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Pancreatic Cancer

Yingtai Chen, Chengfeng Wang, and Yawei Zhang

Introduction

Pancreatic cancer is a fatal malignancy associated with rapid
progression. One year relative survival rates are less than
30%, and nearly all patients die from the disease within
7 years of surgery [1, 2]. In 2012, it was estimated that
338,000 men and women were diagnosed with pancreatic
cancer and 331,000 died of the disease [2]. Although there
have been improvements in the diagnosis and prognosis of
pancreatic cancer, these changes are minor [3]. Although
smoking is the only established nonheritable risk factor for
pancreatic cancer, only approximately 30% of the cases can
be attributed to smoking [4]. Despite the inconclusive results,
obesity, diabetes, alcohol consumption, chronic pancreatitis,
diet, physical inactivity, and genetics have also been sug-
gested as risk factors for pancreatic cancer [5, 6]. Given this
poorly understood etiology, prevention of this deadly disease
remains a challenge.

Etiological studies of pancreatic cancer have encountered
methodological obstacles due to the highly aggressive nature
of the disease. Disease and exposure misclassifications were
major concerns as most studies had to rely upon death certifi-
cates or exposure information from next of kin. In addition,
the majority of the cohort studies included very few pancre-
atic cancer cases (less than 50 exposed cases). Despite these
challenges, many potential risk factors in occupational set-
tings have been identified and are suspected to be associated
with the pathogenesis of pancreatic cancer; approximately
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12% of pancreatic cancer cases have been estimated to be
attributable to occupational exposures [7, 8].

Occupational Risk Factors of
Pancreatic Cancer

Current available studies which investigated occupational
factors and the risk of pancreatic cancer have suggested a
connection to working in industries such as chemical pro-
duction, metal manufacturing, printing and paper manufac-
turing, transport and communication, and textiles. Other
professions associated with an increased risk of pancreatic
cancer also include solvent-related occupations such as
mechanics, leather tanners, and dry cleaners as well as sev-
eral silica dusts and asbestos-related occupations such as
glass manufacturers, potters, and construction workers.

As shown in Table 6.1 (cohort studies) [9-64] and
Table 6.2 (case-control studies) [65-83], a number of studies
investigated the association between specific occupations
and industries and risk of pancreatic cancer. Although these
studies have yielded inconsistent results, they do suggest that
several occupations and industries may be associated with
higher risk of pancreatic cancer.

Chemical, Petroleum, and Related
Processing Industries

Previous studies have shown an increased risk of pancreatic
cancer among men and women who worked in chemical
industries. In a mortality study involving 3637 deaths from
the American Chemical Society between 1948 and 1967, Li
et al. [12] reported a significantly higher proportion of deaths
from pancreatic cancer among male chemists aged
20-64 years compared to professional men in general. In
standardized mortality ratio (SMR) studies, Hanis et al. [11]
reported an increased risk of pancreatic cancer (SMR = 152)
among refinery and chemical plant workers. Bond et al. [15]
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Table 6.1 Cohort studies of occupational exposure and pancreatic cancer

Reference and
study location

Cohort description

Exposure assessment

No. of cases/
deaths

Relative risk (95% CI)*

Lietal [12] | A mortality study involving 3637 deaths Occupational history 56 Significant higher proportion of
from the American Chemical Society from plant records deaths from pancreatic cancer
between 1948 and 1967 among male chemists aged

20-64 years compared with
professional men in general

Milham [13], | A PMR study involving male death in Death certificates 152 Sheet-metal workers PMR = 132;

Washington Washington state between 1951 and 1970 aluminum mill workers

State, USA PMR =204

Williams From the third National Cancer Survey Interview of part of the | Unknown Increased risk for farmers,

etal. [23], Interview Study of 7518 incident cases, study subjects painters, trucking services, and

USA lifetime histories of occupations and public administration
industries were studied controlling for age,
sex, race, education, use of cigarettes or
alcohol, and geographic location

Decoufle 2485 white males employed between 1938 | Company records 8 Expected death = 7.6 for white

[10], USA and 1967 and had 5 or more years of male workers exposed to cutting
employment in jobs exposed to cutting oil oil mists
mists

Chiazze and | A cross-sectional mortality study of 3847 Industry records Male = 37; PMR = 113 for male and 116 for

Ference [9], deaths occurring among current and former female =7 female employees of PVC

USA (white) employees of 17 PVC fabricators fabricators
during 1964-1973 is presented. Sex-race
cause-specific PMRs were computed

Hanis et al. A dynamic retrospective cohort including Occupational history 23 SMR = 152(96-228) for workers

[11], USA 8666 employees worked at least 1 month from plant records employed in refinery and
between January 1, 1970, and December 31, chemical plant
1977, at refinery and chemical plant

Rockette and | A cohort of 21,829 workers with 5 or more | Plant records 63 SMR = 125 for workers employed

Arena [22], years of employment in 14 aluminum in aluminum reduction plants

USA reduction plants

Howe et al. A mortality study of a cohort of 43,826 Occupation at the time | 197 SMR = 93 for workers employed

[18], Canada | male pensioners of the Canadian National of retirement in railway company
Railway Company. The cause of death of
17,838 pensioners who died between 1965
and 1977 was ascertained by computerized
record linkage to the Canadian national
mortality database

Decoufle A historical cohort mortality study of 259 Industry records 1 SMR = 164 for workers exposed

etal. [16], male employees of a chemical plant where to benzene

USA benzene has been used in large quantities
who were employed by the company any
time between January 1, 1947, and
December 31, 1960, and were followed
through December 31, 1977

Acheson The mortality experience of 5969 men An industrial hygienist |3 SMR = 96 for workers exposed to

etal. [14], employed in a factory where insulation assigned exposure asbestos

UK board was manufactured using amosite based on job titles
asbestos from 1947 to 1979

Elinder et al. | 545 men who had been exposed to cadmium | Industry records 3 SMR = 130 for workers employed

[17], Sweden | for at least 1 year between 1940 and 1980 in in cadmium and/or nickel battery
a Swedish cadmium-nickel battery factory factory
and who had not died before 1951 were
followed through 1983

Lynge [19], Registration of the cohort was based on records 3 RR = 0.59 for workers employed

Denmark company records, supplemented with data in manufacture of phenoxy

from a public pension scheme from 1964
onward till 1982. Cancer cases were
identified by linkage with the National
Cancer Register. Totals of 3390 males and
1069 females were included in the study

herbicides
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Table 6.1 (continued)

Reference and
study location

Cohort description

EXpOSllI‘C assessment

No. of cases/
deaths

Relative risk (95% CI)*

Bond et al. A general mortality survey was done on a Occupational history 7 SMR = 233 for workers employed
[15], Texas, 5% random-start systematic sample from the plant records in chemical plant
USA (N = 1666) of present and former white
male employees of a Texas chemical plant
Wen et al. A retrospective cohort mortality study of Occupational history 5 SMR = 1.67(0.54-3.89) for
[41], Texas, 1008 male oil refinery workers who ever from the plant records workers on the lubricating-
USA worked on the lubricating-dewaxing process dewaxing process
of the lube oil department and who have
been followed for a period of 43 years
(January 15, 1935-January 1, 1978)
Vena et al. A PMR study including death certificates Occupational history 11 PMR = 297* for worker in the
[40], USA for workers from three unions representing | from the plant records engine plant who were employed
an integrated automobile factory composed for more than 20 years
of forge, foundry, and engine (machine and
assembly) plants, who died during the
period January 1, 1970-December 31, 1979
Ott et al. [21], | A retrospective cohort mortality study Occupational history 6 SMR = 117(43-254) for workers
California, (n =1919) was conducted among men from the plant records employed in chemical plant
USA employed for 1 or more years, between
1940 and 1969, at an operating division of a
large chemical company, followed through
1979
Milham [20], | In an occupational mortality analysis of Occupational records 174 PMR = 117* for workers
Washington 486,000 adult male death records filed in occupationally exposed to
State, USA Washington state in the years 1950-1982 electromagnetic fields
Zoloth et al. A PMR study in 1401 commercial pressmen | Occupational records 18 PMR = 162 for those employed as
[43], USA commercial pressmen for more
than 20 years
Coggon et al. | A mortality study of 5784 employees at a Records 9 SMR = 68 for workers exposed to
[28], Finland | company which has manufactured, MCPA and other phenoxy acid
formulated, and sprayed 2 methyl-4 herbicides
chlorophenoxyacetic acid (MCPA) and
other phenoxy acid herbicides who were
employed by the company during 1947-
1975 was traced to the end of 1983
Brown [27], A retrospective cohort mortality study of Records 2 SMR = 54 for workers exposed to
USA workers exposed to polychlorinated PCBs
biphenyls (PCBs) in two plants
manufacturing electrical capacitors was
reported in 1981
Wong [42], A cohort of 7676 chemical workers from Occupational records 14 SMR = 92.1 for workers exposed
USA seven plants who had been occupationally to benzene; SMR = 133 for
exposed (continuously or intermittently) to workers unexposed to benzene
benzene for at least 6 months and a
comparison group of male chemical
workers from the same plants who had been
employed for at least 6 months during the
same period but were never occupationally
exposed to benzene
Enterline A mortality study of 1074 white men who Industry records 8 SMR = 108 for workers exposed
et al. [30], retired from a US asbestos company during to asbestos
USA the period 1941-1967 and who were
exposed to asbestos working as production
and maintenance employees for the
company is reported to the end of 1980
Silverstein 1766 bearing plant workers died between Occupational history 24 Machining (SMOR = 9.9) and
et al. [38], January 1, 1950, and June 30, 1982 from plant records grinding (SMOR = 3.2) jobs in

Detroit, USA

straight oil

(continued)
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Table 6.1 (continued)

Reference and
study location

Cohort description

EXpOSllI‘C assessment

No. of cases/
deaths

Relative risk (95% CI)*

Smulevich The results of a cancer mortality study Industry records 3 SMR = 172 for males
etal. [39], among workers employed in the production
Soviet Union | of vinyl chloride and polyvinyl chloride
between 1939 and 1977
Boffetta etal. | In 1982, the American Cancer Society Questionnaire 27 RR = 1.39 workers exposed to
[26], USA enrolled over 1.2 million American men and diesel exhaust
women in a prospective mortality study of
cancer and other causes in relation to
different risk factors. The 2-year mortality
of 461,981 males aged 40-79 years with
known smoking habit has been analyzed in
relation to exposure to diesel exhaust (DE)
and to employment in selected occupations
related to DE exposure
Hansen et al. | A cohort of auto mechanics has been Occupational history 17 SMR = 219* for workers exposed
[33], followed through 10 years with regard to from plant records to auto mechanics
Denmark cause-specific mortality
Costantini The mortality of 2926 male workers at the Occupational history 4 SMR = 146(39-373) for workers
et al. [29], tanneries in the “leather area” of Tuscany from the tanning at the tanneries
Italy was examined from 1950 to 1983 industry
Hearne et al. | Mortality study in a 1964—1970 cohort of Measurement in plant 8 SMR = 1.9 for workers exposed
[34], 1013 hourly wage men exposed to area to methylene chloride
New York, methylene chloride were followed through
USA 1988
Langard et al. | A cohort study on the incidence of cancers | Measurement in plant 7 Expected death = 6.2 for
[36], Norway | and crude death rates in ferrochromium and | area ferrochromium and ferrosilicon
ferrosilicon workers was conducted from workers
January 1, 1953, to December 31, 1985
Gustavsson The mortality and incidence study of cancer | Measurement in plant Death = 1; SMR = 67; SIR = 106 for workers
and of 295 workers at a Swedish gas production | area incidence = 1 at gas production company
Reuterwall company. All men employed for at least

[32], Sweden

1 year in 1965-1972. The follow-up period
for mortality was 1966—1986 and the
incidence of cancer from 1966 to 1983

Lanes et al. Mortality study of a cohort of 1271 workers | Industry records 2 SMR = 83 for workers exposed to
[35], South involved in the production of cellulose methylene chloride
Carolina, triacetate fiber at a plant in Rock Hill, South
USA Carolina. Each subject was employed for at

least 3 months between 1954 and 1977 in

jobs that entailed exposure to the highest

concentrations of methylene chloride and

were followed through 1990
Gardner et al. | A cohort study of 7660 workers exposed to | Measurement records 27 SMR = 90 for workers exposed to
[31], UK formaldehyde in the British chemical formaldehyde

industries was followed through the end of

1989. Those worker first employed before

1965
McDonald A cohort of some 11,000 men born in Industry records 37 SMR = 102 for workers employed
etal. [37], 1891-1920 and employed for at least in the chrysotile mines and mills
Canada 1 month in the chrysotile mines and mills of

Quebec was established in 1966 and has

been followed between 1976 and 1988
Benson et al. | 278 men assigned to the chlorohydrin unit, Occupational records 8 SMR* = 492(158-1140) for

[25], West
Virginia,
USA

which produced ethylene chlorohydrin
(ethylene dichloride and bischloroethyl
ether as by-products), were followed up for
mortality from 1940 to the end of 1988.
Mean duration of assignment was 5.9 years,
and mean duration of follow-up was

36.5 years

workers exposed to ethylene
chlorohydrin
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Table 6.1 (continued)

Reference and
study location

Cohort description

EXpOSllI‘C assessment

No. of cases/
deaths

Relative risk (95% CI)*

Asp et al. An 18-year follow-up for mortality and Questionnaire to 12 SMR = 73-12 for workers
[45], USA cancer morbidity in a cohort of 1909 men subjects or next of kin exposed to chlorophenoxy
who had started spraying chlorophenoxy herbicides
herbicides (mixture of
2.,4-dichlorophenoxyacetic acid [2,4-D] and
2,4,5-trichlorophenoxyacetic acid [2,4,5-T])
in 1955 through 1971
Yassi et al. A mortality study to December 1989 of a Industry records 11 SMR = 292-764* for workers
[58], Canada | cohort of 2222 males employed between exposed to PCBs
1947 and 1975 at a transformer
manufacturing plant in Canada where there
had been extensive use of transformer fluid,
some containing polychlorinated biphenyls
(PCBs)
Wong et al. A mortality study of 15,826 workers Occupational records 19 SMR = 113 for workers exposed
[57], USA employed in the reinforced plastics and to styrene monomer and other
composites industry with exposures to chemicals
styrene monomer and other chemicals for at
least 6 months in 1948—1989
Brown et al. A retrospective cohort mortality analysis of | Records 15 SMR = 146 for workers exposed
[49], South 3022 workers from a South Carolina textile to chrysotile asbestos
Carolina, plant where chrysotile asbestos was the
USA primary exposure
Anttilaetal. | A cohort of 2050 male and 1924 female Personal measurement, | 12 SIR = 204* for after 10 years of
[44], Finland | workers monitored for occupational monitoring exposure to trichloroethylene,
exposure to trichloroethylene, tetrachloroethylene, or
tetrachloroethylene, or 1,1,1-trichloroethane 1,1,1-trichloroethane
was followed up for cancer incidence in
1967-1992
Enterline A mortality study of 2802 men who worked | Measurement from air | 14 SMR = 86 for workers worked at
et al. [54], at a copper smelter for a year or more and urine a copper smelter
England during the period 1940-1964 and who were
followed up for deaths during the period
1941-1986. Estimates of exposure for the
period 1977-1984 were added
Hansen and The risk for cancer morbidity in Denmark Registry data 69 Standardized proportionate
Olsen [56], during 1970-1984 was estimated among incidence ratio (SPIR) = 1.0 for
Denmark men whose longest employment had been workers exposed to formaldehyde
held since 1964, at least 10 years before
diagnosis, in 265 companies in which
exposure to formaldehyde was identified
Baris et al. A historical cohort mortality study was The last job held by 23 SMR = 76 exposed to EMFs
[47], Canada | carried out on 21,744 workers who were each study subject was
employed in an electrical company in the coded. A job-exposure
province of Quebec between 1970 and 1988 | matrix (JEM) was used
to estimate the
exposure to 60 Hz
electromagnetic fields
(EMFs) and pulsed
EMFs in this job
Gibbs et al. A mortality study of 3211 cellulose fiber Measurement records 3 SMR = 35-89 for cellulose fiber
[55], production workers who were on the payroll production workers

on or after January 1, 1970, and who had
worked at a plant for 3 or more months
were followed through December 31, 1989

(continued)
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Table 6.1 (continued)

Reference and
study location

Cohort description

EXpOSllI‘C assessment

No. of cases/
deaths

Relative risk (95% CI)*

Boffetta et al. | A follow-up of cancer mortality for a cohort | Factory records 60 SMR = 120 for workers employed
[48], Europe | study of 22,002 workers employed in in man-made vitreous fiber
man-made vitreous fiber production production industries
industries from Denmark, Finland, Norway,
Sweden, the United Kingdom, Germany,
and Italy, from 1982 to 1990
Cocco et al. A mortality study of 1388 workers and Measurement from 7 SMR = 99 for workers employed
[53], Italy laborers in production and maintenance industrial hygiene in lead-smelting plant
departments was conducted in an Italian survey
lead-smelting plant. The vital status of
cohort members was determined from 1950
to 1992
Cocco et al. A PMR of 1043 deaths among men who Records 3 PMR = 55 for workers exposed to
[52], Italy took part in an antimalarial campaign in DDT
Sardinia, Italy, from 1946 to 1950
Kogevinas Cancer mortality in a historical cohort study |Job records, company 47 SMR = 94 for workers exposed to
etal. [61], of 21,863 male and female workers in 36 exposure questionnaire phenoxy herbicides,
International | cohorts exposed to phenoxy herbicides, chlorophenols, and dioxins
chlorophenols, and dioxins in 12 countries.
Subjects were followed from 1939 to 1992
Anttila et al. Cancer incidence among 3922 male and Personal measurement, |5 SIR =277 for those exposed to
[51], Finland | 1379 female workers monitored for monitoring aromatic hydrocarbons for more
exposure to styrene, toluene, or xylene was than 10 years
followed after the first personal
measurement comprised 66,500 person-
years at risk over the period 1973-1992
Hooiveld A mortality study of 1167 workers exposed | Industry records and 4 SMR = 250 for workers exposed
et al. [59], to phenoxy herbicides, chlorophenols, and questionnaire to phenoxy herbicides,
Netherlands contaminants (2,3,7,8-tetrachlorodibenzo-p- chlorophenols, and contaminants
dioxin (TCDD) and other polychlorinated
dioxins and furans) between 1955 and 1985
were followed through 1991 in a chemical
industry in the Netherlands
Sathiakumar | A retrospective follow-up study (1943— Occupational records 43 SMR = 82 for workers employed
et al. [63], 1991) was conducted of 15,649 men in styrene-butadiene rubber plant
USA employed for at least 1 year at any of eight
north American styrene-butadiene rubber
plant
Jarup et al. 869 battery workers exposed to nickel Employment records, Death SMR = 148 for males;
[60], Sweden | hydroxide and cadmium oxide, employed at | workplace (male = 6; SMR = 220 for females;
least 1 year between the years 1940 and measurement reports, female = 1); SIR = 194 for male workers
1980, were followed up until 1992. and interviews with key | incidence exposed to nickel hydroxide and
Incidence obtained from the Swedish informants in the (male =7) cadmium oxide
Cancer registry, vital status and cause of factory
death obtained from the Swedish cause of
death registry
Wiebelt et al. | A historical cohort included 6830 German Industry records 5 SMR = 94.3 for workers exposed
[64], men from 11 plants who were exposed to to toluene
Germany toluene from 1960 to 1992 in three work
areas with different exposure levels
Rafnsson A cohort comprised 1332 men and 426 Industry records Death SIR = 83 for male workers;
etal. [62], women employed in the printing industry in (male =3, SIR = 124 for female workers
Iceland Iceland according to a published union female = 1) employed in printing industry

registry, then linked to the Cancer registry
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Table 6.1 (continued)

Reference and

study location | Cohort description

Exposure assessment

No. of cases/

deaths Relative risk (95% CI)*

Historical cohort of 1,779,646 men and
1,101,669 women gainfully employed at the
time on January 1, 1970, census and were
still alive and over age 24 on January 1,
1971, followed up for 19 years until 1989

Alguacil et al.
[50], Sweden

Occupational records
from Swedish cancer
environment register
and census

Women: Educational methods
advisors (RR = 2.6); librarian,
archivist, and curator (RR = 1.7%);
motor vehicle or train driver
(RR = 2.5%); typographer and
lithographer (RR = 2.3%); purser,
steward, and stewardess

(RR = 5.2%); other housekeeping
and related workers (RR = 2.9%);
electrical, electronic, and related
workers (RR = 1.7%); and glass,
pottery, and tile workers

(RR =2.4*). Men: Technical
assistants (RR = 2.8%), traveling
agents (RR = 1.6%), other metal
processing workers (RR = 1.9%),
baker and pastry cook

(RR = 1.4%), docker and freight
handler (RR = 1.6%), and waiters
(RR=2.1)

4420 men and
2143 women

Cohort studies reported results on pancreatic cancer somewhere in the tables but not in the abstract or the title were not included in this table

*P <0.05

vreported an increased risk of pancreatic cancer (SMR =233)
among chemical workers. Wen et al. [41] reported an ele-
vated risk among oil refinery workers (SMR = 167). Ott et al.
[21] found an increased risk of pancreatic cancer associated
with chemical manufacturing job. However, none of the
results from the above studies were statistically significant.
In a mortality study of chlorohydrin production workers,
Benson and Teta [25] observed a statistically significantly
elevated death due to pancreatic cancer (SMR =492) in these
workers who produced dichloromethane. An occupational
mortality study in Washington State also indicated that
chemists, chemical engineers, and chemical company work-
ers experienced elevated proportional mortality rate (PMR)
for pancreatic cancer [84].

A case-control study using the death certificates of 343
pancreatic cancer cases and 1315 other-cause-of-death cases
as controls observed an odds ratio (OR) of 1.4 for people
working in the chemical and allied industries [73]. A hospital-
based case-control study of 198 pancreatic cancer cases and
209 controls reported a slightly elevated risk (OR = 1.2)
among long-term workers in a chemical processing industry
[68]. One case-control study of 625 pancreatic cancer cases
and 1700 other cancer controls by Partanen et al. [80]
reported a slightly reduced risk of pancreatic cancer associ-
ated with employment in the chemical and allied industries.

In a high pancreatic cancer mortality region of Louisiana,
876 pancreatic cancer death records were matched to con-
trols by age, race, sex, year of death, and parish of residence.
The study found a twofold OR for workers in the oil refining
industries [75]. A population-based case-control study in
Iowa by Zhang et al. [83] observed a statistically signifi-
cantly increased risk of pancreatic cancer associated with
industries of chemical and allied products (OR = 3.5).

It is biologically plausible that an increased risk of pan-
creatic cancer can be associated with working in chemical
industries, since many chemical agents have been suggested
as carcinogens and some have been shown to increase the
risk of pancreatic cancer. For example, a cohort study in
Finland including 2050 male and 1924 female workers
exposed to trichloroethylene, tetrachloroethylene, or
1,1,1-trichloroethane between 1967 and 1992 reported an
increased risk of pancreatic cancer [44]. In a nested case-
control study involving 28 pancreatic cancer deaths and 140
randomly selected controls, Selenskas et al. [§2] observed an
increased risk of pancreatic cancer associated with process-
ing vinyl and polyethylene. Another nested case-control
study by Garabrant et al. [69] involving 28 pancreatic cancer
deaths and 112 matched controls reported that exposure to
DDT was associated with an increased risk of pancreatic
cancer. A population-based case-control study from Finland
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Table 6.2 Case-control studies of occupational exposure and pancreatic cancer

Reference, study
location and

Characteristics of

period Characteristics of cases | controls Exposure assessment| Results Comments
Pickle et al. 876 death of pancreatic | Death controls Death certificate Oil refining (OR = 2.1); paper
[75], cancer matched by age, race, processing (OR = 1.8)
Louisiana, sex, year of death,
USA, and parish of
1960-1975 residence
Lin and 109 incident cases 109 cancer-free Personal interview | OR = 5.1* for men exposed to Adjusted for
Kessler [71], hospital controls dry cleaning and gasoline for smoking
USA more than 10 years
Mack et al. 490 cases representing | Equal number of Questionnaire No association
[72], Los working-age neighborhood directly from 124
Angeles, USA, | population controls pairs
1975-1981
Magnani et al. | 343 aged 18-54 male Each case was Death certificate, Paper, printing, and publishing No
[73], UK pancreatic cancer assigned two controls | JEM (OR = 2.2%); chemicals and confounding
identified from who had died in the allied industries (OR = 1.4); information
1959-1963 to same year from other coal and petroleum products available
1965—-1979 death causes (OR = 1.8); food, drink, and
certificates tobacco (OR = 1.5);public
administration and defense
(OR =1.6)
Mallin et al. 2444 pancreatic cancer | 3198 noncancer death | Death certificates OR = 3.7* for metal workers; No
[74], lllinois, | deaths OR = 4.2* for photoengravers confounding
USA and lithographers; OR = 5.3* for | information
sales occupation; and OR = 3.8* | available
for brickmasons and
stonemasons
Pietri et al. 171 (105 men and 66 317 controls matched | In-person interview | Workers in the textile industry Adjusted for
[76], France, women) from 7 for age at interview, (OR = 1.87), food industry smoking
19821985 hospitals in Paris sex, hospital, and (OR =1.86)
interviewer
Falk et al. [68], | 198 cases 209 hospital-based Questionnaire White-collar occupations Adjusted for
Louisiana, controls showed consistent elevations in smoking
USA, risk; risks for truck drivers
1979-1983 (OR = 1.7) and those with
long-term employment in
machine repair or as mechanics
were suggestive (OR = 2.5);
risks were slightly elevated for
long-term workers in the
chemical processing industry
(OR=1.2)
Garabrant et al. | 28 cases from a 112 matched controls | Questionnaire from | Exposure to DDT associated Adjusted for
[69], mortality cohort in next of kin with increased risk RR = 4.8* smoking
Philadelphia, chemical plant
USA,
1953-1988
Partanen et al. | 625 incident cases 1700 cancer referents | Job history Elevated risk for stone mining No
[80], Finland, aged 40-74 (stomach, colon, and | obtained from next | (OR =3.7), cement and building | confounding
1984-1987 rectum) matched on of kin materials (OR = 11.1), information
age pharmacists and sales associates | available

in pharmacies (OR = 12.9),
male wood machinists

(OR =4.1), male gardeners
(OR6.7), female textile workers
(OR =5.4), and male transport
inspectors and supervisors
(OR=9.4)
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Table 6.2 (continued)

Reference, study
location and

Characteristics of

period Characteristics of cases | controls Exposure assessment| Results Comments
Selenskas et al. | 28 male cases from a 140 randomly Job history OR = 7.15* for male worker Nested
[82], New mortality cohort with selected controls obtained from work | assigned to a work area that case-control
Jersey, potential exposure at plant records processed vinyl resins and study, no
1946-1988 plastics manufacturing polyethylene more than 16 years | confounding
and research and information
development facility available
Kauppinen 595 incident cases with | 1622 community Mailed Tonizing radiation (OR = 4.3%), | Adjusted for
etal. [77], aresponse rate of 47% | controls with a questionnaire to nonchlorinated solvents smoking, all
Finland, response rate of 50% | next of kin, (OR = 1.6-1.8), pesticides proxies
1984-1987 job-exposure (OR = 1.7), inorganic dust
matrix containing crystalline silica
(OR = 2.0%), heat stress
(OR =2.2), rubber chemicals
including acrylonitrile
(OR=2.1)
Mikoczy et al. | Nested case-control 178 matched controls | Industry records OR = 7.2* for leather dust Adjusted for
[79], Sweden, study, cases = 68 with from the cohort of exposure tobacco
1900-1989 10 pancreatic cancer 2487 workers smoking
cases employed for at least
6 months during the
period 1900-1989 in
three Swedish leather
tanneries
Bardin et al. 97 deceased cases from | 1825 controls Exposures were OR = 3.0* for those exposure to | No
[67], a cohort of 46,384 selected from the estimated for each | synthetic fluids in grinding confounding
Michigan, hourly employees who | same cohort matched | unique plant, operations with more than information
USA had worked at least on race, sex, plant, department, job, 1.4 mg/m? years of exposure available
3 years prior to and date of birth and calendar period
January 1, 1985, at (£5 years) in an exposure
three auto part matrix
manufacturing
facilities
Jietal. [70], 451 incident cases with | 1552 population In-person Men: Electrician (OR = 7.5%); Adjusted for
Shanghai, a response rate of controls with a interview, JEM metal workers (OR =2.1); confounding
China, 78.2%, 37% response rate of toolmakers (OR = 3.4%); factors
1990-1993 histologically 84.5% plumbers and welders
confirmed (OR =3.0%); glass
manufacturers, potters, painters,
and construction workers
(OR =2.6%); exposure to
electromagnetic fields (EMFs).
Women: Textile workers
(OR=1.4)
Kernan, et al. 63,097 persons who 252,386 persons who | Death certificate, Industries (i.e., printing and No
[78],24 US died from pancreatic died from causes JEM paper manufacturing; chemical, | confounding
states, cancer in 24 US states | other than cancer in petroleum, and related information
1984-1993 the same period processing; transport, available

communication and public
service; medical and other
health-related services) and
occupations (i.e., managerial,
administrative, and other
professional occupations;
technical occupations; and sales,
clerical, and other administrative
support occupations) associated
with increased risk with

OR =1.1-1.2. Based on JEM,
formaldehyde OR = 1.4 for high
probabilities of exposure

(continued)
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Table 6.2 (continued)

Reference, study
location and
period

Characteristics of cases

Characteristics of
controls

Exposure assessment

Results

Comments

Alguacil et al.
[65, 66], Spain,
1992-1995

185 incident cases with
164 included

264 hospital-based
controls with 238
included

In-person interview

Men: Significant increased risks
for physical, chemistry, and
engineering science technicians;
nonsignificant risks for metal
molders, sheet-metal workers,
structural metal workers,
welders, and related workers;
painters and varnishers;
machinery mechanics and
fitters. Women: Elevated risks
for agricultural workers; textile
and garment workers. Mutations
in K-ras gene modified
association with hydrocarbon
solvents

Adjusted for
smoking

Zhang et al.
[83], Iowa,
USA,
1985-1987

376 incident cases
(202 males and 174
females) with a
response rate of 88%

2434 population-
based controls (1601
males and 833
females) with
response rates of 82%
(<65 years) and 79%
(=65 years)

Self-administered
questionnaire,
90.2% of cases and
10% of controls
from proxies

Men: Industries of chemicals
and allied products (OR = 3.5%)
and railroad transportation
(OR = 4.1%); insurance sales
occupations (OR = 5.5%) and
railroad brake, signal, and
switch operators (OR = 5.9%).
Women: Industries of furniture
and home furnishing stores
(OR =5.5%); textile sewing
machine operators and
tenders(OR = 3.9%)

Adjusted for
smoking, but
too many
proxies in
cases

Santibanez
etal. [81],
Spain,
1995-1999

161 incident cases (95
cases histologically
confirmed) with a
response rate of 80.9%

455 hospital-based
controls with a
response rate of
99.6%

In-person
interviews; 12% of
cases and 4% of
controls are
proxies, JEM

Men: Worked as miners,
shot-firers, stone cutters, and
carvers; machinery mechanics
and fitters; building trades
workers; motor vehicle drivers;
and waiters. Women: Office
clerks and waiters. Occupational
exposure to chlorinated
hydrocarbon solvents

(OR =4.1%), synthetic polymer
dust, ionizing radiation,
suggestion risk for pesticides,
diesel and gasoline engine
exhaust, and hydrocarbon
solvents

Adjusted for
smoking

*P < 0.05

including 595 cases and 1622 controls reported an elevated
risk associated with occupational exposure to solvents
(including aliphatic and aromatic hydrocarbons) [77]. Two
meta-analyses reported an elevated risk of pancreatic cancer
associated with occupational exposure to chlorinated hydro-
carbons [7, 85]. One examined 32 specific agents and found
that chlorinated hydrocarbon solvents and related com-
pounds had a meta-risk ratio (MRR) of 1.4 (95%CI: 1.0-1.8)
[7]. Another one applied hierarchical Bayesian methods
using both job title and exposure data; they observed a more

than twofold increased risk of pancreatic cancer associated
with occupational exposure to chlorinated hydrocarbon com-
pounds (MRR = 2.21, 95%CI: 1.31-3.68) [85]. A recent
hospital-based case-control study in Spain further supports a
positive association between exposure to chlorinated hydro-
carbon solvents and pancreatic cancer, but the association
seemed stronger for ductal adenocarcinomas of the pancreas
(OR =4.11, 95%CI: 1.11-15.23), with a significant positive
trend in risk with increasing duration of exposure (P for
trend = 0.04) [81].
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Metal Manufacturing Industries

Elevated risks of pancreatic cancer have been reported to be
associated with metal manufacturing industries by a number
of studies. Milham [13] reported an increased mortality of
pancreatic cancer in aluminum mill workers and in sheet-
metal workers. Maruchi et al. [86] reviewed all cases diag-
nosed in bona fide residents of Olmsted County, Minnesota,
from 1935 to 1974 and found an overrepresentation of metal
workers among patients with pancreatic cancer. A PMR
study in workers from an automobile factory composed of
forge, foundry, and engine (machine and assembly) plants
reported a statistically significant PMR of pancreatic cancer
in the engine plant (PMR = 1.9) [40]. Another PMR study in
a bearing plant also reported an increased risk of pancreatic
cancer [38]. A death certificate mortality study in Illinois
reported an elevated risk of pancreatic cancer among metal
workers [74]. Acquavella et al. [24] examined a metal work
cohort (n = 3630) and found an excess in the mortality rate of
pancreatic cancer. Ji et al. [70] reported an increased risk of
pancreatic cancer among Chinese metal workers.

Studies have also investigated specific metals and metal-
lic compounds in relation to pancreatic cancer. A study fol-
lowed a group of Swedish battery workers exposed to nickel
hydroxide and cadmium oxide and found an increased SIR
and SMR for pancreatic cancer [60]. Rockette and Arena
[22] followed a cohort of 21,829 workers with 5 or more
years of employment in 14 aluminum reduction plants and
found an elevated mortality for pancreatic cancer. A meta-
analysis reported an excess in pancreatic cancer risk for
nickel and nickel compounds and chromium and chromium
compounds, but not for cadmium and cadmium compounds
[7]. Individuals who work in metal manufacturing industries
are exposed not only to different metals and metallic com-
pounds but also to silica, lubricants, and chemical fumes
[13]. For example, exposure to polycyclic aromatic hydro-
carbons (PAHs), a class of chemicals including hundreds of
compounds, was found in metal manufacturing industries
such as aluminum production industry and iron and steel
foundry [87]. While earlier meta-analyses showed a nonsig-
nificant increased risk of pancreatic cancer associated with
occupational exposure to PAHs [7, 85], subsequent studies
supported a positive association between PAHs and pancre-
atic risk [88]. It is possible that the elevated risk of pancreatic
cancer associated with metal manufacturing industries could
be the joint effect of multiple exposures.

Printing and Paper Manufacturing Industries
A PMR study of 1401 commercial pressmen showed a sig-

nificant PMR of pancreatic cancer among those employed
20 years or longer [43]. Similar results were found in another

study of printing pressmen [89]. The Third National Cancer
Survey of 7518 incident cancer cases found an elevated risk
of pancreatic cancer associated with printing workers [23].
Wingren et al. [90] investigated mortality patterns among
Swedish pulp and paper mill workers and reported excess
risk of pancreatic cancer. The Louisiana study found twofold
odds ratios for workers in the paper manufacturing industries
[75]. Kernan et al. [78] reported a statistically significant
increase in risk of pancreatic cancer associated with printing
and paper manufacturing. In the Swedish population,
Alguacil et al. [50] reported an elevated risk of pancreatic
cancer among printing workers in women. While most stud-
ies reported an elevated risk, some studies did not observe an
association with pancreatic cancer among those workers [62,
64]. It was suggested that exposures to solvents might be the
most likely explanation for the association even though spe-
cific solvents were not identified [78].

Transport and Communication Industries

A prospective mortality study of cancer by the American
Cancer Society involving 461,981 males aged 40-79 years
with known smoking habits reported an elevated risk of pan-
creatic cancer among truck drivers [26]. The Finland study,
using other cancer patients as controls, reported an elevated
risk of pancreatic cancer for male transport inspectors and
supervisors [80]. A hospital-based case-control study of 198
cases and 209 controls indicated an increased risk of pancre-
atic cancer for truck drivers [68]. A population-based study
in Iowa reported that men who worked as heavy truck driv-
ers, or as railroad brake, signal, and switch operators, had an
increased risk of pancreatic cancer [83]. A recent hospital-
based case-control study in Spain found an approximately
twofold increased risk associated with diesel engine exhaust
and two to threefold increased risk among truck drivers [81].
Workers in these occupations may be heavily exposed to
motor exhaust, which contains PAHs that have been classi-
fied as human carcinogens [91] and have been linked to an
increased risk of pancreatic cancer [7, 85, 88]. In addition to
PAHs, individuals who worked in such industries may also
be exposed to a variety of hazardous materials such as cut-
ting oils, solvents, and metal dust, which have been sug-
gested as risk factors [38, 85, 92].

Textile Industries

An occupational mortality study in Washington State
reported a threefold increase in pancreatic cancer mortality
in both men and women fabric workers under 65 years old
[93]. A case-control study involving 625 pancreatic cancer
cases and 1700 other cancer controls in Finland found an
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increased risk among female textile workers [80]. A hospital-
based case-control study in Spain observed an elevated risk
among female textile and garment workers [65]. A hospital-
based case-control study in France reported an increased risk
of pancreatic cancer associated with textile industry [76]. A
population-based case-control study in Iowa observed an
increased risk of pancreatic cancer for female textile sewing
machine operators and tenders, and the risk was greater with
longer duration of employment in this occupation [83]. A
population-based case-control study in Shanghai China also
found an elevated risk among female textile workers [70]. It
has been speculated that the excessive risk associated with
textiles workers may be related to exposure to spinning oils
or textile dusts [68]. In contrast, a cohort study in Shanghai
China reported that occupational exposure to cotton dust and
endotoxin in the textile industry was associated with a
reduced risk of pancreatic cancer [94].

Other Occupations and Industries

In addition to the abovementioned industries and occupa-
tions that have been relatively well studied, an increased risk
of pancreatic cancer has been linked to several other occupa-
tional settings. Results from these epidemiological studies,
however, have been inconsistent. For example, an elevated
risk in glass manufacturers, potters, and construction work-
ers was suggested by some studies [70, 76]. It was unclear
whether the association was due to exposures to silica dusts,
asbestos, or other industrial dusts [68, 93]. Several solvent-
related occupations or industries such as mechanics [33, 65,
68, 80], leather tanners or other leather industries [29, 43, 73,
76], and dry cleaners [71] have been associated with an
increased risk of pancreatic cancer. Although farmers are
typically exposed to pesticides which have been linked to an
increased risk of pancreatic cancer [69, 95, 96], studies have
not observed an increased risk of pancreatic cancer among
farmers [78, 82]. Employment in furniture and home furnish-
ing stores, medical and other health-related services, educa-
tional services, purchasing agents and buyers, supervisors of
sales occupations, and insurance sales people have also been
suggested to be associated with pancreatic cancer risk [78,
83]. In the absence of exposure to environmental hazards,
lifestyle risk factors, such as lack of physical activity [97,
98], may play a role in the development of pancreatic cancer
among these workers. While occupational physical activity
was associated with a reduced risk of pancreatic cancer
based on a meta-analysis of four prospective cohort studies
[99], another study found that a reduced risk of pancreatic
cancer associated with occupational exposure to physical
activity became null after adjusting for body mass index
(BMI), suggesting that the observed reduced risk associated

with occupational physical activity may be due to confound-
ing factors [94]. It is also possible that exposure to infectious
agents may play a role in the development of pancreatic can-
cer in these professions, since they require extensive per-
sonal contacts [83].

General Considerations

When interpreting results from occupational studies, it is
important to take the “healthy worker effect” into consid-
eration. Individuals able to sustain employment require a
minimum level of health. Employed individuals tend to be
healthier than the general population that includes both
healthy and sick people. In studies comparing the inci-
dence or mortality of occupational settings to those of the
general population, true associations are likely to be
underestimated.

Several other issues needed to be considered as well,
when interpreting the occupational risk factors.

First, studies using occupation/industry titles to evaluate
occupational exposures are likely to introduce exposure mis-
classification. Occupation/industry titles lack information on
specific environmental hazardous agents. Workers classified
under a specific occupational title or employed in a specific
industry can be exposed to more than one agent. On the other
hand, exposure to one agent can occur at multiple occupa-
tions or industries. The same occupational title may vary
between different industries and may have different exposure
levels with regard to agents. A job-exposure matrix, linking
information from both occupation and industry titles with
specific exposure, would therefore minimize exposure
misclassification.

Second, many occupational studies were based on
deceased cases due to the clinically aggressive nature of the
disease. This limits the quality and quantity of information
available. As a result, many previous studies have failed to
control for potentially confounding factors such as
smoking.

Third, given the rarity of pancreatic cancer, most avail-
able studies had limited power to detect small to moderate
associations between certain occupational exposures and
risk of pancreatic cancer. Thus, many studies were likely
unpublished because they were unable to detect meaningful
associations. For this reason, pooling of data from projects
and replication of studies is very important.

Fourth, nonoccupational risk factors may play a synergis-
tic role with occupational factors in the risk of pancreatic
cancer. Integration of occupational and nonoccupational risk
factors would provide a more precise profile for predicting
individuals’ risks. Finally, genetic susceptibility should also
be considered when investigating occupational risk factors.
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Non-occupational Risk Factors of
Pancreatic Cancer

Smoking

A positive association between cigarette smoking and pan-
creatic cancer has been demonstrated by nearly all studies
published since the 1960s. In a large meta-analysis, current
smokers experienced a 70% increased risk of pancreatic can-
cer compared to nonsmokers, and the risk showed clear
dose—responses [100]. After cessation of cigarette smoking,
the risk remains elevated for a minimum of 10 years [100]. A
recent pooled analysis from the International Pancreatic
Cancer Cohort Consortium further demonstrated that current
smokers had significantly elevated risk of pancreatic cancer
(OR = 1.77) compared to nonsmokers and the risk increased
significantly with greater intensity, duration, and cumulative
smoking dose [101]. This pooled analysis also indicated that
risks after more than 15 years after smoking cessation were
similar to that for never smokers [101], which highlights the
importance of smoking cessation in disease prevention.
Environmental tobacco smoke or passive smoke contains
many of the same carcinogenetic chemicals as active smoke
[102]. However, very few studies have investigated the asso-
ciation between passive smoke and pancreatic cancer risk.
Results from the limited studies have provided mixed results
[103-106].

Alcohol Consumption

Based on the results from most case-control and cohort stud-
ies, an International Agency for Research on Cancer (IARC)
Monograph working group in 2007 concluded that there was
an inadequate evidence of the role of alcohol in pancreatic
cancer in humans [107]. However, a positive association
between heavy alcohol consumption and pancreatic cancer
has been suggested by studies that collected detailed infor-
mation on alcohol consumption [108-119]. A recent pooled
analysis using data from the International Pancreatic Cancer
Case-Control Consortium further demonstrated that heavy
drinkers experienced an increased risk of pancreatic cancer,
whereas light to moderate alcohol consumption was not
associated with an increased risk of pancreatic cancer [120].

Coffee Consumption

Since McMahon et al. [121] in 1981 reported a strong posi-
tive association between coffee consumption and risk of pan-
creatic cancer, numerous studies have subsequently
investigated the relationship and have provided inconsistent
results. A meta-analysis of 14 cohort studies conducted in

2011 showed a significant inverse association between cof-
fee consumption and risk of pancreatic cancer [122]. A sub-
sequent meta-analysis including 37 case-control studies and
17 cohort studies suggested a nonsignificant increase of such
risk associated with coffee consumption [123]. A recent
updated meta-analysis including 20 cohort studies reported a
protective effect of high coffee consumption for pancreatic
cancer risk (OR = 0.75; 95%CI: 0.63-0.86) [124].

Obesity

World Cancer Research Fund (WCRF) and American
Institute of Cancer Research (AICR) panel concluded that
there was a dose-response relationship between BMI and
pancreatic cancer risk based on 23 cohort studies (RR = 1.14;
95% CI, 1.07, 1.22 per 5 kg/m? increase in BMI) and 15
case-control studies (OR = 1.00; 95% CI, 0.87, 1.15 per
5 kg/m? increase in BMI) [125]. A pooled analysis including
14 cohort studies reported that the risk of pancreatic cancer
was 47% greater among obese (BMI >30 kg/m?) individuals
compared to individuals with BMIs between 21 and 22.9 kg/
m? [126]. It was estimated that approximately 12.8% of pan-
creatic cancers in men and 11.5% in women could be attrib-
uted to overweight/obesity [4]. A meta-analysis confirmed
that both general and abdominal obesity were associated
with increased pancreatic cancer risk [127].

Nutrition

Although studies linking dietary intake and risk of pancreatic
cancer have provided inconclusive results, a majority of
studies have suggested a reduced risk of pancreatic cancer
associated with high fruit and vegetable intake [98, 128-
132]. Studies also suggested that certain nutrients found in
fruits and vegetables (i.e., vitamin C, vitamin E, carotenoids,
and other antioxidants) were associated with a reduced risk
of pancreatic cancer [133—138]. High fat and red meat intake
was associated with an increased risk of pancreatic cancer in
some studies [98, 139—-141] but not in others [132, 136, 142,
143]. A meta-analysis of 11 prospective studies found a posi-
tive association between pancreatic cancer incidence and
processed meat consumption [144]. However, subsequent
cohort studies did not support such findings [145-147]. A
large cohort study detected no association between intakes of
red and processed meat and risk of pancreatic cancer, but the
study found that poultry consumption was associated with an
increased risk of pancreatic cancer [145]. Another cohort
study suggested that processed meat sources of dietary
nitrate and nitrite might be associated with pancreatic cancer
among men only [147]. A recent large cohort study reported
that low meat eaters and vegetarians and vegans had lower



138

Y.Chen et al.

mortality for pancreatic cancer compared with regular meat
eaters [148]. Frequent nut consumption had been inversely
associated with risk of pancreatic cancer in women [149,
150]. Findings from the latest meta-analysis supported that
fruit and vegetable intake was inversely associated with the
risk of pancreatic cancer [151]. Furthermore, another study
suggested that 0—12% of pancreatic cancer cases could be
prevented by increasing fruit or folate intake [152].

Diabetes

Diabetes has been considered to be associated with the risk
of pancreatic cancer, but the causal relationship between dia-
betes and pancreatic cancer remains controversial. A recent
meta-analysis including 35 cohort studies reported that dia-
betes was associated with 90% increased risk of pancreatic
cancer. The risk was inversely correlated with the duration of
diabetes with the highest risk found among patients diag-
nosed within less than a year [153]. Several studies reported
that type I and type II diabetes doubled the risk of pancreatic
cancer [154-156]. The United States National Cancer
Institute estimates that diabetes is associated with a 1.8-fold
increased risk of pancreatic cancer in Hispanic men and
Asians compared to whites and blacks [67]. Pancreatic can-
cer risk decreased with the duration of diabetes, but a 30%
excess risk persists for those with more than two decades of
diabetes diagnosis [70]. Oral antidiabetics or insulin use
were associated with a reduced risk of pancreatic cancer [67,
70].

Pancreatitis

Chronic pancreatitis is another established risk factor for
pancreatic cancer. A six-country historical cohort study con-
sisting of 2015 subjects with chronic pancreatitis reported
1.8% 10-year and 4.0% 20-year cumulative risks of pancre-
atic cancer [157]. About 4% of chronic pancreatitis patients
developed pancreatic cancer [158]. The risk of pancreatic
cancer associated with pancreatitis was two times higher
among people who were younger than 65 years old com-
pared to those who were 65 years or older [159]. Patients
with hereditary pancreatitis a rare, autosomal-dominant dis-
ease that usually occurs at a young age had a risk that was
50-60 times greater than expected [160].

Helicobacter pylori
Studies have shown that Helicobacter pylori infection, a

major risk factor associated with pancreatic cancer, has an
estimated population attributable fraction of 4-25% [152].

According to a recent follow-up study, these results were not
supported [161].

Clinical and Pathological Features
of Pancreatic Cancer

Clinical Features

Pancreatic cancer is rare before the age of 40, and the median
age at diagnosis is approximately age 70. Pancreatic cancer
is difficult to detect and diagnose because of the insidious
nature of early stage signs and symptoms as well as the rela-
tively inaccessible anatomic location of the pancreas. The
presenting symptoms of pancreatic cancer depend on the
location of the tumor within the gland. For tumors located in
the head and body of the pancreas, symptoms are generally
precipitated by compression of surrounding structures such
as the bile duct, the mesenteric and celiac nerves, the pancre-
atic duct, and the duodenum [162]. As a result, classic symp-
toms include unexplained weight loss, jaundice, and pain in
the upper or middle abdomen and back. Other symptoms
may include dyspepsia, nausea, vomiting, and fatigue. Pain
is the most common presenting symptom in patients with
pancreatic cancer. As a result of tumor invasion of the celiac
and mesenteric plexus, the pain may take on a gnawing
nature. Besides abdominal pain, patients with pancreatic
head cancer usually suffer from jaundice caused by biliary
tract obstruction that can increase levels of conjugated biliru-
bin and alkaline phosphatase. As a result, the patient’s urine
darkens. In addition, the stool may be pale from decreased
stercobilinogen in the bowel. On rare occasions, a pancreatic
tumor may cause duodenal obstruction or gastrointestinal
bleeding. Obstruction of the pancreatic duct may lead to pan-
creatitis. Patients with pancreatic cancer often have dysgly-
cemia. As such, pancreatic cancer should be considered in
the differential diagnoses of acute pancreatitis and newly
diagnosed diabetes.

Pathological Features

Pancreatic cancer tumors can arise anywhere in the pancreas
with the most frequent focus being in the head, followed by
the body and tail. Pancreatic cancer grossly produces a firm,
poorly demarcated, multinodular mass with an intense des-
moplastic reaction [163]. In addition to ductal adenocarcino-
mas, a number of histological types of pancreatic cancer
have been recognized, including adenosquamous carcinoma,
colloid carcinoma, hepatoid carcinoma, medullary carci-
noma, signet-ring cell carcinoma, undifferentiated carci-
noma, and undifferentiated carcinoma with osteoclast-like
giant cells. Pancreatic cancers are extremely infiltrative
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neoplasms. Vascular and perineural invasion are present in
the majority of surgically resected cancers. Pancreatic cancer
metastasizes most commonly to regional lymph nodes and
the liver. Other frequent metastatic sites include the perito-
neum, lungs, adrenals, and bones [163].

Molecular Markers

The most widely utilized tumor marker for pancreatic cancer
in the clinic is cancer antigen (CA) 19-9. The serum marker
CA 19-9 is useful in confirming the diagnosis in symptom-
atic patients and in predicting prognosis and recurrence after
resection [164, 165]. Due to its lack of sensitivity and speci-
ficity, this antigen is not useful in screening asymptomatic
patients [162].

Global gene expression studies of pancreatic cancers have
suggested several potential new serum markers for pancre-
atic cancer. One such marker is the macrophage inhibitory
cytokine 1 (MIC1) [166]. Elevated serum MIC1 antigen lev-
els significantly outperformed CA 19-9 and other tumor
markers in distinguishing patients with resectable pancreatic
cancers from healthy controls [167]. In addition to MICI,
gene products of osteopontin [168], tissue inhibitor of metal-
loproteinase-1 [169], and mesothelin genes [170] have also
been suggested as potential novel tumor markers of pancre-
atic cancer.

Using pancreatic juice as a potential source of biomarkers
of early stage pancreatic cancer has attracted significant
interest [171, 172]. Because of its direct relationship to the
ductal system of the pancreas, it would undoubtedly contain
enriched fractions of tumor markers unadulterated by serum
components [173]. However, pancreatic juice can only be
obtained during an invasive endoscopic procedure. Thus,
pancreatic juice-based biomarkers are not feasible for
screening.

Carcinogenic Mechanisms

During the past two decades, the rapid accumulation of
knowledge of the molecular biology of this disease has sig-
nificantly advanced our understanding of pancreatic carcino-
genesis. Like many other malignancies, pancreatic
carcinogenesis involves multiple subsets of genes undergo-
ing genetic changes [174]. Pancreatic cancer develops from
normal ductular epithelium through a sequential worsening
of precursor lesions that can be identified through histology
and genetic testing [175, 176]. Overexpression of HER2/neu
and point mutations in the K-ras gene present in more than
90% of pancreatic cancer cases at early stages of the disease
[175, 177, 178]. The pl6 tumor suppressor gene is inacti-
vated in more than 80-90% of pancreatic cancer cases at an

intermediate stage [179]. The P53 and DPC4 genes are inac-
tivated in about 50% of pancreatic cancer cases and BRCA2
in about 7-10% at a relatively later stage [174, 180, 181].

Several genetic syndromes (i.e., hereditary pancreatitis,
hereditary  nonpolyposis  colorectal —cancer, ataxia-
telangiectasia, Peutz—Jehers syndrome, familial breast can-
cer, and familial atypical multiple-mole melanoma) have
been associated with pancreatic cancer risk [182]. However,
the carriers of these genetic disorders in the general popula-
tion are rare. It has been recognized that single-nucleotide
polymorphisms (SNPs) in common and low-penetrance
genes influence both the response and susceptibility to car-
cinogens and may play important roles in pancreatic carcino-
genesis. Exogenous and endogenous carcinogens can alter
gene expression, proliferation, or differentiation through
mechanisms such as aberrant DNA methylation, oxidative
effects, impaired DNA repair pathways, and abnormal acti-
vation of receptors, transcription factors, and cell cycle pro-
teins [183]. While major advances have been made to better
understand the interaction between environmental factors
and genetic susceptibility to human cancers, the gene—envi-
ronment interaction for pancreatic cancer has not yet been
fully evaluated. There are currently several studies investi-
gating the association between genetic polymorphisms and
risk of pancreatic cancer.

Genetic Susceptibility

Studies using candidate gene approaches have mainly
focused on genes in the following pathways: carcinogen
metabolism [184—193], DNA repair [186, 194—199], inflam-
matory response [200, 201], alcohol-metabolizing enzymes
[202, 203], methylation [117, 202-206], and protease inhibi-
tors [191, 207-209]. Associations between polymorphisms
in metabolic genes (i.e., GSTM1, GSTT1, CYPIAI, CYPIA2,
NAT1 NAT2, and UGTIA7) and risk of pancreatic cancer
were generally null from a meta-analysis [175]. However,
studies suggested that the combination of GSTT/-null and
GSTPI-codon 105 Val variants significantly increased the
risk for pancreatic cancer [193]. Individuals who were heavy
smokers and carried GSTTI-null genotype significantly
increased their risk of pancreatic cancer compared to non-
smokers with GSTTI-present genotype [185]. Heavy smok-
ers with the CYPIA2x1F(A-163C) C allele or NATI rapid
alleles experienced a significantly elevated risk of pancreatic
cancer as compared to never smokers carrying non-at-risk
alleles [188].

A case-control study conducted at the MD Anderson
Cancer Center investigated genetic variants in glucose
metabolism genes and risk of pancreatic cancer in 1654
cases and 1182 controls [210]. The study genotyped 26 SNPs
of five glucose metabolism genes, GCK, GFPTI, GPI, HK2,
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and OGT, and found a significant association of HK2 R844K
GA/AA genotype with reduced pancreatic cancer risk
(OR = 0.78). A significant interaction with diabetes was
observed. The HK2 R844K GA/AA genotype was associated
with a reduced risk of pancreatic cancer among nondiabetic
individuals (OR = 0.68) but with increased risk among dia-
betic patients (OR = 3.69). These risk associations remained
statistically significant when the analysis was restricted to
whites or after exclusion of recent-onset diabetes. No signifi-
cant effect of other genes or significant interaction of geno-
type with other risk factors was observed.

Two studies from Japan examined polymorphisms in
alcohol-metabolizing enzyme genes and risk of pancreatic
cancer [202, 203]. Miyasaka et al. [203] reported that the risk
of pancreatic cancer associated with smoking was enhanced
in subjects with an inactive form of ALDH?2 in a male popu-
lation. Kanda et al. [202] found that drinkers carrying both
ADH1B His/His and ALDH?2 Lys+ had significantly increased
risk of pancreatic cancer as compared to nondrinkers with
both ADH 1B His/His and ALDH?2 Glu/Glu.

Li et al. [197] investigated nine SNPs of seven DNA
repair genes (LIG3, LIG4, OGGI, ATM, POLB, RAD54L,
and RECQL) and found SNPs in ATM and LIG3 genes sig-
nificantly associated with the risk of pancreatic cancer and
suggested significant interactions between SNPs in ATM or
LIG4 genes and diabetes to pancreatic cancer. Several stud-
ies suggested that polymorphisms of XRCC2 and XPD genes
modified smoking-related pancreatic cancer [186, 196, 198].
Some studies also suggested potential gene—gene interac-
tions within the same pathway (i.e., XRCC1 with APEI,
XRCC1 with MGMT, OGG1 with XPC, XPA with ERCC2)
[195] or cross different pathways (i.e., XRCC1 with GSTT1/
GSTMI1) [194] in relation to pancreatic cancer risk.

A case-control study from Mayo Clinic of 1354 Caucasian
pancreatic cancer patients and 1189 healthy Caucasian con-
trols investigated 1538 SNPs in 102 inflammatory pathway
genes [201]. After adjusting for known risk factors for pan-
creatic cancer, single SNP analysis revealed an association
between four SNPs in NOS/ and one in the CD101 gene with
pancreatic cancer risk. These results, however, were not rep-
licated in other pancreatic cancer case-control and cohort
populations. A population-based case-control study with 308
cases and 964 controls from the San Francisco Bay Area sug-
gested that proinflammatory gene polymorphisms in combi-
nation with proinflammatory conditions might influence
pancreatic cancer development [200].

Suzuki et al. [117] investigated polymorphisms in
MTHFR, MTR, MTRR, and TS genes and found that heavy
drinkers carrying MTHFR 667 CC, MTR 2756 AA, or MTRR
606G allele had significantly increased risk of pancreatic can-
cer compared to nondrinkers, suggesting that folate-related
enzyme polymorphisms modify the association between
alcohol consumption and pancreatic cancer risk. Wang et al.

[206] reported an increased risk of pancreatic cancer associ-
ated with MTHFR 677CT or TT genotypes compared to
MTHFR CC genotype and with 7S 3Rc/3RC genotype com-
pared to 7S 3Rg/3Rg genotype. This study also suggested an
interaction between MTHFR C677T polymorphism and
smoking and drinking. Similar interactions were also
reported in another study [204].

Recently, genome-wide association studies (GWAS)
among the population of European ancestry identified com-
mon SNPs in several genomic regions (i.e., 1q32.1, 2pl4,
3928, 5p15.33, 7pl4.1, 7q32.3, 8q24.21, 9q34.2, 12q24.31,
13g22.1, 16923.1, 17q24.3,22112.1) that are associated with
pancreatic cancer risk [211-214]. A GWAS from China
identified five significant genomic regions (5p13.1, 10q26.11,
21qg21.3, 21q22.3, and 22q13.32) that are associated with
risk of pancreatic cancer [215]. A Japanese GWAS reported
three significant loci (6p25.3, 7q36.2, and 12p11.21) associ-
ated with pancreatic cancer risk [216]. Future studies are
needed to investigate gene—environmental interactions with
a broad spectrum of occupational and environmental factors
in addition to smoking and alcohol consumption.

Conclusion

Although the overall incidence of pancreatic cancer is low in
comparison to other cancers, this devastating disease is asso-
ciated with a low survival rate, often claiming the life of its
victims within the first year. From previous studies, a wide
array of contributing occupational and nonoccupational risk
factors has been suggested. Some of these include smoking,
excessive alcohol consumption, obesity, physical inactivity,
diabetes, chronic pancreatitis, nutritional considerations, and
complex genetic predispositions and interactions. Further
studies and data pooling may help gain a better understand-
ing of such risk factors, ultimately leading to effective aware-
ness and prevention programs.

Since delays in early diagnosis may contribute to poor
prognosis, misclassification of initial symptoms may be pre-
vented and earlier diagnosis accomplished through the use of
specific molecular markers. Thus, the identification and
implementation of pancreatic tumors markers has potential
to be an important diagnostic tool.
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