

32.

33.

34.

2009;131:166-71.

. Schroeder LF, Manthei DM, Keren DF. Retrospective analysis of serum

free light chain reference intervals and risk for monoclonal
gammopathy suggests different limits than those in international
guidelines. Clin Biochem. 2023 Jun 30;118:110604.

Long TE, Indridason OS, Palsson R, Rognvaldsson S, Love TJ,
Thorsteinsdottir S, Sverrisdottir IS, Vidarsson B, Onundarson PT,
Agnarsson BA, Sigurdardottir M, Thorsteinsdottir |, Olafsson |,
Thordardottir AR, Eythorsson E, Jonsson A, Gislason G, Olafsson A,
Steingrimsdottir H, Hultcrantz M, Durie BGM, Harding S, Landgren O,
Kristinsson SY. Defining new reference intervals for serum free light
chains in individuals with chronic kidney disease: results of the
iStopMM study. Blood Cancer J. 2022 Sep 14;12(9):133.

Azimi V, Slade M, Fiala M, Fortier JM, Stockerl-Goldstein K, Frater JL,
Brestoff JR, Jackups R, Zaydman MA. A single reference interval for
interpreting serum free light chains across patients with varying renal
function. Clin Chem. 2023,6:hvad043.

Hutchison CA, Harding S, Hewins P, Mead GP, Townsend J, Bradwell
AR, Cockwell P. Quantitative assessment of serum and urinary
polyclonal free light chains in patients with chronic kidney disease.
Clin J Am Soc Nephrol. 2008 Nov;3(6):1684-90.

Jacobs JF, Hoedemakers RM, Teunissen E, Te Velthuis H. N Latex FLC
serum free light-chain assays in patients with renal impairment. Clin
Chem Lab Med. 2014 Jun;52(6):853-9.

Palladini G, Milani P, Foli A, Basset M, Russo F, Bosoni T, Pirolini L,
Valentini V, Ferraro G, Lavatelli F, Barassi A, Albertini R, Merlini G.
The impact of renal function on the clinical performance of FLC
measurement in AL amyloidosis. Clin Chem Lab Med. 2016 Jun
1,54(6):939-45.

Xu L, Zhao B, Sun Y, Wang S, Chen X, Mao Y. Using two detection
methods to observe the changes and significance of free light chain
in serum and urine in patients with renal insufficiency. Biomed Res
Int. 2022 Mar 29;2022:5536199.

Siemens Healthineers Headquarters
Siemens Healthineers AG
Siemensstr. 3

91301 Forchheim, Germany

Phone: +49 9191 18-0
siemens-healthineers.com

Published by

Products GmbH

Specialty Lab Solutions
Emil-von-Behring-Strasse 76
35041 Marburg, Germany

Siemens Healthcare Diagnostics

Published by Siemens Healthcare Diagnostics Products GmbH - SLS-24-3310-76 - QR700007135 - 04-2024 - © Siemens Healthcare Diagnostics Products GmbH, 2024



