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Background and Objectives. In this study the impact
of gender, age, type of M-component and concen-
tration of immunoglobulins on the risk of malignant
transformation in monoclonal gammopathy of unde-
termined significance (MGUS) was assessed.

Design and Methods. We identified 1,247 cases of
MGUS in the period 1978 to 1993 in North Jutland
County, Denmark. Data on cancer occurrence in the
MGUS cohort were obtained from the Danish Can-
cer Registry. The expected numbers of incident can-
cer cases were calculated from age-, sex-, county-,
and period-specific cancer incidence rates. The
impact of the variables mentioned above on the risk
of malignant transformation was analyzed in Pois-
son regression models.

Results. The relative risk of IgA compared to IgG
was 1.8 (95% confidence interval, 1.1-3.0), while
the relative risk of IgM compared to IgG was 1.1
(0.7-1.9). For all three types of MGUS, the risk of
malignant transformation was higher among
females than among males, and the risk increased
with increasing concentration of immunoglobulin
with very high risks for the patients with the highest
levels of immunoglobulin. Hypogammaglobulinemia
was associated with malignant transformation in
patients with IgG type MGUS. For IgG and IgM
MGUS, the risk decreased with increasing age and
with follow-up beyond one year.

Interpretation and Conclusions. Female sex, IgA M-
component type and high concentration of the
immunoglobulin comprising the M-component were
associated with a high risk of malignant transfor-
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mation. Hypogammaglobulinemia, young age at
diagnosis and short follow-up were risk factors in
particular for those with IgG MGUS.
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onoclonal gammopathy of undetermined
M significance (MGUS) is the most common
immunoglobulin disorder with an esti-
mated prevalence of 3% in people above 70 years
of age and 4% in those above 80 years.12 MGUS is
characterized by the presence of a homogeneous
monoclonal protein (M-component) in the serum
of subjects without evidence of multiple myeloma,
Waldenstrom's macroglobulinemia, primary amy-
loidosis, or other lymphoproliferative disorders.3
Patients with MGUS have an increased risk of
developing symptomatic malignant monoclonal
gammopathy, most often multiple myeloma and
less frequently another malignant lymphoprolifer-
ative disorder.*® The malignant transformation is
associated with a shorter survival in MGUS.45
Data on the impact of M-component type and
concentration of the immunoglobulins on malig-
nant transformation in MGUS are conflicting. Three
studies have not found any of these variables to be
risk factors for malignant transformation.>” How-
ever, other studies have found an association
between malignant transformation and particular
parameters such as IgA type M-component,* k light
chain,® hypogammaglobulinemia,® concentration of
the M-component®? and age.2%° The major short-
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coming of previous studies has been the size of the
studies which included 64 to 397 MGUS patients.
In the present study from Denmark, the impact
of gender, age, type of M-component and concen-
tration of immunoglobulins on the risk of malig-
nant transformation was analyzed in a large pop-
ulation-based registry of MGUS patients. Poisson
regression models, adjusting for the rates of mul-
tiple myeloma and malignant lymphoproliferative
disorders in the general population, were used to
estimate the relative risk of the study variables.

Design and Methods

We conducted the study in North Jutland Coun-
ty, Denmark, which has 490,800 inhabitants
(approximately 9% of the total population of Den-
mark). Every citizen in Denmark is assigned a per-
sonal identification number (ID number) at birth,
thus enabling linkage between different registries.

Study population

Until 1994 the Departments of Clinical Chem-
istry at Hjarring and Aalborg Hospitals performed
all the serum and urine protein electrophoreses
requested by hospital doctors and family doctors in
the county. The Microzone Electrophoresis System
(Beckman® Instruments Inc., Fullerton, Ca, USA)
was used at Hjerring Hospital until 1988, and
thereafter the electrophoresis was performed on
agarose gel. Agarose gel electrophoresis was used
throughout the period at Aalborg Hospital. All sera
with a suspected M-component were further
examined at Aalborg Hospital by immunofixation
using monospecific antibodies from Dakopatts A/S,
Copenhagen, Denmark. The immunoglobulins were
quantified by nephelometry.

The Department of Clinical Chemistry, Aalborg
Hospital, has maintained a registry of all patients
in North Jutland County with an identified M-com-
ponent during the 16-year period 1978-1993. The
records contain data on name and ID number, date
of detection, type of M-component in serum, and
concentration of immunoglobulins. During the
study period 2,563 patients with M-components
were registered. All the members of this cohort
were linked by their ID numbers to the Central Pop-
ulation Register to verify the ID number and to
obtain dates of death or emigration. In addition,
the 2,563 persons with a detected M-component
were linked by their ID numbers to the Danish Can-
cer Registry.

Hospital departments, family doctors, and prac-
tising specialists in Denmark are required to report
all incident cases of cancer to the Danish Cancer
Registry.22 Annual links to the Danish Hospital Dis-

charge Registry and the National Death Certificate
Files ensure that diagnoses of cancer that have not
been reported to the Cancer Registry are subse-
quently included in the cancer files. Diagnoses are
coded according to a Danish version of the Inter-
national Classification of Diseases, seventh revi-
sion (ICD-7), and the completeness and validity of
the Registry have been estimated to be 95 to 98
percent.?

MGUS classification

We obtained information on the cancer diagno-
sis, if any, and the date of diagnosis. People with-
an M-component were classified as having MGUS
if multiple myeloma (ICD-7 203.0-203.2), Walden-
strém's macroglobulinemia (203.3), non-Hodgkin's
lymphoma (200, 202), or chronic lymphocytic
leukemia (204.0) were not registered before or
within 100 days from detection of the M-compo-
nent. We chose a period of 100 days from a prac-
tical point of view, because this interval is sufficient
for follow-up investigations such as tissue biopsy
and radiological examinations. From 1978 to 1993,
1,324 cases of MGUS were identified. However, this
procedure did not permit exclusion of patients with
primary amyloidosis or heavy chain disease, two
infrequent conditions not consistent with MGUS.

In our study malignant transformation denotes
the development of multiple myeloma, Walden-
strom'’s macroglobulinemia, non-Hodgkin's lym-
phoma, or chronic lymphocytic leukemia in MGUS
patients. When at least one of the non-monoclon-
al immunoglobulins were reduced, this was record-
ed as hypogammaglobulinemia.

Statistical analysis

The follow-up period began 100 days after detec-
tion of the M-component, and ended at the date
of death, emigration, or December 31, 1995 (latest
year of complete cancer incidence data in the Dan-
ish Cancer Registry, when the analysis was per-
formed). The cumulative risk of malignant trans-
formation was estimated using the Kaplan-Meier
method.13

Standardized incidence ratios (SIR) i.e. the ratios
of observed-to-expected numbers of cancer were
calculated on the basis of age-, sex-, county-, and
period-specific incidence rates.* National inci-
dence rates for Waldenstrém's macroglobulinemia
were applied due to the low incidence of this
malignancy. The 95% confidence intervals for the
standardized incidence ratios (SIR) were comput-
ed based on the assumption that the observed
number of cancers in a specific category followed
a Poisson distribution.®
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In order to make SIR calculations and Poisson
regression models comparable, both analyses only
included IgA, 1gG and IgM patients with complete
data, whereas all patients with biclonal and exclu-
sive light chain MGUS were included in the SIR
computation. From the 1,324 MGUS patients, 55
(4%) patients with IgA, 1gG or IgM type MGUS were
excluded due to missing data on concentration of
at least one of the immunoglobulins and 22 (2%)
were excluded due to missing data on the light
chain type leaving 1,247 patients for analysis. Of
the 1,247 MGUS patients, 1,178 had IgA, IgG or
IgM type MGUS.

Poisson regression models incorporating the age—,
sex—, county— and period-specific incidence rates
were used to estimate the impact on the risk of
malignant transformation of sex, age, type of M-
component, concentration of immunoglobulins,
hypogammaglobulinemia and length of follow-
up_16,17

In the Poisson regression model gender (male or
female), light chain type (kappa or lambda) and
hypogammaglobulinemia (absent or present) were
considered as dichotomous variables. The variables
age (<70 years, 70-79 years, =80 years), type of M-
component (IgA, IgG, IgM), concentration of
immunoglobulin (low level, intermediate level, high
level) and length of follow-up (<1 year, 1-4 years,
5-9 years and =10 years) were considered as poly-
tomous variables. The subgroups printed in bold
above were used as references in the models. The
three levels of immunoglobulin concentration
were: low level < 10 g/L for IgA and IgM, <18 g/L
for IgG; intermediate level = 10-25 g/L for IgA and
IgM, 18-30 g/L for IgG; high level = 25 g/L for IgA
and IgM, >30 g/L for IgG. Reference intervals for
IgA were 0.8-3.3 g/L, for IgG 8.0-18.0 g/L and for
IgM 0.7-3.0 (females 0.3-2.2) g/L.

Ethics

The study was approved by the Regional Ethics
Committee (no 2-16-41-2-90 (93/12)), and spe-
cial approval was obtained from the Danish Data
Protection Agency (no 1993-1110-1105).

Results

The MGUS cohort comprised 647 males and 600
females, all together with a median follow-up time
of 4.9 years (range, 0-17.7 years), totaling 6,802
person-years at risk. The mean age at diagnosis of
MGUS was 68.1 years (range, 10.1-97.4 years). The
serum M-component was IgA in 124 cases (9.9%),
IgG in 823 (66.0%), IgM in 231 (18.5%), biclonal in
39 (3.1%), and exclusively light chain in 30 (2.4%).
In IgA MGUS the median level of IgA was 9.7 g/L
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Table 1. Poisson regression model of the impact of sex,
age, M-component type, presence of hypogammaglobuline-
mia and length of follow-up in the combined group of 1,178
patients with IgA, IgG or IgM monoclonal gammopathy of
undetermined significance.

Parameter  No. of patients No. of events  Relative risk 95%Cl

Intercept 345 19.3-61.8
Sex

Male 614 42 10

Female 564 56 15 1.0-2.2
Age

0-69 years 549 35 10

70-79years 395 39 0.6 04-1.0

=80 years 234 24 04 0.30.7
M-component heavy chain

19G 823 59 10

IgA 124 19 18 1.1-30

lgM 231 20 11 0.7-1.9
M-component light chain

K 730 62 10

IS 448 36 10 0.6-1.5
Hypogammaglobulinemia

No 865 50 10

Yes 313 48 2.6 1.7-39
Period of follow-up

<1year 1178 26 10

1-4 years 992 44 04 0.2-0.6

5-9 years 678 21 03 0.2-06

=10 years 193 7 0.4 0.2-09

The categories printed in bold are references in the regression model. The
numbers indicated for follow-up are the numbers of patients at risk at the start
of each follow-up period.

(range, 2.0-71.9 g/L), in IgG MGUS the median lev-
el of IgG was 15.4 g/L (2.0-114 g/L) and in IgM
MGUS the median level of IgM was 7.0 g/L (1.0-
65.6 g/L). Hypogammaglobulinemia was present in
329 (26.4%) of the 1,247 patients.

During follow-up, 107 cases of malignant trans-
formation were observed versus 6.0 expected,
yielding a standardized incidence ratio (SIR) of 17.9
(95% confidence interval, 14.7-21.7). The cumula-
tive risks of malignant transformation at 5, 10 and
15 years of follow-up were 7.7% (6.1-9.4%),
13.0% (10.2-15.7%) and 18.3% (12.4-24.2%),
respectively.

The SIR of malignant transformation was 32.0
(19.5-49.5) in IgA MGUS, 16.4 (12.6-21.0) in IgG
MGUS and 17.2 (10.5-26.5) in IgM MGUS. In
biclonal MGUS, two cases of malignant transfor-
mation were observed versus 0.14 expected, giving
a SIR of 14.5 (1.6-52.2). In patients with exclu-



Malignant transformation in MGUS

1175

Table 2. Poisson regression model of the impact of sex, age, type of light chain, concentration of immunoglobulin containing
the M-component, presence of hypogammaglobulinemia, and length of follow-up in 1,178 patients with monoclonal gammopa-
thy of undetermined significance according to type of heavy chain.

Igh MGUS (N = 124)

16 MGUS (N = 823)

IgM MGUS (N = 231)

Parameter No.of  No. of RR 95%Cl No. of No. of RR 95% Cl No.of  No. of RR  95%Cl
patients  events patients ~ events patients  events

Intercept 68 09497 139  59-32.6 170 4.3-68.0
Sex

Male 70 8 1.0 407 26 10 137 8 1.0

Female 54 1 26 1.0-7.0 416 3 15 0.9-25 9% 12 32 1380
Age at MGUS

0-69 years 58 5 1.0 389 24 10 102 6 1.0

70-79 years 39 5 06 0221 280 22 05 0.3-08 76 12 08 0322

= 80 years 27 9 10 0331 154 13 0.3 0.20.6 53 2 02 0008
M-component light chain

K 71 12 10 485 35 10 174 15 10

A 53 7 07 0317 338 24 10 0.6-1.5 57 5 15 0541
Level of Immunoglobulin

Low 68 4 10 534 12 10 143 5 10

Intermediate 47 10 40 12132 226 23 45 2291 69 12 53 18153

High 9 5 131 31560 63 24 202 98416 19 3 71 14357
Hypogammaglobulinemia

No 75 7 1.0 621 29 10 169 14 1.0

Yes 49 12 14 0541 202 30 2.1 1.2-3.6 62 6 06 0217
Period of follow-up

<1 year 124 2 1.0 823 18 10 231 6 1.0

1-4 years 101 13 16 0471 703 26 0.4 0.2-0.7 188 5 02 0107

5-9 years 71 3 07 0144 476 11 04 0208 131 7 05 0214

=10 years 19 1 10 01118 135 4 05 0.2-16 39 2 04 0118

The categories printed in bold are references in the regression models. The numbers indicated for follow-up are the numbers of patients at risk at the start of each follow-up

period. RR denotes relative risk and CI confidence interval.

sively light chain MGUS, only 1 case of malignant
transformation was observed versus 0.07 expected,
giving a SIR of 14.5 (0.2-80.5).

Figure 1 shows the SIRs of malignant transfor-
mation to multiple myeloma and malignant lym-
phoproliferative disorders, respectively, in MGUS of
IgA, 1gG and IgM type. The risk of multiple myelo-
ma was particular high in IgA MGUS. In IgM MGUS
no case of multiple myeloma was observed where-
as the risk of malignant lymphoproliferative disor-
ders was increased.

The impact of M-component type, sex, age, pres-
ence of hypogammaglobulinemia and length of fol-
low-up for 1,178 patients with IgA, IgG or IgM
MGUS was analyzed in a Poisson regression mod-
el (Table 1). We found IgA type M-component,
presence of hypogammaglobulinemia, female sex,
age less than 70 years and the first year of follow-

up to be associated with an increased risk of malig-
nant transformation. There was no association
between type of light chain and malignant trans-
formation.

The analysis was stratified on type of M-compo-
nent with inclusion of concentration of immuno-
globulin in addition to the other variables. For IgA
MGUS, female sex and high concentration of IgA
were associated with malignant transformation
(Table 2). For IgG MGUS, age less than 70 years,
high concentration of 1gG, presence of hypogam-
maglobulinemia and the first year of follow-up
were significantly associated with an increased risk
of malignant transformation, while female sex was
borderline significantly associated with malignant
transformation (Table 2). For IgM MGUS female
sex, high concentration of IgM, the first year of
follow-up and young age were risk factors for

haematologica vol. 86(11):november 2001
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Figure 1. The standardized incidence ratios (SIRs) of malig-
nant transformation in 1,178 patients with IgA, 1gG or IgM
monoclonal gammopathy of undetermined significance.
Closed circles indicate malignant transformation to multiple
myeloma and open circles indicate malignant transforma-
tion to malignant lymphoproliferative disorders.

malignant transformation (Table 2). Of the 26 cas-
es of malignant transformation in the first year of
follow-up, 54% (14/26) were identified in the high
concentration category, while the corresponding
figures for the 1-4, 5-9 and 10+ years of follow-
up were 30% (13/44), 24% (5/21) and 0% (0/7),
respectively. Thus, cases with a high concentration
of the M-component contributed substantially to
the early excess.

Because of the limited number of patients with
biclonal and exclusively light chain M-components,
these groups were not analyzed in the Poisson
regression models.

Discussion

The lack of knowledge about reliable and valid
risk factors for malignant transformation in MGUS
have led most authors to recommend an indefinite
follow-up of these patients. The transformation can
occur abruptly after years of observation and an
increase of the M-component with time is found to
be a strong risk factor for malignant transforma-
tion.!8 However, a classification of MGUS patients
into low or high risk of malignant transformation
could have implications for the intensity of the fol-
low-up.

The present study represents an epidemiological
approach to MGUS and the use of Poisson regres-
sion models enables a description of the effects on
the risk of malignant transformation of several
potential risk factors while taking into account the
risk in the general population. The definition of
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MGUS applied is not based on quantitative criteria
but on the absence of registration of a malignant
monoclonal gammopathy within three months
after the detection of the M-component for the
first time. Our inclusion criteria are comparable
with those used in previous studies concerning the
absence of a malignant monoclonal gammopathy
but differ in the requirement of an upper limit in
the quantification of the M-protein size and the
percentage of bone marrow plasma cells used in
most studies. In this regard, we cannot rule out
that the present MGUS cohort contained more cas-
es of asymptomatic myeloma or indolent lym-
phoma than shorter series from single institutions.
However, it must be emphasized that the distinc-
tion between MGUS and asymptomatic or smol-
dering myeloma can be difficult even when quan-
titative criteria are applied since both conditions
are part of a continuous spectrum of indolent plas-
ma cell disorders. However, it deserves note that, in
our study the risk of malignant transformation
expressed in terms of cumulative risk was lower
than that reported from most other studies.45>781819
Thus it is likely that the impact of asymptomatic
myeloma on the cohort was comparable to that in
other studies. The main advantages of our study
are the high completeness and validity of the
nationwide Danish Cancer Registry, and the large
number of MGUS patients included which increase
the precision of the study results. However, when
the analysis was stratified on type of M-component
there were limited possibilities of exploring the
importance of the specific risk factors in respect to
IgA and IgM MGUS.

Gender

We found that female MGUS patients had an
increased risk of malignant transformation. This
finding is unexpected, but it is in accordance with
a Dutch study on 334 out-patients with MGUS that
found 11 out of 14 patients who developed multi-
ple myeloma were females.® The incidence of mul-
tiple myeloma is higher in males than in females,
and population based studies on the prevalence of
MGUS have found a slightly higher number of
males than females with MGUS.22 In our study the
same pattern with a preponderance of male
patients was seen.

Age

In our study, age 70 years or more was associat-
ed with a lower risk of malignant transformation
than age less than 70 years. This pattern was most
pronounced for IgG MGUS. This finding is support-
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ed by an Italian study in which, among 22 differ-
ent variables established at the initial diagnosis of
MGUS, only age was significantly and negatively
associated with malignant immunoproliferative
disease.l In contrast to this, a study by Baldini et
al. found that age more than 70 years in IgG MGUS
was associated with an increased risk of malignant
transformation.? Thus, it remains unsettled whether
MGUS in the elderly constitutes a more harmless
condition than MGUS in younger people.

M-component type

IgA type MGUS was associated with a higher risk
of malignant transformation than IgG and IgM type
MGUS. The same was found in an often quoted
Spanish study on 128 MGUS patients.* Other stud-
ies have not found any association between the
type of M-component in MGUS and risk of malig-
nant transformation. Multiple myeloma of IgA type
is, in clinical practice, often considered more
aggressive with a shorter time to progression than
IgG myeloma. 222 It is possible that MGUS and mul-
tiple myeloma of the IgA type share this charac-
teristic of early progression. The risk of malignant
transformation in IgA MGUS was not particularly
increased during early follow-up as was the case
for IgG MGUS, which indicates that the increased
risk in IgA MGUS could not be explained by inclu-
sion of asymptomatic cases of IgA multiple myelo-
ma in the cohort.

The Dutch study on 334 MGUS patients found
that kappa light chain was a risk factor for malig-
nant transformation. However, as stated by the
authors, the finding should be interpreted with
caution since a low percentage of kappa chains
was found in the matched control group applied in
the study. We found no association between M-
component light chain type and the risk of malig-
nant transformation.

Immunoglobulin concentration

For all types of MGUS we found a strong associ-
ation between the concentration of the immuno-
globulin containing the M-component and the risk
of malignant transformation. The levels of IgA, 1gG
and IgM determined by nephelometry are known
for the majority of the MGUS patients from the
start of the study period in 1978 and were used in
this study as an estimate of the M-component con-
centration. With a few exceptions, there is a good
correlation between M-component quantification
by serum protein electrophoresis combined with
densitometry and immunoglobulin quantification
by nephelometry.3

In multiple myeloma, the concentration of the
M-component reflects the burden of malignant
plasma cells, and this parameter forms part of the
widely used prognostic staging system designed by
Salmon and Durie. In MGUS it is also likely that
the concentration reflects the quantity of mono-
clonal cells. Some studies have found that a high
concentration of M-components was associated
with a high risk of malignant transformation,®
whereas other studies have failed to confirm this
association.*¢ Many studies have excluded MGUS
patients with concentrations of 1gG over 30 giL,
and IgA and IgM over 25 g/L since these levels have
been shown to provide some distinction between
MGUS and malignant monoclonal gammopathy at
the time of detection of the M-component.2425
Other studies have not used any restrictions
regarding the concentration of the M-component
in their inclusion criteria.®818 Several cases with
high M-components that remain stable have been
described.’® We included MGUS patients with high
immunoglobulin levels in order to evaluate the risk
of malignant transformation in this subgroup of
patients. The study confirms that high concentra-
tions of monoclonal immunoglobulin are strongly
associated with malignant transformation espe-
cially within a short term follow-up. However, it is
worth noting that two thirds of patients with high
concentrations of immunoglobulins in our study
were never registered with multiple myeloma or
malignant lymphoproliferative disorders during the
follow-up.

Hypogammaglobulinemia

Hypogammaglobulinemia reflects the impact of
the monoclonal clone on the normal antibody pro-
duction, and this condition is often associated with
a high burden of monoclonal cells. Whereas almost
all patients with multiple myeloma have reduced
levels of uninvolved immunoglobulins, hypogam-
maglobulinemia has been found in 20-33% of
MGUS patients.#6918 One quarter of our patients
had hypogammaglobulinemia. In an Italian study
on 386 MGUS patients, reduction of the uninvolved
immunoglobulins was found to be a predictor of
malignant transformation.? We can confirm this
finding but in our study the risk associated with
hypogammaglobulinemia seems to be mainly con-
fined to patients with IgG MGUS.

In conclusion, we found that female sex, IgA type
M-component and a high concentration of the M-
component were associated with malignant trans-
formation in MGUS. Young age at diagnosis of

haematologica vol. 86(11):november 2001
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MGUS, depression of the uninvolved immunoglob-
ulins and short follow-up were also found to be
risk factors though most pronounced for IgG
MGUS. These findings may have implications for
the clinical handling and the frequency of follow-
up in these patients.
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Potential implications for clinical practice

The results of this study make it possible to clas-
sify the role of malignant transformation in
patients with MGUS which may have implica-
tions for the intensity of follow-up required.
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