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Introduction

Monoclonal gammopathies, also known as paraproteinemia, 
are distinguished by the clonal enlargement of plasma cells or 
undifferentiated B-cells with the expression of a monoclonal 
immunoglobulin or their monoclonal components. Monoclonal 
gammopathies include a variety of diseases, from monoclonal 
gammopathy of undetermined significance (MGUS), monoclonal 
gammopathy of clinical significance (MGCS), and smoldering 
or asymptomatic multiple myeloma (MM) to progressive 
plasma cell MM, amyloid light-chain amyloidosis, light chain 
deposition disease, and non-Hodgkin lymphoma, among others 
[1]. Laboratory procedures and techniques for diagnosis and 
monitoring of paraproteinemia have progressed to comprise 
total urine and serum protein electrophoresis (SPEP, UPEP), 
refinement immunofixation electrophoresis (IFE), capillary 
zone electrophoresis with immuno subtraction, serum and 
urine free light chain (FLC) assays, mass spectrometry and 
recently developed the QUIET method for measuring monoclonal 
immunoglobulin free light chains in serum [2]. Supplementary 
testing comprises measuring total serum and urine proteins,  

 
quantifying serum IgG, IgM, and IgA, and valuing key protein 
groups and monoclonal immunoglobulin in electropherograms 
by densitometry. Historically, in addition to SPEP and IFE, which 
are still the most used laboratory diagnostic techniques for the 
recognition of monoclonal immunoglobulins or M-spikes, the FLC 
assay has become an important addition for the detection and 

characterization of monoclonal gammopathies.

Today, the measurement of FLC represents a fundamental 
part of evaluating individuals with monoclonal gammopathies. 
In fact, serum FLC levels are accepted biomarkers of plasma cell 
expansion, and their evaluation has been included in current 
standards endorsed by the International Myeloma Working Group 
for managing patients suffering from plasma cell dyscrasias 
[3]. Different FLC assays have been evaluated and correlated 
and are now clinically available. Widely used nephelometry- or 
turbidimetry-based methods employ highly specific detection 
antibodies against the inner epitopes of free kappa (κ) and free 
lambda (λ) light chains. The assessment quantifies the free 
chains and their mutual κ/λ ratio. This light chain clonality index 
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Abstract

The goal of this study was to assess the correlation between the serum M-protein spike and the levels of serum free light chain concentrations 
and free light chain ratio. We retrospectively analyzed the serum samples of 248 patients diagnosed with monoclonal gammopathy, and sizes of 
M-protein, free light chain concentrations, and free light chain ratio were all correlated. Our findings revealed a statistical correlation between the 
size of monoclonal immunoglobulin and increased values of free light chain and free light chain ratio in kappa and lambda gammopathy patients. 
However, the correlation values obtained were relatively low, confirming limitations interchangeably using M-spike size and free light chain ratio. 
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addresses the presence and proliferation of an unusual plasma 
cell or B-cell subset. These entities are commonly accompanied by 
the production of whole immunoglobulin molecules or their light 
chain fragments. Even in normal conditions, light chain molecules 
are generated more than heavy chain molecules, and a monoclonal 
gammopathy making the whole immunoglobulin generates an 
extra amount of free light chains circulating in the blood. In 
patients with systemic inflammation and renal failure, the increase 
of FLC is polyclonal and is seen as an increase in usually both light 
chain values and a normal κ/λ ratio. In B cell malignancies, the 
increase is usually monoclonal and characterized by an increase 
of a specific FLC leading to an abnormal κ/λ ratio [3]. 

The combination of the κ/λ ratio with the M-protein size 
and isotype has long been used as a generally accepted clinical 
stratification system for diagnosing and monitoring monoclonal 
gammopathy patients. Furthermore, the serum κ/λ ratio is a 
simple marker to differentiate between malignant and benign 
plasma cell conditions [4]. Moreover, the utilization of serum 
FLC is particularly important in assessing non-secretory plasma 
cell illnesses as the sensitivity is almost 100% in case of non-
secretory plasma cell myeloma with secreted M-proteins [5,6]. 
While several different analytical methods for the detection of 
FLC have been validated and become commercially available, 
providing an opportunity to acquire different values with a 
sizeable impact on the management of monoclonal gammopathies 
patients, the question of whether the serum FLC concentrations 
correlate with the size of M-spike seen on SPEP has not yet been 
resolved. Therefore, this study aimed to conduct a retrospective 
comparative analysis between the FLC results and M-spike 
densitometric values in patients with monoclonal gammopathies. 
This investigation sought to determine whether abnormal FLC 
values and κ/λ ratio could serve as a marker of the magnitude 
of the visual M-spike identified through serum electrophoretic 
techniques. Furthermore, we aimed to evaluate the clinical 
feasibility of adopting the FLC ratio as a substitute measure for 
assessing M-protein dimensions in the assessment of monoclonal 
gammopathy patients.

Materials and Methods

Study Design and Participants

A total of 248 divisions from October 2020 to January 2021 
were submitted for standard of care clinical analysis for TPE, IEP, 
and FLC at the University of Pittsburgh Medical Center, Clinical 
Immunopathology division were included in the study. These 
samples were submitted as part of routine screening, diagnosis, 
or monitoring for monoclonal gammopathies, including MGUS, 
multiple myeloma, Waldenström disease, and plasmacytoma, 
and had TPE, IEP, and FLC measurements performed. Blood 
samples were harvested in serum separator vacutainer tubes and 
centrifuged at 2,000 g for 10 min at room temperature for serum 
collection. The serum samples were then used for TPE, IEP, and 
FLC assays. All test results obtained during the study period were 

collected from the database in anonymized form according to the 
UPMC quality assurance regulations, the Declaration of Helsinki, 
and all applicable local legislations.

Protein Electrophoresis and Immunofixation 
Electrophoresis

TPE and IEP tests were done on the Helena SPIFE 3000 
analyzer (Helena Laboratories Corp., Beaumont, TX, USA) based 
on the manufacturer’s protocols and reagents. All serum samples 
were diluted and loaded automatically by Helena Electrophoresis 
Sample Handler. Total protein concentrations in serum specimens 
were measured by digital refractometry (Index Instruments US 
Inc., Kissimmee, FL, USA). Antibodies to IgG, IgA, IgM, and kappa 
and lambda chains for immuno electrophoresis were provided 
by the SPIFE Immuno Fix kits. The relative percent and absolute 
values of each protein band, including the size of the M-spike, 
were automatically determined by the Helena Quick Scan 2000 
densitometer with the Helena Software package. All proteins 
in the TPE procedure were stained with acid blue dye. After the 
immunofixation of immunoglobulins, acid violet was utilized for 
protein staining, and the monoclonal bands and polyclonal areas 
were visually identified by the experienced pathologists.

Measurements of Serum-Free Light Chains

Concentrations of free κ and free λ light chains in serum 
specimens were determined by latex-enhanced κ sFLC and λ 
sFLC Freelite assays (The Binding Site Group Ltd, Birmingham, 
UK) using Optilite turbidimeter (The Binding Site) according to 
the manufacturer’s protocols. Specific protein concentrations 
in these test samples were automatically determined using a 
calibration plot established by the instrument. The free light 
chain concentrations and κ/λ ratio were reported abnormal if 
they were beyond the normal reference range established by the 
manufacturer (κ: 3.3-19.4 mg/L; λ: 5.7-26.3 mg/L; κ/λ ratio: 0.26-
1.65).

Statistical Analysis

Correlation analysis was performed utilizing Pearson 
correlation as our measurements were taken from an interval 
scale. For the evaluation of normality, the Shapiro-Wilk normality 
test was used which showed skewed distribution of the data. 
Hence, the free κ, λ, and the ratios data were transformed to 
logarithmic values and plotted with log scale of M-spike size. 
Hypothesis testing was two-sided, and p values < 0.05 were 
considered significant. Statistical analysis, data evaluation, and 
result presentation were conducted using Prizm (Version 9, 
GraphPad, San Diego, CA, USA) and SigmaPlot (SPSS, Palo Alto, CA, 
USA) (Table 1).

Results

Distribution Analysis of Free Light Chain Data

Initial evaluation of data for kappa-associated gammopathies, 
including free κ, κ/λ ratio, and M-spike size (n=164, Shapiro-Wilk 
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normality test) revealed that normality tests failed indicating a 
significant data variation compared with the pattern anticipated 
when the results are obtained from a set with a normal distribution. 
Both the visual distribution of FLC data and the normal probability 
plot confirm this conclusion. Figure 1 shows histograms of a right-
skewed distribution for both free κ (Figure 1A) and κ/λ ratio 
(Figure 1B) results (left panels). The right panels represent normal 

probability plots that graphically identify substantive departures 
from normality. Importantly, there was a significant correlation 
between the free κ and κ/λ ratio data (r=0.878, p<0.001) for 
patients with kappa-associated gammopathies confirming the 
clinical meaning of these results. Descriptive statistical results are 
summarized in Table 2. 

Figure 1: Distribution analysis of free kappa light chain concentration results. Free light chain concentrations were assessed as described 
in M&M in serum samples of patients with kappa-associated monoclonal gammaglobulinemia. Verification of normal distribution pattern was 
done using Sigma Plot software for free kappa light chain (A) and κ/λ ratio (B). Left panels represent distribution histograms and right panels 
represent normal probability plots.

Table 1: General statistics of patient population.

Patients

Total number 248

Kappa-gammopathy 164

Lambda-gammopathy 84

Mean age ± SEM 70.1 ± 0.5

Median age 71

Male 135 (54%)

Female 113 (46%)
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Table 2: Statistical data for kappa-associated patient population.

M-spike Free κ κ/λ ratio

Total number 164 164 164

Mean 0.872 176.938 19.707

SD 0.952 779.088 63.679

SEM 0.074 60.837 4.973

Max 9.36 9193.5 604.84

Min 0.07 1.6 1.05

Median 0.575 39.45 2.59

Evaluation of data for lambda-associated gammopathies, 
including free λ, λ/κ ratio and M-spike size (n=84, Shapiro-Wilk 
normality test) revealed similar results. Histograms of a right-
skewed distribution for both free λ (Figure 2A) and λ/κ ratio 
(Figure 2B) results (left panels) together with normal probability 
plots (Figure 2 right panels) demonstrate the normal distribution 
of analyzed serum parameters. Of note, λ/κ ratio numbers were 
used instead of very low κ/λ ratio numbers for improved analysis 
and visualization of results reflecting data correlation for lambda-
associated gammopathies. Furthermore, the correlation between 
the free λ and λ/κ ratio data was statistically significant (r=0.912, 
p<0.001) confirming the clinical meaning of these parameters. 
Descriptive statistical results are summarized in Table 3.

Table 3: Statistical data for lambda-associated patient population.

M-spike Free λ κ/λ ratio λ/κ ratio

Total  
Number 84 84 84 84

Mean 0.982 274.846 0.404 150.802

SD 0.962 768.404 0.339 933.216

SEM 0.105 83.84 0.037 101.822

Max 4.81 5755.5 0.98 8222.143

Min 0.11 5.9 <0.000 1.025

Median 0.59 50.95 0.35 2.875

Correlation analysis of M-spike size and free light chain 
data

The correlation between free κ light chain and M-spike 
variables for kappa-associated gammopathies was R = 0.305, 
which indicates variables that have little (linear) correlation as p< 
0.0001 (Figure 3, left panel). Since R2 = 0.093, it implies that only 
~9% of the variation in M-spike size can be associated with specific 
free κ light chain concentrations. A higher positive correlation was 
identified between κ/λ ratio and M-spike size with R2 = = 0.453 
(p<0.0001) (Figure 3, right panel). These results suggest that the 
size of the M-spike positively correlates with increased values 
of free kappa light chain and κ/λ ratio in serum from patients 
diagnosed with kappa-associated monoclonal gammopathies. 
Next, Pearson correlation analysis of M-spike values and free λ 
and λ/κ ratio data for lambda-associated gammopathies revealed 
correlation R2 = 0.404 (p<0.0001) and R2 = 0.473 (p<0.0001), 

respectively (Figure 4). Since R2 = 0.16, it implies that ~16% of 
the variation in M-spike size can be associated with specific free κ 
light chain concentrations. These results revealed that the size of 
the M-spike assessed by serum TPE analysis positively correlated 
with increased values of free lambda light chain and λ/κ ratio 
in serum from patients diagnosed with lambda-associated 
monoclonal gammopathies. 

Discussion

In our study, the enumerated parameters of M-protein and 
corresponding alterations in FLC values and light chain ratio 
were correlated. The results revealed a relatively low, although 
statistically significant, correlation between M-spike size and 
concentrations of serum FLC, especially for the free kappa light 
chain but a markedly higher correlation between M-protein 
values and FLC ratios. Although it is reported that elevated 
serum FLC (κ+λ) levels are highly correlated with an added risk 
of developing monoclonal gammopathy [7]. Furthermore, Singh 
et al. emphasized that FLC concentrations and κ/λ ratio were 
less consonant with the proven identification of monoclonal 
gammopathy [7]. In their report, the FLC κ/λ ratio rates did not 
detect 27% of all monoclonal gammopathies, specifically the 
κ/λ ratio was within the normal reference interval for 31.2% 
of λ-associated gammopathies and 23.7% of κ-associated 
gammopathies. However, for MGUS, 55% of the samples tested had 
a κ/λ ratio rate within the reference interval, concluding that these 
methods cannot serve as a stand-alone diagnostic assessment to 
rule out MGUS, and should be confirmed with electrophoresis 
methods and/or the analysis of the bone marrow specimens to 
establish a diagnosis of monoclonal gammopathy [8]. Our data, on 
the other hand, showed that λ and λ/κ ratio had a slightly better 
correlation with M-spike size than κ and κ/λ ratio. Regardless, the 
deficiencies of FLC detection and enumeration in individuals with 
and without established paraproteinemia have been reported in 
specific clinical settings [9,10]. SPEP and IFE results were reported 
to be more concurring with the proven disease more frequently 
than κ/λ ratio values, which does not exclude the possibility of 
monoclonal gammopathy by having a normal κ/λ ratio values, as 
shown herein and elsewhere [8,9]. 

The measurement of FLC in serum specimens is a highly 
specific and sensitive method, although it encounters several 
deficiencies, including cases with kidney dysfunction where 
the serum FLC concentrations are greatly affected. In the case 
of chronic kidney disease, the half‐life of FLC in serum elevates 
significantly and, thus, interferes with the accurate characterization 
of FLC concentrations [11]. Second, given that FLC is unique in 
each person, the detection of individual light chains may vary 
considerably depending on the utilized methodology [12]. Since the 
Free lite method used here utilizes one type of polyclonal antibody 
for detecting FLC, it is possible that not all antigenic determinants 
can be detected, and certain types of FLC alterations common in 
paraproteinemia may evade correct assessment [10]. In addition, 
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pure correlations observed between the two parameters in our 
study might be due to the polymerization of free light chains, 
causing a possible overrating in certain samples [13]. Despite 
the utilization of methodologies that correctly capture antigen 
excess, some specimens comprising specific monoclonal light 
chains may demonstrate a non-linear dilution trend resulting in 
higher anticipated results in the subsequent diluted samples [14]. 

It was also reported that sufficient concentrations of polyclonal 
FLC can mask correct levels of serum κ/λ ratios [15]. Interestingly, 
it was also shown that the incorrect values of κ/λ ratio may be 
induced by the deficiency of light chain production of secretion, 
predominantly κ light chain. Such cases with suspicious κ/λ ratio 
and typically decreased concentrations of serum FLC may point 
to a B cell misfunction, rather than a B cell clonal expansion [16].

Figure 2: Distribution analysis of free lambda light chain concentration results. Free light chain concentrations were assessed as described 
in M&M in serum samples of patients with lambda-associated monoclonal gammaglobulinemia. Verification of normal distribution pattern 
was done using Sigma Plot software for free lambda light chain (A) and λ/κ ratio (B). Left panels represent distribution histograms and right 
panels represent normal probability plots.

In humans, it has been documented that plasma cell myelomas 
are 60:40 of κ to λ chain, like the ratio of immunoglobulins 
production [7]. In the present study, the κ chain gammopathy was 

two-fold higher than λ gammopathy. This may raise the possibility 
that λ gammopathy is under-detected if only serum testing has 
been performed and urine proteins were less than 200 mg/L 
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[17]. Furthermore, our results suggest that patient screening or 
management based exclusively on FLC detection may underscore 
some patients due to incorrect differential classification. Some 
patients may be judged at greater risk in the case of MGUS or may 
have an inadequate reaction to therapy in the case of multiple 
myeloma. For instance, an increase in false-negative κ/λ ratio rate 

was reported in patients with visible monoclonal gammopathy 
with λ light chain monoclonal immunoglobulins [8]. Thus, 
although the correlation between M-protein size and abnormal 
FLC concentrations and ratio was detected, the clinical feasibility 
of practical utilization of these results is still questionable. 

Figure 3: Regression analysis of M-spike size and free kappa light chain concentration. Free light chain concentrations and M-spike size 
were assessed as described in M&M in serum samples of patients with kappa-associated monoclonal gammaglobulinemia. Results of a 
potential correlation between M-spike size and free kappa level (left panel) and M-spike size and κ/λ ratio (right panel) are shown.

Limitations

The limitation of the present study relies on its retrospective 
nature and the lack of comprehensive clinical characterization 
of the gammopathy subtype. Secondly, the patient’s clinical 
conditions, such as kidney function status, were not studied in 
relation to serum light chain concentrations. The current data 
allow us to question the interchangeable usage of M-spike and 
serum FLC parameters for monitoring patients with proven 
monoclonal gammopathy as well as the clinical practicability of 
the FLC ratio as a substitute for M-protein size in evaluating these 
patients.

Conclusion

In conclusion, our results revealed a statistical correlation 
between the size of serum M-spike detected by electrophoresis 
assay and increased values of free light chains and FLC ratios. 

However, the low correlation coefficient values between the 
M-spike size and free light chain ratio does not necessarily suggest 
that these tests may be used interchangeably for diagnosis or 
monitoring purposes.
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