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Abstract

Waldenstrom macroglobulinemia (WM) is associated with a precursor condition, monoclonal
gammopathy of undetermined significance (MGUS) of immunoglobulin-M (IgM) type. The etiology
of these conditions is unknown. Recent studies at the population level have provided new data
regarding familial aggregation of these disorders and other B-cell malignancies. Studies of familial
clusters of WM have demonstrated an increased frequency of IgM MGUS compared to the general
population and have provided new data suggesting that the phenotypic spectrum may also include
polyclonal gammopathy and hypoglobulinemia. While the preponderance of immunoglobulin
abnormalities in relatives of WM cases involves IgM, other immunoglobulin types (IgG and IgA)
may also be affected. Large collaborative studies are needed to confirm these findings, which present
an opportunity to define the earliest lesion(s) in the WM oncogenic pathway.
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Introduction

Waldenstrom macroglobulinemia (WM) is a chronic lymphoproliferative disorder of unknown
etiology characterized by aberrant production of monoclonal immunoglobulin (Ig)-M in the
setting of histological evidence of lymphoplasmacytic lymphoma (LPL).1 Based on long-term
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follow-up data from the Mayo Clinic, a personal history of the precursor condition, monoclonal
gammopathy of undetermined significance (MGUS) of IgM class is associated with an excess
risk of developing WM.2 Indeed, MGUS is one of the most common premalignant disorders

in western countries with a prevalence of 3.2% in the Caucasian general population 50 years
of age or older.2 It is an asymptomatic condition characterized by the presence of a monoclonal
immunoglobulin (M-protein) in the absence of any clinical signs or symptoms of WM, multiple
myeloma, or other lymphoproliferative malignancies.* Based on data from the Mayo Clinic,

IgM MGUS accounts for about 14% of all MGUS.3

The average annual overall risk for MGUS patients to progress to a hematologic or lymphoid
malignancy is about 1%°® while the average annual risk of progression for IgM MGUS cases
is higher (around 1.5%),2 and the pattern of malignant outcomes is quite different. Whereas
the risk of progression to chronic lymphocytic leukemia (CLL) or non-Hodgkin lymphoma
(NHL) is essentially no greater for IgG and IgA MGUS than the expected incidence in the
general population, the risks of progression to those endpoints for IgM MGUS are significantly
elevated (5.7 for CLL and SIR=14.8 for NHL).2

Descriptive patterns

Data from the US Surveillance, Epidemiology and End Results (SEER) Registry estimate the
US incidence of WM to be 0.36 per 100 000 person-years.8 WM incidence is about two-fold
higher in men compared to women and increases in an age-dependent fashion. Moreover, WM
exhibits a distinct pattern reflecting racial disparity; age-adjusted incidence rates are at least
two-fold greater in whites compared to blacks or Asians. Our data in Ghanaian men suggest
that IgM MGUS exhibits a similar racial pattern, with a very low prevalence of IgM MGUS
among African blacks.” The proportion of MGUS due to IgM also appears to be very low in
Asian populations,® which have lower rates of MGUS overall in comparison to other races.

While little is known about geographic patterns for WM, there appear to be variations in the
geographic distribution of IgM MGUS, with notably high (24%) and low (6—-8%) proportions
reported in western France® vs. the Mediterranean basinl® and Sweden,1! respectively. The
highest absolute frequencies of IgM MGUS have been reported in western France (0.64%)°
and in an elderly community-based population in rural southern U.S. (0.61%).12 However,
because of limited comparability across studies and changes in methodology over time, it is
unknown whether these observed differences are real or reflect some unrecognized selection
or other bias. Nevertheless, these findings could be compatible with either genetic and/or
environmental influences and merit further study.

Genetic susceptibility

Familial aggregation is an important indicator of the potential influence of genetic factors, and
identification of multiple-case families has contributed to the elucidation of the genetic basis
for many conditions.13 Our recent large population-based study demonstrated that first-degree
relatives of patients diagnosed with WM or LPL have increased risk to develop LPL/WM and
MGUS, as well as CLL and NHL.14 These findings were consistent with prior population-
based studies showing evidence for co-aggregation of various types of lymphoproliferative
disorders.15:16

IgM MGUS appears to be a component in the spectrum of familial WM, with an estimated
prevalence of about 10% in first-degree relatives of WM patients in multiple-case WM families
(Figure 1).17 lgM MGUS is more common in first-degree relatives compared to more distant
family members and is most commonly observed in siblings of cases. It must be noted,
however, that parents or older relatives of WM patients are rarely available for screening, given
the age-dependence of both IgM MGUS and WM. Our recent finding that the evidence for
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genetic linkage was increased when we considered patients with IgM MGUS to be affected
provides further support for this relationship.18 Modifier genes and/or environmental
exposures may further modulate genetic risk. For example, in our linkage study, we found
evidence for linkage for WM in regions of chromosomes 1, 3, 4 and 6. We have also recently
shown that, in two large studies of US veterans, elevated risk of WM is associated with hepatitis
C infection® and history of hepatitis, immunodeficiency virus, and rickettsiosis.20

The natural history of IgM MGUS in a familial context remains subject to investigation, since
an understanding of whether the age of onset or rate and characteristics of progression of IgM
MGUS differ between the familial and sporadic settings may have substantial clinical
implications for risk assessment, screening, and prevention. We have found that serum
immunofixation electrophoresis (IFE) is a sensitive technique for identifying at-risk
individuals within families.21 While serum IFE detected small-volume IgM monoclonal bands,
that were below the detection limit with immunoelectrophoresis, in both relatives and unrelated
individuals, serial serum IFE demonstrated that the monoclonal bands persisted only in
relatives of WM patients. We then followed three multiple-case families over a period of 20—
30 years, and found that about half of the relatives with IgM MGUS ultimately progressed to
WM, some within 15 years.22 Thus, the rate of progression in the familial setting is likely to
be substantially greater than that observed in the general population.?:23 The extent to which
familial patients subsequently develop symptomatic disease necessitating therapy remains to
be clarified.

Another question raised by the longitudinal study is the significance of diverse polyclonal
gammopathies, including polyclonal IgM, as well as hypoglobulinemia, in relatives of WM
patients. We observed persistent polyclonal gammopathy and hypoglobulinemia that affected
IgA and 19G as well as IgM in 41% of first-degree relatives (Figure 2).22 Many of these
abnormalities were persistent and could not be readily explained clinically. While the
population prevalence of quantitative immunoglobulin abnormalities is not defined, the high
frequency of any immunoglobulin abnormality — together with the IgM predominance — was
striking in this group. Especially noteworthy were patients with polyclonal IgM gammopathy
that progressed to IgM MGUS. These observations suggest that other immunoglobulin
abnormalities may also fall within the phenotypic spectrum of familial WM.

Future directions

While there have been exciting developments in our understanding of disease susceptibility,
we clearly need additional progress in therapeutic interventions. Based on SEER data,
approximately 45-50% of WM patients diagnosed during 1988 — 2004 did not survive beyond
5 years from diagnosis.24 Until effective prevention strategies are identified, routine screening
for MGUS has limited clinical utility and cannot be recommended outside research studies.

Though rare, WM occupies a critical biological niche in the continuum among hematologic
lymphoid neoplasms. At present, our understanding of the initiation and determinants of
progression remains limited. Large population-based studies are needed to define risk factors
and to characterize the nature of progression to WM. Important questions to be addressed
include whether all patients progress through an IgM MGUS phase or may develop WM de
novo. Among individuals found to have IgM MGUS, it is unknown whether progression is
inevitable or requires a quantitative threshold, below which progression may not occur. For
example, small monoclonal bands found in a hospital setting have been shown to be transient
in some cases.?> Longitudinal studies, with repeated evaluation by serum protein
electrophoresis, will be needed to address these questions. Family studies provide an important
context in which to explore these issues, since the prevalence of IgM MGUS appears to be
higher in the familial setting than in the general population. In addition, the role of polyclonal
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gammopathy and hypoglobulinemia, particularly affecting IgM, should be further studied to
determine whether they represent independent specific phenotypic indicators of risk. Our
preliminary observations of hypoglobulinemia and polyclonal gammopathy with subsequent
development of IgM MGUS in relatives of WM patients should be validated as a first step in
determining whether these conditions represent yet another identifiable stage in the
development of WM. Alternatively, these abnormalities may represent a spectrum of
phenotypes that are indicative of a more generalized underlying immune dysregulation, which
has been shown to be a risk factor for lymphomagenesis.

Conclusion

Given the fact that WM is a rare disease, collaborative approaches are essential to the careful
definition and study of the role of IgM MGUS and polyclonal hyper- and hypogammopathy,
which present an opportunity to identify the earliest lesions in the oncogenic pathway(s) to
WM and other B-cell malignancies. Ultimately, the goal of these investigations will be to
delineate the precise pathogenetic mechanisms underlying the development of IgM MGUS
and to identify a cohort of patients who are at high risk for progression to malignancy.
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Figure 1. Example of pedigree exhibiting co-aggregation of Waldenstrom macroglobulinemia
(WM), monoclonal gammopathy of undetermined significance (MGUS), and polyclonal
gammopathy

Gender is not specified. Polyclonal gammopathies include both hyper- and hypoglobulinemia.
The individual with both monoclonal and polyclonal gammopathy was originally found to have
an IgM polyclonal elevation and subsequently developed an IgM monoclonal gammopathy.

XY
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Figure 2. Distribution of monoclonal gammopathy of undetermined significance (MGUS) and
polyclonal hyper- and hypoimmunoglobulinemia in first-degree relatives and spouses of familial
Waldenstrom macroglobulinemia (WM) patients

We screened 27 first-degree relatives from three multiple-case WM families. Seven relatives
(26%) had MGUS, all of IgM type; 11 relatives (41%) had quantitative polyclonal
abnormalities: 9 relatives had polyclonal immunoglobulin elevations (5 IgM, 1 1gG, 3 IgA);
and 2 relatives had hypoglobulinemia (1 1gG, 1 IgA). Among spouses, 2 (9%) had MGUS,
both of IgM type; 4 (17%) had polyclonal immunoglobulin elevations (3 IgM, 1 IgG); and 2
(9%) had hypoglobulinemia (1 1gG, 1 IgA). Abbreviations: R, blood-relatives; S, spouses;
hyperlg, hypergammaglobulinemia; hypolg, hypoglobulinemia.
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