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Abstract
Chronic inflammation may play a role in the development of pancreatic cancer. However, few
prospective studies have examined the association between plasma inflammatory markers and
pancreatic cancer risk. Therefore, we investigated the association of prediagnostic circulating C-
reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor-α-receptor II (TNF-αR2)
with subsequent pancreatic cancer risk in a prospective, nested case-control study of 470 cases and
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1094 controls from Health Professionals Follow-up Study, Nurses’ Health Study, Physicians’
Health Study, Women’s Health Initiative, and Women’s Health Study. The median follow-up time
of cases was 7.2 years (range 1-26 years). No association was observed between plasma CRP, IL6,
and TNF-αR2 and risk of pancreatic cancer. Comparing extreme quintiles, the multivariate ORs
were 1.10 (95% CI, 0.74-1.63; Ptrend= 0.81) for CRP, 1.19 (95% CI, 0.81-1.76; Ptrend = 0.08) for
IL6, and 0.88 (95% CI, 0.58-1.33; Ptrend = 0.57) for TNF-αR2. In conclusion, pre-diagnostic
levels of circulating CRP, IL6, and TNF-αR2 were not associated with risk of pancreatic cancer,
suggesting that systemic inflammation as measured by circulating inflammatory factors is unlikely
to play a major role in the development of pancreatic cancer.

INTRODUCTION
Chronic inflammation may promote cancer development through several mechanisms,
including enhanced cellular proliferation and mutagenesis, poor adaptability to oxidative
stress, promotion of angiogenesis, and inhibition of apoptosis (1, 2). Certain chronic
inflammatory conditions, such as chronic pancreatitis, obesity, and type-2 diabetes,
predispose to pancreatic cancer (3-5). In addition, pancreatic cancer induces a strong
desmoplastic reaction that provides inflammatory mediators and growth factors to support
tumor growth and metastases (6-8). However, the inflammatory mediators that promote
pancreatic cancer development remain poorly defined.

Several inflammatory markers may play a direct pathogenic role in the development of
pancreatic cancer or act as surrogate biomarkers, including C-reactive protein (CRP),
interleukin-6 (IL6), and tumor necrosis factor-α (TNF-α). CRP is a biomarker increasingly
used in cardiovascular screening (9, 10), and plasma CRP levels are increased in obesity,
impaired glucose tolerance, and metabolic syndrome (11). IL6 and TNF-α are cytokines that
play important roles in triggering the inflammatory response, and are associated with risk
factors for pancreatic cancer, such as obesity, insulin resistance and diabetes mellitus
(12-15). Interestingly, these inflammatory cytokines are expressed by pancreatic cancer cells
and surrounding stroma, and have been noted to facilitate tumor cell growth and metastases
(6-8, 16-18). Prospective studies have demonstrated that elevated levels of CRP, IL6, and
TNF-α may be linked to higher risk of cancer (19-21).

Several small, hospital-based case-control studies showed that pancreatic cancer cases had
higher levels of CRP, IL6, and TNF-α/receptors than controls (22-25). Although a strong
rationale exists to suspect a role for inflammatory cytokines in pancreatic cancer
pathogenesis, few prospective epidemiologic studies have examined the association of
pancreatic cancer risk with CRP (21, 26, 27), IL6 (27), or TNF-α receptors (27). We
therefore examined the association between pre-diagnostic plasma CRP, IL6, and TNF-α
receptor 2 (TNF-αR2, TNFRSF1B) and subsequent risk of pancreatic cancer in five U.S.
prospective cohorts with up to 26 years of follow-up.

MATERIALS AND METHODS
Study Participants

We pooled the primary data from five U.S. prospective cohorts. The Health Professionals
Follow-up Study (HPFS) enrolled 51,529 male health professionals aged 40-75 years in
1986. The Nurses’ Health Study (NHS) enrolled 121,700 female nurses aged 30-55 years in
1976. The Physicians’ Health Study I (PHS I) is a randomized clinical trial of aspirin and β-
carotene and enrolled 22,071 healthy male physicians aged 40-84 years in 1982. The aspirin
component of the trial ended in 1988, while the β-carotene component ended in 1995, and
participants are followed as an observational cohort. The Women’s Health Initiative (WHI)-
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Observational Study enrolled 93,676 postmenopausal women aged 50-79 years between
1994 and 1998. The Women’s Health Study (WHS) is a randomized clinical trial of low-
dose aspirin and vitamin E and enrolled 39,876 healthy female health professionals aged
≥45 years between 1992 and 1995. The trial was completed in 2004 and participants are
followed as an observational cohort.

Individual characteristics and habits, including age at blood draw, sex, race/ethnicity,
weight, height, smoking status, physical activity, history of diabetes, and current
multivitamin use, were obtained from the baseline questionnaires at enrollment in PHS I,
WHI, and WHS and from the questionnaires preceding the date of blood draw in HPFS and
NHS. Details of these cohorts have been described previously (28-32). The current study
was approved by the Human Research Committee at the Brigham and Women’s Hospital,
Boston, MA, and participants provided informed consent.

Blood Collection and Plasma Assays
Blood samples were collected from 18,225 men in HPFS from 1993-1995, 32,826 women in
NHS from 1989-1990, 14,916 men in PHS from 1982-1984, 93,676 women in WHI from
1994-1998, and 28,345 women in WHS from 1992-1995. Details on blood draw,
transportation, and storage of plasma samples have been described previously (33-37).

Plasma CRP, IL6, and TNF-αR2 were measured in the laboratory of Dr. Nader Rifai
(Children’s Hospital, Boston, MA), using reagents from Roche Diagnostics (Indianapolis,
IN). Of note, we measured TNF-αR2 because TNF-αR2 has greater stability in plasma than
TNF-α, and acts as a comprehensive measure of TNF-α pathway activation (38). In
previous studies, we demonstrated that TNF-αR2 levels were correlated with adiposity (39)
and predicted the risk of diabetes (40) and coronary heart disease.(41)

All samples for CRP, IL6, and TNF-αR2 were handled identically in a single batch.
Laboratory personnel were blinded to case, control, or quality control status. The mean
intra-assay coefficients of variance for each assay were ≤10% for blinded, replicate, quality
control samples.

Pancreatic cancer cases and matched controls
We included cases of pancreatic adenocarcinoma diagnosed through 2008 among
participants who had provided blood samples and no prior history of cancer, except non-
melanoma skin cancer. Incident cases were identified by self-report or during follow-up of a
participant’s death. Deaths were ascertained from next-of-kin or the U.S. postal service and
by searching the National Death Index. This method has been shown to capture >98% of
deaths.(42) Medical records of the cases were requested and reviewed by study physicians
blinded to exposure data. Over 99% of cases in this study were confirmed by review of
medical records, tumor registry data, or death certificates.

Eligible controls were cohort participants who provided a blood sample and were alive and
free of cancer at the date of the case’s diagnosis. We randomly selected up to 3 controls for
each case, matching on year of birth, prospective cohort (which concurrently matched on
sex), smoking status (never, past, current), fasting status (fasting, non-fasting), and month of
blood draw.

For the present analysis, 491 pancreatic cancer cases and 1137 matched controls were
available. For the analyses of CRP and TNF-αR2, 2 cases and 1 control were removed due
to failure of the assay, and for those 2 cases, we also removed their matched controls (n=4).
For the analysis of IL6, 10 cases and 23 control were removed due to failure of the assay,
and for those 10 cases, we removed their matched controls (n=17). Due to concern regarding
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the possible influence of subclinical malignancy on body-mass index, lifestyle choices and
plasma markers levels, we further excluded pancreatic cancer cases diagnosed within 1 year
of blood draw (n=19) and their matched controls (n=38). Therefore, for the analyses of CRP
and TNF-αR2, we had a total of 470 cases (HPFS: 74; NHS: 103; PHS: 70; WHI: 194;
WHS: 29) and 1094 controls (HPFS, 180; NHS, 307; PHS I, 173; WHI, 380; WHS, 54); for
the analysis of IL6, we had a total of 462 cases (HPFS: 74; NHS: 95; PHS: 70; WHI: 194;
WHS: 29) and 1059 controls (HPFS, 180; NHS, 275; PHS I, 170; WHI, 380; WHS, 54). The
median follow-up time of cases was 7.2 years (range 1-26 years).

Statistical Analysis
We pooled the primary data from five cohorts. Participants were categorized into quintiles
based on the distributions among all controls. We additionally performed separate analyses
in men and women using gender-specific quintiles. For analysis of CRP and pancreatic
cancer risk, we also used the cutoff points proposed in clinical guidelines for cardiovascular
disease, and categorized participants into CRP levels of less than 1, 1 to 3, and greater than 3
mg/L.(43)

To compute odds ratios (ORs) and 95% confidence intervals (CIs), we used conditional
logistic regression conditioned on the matching factors including year of birth, prospective
cohort (HPFS, NHS, PHS I, WHI, WHS, which concurrently matched on sex), smoking
status (never, past, current), fasting status (fasting, non-fasting), and month of blood draw.
In multivariate models, we adjusted for established or suspected risk factors of pancreatic
cancer including race (White, Black, other), history of diabetes mellitus (yes, no), body mass
index (BMI, <18.5, 18.5–24.9, 25–29.9, ≥30 kg/m2), physical activity (quartiles), current
multivitamin use (yes, no), plasma 25(OH)D levels (quartiles), and plasma C-peptide levels
(quartiles). In no instance did including any of these covariates change the estimate by more
than 10%. P values for trend were calculated by the Wald test of a score variable that
contained median values of quintiles.

To evaluate whether the associations between inflammatory markers and pancreatic cancer
risk were linear, we compared the model fit including linear and cubic spline terms selected
by a stepwise regression procedure to the model fit with only the linear term using the
likelihood ratio test.(44) Additional analyses in which plasma markers were modeled as a
continuous variable were conducted if the nonparametric regression curves showed that the
associations of pancreatic cancer risk with plasma markers were consistent with linear
associations.

We also conducted a meta-analysis of individual study data. We calculated ORs for each
cohort and then pooled these cohort-specific ORs to compute a summary OR using the
DerSimonian and Laird random effects model.(45) Heterogeneity across studies was tested
using the Q statistic.(45)

To examine whether the associations between inflammatory markers and risk of pancreatic
cancer were modified by other risk factors of pancreatic cancer, we conducted preplanned
subgroup analyses using unconditional logistic regression adjusted for the matching factors
and other relevant covariates. We examined the association in subgroups defined by sex, age
at blood draw, follow-up time of cases, smoking status, BMI, and physical activity. Tests for
interaction were performed by the Wald test of cross-product terms. To test the robustness of
our results, we conducted a sensitivity analysis excluding individuals with diabetes. To
further mitigate any effect of subclinical pancreatic cancer on plasma biomarker levels, we
did additional analyses excluding pancreatic cancer cases diagnosed within 2 or 4 years from
the date of blood draw. Finally, we repeated the analyses after inflammatory biomarkers
were log-transformed to improve normality. All statistical analyses were performed with the
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SAS 9.1 statistical package (SAS Institute, Cary, North Carolina) and all P values are two
sided.

RESULTS
Median plasma level was higher in cases versus controls for IL6 (1.5 vs 1.2 pg/mL,
P=0.002), and not as apparent for CRP (1.8 vs 1.6 mg/L, P=0.15) and TNF-αR2 (2.7 vs 2.6
mg/mL, P=0.23). Among controls, CRP levels and IL6 levels were highly correlated
(Spearman’s rank correlation coefficient r=0.47); we observed moderate correlations
between CRP levels and TNF-αR2 levels (r=0.24) and between IL6 levels and TNF-αR2
levels (r=0.26). Individuals in the upper quintiles of these inflammatory markers were older;
more likely to be female, current smokers, or have diabetes; less likely to exercise; and had
higher BMI and C-peptide levels (Table 1).

No association was observed between plasma CRP, IL6, and TNF-αR2 and risk of
pancreatic cancer. Comparing extreme quintiles, the multivariate ORs were 1.10 (95% CI,
0.74-1.63; Ptrend= 0.81) for CRP, 1.19 (95% CI, 0.81-1.76; Ptrend = 0.08) for IL6, and 0.88
(95% CI, 0.58-1.33; Ptrend = 0.57) for TNF-αR2 (Table 2). There was no statistically
significant heterogeneity due to sex (for the multivariate ORs of quintile 5, men vs women,
Pheterogeneity = 0.40 for CRP, 0.09 for IL6, and 0.49 for TNF-αR2) and no association was
observed between any of these inflammatory markers and pancreatic cancer risk among men
and among women (Supplemental Table 1). The results were virtually unchanged when we
excluded cases diagnosed within 2 years or 4 years from the date of blood draw, or limited
to non-diabetics (Supplemental Table 2).

Spline analyses showed that the associations of pancreatic cancer risk with CRP, IL6, and
TNF-αR2 were consistent with linear associations (Pnonlinear = 0.28 for CRP, 0.19 for IL6,
and 0.57 for TNF-αR2). In additional analyses with plasma markers modeled as continuous
variables, the multivariate ORs for an increment of one unit was 0.99 (95% CI, 0.98-1.01)
for CRP, 1.01 (95% CI, 0.99-1.04) for IL6, and 0.92 (95% CI, 0.82-1.04) for TNF-αR2
(Table 2).

We observed similar odds ratios when analyzing each cohort separately (Supplemental
Table 3), with no statistically significant heterogeneity across studies (P = 0.42 for CRP,
0.23 for IL6, and 0.40 for TNF-αR2). In a meta-analysis pooling the cohort-specific ORs, an
increment of one unit for CRP had an OR of 0.99 (95% CI, 0.97-1.02); for IL-6, 1.00 (95%
CI, 0.96-1.04); and for TNF-αR2, 0.95 (95% CI, 0.82-1.09).

For analysis of CRP, we further categorized participants using the cutoff points proposed in
clinical guidelines for cardiovascular disease (43). Comparing to CRP level less than 1 mg/
L, the multivariate ORs of pancreatic cancer were 0.92 (95% CI, 0.69-1.23) for CRP level of
1 to 3 mg/L, and 1.07 (95% CI, 0.78-1.45) for CRP level of greater than 3 mg/L. We also
found no statistically significant interactions by sex, age at blood draw, follow-up time of
cases, smoking status, BMI, and physical activity (Supplemental Table 4). We repeated all
the analyses after inflammatory biomarkers were log-transformed, and observed similar
results.

DISCUSSION
In this large prospective study of 5 U.S. cohorts, pre-diagnostic plasma CRP, IL6, and TNF-
αR2 were not associated with risk of pancreatic cancer. Furthermore, there were no
associations between these biomarkers and pancreatic cancer risk in any of the subgroups
evaluated.
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The prospective design and high follow-up rates in this study minimize the possibility that
our null findings are due to selection bias or differential case ascertainment. Because we
excluded cases diagnosed within 1 year of blood draw, it is unlikely that disease status or
treatment may influence the biomarker levels (reverse causation). This concern was further
minimized by analyses that excluded cases diagnosed within 2 and 4 years after blood
collection. Our results are also unlikely to be explained by the cutoff points chosen because
we consistently found no associations by using quintile distribution of biomarkers among
controls, by using the cutoff points in clinical guidelines (for CRP), or by using biomarkers
as a continuous variable.

Confounding might be of minor importance in the present study as we matched cases and
controls on important risk factors of pancreatic cancer such as age and smoking, and then
adjusted for risk factors such as BMI, physical activity, and diabetes for a more complete
control for confounding.

Measurement error could potentially explain the lack of associations in this study.
Inflammatory markers were measured only once at baseline, therefore may not represent
long term levels. However, CRP, IL6, and TNF-αR2 levels have been shown to be stable
over time (46). Subgroup analyses also showed that the results for less than 7.2 years of
follow-up (median follow-up time of cases) were similar to those for 7.2 or more years of
follow-up. In addition, the single measurement of baseline CRP, IL6, and TNF-αR2 has
strongly predicted the risk for many diseases including diabetes (36, 40). Furthermore, we
attempted to reduce measurement error by measuring CRP, IL6, and TNF-αR2 in a single
laboratory as a single batch, and the coefficients of variance were low for blinded, replicate
quality control samples.

Our findings are consistent with previous studies examining plasma inflammatory markers
and pancreatic cancer risk. Three prospective studies examined pre-diagnostic CRP levels in
relation to pancreatic cancer risk (21, 26, 27). In the Alpha-Tocopherol, Beta-Carotene
Cancer Prevention Study (ATBC) cohort of male Finish smokers (26), a weak inverse
association was observed (OR, 0.94; 95% CI, 0.89–0.99), whereas no association was
observed in a small Greek prospective study (21), the Prostate, Lung, Colorectal and
Ovarian Cancer Screening Trial (PLCO) (26), or the European Prospective Investigation
into Cancer and Nutrition (EPIC) study (27). Only one prospective study has examined pre-
diagnostic IL6 and TNF-α receptors in relation to pancreatic cancer risk, and neither
biomarker was significantly associated with overall risk of pancreatic cancer (27), although
an inverse association was observed for TNF-αR1 among women.

In conclusion, our findings do not appear to support a positive association of pancreatic
cancer risk with pre-diagnostic plasma CRP, IL6 and TNF-αR2. Although local
inflammatory pathway activation appears play an important role in pancreatic
carcinogenesis (6-8), systemic inflammation as measured by circulating inflammatory
factors does not appear to represent a material predictor of risk.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.

Acknowledgments
The authors would like to thank the participants and staff of the Health Professionals Follow-up Study, Nurses’
Health Study, Physicians’ Health Study, Women’s Health Initiative and Women’s Health Study, for their valuable
contributions as well as the following state cancer registries for their help: AL, AZ, AR, CA, CO, CT, DE, FL, GA,

Bao et al. Page 6

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



ID, IL, IN, IA, KY, LA, ME, MD, MA, MI, NE, NH, NJ, NY, NC, ND, OH, OK, OR, PA, RI, SC, TN, TX, VA,
WA, WY.

Funding/Support:

The NHS and HPFS are supported by the National Cancer Institute, National Institutes of Health (Grants No. P01
CA87969, P01 CA55075, P50 CA127003, R01 CA124908). Brian Wolpin, MD, MPH is supported by NCI K07
CA140790, an American Society of Clinical Oncology Career Development Award, a Howard Hughes Medical
Institute Early Career Physician-Scientist Award, and the Lustgarten Foundation.

The PHS I is supported by grants CA 97193, CA 34944, CA 40360, HL 26490, and HL 34595 from the National
Institutes of Health (Bethesda, MD).

The WHI program is funded by the National Heart, Lung, and Blood Institute, National Institutes of Health, U.S.
Department of Health and Human Services through contracts N01WH22110, 24152, 32100-2, 32105-6, 32108-9,
32111-13, 32115, 32118-32119, 32122, 42107-26, 42129-32, and 44221. The authors thank the WHI investigators
and staff for their dedication, and the study participants for making the program possible. A full listing of WHI
investigators can be found at: http://www.whiscience.org/publications/WHI_investigators_shortlist.pdf.

The WHS is supported by grants CA047988, HL043851, and HL080467 from the National Institutes of Health
(Bethesda, MD).

REFERENCES
1. Shacter E, Weitzman SA. Chronic inflammation and cancer. Oncology (Williston Park). Feb; 2002

16(2):217–26. 29. discussion 30-2. [PubMed: 11866137]

2. Kundu JK, Surh YJ. Inflammation: Gearing the journey to cancer. Mutat Res. Jul-Aug;2008
659(1-2):15–30. [PubMed: 18485806]

3. Lowenfels AB, Maisonneuve P, DiMagno EP, Elitsur Y, Gates LK Jr. Perrault J, et al. International
Hereditary Pancreatitis Study Group. Hereditary pancreatitis and the risk of pancreatic cancer. J
Natl Cancer Inst. Mar 19; 1997 89(6):442–6. [PubMed: 9091646]

4. Everhart J, Wright D. Diabetes mellitus as a risk factor for pancreatic cancer. A meta-analysis.
JAMA. May 24-31; 1995 273(20):1605–9. [PubMed: 7745774]

5. Michaud DS, Giovannucci E, Willett WC, Colditz GA, Stampfer MJ, Fuchs CS. Physical activity,
obesity, height, and the risk of pancreatic cancer. JAMA. Aug 22-29; 2001 286(8):921–9. [PubMed:
11509056]

6. Farrow B, Evers BM. Inflammation and the development of pancreatic cancer. Surg Oncol. May;
2002 10(4):153–69. [PubMed: 12020670]

7. Farrow B, Sugiyama Y, Chen A, Uffort E, Nealon W, Mark Evers B. Inflammatory mechanisms
contributing to pancreatic cancer development. Ann Surg. Jun; 2004 239(6):763–9. discussion 9-71.
[PubMed: 15166955]

8. Farrow B, Albo D, Berger DH. The Role of the Tumor Microenvironment in the Progression of
Pancreatic Cancer. J Surg Res. Jan 10.2008

9. Ridker PM. Clinical application of C-reactive protein for cardiovascular disease detection and
prevention. Circulation. Jan 28; 2003 107(3):363–9. [PubMed: 12551853]

10. Scirica BM, Morrow DA. Is C-reactive protein an innocent bystander or proatherogenic culprit?
The verdict is still out. Circulation. May 2; 2006 113(17):2128–34. discussion 51. [PubMed:
16651484]

11. Ridker PM, Buring JE, Cook NR, Rifai N. C-reactive protein, the metabolic syndrome, and risk of
incident cardiovascular events: an 8-year follow-up of 14 719 initially healthy American women.
Circulation. Jan 28; 2003 107(3):391–7. [PubMed: 12551861]

12. Hotamisligil GS, Shargill NS, Spiegelman BM. Adipose expression of tumor necrosis factor-alpha:
direct role in obesity-linked insulin resistance. Science. Jan 1; 1993 259(5091):87–91. [PubMed:
7678183]

13. Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil GS. Protection from obesity-induced insulin
resistance in mice lacking TNF-alpha function. Nature. Oct 9; 1997 389(6651):610–4. [PubMed:
9335502]

Bao et al. Page 7

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.whiscience.org/publications/WHI_investigators_shortlist.pdf


14. Nathan C. Epidemic inflammation: pondering obesity. Mol Med. Jul-Aug;2008 14(7-8):485–92.
[PubMed: 18431463]

15. Naugler WE, Karin M. The wolf in sheep’s clothing: the role of interleukin-6 in immunity,
inflammation and cancer. Trends Mol Med. Mar; 2008 14(3):109–19. [PubMed: 18261959]

16. Masui T, Hosotani R, Doi R, Miyamoto Y, Tsuji S, Nakajima S, et al. Expression of IL-6 receptor
in pancreatic cancer: involvement in VEGF induction. Anticancer Res. Nov; 2002 22(6C):4093–
100. [PubMed: 12553038]

17. Wigmore SJ, Fearon KC, Sangster K, Maingay JP, Garden OJ, Ross JA. Cytokine regulation of
constitutive production of interleukin-8 and -6 by human pancreatic cancer cell lines and serum
cytokine concentrations in patients with pancreatic cancer. Int J Oncol. Oct; 2002 21(4):881–6.
[PubMed: 12239630]

18. Garcea G, Dennison AR, Steward WP, Berry DP. Role of inflammation in pancreatic
carcinogenesis and the implications for future therapy. Pancreatology. 2005; 5(6):514–29.
[PubMed: 16110250]

19. Il’yasova D, Colbert LH, Harris TB, Newman AB, Bauer DC, Satterfield S, et al. Circulating levels
of inflammatory markers and cancer risk in the health aging and body composition cohort. Cancer
Epidemiol Biomarkers Prev. Oct; 2005 14(10):2413–8. [PubMed: 16214925]

20. Siemes C, Visser LE, Coebergh JW, Splinter TA, Witteman JC, Uitterlinden AG, et al. C-reactive
protein levels, variation in the C-reactive protein gene, and cancer risk: the Rotterdam Study. J
Clin Oncol. Nov 20; 2006 24(33):5216–22. [PubMed: 17114654]

21. Trichopoulos D, Psaltopoulou T, Orfanos P, Trichopoulou A, Boffetta P. Plasma C-reactive protein
and risk of cancer: a prospective study from Greece. Cancer Epidemiol Biomarkers Prev. Feb;
2006 15(2):381–4. [PubMed: 16492932]

22. Barber MD, Fearon KC, Ross JA. Relationship of serum levels of interleukin-6, soluble
interleukin-6 receptor and tumour necrosis factor receptors to the acute-phase protein response in
advanced pancreatic cancer. Clin Sci (Lond). Jan; 1999 96(1):83–7. [PubMed: 9857110]

23. Moses AG, Maingay J, Sangster K, Fearon KC, Ross JA. Pro-inflammatory cytokine release by
peripheral blood mononuclear cells from patients with advanced pancreatic cancer: relationship to
acute phase response and survival. Oncol Rep. Apr; 2009 21(4):1091–5. [PubMed: 19288013]

24. Mroczko B, Groblewska M, Gryko M, Kedra B, Szmitkowski M. Diagnostic usefulness of serum
interleukin 6 (IL-6) and C-reactive protein (CRP) in the differentiation between pancreatic cancer
and chronic pancreatitis. J Clin Lab Anal. 2010; 24(4):256–61. [PubMed: 20626020]

25. Talar-Wojnarowska R, Gasiorowska A, Smolarz B, Romanowicz-Makowska H, Kulig A,
Malecka-Panas E. Tumor necrosis factor alpha and interferon gamma genes polymorphisms and
serum levels in pancreatic adenocarcinoma. Neoplasma. 2009; 56(1):56–62. [PubMed: 19152246]

26. Douglas JB, Silverman DT, Weinstein SJ, Graubard BI, Pollak MN, Tao Y, et al. Serum C-reactive
protein and risk of pancreatic cancer in two nested, case-control studies. Cancer Epidemiol
Biomarkers Prev. Feb; 2011 20(2):359–69. [PubMed: 21173171]

27. Grote VA, Kaaks R, Nieters A, Tjonneland A, Halkjaer J, Overvad K, et al. Inflammation marker
and risk of pancreatic cancer: a nested case-control study within the EPIC cohort. Br J Cancer.
May 22; 2012 106(11):1866–74. [PubMed: 22617158]

28. Giovannucci E, Ascherio A, Rimm EB, Colditz GA, Stampfer MJ, Willett WC. Physical activity,
obesity, and risk for colon cancer and adenoma in men. Ann Intern Med. Mar 1; 1995 122(5):327–
34. [PubMed: 7847643]

29. Colditz GA, Hankinson SE. The Nurses’ Health Study: lifestyle and health among women. Nat
Rev Cancer. May; 2005 5(5):388–96. [PubMed: 15864280]

30. Langer RD, White E, Lewis CE, Kotchen JM, Hendrix SL, Trevisan M. The Women’s Health
Initiative Observational Study: baseline characteristics of participants and reliability of baseline
measures. Ann Epidemiol. Oct; 2003 13(9 Suppl):S107–21. [PubMed: 14575943]

31. Cook NR, Lee IM, Gaziano JM, Gordon D, Ridker PM, Manson JE, et al. Low-dose aspirin in the
primary prevention of cancer: the Women’s Health Study: a randomized controlled trial. Jama. Jul
6; 2005 294(1):47–55. [PubMed: 15998890]

Bao et al. Page 8

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



32. Steering Committee of the Physicians’ Health Study Research Group. Final report on the aspirin
component of the ongoing Physicians’ Health Study. N Engl J Med. Jul 20; 1989 321(3):129–35.
[PubMed: 2664509]

33. Wei EK, Giovannucci E, Fuchs CS, Willett WC, Mantzoros CS. Low plasma adiponectin levels
and risk of colorectal cancer in men: a prospective study. J Natl Cancer Inst. Nov 16; 2005 97(22):
1688–94. [PubMed: 16288122]

34. Hankinson SE, Willett WC, Manson JE, Hunter DJ, Colditz GA, Stampfer MJ, et al. Alcohol,
height, and adiposity in relation to estrogen and prolactin levels in postmenopausal women. J Natl
Cancer Inst. Sep 6; 1995 87(17):1297–302. [PubMed: 7658481]

35. Anderson GL, Manson J, Wallace R, Lund B, Hall D, Davis S, et al. Implementation of the
Women’s Health Initiative study design. Ann Epidemiol. Oct; 2003 13(9 Suppl):S5–17. [PubMed:
14575938]

36. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, interleukin 6, and
risk of developing type 2 diabetes mellitus. Jama. Jul 18; 2001 286(3):327–34. [PubMed:
11466099]

37. Gann PH, Ma J, Giovannucci E, Willett W, Sacks FM, Hennekens CH, et al. Lower prostate cancer
risk in men with elevated plasma lycopene levels: results of a prospective analysis. Cancer Res.
Mar 15; 1999 59(6):1225–30. [PubMed: 10096552]

38. Pai JK, Curhan GC, Cannuscio CC, Rifai N, Ridker PM, Rimm EB. Stability of novel plasma
markers associated with cardiovascular disease: processing within 36 hours of specimen
collection. Clin Chem. Oct; 2002 48(10):1781–4. [PubMed: 12324497]

39. Pou KM, Massaro JM, Hoffmann U, Vasan RS, Maurovich-Horvat P, Larson MG, et al. Visceral
and subcutaneous adipose tissue volumes are cross-sectionally related to markers of inflammation
and oxidative stress: the Framingham Heart Study. Circulation. Sep 11; 2007 116(11):1234–41.
[PubMed: 17709633]

40. Hu FB, Meigs JB, Li TY, Rifai N, Manson JE. Inflammatory markers and risk of developing type 2
diabetes in women. Diabetes. Mar; 2004 53(3):693–700. [PubMed: 14988254]

41. Pai JK, Pischon T, Ma J, Manson JE, Hankinson SE, Joshipura K, et al. Inflammatory markers and
the risk of coronary heart disease in men and women. N Engl J Med. Dec 16; 2004 351(25):2599–
610. [PubMed: 15602020]

42. Rich-Edwards JW, Corsano KA, Stampfer MJ. Test of the National Death Index and Equifax
Nationwide Death Search. Am J Epidemiol. Dec 1; 1994 140(11):1016–9. [PubMed: 7985649]

43. Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO 3rd, Criqui M, et al. Markers
of inflammation and cardiovascular disease: application to clinical and public health practice: A
statement for healthcare professionals from the Centers for Disease Control and Prevention and the
American Heart Association. Circulation. Jan 28; 2003 107(3):499–511. [PubMed: 12551878]

44. Durrleman S, Simon R. Flexible regression models with cubic splines. Stat Med. May; 1989 8(5):
551–61. [PubMed: 2657958]

45. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. Sep; 1986 7(3):177–
88. [PubMed: 3802833]

46. Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, Willett WC, Rimm EB. Habitual dietary
intake of n-3 and n-6 fatty acids in relation to inflammatory markers among US men and women.
Circulation. Jul 15; 2003 108(2):155–60. [PubMed: 12821543]

Bao et al. Page 9

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bao et al. Page 10

Ta
bl

e 
1

A
ge

/s
tu

dy
-s

ta
nd

ar
di

ze
d 

ba
se

lin
e 

ch
ar

ac
te

ri
st

ic
s 

ac
co

rd
in

g 
to

 q
ui

nt
ile

s 
of

 in
fl

am
m

at
or

y 
pl

as
m

a 
m

ar
ke

rs
 a

m
on

g 
co

nt
ro

ls

C
-r

ea
ct

iv
e 

pr
ot

ei
n,

 m
g/

L
In

te
rl

eu
ki

n-
6,

 p
g/

m
L

T
um

or
 n

ec
ro

si
s 

fa
ct

or
-α

-
re

ce
pt

or
 I

I,
 m

g/
m

L

C
ha

ra
ct

er
is

ti
c

Q
1

Q
3

Q
5

Q
1

Q
3

Q
5

Q
1

Q
3

Q
5

A
ge

 a
t b

lo
od

 d
ra

w
, y

ea
rs

60
.9

62
.6

63
.3

59
.0

63
.0

64
.6

59
.8

62
.4

65
.5

M
en

, %
49

.6
32

.5
17

.0
40

.3
31

.1
32

.7
48

.8
29

.0
11

.8

R
ac

e,
 %

 
W

hi
te

88
.5

94
.0

94
.7

89
.9

93
.5

91
.6

83
.3

93
.7

96
.1

 
B

la
ck

3.
4

1.
8

3.
0

3.
6

2.
7

2.
2

4.
2

2.
0

1.
9

 
O

th
er

8.
2

4.
2

2.
3

6.
5

3.
8

6.
2

12
.5

4.
3

2.
1

B
od

y-
m

as
s 

in
de

x,
 k

g/
m

2
23

.7
25

.9
27

.6
23

.7
25

.8
27

.5
25

.1
26

.2
26

.8

Ph
ys

ic
al

 a
ct

iv
ity

, M
E

T
-h

r/
w

ee
k

20
.6

22
.1

17
.5

20
.4

19
.0

17
.2

24
.1

18
.3

17
.0

C
ig

ar
et

te
 s

m
ok

in
g,

 %

 
N

ev
er

47
.4

42
.3

42
.9

45
.7

45
.4

40
.4

43
.4

44
.1

46
.8

 
Pa

st
41

.5
44

.8
42

.2
46

.0
43

.3
38

.6
45

.7
43

.4
35

.8

 
C

ur
re

nt
10

.0
12

.5
14

.3
6.

4
10

.7
20

.7
11

.0
11

.1
16

.8

 
M

is
si

ng
1.

1
0.

4
0.

6
1.

8
0.

6
0.

3
0.

0
1.

5
0.

6

H
is

to
ry

 o
f 

di
ab

et
es

 m
el

lit
us

, %
0.

9
3.

6
5.

6
1.

1
2.

5
5.

1
1.

7
3.

3
3.

2

R
eg

ul
ar

 m
ul

tiv
ita

m
in

 u
se

, %
38

.3
42

.2
35

.4
37

.6
42

.2
33

.9
35

.9
37

.9
41

.5

Fa
st

in
g 

tim
e,

 h
ou

rs
10

.5
10

.4
10

.1
10

.2
10

.6
10

.3
10

.2
10

.5
10

.7

Pl
as

m
a 

25
(O

H
)D

, n
m

ol
/L

63
.6

66
.6

60
.7

66
.2

66
.4

60
.9

66
.4

65
.4

62
.8

Pl
as

m
a 

C
-p

ep
tid

e,
 n

g/
m

L
1.

7
2.

2
2.

4
1.

8
2.

2
2.

7
1.

8
2.

0
2.

6

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 May 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Bao et al. Page 11

Ta
bl

e 
2

O
dd

s 
ra

tio
s 

(O
R

s)
 a

nd
 9

5%
 c

on
fi

de
nc

e 
in

te
rv

al
s 

(C
Is

) 
fo

r 
pa

nc
re

at
ic

 c
an

ce
r 

ac
co

rd
in

g 
to

 in
fl

am
m

at
or

y 
pl

as
m

a 
m

ar
ke

rs

Q
ui

nt
ile

s 
of

 in
fl

am
m

at
or

y 
pl

as
m

a 
m

ar
ke

rs
P

 tr
en

d 
*

O
ne

-u
ni

t 
in

cr
ea

se

1
2

3
4

5

C
-r

ea
ct

iv
e 

pr
ot

ei
n

 
L

ev
el

s,
 m

g/
L

<
0.

5
0.

5-
1.

1
1.

2-
2.

1
2.

2-
4.

2
≥4

.3

 
N

o.
 o

f 
ca

se
s

79
10

1
86

95
10

9
47

0

 
N

o.
 o

f 
co

nt
ro

ls
21

5
21

9
22

0
22

0
22

0
10

94

 
B

as
e 

m
od

el
 †

1.
0

1.
23

 (
0.

85
-1

.7
6)

1.
00

 (
0.

69
-1

.4
5)

1.
16

 (
0.

80
-1

.6
8)

1.
27

 (
0.

88
-1

.8
3)

0.
31

1.
00

 (
0.

98
-1

.0
2)

 
M

ul
tiv

ar
ia

te
 ‡

1.
0

1.
18

 (
0.

81
-1

.7
1)

0.
97

 (
0.

65
-1

.4
2)

1.
09

 (
0.

73
-1

.6
2)

1.
10

 (
0.

74
-1

.6
3)

0.
81

0.
99

 (
0.

98
-1

.0
1)

In
te

rl
eu

ki
n-

6

 
L

ev
el

s,
 p

g/
m

L
<

0.
7

0.
7-

1.
0

1.
1-

1.
4

1.
5-

2.
1

≥2
.2

 
N

o.
 o

f 
ca

se
s

83
68

77
10

9
12

5
46

2

 
N

o.
 o

f 
co

nt
ro

ls
21

2
21

1
21

1
21

2
21

3
10

59

 
B

as
e 

m
od

el
 †

1.
0

0.
81

 (
0.

56
-1

.1
9)

0.
88

 (
0.

60
-1

.2
8)

1.
24

 (
0.

85
-1

.8
0)

1.
38

 (
0.

96
-1

.9
8)

0.
01

1.
02

 (
1.

00
-1

.0
5)

 
M

ul
tiv

ar
ia

te
 ‡

1.
0

0.
82

 (
0.

56
-1

.2
1)

0.
81

 (
0.

55
-1

.2
1)

1.
14

 (
0.

77
-1

.6
9)

1.
19

 (
0.

81
-1

.7
6)

0.
08

1.
01

 (
0.

99
-1

.0
4)

T
um

or
 n

ec
ro

si
s 

fa
ct

or
-

α
-r

ec
ep

to
r 

II

 
L

ev
el

s,
 m

g/
m

L
<

2.
1

2.
1-

2.
4

2.
5-

2.
8

2.
9-

3.
4

≥3
.5

 
N

o.
 o

f 
ca

se
s

89
95

82
10

1
10

3
47

0

 
N

o.
 o

f 
co

nt
ro

ls
21

8
21

9
21

9
21

9
21

9
10

94

 
B

as
e 

m
od

el
 †

1.
0

1.
05

 (
0.

74
-1

.4
9)

0.
89

 (
0.

61
-1

.2
9)

1.
03

 (
0.

72
-1

.4
8)

1.
02

 (
0.

69
-1

.4
9)

0.
93

0.
98

 (
0.

88
-1

.1
0)

 
M

ul
tiv

ar
ia

te
 ‡

1.
0

0.
96

 (
0.

67
-1

.3
9)

0.
79

 (
0.

54
-1

.1
7)

0.
92

 (
0.

63
-1

.3
4)

0.
88

 (
0.

58
-1

.3
3)

0.
57

0.
92

 (
0.

82
-1

.0
4)

* P 
va

lu
es

 w
er

e 
ca

lc
ul

at
ed

 b
y 

th
e 

W
al

d 
te

st
 o

f 
a 

sc
or

e 
va

ri
ab

le
 th

at
 c

on
ta

in
ed

 m
ed

ia
n 

va
lu

es
 o

f 
qu

in
til

es
.

† O
R

s 
an

d 
95

%
 C

I 
w

er
e 

es
tim

at
ed

 b
y 

co
nd

iti
on

al
 lo

gi
st

ic
 r

eg
re

ss
io

n 
co

nd
iti

on
ed

 o
n 

th
e 

m
at

ch
in

g 
fa

ct
or

s 
in

cl
ud

in
g 

ye
ar

 o
f 

bi
rt

h,
 p

ro
sp

ec
tiv

e 
co

ho
rt

 (
H

PF
S,

 N
H

S,
 P

H
S 

I,
 W

H
I,

 W
H

S,
 w

hi
ch

 c
on

cu
rr

en
tly

m
at

ch
ed

 o
n 

se
x)

, s
m

ok
in

g 
st

at
us

 (
ne

ve
r,

 p
as

t, 
cu

rr
en

t)
, f

as
tin

g 
st

at
us

 (
fa

st
in

g,
 n

on
-f

as
tin

g)
, a

nd
 m

on
th

 o
f 

bl
oo

d 
dr

aw
.

‡ B
as

e 
m

od
el

 f
ur

th
er

 a
dj

us
te

d 
fo

r 
ra

ce
 (

W
hi

te
, B

la
ck

, o
th

er
),

 h
is

to
ry

 o
f 

di
ab

et
es

 m
el

lit
us

 (
ye

s,
 n

o)
, B

M
I 

(<
18

.5
, 1

8.
5–

24
.9

, 2
5–

29
.9

, ≥
30

 k
g/

m
2 )

, p
hy

si
ca

l a
ct

iv
ity

 (
qu

ar
til

es
),

 c
ur

re
nt

 m
ul

tiv
ita

m
in

 u
se

 (
ye

s,
no

),
 p

la
sm

a 
25

(O
H

)D
 le

ve
ls

 (
qu

ar
til

es
),

 a
nd

 p
la

sm
a 

C
-p

ep
tid

e 
le

ve
ls

 (
qu

ar
til

es
).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2014 May 01.


