
Abstract. – Prostate cancer is one of the
most common cancers affecting men with >
1,100,000 new cases and 300,000 deaths world-
wide each year. The disease is more common
among older men, with a median age at diagno-
sis around age above 60 years. Prostate cancer
is a major medical problem that needs immedi-
ate attention as the disease is indolent, shows
prolonged latency in association with high mor-
bidity and mortality. Administration of diagnostic
tests including PSA test and biopsies and the
advances in other diagnostic procedures have
led to early detection of the disease with thera-
peutic steps being taken early on, there has
been a steady decline in the disease-specific
mortality. Global incidence and mortality rates
show that the disease is more prevalent among
black people, even though the differences can-
not be attributed entirely to race, as the influ-
ence of socioeconomic situation and the resul-
tant limited access to medical technologies and
treatment could not be ruled out completely.
Several genes have been identified that when
mutated confer high risk for the disease. Be-
sides the genetic factors, family history and nu-
tritional factors such as lack of enough vitamin
D, high intake of calcium, obesity and high fat di-
ets have been implicated as risk factors for
prostate cancer. Therapeutic measures for
prostate cancer involve mostly radical prostatec-
tomy followed by radiotherapy in combination
with hormonal treatment as needed.
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Introduction

Prostate cancer is the second most common ma-
lignancy in men with nearly 1 million new cases
being diagnosed of which about one-third cases
are fatal, every year and accounts for ~10% of all
new cancer cases in men worldwide1, 2. However,
in Western countries including European countries
and USA, approximately 25% of new cancer cases
in males are due to prostate cancer. Incidence of
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prostate cancer varies greatly worldwide based on
geographic region and this variation is partly due
to the routinely used serum prostate specific anti-
gen (PSA) measurement and digital rectal exami-
nation for prostate cancer and variability in the im-
plementation of these techniques. Thus, countries
such as the United States, Australia, and New
Zealand and in Europe with the highest rates of
prostate cancer testing have the highest reported
rates of prostate cancer, whereas Asian and
African countries with low rates of testing have
the lowest incidence (Figure 1) rates3-5. Epidemio-
logical studies in migrated populations between
continents suggested that lifestyle and environ-
mental risk factors determine prostate cancer risk6.
In fact, much of the elevated prostate cancer inci-
dence in Western countries, is attributed to the
widespread practice of prostate-specific antigen
(PSA) testing, that detects even the asymptomatic
tumors, majority of which are not apparent clini-
cally and are indolent6. On the other hand, in
countries such as USA, with high prostate cancer
incidence, there is discrepancy with the associated
mortality rates (Figure 2). Thus, even though
about 240,000 new prostate cancer cases are diag-
nosed annually in the USA, only > 15% of these
men actually die of cancer7,8 and this low rate of
mortality compared to the incidence of prostate
cancer, is thought to be due to the widespread im-
plementation of PSA testing and effective treat-
ment at early-stage of prostate cancer disease9.

Age
Prostate cancer is predominant in men above 40

years of age. Histological examination of tissue
samples from autopsy studies worldwide have in-
dicated that prostate cancer incidence increases
with age and nearly 75% of men above 80 years
display some evidence of latent disease10. It is esti-
mated that in while the incidence of prostate can-
cer is about 1 in 55 men in the age group 40-60
years, this increases by almost 8 times, to 1 in 7
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Figure 1. Worldwide prostate cancer 5-year prevalence and incidence. Data available from Globocan 2012 database was ana-
lyzed to generate this graph. Overall, more developed countries have much greater 5-year prevalence and incidence whereas
these rates are much lower in underdeveloped countries.
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men, in the age group of 60-80 years and also
clinically presentation with the disease is often in
men from this later age group11. It has been sug-
gested that the higher risk of prostate cancer
among older men is likely because these men were
not screened intensely at their younger age12. A
study on the information available in SEER data-
base (Surveillance, Epidemiology, and End Re-
sults) on prostate cancer patients in the US during
the period 1999 to 2006 suggested that over this 7-
year period the incidence of high-risk featured
prostate cancer decreased in the USA13,14.

Family History
Besides age and racial background, family his-

tory of the disease is another major risk factor for

prostate cancer, which has high probability of
heritability Alberti et al15-17. This is also support-
ed by epidemiological studies in a Swedish co-
hort, which indicated about 11.6% of prostate
cancer cases could be accounted by familial fac-
tors18 and that the risk is much greater for men
with brothers suffering from prostate cancers19.
Thus, it has been observed that first degree rela-
tives of prostate cancer patients suffer almost
double the risk as normal population for develop-
ing prostate cancer. This familial risk in first-de-
gree relatives is more than 4-fold for early-onset
cases occurring under 60 years of age20,21. Also
studies on Nordic twin registries showed
monozygotic twins suffer ~50% higher risk in
than the dizygotic twins, which strongly indi-
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Figure 2. Worldwide prostate cancer incidence and mortality. Data available from Globocan2012 database was analyzed to
generate this graph. While the incidence rates are much higher in developed countries the associated mortality rates are quite
low. However, in less developed countries, even though the incidence rates appear to be low, the associated mortality rates are
almost similar to the incidence rates indicating very fatality due to prostate cancer in these countries.
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prostate cancer as compared to white men with the
disease23. The possibility of shared genetics was in-
dicated in a recent study24 that demonstrated high-
grade prostate cancer at similar rates among black
men from different countries including the USA,
Jamaica, West Africa, and other sub-Saharan
African countries (Figures 1 and 2), even though
the role of sociodemographic disadvantage could
not be ruled out. The exact significance of genetic
versus socioeconomic factors including access to
and utilization of early detection and treatment, or
differences in diet and other environmental expo-
sures in the observed differences in prostate cancer
incidence is not clear25.

cates that genetic factors play a more important
role in determining the risk rather than the
lifestyle factors17.

Race
Several studies have shown the preponderance

of prostate cancer is much higher among black
men who also have a higher stage of disease at pre-
sentation. Significant epidemiological evidence for
an increased prostate cancer incidence in African
Americans in comparison to Asian Americans has
been presented, which is suggestive of both genetic
as well as racial differences22. Besides, mortality
was also found to be higher among black men with
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Effect of Diet on Prostate Cancer
Incidence

Consumption of diets low in fat and high in
vegetables and plant-based foods have a negative
impact on the incidence of prostate cancer ac-
cording to few epidemiological studies26,27. Thus,
a reduced intake of high caloric foods, in particu-
lar fatty foods such as red meat and dairy prod-
ucts, and lowered calcium intake along with ade-
quate intake of vitamin D or exposure to sunlight
and lycopene have been suggested to lower the
risk of prostate cancer28,29. However, there is no
general agreement for the view that there is in-
verse relation between prostate cancer risk and
the consumption of lycopene and selenium and
similarly a positive relation between the risk and
calcium intake2. Also there is no clear consensus
about the risk conferred by smoking30 and alco-
hol31. Similarly, no consensus has been reached
on the role of exercise, adiposity and energy bal-
ance, and the associated regulatory factors in-
cluding insulin and insulin-like growth factor
levels, in the development of prostate cancer32.
Obesity was found to be associated with in-
creased incidence of aggressive prostate cancer
as well as prostate cancer recurrence. Prostate
cancer-specific mortality is also likely to be ele-
vated significantly by obesity33. The overall evi-
dence for a protective role of vitamin D against
prostate cancer is weak, when only the circulat-
ing levels of 25-hydroxy vitamin D are consid-
ered without the inclusion of genetic factors34.
However, in areas where there is higher probabil-
ity of vitamin D deficiency, such as high latitude
regions, there appears to be stronger link be-
tween vitamin D status and prostate cancer inci-
dence35. Considering the relatively shorter (3
weeks) half life of 25-hydroxy vitamin D in
blood, the studies on the association of serum vi-
tamin D and prostate cancer need to be examined
cautiously, as the levels of vitamin D measured
may not reflect either the risk or the onset of
prostate cancer.

Genetic Factors
Among the several prostate cancer risk loci

identified by linkage studies, with the strongest
linkage was noted on chromosome 1, with candi-
date genes including HPC1 on chromosome
1q23-35, PCAP on chromosome 1q42-43, and
CAPB on chromosome 1p3636. Besides, results
from the International Consortium for Prostate
Cancer Genetics (ICPCG) led to the discovery of
12 additional prostate cancer risk regions on dif-

ferent chromosomes, including 1q23, 5q11, 5q35,
6p21, 8q12, 11q13, and 20p11-q1137. Even
though BRCA gene mutations are relatively rare
in prostate cancer with < 0.3% cases, there is ele-
vated risk of prostate cancer in men above 65
years of age, with germline mutations in the BR-
CA1 (risk increased by 3.5 fold) and BRCA2 (8.6
fold increase in risk) genes38. In fact, there is an
association between carriers of mutations in BR-
CA2 and more poorly differentiated and larger
prostate tumors39. In spite of the observations that
BRCA mutations can be highly penetrant and
likely contribute to the aggressive prostate cancer,
their use in clinical screening is limited because
of their low incidence40. Other mutations in DNA
repair related genes including PALB2, BRIP1,
CHEK22, NBS1 genes and also mutations in
DNA mismatch repair genes MLH1, MSH2,
MSH6, and PMS2, have been found to be associ-
ated with elevated risk of prostate cancer41,42, even
though the extent of the risk was later found to be
much lower than that estimated earlier.

Association between prostate cancer and the
chromosomal region 8q24, which was suggested
earlier in linkage studies43, was confirmed in more
recent genome-wide association study (GWAS)44.
Further studies on the fine mapping of 8q24 have
led to the identification of more than 8 variants lo-
cated within 5 separate prostate cancer susceptibil-
ity regions45. Among these risk attributing single
nucleotide polymorphisms (SNPs), MYC is the
closest annotated gene and this is an important
oncogene in prostate cancer, as it is often ampli-
fied in tumors, and its association also confirmed
in animal experiments40. Further GWAS studies
identified nearly 80 different genetic variants on
20 different chromosomes, that are associated with
increased prostate cancer risk and the chances of
prostate cancer appear to increase if an individual
carries more risk alleles46. It has been estimated
that these SNPs can explain nearly 30% of the fa-
milial risk of prostate cancer in Europe47. A panel
of 23 prostate cancer risk SNPs was found to sig-
nificantly improve the prediction of disease out-
come in combination with PSA and family
history48. Prostate cancer has also been found to be
associated with SNPs on chromosome 19, which
contains the kallikreins genes, including KLK2
and KLK3, a subgroup of serine proteases, of
which, the KLK3/PSA is well-known49. Despite
the significant advances in the identification of
genes associated prostate cancer risk, the risk-as-
sociated SNPs explain only about 30% of the ob-
served familial risk17,47.

Z.-Q. Tao, A.-M. Shi, K.-X. Wang, W.-D. Zhang



Other Risk factors
Besides the above-mentioned risk factors, oc-

cupation associated risk factor for prostate cancer
includes the use of and/or exposure to herbicides
and pesticides even though no specific agent has
been identified50,51. Similarly exposure to Agent
Orange or 2,3,7,8-tetrachlorodibenzo-p-dioxin
(TCDD) was proposed to be causative factor for
prostate cancer52, even though this was not
proven in further studies2. The underlying causes
for the association between high levels of circu-
lating androgens with increased prostate cancer
risk are not yet well understood, as the serum
levels of measured testosterone do not necessari-
ly reflect locally bioavailable levels53. There also
appears to be an association between chronic in-
traprostatic inflammation and prostate cancer54.

Treatment Options
Considering that the disease progression of

prostate cancer varies among individuals and as
the disease is slow and unpainful, approaches to-
wards definitive treatment may also defer. It has
been suggested from the experience of random-
ized clinical trials that even though radical
prostatectomy followed by radiation treatment
without or with hormonal therapy for younger
patients with high and intermediate risk prostate
cancer can prolong survival55, it can negatively
affect the quality of life56. In high-risk prostate
cancer cases it is rather common to note the infil-
tration of surgical margins and/or the involve-
ment of seminal vesicles and pelvic nodes and
because of this it becomes necessary to adminis-
ter postoperative radiotherapy without or with
hormone therapy. Even though the surgical ap-
proach removes the prostate, seminal vesicles,
and pelvic lymph nodes, eradication of the whole
disease is not always possible, particularly in the
cases of high-risk prostate cancer. Three-dimen-
sional conformal or intensity modulated radio-
therapy approaches introduced recently, facilitate
the delivery of higher and more focused radiation
doses to the target tumor tissue, thereby, control-
ling and lowering the urinary and rectal
toxicity57. Erectile dysfunction due to radiation
therapy may develop progressively in the elderly
population, particularly in combination with hor-
monal therapy58. Chemotherapy options include
the use of inhibitors of 5a-reductase, which cat-
alyzes the conversion of testosterone into dihy-
drotestosterone, which is the most powerful an-
drogen promoter of prostate cancer growth. A re-
duction in circulating dihydrotestosterone levels
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can significantly lower the risk of prostate cancer
progression. Among the two drugs tested, finas-
teride and dutasteride, the later was found to be
more effective in reducing blood levels of dihy-
drotestosterone59. Clinical trials also indicated
that dutasteride significantly reduced the inci-
dence of prostate cancer detected on biopsy
among high-risk patients.

Conclusions

Prostate cancer is a serious medical problem
afflicting predominantly the elderly men. The
prolonged latency, high prevalence, and morbid-
ity, associated with significant mortality make
prostate cancer an immediate medical problem
to resolve. Diagnostic tests including PSA for
early detection, and the advances in other diag-
nostic and therapeutic procedures have led to a
steady decline in the disease-specific mortality
with the reduction in high-risk prostate cancers.
The disease appears to be more prevalent
among black people, even though the differ-
ences cannot be attributed entirely to race, as
the influence of socioeconomic situation could
not be ruled out completely. Several genes and
SNPs have been identified that impose high risk
on the incidence of prostate cancer, particularly
when present collectively in a single individual.
Role of nutritional state, and vitamin D and cal-
cium status are yet to be addressed systemati-
cally. Current treatment options include surgery
in combination with hormonal and radiation
therapies.

–––––––––––––––––––––
Conflict of Interest
The Authors declare that there are no conflicts of interest.

References

1) FERLAY J, SHIN HR, BRAY F, FORMAN D, MATHERS C,
PARKIN DM. Estimates of worldwide burden of can-
cer in 2008: Globocan 2008. Int J Cancer 2010;
127: 2893-2917.

2) CHANG ET, BOFFETTA P, ADAMI HO, COLE P, MANDEL

JS. A critical review of the epidemiology of agent
orange/tcdd and prostate cancer. Eur J Epidemiol
2014; 29: 667-723.

3) SHIN HR, MASUYER E, FERLAY J, CURADO MP; ASIAN

CONTRIBUTORS TO CI5 IX4. Cancer in asia - inci-
dence rates based on data in cancer incidence in
five continents ix (1998-2002). Asian Pac J Can-
cer Prev 2010; 11 Suppl 2: 11-16.



810

4) MARUGAME T, KATANODA K. International compar-
isons of cumulative risk of breast and prostate
cancer, from cancer incidence in five continents
vol. Viii. Jpn J Clin Oncol 2006; 36: 399-400.

5) KVÅLE R, AUVINEN A, ADAMI HO, KLINT A, HERNES E,
MØLLER B, PUKKALA E, STORM HH, TRYGGVADOTTIR L,
TRETLI S, WAHLQVIST R, WEIDERPASS E, BRAY F. Inter-
preting trends in prostate cancer incidence and
mortality in the five nordic countries. J Natl Can-
cer Inst 2007; 99: 1881-1887.

6) LEE J, DEMISSIE K, LU SE, RHOADS GG. Cancer inci-
dence among korean-american immigrants in the
united states and native koreans in South Korea.
Cancer Control 2007; 14: 78-85.

7) JEMAL A, BRAY F, CENTER MM, FERLAY J, WARD E, FOR-
MAN D. Global cancer statistics. CA Cancer J Clin
2011; 61: 69-90.

8) PUNNEN S, COOPERBERG MR. The epidemiology of
high-risk prostate cancer. Curr Opin Urol 2013;
23: 331-336.

9) BARTSCH G, HORNINGER W, KLOCKER H, PELZER A, BEK-
TIC J, OBERAIGNER W, SCHENNACH H, SCHÄFER G,
FRAUSCHER F, BONIOL M, SEVERI G, ROBERTSON C,
BOYLE P; Tyrol Prostate Cancer Screening Group.
Tyrol prostate cancer demonstration project: early
detection, treatment, outcome, incidence and
mortality. BJU Int 2008; 101: 809-816.

10) BILLIS A. Latent carcinoma and atypical lesions of
prostate. An autopsy study. Urology 1986; 28:
324-329.

11) ARCANGELI S, PINZI V, ARCANGELI G. Epidemiology of
prostate cancer and treatment remarks. World J
Radiol 2012; 4: 241-246.

12) BECHIS SK, CARROLL PR, COOPERBERG MR. Impact of
age at diagnosis on prostate cancer treatment
and survival. J Clin Oncol 2011; 29: 235-241.

13) COOPERBERG MR, MCANINCH JW, ALSIKAFI NF, ELLIOTT SP.
Urethral reconstruction for traumatic posterior ure-
thral disruption: Outcomes of a 25-year experience.
J Urol 2007; 178: 2006-2010; discussion 2010.

14) COOPERBERG MR, MODAK S, KONETY BR. Trends in re-
gionalization of inpatient care for urological malig-
nancies, 1988 to 2002. J Urol 2007; 178: 2103-
2108; discussion 2108.

15) EDWARDS SM, EELES RA. Unravelling the genetics of
prostate cancer. Am J Med Genet C Semin Med
Genet 2004; 129C: 65-73.

16) LICHTENSTEIN P, HOLM NV, VERKASALO PK, ILIADOU A,
KAPRIO J, KOSKENVUO M, PUKKALA E, SKYTTHE A, HEM-
MINKI K. Environmental and heritable factors in the
causation of cancer—analyses of cohorts of twins
from Sweden, Denmark, and Finland. N Engl J
Med 2000; 343: 78-85.

17) ALBERTI C. Hereditary/familial versus sporadic
prostate cancer: few indisputable genetic differences
and many similar clinicopathological features. Eur
Rev Med Pharmacol Sci 2010; 14: 31-41.

18) GRÖNBERG H, SMITH J, EMANUELSSON M, JONSSON BA,
BERGH A, CARPTEN J, ISAACS W, XU J, MEYERS D, TRENT

J, DAMBER JE. In swedish families with hereditary

prostate cancer, linkage to the hpc1 locus on
chromosome 1q24-25 is restricted to families with
early-onset prostate cancer. Am J Hum Genet
1999; 65: 134-140.

19) ZEEGERS MP, JELLEMA A, OSTRER H. Empiric risk of
prostate carcinoma for relatives of patients with
prostate carcinoma: a meta-analysis. Cancer
2003; 97: 1894-1903.

20) GOLDGAR DE, EASTON DF, CANNON-ALBRIGHT LA, SKOL-
NICK MH. Systematic population-based assess-
ment of cancer risk in first-degree relatives of
cancer probands. J Natl Cancer Inst 1994; 86:
1600-1608

21) LANGE EM. Male reproductive cancers: Epidemiol-
ogy, pathology and genetics cancer genetics. In:
Foulkes WD, Cooney KA, eds. Springer, 2010; pp.
203-228.

22) EELES R, GOH C, CASTRO E, BANCROFT E, GUY M, AL

OLAMA AA, EASTON D, KOTE-JARAI Z. The genetic epi-
demiology of prostate cancer and its clinical impli-
cations. Nat Rev Urol 2014; 11: 18-31

23) VIRNIG BA, BAXTER NN, HABERMANN EB, FELDMAN RD,
BRADLEY CJ. A matter of race: early-versus late-
stage cancer diagnosis. Health Aff (Millwood)
2009; 28: 160-168.

24) FEDEWA SA, JEMAL A. Prostate cancer disease
severity and country of origin among black men in
the united states. Prostate Cancer Prostatic Dis
2013; 16: 176-180.

25) CARPENTER WR, HOWARD DL, TAYLOR YJ, ROSS LE,
WOBKER SE, GODLEY PA. Racial differences in psa
screening interval and stage at diagnosis. Cancer
Causes Control 2010; 21: 1071-1080.

26) PARKIN DM, PISANI P, FERLAY J. Global cancer statis-
tics. CA Cancer J Clin 1999; 49: 33-64, 1.

27) HEBERT JR, HURLEY TG, OLENDZKI BC, TEAS J, MA Y,
HAMPL JS. Nutritional and socioeconomic factors in
relation to prostate cancer mortality: A cross-nation-
al study. J Natl Cancer Inst 1998; 90: 1637-1647.

28) HANCHETTE CL, SCHWARTZ GG. Geographic patterns
of prostate cancer mortality. Evidence for a pro-
tective effect of ultraviolet radiation. Cancer 1992;
70: 2861-2869.

29) LAWSON KA, WRIGHT ME, SUBAR A, MOUW T, HOLLEN-
BECK A, SCHATZKIN A, LEITZMANN MF. Multivitamin
use and risk of prostate cancer in the National In-
stitutes of Health-aarp diet and health study. J
Natl Cancer Inst 2007; 99: 754-764.

30) HUNCHAREK M, HADDOCK KS, REID R, KUPELNICK B.
Smoking as a risk factor for prostate cancer: a
meta-analysis of 24 prospective cohort studies.
Am J Public Health 2010; 100: 693-701.

31) ROTA M, SCOTTI L, TURATI F, TRAMACERE I, ISLAMI F, BEL-
LOCCO R, NEGRI E, CORRAO G, BOFFETTA P, LA VECCHIA

C, BAGNARDI V. Alcohol consumption and prostate
cancer risk: a meta-analysis of the dose-risk rela-
tion. Eur J Cancer Prev 2012; 21: 350-359.

32) MEYERHARDT JA, MA J, COURNEYA KS. Energetics in
colorectal and prostate cancer. J Clin Oncol 2010;
28: 4066-4073.

Z.-Q. Tao, A.-M. Shi, K.-X. Wang, W.-D. Zhang



33) ALLOTT EH, MASKO EM, FREEDLAND SJ. Obesity and
prostate cancer: weighing the evidence. Eur Urol
2013; 63: 800-809.

34) GILBERT R, MARTIN RM, BEYNON R, HARRIS R, SAVOVIC

J, ZUCCOLO L, BEKKERING GE, FRASER WD, STERNE JA,
METCALFE C. Associations of circulating and dietary
vitamin D with prostate cancer risk: a systematic
review and dose-response meta-analysis. Cancer
Causes Control 2011; 22: 319-340.

35) SCHWARTZ GG. Vitamin d, sunlight, and the epi-
demiology of prostate cancer. Anticancer Agents
Med Chem 2013; 13: 45-57.

36) SCHAID DJ. The complex genetic epidemiology of
prostate cancer. Hum Mol Genet 2004; 13 Spec
No 1: R103-121.

37) XU J, DIMITROV L, CHANG BL, ADAMS TS, TURNER AR,
MEYERS DA, EELES RA, EASTON DF, FOULKES WD,
SIMARD J, GILES GG, HOPPER JL, MAHLE L, MOLLER P,
BISHOP T, EVANS C, EDWARDS S, MEITZ J, BULLOCK S,
HOPE Q, HSIEH CL, HALPERN J, BALISE RN, OAKLEY-GIR-
VAN I, WHITTEMORE AS, EWING CM, GIELZAK M, ISAACS

SD, WALSH PC, WILEY KE, ISAACS WB, THIBODEAU SN,
MCDONNELL SK, CUNNINGHAM JM, ZARFAS KE, HEB-
BRING S, SCHAID DJ, FRIEDRICHSEN DM, DEUTSCH K,
KOLB S, BADZIOCH M, JARVIK GP, JANER M, HOOD L,
OSTRANDER EA, STANFORD JL, LANGE EM, BEEBE-DIMMER

JL, MOHAI CE, COONEY KA, IKONEN T, BAFFOE-BONNIE

A, FREDRIKSSON H, MATIKAINEN MP, TAMMELA TLJ, BAILEY-
WILSON J, SCHLEUTKER J, MAIER C, HERKOMMER K,
HOEGEL JJ, VOGEL W, PAISS T, WIKLUND F, EMANUELSSON

M, STENMAN E, JONSSON BA, GRONBERG H, CAMP NJ,
FARNHAM J, CANNON-ALBRIGHT LA, SEMINARA D; AC-
TANE CONSORTIUM. A combined genomewide link-
age scan of 1,233 families for prostate cancer-
susceptibility genes conducted by the international
consortium for prostate cancer genetics. Am J
Hum Genet 2005; 77: 219-229.

38) KOTE-JARAI Z, LEONGAMORNLERT D, SAUNDERS E, TYM-
RAKIEWICZ M, CASTRO E, MAHMUD N, GUY M, EDWARDS S,
O’BRIEN L, SAWYER E, HALL A, WILKINSON R, DADAEV T,
GOH C, EASTON D; UKGPCS COLLABORATORS, GOLDGAR

D, EELES R. Brca2 is a moderate penetrance gene
contributing to young-onset prostate cancer: Impli-
cations for genetic testing in prostate cancer pa-
tients. Br J Cancer 2011; 105: 1230-1234.

39) THORNE H, WILLEMS AJ, NIEDERMAYR E, HOH IM, LI J,
CLOUSTON D, MITCHELL G, FOX S, HOPPER JL; Kath-
leen Cunningham Consortium for Research in Fa-
milial Breast Cancer Consortium, Bolton D. De-
creased prostate cancer-specific survival of men
with brca2 mutations from multiple breast cancer
families. Cancer Prev Res (Phila) 2011; 4: 1002-
1010.

40) HELFAND BT, CATALONA WJ. The epidemiology and
clinical implications of genetic variation in
prostate cancer. Urol Clin North Am 2014; 41:
277-297.

41) BAUER CM, RAY AM, HALSTEAD-NUSSLOCH BA, DEKKER

RG, RAYMOND VM, GRUBER SB, COONEY KA. Heredi-
tary prostate cancer as a feature of lynch syn-
drome. Fam Cancer 2011; 10: 37-42.

42) RAYMOND VM, MUKHERJEE B, WANG F, HUANG SC,
STOFFEL EM, KASTRINOS F, SYNGAL S, COONEY KA, GRU-
BER SB. Elevated risk of prostate cancer among
men with lynch syndrome. J Clin Oncol 2013; 31:
1713-1718.

43) VERMA RS, MANIKAL M, CONTE RA, GODEC CJ. Chro-
mosomal basis of adenocarcinoma of the
prostate. Cancer Invest 1999; 17: 441-447.

44) AMUNDADOTTIR LT, SULEM P, GUDMUNDSSON J, HELGA-
SON A, BAKER A, AGNARSSON BA, SIGURDSSON A,
BENEDIKTSDOTTIR KR, CAZIER JB, SAINZ J, JAKOBSDOTTIR

M, KOSTIC J, MAGNUSDOTTIR DN, GHOSH S, AGNARS-
SON K, BIRGISDOTTIR B, LE ROUX L, OLAFSDOTTIR A,
BLONDAL T, ANDRESDOTTIR M, GRETARSDOTTIR OS,
BERGTHORSSON JT, GUDBJARTSSON D, GYLFASON A,
THORLEIFSSON G, MANOLESCU A, KRISTJANSSON K, GEIRS-
SON G, ISAKSSON H, DOUGLAS J, JOHANSSON JE, BÄLTER

K, WIKLUND F, MONTIE JE, YU X, SUAREZ BK, OBER C,
COONEY KA, GRONBERG H, CATALONA WJ, EINARSSON

GV, BARKARDOTTIR RB, GULCHER JR, KONG A,
THORSTEINSDOTTIR U, STEFANSSON K. A common vari-
ant associated with prostate cancer in european
and african populations. Nat Genet 2006; 38: 652-
658.

45) GUDMUNDSSON J, SULEM P, GUDBJARTSSON DF, MASSON

G, AGNARSSON BA, BENEDIKTSDOTTIR KR, SIGURDSSON

A, MAGNUSSON OT, GUDJONSSON SA, MAGNUSDOTTIR

DN, JOHANNSDOTTIR H, HELGADOTTIR HT, STACEY SN,
JONASDOTTIR A, OLAFSDOTTIR SB, THORLEIFSSON G,
JONASSON JG, TRYGGVADOTTIR L, NAVARRETE S, FUERTES

F, HELFAND BT, HU Q, CSIKI IE, MATES IN, JINGA V,
ABEN KK, VAN OORT IM, VERMEULEN SH, DONOVAN JL,
HAMDY FC, NG CF, CHIU PK, LAU KM, NG MC,
GULCHER JR, KONG A, CATALONA WJ, MAYORDOMO JI,
EINARSSON GV, BARKARDOTTIR RB, JONSSON E, MATES

D, NEAL DE, KIEMENEY LA, THORSTEINSDOTTIR U, RAF-
NAR T, STEFANSSON K. A study based on whole-
genome sequencing yields a rare variant at 8q24
associated with prostate cancer. Nat Genet 2012;
44: 1326-1329.

46) KADER AK, SUN J, ISAACS SD, WILEY KE, YAN G, KIM ST,
FEDOR H, DEMARZO AM, EPSTEIN JI, WALSH PC, PARTIN

AW, TROCK B, ZHENG SL, XU J, ISAACS W. Individual
and cumulative effect of prostate cancer risk-as-
sociated variants on clinicopathologic variables in
5,895 prostate cancer patients. Prostate 2009; 69:
1195-1205.

47) EELES RA, OLAMA AA, BENLLOCH S, SAUNDERS EJ,
LEONGAMORNLERT DA, TYMRAKIEWICZ M, GHOUSSAINI M,
LUCCARINI C, DENNIS J, JUGURNAUTH-LITTLE S, DADAEV

T, NEAL DE, HAMDY FC, DONOVAN JL, MUIR K, GILES

GG, SEVERI G, WIKLUND F, GRONBERG H, HAIMAN CA,
SCHUMACHER F, HENDERSON BE, LE MARCHAND L, LIND-
STROM S, KRAFT P, HUNTER DJ, GAPSTUR S, CHANOCK SJ,
BERNDT SI, ALBANES D, ANDRIOLE G, SCHLEUTKER J,
WEISCHER M, CANZIAN F, RIBOLI E, KEY TJ, TRAVIS RC,
CAMPA D, INGLES SA, JOHN EM, HAYES RB, PHAROAH

PD, PASHAYAN N, KHAW KT, STANFORD JL, OSTRANDER

EA, SIGNORELLO LB, THIBODEAU SN, SCHAID D, MAIER

C, VOGEL W, KIBEL AS, CYBULSKI C, LUBINSKI J, CAN-
NON-ALBRIGHT L, BRENNER H, PARK JY, KANEVA R, BATRA

J, SPURDLE AB, CLEMENTS JA, TEIXEIRA MR, DICKS E,

811

Epidemiology of prostate cancer: current status



812

LEE A, DUNNING AM, BAYNES C, CONROY D, MARAN-
IAN MJ, AHMED S, GOVINDASAMI K, GUY M, WILKIN-
SON RA, SAWYER EJ, MORGAN A, DEARNALEY DP, HOR-
WICH A, HUDDART RA, KHOO VS, PARKER CC, VAN AS

NJ, WOODHOUSE CJ, THOMPSON A, DUDDERIDGE T,
OGDEN C, COOPER CS, LOPHATANANON A, COX A,
SOUTHEY MC, HOPPER JL, ENGLISH DR, ALY M,
ADOLFSSON J, XU J, ZHENG SL, YEAGER M, KAAKS R,
DIVER WR, GAUDET MM, STERN MC, CORRAL R, JOSHI

AD, SHAHABI A, WAHLFORS T, TAMMELA TL, AUVINEN

A, VIRTAMO J, KLARSKOV P, NORDESTGAARD BG, RØDER

MA, NIELSEN SF, BOJESEN SE, SIDDIQ A, FITZGERALD

LM, KOLB S, KWON EM, KARYADI DM, BLOT WJ,
ZHENG W, CAI Q, MCDONNELL SK, RINCKLEB AE,
DRAKE B, COLDITZ G, WOKOLORCZYK D, STEPHENSON

RA, TEERLINK C, MULLER H, ROTHENBACHER D, SELLERS

TA, LIN HY, SLAVOV C, MITEV V, LOSE F, SRINIVASAN S,
MAIA S, PAULO P, LANGE E, COONEY KA, ANTONIOU

AC, VINCENT D, BACOT F, TESSIER DC; COGS–Can-
cer Research UK GWAS–ELLIPSE (par t of
GAME-ON) Initiative; Australian Prostate Cancer
Bioresource; UK Genetic Prostate Cancer Study
Collaborators/British Association of Urological
Surgeons’ Section of Oncology; UK ProtecT
(Prostate testing for cancer and Treatment)
Study Collaborators; PRACTICAL (Prostate
Cancer Association Group to Investigate Can-
cer-Associated Alterations in the Genome) Con-
sortium, Kote-Jarai Z, Easton DF.Identification of
23 new prostate cancer susceptibility loci using
the icogs custom genotyping array. Nat Genet
2013; 45: 385-391, 391e1-2.

48) GUDMUNDSSON J, BESENBACHER S, SULEM P, GUDB-
JARTSSON DF, OLAFSSON I, ARINBJARNARSON S, AGNARS-
SON BA, BENEDIKTSDOTTIR KR, ISAKSSON HJ, KOSTIC JP,
GUDJONSSON SA, STACEY SN, GYLFASON A, SIGURDS-
SON A, HOLM H, BJORNSDOTTIR US, EYJOLFSSON GI,
NAVARRETE S, FUERTES F, GARCIA-PRATS MD, POLO E,
CHECHER ITA IA, J INGA M, BADEA P, ABEN KK,
SCHALKEN JA, VAN OORT IM, SWEEP FC, HELFAND BT,
DAVIS M, DONOVAN JL, HAMDY FC, KRISTJANSSON K,
GULCHER JR, MASSON G, KONG A, CATALONA WJ,
MAYORDOMO JI, GEIRSSON G, EINARSSON GV, BARKAR-
DOTTIR RB, JONSSON E, JINGA V, MATES D, KIEMENEY

LA, NEAL DE, THORSTEINSDOTTIR U, RAFNAR T, STE-
FANSSON K. Genetic correction of psa values us-
ing sequence variants associated with psa levels.
Sci Transl Med 2010;2:62ra92.

49) CRAMER SD, CHANG BL, RAO A, HAWKINS GA, ZHENG

SL, WADE WN, COOKE RT, THOMAS LN, BLEECKER ER,
CATALONA WJ, STERLING DA, MEYERS DA, OHAR J, XU

J. Association between genetic polymorphisms in

the prostate-specific antigen gene promoter and
serum prostate-specific antigen levels. J Natl
Cancer Inst 2003; 95: 1044-1053.

50) RAGIN C, DAVIS-REYES B, TADESSE H, DANIELS D,
BUNKER CH, JACKSON M, FERGUSON TS, PATRICK AL,
TULLOCH-REID MK, TAIOLI E. Farming, reported pesti-
cide use, and prostate cancer. Am J Mens Health
2013; 7: 102-109.

51) MINK PJ, ADAMI HO, TRICHOPOULOS D, BRITTON NL,
MANDEL JS. Pesticides and prostate cancer: a re-
view of epidemiologic studies with specific agri-
cultural exposure information. Eur J Cancer Prev
2008; 17: 97-110.

52) ZAFAR MB, TERRIS MK. Prostate cancer detection in
veterans with a history of agent orange exposure.
J Urol 2001; 166: 100-103.

53) HSING AW, CHU LW, STANCZYK FZ. Androgen and
prostate cancer: Is the hypothesis dead? Cancer
Epidemiol Biomarkers Prev 2008; 17: 2525-2530.

54) SUTCLIFFE S, PLATZ EA. Inflammation in the etiology
of prostate cancer: An epidemiologic perspective.
Urol Oncol 2007; 25: 242-249.

55) BILL-AXELSON A, HOLMBERG L, RUUTU M, HÄGGMAN M,
ANDERSSON SO, BRATELL S, SPÅNGBERG A, BUSCH C,
NORDLING S, GARMO H, PALMGREN J, ADAMI HO, NOR-
LÉN BJ, JOHANSSON JE; Scandinavian Prostate Can-
cer Group Study No. 4. Radical prostatectomy
versus watchful waiting in early prostate cancer. N
Engl J Med 2005; 352: 1977-1984.

56) LITWIN MS, GORE JL, KWAN L, BRANDEIS JM, LEE SP, WITH-
ERS HR, REITER RE. Quality of life after surgery, external
beam irradiation, or brachytherapy for early-stage
prostate cancer. Cancer 2007; 109: 2239-2247.

57) ZELEFSKY MJ, LEVIN EJ, HUNT M, YAMADA Y, SHIPPY

AM, JACKSON A, AMOLS HI. Incidence of late rectal
and urinary toxicities after three-dimensional con-
formal radiotherapy and intensity-modulated ra-
diotherapy for localized prostate cancer. Int J Ra-
diat Oncol Biol Phys 2008; 70: 1124-1129.

58) KARLSDÓTTIR A, MUREN LP, WENTZEL-LARSEN T, DAHL O.
Late gastrointestinal morbidity after three-dimen-
sional conformal radiation therapy for prostate
cancer fades with time in contrast to genitourinary
morbidity. Int J Radiat Oncol Biol Phys 2008; 70:
1478-1486.

59) CLARK RV, HERMANN DJ, CUNNINGHAM GR, WILSON TH,
MORRILL BB, HOBBS S. Marked suppression of dihy-
drotestosterone in men with benign prostatic hyper-
plasia by dutasteride, a dual 5alpha-reductase in-
hibitor. J Clin Endocrinol Metab 2004; 89: 2179-2184.

Z.-Q. Tao, A.-M. Shi, K.-X. Wang, W.-D. Zhang


