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Thyroid cancer (TC) is substantially more common in women than in men, pointing to

o . culating sex steroid hormones, sex hormone binding globulin (SHBG) and the risk of
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into Cancer and nutrition (EPIC) cohort. During follow-up, we identified 333 first pri-

post-menopausal women, and 70 in men) and 706 cancer-free controls. Women tak-
ing exogenous hormones at blood donation were excluded. Plasma concentrations of
testosterone, androstenedione, dehydroepiandrosterone, estradiol, estrone and pro-
gesterone (in pre-menopausal women only) were performed using liquid chromatog-
raphy/mass spectrometry method. SHBG concentrations were measured by
immunoassay. Odds ratios (ORs) were estimated using conditional logistic regression
models adjusted for possible confounders. No significant associations were observed
in men and postmenopausal women, while a borderline significant increase in differ-

entiated TC risk was observed with increasing testosterone (adjusted OR T3 vs T1:
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0.96-2.92, pirend = -06) and androstenedione concentrations in
0.96-3.30,
Prend = 06, respectively). A borderline decrease in risk was observed for the highest
progesterone/estradiol ratio (adjusted OR T3 vs T1: 0.54, 95% CI: 0.28-1.05,
Pirend = -07). Overall, our results do not support a major role of circulating sex steroids

pre/perimenopausal women (adjusted OR T3 vs T1: 1.78, 95% CI:

in the etiology of differentiated TC in post-menopausal women and men but may sug-
gest an involvement of altered sex steroid production in pre-menopausal women.

differentiated thyroid cancer, prospective study, sex steroids

Thyroid cancer occurs more often in women than men, suggesting that sex hormones may con-
tribute to the disease. Here, the authors investigated the association between circulating sex
steroid hormones, sex hormone binding globulin protein (SHBG), and the risk of thyroid cancer
in both men and women using data from the European Prospective Investigation into Cancer
and nutrition (EPIC). They measured concentrations of testosterone, androstenedione, dehydro-
epiandrosterone, estradiol, estrone and progesterone (in pre-menopausal women only), as well
as SHBG. Overall, they did not detect a strong association between hormones, SHBG and thy-
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1 | INTRODUCTION

Thyroid cancer (TC) is the most common endocrine cancer and has
become one of the most frequent cancers in women worldwide.! TC
originates from follicular thyroid cells and is classified into two main
histological groups: the much more frequent differentiated TC (mainly
the papillary, followed by the follicular type) and undifferentiated TC.?
The only well-established risk factors for differentiated TC are expo-
sure to ionizing radiation and history of benign thyroid nodules and
goiter.®~> However, evidence is accumulating that obesity and body
fat are also weakly but consistently associated with TC risk.®

TC incidence is about three times higher in women than in men in
almost all countries (ratio approximately 3:1)* and the incidence of the
disease is highest during women's reproductive years? pointing to a
possible role of sex steroid hormones.””® The increased TC risk
observed with obesity10 (a status associated with insulin resistance,
increased growth factor and sex steroid concentrations) and history of
breast cancer!? may lend additional support to the hypothesis of an
involvement of sex hormones, particularly estrogen levels.

Results from a few in vitro studies suggested that exposure of TC

cells to estradiol increases cell proliferation,12

while exposure to
tamoxifen decreases it.*®> In addition, estrogen, progesterone and
androgen receptors are expressed in both thyroid tumors and in nor-
mal thyroid tissues, although at low concentrations.'*"”

Here, we report the results of the first prospective study con-
ducted on circulating sex steroid hormones, sex hormone binding
globulin (SHBG) and risk of differentiated TC in men and women. The
study is nested within a large, multicentric cohort, the European Pro-

spective Investigation into Cancer and nutrition (EPIC)study.

2 | MATERIALS AND METHODS
21 | Study population and blood sample
collection

The EPIC cohort is a large, multi-center prospective study, established
to investigate the associations between nutritional, lifestyle and meta-
bolic risk factors with cancer risk. The study began in 1992 and over
520,000 subjects (about 370,000 women and 150,000 men) were
recruited in 10 European countries (Denmark, France, Germany,
Greece, ltaly, the Netherlands, Norway, Spain, Sweden and the UK).
Study population, data and biological sample collection have been pre-
viously described in detail.'® About 246,000 women and 140,000
men also provided a blood sample, collected according to standard-

ized protocols.’

22 |
status

Follow-up for cancer incidence and vital

Incident cancer cases were identified through different methods,
including linkage with regional cancer registries (Denmark, Italy, the
Netherlands, Norway, Spain, Sweden and the United Kingdom),
health insurance records, cancer and pathology registries and active
follow-up of study subjects (France, Germany and Greece). For
each EPIC center, closure dates of the study period were defined as
the latest dates of complete follow-up for both cancer incidence
and vital status (dates varied between centers, from June 2008 to
December 2013).
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2.3 | Assessment of menopausal status and phase
of menstrual cycle at blood collection in women

Women were considered premenopausal if they reported menstrual
periods over the past 12 months before recruitment, or when they
were below the age of 42 years and had either a hysterectomy or
missing information on menopausal status. Data to assess a woman's
phase of cycle were collected,?® and was defined as follows: “early
follicular” (days 0-7 of the cycle), “late follicular’ (days 8-11), “perio-
vulatory” (days 12-16), “midluteal” (days 20-24) and “other luteal”
(days 17-19 or days 25-40). Women were considered as postmeno-
pausal when they reported any of the following: (i) no menses over
the past 12 months before recruitment; (ii) bilateral ovariectomy or
(iii) either a hysterectomy or missing information on menopausal sta-
tus at age 55 years or above. Other women were considered as peri-
menopausal/unknown menopause status, and are referred to as

perimenopausal throughout the article.

24 | Selection of cases and controls
In this study, we included cases and controls from EPIC centers
located in France, Italy, Spain, the United Kingdom, The Netherlands,
Denmark, Sweden, Norway and Germany. Eligible subjects were
selected among participants without any previous cancers (except
non-melanoma skin cancer) and had provided blood samples. For
women, the study subjects (case and control subjects) were selected
among women who reported no use of exogenous hormones at blood
donation. Cases had a diagnosis of differentiated TC according to the
10th revision of the WHO International Classification of Disease
(code C73), that is, papillary (morphologic codes: 8050, 8130, 8260,
8340-8344 and 8350), follicular carcinomas (8290, 8330-8335), and
not otherwise specified TC (8000, 8010, 8140), which are likely to
also be papillary TC. Thyroid cancer cases with rare or missing histo-
logical types (37 medullary, nine anaplastic, one lymphoma, four other
morphologies and one missing) were excluded from the study. In
women, 116 cases taking exogenous steroid hormones at blood dona-
tion were identified and excluded from the study. A total of 333 inci-
dent TC cases were selected (250 papillary, 61 follicular and 22 not
otherwise specified TC) of which 70 in men. Tumor-node-metastasis
(TNM) stage was known for 58% of the eligible cases and used to
group cancers into localized (T1) and more advanced (2T2) cancers.
For each case subject with TC, two control subjects for women
and three control subjects for men were chosen at random among
appropriate risk sets consisting of all eligible cohort members. An inci-
dence density sampling protocol for control selection was used, such
that controls could include subjects who became cases later in time,
and each control subject could also be sampled more than once.
Matching characteristics for cases and controls included study recruit-
ment center; sex; age (+1 year); date (+3 months); time (+1 h); fasting
status (<3 h, 3-6 h, >6 h) at blood collection, and duration of follow-
up. In women, menopausal status (pre-, post- and perimenopausal sta-

tus) and phase of menstrual cycle in premenopausal women
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(“follicular —merging early and late follicular phases, ‘periovulatory’,
‘luteal’—merging mid and other-luteal phases; missing) were addi-

tional matching criteria.

2.5 | Laboratory analyses

Citrated plasma was used for laboratory assays except for samples
from Umea, Sweden where heparin plasma was used. All assays were
performed by the laboratory personnel of the Nutrition and Metabo-
lism Branch at IARC, who were blinded as to the case-control status
of the study subjects. Samples from cases and matched controls were
measured in the same analytical batch. Sex steroids (androstenedione,
testosterone, dehydroepiandrosterone—DHEA, estrone, estradiol and
progesterone) were measured on a high-resolution platform
(LC-HRMS) consisting of a high-performance chromatography system
and a high-resolution mass spectrometer (Ultimate 3000, Q Exactive;
Thermo Scientific). In brief, the plasma/serum sample preparation was
based on liquid-liquid extraction using methyl tert-butyl ether. The
derivatized  with

organic extract was dried and then

1,2-dimethylimidazole-5-sulfonyl chloride according to a well-defined

I?* and injected onto the reversed phase chromatographic col-

protoco
umn. The analytes were ionized in positive polarity using an atmo-
spheric pressure chemical ionization (APCI) source and detected by
monitoring analyte-specific MS/MS transitions. Lower limits of quan-
tification (LLOQs) were as follows: estradiol: 1.5 pg/ml; estrone
2.5 pg/ml; androstenedione, testosterone and progesterone:
15 pg/ml; DHEA: 250 pg/ml. Progesterone was quantified only in
pre- and perimenopausal women. SHBG concentrations were mea-
sured using a commercially available immunoradiometric assay
(by Cis-Bio, Eurobio, Courtaboeuf, France).

No concentrations below the LLOQs were observed, and only
one sample was above the upper limit of quantification for estradiol
(1750 pg/ml), and the concentration was set to that level. Intra-batch
and inter-batch coefficients of variation (based on duplicate quality
control samples added in each batch of analyses) ranged from 2.9%
for estradiol to 10.2% for progesterone, and from 3% for testosterone
to 20.2% for DHEA, respectively.

Plasma concentrations of free testosterone and free estradiol,
unbound to SHBG or albumin, were calculated from the absolute con-
centrations of each of the steroids and SHBG using validated mass
action equations, and assuming a constant serum albumin concentra-
tion of 43 g/L.2?

2.6 | Statistical analyses

Participant characteristics (means or percentages) were compared
between cases and controls within matched sets, for men and women
separately, using conditional logistic regression. Concentrations of the
biomarkers were transformed logarithmically to approximate the nor-
mal distribution and were compared between cases and controls in

women and men, separately, by using a Wilcoxon pairwise rank test.
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Non-parametric Spearman's partial correlation coefficients
between biomarkers and lifestyle factors were calculated among con-
trols, in men, and pre/peri and post-menopausal women separately,
adjusting for age at blood donation (continuous) and laboratory batch
of analyses.

As progesterone, estrone and estradiol showed systematic varia-
tions over the estimated phases of the menstrual cycle, we used spline
regression methods to model these variations during the menstrual
cycle for cases and controls combined. We then calculated residuals
of the spline regression models to describe how the hormone levels
deviated from predicted values.?° In this way, cut points for different
categories of concentrations of estradiol and progesterone were stan-
dardized throughout the phases of the menstrual cycle. The proges-
terone/estradiol ratio was calculated as the ratio of hormone
concentrations in their respective units of measures (nmol/l and
pmol/I, respectively).

QOdds ratios (ORs) and corresponding 95% confidence intervals
(Cls) for differentiated TC in relation to tertiles of sex hormones and
SHBG concentrations were estimated using conditional logistic
regression analyses, separately for men, pre/peri, and postmenopausal
women. Cut-off points for tertiles were based on the distribution of
the controls. Tests for trends in ORs by tertile were computed by
assigning consecutive scores (scores of 1, 2, 3) to the tertiles. Continu-
ous linear associations were calculated on log2 transformed variables
and corresponding ORs were computed for a doubling of the bio-
marker level.

The effects of potential additional confounders (additional to the
matching criteria) were examined by including additional terms into
the logistic regression models. The following confounders were
tested: height (continuous), body mass index (BMI) (continuous), waist
circumference (continuous), waist-to-hip ratio (continuous), smoking
status (Never, Former, Smoker, Unknown), duration of smoking (<5;
[5-10]; [10-20]; 220 years; missing), total physical activity (Inactive,
Moderately inactive, Moderately active, Active, Missing), alcohol con-
sumption (continuous), education level (None/Primary school com-
pleted; Technical/professional or secondary school; longer education
[incl. University deg.]; Not specified/missing). Among women, also age
at menarche (continuous), parity, full term pregnancy (yes/no), age at
first full term pregnancies (<20; [20-25]; [25-30]; 30+ years old,
missing), number of full term pregnancies (continuous and in catego-
ries: 0; 1; 2; 3+; missing), breast feeding (ever vs never), and, exoge-
nous hormone use (ever vs never) were considered among possible
confounders. For covariate data, a missing category was used for cate-
gorical variables, while for continuous variables (waist circumference
and alcohol), sex-specific median values were imputed. Only height,
waist circumference, alcohol intake, smoking status, education level
and physical activity affected point estimates by more than 10% and
were therefore retained in the final models. In women, analyses were
stratified by menopausal status (pre/peri and post).

For analyses of statistical heterogeneity by selected cofactors
(small localized tumors T1 vs larger sizes and protrusion into adjacent
tissues), papillary vs follicular, country, age at diagnosis (<50 years),

time to follow-up (median, <5 years between blood donation and

diagnosis, vs more than 5 years), p values for heterogeneity were
computed by testing an interaction term between the tertile score of
the biomarkers and the cofactor.

All statistical tests and corresponding p values were two-sided,
and p values <.05 were considered statistically significant. All analyses
were performed using the SAS software package (Version 9.4, SAS
Institute, Cary, NC).

3 | RESULTS

Median age at blood donation was 44 years in pre/perimenopausal
women, 58 years in post-menopausal women, and 51 years in men
(Table 1). Cancer occurred on average 9 years after blood donation.
Compared to controls, cases in pre/perimenopausal women had a higher
BMI, larger waist circumference, and drank less alcohol, while no signifi-
cant differences could be observed between cases and controls in post-
menopausal women, nor in men. No significant differences in prediag-
nostic levels of sex steroids and SHBG were observed between cases
and controls in post nor pre/peri-menopausal women, nor in men.

After adjustment for laboratory batch and age in control subjects,
the strongest correlations (>0.30 in either direction) were found, as
expected, between free and total fractions of sex hormones and
between steroids and SHBG concentrations (Table S1). Among both
pre/perimenopausal and postmenopausal women, SHBG was nega-
tively associated with BMI and waist circumference. BMI and waist
circumference were positively associated with free estradiol only in
postmenopausal women and in men. DHEA and estrone were nega-
tively and positively associated with age in men respectively.

Table 2 shows the relationship between differentiated TC and the
concentration of sex hormones and SHBG in pre/peri-menopausal
women. An increase in differentiated TC risk was observed with the
increase of testosterone (fully adjusted ORy3ys71: 1.68, 95% Cl: 0.96-
2.92, pirend = 0.06) and androstenedione concentration (ORy3yst1:
1.78, 95% Cl: 0.96-3.30, piend = 0.06, respectively). A significant
decrease in risk was observed with the progesterone/estradiol ratio in
the crude analysis (ORt3ys11: 0.51, 95% CI: 0.28-0.93, pireng = 0.03)
but the association lost statistical significance in the fully adjusted
models (adjusted ORy3,s11: 0.54, 95% Cl: 0.28-1.05, pireng = 0.07). A
decreased risk was observed for SHBG in the crude analyses
(ORt3ysT1: 0.65, 95% Cl: 0.40-1.05, pireng = 0.06).

Results were similar when analyses were restricted to pre-
menopausal women only, or when residuals were used for estrone,
estradiol and progesterone analyses instead of their absolute concen-
trations (results not shown). When analyses were stratified by cancer
subtype (follicular vs papillary), by tumor size (T1 vs larger sizes), by
country, by age at diagnosis (<50 years old), and by time to follow-up
(<5 years between blood donation and diagnosis, vs more than
5 years), no significant heterogeneity was found, but subgroup ana-
lyses had limited statistical power (data not shown).

Figure 1 shows the relationship between sex hormone and SHBG
concentrations, and the risk of differentiated TC in post-menopausal

women and in men, when comparing highest vs lower tertiles (T3 vs

85U8017 SUOWILIOD BAEa.D 8|qedl|dde au Aq peusencb ae Sspie YO ‘8sN JO S8InJ Joj A%eiq1 aulUQ AB]IM UO (SUONIPUOD-PUR-SLUBIAL0D A8 1M AfeIq Ul |UO//SANL) SUORIPUOD PUe SWe 1 8y} 885 *[¥202/20/9T] Uo AkeiqiTauliuo A8]IM ‘DY V1 - UolesiueBliO UiesH PHOM Aq z.8v€ 0 (1/200T 0T/10p/wod A8 | Areiq1jeutjuoj/sdny wiouy pepeojumod ‘0 ‘STZ060T



10970215, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/ijc.34872 by World Health Organisation - IARC, Wiley Online Library on [16/02/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

INTERNATIONAL
CANCER

JOURNAL of

RINALDI ET AL.

‘(uswom |esnedousw-1iad G ‘a1d g) suouasadoud Jo) 7T pue |oipelis]

9914 10} TZ ‘|oIpelys3 404 OZ ‘DuoulsT 4oy $T (YIHQA) SUoJa3solpueldaoipAyap 10y €T ‘OUOIPAUSISOIPUY J0) €T ‘DU0I)S0)Sa | 9314 J04 T ‘DU0I)S01Sa| J04 €T (DFGHS) Ulingo|3 Suipulq SUOWIOY-X3S 104 G :San|eA SUISSIIAL,

(r'zs-1S1) 9'L2

(Te-11)8
(S'60T-¥'8€) 0°'69
(L'SLT-9'L9) #'90T
(9€1-€€) 6

(Le-s1) v
(7'65€-8'7LT) 9°05C
(r'81-£8) 8T

(9°£9) o¥T
('ee) L9

(9°92) 5§
(T1e) 1L
(c9¢e)SL

'A%
9°CE
€8¢
£'SC

S¢
19
€9

(
(
(
(L's2) 8v

)
)
)
)

(T'67-9'0) 0€T

(090T-0'28) 0°'€6

(50e-€22) 6'5T
(0'€8T-0'89T) 'SLT

(6:09-20v) T'TS

(€€r-v¥T) 19¢C

(0e-0T)87T
(8'66-L2) 869
(8'S£1-£2L) 8601
(8'ST-T€) 19
Tv-sT)ve
('TrE-0'081) 8'05¢C
(691-78) 6TT

(¢v9) ev
(8'5€) e

(60€) T
(z'8¢) 92
(60€) T2

€vT)6

(Tz2) 19
(ri7v) 82
(T61) 2T

(Tvr-£0)STT
(0'£0T-0'28) 016
(8'62-922) 092
(0'68T-6'£9T) 0'9LT
(S'TL-8'9Y) 165
(6:09-0'0%) 0TS

80¢ (074
sjosuo) sase)
usy

(6'28-t'02) 0'OF
(6'0-2°0) ¥'0
(T9e-TL) THT
(S's¥1-02h) 8CL
(cz1-8T)€S
(82-80)¥'T
(9s1-2%)€L
(0T-€0)50
(0'T8) sot
(0'6¥) TOT
(8'v1) 1€
(£'81) 6€
(5'99) 6€T
(9 er
(rvy) 16
(97€) TL
(9'71) 0g
(622-00) LT
(096-00£) 108
(0ze-s12) 55T

(089T-0TST) 9'65T

(0'69-+'2S) T'8S
012

sjosuo)

(193] |euoiyednpa Joj GT pue snjejs Supjows Joj Xis ‘AjIAIRoe [edlsAyd Joy € = U) sa|qelieA Suissiu yym sjuedidiped Sulpnjoxa a8ejuadiad,

(aI1u8213d 06-0T) UEIPIN

(L'98-€02) e'ep (L28-€€2) 197 (¥'68-9'12) L'OY e(l/10Wu) OgHS
- (€580°0-9000°0) SOTO'0 (18£0°0-9000°0) #£00°0 ¢3/d oney
- (062-10)0T (T'1€-10) L <(l/10Wu) duosa)sagold
(T1-T0) € (8'¥1-90)§'S (LYT-¥0) 8 <(l/10wd) |olpesysa 2214
(€'86-87) S¥T (7'1€9-€T2) 9°9¢€C (09£5-84T) 9'8¥C e(l/10wd) |olpens3
(T6LT-79€) 09L (6257-069) 1981 (L0vP-994) 9°L0T <(l/10wd) auosns3
(00T-12) L (SLT-€V)T6 (T6T-TH) C <(l/10Wu) vaHA
(82-809 (rv-51)9C (Sv-¥T) L ell/10Wu) uolpaualsolpuy
(Tv1-L€)T (Ts1-81)98 (L9T-¥1) ¥ <(I/10wd) 2U013350353} 3314
(60-€0) S (01-€0)90 (T'1-€0)9 <(I/10WU) 2U0.13350353 |
,Slexjewolg
(5ev) Lt (#'95) 29T (0'55) 28 aiow Jo Alepuodas
(595 19 (9'ev) 2T (0'st) L9 Asewd 1o SUON
q(%) 1973 |euoizeanp3
(8'6T) 2T (¢12) 19 (L91) ST 2N
(0'81) 0T (¢22) ¥9 (€T2) CE Jauniog
(€'29) 69 (9'99) €91 (029) €6 JaASN
q(%) sniels Supjows
r9) L 09) ¢ (92T)6T SAIY
(ces) 8 (z09) evT (ov) oL dA1OE AR)es9poN
(67€) 8 (0L2) LL (TLa)1r aAIoeUl Aj93eIaPOIN
(55)9 (8'97) 817 (6€T) T 3AIEU|
(%) Ananoe [edisAyd
(6:02-00) & (9v2-00) 9°€ (9°91-00) € e(P/8) Juawipinidal je joyod|y
(0£6-089) 008 (0€6-€99) 8'9L (5'96-00L) 9°6L (WD) 92UBIDJWINDIID ISIEAN
(0ze-112) L'ST (¢1e-502) v'¥C (rze-L12) L'ST o(;W/3%) Xapul ssew Apog
(0'89T-02ST) 0'09T (0'89T-02ST) 6097 (00£T-52ST) 0'T9T o(W2) 3y81oH
(5'5£-585) 2'99 - (€29-61Y) 5'€S o(S189A) sisougelp je a3y
(L¥9-2TS) L'LS (€75-0LE) OPY (€TS-¥£€) 8 e(S1894) U0123]|0 poojq e a8y
1443 88C 43 JaquinN
sase) sjoJjuo) sase)

asnedousw-}sod asnedouawiad/aid

USWOAA

‘uswom |esnedousw-3sod pue 14ad/a4d pue ‘usw ul ‘S|0Jlu0d paydlew pue sased Joj Ajaresedss ‘uoljeindod Apnis ay3 Jo SolsIIS1deRIEYI PI1dSIRS T 314V .L



| INTERN/ \T]O\I AL Suicc
JOURNAL of CANCER

TABLE 2

Testosterone (nmol/l)
Cases/Controls
Crude®

Further adj. by waist
Fully adjusted model®
Free testosterone (pmol/I)
Cases/Controls
Crude?

Further adj. by waist
Fully adjusted model®
Androstenedione (nmol/1)
Cases/Controls
Crude

Further adj. by waist
Fully adjusted model®
DHEA (nmol/I)
Cases/Controls
Crude?

Further adj. by waist
Fully adjusted model®
Estrone (pmol/I)
Cases/Controls
Crude?

Further adj. by waist
Fully adjusted model®
Estradiol (pmol/I)
Cases/Controls
Crude®

Further adj. by waist
Fully adjusted model®
Free estradiol (pmol/I)
Cases/Controls
Crude?

Further adj. by waist
Fully adjusted model®
Progesterone (nmol/I)
Cases/Controls
Crude?

Further adj. by waist
Fully adjusted model®
Progesterone/Estradiol ratio
Cases/Controls
Crude?

Further adj. by waist

RINALDI ET AL.

Pre/peri menopausal women

Tertiles
<0.53
47/95
1.00
1.00
1.00
<7.26
46/95
1.00
1.00
1.00
<2.18
47/95
1.00
1.00
1.00
<7.21
53/95
1.00
1.00
1.00
<146.5
47/95
1.00
1.00
1.00
<148.1
51/95
1.00
1.00
1.00
<3.54
49/95
1.00
1.00
1.00
<0.31
55/91
1.00
1.00
1.00
<0.004
62/91
1.00
1.00

0.53-0.76
45/95

0.99 (0.58-1.61)
1.00 (0.60-1.69)
1.07 (0.61-1.86)
7.26-10.36
41/95

0.87 (0.50-1.49)
0.76 (0.44-1.33)
0.78 (0.43-1.40)
2.18-3.05
45/95

1.04 (0.61-1.77)
1.03 (0.60-1.76)
1.17 (0.66-2.07)
7.21-11.93
50/95

1.00 (0.60-1.66)
0.99 (0.59-1.67)
1.11 (0.63-1.96)
146.5-273.4
56/95
1.22(0.69-2.15)
1.17 (0.66-2.10)
1.32(0.71-2.43)
148.1-362.7
50/95

0.94 (0.54-1.65)
0.95(0.53-1.70)
1.01 (0.54-1.87)
3.54-8.42
48/95

0.99 (0.55-1.78)
1.01 (0.55-1.84)
1.12(0.59-2.11)
0.31-7.03
50/91

0.81 (0.48-1.36)
0.93(0.54-1.58)
1.02 (0.58-1.80)
0.004-0.04
45/91
0.70(0.42-1.15)
0.70 (0.42-1.17)

20.76

59/94
1.29(0.79-2.12)
1.37(0.83-2.29)
1.68 (0.96-2.92)
>10.36

64/94

1.44 (0.88-2.36)
1.14(0.68-1.91)
1.30(0.75-2.26)
23.05

59/94
1.40(0.81-2.42)
1.39 (0.80-2.44)
1.78 (0.96-3.30)
211.93

48/94

0.95 (0.56-1.61)
0.95 (0.55-1.64)
1.07 (0.60-1.89)
2273.4

48/94

1.04 (0.58-1.88)
0.99 (0.54-1.81)
1.04 (0.55-1.95)
2362.7

50/94

0.95 (0.55-1.66)
1.07 (0.60-1.89)
1.12 (0.61-2.05)
28.42

54/94

1.11 (0.62-2.00)
1.10(0.61-1.99)
1.18(0.63-2.22)
27.03

40/90

0.56 (0.29-1.11)
0.63(0.32-1.26)
0.63 (0.30-1.32)
20.04

38/90
0.51(0.28-0.93)
0.53 (0.28-0.98)

a
Ptrend

0.30
0.21
0.06

0.13
0.58
0.33

0.21
0.23
0.06

0.84
0.85
0.83

0.98
0.89
0.94

0.89
0.78
0.69

0.69
0.73
0.55

0.10
0.21
0.25

0.03
0.04

Continous®

151/284

1.09 (0.80-1.48)
1.13(0.83-1.55)
1.24(0.88-1.74)

151/284

1.16 (0.88-1.54)
1.02(0.76-1.37)
1.07 (0.79-1.45)

151/284

1.18(0.82-1.69)
1.19(0.82-1.73)
1.43(0.95-2.17)

151/284

1.06(0.83-1.35)
1.08 (0.84-1.38)
1.11(0.86-1.44)

151/284

1.04 (0.82-1.31)
1.02 (0.81-1.29)
1.04 (0.81-1.33)

151/284

1.01(0.87-1.1¢)
1.03(0.89-1.19)
1.04 (0.89-1.20)

151/284

1.02 (0.88-1.17)
1.01(0.87-1.17)
1.02 (0.87-1.18)

145/272

0.93(0.84-1.02)
0.94 (0.85-1.03)
0.95(0.86-1.06)

145/272
0.92(0.84-1.01)
0.92(0.84-1.01)

Risk (odds ratio, OR [95% confidence interval, Cl]) of differentiated thyroid cancer by categories of sex steroids and SHBG in
pre/peri menopausal women.

C
Ptrend

0.59
0.43
0.22

0.28
0.87
0.66

0.39
0.35
0.09

0.64
0.56
0.43

0.75
0.86
0.74

0.91
0.73
0.65

0.81
0.88
0.82

0.12
0.19
0.37

0.07
0.08
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TABLE 2 (Continued)

Pre/peri menopausal women
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Tertiles
Fully adjusted model® 1.00 0.76 (0.44-1.29)
SHBG (nmol/1) <37.45 37.45-55.44
Cases/Controls 69/96 38/96
Crude® 1.00 0.57 (0.35-0.94)
Further adj. by waist 1.00 0.69 (0.42-1.15)
Fully adjusted model® 1.00 0.75 (0.44-1.28)

Prrend Continous® Prrend”
0.54 (0.28-1.05) 0.07 0.93(0.84-1.02) 0.14
255.44
45/96 152/288
0.65 (0.40-1.05) 0.06 0.88 (0.68-1.14) 0.34
0.95(0.55-1.63) 0.75 1.16 (0.86-1.58) 0.33
1.00 (0.55-1.82) 0.87 1.24(0.90-1.71) 0.19

Abbreviations: DHEA, dehydroepiandrosterone; SHBG, sex hormone binding globulin.
prends Were computed by assigning consecutive scores (scores of 1, 2, 3) to the categories.
On the log2 variable, ORs for a doubling of level of the biomarker.

“Based on distribution of controls.

9| ogistic regression conditional on matching factors.
®Logistic regression conditional on matching factors and adjusted for height, waist circumference, alcohol, smoke (never, ever, current), physical activity

and educational level.

FIGURE 1 Association
between sex hormone and SHBG
tertiles (T3 vs T1) and
differentiated thyroid cancer risk
in post-menopausal women and

OR

Postmenopausal women

men?. Testosterone 0.89
Notes: Number of cases/controls Rice Testostgrone (.80
. Androstenedione 1.61
included: Post-menopausal DHEA 198
women: 111/208 for Estrone 1:00
testosterone, free testosterone, Estradiol 0.96
DHEA, androstenedione, estrone; Free Estradiol 0.87
108/200 for estradiol and free SHBG 114
estradiol; and 111/209 for SHBG.

Men: 69/199 for testosterone,

DHEA, androstenedione; 69/198

for free testosterone, estrone, Men

estradiol; 69/197 for free Testosterone 0.68
estradiol; and 69/202 for SHBG. Free Testosterone 0.99
% Logistic regression conditional Androstenedione 0.79
on matching factors and adjusted DHEA 0.53
for height, waist circumference, Estrone 1.06
alcohol, smoke (never, ever, Estradiol 0.89
current), physical activity and Free Estradiol 1.24
educational level. P-value for SHBG 0.65

trend.

T1). No significant associations were observed. All pengs Were above
.14 (for DHEA in men) and mainly above 0.60.

4 | DISCUSSION

This is the first prospective cohort study investigating the associa-

tion between circulating endogenous sex hormones, SHBG and

95% CI P trend
0.47-167 :H: 0.73
0.46-1.69 0.69
0.81-3.21 B 0.19
0.67-2.44 —— 0.45
0.51-1.97 0.92
0.50-1.83 0.90
0.43-1.75 0.70
0.58-2.24 072
0.31-1.51 —— 0.30
0.47-2.09 — B 0.88
0.37-1.69 —— 0.60
022-126 —— 0.14
0.48-2.34 : 0.92
0.35-2.26 0.72
0.50-3.06 n 0.64
0.28-1.50 ——— 0.32

[ T T | |

05 10 15 20 25 30

OR

the risk of differentiated TC in women and men. No significant
associations were observed in men and postmenopausal women.
In younger women, testosterone and androstenedione levels were
weakly associated with an increased TC risk, while SHBG levels
and progesterone/estradiol ratio were inversely associated. Over-
all, our results do not support the hypothesis of a strong implica-
tion of the concentrations of circulating sex steroids and SHBG in

the etiology of differentiated TC in either sex, although they may
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hint towards an involvement of altered sex steroid production in
pre-menopausal women.

An association between sex steroid hormones and TC was sug-

gested by a few in vivo and in vitro studies,>*3

|23

and by two small
case-control studies. Choi et al*” was a first study from China in
which gas chromatography-mass spectrometry was used to compare
urinary concentrations of 84 steroids among pre- (n = 21) and post-
menopausal female (n = 19), and male (n = 16) patients with papillary
TC, and gender- and age-matched controls. The urinary concentra-
tions of androgens (androstenedione, androstenediol and 16a-
hydroxy DHEA) and estrogens (estradiol, 2-hydroxy estrone and
2-hydroxy estradiol) were significantly higher in cases from premeno-
pausal women and men compared to the corresponding controls. No
differences were observed among postmenopausal women. The sec-
ond case-control study,?* included 99 Polish premenopausal patients
with differentiated TC and 51 healthy women, and showed higher
serum estradiol and progesterone concentrations in cases compared
to controls. In addition to their limited sample size, these two previous
case-control studies relied only on the comparison of means + SD
and did not provide adjusted ORs.

In the EPIC cohort, a 13% (95%Cl: 1.02-1.25) increased risk in
differentiated TC was observed in women with a 5 kg/m? increase
in BMI, and especially in women below age 50, where this increase
reached 24%.%°> Obesity, however, is associated with changes in SHBG
and sex steroids. Indeed, in our previous study, BMI and waist circumfer-
ence were negatively associated with SHBG among both pre-/
perimenopausal and postmenopausal women, but positively associated
with free estrogens only in postmenopausal women for whom adipose
tissue is known to become a major source of estrogens.?®

Free testosterone and free estradiol concentrations are defined
as “bioavailable fractions”, as only this fraction of testosterone and
estradiol can enter cellular membranes and link to receptors.?2?”
SHBG is a protein produced by the liver that regulates steroids avail-
ability to the cells and is a major determinant of free testosterone
concentrations.? Obesity and overweight, especially higher abdomi-
nal fat, causes insulin resistance and high insulin levels, which lowers
hepatic production of SHBG levels, therefore increasing free testos-
terone concentrations.?? In our study, however, findings about total
and free testosterone were similar.

In premenopausal women, no associations with differentiated TC
risk were observed with either estrogens or progesterone, when
examined separately. It is, however, important to bear in mind that
the levels of these hormones in premenopausal women vary substan-
tially throughout the menstrual cycle, making a single measurement
insufficient to accurately classify long-term exposure.3° Free estradiol
has been seen to be more reproducible overtime than total
estradiol, 2> but no associations could be observed for this hormone
either, suggesting overall that circulating estrogens do not play a
major role in this disease in premenopausal women. We found a hint
of a decrease in risk with the increase progesterone/estradiol ratio
but this finding would require confirmation. However, it is of note
that no associations with any type of circulating estrogens were found

in either premenopausal or post-menopausal women.

Similarities have been proposed between the etiology of
differentiated TC and breast cancer, a disease that is known to be
substantially affected by reproductive and menstrual factors and by
sex-hormone concentrations.'* However, this failed to be supported
by the EPIC findings on reproductive and menstrual factors and differ-
entiated TC,®2 where no significant associations with parity, breast-
feeding, and age at menarche or menopause were found. Modest but
significant associations with TC were found with history of infertility,
a recent pregnancy, and oral contraceptive (OC) use. An increased risk
from hormone replacement therapy use lost significance after adjust-
ment for type of menopause. From our findings, similarities between
differentiated TC and breast cancer in respect to the role of sex hor-
mones are not supported. Conversely, both diseases are influenced by
medical surveillance, and metabolic pathways such as thyroid hor-
mones or hyperinsulinemia may play a role.1%*2

Our study has strengths and weaknesses. The prospective design,
excluding possible bias of reverse causation, and the highly sensitive
and specific LC/MS based method for measurements of sex steroids
are clear assets, while the most important limitation is the availability
of only one blood sample to assess sex steroids and SHBG concentra-
tions. Concentrations of androgens and SHBG, for which we observed
borderline associations, are fairly reproducible overtime in pre- and
postmenopausal women, and men, as well as estrogens in postmeno-
pausal women, and men, so that a single measurement could repre-

1 Conversely, in premenopausal

sent an individual's exposure.®
women, a single measurement of estradiol may not accurately reflect
a woman's long-term sex hormone concentrations, despite our efforts
to carefully match pre/peri-menopausal cases and controls by phase
of menstrual cycle and compute ORs using spline regression models.
Men are less subject to problems of fluctuations of hormone levels
but were fewer than women.

In conclusion, the results of our studies show no clear differences
in sex steroids concentrations between cases of differentiated TC and
controls in either sex.

The lack of a clear relationship between the concentration of sex
hormones and SHBG in women and differentiated TC risk does not
exclude the possibility that other ill-understood characteristics of the
female sex, for example, insufficient iodine intake, may make their
thyroid gland more prone to the development of nodules and differ-
entiated TC.3*
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