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Abstract

Objective We investigated the associations of circulating
C-reactive protein (CRP) and interleukin-6 (IL-6) with
cancer risk.

Methods We examined the associations of CRP and IL-6
with incident cancer in two prospective cohorts, the British
Women’s Heart and Health Study (4,286 women aged
60-80) and the Caerphilly Cohort (2,398 men aged 45-59)
using Cox regression and pooled our findings with previous
prospective studies’ in fixed and random effects meta-
analyses.
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mation in cancer by investigating the associations of two B

Results CRP and IL-6 were associated with some incident
cancers in our cohorts, but the numbers of cancer cases
were small. In our meta-analyses elevated CRP was asso-
ciated with an increased overall risk of cancer (random
effects estimate (RE): 1.10, 95% CL: 1.02, 1.18) and lung
cancer (RE: 1.32, 95% CI: 1.08, 1.61). Its associations with
colorectal (RE: 1.09, 95% CI: 0.98, 1.21) and breast cancer
risks (RE: 1.10, 95% CL 0.97, 1.26) were weaker. CRP
appeared unrelated to prostate cancer risk (RE: 1.00 0.88,
1.13). IL-6 was associated with increased lung and breast
cancer risks and decreased prostate cancer risk, and was
unrelated to colorectal cancer risk.

Conclusions Our findings suggest an etiological role for
CRP and IL-6 in some cancers. Further large prospective and
genetic studies would help to better understand this role.

Keywords Cancer - Inflammation - C-reactive protein -

Interleukin-6 - Meta-analysis

Introduction

Inflammation is associated with the progression and
severity of many cancers and may also have a causal role in
malignancy [1]. Inflammation-associated oxidative damage
could " initiate carcinogenesis by causing inactivating
mutations in tumor-suppressor genes or post-translational
modifications in proteins involved in DNA repair or
apoptotic control [2]. In addition, inflammatory cytokines,
enzymes, and transcription factors inhibit apoptosis and
prornbte the growth and proliferation of cancer cells [2, 3],
and the activation of the inflammmatory pathways promotes
cell motility, vascular permeability, and angiogenesis, thus
facilitating tumor progression [1, 4].

. Our aim was to examine the etiological role of inflam-
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circulating biomarkers of inflammation, C-reactive protein
(CRP) and interleukin-6 (IL-6), with cancer risk. Dysreg-
ulated CRP and IL-6 pathways have been implicated in
many diseases, including autoimmune and cardiovascular
diseases and cancer [5-7]. IL-6 regulates the growth of
multiple myeloma as well as lymphatic, lung, colorectal,
breast, prostate, and other cancer cells [8], and CRP is
produced in the liver in response to 1L-6 signaling and is
also expressed by esophageal and renal cancer cells [9, 10].
Our two recent comprehensive systematic reviews dem-
onstrate that a large number of studies of the association of
both CRP and IL-6 with prevalent cancer exist [11, 12].
However, it is unclear whether circulating CRP and IL-6
concentrations have causal roles in carcinogenesis or are
indicators of a host response to the early neoplastic process
[13, 14] because studies of prevalent cancer cases cannot
distinguish between these possibilities.

As cancer is a relatively rare disease, small numbers of
cancer cases and lack of power pose problems in all but the
largest epidemiologic studies. Therefore, to add to the
evidence base, we investigated the associations of circu-

lating CRP-and IL-6 with cancer risk in two prospective-

studies and pooled the results of our analyses and the
previous prospective studies in a meta-analysis.

Materials and methods

British Women’s Heart and Health Study (BWHHS)
‘and Caerphilly Cohort

The BWHHS is ongoing prospective cohort study of 4,286
women aged 6079 years at the study baseline 1999-2001,
who were randomly selected from 23 towns in Britain. The
Caerphilly Cohort is a prospective cohort of 2,398 men
from Caerphilly and adjacent villages in South Wales, UK,
who were aged 45-59 years at the first follow-up in 1984
1988, when the inflammatory biomarkers were measured.
We took this time to be the baseline for the analyses pre-
sented here. Details of the data collection and participant
characteristics for both studies have been published pre-
viously {15-17].

In both studies, the participants were followed up and
flagged with the UK National Health Service Cancer Reg-
istry for information on cancer registrations and deaths. In
the BWHHS the cancer cases were identified using data from
the participants’ self-report, review of their General Practice
medical records or cancer registrations and in the Caerphilly
Cohort on the basis of cancer and deaths registrations. All
cancer events in both cohorts were coded using the ICD-10
system to indicate cancer type. We had insufficient infor-

- —ration on-cancer stage and-grade-in-our-twe-cohorts-to be -

able to code disease severity at the time of diagnosis.

@ Springer

EXPOSUI'S measurement

In both studies CRP and IL-6 were measured in the same
laboratory (Division of Cardiovascular and Medical Sci-
ences, University of Glasgow) using the same methods.
CRP was measured using an ultrasensitive nephelometric
assay (Dade Behring, Milton Keynes, UK) and IL-6 using
high sensitivity ELISA (R & D Systems, Oxford, UK). The
intra- and inter-assay coefficients of variation using these
methods were 4.7% and 8.3%, respectively, for CRP and
7.5% and 8.9% for IL-6. They indicate that less than 10%
of the varation in CRP or IL-6 concentrations between
samples and batches was attributable to sampling variation.

Potential confounders
Age is a major confounder for any association between

inflammation and cancer as older people are more likely to
develop cancer and to suffer from low-level inflammation,

indicated by elevated CRP and IL-6 concentrations -

[18-20]. Circulating CRP and IL-6 are also associated with
many other cancer risk factors, including tobacco smoking
[21-23], physical activity [24], socioeconomic position
(SEP) [25, 26], over-weight and adiposity [20, 27, 28], the
use of non-steroidal anti-inflammatory drugs (NSAIDs)
[29-32], and postmenopausal hormone replacement ther-
apy (HRT) [33-37]. Therefore, we adjusted our analyses
for age, body mass index (BMI), tobacco smoking, child-
hood and adult SEP, physical activity, use of NSAIDs, and
the use of HRT in the women in the BWHHS. Lung cancer
analyses were additionally adjusted for years of smoking as
a categorical indicator variable. Age was calculated from
the participants’ date of birth and the date of entry to the
study and BMI from the height and weight measured by a
nurse at the baseline medical examination [38, 39]. Data on
SEP, smoking, and physical activity levels were obtained
from the self-completed questionnaires in both studies.
Childhood SEP was ascertained based on the participant’s
father’s occupation, and adult SEP on the participant’s own
occupation or, in the BWHHS, their spouse’s occupation.
Both were classified in both studies into $ix categories
according to the Registrar General’s classification (Office
of Population Censuses and Surveys). The use of NSAIDs
and HRT were ascertained from the responses to the self-
report questionnaire in both cohorts and additional
assessment of the medication brought to the baseline
examination in the BWHHS.

Statistical analysis

We used Cox proportional hazards regression to investigate
_the associations_of circulating CRP and IL-6 with cancer

risk. CRP and IL-6 concentrations were natural log
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transformed to normalize their skewed distributions. We
tested the proportional hazards assumption using Schoen-
feld-test and found it to be valid for all exposure-outcome
pairs. In our models, origin was defined as the date of birth
and entry as the date of entry to the study. The participants
were censored at the date of cancer diagnosis, date of
death, or the end of follow-up, January 2006 for the
BWHHS and April 2006 in the Caerphilly Cohort. We
fitted age-adjusted (adjusted for age by the timescale in the
model) and multivariable-adjusted models for any incident
cancer and lung, colorectal, breast, and prostate cancers.
All statistical analyses were conducted using Stata 9.2
(Stata Corporation, Texas).

Systematic reviews

Previous prospective studies of CRP, IL-6, and cancer risk
were identified from our comprehensive systematic reviews
[11, 12], which were updated to include any articles
indexed in Embase or Medline by December 2007. We
included articles of any cancer, published in any language,
which reported results from studies in which the inflam-
matory biomarkers were measured at baseline and the
participants followed up for cancer diagnoses. The sys-
tematic search terms are shown in the Web Supplement,
Table W1.

Meta-analyses

We pooled the findings of our two prospective studies
with the -previously published prospective studies in meta-
analyses. We considered odds ratios, hazard ratios, or risk
ratios per natural logarithm increase in the inflammatory
biomarker for each cancer outcome in each study to be an
informative format that would allow us to combine the
results. For most studies, we obtained the results in this
format from the published articles or by contacting the
authors. In four studies of CRP [40—43] and one study of
1L-6.{44], however, the effect estimates were _presented by
quantile or category of the exposure, and we were unable to
obtain results in the required format from the authors. For
these studies we estimated the mean inflammatory bio-
marker in each quantile using a method outlined by Chéne
and Thompson [45] and used the means and the reported
effect estimates to estimate the log OR or RR per natural
log unit increase in CRP by a method described by
Greenland and Longnecker [46]. These methods are based
on assuming a normal distribution of the log-transformed
exposure and deal with the unbounded lowest and highest

exposure categories and correlations between the effect

estimates relating to the same reference group.

e = e -As-any possible. causal relationship between circulating _ ~—

CRP or IL-6 and cancer is a part of a network of biological,

. environmental, and lifestyle factors acting in concert in

carcinogenesis, we did not want to make assumptions about
whether the effect of these inflammatory biomarkers on
different cancers varies in different populations. Therefore,
we have presented both fixed and random effects meta-

analyses. In addition, we used the Egger-test to examine .

small study bias and the I>-test and stratified meta-analyses
to examine heterogeneity among the studies.

Results
The BWHHS and the Caerphilly Cohort

The BWHHS participants excluded from our analyses are
presented in Fig. 1. Of the 4,286 women in the BWHHS,
3,274 women had complete data available on the main
exposures and all potential confounders. Of these women
who were cancer-free at baseline, 200 women developed
some form of cancer during the follow-up and 3,074
women remained cancer-free.

The Caerphilly Cohort participants excluded from our
analyses are presented in Fig. 2. Of the 2,398 men in this
cohort, 1,144 men had complete data on CRP and potential
confounders and were cancer-free at baseline. Of these
men, 897 remained cancer-free and 247 men developed
cancer during follow-up. Of the 1,098 men who had
complete data on IL-6 and all potential confounders and
were cancer-free at baseline, 845 remained cancer-free and
247 men developed cancer during follow-up. Due to the
small number of men who had complete data available for
both biomarkers (n = 1,084) as well as all possible con-
founders (n = 710), we conducted all analyses separately
for the men with data on CRP and IL-6. Summary of the

Total cohort: 4286
Excluded:
Cancer at baseline: 424 .
————— | No CRP or IL-6 measurement: 414
Incomplete data on confounders: 174
v
Included:

Cancer-free: 3074
1 Incident cancer cases: 200

Fig. 1 BWHHS participants included in the analyses
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| Total participants: 2308 |

!

Excluded:
Cancer at baseline: 31

- /N

Excluded from CRP prospeclive
analysis:
No CRP measurement: 806

Incomplete data on confounders: 417

Excluded from IL-G prospective
analysis:

No IL-6 measurement: 993
Incomplete data on confounders: 282

]

l

Incladed in CRP analyses:
Cancer-free: 897
Incident cancer cases: 247

Included in IL.-6 analyses:
Cancer-free: 845
Incident cancer cases: 247

Fig. 2 Caerphilly Cohort participants included in the analyses

characteristics of the participants from both cohorts inclu-
ded in our analyses are presented in supplementary Web

. Tables W2 and W3.

A summary of the associations of circulating CRP and IL-
6 with cancer risk in the BWHHS and the Caerphilly Cohort
is presented in Table 1. Neither CRP nor IL-6 concentrations
were associated with the overall cancer risk in either cohort,
but the site-specific effect estimates varied in direction and
magnitude. However, our findings were based on moderate
numbers of cancer cases and thus imprecise.

Studies included in the meta-analyses

We identified 15 previous publications of prospective
studies of circulating CRP [40-43, 47-57] and three studies
of circulating IL-6 [44, 49, 58] and cancer. We excluded
one publication that merely summarized two previously
published analyses of CRP and cancer risk [48]. A study of
any incident cancer in the Women’s Health Study [53] was
also excluded as it may have included same cancer cases as
two subsequent analyses of colorectal and breast cancers in
the same cohort [56, 57]. We also excluded two studies,
which were conducted in individuals with inflammatory

Table 1 Association of circulating CRP and IL-6 with incident cancer in the BWHHS and the Caerphilly Cohort, by cancer type

Study and cancer type

HR for cancer per natural log increase in the inflammatory marker, by cancer type

Age-adjusted HR [95% CI], p Multivariable-adjusted HR [95% CI], p

BWHHS"

CRP )

Any cancer (n = 200)
Breast cancer (n = 48)
Lung cancer (n = 23)
Colorectal cancer (n = 32)
IL-6

Any cancer (n = 200)
Breast cancer (n = 48)
Lung cancer (n = 23)
Colorectal cancer (n = 32)
Caerphilly Cohort?
CRP

Any (1 = 247)

Lung (n = 57)
Colorectal (n = 41)
Prostate (n = 36)

IL-6

Any (n = 247)

Lung (n = 66)
Colorectal (n = 30)
Prostate (n = 40)

1.06 [0.94, 1.20], p = 0.3
1.14 [0.89, 147), p = 0.3
1.16 [0.81, 1.67), p = 0.4
1.03 [0.75, 1.39], p = 0.9

1.03 [0.84, 1.27), p = 0.8
1.33 [0.91, 1.95), p = 0.1
0.83 [0.43, 1.58), p = 0.6
1.00 [0.89, 1.68], p = 0.9

1.01 [0.90, 1.15], p = 0.8
1.29 [1.01, 1.66], p = 0.04
0.86 [0.63, 1.16}, p = 0.3
1.11 [0.82, 1.52], p = 0.5

1.05 [0.90, 1.24}, p = 0.5
1.28 [0.99, 1.65], p = 0.06
0.69 [0.42, 1.15}, p = 0.2
0.61 [0.40, 0.93], p = 0.02

1.06 [0.93, 1.21], p = 0.4
1.00 [0.76, 1.31], p =.0.9
1.03 {071, 1.51), p = 0.9
0.97 [0.70, 1.34], p = 0.8

0.99 [0.80, 1.23]; p = 0.9
1.20 {0.79, 1.84], p = 0.4
0.61 [0.31,1.22], p = 0.2
0.92 [0.53, 1.60], p = 0.8

1.02 [0.90, 1.16), p = 0.7
1.17 [0.91, 1.50], p = 0.2
0.89 [0.66, 1.22], p = 0.5
1.12 [0.81, 1.56}, p = 0.5

1.03 [0.87, 1.21], p = 0.8
1.07 [0.81, 1.43], p = 0.6
071 [0.41, 1.23], p = 0.2
0.61 [0.40, 0.96], p = 0.031

¢ BWHHS: multivariable-adjusted models adjusted for age, BMI (continuous), smoking (ever versus never smoked) childhood and adult SEP
(manual versus non-manual), physical activity (<2 h/typical week versus 2+ hitypical week) HRT use (ever versus never used), and NSAID use
(Baseline user versus non-user). Lung cancer models were additionally adjusted for years smoked (5 categories). ® Caerphilly: multivariable-
adjusted models adjusted for age, BMI (continuous), and binary indicator variables smoking (ever versus never), work physical activity (score

_>11vs. <11), leisure time physical activity level (=300 kcl/day vs. <300 kcal/day), baseline NSAID use (yes/no), and childhood and adult SEP |

(manual versus non-manual). Lung cancer models were additionally adjusted for years smoked (four categories)

&) Springer
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conditions—arthritis [50] and HIV [58}—and we could
therefore not be certain about the generalizability of their
results. These studies are, however, included in our sum-
mary tables of all prospective studies. After exclusions, we
were left with 12 previously published studies of CRP and
two studies of IL-6.

The main characteristics and findings of all the previ-
ously published prospective studies of CRP or IL-6 and
cancer are detailed in the Supplementary Web Tables W4
and WS. Inflammatory biomarkers were measured from
baseline blood samples in frozen storage in all studies
included in our meta-analyses. In all but one of the studies
incident cancer cases were ascertained from cancer regis-
trations or medical or pathological records (Supplementary
Web Tables W4 and W5). The details of cancer case
ascertainment were unclear in one study [41].

Results of meta-analyses
Any incident cancer

In our meta-analysis of 14 prospective studies of circulat-
ing CRP and any incident cancer, comprising 3,957 cancer
cases, a log unit increase in CRP was associated with an
increase in the overall cancer risk (random effects estimate:
1.10, 95% CI: 1.02, 1.18). Figure 3 shows the main find-
ings of each constituent study. In most studies the main
outcome was all incident cancers combined, and in the
remainder of the studies only one cancer type was included
in the analysis. We observed considerable heterogeneity in

. this meta-analysis (/> = 72.6%), which may be due to

different cancer types studied.

Circulating IL-6 was not associated with the overall risk
of incident cancer in a meta-analysis of four studies, con-
sisting of 863 cancer cases (Fig. 4). The pooled fixed and
random effect estimates were similar (pooled random
effects estimate: 1.01, 95% CI: 0.91, 1.12) and there was
little evidence of heterogeneity among the studies.

Lung cancer

In the random effects meta-analysis of six prospéctive
studies of CRP and incident lung cancer, a natural log unit
increase in CRP was associated with a 1.32-fold increase in
lung cancer risk (95% CI: 1.08, 1.61) (Table 2). The fixed
effects estimate was similar (1.27, 95% CIL: 1.15, 1.40). All
the studies had adjustment for smoking and other potential
confounders. However, the notable heterogeneity
(P = 73%) may relate to different effects of CRP on lung
cancer risk in different populations as the only null-asso-
ciation estimated with precision was reported in an Asian
population [43]. :

~ The pooled random effects estimate from the three
studies of circulating IL-6 and incident lung cancer suggest
that a log unit increase in IL-6 is associated with a 1.05-
fold increase in lung cancer risk (95% CIL: 0.72, 1.52) and
the fixed effects estimate was very similar (Table 3).
Although adjusted for smoking and other potential con-
founders, these estimates are based on only 131 cancer

- cases and thus lack precision.

Fig. 3 Meta-analysis of CRP
and any incident cancer. I-V

Cancer cases: n= 3 597 i : %

overall: fixed effects estimate; :
D + L overall: random effects Study ID Stud Weight .
estimate. Case—control studies udy udy type ES (85%Cl) (V)
included here were nested in : 1 .
prospeclive cohorts or ATBC (Gunter 2008) Nested case-control E — 2 1.43(0.86.2.12) 0.75
randomized controlied trials 27 JPHC {Otani 2006) Nested cnse—co.nh'nl —;—:,g;— 1.18(1.00,1.36} 4.87
JACC (Ito 2005) Nes:eycase-comml——:m‘-—— 0.95{079,124) 2.33
CLUE Il (Piatz 2004) Nested casemnn-an———‘t"o,,;‘;:———s 0.88(0.74,1.05) 4,04
- EPIC Greece (Trichopoulos 2006) Nestéd case-control | —— 187(120,157) 655 -
CLUE il {Eriinger 2004) Nested case-control 4:—4,,;”—--——— 1.31(1.08,1.60) 3.02 .
© JACC (Suzuki 2008) Nested case-control ———%f;—i——— 1.02(0.86,120) 419 :
CLUE 1&11,CMSB,IGPS (McSorley 2007)  Nested case-control —— 1.15{0.98,1.34) 5.16 .
'~ Women's Health Study (Zhang 2005} Cohert = E 0.83(0.76,1.04) 4.81 - .-
Health ABC {ll'yasova 2005} Cohort 1.25(1.08,1.43) 6,42 i
The Hotterdam Study (Siemes 2008) Cohort 1.20(1.10,1.31) 15,50
" Women's Heaith Study (Zhang 2007) Cohort 1.00(9.94,1.07) 28.19
Caerphilly 2007 Cohort 1.02{0.80,1.18) 7.34
BWHHS 2007 N Cohort ' 1.06(0.93,121) 6.83
|-V Overall (I-squared = 72.6%, p = 0.000) 1.08 {1.05,1.13) 100.0
D+L Overall 1.10(1.02,1.18)
T - T
] 1

Odds ratio or hazard rétio '

212
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Fig. 4 Meta-analysis of IL-6
and any incident cancer, I-V
overall: fixed effects estimate;
D + L overall: random effects
estimate

:Cancer cases: n= 863

%o

Weight -
ES (95% Cl (3
Study ID Study type R
Health ABC (ll'yasova 2005) Cohort 1,13 (0.94,1.36)  25.03
SABOR 2006) [+ trot & : 0.87(0.72,1.08) 2314
]
i
 Caerphilly 2007 Cohort ;5-— 1.03(0.87,1.21) 3264
. {
{
BWHHS 2007 Cohort Eor 0.99(0.80, 123)  19.20
i
" 1V Overall (I-squared = 16.2%, p = 0.310) <> 1.01{082,1.11)  100.00
" DsL Overall <§> 1.01 (091, 1.12)
]
¥
H
¥
!
T ) ERE T
718 R 1 .38 ,
+Qdds'ratioorhazard-ratio .. Sl

Colorectal cancer

When pooled together, the findings of the ten studies of
CRP and incident colorectal cancer suggest that elevated
CRP is associated with a slightly increased risk of colo-
rectal cancer (random effects estimate: 1.09 (95% CI: 0.98,
1.21) (Table 2). All the analyses were adjusted for age, sex,
smoking, BMI, and various lifestyle factors, but the results
of some studies were inconsistent, with heterogeneity
among the effect estimates (P = 50.2).

The pooled effect estimates from three studies showed
no association between IL-6 concentrations and colorectal
cancer risk (random effects estimate: 1.00, 95% CI: 0.66,
1.52) (Table 3). However, even our pooled estimates were
based on small numbers of cancer cases (n = 102) and thus
imprecise.

Breast cancer

In the meta-analysis of five prospective studies, a log unit
increase in CRP was associated with a 1.04-fold increase in
breast cancer risk in the fixed effects meta-analysis and
1.10-fold increase in the random effects meta-analysis, but
the 95% Cls of both pooled estimates crossed the null-
value (Table 2). Also, there was heterogeneity among the
studies (I2 = 51.0) and the pooled effect estimates were
heavily weighted on the findings of the largest investiga-
tions. These two studies (the Women’s Health Study and
the Rotterdam Cohort) did, nevertheless, provide the esti-
mates that were best adjusted for the largest number of
inflammation-related breast cancer risk factors.

The fixed and random effects combined estimates from

~ two studies of IL-6 and breast cancer were identical (1.10,

Table 2 Meta-analyses

. : Cancer type N studies . N cases HR [95% CI] per natural log increase in CRP
of prospective studies
of circulating CRP Fixed effects Random effects
and cancer, estimate estimate
by cancer type
Lung cancer 6 551 1.27 [1.15, 1.40] 1.32 {1.08, 1.61]
P=173% )
Colorectal cancer 10 1,301 1.07 [1.00, 1.15] 1.09 [0.98, 1.21]
, P =502%
Breast cancer 5 1,240 1.04 [0.98, 1.10] 1,10 [0.97, 1.26]
P =351.0%
Prostate cancer S 628 1.01 [0.91, 1.11] 1.00 [0.88, 1.13]
P =26.0% )
Ovarian cancer -2 195 1.14 [0.99, 1.32] - 1.14 [0.99, 1.32]
— e e e e o e e S e e P=0
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~ Table 3 Meta-analyses

of prospective studies Cancer type N studies N cases HR [95% CIT] per natural log increase in IL-6
of circulating IL-6 Fixed effects estimate Random effects estimate
and cancer
Lung cancer 3 151 1.08 [0.86, 1.36] 1.05 [0.72, 1.52]
~ _ P =517 : '
* Colorectal cancer 3 102 1.02 0.78, 1.38] 1.00 [0.66, 1.52]
: P =48.2%
Breast cancer 2 78 1.10 [0.79, 1.54] 1.10 [0.79, 1.54]
P =0.0%
Prostate cancer 3 228 0.80 [0.69, 0.93] 0.78 [0.62, 0.99]
P = 50.9%

95% CI: 0.79, 1.54), and we observed no strong evidence
for heterogeneity between these studies. However, based
on only 78 cancer cases, the pooled effect estimates were
imprecise, crossing the null-value (Table 3).

Prostate cancer

We observed no association of circulating CRP with pros-
tate cancer risk in the meta-analysis of five studies including
* 628 cancer cases (random effects estimate: 1.00, 95% CL:
0.88, 1.13) (Table 2). Although the study-specific effect
estimates ranged from a 20% reduction to 12% increase in
prostate cancer risk per log unit increase in CRP, all study-
specific 95% Cls crossed the null-value, even in the two
studies with relatively large numbers of prostate cancer
cases (Clue II: n = 264 and the Rotterdam Study: n = 242)
(Table 4). Thus there is no evidence for an association
“between circulating CRP and prostate cancer risk.

Pooled findings of the three studies of IL-6 and prostate_-

cancer suggested- that elevated IL-6 concentrations were
inversely associated with incident prostate cancer
(Table 3). Random effects pooled estimate was 0.78 (95%

C L 0.62, 0.99) and the fixed effects estimate was very

similar. Although these findings were based on small
numbers of cancer cases {(n = 228), all the study-specific
effect estimates were consistent with each other, indicating
a reduction in prostate cancer risk.

Ovarian cancer

We pooled the findings of the two prospective studies of
circulating CRP and ovarian cancer risk, which together
included 195 incident cancer cases. There was no evidence
of heterogeneity between their findings (# = 0), and the
pooled fixed and random effects estimate were similar
(1.14, 95% CI: 0.99, 1.32) (Table 2).

Table 4 Meta-analyses of

Possible source

Stratified HR {95% CT] per natural log increase in CRP

prospective studies of

of heterogeneity

circulating CRP and

cancer, stratified by
possible sources
of heterogeneity

Study design

Participants” sex

Adjustment for -
NSAID use

SEP

Physical activity

Nested case—~control Cohort
1.14 {1.08, 1.22] 1.06 [1.02, 1.11]
P = 684% P =1769%
N studies: 8 N studies: 6
Men only ‘Women only Both sexes
.0.99 [0.90, 1.10] 1.01 {0.96, 1.07] 1.20 [1.14, 1.27]
P =613% P = 49.4% P =478%
N studies: 3 N studies: 4 N studies: 7
Yes No
1.16 [1.10, 1.21] 1.09 [1.05, 1.12]
P =1739% P2 =39.6%
N studies: 8 N studies: 6
1.10 [1.02, 1.19] 1.08 [1.04, 1.13]
P = 60.6% P =176.4%
N studies: 3 N studies: 11
107 [1.03, 1.11] 1.14 [1.07, 1.22]
P =1737% P ="728%
N-studies; 7--—— -——-— ~—cmomee e NGRS T oo
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~ Exploring heterogeneity

All the studies analyzed here were well-conducted pro-
spective studies, and we found no evidence of the effect
estimates being related to the study size in the studies of

‘CRP (Egger-test coefficient: 0.03, 95% CIL: —0.17, 0.22,

p = 0.8) or IL-6 (Egger-test coefficient: 0.30, 95% CI: —
0.24, 3.03, p = 0.7). There was heterogeneity in all the
meta-analyses of CRP and cancer risk (Fig. 3, Table 2).
We explored participants’ gender, study design, and
adjustment for NSAID use, SEP, and physical activity as
possible sources of heterogeneity by conducting meta-
analyses stratified by these variables (Table 4). The dif-
ferences in effect size between the studies of men or
women reflect differences between cancer types, as studies
of only men were investigations of prostate cancer and

studies of women only focused on bfeast and ovarian

cancers. Due to the small number of studies we were
unable to investigate the heterogeneity among the effect
estimates in the studies of IL-6 and cancer risk.

Discussion .
CRP, IL-6, and cancer risk

Many cancer cells and other cells in the presence of cancer
produce IL-6 and CRP, and IL-6 stimulates the growth and
differentiation of many malignant cells [8-10]. Further-
more, population-based studies have shown that
individuals with cancer tend to have higher circulating
CRP and IL-6 concentrations than apparently healthy
people or those with other benign diseases [11, 12]. In our
meta-analyses, elevated CRP but not IL-6 concentrations
were associated with an increased risk of cancer overall.
However, as CRP is a non-specific marker of ill health
implicated in many diseases, and the biological mecha-
nisms involved in carcinogenesis in different organs can be

very different, an association of CRP with overall cancer

" risk provides little information on specific processes

involved in the malignant development.

The association of CRP and possibly 1L-6 with lung
cancer risk could reflect a role of these biomarkers in the
pathology of lung cancer or lung diseases in general. Ele-
vated CRP concentrations are commonly observed in
benign lung diseases [59], although there is also evidence
that inflammatory lung diseases predispose individuals to
lung cancer [60]. Furthermore, in one, albeit small, pro-
spective study elevated CRP concentrations were
associated with the progression of airway dysplasia toward
a more abnormal histological type, independently of age,

_ sex, and_smoking [61]. The authors of the latter, study

suggest that the poor lung function associated with

@ Springer

inflammation may. reduce.the ability to clear carcinogenic
substances from the lungs, thus increasing lung cancer risk.
Smoking is also a strong confounder to an association of
inflammatory biomarkers and lung cancer. Although the
studies included in our meta-analyses were adjusted for
tobacco smoking, it is possible that the associations of CRP
and IL-6 with lung cancer risk are explained by residual
confounding. This can occur, for instance, because of
inaccurate self-report or failure to collect maximal data on
smoking, such as pack-years. '

The association of CRP with a slight increase in the risk
of colorectal cancer may relate to the involvement of

‘inflammation in general or the CRP-pathway in particular

in the early stages of carcinogenesis. Our pooled estimates
of CRP and colorectal cancer risk were similar to those of
another recent meta-analysis, which did not include the
BWHHS or the Caerphilly Cohort [62]. However, it is also
possible that our findings were inflated by residual con-
founding from dietary colorectal cancer risk factors, which
are difficult to adequately measure and adjust for. Fur-
thermore, our meta-analysis showing no association of IL-6
with colorectal cancer did not support the strong evidence
from laboratory-based studies that IL-6, an up-stream
regulator of CRP, promotes colorectal cancer growth and
progression [8]. Our findings suggest that IL-6 expression
is not associated with the tumor initiation in colorectal
carcinogenesis, yet further studies are required to confirm
or reject these findings. '

In our meta-analysis elevated CRP concentrations were
associated with a slightly increased breast cancer risk,
although due to the small number of cancer cases we were
unable to determine whether IL-6 has a causal role in breast
cancer. The association of CRP with an increased breast
cancer risk may reflect the relationship of CRP and IL-6
with adiposity. Adipose tissue produces IL-6 [63, 64],
which stimulates CRP synthesis. Adiposity is also associ-
ated with elevated concentrations of insulin-like growth
factors [65], which can mediate cell proliferation and inhibit
apoptosis in many cancers [66]. Although all the study-
specific effect estimates included in the meta-analyses of
CRP or IL-6 and breast cancer were adjusted for BMI, this
measure may not have adequately captured the effect of
adiposity on blood CRP and IL-6 concentrations and cancer.

Our pooled findings suggest that circulating CRP is not
causally associated with prostate cancer. Elevated IL-6, on
the other hand, was inversely associated with incident
prostate cancer. These findings may reflect the pro- and
anti-inflammatory roles of IL-6. As described in two recent
reviews, IL-6 has the ability to promote the growth of some
prostate cancer cell lines while inhibiting the growth of
others [8, 67]. Also, research in mouse-models and histo-

pathological studies has suggested that in monitoring
tissues for potentially malignant changes, the immune
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system can raise an inflammatory response against devel-
oping cancer cells [68, 69). Our findings could therefore
mean that the body’s antitumor immune responses, indi-
cated by elevated IL-6 concentrations, are successful in
combating early stage prostate cancers.

The pooled findings of two prospective studies provided
evidence that CRP may be implicated in ovarian cancer
development. The two most popular hypotheses of ovarian
carcinogenesis suggest that the cell-proliferative capacities
of ovulation increase cancer risk, or that ovarian cancer is
caused by pituitary gonadotropin and estrogen stimulating
the growth of benign cysts into malignant tumors [70].
These ideas are supported by studies of celi-lines and ani-
mal models, which have shown that ovarian cancer cells aid
their own growth and spread by producing tumor necrosis
factor-o (TNF-¢) [71] and positive associations between
inflammatory exposures (including pelvic inflammatory
disease, endometriosis, and ovulation) and ovarian cancer
have been observed in epidemiologic studies [70].

Further research directions

Although all the analyses presented here were carefully
adjusted for potential confounders, it is possible that the
associations of circulating CRP or IL-6 with cancer risk
have been inflated by residual confounding or reverse
causality. Unless the confounders are measured with little
or no error and appropriately modeled, residual con-
founding remains a possibility. Also, as cancer has a long
latent period, elevated CRP or IL-6 concentrations
observed in individuals who are subsequently diagnosed
with cancer could be due to an early, yet undetected,
malignant process. One way to try and overcome this
problem is to exclude the cancer cases diagnosed during
the early years of follow-up from any analysis, but to be
able to exclude a sufficiently long period of early follow-up
without losing statistical power, very large prospective
studies would be needed. An alternative way to eliminate
reverse causality and to minimize residual confounding
wounld be to investigate the associations of cancer with
genetic variants known to be associated with circulating
CRP or IL-6. As genetic variants are randomly allocated at

conception, such investigations would provide uncon--

founded and unbiased estimates of any associations of
inflammatory markers and cancer outcomes [72, 73]. Thus

far the evidence for associations of IL6 gene polymor-

phisms with cancer risk has been inconsistent [74-78] and
we are aware of only one study of the CRP gene, which
was reported to be related to an increased risk of lung
cancer [54]. However, the findings of individual genetic
association studies need to be replicated in other popula-

_tions_to provide robust evidence for a relationship between

the genetic variants and the outcome.

Strengths and weaknesses of our analyses

We contributed to the existing evidence by investigating
the associations of circulating CRP and IL-6 in two well-
designed and carefully conducted prospective studies, the
BWHHS and the Caerphilly Cohort. Although our analyses
were based on small numbers of incident cancer cases, we
pooled our findings with those from previously published
studies in meta-analyses, thus producing more precise and
reliable effect estimates. Our studies also add to the limited
literature on IL-6 and cancer risk. However, even our meta-
analyses are based on modest numbers of cancer cases and
thus illustrate the need for further large prospective studies.

Conclusion

In our meta-analysis of prospective studies of circulating
CRP and IL-6 and cancer risk, elevated CRP concentra-
tions were associated with an increased risk of lung cancer
and possibly colorectal, breast, and ovarian cancers but

unrelated to prostate cancer risk. The evidence thus far, .

albeit limited, suggests that elevated IL-6 concentrations
may be related to an increased risk of lung and breast
cancers and a decreased risk of prostate cancer but unre-
lated to colorectal cancer risk. Future research should focus
on further exploring the causal associations of biomarkers
of inflammation with these cancer types as well as other

-cancers for which there is strong biological evidence for a

causal relationship.
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