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Serum Free Light Chains in Neoplastic Monoclonal 
Gammopathies: Relative Under-Detection of Lambda 
Dominant Kappa/Lambda Ratio, and Underproduction 
of Free Lambda Light Chains, as Compared to Kappa 
Light Chains, in Patients With Neoplastic Monoclonal 

Gammopathies
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Abstract

Background: Quantitative evaluation of serum free light chains is 
recommended for the work up of monoclonal gammopathies. Im-
munoglobulin light chains are generally produced in excess of heavy 
chains. In patients with monoclonal gammopathy, κ/λ ratio is abnor-
mal less frequently with lambda chain lesions. This study was under-
taken to ascertain if the levels of overproduction of the two light chain 
types and their detection rates are different in patients with neoplastic 
monoclonal gammopathies.

Methods: Results of serum protein electrophoresis (SPEP), serum 
protein immunofixation electrophoresis (SIFE), urine protein elec-
trophoresis (UPEP), urine protein immunofixation electrophoresis 
(UIFE), and serum free light chain assay (SFLCA) in patients with 
monoclonal gammopathies were examined retrospectively.

Results: The κ/λ ratios were appropriately abnormal more often in 
kappa chain lesions. Ratios of κ/λ were normal in about 25% of pa-
tients with lambda chain lesions in whom free homogenous lambda 
light chains were detectable in urine. An illustrative case suggests un-
derproduction of free lambda light chains, in some instances.

Conclusions: The lower prevalence of lambda dominant κ/λ ratio in 
lesions with lambda light chains is estimated to be due to relative 
under-detection of lambda dominant κ/λ ratio in about 25% of the pa-
tients and because lambda chains are not produced in as much excess 
of heavy chains as are kappa chains, in about 5% of the patients. The 
results question the medical necessity and clinical usefulness of the 

serum free light chain assay. UPEP/UIFE is under-utilized.

Keywords: Serum protein electrophoresis; Urine protein electropho-
resis; Monoclonal gammopathy

Introduction

Plasma cell dyscrasias are a common disorder in adults. Plas-
ma cell myeloma/multiple myeloma is the most common ma-
lignancy of the lymphoid system, next to the broad, hetero-
geneous group of non-Hodgkin lymphomas [1, 2]. Neoplastic 
plasma cell disorders are classified into three groups, name-
ly, monoclonal gammopathy of undetermined significance 
(MGUS), smoldering multiple myeloma (SMM) and multiple/
plasma cell myeloma (MM) in increasing order of severity, 
with plasma cell myelomas reflecting a malignant progres-
sion of the former [3, 4]. These three entities, namely, MGUS, 
SMM and MM are being referred to as neoplastic monoclonal 
gammopathies (NMG). The etiology of MM is not known. Ad-
vances in chemotherapy and autologous stem cell transplants 
(ASCT) have improved the outcomes of treatment; however, 
plasma cell dyscrasias remain generally incurable [5, 6].

Screening and diagnosis of monoclonal gammopathies 
(including MGUS, SMM and MM) is generally based on elec-
trophoretic examination of serum and urine proteins, namely 
serum protein electrophoresis (SPEP)/serum protein immuno-
fixation electrophoresis (SIFE), urine protein electrophoresis 
(UPEP)/urine protein immunofixation electrophoresis (UIFE), 
and bone marrow examination [7]. Quantitative laboratory as-
sessment of serum free light chains has been recommended 
and promoted in the algorithm for diagnosis and monitoring 
of neoplastic monoclonal gammopathies, despite differences 
of opinion about the usefulness of serum free light chain assay 
(SFLCA) [8-12]. The assay for serum free light chains is based 
on the biological observation that immunoglobulin light chains 
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are produced in excess of the corresponding heavy chains. The 
excess free light chains can be quantified in serum and are also 
excreted in urine. Historically, monoclonal/homogenous free 
light chains were detected in urine by a temperature-dependent 
precipitation reaction, i.e., Bence Jones proteins. Free light 
chains are detectable in normal urine as the light chains be-
ing of small size, 25 kDa, are freely filtered through the glo-
merulus. Excess free homogenous/monoclonal light chains in 
patients with monoclonal gammopathy are also excreted in 
urine and sometimes produce nephropathy due to precipitation 
of these proteins in renal tubules, among other mechanisms 
of renal injury in monoclonal gammopathies [13]. The terms 
kappa and lambda light chain lesions are meant to include both 
intact monoclonal immunoglobulins and light chain only le-
sions, e.g., IgG kappa, as well as kappa chain only lesions.

Serum free kappa and lambda light chains are normally 
present in a ratio of about 0.26 to 1.65 [14]. In patients with 
lambda chain producing monoclonal gammopathies, the ratio 
is depressed and in patients with kappa chain lesions the ratio 
is elevated. This alteration in ratio has been promoted as a di-
agnostic tool in the algorithm of plasma cell dyscrasia workup. 
However, there is a high rate of false positive results in tertiary 
care patients in general, and those with polyclonal increase 
in gamma globulins, in particular. In virtually all instances of 
false positive SFLCA results, in patients without monoclonal 
gammopathy, there is an excess of kappa chains, and kappa 
dominant abnormal κ/λ ratio. In tertiary care patients, about 
36% of the patients have an abnormal κ/λ ratio without evi-
dence of monoclonal gammopathy. In nearly 90% of these in-
stances the abnormal κ/λ ratio is kappa dominant [10].

In patients with kappa chain monoclonal gammopathies, 
the κ/λ ratio, is more often observed to be abnormal by be-
ing appropriately kappa dominant (true positive), as compared 
to the incidence of lambda dominant κ/λ ratio (true positive) 
in patients with lambda chain lesions. The κ/λ ratio is much 
less often abnormal in patients with lambda chain lesions, 
i.e., there is a high false negative rate for lambda dominant 
κ/λ ratio in monoclonal gammopathies associated with lambda 
chains. For example, the false negative rate for SFLCA results 
in lambda chain lesions in MGUS, SMM and MM are 89%, 
60% and 51%, respectively; the corresponding false negative 
rates for kappa chain lesions are 60%, 0% and 19%, respec-
tively [11]. The overall excess false negative κ/λ ratio rate for 
lambda chain lesions, compared to kappa chain lesions, is ap-
proximately 30%.

In patients treated with ASCT, the engraftment/healing 
process is often accompanied by the development of oligo-
clonal pattern, with or without a detectable neoplastic mono-
clonal protein. The serum free kappa chains from such oligo-
clonal patterns sometimes overwhelm the serum content of 
free light chains by producing a kappa dominant κ/λ ratio, in 
patients with lambda chain myeloma. Such an aberrant κ/λ ra-
tio was noted in about 15% of the lambda chain myelomas fol-
lowing ASCT, whereas an aberrant lambda dominant κ/λ ratio 
in patients with kappa chain myelomas was not detected in any 
case [15].

It has been hypothesized that the high false negative rate 
for the lambda dominant κ/λ ratio, in patients with lambda 
chain neoplastic monoclonal gammopathies, may be due to un-

der-detection of lambda light chains. It was suggested that due 
to the greater tendency of lambda chains, than kappa chains, 
to dimerize, the target epitopes of the Binding Site antibodies 
in free dimerized lambda chains may be inaccessible result-
ing in under-detection of free lambda chains, relative to kappa 
chains [11]. An alternative explanation could be that lambda 
chains are not produced in as much excess as are kappa chains 
and thus result in lower rates of lambda dominant κ/λ ratio in 
patient with bona fide lambda light chain neoplastic monoclo-
nal gammopathies. A third alternative could be that polyclonal 
kappa light chains are overproduced in lambda chain mono-
clonal gammopathies, as is the usual case for tertiary care pa-
tients, resulting in a false negative lambda dominant κ/λ ratio. 
This investigation was undertaken to address the first two al-
ternatives by comparing the results of serum and urine protein 
electrophoreses with the results of SFLCA.

Materials and Methods

This study was conducted at a 480-bed tertiary care, medical 
school-affiliated medical center with a bone marrow transplan-
tation program, in the Southeastern United States. The pro-
tocol was approved by the Institutional Review Board. Data 
from some of the patients reported in this study were used in 
earlier publications as well [10, 11, 15].

As described previously, serum and urine protein electro-
phoreses were carried out using a Helena (Beaumont, Texas) 
SPIFE 3000 instrument and by using gels procured from He-
lena. UPEP and UIFE were also carried out with Helena SPIFE 
3000. Urine samples were concentrated with Minicon clinical 
sample concentrators from Millipore. The method achieved a 
concentration of 5 to 50-fold, depending on the protein con-
centration in the neat sample. Samples with low protein con-
centration in the neat state achieved higher levels of volume 
reduction. Serum free light chains were assayed using an Ad-
via 1800 analyzer, prior to June 2016, and with Optilite ana-
lyzer since then, with reagent kits procured from the Binding 
Site (Birmingham, UK). The laboratory performing these and 
related tests is accredited by the College of American Patholo-
gists in keeping the standards of Clinical Laboratory Improve-
ment Amendments of 1988.

SPEP/SIFE, UPEP/UIFE, and SFLCA results from Janu-
ary 2010 through September 2017 at this institution were 
retrospectively reviewed. Data from a total of 482 patients 
comprising 2,448 observations were examined. Patients with 
lymphomatous lesions, such as lymphoma and chronic lym-
phocytic leukemia were excluded. In 193 patients with a mon-
oclonal immunoglobulin, with a total of 279 observations, re-
sults of SPEP/SIFE, UPEP/UIFE and SFLCA were available. 
Of these 193 patients, 175 patients with 249 observations had 
a diagnosis of MGUS, SMM or MM, i.e., NMG, and evalu-
able results from SPEP/SIFE, UPEP/UIFE and SFLCA were 
available to address the questions of this investigation. The re-
mainder of the patients, among the initial 193, had diagnoses 
of monoclonal immunoglobulins associated with amyloidosis, 
auto-immune or inflammatory disorders.

Observations in patients with neoplastic monoclonal im-
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munoglobulins, i.e., MGUS, SMM and MM, were screened 
for results of SPEP/SIFE, UPEP/UIFE and SFLCA. The re-
sults were included in the study if all of the observations were 
within about 2 weeks of one another. Patients with biclonal or 
triclonal, and non-secretory lesions were excluded, except one 
case with a biclonal pattern that is presented as an illustrative 
case but is not included in the numerical data for statistical 
analysis.

Diagnoses of neoplastic monoclonal gammopathies were 
arrived at by using prevalent criteria for MGUS, SMM and 
MM from the findings of SPEP/SIFE, UPEP/UIFE, SFLCA 
and bone marrow examination as well as other laboratory and 
imaging studies [6-8].

The data were segregated into three main categories, 
based on the findings of UPEP/UIFE. It needs to be mentioned 
that before 2016, only urine samples with more than 15 mg/
dL protein were subjected to UIFE analysis at this institution. 
Starting from mid-2016, all urine specimens with sufficient 
sample volume were concentrated and analyzed by UIFE. The 
three UIFE data categories were: 1) UIFE 0, when no mono-
clonal immunoglobulin or free monoclonal light chains were 
detected. 2) UIFE 1, when monoclonal free light chains were 
detected with or without intact monoclonal immunoglobulin. 
3) UIFE 2, when only intact monoclonal immunoglobulin was 
detected. It was understood that free homogenous light chains 
co-migrating with intact monoclonal immunoglobulin would 
not be recognized; thus, the number of samples with free ho-

mogenous light chain could have been under-estimated.
These three groups were further segregated by the type of 

light chain lesion, i.e., kappa or lambda light chain. We empha-
size that the term kappa or lambda chain lesions includes neo-
plastic monoclonal gammopathies of intact immunoglobulins 
with the relevant light chain type.

Further categorization was based on the results of SFLCA. 
The result was labeled as positive if it was associated with ap-
propriately kappa or lambda dominant κ/λ ratio. For instance, 
IgG lambda monoclonal gammopathy with the SFLCA reveal-
ing a κ/λ ratio lower than 0.26, was identified as a sample posi-
tive for lambda dominant κ/λ ratio.

The findings in the various groups were compared by the 
Chi-square test.

Results

Results of SPEP/SIFE, UPEP/UIFE and SFLCA were avail-
able in 193 patients with monoclonal immunoglobulins in their 
sera. After excluding patients with amyloidosis, autoimmune 
disorders and POEMS etc., 175 patients had 249 evaluable 
observations. Patients with biclonal lesions were excluded; 
however, one such patient provided observations relevant to 
the hypotheses being tested and is presented before the rest of 
the data.

The findings of SIFE and UIFE from this instructive pa-

Figure 1. SIFE and UIFE results for the instructive patient with biclonal gammopathy. The results from this patient with biclonal 
gammopathy are instructive. The lack of lambda dominant κ/λ ratio and absence of monoclonal lambda chains in urine strongly 
suggest underproduction of excess free lambda light chains. We estimate that out of the total 30% false negative rate for lambda 
dominant κ/λ ratio, by the SFLCA, about 5% are due to under-production of excess free lambda light chains and about 25% due 
to under-detection of monoclonal lambda light chains by the Binding Site assay, or due to excess production of polyclonal kappa 
light chains in tertiary care patients thus resulting in distorted κ/λ ratio in patients with lambda chain lesions.
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tient with biclonal gammopathy are displayed in Figure 1. The 
patient had a dominant IgG lambda monoclonal spike in the 
serum, at a concentration of about 1.4 g/dL. A slightly anodal, 
monoclonal IgG kappa band was detectable on SIFE but was 
not quantifiable. UIFE revealed albumin and monoclonal kap-
pa light chain band but no lambda light chain band. SFLCA 
revealed a normal κ/λ ratio, albeit with a higher concentration 
of free kappa light chains than lambda light chains, despite 
the presence of a monoclonal IgG lambda band of 1.4 g/dL 
concentration. The concentrations of kappa and lambda serum 
free light chains were 1.67 mg/L and 1.17 mg/L respectively, 
with a κ/λ ratio of 1.43. These findings, admittedly in an iso-
lated case, emphasize the lower than expected production of 
excess free lambda light chains. The normal κ/λ ratio could 
be due to either under-production of excess free lambda light 
chains or due to poor detection of lambda chains, as a result of 
dimerization, or other unknown factors such as excessive pro-
duction of polyclonal serum free kappa light chains. However, 
a lack of free homogenous lambda chains in urine strongly 
suggests relative under-production of free homogenous lamb-
da light chains. Given that albumin, with a molecular weight 
of 67 kDa, is detectable in urine, but lambda light chains are 
not, points to the lack of free homogenous lambda light chains 
in the serum. Even if the lambda light chains had dimerized, 
the dimeric chains with a molecular weight of about 50 kDa 
should still have been detectable in urine given a protein of 
higher molecular weight, albumin, was detectable. This single 
case could be emblematic of the general situation of lower, 

excess production of lambda light chains as compared to kappa 
light chains, vis-a-vis the quantity of heavy chain production, 
in some patients.

Results from the 175 patients with 249 interpretable ob-
servations, Table 1, were analyzed with respect to the findings 
of UIFE. Kappa chain lesions show a kappa dominant κ/λ ratio 
significantly more often than a lambda dominant κ/λ ratio is 
observed in samples from patients with lambda chain lesions, 
in all categories of UIFE findings. The results shown in Table 
1, especially the results for UIFE 1 samples, strongly support 
the relative under-detection of serum free lambda light chains, 
or effects of excess polyclonal kappa light production in ter-

Table 2.  Relative Distribution of the Neoplastic Monoclonal 
Gammopathies With Respect to the Categories of UIFE

MGUS MM SMM
UIFE0 24 52 2
UIFE1 18 101 7
UIFE2 7 28 10

Total of 249 observations of neoplastic monoclonal gammopathies are 
included.

Table 3.  Distribution of SFLCA Results of Patients With Neo-
plastic Monoclonal Gammopathies Categorized by UIFEs

Statistics
Kappa Lambda

Neg. Pos. Neg. Pos.
UIFE 0
  MGUS χ2 = 8.71, P = 0.0032 4 8 11 1
  MM + SMM χ2 = 4.84, P = 0.028 19 16 16 3
UIFE 1
  MGUS χ2 = 6.11, P = 0.013 0 10 5 3
  MM + SMM χ2 = 6.70, P = 0.0096 0 65 6 37
UIFE 2
  MGUS χ2 = 1.74, P = 0.18* 1 4 2 0
  MM + SMM χ2 = 7.36, P = 0.0067 4 22 7 5

Relative distribution of various primary lesions of monoclonal gammop-
athy by UIFE findings, light chain type of the lesion and SFLCA results. 
Despite small numbers, the results show significantly lower detection 
rate for lambda dominant κ/λ ratio, in almost all categories. *The cate-
gory of UIFE 2 for MGUS does not have a statistically significant result, 
in part, due to the need to substitute 1 for 0 as well as the small number 
of observations. The P values correspond to the χ2 calculations show-
ing the difference in the SFLCA results for kappa vs. lambda chains. 
Neg.: κ/λ ratio was not dominant for the relevant light chain; Pos.: κ/λ 
ratio was dominant for the relevant light chain.

Table 1.  Distribution of SFLCA Results of Patients With Monoclonal Gammopathies Categorized by UIFEs

Total Pool of monoclonal gammopathies
Statistics

Kappa Lambda
Neg. Pos. Neg. Pos.

UIFE 0 24 30 28 7 χ2 = 11.05, P = 0.00089
UIFE 1 5 78 15 45 χ2 = 10.42, P = 0.0012
UIFE 2 5 27 10 5 χ2 = 12.24, P = 0.00047
Total 34 135 53 57 χ2 = 24.45, P < 0.00001

This table includes 193 patients with 279 observations, in the presence of monoclonal immunoglobulin in serum, SPEP/SIFE, UPEP/UIFE, SFLCA 
and light chain type of the primary lesion were available. In the total pool as well as the three subgroups of UIFE 0, (no monoclonal immunoglobulin 
detected in urine) UIFE 1 (monoclonal light chains, with or without intact immunoglobulins) in urine, and UIFE 2 (intact monoclonal immunoglobulin 
detected in urine), kappa chain lesions displayed kappa dominant κ/λ ratio in serum, significantly more often than observed with lambda dominant 
κ/λ ratio in lesions with lambda light chains. The findings, along with data shown later, imply systematic under-detection of lambda light chains by the 
Binding Site assay, or the alternative explanation of over production of polyclonal kappa light chains. The P values correspond to the χ2 calculations 
showing the difference in the SFLCA results for kappa vs. lambda chain lesions. Neg.: κ/λ ratio was not dominant for the relevant light chain; Pos.: 
κ/λ ratio was dominant for the relevant light chain.
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tiary care patients.
Tables 2 and 3 show the relative distribution of various pri-

mary lesions of neoplastic monoclonal gammopathies by UIFE 
findings, light chain type of the lesion and SFLCA results. In 
these and subsequent tables only observations from patients 
with neoplastic monoclonal gammopathies, i.e., MGUS, SMM 
and MM were included; specifically, sample with monoclonal 
immunoglobulins associated with other diagnoses, e.g., amy-
loid, lymphoma, leukemia, autoimmune disorders etc., were 
excluded; in contrast to the Table 1, which included the total 
number of the patients.

In Table 3, the categories Kappa and Lambda represent 
the light chain type of the monoclonal immunoglobulin. The 
titles Neg. and Pos. refer to the appropriate light chain domi-
nant κ/λ ratio, in the serum. Negative represents normal κ/λ 
ratio or inappropriate light chain dominant κ/λ ratio. Positive 
represents appropriately dominant κ/λ ratio i.e., a value of < 
0.26 for lambda chain lesions and a value > 1.65 for kappa 
chain lesions. In all three of the UIFE groups, kappa chain le-
sions demonstrated a kappa dominant κ/λ ratio significantly 
more often than the incidence of lambda dominant κ/λ ratio in 
lambda chain lesions.

The observations from patients with kappa or lambda chain 
primary lesions were segregated by UIFE results as shown in 
Table 4. The UIFE findings in kappa and lambda chain lesions 
were not significantly different from each other, with respect to 
their distribution among the three UIFE groups.

The evaluable 249 observations from neoplastic monoclo-
nal gammopathy patients, for whom SPEP/SIFE, UPEP/UIFE 
and SFLCA results were available, are compiled in Table 5. 
In each category of UIFE results, samples from patients with 
kappa chain lesions, the kappa dominant κ/λ ratio results were 
significantly more prevalent than lambda-dominant κ/λ ratio 
results for samples from patients with lambda chain lesions. In 
Table 5, the results for the UIFE 1 group are particularly illu-
minating in that in all of the samples from kappa chain lesions 
with monoclonal light chain in the urine, the κ/λ ratio was kap-
pa dominant. In the corresponding samples from lambda chain 
lesion, 20% of the samples did not exhibit a lambda dominant 
κ/λ ratio, indicating that serum free lambda light chains are 
systematically under-detected by the Binding Site assay, or 
that the κ/λ ratio is altered by unknown factors to produce a 
high false negative rate for lambda dominant κ/λ ratio. The 
findings in the UIFE 0 and UIFE 2 are not amenable to dif-
ferentiation between under-production and under-detection of 
serum free lambda light chains.

The findings in samples with free homogenous light 
chains in the urine are particularly remarkable in that all of the 
samples from kappa chain lesions, in which UIFE displayed 
free homogenous light chains, with or without accompanying 
intact immunoglobulin, exhibited a kappa dominant κ/λ ratio. 
(The P value is a conservative estimate as a value of “1 (one)” 
had to be entered in place of zero, to calculate the chi square 
value, in the relevant 2 × 2 table). It is also noteworthy that 
in about 20% (10 out of 51) of the samples with a detectable 
free lambda light chains in urine, the serum κ/λ ratio was not 
lambda dominant in samples from patients with lambda chain 
lesions. These 10 observations were from 10 different patients. 
When the observations with lambda dominant κ/λ ratio were 
edited for unique patients, there were only 31 patients account-
ing for the 41 observations. Thus, in about 25% of the patients 
(10 out of 41, Table 6), the lambda light chains were under-
detected as indicated by negative lambda dominant κ/λ ratio. 
The finding strongly argues for systematic relative under-de-

Table 4.  Distribution of the Light Chain Type of Lesions of Neo-
plastic Monoclonal Gammopathies With Respect to their UIFE 
Categories

UIFE 0 UIFE 1 UIFE 2 Statistics
Kappa 47 75 31 χ2 = 1.295 P = 0.52
Lambda 31 51 14

The finding of UIFE did not show statistical difference between kappa 
and lambda chain lesions for the 249 observations of neoplastic mono-
clonal gammopathies.

Table 5.  Distribution of SFLCA Results of Patients With Neo-
plastic Monoclonal Gammopathies (MM + SMM + MGUS) Cat-
egorized by UIFEs

MM + SMM + MGUS observations
κ/λ ratio

Statistics
Neg. Pos.

UIFE 0 K 23 24 χ2 = 11.82
L 27 4 P = 0.00059

UIFE 1 K 0 75 χ2 = 12.91
L 10 41 P = 0.00033

UIFE 2 K 5 26 χ2 =10.44
L 9 5 P = 0.00124

Categorization of findings in samples with neoplastic monoclonal gam-
mopathies, by UIFE results and kappa vs. lambda light chain type and 
κ/λ ratio reveal significantly greater prevalence of kappa dominant κ/λ 
ratio in kappa chain lesions, compared to lambda chain lesions, sup-
porting the notion of systematic under-detection of lambda light chains 
by the Binding Site assay, or general excess production of polyclonal 
kappa light chains in tertiary care patients. The P values correspond to 
the χ2 calculations for the difference in the SFLCA results for kappa vs. 
lambda chains. Neg.: κ/λ ratio was not dominant for the relevant light 
chain; Pos.: κ/λ ratio was dominant for the relevant light chain.

Table 6.  Distribution of Patients With Neoplastic Monoclonal 
Gammopathies With SFLCA Results, for UIFE 1 Only

Neoplastic monoclonal gammopathy patients
κ/λ ratio

Statistics
Neg. Pos.

UIFE 1 K 0 54 χ2 = 11.79
L 10 31 P = 0.0006

Results of patients (observations shown in Table 5 for samples) with 
detectable monoclonal light chains in urine revealed that about 25% 
of patients have under-detection of lambda dominant κ/λ ratio. The P 
value by Fischer’s exact test was 0.0001. The P values correspond to 
the χ2 calculations showing the difference in the SFLCA results for kap-
pa vs. lambda chains. Neg.: κ/λ ratio was not dominant for the relevant 
light chain; Pos.: κ/λ ratio was dominant for the relevant light chain.
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tection of lambda dominant κ/λ ratio. We conclude that out of 
the total 30% excess false negative rate for lambda dominant 
κ/λ ratio, (as compared to kappa chain lesions) by the SFLCA, 
about 5% are due to under-production of excess free lambda 
light chains and about 25% could be due to under-detection 
of monoclonal lambda light chains by the Binding Site assay, 
though unknown factors, such as general over production of 
polyclonal kappa light chains in tertiary care patients, altering 
the κ/λ ratio could not be excluded.

The finding that a kappa dominant κ/λ ratio had higher 
incidence in instances in which UIFE did not detect free ho-
mogenous light chains is difficult to reconcile but supports the 
idea that kappa light chains are generally produced in greater 
excess of heavy chains as compared to lambda light chains, 
and/or that kappa free light chains are more readily detected 
by the Binding Site assay for SFLCs. A similar issue of general 
overproduction of serum free polyclonal kappa light chains in 
tertiary care patients may explain the high false negative rate 
for lambda dominant κ/λ ratio in lambda chain monoclonal 
gammopathy lesions, rather than defective under-detection by 
the Binding Site assay.

In sum, the findings from samples with detectable free 
homogenous light chains in the urine favor systematic under-
detection of serum free lambda light chains by the Binding 
Site assay, or an under-detection of lambda dominant κ/λ ratio 
due to general over production of serum free polyclonal kappa 
light chains in tertiary care patients, thus affecting the κ/λ ratio. 
The anecdotal finding from the case report, shown in Figure 
1, favors the interpretation of underproduction of excess free 
lambda light chains being the cause of the low prevalence of 
lambda dominant κ/λ ratios in some patients with lambda light 
chain lesions. The results of UIFE 0 and UIFE 2 samples are 
not readily interpretable but support the notion of under-detec-
tion of serum free lambda light chains, relative to kappa light 
chains. However, the latter set of results do not rule out under-
production of excess free lambda light chains, as compared to 
kappa light chains. Similarly, the third alternative explaining 
the high false negative rate for lambda dominant κ/λ ratio in 
lambda chain lesions being due to general over-production of 
polyclonal kappa light chains in tertiary care patients remains 
to be investigated.

Discussion

The International Myeloma Working Group (IMWG) recom-
mends an algorithm that includes SPEP/SIFE and UPEP/UIFE 
for the investigation of suspected monoclonal gammopathies 
[6-8]. While SPEP/SIFE is commonly used screening test, 
UPEP/UIFE is not performed in many patients. The underuti-
lization of UPEP/UIFE has been further aggravated by the er-
roneous suggestion that SFLCA can replace UPEP/UIFE [16, 
17]. The medical necessity and clinical usefulness of SFLCA 
has been questioned due to greater than 30% false positive and 
a more than 30% false negative rate for κ/λ ratio. The rate of 
false negative results from SFLCA is worse for patients with 
lambda chain lesions, as exemplified by the fact that about 90% 
of the MGUS lesions with a lambda chain immunoglobulin 

type yield normal κ/λ ratio [10, 11]. The higher false negative 
rate for lambda chain lesions persists for patients with SMM 
and MM. As alluded to earlier, this apparent under-detection 
of serum free lambda chains could be due to: 1) A shortcom-
ing of the Binding Site reagents, exacerbated by the tendency 
of free lambda chains to form dimers. It is conceivable that 
lambda light chain dimers may not be recognized by the anti-
body due to inaccessibility of the target epitopes in dimers. 2) 
Alternatively, the high false negative rate for lambda chain le-
sions could be due to inherent lower production of serum free 
lambda light chains, as compared to kappa light chains, for 
equivalent concentrations of monoclonal immunoglobulins. It 
has been observed that higher concentrations of IgG lambda 
may be needed to result in a lambda dominant κ/λ ratio, as 
compared to IgG kappa monoclonal gammopathies [11, 15]. 
Both mechanisms (i.e., under-detection and under-production 
of serum free lambda light chains) are likely to be applica-
ble. 3) A third potential explanation for the high false lambda 
dominant κ/λ ratio in lambda chain lesions being due to exces-
sive production of free polyclonal kappa light chains in tertiary 
care patients affecting the κ/λ ratio has been alluded to earlier.

By integrating the findings from earlier publications, and 
the data from this study, we arrive at the following: 1) The 
excess (as compared to kappa chain lesions) false negative rate 
of κ/λ ratio for lambda chain lesions in MGUS is 29% [11]. 2) 
The excess (as compared to kappa chain lesions) false negative 
rate of κ/λ ratio for lambda chain lesions in MM is 32% [11]. 3) 
The excess (as compared to kappa chain lesions) false negative 
rate of κ/λ ratio for lambda chain lesions in the total pool of 
neoplastic monoclonal gammopathies is approximately 30% 
[11]. 4) In 25% of the patients with lambda chain neoplastic 
monoclonal gammopathies, SFLCA provides a negative κ/λ 
ratio, in the presence of detectable free homogenous lambda 
light chains in the urine (Table 6). 5) Under-production of the 
lambda light chains was demonstrated in an anecdotal case. 
The rate of under-production is estimated to be about 5%, as 
explained below.

From the above we surmise that, there is approximately 
30% excess false negative rate for κ/λ ratio in lambda chain 
lesions than in kappa chain lesions. The 30% greater false 
negative result of κ/λ ratio in lambda chain lesions could be 
explained by 1) Twenty-five percent rate of under-detection of 
free homogenous lambda light chains in serum by the Bind-
ing Site assay. 2) False negative lambda dominant κ/λ ratio in 
lambda chain lesions may be due to general over-production 
of polyclonal kappa chains in tertiary care patients. 3) About 
5% rate of under-production of excess free lambda light chains 
in patients with neoplastic monoclonal gammopathies with 
lambda chain lesions.

The question of differential over-production of kappa and 
lambda free immunoglobulin light chains in normal humans 
and patients with monoclonal gammopathies could be further 
investigated through multiple methods. For example, in normal 
subjects as well as patients with monoclonal gammopathies, 
the total concentration of Hevylite immunoglobulins of kappa 
and lambda types could be quantified (i.e., the quantity of IgG 
kappa, IgM kappa and IgA kappa could be determined) and 
similarly the quantity of all of the lambda chain immunoglobu-
lins could be measured. The same samples could be assayed for 
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the concentration of serum free kappa and lambda light chains. 
By normalizing the concentrations of serum free light chains to 
the appropriate Hevylite concentration, it could be ascertained 
if one type of light chain is produced in greater excess than 
the other, relative to the production of the corresponding heavy 
chain [9]. This approach would have to be preceded by docu-
mentation that Hevylite assay provides accurate results.

Another approach would be to isolate serum free light 
chains in given specimens by chromatographic separation of 
light chains. Monoclonal serum free light chains could be iso-
lated in this manner and the results for kappa and lambda chain 
specimens compared by normalizing the concentration of the 
light chains to the relevant monoclonal immunoglobulin con-
centration.

We chose to address this issue using a different approach, 
i.e., by querying the data already on file. We reasoned that the 
presence of free homogenous light chains in the urine of pa-
tients with monoclonal gammopathy should reflect the excess 
production of light chains, as compared to the heavy chains. 
This approach to assessing the light chain over production 
would not be dependent on the Binding Site antibody being 
able to recognize a given light chain, and would obviate any 
artifact due to dimerization of lambda light chains. We under-
stand that lack of detection of free light chains in urine would 
not be proof of a lack of excess free light chains in serum, as 
the monoclonal free light chain in urine could co-migrate with 
the intact immunoglobulin excreted in urine thereby leading to 
under-estimation of the rate of detection of excess free mono-
clonal light chains in urine, and indirectly in the serum. There 
would also be the issue of the sensitivity of UIFE assay in de-
tecting free homogenous light chains in urine. We addressed 
these potential concerns by segregating the UIFE results into 
three groups as described in the methods and results sections. 
The validity of this approach is supported by the results in in-
stances where free homogenous light chains were detectable in 
the urine. In all cases in which homogenous kappa light chains 
were detected in UIFE, the κ/λ ratio was always, appropriately, 
kappa dominant. The 20% rate of non-lambda dominant serum 
κ/λ ratio in samples with free homogenous lambda chains in 
urine and lambda chain neoplastic monoclonal immunoglobu-
lin lesions attests to the under-detection of lambda dominant 
κ/λ ratio (Table 5). In other words, about 20% of the sam-
ples and 25% of the patients with detectable free monoclonal 
lambda light chains in urine had a negative, i.e., non-lambda 
dominant κ/λ ratio in serum despite having a lambda chain as-
sociated neoplastic monoclonal gammopathy (Tables 5, 6).

The results of UIFE 2 category of urine samples could be 
further clarified for the presence of free light chains by con-
ducting SDS-PAGE in non-reducing conditions followed by 
staining for light chains, i.e., Western blotting. Non-reducing 
SDS-PAGE would separate light chains from intact immuno-
globulins based on molecular size and thus identify samples 
in which light chains could not be identified by UIFE due to 
co-migration of monoclonal light chains with monoclonal im-
munoglobulins. However, this method would not distinguish 
between polyclonal and monoclonal light chains as both have 
the same molecular weight. A better approach may be to iso-
late light chains by gel filtration chromatography followed by 
UIFE to identify monoclonal light chains without interference 

from intact monoclonal immunoglobulins.
It has been observed and documented that kappa and 

lambda chain immunoglobulins are produced in a ratio of 
about 60:40 and the same ratio is seen in plasma cell myelo-
mas [11]. The ratio is more extreme in mice where 95% of the 
immunoglobulins are kappa chain immunoglobulins. During 
DNA rearrangement, to generate suitable light-chain coding 
DNA, the kappa chain DNA is rearranged first, and the process 
proceeds for immunoglobulin production. If the kappa chain 
DNA rearrangement is not successful, only then is the lambda 
chain DNA rearranged. Thus, stochastically there appears to be 
a biological preference for kappa chain immunoglobulins. It is 
plausible that kappa chains are produced in greater excess than 
lambda chains with respect to heavy chain synthesis [18, 19]. 
This excess production of kappa chains seems to be further 
magnified in patients with polyclonal gammopathy and tertiary 
care patients in general.

The results reported here are at variance with reports by 
others comparing the results of UPEP and serum free light 
chain assay. Dejoie et al reported greater sensitivity for SFL-
CA as compared to urine protein analysis in patients with light 
chain myelomas. They claim better sensitivity for SFLCA than 
for UIFE even though both had 100% positivity at the outset 
[20]. The 64% positive result for urine refers to less than 200 
mg of the involved monoclonal light chain in 24 h urine, not 
that monoclonal light chain was detectable in only 64% of the 
patients [20]. The authors of this paper looked at 113 newly 
diagnosed light chain myelomas and found that 100% of the 
patients had an appropriately abnormal κ/λ ratio but only 64% 
had monoclonal light chain in urine exceeding 200 mg/day. 
However, they did not point out that 100% of the urine samples 
were positive for monoclonal light chains by UIFE. Despite 
100% positivity by UIFE the authors of this publication rec-
ommended against using urine for treatment follow-up without 
comparing the results of UIFE with SFLCA. The yard stick for 
noting urine result as being negative was lack of > 200 mg of 
monoclonal light chain in 24 h urine, not detection of mono-
clonal light chain in urine by UIFE. In comparing the results 
of MRD negativity they claim 100% positive predictive value 
for normal κ/λ ratio. The positive predictive values for UIFE at 
the end of one and three cycles were 81% and 78%. Our retort 
to that would be that MRD is a flawed concept for MM, as 
nearly all patients relapse. We have also reported false positive 
SFLCA results in patients with oligoclonal pattern during the 
post-autologous transplant state [15].

This retrospective, observational study has the usual 
drawbacks of such studies in that data were not collected in 
a uniform manner resulting in a low rate of UPEP/UIFE stud-
ies. A prospective study with organized collection and analysis 
of samples under standardized conditions may provide more 
robust results.

The lack of excess production of kappa light chains, rela-
tive to heavy chains, and under-detection of kappa light chains 
by the Binding Site assay, if any, needs to be investigated.

Conclusions

There is systematic under-detection of lambda dominant κ/λ 
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ratio. In about 25% of the patients, with false negative κ/λ ra-
tio, under-detection of the serum free lambda light chains may 
account for the false negative SFLCA result, as documented by 
the presence of monoclonal lambda light chains in urine. The 
excess production of polyclonal kappa chains in patients with 
lambda chain monoclonal gammopathy altering the κ/λ ratio 
remains to be investigated. It is likely that kappa chains are 
biologically produced in greater excess than lambda chains, 
as compared to immunoglobulin heavy chains, in neoplastic 
monoclonal gammopathies. The under-production of excess 
lambda free light chains in patients with neoplastic monoclo-
nal gammopathy, accounts for an estimated 5% false negative 
κ/λ ratio out of a total of 30% false negative rate. UPEP is 
grossly underutilized in investigation of monoclonal gam-
mopathies. The medical necessity and clinical usefulness of 
serum free light chain assay is questionable in most routine 
clinical circumstances.
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