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Introduction
Although multiple myeloma (MM) is a bone marrow disorder, �

20% of patients will ultimately develop extramedullary disease that
can involve virtually any organ.1,2 Pleural effusions are also a rela-
tively uncommon occurrence in MM (incidence of 6%)1 and are
most often complications of infection or dysproteinemia, such as
nephritic syndromes, congestive heart failure secondary to
amyloidosis, or mediastinal lymphatic obstruction. The findings
from case reports and larger studies have suggested myelomatous
pleural effusions (MPEs) will be present in only 1% to 2% of MM
patients,3,4 and the diagnosis of MPE is ominous, with a median life
expectancy of only 4 months.3,5 The diagnosis of MPE currently
depends on a cytologic evaluation of pleural fluid, which is often
performed by nonhematopathologists and can also be difficult to
perform, given the often anaplastic appearance of extramedullary
plasma cells. Immunofixation of the drained pleural fluid is not
routine, and it has not previously been determined whether the

presence of free light chains (FLCs) in pleural fluid correlates with
the diagnosis of MPE.

FLCs are secreted immunoglobulin light chains that are typically
bound to the immunoglobulin heavy chains and are normally
present at very low levels in the serum, because they are cleared
renally 10 to 60 times faster than the usual rate of production.6

Monoclonal neoplastic plasma cells produce an excess of either
kappa or lambda FLCs, and the commercially available assay for
FLCs has resulted in significant improvements in the diagnosis and
monitoring of MM.7 We have also shown that the FLC assay ap-
pears to be useful in diagnosing MM involvement in the central
nervous system, because the FLC levels in the cerebrospinal fluid
correlated dynamically with treatment and relapse.8 To the best of
our knowledge, only 2 single-patient case reports have measured
FLCs in fluid from a patient with an MPE; however, the assay has
neither been validated nor systemically evaluated for use in pleural
effusions from patients with MM.4,9 In 1 of these cases, a signifi-
cantly greater concentration of involved FLCs and a significantly
higher FLC ratio was found in the pleural fluid, which the in-
vestigators suggested was indicative of local production of FLCs in
the pleural space by plasmacytoma.4 The other study demonstrated
a lower FLC ratio in the MPE fluid, countering the suggestion that
the FLC assay might be useful in diagnosing MPE.9 We, therefore,
sought to first validate the use of the FLC assay in pleural effusions
of control specimens to which the FLCs from MM patients were
added and to then systematically examine the utility of the FLC
assay in a larger series of MM patients with pleural effusions.

Clinical Practice Points

� Myelomatous pleural effusions are rare, portend a
poor prognosis, and require rapid clinical intervention.

� The results of the present case series have validated
the use of the commercially available free light chain
(FLC) assay to detect the presence of free light chains
in pleural fluid.

� Myelomatous pleural effusions have greater levels of
involved FLCs than do paired serum specimens, likely
because of local production.

� Serial measurements of FLCs in pleural effusion fluid
might allow for more precise monitoring of localized
pleural disease.
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Materials and Methods
A validation study was performed using 8 patients who had no

known diagnosis of a B-cell or plasma cell malignancy. Given the
role of renal excretion in maintaining FLC homeostasis, patients
with a diagnosis of chronic or end-stage kidney disease were
excluded. FLC analysis was performed on remaining fluid in the
Clinical Chemistry Laboratory of the Department of Pathology,
Mount Sinai Hospital, using the SPAplus Automated Analyzer
and the Freelite Serum Free Light Chain Assay (Binding Site,
Birmingham, UK) according to the manufacturer’s instructions
for serum samples. After baseline pleural fluid FLC measure-
ments, the pleural fluid was spiked with the serum remaining
after routine clinical testing from patients with diagnosed MM
with high concentrations of FLC. The spiked pleural fluid was
then tested for kappa and lambda FLCs at 1:10 and, subse-
quently, 1:100 dilution factors. Kappa and lambda FLCs were
tested separately to distinguish whether the pleural fluid matrix
had any effect on the detection sensitivity of each FLC
individually.

In those MM patients who had undergone thoracenteses for
routine clinical indications, the FLCs were measured in the pleural
fluid remaining after all routine testing had been performed. For
each patient, the involved FLCs, uFLCs, FLC ratio, and difference
between the involved and uFLCs were calculated in the serum and
pleural fluid. All additional clinical data, including demographic
data, cytology, and Light’s criteria, were obtained from the elec-
tronic medical record. The institutional review board at the Icahn
School of Medicine at Mount Sinai approved the present study, in
accordance with federal regulations.

Results
The Freelite assay reliably measured the FLCs in the control

pleural fluid specimens spiked with FLC-rich serum from a MM
patient with active disease at 1:10 and 1:100 dilutions, which
confirmed that the chemical composition of the pleural fluid matrix
does not impair the assay’s ability to accurately assess the FLC levels
(data not shown).

The FLCs were then measured in 15 pleural effusions from 11
MM patients (patient 1 had had the pleural fluid drained at 5
different times). Generally, these patients had either relapsed or
refractory MM after many lines of therapy. The median age of the
initial MM diagnosis was 64 years; and all the patients, except for 1,
whose initial presentation was with an MPE (patient 3), had
failed � 1 line of therapy, and all but 1 (patient 7) had active
systemic disease (Table 1). All the patients had a normal creatinine
clearance at the time of thoracentesis, with the exception of patients
7 and 9 (Supplemental Table 1; available online).

Of the 15 pleural effusions, 10 were confirmed to be MPEs based
on positive cytology results (Table 2), and 4 of the 6 patients with
MPEs had known high molecular risk findings. In these 10 speci-
mens, the involved FLCs (iFLCs; Table 2) were consistently greater
than the uninvolved FLCs (uFLCs). Furthermore, the difference
between the iFLCs and uFLCs was more pronounced in the pleural
fluid than in the serum in all cases of MPE, as demonstrated both by
the FLC ratio (iFLC divided by uFLC) and the absolute difference
(iFLC minus uFLC [dFLC]).Ta
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