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Abstract

Due to lower female incidence, estimates of exogenous and endogenous hor-
monal factors in head and neck cancers (HNCs, comprising cancers of the oral
cavity, oropharynx, hypopharynx, and larynx) among women have been incon-
sistent and unable to account for key HNC risk factors. We pooled data from
11 studies from Europe, North America, and Japan. Analysis included 1572
HNC female cases and 4343 controls. Pooled odds ratios (ORs) estimates and
their 95% confidence intervals (Cls) were calculated using multivariate logistic
regression models adjusting for tobacco smoking and alcohol drinking. Lower
risk was observed in women who used hormone replacement therapy (HRT)
(OR = 0.58; 95% CI: 0.34-0.77). Pregnancy (OR = 0.61; 95% CI: 0.42-0.90)
and giving birth (OR = 0.59; 95% CI: 0.38-0.90) at <35 years of age were
inversely associated with HNCs. An inverse association with HNC was observed
with age at start of HRT use (OR = 0.59; 95% CI: 0.39-0.90) for each additional
10 years and with duration of use (OR = 0.87; 95% CI: 0.76-0.99 for every
3 years). Exogenous female hormone use is associated with a nearly twofold
risk reduction in female HNCs. The lower female HNC incidence may, in part,
be explained by endogenous and exogenous estrogen exposures.
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Introduction

The male-to-female incidence ratio of head and neck
cancers (HNCs) of the oral cavity, pharynx, oropharynx,
hypopharynx, and larynx ranges in the order of 3 to 5
to 1 [1]. Differences in tobacco smoking, alcohol drink-
ing, and human papilloma virus (HPV) infection do not
fully explain this sex incidence ratio [2]. Indeed, for
laryngeal cancer, the male-to-female incidence ratio is the
highest among non-sex-related neoplasms at 11:1 [1]. HNC
incidence rates are increasing among females [3, 4] although
female HNCs are understudied.

The paucity of literature on female HNCs is due to
low female case numbers available at each individual
institution, low female HNC incidence, and a lack of
standardized reproductive or hormone use data collection
on HNC patients in general [5]. However, estrogen hor-
mone receptors have been shown to be functional [6] in
HNC cell lines, expressed depending on hormone ligand
stimulation [7], and, recently, correlated with HNC sur-
vival status [8]. However, the role of hormones in head
and neck carcinogenesis in a human model remains unclear.
Epidemiological studies support a favorable role of exog-
enous and endogenous female hormones on HNCs [3,
5, 9]. However, these studies included <200 cases and
lacked statistical power to concurrently adjust for both
tobacco smoking and alcohol drinking confounders.

To clarify the role of hormonal factors in female HNC
risk, we pooled primary data from 11 HNC case—control
studies in the International Head and Neck Cancer
Epidemiology (INHANCE) consortium. This study aimed
to evaluate the role of female exogenous and endogenous
hormones on female HNC risk and to determine the
interaction between female hormones and known risk
factors with HNC risk.

Methods

Study population

We pooled 1572 female incident HNC cases and 4343
controls from 11 INHANCE studies (http://www.inhance.
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utah.edu/) [10]. Controls were frequency-matched by age,
sex, and race/ethnicity. Controls obtained via random-
digit-dialing (Iowa and US multicenter studies) or matched-
based on residence (Milan (2006-2009)) included 1288
(25%) participants (Table S1). Case and control participa-
tion rates were greater than 94%, aside from Iowa, US
multicenter, and Buffalo studies, which had participation
percent rates over 87%, 75%, and 75%, respectively [11].

Incident HNC cases were defined by the following codes
of the World Health Organization (WHO) International
Classification of Disease (ICD-O2 Version 2 [12], ICD-9
[13], or ICD-10 [14]) and included: oral cavity (n = 558),
(C00.3-C00.9, C02.0-C02.3, C03.0, C03.1, C03.9, C04.0,
C04.1, C04.8- C05.0, C06.0-C06.2, C06.8, C06.9); oro-
pharynx (n = 339), (C01.9, C02.4, C05.1, C05.2, C09.0,
C09.1, C09.8, C09.9, C10.0-C10.4, C10.8, C10.9);
hypopharynx (n = 99) (C12.9, C13.0-13.2, C13.8, C13.9);
and larynx (n = 212) (C32.0-C32.3, C32.8, C32.9), as
well as pharynx not otherwise specified (n = 302) and
overlapping HN sites (n = 62). Due to the specific HPV-
driven etiology of oropharyngeal cancers [15], they were
analyzed separately.

Exposure variables

Data were collected by trained interviewers using struc-
tured questionnaires including menstrual and reproductive
information, lifelong use of oral contraceptives (OC) and
hormone replacement therapy (HRT), age at menopause
and menarche, socio-demographics, and smoking and
drinking habits. HRT therapy was defined as hormone
therapy for menopausal symptoms. Written informed
consent was obtained from all study subjects; each insti-
tutional review board approved investigations.
Questionnaire data were collected from each study to
assess question wording and data comparability, for data
harmonization. Reliability for HRT therapy and OC use
were over 90% and 93%, respectively; for parity and age
at menopause, 94% and 66%, respectively [16-18]. Study
subjects had a mean agetstandard deviation(SD) of
59.0 £ 0.17 years, within the upper range of the world
menopausal age average [19]. Categorical age cut-offs at

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Table 1. Associations between exogenous and endogenous hormone-related factors with the risk of head and neck cancer and by subsite in

INHANCE Consortium.

Overall Head and Neck Cancers

Oral Cavity

Oropharynx

Cases/Controls

OR (95% Cl)

Cases/Controls

OR (95% Cl)

Cases/Controls

OR (95% Cl)

Exogenous Hormone factors
Ever used HRT'

Never 370/791
Ever 626/1,351
Age at first HRT use (years)
Never 122/521
<42 51/98
42+ 42/112
Prrend
Ever used OC?
Never 349/1,373
Ever 88/335
Age at first OC use (years)
Never 348/1,372
<31 61/182
31+ 30/180
P

trend
Endogenous hormone factors

Ever given birth

No 161/360
Yes 400/1612
Age at first pregnancy (years)
Never 119/248
<35 555/1980
35+ 17/47
Ptrend
Age at first birth (years)
Never 112/232
<35 544/1,925
35+ 17/47
Ptrend
Breastfeeding
No 391/1,197
Yes 125/361
Menarche age
14 years+ 322/1024
<14 years 359/1307
Menopause cause
Pre-and peri 115/510
menopause
Natural 513/1746
Surgical 124/423
Menopause age
Never 70/416
<52 years 476/1494
52+ years 172/701
P

trend

1.0 (Ref.)
0.58 (0.34-0.77)

1.0 (ref.)
1.59 (0.47-5.35)

0.93(0.27-3.18)
0.32

1.0 (Ref.)
0.59 (0.40-0.86)

1.0 (Ref.)
0.83(0.52-1.34)
0.37 (0.22-0.63)
<0.001

1.0 (Ref.)
0.70(0.52, 0.95)

1.0 (Ref.)

0.61 (0.42-0.90)
0.82 (0.39-1.71)
0.09

1.0 (Ref.)

0.59 (0.38-0.90)
0.78 (0.37-1.65)
0.03

1.0 (Ref.)
0.97 (0.67-1.43)

1.0 (Ref.)
0.89 (0.73-1.10)

1.0 (Ref.)

1.79 (1.16-2.77)
1.62 (1.02-2.56)

1.0 (Ref.)

1.69 (1.06-2.71)
1.54 (0.93-2.57)
0.33

139/791
266/1,351

41/521
21/98

16/112

110/1,373
31/335

109/1,372
18/182
14/180

60/360
136/1,612

47/248
187/1,980
5/47

42/232
182/1,925
5/47

127/1197

44/361

110/1024
111/1307

41/510

184/1,746
46/423

22/416
168/1494
63/701

1.0 (Ref.)
0.56 (0.32-0.97)

1.0 (ref.)

1.05
(0.10-10.52)

0.64 (0.06-7.34)

0.34

1.0 (Ref.)
0.64 (0.36-1.17)

1.0 (Ref.)
0.73(0.35-1.54)
0.55(0.26-1.18)
0.12

1.0 (Ref.)
0.74(0.47-1.16)

1.0 (Ref.)

0.55 (0.30-0.98)
0.65 (0.21-2.08)
0.1

1.0 (Ref.)

0.44 (0.22-0.90)
0.50 (0.14-1.61)
0.03

1.0 (Ref.)
1.02 (0.55-1.88)

1.0 (Ref.)
0.81(0.58-1.12)

1.0 (Ref.)

1.44(0.72-2.87)
1.37 (0.67-2.81)

1.0 (Ref.)

0.94 (0.44-2.01)
0.86 (0.38-1.92)
0.56

134/791
325/1,351

60/521
29/98

25/112

150/1,373
33/335

150/1,372
25/182
10/180

74/360
152/1612

54/248
261/1,980
8/47

53/232
147/1925
8/47

209/1,197

54/361

88/1024
95/1307

56/510

231/1746
52/423

41/416
212/1,494
78/701

1.0 (Ref.)
0.49 (0.31-0.77)

1.0 (ref.)
0.82 (0.08-8.77)

2.17
(0.23-20.19)
0.18

1.0 (Ref.)
0.55(0.29-1.07)

1.0 (Ref.)

0.86 (0.38-1.95)
0.31(0.12-0.79)
0.02

1.0 (Ref.)
0.61(0.36-1.02)

1.0 (Ref.)

0.48 (0.25-0.93)
0.43(0.09-2.13)
0.04

1.0 (Ref.)

0.48 (0.24-0.95)
0.39 (0.08-1.94)
0.04

1.0 (Ref.)
0.98 (0.50-1.96)

1.0 (Ref.)
0.74 (0.50-1.11)

1.0 (Ref.)

1.98 (0.92-4.28)
1.89 (0.92-3.88)

1.0 (Ref.)

2.52 (1.02-6.27)
1.88 (0.68-5.24)
0.95

Models adjusted for study (and center for multicenter studies), age (<40, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75 + years), education

level (<high school, > high school), amount of alcohol drinking (nondrinker, 0.1-0.9, 1.0-2.9, 3.0-4.9, and 5.0+ drinks/day), body mass index (normal
weight, underweight, overweight, and obese), and cumulative tobacco smoking (never smoker, smoked 0-10.0, 10.1-20.0, 20.1-30.0, 30.1-40.0,

40.1-50.0, 50.0+ pack-years).

THRT, hormone replacement therapy.
20C, oral contraceptives; OR: Odds ratios.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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menopause and menarche were chosen based on the
pooled data median. First birth and pregnancy 35+ years
was chosen based on the clinical definition of advanced
maternal age, hormonal changes, and cancer risk [20,
21]. Given the well-established relationship between body
mass index (BMI) and female hormones, we also analyzed
the association between BMI with HNCs [22, 23]. In
most studies (both Milan studies, Aviano, Italy Multicenter,
Switzerland, and US Multicenter) BMI was ascertained
at enrollment, while in others (Buffalo, Iowa, Rome, and
both Japan studies) BMI was ascertained 2—5 years earlier.
The Pearson correlations were over 0.88, and BMI odds
ratios (ORs) for HNC were similar between all studies.
Alcohol consumption was calculated in standardized
drinks/day [24].

Statistical analyses

Associations between hormone factors and HNC were
assessed by OR and corresponding 95% confidence intervals
(CIs) using multivariate logistic regression models. To
determine summary associations, study-specific estimates
were included in a multivariate two-stage random-effects
logistic regression model [25], allowing for study hetero-
geneity. Variables with the largest number of data by
study are displayed using both random-effects models.
Pooled odds ratios were also estimated with a fixed-effects
logistic regression model for each hormone variable, adjust-
ing for age, education, study, BMI, tobacco smoking, and
alcohol, as described previously [3, 26, 27].

For stratified analyses, separate multivariable models
were run for never and former/current smokers to mini-
mize the possible confounding of former smokers. The
same method was applied to alcohol drinking. BMI cat-
egories were separated as: underweight- <18.5 kg/m?,
normal-18.5-24.9 kg/m?, overweight-25-29.9 kg/m?, and
obese- >30 kg/m?. We also included interaction terms to
determine modifying effects between hormone variables
and smoking and drinking. A Student’s t-test was used
to determine whether means for months of exogenous
hormone differed between cases and controls. All analyses
were performed using Stata version 14.0 (StataCorp.,
College Station, Texas) and P < 0.05 was considered
significant.

Results

The distributions of cases and controls by selected char-
acteristics are reported in Table S2. A total of 546 HNC
cases (36.6%) were nondrinkers versus 1882 (47.2%)
controls who were nondrinkers. Nonsmokers included
506 (33.5%) cases and 2536 (63.7%) controls. A high
school education or more was inversely associated with

D. Hashim et al.

HNCs (OR = 0.77; 95% CIL: 0.65-0.92) with a dose—
response effect (P, based on five categories<0.001). This
association remained after adjustment for hormonal fac-
tors; effect modification with hormone variables was
P = 0.76. Mean BMI for cases was 23.1 kg/m?> + 0.12
standard deviation (SD) versus controls 24.5 kg/m? + 0.13
SD; P < 0.001. No association was observed for HNCs
by BMI category (Table S3); effect modification for BMI
with all hormone variables were all P > 0.05; data not
shown.

Exogenous hormone use

Inverse associations were observed across all HNC and
cancer sites for both HRT and OC use (Table 1). Respective
ORs and 95% Cls between ever using HRT and HNC,
oral cavity cancer, and oropharyngeal cancer were 0.58
(0.34-0.77), 0.56 (0.32-0.97), and 0.49 (0.31-0.77), respec-
tively. For OC use, a dose—response relationship with age
was observed, with inverse associations for those who
started at 31+ years old (OR = 0.37, 95% CI: 0.22-0.63;
P, ..< 0.001). When age at first OC use was treated as
a continuous variable, a similar inverse association was
observed: OR = 0.61; 95% CI: 0.47-0.82 for all HNCs
and oropharyngeal cancer (OR = 0.60; 95% CI: 0.39-0.92),
but not oral cavity cancer (OR = 0.67; 95% CI:
0.42-1.07).

Among women who used HRT, an inverse association
with HNC was OR = 0.59 (95% CI: 0.39-0.90) for each
additional 10 years of age at which HRT was started. For
every additional 3 years that HRT use continued, HNC
risk decreased by 13% (OR = 0.87; 95% CI: 0.76-0.99).
Only seven cases and 26 controls had ever used both
HRT and OC. There was no significant difference between
months of HRT use (25.6 + 60.3 SD vs. 23.5 + 63.6 SD;
P = 0.61) or months of OC use (10.4 + 32.5 SD vs.
8.2 + 28.5 SD; P = 0.16) between cases and controls,
respectively.

Endogenous hormones: reproductive and
menstrual variables

Giving birth was inversely associated with all HNCs. An
inverse relationship was observed for age at first pregnancy
and age at first birth <35 years versus never having been
pregnant or given birth for all HNCs, oral cancers, and
oropharyngeal cancers. The number of births was not
significantly associated with HNCs [Respective ORs and
95% CIs for HNC: 0.94 (0.88-1.01), oral cavity: 0.93
(0.83-1.04), and pharynx: 0.92 (0.83-1.02)] (data not
shown). There were no appreciable associations between
having had a miscarriage or abortion with HNCs, or with
subsites (data not shown).

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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%
Name ES (95% CI) Weight
Used hormone replacement therapy (Ever vs. never)
Switzerland 4.07 (0.55, 30.22) 0.01
lowa 0.70 (0.37, 1.34) 10.65
Rome 2.88 (0.57, 14.58) 0.05
US Multicenter s 0.68 (0.47, 0.98) 39.26
Buffalo —_— 0.41 (0.24, 0.70) 50.02
Subtotal (/%= 0.0%,P = 0.481) _— 0.55 (0.39, 0.71) 100.00
Used oral contraceptives (Ever vs. never)
Milan (1984-1989) 0.45 (0.04, 4.58) 1.50
Aviano 0.50 (0.18, 1.37) 22.16
Italy Multicenter 0.64 (0.34, 1.18) 43.76
Switzerland 0.21 (0.01, 4.70) 141
Buffalo 0.76 (0.21, 2.76) 474
Milan (2006-2009) 0.45 (0.16, 1.24) 26.43
Sublotal (/2 = 0.0%, P = 0.991) —_— 0.55 (0.28, 0.83) 100.00
Ever given birth (Ever vs. never)
Milan (1984—1989) 3.51(0.58, 21.33) 0.04
Aviano 0.63 (0.21, 1.90) 5.96
Italy Multicenter 0.45 (0.24, 0.83) 48.29
Switzerland 0.88 (0.26, 3.01) 2.28
Buffalo 0.94 (0.53, 1.68) 12.87
Milan (2006—2009) 0.48 (0.24, 0.99) 30.55
Subtotal (/2 =0.0%,P =0.711) —_ — 0.54 (0.34, 0.75) 100.00
NOTE: Weights are from random effects analysis
T I
0.1 2

Figure 1. Association between the use of HRT, oral contraceptives, and ever given birth with the risk of head and neck cancer by study in INHANCE

Consortium.

Menopause at <52 years old was associated with higher
risk of all HNCs. Menopause due to both natural and
surgical causes was associated with higher risk of HNCs
compared to pre- and peri-menopausal women. However,
when menopause type was adjusted for HRT use, associa-
tions attenuated for both naturally and surgically induced
menopause [(Natural menopause: OR = 1.46; 95% CI:
0.74-2.85; n = 98 HRT use/n = 145 no HRT use) and
Surgical menopause: OR = 1.17; 95% CI: 0.58-2.37;
(n = 25 HRT use/n = 45 no HRT use)]. No association
was observed between age at menarche with all HNCs
or subsites, both in continuous scale (data not shown)
and categorical scale (<14 vs. 14+ years of age). Similarly,
menstrual cycle duration (OR = 1.04; 95% CI: 0.94-1.14)
and menstrual period duration (OR = 0.96; 95% CI:
0.87—1.05) were not associated with HNCs (data not
shown).

Between-study heterogeneity was not detected. Inverse
associations were observed between ever using HRT and
all HNCs (Fig. 1) as well as oral cavity and oropharyngeal
cancers in random-effects models [Respective pooled ORs
and 95% CIs: 0.58 (0.31-0.84); 0.49 (0.29-0.75)]. Similar
to fixed-effects models, ever OC use was inversely associ-
ated with overall HNCs [Respective pooled ORs and 95%
Cls: 0.55 (0.28-0.83)] but not for oropharyngeal cancers:
0.46 (0.06-0.98). Ever giving birth was inversely associated
with all HNCs as well as both oral cavity and oropharynx
cancer subsites [Respective pooled ORs and 95% Cls: 0.54
(0.34-0.75); 0.25 (0.10-0.41); 0.54 (0.21-0.82)].

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

HNC risk and hormones, by smoking and
drinking

HRT use

Ever using HRT remained inversely associated with all
HNGCs, oral cavity, and oropharyngeal cancers in ever-
smokers only (Table 2). An interaction between smoking
status and HRT was observed for oropharyngeal cancer.
Interactions for HRT and alcohol drinking were observed
for HNCs and oral cavity cancers (P, . = 0.01 and
0.002, respectively).

OC use

The association between oropharyngeal cancer and ever
OC use was inversely associated for ever-smokers, but
not observed for never-smokers. No interaction between
smoking and OC use was observed for HNC overall
However, an inverse association was observed between
OC use and all HNCs in stratified analyses for ever-
drinkers, with significant interaction (P, =0.02), but

interaction

not for never-drinkers.

Ever given birth

No interactions were observed between giving birth and
HNCs when stratified for alcohol drinking. An interaction
was observed for HNCs and smoking (P, . =~ 0.02).
The risk of oropharyngeal

cancer was lower for



Female Head and Neck Cancer Risk

D. Hashim et al.

Table 2. Risk of head and neck cancer overall and for subsites in tobacco smokers and alcohol drinkers within strata of endogenous and exogenous

hormones variables, INHANCE Consortium.

Overall head and neck Oral cavity Oropharynx
Cases Controls  OR(95% Cl) P,... Cases Controls OR(95% Cl) P,.., Cases Controls OR(95% Cl) P, ..
(E/E) (E/E) (EE)  (EE) (E/E) (E/E)
Ever used HRT (ever vs. never)
Alcohol drinking status 0.01 0.002 0.75
Never 133/191 415/638 0.50 44/95 415/638 0.44 10/45 415/638  0.47
(0.25-1.00) (0.15-1.26) (0.15-1.48)
Ever  219/427 330/685 0.61 92/167 330/685 0.70 42/127  330/685 0.48
(0.36-1.05) (0.36-1.37) (0.29-0.80)
Tobacco smoking status 0.06 0.31 0.02
Never 98/199  492/864 0.49 41/104 492/864 1.04 11/37 492/864  0.70
(0.23-1.04) (0.63-1.73) (0.25-2.02)
Ever  267/426 283/479 0.50 97/161 283/479 0.58 41/137 283/479 045
(0.31-0.82) (0.39-0.85) (0.27-0.75)
Ever used OC (ever vs. never)
Alcohol drinking status 0.02 0.61 0.14
Never 21/75 97/532 0.74 6/30 97/532 0.53 4/20 97/532 0.35
(0.34-1.61) (0.15-1.90) (0.07-1.88)
Ever  63/273  226/798 0.53 23/76  226/798  0.65 18/98  226/798  0.54
(0.34-0.83) (0.32-1.32) (0.26-1.10)
Tobacco smoking status 0.21 0.60 0.01
Never 24/98 184/991  0.82 8/41 184/991  0.56 8/21 184/991 1.20
(0.46-1.47) (0.22-1.45) (0.43-3.38)
Ever  63/249 147/378 0.63 23/68 147/378  0.83 13/62  147/378  0.39
(0.39-1.01) (0.37-1.82) (0.17-0.91)
Ever given birth (ever vs. never)
Alcohol drinking status 0.28 0.45 0.08
Never 103/41 565/160 0.89 42/15 565/160  0.79 22/9 565/160  0.85
(0.61-1.30) (0.44-1.40) (0.29-2.50)
Ever  287/117 990/191 0.50 92/45  990/191 0.78 67/33 990/191 0.68
(0.29-0.84) (0.35-1.72) (0.36-1.25)
Tobacco smoking status <0.001 0.12 0.06
Never 104/42  1074/217 0.80 42/15  1074/217 0.81 30/5 1,074/217 1.39
(0.50-1.27) (0.42-1.56) (0.46-4.20)
Ever  278/111 520/139 0.68 89/43  520/139 0.77 59/39 520/139  0.46
(0.46-1.00) (0.42-1.43) (0.25-0.88)

Models adjusted for study (and center for multicenter studies), age (<40, 40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75+ years), education
level (<high school, > high school), amount of alcohol drinking (nondrinker, 0.1-0.9, 1.0-2.9, 3.0-4.9, and 5.0+ drinks/day), body mass index (normal
weight, underweight, overweight, and obese), and cumulative tobacco smoking (never smoker, smoked 0-10.0, 10.1-20.0, 20.1-30.0, 30.1-40.0,

40.1-50.0, 50.0+ pack-years).

E, exposed; E, unexposed; HRT, hormone replacement therapy; OC, oral contraceptives; OR, Odds ratios.

ever-smokers who had given birth than for never-smokers.
Interactions between hormone variables and BMI for HNC
risk were: P = 0.15 for HRT use, P = 0.50 for OC use,
and P = 0.78 for ever given birth.

Discussion

This study accomplished an adequately powered investiga-
tion of major exogenous and endogenous hormone-related
variables on female total HNCs as well as oral cavity
cancers, and oropharyngeal cancer subsite risk by pooling
primary data from multiple studies. We confirmed an

inverse  relationship  between  multiple estrogen-
progesterone hormone factors and HNC risk among
females, an understudied population. Associations were
favorable for high-estrogen endogenous states, specifically
earlier first pregnancy and earlier menarche, and incon-
sistent for age at menopause which supports risk suscep-
tibility at younger age of exposure. The relationship between
hormones factors and HNCs appears to be modified by
alcohol drinking and smoking status, consistent with known
biological mechanisms of these cancer risk factors on
female hormones. Considering our stratification for tobacco
and alcohol exposure still resulted in inverse associations

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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for hormone variables among those with high cancer risk,
we interpret this to mean that the decrease in female
HNC risk could not be solely explained by tobacco or
alcohol alone.

Some studies on female HNCs suggested a favorable
effect of some hormone factors [28], while others found
null associations [28]. Accumulated, the evidence supports
a mixed causal effect of both sex (biological) and gender
(psycho-sociological) differences on HNC [29, 30] with
a protective relationship with younger exposure age.

Biologically higher natural estrogen levels among women
have been proposed as an explanation for lower risk of
HNCs compared to men. As ~90% of HNCs are squa-
mous cell carcinomas, this hypothesis is analogous with
findings among other upper-thoracic squamous cell car-
cinomas in women demonstrating a favorable associations
of female combination hormones for cancers of the oral
cavity and pharynx [3], and esophagus [31], including a
prospective study [32].Associations for hormone use with
esophageal squamous cell carcinoma were stronger than
for adenocarcinoma [31, 32]. For HNCs specifically, experi-
mental in vitro and in vivo studies support a plausible
biological mechanism for hormone ligand action. Lukits
and colleagues [6] demonstrated evidence for estrogen
and progesterone receptors in 67 of human HNC surgical
samples. Colella et al.[33] found that hormone expression
patterns differ between malignant versus nonmalignant
oral mucosa tissue. The beta estrogen receptor (ERB) in
particular, functions as a tumor suppressor by inhibiting
proliferation and driving cellular differentiation [34] and
ERP positivity has been correlated with improved survival
of oropharyngeal cancer patients [8]. Moreover, the selec-
tive estrogen receptor modulator, tamoxifen, has been
shown to arrest G1 in HNC cell lines, sensitizing cancer
cells to chemotherapy-induced apoptosis [35, 36]. These
findings indicate that specific biological mechanisms exist
by which hormone levels can influence HNC phenotypes
when receptors are activated.

A second explanation for the inverse relationship between
estrogenic hormones on female HNC:s is the influence of
estrogen on liver metabolism. CYPIBI, part of the
Cytochrome P450 enzyme superfamily, plays a key role
in sex hormone metabolism and homeostasis. Shatalova
et al.[37] found estrogen exposure of premalignant HNC
cells reduced CYPIBI gene expression. Yoo et al. [38]
examined estrogen metabolites in 50:50 HNC case—controls
and found higher abnormal estrogen metabolism expres-
sion among cases (OR = 15.6;95% CIL: 1.1-212.5). The
stratified hormone analyses for our study showed a stronger
inverse relationship among ever-drinkers. Given that con-
sistent alcohol drinkers have altered liver metabolism and
higher estrogen levels, it is plausible that the combination
of exogenous estrogen level exposure and alcohol may

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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work in tandem to decrease HNC risk estimates and may
explain P values < 0.05 for interaction as well as an
inverse association for female ever-drinkers (OR =
0.53[95% CI: 0.34-0.83]. This pattern was confirmed for
our study when we restricted analyses to heavy drinkers
(23.0 drinks per day) (OR for HRT use = 0.34; 95% CI:
0.02—6.61 and OR for OC use = 0.36;95% CI: 0.12-1.13).
Although these CIs include 1, an inverse pattern is preva-
lent for heavy drinkers with a greater inverse association
than among ever-drinkers. It must also be noted that
these analyses were restricted to 169 and HNC cases and
222 controls due to the low prevalence of female heavy
drinkers.

Considering that women have considerably lower alcohol
consumption and tobacco wuse than men (psycho-
sociological gender-related differences), it is not surprising
that female HNC incidence is also lower. Modification
of tobacco smoking/alcohol drinking by female hormones
on HNC that were observed in our study may partly
explain the lower HNC incidence rate among women in
the general population. This would explain psycho-
sociological factors associated with fewer female HNCs.

Tobacco smoking interacts with female hormones,
increasing hepatic metabolism and estrogen catabolism
[39—41]. Increased estrogenic bioavailability augments the
risk of estrogenic side effects such as deep vein thrombosis
and female patients who are smokers are routinely cau-
tioned against OC use. Partly due to this medical con-
traindication, there were too few individuals who both
used OC and smoked in our study to power an accurate
association estimate.

Although stratified analyses by BMI were hindered by
low numbers for most BMI categories, the patterns of a
J-shaped association curve for BMI with HNC are con-
sistent with hormonally associated risk changes found in
studies for other cancers [42-44].The dose-response
decrease in HNC risk with longer HRT use duration offers
further evidence for a real relationship. Furthermore, earlier
age at pregnancy and/or birth were also favorably associ-
ated with HNC risk than never being pregnant or having
given birth. This also supports the notion that there is
a specific age range of hormone exposure that benefits
women at younger reproductive age, similar to observa-
tions found for breast cancer [6, 45].

Due to the predominant role of HPV, causing approxi-
mately 70% of oropharyngeal cancers [15], oropharyngeal
cancer must be uniquely considered in light of female
hormones. At any given time, approximately 4-7% of
individuals are expected to have oral or oropharyngeal
HPYV infection [46, 47]. In half of these individuals, these
infections are cleared by the immune system [48]. It is
already been observed that men are more likely to have
an HPV infection than women and that sexual behavior
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differences could only explain 16% of this prevalence dif-
ference [46]. Women also have a higher preponderance
for autoimmune diseases such as Hashimoto thyroiditis
and multiple sclerosis than men and have a stronger
allograph rejection response than men, indicating that
certain diseases are indeed mediated by female sex hor-
mones [49, 50]. This is supported by the observation that
sex hormones have direct effects mediated via hormone
receptors in immune cells, act through their actions on
epithelial cells and stromal fibroblast secretion of growth
factors [51], and has been observed to alter epithelial cell
proliferation in the female reproductive tract [50]. In an
epidemiological study among postmenopausal women, who
have lower physiological estrogen states, reduced immu-
nologic fitness was observed to account for 12% of HPV
infections [52]. However, the mechanism for how the
stronger immune response conferred by female sex hor-
mones affects oropharyngeal cancers in response to HPV
infection has not been examined, to the best of our
knowledge, and warrants further study.

As with all case—control studies, recall bias is a limita-
tion. However, we used incident cases, which is distinct
from cases identified before data on risk factors were
collected, making recall bias less likely. Many study centers
were hospital-based, leading to selection bias suspicion
of controls with hormone use-related conditions. However,
the majority of hospital controls were unhealthy, hospital-
ized due to other illnesses unrelated to hormone use,
rather than cancers. Another limitation of hospital-based
studies is lack of external validity, whereby the hospital
population differs from the general population. However,
the fact that we also found inverse associations for hor-
mone variables with HNCs across the population-based
studies of Iowa, Milan (2006-2009), and US multicenter
contradicts the possibility of hospital-based selection bias.
Further, the magnitudes of the inverse associations that
we have observed in our study are not dissimilar to pre-
vious prospective studies on female HNC and hormone
factors [53, 54].

Our study is strengthened by a high number of female
incident HNC cases, enabling us to evaluate the relation-
ships between female hormones and HNC, and relationships
stratified by tobacco smoking and alcohol drinking. The
consistency of findings for high-estrogen states among both
endogenous and exogenous hormone factors supports a
true inverse association between estrogen and HNC, but
this association may be stronger at earlier age of exposure
[55]. The HRT wusers in our study were taking HRT for
menopausal symptoms, which consisted of both estrogen
and progesterone combined rather than unopposed estrogen.
This warrants further experimental studies to understanding
the mechanisms behind which female hormones act on
head and neck cells to prevent or reduce cancer risk.

D. Hashim et al.

In conclusion, this study supports a favorable associa-
tion of female hormones with HNC. It also suggests that
the lower incidence of female HNCs may be due to a
combination of exogenous and endogenous hormone
exposure and different smoking and drinking risk
exposures.

Conflict of Interest

All authors claim no conflict of interest.

References

1. Chaturvedi, A. K., W. F. Anderson, J. Lortet-Tieulent,
M. P. Curado, J. Ferlay, S. Franceschi, et al. 2013.
Worldwide trends in incidence rates for oral cavity and
oropharyngeal cancers. J. Clin. Oncol. 31:4550-4559.

2. Hashibe, M., P. Brennan, S.-C. Chuang, S. Boccia, X.
Castellsague, C. Chen, et al. 2009. Interaction between
tobacco and alcohol use and the risk of head and neck
cancer: pooled analysis in the International Head and
Neck Cancer Epidemiology Consortium. Cancer
Epidemiol. Biomarkers Prev. 18:541-550.

3. Bosetti, C., E. Negri, S. Franceschi, E. Conti, F. Levi,
F. Tomei, et al. 2000. Risk factors for oral and
pharyngeal cancer in women: a study from Italy and
Switzerland. Br. J. Cancer 82:204-207.

4. Siegel, R. L., K. D. Miller, and A. Jemal. 2016. Cancer
statistics. CA Cancer J. Clin. 66:7-30.

5. Langevin, S. M., J. R. Grandis, and E. Taioli. 2011.
Female hormonal and reproductive factors and head
and neck squamous cell carcinoma risk. Cancer Lett.
310:216-221.

6. Lukits, J., E. Remendr, E. Rds6, A. Ladanyi, M. Kdsler,
and J. Timdr. 2007. Molecular identification, expression
and prognostic role of estrogen- and progesterone
receptors in head and neck cancer. Int. J. Oncol.
30:155-160.

7. Egloff, A. M., M. E. Rothstein, R. Seethala, J. M.
Siegfried, J. R. Grandis, and L. P. Stabile. 2009.
Cross-talk between estrogen receptor and epidermal
growth factor receptor in head and neck squamous cell
carcinoma. Clin. Cancer Res. 15:6529-6540.

8. Grsic, K., 1. Opacic, S. Sitic, M. Milkovic Perisa, P.
Suton, and B. Sarcevic. 2016. The prognostic
significance of estrogen receptor B in head and neck
squamous cell carcinoma. Oncol. Lett. 12:3861-3865.

9. Gallus, S., C. Bosetti, S. Franceschi, F. Levi, E. Negri,
and C. La Vecchia. 2003. Laryngeal cancer in women:
tobacco, alcohol, nutritional, and hormonal factors.
Cancer Epidemiol. Biomarkers Prev. 12:514-517.

10. Gaudet, M. M., A. F. Olshan, S.-C. Chuang, J.
Berthiller, Z.-F. Zhang, J. Lissowska, et al. 2010. Body
mass index and risk of head and neck cancer in a

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



D. Hashim et al.

pooled analysis of case-control studies in the
International Head and Neck Cancer Epidemiology
(INHANCE) Consortium. Int. J. Epidemiol.
39:1091-1102.

11. Blot, W. J., J. K. McLaughlin, D. M. Winn, D. F.
Austin, R. S. Greenberg, S. Preston-Martin, et al. 1988.
Smoking and drinking in relation to oral and
pharyngeal cancer. Cancer Res. 48:3282-3287.

12. Percy, C., V. Van Holten, and C. Muir. 1990.
International classification of diseases for oncology =
ICD-02. 2nd ed. World Health Organization, Geneva.

13. ICD-9-CM International Classification of Diseases. 1995.
Ninth Revision, Clinical Modification. 6th ed. Dept. of
Health and Human Services, Public Health Service,
Health Care Financing Administration, Washington, DC.

14. The World Health Organization. 2010. International
Statistical Classification of Diseases and Related Health
Problems. 10th Revision 2nd ed. World Health
Organization, Geneva.

15. Chaturvedi, A. K., E. A. Engels, R. M. Pfeiffer, B. Y.
Hernandez, W. Xiao, E. Kim, et al. 2011. Human
papillomavirus and rising oropharyngeal cancer
incidence in the United States. J. Clin. Oncol.
29:4294-4301.

16. D’Avanzo, B., C. La Vecchia, K. Katsouyanni, E. Negri,
and D. Trichopoulos. 1996. Reliability of information
on cigarette smoking and beverage consumption
provided by hospital controls on JSTOR. Epidemiology
7:312-315.

17. Lucas, R., A. Azevedo, H. Barros, J. A. Bean, J. D.
Leeper, R. B. Wallace, et al. 1979. Self-reported data on
reproductive variables were reliable among
postmenopausal women. J. Clin. Epidemiol. 61:945-950.

18. La Vecchia, C., and C. Bosetti. 2009. Oral
contraceptives and neoplasms other than breast and
female genital tract. Eur. J. Cancer Prev. 18:407—411.

19. Gold, E. B. 2011. The timing of the age at which
natural menopause occurs. Obstet. Gynecol. Clin. North
Am. 38:425-440.

20. Colditz, G. A., and B. Rosner. 2000. Cumulative risk of
breast cancer to age 70 years according to risk factor
status: data from the Nurses’ Health Study. Am. J.
Epidemiol. 152:950-964.

21. Rosner, B., G. A. Colditz, and W. C. Willett. 1994.
Reproductive risk factors in a prospective study of
breast cancer: the Nurses’ Health Study. Am. J.
Epidemiol. 139:819-835.

22. Renehan, A. G., M. Tyson, M. Egger, R. F. Heller, and
M. Zwahlen. 2008. Body-mass index and incidence of
cancer: a systematic review and meta-analysis of
prospective observational studies. Lancet(London,
England) 371: 569-578.

23. Munsell, M. F,, B. L. Sprague, D. A. Berry, G.
Chisholm, and A. Trentham-Dietz. 2014. Body mass

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Female Head and Neck Cancer Risk

index and breast cancer risk according to
postmenopausal estrogen-progestin use and

hormone receptor status. Epidemiol. Rev. 36:

114-136.

Istvan, J. A., T. W. Cunningham, and L. Garfinkel.
1992. Cigarette smoking and body weight in the cancer
prevention study I. Int. J. Epidemiol. 21:849-853.
DerSimonian, R., and N. Laird. 1986. Meta-analysis in
clinical trials. Control. Clin. Trials 7:177-188.

Hashim, D., S. Sartori, P. Brennan, M. P. Curado, V.
Wiinsch-Filho, K. Divaris, et al. 2016. The role of oral
hygiene in head and neck cancer: results from
International Head and Neck Cancer

Epidemiology (INHANCE) consortium. Ann. Oncol.
27:1619-1625.

Berthiller, J., K. Straif, A. Agudo, W. Ahrens, A. Bezerra
Dos Santos, S. Boccia, et al. 2016. Low frequency of
cigarette smoking and the risk of head and neck cancer
in the INHANCE consortium pooled analysis. Int. J.
Epidemiol. 45:835-845.

Fernandez, E., S. Gallus, C. Bosetti, S. Franceschi, E.
Negri, and C. La Vecchia. 2003. Hormone replacement
therapy and cancer risk: a systematic analysis from a
network of case-control studies. Int. J. Cancer
105:408—-412.

Muscat, J. E., J. P. Richie, S. Thompson, and E. L.
Wynder. 1996. Gender differences in smoking and risk
for oral cancer. Cancer Res. 56:5192-5197.

Brock, K. E., L. Ke, G. Gridley, B. C. H. Chiu, A. G.
Ershow, C. F. Lynch, et al. 2012. Fruit, vegetables, fibre
and micronutrients and risk of US renal cell carcinoma.
Br. J. Nutr. 108:1077-1085.

Brusselaers, N., J. Maret-Ouda, P. Konings, H. B.
El-Serag, and J. Lagergren. 2017. Menopausal hormone
therapy and the risk of esophageal and gastric cancer.
Int. J. Cancer 140:1693-1699.

Bodelon, C., G. L. Anderson, M. A. Rossing, R. T.
Chlebowski, H. M. Ochs-Balcom, and T. L. Vaughan.
2011. Hormonal factors and risks of esophageal
squamous cell carcinoma and adenocarcinoma in
postmenopausal women. Cancer Prev. Res. 4:840-850.
Colella, G., G. Izzo, F. Carinci, G. Campisi, L. Lo
Muzio, S. D’Amato, et al. 2011. Expression of sexual
hormones receptors in oral squamous cell carcinoma.
Int. J. Immunopathol. Pharmacol. 24(2 Suppl):129-132.
Wada-Hiraike, O., O. Imamov, H. Hiraike, K. Hultenby,
T. Schwend, Y. Omoto, et al. 2006. Role of estrogen
receptor beta in colonic epithelium. Proc. Natl Acad.
Sci. USA 103:2959-2964.

Tavassoli, M., J. Soltaninia, J. Rudnicka, D. Mashanyare,
N. Johnson, and J. Giken. 2002. Tamoxifen inhibits the
growth of head and neck cancer cells and sensitizes
these cells to cisplatin induced-apoptosis: role of
TGF-betal. Carcinogenesis 23:1569—1575.



Female Head and Neck Cancer Risk

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

10

Hoffmann, T. K., H. Bojar, J. Eckel, A. van Lierop, V.
Balz, U. Friebe-Hoffmann, et al. 2002. Effects of
tamoxifen on human squamous cell carcinoma lines of
the head and neck. Anticancer Drugs 13:521-531.
Shatalova, E. G., A. J. P. Klein-Szanto, K. Devarajan, E.
Cukierman, and M. L. Clapper. 2011. Estrogen and
cytochrome P450 1B1 contribute to both early- and
late-stage head and neck carcinogenesis. Cancer Prev.
Res. (Phila.) 4:107-115.
Yoo, H. J., D. W. Sepkovic, H. L. Bradlow, G. P. Yu,
H. V. Sirilian, and S. P. Schantz. 2001. Estrogen
metabolism as a risk factor for head and neck cancer.
Otolaryngol. Head Neck Surg. 124:241-247.
Tansavatdi, K., B. McClain, and D. M. Herrington.
2004. The effects of smoking on estradiol metabolism.
Minerva Ginecol. 56:105-114.
Suba, Z. 2007. Gender-related hormonal risk factors for
oral cancer. Pathol Oncol Res 13:195-202.
Rosenberg, M. J., M. S. Waugh, and C. M. Stevens.
1996. Smoking and cycle control among oral
contraceptive users. Am. J. Obstet. Gynecol.
174:628-632.
Guo, L., N. Li, G. Wang, K. Su, F. Li, L. Yang, et al.
2014. Body mass index and cancer incidence:a
prospective cohort study in northern China. Zhonghua
Liu Xing Bing Xue Za Zhi 35:231-236.
Jeon, Y. W.,, S. H. Kang, M. H. Park, W. Lim, S. H. Cho,
and Y. J. Suh. 2015. Relationship between body mass
index and the expression of hormone receptors or human
epidermal growth factor receptor 2 with respect to breast
cancer survival. BMC Cancer 15:865.
Lubin, J. H., M. M. Gaudet, A. F. Olshan, K. Kelsey, P.
Boffetta, P. Brennan, et al. 2010. Body mass index, cigarette
smoking, and alcohol consumption and cancers of the oral
cavity, pharynx, and larynx: modeling odds ratios in pooled
case-control data. Am. J. Epidemiol. 171:1250-1261.
Ross, R., A. Paganini-Hill, V. Gerkins, et al. 1997.
Breast cancer and hormone replacement therapy:
collaborative reanalysis of data from 51 epidemiological
studies of 52,705 women with breast cancer and
108,411 women without breast cancer. Collaborative
Group on Hormonal Factors in Breast Cancer. Lancet
(London, England). 350:1047—1059.
Gillison, M. L., T. Broutian, R. K. L. Pickard, Z. Tong,

W. Xiao, L. Kahle, et al. 2012. Prevalence of Oral HPV

Infection in the United States, 2009-2010. JAMA 307:693.
Pickard, R. K. L., W. Xiao, T. R. Broutian, X. He, and
M. L. Gillison. 2012. The prevalence and incidence of

48.

49.

50.

51.

52.

53.

54.

55.

D. Hashim et al.

oral human papillomavirus infection among young men
and women, Aged 18-30 Years. Sex. Transm. Dis.
39:559-566.

Pytynia, K. B., K. R. Dahlstrom, and E. M. Sturgis.
2014. Epidemiology of HPV-associated oropharyngeal
cancer. Oral Oncol. 50:380-386.

Ansar Ahmed, S., W. J. Penhale, and N. Talal. 1985.
Sex hormones, immune responses, and autoimmune
diseases. Mechanisms of sex hormone action. Am. J.
Pathol. 121:531-551.

Gameiro, C., and F. Romao. 2010. Changes in the
immune system during menopause and aging. Front
Biosci. (Elite Ed). 2:1299-1303.

Ghosh, M., M. Rodriguez-Garcia, and C. R. Wira. 2014.
The immune system in menopause: pros and cons of
hormone therapy. J. Steroid Biochem. Mol. Biol.
142:171-175.

Gonzélez, P., A. Hildesheim, A. C. Rodriguez, M.
Schiffman, C. Porras, S. Wacholder, et al. 2010.
Behavioral/lifestyle and immunologic factors associated
with HPV infection among women older than 45 years.
Cancer Epidemiol. Biomarkers Prev. 19:3044-3054.
Etemadi, A., M. G. O’Doherty, N. D. Freedman, A. R.
Hollenbeck, S. M. Dawsey, and C. C. Abnet. 2014. A
Prospective cohort study of body size and risk of head
and neck cancers in the NIH-AARP diet and health
study. Cancer Epidemiol. Biomarkers Prev.
23:2422-2429.

Freedman, N. D., D. T. Silverman, A. R. Hollenbeck, A.
Schatzkin, and C. C. Abnet. 2011. Association between
smoking and risk of bladder cancer among men and
women. JAMA 306:737-745.

Suba, Z. 2007. Gender-related hormonal risk factors for
oral cancer. Pathol. Oncol. Res. 13:195-202.

Supporting Information

Additional supporting information may be found in the
online version of this article:

Table S1. Selected characteristics of studies included in

the pooled analysis of hormone and reproductive related

variables

and head and neck cancer, INHANCE

Consortium.

Table S2. Demographic characteristics of head and neck

cancer cases and controls, INHANCE Consortium.

Table S3. Associations between hormone and reproduc-

tive variables and all head and neck cancers in strata of
body mass index (BMI, kg/m?), INHANCE Consortium.

© 2017 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.



