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In 1999 Keren and colleagues published laboratory
recommendations for the testing of monoclonal proteins
(M-protein, also known as monoclonal component or
paraprotein) [1, 2]. Now, 17 years later, Clinical Chemistry
and Laboratory Medicine (CCLM) is publishing a special
issue devoted to laboratory testing in the diagnosis and
monitoring of plasma cell disorders. This publication is
long overdue — the literature in this specialized clinical
laboratory area has failed to keep pace with the chang-
ing clinical guidelines. It is important that all laborato-
ries working in this specific area keep up-to-date with
best practice in laboratory testing and reporting and to be
aware of current clinical guidelines in the field of protein
electrophoresis and serum free light chain (FLC) meas-
urement. Failure to do so has the potential to adversely
impact on patient management.

Laboratory testing for plasma cell dyscrasias (PCD)
continues to evolve and established treatment resources
such as autologous stem cell transplantation and new
immunomodulatory agents, proteasome inhibitors and
monoclonal antibody therapies have greatly improved
the outcome of patients with multiple myeloma but have
also led to more complicated protein electrophoretic pat-
terns and often difficult interpretation and reporting. This
together with greater use of serum FLC measurement,
in keeping with clinical guideline recommendations, is
changing the way that clinical laboratories must organize
and report the results of their tests.

At the same time the heavy/light chain assay and the
newer technology, mass spectrometry with potentially
better accuracy and greater analytical sensitivity, will
offer improved ways to measure minimal residual disease
and relapse. As with the introduction of any new technol-
ogy, new assays will need to be validated for routine use
in various clinical scenarios and for different laboratory

settings in PCD. Whereas large referral laboratories may
see a majority of PCD cases and studies can concentrate
on diagnostic sensitivity, routine hospital laboratories
are faced with populations that have diverse pathol-
ogy. Testing for PCD may require different approaches to
accommodate a laboratory’s resources and client popula-
tion, and a “one size fits all” approach may not be appro-
priate for all laboratories. These issues will provide the
laboratory with challenges for the future.

In this special issue we are pleased to present a range
of papers written by experts in the field. These experts
include scientists and pathologists and, importantly, cli-
nicians who utilize the results of the laboratory testing.
The collaboration between the laboratory and the clini-
cian should not be underestimated given the importance
of interpreting and reporting results based on an under-
standing of the clinical context.

Section 1: Laboratory testing as recommended by the
guidelines and the International Myeloma Working
Group

The monoclonal gammopathies cover a wide range of
disease presentations from the low tumor-burden AL
amyloidosis to the premalignant monoclonal gammopa-
thy of undetermined significance (MGUS) to the malignant
multiple myeloma (MM). The presence of a monoclonal
protein is associated with the majority of monoclonal
gammopathies but their concentration may vary from
only a few mg/L of serum monoclonal FLC to g/L of mono-
clonal intact immunoglobulin that may be detected in
serum, urine and/or cells from bone marrow and other
tissue biopsies. In addition, by virtue of the immunoglob-
ulin gene rearrangement and somatic hypermutation,
each patient’s monoclonal protein has a unique chemical
structure. To detect such a heterogeneous group of mono-
clonal proteins, it is essential that the routine laboratory
uses a range of strategies.
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In this special issue Willrich and Katzmann describe
the latest recommended testing in their up-to-date review
of laboratory requirements for the diagnosis and monitor-
ing of MM and related PCD [3]. The International Myeloma
Working Group (IMWG) recommends a screening panel
of serum protein electrophoresis (SPEP), immunofixation
electrophoresis (IFE), and serum FLC for diagnosis, and
if AL amyloidosis is suspected, also urine protein electro-
phoresis (UPEP) and IFE. Quantification of the M-protein
is used to monitor the plasma cell clone’s response to
therapy except where the M-protein overlaps other comi-
grating proteins or is so small that it cannot be quanti-
tated by electrophoresis. In the case of IgA M-proteins,
nephelometric quantitation of total IgA or heavy/light
chain assays that measure IgA-x and IgA-A concentra-
tion separately can be used to monitor disease response.
International guidelines for classification of myeloma
response recommend use of the dFLC (difference between
the involved and uninvolved FLC) in place of the M-pro-
tein concentration determined by densitometric analysis
if the serum M-protein is <10 g/L or urine Bence Jones
protein is <200 mg/24 h [4]. For this oligosecretory group
of patients, if the FLC ratio becomes normal then IFE is
required to confirm the absence of the M-protein [5]. The
authors go on to discuss the need for more analytically
sensitive assays, such as mass spectrometry, to detect
minimal residual disease that is negative using SPEP, IFE
and FLC.

Mollee and Merlini next review the guidelines for diag-
nosis, monitoring and prognostication of AL amyloidosis,
a protein-folding disorder in which monoclonal immuno-
globulin light chains or their fragments are the disease-
causing toxic agent [6]. Diagnostic guidelines recommend
that laboratories use the highest sensitivity screening
panel consisting of SPEP, UPEP and IFE, and serum FLC
by immunoassay. In MGUS with an abnormal FLC ratio,
NT-pro B-type natriuretic peptide and urinary albumin
are used as additional diagnostic markers to detect pos-
sible cardiac and renal amyloidosis. Current guidelines
use quantitative serum FLC targets derived from the poly-
clonal-based FLC assay to determine disease response; it
is important to note that different cut-offs are needed for
other FLC assays as values cannot be used interchange-
ably between assays.

Recently a new entity called monoclonal gammopathy
of renal significance (MGRS) was introduced [7]. Mono-
clonal gammopathies associated with kidney disease
but not meeting the diagnostic criteria for myeloma or
lymphoma are reclassified as MGRS, thus enabling these
low tumor burden conditions to be treated with cytotoxic
agents to reduce the toxic action of the M-protein on renal
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function. Leung et al. [8] describe the laboratory tests
required to diagnose and monitor MGRS including SPEP,
UPEP, serum IFE and FLC. Although UPEP has low sensi-
tivity for detection of M-protein, it does provide additional
information about the type of renal injury, i.e. tubular pro-
teinuria as occurs in light chain cast nephropathy, and glo-
merular proteinuria as occurs in AL amyloidosis and light
chain deposition disease. The authors go on to discuss the
future use of more sensitive mass spectrometry techniques
that will assist in detecting minimal residual disease and
urinary exosomes as a renal response biomarker in MGRS.

Validation of guideline recommendations is essential
to their clinical uptake. In an original paper by Palladini
and colleagues [9] the performance of FLC measurement
in AL amyloidosis patients with moderately impaired
renal function vs. severe renal dysfunction is compared.
As a part of this evaluation they show that use of a renal
reference range for x/A FLC ratio [10] increases diagnos-
tic sensitivity for monoclonal A clones but reduces it for
monoclonal « clones. The study reinforces the importance
of combining FLC measurement with adequately sensitive
IFE of both serum and urine.

Section 2: Serum and urine protein electrophoresis
and immunofixation testing

In this next group of papers and case reports on PCD,
Keren and Schroeder begin by reviewing the electropho-
retic and immunochemical methods that have been used
over the years to quantify M-proteins in serum [11]. They
explore the limitations of past and current methods and
describe new methods to improve the accuracy of meas-
urement of low-concentration M-proteins and quantify
isotype-specific immunoglobulin classes, and liquid
chromatography-tandem mass spectrometry to obtain
more analytically sensitive measurements of residual
M-protein.

A problematic area of laboratory testing for PCD
concerns that of screening IFE as an initial procedure to
investigate M-proteins. In his “Point” paper, Pretorius [12]
puts the case to replace SPEP and UPEP with a screening
IFE using a single application of antisera directed against
heavy and light chains. He argues that there is no clinical
threshold where small M-proteins can be dismissed as not
significant and states: “... it does not logically follow that
that these individuals will be investigated unnecessarily”.
In addition the advantages for the laboratory from screen-
ing IFE are fewer reflexive IFE procedures being performed
and hence reduced costs and faster turnaround time.
Smith et al. in their “Counterpoint” article [13] put the
case against “quick fixes” and argue that while screening
IFE may be useful when SPEP has poor resolution in the
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B-region, it is of less benefit in laboratories using higher
resolution gels to detect IgA M-proteins. They question
the clinical significance of all small bands, many which
represent either transient responses to infectious and
auto-immune conditions, or very low risk MGUS. Addi-
tional costs and patient anxiety caused by regular patient
follow-up in this group may also be problematic.

Another area of protein electrophoresis involving
heterogeneity of laboratory practice is in reporting. The
current wide variation in reporting of electrophoresis is
likely to have an impact on patient safety due to misinter-
pretation of poor commenting. In his opinion paper, Moss
[14] presents good reasons why we should move towards
harmonized reporting of SPEP and UPEP by development
of an intuitive commenting system tool that ideally could
be supported by the vendor. He notes that such a product
would be subject to periodic review to ensure there was
continuing alignment with clinical guidelines.

Three case reports are then presented that illustrate
the challenges of traditional laboratory testing (i.e. elec-
trophoresis and IFE) and describe clearly the need to use
more than one analytical approach for the correct manage-
ment of these clinical situations. The molecular structure
of the monoclonal protein is so variable that only the use
of analytical techniques based on different principles can
guarantee the identification and the quantification of the
largest possible number of the monoclonal components.

Secnik et al. [15] present a case of AL amyloidosis in a
patient with light chain multiple myeloma where the SPEP
was repeatedly negative and the urine IFE result ambigu-
ous; the serum FLC test was positive for k light chain pro-
duction. Other studies involving large numbers of patients
with AL amyloidosis [16] have demonstrated that only the
combined use of the traditional tests with the FLC serum
measurement can ensure a near 100% identification of
the monoclonal protein in AL amyloidosis, confirming
thus that the two approaches (traditional testing plus FLC
measurement) are complementary rather than alternative
in amyloidosis.

The next two cases deal with the monitoring of
patients after treatment. Henry and Glegg [17] describe
the modification of the serum electrophoretic pattern of a
patient with multiple myeloma following therapy: during
remission the original monoclonal band was replaced
by a number of small abnormal bands. The appropriate
identification of the nature (oligoclonal vs. monoclonal)
of these bands was possible only by using an isoelectric
focusing technique. The use of this technique is an impor-
tant novelty in this specific field; the related reporting to
clinicians should be carried out with great care because of
the potential clinical significance of biochemical relapse.
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The technique is not easy to perform and/or interpret,
and should probably be restricted to specialized labora-
tories; however, it could be of great help in certain com-
plicated cases. The third case is about a rather novel
pattern of relapse known as “light chain escape” [18];
the pattern is probably induced by recent therapeutic
strategies and is particularly demanding from a clinical
point of view. Caldini et al. observed that FLC measure-
ment could predict the relapse months before the Bence
Jones protein determination. Use of the same test for fol-
low-up of disease is recommended for monitoring of MM
[4]. However, Zamarin et al. have illustrated that use of
the FLC assay could detect relapse even in patients with
measurable M-protein and that abnormal FLC was often
the first indicator of relapse or progression in patients
with FLC escape [19]. In the largest reported series of MM
patients who relapsed with FLC escape, Brioli et al. high-
lighted the importance of monitoring FLC when clinical
relapse is suspected [20].

Section 3: Serum free light chain methods and
controversies
After the first burst of enthusiasm since the availability of
the FLC test (as always happens with novelties) and the
issuing of the related international recommendations [21],
some analytical and clinical limitations of the immuno-
logical assay began being reported. Moreover, after the
introduction of a different assay, and then the release
of a third one, both based on monoclonal antibodies, it
became evident that these assays show distinct charac-
teristics. To help the CCLM readership in understanding
the advantages and pitfalls of the available assays, this
section of the issue includes two mini-reviews by Carr-
Smith et al. [22] and te Velthuis et al. [23] discussing the
clinical and analytical characteristics of the polyclonal
(Freelite) and monoclonal (N Latex and Seralite)-based
assays. These reviews are accompanied by an opinion
paper by Graziani [24] summarizing the features of the
different assays. Considering the peculiarity of the mono-
clonal proteins, optimization of the analytical aspects is
difficult to achieve. In addition, the absence of an interna-
tional standard hampers the identification of the method
showing the best accuracy. Good-quality studies examin-
ing the analytical performances of the three methods are
needed to help clinical laboratories decide which assay to
use; however, clinical validation of the assays in different
diseases and in different clinical settings is also of pivotal
importance.

The question of accuracy of serum FLC measurement
remains unresolved. Due to the wide heterogeneity of mon-
oclonal and polyclonal freelight chains, different selectivity
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of assay antibodies for FLC measurement, and interfer-
ences that may be assay and/or platform-specific, differ-
ences in absolute FLC concentrations can occur between
the various polyclonal and monoclonal antibody-based
immunoassays and values cannot be interchanged. Jacobs
et al. [25] describe how these issues can cause non-harmo-
nized, non-equivalent results between different methods
and hence the importance of interpreting FLC results in
the clinical context. The authors discuss the inability to
transfer the clinical guideline recommendations for FLC
measurement across all assays in all patients, the clinical
consequence being that certain diagnostic, prognostic, or
response criteria may or may not be met, depending on the
FLC assay and platform used.

An important clinical assessment is whether treat-
ment results in a clinically significant decrease in the
quantity of monoclonal intact immunoglobulin or serum
FLC in PCD. Information on the biological variation in
healthy subjects and in stable PCD can be used to deter-
mine a clinically significant change. Toftmann Hansen
[26] describes the current status of this information and
the need for further FLC studies in patients with PCD and
in the elderly. These data can also be used to optimize the
setting of desirable performance goals for monoclonal
intact immunoglobulin and serum FLC measurement.

The two case reports in this section [27, 28] illustrate
how difficult the detection and quantification of mono-
clonal proteins can be in specific patients, and confirm
once more that a combination of techniques (including
advanced diagnostics such as mass spectrometry and
flow cytometry) are necessary in certain circumstances.
The first case by Milani et al. [27] describes a patient
with cardiac amyloidosis where the routine serum and
urine IFE and serum FLC measurement were repeatedly
negative and the amyloid clone could be identified only
by using a high-resolution in-house urine IFE method
and bone marrow flow cytometry. The assessment of the
response to treatment was possible in this patient only
using these sophisticated techniques. Patients with renal
diseases and monoclonal gammopathies also pose a
serious diagnostic challenge for the clinical laboratory.
The second report by Levinson [28] describes two patients
with renal insufficiency and PCD, where the serum FLC
measurement failed to detect the monoclonal protein
in one case and underestimated FLC in the second. The
use of the traditional tests and the serum FLC measure-
ment ultimately succeeded in resolving the diagnostic
issue. The laboratory specialist is in the ideal position to
resolve these difficult situations as he/she has a complete
knowledge of the technical tools; if clinical information
is provided in a timely manner to the laboratory, then
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additional targeted testing can be performed that will
enhance the patient management.

The important issue of FLC measurement in patients
with renal impairment has been discussed earlier in
patients with AL amyloidoisis [6] and MGRS [8], and is
also the subject of an original contribution in this section
by Kennard et al. [29]. It is well known that a specific renal
reference range for k/A FLC ratio is required when meas-
uring serum FLC by the polyclonal-based Freelite method
in patients with renal insufficiency [10], while this is not
the case if the monoclonal-based N Latex method is used
[30]. This is due to the much higher serum concentra-
tions of A light chain measured by the N Latex method.
This study, based on a large number of patients on hemo-
dialysis, confirms the finding; the novelty of the study is
the demonstration that the discrepancy between the two
methods attenuates post-dialysis. While further studies
are certainly required to understand the reason for the
discrepancy, the practical implication of these results
(consistent over a number of independent studies) is
that the clinical laboratory should clearly report a renal
reference range for x/A FLC ratio if serum FLC is meas-
ured with the Freelite method. This is of particular rel-
evance in the presence of oligosecretory diseases where
a minimum deviation from the normal x/A FLC ratio is of
diagnostic significance as described by Palladini et al. in
this issue [9].

Section 4: New laboratory assays and challenges

As discussed in Section 2 [11], one way to improve the
accuracy of measurement of low-concentration M-pro-
teins includes use of immunoassays that quantify iso-
type-specific immunoglobulin classes. In their “Point”
paper, Evans et al. [31] describe the advantages of using
IgA-x and IgA-\ heavy/light chain (HLC) assays as a more
accurate method for quantification of monoclonal IgA
proteins that overlap normal proteins in the B-region on
electrophoresis. The increased sensitivity of HLC assays
and use of the calculated IgA-«/IgA-A HLC ratio may give
additional information about residual disease and predict
relapse earlier when IFE is negative. IgA HLC may prove
to be a suitable alternative to the combination of SPEP,
IFE and total IgA measurement in response monitoring
and risk stratification [32]. As with all new tests, there are
arguments against blanket use of the assay as explained
by Paolini in the “Counterpoint” [33]; selective use of the
assay, only in certain cases, is warranted at this stage
until trials show the positive impact of the immunoassay
on clinical management. An example of another use of
HLC assay is given in the report from Altinier et al. [34] on
monitoring of patients with POEMS disease.
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As in many areas of Laboratory Medicine, mass spec-
trometry is being used to quantify various analytes down
to very low concentrations. Investigators from the Mayo
Clinic have developed high resolution mass spectrometry
methods that can measure monoclonal intact immuno-
globulins and polyclonal light chains in serum [35, 36]. In
the paper by Barnidge et al. [37], the authors describe in
detail the “monoclonal immunoglobulin rapid accurate
mass measurement (miRAMM)” methodology that uses
microflow liquid chromatography-electrospray ioniza-
tion-quadrupole-time-of-flight mass spectrometry and its
application to the detection and quantification of serum
FLC in AL amyloidosis. The proof of concept experiment
confirmed the presence of monoclonal FLC in a majority
of samples positive by FLC immunoassay and also iden-
tified large molecular weight heterogeneity of FLC in AL
amyloidosis.

The novel therapeutic options now available pose
serious challenges to the clinical laboratory, as illustrated
in the next three papers. As a consequence, the labora-
tory technique should be updated to meet new needs. One
of the novel therapeutic approaches is the use of human-
ized monoclonal antibodies. These antibodies, if present
in blood above a certain concentration, can be detected
as small IgG-x bands on SPEP and IFE testing and pos-
sibly misinterpreted as disease related monoclonal bands.
Willrich et al. [38] describe the electrophoretic properties
of a number of therapeutically administered antibodies
and the ability of miRAMM to detect very small quantities
of the monoclonal antibodies, e.g. rituximab. These small
bands and other post therapy, transient monoclonal and/
or oligoclonal bands that are often present post immune
reconstitution are considered an analytical interference
and may confound the assessment of complete response
(CR) in myeloma. Durie et al. [39] have recently revised
the wording of the IMWG definition of CR that requires
disappearance of the original M-protein associated with
myeloma on IFE regardless of the presence of unrelated
secondary bands including artefact due to monoclonal
antibodies. Hence laboratories will need to be able to dis-
tinguish residual therapeutic antibody from the original
M-protein, in particular IgG-k bands. McCudden et al. [40]
describe a new daratumumab immunofixation reflex assay
(DIRA) that can distinguish the therapeutic antibody from
M-protein. The authors recommend a testing algorithm
that can be applied to small bands <2 g/L present post
therapy. Examples illustrating the problem are shown for
a number of cases in a report by van de Donk et al. [41]
and highlight the clinical consequences of the possible
missed recognition of the analytical interference. It needs
to be emphasized once more that the laboratory specialist
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and the clinician should cooperate closely in exchang-
ing information about the type and timing of antibody
therapy (especially in the complicated field of the plasma
cell dyscrasia), because it is the only way to improve the
patient management and his/her outcome.

As laboratory and clinical practitioners in the diagno-
sis and monitoring of plasma cell disorders, we hope that
this special issue will provide other practitioners with a
broad overview of current and future laboratory testing in
the field of protein electrophoresis and serum FLC meas-
urement. There remain contentious areas of laboratory
best practice that will require further clinical studies to
provide the evidence for or against introduction of new
tests and removal of old ones. With the introduction of
new patient treatments and more sensitive technologies
to detect residual disease, the laboratory must continue
to adopt changes in testing practices that will add value to
patient management.

As a postscript to this issue, CCLM recently received
an interesting Letter to the Editor about the quantitative
FLC differences between Freelite and N Latex monoclonal
A FLC results [42]. 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 A FLC in a patient with
MM whereas the N Latex assay appeared to recognize the
monomeric form. As the authors note, further studies are
required to elucidate the relationship between the struc-
ture and pathological properties of monoclonal FLC.

Acknowledgments: The guest editors wish to thank all
of the authors and the reviewers who participated in this
special issue. We also thank Dr. Mario Plebani, Editor-in-
Chief of CCLM, and Ms. Heike Jahnke, CCLM Managing
Editor, for their continuous support and helpful input.
Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Research funding: None declared.

Employment or leadership: None declared.

Honorarium: None declared.

Competing interests: The funding organization(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

References

1. Keren DF. Procedures for the evaluation of monoclonal immuno-
globulins. Arch Pathol Lab Med 1999;123:126-32.



904 —— Tate etal.: Protein electrophoresis and serum FLC in the diagnosis and monitoring of plasma cell disorders

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Keren DF, Alexanian R, Goeken JA, Gorevic PD, Kyle RA,

Tomar RH. Guidelines for clinical and laboratory evaluation of
patients with monoclonal gammopathies. Arch Pathol Lab Med
1999;123:106-7.

. Willrich MA, Katzmann JA. Laboratory testing requirements

for diagnosis and follow-up of multiple myeloma and related
plasma cell dyscrasias. Clin Chem Lab Med 2016;54:907-19.

. Dimopoulos M, Kyle R, Fermand J-P, Rajkumar SV, San Miguel J,

Chanan-Khan A, et al. Consensus recommendations for standard
investigative workup: report of the International Myeloma Work-
shop Consensus Panel 3. Blood 2011;117:4701-5.

. Rajkumar SV, Harousseau J-L, Durie B, Anderson KC,

Dimopoulos M, Kyle R, et al. Consensus recommendations for the
uniform reporting of clinical trials: report of the International
Myeloma Workshop Consensus Panel 1. Blood 2011;117:4691-5.

. Mollee P, Merlini G. Free light chain testing for the diagnosis,

monitoring and prognostication of AL amyloidosis. Clin Chem
Lab Med 2016;54:921-7.

. Leung N, Bridoux F, Hutchison CA, Nasr SH, Cockwell P,

Fermand JP, et al., on behalf of the International Kidney and
Monoclonal Gammopathy Research Group. Monoclonal
gammopathy of renal significance: when MGUS is no longer
undetermined or insignificant. Blood 2012;120:4292-5.

. Leung N, Barnidge DR, Hutchison CA. Laboratory testing in

monoclonal gammopathy of renal significance (MGRS). Clin
Chem Lab Med 2016;54:929-37.

. Palladini G, Milani P, Foli A, Basset M, Russo F, Bosoni T,

et al. The impact of renal function on the clinical performance
of FLC measurement in AL amyloidosis. Clin Chem Lab Med
2016;54:939-45.

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

Keren DF, Schroeder L. Challenges of measuring monoclonal
proteins in serum. Clin Chem Lab Med 2016;54:947-61.
Pretorius CJ. Screening immunofixation should replace protein
electrophoresis as the initial investigation of monoclonal gam-
mopathy (Point). Clin Chem Lab Med 2016;54:963-6.

Smith D, Raines G, Schneider HG. Should routine laboratories
stop doing screening serum protein electrophoresis and replace
it with screening immune-fixation electrophoresis? No quick
fixes (Counterpoint). Clin Chem Lab Med 2016;54:967-71.

Moss MM. Moving towards harmonized reporting of serum and
urine protein electrophoresis. Clin Chem Lab Med 2016;54:973-9.
Secnik P, Jr., Honsova E, Jabor A, Lavrikova P, Franekova J. Mul-
tiple qualitative and quantitative methods for free light chain
analysis are necessary as first line tests for AL amyloidosis. Clin
Chem Lab Med 2016;54:981-4.

Palladini G, Russo P, Bosoni T, Verga L, Sarais G, Lavatelli F,

et al. Identification of amyloidogenic light chain requires the
combination of serum-free light chain assay with immunofixa-
tion of serum and urine. Clin Chem 2009;55:499-504.

Henry R, Glegg D. Use of isoelectric focusing to discriminate
transient oligoclonal bands from monoclonal protein in treated
myeloma. Clin Chem Lab Med 2016;54:985-9.

Caldini A, Nozzoli C, Terreni A, Staderini M, Berardi M, Biagioli T,
et al. New patterns of relapse in multiple myeloma: a case of “light
chain escape” in which FLC predicted relapse earlier than urine
and serum immunofixation. Clin Chem Lab Med 2016;54:991-5.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

DE GRUYTER

Zamarin D, Giralt S, Landau H, Lendvai N, Lesokhin A,

Chung D, et al. Patterns of relapse and progression in multiple
myeloma patients after auto-SCT: implications for patients’
monitoring after transplantation. Bone Marrow Transplant
2013;48:419-24.

Brioli A, Giles H, Pawlyn C, Campbell JP, Kaiser MF, Melchor L,

et al. Serum free immunoglobulin light chain evaluation as a
marker of impact from intraclonal heterogeneity on myeloma
outcome. Blood 2014;123:3414-9.

Dispenzieri A, Kyle R, Merlini G, Miguel JS, Ludwig H, Hajek R,
et al. International Myeloma Working Group guidelines for
serum-free light chain analysis in multiple myeloma and related
disorders. Leukemia 2009;23:215-24.

Carr-Smith HD, Jenner EL, Evans JA, Harding S). Analytical issues
of serum free light chain assays and the relative performance of
polyclonal and monoclonal based reagents. Clin Chem Lab Med
2016;54:997-1003.

te Velthuis H, Drayson M, Campbell JP. Measurement of free light
chains with assays based on monoclonal antibodies. Clin Chem
Lab Med 2016;54:1005-14.

Graziani MS. Measurement of free light chains — pros and cons
of current methods. Clin Chem Lab Med 2016;54:1015-20.
Jacobs JF, Tate JR, Merlini G. Is accuracy of serum free light chain
measurement achievable? Clin Chem Lab Med 2016;54:1021-30.
Toftmann Hansen C. Performance goals for immunoglobulins
and serum free light chain measurements in plasma cell dyscra-
sias can be based on biological variation. Clin Chem Lab Med
2016;54:1031-3.

Milani P, Valentini V, Ferraro G, Basset M, Russo F, Foli A, et al.
A patient with AL amyloidosis with negative free light chain
results. Clin Chem Lab Med 2016;54:1035-7.

Levinson SS. Strengths and weaknesses of methods for identify-
ing monoclonal free light chains of Ig: examples from two cases
with renal disease. Clin Chem Lab Med 2016;54:1039-43.
Kennard A, Hawley C, Tate J, Klingberg S, Pretorius C,

Hutchison C, et al. 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;54:1045-52.

Jacobs JF, Hoedemakers RM, Teunissen E, te Velthuis H. N Latex
FLC serum free light-chain assays in patients with renal impair-
ment. Clin Chem Lab Med 2014;52:853-9.

Evans JA, Jenner EL, Carr-Smith HD, Berlanga O, Harding SJ.
Quantification of B-region IgA monoclonal proteins — should we
include immunochemical Hevylite® measurements? (Point). Clin
Chem Lab Med 2016;54:1053-7.

Katzmann JA, Willrich MA, Kohlhagen MC, Kyle RA, Murray DL,
Synder MR, et al. Monitoring IgA multiple myeloma: immuno-
globulin heavy/light chain assays. Clin Chem 2015;61:360-7.
Paolini L. Quantification of B-region IgA paraproteins — should
we include immunochemical “heavy/light chain” measure-
ments? (Counterpoint). Clin Chem Lab Med 2016;54:1059-64.
Altinier S, Proko K, Zaninotto M, Ciubotaru D, Seguso M,
Varagnolo M, et al. Free light chains and heavy/light

chains in monitoring POEMS patients. Clin Chem Lab Med
2016;54:1065-71.

Mills JR, Barnidge DR, Murray DL. Detecting monoclonal
immunoglobulins in human serum using mass spectrometry.
Methods 2015;81:56-65.

Barnidge DR, Dasari S, Ramirez-Alvarado M, Fontan A, Willrich MA,
Tschumper RC, et al. Phenotyping polyclonal kappa and lambda



DE GRUYTER

37.

38.

39.

40.

41.

light chain molecular mass distributions in patient serum using
mass spectrometry. ) Proteome Res 2014;13:5198-205.

Barnidge DR, Dispenzieri A, Merlini G, Katzmann JA, Murray DL.
Monitoring free light chains in serum using mass spectrometry.
Clin Chem Lab Med 2016;54:1073-83.

Willrich MA, Ladwig PM, Andreguetto BD, Barnidge DR,

Murray DL, Katzmann JA, et al. Monoclonal antibody
therapeutics as potential interferences on protein
electrophoresis and immunofixation. Clin Chem Lab Med
2016;54:1085-93.

Durie BG, Miguel JF, Blade J, Rajkumar SV. Clarification of the
definition of complete response in multiple myeloma. Leukemia
2015;29:2416-7.

McCudden C, Axel AE, Slaets D, Dejoie T, Clemens PL, Frans S,
et al. Monitoring multiple myeloma patients treated with
daratumumab: teasing out monoclonal antibody interference.
Clin Chem Lab Med 2016;54:1095-1104.

van de Donk NW, Otten HG, El Haddad O, Axel A, Sasser AK,
Croockewit S, et al. Interference of daratumumab in monitoring

Tate et al.: Protein electrophoresis and serum FLC in the diagnosis and monitoring of plasma cell disorders =—— 905

multiple myeloma patients using serum immunofixation
electrophoresis can be abrogated using the daratumumab IFE
reflex assay (DIRA). Clin Chem Lab Med 2016;54:1105-9.

42. Caponi L, Franzini M, Koni E, Petrini M, Paolicchi A. Discrepancy
between FLC assays: only a problem of quantification? (Letter).
Clin Chem Lab Med 2016;54:1111-3.

Corresponding author: Jillian R. Tate, CCLM Associate Editor,
Department of Chemical Pathology, Pathology Queensland, Block 7,
Level 3, Royal Brisbane and Women’s Hospital, Herston, QLD 4029,
Australia, Phone: +61-7-3646-0082, E-mail: jill.tate@health.qld.gov.au
Maria Stella Graziani: University Hospital of Verona, Verona, Italy
Peter Mollee: Department of Haematology, Pathology Queensland,
Princess Alexandra Hospital, Brisbane, Australia; and School of
Medicine, University of Queensland, Brisbane, Australia
Giampaolo Merlini: Amyloidosis Research and Treatment Center,
Foundation IRCCS Policlinico San Matteo; and Department of
Molecular Medicine, University of Pavia, Pavia, Italy


mailto:jill.tate@health.qld.gov.au

