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1. INTRODUCTION

Plasma cell disorders include monoclonal gammopathies of undetermined
significance (MGUS), smoldering/indolent myeloma, and active myeloma.
Related disorders are Waldenstrom’s macroglobulinemia, the heavy-chain dis-
eases, primary systemic amyloidosis, and systemic light-chain deposition dis-
ease. The characteristic feature of these diseases is the involvement of cells that
are either plasma cells or lymphocytes resembling plasma cells and typically the
production of immunoglobulin (Ig) (heavy and/or light chains) in a monoclonal
fashion. The most common myelomas are IgG or IgA κ or λ, and κ or λ Bence
Jones-only myeloma. Waldenstrom’s macroglobulinemia is IgM κ or λ in type.

There is an abundance of evidence (1) supporting the view that the malignant
transformation in multiple myeloma (MM) occurs at a late stage of B-cell ontogeny
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that precedes differentiation to the mature plasma cell, i.e., the target cell subject
to malignant transformation has already been committed by antigen to the pro-
duction of monoclonal IgG (κ/λ) or IgA (κ/λ), or IgM (κ/λ) in the case of
Waldenstrom’s macroglobulinemia. The mutation/recombination gene transla-
tion rates in antigen-driven B-cell differentiation have been variously estimated
to be a million-fold higher than in somatic cells (2). Therefore, the occurrence of
a transforming event that can eventuate in MM over the life span of B cells is a
statistical reality. Studies of plasmacytomas in mice (3) have shown that anti-
genic stimulation is required for these transformation dynamics to occur. Until
now, traditional epidemiology has been the major technique used to investigate
the causes of this plasma cell transformation process (Fig. 1).

MM accounts for approx 1% of all cancer cases and 10 to 15% of cases
of hematologic cancer specifically (4,5). Although the general incidence of
MM in the United States is approx 4 to 5 per 100,000, there is broad range of
incidence values for different populations, both in the United States and
around the world, ranging from 1 per 100,000 or less for most Asians to 9 or
more per 100,000 for populations of African origin. The basis for these racial
differences is unknown. According to American Cancer Society statistics,
the incidence of myeloma increased by 82% during the 1960s through the
mid-1980s; the reasons for this are also unknown. The median age of patients
at the time of MM diagnosis is approx 65 yr. Data from several institutions
and countries around the world reflect the increasing incidence of MM during
this century, as well as a decreasing median age at diagnosis (6,7). Nonethe-
less, myeloma remains a rare disease in individuals younger than 40 yr, with
only 3 to 5% of patients falling into this age category. The extent to which a
true increase in the incidence of myeloma occurs in individuals aged 40 to 65 yr
remains controversial.

2. BASIC DEMOGRAPHIC PATTERNS:
INCIDENCE BY COUNTRY, AGE, GENDER, AND RACE

Tables 1 and 2 summarize incidence rates under various conditions. In Table 1,
the annual age-standardized incidence rates of MM are summarized by country
and by gender as high, intermediate, and low. The consistently higher incidence
level in men vs women can be seen across the different groups. The much higher
incidence rates for African Americans, Maoris, and Hawaiians, for example, are
in sharp contrast with the very low rates for individuals from various parts of
Asia, including India, Japan, the Philippines, and China. The intermediate rates
are really quite consistent for the majority of the predominantly Caucasian coun-
tries, including the United States, Britain, Finland, and Germany. Similar rates
apply in most other predominantly Caucasian industrialized nations, including
Italy, France, Spain, and Belgium.
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The striking effect of age is highlighted in Table 2. The very sharp increase in
incidence among individuals aged 55 to 75 yr can be seen with the higher inci-
dence for men vs women and also the substantially higher incidence for African
Americans vs Caucasians. Although many explanations have been offered for
the impact of age, gender, and race (discussed later in this chapter), more detailed
analyses of molecular polymorphisms, human lymphocyte antigen (HLA)

Fig. 1. The four types of causal factors for myeloma are depicted: chemicals (carcino-
genic); viruses (oncogenic and/or triggering); ionizing radiation; microenvironmental
stress factors (e.g., hypoxia).

Table 1
Annual Age-Standardized Incidence of Multiple Myeloma by Country

High Ratesa M/F Intermediate Ratesa M/F Low Ratesa M/F

US: African American: 10.3/7.1 US: Caucasian: 4.7/3.2 India: 1.8/1.5
New Zealand: Maori 8.4/7.8 Britain: 4.5/3.7 Japan: 2.1/1.6
Martinique: 8.3/8.0 Finland: 4.4/2.8 Philippines: 1.2/1.1
Hawaii: Hawaiian 7.4/5.6 Germany: 3.0/2.4 China: 1.1/0.5

Adapted from ref. 4.
aIncidence per 100,000; listed as male/female (M/F)

Table 2
Annual Incidence of Multiple Myeloma
per 100,000 by Age, Gender, and Race

Age Range

Race 55–59 yr 75–79 yr

Caucasian, F/M 0.5/1.0 2.5/4.1
African American, F/M 2.0/2.0 4.5/7.9

Adapted from ref. (8).
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patterns, hormonal influences, and so on, will be required to clarify the biologic
basis for these differences.

As highlighted by Schwartz (6) and Davis and colleagues (7), analysis of
multinational trends in MM can be helpful in assessing the interaction between
environmental factors and the inherent predisposition of individuals of different
ages, gender, and race. The broad patterns of incidence support the notion
that environmental factors influenced the incidence of myeloma during the last
100 years (8). Within that time frame, there has been insufficient opportunity for
new generations to manifest any substantial predisposition differences.

3. RADIATION EXPOSURE AND THE RISK
FOR MM AND MGUS

Evidence of an association between radiation exposure and the subsequent
development of MM and MGUS is summarized in Table 3. It includes the find-
ings of major studies that provide data from nuclear bomb survivors, nuclear
facility workers, diagnostic radiation studies, as well as experimental data all
indicating that ionizing irradiation can lead to the development of both MM and
MGUS. Given the fact that these are relatively rare forms of cancer for which the
predisposition varies by age, gender, and race, inconsistencies have been found
in reported data. Because the dose and timing of radiation and additional con-
founding exposures are important, very detailed and careful analyses are neces-
sary to draw any firm conclusions (see ref. 9).

Nuclear bomb survivors are clearly at increased risk for MM. The association of
radiation exposure to myeloma is strongly supported by a mortality study by Shimizu
(10) and a very recent follow-up analysis by Rabitt-Roff (11) of UK veterans exposed
to atomic radiation during nuclear tests in the Pacific Ocean. Rabitt-Roff identified
36 individuals who developed MM out of a population of approx 1500 that was
exposed to the same radiation. The unique feature of the Rabitt-Roff study is the
accurate ascertainment of long-term health effects among participants in nuclear
weapons tests. The latency in onset of MM, especially beyond 5–10 yr, was not
anticipated. Questions are raised about prior case ascertainment methods and the
appropriate denominator to use for such analyses and comparisons. Additional stud-
ies are now underway (see NRPB web site: www.nrbp.org.uk). Of note, in this
regard, follow-up data regarding US experience at Hanford, Washington and other
Department of Energy (DOE) sites is available on the DOE web site (12).

The data from nuclear facilities in the United States and the United Kingdom
strongly support the assessment that radiation exposure can cause MM in a dose-
dependent fashion. Fortunately, Gilbert (13) and Smith (14) provide information
about dosing and the dramatic rise in relative risk increase with dose and duration
of exposure. Likewise, Boice (15), in evaluating diagnostic radiation, indicates
a clear correlation between the calculated bone marrow dose and the likelihood
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of the subsequent development of MM. The thorotrast exposure in Denmark is
a well-established example of a special circumstance that can lead to an unex-
pected risk—in this case, the risk being subsequent development of MM (16).

Of particular interest and relevance is the study by Radl in rhesus monkeys
(17) in which a special technique was used that involved administering radiation
to the animals then “rescuing” them by means of bone marrow transplantation.
Such animal studies indicate that both MGUS and myeloma can result from high-
level ionizing radiation exposure.

Overall, there is little doubt that exposure to ionizing radiation, particularly
when exposure is directly to bone marrow sites, can lead to MM (4,5). The risk
is dose- and time-dependent. This observation, plus related observations corre-
lating an increased likelihood of several cancers, supports the need for continued
protection against potential radiation exposure. Individuals at risk must be
informed and appropriate protections put in place.

4. OCCUPATIONAL EXPOSURES TO CHEMICALS
AND MANUFACTURED MATERIALS AND THE RISK FOR MM

Although most now agree that radiation exposure can cause MM in particular
circumstances, the risk of MM, MGUS, or both following exposure to chemicals
remains controversial (4,5). The challenge is to assess exposure to carcinogenic
chemicals in patients developing MM and related disorders. The diversity and
complexity of potential exposures (18) among various occupations and the subse-
quent correlation of such exposures with the development of a rather rare malignancy
such as myeloma is a major epidemiologic challenge. It is to be expected that some
results will be inconsistent. The occurrence of unintentional confounding factors and
biases further complicates the situation (9). Nonetheless, consistent patterns have
been observed (Table 4), as well as several strong associations that provide “proof
of principle” that chemical exposures can cause MM.

4.1. Pesticides
The largest number of studies of chemical exposure involves pesticides and

agents used in farming occupations (19–36). In 10 out of 14 studies of pesticide
exposures, a substantial increase in the risk of MM was seen, with risk ratios in the
range of 3.2 to 8.2 (see Tables 4 and 5). Of particular interest is an increased risk
associated with pesticide exposure combined with exposure to other toxic chemi-
cals, which may occur during farming. Examples of these “added risk” exposures
include paints and solvents, wood treatment chemicals, and diesel engine fumes,
as well as potential infections transmitted from farm animals. The risk ratio can rise
from 2.1 to 7.9 with such combination exposures. This compounding of risk is a
recurring theme in analyses of studies of myeloma, i.e., there is a consistent pattern
or increased risk for MM with higher exposure or combined exposures.

02_Dur_013_036_F 4/15/04, 11:39 AM18
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4.2. Paints and Solvents
The trend of increased risk with combined exposures is also noted in eight

studies of myeloma risk with exposure to paints and solvents in various occupa-
tions (4,5,37–42). The risk ratio range is from 5.5 to 10 in individuals with
average to high exposure to various components of paints and solvents. Six out
of eight positive studies indicate the impact of both dose and duration of exposure.

Table 4
Occupational Exposures to Chemicals

and Manufactured Materials and Risk for Multiple Myeloma

Exposure Risk Ratio Comments

Pesticides 3.2–8.2 Overall: 10/14 studies positive
Pesticides alone 2.1
Pesticides plus “farming”a 7.9 Other risk factors considered (e.g.,

paint, solvents, wood treatment
chemicals, engine fumes, and
infections)

Paints and solvents 1.7–5.5 Overall: 6/8 positive studies
All exposures 5.5
“High” exposuresb 10.0 Several studies indicate effects by dose

and duration of exposure
Photographic chemicals 6.1 Single study, but supported by other data

Asbestos 1.7–61 Overall: 5/9 studies positive
“Benzene” plus petroleum 2.2–4.1 3/14 studies positive. Correlations
  refining complex (see text for discussion)

Weak associations:
Hair-coloring products 1.4–4.39 • 4/7 studies positive

• 4.39 risk ratio for black dyes
Miscellaneous exposures 1.5–3.0 • Variable results mostly requiring

and occupations including,    further studies
for example, Engine exhaust;
metals (e.g., arsenic, lead);
rubber and plastics industries;
wood industries (esp. forestry);
textile industries (incl wool spinners/weavers)

Negative studies
Alcohol • Four negative studies
Tobacco • Nine negative studies

• One positive study Confounding factor(s) suspected
   (in Seventh Day   (see text for discussion)
   Adventists)

a“Farming” means added risks that occur while working on a farm.
bSee ref. 38.
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Studies of paints and solvents highlight several other potential confounding
factors, including the fact that the composition of the toxic material has changed
over the decades. For example, benzene has been excluded from many products
over the years. Other precautions have resulted in variations in risk, including
the occasional increase in risk for MM in various occupations.

4.3. Photographic Chemicals
A study of exposure to photographic chemicals, which revealed a risk ratio of

6.1 for subsequent myeloma, raised many of the issues addressed in the studies
of paint and solvent exposure (35). The components of photographic chemicals
have changed over the years, as have the facilities and precautions used by
professional and amateur photographers. Patients presenting with myeloma
during the 1980s and 1990s who had been exposed to photographic chemicals 20
or 30 yr earlier were potentially exposed to products prior to exclusion of known
carcinogens. Also, the general precautions and use of ventilated dark rooms by
photographers has increased substantially over the years. This highlights a prob-

Table 5
Epidemiologic Studies of Multiple Myeloma Among Farmers

 Author Relative
(19–35) Location Risk 95% CI Comments

Boffetta United States 3.4 (1.5–7.5)
Cantor Wisconsin 1.4 (1.0–1.8)
Tollerud North Carolina 0.06 NA
Gallagher Vancouver 2.2 (1.2–4.0)
Nandakumar Australia 1.4 (0.8–2.5)
Steineck Sweden 1.2 (1.1–1.3)
Pearce New Zealand 2.2 (1.3–3.8) Aged 20–64 yr

1.2 (0.8–2.0) Aged 65+ yr
Burmeister Iowa 1.5 NA*
Brownson Missouri 1.0 0.4–2.3
Milham Oregon/Washington 1.8 NA*
Giles Tasmania 0.8 NA Men

1.7 NA Women
La Vecchia Italy 2.0 (1.1–3.5)
Fasal California 1.0 NA Men

1.0 NA Women
Flodin Sweden 1.9 (1.1–1.9) Men and Women
McLaughlin Sweden 1.2 NA*
Cuzick England/Wales 1.6 NA Risk calculated

from % in paper

Adapted from ref. 36.
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Chapter 2 / Epidemiology of MM and Related Disease 21

lem with follow-up studies that is frequently overlooked. After an initial obser-
vation (e.g., myeloma in photographers), follow-up studies may fail to show such
high levels of association, in part because the chemical composition and protec-
tive measures changed following early observations.

4.4. Asbestos
The correlations between asbestos exposure and MM are particularly interest-

ing, (4,5) with five out of nine published studies providing evidence of a signifi-
cantly increased risk. Again, much of the data suggests that co-exposures may
account for variations among analyses.

4.5. Benzene and Other Petrochemicals
The correlation of benzene exposure with the incidence of myeloma in petro-

leum refining industries has led to particularly controversial data and conclu-
sions (43). In several reports, investigators concluded that there is a correlation
between benzene exposure and the risk for myeloma. In a recent comprehensive
review, however, the authors concluded that although benzene and benzene
related products can lead to leukemia, MDS, and related disorders, there is not
enough evidence to establish an association with MM. A recent meta-analysis of
case-controlled studies assessing the relationship between occupational chemi-
cal exposures (including benzene) and the risk for myeloma provided helpful
information (44). A major source of benzene exposure in the studies analyzed
was engine exhaust, and a strong correlation was found between myeloma and
engine exhaust exposure, but not with benzene exposure. The authors proposed
that several harmful chemicals present in engine exhausts—e.g., benzopyrene,
ethylene, toluene, xylene, formaldehyde, and suspended particulate material—
are potential culprits in these various studies, rather than the benzene itself. This
can partly explain the conflicting study results and conclusions. More detailed
molecular analyses designed to identify correlations between chemical levels in
body tissues with the direct assessment of DNA damage will be helpful (9,45).
Carefully studied cases of high-level benzene or petroleum product exposure in
individuals who developed MM have been informative. For example, in a case
involving a patient who developed a plasmacytoma in the jaw (followed by
widespread myeloma), this occurred at the site of chronic exposure to a petro-
chemical-containing dental adhesive since childhood. Specific studies confirmed
local absorption of that carcinogen through buccal mucosa.

4.6. Miscellaneous Chemical Associations
Borderline associations and negative studies should also be reviewed for less

common exposure relationships (Table 4). Borderline associations can reflect
the variability of exposure more than the danger of the chemicals or exposures
involved. Four out of seven studies indicated a positive relationship between

02_Dur_013_036_F 4/15/04, 11:39 AM21
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exposure to hair-coloring products and an increased risk for MM (46–51).
This is particularly true for exposure to black dyes (46). Obviously, exposure
to hair-coloring products includes individuals working in hairdressing and
related industries, as well as product consumers. Because exposure varies
among individuals, more detailed studies of individual cases at a molecular
and tissue level will be required to document specific characteristics of poten-
tial exposure and the subsequent development of plasma cell disorders. Other
exposures that increase the risk for MM include engine exhaust (see above)
and metals (e.g., arsenic and lead), and exposures in the rubber and plastics
industries, wood industry (especially in forestry workers), and various textile
industries (4,42,52,53).

4.7. Alcohol and Tobacco
It is unlikely that alcohol or tobacco use contributes to the development for

MM. One of 10 studies indicated a positive relationship for the use of tobacco in
Seventh Day Adventists. However, this finding is in such contrast to those of the
other nine studies that it is felt that some other confounding factor(s) may account
for it (54,55).

4.8. Summary: Chemical and Industrial Exposures
Multiple studies in a wide variety of settings now support the evidence of

principle that exposure to carcinogenic chemicals results in an increased likeli-
hood of MM. Genetic susceptibility impacts the risk of specific exposures. There
are enough data to recommend reduced exposures to potentially carcinogenic
chemicals.

5. INFLAMMATORY AND AUTOIMMUNE DISORDERS
ASSOCIATED WITH MM AND MGUS

5.1. Rheumatoid Arthritis
There is a long-standing notion that immune stimulation is an important patho-

genic factor in the evolution of MM. Numerous studies have investigated the
relationship of a variety of inflammatory and autoimmune diseases and the like-
lihood of developing MM or MGUS. It has proved very difficult to adequately
assess the information generated. Studies have involved a broad range of patient
and control populations. Multiple questions have been asked as part of the same
study. Nonetheless, a number of comments can be made identifying several
potentially important associations (Table 6). Perhaps the most striking associa-
tions have been with rheumatoid arthritis (56–59). Four cohort studies have
highlighted a strong relationship with MM (RR range: 3.3–9.5). These values are
obviously highly relevant, but have been counterbalanced by other population-
and hospital-based studies, which failed to reveal any relationship. Since there

02_Dur_013_036_F 4/15/04, 11:39 AM22
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Table 6
Inflammatory and Autoimmune Disorders

Associated With Multiple Myeloma and MGUS

Risk Ratio
Observed/Expected Condition Study Findings

Multiple Myeloma High Risk

3.5 Rheumatoid arthritis
• 4 cohort studies:
• RR: 3.3, 5.0, 8.1 and 9.5
• Separate hospital- and population-based studies

2.5–<3.5 • History of allergies
• Shingles
• Pneumonia
• BCG immunization
• Eczema
• RR 0.6–3.1
• RR 0.7–2.7
• RR 1.1–2.6
• RR 1.0–3.0
• Variable results

Lower Risk Disorder

1.5–<2.5 Multiple conditions, including:
• Pernicious anemia
• Hypothyroidism
• Hyperthyroidism
• Diabetes mellitus
• Chronic disk disease
• Various infections, including
• chronic bronchitis
• osteomyelitis
• pelvic infection
• urinary tract infection
• ear nose and throat infections
• scarlet/rheumatic fever
• hepatitis
• Diphtheria vaccination

MGUS • Leishmaniasis
• Cytomegalovirus infection

02_Dur_013_036_F 4/15/04, 11:39 AM23
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are important pathogenetic relationships between rheumatoid arthritis and MM,
it is particularly relevant that high levels of interleukin-6 are observed in both
disease. Recent studies have highlighted the possible pathogenic relationship
between plasma cell disorders and the infectious process in rheumatoid arthritis,
which will be discussed later in this chapter. Identifying the common predispo-
sition, triggering factor(s), or both will be helpful in clarifying the relationships
reported thus far.

5.2. Other Inflammatory Conditions
Several other relationships have been noted that pose a slightly lower level for

MM (RR range: 2.5–3.5) (4,5). The disease categories include a history of aller-
gies—particularly to drugs, but also to household products—eczema, prior bacil-
lus Calmette-Guérin immunization, and a prior history of shingles or pneumonia.
Again, the results are not entirely consistent with various risk ratios reported in
different types of studies and different populations. Nonetheless, there is enough
of a positive correlation that a pathogenic relationship should be suspected for a
subset of patients. Of note, the interest in microbial infections as the cause of
many malignancies is on the rise (60).

The role of infection as a trigger for MM is particularly difficult to assess,
because patients with myeloma have a reduced immune response and, therefore,
are susceptible to infection. Does this mean that patients with MM develop
infections of different sorts because the immune system is already compromised,
or, conversely, are the various infections part of the initial triggering process? As
highlighted under the list of conditions associated with a lower risk (RR range:
1.5–2.5), a broad range of infections have been identified in this category. The
infections involve most of the major organ systems: ear, nose, and throat, lungs,
bone, urinary tract, cardiac, pelvic organs, and liver. Positive findings in such a
diversity of studies strengthens the likelihood of a true pathogenic involvement.
Of note, MGUS has also been associated with infections, specifically, Leishma-
niasis and cytomegalovirus infection (61).

5.3. Classification of Factors Involved
in the Pathogenesis of MM and MGUS

The five categories of factors involved in the pathogenesis of MM are sum-
marized in Table 7. Although familial or predisposing factors correlate with the
evolution of myeloma and related disorders, remarkably little is known about
them (62). It is known that there are substantial racial variations in the rate of
toxin metabolism and HLA differences that influence susceptibility to viruses,
as well as deviations in DNA repair capability and the level of response to
immune triggers (i.e., cytokines and hormones). How these factors vary among
patients with myeloma is almost completely unknown (62–67). Without this
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Table 7
Factors Involved in the Pathogenesis of Multiple Myeloma and MGUS

Familial/predisposing factors: Variations in toxin metabolism
• P450 system polymorphisms
• glutathione S-synthetase polymorphisms

HLA differences influencing
• viral susceptibility
• IFN-α
• IFN-γ

Susceptibility to DNA injury
• radiation sensitivity
• DNA repair

Intrinsic cytokine/hormone response patterns
• cytokines: IL-6, IL-4, IL-10
• hormones: sex and pituitary

Residential/social factors Local pesticide spraying/contamination
Socioeconomic status

• poor living conditions
Recreational/hobby exposures

• garden chemicals
Personal habit risk factors

• hair dyes
Occupational exposures Variations in toxin metabolism:

• P450 system polymorphisms
• glutathione S-synthetase polymorphisms

HLA differences: influence susceptibility to
• viral infection
• IFN-α
• IFN-γ

Susceptibility to DNA injury
• radiation sensitivity
• DNA repair mechanisms

Radiation
• Chemicals, metals, other

Antigenic challenges Infections
Allergies

Inflammatory disease
Autoimmune disease
Stress factors Tissue stress/injury from implants, fractures, trauma
Psychological stress Secondary neuroendocrine/immune effects of

psychological stress

HLA, human lymphocyte antigen; IL, interleukin; IFN, interferon.
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information, it will be impossible to move forward with molecular epidemiology
to identify specific factors that are causally linked to myeloma. The residential,
occupational, recreational, and stress factors identified also vary from patient to
patient.

The potential complexity at the level of the individual patient is astounding.
How can one assess an individual with a complex family and exposure history?
Consider, for example, a patient who experienced all of the following prior to the
onset of MM: a well-documented family history of hematologic cancer; lived in
a farming community where pesticide spraying was common; regular use of
black hair dye; infectious mononucleosis as child and hepatitis C as an adult;
experienced a broken leg in a skiing accident that required the insertion of a pin;
psychological stress when a child died tragically in an automobile accident. The
existence of such a multitude of risks in a single individual creates a daunting
analytical problem.

In an effort to clarify and assess such patients, this author has analyzed demo-
graphic data since 1992, both in clinical practice at the Cedars-Sinai Comprehen-
sive Cancer Center as well as through demographic questionnaires supplied to
all myeloma patients who become members of the International Myeloma Foun-
dation (IMF). This has resulted in a database of more than 1500 personal patients
and more than 50,000 patient IMF members. Controlled data analysis is clearly
a challenge (Table 8). First of all, it involves a relatively rare cancer for which
multiple predisposing factors exist. Multiple exposures may have occurred with
varying patterns of timing, dose, and duration in different residential and occu-
pational settings. Basic parameters may be confounded by additional cofactors
as basic as socioeconomic status, alcohol intake, and tobacco use.

Some possible solutions to this dilemma are listed in Table 9 (6,8). The over-
riding assessment to be accepted is that multiple factors can be involved in a
multistep process. Ideally, a small number of patients can be studied in great
detail to assess the genetic predisposition and tissue sampling, as well as to obtain
a detailed exposure history and provide follow-up. With such information avail-
able as a baseline, well-defined populations can then be studied in more detail,
e.g., in terms of specific places of residence, occupations, and hobbies. Larger
databases (e.g., those now available to the IMF) can be used to evaluate the initial
observations more critically and ask highly focused questions (e.g., to determine
the impact of a family history of myeloma, cancer, or both). It is obviously
important to take advantage of ethnic, gender, and age differences in all planned
registry, cohort, or population studies (69,70).

6. GEOGRAPHIC CLUSTERS OF MM

One method of assessing risk factors for MM is to investigate clusters of
myeloma. Although epidemiologists tend to roll their eyes at the mere mention
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Table 8
Difficulties in Identifying Causal Factors for Myeloma and MGUS

Relatively rare diseases Difficult to obtain meaningful statistics
Multiple predisposing factors Family history

Sex
Race
Age

Multiple toxic/trigger exposures Toxin
  involved (see Fig. 1) Antigenic trigger

Stressor

Timing, “dosing,” duration of Level of intrinsic susceptibility
  exposures critical Level of combined cellular impact

Similar exposures achieved in
  many different residences, occupations,
  hobbies, and infections/stressor

Multiple potential confounders/biases

of “clusters,” clusters do occur. Thus far, eight carefully studied myeloma clus-
ters have been published in the medical literature (Table 10). Obviously, the
methodology for studying clusters is difficult. In his analysis of the published
data, Schwartz used a variety of techniques to correlate the reported clusters with
exposure to environmental dioxins (71–76). He noted, for example, that the
reported clusters are consistently close to bodies of water or rivers. Using a
unique statistical method, Schwartz was able to show that the eight clusters were
more likely than not to be located adjacent to bodies of water (i.e., lakes, rivers,
or seas) rather than in random geographic locations. Additionally, he was able to

Table 9
Solutions to Causal Analysis for Multiple Myeloma and MGUS

• Use multfactorial/multistep process as model
• Study patients on case-by-case basis, especially small (e.g., family) groups. This

allows:
• Genetic analysis e.g., P450, glutathione S-synthetase, DNA adducts
• Tissue sampling
• Detailed exposure history
• Careful follow-up

• Focus on defined populations by
• Residence: e.g., associated with dioxins
• Occupation: e.g., high-risk occupations such as firefighters
• Hobbies: e.g., use of toxic chemicals

• Use large databases to confirm initial observations
• Take advantage of ethnic, gender, age differences to study mechanisms
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show that dioxin exposure was more likely to occur near water and was associ-
ated with an increased risk for MM. Examples used for this analysis included the
increased incidence of myeloma in fisherman eating dioxin-contaminated fish
on a regular basis in several locations around the world, including Alaska, the
Baltic Sea, waters around the United Kingdom, and Lake Okeechobee, Florida.
Further support comes from studies of individuals exposed to high levels of
dioxins secondary to the industrial explosion in Seveso, Italy, as well as the
increased incidence in myeloma in obese patients (owing to the accumulation of
dioxins in fatty tissue). All of the gathered data support the hypothesis that dioxin
exposure significantly increases the risk for myeloma.

These cluster analyses provide enough background information to recom-
mend more detailed analyses in the future. New techniques for analyzing clusters
have been developed which show great promise for statistical robustness in
classifying and evaluating clusters (77).

7. THE INFORMATION GAP: PROBLEMS
ABOUT SOURCES OF DATA ON TOXIC EXPOSURE

The preceding comments are based on data published in standard biomedical
publications, including materials developed by the International Agency for
Research on Cancer (IARC) of the World Health Organization (WHO), the most
respected source of information on carcinogenic risk. The IARC updates data (e.g.,
on dioxins) regularly (78) and susceptibility (79). However, even the IARC has
been subject to criticism for failing to classify known human carcinogens appro-

Table 10
Reported Geographic Clusters of Multiple Myeloma

Number
Location Year of patients Comments

Thief River Falls 1970 7 Crude incidence: 10.6/100,000
No explanation

Aberdeen Scotland 1973 153 Evaluated NE Scotland 1960–1969
Crude incidence: 3.8 (vs 1.8)

Western Ireland 1985 117 MM Crude incidence: 4.5 (vs 1.1)
296 MGUS High, but ? comparison

Petersburg Virginia 1979 21 Crude incidence: 11–12.5/100,000
Walney Island, UK 1992 7 Population: 11,000; therefore crude

  incidence very high
Baglan Bay, Wales 1992 42 42 myeloma deaths vs 28.3 expected
T Town, Japan 1991 7 Age-adjusted incidence: 7.3/100,000
Okechobee, Florida 1997 37 Age-adjusted incidence: 7.9/100,000

Data from ref. 72.
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priately because of the possibility of industry backlash (80). Researcher Lorenzo
Tomatis was recently banned from setting foot in the IARC building in Lyon,
France, because he accused the IARC of “soft-pedaling the risks of industrial
chemicals.” A new director was appointed in 2003.

Even more troubling is the lack of access to industrial or corporate medical
data. Because toxic exposure can represent a source of potential litigation, much
critical information exists in court documents and sealed corporate files. A recent
book published by the The Center for Public Integrity highlights this issue and
addresses the financial and geopolitical problems involved (81). Living Down
Stream, (82) by an ecologist, addresses the relationship between cancer and the
environment, as well as public health concerns that arise because all information
relevant to public safety and policy is not integrated for the common good.

Therefore, it is important to keep an open mind. Maybe “scientific” data and
reviews do not always provide the full picture (43). Vigilant, detailed, ongoing
research is required to assess the nuances of relationships among chemicals and
other toxins, the environment, and the risk for MM and other types of cancer.
Does the metabolism of chemicals in the soil (75) pose a new unexpected risk?
Are there occupations that unexpectedly confer an excessive risk for myeloma
(e.g., elementary school teaching) (83)? Is there a possibility of myeloma clusters
developing in Silicon Valley as a result of exposure to exotic chemicals in the
computer industry or some other unexplained environmental hazard? (84,85)
Are breast implants a new risk factor for myeloma and MGUS? A recent large
case-control study shows that patients with MM are more likely to have breast
implants (85a). Why does Nogales, Arizona have 5 to 10 times the expected
incidence of MM? Is it related to toxic dumping (85) and the water supply (86)?
Only further studies will answer these and many more questions.

7.1. Viruses and MM and MGUS
As already discussed, many types of infection have been linked to myeloma.

Viruses such as herpes zoster, bacterial infections such as pneumococcal pneu-
monia, plus other infections such as Leishmaniasis and syphilis have all been
linked to the evolution of plasma cell disorders. Microbial infection has been
linked to cancer overall (60). Recently, questions were posed concerning whether
infection plays a role beyond that of triggering the expansion of the abnormal
clone via cytokine and other related mechanisms. Is myeloma the result of an
aberrant idiotypic response to a specific infection or several types of infection?
It has been demonstrated that the specificity of myeloma protein in patients with
acquired immunodeficiency syndrome (AIDS) is against the gag protein region
of the human immunodeficiency virus envelope  (86). Several reports have linked
monoclonal gammopathies with hepatitis C infections (87).

The increased incidence of myeloma in AIDS underscores the potential role
of viruses in the pathogenesis of myeloma (88). However, major reactivation of
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interest in this area stemmed from the observation that Kaposi’s sarcoma (KS)
virus HHV-8 is present in the bone marrow of patients with MM and MGUS
(89,90). HHV-8 does not occur in myeloma cells but rather in accessory cells,
e.g., dendritic and other such cells in the bone marrow. The initial observation
of the KS virus in bone marrow led to a series of attempts by groups around the
world to document the frequency with which HHV-8 appears in bone marrow
and other tissue samples, as well as the level of HHV-8 antibody response in
serum (90). Conflicting results have been obtained. Several groups confirmed
the presence of HHV-8 in MM bone marrow specimens using polymerase chain
reaction (PCR), whereas others failed to do so using a variety of techniques. The
search for serum antibodies to HHV-8 has been largely negative results. Expla-
nations for this have included the generally immunosuppressed state of patients
with myeloma, as well as the possibility of genetic heterogeneity in the HHV-8
involved in plasma cell disorders. A recent report documenting the molecular
heterogeneity of HHV-8 supports the notion that a mutation of HHV-8 that does
not trigger a strong antibody response may be involved (91). Further studies are
necessary to clarify the role of HHV-8 in MM.

Another series of studies indicated a possible role for the simian virus 40
(SV-40) or related viruses capable of producing SV-40 T-antigen in patients with
MM (93–96). In a study of patients with active myeloma, RNA found in the
plasma of 89% of patients experiencing a relapse was studied by PCR and found
to contain RNA with SV-40 T-antigen-binding sites. This raises the possibility
that the SV-40 (or Epstein-Barr virus, various adenoviruses, human papilloma
virus, and other viruses containing antigens with similar binding potential) may
have a role in the pathogenesis of the active disease. Additional studies have
measured the amount of the RNA with SV-40 T-antigen specificity. Initial results
indicate that blood obtained from patients with active myeloma contains  sub-
stantial RNA levels, as well as microvesicles evident on electron microscopy and
can produce an in vitro a cytopathologic effect characteristic of that of the “stealth
virus” (truncated cytomegalovirus). Further investigations are necessary to
clarify the implications of these observations.

In summary, recent observations of viruses point to a strong likelihood that
viral triggers may in some fashion be one of the multiple factors involved in the
causation of MM.

8. THE POTENTIAL FOR PREVENTION OF MM AND MGUS

The accumulated data strongly support the notion that various types of envi-
ronmental exposures—including chemicals, radiation, and viruses—signifi-
cantly increase the risk for MM and related plasma cell disorders. The remarkable
diversity of exposures makes prevention planning a challenging prospect. It is
rather easy to suggest that prevention strategies designed to reduce toxic expo-
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sures of known carcinogenic risk will help reduce the future incidence of
myeloma. Many of the exposures discussed above are clearly carcinogenic.
Appropriate precautions are only judicious at this point, not just for myeloma, but
in general, because many individuals at risk for myeloma have already been
exposed. What can be done for them? A recent report illustrating that Olestra can
dramatically accentuate the excretion of dioxins highlights the possibility that
high-risk individuals can be screened and receive short-term treatment to remove
toxins that are present at elevated levels (97). If DNA injury has already occurred,
appropriate steps can be taken to reduce any potential for additional DNA injury
or trigger factors such as a viral infection and local or systemic stressors. The
more we learn, the better we can reduce the incidence of myeloma, which remains
difficult to treat and is as yet impossible to cure.
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