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Objective: Monoclonal gammopathies reflect conditions of plasma B-cell disorders. Our objective was to
identify the prevalence and types of these gammopathies in our population.

Methods: A 10 year retrospective study was conducted. Serum and/or urine protein electrophoresis
were performed on 6624 samples. Positive bands were further tested by immunofixation (IFE).

Results: Homogenous bands were detected in 7% of the patients. IFE method confirmed 6.3% in which
59% were males and 41% were females. The mean age was 64.7 for females and 66.5 for males. The sensitivity
and specificity were 91% and 99% respectively. The most common protein was IgG kappa 41%, followed by
IgG lambda 19%. Sixty-eight percent of these patients had monoclonal gammopathy of undetermined
significance and 14.6% had multiple myeloma.

Conclusion: The majority of the studied population had MGUS. This observation is in concord with other
western populations. The sensitivity and specificity of protein electrophoresis is diagnostically and reasonably
acceptable.

© 2010 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
Introduction

Monoclonal gammopathies are a group of disorders characterized
by uncontrolled proliferation and accumulation of plasma cells with
the overproduction of monoclonal immunoglobulin proteins [1].
These proteins are commonly referred to as monoclonal proteins,
M-proteins, M spikes, paraprotiens or immunoglobulinapathies
which can be detected in the serum or urine of the patients. They
consist of 2 heavy chains of the same class and 2 light chains of either
kappa (κ) or lambda (λ). In some cases, the plasma cells produce only
free light chains (FLC) mostly detected in the urine and known as
Bence-Jones proteins [2].

In a study conducted in 2003 it was shown that plasma cell
disorders account for 7% of all hematological malignancies, with
approximately 14,000 newly diagnosed cases in the United States
annually [3]. The median age of diagnosis is approximately 65 years,
and 2% to 4% less than 40 years. Males are diagnosed approximately
twice as frequently as females.
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In some cases monoclonal gammopathy is a result of an underlying
malignancy known as plasma cell dyscrasia. This type is usually asso-
ciated with multiple myeloma (MM), amyloidosis (AL), Waldenström's
macroglobulinemia (WM) or solitary plasmacytoma. In other cases it is
a result of a benign clonal expansion with no symptoms. This type is
referred to as monoclonal gammopathy of undetermined significance
(MGUS) [4]. It has been reported thatMGUS,MMandamyloidosis ALare
the most common monoclonal gammopathies [5,6].

MM accounts for a small percentage of all cancers, however the
costs associated with myeloma are among the highest. In addition, it
has been estimated that among the 1,437,180 of new cancer cases
projected for 2008, approximately 19,920 individuals will be diag-
nosedwithMM. Themedian age at diagnosis is 70 years, andmyeloma
occurs in males (7 per 100,000) at a rate 56% higher than females
(4.5 per 100,000). The highest prevalence rate occurs in African–
Americans, especially aged 80–84 years and older [7]. There has been a
significant improvement in the overall 5-year survival in patients with
MM since the 1960s: 12% from 1960 to 1963 for whites to 34% from
1996 to 2003 for all races. Approximately 10,790deaths frommyeloma
are anticipated this year [8].

The signs and symptoms of MM are nonspecific, and sometimes,
the diagnosis is suspected due to abnormal laboratory tests alone.
Asymptomatic or minimal symptoms but abnormal laboratory tests
ed by Elsevier Inc. All rights reserved.
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were reported as around 11% by Kyle [9]. Finding a monoclonal
immunoglobulin in the blood might be the first step in making the
diagnosis of MM. Hyperproteinemia was first demonstrated in MM in
1928 by Perlzweig et al. [10].

To detect monoclonal proteins a reliable sensitivemethod needs to
be applied. Tiselius and Kabat [11] initially demonstrated antibody
activity in the gamma globulin fraction using the moving-boundary
method of electrophoresis. The moving-boundary electrophoresis
apparatus, using a U-tube, became commercially available, but it was
very cumbersome. In 1951, filter papers as a support permitted the
separation of protein into discrete zones, which could be stained with
a variety of dyes [12]. Later on immunoelectrophoresis was described
by Grabar and Williams in 1953 [13]. Eleven years later, immunofixa-
tion was introduced by Wilson [14]. Nowadays serum and/or urine
protein electrophoresis using agarose gel is classically performed in
most laboratories to detect theM-proteins in the samples and this can
be confirmed by immunofixation.

A critical milestone was the concept of monoclonal versus
polyclonal gammopathies presented in the Harvey Lecture Series by
Jan Waldenström in 1961 [15]. He described patients with a narrow
band of hypergammaglobulinemia on electrophoresis as having a
monoclonal protein. Many of these patients had MM or macroglobu-
linemia, but others had no evidence of malignancy and he considered
them to have “essential hypergammaglobulinemia” or a “benignmono-
clonal protein.” Today, the preferred term is MGUS, because MM,
macroglobulinemia, light chain amyloidosis AL, or a related disorder
may subsequently develop [16].Waldenström regarded the broad band
in hypergammaglobulinemia as a polyclonal increase in proteins. A
distinction between monoclonal versus polyclonal gammopathies is
important because patients with amonoclonal gammopathy either have
aneoplastic process ormaydevelop amalignancy,whereas patientswith
a polyclonal gammopathy have an inflammatory or reactive process [16].

Methodology

Patients

The records of 6624 patients in whom either serum and/or urine
protein electrophoresis were performed at the King Fahad National
Guard Hospital, Riyadh, Saudi Arabia, from January 1, 1996, to
December 31, 2006, were reviewed.

The diagnosis of MM was based on the following findings: (1) in-
creased numbers of abnormal, atypical, or immature plasma cells in
the bone marrow or histological proof of plasmacytoma; (2) presence
of an M-protein in the serum or urine; or (3) bone lesions consistent
with those of MM.

Patients with MGUS, smoldering MM, solitary plasmacytoma, and
plasma cell leukemia were also included. Patients with primary
amyloidosis AL were included only if features of MM predominated.

Initial values were derived from laboratory tests performed within
1 month of the diagnosis of MM. Radiographs and other test results
were also obtained and evaluated. The MM patients studied fulfilled
the South-West Oncology Group (SWOG) and International Myeloma
Working Group (IMWG) criteria for MM diagnosis [17,18]. All patient
demographical data were recorded and evaluated.

Samples

Blood samples were collected using vacutainer gel separator tubes
(Becton Dickson, USA) and left to clot for 15–30 min at room
temperature before centrifugation at 3000 RPM for 10 min. Primary
sample tubes were transferred immediately to the chemistry and
immunonephelometer analyzers to determine the total protein
and immunoglobulin levels respectively. Serum samples were then
separated in secondary plastic tubes and stored frozen (−20 °C) for
future electrophoresis testing.
Urine samples were collected for 24 h by patients and delivered to
the laboratory where the total volume was measured. Samples were
then delivered to the chemistry laboratory in which total protein
electrophoresis was performed by the same analyzers described for
serum samples.

Experimental

Protein electrophoresis (PE) using Beckman (USA) agarose gel was
performed on all samples, which was then treated with acid blue stain
to visualize proteins and scanned with a Beckman apprise densitom-
eter. Each gel contained 10 lanes wherein which 8 samples and two
normal and abnormal controls were included in each run.

Immunofixation (IFE) method using gel and anti sera fixation
samples from Beckman (USA) was carried out on all suspected sam-
ples and also on those samples from controls that had an indistinct
band on protein electrophoresis. Every IFE gel contained 6 lanes
which were each occupied by one patient sample. Hospital medical
records were reviewed for all patients regarding diagnosis, para-
protein type and date of diagnosis.

The relative amount of each protein fraction was determined by
multiplying the relative amount by the total serum protein concen-
tration. Total protein wasmeasured on a clinical chemistry automated
analyzer, by the use of a colorimetric Biuret assay. Quantization of
immunoglobulin IgA, IgG, and IgM was performed on Dade Behring
BNII immunonephelometer.

Results

The flowchart in Fig. 1 shows that out of 6624 patients, homogenous
bandswere found in7%(n=468)of thepatients. IFEmethod, confirmed
that 6.3% (n=416) of the patients have a monoclonal gammopathy.
Among the negative electrophoresis results which equals 93%
(n=6156), only 0.7% (n=41) cases were confirmed positive for MM.
The sensitivity and specificity of gel electrophoresis in the studied
population were found to be 91% and 99% respectively.

Fig. 1 also shows the different types of the monoclonal immu-
noglobulins observed. They were identified as 41% (n=171) IgG
kappa, 19% (n=79) IgG lambda, 7% (n=29) IgMkappa, 3% (n=13) IgM
lambda, 2.6% (n=11) IgA kappa, 2.9% (n=12) IgA lambda, 14.7%
(n=61) free light chain kappa and9.6% (n=40) free light chain lambda.

By reviewing other tests, radiological, and bone marrow reports,
the differential diagnosis of these monoclonal gammopathy cases has
revealed that 68% of these cases were MGUS, 14.6% MM, 6.5%
lymphoma, 4% WM, 2.1% chronic lymphocytic leukemia and 4.8% of
unknown causes which could be of IgD or mixed cases.

Bi-colonel bands were observed in the blood of twenty-eight
(6.7%) cases. Twenty-five were identified as two heavy chains with
their corresponding light chains and the other three were only
isolated heavy chains and separate free light chains. Three cases were
MM and four were lymphoma, five WM, and sixteen MGUS. There
were also four cases identified as having tri-colonel antibodies and all
were MM.

Some patients have developed or complicated one or more sec-
ondary conditions for instance, 75 cases were associated with liver
diseases, 45 lung diseases, 45 renal diseases, 48 metabolic diseases,
41 cardiac diseases, and 33 infectious diseases.

Table 1 shows the age and gender distribution among MM
patients. There were 245 (59%) males and 171 (41%) females. The
age ranged from 9 to 100 years with amean of 66.5 formales and from
11 to 116 years with a mean of 64.7 for females.

Discussion

Monoclonal gammopathies can be an indicative of several diseases
that are difficult to diagnose due to the involvement of several tissues



Fig. 1. Flowchart of immunoglobulin proteins by SPE and UPE followed by IFE.
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and the nonspecific symptoms. Therefore identifying immunoglobulin
proteins in the serum or urine can be very helpful to asses in the
diagnosis of a disease such as MM and amyloidosis AL.

MM represents 1% of all cancers diagnosed in the United States and
10% of all hematological malignancies. The median age at diagnosis of
MM is 62 years. Only 2% to 3% of the cases were reported in patients
younger than 30 years [19]. The prevalence of monoclonal gammo-
pathy in the geriatric population is as high as 8% [20]. Kyle R.A. et al.,
have retrospectively reviewed the records of 1027 patients in whom
MM was initially diagnosed at the Mayo Clinic in Rochester, Minn,
USA from January 1, 1985, to December 31, 1998. Their results have
showed that 2% of the patients were younger than 40 years, and 38%
were 70 years or older. The median age was 66 years [21]. They also
reported that of these 1027 patients, 59% were males.

In another study of the Iowa Surveillance, Epidemiology, and End-
Results Registry (SEERR) [22], 1% of 4041 patientswithMM from 1973
Table 1
The age and gender distribution among patients with myeloma between 1996 and
2006.

Age No. of males (%) No. of females (%)

b20 3 (1.2) 3 (1.8)
20–29 12 (4.9) 9 (5.3)
30–39 18 (4.3) 16 (9.4)
40–49 26 (10.6) 21 (12.3)
50–59 47 (19.2) 29 (17.0)
60–69 51 (20.8) 39 (22.8)
70–79 36 (14.7) 23 (13.5)
80–89 29 (11.9) 15 (8.8)
90–99 21 (8.6) 15 (8.8)
N99 2 (0.8) 1 (0.6)
Total 245 (59%) 171 (41%)
to 1998 were younger than 40 years. Other studies, have found that
the average patient age at diagnosis was 68 years, and 99% of patients
diagnosed were older than 40 years [23,24]. These data agree with our
finding in which 35% of our myeloma patients are above the age of
70 years, but contrarily indicate that wemay have a higher prevalence
(15%) of myeloma in patients younger than 40 years; however, this
cannot be confirmed without conducting a large-scale study. In the
two previous studies, investigators have found that themedian age for
both females and males was the same and this also agrees well with
our data.

Noboru H. et al. investigated M-proteins detected by electropho-
resis in 12,531 Japanese patients between 1995 and 2000 [25]. They
have detected M-proteins in 0.8% (n=106) of the patients with a
mean age of 69.1 years. There was no significant difference between
the frequency of males and females. Their findings suggest that the
frequency of detecting M-protein increases with advanced age, and
the ratio of MM in the diagnosis of M-proteins is high. In our study, we
have shown a higher incidence of monoclonal proteins in our patients
compared to that of Noboru H. et al.'s study. This might be due to the
different types of population used in the study, as in our study we
used a hospital-based population whereas in Noboru H. et al.'s study
they used a community-based population.

In a study by Kyle et al. M-protein was detected in the serum of
93% of their patients, which is slightly higher than our finding (89%).
They also found that 63% of their patients had a kappa M-protein, and
37% had a lambda M-protein [26], which is similar to our data of 65%,
and 35% respectively. They also identified the type of monoclonal
proteins as 34% IgG kappa, 18% IgG lambda, 0.3% IgM kappa, 0.2% IgM
lambda, 13% IgA kappa, 8% IgA lambda, 9% free light chain kappa and
7% free light chain lambda. They have also identified 2% of bi-colonel
in their population. These data are slightly similar to our IgG data but
lower compared to our IgM and higher compared to our IgA.
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In a study by Bradwell, it was found that more than 50% of their
patients had IgG protein, which is similar to our data, and 20% had IgA
proteins, which is more compared to the data in our population. They
also revealed that the monoclonal light chain comprises up to15% of
all the new cases of MM [27].

Previous studies have indicated that MGUS is less prevalent in
Asian countries than in Western countries [28,29]. In our studied
population, we found a prevalence of 4.3% for MGUS. Studies
comparing hospital-based studies to population-based studies show
higher prevalence of MGUS in hospital-based population with more
than 5% of these patients older than 70 years [30,31]. The most
accurate population-based study indicated that the prevalence of
MGUS was 3.2% among 50 years or older people [27]. Racial
differences were also reported in some articles [32–35].

In a study of inpatients from US Veterans Affairs hospitals, the age-
adjusted prevalence rate for MGUS was 3 times higher among
African–Americans [33]. A previous small-scale study reported that
MGUS was less prevalent among elderly Japanese than among
Americans [34]. Moreover, in a study on 52,781 people, MGUS was
identified in 1088. The overall prevalence was 2.1%. Among those
individuals 2.4% were 50 years or older. The prevalence was
significantly higher in men than in women (2.8% versus 1.6%;
pb0.001). The heavy chain isotypes were IgG in 73.6% of the patients,
IgA in 17.7%, IgM in 7.5%, and oligoclonal gammopathies in 1.1%. They
concluded that the prevalence of MGUS is lower in the Japanese
population than that reported in Western countries among people
older than 60 years, especially among women [36].

Based on our observation, the most common immunoglobulin
found in our patients with MGUS was IgG (58%). This value is slightly
lower compared to what is reported in the American studied
population (68.9%) [37] and in the French studied population (68%)
[38]. In contrast, IgM was found to be 8% in our MGUS patients. This
value is similar to what is found in a the Swedish studied population
(8%) [39] but is lower than what was found in the American studied
population (17%) [37] and French studied population (24%) [38]. The
reason for this difference is poorly understood.

The exact etiology of MM remains unclear. Occasionally it is
identified within members of the same family, although no evidence
suggests a hereditary basis for this disease [40] The risk of developing
MM appears to be higher in populations of lower socioeconomic
status, particularly where diagnostic services are unavailable [41].
In addition, operating within nuclear industry, agriculture, or where
workers are exposed to wood dust increase the risk of developing
MM [42].

We conclude that the prevalence of monoclonal gammanopathies
is found to be 6.3% among clinically suspected population in this
institute. The prevalence in younger population is higher compared
to other countries; however, a large-scale data needs to be collected
to confirm this hypothesis. The most common monoclonal immu-
noglobulin observed in our studied population was IgG which
concords with other ethnic groups. The sensitivity and specificity of
the agarose gel electrophoresis is diagnostically and reasonably
acceptable.
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