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Introduction

Abstract

Background: The main risk factors related to oropharyngeal cancer (OFC) are tobacco
and/or alcohol consumption, infectious agents, especially human papillomavirus, and
others like dietary factors. The high intake of fruits, especially citrus fruit, and vegetables
protects against OFC, while the consumption of processed meat and animal fats
increases this risk.

Aim: This study aims to assess the possible influence of the diet on the OFC risk.
Methodology: A search for articles on OFC and diet was performed in the following
electronic databases: PubMed (MEDLINE, Cochrane Library), Web of Science (WoS),
and Spanish Medical Index (IME). From 125 potentially eligible articles, 111 were
excluded for several reasons: Articles without full-text availability (45), studies with a
sample size fewer than 100 subjects (16), studies in tumors with a location other than
oral cavity and pharynx (11), studies carried out on patients with potentially malignant
disorders (4), and studies without usable data (35). Finally, 14 studies were included in
this meta-analysis. The data were analyzed using statistical software RevMan 5.3 (The
Cochrane Collaboration, Oxford, UK). For dichotomous outcomes, the estimates of
effects of an intervention were expressed as odds ratio (OR) using the Mantel-Haenszel
(M-H) method with 95% confidence intervals.

Results: High consumption of the following foods reduced the probability of OFC:
Vegetables (49%, P < 0.001), fruits (47%, P < 0.001), carrots (34%, P < 0.01), and pulses
(13%, P = 0.02), but not significantly for fish (11%, P = 0.39) and dairy products (8%,
P =0.62). On the contrary, there was an increased risk of OFC with the consumption of
bread (OR: 1.42, P < 0.01) or meat (OR: 1.36, P < 0.01), but not significantly for eggs
(OR: 1.50, P = 0.10), pasta (OR: 1.24, P = 0.44), potatoes (OR: 1.12, P = 0.44), and
cheese (OR: 1.12, P=0.61).

Conclusions: The consumption of vegetables, fruits, and pulses was foods with a
protective effect against OFC.

Clinical significance: Dietary changes toward a healthier diet are an effective measure
to prevent OFC.

and fruits has been attributed to various micronutrients, such
as flavonoids, polyphenols, or fibers, with favorable effects on

Oropharyngeal cancer (OFC) is the sixth most frequent tumor
in the world, being responsible for approximately 3.5% of cancer
deaths. The main risk factors related to this cancer are the
consumption of tobacco and/or alcohol and infectious agents such
as the human papillomavirus (HPV) in populations under 50 years
of age.l! Other potential factors such as chronic trauma or dietary
factors have also been related to OFC. Numerous epidemiological
studies revealed an inverse association between the intake of fruits
and vegetables and OFC risk. The beneficial effect of vegetables
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this cancer risk. These foods develop antioxidant effects, bind to
carcinogens, and dilute them in the digestive tract. Furthermore,
more frequent consumption of fruits and vegetables could be an
indicator of a more affluent and balanced diet."?!

Various epidemiological studies have found that high intake
of fruits, especially citrus, and vegetables protects against OFC.
However, studies of the effect of diet on OFC have reported
conflicting results. Some observational studies have shown a
protective effect with the consumption of some of them, especially
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fruits and vegetables, while others have not shown this benefit. It
remains to be clarified whether this benefit could vary with the
different types and preparations, for example, cooked compared to
raw foods.’) The diet rich in fruits and vegetables protects against
OFC and other cancer types. High consumption of fruits and
vegetablesalso has protective effects against cancer of the esophagus,
breast, prostate, colon, bladder, and lung. High dietary fiber intake
is protective against colon cancer. In contrast, high consumption of
red or processed meat is a risk factor for colon cancer, lung cancer,
Ppancreatic cancer, stomach cancer, or prostate cancer. Moreover, a
high intake of dairy products has been associated with an increased
risk of developing prostate cancer and ovarian cancer. However,
it has not been shown that the use of dietary supplements in the
absence of nutritional deficiencies confers the same benefits as the
regular consumption of fruits and vegetables, so they should never
be used as substitutes for these foods.*!

The purpose of this study was to assess the possible influence
of diet on the risk of OFC.

Methodology

A search of case—control studies on diet and OFC was performed
in the following databases: PubMed (MEDLINE, Cochrane
Library), WoS, and the Science Information and Documentation
database in Spain (InDICEs-CSIC) that include the Spanish
Medical Index (IME). Studies evaluation was carried out by two
reviewers (A.R.A. and M.C.O.) independently. After, they jointly
agreed on the articles to include in this study. Search strategies
were developed for each database with a combination of terms
from Medical Subject Headings and free text. The search terms
were as follows: “Mouth neoplasms,” “diet,
“oral cancer.” After this initial search, 222 articles were found (97 in

» «

case control studies,”
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PubMed, 109 in WoS, and 16 in IME) between the years 1973 and
2020, 97 of them duplicates for having the same title and abstract,
which left 125 potentially eligible articles. Exclusion criteria were
as follows: (a) Articles without full-text availability (n = 45), (b)
studies with sample sizes of <100 subjects (n = 16), (c) studies in
non-OFC (salivary glands, esophagus, etc.) (n = 11), (d) studies
carried out on patients with potentially malignant disorders (n = 4),
and (e) studies with non-usable data (n = 35). After applying these
criteria, 14 studies were included in this meta-analysis [Figure 1].

Statistical analysis

For the meta-analysis, data were processed with the RevMan
5.3 program (The Cochrane Collaboration, Oxford, UK). For
dichotomous variables, the odds ratio (OR) with the Mantel-
Haenszel (M-H) Chi-square formula and a 95% confidence
interval (95% CI) was used. Heterogeneity was determined
according to P values and the Higgins statistic (I?). In cases
of high heterogeneity, the random effects model was applied.
P < 0.05 was considered as the minimum level of significance.

Results

Table 1 summarizes the characteristics of the study groups and
the nutritional parameters considered in the 14 studies included
in the meta-analysis.*'*) The effect of a high intake of different
foods on the OFC risk is shown in Table 2.

Twelve studies™®*!1®) considered the high consumption of
vegetables, finding 49% reduction in the risk of OFC in subjects
with an important vegetable intake, finding a highly significant
statistical association (OR = 0.51, 95% CI: 0.41 to 0.65,

P <0.001).

"mouth neoplasms” AND “diet”
AND "case control studies”
PubMed (n=97)

“oral cancer” OR "mouth neoplasm”
AND “diet” AND "case control”
Web of Science (n=109)

“cancer oral” AND “diet*”
AND “casos controles”
InDICEs-CSIC (n=16)

222 articles screened I—I 97 articles duplicated

125 articles assessed
for eligibility

111 articles excluded:
-without full-text availability (n=45)

-sample <100 subjects (n=16)
-non-oropharynx cancers (n=11)
-non-malignant lesions (n=4)
-non-usable data (n=35)

14 articles included in
the meta-analysis

[ Included ][ Eligibility ][ Screening ][ldentiﬁcation]

Figure 1: Study flow diagram
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Table 1: Description of the 14 studies included in this meta-analysis
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First author (year) Country OFC patients Hospital-based controls Food analyzed

Franceschi et al. (1991)¢  Italy n=302 (266 M, 36 F; X=59yr)  n=699 (549 M, 150 F; X=58 yr) Meat, fruits, eggs, dairy, potatoes,
pasta, fish, cheese, vegetables.

La Vecchia et al. (1991)1°)  Ttaly n=105 (89 M, 16 F; X=56 yr)  n=1169 (875 M, 294 F; X=55yr) Meat, fruits, eggs, dairy, pasta, fish,
cheese, vegetables.

Oreggia et al. (1991)7 Uruguay n=57 (57 M, 0 F) n=353 (353 M, 0 F) Meat, fruits, vegetables.

Fioretti et al. (1999) Italy n=42 (10 M, 32 F; X=62 yr) n=864 (442 M, 422 F; X=57 yr)  Fruits, dairy, pulses, fish, cheese,
vegetables, carrots.

Rodriguez et al. (2004)")  Italy n=137 (113 M, 24 F; X=42 yr) n=298 (226 M, 72 F; X=42yr)  Fruits, carrots.

Galeone et al. (2005)1 Italy n=634 (634 M, 0 F; X=57 yr) n=1252 (1252 F, 0 F; X=57 yr)  Meat, eggs, potatoes, fish.

Kreimer et al. (2006)1") USA n=1670 n=1732 Meat, fruits, dairy, pulses, fish, cheese,
vegetables.

Suzuki et al. (2006)! Japan n=385 (302 M, 83 F) n=1925 (1510 M, 415 F) Fruits, vegetables, carrots.

Asakage et al. (2007)1"% Japan n=96 (96 M, 0 F) n=642 (642 M, 0 F) Fruits, vegetables.

Garavello ef al. (2008)!")  Ttaly n=805 (659 M, 146 F; X=58 yr) n=2081 (1302 M, 779 F; X=58 yr) Fruits, vegetables.

Toporcov et al. (2012)1"1  Brazil n=296 (230 M, 66 F) n=296 (230 M, 66 F) Meat, fruits, eggs, dairy, fish, cheese,
vegetables.

Bezerra et al. (2017)1'¢ Brazil n=133 (85 M, 48 F) n=532 (340 M, 192 F) Meat, fruits, eggs, pasta, potatoes,
vegetables.

Gupta et al. (2017)17 Australia n=187 (130 M, 57 F; X=56 yr) n=240 (161 M, 79 F; X=58 yr)  Meat, fruits, dairy, fish, vegetables.

Chen et al. (2017)0! China n=930 (588 M, 342 F) n=2667 (1689 M, 978 F) Meat, fruits, vegetables, eggs, dairy,

pulses, fish, seafood.

OFC: Oropharyngeal cancer, n: Number of subjects, M: Males, F: Females, X: Mean age, yr: Years

Table 2: Influence of high intake of different foods on the risk of oropharyngeal cancer

Foods n OFC (%) Cont. (%) OR [95% CI] I (%) P-value
Vegetables!>#!1-18] 12 353 44.7 0.51 [0.41-0.65] 82 <0.001*
Fruits®*11-18] 13 23.2 37.5 0.53 [0.41-0.68] 88 <0.001*
Carrots®!2 3 13.5 19.6 0.66 [0.50-0.88] 0 0.04*
Pulses!®!"18] 3 33.4 44.2 0.87 [0.77-0.98] 15 0.02*
Meat/5710.1115-18] 9 32.5 29.3 1.36 [1.10-1.68] 78 <0.01*
Bread®!® 2 36.9 30.1 1.42 [1.12-1.80] 0 <0.01*
Eggsl®ei01s1018] 6 37.5 37.2 1.50 [0.92-2.45] 95 0.10
Fighl5681011.15.17.15] 8 23.8 30.4 0.89 [0.69-1.16] 81 0.39
Dairyl#08111517.15] 7 25.1 31.5 0.92 [0.66-1.28] 88 0.62
Cheesel>681115] 5 18.9 24.3 1.12 [0.72-1.74] 86 0.61
Potatoes!>!01¢! 3 36.7 34.3 1.12 [0.84-1.51] 62 0.44
Pastal>®16] 3 35.8 25.1 1.24 [0.72-2.14] 81 0.44

n: Number of studies, OFC: Oropharyngeal cancer patients, Cont.: Controls, OR: Odds ratio, [95% CI]: 95% confidence interval, I*: Higgins statistic for

heterogeneity, *Statistically significant

Thirteen studiesl*>'"'*] evaluated the high consumption
of fruits, observing a reduction in the risk of OFC of 47% in
the subjects who ate a lot of fruit, also with a highly significant
statistical relationship (OR=0.53,95% CI:0.41-0.68, P < 0.001).

Regarding the high consumption of carrots, three studies®>'
concluded that the high consumption of carrots represented 44%
reduction in the risk of OFC. After statistical analysis, significant
differences were found (OR = 0.66,95% CI: 0.50-0.88, P = 0.04).
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Other three studies!®'"'*! considered the high consumption
of pulses. Patients with high consumption of pulses reduced their
risk of OFC by 13%, with a statistically significant association
(OR = 0.87,95% Cl: 0.77-0.98, P = 0.02).

Concerning to the high consumption of meat, nine
studies!® 719111518 yerified that the high meat consumption increased
the probability of OFC by 1.36 times, finding statistically very
significant differences (OR = 1.36,95% CI: 1.10-1.68, P < 0.01).
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Similarly, two studiest®'® analyzed the possible risk of
OFC associated with high consumption of bread, observing
an increase in the risk of 1.42 times, with a statistically very
significant association (OR = 1.42,95% CI: 1.12-1.80, P < 0.01).

Six studies®1%131618] found that high egg consumption had
no relevant impact on OFC risk, and no statistically significant
relationship was observed (OR = 1.50,95% CI: 0.92-2.45, P=0.10).

Eight studies[5810111517181 [ooked at the high consumption of fish,
finding 11% reduction in the risk of OFC, although without reaching
statistical significance (OR = 0.89, 95% CI: 0.69-1.16, P = 0.39).
Seven studies56811151718] found that high consumption of dairy
products reduced this risk by 8%, although without a statistically
significant association (OR = 0.92,95% CI: 0.66-1.28, P=0.62).

OFC patients had a higher consumption of other foods such

S681L1S 56161 than controls

as cheese,! ! potatoes, 191! or pastal
without the disease. Although there was an increased risk of
OFC, no statistically significant differences were found (P > 0.05

in all cases).

Discussion

In the present meta-analysis on the possible influence of diet on
OFC, data from 14 studies have been included.

Onlybetween 5% and 10% of cancer cases have a genetic basis;
while the remaining 90-95% are associated with environmental
agents and other factors such as sedentary lifestyles, body mass
index, health habits, and a poor quality diet with nutritional
deficiencies or food shortage.!'

The greatest risk factors for OFC are tobacco and alcohol
consumption, with a dose-dependent relationship in the case
of tobacco and having a multiplicative effect when both harmful
habits act together. In addition to these two factors, infection
with HPV is especially relevant.!*’

This study has focused on the analysis of another risk factor,
the diet, which, in some studies, is considered independent of the
previously mentioned factors. For some, dietary factors could
directly intervene in the development of cancer through their
carcinogenic metabolites; while others maintain that tobacco
and alcohol can favor exposure of the oral cavity and pharynx to
other carcinogens present in the diet.!*!

In the present study, the high intake of vegetables (OR: 0.51),
fruits (OR: 0.53), carrots (OR: 0.66), or pulses (OR: 0.87) had a
significant protective effect about OFC. The high consumption
of fish (OR: 0.89) or dairy (OR: 0.92) also had a protective
effect, although it did not reach statistical significance.

Various studies!®*''7] highlighted the protective effect of
these foods (vegetables, fruits, and cereals), relating it to the
mechanical cleaning action they exert on the oral cavity, as well
as the beneficial effect of substances sensitive to temperature like
Vitamin C when these foods are eaten raw.l*! Although they are
usually attributed a protective role, they could be considered
as a non-specific indicator of a more oriented attitude toward a
healthier lifestyle,'*! with good habits and a varied, balanced diet
that implies good nutritional status.!'¥

Theanti-cancereffect offreshfruitsandvegetableson OFC can
be attributed to its content of carotenoids, Vitamin A, Vitamin C,
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Vitamin E, folic acid, flavonoids, indoles, isothiocyanates,
protease inhibitors, plant sterols, allium compounds, selenium,
dietary fiber, and other antioxidants.['! Furthermore, vegetables
are an important source of glucosinolates, whose main
degradation products (isothiocyanates and indoles) have been
shown to have anti-cancer activity, thank to their antioxidant,
antimutagenic, and antiproliferative properties.!'”’

Folates are crucial for normal DNA synthesis and repair, and
their deficiency can increase OFC risk by inducing an imbalance
in DNA precursors. In particular, the decreased absorption of
folic acid may also be due to a high intake of alcohol."Y) These
same authors!'!! maintain that the consumption of these foods
would only have a beneficial effect against OFC in smokers
and/or habitual drinkers, since some of its components, such as
[-carotenes and Vitamins C and E, are capable of neutralizing
reactive oxygen radicals that are increased in this population.!?!

Fish contain polyunsaturated fatty acids, especially omega-3,
mineral salts, and proteins that could inhibit tumor progression
through its anti-inflammatory effects and the inhibition of reactive
oxygen species.'¥) The omega-3 fatty acid is incorporated into
cell membranes and influences various biological responses,
such as suppression of neoplastic transformation, inhibition of
cell growth, activating the immune system and inflammation,
apoptosis, and antiangiogenesis.') The absence of a significant
association between fish consumption and its possible protective
effect on OFC could be due to several facts. Although fish are an
important source of highly beneficial omega-3 fatty acids, it can also
contain heterocyclic amines, which are potentially carcinogenic
substances, especially when cooked at high temperatures.'s]

The role of dairy in carcinogenesis is controversial. Although
milk contains animal fat, it is also rich in other compounds such
as calcium, Vitamins D and A, or linoleic acid that have anti-
cancer properties. Furthermore, cow’s milk contains lactoferrin,
which could act inducing apoptosis, inhibiting angiogenesis,
and modulating the enzymatic capacity of carcinogens. Bovine
lactoferrin inhibits processes such as oxidative DNA damage,
cancer activation, cell proliferation and invasion, and angiogenesis,
mechanisms directly involved in the appearance of OFC.!'"!

In this study, the high intake of meat (OR: 1.36) or bread
(OR: 1.42) behaved as a significant risk factor for OFC. High
consumption of eggs (OR: 1.50), pasta (OR: 1.24), cheese
(OR: 1.12), or potatoes (OR: 1.12) was also risk factors but not
statistically significant.

Eating meat, especially red meat, is considered a risk factor
for OFC.['! Meats are foods with high protein content, rich
in saturated fats in addition to other harmful substances such
as nitrites, genotoxic heterocyclic amines,'” and polycyclic
aromatic hydrocarbons that increase the level of free radicals
or react with DNA.U' Lipids of animal origin can alter the
composition of cell membranes, affecting their integrity and
favoring the absorption of carcinogens from other foods.!!]

Regarding bread, few studies have analyzed the influence of
its consumption on OFC risk and the results are contradictory.
1) while for others, they carry
some risk due to their high content of refined carbohydrates. !

For some, it has no influence;!
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This study has some limitations. Other foods such as spicy
foods, hot foods (soups),! ¢! or hot drinks (coffee or tea) could

7171 These hot foods could cause recurrent

not be evaluated.
thermal damage to the lining of the oral cavity. Furthermore,
long-term exposure to methylxanthines can also negatively affect
the anti-cancer action of saliva.'”!

Other important parameters possibly related to the risk of
OFC such as the type of meat or fish, the way of preparing food
(raw, cooked, fried, smoked, etc.), the type of il (olive, sunflower,
soybean, palm, coconut, etc.) or butter used for cooking, the
temperature (>150°C), or the time (>2 min) when cooking.!'”

The high heterogeneity observed in some analyzes requires
a careful interpretation of the results of this meta-analysis.
Differences between the different included studies may be due
to the design, the methods used for both collection and data

analysis, or the characteristics of the study populations.

Conclusions

In this meta-analysis, high consumption of the following foods
reduced the probability of OFC: Vegetables, fruits, carrots, or
pulses, but not significantly for fish or dairy. On the other hand,
there was an increased risk of OFC with the consumption of
bread or meat, but not significantly for eggs, pasta, potatoes, or
cheese.
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