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Abstract  Multiple myelomas are a less frequent 
cancer site among both sexes. On a worldwide 
scale, it is estimated that about 86 000 incident 
cases occur annually, accounting for about 0.8% 
of all new cancer cases. About 63 000 subjects 
are reported to die from the disease each year, 
accounting for 0.9% of all cancer deaths. 
Geographically, the frequency is very unevenly 
distributed in the world with the highest inci-
dence in the industrialised regions of Australia / 
New Zealand, Europe and North America. 
Incidence and mortality seem to be stable in 
Asian countries and to increase slowly over the 
decades among whites in the western countries. 
The etiology is poorly understood. This depends 
partly upon the fact that the risk factors which 
play a major role for malignant diseases in gen-
eral, such as tobacco consumption and diet have 
not been found strongly involved into multiple 
myeloma etiology. Nevertheless, some consis-
tency seems to be in the findings about a risk 
elevation with obesity and a slightly decreased 
risk with high fruit consumption. Despite some 
contradicting results, indications to a role of 
ionising radiation persist. Finally, infections 
with HIV and hepatitis C virus appear related to 
an elevated multiple myeloma risk. Currently, 
large efforts are undertaken to unravel the etiol-
ogy of malignant lymphoma including those of 
multiple myeloma.

Contents

2.1	� Descriptive Epidemiology . .  .  .  .  .  .  .  	 26

2.2	� Etiology  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 26
2.2.1	� Tobacco .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 26
2.2.2	� Alcohol .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 29
2.2.3	� Diet .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 29
2.2.4	� Obesity  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 29
2.2.5	� Physical Activity . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 30
2.2.6	� Hormonal Factors .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 30
2.2.7	� Environment and Occupation .  .  .  .  .  .  	 30
2.2.8	� Ionizing Radiation . . . . . . . . . . . . . . . 	 30
2.2.9	� Inheritance  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 31
2.2.10	� Medical History, Viruses,  

Immunological Conditions .  .  .  .  .  .  .  .  	 31

2.3	� Summary .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 31

References  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  	 33

N. Becker  
Division of Cancer Epidemiology,  
German Cancer Research Center,  
Im Neuenheimer Feld 581, D-69120  
Heidelberg, Germany 
e-mail: n.becker@dkfz.de



26	 N. Becker

2 2.1   
�Descriptive Epidemiology

Multiple myelomas are a less frequent cancer 
site among both sexes. On a worldwide scale, it 
is estimated that about 86,000 incident cases 
occur annually (47,000 males and 39,000 
females), accounting for about 0.8% of all new 
cancer cases. About 63,000 subjects are 
reported to die from the disease each year 
(33,000 males and 30,000 females), accounting 
for 0.9% of all cancer deaths (Parkin et  al. 
2005). In terms of age-standardized rates, the 
annual incidence rates amount to 1.7 per 
100,000 in males and 1.2 in females, and the 
mortality rates to 1.2 (males) and 0.9 (females). 
Among the hematological malignancies, the 
proportion of multiple myelomas ranges in a 
magnitude of 15–20% (Devesa et  al. 1992; 
Becker et al. 2007).

Geographically, the frequency is very 
unevenly distributed in the world with the high-
est incidence  in  the industrialized regions of 
Australia/New Zealand, Europe, and North 
America (Fig.  2.1). The ethnic comparison 
within the population of the USA shows an 
almost doubled occurrence of multiple myeloma 
among the blacks compared to the whites, while 
people of Asian origin, especially Chinese and 
Japanese, experience a much lower incidence 
(Coleman et al. 2008; Parkin et al. 2005).

Incidence and mortality seem to be stable 
in Asian countries and to increase slowly over 
the decades among whites in the western 
countries and blacks in the USA (see Fig. 2.2). 
The  rates and trends for the Asian immi-
grants  into the USA resemble those of the 
respective countries of origin (Hirabayashi 
and Katanoda 2008).

The reasons for these differences and the 
increasing trend among the whites in the western 
countries are unknown.

The average 5-year survival is about 15–20% 
with a wide range of survival between some few 
years to 10 years or more.

2.2   
�Etiology

The etiology of multiple myeloma is poorly 
understood. This depends partly upon the low 
frequency of the disease which makes its investi-
gation difficult; and it partly depends upon the 
fact that the risk factors which play a major role 
for malignant diseases in general, such as tobacco 
consumption and diet (see Wynder and Gori 
1977, Doll and Peto 1981 or Harvard Report on 
Cancer Prevention 1996), have not been found 
obviously involved in multiple myeloma etiol-
ogy. However, major efforts are currently under-
taken to unravel the etiology of hematological 
malignancies in general and of multiple myeloma 
in particular (Boffetta et al. 2007).

2.2.1   
�Tobacco

In most of the studies which investigated a 
potential association to multiple myeloma, no 
risk increase has been found (Alexander et  al. 
2007). Nevertheless, in a more recent (Nieters 
et al. 2006a) and a few of the older studies cited 
in Alexander et al., an elevated risk was observed 
(RR = 2.4 in males, RR = 2.9 in females for cur-
rent smoker, respectively) so that the matter 
appears to still be unresolved. The study of 
Nieters et al. indicated that the latency between 
tobacco consumption and occurrence of hemato-
logical malignancies might be particularly long, 
making the confirmation of an association 
difficult. On the other hand, the recent analysis 
of the large European Prospective Investigation 
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Fig. 2.1  Incidence and mortality rates for multiple myeloma. Rates are age-standardized with world standard 
as reference and given per 100,000 (Parkin et al. 2005)
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Fig. 2.2  Incidence of multiple myeloma in different parts of the world and different ethnic groups within 
the USA
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into Cancer and Nutrition EPIC could not con-
firm this notion (Nieters et al. 2008). Thus, the 
currently available data strongly suggest that 
smoking is, if at all, at most a marginal risk 
factor for multiple myeloma.

2.2.2   
�Alcohol

Similarly, most investigations about the role of 
alcohol consumption reported a null result, only 
one an elevated risk in a particular combination 
of alcoholic beverages and two a decreased risk 
(Alexander et  al. 2007). However, even those 
recent studies which reported a decreased rela-
tive risk with alcohol consumption for lym-
phoma in general could not observe this effect 
in multiple myeloma (Nieters et  al. 2006a). 
Thus, also for alcohol consumption, the cur-
rently available data do not suggest a relevant 
contribution to multiple myeloma etiology.

2.2.3   
�Diet

A multitude of nutritional epidemiologic studies 
carried out over the past decades suggests diver-
gent effects of different food groups on carcino-
genesis. Thus, studies are usually focused on the 
respective food groups such as fruits and vegeta-
ble, meat, fish, etc. whose effects seem to range 
from potentially protective effects (e.g., high 
consumption of fruits and vegetable) for some 
cancer sites to risk elevations (high consumption 
of specified types of meat).

For multiple myeloma, several studies reported 
a decreased relative risk with a high consumption 
of fruits and vegetable (Tavani et al. 1997; Brown 
et al. 2001; Valjinac et al. 2003) which was con-
firmed by a recent evaluation of EPIC (Rohrmann 
et al. 2007). In this evaluation, an effect was seen 
for fruits, especially citrus fruits, but not for 
vegetable consumption. On the other hand, 
previous reports found inverse associations also 

for high vegetable consumption (see Alexander 
et al. 2007).

For meat consumption, a current, yet unpub-
lished analysis of EPIC data provided overall a 
null result which is consistent with previous 
findings (see Alexander et al. 2007), but some 
indication to a potentially elevated relative risk 
for higher intake of chicken meat (S. Rohrmann 
2009 personal communication).

Inconsistent results were reported from 
several studies on fish consumption from which 
several showed a decreased relative risk while 
a  few also found risk increases (Alexander 
et al. 2007).

Thus, the current data on effects of diet on 
multiple myeloma are inconclusive, whereby 
the results on high intake of fruits and vegetable 
indicate the highest potential of a true, and 
potentially protective, effect.

2.2.4   
�Obesity

Elevated relative risks for obese subjects were 
reported from several epidemiologic studies, 
mainly case-control studies (Alexander et  al. 
2007; Bergström et al. 2001; Larsson and Wolk 
2007). Though the recent evaluation of EPIC on 
body height and weight could not confirm an 
association to obesity or body fatness (Britton 
et  al. 2008), with other prospective studies, an 
association could be confirmed (Birmann et  al. 
2001; Reeves et al. 2007). In the latter cohorts, the 
relative risk appeared to increase with increasing 
body weight. Thus, for obesity, the consistency of 
reports on a risk-increasing effect is relatively 
high though not yet finally conclusive. Supportive 
for a true association may be the fact that obese 
subjects seem to have elevated IL-6 levels and 
bioavailability of insulin growth factor which 
appears also related to development of multiple 
myeloma and survival from the disease (Ge and 
Rudikoff 2000; Xu et al. 1997), seems also to be 
affected by obesity (Bianchini et  al. 2002; see 
also Birman et al. 2007).
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2 2.2.5   
�Physical Activity

Physical activity is considered an established 
protective factor for several cancer sites (IARC 
2002), but has not yet been investigated thor-
oughly for multiple myeloma. However, Birman 
et  al. (2007) reported from three studies on 
obesity which also took physical activity into 
account. They did not observe any deviation of 
risk from unity (Blair et al. 2005; Oh et al. 2005; 
Pan et  al. 2004). The results of Birman et  al. 
(2007) were consistent to those null results.

2.2.6   
�Hormonal Factors

One reason for taking hormonal factors into 
account is that the risk for getting the disease 
is consistently higher in males than in females. 
Hormonal factors may affect this gender dif-
ference. Another reason is that lifestyle fac-
tors, such as obesity, may modulate the 
hormonal status of subjects (see above kaaks 
and Lukanova 2002).

Quite a number of studies referenced in 
Alexander et  al. (2007) examined hormone 
replacement therapy (HRT), age at first birth, 
and number of pregnancies, the latter factors 
which have been found in several studies 
related to other lymphoma entities. None of 
them showed significant associations to multi-
ple myeloma.

2.2.7   
�Environment and Occupation

Occupational settings are frequently used in 
epidemiology to investigate both occupational 
cancer risks as well as potential environmental 
hazards. Exposures which occur in the environ-
ment as well as in industry can in many instances 
better be investigated in the industrial environ-
ment since the exposures are frequently higher, 

can better be estimated or measured, and may 
have a longer and again better assessable dura-
tion during lifetime. Obtained results may be 
extrapolated by quantitative risk modeling to 
the exposure levels found in environmental 
settings.

A multitude of occupational-epidemiologic 
studies provided results for multiple myeloma 
and have been reviewed in Alexander et  al. 
(2007). Particularly, exposures to pesticides, 
solvents, especially benzene, other chemicals, 
and hair dyes have been addressed. Though 
some studies reported increased relative risks 
and some other studies reported decreased rela-
tive risks, the overall balance appeared incon-
sistent and did not provide evidence for a major 
role of these agents on multiple myeloma 
etiology. The results for radiation will be pre-
sented separately below.

On the other hand, it must clearly be stated 
that many of the studies were based on small 
numbers which make – as already mentioned 
above – it difficult to detect moderate or late 
occurring hazards. Thus, further research will 
be needed and will move the inconclusive bal-
ance in the one or other direction. In this sense, 
a recent study of Costantini et al. (2008) reported 
an increased risk of multiple myeloma after 
benzene exposure and long latency.

2.2.8   
�Ionizing Radiation

Ionizing radiation was long considered an estab-
lished risk factor for multiple myeloma based 
on the data of the atomic-bomb survivor studies 
(Alexander et al. 2007). However, later evalua-
tions of these data taking a longer follow-up 
into account could not confirm the previous 
reports (Preston et al. 1994) so that the matter is 
open again. Preston et al. drew a parallel to CLL 
which are known to be unrelated to ionizing 
radiation and which have the origin from termi-
nally differentiated B lymphocytes in common 
with multiple myeloma, suggesting biological 
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plausibility that also multiple myeloma may be 
unrelated to ionizing radiation.

Other exposures to ionizing radiation may 
occur in medical applications in the context of 
diagnostic radiological imaging or radiotherapy 
for both patients as well as medical staff. None 
of these circumstances seemed to provide an 
excess risk for multiple myeloma.

A quite different setting may occur by occu-
pational low-level radiation in nuclear industry 
since these exposures may be long-lasting in con-
trast to the shorter and high-dose atomic-bomb 
exposure. Though the overall balance about the 
existing studies appears also contradictorily, a 
recent carefully conducted large study provided 
indications to a statistically significant overall 
cancer risk and elevated excess risks for specified 
cancer sites including multiple myeloma. 
Nevertheless, the result for multiple myeloma 
was only marginally statistically significant and 
needs further confirmation (Cardis et al. 2007).

Finally, the effect of a chronic exposure to 
alpha-radiation could be investigated in the con-
text of iatrogenically induced cancer death by 
administration of Thorotrast. Thorotrast was the 
brand name of a stabilized colloidal solution of 
thorium dioxide which was used as an X-ray 
contrast medium between 1930 and 1950. The 
administration of the medium led to a lifelong 
chronic a-particle irradiation by thorium decay 
products in the organs of deposition. Two of the 
overall four large cohort studies reported an 
increased myeloma risk among the exposed sub-
jects (Visfeldt et al. 1995; Becker et al. 2008).

2.2.9   
�Inheritance
More consistent than for other candidate risk 
factors appear the data on a potential familial 
aggregation of multiple myeloma. Based on the 
Swedish family–cancer database, Hemminki 
et al. (2004) observed an elevated relative risk 
among offsprings of parents with a diagnosis of 
multiple myeloma. Several other studies reported 
more generally an increased risk in first-degree 

relatives of subjects with a diagnosis of multiple 
myeloma or hematopoietic malignancies in gen-
eral (Alexander et al. 2007). The risk elevation 
was not found in second- or third-degree rela-
tives and not for cancers other than of the 
hematopoietic system.

2.2.10   
�Medical History, Viruses, Immunological Conditions

Since lymphomas are malignancies of cells of 
the immune system, it is suggestive to look for 
associations with other immunological disor-
ders. Thus, for B-cell lymphoma excluding 
multiple myeloma, previous studies reported 
relatively consistently an inverse association to 
atopic diseases. For multiple myeloma, how-
ever, the relationship is much more inconsistent. 
Alexander et  al. (2007) summarized studies 
which observed an inverse association, but also 
studies with null results or even elevated rela-
tive risks in subjects with allergies. Thus, though 
more recent studies supported again the notion 
of an inverse association (Becker et  al. 2004, 
2007), the matter appears still unresolved.

Correspondingly, the results on associations 
with autoimmune diseases, childhood, or adult 
infections are inconclusive with two important 
exceptions: An elevated relative risk was shown 
in HIV-infected subjects (Goedert et  al. 1998; 
Grulich et  al. 1999) and among hepatitis C 
virus–infected subjects. The latter association 
was significant in a Swedish cohort (Duberg 
et  al. 2005), and nonsignificant in a European 
case-control study (Nieters et al. 2006b).

2.3   
�Summary

In conclusion, most of the so far examined fac-
tors provided either null or inconsistent results 
(see Table 2.1). Some consistency seems to be in 
the findings about a risk elevation with obesity 
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2 Table 2.1  Summary of associations between established or suspected risk factors and multiple myeloma 
(Alexander et al. 2007)

Factor Approximate range of 
observed associations

Comparison

Accepted risk factors
Increasing age 12–16 <65 vs. ³65
Male gender 1.5 Males vs. females
Black race 2–3 Black race vs. white race
Positive family history 1.5–5 Positive family history of MM or LHC  

in a first-degree relative with MM or LHC
MGUS 25+ MGUS positive vs. MGUS negative
Possible risk factors
Obesity 1.2–2 Obese (BMI ³ vs. normal range BMI) 

(BMI < 25)
Low fish consumption 1.2–1.7 Low vs. high fish consumption
Low green vegetable consumption 1.1–2.5 Low vs. high green vegetable consumption
AIDS 4–12 AIDS diagnosis vs. no AIDS diagnosis
Herpes zoster/shingles 1.2–2.6 History of infection vs. no history of 

infection
Epidemiologic data inconsistent
Hair dye use
Overall exposure 0.8–1.5 Any exposure vs. never exposed
Permanent hair dye 0,6–1.9 Permanent hair dye exposure vs. never 

exposed
Light hair dye coloring 0.9–1.3 Light hair dye vs. never exposed
Dark hair dye coloring 1.3–3 Dark hair dye exposure vs. never exposed
Farming occupation 1.1–1.2 Farmers vs. nonfarmersa

Wood dust or wood exposures 0.7–2.6 Wood dust or wood exposure vs.  
no exposure

Chronic immune stimulation 
conditions and/or vaccinations  
for such conditionsb

0.7–2 History of chronic immune stimulation 
condition and/or vaccination vs.  
no exposure

Autoimmune disease (excluding 
AIDS
General category 0.7–2 History of any autoimmune disease vs.  

no history of autoimmune disease
Rheumatoid arthritis 0.7–2.3 History of rheumatoid arthritis vs.  

no history of rheumatoid arthritis
Do not appear to be risk factors
Smoking 0.8–1.3 Current smokers vs. never smokers
Alcohol 0.4–1.5 Alcohol consumption vs. no consumption
Pesticidesc 0.8–1.4 Pesticide exposure vs. no
Organic solvents
Overall exposured 0.6–1.5 Any organic solvent exposure vs. no 

exposure
Benzene 0.7–1.4 Benzene exposure vs. no exposure

(continued)
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Table 2.1  (continued)

aFindings based on meta-analyses of 12–32 studies
bChronic immune stimulation conditions include influenza, polio, smallpox, and tetanus immunizations 
and a history of tuberculosis, scarlet fever or rheumatic fever
cFindings based on general categories of exposure to pesticides or herbicides including applicators  
and sprayers.
dFindings based on studies of petroleum workers, painters, benzene, trichloroethylene, styrene, and  
general categories of organic solvents

Factor Approximate range of 
observed associations

Comparison

Trichlorethylene 0.8–1.4 Trichlorethylene exposure vs. no exposure
Radiation Radiation exposure vs. no exposure
Nuclear workers 0.7–1.1 Asbestos exposure vs. no exposure
Occupational therapeutic or 
diagnostic

0.7–1.4 History of allergic conditions vs.  
no allergic conditions

Asbestos 0.5–3
Allergic conditions 0.6–2

and a decreased risk with high fruit consump-
tion. Some indications to a role of ionizing radi-
ation persist. Finally, infections with HIV and 
hepatitis C appear related to an elevated multiple 
myeloma risk. Current worldwide coordinated 
research activities promise to promote knowl-
edge about the etiology of the disease.

References

Alexander D, Mink PJ, Adam HO, Cole P, Mandel 
JS, Oken MM, Trichopoulos D (2007) Multiple 
myeloma: a review of the epidemiologic litera-
ture. Int J Cancer 120:40–61

Becker N, Deeg E, Nieters A (2004) Population-based 
study of lymphomas in Germany: rationale, study 
design and first results. Leuk Res 28:713–724

Becker N, de Sanjosé S, Nieters A, Maynadié M, 
Foretova L, Cocco PL, Staines A, Alvaro T, 
Vornanen M, Brennan P, Boffetta P (2007) Birth 
order, allergies and lymphoma risk: results of the 
European collaborative research project Epily
mph. Leuk Res 31:1365–1372

Becker N, Liebermann D, Wesch H, van Kaick G 
(2008) Mortality among Thorotrast-exposed 
patients and an unexposed comparison group in 
the German Thorotrast study. Eur J Cancer 
44(9):1259–1268

Bergström A, Pisani P, Tenet V, Wolk A, Adami HO 
(2001) Overweight as an avoidable cause of 
cancer in Europe. Int J Cancer 91:421–430

Bianchini F, Kaaks R, Vainio H (2002) Weight con-
trol and physical activity in cancer prevention. 
Obes Rev 3:5–8

Birmann BM, Giovannucci E, Rosner B, Anderson 
KC, Colditz GA (2007) Body mass index, physi-
cal activity, and risk of multiple myeloma. Cancer 
Epidemiol Biomarkers Prev 16:1474–1478

Blair CK, Cerhan JR, Folsom AR, Ross JA (2005) 
Anthropometric characteristics and risk of mul-
tiple myeloma. Epidemiology 16:691–694

Boffetta P, Amstrong B, Linet M, Kasten C, Cozen W, 
Hartge P (2007) Consortia in cancer epidemiol-
ogy: lessons from InterLymph. Cancer Epidemiol 
Biomarkers Prev 16(2):197–199

Britton JA, Khan AE, Rohrmann S, Becker N, 
Linseisen J, Nieters A, Kaaks R, TjØnneland A, 
Haljær J, Tang Serverinsen M, Overvad K, 
Rischon T, Boeing H, Trichopoulou A, 
Kalapothaki V, Trichopoulos D, Mattiello A, 



34	 N. Becker

2 Tagliabue G, Sacerdote C, Peeters PHM, Bueno-
de-Mesquita B, Ardanaz E, Navarro C, Jakszyn 
P, Altzibar JM, Hallmans G, Malmer B, Berglund 
G, Manjer J, Allen N, Key T, Bingham S, Besson 
H, Ferrari P, Jenab M, Boffetta P, Vineis P, Riboli 
E (2008) Anthropometric characteristics and 
non-Hodgkin’s lymphoma and multiple myeloma 
risk in the European Prospective Investigation 
into Cancer and Nutrition (EPIC). Haematologica 
93(11):1666–1677

Brown LM, Gridley G, Pottern LM, Baris D, Swanso CA, 
Silvermann DT, Hayes RB, Greenberg RS, 
Swanson GM, Schoenberg JB, Schwartz AG, 
Fraumeni JF, Jr. (2001) Diet and nutrition as risk 
factors for multiple myeloma among blacks and 
whites in the United States. Cancer Causes 
Control 12:117–125

Cardis E, Vrijheid M, Blettner M, Gilbert E, Hakama M, 
Hill C, Howe G, Kaldor J, Muirhead CR, 
Schubauer-Berigan M, Yoshimura T, Bermann F, 
Cowper G, Fix J, Hacker C, Heinmiller B, 
Marshall M, Thierry-Chef I, Utterback D, Ahn Y-O, 
Amoros E, Ashmore P, Auvinen A, Bae J-M, 
Bernar J, Biau A, Cambalot E, Deboodt P, Diez 
Sacristan A, Eklöf M, Engels H, Engholm G, 
Gulis G, Habib RR, Holan K, Hyvonen H, 
Kerekes A, Kurtinaitis J, Malker H, Martuzzi M, 
Mastauskas A, Monnet A, Moser M, Pearce MS, 
Richardson DB, Rodriguez-Artalejo F, Rogel A, 
Tardy H, Telle-Lamberton M, Turai I, Usel M, 
Veress K (2007) Radiation Res 167:396–416

Coleman EA, Senner JW, Edwards BK (2008) Does 
multiple myeloma incidence vary by geographic 
area? J Ark Med Soc 105(4):89–91

Costantini AS, Benvenuti A, Vineis P, Kriebel D, 
Tumino R, Ramazzotti V, Rodella S, Stagnaro E, 
Crosignani P, Amadori D, Mirabelli D, Sommani L, 
Belletti I, Troschel L, Romea L, Miceli G, Tozzi GA, 
Mendico I, Maltoni SA, Miligi L (2008) Risk of 
leukemia and multiple myeloma associated 
with exposure to benzene and other organic sol-
vents: Evidence from the Italian multicenter 
case-control study. Am J of Industrial Med 51: 
803–811

Devesa SS, Fears T (1992) Non-Hodgkin´s Lymp
homa time trends: United States and interna-
tional data. Cancer Res (Suppl) 52:5432s–5440s

Doll R, Peto R (1981) The causes of cancer. J Natl 
Cancer Inst 66:1191–1308

Duberg AS, Nordstrom M, Torner A, Reichard O, 
Strauss R, Janzon R, Black E, Ekdahl K (2005) 

Non-Hodgkin´s lymphoma and other nonhepatic 
malignanies in Swedish patients with hepatitis C 
virus infection. Hepatology 41:652–659

Ge NL, Rudikoff S (2000) Insulin-like growth fac-
tor I is a dual effector of multiple myeloma cell 
growth. Blood 96:2856–2861

Goedert JJ, Cote TR, Virgo P, Scoppa SM, Kingma 
DW, Gail MH, Jaffe ES, Biggar RJ (1998) 
Spectrum of AIDS-assoicated malignant disor-
ders. Lancet 351:1833–1839

Grulich AE, Wan X, Law MG, Coates M, Kaldo JM 
(1999) Risk of cancer in people with AIDS. 
AIDS 13:839–843

Harvard Report on Cancer Prevention (1996) 
Volume 1: Causes of human cancer. Cancer 
Causes Control 7(Suppl 1):S55–S58

Hemminki K, Li X, Czene K (2004) Familial risk of 
cance: data for clinical counseling and cancer 
genetics. Int J Cancer 108:109–114

IARC (2002) IARC Handbooks of cancer preven-
tion. Volume 6. Weight control and physical 
activity. IARC Press, Lyon

Kaaks R, Lukanova A (2002) Effects of weight con-
trol and physical activity in cancer prevention: 
role of endogenous hormone metabolism. Ann 
NY Acad Sci 963:268–281

Larsson SC, Wolk A (2007) Body mass index and 
risk of multiple myeloma: a meta-analysis. Int J 
Cancer 121:2512–2516

Nieters A, Deeg E, Becker N (2006a) Tobacco and 
alcohol consumption and risk of lymphoma: 
results of a population-based case-control study 
in Germany. Int J Cancer 118:422–430

Nieters A, Kallinowski B, Brennan P, Ott M, 
Maynadié M, Benavente Y, Foretova L, Cocco 
PL, Staines A, Vornanen M, Whitby D, Boffetta 
P, Becker N, de Sanjosé S (2006b) Hepatitis C 
and risk of lymphoma: results of the European 
multicenter case-control study EPILYMPH. 
Gastroenterology 131:1879–1886

Nieters A, Rohrmann S, Becker N, Linseisen J, 
Ruediger T, Overvad K, TjØnneland A, Ohlsen A, 
Allen NE, Travis RC, Bingham S, Khaw KT, 
Ardanaz E, Redondo ML, Basterrechea M, 
Martinez C, Tormo MJ, Rosso S, Tagliabue G, 
Masala G, Mattiello A, Tumino R, Boeing H, 
Bergmann M, Kaaks R, Trichopoulou A, 
Trichopoulos D, Peeters PH, Bueno-de-Mesquita 
B, Boffetta P, Brennan P, Ferrari P, Neasham D, 
Lund E, Berglund G, Manjer J, Hallmans G, 
Johansson I, Vineis P, Riboli E (2008) Smoking 



352  Epidemiology of Multiple Myeloma 	

and lymphoma risk in the European prospective 
investigation into cancer and nutrition. Am J 
Epidemiol 167:1081–1089

Oh SW, Yoon YS, Shin SA (2005) Effects of excess 
weight on cancer incidences dependng on cancer 
sites and histologic findings among men: Korea 
National Health Insurance Corporation Study. 
J Clin Oncol 23:4742–4754

Pan SY, Johnson KC, Ugnat AM, Wen SW, Mao Y 
(2004) Association of obesity and cancer risk in 
Canada. Am J Epidemiol 195:259–268

Parkin M, Bray F, Ferlay J, Pisani P (2005) Global can-
cer statistics, 2002. CA Cancer J Clin 55:74–108

Preston DL, Kusumi S, Tomonaga M, Izumi S, 
Ron  E, Kuramoto A, Kamada N, Dohy H, 
Matsui T, Nonaka H, Thompson DE, Soda M, 
Mabuchi K (1994) Cancer incidence in atomic 
bomb survivors. Part III: Leukemia, lymphoma 
and multiple myeloma, 1950–1987. Radiat Res 
137:S68–S97

Reeves GK, Pirie K, Beral V, Green J, Spencer E, 
Bull D, Million Women Study Collaboration 
(2007) Cancer incidence and mortality in rela-
tion to body mass index in the Million Women 
study: cohort study. BMJ 335(7630):1134, Epub 
6 Nov 2007

Rohrmann S, Becker N, Linseisen J, Nieters A, 
Rüdiger T, Raaschou-Nielsen O, Tjonneland A, 
Johnsen HE, Overvad K, Kaaks R, Bergmann 
MM, Boeing H, Benetou V, Psaltopoulou T, 
Trichopoulou A, Masala G, Mattiello A, Krogh 
V, Tumino R, van Gils CH, Peeters PHM, Bas 

Bueno-de-Mesquita H, Ros MM, Lund E, 
Ardanaz E, Chirlaque M-D, Jakszyn P, 
Larranaga N, Losada A, Martinez-Garcia C, 
Agren A, Hallmans G, Berglund G, Manjer J, 
Allen NE, Key TJ, Bingham S, Khaw KT, 
Slimani N, Ferrari P, Boffetta P, Norat T, Vineis 
P, Riboli E (2007) Fruit and vegetable consum
ption and lymphoma risk in the European 
Prospective Investigation into Cancer and 
Nutrition (EPIC). Cancer Causes Control 18: 
537–549

Tavani A, Pregnolato A, Negri E, Franceschi S, 
Serraino D, Carbone A, La Vecchia C (1997) 
Diet and risk of lymphoid neoplasms and soft 
tissue sarcomas. Nutr Cancer 27:256–260

Valjinac HD, Pekmezovic TH, Adanja BJ, 
Marinkovic JM, Kanazir MS, Suvajdizic ND, 
Colovic MD (2003) Case-control study of mul-
tiple myeloma with special reference to diet as 
risk factor. Neoplasma 50:79–83

Visfeldt J, Andersson M (1995) Pathoanatomical 
aspects of malignant haematological disorders 
among Danish patients exposed to thorium diox-
ide. APMIS 103:29–36

Wynder EL, Gori GB (1977) Contribution of the 
environment to cancer incidence: an epidemio-
logic exercise. JNCI 58:825–832

Xu F, Gardner A, Tu Y, Michl P, Prager D, 
Lichtenstein A (1997) Multiple myeloma cells 
are protected against dexamethasone-included 
apoptosis by insulin-like growth factors. Br J 
Haematol 97:429–440



http://www.springer.com/978-3-540-85771-6


	2: Epidemiology of Multiple Myeloma
	2.1 Descriptive Epidemiology
	2.2 Etiology
	2.2.1 Tobacco
	2.2.2 Alcohol
	2.2.3 Diet
	2.2.4 Obesity
	2.2.5 Physical Activity
	2.2.6 Hormonal Factors
	2.2.7 Environment and Occupation
	2.2.8 Ionizing Radiation
	2.2.9 Inheritance
	2.2.10 Medical History, Viruses, Immunological Conditions

	2.3 Summary
	References


