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Introduction

The Health Consequences of Smoking—50 Years of Progress -

On January 11, 19684, Luther L. Teyrry, MD,, Sur-
geon General of the United States, veleased Smoking and
Health: Report of the Advisory Commitiee of the Surgeon
General of the Public Heallh Service. This report, writ-
ten at the request of President John F. Kennedy, was in
response to the evidence on smoking and lung cancer that
had been accumulating since the 1950s (see Chapter 2,
“Fifty Years of Change 1964-2014"). This was the first in
the series that is now generally referred to as the Surgeon
General’s reports. On the basis of more than 7,000 articles
in the biornedical literature relating fo smoking and dis-
ezse that were avaflable at the time, the Advisory Commit-
tee concluded that cigarette smoking is:

» Associated with 70% higher all-cause rnortah’cy
rates among men

A cause of Jung cancer and laryngeal cancer in men

A probéblg cause of lung cancer in women

The most important cause of chronic bronchitis

{U.8. Department of Health, Education, and Welfare

[USDHEW] 1964).

For several days, the report was the topic of news-
paper headlines across the country and lead: stories on
television newscasts (Parascandola 1997). Later, it was
ranked among the top news stories of the 20th century
(USA Today- 1898). The release of that report was one of
the first in a series of steps, still being taken 50 years later,
to diminish the impact of tobacco use on the health of

people worldwide. Ever since, individual citizens, private .

organizations, public agencies, and elected officials have
pursued the Advisory Commiittee’s call for “appropriate
remedial action.”

Early on, in response to the 1964 report, the U.S.
Congress passed the Federal Cigarefte Labeling and Adver-
tising Act of 1965 and the Public Health Cigareffe Smok-

ing Act of 1969, These laws requ:re,d a hea!t.h warmning on
cigarette packages, banned cigarette advertising in the
broadcasting media, and catled for an annual report on the
health consequences of smoking. Since then, there have
been several actions at the federal level—the enactment

-

of the Family Smoking Prevention and Tobacco Control

Act in 2009, and the publication of Ending the Tobacco

Bpidemic: A Tobacco Control Strategic Plan for the US.

Department of Health and Himiahi Seruiges (USDHHS
2010a).

Since that first report in 1964 knowledge of the

hexlth consequences of smoking and involuntary expo~
sure to tobacco smoke has expanded dramatically (see
Chapter 4, “Advances In Knowledge on the Health Con-

sequences of Smoking: From 1864-2014"). This series of -

reports has provided definitive syntheses of the:’evolvmg
evidence on smoking and health. The topics hzwe ranged
widely, including comprehensive coverage of the adverse

" health effects of-active smoking and exposure to second-

hand smoke (USDHEW 1979; U.S. Department of Health
and Human Services [USDHHS] 1986, 2004, 2006), the
impact of tobacco control policies {USDHHS 2000}, and
addiction (USDHHS 1988). A goal of these reports has
been to synthesize available evidence to reach conclu-
sions on causality that have public health implications. In
reaching conclusions on cansation, the reports have fol-
lowed a model that originated with the 1964 report: com-
pilation of all relevant lines of scientific evidence, critical
assessment of the evidence, evaluation of the strength
of evidence by using guidelines for evidence evaiuation,
and a summary conclusion on causation (USDHEW 1964;
USDHHS 2004; Table 1.1; Chapter 3, “Producing the Sur-
geon General’s Report from 1964-2014: Process and Pur-
pose™). The Surgeon General’s reports have established a
long list of health consequences and diseases caused by

. tobacco use and exposure to tobacco smoke (see Chapter-

4). Fifty years later, this report documents that our knowl-

edge continues to expand as new causal conclusions are ,

st111 being added to that long list (Figures 1.1A and 1.1B).

Table 1.1 Four-level hierarchy for classifying the strength of causal inferences from available evidence
Level 1 ’ Evidance is sufficient to infer a causal relationship
Level 2 Evidence is suggestive but not sufficient to'infer a causaj relation&u‘p
Level 3 Evidence is inadequate to infer the presence or absence of a causal relationship (which encompasses evidence that is
sparse, of poor.quality, or conflicting)
Level 4 Evidence is ;ug_gest_we g{ no caus_al relationship

Sotirce: U.S, Department of Health and Hurnan Sexvices 2004.

A8
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Surgeon (_;enemi s Report

Figure. 1.1A The health consequences causally linked fo smoling

Cancers Chronic Diseases -
Stroke
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Acute myeloid leukemia 4 b Chronic obstructive pulmonary disease, tuberculosis,
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Source: USDHHS 2004, 2008, 2012.

-'f. Male sexual function-erectile dysfunction

~— Rheumatold arthritis

Immune function

Ovem\ll diminished health

Note: The cendition in ved is a new disease that has been-causally linked to smoking in this report.

Organization of the Report

This report is divided into three sections. Section.1
“Historical perspective, overview, and conclusions” pro-
vides an overall summary of thé report and its conclu-
sions. It also provides a swmmary of the history of this
series of reports, moving from their origins in 1964 to the
present, contrasting what we knew in'1964 with what we
know now in 2014. Section-2 “The Health Consequences
of Active and Passive Smoking: The Evidence in 2014”
provides 2 direct link to the 1964 report, which addressed
the health effects of active smoking only. The first chapter

4 Chapterl

in this section gives a 50-year perspective on the identi-
fication of the health- consequences of active smoking
and exposure to secondhand smoke. The other, chapters
in this section provide updates on critical topics and on
topics for which the evidence has advanced, since the
previous veviews in the 2004 and 2006 Surgeon General’s
reports, The Health Consequences of Smoking:-A Report
of the Surgeon General and The Health Consequences of .
Involuntary Exposure to Tobacco Smoke: A Report of the
Surgeon General, including a brief review of the state of



Figure I1.1B The health consequences causally linked to exposure to secondhand smoke

Children

Middle ear disease

Respiratory symptoms,
impaired lung function

Lower respiratory illness

Sudden infant death syndrome

«Source: USDHHS 2004, 2006,

The Health Consequences of Smoking—50 Years of Progress

Adults

Stroke

Nasal init;;tion
Lung cancer

Coronary heart disease

Réproductwe effects in women:
| Jow birth weight

Note: The condition in red is a new disease that has been causa]ly linked to smoking in this report.

the evidence. Understanding of mechanisms, as laid out in
the 2010 report, How Tobacco Smoke Causes Disease: The
Biology and Behavioral Basis for Smoking- Attributable
Disease, is also (USDHHS 2010b). Active smoking and
exposure to secondhand smoke are covered in the same
chapters. Section 3 “Tracking and Ending the Epidemic”
includes a descriptive chapter on the patterns of smoking,
a chapter on the impact of the fobacco control environ-
ment on smoking since 1964, and additional chapters pro-
viding estimates of premature deaths that are avoidable.

The final chapter “A Vision for the Ending the Tobacco
Epidemic” outlines broad strategies and potential courses
of action for tobacco control in the future.

Each section within the chapters on the health con-
sequences of smoking (Chapters 6 — 11} Is accompanied
by evidence tables detailing the studies that were used to
evajuate the evidence to assess causality. A supplement
to this report is provided that contains these tables. The

tables included in the supplement are indicated with an

48" where they ave called out in the text.

Introduction, Summary, and Conclusions 5



Liver Cancer

The Health Consequences of Smoking—50 Years of Progress

In many parts of the world, liver cancer remains a

leading cause of cancer morfality. Primary liver cancer, |

the great majority of which is hepatocellular carcinoma
(HCC), generally presents at an advanced stage with lim-
ited trealment options and a poor prognosis. Although

waorldwide liver cancer is the sixth most common cancer

in teyms of incidence, it represents the third most com-
mon cavse of cancer-related death (Ferlay et al, 2010},

A numbey of strong risk factors for HCC have been
identified, including infection with the hepatitis B or C

viruses (HBV, HCV), exposure to aflatoxins, and alcohol- .

associated cirrhosis (London and. MeGlynn 2006). The
incidence of liver cancer varies geographically worldwide,
with rates generally consistent with the regional preva-
lence of the primary viral etiologic factors {Nordenstedt
et al. 2010). Globally, Asia and sub-Saharan Africa—with
endernic FIBV infection and common dietary exposure
fo aflatoxins—have the highest incidence of HCC. Rales
of HCC appear to have stabilized or started te decline in
" several Asian countries, where widespread vaccination
against HBV and reduction of HBV cofactors have occurred
during the past few decades (Yuen et al. 2009). HCV
infection has heen the primary eticlogic agent for HCC

in various countries having substantial incidence of HCC-

(London and McGlynn 2008).

Historically, the United States has had a low inci-
dence of liver cancer and low death rates for the disease.
Howevey, rates of HCC have been increasing in the United
States over the last two decades (Altekruse et al. 2009;

El-Serag 2011). In recent years, Whites and Blacks, par- |
ticularly those 50-59 years of age, have experienced the:

largest annual percentage increases in rates of HCC; rates
of HCC among Asians/Pacific Islanders have been stable
(O'Connor et al. 2010). The increased rates’of HCC in
the United States appear to be largely-a consequence of
chrenic HCV infection (El-Serag 2004). However, obesity,
diabetes, and associated monalcoholic: fatly liver disease,
and the substantial burden of chronic HBV infection
among foreign-horn Asians may also be potential con-
tributers to the increasing incidence of HCC (Larsson
and Woll 2007; Starley et al. 2010). In addition to viral
hepatitis, cirthosis {rom consumption of alcohol rep-
resents an important cause of HCC worldwide (Londen
and McGlynn 2006). HCC is more common among men
than women, which likely reflects gender differences i in
exposuye to viral hepatitis and rates of progression of that

. disease, differences in smoking and in consumption of

aleohol, and perhaps hormonal differences.

The association between smoking and HCC is com-
plicated by the potential for confounding with the causal
factors of consumption of alcohof and HBV and HCV
infection. For example, people who. drink alcohol are
more likely to be smokers than people who do not drink
alcohol (Dawson 2000). In addition, most HCV infections
worldwide are acguired by injecting drugs, and the prava-

‘lence of smoking is very high among injection drug iisexs

(Marshall et al. 2011); In regions of the world with 2 high
incidence of HCC, HBV Infection is generally acquired
perinatally or during early childhood. However, in other
regions, HBV may be more commonly acquired through

-parenteral or sexual transmission; these behaviors may

also be associated with smoking. Hence, the potential
confounders must be examined carefully when assess-
ing the association between smoking and HCC, However,

- considerable epidemiclogic evidence, including data from -

studies in which, measures have been taken to address
potential confounding, indicates that smokers are at an
increased risk for liver cancer (JARC 2004},

Congclusions of Previous Surgeon
General's Reports

The Surgeon General’s report on smoking cessation
(USDHHS 1990) noted an association belween smoking
and HCC that persisted after controlling for potentially
confounding lifestyle factors, including consumption of
alcohol. “The report also noted thal HBV infections may
modify the effects of smoking an the risk of liver cancer.
The Surgeon General's report oni women and smoking
(USDHHS 2001) concluded that smoking may be a con-
tribuling -factor to the development of liver cancer. The
Surgeon General’s report on the health consequences of
smoking (USDHHS 2004) noted a consistent association
between smoking and HCC after controlling for poten-
tially confounding factors, but it called for further consid-
eration of the history of vival hepatitis and consurnption of
alcohol. Overall, the 2004 report concluded that although
the data were suggestive of an association between smok-
ing and liver cancer, further evidence was required to clas-
sify smoking as a cause of liver cancer.

Cancer 187
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Biologic Basis

Circulating carcinogens from tobacco smoke are
metabolized in the liver, exposing. the liver to many
absorbed carcinogens. Experimental studies have iden-
tified several constituents of tobacco smoke (eg,

N-nitrosodimethylamine, 4-aminobiphenyl) as liver car-

cinogens (IARC 2004). Limited human data on smoke-
related carcinogens have suggested increased levels of

4-aminobiphenyl and PAH. adducts in HCC tissues com- -

pared with normat liver &issues (Wang et al. 1998; Chen et
al. 2002). Therefore, long-term exposure to carcinogens
. in smoke may lead to cellular damage i the liver and
contribute to the development of cancer, Cigarette sok-
ing may also contribute to liver carcinogehesis through
the development of liver fibrosis (Dev efial, 2006; Mal-

lat et al. 2008; Altamirano and Bataller 2010). Similar to

their effects on other fibrogenic conditions {e.g., cardiac,
renal, or pancreatic diseases), components of smoke may

induce pro-inflarnmatory cytokines, oxidative stress path- -

ways, and direct fibrogenic mediators (e.g., transforming
growth factor-B1, angiotensin I1) (Altamirano and Bataller

2010). Smoking has also been recognized as a risk factor .

for primary biliary cirrhosis, which itseif can progress to
HCC {Zein et al. 2006; Corpechot et al. 2012; Smyk et al.
2012). Although their results have been inconsistent, sev-
-eral epidemiologic studies have demonstrated that smok-
ing substantially increases the risk for progression from
chronic liver disease to HCC (Tsukuma et al, 1993; Mar-
rero et al, 2005; Fujita et al, 2006). Further clarification
is needed of the méchanistic and epidemiologic effects

of smoking. in relation to potential etiologic agents that -

can influence these pathways (chronic inflammation and/
or oxidative stress associated with HCV infection, obesity,
_ or diabetes).

Epidemiologic Evidence

Since the 2004 report of the Surgeon General, 90
additional studies have been published or identified that
report on the association between smoking and liver can-
cer. JARC (2004) concliided that there was sufficient evi-
dence of a causal association between cigarette smoking
and liver cancer. Subsequently, Lee and colleagues (2009)
published a meta-analysis that was based on the studies
considered in the 2004 IARC report.

Studies for the current review were compiled by
searching the MEDLINE database (from January 1966
to December 2012) using the medical subject headings
“tobacco,” “smoking,” “liver neoplasms,” or “hepatocel-
lular carcinoma” and by examining references cited in

" 188 Chapter 6

" the previous Surgeon.General’s reports, the IARC (2004)

monograph on smoking and liver cancer, and the asso-
ciated meta-analysis (Lee et al. 2009), The epidemiologic
data came from a wide range of studies in both low- and
High-incidence countries (Tables 6.3S and 6.4S). For
many studies, the outcome was defined as HCC and was

. based on clinical, radiographic, laboratory (alpha-fetopre-
" tein levels), or pathologic. criteria. A minority of studies

relied on linkage to cancer or mortality registries, often
using primary liver cancer as the outcome defined by the
coding of cancer diagnoses from the Inferriational Clas-
sification of Disease for Oncology or causes of death from

the Infernational Classification of Diséases. Botiie studies

were unable to distinguish between HCC and intrahepatic
cholangiocarcinoma; however, none of these studies were
from geographic regions where intrahepatic cholangio~
carcinomna would likely represent a substantial portion
of primary liver cancers, Studies that did not explicitly
‘differentiate between primary and secondary liver- cancer
{and therefore may have included cancers with a differ-
ent primary site thit had metastasized to the liver) were
excluded from the analysis. Quantitative analyses included
ail studies that reported sufficient information to abstract
or calculate an effect estirhate and 95% confidence inter-
val (CI), ‘these analyses were stratified by study design
{case-control or cohort).

This review focused on evaluat:ons of the separate

effects observed in current smokers, ever smokers, and

former smokers in comparisons with, never smokers or
nonsmokers; studies with a reference group other than
never smokers or nonsmokers were excluded (e.g., those
comparing heavy smokers with light smokers). The quan-

titative analyses excluded all studies that compared liver

cancer cases with contrels who had chronic viral hepati-
tis, cirrhosis, or other chronic liver disease. Finally, the
review separately examined the effects of smoking on HCC
in studies that controlled for confounding by the main
etiologic factors (HBV, HCV, and consumption of alcohol)
for HCC in the region under study. Assessment of viral
hepatitis status was considered adequate for inclusion in
the quantitative analysis if the study reported on serologi-
cal measurement of HBV surface antigen (HBsAg) or anti-

bodies to HCV (anti-HCV) as indicatoys of chronic HBV or
HCV infection, respectively, :

Overall, 113 studies—includisig 59 case-control
(Table 6.38) and 54 cohort studies (Table 6.48)—pro-
vided data on smoking and primary liver cancer. These
studies, taken fogether, offered substantial heterogene-
ity in'design, study population, assessment of smoking
exposure, and the reporting of risk estimates. Many stud-
ies, however, were limited by having few HCC cases and

reported nonsignificant increases in risk associated with



various measures of smoking. Furthermore, many studies
did not adequately control for potential confounding by
major causal factors such as consumption of alcohsl or
HBV or HCV infection.

In an analysis combining data from 31 studies (12
case-conlrol and 19 cohort) that reported sufficient infor-
mation to estimate risk for HCC in current smokers com-
pared with nonsmokers (Figuré 6.17), the overall estimate
for RR was 1.7 (85% CI, 1.5--1.9). The relationship between
current smoking and HCC was similar in cohort studies
(overall RR = 1.7; 95% CI, 1.5-1.9) and case-contro] stud-
ies (RR 1.6;°95% CI, 1.2--2.1). When 11 studies (6 case-
control and 5 cohort) that controlled for confounding by
the primary etiologic factors {e.g., HBY, HCV, consump-
tion of alcohol) were analyzed (Figure 6.18), the RR (1.6;
8594 CI,1,2-2,0) was similat to thatin the overall analysis.
Among these studies that directly addressed corifounding,
the relationship between current smoking and HCC was
stronger in cohort studies (RR = 2.2; 95% CI, 1.4-3.3)
than in case-contyo] studies {odds ratio [OR) = 1.2; 95%
" CI, 0.9-1.5). Overall, these findings are similar to those in
the meta-analysis performed by Lee and colleagues (2009)
in association with the 2004 IARC report, which reported
2 519% increased risk for liver cancer for current smokers
compared with never smokers (meta-RR = 1.51; 95% CJ,
1.37-1.67). The findings of the IARC (2004) review and
the current review are similar, except that the present
review includes a greater number of studies (31 vs. 20) and
includes studies that reported results for only one gen-
der. Bath the present review and the JARC analysis defined
current smoking as reported at entry into the cohort or at
the time of diagnosis of liver cancer.

" Among 26 studies (18 case-contro] and 8 cohort)
with evaluable comparisons belween ever smokers
and never smokers (Figure 6.19), the risk for HCC was
increased among ever smokers (RR = 1.4; 95% CI, 1.3-
1.6), with comparable estimates of the magnitude of effect
observed in case-control studies (RR = 1.4; 95% CI, 1.1~
1.7) and cohort studies (RR = 1.5; 95% CI, 1.3-1.7). In
the 4 studies that adjusted for exposure to the primary
etiologic agents (Figure 6.20), the inagnitude of risk was
notably higher among ever smokers (RR = 1.7; 95% CI,
1.4-2.2) compared to the magnitude of visk among ever
smokers in studies (Figure 6.19). -

- Among 33 casé-control studies that evaluated dose~

response relationships between smoking (e.g., increasing
intensity, pack-years, or duration) and HCC, only 6.(18%)

reported a statistically significant trend. Among 26 cohort |

- studies that evaluated these relationships, 10 (38%)
reported a significant dose-response effect of smoking
intensity on increased risk for HCC, and 2 (8%) reported
an inverse dose-response relatxonshlp Many studies that

10

The Health Consequences of Smokinig—50 Years of Progress

; evaluated dose vesponse did not formally test for trends;

however, a substantial proportion of these studies were
not adequately powexed to address such-relationships.
In their meta-analysis, Lee and colleagues (2009) sum-
marized data from 7 studies with. evaluable estimates
and reported a significant dose-response trend showing -
increased risk for liver cancer with higher numbey of ciga-
vettes snoked. Mowever, this effect was notably less appar-
ent among case-control studies that used hospital-based
instead of population-based control groups.

Because of concern for residual confounding of
smoking effects by coinfection with viral hepatitis, the
association between smoking and HCC was evaluated in
the present review among persons who did not have evi-
dence for chronic viral hepatitis. In an analysis ‘combin-
ing data fromn 13 studies {9 case-contvol and 4 cohort)
that estimated risk among peysons who were negative for
markers of chronic HBV or HCV infection (Figure 6.21),
the risk of HCC among current or ever smokers was sig-
nificantly increased (RR = 1.8; 95% Cl, 1.2-2.7) in a com-
parison with never smokers, After excluding a study that
reported markedly increased risk among persons who
were negative for HBV and HCV (Jeng et al, 2009), the esti-
mated risk was attenuated but still significant (RR = 1.3;
95% CI, 1.0-1.8). Finally, when the analysis was restricted
to the 3 studies that included only persons negative for
both HBsAg and anti-HCV and also adjusted for consunip-
tion of alcohol (Kuper et al, 2000; Yuan et al. 2004; Koh et
al. 2011}, the RR was 1.7 (95% CI, 1.2-2.5).

The present review did not identify any studies that
directly evaluated the effects of interventions aimed at
smoking cessation on subsequent risk for liver cancer.
Among 23 studies with the requisite data available from
the publication (11 case-control and 12 cohort) (Figure
6.22), the risk for liver cancer among persons identified as
formey smokers relative to never smokers was lower (RR =
1.4; 95% CI, 1.1~1.7) than for current smokers (RR = L7,
95% CI 1.5-1.9).

Despite substantial geographic variation in the inci-
dence of HCC and the distribution of etiologic factors,
smoking was consistently related to increased risk for
HCC in all geographic regions, although the magnitude
of the association was not as strong in studies conducted
in European countries. Among 35 sfudies conducted in
Asian countries (Table 6.35), the RR for HCC among cur-
rent or ever smokers was 1.5 (95% CI, 1.4-1.6).

In countries in sub-Saharan Africa, the present data
analysis was limited to case-control studies that evaluated
ever smoking. The number of cases of HCC in these stud-
ies ranged from 46-240, and all of them adjusted for HBV
or HCV infection and consumption of alcohol. Bach study
suggested an association between smoking and HCC, but

Cancer 184
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Figure 8,17 Estimated risk for liver cancer in current smokers compared with nonsmokers

Study Country Population- * - ES (95% CF)
: -
Case-control : : ! C ,
Austin and Cole 1986 United States Al —] ::'; 1.6 (0.73.7)
LaVecchiaetal 1988  Jtaly All - 0.9 (0.6-1.5)
Tsukuma et al, 1930 Japan - All [‘ ] 2.5 (1.4-4.5)
Choiand Kahyo 1991  Horea Males o i 1.0 {0.7-1.5)
Tanaka et al. 1993 Japan Al e 1.5(0.8-27) .
Takeshita et al, 2000 Japan Males — 1.6 (0.7-3.5)
Hassan et al, 2602 United States Al ""’"“F?T‘}"’ : 1.2 (0.6-2.4)
Farker etal. 2003 Germany* Al I . 2.4 (0.9-6.4}
Marrero et al. 2005 United States All i v » 10.9 (3.5-34.0)
Franceschietal. 2006,  Ifaly - - All g8 1.1 (0.6-2.2)
Zhu et al. 2007 ' United States Males ;?J 1.5(0.8-2.7
Hara etal. 2008 - Japan Al = 1.8 (0.6-5.1)
~—Subfotal (I-squared = 53:0%; p = 0.015) | = ‘1.6 (1.2-2.))
Cohort .
Hirayarna 1989 Japan Males - T 3.1(1.8-5.4)
Akiba and Hirayama 1990 Japan Males TE 15 (1.2-1.9)
Akiba and Hirayama 1990 Japan Females i ‘ 1.6 (L.2-2.0)
Hsing et al. 19902 " United States  Males e 2.4'(1.6-3.5)
Shibata et al. 1990 Japan Males~Cohort I i 1.1(0.2-4.7)
Shibata et al. 1950 Japan Males—Cohort It : —4 » 3.6 (0.6-22.3}
Goodman etal. 195  Japan Al e 22 (L5-3.2)
Mclaughlinetal. 1995  United States Males @— 1.8 (1.4-2.3)

" Nordlund et al. 1997° - Sweden Fernales 5 E,M' } 0.7 (0.2-2.0)
Mizoue etal. 2000 Japan Males } o . 33(1.2-9.5)
Evans et al. 2002 China - Males , P&"‘% I 0.9 (0.8-1.1)
Evans et al. 2002 China . -Females : i3 2.0 (0.9-4.2)
Jee et al. 2004a * HKorea Males ) 1.5(1.3-1.7)
Jee etal, 20042 Korea Females 1.1 (0.8-1.7}
Ogimoto et al, 2004 Japan ‘Males, age 40-59 o 2.0.(0.8-5.1)
Ogimoto etal, 2004  Japan Males, age 6069 —— 2,6 (1.2-58) .
Ogimoto et al. 2004 Japan Ferales, age 40-59 e — v 2.8(0.6-13.1)
Ogimoto et al. 2004 Japan Females, age 60-69 <% 1.5(0.5-4.9)
Wen et al. 2004 China Males - . 1.5(1.2-1.8}
Wen et al. 2004 China Femnales i . B 5.0 (2.4-10.7)
Yun et al. 2005 Korea Males f% ' 15(1.3-1.7
Fujita et al. 2006 Japan Anti-HCV+ L s 9.6 (1.5-51.4)
Fujita et al, 2006 Japan Anti-HCV- & 1,7 (0.5-5.1)
Chen et al. 2008 Chiria HBV-and HCV- e e R 2.4 (1:2-5.0)
Chen et al. 2008 China HBV+ and HCV- —tea—| 1.1 (0.8-1.5)
Chenetal.2008 .~ -China HBY- and HCV+ i 14 (0.6-33)
Ohishi et al. 2008 Japan All ' SR ' 2.0(0.8-5.0)

"Kob et al. 2011 _ Singapore Al ‘?‘m—’fﬂf" 16 (1.3-2.1)
Trichopoulos et al. 2011 Europe All i ] 4.6 (1.9-10.9}
Oh etal. 2012 Korea All — S 1.3 (0.6-2.6)
Subtotal {F-squared = 69.6%, p = 0.000) <§ 1.7 (1.5-1.9)
. 1
Overall (I-squaved = 65.5%, p = 0.000) <'D 17 (1.5-1.9)
T T . T T T
0.2 05 1 2 5 10 20

Note: Weights ave from random effects analysis. CI == confidence interval; ES = effect size; HBV = 675 hepatitis B virus;

HCV = hepatitis C virus.
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Figuve 6.18 Estimated risk for hepatocellular carcinoma in current smokers compared with nonsmokers aniong
’ studies that controlled for confounding by primary etiological factors (vn'al hepatitis, consumptwn

of alcohol)
Study Country Population - ES (95% CI)
) ]
Case-confrol . E
LaVecchiaetal. 1988 Italy All —a—! 0.9 (0.6-1.5)
Choiand Kahyo 1991 Korea Males — i 1.0(0.7-1.6)
Tanala et al. 1992 Japan All e —— , . 15(08-2.7
Hassapetal 2002 . United States All ot : 1.2 (0.6-2.4)
Hara et al, 2008 Japan All e 1.8 (0.6-5.1)
Ohishi et al. 2008 Japan - All e - 2.0 (0.8-5.0)
Subtotal (I-squared = 0.0%, p = 0:549) > . 12(09-15)
Cohort : ' ‘
Liaw and Chen 1998 China Males - -—L—-}‘%———- 2.2 (1.4-3.6) -
Jee et al. 2004a - Korea Males el " 15(1.3-1.7)
Fujita et al. 2006 Japan Anti-HCV+ : & > 06{1.5-614)
Fujita et al, 2006 Japan Anti-HCV- i35 1.7{0.6-5.1)
Kohetal, 2011 " Singapore HBV--and HCV- s : 1.8(0.6-5.7)
. Trichopoules etal. 2011 Europe Al T e 4.6 (1.9-10.9)
Subtotal ([-squared = 57.5%, p = 0.038) , '?O 2.2 (14-3.3)
1
Overall (I-squared = 47.1%, p = 0.036) <> 15 (1.2-2,0)
- 1 - . . i
1 ) 3 |
0 1 2 5 10 20

Note: Weights are from random effects analysis, CI = conﬁdence mterval ES = effect size; HBV = 883 hepatitis B virus;

HCV= hcpatltls Cvirus 684,
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Figure 6.19 .Esﬁmated risk for hepatocellulax carcinoma in ever snpokers compared with never smokers

.Stuc'ly_ Country Population 'ES (95%.01)‘
— ; -
Case-control . !: ' .
Lam et al. 1982 China All - 13(0.7-2.4)
Stemhagan et al. 1983 United States  Males — - ! 0.7 (0.5~1.1)
‘Stemhaganetal. 1983  *  United States Females - 1.0(0.6-1.7)
Austin et al, 1986 United States Al ——— 1.1(0.5-2.4)
Lu et al, 1988 China . Al — . 11{0.7-18)
Kew et al. 1990 SouthAfrica  Black females L 2.2 (0.8-6.1)
Olubuyide and Bamgboye 1990 Nigeria: Al - - L7083}
Lin et al, 1991 China- Males, HBsAg- £ ! 060410
. aleoholic cirrhosis ! ‘ - :

Ross et al. 1992 China Males i © o 18(0.6-5.8)
Coritsas et al. 1995 Creece Al : e 1.6 (0.9-2.0)
Sietniatycki et al, 1895 Canada Males, age 35-70 i 0.9.(04-2.1)
Koide-et al, 2000 " Japan All o % — 5.4 (1.1-26.7)
Lam et al. 2001 " China Males, age 35-69 Q@Wg - 16(13-1.9)
Lam et al. 2002 China Males, age 270 m_ - : . 1.2 {0.9-1.5)
Lam etal. 2001 China Females, age 35-69 —ge— 1.4 (0.3-24)
Lam et al, 2001 China Females, age 270 -{ﬁ— 1.4 (0.9-2.0)
Yuetal 2002 China Al — 0.7 (0.3-1.7)
Munaka et al, 2003 Japan - All e ——— 1.2(0.6-2.7)
Marrero et al, 2005 United States  All b ——— 123 (44-342)
Hassan et al. 2009  United States Al - : 1.8 (1.3-2.4)
Jeng et al. 2009 China All i—te 2.3 (15-3.5)
Soliman etal. 2010 - Egypt -Alt e 14 (0.7-2.8)
Subtotal (I-squared = 56.6%, p = 0.000) q;- o 14 (L1-17)

| .
Cohort P
Y1 and Chen 1993 China Males - ¥ 12(04-3.1)
Goodman et al, 1995 Japan All —EE 22{1.5-3.2)
McLaughlin et 2l. 1095 United States  Males -z 17 (13-22)
Chen et al. 1996 China All 1= =3 3.6 (1.3-10.6)
Lam et al, 1997 China Males 5t 1.1 (0.4-2.9)
Liu et al. 1998 China Males, age 35-69 | 1.4 (1.3-1.5)
Liu et al. 1998 China Females, age 35-60 ke 12 (1.1-1.3)
Mori et al. 2000 Japan All S i S : 2.1 (0.6-7.2)
Wang ef al. 2003 China Males —— 15(1.1-2.3)
Subtotal (-squared = 58.9%, p = 0,013} 4'> 15{13-1.7)

I

, .
Overall {I-squared = 63.7%, p = 0.000) <$ 14 (1.3-1.6)

I .

I —T | T T
0.2 2 5 10 20

Note: Weights are from random effects analysis. CI = confidence interval; ES = effect size; HBsAg = 690 hepatitis B surface antigen.
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Figuve 6,20 Estimated risk for hepatocellular carcinoma in ever smokeys compared with never smolters-among
studies that controlled for confoundmg by primary eholog:cal factors {viral hepatitis, consumption of

aleohol)
Study Country Population ES (95% CI}
Ross et al. 1992 China Males i 18 (06-5.6)
© Yuand Chen 1993 China Males’ 4 1.2 (0.4-3.1)
Goritsas et al, 1995. Greece All —-—--7_&';— 1.6 (0.9-2.0)
Hassan et al. 2009 United States ~ All L 1.8 (1.3-2.4)
Subtotal (I-squared = 0.0%, p = 0.89) <> 17 (14-2.2)
Overall (I-squared = 0.0%, p = 0.69) @ 17(14-22)
L L T 1 T
0.2 05 1 2 5 10 0 20

Note: Weights are from random effects analysis. C1 = confidence interval; BS = effect size.

none of them were statistically significant—likely because
of the limited number of cases, Qverall, the RR from the
three studies with data available (Kew et al. 1990; Olubuy-
ide and Bamgboye 1990; Soliman et al. 2010} for countries
in Africa was 1.7 (95% €I, 1.1-2.5).

Eight studies evaluated current or.ever smoking and
risk for HCC in the United States (Stemhagen et al, 1983;
Austin and Cole 1986; Hsing et al. 1990; McLaughlin et al.
1995; Hassan et al. 2002, 2009; Marrero et al. 2005; Zhu et
al. 2007). Veterans of the armed services were substantially
overrepresented in these studies. The overall RR estimate
in an analysis that combined current and ever smoking
was 1.8 (95% CI, 1.3-2.5), and substantial heterogeneity
in estimated risk was not found by study design.

Among the 14 studies -reviewed from -countries
in Europe, 11 were case-control studies, largely from
southern Burope, and 3 were cohort studies, Substantial
heterogenelly was observed in these studies. In a Serjes
of case-control studies from Greece, smoking 'was con-
sistently associated with HCC, but the associations were
more pronounced (and statistically significant) among
HBV-negative persons (Trichopoulos et al. 1980, 1987h;
Tzonou et al. 1891; Goritsas, et al. 1995). After adjust-
ing for HBV and HCV infection, a study from Greece by

Kuper and colleagues (2000) deinonstvated a 1.5- and 1.6- |

fold nonsignificant increase in risk of HCC among per-
sons smoking fewer than or at least 40 cigarettes per day,
.respectively. Elsewhere, 4 case-control studies from Italy

reported null findings (Filippazzo et al. 1985; La Vecchia

14

et al. 1988; Gelatfi et al. 2005; Franceschi et al. 2006). In

2 cohort studies fror Sweden, the risk estimate in 1 study

among females was less than 1.0 (RR = 0.7; 95% CI, 0.2-

2.0) (Nordlund et al, 1997). But, the other study observed
increased -rates of mortality from liver cancer among 2

cchort of men and a significant dose-response-associa-

tion with increased smoking (Carstensen et al. 1987), In

a Burope-wide cohork study, Trichopoulos and colleagues

(2011) rigorously characterized the smoking behavior,

aleohol consumplion, diet, and viral hepatitis status of a

half-million people. Overall, the RR for HCC among cur-

rent smokers compared to never smokers was 4.6 (95%

CI, 1.2-10.9), and the RR was notably higher among maies:
(5.4; 95% CI, 1.7-16.8) than among females (1.7; 5% CJ,

0.3-8.5). In addition, the authors estimated that smole-
ing contributéd to nearly one-half of the number of cases
of HCC, exceeding the proportion of HCC attributable to
HBV, HCV, or consumption of alcobol. Finally, in a quan-
titative analysis for the present review from 5 evaluable
studies in Europe, the RR for HCC among current or ever
smokers {La Vecchia et al. 1988; Goritsas et al. 1995; Nord-
lund et al. 1997; Farkey et al, 2003; Franceschi et al, 2006)
was 1.4 (95% CI, 1.0-2.3).

Similar to the experience i Greece, several studies
from other regions suggested a higher risk of liver cancer
with smoking among HBV-negative persons than ameong -
those who were HBY positive (Lam et al. 1982; Yu ot al,
1991a; Chen et al. 2008). Some other studies, however,
failed to find any difference in thi\s risk by HBV stafus (Kew
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" Figure 6,21 Estimated risk for hep:itocellular carcinoma aﬁmng persons-without evidence fdr chronic viral hepatitis
infection for current or ever smokers compared with never smokers -

Study - Country Population ES (95% CI)
T | s
Case-Gontrol E
Lametal, 1982 .  China HBsAg- L 2.9 (0.8-10.7)
G i _ .
Austin and Cole 1986 United States HBsAg- — T 11(05-24)
Linetal 1991 China Males, HBshg-, — 0.6 (0.4-1.9)
: ) alcoholic cirshosis— ) ! 3
Coritsas et al. 1995  Greece HBsAg- : . . 6.1 (L.5-25.5)
Yaanetal 2004  United States Blacks and Whites, I 17 (1.9-3.0)
HBV-- and HCV-~ {7 ’
1
Franceschi et al. 2006 Ttaly HBsAg~ and anti-HCV- — 10 (0.5-2.0)
Hassanetal. 2008 United States Males, HBeAgl- and i 2.0 {1.2-3.3)
- . anti-HBeld~ . ; .
]
Hassanetal 2008  United States Females, HBsAgl—and —— -L1{0.6-1.9)
) . anti-HBc13- E :

" Jengetal:2009  China HEsAg- and anti-HCV— o > 444 (17.8-116.1)
Soliman et al, 2010 Egypt Hoy- © = — 0.5 (0.1-1.8)
Subtotal (I-squared = 88.6%, p = 0.000) o T ' ©19(L037)
Cohort . - :

Jee et al, 2004a Horea Males, HBsAg- - - 1.1 (0.9-1.4)

Fujitaetal. 2006  Japan ~ = Anti-HCV- at — 1.7 {0.6-5.)
N 1

Chenetal: 2008  Chine ~  HBV~and HCV- { i 24(1.2-5.0)

Kohetal 2011 ° China  HBsAg-,anti-HBc-, S N S— 16(0.6-42)
. anti-HBs—, and '

anti-HCV- ; ) .

]

Subtotal ([-squared = 40.1%, p = 0.171) = 15(1.0-22)
- : i

.Overall {I-squared = 84,7%, p = 0.000} -<]',‘,>- 18{1.2-2.7)

.3 -
= T, T [ 1 T T
02 05 1 2 5 10 20 60

Notes: Weights are from random effects analysis. Cf = confidence interval; ES = effect size; HBc13 = hepatitis B virus core 13;
HBsAg = hepatitis B surface antigen; HBV = hepatitis B virus; HCV = hepatitis C virus.
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Figuye 6,22 Estimated risk for hepatocellular carcinoma in former smokers cornpg.red' with never smokers

Study Country Population i . ES {95% CI)
: I
Case-contro] . E .
LaVecchiaetal. 1988  Italy - A —] | 0.6 (0.4-1.0)
Tsukurna et al. 1990 Japan Al : B E 0.7 (0.3-1.9)
Choi and Kahyo 1991  Korea Males- . — | 0.6 (0.4-1.2)
Tanaka st al, 1992 Japan Alt : : — i : : 1.5 (0,8-2.8)
Takeshita et al 2000 Japan Males - — S 0.7 (0.3-1.5)
Farker et-al. 2003 Germany Al ) “'E""'“'%_—'f""'“— 2.5 {1.2-5.0)
Marrero et al. 2005 United States All . ' ‘ E 53— 133 (4,5-38.9)
Franceschi et al. 2006  Ttaly All —aa— 0.8(0.4-1.5)
Zhuetal. 2007 ©  United States Males ‘ L ER 19 (1.0-33)
Hara et al. 2008 Japan Al o et 0.8(03-23)
Hassan ot al, 2008 United States Al +La C O 14(092)
Subtotal (l-squared = 76.4%, p = 0.000) < 12 (0.8-19)
‘ : |
Cohort ) _ E
Shibata et al, 1990 Japan - Males, Cohort1l .: *- — 2.9 (0.3-26.0)
Goodman etal, 1995  Japan Al : : | —EE— 23({15-3.6)
McLaughlin etal. 1995 United States Males Ll : 15 (12-2.0)
' Mizoue et al. 2000 Japan AN . — ' 2.0 (1.0-8.4)
Jeeetal 20042  Korea Males e S 1001d)
Jee et al. 2004a Korea Females ‘ — e S 13(082)
Ogimotoetal. 2004  Jupan = Males,age 40-55 ° ] ‘ 24 (0.8-6.8)
Ogimoto et al. 2004  Japan Males, age 60-69 A 2.7(1.2-63)
Ogimotoetal. 2004  Japan .~ Females,age60-69 — = 12(02-87)
Fujita et al. 2006 Japan. T Anti-HCVs o — * » 7.8 (1.1-56.0)
. Pujita et al, 5006 Japun Anti-HCV- e : 03 (0.0-1.7)
Chenctal 2008 China HBV-andHCV- == s 10(0.2-4.6)
Chenetal.2008 ' China HBV and HOV- - ' 10 (0.5-2.0)
Chen etal. 2008 China HBV-and HCV+ ‘ i - 25(00-9)
Ohishi e al. 2008 Japan Al . i ' 1.1(0.3-5.1)
Koh et al. 2011 Singapore Al -5 e 1.1(0.8-15)
- Trichopoules et al. 2011 Burope Al "Qf—?}}—" 2.0(0.94.4)
Oh et al, 2012 Korea Al : : A : 1.2(0.4-33)
Subtotal (l-squared = 46.9%, p = 0.015) e . 15(1218)
' . | -
Overall ([-squared = 62.7%, p = 0.000) . <> © 1AL
- T T = T T
0.2 058 1 2 5 16 2

Notes: Weights are from random effects analysis. €I = confidence interval; ES = effect size; HBV = hepatitis B virus; HCV = hepatitis
Cvirus, .
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et al, 1985 Moharned et al. 1992; Evans et al. 2002). And
yet, according to eight studies published in 2000 o later,
- smokers with chronic HBV or HCV infection have a sub-
stantially higher risk for HCC than those who do not have
chronic hepatitis infection (Mol et al. 2000; Wang et al.
2003; Jee et al. 2004a; Franceschi et al. 2006; Fujita et al,
© 2006; Hassan et al. 2008; Jeng et al. 2009; Soliman et al.
2010). Formal evaluations of interactions between smok-
ing and HBV or HCV infections have been reported infre-
quently from these skudies.
Although the present review foeuses on HCC, which

represents a substantial majority of primary liver cancey,
_ a meta-analysis by Wenbin and colleagues (2013) reported-

on the association between smoking with gallbladder
cancer. In an analysis of data from 1,158 cases across 11
studies (ail but 1 were case-control), simokers had a sig-
nificantly increased risk for gallbladder cancer (RR = 1.5;
95% CI, 1.1-1.9) compared with nonsmokers.

Evidence Synthesis

Overall, a substantial body of evidence documents
the association between smoking and primary liver can-
cer. The role of the liver as a primary site for metabolism
of several recognized carcinogens prevides strong biologic
plansibility for a causal association between smoking arid
HCC. In epidemiologic studies from various geographic
. regions and with different designs, findings demonstrate 2
consistent but nonuniform association between smoking
and primary liver cancer. In 2004, IARC classified smoking

as a cause of HCC. In the meta-analysis by Lee and col-'

leagues (2009), which updated the evidence considered in
- the 2004 JARC report,.the overall OR showed a moderate
association, with an estimated 50% increased risk of liver
cancer associated with current smoking.

in the expanded meta-analysis included in this
report, 113 studies were identified that reported data on
the risk of liver caneer from smoking. In the primary
analysis, which focused on studies of HCC that compared
current and never smokers, the overail estimate from 31
studies with evaluable data indicated that current smok-
ing increases risk for HCC by approximately 70% (Figure
6.17). Although confounding by consumption of alcohol
and HBV or HCV infection status may bias the findings
of some studies, controlling for these risk factors does
not fully account for the effects seen. In 11 higher quality
studies that adjusted adequately for potential confounding
factors, risk of HCC from smoking was moderated only
slightly (60% increased risk) (Figure 6.18). Importantly,
when analyses of data were restricted to persons without
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chronic HBV or HCV infection, the risk for HCC' from
smoking remained significantly increased.

Data combined from 26 studies indicated a 40%
increased risk of HCC from ever smoking (Figure 6.19).
Furthermore, the effect of ever smoking on risk of liver
cancer was strengttiened in the studies that addressed pri-
mary confounding factors. Risk for liver cancer was signif-
icantly increased in former smokers cornpared with nevex
stookers, although risk for former smokers was attenn-
ated relative to risk for current smokers. While heteroge-
neity was observed in studies that evaluated dose-rasponse
associations, meta-analysis of a imited number of studies

* with data that could be combined suggested that increased

smoking intensity increases the risk for liver cancer.

The finding of increased risk for liver cancey from
smoking was gererally consistent regardless of geography
or study design, The greatest numnber of studies originated
from Asia, and quantitative analysis from this region indi-
cated a 50% increased risk of liver cancer from smoking.
The estimated risk for liver cancer associated with smok-
ing increased to 70-80% in studies from Africa and the
United States. Greater heterogeneity was observed in stud-
ies from Europe than elsewhere. Several hospital-based
case-contro) studies from southern Europe reported null

" or nonsignificant associations and the overall relation-

ship between smoking and liver cancer was thus notably
smaller in Europe.

Modification of the effect of smoking on yisk for liver
cancer hy. viral hepatitis has been suggested, although
formal statistical evaluation remains limited. Stronger
associations between smoking and HCC among persons
who are negative for HBV infection have been observed in
studies conducted on selected populations in Europe and
China, In contrast, most studies from diverse regions—
such as Asia, Egypt, Europe, and the United States—have
found greater risks for liver cancer from smokmg among
persohs with chronic HBV or HCV infections. '

Conclusion

1. The evidence s sufficient to infer a causal relation-
ship between smoking and hepatocellular carcinoma.

Implications

The burden of liver cancer is increasing in many
regions of the world, notably due to HCV-relafed cases,of
HCC occurring in more developed countries. Among such -
persons, smoking also increases risk and consequently



incidence and death rates related to liver cancer may con-
tinue to grow substantially in the more developed coun-
tries with rising HCC. In high-burden regions of the world
where vaccination against HBV or reductions in exposure
" fo aﬂatoxm are being achieved, rates of liver cancer are

Colorectal Cancer .
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expected to decline. Howevey, if smoking increases in
these low- and middle-income countries, then the poten-
tial for reducing liver, cancey from these preventive inter-
ventions will not be fully realized.

Colorectal cancer—ithat is, cancer of the colon or
rectum-—is the third most common fype of cancer in the
United States and also ranks third as a cause of cancer
deaths among men and women in the United States (Sie-
gel et al, 2013). For 2013, the ACS projected 102,480 new

cases of cancer of the colon and 40,340 new cases of can- |

cer of the rectum as well as 51,710 deaths from the two
cancers combined (Siegel et al. 2013). In the mid-1990s,
the lifetime probability of developing colorectal cancer
was estitnated to be 5.6% in the United States (Howlader
et al. 2013).

" Worldwide, incidence. and death rates for colorec-
tal cancer vary more than 10-fold among counfries. The

highest rates occur in Australia/New Zealand, Japan,

North America, and Western Europe, and the lowest rates
are seen in countries with developing economies, particu-
larly in Africa and Asia (Parkin et al. 1999). Studies show

that among immigrants moving from low- to high-inci-

dence countries, rates increase within one generation to
the approximate rates of the new country, suggesting a
strong role for environmental agents (Thomas and Kava-

gas 1987). Risk also varies substantiaily even within coun- ‘

tries, For example, in a study by Wei and colleagues (2009)
of a middle-aged cohort of U.S. women, risk to age 70 var-
fed up to 10-fold based on lifestyle factors.

An increased risk of colorectal cancer has been

liriked to a variety of risk factors, including physical inac-
tivity (Wolin et al. 2009); obesity (Renehan et al. 2008); low
calcium levels (Cho et al. 2004); and alcohol intake (Thun
et al, 1997), Risk for colorectal cancer also increases for
persons with a family history of colorectal cancer or pol-
yps (Fuchs et al, 1994). Finally, a high-meat diet and a diet

low in vegetables, fruits, or folate (World Cancer Research

Fund/American Institute for Cancer Research 2007) have
been implicated.

Conversely, several factors are consnstently associ-
.ated with a reduced risk of colorectal cancer, including
the use of aspivin and other nonsteroidal anti-inflamma-
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fory drugs (NSAIDs). Aspirin use of 10-20 years is associ-
ated with a decreased risk of colorectal cancer mortality
(Flossmann and. Rothwell 2007), and short-term or cur-

_.rent use of hormone repiacement therapy (HRT) reduces

risk in women {Rossouw et al. 2002). In addition, higher
levels of vitamin D may protect against adenomatous pol-
yps and incidence, recurrence, and dezth from. colorectal -
cancer (Ng et al. 2009; Giovantuceei 2010). Caleium sup- .
plementation reduces the risk of recurrent polyps (Baren -
et al. 1999).

The hypothesis that prolonged cigarette’ smoking
may increase the risk of colorectal cancer gained support
in the mid-1950s when epidemiologic studies, particularly
cohort studies, showed a high incidence of adenomatous
polyps andfor colorectal cancer in long-term. smokers
(Giovannucei et al. 1994a,b). Initially, there was concern
that this observed association reflected uncontrolled
confounding factof’s, such as lifestyle characteristics, as
well as differences in risk between colon and rectal can-
cer, which are often combined in epidemiclogic studies,
Subsequent studies .supgested a stronger relationship
between smoking and rectal cancer than between smok-
ing and colon cancer (Terry et al. 2002b; Wei et al. 2004).
This difference was confirmed in two meta-analyses that -
were limited to prospective cohort studies (Liang et al.
2009; Tsoi et al. 2009) and one that included both case-
control and cohort study data {Botteyi et al. 2008a). In the
latter systemnatic review, Botteri and colleagues searched
the literature through May 2008 and evaluated data from
six studies that compared the association of smoking and
colon cancer separately from smoking and rectal cancer
mortality. The RRs of ever smokers and current smokers
were significantly higher for rectal cancer mortality than
for colon cancer (rectal cancer: ever vs. never smoker,

. RR = 14 [1.2-1.7), current vs. never smoker, RR 1.6 =

[1.3-1.8], colon cancer: ever vs. never smoker, RR = 1.2
[1.0-1.4], current vs. never smoker, RR = 1.2 [1,1-1.3])
{Botteri et al. 2008a).
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