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Abstract

New assays for serum immunoglobulin (Ig) free and
heavy chain quantification were developed for routine
clinical practice. Serum free light chain (sFLC) assay
was shown to improve detection, management and
prognostication in all plasma cell dyscrasias. More pre-
cisely, sFLC measurements proved to be prognostic for
the progression of monoclonal gammopathy of unde-
termined significance and smoldering multiple myeloma
(MM), became markers of response and survival in
amyloid light-chain amyloidosis and contributed to ac-
curate follow-up of patients with light chain and non
secretory MM. In addition, sFLC and they ratio (sFLCR)
were shown useful for the prognosis and monitoring of
intact Ig myeloma; their evaluation was incorporated in
the new uniform response criteria. sFLC or sFLCR were
also observed abnormal in B-cell non-Hodgkin lympho-
ma/chronic lymphocytic leukemia (CLL). Moreover, in-
creased sFLC levels, summated sFLC or abnormal sFLCR
predict shorter overall survival in early-stage CLL while
increased sFLC constituted an independent, adverse
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prognostic factor for event-free and overall survival in
diffuse large B-cell lymphoma and Waldenstrom’s mac-
roglobulinemia. Clinical applications of heavy Ig chain
separately (HLC) measurements are more recent and
mainly concern MM in which HLC deriving ratios corre-
lated with parameters of disease activity and constituted
an adverse survival marker.

© 2013 Baishideng. All rights reserved.
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Core tip: Recently manufactured assays allow the quan-
tification of serum immunoglobulin (Ig) free light chain
(SFLC) or of « or A restricted heavy Ig chain separately
(HLC). These measurements, or the calculation of their
corresponding ratios, were shown useful for routine
clinical practice in Hematology. sFLC measurements
added important prognostic information for monoclonal
gammopathy of undetermined significance (MGUS),
multiple myeloma (MM), amyloid light-chain (AL) amy-
loidosis, Waldenstrom’s macroglobulinemia and chronic
lymphocytic leukemia while they contributed to accurate
follow-up of MGUS, MM and AL amyloidosis patients.
HLC measurements are more recent and mainly concern
MM in which they constituted a prognostic marker.

Kyrtsonis MC, Maltezas D, Koulieris E, Tzenou T, Harding SJ.
Contribution of new immunoglobulin-derived biomarkers in
plasma cell dyscrasias and lymphoproliferative disorders. World
J Hematol 2013; 2(2): 6-12 Available from: URL: http://www.
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INTRODUCTION

During the past decade, new assays for serum immuno-
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globulin (Ig) free and, more recently, heavy chain quanti-
fication were developed for routine practice' .

Igs are produced during B lymphocyte development
where they are initially expressed on the surface of the
cell. Production of Igs continues throughout B-cell de-
velopment and terminal differentiation into plasma cells
where it is greatest; lymphoplasmocytes and plasma cells
normally secrete Ig;

Igs are symmetrical and are made up of mirror imaged
identical light and heavy chains. There are five classes
of heavy chain, vy, a, p, 6 and ¢ with two classes of light
chain k and A; with approximately X 2 greater k produc-
tion compared to A. B-cells and plasma cells produce an
excess of serum free light chains (SFL.C) during normal
Ig synthesis that enter the blood and the extravascular
compartment. This production is rapidly cleared (2-6 h)
and metabolized by the kidney although trace quantities
(1-10 mg/L) can be found in the utine. In patients with
plasma cell dyscrasias (PCD) and B-cell lymphoprolifera-
tive disorders (LPD) homogeneous FLC are produced
by the malignant clone. sFLC are important biomarkers
and may be present in serum in very large excess. Their
quantification was not possible before the development
of immunoassays utilizing specific polyclonal sheep anti-
sera against K and A epitopes that are not visible when the
FLC are bound to their heavy chain partners”.

These assays have revolutionized the ability to detect
and quantify sFLC with a sensitivity of less than 0.5 mg/L.
Furthermore, the calculation of a /A ratio (sFLCR),
which incorporates both monoclonal Ig production and
polyclonal Ig suppression, offers additional prognostic in-
formation"™.

Monoclonal Ig heavy chain is routinely detected by
serum protein electrophoresis (SPEP), identified by im-
munofixation and quantified by SPEP-densitometry or
nephelometry. Guidelines recommend SPEP to monitor
monoclonal Ig concentrations as markers of response and
relapse. However, SPEP quantification can be inaccurate
at low concentrations (< 3 g/L) and can be difficult in
patients where the monoclonal Ig co-migrates with other
proteins, commonly seen in IgA and IgM isotypes. In
such instances guidelines recommend the use of total Ig
nephelometric assays, which do not distinguish between
the monoclonal and polyclonal Ig’s and will be insensi-
tive as the Ig concentration approaches the normal range.
Furthermore, SPEP linearity at high concentrations and
the variable catabolism of monoclonal IgG can make as-
sessment of the serum load inaccurate. Production of
immunoassays targeting the unique junctional epitope be-
tween the light chain and heavy chain constant region of
Ig enables separate quantification for the different heavy
Ig classes bounded to their respective light chain (HL.C) ze.,
1eGx, IgGA, IgAk, IgAX, IgMk and IgMA. Measuting the
molecules in paits then produces a ratio of the involved/
uninvolved-polyclonal Igs (HLCR)".

The diagnostic and prognostic utility of these tests in
the management of PCD and B-cell LPD is established
by now is some disease entities and under evaluation in
others®. Herein, we will describe their main contributions
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in these disorders that, with regard to sFLC measure-
ments, are depicted in Figure 1.

CONTRIBUTION OF FLC AND HLC
MEASUREMENTS IN PCD AND LPD

Monoclonal gammopathy of undetermined significance
Monoclonal gammopathy of undetermined significance
(MGUS) is a preneoplastic condition, defined as serum
monoclonal protein < 30 g/L, < 10% clonal plasma
cells in the bone marrow (BM) and no evidence of end
organ damage. sFLCR is abnormal in approximately 1/3
of MGUS patients. It was shown that abnormal sFLCR
constitutes an independent factor for disease progres-
sion'”, Using three risk factors, abnormal sFL.C, presence
of non-IgG MGUS and monoclonal protein = 15 g/L, a
powerful stratification model to predict disease evolution
to multiple myeloma (MM) was producedm.

Preliminary HLLC results in MGUS patients suggest
that isotype specific HLC-IgG pair suppression is an indi-
cator of susceptibility to evolve to myeloma; however the
same was not observed for HLC—IgA[S].

UM

MM is characterized by BM plasma cell infiltration and
the presence of serum/urine monoclonal Ig. Clinical
manifestations vary widely. The disease may be indolent
or extremely severe and accompanied by significant mor-
bidity. Survival ranges from a few months to more than a
decade.

Serum FLC quantification is useful for diagnosis, re-
sponse evaluation, monitoring and prognostic purposes.

Serum FL.C measurements are more accurate than
quantification of urine proteinuria in light chain myeloma
(LCM) while in the majority of non secretory MM, low
levels of abnormal serum FLCs are actually found (oli-
gosecretory disease). In both aforementioned MM sub-
groups, sFLC fluctuations can be used for disease moni-
toringm. Figure 2 shows the clinical course of an LCM
patient along with sFLC fluctuations; it is interesting to
observe that this patient would have been characterized
“non-secretory” because she has no serum monoclonality
and never presented albuminurea or positive urine immu-
nofixation in spite of increased sFLC and it would have
been impossible to monitor her disease without sFLC
measurements.

In an attempt to improve criteria of response to treat-
ment""”, SFLCR was incorporated to the MM uniform
response criteria ! and its normalization along with im-
munobhistological confirmation of clonal disease absence,
defined a deeper response, the stringent complete remis-
sion (sCR). A better evaluation of the depth of response
is important as the quality of response influences treat-
ment free and overall survival after treatment'”. However,
the impact of sCR compared to CR and very good partial
remission in terms of progression free and overall survival
has not been fully proven yet.

With regard to prognosis, sFLC and sFLCR were
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Figure 1 Estimated importance of additional information provided by
free k and 2 free light chains for the diagnosis, prognosis, evaluation of
response and monitoring of multiple myeloma, monoclonal gammopathy
of undetermined significance, amyloid light-chain amyloidosis, chronic
lymphocytic leukemia, non-Hodgkin lymphomas and Waldenstroms’ mac-
roglobulinemia. MM: Multiple myeloma; MGUS: Monoclonal gammopathy of
undetermined significance; CLL: Chronic lymphocytic leukemia; B-NHL: B-cell
non-Hodgkin lymphomas; WM: Waldenstroms’ macroglobulinemia; AL: Amyloid
light-chain.

shown predictive of outcome in all MM subcategories. Pa-
tients with smoldering myeloma and abnormal sFLCR (<
0.125 or > 8) were shown to have an increased progression
risk!”. An adverse outcome was observed in patients with
overt MM and sFLCR > median or < 0.03 or > 32"
while the combination of sFLLCR and other markers of
disease activity (LDH, B2-microglobulin, genetic abnor-
malities) provided powerful prognostic models'”. There
have also been proposals of sFLCR incorporation in to the
International Score System[15’17], that remain to be validated
in larger patient cohorts and in the new agents era.

sFLC measurements during follow-up of patients are
useful, not only for the evaluation of response as already
mentioned, but also because, with the improvement of
treatment modalities resulting in prolonged survival, unu-
sual relapses may be observed. Light chain escape is a trans-
formation that may occur, characterized by a shift in secre-
tion from intact Ig to LC only in a subset of patients[lg’w].

The rationale for HLLC measurements in MM is quite
obvious. Serum monoclonal Ig quantification is part of
MM diagnostic criteria and it is also used for monitor-
ing response and relapse. However, MM aggressiveness
was not found related to the amount of Ig secretion™ as
detected by classical densitometry or nephelometry total
Ig quantification although Ig amount was a risk factor of
Durie and Salmon’s staging system™. Tt is indeed attrac-
tive to study whether the specified and precise quantifica-
tion of the monoclonal component renders it a prognos-
tic indicatot.

New assays (Hevylite) that allow the separate quan-
tification of the involved IgGxk, IgGA, IgAk and IgAA,
along with their detiving ratios: IeG/IgGA, IgGA/IgGx,
IgAk/IgAM and IgAL/ IgAKU’zzl, were recently introduced;
their utility was shown by several groups. It was prelimi-
nary reported that increased HLC-IgG and -IgA ratios
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Figure 2 « free light chain fluctuations in a light-chain « multiple myelo-
ma patient, during disease course. k-free light chain fluctuations in an LC-x
multiple myeloma patient that presented mild anaemia and bone pains and no
serum or urine paraprotein by serum protein electrophoresis and immunofixation.
TR: Treatment; HDT + ASCT: High dose treatment and autologous stem cell
transplantation.
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Figure 3 Heavy chain fluctuations in the course of a immunoglobulin A
multiple myeloma patient. An immunoglobulin (Ig)Ax multiple myeloma pa-
tient achieved stringent complete remission (sCR) after second line treatment
with velcade-Dexamethasone. At relapse, he was retreated with velcade-Dex.
A second response by serum protein electrophoresis (SPE) was recorded after
8 d but the patient continued to clinically decline and bone marrow aspirations
showed considerable plasma cell infiltration. The IgAx/IgAX ratio normalised at
sCR, became abnormal -- relapse and increasingly abnormal during the second
clinical relapse in contrast to the SPE results. Total IgA (blue line), IgA normal
range (upper limit, blue dashed line), monoclonal protein by SPE densitometry
(black line), IgAk/IgAA ratio (red line) and IgA«/IgAX ratio normal range (upper
limit, red dashed line).

were predictive of a shorter progression-free survival™
and overall survival™.

Two recent studies showed the first that HLCR cor-
related with parameters of disease activity and tumor bur-
den including anemia, SFLCR, increased fz-microglobulin
and marrow infiltration of more than 50%, while HLCR
values above median constituted an independent predictor
of adverse survival®. In addition, the same study found
that the depression of uninvolved polyclonal Igs and
increased HLCR wetre related to a shorter time to treat-
ment”’. The second study evaluated MM patients in com-
plete remission after autologous stem-cell transplantation
and showed that an increased k /A ratio of the uninvolved
isotype was associated with a longer progression-free and
overall survival®’.

Serum HLC measurements may also offer additional
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Figure 4 Lambda free light chain fluctuations in a amyloid light-chain-
amyloidosis patient, in response to treatment. Total immunoglobulin (Ig)G
and IgA were decreased, immunofixation showed only x monoclonality. A-FLC
fluctuations in response to treatment, in a LC-A AL amyloidosis patient with bone
marrow, kidney and stomach involvement FLC: Free light chain; AL: Amyloid
light-chain.

information during follow-up, compared to classical total

Ig quantification (Figure 3).

Systemic amyloid light-chain amyloidosis

Systemic amyloid light-chain (AL) amyloidosis is due to
the deposition of misfolded monoclonal light chains or
their fragments in tissues or organs, leading to their dys-
function™. The diagnosis is frequently difficult to make
and in the absence of characteristic amyloidosis signs or
of serum intact Ig paraprotein, and physicians should
be sensitized to AL amyloidosis eventuality in order to
detect it. In such a context sFLLC measurements are use-
ful and will be found increased in up to 94%-98% of pa-
tients, even in the absence of any Ig monoclonal peak on
serum electrophoresis or immunoelectrophoresis. Indeed,
diagnosis should be subsequently biopsy proven.

In addition, sFLC serum concentrations allow easy
monitoring of response to treatment””. Figure 4 shows
serum FLC fluctuations in response to treatment in a
patient with AL amyloidosis presenting BM, stomach and
renal involvement. The case is however extreme because
usually sFLC values are much lower in this disease.

sFLC levels at diagnosis constitute an adverse marker
of survival in AL amyloidosism. The addition of cardiac
biomarkers (cardiac troponin T and N-terminal pro—
B-type natriuretic peptide) to sFLC levels was highly pre-
dictive of patients’ survival™! and a new prognostic stag-
ing system was built"”.

Preliminary data on HLC measurements in AL amy-
loidosis appear promising. In a subset of AL amyloidosis
patients with no detectable serum or urinary monoclonal
bands and a normal sFLC ratio, the HL.C ratio was abnot-
mal in 19% of cases, identifying 2 IgAk, 3 IgA), and 4
IgGk clones™.

Solitary plasmacytoma

Focal infiltration by monoclonal plasma cells in the absence
of systemic disease is observed when solitary plasmacy-
tomas are formed. They represent 3%-5% of PCD; they
may atise from bone or be extramedullary, extra osseous.
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Bone solitary plasmacytomas present an increased ten-
dency to evolve to MM; sFLC measurements help moni-
toring these patients and increased sFLCR was shown to
constitute an independent risk prognostic factor of evolu-

tion”*,

Waldenstroms’ macroglobulinemia

Waldenstroms’ macroglobulinemia (WM) is a lympho-
plasmacytic lymphoma characterized by the presence of
a serum IgM monoclonal component. The disease is rare
and presents a wide range of clinical manifestations includ-
ing fatigue, hyperviscosity symptoms, lymphadenopathy,
organomegaly, peripheral neuropathy and other. Asymp-
tomatic patients do not require treatment and usually enjoy
a prolonged survival, while patients with aggressive symp-
tomatic disease should be immediately treated with chemo-
therapy.

There are so far only preliminary results on the con-
tribution of sFLC and HLC levels in WM patients at
diagnosis. It was shown that sFLC may be increased and,
in such case, correlate with markers of disease activity,
such as increased f2M, anemia”” and low serum albumin
levels. Patients with elevated sFLC presented shorter time
to treatment”” and adverse outcome"”. Increased HLC-
IgM were also found correlated with markers of disease
activity such as BM infiltration of more than 50% and
low serum albumin levels while high HLCR correlated

with shorter time to treatment””.

Chronic lymphocytic leukemia

Chronic lymphocytic leukemia (CLL) is the most com-
mon type of leukemia in the Western world and presents
a variable outcome. More than two third of the patients
are asymptomatic at the time of diagnosis and may not
require treatment for months and even years. Currently
available disease prognostic markers, including Rai and
Binet staging systems and underlying molecular altera-
tions do not apply perfectly for asymptomatic patients
and other prognostic tools are under investigation. For
the majority of CLL patients, life expectancy largely de-
pends on time to first treatment™’,

It was shown that increased sFLC are observed in
almost half of CLL cases, and that sSFLLCR abnormalities
are present in a significant proportion of patients and
identify those at risk of progressive disease™*.

More recently, increased polyclonal sFLC were also
found to constitute an adverse marker for time to first
treatment in CLL™. This finding was confirmed by
Morabito ez al*" that evaluated the sum of absolute k and
A sFLC and found that the prognostic impact of sFLC
(k + L) value above 60.6 mg/mL was superior com-
pared to FLCR; thus, a model, based on four variables,
namely sFLC (k + ) more than 60.6 g/L, Binet staging,
ZAP-70, and cytogenetics was built and separated 4 pa-
tients’ groups with different time to treatment.

B-cell lymphomas
sFLC may potentially be increased in any B-cell lympho-
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mas (B-NHL). In a series of 208 patients with various
B-NHL, sFL.C were found increased in 13% (26/202)",

Increased sFLC has been shown associated with adverse
outcome in patients with diffuse large B-cell lymphorna[46

]

and predictive of increased risk of non-Hodgkin’s lym-
phoma development in human immunodeficiency virus in-
fected patientsm. The contribution of sFLC measurements
is currently being investigated in other B-cell NHL also™,

CONCLUSION

In all malignant B-cell disorders and especially in true
PCD, FLC measurements help patients’ accurate diagno-
sis, prognosis and monitoring. Ongoing studies on the
contribution of the more recent HLC assays, show that
they will most probably acquire the same importance.
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