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Abstract
Background & Aims—Aspirin and non-steroidal anti-inflammatory drugs (NSAIDs) lower risk
of colorectal cancer (CRC). We investigated whether plasma inflammatory markers were
associated with risk of CRC and if use of anti-inflammatory drugs was differentially associated
with risk of CRC according to baseline levels of inflammatory markers.

Methods—We measured levels of high-sensitivity C-reactive protein (CRP), interleukin (IL)-6,
and the soluble tumor necrosis factor receptor-2 (sTNFR-2) in blood samples from 32,826 women,
collected from 1989 to 1990. Through 2004, we documented 280 cases of incident CRC; each case
was matched for age to 2 randomly selected participants without cancer (controls). Information on
anti-inflammatory drug (aspirin and NSAIDs) use was collected biennially.

Results—Compared to women in the lowest quartile of plasma levels of sTNFR-2, women in the
highest quartile had an increased risk of CRC (multivariate relative risk [RR], 1.67; 95%
confidence interval [CI], 1.05–2.68; P for the trend=0.03). Among women with high baseline
levels of sTNFR-2, those that initiated aspirin/NSAID use after blood collection had significant
reductions in subsequent risk of CRC (multivariate RR, 0.39; 95% CI, 0.18–0.86). In contrast,
among women with low baseline levels of sTNFR-2, initiation of aspirin/NSAID use was not
associated with significant risk reduction (multivariate RR, 0.86; 95% CI, 0.41–1.79). Plasma
levels of CRP and IL-6 were not significantly associated with CRC risk.

Conclusions—Plasma levels of sTNFR-2, but not CRP or IL-6, are associated with an increased
risk of CRC. Anti-inflammatory drugs appear to reduce risk of CRC among women with high, but
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not low, baseline levels of sTNFR-2. Certain subsets of the population, defined by inflammatory
markers, might obtain different benefits from anti-inflammatory drugs.
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INTRODUCTION
Aspirin and NSAID use reduces risk of colorectal adenoma and cancer.1–5 This effect may
be mediated through abrogation of chronic inflammation. Considerable experimental,
epidemiological, and clinical data provide strong evidence for a causative link between
chronic inflammation and cancer, including the well-described association between
inflammatory bowel disease and colonic dysplasia.6 Beyond inflammatory bowel disease,
however, the importance of inflammation in sporadic colorectal cancer remains undefined.
Inflammation may predispose to cancer through enhanced cellular proliferation and
mutagenesis, inability to adapt to oxidative stresses, promotion of angiogenesis, inhibition of
apoptosis, and secretion of mediators that may promote tumorigenesis.7

Chronic inflammation is characterized by abnormal production of circulating inflammatory
factors that have been causally linked to obesity, diabetes, and vascular disease in animal
models.8, 9 In humans, cytokines such as CRP, IL-6, and sTNFR-2 not only mediate the
inflammatory response, but also serve as potential biomarkers of these chronic diseases.10–
12 Although diabetes and vascular disease are associated with risk of colorectal cancer,13, 14

prospective studies specifically relating inflammatory markers to colorectal cancer have
been equivocal. For CRP, some prospective studies have observed an increased risk of
colorectal cancer,15–20 whereas other studies have shown an equivocal,21–23 non-existent,24,
25 or somewhat inverse association.26 The few studies that have also examined IL-6 have
not observed strong relationships.18, 22 To our knowledge, no studies have specifically
investigated sTNFR-2 in relation to risk.

Thus, to further elucidate the role of inflammation and anti-inflammatory drugs in relation to
colorectal carcinogenesis, we examined whether CRP, IL-6, or sTNFR-2 levels are
independently associated with risk of colorectal cancer in a nested case-control analysis
among women enrolled in the Nurses’ Health Study (NHS) who provided a blood sample at
baseline and were followed for 14 years. Because women provided aspirin/NSAID data both
before and after collection of plasma, we also had the unique opportunity to prospectively
evaluate the relationship between baseline levels of inflammatory markers and subsequent
response to aspirin and NSAIDs on risk of colorectal cancer.

METHODS
Study Participants

Participants were drawn from the NHS, which began in 1976 when 121,701 U.S. female
registered nurses, aged 30 to 55 years, completed a mailed questionnaire about their health
history. We have mailed follow-up questionnaires to the participants every 2 years to update
information on lifestyle factors, medication usage, and diagnoses of colorectal cancer and
other diseases. In 1989 through 1990, we collected a blood specimen from 32,826
participants.27 As previously detailed,28 women who provided a blood specimen were
generally similar to women who did not; however, the proportion of women who were
current smokers was lower among women who gave a blood specimen (14.4%) than among
women who did not (25.0%). Subsequent follow-up of this sub-cohort of women has been
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greater than 96%. The Human Research Committee at the Brigham and Women’s Hospital
and the Harvard School of Public Health approved this study.

Selection of Colorectal Cancer Cases and Control Participants
Eligible women for this study provided a blood specimen and were free from inflammatory
bowel disease or cancer (except non-melanoma skin). When a participant reported a
diagnosis of colorectal cancer, we asked for permission to obtain hospital records and
pathology reports. We identified deaths through the National Death Index and next-of-kin.
For all deaths, we sought information to determine the cause, including death certificates,
and, when appropriate, request permission from next-of-kin to review medical records.
Mortality follow-up was more than 98 percent complete.29, 30 Study physicians, blinded to
exposure data, reviewed all medical records to confirm cases of colorectal cancer. After
blood collection through June 1, 2004, we confirmed 286 incident cases of colorectal cancer.
Using risk-set sampling, we randomly selected controls in a 2:1 ratio who were matched on
year of birth and month/year of blood sampling (n=572) from participants who were free of
colorectal cancer at the same time the colorectal cancer was diagnosed in the cases.12 We
excluded 6 cases and 15 controls due to insufficient plasma volume. Thus, we included 280
cases and 555 control participants in the final analysis.

Laboratory Procedures
We sent a phlebotomy kit to all women willing to provide a blood specimen in 1989–1990.
After receipt by overnight courier, the chilled heparinized blood was immediately
centrifuged, aliquoted into plasma, and stored in continuously monitored liquid nitrogen
freezers. Over 97% of the blood samples arrived in our laboratory within 26 hours of
phlebotomy. Quality-control samples were routinely frozen along with study samples to
monitor for changes associated with storage and assay variability. To examine stability of
plasma biomarkers according to our storage techniques, we previously compared the
concentrations in samples taken from 17 female volunteers that were processed and plasma
frozen immediately after venipuncture (the standard processing methods) to samples that
were stored as heparinized whole blood for 24 to 36 hours before processing (mimicking our
collection conditions). The mean IL-6, CRP, and sTNFR-2 values were almost identical and
the intraclass correlations (ICC) between results of the two collection methods were 0.99 for
CRP, 0.93 for IL-6, 0.91 for sTNFR-2, demonstrating that our collection methods did not
adversely affect sample integrity.31

In a core laboratory facility, we used a highly sensitive immunoturbidimetric assay (Denka
Seiken Co.) to measure CRP and enzyme-linked immunosorbent assays (R & D Systems) to
measure IL-6 and sTNFR-2. Personnel blinded to quality control and case–control status
conducted all assays. The intra-assay coefficients of variations from blinded quality control
samples for each analyte were: CRP, 2.2%; IL-6, 10.6%; sTNFR-2, 6.7%.

Assessment of Aspirin/NSAID Use
Assessment of aspirin and NSAID use in the NHS has been described in detail previously.
Briefly, since 1980, we assessed intake of aspirin biennially except in 1986 with specific
questions on the number of standard aspirin tablets (325 mg) taken. Women were
specifically asked to record their typical pattern of aspirin use in most weeks over the prior
2-year period. Early in the study, most women used standard-dose aspirin tablets of 325 mg;
however, to reflect overall secular trends in consumption of low-dose, or baby aspirin,
questionnaires after 1992 asked participants to convert intake of four baby aspirin to one
adult tablet. Beginning in 1990, we also asked about the use of “other anti-inflammatory
drugs (e.g. Ibuprofen, Naprosyn, Advil)” which we classified as NSAIDs.1, 3, 32 There were
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no important differences in baseline characteristics comparing regular aspirin users with
NSAID users.

Statistical Analysis
We first calculated means (± standard deviation [SD]), medians (± interquartile ranges
[IQR]), and proportions of baseline characteristics for the case subjects and control subjects
at the time of blood draw. We used Wilcoxon signed-rank and χ2 tests for comparisons of
the means and proportions of the baseline characteristics. We calculated Spearman
coefficients to estimate the correlation between mean levels of plasma biomarkers and
lifestyle factors. We divided the inflammatory markers into quartiles, from the lowest to
highest levels, on the basis of the distribution among the controls. Because postmenopausal
hormone use elevates CRP levels,33 consistent with prior studies we categorized women into
quartiles of CRP based on the CRP distribution among never users or ever users of
postmenopausal hormones at baseline.26 We estimated relative risks (RR) and
corresponding 95% confidence intervals (CI) for associations between quartile-specific
markers using logistic regression models. Tests for trend were conducted using the median
values for each quartile of plasma biomarker as a continuous variable in the regression
models. We obtained similar results using conditional logistic regression models or
unconditional logistic regression models adjusting for matching factors. Because both
analyses provided similar results, we present the results of unconditional logistic regression,
which parallel the results in the subgroup analyses. We also examined the possibility of a
non-linear association between each plasma analyte and colorectal cancer risk using
restricted cubic splines.34 We selected 3 knots splines, consistent with prior analyes in this
cohort and the frequency distribution of each analyte.35 We tested for overall significance of
the spline curve using a likelihood ratio test that compared the −2 log likelihood of a model
with the analytes expressed as spline terms with that of a model without these terms (only
the covariates).

In our multivariate model, we further adjusted for known or suspected risk factors for
colorectal cancer listed in Table 1. We have previously shown each of these covariates to be
related to colorectal cancer within the overall cohort from which this study was nested.1 To
reflect participant characteristics at the time of the measurement of the plasma biomarker,
we used baseline data for all lifestyle covariate data at the time of blood collection. For our
analyses evaluating the influence of aspirin/NSAID use after measurement of plasma
biomarkers, we derived aspirin and NSAID use data from the biennial questionnaire after
blood collection. Consistent with our prior analyses, regular aspirin use was defined as at
least 2 standard (325-mg) aspirin tablets/week and NSAID use was defined as at least 2
tablets/week.1–3 Consistent with prior analyses in this cohort,36 we assessed additive
interaction based on the work of Rothman which showed that independent risk factors
adhere to an additive model and biological interaction results in the departure from
additivity.37–39 We also assessed multiplicative interaction by using a cross-product term.
We used SAS, version 9.1.3 (Cary NC), for all analyses. All P-values are two-sided.

RESULTS
The baseline characteristics of the 280 colorectal cancer case and 555 matched control
participants at the time of blood collection are presented in Table 1. The mean age of the
study cohort was 59.3 years at the time of blood draw. The median values of baseline
plasma CRP were 1.24 mg/L among 224 control women who never used post-menopausal
hormones and 1.99 mg/L among 331 control women who had ever used post-menopausal
hormones (p<0.0001). For IL-6, the corresponding median values were 1.22 pg/ml for
women who never used post-menopausal hormones and 1.23 for women who had ever used
(p=0.88). For sTNFR-2, the corresponding median values were 2598 pg/ml for women who
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never used post-menopausal hormones and 2502 pg/ml for women who had ever used
(p=0.13). Overall, women who were subsequently diagnosed with colorectal cancer were
significantly less likely to have used postmenopausal hormones (p=0.03) and had non-
significantly higher levels of baseline plasma sTNFR-2 (p=0.07). Plasma levels of CRP
(among women who never used postmenopausal hormones) and IL-6 did not appear to
significantly differ between cases and controls (p=0.24 for CRP and p=0.44 for IL-6).

The Spearman correlation coefficients between plasma inflammatory markers, age, body-
mass index (BMI), and metabolic equivalent task score hours (MET-hrs) per week of
physical activity are shown in Table 2. Plasma inflammatory markers directly correlated
with age and BMI and negatively correlated with physical activity. Levels of plasma CRP
appeared to correlate more strongly with levels of IL-6 than sTNFR-2.

We examined the relationship between baseline plasma inflammatory markers and risk of
colorectal cancer based on the quartile distribution of each marker in the controls (Table 3).
Consistent with prior studies and the known effect of post-menopausal hormones in raising
CRP levels, we assigned quartile categories of CRP according to separate cutpoints derived
for women who never used hormones and women who ever used hormones. The highest
quartile of plasma sTNFR-2 compared to the lowest quartile was significantly associated
with colorectal cancer, even after adjustment for other traditional lifestyle and dietary risk
factors (multivariate RR, 1.67; 95% CI, 1.05–2.68; ptrend=0.03). In contrast, there was no
association observed comparing extreme quartiles for CRP (multivariate RR, 0.65; 95% CI,
0.40–1.05; ptrend=0.17) or IL-6 (multivariate RR, 1.18; 95% CI, 0.75–1.85; ptrend=0.55).

We also examined the possibility of a nonlinear relation between each plasma marker and
colorectal cancer using restricted cubic splines. This flexible method allowed us to examine
the relation to colorectal cancer risk without any categorization of each plasma marker or an
assumption of linearity. A test for overall significance of the curve demonstrated a
significant relationship between colorectal cancer and plasma sTNF-R2 (p=0.02; Figure 1).
In contrast, there was no significant association between colorectal cancer and CRP (p=0.32;
Figure 2) or IL-6 (p=0.49; Figure 3). Based on these analyses, we calculated multivariate
RRs at specific values on the spline plots that have been previously shown to be clinically
relevant. Because no prior studies have examined sTNF-R2 in relation to colorectal cancer,
we selected a plasma level that has been previously associated with risk of coronary heart
disease in this cohort.12 A plasma sTNF-R2 level of 3408 pg/mL was associated with a
multivariate RR of colorectal cancer of 1.92 (95% CI, 1.12–3.30). In addition, for sTNF-R2,
the relationship with colorectal cancer appeared linear; a 100 pg/mL increase in sTNF-R2
was associated with a multivariate RR of colorectal cancer of 1.04 (95% CI, 1.01–1.08).
Prior studies have related IL-6 to risk of total cancer;18 a plasma IL-6 level of 3.0 pg/mL
was associated with a multivariate RR of colorectal cancer of 1.25 (95% CI, 0.72–2.17) in
our cohort. Finally, for CRP, we selected a value that has been specifically associated with
risk of colorectal cancer;16 a plasma CRP level of 5.33 mg/L was associated with a
multivariate RR of colorectal cancer of 0.58 (95% CI, 0.33–1.01) in our cohort.

To address the potential bias that undiagnosed colorectal cancer itself could influence levels
of plasma inflammatory markers at the time of blood collection, we excluded incident cases
of colorectal cancer that were diagnosed within 2 years of follow-up. The multivariate RR of
colorectal cancer for the highest quartile of plasma sTNFR-2 compared to the lowest quartile
was not materially changed (multivariate RR, 1.61; 95% CI, 0.98–2.62; ptrend=0.04). There
remained no significant association between plasma CRP (ptrend=0.08) or plasma IL-6
(ptrend=0.86) after excluding cases within 2 years of blood collection.
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We conducted analyses (including spline-based models) of plasma inflammatory markers
according to selected subgroups, including age, BMI, aspirin/NSAID use, multivitamin use,
or folate intake at the time of blood collection. For each marker, there were no significant
differences in the associations we observed within each subgroup, including those who were
nonusers of aspirin/NSAIDs and those who were regular users of aspirin/NSAIDs at the time
of blood draw. We also performed analyses adjusting for the presence of coronary heart
disease or diabetes mellitus and our results were not materially altered. Because current use
of post-menopausal hormones increases plasma CRP levels, we also conducted separate
spline-based analyses of CRP using a model that did not include a term for current use of
post-menopausal hormones. The spline plot was essentially unchanged; a test for overall
significance of the curve relating CRP to colorectal cancer remained non-significant
(p=0.15; supplementary Figure 1). In addition, we observed consistent results for spline
analyses conducted among women who currently used post-menopausal hormones (p=0.75;
supplementary Figure 2) and women who did not currently use post-menopausal hormones
(p=0.44; supplementary Figure 3).

We have previously shown that aspirin and NSAID use in this cohort is associated with a
lower risk of colorectal cancer.1, 3 Thus, in an exploratory analysis, we considered the
possibility that initiating aspirin or NSAID use may be differentially associated with risk of
colorectal cancer according to baseline levels of sTNFR-2 among the 286 women who were
not using aspirin or NSAIDs at the time of blood draw (Table 4). Among women with high
baseline levels of plasma sTNFR-2 (≥ median), women who began using aspirin (≥2
standard 325-mg tablets/week) or NSAIDs (≥2 tablets/week) after blood collection had a
multivariate RR of colorectal cancer of 0.39 (95% CI, 0.18–0.86). In contrast, among
women with low baseline plasma sTNFR-2 (< median), women who began using aspirin or
NSAIDs had a multivariate RR of colorectal cancer of 0.86 (95% CI, 0.41–1.79). A formal
test of additive interaction between sTNF-R2, use of aspirin/NSAIDs, and risk of colorectal
cancer was statistically significant (p=0.03). A formal test of multiplicative interaction
between sTNF-R2, use of aspirin/NSAIDs and risk of colorectal cancer approached
statistical significance (P=0.10).

DISCUSSION
Our results demonstrate an association between baseline plasma sTNFR-2, but not CRP or
IL-6, and subsequent risk of colorectal cancer. Moreover, the inverse association between
regular aspirin and NSAID use on risk of colorectal cancer appeared to be restricted to
women with high baseline levels of sTNFR-2. To our knowledge, this study is the first to
directly examine the role of sTNFR-2 in relation to risk of colorectal cancer.

Our data support a role for chronic inflammation in the pathogenesis of sporadic colorectal
cancer, but suggest that circulating biomarkers of inflammation have varying ability to
predict risk of incident cancer. Specifically, we did not find an association between
colorectal cancer and CRP or IL-6, consistent with several other studies.18, 21–26 In contrast,
prior studies have observed an increased risk of colorectal cancer associated with CRP.15–19

Each of these positive studies examined populations that included a significant proportion of
men, with the strongest associations observed in a cohort comprised entirely of male
smokers.15 In contrast, our null results for CRP and colorectal cancer were most consistent
with those observed in the only other cohort comprised entirely of women.26 Thus, it is
possible that some of the divergent results across studies of CRP may be related to sex. In
support of this hypothesis, several studies have demonstrated significant differences in the
inflammatory marker profile among women compared with men.12, 40 Animal data also
demonstrate sex-based differences in cytokines associated with inflammation-related
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cancers.41 Nonetheless, the precise reasons for the different results for CRP and colorectal
cancer across studies remain largely speculative.

Although our results for CRP and IL-6 were null, we did find an association between
sTNFR-2 and risk of colorectal cancer. In support of our findings, previous studies in this
cohort have shown that sTNFR-2 is associated with risk of coronary heart disease and
diabetes mellitus,10, 12, 42 conditions related to systemic inflammation and also associated
with risk of colorectal cancer.13, 14 sTNFR-2 is considered a reliable surrogate marker for
tumor necrosis factor-α (TNF-α) since it is more stable in stored frozen samples and less
influenced by diurnal variation.11, 43–47 Compared with CRP and IL-6, sTNFR-2 may be
more strongly associated with colorectal cancer since TNF-α not only independently
promotes cellular proliferation and inhibits apoptosis, but is also a key upstream regulator of
CRP and IL-6.48 Thus, sTNFR-2 may be a superior marker of the specific pro-inflammatory
milieu that predisposes to long-term development of cancer. Moreover, sTNFR-2 may also
be a biomarker of deranged insulin resistance pathways through TNF-α-mediated inhibition
of insulin signaling. Insulin resistance may represent an independent mechanistic pathway
which promotes colorectal carcinogenesis.49

Our results for sTNFR-2 are also consistent with findings from the North Carolina Diet and
Health Study (DHS). In this cross-sectional study, TNF-α levels were positively associated
with prevalent colorectal adenomas.50 However, our findings contrast with a secondary
analysis of a clinical trial of aspirin and/or folic acid in the prevention of recurrent colorectal
adenomas. 51 In that study, changes over three years in plasma levels of sTNFR-2 were not
associated with adenoma recurrence among high-risk patients with prior adenoma. The
discordant findings in the aspirin trial compared with our study or the DHS may reflect the
inability of inflammatory markers to determine risk of recurrent adenoma rather than initial
adenoma or cancer.

We also observed that initiation of aspirin or NSAIDs was more strongly associated with
lower risk of colorectal cancer among women with high levels of baseline sTNFR-2 than
among women with low levels of sTNFR-2. This supports the hypothesis that aspirin and
NSAIDs, at least in part, reduce risk of colorectal neoplasia through anti-inflammatory
pathways. This is consistent with prior findings in this cohort in which we observed that
aspirin use specifically reduced risk of colorectal cancers that over-expressed the pro-
inflammatory COX-2 (PTGS2) isoenzyme.3 Other data examining the role of inflammatory
markers in determining responsiveness to anti-inflammatory drugs are limited. Most prior
studies relating anti-inflammatory drug use to inflammatory markers only examined drug
exposure at the time of blood collection.15, 16, 18, 19, 21, 50 However, it is difficult to
interpret these studies since the concurrent use of aspirin and NSAIDs directly influences the
baseline level of inflammatory markers,50, 51 precluding an evaluation of the effect of these
drugs according to pre-treatment levels. In the clinical trial of aspirin/folic acid neither
baseline levels nor changes in post-treatment levels of sTNFR-2 modified the association of
aspirin treatment with risk of recurrent adenoma.51 However, these results may reflect the
potential limitation of using sTNFR-2 levels among high-risk patients with established
neoplasia. Moreover, the doses of aspirin used by the women in our study (mean=7 standard
aspirin tablets/week) were considerably higher than the aspirin dose (81 mg/day) that was
effective in preventing recurrence in this randomized trial.1, 52 Finally, sTNFR-2 may
influence the effect of aspirin/NSAID use on initial risk of invasive cancer but not recurrent
adenoma.

The strengths of our study include its prospective design and high follow-up rate. Our
measures of plasma inflammatory markers before diagnosis of cancer minimize potential
bias related to elevation of these markers by the cancer itself. Moreover, because our risk
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estimates were essentially unchanged after excluding cases within 2 years of blood draw,
our results are unlikely to be related to occult malignancy. We also had prospectively
collected data on aspirin/NSAID use as well as potential lifestyle factors that could
confound the relationship between colorectal cancer and inflammation. Notably, our
associations between aspirin/NSAID use and risk of colorectal cancer have been validated
by the results of randomized control trials.53 Finally, because we obtained data on aspirin/
NSAID use both before and after blood collection, we were able to disentangle the effect of
concurrent anti-inflammatory drug use on inflammatory marker levels with the specific
influence of these drugs on colorectal cancer risk among treatment-naïve individuals.

We acknowledge several limitations to our study. First, we obtained only one baseline
measure of inflammatory markers. However, others have shown that these markers are
generally consistent over several years among the same individual.25, 54 Moreover,
intraindividual variation in levels over time would tend to attenuate our observed
associations.54, 55 Second, plasma inflammatory markers are likely to be a relatively non-
specific assessment of the tissue-specific inflammatory pathways most relevant for
colorectal carcinogenesis. Third, our cohort was comprised entirely of women. Thus,
additional studies are needed to generalize our findings to men. Fourth, because our cohort
was a case-control study of incident colorectal cancer nested within a prospective cohort,
our study design did not permit an examination of adenoma, colorectal cancer-specific
mortality, overall mortality, or the adverse consequences of aspirin use. However, we have
previously shown significant relationships between aspirin use and risk of adenoma,
colorectal-cancer specific mortality, overall mortality, and cardiovascular and
gastrointestinal side effects in detailed, separate analyses of the larger cohort.32, 56–59

Finally, we cannot exclude the possibility that our associations with sTNFR-2 may reflect
residual confounding resulting from imperfectly measured lifestyle risk factors. However,
even if sTNFR-2 is not causally related to colorectal carcinogenesis, this would not diminish
its potential as a surrogate biomarker for relevant pro-inflammatory, pro-carcinogenic
lifestyle factors or exclude inflammation as a mechanistic basis for colorectal cancer.

In conclusion, plasma sTNFR-2, but not CRP or IL-6 is associated with the development of
colorectal cancer. Anti-inflammatory drugs appear to reduce risk of colorectal cancer among
women with high baseline levels of sTNFR-2 but not among women with low levels of
sTNFR-2. Although these results should be viewed as exploratory and require confirmation,
they support a role for chronic inflammation in colorectal cancer pathogenesis and the
potential of using inflammatory markers to define subsets of the population that may obtain
differential benefit from anti-inflammatory drugs.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Restricted cubic spline plot for sTNF-R2 and risk of colorectal cancer. Relative risk (RR) of
colorectal cancer is plotted according to plasma sTNF-R2 (pg/mL). Hatched lines represent
95% confidence intervals (CI). Spline was adjusted for the same factors as the multivariate
model in Table 3. A test for overall significance of the curve was statistically significant
(p=0.02).

Chan et al. Page 13

Gastroenterology. Author manuscript; available in PMC 2012 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Restricted cubic spline plot for CRP and risk of colorectal cancer. Relative risk (RR) of
colorectal cancer is plotted according to plasma CRP (mg/L). Hatched lines represent 95%
confidence intervals (CI). Spline was adjusted for the same factors as the multivariate model
in Table 3. A test for overall significance of the curve was non-significant (p=0.32).
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Figure 3.
Restricted cubic spline plot for IL-6 and risk of colorectal cancer. Relative risk (RR) of
colorectal cancer is plotted according to plasma IL-6 (pg/mL). Hatched lines represent 95%
confidence intervals (CI). Spline was adjusted for the same factors as the multivariate model
in Table 3. A test for overall significance of the curve was non-significant (p=0.49).
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Table 1

Baseline characteristics of study participants

Baseline characteristic Case participants (N = 280) Control participants (N = 555)

Mean age at blood draw, years (SD) 59.3 ± 6.6 59.3 ± 6.6

Nonwhite (%) 9 (3) 6 (1)

Current or past smoker No. (%) 161 (56) 317 (57)

Post-menopausal, No. (%) 244 (87) 490 (88)

 Current use of hormones, No, (%) 1 86 (35) 213 (44)

Body mass index, mean (SD) 26.0 (6.0) 25.5 (5.8)

Physical activity, mean (SD) 2 19.1 (19.7) 17.4 (18.6)

Regular aspirin use (≥2 325-mg tablets/week), No. (%) 114 (41) 253 (46)

Regular NSAID use (≥2 tablets/week), No. (%) 43 (15) 107 (19)

Multivitamin use, No. (%) 102 (36) 208 (37)

Colorectal cancer in a parent or sibling 40 (14) 72 (13)

History of previous endoscopy, No. (%) 34 (12) 89 (16)

History of colon polyp, No. (%) 21 (8) 25 (5)

 Calcium, mg/day 995 (546) 1069 (573)

 Folate, mg/day 436 (277) 470 (238)

 Beef, pork, or lamb as main dish, servings/day 0.30 (0.18) 0.30 (0.17)

 Alcohol, g/day 5.8 (9.9) 5.4 (9.6)

C-reactive protein (mg/L), median (IQR) 3 1.02 (0.59–2.29) 1.24 (0.55–3.14)

Interleukin-6 (pg/ml), median (IQR) 1.28 (0.86–2.05) 1.22 (0.84–1.98)

sTNF-R2 (pg/mL), median (IQR) 2636 (2202–3083) 2528 (2116–2997)

1
Percentage is among post-menopausal women.

2
METs – metabolic equivalent task score hours per week.

3
Among 118 case participants and 224 control participants who never used postmenopausal hormones
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Table 4

Relative risk of colorectal cancer according to initiation of regular aspirin or NSAID use after blood draw,
stratified by sTNF-R2 level 1

Characteristic Non-user after blood draw Regular user after blood draw

All sTNF-R2 levels

 No. of cases/controls 109/177 34/84

 Age-adjusted RR (95% CI) 2 1.00 0.65 (0.41–1.04)

 Multivariable-adjusted RR (95% CI) 3 1.00 0.67 (0.41–1.09)

sTNF-R2 ≥ median (2636 pg/ml)

 No. of cases/controls 59/83 15/43

 Age-adjusted RR (95% CI) 2 1.00 0.49 (0.25–0.97)

 Multivariable-adjusted RR (95% CI) 3 1.00 0.39 (0.18–0.86)

sTNF-R2 < median (2636 pg/ml)

 No. of cases/controls 48/94 19/41

 Age-adjusted RR (95% CI) 2 1.00 0.91 (0.48–0.74)

 Multivariable-adjusted RR (95% CI) 3 1.00 0.86 (0.41–1.79)

1
This analysis was restricted to the 404 participants who denied regular use of aspirin (≥2 standard 325-mg tablets/week) or NSAIDS (≥2 tablets/

week) on the most recent questionnaire prior to blood draw. Non-users after blood draw denied regular use of aspirin on any questionnaire after
blood draw but prior to diagnosis. Regular users after blood draw reported regular use after the most recent questionnaire after blood draw but prior
to diagnosis.

2
Age-adjusted models including adjustment for matching factors (age at blood draw, date of blood draw).

3
Multivariate relative risks and 95% CI were adjusted for the same factors as the multivariate model in Table 3 with the exception of regular use of

aspirin/NSAIDs.
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