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Abstract
The traditional method to quantify the immunoglobulin free light chains (FLCs) in patients with multiple myeloma (MM)
is based on either their serum levels or on 24-hour urine collections. The latter method is cumbersome and often
inaccurate, and serum levels are currently the preferred method for quantifying FLCs in MM. Scarce data exist on the FLC
quantification in random urine samples. In this study, we first compared serum and urine levels of FLCs measured in
24-hour specimens obtained from 56 consecutive MM patients. We subsequently examined the same correlation in 209
random urine specimens obtained from a second cohort of 117 consecutive MM patients. Serum FLCs were highly
correlated, both with the 24-hour and the random urine specimens. With the latter, the Pearson coefficient r was 0.805 and
0.748 for kappa and lambda light chains, respectively (p<0.001), even in the presence of renal insufficiency. Random urine
FLCs levels >1.2 mg/dL predicted a positive urine immunofixation with a specificity and sensitivity of 52.7% and 95.8%,
respectively. Since random urine quantification of kappa and lambda FLCs paralleled their serum counterparts over time,
this method could represent an additional non-invasive test for assessing disease activity in MM patients.
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1 Introduction
Multiple myeloma (MM) is a malignant hematologic neoplasm characterized by the proliferation of monoclonal plasma
cells involving the bone marrow. The cell of origin is a post-germinal center cell of B lineage, expressing restricted
immunoglobulin light chain and one of postswitch isotypes of heavy chain (IgH), presumably escaping NK cell
surveillance [1, 2]. With the exception of rare nonsecretory cases, all MM plasma cells produce and secrete monoclonal
immunoglobulins, which can be found in the serum and urine. These monoclonal immunoglobulins may consist of an
entire antibody with heavy chains (most commonly IgG, IgA, and IgD) and light chains (kappa or lambda), or only light
chains [3]. All these molecules can be measured in the serum and/or urine and serve as tumor biomarkers. In fact, the
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International Uniform Response Criteria require the quantification of the monoclonal immunoglobulins, both at the time
of diagnosis and periodically during follow-up of MM, in order to assess response to treatment and monitor disease
activity [4]. The entire immunoglobulin molecules can be measured directly in the serum, and the monoclonal component
(“M spike”) quantified by serum protein electrophoresis (SPEP) or capillary zone electrophoresis (CZE). The kappa and
lambda light chains not associated with immunoglobulin heavy chains can be quantified in the serum or urine with the
“free light chain” (FLC) assay, which was introduced in the last decade [5-8]. In the routine clinical practice, this test has
often replaced the quantification of the urine M spike obtained with the traditional 24-hour urine collection.
Although the role of serum FLCs is well established [9-11], the use of FLCs in urine specimens remains controversial, and it
is not routinely adopted for the diagnosis and follow-up of MM patients [12]. In this study, we tested the correlation of the
FLC in a 24-hour and random urine collections with their matched serum FLC levels. Since FLCs are known to increase in
the setting of renal insufficiency [13], we also conducted a multivariate analysis which included patients’ glomerular
filtration rate (GFR).

2 Patients and methods
After obtaining permission from our institutional review board, we retrospectively examined 117 consecutive MM
patients seen at the Myeloma Clinic of the Penn State Hershey Cancer Institute in 2010. Laboratory tests with monoclonal
immunoglobulins both in serum and urine were routinely obtained by the treating physician during the clinical follow-up
of those patients. We conducted a correlation analysis of the quantitative measurement of urine and serum kappa and
lambda FLC obtained on the same day, both in patients with normal renal function and in patients with renal insufficiency.
Urine FLC (uFLC) analysis was initially performed in specimens obtained from 24 hour urine collections by Quest
Diagnostic Nichols Institute (14225 Newbrook Drive, Chantilly, VA 20153) (56 patients). The provided normal reference
range of urine FLCs was 0.13-2.41 and 0.02-0.67 mg/dL for kappa and lambda, respectively. We subsequently performed
the same test in random urine specimens from other 117 consecutive MM patients. The uFLC test was performed by
immunonephelometry on the SPAPLUS automated nephelometric analyzer using commercially available reagents from
“The Binding Site”, Inc. (San Diego, CA).
The linear correlation between urine and serum kappa and lambda FLCs was examined by a bivariate correlation study and
numerically measured by Pearson correlation coefficient (r). Both urine and serum data were log-transformed to make sure
the related statistical assumptions (linearity, normality, and equal variances assumptions) were satisfied. The above
correlations were re-examined using multivariate linear mixed effect models with repeated measures (since each patient
could have multiple measurements over time) by controlling the GFR. This was estimated from their plasma or serum
creatinine concentration based on the equation derived from the Modification of Diet in Renal Disease Study Group [14]. In
addition, receiver operating characteristic (ROC) analysis was performed to evaluate the performance of random urine
FLC levels in predicting a positive urine immunofixation (uIFE). Sensitivity and specificity analysis was done to
determine an optimal threshold for the prediction. Data analysis was done using SAS® statistical software (Version 9.2,
SAS Institute Inc., Cary, NC) and R script language (Version 2.15.2, The R Foundation). The significance level was set at
0.05.

3 Results
Comparison of serum and 24-hour urine FLCs in a cohort of 56 MM patients provided a Pearson coefficient of 0.801
(r2=0.64) (p<0.001). The scatterplot of the log-transformed values is shown in Figure 1. The regression equation obtained
from the analysis was: urine FLC = 55 + 2.06 x serum FLC (expressed as mg/dL), or on the log-scale as: log urine FLC =
0.46 + 0.84 x log serum FLC. We subsequently applied the same analysis in 209 random urine samples obtained from
other 117 MM patients. Fifty nine patients were males (median age, 65 years; range, 42-86 years) and 58 were females
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(median age, 65.5 years; range, 49-81 years). The monoclonal immunoglobulin types were IgG-kappa (n=41), IgG-lambda
(n=22), kappa light chain only (n=16), IgA-kappa (n=14), IgA-lambda (n=12), lambda light chain only (n=6), IgD-lambda
(n=2), IgD-kappa (n=1), and IgE-kappa (n=1). Two patients with nonsecretory MM were excluded from the analysis.
Median urine free kappa and lambda concentrations were 39.9 (range, 1.13-22,200 mg/dL) and 4.53 (range, 0.05-85,500
mg/dL), respectively. Median serum free kappa and lambda concentrations were 1.58 (range 0.02-952) and 1.36 (range
0.03-5,030), respectively. We found a significant correlation between random urine and serum FLC, both for kappa and
lambda proteins, with a Pearson correlation coefficient (r) of 0.805 (p<0.001) and 0.748 (p<0.001) for kappa and lambda
light chains, respectively (see Figure 2A). The above correlation values were re-examined using normalized values (i.e.
the serum/urine free light chain concentrations were normalized by serum/urine creatinine values, resulting units of mg
FLC per gram creatinine). We observed a statistically significant correlation: r=0.726 (p<0.0001) and r=0.587 (p<0.0001)
for kappa and lambda light chains, respectively (see Figure 2B), after controlling for GFR. Such correlation remained
significant in a multivariate regression analysis (see Table 1-1), both in patients with normal renal function and in patients
with renal insufficiency, defined by GFR ≤ 60 mL/min (see Table 1-2). Random urine quantification for kappa and lambda
light chains paralleled their serum counterparts over time in all patients (data not shown). Results from 5 representative
patients are shown in Figure 3. In some cases, at the time of MM relapse, uFLCs increased earlier and showed higher
levels than their serum counterparts (as in patient B of Figure 3).

Figure 1. Correlation between serum and
urine free light chains in 24-hour urine
samples from 56 consecutive myeloma
patients. Both serum and urine free light chain
measurements were expressed in units of
mg/dL before log transformation.

Figure 2A. Correlation between serum and random urine free light chains in 209 samples from 117 myeloma patients;
both serum and urine free light chain measurements were expressed in units of mg/dL before log transformation
10
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Figure 2B. Correlation between the normalized serum and random urine free light chains; data log-transformed
We compared the levels of random uFLCs with the results of the uIFE determined at the same time (expressed as either
“negative” or “positive”), and we found a highly significant difference (p<0.0001). Figure 4 shows the ROC curve of the
performance of kappa or lambda FLCs as a binary classifier for the uIFE. The area under the curve (AUC) of 0.874
indicates a good separation of positive vs negative uIFE by the uFLCs measures. The threshold of 0.2 on log-scale, which
corresponds to the original scale of 1.2 mg/dL, leads to a specificity and sensitivity of 52.7% and 95.8%, respectively.

4 Discussion
The traditional methods to measure the kappa and lambda light chains produced by MM cells are the serum FLC assay and
the quantification of the urine M spike obtained with a 24-hour urine collection. The latter method is problematic both for
patients and physicians. Patients usually find it cumbersome to collect all urine excreted in a day, and several studies have
confirmed high rate of inaccurate collections [15-17]. In one report, more than 20% of the 24-hour samples were discarded as
a result of incomplete collection, and difficulties associated with obtaining proper samples often led to unreliable
results [18, 19]. Moreover, laboratory manipulation of 24-hour specimens is costly and time consuming [20-22]. Our group has
previously reported that the use of the random (“spot”) protein/creatinine ratio is a valid alternative in estimating the daily
proteinuria in MM patients [23], but this test cannot be used as a tumor biomarker, because it measures all proteins present
in the urine, not only the monoclonal immunoglobulin compartment.
Our study demonstrates a significant level of correlation between serum FLCs and FLCs in the random urine of MM
patients. While other groups have previously compared serum FLCs with the FLCs in the 24-hour urine [24], we performed
similar analysis in spot urine samples obtained at random time points. Comparing FLC concentrations in urine and serum
(see Figure 2), uFLC concentrations were significantly higher, suggesting that measurement of uFLC can be a more
sensitive marker for detection of residual disease in patients following treatment. Because of the high sensitivity of the test,
a normal result can be reassuring for both patients and physicians. The FLC measurement in the random urine may be a
valuable alternative to the cumbersome 24-hour urine collection routinely obtained for monitoring the disease activity,
because we observed parallel variation of FLC in serum and urine spot samples, as illustrated in 5 representative cases
shown in Figure 3. Therefore, FLC quantitation in the random urine could be a reliable, noninvasive, and certainly more
convenient method in adjunct to serum FLC and SPEP in the assessment of disease activity of MM patients. Although we
cannot recommend the routine use of FLC quantification in random urine of MM patients at the present time, we recognize
Published by Sciedu Press
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that a spot urine sample is easy to obtain, and it could be proposed as a simpler method to assess disease activity during
their clinical follow-up. In addition, it is noninvasive, and as such can decrease patients’ anxiety associated with frequent
needle sticks for blood draws as well as the rate of needle stick injuries including hemorrhage, hematomas and infections.
A

B

C

D

E

Figure 3. Quantitative free light chain levels in serum and
random urine of 5 representative patients, indicating
disease remission after therapy (patient A), disease
progression (patients B, C, D), and remission followed by
progression (patient E)
In our study, we conducted a multivariate analysis which included GFR as a reflection of renal function, because it has
been reported that serum kappa and lambda FLC concentrations increase with chronic renal insufficiency and correlate
with markers of renal dysfunction [25]. This is relevant, as many MM patients develop renal insufficiency during the course
12
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of their disease. Excessive production of FLCs by the neoplastic plasma cells overwhelms the reabsorption mechanisms of
the kidney, with consequent increase of their urinary levels, as damaged nephrons allow greater escape of FLCs into the
urine. In our study, patients with renal insufficiency have significantly higher kappa and lambda levels in urine than
patients with normal renal function (see Table 1-2), but the correlation between random urine and serum FLCs remained
strong even in patients with impaired renal function.
Table 1-1. Multivariate regression analysis
Urine FLC (κ)

Urine FLC (λ)

Serum FLC (κ or λ)

P<0.0001

P<0.0001

GFR

P=0.0114

P=0.0073

Table 1-2. Comparison of serum and urine FLCs between patients with normal renal function and patients with renal
insufficiency
Mean (SD)

Patients with GFR>60

Patients with GFR≤60

P-value

Log Serum κ

0.28 (1.95)

1.89 (2.27)

<0.0001

Log Serum λ

0.11(1.90)

1.04 (2.53)

0.0105

Log Urine κ

3.71 (2.12)

5.66(2.05)

<0.0001

Log Urine λ

1.32 (2.42)

3.16 (2.46)

0.0001

Figure 4. Receiver operating characteristic (ROC) curve generated to show the performance of random urine kappa
and lambda FLCs as a binary classifier for the uIFE
The urine FLC threshold of 0.2 on log-scale, which corresponds to 1.2 mg/dL, leads to a specificity and sensitivity of
52.7% and 95.8%, respectively. The specificity is not high, because the urine FLC levels between uIFE-positive and
uIFE-negative patients are not perfectly well-separated. Even though the mean uFLC values are significantly different
between these two groups (p<0.0001), optimal sensitivity and specificity cannot be reached simultaneously. Clinically, we
believe that reaching high sensitivity (i.e., patients with higher than threshold uFLC levels are uIFE-positive) is more
important than reaching high specificity (i.e., patients who are uIFE-negative have lower than threshold uFLC levels). We
chose 0.2 as the threshold, because it is the best value which provides >95% sensitivity but still maintains a decent (>50%)
specificity.
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In conclusion, our study evaluated the correlation between serum and random urine FLC levels. Although we do not
recommend the routine use of FLC measurement in random urine samples for the routine follow-up and assessment of
response to therapy in patients with MM due to the retrospective nature of our study, we should at least recognize that this
test has the potential to become an additional tumor marker for patients with MM.
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