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BACKGROUND: Free light chain (FLC) quantification is
the most analytically sensitive blood-based method com-
mercially available to diagnose and monitor patients with
plasma cell disorders (PCDs). However, instead of di-
rectly detecting monoclonal FLCs (mFLCs), FLC assays
indirectly assess clonality based on quantifying � and �
FLCs and determination of the �/� FLC ratio. Often an
abnormal FLC ratio is the only indication of a PCD, and
confirmation by a direct method increases diagnostic
confidence. The aim of this study was to develop an
analytically sensitive method for direct detection of
mFLCs.

METHODS: Patient sera (n � 167) previously assessed by
nephelometric FLC quantification and immunofixation
electrophoresis (IFE) were affinity enriched for IgG, IgA,
and total and free � and � light chains and subjected to
MALDI-TOF MS. Relative analytical sensitivity of these
methods was determined using serially diluted sera con-
taining mFLCs.

RESULTS: In sera with abnormal FLC ratios (n � 127),
43% of monoclonal proteins were confirmed by IFE,
57% by MALDI-TOF MS without FLC enrichment,
and 87% with FLC enrichment MALDI-TOF MS. In
sera with normal FLC ratios (n � 40), the FLC MALDI-
TOF MS method identified 1 patient with an mFLC.
Serial dilution and analysis of mFLC containing sera by
IFE, nephelometry, and FLC MALDI-TOF MS demon-
strated that FLC MALDI-TOF MS analysis had the
highest analytical sensitivity.

CONCLUSIONS: FLC immunoenrichment coupled to
MALDI-TOF MS enables direct detection of mFLCs
and significantly increases the confirmation of abnormal
serum FLC ratios over IFE and MALDI-TOF MS with-

out FLC enrichment, thereby providing added confi-
dence for diagnosing FLC PCDs.
© 2019 American Association for Clinical Chemistry

Monoclonal gammopathies encompass a heterogeneous
set of plasma cell proliferative disorders (PCDs)5 associ-
ated with the presence of monoclonal proteins (M-
proteins). M-proteins are a relatively common laboratory
finding occurring in approximately 3% of adults over the
age of 50 years (1 ). They are secreted into circulation by
abnormal plasma cells undergoing clonal expansion. The
majority of M-proteins occur as intact immunoglobulins,
whereas approximately 15% of monoclonal gammopa-
thies involve only the light chain portion of the immu-
noglobulin (2 ).

Owing to the heterogeneity of M-proteins, diverse
methodologies are used for their detection and quantifi-
cation in the clinical laboratory (3 ). Serum protein elec-
trophoresis (PEL) enables the detection and relative
quantification of the M-protein, whereas serum immu-
nofixation electrophoresis (IFE) enables establishment of
M-protein isotype. The serum free light chain (sFLC)
assay uses specific antibodies for quantification of circu-
lating free � and � light chains (4 ). Currently, the sFLC
assay is the most analytically sensitive commercially avail-
able assay for M-protein detection, whereby an abnormal
�/� free light chain (FLC) ratio (�/� �0.26 or �1.65)
suggests the presence of a monoclonal clone (5 ). The
sFLC assay has demonstrated a particularly important
supportive role in the diagnosis, prognosis, and monitor-
ing of PCDs (6–8 ). Combinations of sFLC, PEL, and
IFE comprise the initial International Myeloma Work-
ing Group-recommended screening panel for monoclo-
nal gammopathies. Moreover, the sFLC assay has supe-
rior clinical sensitivity for a number of PCDs associated
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with low abundance M-proteins, especially light chain
PCDs, including nonsecretory multiple myeloma, light
chain multiple myeloma, systemic light chain amyloido-
sis, and light chain deposition disease (6 ). These PCDs
are often detected in serum only by an abnormal �/�
FLC ratio. A number of studies have shown that in-
creased sFLCs at baseline correlate with worse outcomes
in multiple myeloma and related PCDs (9 ). sFLC results
have been also incorporated into response and diagnostic
criteria guidelines for multiple myeloma and oligosecre-
tory PCDs (light chain amyloidosis, nonsecretory multi-
ple myeloma, light chain deposition disease). Beyond
these strengths, the sFLC assay can be performed on
high-throughput chemistry instrumentation, as opposed
to PEL and IFE, which are low-throughput manual tech-
niques and require substantial laboratory resources.

Inference of an M-protein from an abnormal �/�
FLC ratio has several limitations. First, it serves as an
indirect measure for the presence of an M-protein that
often cannot be corroborated by other less sensitive
methods, including serum PEL and IFE (3 ). Such dis-
crepancies between various methods present clinicians
with an interpretive challenge. Second, underestimates
and overestimates of the �/� FLC ratio have been de-
scribed owing to various analytical or clinical factors
(10 ). Analytical factors include antigen excess, nonlinear
response, and oligomerization of monoclonal FLCs
(mFLCs). Additionally, underestimation of clonality
could potentially occur in patients who possess both a �
and a � clone. Furthermore, monoclonal light chains can
potentially contain structurally variant amino acid se-
quences that may not interact with antisera, a phenome-
non documented to occur in IgG subclass assays (11 ).
Clinical factors that may result in FLC ratios significantly
outside the reference ranges include hypergammaglobu-
linemia, IgG4-related disease, and renal impairment
(12 ). Because of the above limitations, direct detection of
mFLCs, independent of the �/� FLC ratio, may have
clinical utility serving as either a confirmatory method or
a routine diagnostic approach.

Immunoenrichment-coupled mass spectrometry-
based approaches for M-protein identification may offer
a high-throughput alternative to serum PEL and IFE
(13–19). Initial approaches were based on micro-LC-
electrospray ionization–quadrupole-TOF-MS and were
shown to offer increased analytical sensitivity and speci-
ficity over gel-based techniques (13, 14 ). Subsequently,
the need for higher throughput approaches suitable for
routine clinical analysis resulted in the development of 2
additional methods: MASS-SCREEN and MASS-FIX
(15, 16 ). Both methods involve total immunoglobulin
immunoenrichment with reduction and total light chain
(TLC) mass measurements by MALDI-TOF MS. The
resulting TLC mass spectra can be visually inspected for
features consistent with the presence an M-protein,

namely, a relatively higher intensity peak at a unique
mass-to-charge ratio (m/z) that stands out from the
gaussian-type polyclonal immunoglobulin background,
much like PEL. Thus far, these methods have been dem-
onstrated to possess analytical sensitivity comparable
with IFE and clinical sensitivity comparable with the cur-
rently recommended panel for M-protein screening
(PEL � IFE � sFLC) (15–17 ). However, the high
relative abundance of light chains from intact immu-
noglobulins presents an analytical challenge to distin-
guish mFLCs against the background signal originat-
ing from light chains associated with intact polyclonal
and monoclonal immunoglobulins. Our previous
study demonstrated abnormal FLC ratios in 28% of
MASS-SCREEN-negative samples, suggesting FLC
measurements require consideration in screening
(17 ).

The objective of this study was to develop an analyt-
ically sensitive method for direct detection of mFLCs
that was independent of the �/� FLC ratio. This was
accomplished by performing immunoenrichment using
sepharose-coupled polyclonal antibodies against FLCs,
followed by MALDI-TOF MS. Herein, we describe the
relative analytical performance of this method, FLC
MALDI-TOF MS, in comparison with the �/� FLC
ratio, TLC MALDI-TOF MS (MASS-FIX), and IFE.

Materials and Methods

LABORATORY ANALYSES ON PATIENT SERA: PEL, IFE, AND

SFLC QUANTIFICATION

Serum PEL and IFE were performed according to the
routine laboratory procedures at the Protein Immunol-
ogy Laboratory, Mayo Clinic. The serum PEL assay was
performed on the SPIFE 3000 electrophoresis analyzer
(Helena Laboratories). A positive serum PEL was defined
by the presence of a quantifiable M-spike appearing
across the background of �2, �, or � fractions. Serum
IFE assessed migration patterns for �, �, �, �, and �
immunoglobulin chains (Hydrasys and Hydragel, Sebia).
The sFLC assay (Freelite™ Reagent, The Binding Site)
was performed on an automated nephelometer (the BNII
System, Siemens Diagnostics) according to the routine
laboratory procedure. Following independent measure-
ments of � and � FLC concentrations by nephelometry,
the �/� FLC ratio was calculated. Excess � light chains
are present in patient sera with increased �/� FLC ratios
(�1.65), which are associated with the presence of �
M-protein(s). Similarly, excess � light chains are present
in sera with abnormally low �/� FLC ratios (�0.26),
which are associated with the presence of � M-protein(s).

PATIENT SERUM SPECIMENS

Specimens and patient data were accessed in compliance
with the Mayo Clinic Institutional Review Board (study
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16–0629). Residual sera (n � 167) were randomly se-
lected from samples submitted for routine clinical testing
according to classification into 3 cohorts varying based
on the presence of an M-protein as determined by IFE
and FLC ratio analyses. The first cohort (IFE�/sFLC�,
n � 72) included IFE-negative sera with increased � or �
FLC concentrations with abnormal FLC ratios. The sec-
ond cohort (IFE�/sFLC�, n � 55) included IFE-
positive sera with abnormal FLC ratios. The third cohort
(IFE�/sFLC�, n � 40) included IFE-negative sera with
normal FLC ratios. A commercially purchased normal
serum pool was used as a negative control.

For relative analytical sensitivity assessment, residual
sera containing FLC � or � M-spikes (�330 mg/dL, n �
4) were serially diluted into pooled serum from patients
with polyclonal hypergammaglobulinemia (�1.7 g/dL �
fraction by PEL) until undetectable. The hypergam-
maglobulinemic pool contained increased concentra-
tions of polyclonal � and � FLCs (� FLC concentra-
tion � 9.3 mg/dL; � FLC concentration � 8.4 mg/dL;
�/� FLC ratio � 1.1; IFE negative) to provide a high
background signal as opposed to using a normal serum
pool (see Fig. 1A in the Data Supplement that accompa-
nies the online version of this article at http://www.
clinchem.org/content/vol65/issue8). No M-proteins
were detectable in this serum pool following FLC immu-
noenrichment and MALDI-TOF MS analysis (see Fig.
1A in the online Data Supplement).

IMMUNOENRICHMENT OF IMMUNOGLOBULINS

Serum samples were subjected to immunoenrichment for
IgG, IgA, IgM, total � light chains, and total � light
chains in accordance with a previously described proce-
dure using nanobody resins (16 ). Serum FLC immu-
noenrichment was performed with polyclonal antibodies
with high specificity toward either � FLCs or � FLCs and
low cross-reactivity with light chains bound to heavy
chains, immobilized on sepharose beads (made and pro-
vided by The Binding Site, Birmingham, UK) (4 ).
Briefly, residual patient sera (10 –20 �L) were incu-
bated at room temperature with 50 �L of sepharose
immunoenrichment beads for 45 min and vortexed in
15-min intervals. The supernatant was discarded, and
the beads were washed 3 times with 150 �L of PBS and
subsequently 3 times with 150 �L of HPLC-grade
water. Immunoglobulins were eluted using 5% acetic
acid. Immunoenriched specimens were reduced for 15
min at room temperature with 40 mmol/L tris(2-
carboxyethyl)phosphine in 0.1% formic acid solution.
Reduction resulted in dissociation of disulfide bonds
between heavy and light chains and between light
chains. During method optimization of the FLC im-
munoenrichment method, reduction was found to im-
prove signal intensity.

MALDI-TOF MS

Each immunoenriched specimen was spotted onto a 96-
spot polished steel Bruker target plate (Bruker Daltonics)
between 2 layers of matrix solution containing �-cyano-
4-hydroxycinnamic acid (10 g/L) in 0.1% trifluoroacetic
acid in a 50:50 acetonitrile/water mix. The plates were
allowed to dry between applications of matrix and sam-
ple. MALDI-TOF MS (Bruker Microflex™) analysis
was performed in automated acquisition mode. Data ac-
quisition was performed in the m/z range of 9000 to
32000.

MASS SPECTROMETRY SPECTRAL ANALYSIS AND

INTERPRETATION

Spectra were inspected visually using FlexAnalysis soft-
ware version 3.3 (Bruker Daltonics). The spectral inter-
preter was blinded to clinical status and previous patient
results. Mass spectra were interrogated for M-proteins
and isotypes as follows: 6 light chain spectra representing
immunoenrichment reactions from individual patient
samples were overlaid and compared with normal control
spectra for qualitative visual detection of monoclonal im-
munoglobulins as previously described (15, 16 ). For
simplicity, IgM immunoenrichment spectra were ex-
cluded from analysis because of absence of IgM
M-proteins among the patient cohorts. The criteria for
calling a monoclonal immunoglobulin was identification
of sharp or broad m/z peaks in the expected light chain
m/z ranges that were distinguishable from the polyclonal
background in a normal specimen. The �2 charge state
was the primary feature examined, and the �1 charge
state provided additional supportive evidence for the
presence of an M-protein.

DATA ANALYSIS

Statistical analyses were performed using GraphPad
Prism Software version 6. The Mann–Whitney U-test
was used to compare medians of serum �/� FLC ratios
between different sets of patient samples. Results were
considered significant if the P value was �0.05.

Results

To characterize the performance of FLC vs TLC
MALDI-TOF MS analysis in serum, a diverse repertoire
of sera (n � 167) with varying FLC ratios and isotypes
was analyzed. Similarly to the previously described
MASS-FIX methodology, FLC � and � ions in healthy
donors demonstrated 2 characteristic distributions in
each mass spectrum, representing the singly [M � H]1�

and doubly charged [M � 2H]2� FLC ions (Fig. 1A)
(16 ). The presence of an mFLC resulted in a narrower
m/z distribution of FLC ions with increased signal inten-
sities within the expected light chain m/z ranges, gener-
ating distinct peaks representative of the monoclonal

Serum Free Light Chain Detection by MALDI-TOF MS

Clinical Chemistry 65:8 (2019) 1017

D
ow

nloaded from
 https://academ

ic.oup.com
/clinchem

/article/65/8/1015/5608509 by guest on 24 M
ay 2023

http://www.clinchem.org/content/vol65/issue8
http://www.clinchem.org/content/vol65/issue8


protein (Fig. 1, B and C). Additional controls that in-
cluded no serum (buffer only) and hypergammaglobu-
linemic serum did not contain distinct peaks representa-
tive of mFLC ions (see Fig. 1 in the online Data
Supplement).

A minor subset (13%) of sera with abnormal FLC
ratios demonstrated mass spectra with relatively broad
high molecular weight FLC ion distributions outside of
the expected light chain m/z ranges. A similar shift in the
m/z of total light chain ions was previously shown to
occur when light chains are N-glycosylated (20 ) (see Fig.
2 in the online Data Supplement). In this study, 12
�-associated (10% of IFE-positive, n � 3; 13% of IFE-
negative, n � 9) and 6 �-associated (15% of IFE-
positive, n � 4; 12% of IFE-negative, n � 2) M-proteins
had spectra consistent with glycosylation.

To document additional analytical benefit of FLC-
specific immunoenrichment over our previously re-
ported method utilizing TLC immunoenrichment (16 ),

results of both assays were compared with the FLC ratios
for all 167 sera. The overall agreement of FLC MALDI-
TOF MS with the FLC ratio was 98%, 98%, and 79%
for sera with low (� positive), normal (negative), and
increased (� positive) �/� FLC ratios, respectively (Table
1). In comparison, the overall agreement of TLC
MALDI-TOF MS with the FLC ratio was 79%, 98%,
and 46% for sera with low (� positive), normal (nega-
tive), and increased (� positive) �/� FLC ratios, respec-
tively (see Table 1 in the online Data Supplement). The
FLC MALDI-TOF MS method confirmed 100% of
cases with abnormal FLC ratios with a detectable
M-protein on IFE (IFE�/sFLC�) and 76% of cases
with abnormal FLC ratios undetectable by IFE (IFE�/
sFLC�) (Table 2). The TLC MALDI-TOF MS method
confirmed 96% of IFE�/sFLC� cases and 26% of
IFE�/sFLC� cases. Among IFE�/sFLC� cases with
normal FLC ratios without a detectable M-protein on
IFE, 98% did not have an identifiable M-protein by FLC

Fig. 1. Representative mass spectra of serum samples with and without mFLC abnormalities.
(A), FLC mass spectra from a patient serum sample without an M-protein. (B), FLC mass spectra from a patient with a monoclonal � FLC. (C), FLC
mass spectra from a patient with a monoclonal � FLC. Red arrows denote mFLC peaks.
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or TLC MALDI-TOF MS. The performance of sFLC,
IFE, and TLC and FLC MALDI-TOF MS across all sera
is shown in Table 2 of the online Data Supplement.

FLC MALDI-TOF MS substantially enhanced the
confirmation of the mFLCs from 43% (by IFE) and 57%
(by TLC MALDI-TOF MS) to 87% for FLC MALDI-
TOF MS (110 of 127 sera) (Fig. 2A and Table 2). This
increase in confirmation rate could be attributed to in-
creased frequency of identification of sera with lower
FLCs ratios by TLC MALDI-TOF MS vs IFE and by
FLC MALDI-TOF MS vs TLC MALDI-TOF MS. The
addition of FLC immunoenrichment led to the confir-
mation of an additional 40 M-proteins not detected by
TLC MALDI-TOF MS. Of these, 31 were � and 9 were
�, and 95% were in agreement with the isotype inferred
by the FLC ratio (Fig. 2A). In 2 cases, a monoclonal �
FLC was detected in which the FLC ratio suggested a
monoclonal � FLC. In 1 of these cases, the � and � FLC
concentrations were increased, and polyclonal hyper-
gammaglobulinemia was noted on PEL. The second case
had a clinically documented treated � light chain
amyloidosis.

For those cases in which abnormal FLC ratios were
confirmed only by FLC MALDI-TOF MS, the involved
sFLC concentrations were significantly lower (P �
0.0001, Mann–Whitney U-test) than those that were
confirmed by TLC MALDI-TOF MS (Fig. 2B). The
median sFLC concentration of monoclonal � FLCs de-
tected only by FLC MALDI-TOF MS was 15.6 mg/dL
[n � 31; interquartile range (IQR), 8.07–34.6] vs 78.7
mg/dL (n � 36; IQR, 40.8–210) for those detected by
TLC MALDI-TOF MS. Similarly, the median sFLC
concentration of monoclonal � FLCs detected only by

FLC MALDI-TOF MS was 5.99 mg/dL (IQR, 4.38–
16.40; n � 10) vs 136 mg/dL for those detected by TLC
MALDI-TOF MS (IQR, 33.9–435; n � 34). In com-
parison, the median involved FLC concentrations in the
cohort of sera with abnormal FLC ratios confirmed by
IFE (n � 55) were 149 mg/dL and 190 mg/dL for sera
with involved � and � light chains, respectively.

Neither TLC nor FLC MALDI-TOF MS identified
a monoclonal protein in 17 sera with abnormal sFLC
ratios (Fig. 2B, red dots). Sixteen of these specimens had
FLC ratios consistent with �-associated M-proteins. The
� light chain concentrations for these specimens were
significantly lower than the concentrations confirmed
only by FLC MALDI-TOF MS (P � 0.009, Mann–
Whitney U-test) with medians of 7.39 mg/dL (IQR,
3.99–16.3) vs 15.6 mg/dL (IQR, 8.07–34.1), respec-
tively. Of these 17 cases, clinical histories were available
for 9 (1 �, 8 �). The patient in whom the sFLC ratio
suggested a � M-protein had a history of treatment for �
light chain amyloidosis. For the 8 discrepant results in
which the sFLC suggested a monoclonal � clone, 1 had a
history of kidney disease without a PCD, suggesting that
the TLC � FLC MALDI-TOF MS-based classification
was correct. The remaining 7 had clinical histories con-
sistent with a � PCD (treated light chain amyloidosis,
n � 2; untreated light chain amyloidosis, n � 1; treated
light chain multiple myeloma, n � 2; light chain depo-
sition disease and multiple myeloma, n � 1; and treated
multiple myeloma, n � 1). In all these cases, the FLC was
the only marker of residual disease, so no further confir-
mation was possible. The median � FLC concentration
for these 7 cases was 7.18 mg/dL (range, 3.36–18.4
mg/dL).

Table 1. Concordance between sFLC ratios and FLC MALDI-TOF MS.

Serum �/�
FLC ratio

Number of
samples

FLC MALDI-TOF MS

Agreement, %� None �

<0.26 42 0 1 41 98

0.26–1.65 40 1 39 0 98

>1.65 85 67 16 2 79

Table 2. Agreement between FLC MALDI-TOF MS and TLC MALDI-TOF MS with IFE + sFLC approach for M-protein detection.

IFE/sFLC

FLC MALDI-TOF MS TLC MALDI-TOF MS

M-protein detected
(n = 111)

No M-protein detected
(n = 56)

M-protein detected
(n = 73)

No M-protein detected
(n = 94)

+/+ (n = 55) 55 (100%) 0 (0%) 53 (96%) 2 (4%)

−/+ (n = 72) 55 (76%) 17 (24%) 19 (26%) 53 (74%)

−/ − (n = 40) 1 (3%) 39 (98%) 1 (3%) 39 (98%)

Serum Free Light Chain Detection by MALDI-TOF MS
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mFLC-containing sera were serially diluted and mea-
sured by IFE, sFLC, and the FLC MALDI-TOF MS
method to evaluate relative analytical sensitivity of these
methods. Considering all 4 serially diluted sera, the mFLC
was identified by the FLC MALDI-TOF MS method at 16-
to 80-fold higher dilution than IFE and 2- to 5-fold higher
dilution than the serum �/� FLC ratio (Table 3 here and
Figs. 3 and 4 in the online Data Supplement).

Discussion

Despite an abundance of clinical assays to detect mono-
clonal immunoglobulin in serum and urine, establishing

the appropriate PCD diagnosis can be challenging be-
cause of the spectrum of PCDs, which range from benign
to malignant, and the need to interpret results from nu-
merous tests with sometimes inconsistent analytical and
clinical performance. Central to this process is the assess-
ment of the FLC ratio because the assay has the highest
analytical sensitivity for detection of FLC M-proteins; in
fact, it can often be the sole indicator of a PCD. In such
cases, the clinician can choose to follow the patient as an
FLC monoclonal gammopathy of unknown significance
or perform additional testing such as urine IFE or bone
marrow biopsy. For FLC PCDs with low clonal burden,
such as in light chain amyloidosis, the International My-

Fig. 2. sFLC ratios in serum samples analyzed by IFE and MALDI-TOF MS-based methods.
(A), FLC MALDI-TOF MS enables identification of M-proteins in higher proportion of sera with abnormal serum �/� FLC ratios than TLC
MALDI-TOF MS or IFE. (B), Involved FLC concentrations in sera detected with the aid of FLC-specific immunoenrichment are significantly lower
vs those identified by TLC MALDI-TOF MS. Specimens containing an increased � or � light chain concentration without a detectable M-protein
by MALDI-TOF MS analysis were associated with yet lower concentrations of involved FLCs (red points). ***P < 0.0001, Mann–Whitney U-test.
RI, reference interval; ¡�, involved kappa; ¡�, involved lambda.

Table 3. Relative sensitivity of FLC MALDI-TOF MS vs IFE and serum �/� FLC ratio for M-protein detection.

Serum
specimen

M-spike
(0.3–0.4 g/dL)

Highest dilution factor with detectable M-protein

IFE FLC ratio FLC MALDI-TOF MS

Patient 1 Monoclonal � 16 256 1280

Patient 2 Monoclonal � 16 128 256

Patient 3 Monoclonal � 64 256 1280

Patient 4 Monoclonal � 64 256 1280
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eloma Working Group recommends additional assess-
ment of urine samples to maximize clinical sensitivity
(6 ). Direct confirmation of the M-protein provides ad-
ditional assurance to the clinician and gives credence to
any further clinically warranted diagnostic workup (i.e.,
bone marrow biopsy).

In this work, we have demonstrated that FLC
MALDI-TOF MS detects mFLCs at lower concentra-
tions of involved FLCs compared with IFE and TLC
MALDI-TOF MS. Thus, the addition of FLC immu-
noenrichment to the previously described MASS-FIX
assay seems warranted. These findings are consistent
with the ability of the FLC immunoenrichment
method to eliminate a significant portion of the poly-
clonal background that can mask the presence of an
mFLC peak within the TLC mass spectra. In addition,
MASS-FIX will not be able to discern the presence of
an mFLC if the mass of the mFLC is the same as the
mass of the light chain from the intact monoclonal
immunoglobulin.

Despite the increase in analytical sensitivity, there
were 17 samples with abnormal FLC ratios in which the
FLC MALDI-TOF MS method did not identify an
M-protein. Both FLC MALDI-TOF MS and the FLC
nephelometric assay utilize the same polyclonal antibod-
ies (The Binding Site). However, the chemistry used to
couple the antibodies to agarose resin is distinct. In
addition, the majority of spectra from these patients
had relatively low signal intensities. This may explain
why some sera with abnormal FLC ratios did not result
in a detectable mFLC by FLC MALDI-TOF MS anal-
ysis. Further preanalytical optimization could lead to
improved performance because these reagents were
not designed specifically for the FLC extraction pro-
cess presented here. Perhaps with improved preana-
lytical processing, increased binding capacity, or by
higher analytical sensitivity and/or resolution mass
spectrometry, agreement between methods will im-
prove. It is also possible that abnormal �/� FLC ratios
in some of these cases could be attributed to treatment
effects rather than overproduction of an M-protein
because the majority of the cases with available clinical
histories were patients treated for a PCD. Further-
more, controlled dilution studies performed herein
demonstrated that the FLC MALDI-TOF MS method
can provide superior analytical sensitivity compared
with nephelometric FLC immunoassays.

The methodology described here involves a manual
preanalytical process and is qualitative in its present form.
Currently, the MASS-FIX method has been automated,
verified as a laboratory-developed test, and is clinically
orderable in our laboratory. Quantification approaches
similar to those previously described for intact

M-proteins could be developed for mFLCs (16 ). Fur-
thermore, clinical performance evaluation of the method
in patients with monoclonal gammopathy with or with-
out renal impairment could be beneficial to supplement
the analytical assessment presented here. A further poten-
tial benefit for mass spectrometry methods is the accurate
mass determination. This enhances PCD monitoring, as
it has been demonstrated the mass of the light chain
remains constant over the period of disease (13 ). There-
fore, the mass of the mFLC aids in following treatment
response and disease recurrence by reducing the wrong
assignment of nondisease-related clonal proliferation
that occurs posttreatment.

In summary, immunoenrichment using anti-FLC
antibodies followed by MALDI-TOF MS is an analyti-
cally sensitive and specific approach for detection of
mFLCs. The addition of FLC immunoenrichment to
TLC immunoenrichment significantly increases the con-
firmation of abnormal sFLC ratios by direct detection
and visualization of mFLCs. This increased concordance
with sFLC ratios can add confidence for clinicians faced
with diagnosing FLC PCDs.
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