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ABSTRACT

Background

Increasing evidence suggests that inflammation mmaylinked to the pathogenesis of
colorectal cancer. However, recently, two conftigtiobservational results were reported on
the relationship between the inflammatory markere@ctive protein (CRP) and the risk of
colorectal cancer. Few epidemiologic studies hawxaméned the association between

inflammatory markers and the risk of colorectalaan

Purpose
We aimed to examine the association between WB@tcand the risk of colon and rectal

cancer in this prospective cohort study.

Methods

We prospectively examined the mortality and incimemisk for colon and rectal cancers
among 424,419 Koreans (108,907 men and 315,512 mjorfke subjects were 40 to 95 years
of age and from the Korean Cancer Prevention S{H@3PS) cohort. All subjects received
medical examination from the National Health Ingswwe Corporation in 1993 and 1995. The

maximum follow-up period was 10 years, from Januar$994 to December 31, 2003.

Results
An elevated WBC count was associated with a highertality risk of colon cancer

(highest versus lowest quartile: men, 1.55, 95%1@aD-2.18, p for trend=0.0014; women,



1.51, 95% CI 1.12-2.03, p for trend=0.0049). Simjlaan elevated WBC count was
associated with a higher incidence risk of coloncea (highest versus lowest quartile: men,
1.38, 1.09-1.76, p for trend=0.0017; women, 1.48869CI 1.20-1.78, p for trend=0.0003). A
positive linear trend was also observed in non-amakThere was no significant association

between WBC count and the risk of rectal cancer.

Conclusion
Our findings demonstrate that an elevated WBC c@uassociated with an increase in both
the mortality and incidence rates of colon cant@éese results support our hypothesis that

inflammation increases the risk of colon cancer.



INTRODUCTION

The incidence of colorectal cancer has been ingrgagadually during the past several
decades in Korea. In 1980, when the Central CaRagistry began, colorectal cancers
accounted for 5.8% of the total cancers (Natiorahc@r Institute. 2003). In 1990 and 2002,
this figure increased to 6.9% and 11.2%, respdgtiWith estimates of 11,000 new cases
annually, colorectal cancer is the fourth most camroancer and the fourth leading cause of
cancer-related mortality in Korea (Korea NationttiStical Office. 2003).

Considerable studies have examined factors thateinfe the development of colorectal
cancer. Family histories of colorectal cancer (yr2005), obesity (Moore, 2004), animal fat
intake (Nagata, 2001), alcohol (Shimizu, 2003),acégte smoking (Luchtenborg, 2005),
physical inactivity (Slattery, 2003), and insuliesistance (Jee, 2005) have been regarded as
predisposing factors of colorectal cancer.

Increasing evidence suggests that inflammation tmayinked to the pathogenesis of
colorectal cancer. Many studies have suggestedhtoreship between colorectal cancer and
chronic inflammation. The risk of colorectal can@ecreases in patients with long-standing
inflammatory bowel diseases (Levin, 1992). In addit several studies have consistently
shown a risk reduction for the incidence of coltaseadenoma and cancer among regular and
prolonged users of aspirin or other non-steroidati-iaflammatory drugs (NSAIDs)
(Giovannucci, 1994; Giardiello, 1993). However, aetty, two conflicting observational
results were reported on the relationship betwberirtflammatory marker C-reactive protein
(CRP) and the risk of colorectal cancer. A nestaskecontrol study showed that individuals

with C-reactive protein (CRP) concentrations in tighest quartile had a significantly higher



risk for the incidence of colon cancer comparedhwitdividuals in the lowest quartile
(Erlinger, 2004). On the contrary, conflicting rksuwere shown in another prospective study
in which an elevated plasma CRP level was not digi@ of colorectal cancer, rather it was
shown to be merely increased after the onset oéreolal cancer (Zhang, 2005). Few
epidemiologic studies have examined the associditgiween inflammatory markers and the
risk of colorectal cancer.

WBC count is also a marker of nonspecific inflamimat Hence, WBC was included and
analyzed in this study to examine its relationshiph the risk of colorectal cancer. We
hypothesized that an elevated WBC count is assatiatth the risk of colorectal cancer.
Further, we hypothesized that this association ddg independent of smoking because
WBC counts and CRP levels tend to be chronicaltyatied in smokers (Zalokar, 1981; Das,
1985). To examine these hypotheses, we determinedrisk of colon and rectal cancer

associated with WBC count in this prospective cobktrdy.



METHODS

Study Population

The Korean Cancer Prevention Study (KCPS) is apmuais/e cohort study that was
designed to assess risk factors for mortality,dence, and hospital admission for cancer. The
KCPS cohort was composed of government employeashers, and their dependents insured
by the Korea Medical Insurance Corporation from 2%rough 1995. The subjects had at
least one medical examination and completed a iquestire during that period. In brief, the
KCPS cohort includes 1,329,525 Koreans (846,907 ameh482,618 women) from 30 to 95
years old who met the above selection criteria. dureent analysis was limited to the 446,878
participants who were the insured workers’ famigpdndents in 1993 and 1995. Insured
workers were excluded from this study populationawuse there was no WBC count record in
their examinations. The 3,703 participants who regzba history of any cancer at enroliment
and 1,483 participants who died of cancer befoeedtiart of follow-up were also excluded.
Additionally, 17,273 participants with missing datam any covariate information were
excluded from this study. After these exclusion24,419 participants (108,907 men and
315,512 women), who received medical examinatioh983 and 1995, were included in the

analyses.
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Figure 1. The framework of the current study
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Figure 2. The selection procedure of the study pagation

Exclusion criteria

- history of cancers (n=3,703)
- death before follow-up (n=1,483)
- missing data (n=17,273)



Data Collection

The medical examinations were performed accordimgat standard procedure and
conducted by the medical staffs at local hospitidsthe 1993 and 1995 questionnaires,
participants were asked about smoking habits ahdrdiealth behaviors. Participants were
also asked if they were currently being treatedcfamcer or other diseases. If so, they were
asked for the date of diagnosis. The completedtmumegires were reviewed by a trained staff
and then entered into a database. The data werechézked and cleaned again during the
analysis. Body mass index (BMI, kgfjimwas calculated as the ratio of weight (kilograms)
divided by height squared (met8rsWBC count, fasting plasma glucose, and totalesterol
were measured under fasting conditions for routfieical purposes. Each hospital had
internal and external quality control proceduresected by the Korean Association of
Laboratory Quality Control. Alcohol consumption paay was categorized as follows: not
drinking (0 g), light drinking (1-29.9 g), and madée to heavy drinking (30 g or more).
Diabetes was defined as self-reported history efdisorder or when a fasting plasma glucose
level was =126 mg/dL. Hypertension was defined as self-repohistory of the disorder or
when systolic blood pressure wasl40 mmHg or diastolic blood pressueE90 mmHg.

The maximum follow-up period was 10 years, fromudag 1, 1994 to December 31, 2003.
The exact dates of completion of the survey formrewaot recorded in each year.
Consequently, follow-up accrual began January thefcalendar year and ended in the year in
which the survey form was completed. Subjects wdnopdeted a survey but died in the same
calendar year were excluded.

Because the study involved routinely collected maldiata, it was not necessary to obtain



individual participant consent. The study was apptbby both Institutional Review Boards of

Yonsei University and the Johns Hopkins Bloombergd®l of Public Health.

Cancer Outcomes

The primary outcomes were the mortality and inciderisk of colon and rectal cancer
based on the National Cancer Registry data andthbzation records. Although Korea has a
National Cancer Registry, reporting may not havenbemplete during the time of follow-up.
Thus, hospital administration files were used tentify the first admission date for cancer.
Therefore, incident cancer cases were coded asrroggwpon either registration to the
National Cancer Registry or on a hospital admissioa to cancer diagnosis. Mortality was
ascertained from the death certificates. A comjredrsearch of death certificate data from
the National Statistical Office in Korea was penfi@d using the unique identification number
assigned at birth. Causes of death were assignt dtospitals by trained abstractors. The
analysis was limited to those deaths assigned ¢o 1Bth revision of the International
Classification of Diseases (ICD-10); C18, malignawatoplasm of colon; C19, malignant

neoplasm of rectosigmoid junction; and C20, maligmeeoplasm of rectum.

Statistical Analysis

The chi-square test and one-way analysis of vagianere used to analyze the statistical
differences among characteristics of the studyigjpants according to WBC counts at
enrollment. Categorization of WBC counts into giest was based on the distribution of

WBC counts among the study participants aged 48btgears at baseline. Therefore, WBC



counts (cellglL) were categorized as<5500, 5501-6500, 6501-7600, and >7600. In all
primary analyses, the WBC count category<66500 cellsiL was the reference group.

Age-adjusted death and incidence rates were cédcufar each category of WBC counts
and were directly standardized to the age disiobubf the Korean population in 1995. Cox
proportional hazards regression models were usedrtgpute hazard ratios (HRs) and its 95%
confidence intervals (Cls), while adjusting for etlpotential risk factors. Cox models were
also used to assess the trends in risk with gaartif WBC count as a continuous variable. To
exclude subclinical disease at baseline, we coeduanalysis for the incidence of colon
cancer after excluding cases that occurred withigedrs of follow-up. The association
between WBC count and the incidence of colon camas also assessed by stratification
according to smoking status in order to confirmt tie association was independent of the
effects of smoking on WBC count.

All analyses were conducted using SAS statistictihare, version 8.1 (SAS Institute Inc,
Cary, NC). All statistical tests were two-sideddastatistical significance was determined at

p<0.05.



RESULTS

The baseline characteristics of the study popuiagiccording to quartiles of WBC counts
are shown in Tables 1 and 2. The mean BMI, systmiid diastolic blood pressure, fasting
plasma glucose concentration, total cholesterolcentmation, amount of daily alcohol
consumption, smoking duration, and frequency of tnietake were increased with higher
WBC count. The percentages of hypertension, disbeaed current smoking were also
increased with higher WBC count. Regular exerciges Wnversely associated with higher

WBC count.



Table 1. Baseline characteristics of WBC counts imale participants by quartile”

Quartiles of WBC count, cellsl p value
<5500 5501-6500 6501-7600 >7600
(n=18,616) (n=24,567) (n=28,018) (n=37,711)
Age, year 63.3 (8.8) 62.6 (8.7) 62.4 (8.5) 61.8)8. <0.0001
Body mass index, kg/in 22.2 (2.8) 22.6 (2.9) 22.7 (2.9) 22.8 (2.9) <0D00
Systolic blood pressure, mmHg 128.0 (20.5) 12914002 130.0 (21.0) 130.2 (21.1) <0.0001
Diastolic blood pressure, mmHg 81.6 (13.0) 82.3113 82.8 (13.3) 82.9 (13.2) <0.0001
Fasting plasma glucose, mg/dL 95.9 (31.1) 96.32(32. 96.6 (31.6) 97.6 (34.6) <0.0001
Total cholesterol, mg/dL 183.5 (37.4) 188.8 (37.9) 191.3 (6.0) 194.0 (39.6) <0.0001
Alcohol consumption, g/day 1.8 (6.9) 1.8 (6.9) 6BD) 2.0 (6.1) 0.0379
Smoking duration 29.4 (18.2) 30.8 (1.6) 31.8(17.2 33.7(16.1) <0.0001
Smoking status, % <0.0001
Non smoker 26.2 22.5 20.1 15.6
Ex-smoker 31.0 29.0 26.7 22.5
Current smoker 42.7 48.5 53.2 61.9
Regular exercise, % 33.3 32.2 31.1 29.1 <0.0001
Meat intake, times /week, % <0.0001
Nearly none 46.8 46.0 45.3 44.5
1-2 30.0 29.4 294 29.2
23 232 24.6 25.3 26.3
Hypertension, 0% 334 35.9 36.9 37.4 <0.0001
Diabetes, % 8.0 8.4 8.6 96 <0.0001

"Data are expressed as mean (SD) unless otherwlisatied.

THypertension was defined as SBM0 mmHg, DBR= 90 mmHg, or history of the disorder.

iDiabetes was defined as fasting plasma glucosédéee least 126 mg/dL (7.0 mmol/L) or historytbe disorder.

10



Table 2. Baseline characteristics of WBC counts ifemale participants by quartile

Quartile of WBC count, cellgL p value
<5500 5501-6500 6501-7600 >7600
(n=90,790) (n=84,260) (n=73,364) (n=67,098)
Age, year 53.9 (9.7) 54.5 (9.9) 55.0 (10.0) 55@4)L <0.0001
Body mass index, kg/in 23.5 (3.0) 23.9 (3.1) 24.2 (3.1) 24.4 (3.3) <0D00
Systolic blood pressure, mmHg 123.2 (19.9) 12507 126.5 (21.1) 128.2 (21.7) <0.0001
Diastolic blood pressure, mmHg 79.2 (12.9) 80.53)L3 81.1(13.4) 82.0 (13.6) <0.0001
Fasting plasma glucose, mg/dL 90.7 (21.6) 92.44025. 93.8 (27.8) 96.3 (32.8) <0.0001
Total cholesterol, mg/dL 194.5 (38.2) 199.2 (38.9) 201.7 (39.7) 205.6 (41.1) <0.0001
Alcohol consumption, g/day 0.1 (0.6) 0.1 (0.7) an) 0.1 (0.6) 0.0379
Smoking duration 4.8 (9.5) 5.8 (10.8) 6.7 (11.7) 3@3.2) <0.0001
Smoking status, % <0.0001
Non smoker 94.0 92.2 90.6 87.7
Ex-smoker 2.3 2.8 3.1 3.6
Current smoker 3.8 5.1 6.3 8.7
Regular exercise, % 19.2 18.6 18.3 17.3 <0.0001
Meat intake, times /week, % <0.0001
Nearly none 249 24.8 24.7 24.3
1-2 60.3 60.3 60.2 60.0
23 14.8 14.9 15.1 15.7
Hypertension, 0% 23.9 27.9 30.1 33.2 <0.0001
Diabetes, % 3.6 5.0 6.2 8.6 <0.0001

"Data are expressed as mean (SD) unless otherwlisatied.

THypertension was defined as SBM0 mmHg, DBR= 90 mmHg, or history of the disorder.

iDiabetes was defined as fasting plasma glucosédéee least 126 mg/dL (7.0 mmol/L) or historytbe disorder.

11



Overall Patterns of All Cause Mortality

During the 10 year follow-up, 25,458 and 21,482tkheaccurred among men and women,
respectively. As shown Figure 3, WBC level was fhesly associated with age adjusted all-
cause mortality rates in women, whereas this figeemed to be like U-shaped in men. The
multivariate adjusted hazard ratios (HRs) for @lse mortality in the highest quartile of
WBC count were 1.15 and 1.22 compared with thereefee category in men (95% CI 1.11-
1.20, p for trend <0.0001) and women (95% CI 1.1281p for trend <0.0001), respectively

(Tables 3, 4).

12
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Figure 3. Age-adjusted mortality rate per 100,000rbm all causes by quartile of WBC
count in men and women, 1994-2003
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Mortality Risk for Colon and Rectal Cancer

For men, there were 9,010 deaths from all canec®misiding 310 from colon cancer and
229 from rectal cancer during the 10 year follow-&pr women, there were 5,871 deaths
from all cancers including 352 from colon canced &37 from rectal cancer. Tables 3 and 4
show that the HRs for mortality from colon cancecrease with higher quartiles of WBC
count among men and women. The multivariate adjust®s for all-cause mortality in the
highest quartile of WBC count were 1.33 (95% CI1311072, p for trend=0.0031) for
colorectal cancer and 1.55 (95% CI 1.10-2.18, grfemd=0.0014) for colon cancer, compared
with the reference category in men (Table 3). Tigladr mortality risk associated with higher
quartiles of WBC count was also observed for calancer in women (highest versus lowest
quartile: HR 1.51, 95% CI 1.12-2.03, p for trendd9) (Table 4). In contrast to colon cancer,
there was no significant difference in mortalitgkrifor rectal cancer between the highest

guartile and the lowest quartile in men or women.

14



Table 3. Age-adjusted mortality rate per 100,000 pson-years and hazard ratios for all
causes, all cancers, and colon and rectal cancer fyartile of WBC count in men, 1994-
2003

Quartile of WBC count, cellgL p value
for trend
<5500 5501-6500 6501-7600 >7600
(n=18,616) (n=24,567) (n=28,018) (n=37,711)
All causes, n 4,307 5,499 6,377 9,275
Death rath 1513.3 1246.7 1306.1 1484.3
HR' 1.00 0.99(0.96-1.04) 1.02(0.98-1.06) 1.15(1.1194.20  <0.0001
All cancers, n 1,618 1,962 2,196 3,237
Death ratb 572.1 466.6 459.6 514.8
HR' 1.00 0.93(0.87-0.99) 0.90(0.85-0.96) 1.01(0.951.07 0.3820
Colorectal cancer, n 86 102 134 217
Death ratIe 28.6 20.3 24.5 31.3
HR' 1.00 0.91(0.68-1.21) 1.06(0.81-1.40) 1.33(1.031.72 0.0031
Colon cancer, n a7 56 75 132
Death ratk 19.7 8.6 12.6 20.3
HR' 1.00 0.94(0.64-1.40) 1.10(0.76-1.59) 1.55(1.102.18 0.0014
Rectal cancer, n 39 46 59 85
Death rath 8.9 117 11.9 11.0
HR' 1.00 0.90(0.58-1.39) 1.07(0.71-1.61) 1.22(0.83)1.80  0.1555

Abbreviations: Cl, confidence interval; HR, hazaatio.

“Participants with any of the following featuressamidy entry were excluded: missing data on leukoayiunt, existing
cancer, and missing data on guestionnaire.

The rate per 100,000 person-years is given, stdimar to the age distribution of men in the 1995¢ém national
population.

*The Cox proportional hazards model was adjustechde; BMI, total cholesterol, smoking status, ragelxercise, alcohol
consumption per day (none, 0-29.9 g/d=80 g/day), frequency of meat intake per week (yaaohe, 1-223), hypertension,
and diabetes.

15



Table 4. Age-adjusted mortality rate per 100,000 pson-years and hazard ratios for all
causes, all cancers, colon and rectal cancer by qtiee of WBC count in women, 1994-

2003
Quartile of WBC count, cellgL p value
for trend
<5500 5501-6500 6501-7600 >7600
(n=90,790) (n=84,260) (n=73,364) (n=67,098)
All causes, n 5,134 5,220 5,159 5,969
Death rath 622.9 632.6 677.3 791.5
HRi 1.00 1.01(0.98-1.05) 1.06(1.02-1.11) 1.22(1.181.27 <.0001
All cancers, n 1,657 1,411 1,429 1,374
Death rath 1915 165.7 185.0 183.7
HR' 1.00 0.91(0.85-0.98) 1.01(0.94-1.08) 0.99(0.93L.07 0.6429
Colorectal cancer, n 155 146 137 151
Death ratE 18.2 17.0 17.8 19.6
HR' 1.00 0.95(0.75-1.19) 1.00(0.79-1.26) 1.11(0.881.40 0.3408
Colon cancer, n 86 80 83 103
Death ratk 10.1 9.4 10.9 132
HR' 1.00 1.03(0.76-1.41) 1.18(0.87-1.61) 1.51(1.122.03  0.0049
Rectal cancer, n 69 66 54 48
Death ratk 8.1 76 6.9 6.4
HRi 1.00 0.98(0.69-1.39) 0.92(0.64-1.32) 0.79(0.54-1.16 0.2179

Abbreviations: Cl, confidence interval; HR, hazeatlo.

"Participants with any of the following featuressaidy entry were excluded: missing data on leukoegunt, existing

cancer, and missing data on questionnaire.

"The rate per 100,000 person-years is given, steizar to the age distribution of women in the 19@%ean national

population.

*The Cox proportional hazards model was adjustedatg, BMI, total cholesterol, smoking status, raguxercise,

alcohol consumption per day (none, 0-29.9 g/d®@ g/day), frequency of meat intake per week (yeaohe, 1-223),

hypertension, and diabetes.

16



Incidence Risk for Colon and Rectal Cancer

The incidences of colon cancer during the 10 yeHo-up were 604 among men and
838 among women. The trend of colorectal canceidémce was generally similar to the
mortality risk of colorectal cancer. Tables 5 andslow that the HRs for colon cancer
incidence increase with the higher quartiles of Wi&@nt. The multivariate adjusted HRs for
incidence in the highest quartile of WBC count wer@3 (95% CI 1.03-1.47, p for
trend=0.0030) for colorectal cancer and 1.38 (99%.09-1.76, p for trend=0.0017) for colon
cancer, compared with the reference category in (fable 6). The higher incidence risk
associated with an increased WBC count was also fagecolon cancer in women (highest
versus lowest quartile: HR 1.46, 95% CI 1.20-178pr trend=0.0003) (Table 6). There was
no significant difference in incidence risk for t@ccancer between the highest quartile and
the lowest quartile among men or women. A total &¢d8es of colon cancer occurred within 2
years of follow-up, 61 cases for men and 84 casesvbmen. Even after excluding these
cases that occurred within 2 years of follow-upis tlssociation was sustained. The
multivariate adjusted HRs for incidence of colomeer in the highest quartile of WBC count
were 1.34 (95% CI 1.04-1.73, p for trend=0.0058jnien and 1.41 (95% CI 1.14-1.73, p for

trend=0.0058) in women.

17



Table 5. Age-adjusted incidence rate per 100,000 pg@n-years and hazard ratios for all
cancers, colon and rectal cancer by quartile of WBCount in men, 1994-2003

Quartile of WBC count, cellgL p value
for trend
<5500 5501-6500 6501-7600 >7600
(n=18,616) (n=24,567) (n=28,018) (n=37,711)
All cancers, n 1,950 2,505 2,816 4,014
Incidence rate 857.8 752.4 744.7 817.1
HR' 1.00 0.98(0.92-1.04) 0.96(0.90-1.01) 1.02(0.971.08 0.2861
Colorectal cancer n 183 228 276 435
Incidence rate 89.8 59.8 78.1 83.6
HR' 1.00 0.95(0.78-1.15) 1.02(0.84-1.23) 1.23(1.03-1.47 0.0030
Colon cancer, n 94 123 149 238
Incidence rate 43.2 317 42.0 49.2
HR' 1.00 1.00(0.76-1.31) 1.07(0.83-1.39) 1.38(1.091.76  0.0017
Rectal cancer, n 111 130 157 232
Incidence rafe 58.7 345 44.2 405
HR' 1.00 0.91(0.71-1.18) 0.99(0.77-1.26) 1.16(0.911.45 0.0985

Abbreviations: CI, confidence interval; HR, hazeatio.

“Participants with any of the following featuressaudy entry were excluded: missing data on leukocgunt, existing

cancer, and missing data on questionnaire.

The rate per 100,000 person-years is given, stdimar to the age distribution of men in the 1995¢ém national

population.

*The Cox proportional hazards model was adjustedafmr, BMI, total cholesterol, smoking status, raguxercise,

alcohol consumption per day (none, 0-29.9 g/d&@ g/day), frequency of meat intake per week (yeaohe, 1-223),
hypertension, and diabetes.
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Table 6. Age-adjusted incidence rate per 100,000 pg@n-years and hazard ratios for all

cancers, colon and rectal cancer by quartile of WBCount in women, 1994-2003

Quartile of WBC count, cellgL p value
for trend
<5500 5501-6500 6501-7600 >7600
(n=90,790)  (n=84,260) (n=73,364) (n=67,098)
All cancers, n 3,557 3,122 2,799 2,626
Incidence rate 458.9 423.8 431.9 435.8
HR' 1.00 0.99(0.94-1.04) 1.00(0.95-1.06) 1.02(0.971.08 0.3789
Colorectal cancer, n 405 400 353 371
Incidence rate 52.1 53.1 52.8 58.4
HR' 1.00 1.03(0.90-1.19) 1.03(0.89-1.19) 1.15(0.991.33 0.0812
Colon cancer, n 216 215 195 212
Incidence rate 27.7 285 29.6 33.3
HRi 1.00 1.27(1.02-1.50) 1.26(1.03-1.54) 1.46(1.201.78 0.0003
Rectal cancer, n 228 222 183 189
Incidence rafe 29.3 295 27.1 30.1
HR' 1.00 1.10(0.91-1.32) 1.04(0.85-1.27) 1.14(0.931.39  0.2987

Abbreviations: Cl, confidence interval; HR, hazeatio

“Participants with any of the following featuressaidy entry were excluded: missing data on leukocgunt, existing
cancer, and missing data on questionnaire.

The rate per 100,000 person-years is given, stdimar to the age distribution of women in the 1$@8ean national
population.

*The Cox proportional hazards model was adjustedder, BMI, total cholesterol, smoking status, rageikercise, alcohol
consumption per day (none, 0-29.9 g/daB0 g/day), frequency of meat intake per week (yeadne, 1-2,23),
hypertension, and diabetes.
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Incidence Risk for Colon Cancer according to Smokig status

We also assessed the association between WBC andrihcidence of colon cancer after
stratification by smoking status (non-smokers, @okers, and current smokers) in order to
confirm that the associations were independert@gffects of smoking on WBC count.

Among men who reported never smoking, a positimedr trend was observed between
the incidence of colon cancer and WBC count. Théivaniate adjusted HRs for incidence of
colon cancer were 1.56 (95% CI 0.83-2.95), 2.6 2495 1.45-4.68), and 2.90 (95% CI 1.62-
5.17) with increasing WBC count quartiles, compavwéth a reference quartile (p for trend
<0.0001) (Figure 4). A similar positive linear ttewas also observed in female non-smokers.
The multivariate adjusted HRs for colon cancerdeace were 1.27 (95% CI 1.04-1.55), 1.26
(95% CI 1.02-1.55), 1.47 (95% CI 1.19-1.81) withrimasing WBC count quartiles, compared
with a reference quartile (p for trend=0.0006) (FFeg5). However, there was no significant

difference in incidence of colon cancer among ewigns and current smokers (Figures 4, 5).
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Figure 4. Hazard ratios for colon cancer incidence by quartile of WBC couhin men by
smoking status, 1994-2008The Cox proportional hazards model was adjustedder BMI, total cholesterol,

regular exercise, alcohol consumption per day (n6r29.9 g/day>30 g/day), frequency of meat intake per week
(nearly none, 1-223), hypertension, and diabetes.)
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Figure 5. Hazard ratios for colon cancer incidence by quartile of WBC counin women

by smoking status, 1994-2008 The Cox proportional hazards model was adjusteda®, BMI, total

cholesterol, regular exercise, alcohol consumppienday (none, 0-29.9 g/da30 g/day), frequency of meat intake
per week (nearly none, 1-23), hypertension, and diabetes
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DISCUSSION

In this large prospective cohort study of Koreamnaed women, a positive association
between WBC count and the risk of colon cancerfwasd. Our data suggest that an elevated
WBC count increases the incidence risk and moytalftcolon cancer in men and women.
These findings are consistent with emerging evidesugggesting that inflammation increases
the risk of colon cancer. Individuals with long+temflammatory bowel disease, in particular
ulcerative colitis, are at higher risk for develogicolorectal cancer than ordinary individuals
(Levin, 1992). A clinical trial demonstrates thagular use of anti-inflammatory agents can
reduce the risk of colorectal adenoma, a well-kn@necancerous lesion (Baron, 2003). In a
recent prospective cohort study examining the aston between WBC count and the
mortality risk of cancers, an elevated WBC coutréased the mortality risk for all cancers.
However, the study failed to show this associationugh subgroup analyses including colon,
breast, and prostate cancer (Erlinger, 2004). fitay be due to the lower number of deaths
from the site-specific cancers mentioned.

There are two previous prospective studies withflmpimg results on the relationship
between inflammatory markers and the incidenceotidrectal cancer. In a recent nested case-
control study of 172 colorectal cases (131 colosesa4l rectal cases) within the CLUE Il
cohort in which 22,887 residents of Washington Gauaryland were studied prospectively,
the incidence risk of colon cancer increased wighér CRP levels. However, this association
was not found in rectal cancer (Erlinger, 2004).t@s contrary, a different prospective study
with 27,913 healthy women within the Women'’s Hea&tiady showed that a high CRP level

was not a predictive risk factor for the developtragfrcolorectal cancer (Zhang, 2005).
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Despite a positive association between WBC coudtthe incidence risk and mortality of
colon cancer, we did not find a similarly signifitaassociation with rectal cancer in the
present study. A potential limitation of the CLUIEcbhort study is a relatively smaller number
of rectal cancer patients (n=41), which could haweakened the association between an
elevated CRP level and the incidence of rectal @ar@ur study overcomes this weakness by
conducting prospective follow-ups on a larger numiferectal cancer patients during a 10
year follow-up period. Accordingly, our findings ficate that the role of inflammation
involved in the development of colon cancer maydifterent from that of rectal cancer. The
biological mechanisms through which an elevated W&@ant increases the risk of colon
cancer have not yet been established. Howeverragvausible mechanisms between colon
cancer and inflammation deserve consideration baseggrevious studies. Cyclooxygenase-2
(COX-2) may be linked to the pathogenesis of calancer development. COX-2 protein is
over-expressed and the prostaglandinldével is elevated in the portal vein and colonic
mucosa in human colorectal cancers (Oka, 1994; P1@®4). COX-2 protein may control
angiogenesis by modulating production of the vascendothelial growth factor (VEGF),
which promotes sustained endothelial cell proliiera and vascular permeability in
tumorogenesis (Yancopoulos, 2000; Tsujii, 1998ny other studies also demonstrate that
the carcinogenic effect of inflammation may be édkto DNA damage in proliferative cells
(Maeda, et al. 1998), alteration of p53 tumor sappor gene (Chen, 2005), inhibition of
apoptosis (Sheng, 1998) during the various stafjearoinogenesis. Dietary and lifestyle risk
factors for colon cancer, such as a diet high itoras, animal fat, and/or refined
carbohydrates, physical inactivity, central obesityd high body mass index are also related to
inflammation and insulin resistance (Verdaet, 200lever, 1996). Insulin resistance may

lead to tumor growth by elevating bioavailable insgrowth factor-1 (IGF-1) and decreasing
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insulin growth factor binding protein-1 (IGFBP-I4, 2004). These inflammatory effects on
colon cancer may not only be through systemic payhwnediated by cytokines and
chemokines but also directly linked to the coloritregdium. A recent study shows that
individuals with more risk factors for colorectarzer have a higher level of calprotectin,
which is a marker of bowel inflammation at the tisdevel (Poullis, 2004).

Our study has several potential limitations to take consideration. First, WBC counts
during the 10 year follow-up were not available éoir study. Thus, only one measurement of
WBC count, at baseline examination, was includedhim analysis. Therefore, it was not
possible to determine whether an acute, brief egisd inflammation or chronic inflammation
was responsible for the correlation found in therent study. Second, data on potentially
confounding factors, such as past medical histbigftammatory bowel disease or colorectal
polyps, medication history (aspirin, other NSAIDsestrogen use) were unavailable in the
baseline questionnaire. Thus, such variables atdfutly adjusted in our Cox-proportional
hazards regression model. Lastly, the study pojpuléh our cohort, particularly the older
aged population, might not be representative ofjgreeral population in Korea.

Despite these potential limitations, the currentigthas several important strengths. First,
the current study is a large prospective study witklatively long period of follow-up, so we
can be confident about the temporal relationshigvben inflammation and the risk of colon
cancer. Second, this positive association was isest@ven after excluding the cases of colon
cancer that developed within the first 2 yearsalibfv-up, thereby reducing the likelihood of
a subclinical cancer at the baseline of the st@aynsequently, the elevated WBC count was
unlikely to be caused and biased by a subcliniolrccancer. Finally, similar positive trends
observed in non-smokers suggest that the incideskeof colon cancer associated with an

elevated WBC count is independent of the effecsnadking on WBC count.
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In conclusion, our findings demonstrate that awvagked WBC count is a predictor of the
incidence risk and mortality of colon cancer. Thessults support our hypothesis that
inflammation increases the risk of colon cancerrtliar observational and experimental
studies are needed to confirm these findings ardktermine the role of inflammation in the

carcinogenesis of colon and rectal cancer.
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