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Abstract:

Introduction

Introduction: Multiple Myeloma (MM) is a malignant disease
of the hematopoietic system, which is classified as malignant
tumor of mature B-lymphocytes according to the classification
of WHO. Multiple Myeloma is characterized by an uncontrollable monoclonal proliferation of bone marrow plasma cells.
The main goal of this study was to present the importance of
determining κ and λ chains in serum and urine, as well as their
ratio in patients with Multiple Myeloma according to various
stages of disease and to compare them with the control group.
Methods: The research was conducted at the Clinic for Hematology, University Clinical Center Sarajevo (UKCS). The study
included 82 patients of both genders (41 male, 41 female). The
control group included 20 healthy volunteers, both genders.
The conducted research was a clinical, cross-sectional, descriptive study.Methods of work were Immunoelectrophoresis - for
determining Bence-Jones proteins in urine. Determining the
concentrations of free light chains in patients with Multiple
Myeloma was done using the nephelometric method in serum
and urine.
Results:Patients with Multiple Myeloma had a statistically significantly higher ratio value of κ/λ chains in serum 3,9 (0,5722,48) when compared to the control group 1,35 (1,15-1,79)
(p=0,025), as well as, significantly higher ratio value of λ chains
in urine 0,007 (0,003-0,003) in comparison with the control
group 0,0 (0,0-0,0) (p<0,001). Patients with Multiple Myeloma
had a statistically significantly higher ratio value of κ/λ chains in
urine 18,49 (0,27-73,29) in comparison with the control group
of volunteers 0 (0-0) (p<0.001).
Conclusions: The results of our research have shown that the
ratio of κ/λ chains in the serum of patients with MM had a
significantly higher value 3,9 (0,57-22,48) in comparison with
the κ/λ chains in the serum of the control group of volunteers
1,35 (1,15-1,79) (p=0,025).
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Multiple myeloma (MM) is a malignant disease of the
bloodstream system classified into a group of malignant
neoplasms of mature B lymphocytes according to the
division of the World Health Organization (1). Multiple myeloma is characterized by uncontrolled monoclonal proliferation of plasma cells in the bone marrow
(2). Since malignant plasma cells generally retain the
ability of synthesis and immunoglobulin secretion, one
of the major features of the disease is the finding of
monoclonal protein (M protein), (whole molecules of
immunoglobulin and/or light chains) in serum and/or
urine (3). Depending on the stage of the disease with
the monoclonal protein, the disease is marked by a
different degree of bone, osteolytic changes, anemia,
hypercalcemia, kidney damage, hypervisic syndrome
and blood clotting disorder. There are two phases in
the pathogenesis of multiple myeloma. The first phase
is the appearance of monoclonal plasma cells that are
due to the antigenic stimulation of plasmablasts (possibly infection or general inflammation), lymphocytes
B that have undergone a differentiation process in the
germinal lymph node and where the relocation of immunoglobulin genes is completed and migrated to the
bone marrow where the differentiation in the longlived plasma cells ends. Antigen stimulation leads to
proliferation of cells, which may result in new changes. The diagnosis of MM is based on the presence of
the monoclonal plasma cells excess in the bone marrow, monoclonal immunoglobulins in serum or urine
and associated organ or tissue damage such as hypercalcemia, renal failure, anemia or bone lesions (4,5).
In about 60% of patients, the M-component is IgG, in
20-25% IgA, and significantly less IgM, IgD or IgE (6).
In the other 15-20% of patients, only a cappa or just a
lambda chain is obtained by a plasma cell that, due to
its relatively small molecular weight, is easily found in
the urine and is known as the Bence-Jones protein. In
these patients, BJ proteniuria is not associated with the
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M component (light chain disease). However, about
80% of malignant plasma cells synthesize a complete
immunoglobulin molecule as well as a large amount
of light chains so that the M-component is present in
the serum, as well as the BJ protein in the urine (7, 8).
The clinical picture of MM is initially nonspecific. The
most common symptoms are weakness (82%), bone
pain (58%), fatigue (32%), and weight loss (24%).
There are also symptoms that occur more rarely such as
increased tendency to bleeding on the skin and mucous
membranes (13%), hyperviscocity, recurrent infections
(13%), different degrees of renal damage (20%). Often in clinical practice, acronym of CRAB - from C
- calcium, R - renal (renal insufficiency), A - anemia,
B - bone lessions - is used for the description of the
most common laboratory and / or clinical manifestations: hypecalcemia, kidney damage, anemia and bone
lesions that define the symptomatic myeloma (9, 10).
Diagnosis of MM is established according to strictly
defined rules proposed by the World Health Organization, and the classification is by Salomon-Durie
(Graipp) (11, 12, 13).
Since the MM is characterized by the production of
any κ or λ chains, we aimed to determine their significance in the individual occurrence either in serum
or urine in relation to the stage of the disease and to
determine the ratio of κ / λ chains in serum and urine
as a potential early marker of the change in the phase
of MM illness.

Materials and methods
Subjects
The study included 82 patients of both sexes (41 women and 41 men). The research was conducted at the
Clinic for Hematology, University Clinical Center Sarajevo (UKCS). The conducted research was a clinical,
cross-sectional, descriptive study.
A group of patients with multiple myeloma patients
included 62 patients who were hospitalized and diagnosed in the Clinic for Hematology at the University
Clinical Center Sarajevo. The diagnosis of the disease
has been established in accordance with the guidelines
of the World Health Organization (WHO), based on
anamnestic data, an objective examination of a hematologist specialist and laboratory findings. The control
group included 20 healthy subjects of both sexes, without clinical and biochemical signs and symptoms of
the disease, who voluntarily agreed to participate in the
study.
The selection of partitipants for inclusion in the study
was done after detailed information of potential partitipants on the significance and methods of research,
filling out the questionnaire and giving their written
consent. The survey questionnaire contained general
Folia Med. Fac. Med. Univ. Saraeviensis 2017; 52(2): 60-67

information such as demographic data, habits (smoking, drinking coffee) and special information on the
duration of the disease, on previous diseases and medicines, or the treatment that was used earlier.
Exlusion criteria for the study were: the presence of
another malignant disease, addiction to narcotics, age
under 18 years, treatment for some other malignant
disease in the past 5 years.
For the determination of Bence-Jones proteins in urine
immunoelectrophoresis was used. Determination of
light and heavy chain serum concentrations was done
by nephelometric method. Determination of light and
heavy chain urine concentrations was done by nephelometric method. Nephelometric determination of light
and heavy chain concentrations in the urine and in the
serum of multiple myeloma patients was performed on
Dade Behring Nephelometer.
Statistical analysis
Normal distribution of variables was examined by
Kolmogorov Smirnov test. The results were statistically
analysed so that for each parameter the median and
interquartile range was determined. Man Whitnay U
test was applied to test the differnce in variables that
were not normally distributed. A Kruskal-Wallis test
was used to determine the statistically significant difference in mean values of variables between multiple
groups. The correlation coefficient between the variables was determined by the Spearman method. The
value of <0.05 was taken as statistically significant.
Analyzes were made using the statistical program SPSS
Version 17.

Results
The results are presented as a median and interquartil
range (25-75 percentiles). P-value is in the ratio to the
control group of subjects.

Figure 1. The ratio of serum κ / λ chains in patients with
multiple myeloma and in the control group of subjects
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Patients with multiple myeloma had statistically significantly higher values of the κ / λ chains ratio in serum 3.9 (0.57-22.48) compared to control group 1.35
(1.15-1.79) (p = 0.025).

Figure 4. Level of serum κ chains in patients with
multiple myeloma and in the control group of subjects

Figure 2. The level of λ chains in urine in patients with
multiple myeloma and in control group of subjects

Patients with multiple myeloma had statistically significantly higher values of λ chains in urine 0.007
(0.003-0.003) compared to control group 0.0 (0.00.0) (p <0.001)

Legend: CG- control group; GP- group at presentation; R- remission group; Rerelapse group; p is in the ratio to the control group of subjects
* in ratio to the control group of subjects
** in ratio to the group of newly diagnosed patients with MM
*** in ratio to the group of patients with MM in remission (plateau phase) of the
disease

The serum κ chain values in patients with newly discovered MM was 7.74 g/L (3.22 g/L - 11.15 g/L) and
was statistically significantly higher in relation to the
control group 3 g/L (2,19 g/L - 3.4 g/L; p = 0.003)
and in relation to the group of patients with multiple
myeloma in remission phase 2.9 g/L (1.22 g/L - 6.27
g/L; p = 0.01). There was no significant difference in
serum κ chain values in patients with relapse multiple
myeloma 4.4 g/L (1.6 g/L-6.75 g/L) compared to the
control group (p = NS) and also in patients with multiple myeloma with other stages of the disease.

Figure 3. The ratio of κ / λ chains in the urine in
patients with multiple myeloma and in the control
group of subjects

Patients with multiple myeloma had statistically significantly higher values of κ / λ chains ratio in urine 18.49
(0.27-73.29) compared to control group 0 (0-0) (p <0.001)
Serum κ chain values, serum λ chain values and urinary chain λ values did not differ significantly between multiple myeloma patients and control group.
ROC curve analysis showed that the values of serum κ
chains, serum λ chains, and λ chains in urine did not
show significant (potential) biomarker importance.
62

Figure 5. The level of λ chains in urine in patients with
multiple myeloma and in the control group of subjects
Legend: CG- control group; GP- group at presentation; R- remission group; Rerelapse group; p is in the ratio to the control group of subjects
* in ratio to the control group of subjects
** in ratio to the group of newly diagnosed patients with MM
*** in ratio to the group of patients with MM in remission (plateau phase) of the
disease
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Compared to the value of λ chains in urine of the the
control group 0 (0.00 - 0.0 g/L), the value of λ chains
in urine of patients with newly discovered multiple myeloma 0.0046 g/L (0.0034 g/L - 0.99 g/L; p <0.001),
in patients with multiple myeloma in remission phase
0.00985 g/L (0.0035 g/L - 0.0329 g/L; p <0.001) and
in patients with multiple myeloma in relapse phase
0.00975 g/L (0.0041 g/L - 0.034 g/L; p <0.001) was
statistically significantly higher. There was no significant difference in the concentration of λ chains in
urine between patients with multiple myeloma divided
by disease phase (p = NS).

The value of κ / λ chains ratio in urine in the control
group 0 (0.0-0.0) was statistically significantly lower in
relation to the value of κ / λ chains ratio in the urine of
newly detected patients with multiple myeloma 25.14
(0.22- 59.99, p <0.001), patients with multiple myeloma in remission 9.76 (0.50-65.68), and in relation
to the values in patients with multiple myeloma in relapse 13.19 (0.11-100.68 ). There was no significant
difference in the values of κ / λ chains ratios in urine
between patients with multiple myeloma divided by
the stage of the disease (p = NS). The serum λ chains
value, serum κ / λ chains ratio value and λ chains value
in urine did not statistically significantly differ between
patients with multiple myeloma divided by the disease
phase and the control group of subjects.
Statistically significant correlation was determined between λ chains in serum with κ chains in serum (rho=
0.477; p=0.03); κ chains in urine and λ chains in serum (rho=0.606; p=0.004) and highly negative correlation between λ chains in serum with the ratio of κ
/ λ chains in serum (rho=-0.648; p=0.004). A statistically significant negative correlation between age and κ
chains value in urine was observed in the control group
(rho=-0.522; p=0.018), while with other parameters
of the multiple myeloma, the age was not significantly
correlated (p = NS).
Statistically significant correlation was determined
between κ chains in serum with ratio of κ / λ chains
in serum (rho= 0.851; p=0.000001); κ chains in serum with κ chains in urine (rho=0.437; p=0.0003); κ
chains in serum with the ratio of κ / λ chains in urine
(rho=0.605; p=0.000003); between λ chains in serum
and urine (rho=0.505; p=0.000002); κ chains in urine
with the ratio of κ / λ chains in serum (rho=0.419;
p=0.0006) as well as between the ratio κ / λ chains
in serum and urine (rho=0.667; p=0.0000002). Sta-

Figure 6. The ratio of κ / λ chains in urine in patients
with multiple myeloma and in the control group of
subjects
Legend: CG- control group; GP- group at presentation; R- remission group; Rerelapse group; p is in the ratio to the control group of subjects
* in ratio to the control group of subjects
** in ratio to the group of newly diagnosed patients with MM
*** in ratio to the group of patients with MM in remission (plateau phase) of the
disease

Table 1. Correlation between different MM parameters and correlation between MM parameters and age in the
control group
κ chains in

λ chains in
serum (g/L) serum (g/L)

Parameters

κ chains in serum

(g/L)
λ chains in serum
(g/L)
ratio κ/λ chains in
serum
κ chains in urine
(g/L)
λ chains in urine
(g/L)
ratio κ/λ chains in
urine
Age (years)

rho
p=
rho
p=
rho
p=
rho
p=
rho
p=
rho
p=
rho
p=

0,477
0,033
0,248
NS
0,347
NS
.
.
.
.
0,066
NS

0,477
0,033
-0,648
0,001
0,606
0,004
.
.
.
.
-0,147
NS
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ratio κ/λ
chains in
serum

κ chains in

λ chains in
urine (g/L)

0,347
NS
0,606
0,004
-0,368
NS

.
.
.
.
.
.
.
.

urine (g/L)

0,248
NS
-0,648
0,001
-0,368
NS
.
.
.
.
0,244
NS
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.
.
.
.
-0,522
0,018

.
.
.
.

ratio κ/λ
chains in
urine
.
.
.
.
.
.
.
.
.
.
.
.

Age (years)
0,066
NS
-0,147
NS
0,244
NS
-0,522
0,018
.
.
.
.
-
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Table 2. Correlation between different MM parameters and correlation between MM parameters and age in the
patient groups
κ chains in

λ chains in
serum (g/L) serum (g/L)

Parameters

κ chains in serum

(g/L)
λ chains in serum
(g/L)
ratio κ/λ chains in
serum
κ chains in urine
(g/L)
λ chains in urine
(g/L)
ratio κ/λ chains in
urine
Age (years)

rho
p=
rho
p=
rho
p=
rho
p=
rho
p=
rho
p=
rho
p=

-0,384
0,002
0,851
0,000001
0,437
0,0003
-0,290
0,022
0,605
0,000003
0,113
NS

-0,384
0,002
-0,737
0,000001
-0,153
NS
0,505
0,000002
-0,373
0,017
-0,181
NS

ratio κ/λ
chains in
serum

λ chains in
urine (g/L)

0,437
0,0003
-0,153
NS
0,419
0,0006

-0,290
0,022
0,505
0,000002
-0,427
0,0005
0,363
0,003

urine (g/L)

0,851
0,000001
-0,737
0,000001
0,419
0,0006
-0,427
0,0005
0,667
0,0000002
0,096
NS

tistically significant positive correlation was determined between κ chains in urine and λ chains in urine
(rho=0.365; p=0.003) and κ chains in urine with the
ratio of κ/ λ chains in urine (rho=0.888; p=0.000001).
Statistically significant negative correlation was determined between κ and λ chains in serum; κ chains in
serum and λ chains in urine; λ chains in serum and the
ratio of κ / λ chains in serum; κ / λ chains in urine and
λ chains in serum; κ / λ chains in urine and λ chains
in urine (rho=-0.384; p=0.002; rho=-0.290; p=0.022;
rho=-0.737; p=0.000001; rho=-0.373; p=0.017; rho=0.427; p=0.0005; rho=-0.425; p=0.006 respectively)
There was no statistically significant correlation between age and disease parameters in patients with multiple myeloma (p = NS)

Discussion
The results of our study showed that the serum κ / λ
chains ratio in MM patients had significantly higher
values of 3.9 (0.57-22.48) than serum κ / λ chains ratio
in the control group 1, 35 (1.15-1.79) (p = 0.025).
Hutchinson et al. (14) investigated the “justifiability”
of serum Free Light Chains (FLC) in diagnosing multiple myeloma in patients with severe renal failure. The
study comprised 142 subjects. All patients with MM
had an abnormally high ratio of serum κ / λ chains,
which is consistent with our results. Drayson et al. (15)
who investigated the concentration of FLC and the ratio of serum κ / λ chains in patients with non-secretory
MM, came to a similar conclusion. Katzmann and al.
(16), in their study, aimed at determining the contribution of urine screening for monoclonal gammopathies,
concluded that patients with MM have an abnormally
elevated serum κ / λ chains ratio, which is in line with
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κ chains in

0,363
0,003
0,888
0,000001
0,020
NS

-0,425
0,006
-0,128
NS

ratio κ/λ
chains in
urine
0,605
0,000003
-0,373
0,017
0,667
0,000002
0,888
0,000001
-0,425
0,006
0,068
NS

Age (years)
0,113
NS
-0,181
NS
0,096
NS
0,020
NS
-0,128
NS
0,068
NS
-

our research.
Katzmann et al. (17) came to similar results to ours,
where for the differentiation between patients with
MM and the control group of subjects the greatest
importance was the value of λ chains concentration in
the urine, and then the ratio of κ / λ chains in urine,
certainly also because, as they did not appear even in
the trace in the control group of the subjects. The third
place in importance was the ratio of serum κ / λ chains.
Their study, aimed at determining the contribution of
urine screening for monoclonal gammopathies, involving 428 patients, concluded that the determination of
serum light chain and their relationship was sufficient
for screening. However, in order to eliminate the urine
test it was necessary to perform three different tests (determination of serum κ / λ chains ratio, serum protein
electrophoresis and serum immunofixation) since none
of the tests were individually positive in more than
93.5% of cases, while in all 428 patients monoclonal
protein was found in urine. Of this, 426 patients required therapy, which is in line with our research, and
the determination of urinary FLC has been shown to
be a very simple, reliable and practical method with
high specificity and sensitivity as a marker of early disease relapse.
Something different came from Kang et al. (18) who
investigated the utility of serum and urine FLC determination as a tumor marker of multiple myeloma.
Their research has shown that the highest sensitivity
has shown the light κ / λ chains ratio in serum and
urine, which is not entirely consistent with our research. In almost all patients, they found abnormally
high concentrations of light chains in serum and urine,
and they can be used as biomarkers for MM diagnosis,
which is consistent with our research.
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In our study, the results showed that patients with MM
had statistically significantly higher concentration of λ
chains in the urine compared to the control group of
subjects. In the control group, the presence of λ chains
was not noticed, and hence the concentration value
should be increased in the studied patients by the stages of the disease and in general.
Song et al. (19) investigated the concentrations of serum lightweight proteins and their significance in the
light chains multiple myeloma. The aim was to determine the clinical significance of serum light chains.
They tested 37 newly diagnosed patients with MM
light chains. In this case, 17 patients were κ light type,
and 20 patients were λ light type. They have come to
the conclusion that all patients exhibited abnormally
elevated values of κ and λ chains during diagnosis. The
correlation of sFLC with uFLC and renal impairment
was analysed. The concentrations of light chains were
determined both in the serum and in the urine, both
before and after chemo. They have come to the conclusion that all patients showed abnormally elevated
values of κ and λ chains during diagnosis. Serum and
urinary light chains were not correlated. In 12 patients
with very good partial remission and normal urinary
light chain concentration, the serum light chains concentration was abnormally elevated in 8 patients. Accordingly, it has been concluded that the serum light
chains are more suitable for monitoring the response to
therapy than the urinary λ light chains, which is inconsistent with our research. In our study, of 62 subjects
we had 44 patients with MM κ type and 18 patients
with MM λ type. All patients had abnormally elevated
values of κ and λ chains during diagnosis as in Song’s
study. Our study showed that patients with MM had
a statistically significantly higher value of the κ / λ
chains ratio in urine 18.49 (0.27-73.29) relative to the
control group of subjects 0 (0-0) (p <0.001) that had
negative correlation with concentration of λ chains in
urine (rho=-0.425; p=0.006) and positive correlation
with concentration of κ chains in urine (rho=0.888;
p=0.000001)(Table 2).
Mead et al. (20) measured the serum light chains concentration in patients with MM that produces monoclonal intact immunoglobulin proteins. The concentration was measured in 493 patients. Abnormally
high concentrations were observed in 96% of patients
with newly detected MM. FLC concentrations fell in
response to treatment. This is in line with our research,
which has also shown that the FLC concentration can
be used as a biomarker in monitoring the course of the
disease.
Our study showed that the value of κ chains values in
the serum with newly detected MM was statistically
significantly higher in relation to the control group and
compared to the group of patients with MM in the
Folia Med. Fac. Med. Univ. Saraeviensis 2017; 52(2): 60-67

remission phase. We did not find a significant statistical difference in the κ chains values in the serum of
patients with MM in the relapse phase compared to the
control group, as well as in the group of patients with
MM in other stages of the disease.
Compared to the control group, the value of λ chains
in urine 0 (0.0.0-0.0 g/L) was statistically significantly
higher in patients with newly discovered MM 0.0046
g/L (0.0034 g/L -0.00 g/L; p <0.001), in MM patients
in remission phase 0.00985 g/L (0.0035 g/L - 0.0329
g/L; p <0.001) and in patients with MM in relapse
phase 0.00975 g/L (0.0041 g/L - 0.034 g/L; p <0.001).
There was no significant difference in the concentration of λ chains in urine among patients with multiple
myeloma divided by disease phase (p = NS).
Malysz et al. (21) in their 117-patient study concluded
that FLC concentrations were significantly higher in
random urine samples, both in newly diagnosed and
in post-therapy MM patients, which is consistent with
our research .
Our results are in line with the research by Abracham
S.R. et al. (8) who investigated the correlation of serum
FLC quantification with urinary Bence-Jones protein
in MM light chains and found that the concentration
of λ chains in urine was significantly increased in patients with MM.
The values of λ chains in the control group were in
trace, so that each value observed during the course of
the disease was significant.
The value of κ / λ chains ratio in urine in the control
group 0 (0.0-0.0) was statistically significantly lower in
relation to the value of κ / λ chains ratio in the urine of
newly detected patients with multiple myeloma 25.14
(0.22-59.99, p= 0.001), patients with multiple myeloma in remission 9.76 (0.50-65.68), and in relation to
the value of patients with multiple myeloma in relapse
of the disease 13.19 (0.11-100.68). There was no significant difference in the ratio of κ / λ chains in the
urine between patients with multiple myeloma divided
by the stage of the disease (p = NS).
Yang et al. (22) analyzed the serum and urinary monoclonal proteins of 72 patients with MM and found that
in all patients, the ratio of κ / λ chains in the urine was
significantly elevated relative to the reference values,
which agrees with the results of our research (Table 2).
A statistically significant negative correlation between
the age and κ chains in urine was observed in the control group (rho=-0.522; p=0.018), while with other
parameters of the multiple myeloma, the age was not
significantly correlated (p = NS). Similar results came
from Herkner KR et al. (23) that followed the κ and
λ chain concentrations, as well as their ratio in 1543
healthy pediatric patients. They concluded that the
concentration of κ chains in the serum changes with
the age of the subjects and showed a linear increase in κ
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/ λ chains ratios with an increase in patient age, which
we did not find in our study. Bradwell et al. (24) determined the concentration of κ and λ chains and their
interaction with 444 inhabitants of Spain, and found
that there was no statistically significant difference in
the biomarker MM concentrations in the subjects of
the age of up to 70 years, but that in patients older than
70 years there was statistical a significant increase in
biomarker MM parameters, which is partially inconsistent with our results.

Conclusion
Our study did not establish a statistically significant
correlation between age and disease parameters in patients with MM. The results of our research are partially agreed with the research of Kyrtsonis et al. (25)
who tested patients aged 21-90 years. Their research
showed that the concentration of κ and λ chains grew
with increasing age. The highest increase was observed
in patients over the age of 80 years, which is not in
line with our research. There is no dependence on age
when it comes to the ratio of κ and λ chains, since we
have observed only negative correlation between the
urine κ chains concentration and the age (rho=-0.522;
p=0.018) within the control group of subjects (Table
1).
Our study showed that there was no statistically significant correlation between age and disease parameters in
patients with newly detected MM (p = NS). There was
no statistically significant correlation between age and
disease parameters in patients with MM in the remission phase (p = NS).
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