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THE EPIDEMIOLOGY OF
MULTIPLE MYELOMA

Denise A. Riedel, MPH, and Linda M. Pottern, PhD, MPH

Multiple myeloma, a plasma cell tumor arising in the bone marrow, is a
rare cancer with an elusive etiology. Mortality rates for myeloma were not
readily available until 1950, at which time myeloma was removed from the
general category of ""lymphoreticularmalignancies'* and assigned a unique ICD
code (203) in the Manual of the International Statistical Classification of
Diseases, Injuries, and Causes of Death.'® This recent ability to track myeloma
rates provided a basis to study the descriptive epidemiology, which has since
been well reported. However, risk factors for myeloma remain obscure.

DESCRIPTIVE EPIDEMIOLOGY
Incidence in the United States

According to currently available US incidence data (1984 to 1988) from the
Surveillance, Epidemiology, and End Results (SEER) Program, multiple mye-
loma accounts for 1.0% of all malignancies in whites and 2.0% in blacks."" The
average annual age-adjusted (1970 US standard) incidence rates per 100,000 for
whites are 4.7 in men and 3.2 in women, whereas for blacks, they are nearly
double, at 10.2 in men and 6.7 in women.'* Socioeconomic factors, such as
household size and family income, do not appear to explain this difference in
rates between blacks and whites."",* Of all the lymphoreticular neoplasms,
multiple myeloma accounts for 31% among blacks and 13% among whites,
whereas leukemias occur equally in blacks and whites at 31%.' The incidence
of multiple myeloma has been fairly stable among US whites since the early
1970s (Fig. 1);however, incidence among blacks increased from the 1970s into
the early 1980s when it peaked, then decreased slightly."* Poverty, as indicated
by percent of persons with incomes below the poverty level, did not explain
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the excess incidence among blacks, because the rates remained twice those for
whites after adjustment.'”

SEER data for the period 1975 to 1985 indicate that other ethnic groups
including native Hawaiians, female Hispanics and female American Indians
from New Mexico,’ and Alaskan natives® also experience higher myeloma
rates relative to US whites from the same geographic region. Ethnic groups
having lower incidence rates relative to their geographic white counterparts
include Chinese and Japanese populations from Hawaii and San Francisco.
Rates of the Filipino population of San Francisco and male Hispanics and male
American Indians approximate those of whites.*

A distinctive feature of myeloma is its late age of onset. Compared with
the median age of diagnosis for all cancer in the United States for men and
women, ages 68 and 66, respectively, the median age at diagnosis for myeloma
is slightly higher, 69 for men and 71 for women.'* The average annual age-
specific incidence rates increase sharply with age regardless of race or gender,
and the rates for blacks are more than twice as high as those for whites at
virtually every age (Fig. 2). A male predominance is seen in both races.""

Although definition of ‘‘urban’ and ‘“rural’” vanes among geographic
regions,* ' the incidence for men in urban areas tends to exceed that in rural
areas, whereas the rates for women are evenly distributed. However, differ-
ences by gender may seem small, because multiple myeloma incidence overall
appears to be evenly distributed between urban and rural areas in 13 popula-
tions from around the world, including the United States."" ™
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Figure 2. Multiple myeloma average annual age-specific incidence for United States, 1984
to 1988. Age plotted as the average d two five-year age groups. Rates per 100,000 person-
years. (From Ries LAG, Hankey BF, Miller BA, et al: Cancer Statistics Review 1973-1988.
Washington, DC. US Government Printing Office, 1991 (DHHS publication (NIH) No. 91~
2789].)

International Incidence

Incidence of multiple myeloma from selected population-based cancer
registries from around the world is shown in Figure 3.'> V&7 Comparisons of
international cancer registry incidence rates must be made cautiously because
the populations served may vary with regard to accuracy of case ascertainment
(e.g.. pathology versus death certificate only), level of medical care, and
diagnostic precision.** 12 7e.17 In most countries, men have higher rates than
women. Incidence rates in northern Europe are similar to those in North
American white populations, whereas the rates are slightly lower in the United
Kingdom, eastern Europe, and South America. Substantially lower rates are
observed in Asian populations.

Multiple myeloma incidence surveys conducted in different countries
including Israel, the Scandinavian countries, Switzerland, France, Czechoslo-
vakia, Australia, and New Zealand® # 7 0. 103.127.137. 1. 170 g|so show increasing
incidence over time. In Czechoslovakia®™ and Western Australia,'¥ multiple
myeloma incidence increased from the 1960s to the mid 1980s, in New Zealand
from 1955 to 1979, in Malmo, Sweden™ from 1950 to 1979, and in Denmark”™
from 1943 to 1962. In the Danish survey, however, the rates leveled off from
1963 to 1982, most likely due to changes in diagnostic criteria. In Switzerland,
no increase in myeloma was observed between the late 1970s and the late
1980s.'™ In general, the increasing incidence of myeloma over many years has
been followed recently by a leveling off. This phenomenon has also been
observed among whites in the United States.¥

Comprehensive incidence data for African populations are largely unavail-
able. The myeloma rates that have been reported are thought to be an
underestimate, mainly owing to limited diagnostic facilities and incomplete
case ascertainment.”” * Multiple myeloma case series from Africa in the late
1960s and 1970s have suggested a younger median age at diagnosis than in the
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United States, reflecting a younger population and a sizable male excess.”. '
These findings have persisted in an update of a Kenyan case series.'®

Mortality in the United States

Historically, mortality data in the United States have been available over a
longer period of time than incidence data. Myeloma mortality has been
monitored since the early 1950s, whereas the SEER program has provided
incidence data since 1973. Rates among nonwhites exceed those among whites
for mortality as well as for incidence. Among nonwhites over age 55, mortality
has increased dramatically between 1950and 1988, whereas increases for whites
over 55 have not been as great. The dramatic increases in mortality rates may
be due in part to improved medical technology, particularly in older, high-risk
populations,”, ® or due to a true upward shift in the risk for individuals bom
into the cohort of maximum risk in the late 1800s.'® Over the past 20 years,
mortality appears to have become more stable, as has the incidence. Age-
specific rates reveal that myeloma mortality has increased disproportionately
in older age groups since the 1950s, especially among those over age 60 years
(Fig. 4). Peak mortality has shifted over time from age 60 to age 80.

International Mortality

Multiple myeloma mortality has been increasing in a number of countries,
and the increase has been most pronounced in individuals age 55 and older.*
Some view the increased mortality in the older age group as a result of better
and earlier diagnosis and increased longevity,"* whereas others consider the
increase to be real.“

The countries where death rates have been lowest (including Greece,
Japan, and Hungary) have had the largest increases for the period 1970to 1985.
This is in contrast to countries with traditionally high rates, such as Norway,
New Zealand, and Finland, or countries with moderate rates, including England
and Wales, and France, where the rate of increase is intermediate. The largest
percent increase in mortality during the period was in the 70 to 74 age group.”
Because men and women have shown a similar pattern of increase, a common
environmental exposure, rather than an occupational exposure, may have more
influence on multiple myeloma mortality.”

Survival

The prognosis for multiple myeloma is poor. Based on SEER cases diag-
nosed from 1981to 1987, US blacks had a slightly higher 5-year relative survival
rate than whites, 28.3% and 26.3%, respectively.'* The relative survival rates
were higher for women than for men regardless of race: 29.3% versus 27.5%
for blacks and 27.5% versus 25.0% for whites.' Survival is generally more
favorable among those with higher income and education, regardless of race.®
m. 1 Other studies did not support this finding, however.“. ™ In a clinical
study of US multiple myeloma patients,” survival was related to the patient‘s
ability to travel to receive treatment, perhaps reflecting better prognosis. Blacks
had a more favorable survival than whites after adjustment for potential
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confounding variables including age, sex, education, therapy, and treatment
center.”

RADIATION EXPOSURES

Exposure to ionizing radiation is the most convincing risk factorfor multiple
myeloma. DNA, and particularly proto-oncogenes or *"cancer genes' in DNA,
is believed to be the target of potentially carcinogenic ionizing radiation
damage."" Multiple myeloma occurs after a long latent period in atomic bomb
survivors exposed to high doses of radiation,'® but studies of radiologists
suggest a link with long-term, low-dose exposure to radiation.'®" !¢

Atomic Bomb Survivors

The strongest evidence linking radiation to myeloma has been provided
by cancer mortality studies of atomic bomb survivors.® *** Those who entered
bombed areas of Hiroshima City within 3 days after the blast had nearly 60%
greater risk of myeloma mortality than those not exposed.® Nearly one third
of myeloma deaths between 1950 and 1985 among atomic bomb survivors have
been attributed to the atomic radiation in 1945.'
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Studies on the mortality experience of radiologists and radium dial painters
have provided further information on the risk of multiple myeloma due to
radiation. The excess of myeloma deaths among radiologists was observed
nearly 30 years ago.™ In a more recent study, radiologists exposed to lower
doses of long-term radiation had a twofold excess myeloma risk."

Increases in the incidence and mortality from myeloma among women
who were ever employed in the US radium dial painting industry have been
noted.'®® Large exposures to radium resulted from licking brushes dipped into
radium-containing paint to make fine tips."" Accurate measures of exposure
were lacking. Greater incidence and mortality were more strongly linked with
length of employment than with internal radium intake.
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Diagnostic x-ray exposure has not been clearly linked with multiple
myeloma. Some studies of diagnostic x-ray exposure have shown a small,
nonsignificant increased risk of myeloma associated with this exposure,”*,®- ¢
whereas others have not.* ¢ Members of a prepaid health plan had an excess
myeloma risk for more frequent x-ray exposure.’ In a study of over 27,000
Chinese diagnostic x-ray workers, no excess myeloma incidence was reported
over a 30-year period when compared with workers in other medical occupa-
tions in which x-ray exposure was not likely."" )

The effects of therapeutic irradiation on myeloma risk are inconsistent.'> '
Studies of patients receiving therapeutic radiation for ankylosing spondylitis
have suggested an association with multiple myeloma.” * Myeloma mortality
increased over time since first irradiation treatment among the spondylitics,
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Figure 4. Multiple myeloma, age
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but the trend was not significant.]' A nested case-control study also reported a
nonsignificant increase in myeloma risk for x-ray treatment.'* The mortality
experience of US women, based on cancer registry data, who were initially
irradiated for cervical cancer has shown no excess of myeloma.*

Nuclear Facilities

Several studies have indicated an increased risk of multiple myeloma
mortality among workers in the nuclear industry,™ ® '+ **® byt not in another
study.® Most excesses of multiple myeloma mortality have been related to
exposures between 10 to 15years prior to death.®** In"an analysis of combined
mortality data from the Hanford site, Oak Ridge National Laboratory, and
Rocky Flats Nuclear Weapons Plant, multiple myeloma was the only cancer
with a significantly increased risk.* The significance was mainly driven by the
high risk among the Hanford workers. These studies suggest that chronic
exposure in the workplace to low levels of radiation may be involved in the
development of multiple myeloma.

Investigations of residential proximity to nuclear facilities have provided
little evidence of an increased risk of multiple myeloma. A recent US nationwide
mortality survey found mortality from multiple myeloma among residents of
counties with nuclear facilities similar to that among residents of counties
without nuclear facilities.®* Data on multiple myeloma incidence were not
available in relation to the accident at the Three Mile Island nuclear power
plant; however, increased rates were observed for lymphoma, especially non-
Hodgkin's lymphoma.* Mortality from myeloma was not elevated among
residents living near a nuclear facility in France compared with those living
farther away."" Other studies that have inferred radiation exposure based on
residential distance from the nuclear facility**.*® have found no association with
myeloma risk and proximity to the nuclear installations.

A study of British participants in atmospheric nuclear weapons tests
revealed increased risk for multiple myeloma among test participants when
compared with unexposed controls.* More recently, a follow-up study among
the New Zealand participan‘s in the same nuclear weapons tests revealed no
incident myeloma cases over a 30-year period."" Exposures incurred by British
participants may have been greater, however, because the New Zealanders
participated in at most 9 of 21 tests covered in the British study.

OCCUPATIONAL AND ENVIRONMENTAL EXPOSURES

The role of occupational exposures on the risk of multiple myeloma remains
unclear. The overwhelming majority of occupational associations with myeloma
have been in agriculture' and have been most consistent for farming occupa-
tions. Nonspecific associations for metal, rubber, benzene, wood, leather,
textile, petroleum, and miscellaneous occupations and industries have been
reported in the epidemiologic literature. However, a very recent case-control
study conducted in the Montreal area reported some elevation in myeloma risk
based on detailed job descriptions." Owing to the wide variety of potential
exposures incurred in many of the occupations, causal associations with specific
chemical agents or type of work are lacking. Some studies may also be of
insufficient size to detect an association.
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Agriculture

A number of epidemiologic studies have indicated a significant increased
risk for multiple myeloma in agriculture (predominantly farming),"). ¢ z. 2 3 .
~ 1 171 w0 DUt @ few have shown no association.® » 42 1% Multiple myeloma has
been reported by some to be associated with hog production,* dairy farming,"*
sheep farming,” " exposure to beef cattle,”" working with farm animals,"¢ and
orchard farming.'” Agriculturally related exposures linked to an increased
myeloma risk include grain dust," dusty occupations,”" aflatoxins,™ and engine
exhaust® from farm equipment. A study in Sweden suggested that agriculture
workers may encounter exposures that evoke both allergic reactions and
multiple myeloma."" Because of the variety of associations reported in these
studies, it is impossible to determine from these studies whether oncogenic
zoonotic viruses, animal insecticides, agricultural chemicals, or some combi-
nation of these exposures are responsible for the increased risk of multiple
myeloma.

Increased risk of myeloma has occurred among farmers born more re-
cently,n * w.w particularly in industrialized countries, which may reflect a
change to modern chemical farming methods over the past 40 years.? Epide-
miologic studies of both case-control'". 2 . % 12213 and prospective'™ designs
have explored the association of agricultural pesticides (incfuding herbicides
and insecticides) and multiple myeloma. Morns et al'*® reported a 2Va-fold risk
of multiple myeloma with pesticide use. Boffetta et al** found that risk for
myeloma was not increased appreciably among those who were exposed only
to farming or only to pesticides, but that risk rose dramatically for those
exposed to both farming and pesticides (oddsratio = 4.3). No association was
observed between pesticide use and myeloma in an Italian study** or among a
cohort of licensed pesticide applicators.'”

Few studies have evaluated links between specific pesticide exposures and
multiple myeloma. However, herbicides potentially associated with myeloma
include phenoxyacid herbicides and chlorophenols.'* 13 Burmeister® found
elevated myeloma risk for exposure to the crop insecticides of the organochlo-
rine and carbamate classes, and for the dinitroaniline, thiocarbamate, and urea
classes of herbicides.

Metals

Exposures to various metals have been linked with myeloma. %7 ¢7- 105, 116,
1.7 10 A significant increased risk of myeloma has been observed among
smelter and metallurgy workers'* and sheet metal workers,!” whereas nonsig-
nificant elevations in myeloma risk have been noted for foundry workers.s '
In a case-control study, myeloma was associated with lead vapors and liquid,
arsenic, cadmium, and copper powder and fumes.'® These excesses occurred
among whites but not among blacks. Insufficient exposure information has
made it difficult to assess whether particular metal fumes, metal dusts, or other
exposures explain the observed elevations in risk.

Workers at a Canadian nickel refinery had a significant increase in myeloma
mortality.™ In contrast, no appreciable associations were found for myeloma/
lymphoma mortality among Swedish workers grinding stainless steel, who
were potentially exposed to chromium and nickel.'* A positive correlation has
been detected for trace levels of lead and cadmium in US water supplies and
myeloma mortality.' Lead exposure was not found to be a risk factor for
myeloma in a US hospital-based case-control study.'
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Rubber Manufacturing

Employment in the rubber manufacturing industry may be a risk factor for
multiple myeloma.” Excess mortality rates of myeloma have been observed
among white and nonwhite female rubber workers.”. ' A majority of these
women worked in the industrial products division where rubber bands, hoses,
belts, and molded rubber goods were made.'? A slight increase in myeloma
incidence was observed among Swedish male and female rubber workers.”™
Increased incidence was particularly associated with individuals who had a
longer exposure time to the chemical weighing and mixing process, because
their period of employment encompassed a time when dust control was
minimal. Results are inconsistent among white male rubber workers. Greater
mortality was observed in one study,* but not in another.”” A slight excess,
based on small numbers, occurred among black male reclaim workers.” In a
mortality study of male British rubber industry workers, no link with multiple
myeloma was detected.'®

Benzene and Other Chemicals

Benzene has been suggested as a possible etiologic agent of multiple
myeloma® because its metabolites are known bone marrow toxins. Myeloma
incidence has been found to be statistically higher among benzene exposed
cohorts,” and a statistically significant excess of myeloma and leukemia mor-
tality has been observed among workers exposed to benzene in the manufacture
of rubber hydrochloride.'*

In a nested case-control study of chemical workers,” there was a trend
association with benzene exposure of 5 years or more, although another case-
control study reported no association.' A cohort of firefighters was found to
have a significant increase in myeloma mortality; however, benzene exposure
is only one of the myriad of chemicals present in most structural fires.®

An excess of deaths from myeloma and malignant lymphomas combined
was noted in a Swedish study of chemical factory workers who were exposed
to a variety of established or suspected carcinogens including piperazine,
urethane, formaldehyde, benzyl chloride, ethylene oxide, and epichlorohy-
drin.” Risk of myeloma was markedly elevated in a cohort of chemical workers
exposed to epichlorohydrin and chemical groups including antioxidants and
nitriles.”” A significant increase in myeloma mortality was observed among
male aircraft maintenance workers exposed to methylene chloride, and female
workers exposed to chlorinated and aromatic hydrocarbons including perchlo-
roethylene.'> A mortality study of Canadian metal workers revealed a signifi-
cant increase of multiple myeloma among machinists,® who were potentially
exposed to hard metallic alloys, cutting oils, and mineral oil lubricants in the
production of machine parts. A mortality study of metal fabrication workers
with similar exposures in New York state found no myeloma excess.'

Among embalmers and funeral directors potentially exposed to formalde-
hyde, funeral directors had a significant excess of lymphatic and hematopoietic
cancer mortality, but embalmers did not.® The excess occurred among blacks
but not among whites.

Wood, Leather, and Textile Industries and Occupations

Associations between myeloma risk and employment in the wood industry
have been mostly with the pulp and paper making processes. A nonsignificant
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increased risk of mortality from lymphoma and multiple myeloma combined
has been noted among paper and pulp workers in New Hampshire** and in
paper factory workers in Sweden.* Other studies have not shown a relationship
between work in wood-related industries and muliple myeloma."*. - e % 1. 12, 138, 1

Myeloma has been observed in studies of the leather industry. Workers in
the leather tanning industry had a nearly twofold nonsignificant increased risk
of myeloma,* and a study of shoe manufacturing workers noted a twofold
increase among men and greater than a threefold increase among women. '

An association with myeloma and textile processing is contradictory. A
linkage study of Swedish cancer incidence data and occupational census data‘'
revealed a nearly threefold increased risk of multiple myeloma among women
textile workers in the wool industry, whereas Pottem et al found elevated,
nonsignificant risks for Danish women employed in the textile industry (un-
published data). On the other hand, proportional mortality studies of female
North Carolina textile workers and male Rhode Island textile workers revealed
no significant multiple myeloma mortality."" 5

Petroleum Industry and Fuel Combustion Products

An excess of deaths due to cancers of the lymphatic tissue has been
observed in several petroleum refinery populations® ® '@ 12 182 pyt not in
others.® 7 A case-control study of the petroleum industry that utilized company
work history records did not find specific associations with work category and
product exposure. A recent study of highway maintenance workers poten-
tially exposed to asphalts, tars, gasoline, engine exhaust, and lead did not
report elevated myeloma mortality.®

Exposures to carbon monoxide as a consequence of exposure to diesel, jet
fuel, or automobile exhausts, coal fumes, and smoke have been linked with
myeloma risk.? *'» However, another study’* did not find a significant excess
of myeloma cases among subjects exposed to gasoline or diesel exhausts, coal
products, or chemical solvents.

Hair Dyes

Epidemiologic studies of multiple myeloma and employment as a beautician
or cosmetologist have reported both positive™ ' and negative associations
(unpublisheddata).*” One potential workplace exposure is hair dye application.
Hair dyes contain aromatic, nitro, and amino compounds that have been shown
to be mutagenic in laboratory animals.? Two recent case-control studies of
multiple myeloma have specifically assessed hair dye usage, however, and
both found an elevated risk among women' and men (LM Brown, personal
communication, 1991)who dyed their hair. Risk among women was higher for
permanent hair color than for semi- or nonpermanent color, and it was higher
among users of dark hair-coloring products.'* Among men, myeloma risk
increased with longer duration of hair dye use (LM Brown, personal commu-
nication, 1991).

Miscellaneous Environmental and Occupational Exposures

Positive associations between multiple myeloma and exposure to paint
have been reported in case-control and prospective studies.!® * ' 13 A recent
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study in New Zealand reported higher myeloma risk among car, spray, and
sign painters than general painters.” Risk for spray painters may be higher
because of increased exposure to nonvolatile components in the paints.

The association between multiple myeloma and exposure to asbestos has
been reported in some case-control studies™ ** and one prospective $ tudy™
but not in other studies.' * ¥ A sjignificant exposure-response gradient was
reported for individuals with multiple myeloma who were exposed to asbestos
for at least 10 years as compared with hospital controls.* Also associated with
a nonsignificant excess risk of myeloma was photography and exposure to
electric cable.® An increased risk was reported for janitors and cleaners, and
for exposure to cleaning agents and disinfectants.'” An association between
occupational exposure to electromagnetic fields and multiple myeloma was not
shown in two studies attempting to evaluate this relationship.'®

A cohort study of Swedish chimney sweeps reported a marginally signifi-
cant increase in multiple myeloma incidence.™ Potential occupational exposures
included polycyclic aromatic hydrocarbons (formed by combustion of coal,
wood, coke, and oil) and metals such as arsenic, nickel, and chromium.” A
nonsignificant excess of multiple myeloma was reported among a cohort of
abrasive manufacturing workers whose potential work exposures included
dusts from aluminum oxide and silicon carbide processing.*

Nonoccupational Exposures

Prescription and over-the-counter medications have been suggested as
myeloma risk factors in several case-control studies. Friedman® found propox-
yphene use to be predictive for multiple myeloma. A possible association with
prior use of phenytoin, phenobarbital, diazepam, propranolol, ibuprofen, diet
drugs, stimulants, and laxatives has been suggested.'” A mortality study of
health plan members in California found a significant elevation in myeloma for
prior use of erythromycin, chlorpheniramine, gentamicin sulfate, sulfameth-
oxazole, and terpin hydrate.”” It is unclear whether the responsible factor for
the increased myeloma risk was the prescription drug or the medical condition
that was being treated with the drug; however, the probability of chance
findings cannot be ruled out.

Multiple myeloma has not been found to be strongly related to either
cigarette smoking or alcohol consumption. One Swedish case-control study
reported inconsistent results; ex-smokers had an elevatgd rlsk but current
smokers did not.” Several other case-control studies™ * * 7' have foun
no increased risk for tobacco use. An increased myeloma risk for ever having
smoked cigarettes has been reported in a follow-up study of Seventh Day
Adventists, with significant trend associations for number of cigarettes smoked
and years smoked.”™ No such pattern was observed in a cohort study of US
veterans.®*

Previous case-control studies have found no appreciable association be-
tween alcohol consumption and myeloma' > ' A recent case-control study of
white men found a significant increased risk for myeloma and alcohol con-
sumption, particularly among those who consumed combinations of beer,
wine, and hard liquor (LM Brown, personal communication, 1991). Biologc
mechanisms linking myeloma etiology to alcohol consumption have not been
adequately explored.
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Familial and Genetic Factors

Familial occurrence of myeloma has been well established; however, there
has been no conclusive evidence implicating multiple myeloma as an inherited
disease. Recent research has focused on various genetic markers including
human leukocyte antigen (HLA), chromosomal abnormalities, oncogenes, and
environmental variables that correlate with multiple myeloma.

Case Reports Among Family Members and Spouses

Previous reports documented multiple myeloma occurring among siblings
and spouses. Of 37 families with at least two members with myeloma, the
cancer occurred among siblings in 25 of the families.' Three families in
Northern Ireland had multiple myeloma in two first-degree relatives concur-
rently, although the monoclonal type of immunoglobulin varied in both cases
within each family.*** In another family, a sister had kappa light chain myeloma
and two brothers both had monoclonal IgG kappa myeloma.% Case-control
studies have also reported the occurrence of multiple myeloma in related family
members. ' 7% Agsociations with myeloma include significant links with family
history of autoimmune disorders'® and degenerative central nervous system
diseases,’) and a nonsignificant elevated risk for family history of myeloma
among first-degree relatives.® An environmental role in myeloma etiology is
suggested by cases of multiple myeloma occurring among spouses. 8. %- 5 1«

Genetic Marker Studies

Over the last decade, several genetic studies of multiple myeloma have
been conducted to determine the similarities and differences that myeloma
cases have with respect to immunogenetic markers.™ ' ® | udwig and Mayr'®
tested 68 myeloma patients and 3000 controls for HLA types and noted no
differences in HLA type; however, a larger analysis including data from other
studies revealed a significant increase of HLA-B5 among cases compared with
controls. An HLA typing of two sisters with myeloma revealed identical HLA
antigens; however, the sisters had no common chromosomal abnormality, nor
did they share a common M-protein.'® Grosbois et al? reported multiple
myeloma in nontwin brothers who were identical for the HLA genotype of
monoclonal immunoglobulin of the IgG kappa isotype variety.

Early studies of HLA and multiple myeloma found an association with the
B locus'"); however, more recent associations have been found with the C locus.
An association of multiple myeloma with HLA-Cw5 antigen and G3m(g5)
allotype was reported in a study of 22 black myeloma patients and 138laboratory
controls.” *® As part of a population-based case-control study of multiple
myeloma among US blacks and whites, a significantly higher gene frequency
of HLA-Cw2 was observed for cases compared with controls for both black and
white men." Although myeloma risk appears to be enhanced by HLA-Cw?2
for both black and white men, it does not explain the higher incidence of the
cancer among black men.

Chromosomal Abnormalities

One important cytogenetic abnormality of etiologic relevance to multiple
myeloma is the 14q+ abnormality, first reported by Wurster-Hill et al** in
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1973. Gould et al™ examined 115myeloma patients for karyotypic abnormalities
and found that the translocation t(8;14)(q24;q32) was statistically associated
with IgA myeloma protein. The same translocation has been associated with
80%df all Burkitt’s lymphoma cases.'"* Another translocation, t(11;14)(q13;q32),
has been observed in various B-cell abnormalities including multiple myeloma,
chronic lymphocytic leukemia, and plasma cell leukemia.*® B-lymphoprolifera-
tive disorders are often associated with chromosomal abnormalities of the light
chain immunoglobulin loci, on chromosomes 2 and 22, and the heavy chain
immunoglobulin locus on chromosome 14.“ A recent case review of the
cytogenetic literature from the 1960s through the 1980s* revealed 453 myeloma
patients of whom 124 had a complete karyotype analysis. Of these 124 patients,
32% had various chomosomal abnormalities involving chromosome 14. Other
structural and numerical chromosomal aberrations in myeloma patients have
been reported'’; however, at this time no specific chromosomal abnormality
has been linked to multiple myeloma.

Oncogenes

Recent studies have implicated malignant transformation by oncogenes in
the pathogenesis of multiple myeloma.* % 7 .15 ncreased levels of ¢c-myc
mRNA have been detected in myeloma plasma cells in 9 of 37 myeloma
patients, and two of these patients had c-myc gene rearrangements.'® A case
series from Japan found 4 of 11 advanced myeloma patients had high c-myc
RNA expression that in turn correlated with high levels of myeloma cellular
proliferation.”” This suggests that transformation of myeloma cells occurs only
in response to increased expression and activation of the c-myc gene. Co-
amplification of c-myc and the pvt-locus in myeloma is rare,* and the role of
other genes in tumor development remains unknown. One investigation noted
an activated ras" gene in a myeloma cell line that had a rearranged myc allele.*
Other oncogenes that so far have an undefined role in myeloma etiology
include the B-cell lymphoma/leukemia genes bcl-1 and bcl-2.4

PRE-EXISTING MEDICAL CONDITIONS

Because multiple myeloma is a plasma cell tumor, the role of the immune
system in the cancer’s etiology is of primary interest. An excess of certain pre-
existing immune-stimulating medical conditions has been observed in myeloma
cases, suggesting that chronic antigenic stimulation (CAS) of the immune
system may be an important factor in the development of myeloma. However,
not all studies have reported the same findings owing to inconsistencies in
defining CAS, differences in the lag time between the medical condition and
the diagnosis of myeloma, and the quality of medical information obtained.
Recent epidemiologic studijes!* 3 3 e 7. 93. 105 136 181 have explored the CAS
hypothests by utilizing medical history information, namely, past exposures to
viral or bacterial illnesses, immunizations, allergies, or autoimmune disorders.

A number of case-control studies have examined the relationship between
myeloma and history of certain medical conditions. A study in Italy” found
that scarlet fever, BCG vaccination, and chronic bacterial disease were signifi-
cant risk factors for multiple myeloma. Risk rose with increasing number of
bacterial illnesses. A nonsignificant twofold risk was observed for history of
herpes zoster, pyelonephritis, tuberculosis, and malaria. In contrast, no increase
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in risk was found for scarlet fever or for tuberculosis, BCG vaccination, or
malaria in a British study and a US population-based case-control study.’), *
No association between myeloma and the category of chronic bacterial infections
was observed in a study conducted in Baltimore, Maryland.*™ In a population*
based case-control study in four areas of the United States, a trend of increased
myeloma risk was found for increased number of bacterial illnesses.” This
study also reported significantly elevated risks for fever blisters, contact with
mononucleosis, and rheumatic fever, and nonsignificant increased risks for
tuberculosis, urinary tract infections, and syphilis. No increased risk was found
for gonorrhea.” A separate analysis of the light chain myeloma cases revealed
a nonsignificant increase in risk for medical implants, infectious mononucleosis,
and hepatitis. Risk was not elevated for having fever blisters among the light
chain cases, unlike for the more common form of myeloma.'®
Three case-control studies®> * # reported elevated risks of myeloma with
allergy-related conditions. Risk of myeloma was significantly increased for hay
fever,’ “any allergic condition,” allergy treatment, and myxedema.** Elevated,
but nonsignificant, risks were detected for asthma, use of asthma medication,
and food allergies, whereas no excess was observed for eczema or drug
allergies.”” Risk was also increased for childhood eczema and any allergic
conditions among light chain myeloma cases.'® Rheumatoid arthritis, but none
o the other autoimmune diseases evaluated, was associated with a nonsignif-
icant increase in risk in one of the studies.*® No association was found for
either allergic conditions or autoimmune disorders and myeloma in the other
case-control studies.*. 3 3s.71. w05
A nested case-control study that ascertained previous history of various
medical conditions reported an excess of diabetes among myeloma cases.” In
contrast, no association between myeloma and diabetes was reported in at least
two other case-control studies.®
The following medical conditions have not been shown to be associated
with myeloma in at least two case-control studies: childhood illnesses (e.g:.,
chickenpox and mumps),’*. 7-** vaccinations for childhood and other diseases,*
n.ss previous lymphoid tissue surgery,’ ¢ ' kidney disease,”. * chronic
bronchitis,” ** tuberculosis,”. ¢ hepatitis,*> © and blood transfusion prior to
myeloma diagnosis.* ** In a recent case-control study based on medical record
data from the two US prepaid health plans, significant elevations in myeloma
risk were detected for disc disease and other musculoskeletal conditions,
eczema, and bronchitis (for plan only) (MM Doody, personal communication,
1991). Twofold nonsignificant elevations were found for tuberculosis, pelvic
infection, and herpes zoster. Moderately elevated risks were noted for boils,
urinary tract infection, hay fever, asthma, rheumatoid arthritis, psoriasis, gout,
rheumatic fever, and degenerative joint disease arthritis. The overall inconsis-
tencies in the medical conditions reported by case-control studies suggest that
CAS, when evaluated in this manner, does not provide sufficient information
to adequately evaluate the role of immune stimulation in the development of
multiple myeloma.
Multiple myeloma in relation to the AIDS epidemic has also been studied.
A Los Angeles population-based study did not reveal an AlIDS-related increase
in multiple myeloma incidence.* However, there have been case reports of
myeloma occurring in patients at risk for AIDS,*? ' one of whom had the
Epstein-Barr virus genome incorporated into the B-cell tumor tissue. This
association may suggest that deregulation of the immune system, as in AIDS,
could predispose one to B-cell neoplasia.
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CONCLUSION

Although myeloma incidence and mortality have been increasing until
recently, multiple myeloma remains a relatively rare cancer. In the United
States, myeloma rates in blacks continue to outpace those in whites. Interna-
tionally, incidence is highest in industrialized countries and lowest in devel-
oping countries. The differences in rates reflect the presence of cancer registries,
usually in industrialized countries, that cover a larger proportion of the total
population within a country and reflect greater access to medical care.

The causes of multiple myeloma are largely unknown; however, potential
risk factors include radiation and certain occupational exposures such as farming
and pesticide use. The strongest association between multiple myeloma risk
and radiation exposure has been observed among atomic bomb survivors,
radiologists, and radium dial workers. Risk associated with exposure to diag-
nostic and therapeutic x-rays is contradictory. With the advent of nuclear
power, concern for elevated cancer risks has increased among power plant
workers and local residents. There is some evidence for elevated risks among
nuclear plant workers, but risk among residents near nuclear facilities does not
appear to be increased.

Although associations of myeloma with farming and other occupations
have been reported in some studies, it is not yet clear what specific agricultural
or workplace exposures might be etiologically involved. The strongest candi-
dates include pesticides, benzene, and other organic solvents. Nonoccupational
exposures including smoking and alcohol consumption do not seem to be
strongly related to myeloma. Associations between myeloma and previous use
of prescription drugs have not been well clarified. The role of chronic antigenic
stimulation (CAS) in multiple myeloma is incon ‘usive, mainly because of
inconsistencies in the definition of CAS, varying quality of medical history
information, and the subsequent contradictory study results.

Inaddition to environmental risk factors, epidemiologic research of multiple
myeloma should focus on potential genetic determinants. Research on chro-
mosomal aberrations, HLA type, and oncogenes will continue to shed light on
the pathogenic mechanism of myeloma, as well as provide genetic information
that may be useful in the prediction and prognosis of this cancer and other B-
cell malignancies.

Incorporation of laboratory-based measures of genetic aberrations and
immune function in future epidemiologic studies may be instrumental toward
understanding the role of genetics and immune deregulation in the etiology of
multiple myeloma.
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