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Abstract

The possible role of dietary fiber in the etiology of head and neck cancers (HNCSs) is unclear. We
used individual-level pooled data from 10 case-control studies (5959 cases and 12,248 controls)
participating in the International Head and Neck Cancer Epidemiology (INHANCE) consortium,
to examine the association between fiber intake and cancer of the oral cavity/pharynx and larynx.
Odds Ratios (ORs) and their 95% Confidence Intervals (Cls) were estimated using unconditional
multiple logistic regression applied to quintile categories of non-alcohol energy-adjusted fiber
intake and adjusted for tobacco and alcohol use and other known or putative confounders.

Fiber intake was inversely associated with oral and pharyngeal cancer combined (OR for 5th vs.
1st quintile category = 0.49, 95% ClI: 0.40-0.59; p for trend <0.001) and with laryngeal cancer (OR
=0.66, 95% ClI: 0.54-0.82, pfor trend <0.001). There was, however, appreciable heterogeneity of
the estimated effect across studies for oral and pharyngeal cancer combined. Nonetheless, inverse
associations were consistently observed for the subsites of oral and pharyngeal cancers and within
most strata of the considered covariates, for both cancer sites.

Our findings from a multicenter large-scale pooled analysis suggest that, although in the presence
of between-study heterogeneity, a greater intake of fiber may lower HNC risk.

Keywords

dietary fiber intake; INHANCE; head and neck cancer; laryngeal cancer; oral cavity and
pharyngeal cancer

Introduction

There are more than 500,000 new cases of head and neck cancers (HNCs) diagnosed
worldwide every yearl. Approximately 60% of patients are diagnosed with advanced
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disease, for which prognosis is poor even with a multimodal treatment approach? 3. This
situation emphasizes the importance of primary prevention of HNCs.

Although the combination of tobacco smoking and alcohol drinking accounts for
approximately 80% of HNC risk* 5, a role of dietary factors in HNCs has been reported®-8,
Higher intakes of non-starchy vegetables, foods containing carotenoids, and fruit in general
are thought to probably protect against HNCS.

Fruit and vegetables are rich sources of compounds that have anti-carcinogenic properties,
including vitamins, minerals, fiber, and phytochemicals®-12, Among them, dietary fiber
could protect against cancer'3-17. However, the association of dietary fiber with HNC has
been sparingly assessed and, to date, the evidence is still limited'8-28, although
most18-23.25-28 'yt not all studies?* indicated an inverse association with HNC risk.

The International Head and Neck Cancer Epidemiology (INHANCE) consortium was
established in 2004 to elucidate the aetiology of HNCs through pooled analyses of
individual-level data on HNCs on a large scale2® 30, To date, it includes 35 case-control
studies, for a total of 25,478 cases and 37,111 controls3L. Selected aspects of diet have been
investigated within the consortium. Among relevant foods and food groups, an inverse
association with HNC risk was found for higher intakes of fruit and vegetables, while no
association was observed for some cereal and grain products32. In addition, higher intakes of
selected micronutrients and food components from natural sources, like vitamin E, vitamin
C, folate and carotenoids, have been previously found to reduce HNCs risk33-36,

The main objective of the current paper is to assess the association between fiber intake and
the risk of 2 HNC outcomes - oral and pharyngeal cancer combined and laryngeal cancer —
adjusting for several confounders, including tobacco and alcohol use. Moreover, we evaluate
whether the effect estimates differ by tumor subsite or in strata of selected factors, and
explore the potential interaction of fiber intake with smoking and alcohol on the 2 HNC
outcomes of interest.

Materials and methods

Design and subjects

Within version 1.5 of the INHANCE consortium pooled data set, 10 case-control studies
collected information on total dietary fiber at the individual level® 37-46_ Details on the
individual studies, harmonization of data and data pooling methods have been previously
described for the consortium3° and are summarized in Supplemental Table 1 (Online
Resource). Informed consent was obtained from study subjects. The investigations were
approved by the relevant institutional review boards, according to the rules adopted in each
country at the time of data collection.

Selection of subjects

Cases were included if their cancer had been originally classified as an invasive cancer of
oral cavity, oropharynx, hypopharynx, oral cavity or pharynx not otherwise specified, larynx,
or HNC unspecified. Cases with cancers of the salivary glands or of the nasal cavity/ear/
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paranasal sinuses were excluded. The International Classification of Diseases coding used
for the classification into subsites was previously specified?®.

We removed from our analysis: 1. cases with missing information on the site of origin of
their cancer; 2. subjects with missing information on dietary fiber intake; and 3. subjects
with implausible (<500 or >5500 kcal) or missing values on daily non-alcohol energy intake.
Thus, the present analysis was based on a total of 18,207 subjects, with 5959 HNC cases and
12,248 controls. There was a total of 1385 oral cavity cancer cases, 1653 oropharyngeal and
571 hypopharyngeal cancer cases (2224 pharyngeal cancer cases), 805 unspecified oral
cavity/pharynx cases (giving a total of 4414 oral and pharyngeal cancer cases combined),
and 1545 laryngeal cancer cases.

Definition of the exposure variable

Intakes of total energy, several nutrients and food components, including fiber, were derived
by combining information from study-specific food-frequency questionnaires (FFQs) -
assessing subject’s usual diet during a reference period preceding cancer diagnosis for cases
or interview for controls — with that from country-specific food composition databases#’50.
In detail, the current analysis considered total dietary fiber, which is fiber from foods only,
and expressed its intake in grams/day. Comparability of total dietary fiber intakes was also
improved by selecting intakes of fiber obtained with the enzymatic gravimetric methods
[AOAC (Association of Official Analytical Chemist) 1980 or equivalents), rather than with
the Englyst or Southgate ones®L, when more estimates of total fiber intakes were
simultaneously available in the single studies.

Finally, to adjust for the (study-specific) effect of daily energy intake excluding alcohol, we
computed "non-alcohol energy-adjusted’ fiber intake within each study, on both cases and
controls, based on the residual method®2.

Statistical analysis

We estimated the odds ratios (ORs) and the corresponding 95% confidence intervals (Cls) of
oral and pharyngeal cancer combined (including oral cavity, oropharyngeal,
hypopharyngeal, unspecified oral cavity/pharyngeal cancer) and laryngeal cancer for quintile
categories of ‘non-alcohol energy-adjusted’ fiber intake (calculated on both cases and
controls from all studies combined) using unconditional multiple logistic regression
models®3. Models included adjustment for age, sex, race, study center, education, cigarette
smoking status, cigarette smoking intensity (number of cigarettes per day), cigarette
smoking duration, cigar smoking status, pipe smoking status, alcohol drinking intensity
(number of drinks per day), and the product (interaction) term for cigarette intensity and
alcohol drinking (see Table 1 for a complete list of the covariate categories used). Tests for
linear trend were computed referring to the median values of ‘non-alcohol energy-adjusted’
fiber intake within the selected quintile categories.

For oral and pharyngeal cancer combined, separate analyses were conducted by anatomical
subsite (oral cavity, oro-/hypo-pharynx, and oral cavity or pharynx not otherwise specified).
For both cancer sites, we carried out stratified analyses by age, sex, education, geographic
region, body mass index (BMI), tobacco (cigarettes, cigars, pipes, snuff or chewing
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products) smoking status, alcohol consumption (see Tables 3 and 4 for categories used), and
heterogeneity between/among strata (possible effect modification) was tested using
likelihood ratio tests®3.

In addition, we investigated potential confounding by other dietary factors, including some
nutrients [total carotenoids, vitamin C, vitamin E, and iron (for the last nutrient, information
was not available in the Buffalo study)], total fruits, and total vegetables.

We also carried out a sensitivity analysis, excluding each study one at a time to ensure that
the magnitude of the overall estimates were not dependent on any specific study®?. In all the
analyses described, when the p-value for heterogeneity between studies was less than 0.1,
we estimated the corresponding ORs and Cls specifying a random intercept-random slope
generalized linear mixed model with a logit link function and binomial family®5. We also
adopted a complete-case approach to the analysis, where subjects with no missing
information on the final database (including information on cancer sites, exposure and
confounding variables) were considered for the analysis. However, as the Japan study did
not provide information on education (3495 subjects), we defined an extra category of
education with all missing values, to avoid the exclusion of the study from the analysis.

All statistical tests were two-sided. Calculations were carried out using the open-source
statistical computing environment R56, with its libraries “Ime4”>7 and “nnet”>8,

Table 1 shows selected characteristics of HNC cases (separately for oral and pharyngeal
cancer combined and for laryngeal cancer) and controls under investigation. Over 70% of
the included subjects were white. The US Multicenter study provided cases of oral and
pharyngeal cancer only. Cases were less educated, more often smokers and alcohol drinkers
than controls.

Supplemental Table 2 describes the distribution of raw values of fiber intake across studies
and in all the studies combined. Study-specific distributions were skewed to the right. The
reported summary statistics showed different values across studies, with the Buffalo, Italy
Multicenter, and Milan studies showing the highest values and the Los Angeles study the
lowest values of fiber intake.

Table 2 provides the ORs, and the corresponding 95% Cls, for oral and pharyngeal cancer
combined and for laryngeal cancer by quintile categories of fiber intake. For oral and
pharyngeal cancer combined, we reported mixed-effects estimates with appreciable
heterogeneity of the effect estimates across studies (p-value for heterogeneity <0.001); for
laryngeal cancer, however, there was less heterogeneity across studies (p-value = 0.633), so
fixed effects are reported. Fiber intake was inversely associated with oral and pharyngeal
cancer risk: the OR for the highest quintile category of fiber intake compared to the lowest
one was 0.49 (95% CI: 0.40-0.59) (p-value for linear trend <0.001). For laryngeal cancer,
the OR for the highest vs lowest quintile category was 0.66 (95% CI: 0.54-0.82; p-value for
linear trend <0.001). In the influence analyses, the point estimates of the ORs of oral and
pharyngeal cancer combined did not materially change after the exclusion of any study; the
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detected heterogeneity between studies was similar to that of the main analysis when
excluding any study at a time from the analysis. However, after excluding the Italy
Multicenter study from the main analysis, the OR of laryngeal cancer was closer to unity
(OR=0.96, 95% CI: 0.74-1.24 for the last quintile category) and the corresponding
heterogeneity between studies was reduced.

Decreasing ORs with higher fiber intakes were also observed across oral cavity and
pharyngeal cancer subsites: the OR for the highest vs lowest quintile category was 0.39
(95% CI: 0.29-0.52) for oral cavity, 0.54 (95% CI: 0.45-0.64) for oropharynx and
hypopharynx combined, and 0.46 (95% CI: 0.33-0.65) for oral cavity or pharynx not
otherwise specified (Supplemental Table 3 — Online Resource). In addition, the ORs for the
oropharynx were similar to those of the hypopharynx site (e.g. for the highest vs lowest
quintile category, OR=0.58, 95% CI: 0.48-0.70 and OR=0.55, 95% CI: 0.41-0.74,
respectively) (data not shown) but, given the limited number of hypopharyngeal cancer
cases, we combined the results of these subsites.

Tables 3 and 4 show the ORs of oral and pharyngeal cancer combined and laryngeal cancer
by strata of selected variables. An inverse association between fiber intake and risk of either
cancer site was present in most of the strata, in accordance with the main findings from
Table 2. However, there was appreciable heterogeneity in risk for laryngeal cancer across
strata of geographic region, with only the 3 European studies showing a moderate inverse
association (OR for the 5th vs. 1st quintile category = 0.45; 95% CI: 0.34-0.60; p for
heterogeneity = 0.015). An appreciable heterogeneity between studies was present for
several strata in Table 3, but not for most strata in Table 4.

Figure 1 shows the combined effect of fiber intake and alcohol or tobacco consumption on
oral and pharyngeal cancer combined and laryngeal cancer. No deviation from multiplicative
interaction was found for either cancer site (p-value for interaction - Panel A: 0.123; Panel
B: 0.084; Panel C: 0.612; Panel D: 0.430). In addition, when comparing never/light drinkers
with a higher than median consumption of fiber, the ORs for subjects with a lower than
median consumption and =5 drinks/day of alcohol were 11.45 (95% CI 9.61-13.65) for oral
and pharyngeal cancer combined (Panel A), and 5.36 (95% CI 3.30-8.71) for laryngeal
cancer (Panel B). Compared to never smokers with a higher than median consumption of
fiber, the ORs for subjects consuming a lower than median amount of fiber and being
smokers of >20 cigarettes/day were 6.33 (95% CI 5.30-7.55) for oral and pharyngeal cancer
combined (Panel C), and 26.34 (95% CI 18.28-37.95) for laryngeal cancer (Panel D).

In the sensitivity analyses considering additional adjustment for one extra nutrient at a time,
the point estimates for quintiles of fiber intake were generally in line with the ones from the
main analysis, although the ORs were higher for both cancer sites. The only exception was
the adjustment by iron intake, which modified the OR of laryngeal cancer for the highest
quintile category of fiber intake to 0.52 (95% CI: 0.44-0.62). With the additional adjustment
by total fruit or total vegetable intake, the inverse association between dietary fiber intake
and either tumor site was consistent, although the associations were less strong than in the
main analysis for oral cavity and pharyngeal cancer combined.
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Discussion

In this pooled analysis of 10 case—control studies providing information on dietary fiber
within the INHANCE consortium — the largest dataset to date on the issue - we found
inverse associations between dietary fiber intake and the risk of oral and pharyngeal cancer,
as well as of laryngeal cancer. Similar results were observed across oral and pharyngeal
cancer subsites and in most of the strata considered.

Several plausible mechanisms have been reported for such a favorable effect of dietary
fiberl3-16, First, dietary fiber may reduce glycaemic load® and improve insulin sensitivity,
favourably influencing insulin-like growth factor | (IGF-1), which is a promoter of the
process of carcinogenesis at various sites®0. Second, dietary fiber appears to have an anti-
inflammatory role, via the production of short-chain fatty acids by gut bacteria with anti-
proliferative and pro-apoptosis properties4 16, Third, dietary fiber may also bind
carcinogens and thereby limit their contact with upper digestive tract epithelial® 17, Finally,
fiber-rich foods generally tend to have a higher content of antioxidantsl’. However, a higher
fiber intake may simply be an indicator of a diet rich in fruit, vegetables and pulses, and
whole gains, and, on this way, poorer in refined cereals, meat and animal fats, which have
been positively associated with a higher HNC risk1: 61. 62 sjll, adjustment by fruit and
vegetables, as well as selected micronutrients, only marginally affected the main results on
fiber intake. Similarly, dietary fiber may simply be an indicator of a better general life-style
pattern.

Some of the studies contributing data to our pooled analysis have already published separate
reports on dietary fiber and HNC cancer risk!8: 19.25.27 Besides them, at least 2 other
cohorts?8: 28 and 5 case-control studies2%-24, most of which conducted before the 2000s,
provided results on the issue. Among the most recent and largest studies, the National
Institutes of Health (NIH)-AARP Diet and Health Study, a US cohort of ~500,000 elderly
participants including 1867 HNC cases developed during ~11 years of follow-up, found an
inverse association with fiber intake among women (OR 0.61, 95% CI: 0.42-0.89 for the
upper quintile), consistent across subsites, and a weaker one among men (OR 0.88, 95% ClI:
0.73-1.05)28. Similarly, in a cohort of over 34,000 postmenopausal women and 169 incident
cases from the lowa Women’s Health Study, an inverse association for fiber intake was
observed for cancers of the upper aerodigestive tract combined (OR 0.57, 95% CI: 0.36-0.92
for the upper tertile). In detail, a higher fiber intake decreased oral and pharyngeal cancer
(53 cases, OR 0.49), but not laryngeal cancer risk (21 cases, OR 1.82)25. Among the earlier
investigations, a Chinese case-control study including 404 matched cases of oral cancer
showed a strong inverse association for total dietary fiber (OR 0.38, 95% CI: 0.19-0.74 for
the upper quartile), and for dietary fiber from vegetables and fruits, but no relation with fiber
from other sources23. Reduced risks of oral and pharyngeal cancer for higher intakes of
fibers were also observed in an Australian case-control study on 41 male cases (OR 0.14,
95% CI: 0.1-0.4 for the upper tertile)?2, and in a US case-control study on 290 matched
cases (OR 0.6, 95% CI: 0.4-0.9 for 1-standard deviation increase in intake)?L. In addition,
an inverse association with laryngeal cancer was found for energy-adjusted fiber intake in a
US case-control study including 250 male cases20. The only study reporting little or no
association with fiber intake was conducted in Uruguay, had a case-control design and
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included 133 cases of cancer of the upper aerodigestive tract, among which 33 were oral/
pharyngeal cancers and 34 were laryngeal cancers24.

In interpreting our findings, there were some limitations. Concerning fiber intake, we were
unable to assess the separate effect of different subtypes of fiber on HNC risk. Indeed,
separate information on dietary fiber from vegetables, fruits or cereal grains was available in
4 studies and that on total soluble and insoluble fiber in 5 studies only. In addition, pooling
dietary data is challenging®* and the various populations included in the analysis differ in
many respects, including exposure to alcohol and tobacco. For these and other reasons, some
heterogeneity among studies is to be expected. In our analysis, we identified heterogeneity
among studies for oral and pharyngeal cancer combined and in several strata of interest,
including subsites of oral and pharyngeal cancer. Our inspection of study-specific
distributions, stratified and influence analyses showed also heterogeneity between European
and American studies in the case of laryngeal cancer. However, it is difficult to isolate the
effect of control sources (hospital- versus population-based) from that of geographic region
(the 3 studies from Europe were all hospital-based and 4/6 American studies were
population-based). The identified heterogeneity cannot, therefore, be attributed to selection
bias and to different types of controls. In addition, our results may be biased by a non-
differential misclassification of individual intakes (i.e. due to measurement error), and by
differential misclassification derived from recall bias.

Our analysis also had several strengths. The large sample size provides the opportunity to
consider cancer subsites and subgroups of interest with adequate statistical power. We could
control for the potential confounding effect of tobacco smoking, alcohol drinking and their
interaction, using information on status, duration and intensity for smoking and intensity for
alcohol. Moreover, the inverse association with fiber intake was consistent across strata of
tobacco smoking and alcohol drinking. We also assessed the presence of a potential bias
related to the assumption of a single unknown education level in the Japan study, by
comparing fiber effect estimates in the non-Japanese study population, adjusting versus not
adjusting for education (but adjusting for other covariates). This sensitivity analysis provided
reassuring results, with very similar ORs for both cancer sites (e.g. for the last quintile
category, OR of oral cavity and pharyngeal cancer combined = 0.49, 95% CI: 0.40-0.59 and
0.49, 95% CI: 0.40-0.59, with and without the adjustment for education level, respectively;
OR of laryngeal cancer = 0.57, 95% CI: 0.48-0.68 and 0.57, 95% CI: 0.48-0.69, with and
without the adjustment for education level, respectively). In addition, we applied uniform
criteria to define our exposure of interest. Finally, we found that effect estimates were
similar in the different tumor subsites, suggesting that the action of dietary fiber represents a
general mechanism, rather than a site-specific one.

In conclusion, findings from this large-scale pooled analysis indicated that a relatively high
intake of fiber may play a protective role against HNC. Future studies that examine country-
specific sources of dietary fiber - including fruits, vegetables, beans, nuts, brown rice,
whole-grain breads, biscuits, and pasta - are warranted to further elucidate which foods are
the main determinants of the inverse association observed between fiber intake and the
incidence of HNC:s.
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Novelty and Impact

We investigated the association between dietary fiber intake and cancers of the oral
cavity/pharynx and larynx, using individual-level pooled data from the INHANCE
consortium. Significant inverse associations were observed overall, across subsites, and
strata, although in the presence of heterogeneity among studies. These conclusions were
derived from a re-analysis of studies, which used standardized definitions of outcomes,
exposure and confounders, a standardized statistical approach, and had enough power to
inspect disease-exposure associations within strata.
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Odds ratios (ORs) of oral and pharyngeal, and laryngeal cancer, and corresponding 95%
confidence intervals (CIs), according to alcohol or tobacco consumption and “non-alcohol
energy-adjusted” fiber intake. International Head and Neck Cancer Epidemiology

(INHANCE) consortium.

(a) The odds ratios were derived from mixed-effects logistic regression models adjusted for
age, sex, education, race/ethnicity, study center, combined smoking habits of cigarettes,
cigars and pipes, and alcohol drinking, when appropriate.

(b) The number of cases and controls within each category was indicated below the
corresponding OR as: “number of cases: number of controls.”
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