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Serum free light-chain measurements for identifying and monitoring patients
with nonsecretory multiple myeloma
Mark Drayson, Lian X. Tang, Roger Drew, Graham P. Mead, Hugh Carr-Smith, and Arthur R. Bradwell

Using sensitive, automated immunoas-
says, increased concentrations of either
k or l free light chains (and abnormal k/l
ratios) were detected in the sera of 19 of
28 patients with nonsecretory multiple
myeloma. Four other patients had sup-
pression of one or both light chains, and
the remaining 5 sera had normal or raised

free light-chain concentrations with sub-
stantially normal k/l ratios. Six of the
patients with an elevated single free light
chain, who were studied during follow-
up, had changes in disease activity that
were reflected by the changes in free
light-chain concentrations. It is concluded
that quantification of free light chains in

serum should prove useful for the diagno-
sis and monitoring of many patients with
nonsecretory myeloma. (Blood. 2001;97:
2900-2902)
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Introduction

Nonsecretory multiple myeloma (NSM) is characterized by the
absence of detectable monoclonal proteins in serum and urine and
accounts for 1% to 5% of all patients with multiple myeloma.1 In
approximately 85% of patients with NSM, immunohistochemical
studies demonstrate the presence of cytoplasmic M-proteins within
the plasma cells of the bone marrow indicating immunoglobulin
synthesis.2 Using sensitive techniques, monoclonal free light
chains (flc) can be detected in the urine of some of these patients,2

but the usual serum and urine electrophoretic assays are inad-
equate.3 Thus, the diagnosis and monitoring of patients with NSM
depends on clinical assessment and bone marrow biopsies. This
study evaluated the use of sensitive, serum flc immunoassays in the
diagnosis and management of patients with NSM.

Study design

Collection and storage of serum from patients with NSM

We obtained archived sera from patients studied in the United Kingdom,
Medical Research Council, Myeloma Trials between 1983 and 1999. From
a total of 2323 patients, 64 (3.6%) had NSM of which 28 were selected for
study because of complete clinical data and adequate serum samples. The
clinical diagnosis of multiple myeloma was based on the plasma cell
content of bone marrow aspirates or trephine biopsies together with the
clinical features of multiple myeloma, including lytic bone lesions or
fractures. At the time of diagnosis, none of the patients were considered to
have significant monoclonal proteins in their serum or urine (3 had minimal
monoclonal urine flc; Table 1) by the routine laboratory tests. These
comprised analysis of serum and urine by electrophoresis together with
immunoelectrophoresis or immunofixation electrophoresis (IFE). Six of the
28 patients were further studied to assess the role of flc assays for disease
monitoring. In these individuals, flc were measured in sera collected at
presentation, plateau phase (asymptomatic, stable hemoglobin, and normal
serumb2-microglobulin) and at relapse, each phase having been established

by the clinical features and bone marrow biopsies. All sera had been stored,
long-term, at220°C with sodium azide as preservative.

Immunoassays for measuring free k and free l light chains

The flc were measured using latex-enhanced, immunoassays4 on a Behring
nephelometric analyzer (Dade Behring, Deerfield, IL). These quantitative
assays could detect less than 1.0 mg/Lk andl compared with 150 to 500
mg/L by IFE and 500 to 2000 mg/L by serum protein electrophoresis.4,5

Calibration was against purified flc that had been quantified by amino acid
analysis.6 Results were compared with 100 normal (blood donor) sera in
which the mean concentration of freek was 8.4 mg/L and freel, 14.5 mg/L,
with a meank/l ratio of 0.6 (range, 0.36-1.0). Because IFE techniques have
improved since the patients first presented, all sera were tested by IFE at 1:2
dilution against wholek andl antisera and neat by IFE against freek andl
antisera. No urine specimens were available for evaluation. An assessment
of flc molecular weight was made on sera from patients 5 and 7 by
subjecting them to size separation chromatography on Sephadex G100
(Amersham Pharmacia Biotech, Little Chalfont, United Kingdom) and
polyacrylamide gel electrophoresis (PAGE) using reducing and nonreduc-
ing gels. Sera from patients 1, 3, 5, 7, and 8 were assessed by immunodiffu-
sion in agarose gels against antisera specific for IgGFc, wholek and freek
to confirm the presence of flc.

Results and discussion

Table 1 shows the serum flc concentrations from the 28 patients
together with thek/l concentration ratios, the bone marrow plasma
cell content at clinical presentation, and other positive laboratory
results. In 19 of the sera, concentrations of eitherk or l were highly
elevated andk/l concentration ratios were abnormal with 6 having
suppression of the other light chain. On the basis of increased
serum flc levels these patients could be classified as oligosecretory
myelomas.1 Four other patients had suppression of one or both flc
with little evidence of light-chain clonality. The remaining 5
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samples had normal/borderlinek/l ratios of which 2 contained
elevated concentrations and 3, normal concentrations of both flc.
Presumably, some of these patients truly have nonproducer myelo-
mas, but we have no immunohistochemical data on bone marrow
plasma cells to confirm this suggestion. These results compare with
15% nonproducer myelomas reported in immunohistochemical
studies.1 The 6 patients studied during the course of their disease (5
k and 1l) showed changes in concentrations of flc that were in
accordance with their clinical progress (Figure 1). In patient 2 an
increase of flc concentrations occurred before the patient was
judged to have relapsed by the existing clinical criteria.

Table 1 shows that some of the samples with high flc concentra-
tions were weakly positive when reassessed by sensitive IFE. The
monoclonal bands detected in the 4k-producing myelomas were
weak and diffuse, whereas the bands in 3l-producing myelomas
were narrow and clearly visible by IFE using flc-specific antibod-
ies. In the other patients with a single elevated flc, no monoclonal
bands were detected by IFE even though the concentrations
measured by nephelometry were much greater than the detection
limit of IFE (;100 mg/L). When 5 of these samples were further
analyzed by gel immunodiffusion, all contained substantial amounts
of flc (seen as immunoprecipitation nonidentity lines between
IgGFc and flc antisera), although the amounts could not be
quantified in these assays. Samples 5 and 7 were investigated for
polymerized light chains. Sample 5 containedk immunoreactivity
at sizes ranging from 40 to 200 kd with peaks at approximately 42
kd, 96 to 107 kd, and 200 kd by chromatography and PAGE but

none at 25 kd (monomeric flc). Sample 7 contained large molecular
weight freek light chains at 150 to 200 kd but little at lower molecular
weights. Thus, these 2 representative sera contained variably polymer-
ized flc, which may be structurally abnormal, as previously suggested.7

The polymerization could account for the diffuse immunoprecipitation
observed with most of the samples by IFE. Such large polymers would
have minimal renal clearance compared with monomeric flc and this

Figure 1. Changes in serum flc concentrations and clinical status in 6 patients
with NSM. NR indicates upper limit of normal range; numbers refer to patients in
Table 1.

Table 1. Serum free light-chain concentrations in 28 patients with nonsecretory myeloma

Free k: mg/L
Mean (range)

Free l: mg/L
Mean (range)

k/l ratio: Mean
(range)

Bone marrow
plasma cells, % Other results

Normal sera 8.4 (3.6-15.9) 14.5 (8.1-33) 0.60 (0.36-1.0) —

Nonsecretory myeloma sera

12: elevated free k and increased k/l ratio 1 1 754 1.6 1 096 85 IFE k 1/2

2 1 201 3.6 333 82 BJP k 1/2

3 935 11 85 70

4 487 6.6 74 20

5 931 13.2 71 . 90 IFE k 1/2

6 730 11.1 65 35

7 978 19.4 50 65

8 920 26.3 35 14*

9 789 25.6 31 . 50 BJP k 1/2

10 480 23.8 20 30

11 151 11.5 13 66 Hist k1ve

12 79.8 30.8 2.6 50

7: elevated free l with reduced k/l ratio 13 11.2 196 0.057 20 IFE l1

14 2.7 50.9 0.053 74

15 2.6 61 0.043 6*

16 17.8 624 0.029 8 IFEl1BJPl1/2

17 3.8 144 0.026 70

18 7.7 389 0.019 60

19 2.8 481 0.005 29 IFE l1

4: suppression of either k, l or both flc 20 4.5 6 0.75 21

21 1.2 1.6 0.75 55

22 2.4 8.1 0.296 34

23 3.6 13.1 0.274 70

5: k or l normal or borderline and normal k/l

ratio 24 16.2 23.4 0.692 67

25 20.7 33 0.627 73

26 77 142 0.543 18 IFE l1

27 8.3 17.4 0.477 9*

28 8.6 25.2 0.341 80

IFE 1/2 indicates immunofixation electrophoresis weak diffuse band; IFE1, weak narrow band; BJP 1/2, low concentration Bence Jones protein in urine; Hist,
immunohistochemical confirmation of multiple myeloma.

*Trephine biopsy positive for myeloma.
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could account for the negative flc urine tests in NSM. In addition, the
more frequent occurrence of diffuse IFE bands in thek NSM indicates
that variable polymerization is more common than forl NSM and could
account for the 4:1 ratio ofk/l NSM that is reported in the literature.1

Table 1 shows the concentrations and ranges of flc in normal
sera. These results were obtained from individuals who were
younger (18-54 years) than the patients and indicates that an
age-matched control group is required for future studies. It is of
note that the normal flc concentrations (which were based on
standardization against pure proteins6) showedk values lower than
l values. Most investigations have recorded the inverse, but higher
normall levels were reported in a recent study.8 Although there are
approximately twice the number ofk-producing compared with
l-producing plasma cells in the body,k is normally monomeric (25
kd), whereasl is largely dimeric (50 kd) and is cleared more slowly
by the kidney. In a study on the clearance of dextran polymers, it
was shown that molecules of 20 kd were cleared 3.2 times faster
than 37-kd molecules.9 The slower clearance ofl molecules might
partly explain the inverse serumk/l ratio that was observed.

The assays described here do not measure the absolute amount
of flc present in the sera and no accurate reference method is
available. It is possible that the nephelometric immunoassays
overestimate the true concentrations. Polymers of flc containing
multiple epitopes could enhance the kinetics of immunoprecipita-
tion resulting in relatively high results compared with the same
concentrations of monomeric flc. A more complete analysis of
these issues will be the subject of further studies. Nevertheless, the
results from the current study indicate that the sensitive quantifica-
tion of serum flc should prove useful for the diagnosis and
monitoring of many patients with NSM.
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