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Abstract

Background—Evidence suggests an etiologic role for inflammation in ovarian carcinogenesis
and heterogeneity between tumor subtypes and anthropometric indices. Prospective studies on
circulating inflammatory markers and epithelial invasive ovarian cancer (EOC) have
predominantly investigated overall risk; data characterizing risk by tumor characteristics
(histology, grade, stage, dualistic model of ovarian carcinogenesis) and anthropometric indices are
sparse.

Methods—We conducted a nested case-control study in the European Prospective Investigation
into Cancer and Nutrition (EPIC) cohort to evaluate C-reactive protein (CRP), interleukin-6
(IL-6), and EOC risk by tumor characteristics. A total of 754 eligible EOC cases were identified,;
two controls (n=1,497) were matched per case. We used multivariable conditional logistic
regression to assess associations.

Results—CRP and IL-6 were not associated with overall EOC risk. However, consistent with
prior research, CRP >10 vs. CRP <1 mg/L was associated with higher overall EOC risk (OR=1.67
[1.03 - 2.70]). We did not observe significant associations or heterogeneity in analyses by tumor
characteristics. In analyses stratified by waist circumference, inflammatory markers were
associated with higher risk among women with higher waist circumference; no association was
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observed for women with normal waist circumference: (e.g., IL-6: waist <80: OR|o42=0.97 [0.81 -
1.16], WaiSt >88. OR|0g2:1.78 [1.28 - 2.48], pheterogeneiw S0.0].).

Conclusions—Our data suggest that high CRP is associated with increased risk of overall EOC,
and that IL-6 and CRP may be associated with EOC risk among women with higher adiposity.

Impact—Our data add to global evidence that ovarian carcinogenesis may be promoted by an

inflammatory milieu.
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ovarian cancer; histological subtypes; obesity; inflammation; type I / type 11 model

Introduction

A role for inflammation in ovarian carcinogenesis was first proposed in the ‘incessant
ovulation theory’ (1). The rupture of the ovarian surface epithelium induces an inflammatory
reaction (1) leading to cell damage and proliferation, and enhanced potential for aberrant
DNA repair, inactivation of tumor-suppressor genes, and subsequent mutagenesis (2).
Chronic diseases of the female reproductive tract, including endometriosis (3), polycystic
ovary syndrome (4) and pelvic inflammatory disease (5) are associated with inflammation
and have been suggested as epithelial invasive ovarian cancer (EOC) risk factors. Adiposity
contributes to chronic inflammation (6-10), and abdominal adiposity (11, 12), has been
associated with increased EOC risk, though prior findings are not entirely consistent [(13,
14)].

C-reactive protein (CRP) is a systemic marker of inflammation, and epidemiological
evidence consistently supports an association between elevated CRP and risk of epithelial
cancers [e.g., breast, endometrium, liver, lung, colon; (15-18)]. It is unclear whether this
association is causal, or due to factors related to both circulating CRP concentrations and
cancer risk (19). CRP synthesis in the liver is triggered by interleukin-6 (1L-6), a pro-
inflammatory cytokine (20). IL-6 increases cell proliferation and hinders apoptosis in human
epithelial breast, colon and prostate cell lines (20). In human ovarian cancer cells IL-6
signaling was shown to regulate proliferation, adhesion and invasion (21).

EOC is a heterogeneous disease and associations of inflammatory markers with disease risk
may differ between (1) histological subtypes of EOC (serous, mucinous, endometrioid and
clear cell carcinomas) and (2) tumors defined by the dualistic model of carcinogenesis [type
| and type Il tumors; (22-24)]. Under the dualistic model, type | tumors are defined as low-
grade serous and endometrioid, mucinous, malignant Brenner and clear cell tumors, while
type Il tumors include high-grade serous and endometrioid tumors, undifferentiated or
mesodermal mixed tumors (23). We hypothesized that inflammation may be most strongly
associated with tumors of serous histology, which may arise in the fimbriae of the fallopian
tube (25) and may be induced by chronic intra-tubal inflammation (23, 26). Additionally, we
hypothesized these associations may differ between low- and high-grade serous tumors, and,
thus, between type I and Il tumors, as marked biological differences between these subtypes
have been reported (26) and high-grade serous tumors have been linked to inflammatory
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agents [e.g., menstrual cytokines; (26)]. Finally, prior epidemiological studies have reported
a positive association between inflammatory markers and breast cancer risk among women
with excess adiposity (18). We hypothesized similar results for EOC, and that higher
circulating inflammatory markers among women with higher adiposity at blood donation
would be at increased risk.

Data on the association between inflammatory markers and EOC are sparse and previous
studies had limited sample size [range: 149 cases (27) - 376 cases (28)]. Circulating CRP
concentrations have been consistently associated with increased risk of EOC (27, 29-31);
while prior prospective studies on IL-6 and EOC risk provide conflicting results (27, 28, 32).
To our knowledge, one single study has investigated inflammatory markers and EOC risk by
serous vs. non-serous histology (27) and no study has investigated inflammation and EOC
across tumor characteristics; the dualistic model of ovarian carcinogenesis or by
anthropometric indices. Thus, we evaluated associations between CRP and IL-6 with risk of
EOC in the largest single study to date including 754 cases and 1,497 controls nested within
the European Prospective Investigation into Cancer and Nutrition (EPIC) cohort.

Materials and Methods
The EPIC cohort

EPIC is a multicenter prospective cohort study. Descriptions of study design, population and
baseline data collection have been reported in detail (33). In brief, 521,330 participants
(367,903 women) aged 25 to 70 years were enrolled from 1992 - 2000 in 23 centers in 10
European countries: Denmark, France, Germany, Greece, Italy, the Netherlands, Norway,
Spain, Sweden, and the United Kingdom.

Data on diet, reproductive and menstrual factors, past and current use of exogenous
hormones (oral contraceptives (OC) and hormone replacement therapy (HRT)), disease
history, smoking, and anthropometric measures were collected at baseline.

Anthropometric indices (height (cm), weight (kg), as well as waist and hip circumferences
(cm)) and body mass index (BMI; kg/m?) were measured according to standardized
procedures, except for the Oxford cohort and part of the French cohort, where height,
weight, and body circumferences were predominantly self-reported. For participants from
the Oxford cohort where only self-reported data were available, linear regression models
were used to recalibrate values using age-specific measurements from subjects with both
measured and self-reported body measures. Waist circumference was measured either at the
midpoint between the lower ribs and iliac crest or at the narrowest torso circumference or a
combination of the methods. Hip circumference (HC) was measured over the buttocks. In
Umeé (Sweden) and Norway waist and HC data is not available. The waist-to-hip ratio
(WHR) was calculated by dividing waist circumference by HC.

All subjects gave informed consent. The Ethical Review Board of the International Agency
for Research on Cancer and the Institutional Review Board of each center approved the
study.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 December 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Ose et al. Page 5

Blood sample collection and storage

A total of 226,673 women provided a baseline blood sample. Details of blood sample
processing have been published previously (33). Briefly, for each participant 30 mL of blood
was drawn, and after centrifugation blood fractions (serum, plasma, buffy coat, and red
blood cells) were aliquoted in 28 plastic straws, which were heat sealed and stored. For all
centers except Sweden and Denmark, samples are stored under liquid nitrogen (-196 C).
Samples from Sweden are stored locally at —=70 C; samples from Denmark are locally stored
in 1 mL tubes in liquid nitrogen vapor (=150 C).

Determination of menopausal status and phase of menstrual cycle at blood donation

Women were considered premenopausal if they reported regular menstrual cycles over the
12 months prior to blood donation. If this information was missing, women were considered
to be premenopausal if they were less than 42 years at recruitment. Women were classified
as postmenopausal if they reported not having any menses over the past 12 months or at >55
years of age. Women were classified as peri-menopausal/having unknown menopausal
status, if they were between 42 and 55 years of age and had missing or incomplete
questionnaire data, or reported irregular menstrual cycles in the past 12 months or a previous
hysterectomy (without oophorectomy).

Determination of menstrual cycle phase in premenopausal women in EPIC has been
reported (34). Two different dating methods were used: ‘forward’ dating counted forward
from the woman’s reported date of the start of her last menses, whereas ‘backward’ dating
counted backward from the date of the start of her next menses after blood donation.
Backward dating method was used to determine menstrual cycle phase when available, as it
is more accurate (35).

Follow-up for cancer incidence and vital status

In all countries except of France, Germany and Greece, follow-up was based on record
linkage with cancer and pathology registries and the end of follow-up was the date of last
complete follow-up for both cancer incidence and vital status, which ranged between 2003
and 2006, depending on center. In France, Germany and Greece, participant follow-up and
cancer outcome was verified with health insurance records, cancer and pathology registries
and active follow-up with study participants and their next of kin. Vital status was collected
from mortality registries at the regional/national level, which was combined with health
insurance data or data collected by active follow-up. End of follow-up for these centers was
the last contact, date of diagnosis, or date of death, whichever occurred first. The end of
follow-up for these centers ranged from 2005 (France) to 2008 (Germany).

Selection of case and control subjects

We excluded women with cancer prior to recruitment (n=19,707), incomplete follow-up data
(n=2,209), lifestyle (n=526), or diet (n=2,713), and women with bilateral oophorectomy at
baseline (n=10,500). A total of 344,754 women were evaluated for eligibility. Participants
who donated a blood sample and had data on exogenous hormone use at blood donation
were eligible (n=183,257). Cases were identified using the International Classification of
Diseases for Oncology (ICD) 0-3 codes. Eligible cases were women diagnosed with incident
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invasive epithelial ovarian (ICD-0O-3: C569), fallopian tube (C570) or primary peritoneal
(C480, C481, C482, C488) cancer, and with data on tumor histology.

Up to 2 controls for each case were randomly selected among appropriate risk sets including
all female cohort members with a blood sample, alive and free of cancer at the time of
diagnosis of the index case. An incidence density sampling protocol was used, such that
controls could include subjects who became a case later in time and each control could be
sampled more than once. Cases and controls were matched on: center, age at blood donation
(+/-6 months), time of the day of blood collection (+/- 1 hour), fasting status (<3 hours, 3-6
hours, >6 hours); exogenous hormone use at blood donation (no/yes), and menstrual cycle
phase for premenopausal women (‘early follicular’ (days 0-7 of the cycle), ‘late follicular’
(days 8-11), ‘periovulatory’ (days 12-16), ‘midluteal’ (days 20-24), and ‘other luteal’ (days
17-19 or days 25-40)). Cases missing data on phase of menstrual cycle were matched to
controls missing information on menstrual cycle phase.

A total of 754 eligible incident invasive cases were identified (699 ovarian, 31 fallopian tube
and 24 primary peritoneal tumors) with 1,497 matched controls (743 complete sets: 1 case, 2
controls). Information on tumor characteristics was available from pathology reports and
from cancer registries. A total of 56% of tumors were of serous histology (n=423), 17% not
otherwise specified (NOS) (n=128), 12% endometrioid (n=87), 7% mucinous (n=51), 4%
clear cell (n=33) and 4% other (malignant neoplasms, carcinoma, mixed Mullerian, mixed
mesodermal or malignant Brenner tumors; n=32). Information on grade was 58% complete;
stage data was 88% complete.

We additionally classified tumors based on the dualistic pathway of ovarian carcinogenesis
as defined by Kurman et al. (23). Type | tumors (n=81) include low-grade (well-
differentiated) serous (n=16) and endometrioid (n=11), mucinous (n=51) or malignant
Brenner (n=3) tumors. Type Il tumors (n=316) include high-grade (moderately, poorly or
undifferentiated tumors) serous (n=260) and endometrioid (n=52), malignant mixed
mesodermal (carcinosarcoma, n=2 and undifferentiated, n=2) tumors. Serous and
endometrioid cases missing information on grade (serous n=147, endometrioid n=24) were
excluded from type /1l analyses, as were clear cell carcinomas (n=33), as they demonstrate
features of both type | and type Il tumors (36).

Laboratory assays

Pre-diagnostic circulating concentrations of CRP (mg/L) and IL-6 (pg/ml) for cases and
matched controls were analyzed within the same analytical batch. Laboratory technicians
were blinded to case-control and quality control status.

Laboratory assays were conducted at the laboratory of the Division of Cancer Epidemiology
at the German Cancer Research Center. CRP concentrations were quantified using a high
sensitivity immunoassay and IL-6 concentrations were quantified using a high sensitivity
quantitative sandwich enzyme immunoassay (R&D Systems Inc., Minneapolis, USA). The
intra-assay coefficient of variations (CV) from duplicate quality control samples were 10.9%
for CRP and 3.9% for IL-6. Inter-assay CVs were 19.2% for CRP and 10.4% for IL-6.
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Statistical analyses

Biomarker concentrations were log, transformed; a one-unit increase in log,-transformed
biomarker corresponds to a doubling of concentration. Case and control differences across
baseline characteristics were assessed using conditional logistic regression. We used
Spearman coefficients (r) adjusted for EPIC recruitment center, age at blood donation and
menopausal status at blood donation to assess correlations between inflammatory markers,
BMI, waist circumference, and WHR among controls.

Odds ratios (ORs) and corresponding 95% confidence intervals (Cls) were calculated using
conditional logistic regression models. The risk associated with biomarker concentrations
was examined in tertiles, based on the distribution in study controls. Tests for trend were
assessed using the tertile medians. A meta-analysis of previous nested-case control studies
showed significantly increased risk among women with CRP concentrations above 10 mg/L
(28); thus, we additionally evaluated risk using this cut point.

Covariates changing the OR by more than 10% (i.e., by a factor 1.10 or its reciprocal) were
included in the final multivariable models (37); ever full-term pregnancy (never/ever), age at
first birth (continuous) and BMI (continuous) met this criteria. Missing values (<3.7 %)
were accounted for by creating a separate category for categorical variables. Age at first
birth was centered at the median for parous women and a value of zero was assigned for
nulliparous women.

Potential confounders evaluated but not included in the final models were: age at menarche
(continuous), age at menopause (continuous), age at first pregnancy (continuous), number of
full-term pregnancies (0,1,2,> 3), OC use (never / past / current) duration of OC use (<5,
5-10, >10 years), HRT use (never / past / current), duration of HRT use (<5, 5-10, >10
years), smoking (never / past / current), average alcohol consumption at baseline (0, <3,
4-19, and >19 g/d), physical activity (active, moderately active, moderately inactive, and
inactive) and height (cm, continuous).

We conducted analyses stratified by BMI (<25/25-30/>30); waist circumference (<80/80-88/
>88) and waist-hip ratio (<0.85/>0.85) using World Health Organization (WHO) cut off
points. We additionally controlled for BMI as a continuous variable in these models. We did
not additionally adjust for waist circumference, as results were similar when waist
circumference was included in the final models with BMI. We conducted analyses stratified
by menopausal status and HRT use at blood donation and age at diagnosis (age <55 and >55
years). In analyses stratified by menopausal status at blood collection we combined
postmenopausal and perimenopausal women as circulating concentrations of CRP and IL-6
do not vary by menopausal status (38). Heterogeneity was assessed using likelihood-ratio
tests for the comparison of the model fit for logistic regression models with and without
corresponding interaction terms (39).

Sensitivity analyses included mutual adjustment (i.e., CRP adjusted for IL-6, and vice
versa), and exclusion of women providing a blood sample <2 years prior to diagnosis,
women with hysterectomy (n=210) or tubal ligation (n=58).
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Inflammatory marker concentrations above the upper limit of detection (ULD) were set to
the ULD (CRP n=42; 13.52 mg/L; IL-6: n=15, 10.00 pg/ml; highest value from the assay’s
standard curve)). We assigned a value equal to the midpoint between zero and the lower
limit of detection (LLD) for CRP and IL-6 (CRP n=84; 1.789 mg/L; IL-6: n=35, 0.078 pg/
ml), as <5% were below the LLD. Outlying values, as detected with the extreme studentized
deviate test (CRP: n=11; IL-6: n=5 (40)), were retained as risk estimates were comparable
after excluding these values.

All statistical tests were two-tailed and significant at the p<0.05 level. SAS v. 9.2 (SAS
Institute Inc., Cary, NC, USA) was utilized for all statistical analyses.

We observed expected differences between cases and controls for parity (p<0.01), ever OC
use (p<0.01) and duration of OC use (p=0.03) (Table 1). Mean age at blood donation for
cases was 56.6 years (range: 33.2 — 80.7 years) with a median age at diagnosis of 63.1 years
(range: 34.6 — 86.5 years) and an average of 6.4 years (range: 0.1 - 16 years) between blood
collection and diagnosis. We observed no case-control differences for circulating CRP
overall or by tumor characteristics (data not shown). Geometric means of IL-6
concentrations were higher in cases relative to their matched controls (p<0.01). The
correlation of circulating CRP with IL-6 concentrations in controls (r= 0.38; p< 0.01). BMI
correlated most strongly with CRP (r=0.33; p< 0.01), while the strongest correlation for
IL-6 was observed with waist circumference (r = 0.30; p< 0.01; data not shown). Case
characteristics at diagnosis are presented in Table 2.

We did not observe an association between CRP examined continuously or in tertiles and
overall EOC risk (e.g., CRP: OR|52=0.99 (95% confidence interval) [0.93 - 1.05] Table 3).
We did not observe significant heterogeneity in analyses by tumor histology (across
histologic subtypes, phet=0.05; serous vs. non-serous, pret=0.08 [data not shown]) or tumor
characteristics (e.g., grade pnhet=0.57; Table 3). However, higher circulating CRP was
inversely associated with risk of type Il EOC (OR@g3.q1=0.66 [0.45-0.97], ptreng=0.06; case
n=312; type | vs Il pye=0.45). CRP concentrations >10 versus <1 mg/L were associated
with significantly increased risk of EOC (OR=1.67 [1.03-2.70]; case n =41; Figure 1).
Results were similar in exploratory analyses by subgroups (e.g., serous (>10 mg/L case
n=16), OR=1.45 [0.71-2.99]; non-serous (>10 mg/L case n=25), OR=1.92 [0.98-3.75];

Phet=0.11).

IL-6 was not associated with overall risk of EOC (e.g., IL-6: OR|og»=1.09 [0.97-1.21], Table
4), and we did not observe heterogeneity in the association across histology (across
histological subtypes pne=0.07; serous vs. non-serous histology, pnet=0.08 [data not shown])
or other tumor characteristics (e.g., grade pnet=0.17). IL-6 was not associated with any EOC
subgroup, with the exception of an inverse association with risk of low-grade tumors
(ORQ3-01=0.22 [0.05-0.87], ptreng=0.22; case n=40; low vs. high-grade tumors pne=0.17).

We observed significant heterogeneity in the association between inflammatory markers and
EOC risk in analyses stratified by anthropometric indices, with positive associations
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between CRP and IL-6 and EOC observed only among women with higher adiposity (Table
5). Higher CRP was associated with suggestively higher risk among obese women (BMI>30
kg/m2, 1.25 (0.96-1.62)), and not associated with risk among leaner women (BMI1<25
kg/m?2, 0.98 (0.88-1.08), pher=0.04). The same pattern was observed for IL-6 in results
stratified by waist circumference (e.g., >88 cm: OR|og>=1.78 [1.28-2.48]; 80-88 cm:
OR|0g2=0.85 [0.66-1.11]; <80 cm: OR|g»=0.97 [0.81-1.16]; pret<0.01). We additionally
assessed risk of serous, nonserous, and type Il tumors in analyses stratified by
anthropometric measures. Heterogeneity by anthropometric factors was observed
consistently observed for serous tumors for both CRP and IL-6 (i.e., serous: BMI <25 vs
225: CRP: ppet <0.01; I1L-6: ppet <0.01)).

Associations for both biomarkers were similar in analyses stratified by menopausal status,
HRT use at blood collection, or age at cancer diagnosis (e.g., IL-6: premenopausal women:
OR|og2=1.06 [0.79-1.43]; postmenopausal women: OR|og2=1.09 [0.96-1.23]; phet=0.66;
Supplementary Table 1). Results were similar after excluding women with hysterectomy,
reporting tubal ligation, diagnosed with fallopian tube or primary peritoneal cancer, or
diagnosed within 2 years of blood donation (data not shown).

Results were similar after mutual adjustment, with the exception of a strengthening of the
association between IL-6 with overall risk of EOC (without adjusting for CRP: OR|o4=1.09
[0.97-1.21]; adjusted for CRP: OR|qg2=1.15 [1.02-1.30]; data not shown). In analyses
stratified by anthropometric factors, mutual adjustment resulted in strengthened associations
for both biomarkers for women in the highest BMI categories; however, the heterogeneity
was no longer statistically significant (Supplementary Table 2).

Discussion

With a total of 754 cases and 1,497 controls, this is the largest prospective study to date on
the relationship between pre-diagnostic inflammatory markers and EOC, and the first to
examine this relationship by tumor characteristics (histology (beyond serous vs. non-serous),
grade, stage, type I/11) and anthropometric indices. We found no overall association between
pre-diagnostic CRP and IL-6 and risk of EOC on the continuous scale or comparing top to
bottom tertiles. However, we observed an increased risk of EOC in women with high CRP
concentrations (>10 mg/L), consistent with previous studies. We observed no significant
heterogeneity in associations by tumor characteristics (e.g., histology, grade, stage or type I/
type Il model). However, heterogeneity in associations between both biomarkers and EOC
risk was observed in analyses stratified by anthropometric indices (e.g., BMI, waist
circumference, WHR); higher concentrations were associated with an increased risk of EOC
in women with higher adiposity at blood donation.

Prior prospective studies on the association between CRP and EOC have consistently shown
an increased risk with higher CRP concentrations (27-29, 31), particularly for women with
relatively high circulating CRP. In a recent meta-analysis, circulating CRP of >10 vs. <1
mg/L was associated with a 2.5-fold increased risk of EOC [OR=2.47 [1.53-4.01]; (28)].
Consistent with prior studies, we observed a significant increase in risk with CRP >10 vs. <1
mg/L. A similar increase in risk was observed for the serous and non-serous tumor
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subgroups, however these analyses were exploratory as sample size was limited. Recent data
from one large prospective study (n=3,300) suggest that CRP concentrations above the 10
mg/L threshold may be a useful surrogate biomarker to distinguish between acute (<10
mg/L) and chronic inflammation (>10 mg/L), especially among obese women (41).
However, data on the usefulness of CRP in differentiating acute vs. chronic inflammation is
limited.

Three prospective studies have evaluated the association between pre-diagnostic IL-6 and
EOC (27, 28, 32), yielding conflicting results. While one study observed a positive
association between IL-6 and ovarian cancer risk (case n= 230 (32); ORg4.q1=1.63
[1.03-2.58]), the two others found no association (case n= 376; ORg4-q1= 0.85 [0.52-1.40)
(28); case n=149; ORzpove vs below LLD= 1.41 [0.81-2.46) (27)). Consistent with the most
recent prior studies (27, 28), we did not observe an association between IL-6 and EOC risk.

Only one prior study has considered heterogeneity between histological subtypes (serous vs.
non-serous; (27)). This study observed significant positive associations between CRP >9.8
mg/L in serous tumors (cases n= 37; OR=3.96 [1.41-11.14]) and no association in
nonserous tumors (cases n= 26; OR= 2.13 [0.75-6.05]). IL-6 was not associated with either
histological subtype (27). To our knowledge, no prior study has evaluated circulating
concentrations of CRP and IL-6 with EOC risk in the context of the dualistic model of
ovarian carcinogenesis (type I vs. type Il; (23)). This may be of importance as higher
expression of COX-2, an enzyme involved in inflammatory response, has been observed in
the fimbria of women diagnosed with high-grade (type Il) versus low-grade serous tumors
(type 1). Further, inflammatory exposures (e.g., menstrual cytokines, retrograde
menstruation) have been linked to high-grade serous tumors (26, 42). However, we did not
observe significant heterogeneity in the strength of association by the dualistic model, and
despite biological plausibility, we did not observe the hypothesized association between
inflammatory markers and serous tumors.

We observed a positive association between CRP and I1L-6 and EOC risk, among women
with higher adiposity. However, heterogeneity for IL-6 was significant only for waist
circumference, while heterogeneity for CRP was limited to analyses stratified by BMI. We
observed consistent heterogeneity by both BMI and waist circumference for both
inflammatory markers in analyses limited to serous tumors, and no associations for
nonserous tumors. There was no heterogeneity in the associations between CRP and IL-6
and EOC risk after stratifying by BMI in a prior study on inflammation and EOC (28).
However, a recent prospective study on inflammation and postmenopausal breast cancer
(case n=549) observed increased risk with circulating CRP concentrations among women
with excess adiposity (18). We extend these findings to EOC.

BMI and waist circumference are associated with low-grade, chronic inflammation (6) and
women with higher adiposity may be exposed to higher concentrations of inflammatory
markers (43). Human omental adipocytes induce ovarian cancer cell proliferation and
invasion in vivo and secrete cytokines (44), including IL-6, which may promote
carcinogenesis via IL-6-induced p53 downregulation (7, 45). Ovarian cancer grows in the
anatomical vicinity of visceral adipose tissue (44) and central adiposity may be more
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directly associated with an inflammatory milieu (46). Obesity is associated with higher
concentrations of estrogens, testosterone and androstenedione (47), and overexpression of
inflammatory cytokines (7, 48). Further, IL-6 stimulates aromatase in adipose tissue,
enhancing estrogen synthesis (49), with estrogens proposed to increase EOC risk (50). It is
plausible that inflammation is more strongly associated with overall ovarian cancer risk in
the context of the altered hormonal milieu of obesity.

Although this is the largest prospective study to date on inflammatory markers and EOC
risk, and the first to evaluate risk by tumor characteristics, case numbers were small for
many subgroups and this study was restricted to invasive cases. A limitation of this and
previous studies is that participants provided a single blood sample. CRP concentrations are
relatively stable with high correlations over more than a decade (r=0.92; C1 0.88-0.95) (51).
However, the within person stability of IL-6 measurements is modest, (ICC over 4 years:
IL-6=0.47; (52)) and a single measurement may not accurately reflect a woman’s average
IL-6 concentration over longer time periods. Circulating concentrations may also not reflect
paracrine concentrations; this may be of importance for ovarian or fallopian tube derived
cancers because the surface epithelium is not vascular (50). However, in women with
endometriomas and benign or malignant cystic ovarian tumors, serum and cyst fluid levels
of IL-6 were modestly correlated (r=0.63; (53)). To our knowledge, there are no data on the
association between circulating and intra-ovarian or intra-tubal cytokines in healthy women.
Finally, while our analyses were hypothesis driven, the possibility of chance findings cannot
be excluded.

Our data support a limited role of CRP and IL-6 in ovarian carcinogenesis; this role may be
driven by adiposity. In conclusion, our data add to the evidence that an inflammatory milieu
may contribute to an increased risk of epithelial invasive ovarian cancer, specifically in the
subgroup of serous tumors. Larger pooled studies are needed to confirm our results and to
explore associations in smaller subgroups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Odds ratios (95% ClI) for epithelial invasive ovarian cancer among women with circulating
CRP concentration >10 mg/L compared to women with CRP concentration <1mg/L at blood
donation.
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Baseline characteristics of EOC cases and matched controls at enrolment in the EPIC study [median (range) or

number (percentage)]”

Table 1

cases (n = 754) controls (n=1,497)  Pditference
Age at blood donation® 56.6 (33.2-80.7) 56.5 (33.1-79.3)
Age at diagnosis 63.1 (34.6-86.5)
Lagtime 6.4 (0-16)
Menopausal status®
Pre 118 (16%) 234 (16%)
Post 636 (84%) 1,263 (84%)
Age at menarche 13 (9-20) 13 (8-20) 0.39
Age at menopauseP 50 (32-63) 50 (30-63) 0.05
Ever fullterm pregnancy <0.01
No 124 (17%) 163 (11%)
Yes 603 (83%) 1,277 (89%)
Age at first full-term pregnancy 24 (14-40) 24 (16-45) 0.51
Number of full-term pregnancies <0.01
0 124 (17%) 163 (11%)
1 111 (16%) 221 (16%)
2 290 (41%) 609 (43%)
>3 188 (26%) 420 (30%)
Ever OC use <0.01
Never 421 (56%) 748 (50%)
Past 323 (43%) 710 (47%)
Current 10 (1%) 32 (2%)
Duration of OC use (years) 6 (1-25) 5 (1-25) 0.03
Ever HRT use 0.19
Never 523 (69%) 1,024 (69%)
Past 72 (10%) 140 (9%)
Current 158 (21%) 326 (22%)
Duration of HRT use (years) 3.0 (0.1-20) 4.0 (0.1-27) 0.10
BMI (kg/m?) 25.1 (17.2-45.4) 25.0 (14.9-50.6) 0.09
Waist circumference (cm) 80.5(59.0-136.0)  79.0 (54.5-126.00) 0.05
WHR 0.80 (0.60-1.10) 0.80 (0.50-1.40) 0.76
Smoking 0.15
Never 408 (55%) 854 (58%)
Past 174 (23%) 342 (23%)
Current 164 (22%) 289 (19%)
Alcohol (g/day) 0.89
0 125 (17%) 275 (18%)
<3 259 (34%) 432 (29%)
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cases (n = 754) controls (n=1,497)  Pditference
4-19 269 (36%) 628 (42%)
>19 101 (13%) 161 (11%)
Physical activity 0.78
.Inactive 184 (26%) 377 (26%)
Moderately inactive 260 (36%) 510 (36%)
Moderately active 151 (21%) 295 (21%)
Active 120 (17%) 241 (17%)
Height (cm) 161.5 (144-184) 161.5 (137-186) 0.14
Biomarkers
CRP (mg/L) 6.63 (5.28-8.32) 5.76 (4.89-6.79) 0.66
IL-6 (pg/ml) € 3.44 (3.18-3.71) 2.94 (2.79-3.11) <0.01

*
Differences between cases and matched controls are based on conditional logistic regression.

aMatching factor.

b
Among postmenopausal women only.

c_. . . ) .
Biomarker concentrations between cases and matched controls are presented as geometric means (95% confidence intervals).
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Table 2

Selected tumor characteristics of EOC cases [number (percentage)] in the EPIC cohort

Tumor Characteristics

Histology
Serous 423 (56%)
Mucinous 51 (7%)
Endometrioid 87 (12%)
Clear cell 33 (4%)
NOS 128 (17%)
Other 32 (4%)
Grade
Low grade (G1) 41 (9%)
High grade (G2/G3) 399 (91%)
Stage
Low stage (S1) 103 (15%)
High stage (S2/S3) 563 (85%)
Type I/ Type Il
Type | 81 (20%)
Type Il 316 (80%)
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Table 3

Odds ratios (95% CI) for ovarian cancer by tertile concentrations and for doubling in CRP by tumor
characteristics
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Tertiles
L ) 2 Ptrendl ORoq2 (95% ClI) phetz
Overall (738 sets)
Unadjusted* ref.  0.92(0.74-1.14) 0.96 (0.77-1.21) 0.74 1.01 (0.96 - 1.07)
Multivariable™™ ref. 0.88(0.70-1.10) 0.87(0.68-1.11)  0.26  0.99 (0.93 - 1.05)
Histology
Serous (411 sets)
Unadjusted* ref.  0.87(0.65-1.16) 0.79 (0.58-1.08) 0.14 0.97 (0.90 - 1.05)
Multivariable™” ref.  0.85(0.63-1.13) 0.76 (0.55-1.06) 0.10 0.97 (0.89 - 1.05)
Mucinous (48 sets)
Unadjusted* ref.  0.50(0.18-1.35) 0.98 (0.43-2.25) 0.99 1.02 (0.84 - 1.25)
Multivariable™” ref.  0.53(0.19-1.50) 0.84 (0.34-2.08) 0.70 0.99 (0.80 - 1.21)
Endometrioid (87 sets)
Unadjusted* ref. 0.81(0.43-1.55) 1.26 (0.66-2.41) 0.49 1.09 (0.93 - 1.28)
Multivariable™ ™ ref.  0.78 (0.40-1.56) 1.07 (0.52-2.20) 0.83 1.07 (0.88 - 1.29)
Clear cell (33 sets)
Unadjusted* ref.  1.63(0.53-5.00) 0.99 (0.36-2.68) 0.93 1.00 (0.79 - 1.26)
Multivariable™ ref. 169 (0.46-6.20) 0.82(0.25-269) 071  0.91(0.68 - 1.23)
NOS (127 sets)
Unadjusted* ref.  1.45(0.83-2.55) 1.67 (0.95-2.92) 0.08 1.09 (0.95 - 1.25)
Multivariable™ ™ ref.  1.29(0.72-2.33)  1.39 (0.75-2.55) 0.31 1.03(0.88 - 1.19)
Other (32 sets)
Unadjusted” ref. 0.67(0.23-1.92) 0.54(0.16-1.75) 030  0.99 (0.69-1.42) 0.04*
Multivariable** ref. 0.66(0.22-2.02) 059 (0.16-2.15)  0.40  1.06 (0.71-1.58) (.05
Grade
Low Grade (40 sets)
Unadjusted” ref. 0.43(0.16-1.22) 1.18(0.47-2.97) 0.68  1.09 (0.84 - 1.41)
Multivariable™ ™ ref.  0.41(0.14-1.19) 0.97 (0.35-2.69) 0.93 1.01 (0.75 - 1.36)
High Grade (390 sets)
Unadjusted” ref. 0.80(0.60-1.07) 0.82(0.60-1.12) 0.20  0.97 (0.90-1.04) 053"
Multivariable™* ref. 0.76 (0.56-1.03) 0.74(0.53-1.04) 0.1  0.95(0.87-1.03) 057"
Stage
Low Stage (100 sets)
Unadjusted* ref. 1.16 (0.66-2.05) 1.25 (0.68-2.27) 0.46 1.09 (0.94 - 1.28)
Multivariable™ ™ ref.  1.00(0.54-1.84) 1.03 (0.53-1.98) 0.94 1.06 (0.90 - 1.25)



syduosnuelA Joyiny sispun4 DA @doing ¢

syduasnuel Joyiny sispund JINd adoin3 ¢

Ose et al.

Page 21

Tertiles
L ) s Ptrendl ORoq2 (95% ClI) phetz
High Stage (553 sets)
Unadjusted” ref. 0.91(0.71-1.18) 0.95(0.73-1.24) 049  1.00 (0.94-1.07) 033"
Multivariable™™ ref. 0.88(0.68-1.15) 0.87(0.66-1.15) 0.90  0.98(0.91-1.05) 0.30""
Type I/ Type 1l
Type | (77 sets)
Unadjusted* ref.  0.50(0.24-1.04) 0.98 (0.51-1.92) 0.81 1.02 (0.86 - 1.20)
Multivariable™” ref.  0.52(0.25-1.10) 0.89 (0.43-1.84) 0.51 0.99 (0.83 - 1.18)
Type Il (308 sets)
Unadjusted” ref. 0.76 (0.55-1.05) 0.73 (0.51-1.04)  0.09  0.95(0.87-1.03) 046"
Multivariable™™ ref.  0.72(0.51-1.01) 0.66(0.45-0.97) 0.06  0.93(0.85-1.02) 045"

*
Matched for study center, age at blood donation, menopausal status, time of the day of blood collection, fasting status, exogenous hormone use at
blood donation and phase of the menstrual cycle

*

1Linear trends based on the median CRP values for tertiles.

*
Additionally adjusted for BMI (continuous scale), ever full-term pregnancy (never/ever), age at first birth (continuous scale).

Statistical tests for heterogeneity were based on the likelihood-ratio test, comparing the model fit for logistic regression models with and without
corresponding interaction term.

Tertile cut-offs: CRP (mg/L): first tertile 0.53 — 1.47; second tertile 1.48-4.01 third tertile: >4.01

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 December 01.
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Odds ratios (95% CI) for ovarian cancer by tertile concentrations and for doubling in IL-6 by tumor

characteristics

Table 4

Tertiles
L ) s Ptrendl ORoq2 (95% ClI) phetz
Overall (741 sets)
Unadjusted* ref.  0.94(0.75-1.17) 1.12(0.89-1.41) 0.34 1.11 (1.00 - 1.24)
Multivariable™™ ref. 0.90(0.71-1.13) 1.03(0.81-1.32) 079  1.09 (0.97 - 1.21)
Histology
Serous (414 sets)
Unadjusted* ref.  0.78 (0.58-1.05) 0.95 (0.69-1.31) 0.71 1.01(0.87-1.17)
Multivariable™” ref.  0.75(0.56-1.02) 0.93 (0.67-1.30) 0.62 1.02 (0.87 - 1.19)
Mucinous (51 sets)
Unadjusted* ref. 1.12(0.46-2.73) 1.38(0.58-3.27) 0.46 1.29 (0.83 - 2.00)
Multivariable™™ ref. 0.92(0.35-2.42) 0.89 (0.33-2.44) 0.82 1.01 (0.60 - 1.69)
Endometrioid (86 sets)
Unadjusted* ref. 1.44(0.73-2.83) 1.58 (0.83-3.02) 0.17 1.24 (0.90 - 1.70)
Multivariable™ ™ ref.  1.38(0.69-2.75) 1.44(0.72-2.90) 0.31 1.21 (0.86 - 1.70)
Clear cell (33 sets)
Unadjusted* ref. 2.18(0.65-7.24) 1.39(0.45-4.33) 0.65 1.31(0.81-2.12)
Multivariable™ ™ ref. 1.62(0.46-5.64) 0.99(0.28-3.50) 0.96  1.11 (0.64 - 1.90)
NOS (126 sets)
Unadjusted* ref.  1.00(0.57-1.77) 1.15(0.67-1.95) 0.60 1.24 (0.98 - 1.57)
Multivariable™ ™ ref.  0.91(0.51-1.64) 0.92 (0.52-1.63) 0.80 1.15(0.90 - 1.47)
Other (31 sets)
Unadjusted” ref. 1.05(0.29-3.86) 1.59 (0.50-5.08) 0.35  1.15(0.67-1.95) 0.06"
Multivariable** ref. 1.04(0.23-473) 1.37(0.38-4.99) 057  1.08(0.58-2.02) 0.07**
Grade
Low Grade (40 sets)
Unadjusted” ref. 0.47(0.17-1.32) 0.30(0.09-1.04) 036  0.64(0.36-1.15)
Multivariable™ ™ ref.  0.39(0.13-1.15) 0.22 (0.05-0.87) 0.22 0.52 (0.26 - 1.02)
High Grade (391 sets)
Unadjusted” ref. 0.89 (0.65-1.21) 1.10(0.81-151) 058  1.03(0.89-1.21) 017"
Multivariable™* ref.  0.85(0.62-1.17) 1.04(0.75-1.44) 0.67  1.01(0.86-1.19) 017"
Stage
Low Stage (103 sets)
Unadjusted* ref. 1.37(0.75-2.52) 1.15 (0.63-2.07) 0.62 1.23(0.93-1.63)
Multivariable™ ™ ref.  1.35(0.72-2.54) 1.07 (0.56-2.03) 0.81 1.21(0.89 - 1.64)

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 December 01.
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Tertiles
L ) s Ptrendl ORoq2 (95% ClI) phetz
High Stage (551 sets)
Unadjusted” ref. 087 (0.67-1.12) 1.10 (0.84-1.44) 049  1.07 (0.94-1.21) 0.39*
Multivariable** ref. 0.82(0.63-1.07) 1.02(0.76-1.36)  0.90  1.04(0.91-1.19) 0.39**
Type |/ Type
Type | (80 sets)
Unadjusted* ref.  0.85(0.42-1.71) 0.82(0.40-1.67) 0.88 0.94 (0.66 - 1.35)
Multivariable™” ref.  0.68(0.32-1.44) 0.62 (0.28-1.39) 0.47 0.79 (0.52 - 1.19)
Type Il (309 sets)
Unadjusted” ref. 0.85(0.61-1.20) 0.99 (0.69-1.41) 091  0.95(0.80-1.14) 0.96"
Multivariable™ ™ ref. 0.81(0.57-1.15) 0.95(0.65-1.39)  0.99  0.95(0.78-1.14) 0.94**

*
Matched for study center, age at blood donation, menopausal status, time of the day of blood collection, fasting status, exogenous hormone use at
blood donation and phase of the menstrual cycle.

*

1Linear trends based on the median IL-6 values for tertiles.

*
Additionally adjusted for BMI (continuous scale), ever full-term pregnancy (never/ever), age at first birth (continuous scale).

Statistical tests for heterogeneity were based on the likelihood-ratio test, comparing the model fit for logistic regression models with and without
corresponding interaction term.

Tertile cut-offs: IL-6 (pg/mL): first tertile 0.78 — 1.26; second tertile 1.27-2.17 third tertile: >2.17.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2015 December 01.
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Table 5

Odds ratios (95% CI) for ovarian cancer for doubling in CRP and IL-6 by BMI categories and waist
circumference*
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CRP IL-6
ORjog2 (95% Cl)  ppol  ORioq2 (95% CI)  pped
BMI <25
All Sets (345sets)  0.98 (0.88 - 1.08) 1.06 (0.88 - 1.28)
Serous tumors (216 sets)  0.97 (0.84 - 1.11) 0.89 (0.70 - 1.14)
Non-serous tumors (135sets)  0.98 (0.84 - 1.13) 1.36 (1.01-1.82)
Type Il tumors (151 sets)  0.98 (0.83 - 1.15) 0.72 (0.51 - 1.00)
BMI 225
All Sets (363 sets) 1.09(0.98-1.20) 0.12 1.12(0.92-1.35) 0.05
Serous tumors (187 sets) 1.10(0.96-1.26) <0.01 1.13(0.86-1.48) <0.01
Non-serous tumors (182 sets)  1.07 (0.93 - 1.24) 0.26 1.10(0.84-1.44) 0.18
Type Il tumors (146 sets) 1.00(0.86-1.16) 0.26 1.15(0.85-1.56)  0.06
BMI <25
All Sets (345 sets)  0.98 (0.88 - 1.08) 1.06 (0.88 - 1.28)
Serous tumors (216 sets)  0.97 (0.84 - 1.11) 0.89 (0.70 - 1.14)
Non-serous tumors (135sets)  1.07 (0.93-1.24) 1.36 (1.01 - 1.82)
Type Il tumors (151 sets) 0.98 (0.83 - 1.15) 0.72 (0.51 - 1.00)
BMI 25-30
All Sets (232 sets)  1.06 (0.94 - 1.19) 1.02 (0.81 - 1.27)
Serous tumors (114 sets)  1.01 (0.86 - 1.19) 0.98 (0.70 - 1.38)
Non-serous tumors (122 sets)  1.10(0.93 - 1.31) 1.04 (0.77 - 1.40)
Type Il tumors (94 sets)  0.93(0.78 - 1.10) 1.06 (0.73 - 1.55)
BMI =230
All Sets (131sets) 1.25(0.96-1.62) 004 1.35(0.82-2.23) 0.74
Serous tumors (73 sets)  1.25(0.85-1.84) 0.05 1.28(0.68-2.41) 0.03
Non-serous tumors (60 sets)  1.26 (0.87-1.81) 0.81 1.50 (0.67 - 3.35) 0.28
Type Il tumors (52sets) 1.18(0.78-1.77) 033 1.30(0.66-2.57)  0.07
Waist <88
All Sets (507 sets)  0.94 (0.87 - 1.01) 0.94 (0.82 - 1.09)
Serous tumors (293 sets)  0.92 (0.83 - 1.02) 0.84 (0.69 - 1.02)
Non-serous tumors (222 sets)  0.97 (0.86 - 1.08) 1.08 (0.88 - 1.33)
Type Il tumors (216 sets)  0.88 (0.78 - 0.99) 0.77 (0.60 - 0.98)
Waist >88
All Sets (179 sets) 1.6 (1.06-1.49)  0.19 1.78(1.28-2.48) <0.01
Serous tumors (97 sets)  1.38(1.07-1.79) 0.05 2.14(1.33-345) <0.01
Non-serous tumors (86sets)  1.16(0.92 - 1.47) 0.63 1.46(0.91-2.34) 0.51
Type Il tumors (67sets)  1.26(0.95-1.66)  0.44 2.10(1.20-3.67)  0.04
Waist <80
All Sets (341 sets)  0.93(0.85-1.03) 0.97 (0.81 - 1.16)
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CRP IL-6
ORjog2 (95% Cl)  ppol  ORioq2 (95% CI)  pped
Serous tumors (205 sets)  0.92 (0.81 - 1.06) 0.87 (0.68 - 1.11)
Non-serous tumors (142 sets)  0.94 (0.82 - 1.08) 1.11 (0.85- 1.43)
Type Il tumors (154 sets)  0.91 (0.79 - 1.05) 0.84 (0.62 - 1.13)
Waist 80-88
All Sets (167 sets)  0.99 (0.87 - 1.14) 0.85 (0.66 - 1.11)
Serous tumors (88 sets)  0.93(0.78-1.11) 0.73 (0.49 - 1.08)
Non-serous tumors (80 sets) 1.11 (0.90 - 1.36 0.97 (0.67 - 1.42)
Type Il tumors (62 sets)  0.87 (0.71 - 1.08) 0.58 (0.35 - 0.96)
Waist >88
All Sets (179 sets) 1.6 (1.06-1.49)  0.05 178(1.28-2.48) <0.01
Serous tumors (97 sets)  1.38(1.07 - 1.79) 0.02 2.14(1.33-3.45) <0.01
Non-serous tumors (86 sets)  1.16 (0.92 - 1.47) 0.36 1.46(0.91-2.34) 0.14
Type Il tumors (67 sets)  1.26 (0.95 - 1.66) 0.12 2.10(1.20-3.67) 0.03
WHR <0.85
All Sets (541 sets)  0.96 (0.90 - 1.03) 0.98 (0.86 - 1.13)
Serous tumors (312 sets)  0.94 (0.85 - 1.03) 0.90 (0.74 - 1.08)
Non-serous tumors (238 sets)  0.98 (0.88 - 1.09) 1.08 (0.89 - 1.32)
Type Il tumors (229 sets)  0.86 (0.69 - 1.08) 0.86 (0.69 - 1.08)
WHR 20.85
All Sets (145sets) 1.18(1.00-1.38)  0.47 1.47(1.09-1.99)  0.03
Serous tumors (78sets)  1.22(0.97 - 1.54) 0.09 1.61(1.04-251) 0.01
Non-serous tumors (70sets)  1.12(0.90 - 1.40) 0.40 1.36(0.91-2.04) 0.52
Type Il tumors (54sets)  1.21(0.89-1.63)  0.63 1.16(0.66-2.04) 0.34

All analyses conducted using conditional logistic regression retaining the matched sets; Cases and controls were matched for study center, age at
blood donation, menopausal status, time of the day of blood collection, fasting status, exogenous hormone use at blood donation and menstrual
cycle phase. Models adjust for BMI (continuous scale), ever full-term pregnancy (never/ever), age at first birth (continuous scale).

Statistical tests for heterogeneity were based on the likelihood-ratio test, comparing the model fit for logistic regression models with and without
corresponding interaction term for the unadjusted and the multivariable model.
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