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Abstract

Objective: We analyzed the pooled case-control data from the International Head
and Neck Cancer Epidemiology (INHANCE) consortium to compare cigarette smoking
and alcohol consumption risk factors for head and neck cancer between less devel-
oped and more developed countries.

Subjects and Methods: The location of each study was categorized as either a less de-
veloped or more developed country. We compared the risk of overall head and neck
cancer and cancer of specific anatomic subsites associated with cigarette smoking and
alcohol consumption. Additionally, age and sex distribution between categories was
compared.

Results: The odds ratios for head and neck cancer sites associated with smoking dura-
tion differed between less developed and more developed countries. Smoking greater
than 20 years conferred a higher risk for oral cavity and laryngeal cancer in more
developed countries, whereas the risk was greater for oropharynx and hypopharynx
cancer in less developed countries. Alcohol consumed for more than 20 years con-
ferred a higher risk for oropharynx, hypopharynx, and larynx cancer in less developed
countries. The proportion of cases that were young (<45 years) or female differed by
country type for some HNC subsites.

Conclusion: These findings suggest the degree of industrialization and economic de-
velopment affects the relationship between smoking and alcohol with head and neck

cancer.

KEYWORDS
alcohol use, head and neck cancer, INHANCE, smoking, socioeconomic status
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1 | INTRODUCTION

Countries can be classified as to development status based on
Gross Domestic Product (GDP) per capita, which reflects avail-
ability and use of natural resources, degree of industrialization and
economic development, quality and access to medical care, and so-
cial and economic development (Fan et al., 2018). On a global basis,
per-capita income and economic development differ substantially
between less developed and more developed countries (as defined
by the United Nations), and this classification has been used as the
basis for providing resources to support the economic and social
development of developing countries (Syed et al., 2012). The World
Bank has its own classification system by four gross national income
groups—high, upper-middle, lower-middle, and low, where lower-
middle and low incomes are considered less developed countries
(Reynolds, 2018).

Challenges facing less developed countries include rapid urban
development, outdoor and indoor air pollution control, crowding,
and their associated effects on lifestyle. For example, 92% of in-
dustrial pollution-related deaths occur in low- and middle-income
countries and, especially among poorer individuals in all countries
(Landrigan et al., 2018). Lifestyle contributions to cancer are a
major concern, especially as cancer control efforts are substantially
underfunded in developing countries that are experiencing aging
populations and increased tobacco use in some areas. Many less
developed countries lack cancer registries and other rigorously-
collected health data, and determining the causes and prevention
of cancer has been challenging due to the lack of resources (Hanna
& Kangolle, 2010).

Head and neck cancer (HNC) is the seventh most common
cancer worldwide (Rettig & D'Souza, 2015), and its incidence is in-
creasing each year, with an estimated number of 878,348 in 2020
(Bray et al., 2018). For countries with established cancer registries,
HNC rates (oral cavity, oropharynx, and other HNC) increased from

1983 to 2002 in some countries but decreased in others (Simard
et al., 2014). The 2020 age-standardized rates of oral cavity cancer
varied considerably by country. For example, in men the rates were
1.6 per 100,000 in Western Africa and 13.3 per 100,000 in South
Central Asia (Bray et al., 2018). It is projected that future rates will
decrease with associated declines in cigarette consumption (Lee &
Hashibe, 2014).

The comparative epidemiology of HNC in less and more devel-
oped countries is not well documented (Gupta et al., 2016). Tobacco
and alcohol use are the major risk factors worldwide, and the popu-
lation attributable risk of HNC due to tobacco and alcohol in studies
conducted in Europe and the Americas is 72% (Hashibe et al., 2009).
Other risk factors include low fruit and vegetable intake, poor oral
hygiene, hormonal factors, and occupational exposures, as well as
the role of genetic variation are not fully characterized (Bravi et al.,
2021). Human papillomavirus (HPV) is associated primarily with oro-
pharyngeal HNC.

To determine whether more developed and less developed coun-
tries have different risk factor profiles for HNC and HNC subsites,

we used pooled data from 32 case-control studies.

2 | Methods

2.1 | THEINHANCE DATABASE

The current study included pooled datasets from the INHANCE
Consortium (data version 1.5) that contained information on de-
mographic and lifestyle characteristics, including tobacco smoking
and alcohol drinking, and tumor information. Descriptions of the
studies included in the INHANCE Consortium can be found on the
database website (http://www.inhance.utah.edu, accessed April 1,
2021). The dataset for the current analysis included 32 case-control
studies, most of which were age and gender frequency-matched;
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TABLE 1 Selected characteristics of HNC cases and controls from less developed and more developed countries, INHANCE database

Characteristic

Mean age (years)
Sex

Female

Male
BMI (kg/m?)?
Age started smoking (years)?
Age stopped smoking (years)?
Duration of smoking (years)®

Duration of alcohol use (years)?

#Mean + standard deviation.

Overall
(n = 61,297)

584 +11.3

15,410 (25.2%)
45,842 (74.8%)
251+4.6
184 +5.8
50.9 +13.4
23.0+18.9
33.0+15.6

Less developed

Cases (n = 5251)
577 +11.1

1120 (21.4%)
4114 (78.6%)
22.3+4.4
16.6 + 6.1
55.0+11.1
30.4 +19.2
30.5+16.2

Controls
(n = 4882)

554 +13.3

1601 (33.0%)
3257 (67.0%)
24.5+4.8
175+ 6.4
48.1+13.7
17.2 +19.0
224 +18.4

More developed

Cases (n = 20,005)

58.9 +10.5

4269 (21.3%)
15,734 (78.7%)
24.6 +4.7
18.0+5.2
54.1+12.0
31.3+16.7
35.8 +14.0

Controls
(n=31,159)

585+ 114

8420 (27.0%)
22,737 (73.0%)
25.8+4.4
19.26 + 6.0
47.7 +14.1
174+ 17.6
33.5+15.3

TABLE 2 Odds ratios for head and neck cancer subtypes by years of smoking, for more developed and less developed countries,

INHANCE database

Head & neck cancer site

All

Oral cavity

Oropharynx

Hypopharynx

Larynx

Overlapping H&N

Country

More developed

Less developed

More developed

Less developed

More developed

Less developed

More developed

Less developed

More developed

Less developed

More developed

Less developed

Smoking years

Note: Adjusted for sex, age, cigarettes per day, and geographic grouping.

Interaction between smoking years and country type.

the study populations come from Asia, Europe, North America
and South America. The pooling and harmonization methods have
been previously described (Conway et al., 2009; Hashibe et al.,,

N (%)
Cancer

4463 (19.9)

(
15,334 (54.1)
(

1379 (32.8)
3760 (65.2)
1375 (7.1)
3614 (21.7)
915 (24.5)
1226 (37.9)
1422 (7.4)
3942 (23.2)
125(4.2)
718 (26.3)
282 (1.6)
1618 (11.1)
30(1.1)
304 (13.2)
662 (3.6)
4737 (26.7)
160 (5.4)
1124 (35.9)
33(0.2)
142 (1.1)
37(1.3)
119 (5.6)

Odds ratio (95% Cl)

Ref
3.8(3.6,4.0)
Ref
27(2.4,29)
Ref
3.3(3.1,3.6)
Ref
2.0(1.8,2.2)
Ref
3.3(3.1,3.6)
Ref
54(4.4,6.7)
Ref

5.8(5.0, 6.6)
Ref

7.7 (5.3,11.3)
Ref
6.8(6.2,7.4)
Ref
4.8(4.0,5.8)
Ref

4.6 (3.1, 6.8)
Ref
2.4(1.6,3.7)

Interaction
p-value?

<0.0001

<0.0001

<0.0001

0.1561

0.0009

0.0210

2007). The majority of cases were classified by ICD-9, ICD-10, or
ICD-O codes. This included some cases with overlapping areas of
oral cavity and pharynx, who were classified as having overlapping
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HNC. Informed consent and institutional review board approval
were obtained at each study center, and all identifying informa-
tion was removed before data were transferred for pooling. An ap-
proval was also obtained from the institutional review board at the
Pennsylvania State University for use of this specific de-identified
dataset. Within each study population, subject demographic infor-
mation and risk factors for HNC were collected by patient ques-
tionnaire, trained interviewers, or by the subject's physicians. Data
on each case's tumor characteristics were obtained from pathology

records.

2.2 | Variable definitions

Smoking status variables included never, former, and current smok-
ers. We further classified it as Ever (No) and Ever (Yes). Never smok-
ers were classified as Ever (No). Former and current smokers were
classified as Ever (Yes). The large sample size enabled us to examine
ever smoking history in tumor subsites in the oral cavity and oro-
pharynx (Table 6). For all subjects, descriptive statistics are shown
in Table 1. For smoking variables, these included age started and
stopped smoking, and mean duration in years. For the binary logis-
tic regression models, duration of smoking was classified into two
20-year intervals (<20 years and >20 years, Table 2). Years of alco-
hol consumption are shown in Table 1. Alcohol drinking duration in
logistic models was also classified into two intervals (<20 years and
>20 years). For the variable age, it was modelled as a continuous
covariate in most analyses. For Table 4, because age was the variable
of interest, we classified it as a binary variable (less than 45 vs. older
than 45) for our analysis.

Drinking duration in models was classified into two intervals
(20 years, >20 years). Country type (location of the study) was clas-
sified as either more developed or less developed, based on United
Nations classification (DESA, 2017) In the current study, less devel-
oped countries included Argentina, Bangladesh, Brazil, China, Cuba,
Granada, India, and Sudan. More developed countries included
Australia, Canada, Croatia, Greece, France, ltaly, Japan, Spain,
Germany, Hungary, Poland, Romania, Russia, Slovakia, the United
Kingdom, and the United States.

For the main analyses, HNC was grouped into five tumor site cat-
egories: oral cavity cancer (OCC), oropharynx cancer (OPC), hypo-
pharynx cancer (HPC), laryngeal cancer (LC), and overlapping HNC.
We also conducted a descriptive analysis of smoking prevalence
for just oral cavity cancer (OCC) and oropharyngeal cancer (OPC)
by their subsites, to explore whether smoking history may further
vary by subsite and between more developed and less developed

countries.

2.3 | Statistical analysis

Descriptive statistics of subject characteristics included means
and their standard deviations. Logistic regression models were fit

to determine odds ratios (OR) and 95% confidence intervals (95%
Cl) associated with cigarette smoking years and drinking years,
respectively, separately for more developed and less developed
countries. In addition to the main effects, a multiplicative interac-
tion term between each of the exposure variables (cigarette smok-
ing years, alcohol consumption years) and country type (more vs.
less developed) was included in the model. The fits for models
with the interaction term with country type were compared to
the respective models that did not include the interaction term;
the -2 log likelihoods of differences between the two models and
corresponding p-values were calculated as tests of the null hy-
pothesis of no multiplicative interaction. Due to overlap between
study center and country type, it was not possible to adjust simul-
taneously for the former. The logistic regression analyses were,
therefore, adjusted for geographic region where each individual
study location was assigned to one of four regions (Europe, North
America, Central/South America, Asia, and other). The risks for
HNC and its subsites were adjusted for the age (continuous), sex
(categorical), and average cigarettes smoked per day (continuous).
The risks associated with cigarette smoking duration were further
adjusted for alcohol drinking duration but the findings were similar
to the risks that were not adjusted for alcohol drinking. Due to
missing data for alcohol duration in some subjects (n = 8089 for
developed countries, 371 for developing), final models for smok-
ing duration are presented without adjustment for alcohol dura-
tion using the full dataset. The analysis for consumption of alcohol
was conducted using the same approach, using the dichotomous
indicator variable for the categories of alcohol duration to test for
interaction with country type.

For the subsite analysis, cases with missing ICD subsite codes, or
with codes that indicated unspecified or overlapping subsites were
excluded (n = 795 for developing counties and 7658 for developed
countries). For this analysis, OCCs were grouped into three subcate-
gories including the following: (1) Gingivo-buccal/hard palate, retro-
molar; (2) Oral (anterior) tongue; and (3) Floor of mouth. OPCs were
subcategorized into the following: (1) Posterior or base of tongue; (2)
Soft palate/oropharyngeal wall; and (3) Tonsil. The large INHANCE
database was examined for comparing the percent of ever smokers
by subsite between developing and developed countries. All analy-
ses were performed using SAS version 9.4 (SAS Institute, Cary, NC).
Significance was set at a p-value of <0.05.

3 | RESULTS

The dataset included 25,256 cases and 36,041 controls. Table 1
shows selected characteristics of the subjects including age and sex.
About 79% of cases in both groups were men. Mean and median
years of smoking in cases were similar between the two groups,
whereas mean years of alcohol use was 32 in less developed coun-
tries and 36 in more developed countries. Mean BMI was slightly
lower in cases than controls for both developing and developed
countries, which is consistent with other findings.
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TABLE 3 0Odds ratios for head and neck cancer subtypes by years of drinking, for more developed and less developed countries,

INHANCE database

Interaction

Odds ratio (95% Cl) p-value®

OR

0.9030

0.4008

0.0115

0.0240

0.0174

0.1313

p-value

546(10.4%) 1.3(1.1,1.4) <0.0001

287 (13.2%) 1.2(1.0,1.4) 0.0216

88(10.2%) 1.3(1.0,1.7) 0.0366

30 (8.6%) 1.9(1.2,2.9) 0.0042

71 (5.4%) 1.1(0.8,1.4) 0.7064

21(13.5%) 1.6(0.8,3.2) 0.1945

N (%
Head & neck cancer site Country Drinking years Ca(n::)er
All More developed <20 3643 (27.5) Ref
>20 12,965 (43.5) 1.7 (1.6,1.8)
Less developed <20 1658 (38.3) Ref
>20 3377 (62.1) 1.7 (1.5,1.9)
Oral cavity More developed <20 1144 (10.6) Ref
>20 3127 (15.6) 1.6(1.5,1.7)
Less developed <20 983 (26.9) Ref
>20 1112 (35.1) 1.5(1.5,1.7)
Oropharynx More developed <20 948 (9.0) Ref
>20 3762 (18.2) 2.0(1.8,2.2)
Less developed <20 197 (6.9) Ref
>20 631 (23.5) 2.6(2.1,3.1)
Hypopharynx More developed <20 195 (2.0) Ref
>20 1258 (6.9) 2.5(2.2,3.0)
Less developed <20 51(1.9) Ref
>20 274 (11.7) 3.8(2.7,5.2)
Larynx More developed <20 815 (7.8) Ref
>20 3708 (18.0) 1.7(1.5,1.8)
Less developed <20 279 (9.5) Ref
>20 976 (32.2) 2.1(1.8,2.4)
Overlapping H&N More developed <20 31(0.3) Ref
>20 129 (0.8) 1.4(0.9,2.1)
Less developed <20 28(1.0) Ref
>20 128 (5.9) 2.1(1.4,3.4)
Note: Adjusted for sex, age, cigarettes per day, and geographic grouping.
Interaction between drinking years and country type.
TABLE 4 Case-only odds ratios Country type
between age and more developed country
status, INHANCE database More Less
Cancer site Age developed developed
All <45 years 1614 (8.1%)
245 years 18,391 (91.9%) 4705 (89.6%)
Oral cavity <45 years 501 (10.0%)
245 years 4524 (90.0%) 1887 (86.8%)
Oropharynx <45 years 446 (8.3%)
245 years 4951 (91.7%) 775 (89.8%)
Hypopharynx <45 years 7 (5.0%)
>45 years 1839 (95.0%) 319 (91.4%)
Larynx <45 years 280 (5.1%)
245 years 5196 (94.9%) 1250 (94.6%)
Overlapping <45 years 6(9.1%)
H&N
245 years 159 (90.9%) 135 (86.5%)

Note: Adjusted for sex and cpd. OR reflects departure from multiplicativity between country type

and age.
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TABLE 5 Case-only odds ratios

A between sex and more developed country
More Less status, INHANCE database
Cancer site Gender developed developed OR p-value
All Male 15,734 (78.7%) 4114 (78.6%) 1.2(1.0,1.2) 0.0006
Female 4269 (21.3%) 1120 (21.4%)
Oral cavity Male 3477 (69.2%) 1484 (68.5%) 1.4(1.2,1.5) <0.0001
Female 1546 (30.8%) 681 (31.5%)
Oropharynx Male 4268 (79.1%) 721 (83.7%) 1.3(1.1, 1.6) 0.0033
Female 1129 (20.9%) 140 (16.3%)
Hypopharynx Male 1706 (88.2%) 318 (91.1%) 1.5(1.0, 2.3) 0.0412
Female 229 (11.8%) 31(8.9%)
Larynx Male 4753 (86.8%) 1172 (89.0%) 1.3(1.1,1.5) 0.0152
Female 724 (13.2%) 144 (11.0%)
Overlapping Male 132 (75.4%) 124 (79.5%) 1.3(0.7, 2.4) 0.3935
H&N
Female 43 (24.6%) 32(20.5%)

Note: Adjusted for age and cigarettes per day. OR reflects departure from multiplicativity between

country type and gender.

3.1 | Smoking and alcohol on HNC

The association with more than 20 years of cigarette smoking vs.
20 years or less was increased in both more developed (OR = 3.8,
95% Cl 3.6-4.0) and in less developed countries (OR = 2.7, 95% Cl
2.4-2.9; interaction p-value <0.0001; Table 2). For alcohol consump-
tion, no differences were found by country development status
(Table 3). In the case-only analysis, cases with older age (>45) were
more likely to be associated with developed countries (OR = 1.3,
95% Cl 1.1-1.4; Table 4). There was evidence of confounding by age.
The crude OR was about 1.0 and the age-stratified ORs were both
1.2. The case-only OR for developed countries associated with fe-
male sex was 1.2 (95% Cl 1.0-1.2; Table 5).

3.2 | Oral cavity cancer (OCC)

The OR for OCC for 20+ years of smoking cigarettes vs <20 years
was 3.3 (95% Cl 3.1-3.6) in more developed counties and 2.0
(95% Cl 1.8-2.2) in less developed countries (interaction p-value
<0.0001, Table 2). The association of >20 years of alcohol con-
sumption was similar for less and more developed countries
(Table 3). In case-only analysis, the OR for developed countries
with older age (245) was 1.2 (95% Cl 1.0-1.4; Table 4). The case-
only OR for developed countries associated with female sex was
1.4 (95% Cl 1.2-1.5; Table 5).

3.3 | Oropharyngeal cancer (OPC)

The odds ratios associated with cigarette smoking >20 years vs.
<20 years were 5.4 (95% Cl 4.4-6.7) in less developed countries
and 3.3 (95% Cl 3.1-3.6) in more developed countries (Table 2). The

association of OPC with >20 years of alcohol use was slightly greater
in less developed countries (Table 3). In case-only analysis, the odds
ratio for more developed countries associated with female sex was
1.3 (95% CI 1.1-1.6; Table 5).

3.4 | Hypopharyngeal cancer (HC)

The OR associated with >20 years cigarette smoking vs. <20 years
was 7.7 (95% CI 5.3-11.3) in less developed countries and 5.8 (95% Cl
5.0-6.6) in more developed countries (interaction p-value = 0.156;
Table 2). The OR for longer duration of alcohol consumption was
slightly higher in less developed countries (Table 3). In the case-only
analysis, the odds ratio for more developed countries associated
with >45 years of age was 1.9 (95% Cl, 1.2-2.9, Table 4). The OR was
also significantly higher for female sex (Table 5).

3.5 | Laryngeal cancer (LC)

The positive association between years of smoking cigarettes (>20 vs.
<20 years) was a little stronger in more vs. less developed countries
(OR = 6.8 vs. 4.8, interaction p-value = 0.0009; Table 2). The odds
ratio for longer alcohol duration was slightly higher in less developed
countries (interaction p-value = 0.0174; Table 3). The case-only anal-
ysis showed that the odds of being a female case were slightly higher
in more developed countries (OR = 1.3, 95% Cl 1.1-1.5; Table 5).

3.6 | Overlapping HNC

The association of smoking cigarettes >20 years vs. <20 years
was slightly more in more developed vs. less developed countries
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TABLE 6 Ever smoking status by tumor
subsite in oral cavity and oropharynx

in less developed and more developed HNC Subsite
countries, INHANCE database
Oral cavity
Gingivo-buccal/hard
palate
Oral tongue

Floor of mouth
Oropharynx
Base of tongue

Soft palate/

oropharyngeal wall

Tonsil

Leadingin0ral, Malofacal, Head & Neck Medicine

Less developed More developed

No Yes No Yes

400 (41.0%) 575 (59.0%) 352(22.3%) 1226 (77.7%)
191 (27.1%) 513 (72.9%) 571 (24.8%) 1734 (75.2%)
54 (10.8%) 446 (89.2%) 78 (5.9%) 1246 (94.1%)
64 (17.9%) 293 (82.1%) 188 (17.0%) 917 (83.0%)
15 (6.6%) 212 (93.4%) 90 (8.8%) 938 (91.2%)
34 (11.6%) 258 (88.4%) 230 (15.0%) 1311 (85.0%)

Note: Excludes sites not otherwise specified.

(interaction p-value = 0.021; Table 2). There was no association with
alcohol consumption (Table 3, interaction p-value = 0.131). In case-
only analysis, age and sex were not associated with country type
(Tables 4 and 5, respectively).

3.7 | Case-series analysis of ever smoking by oral
cavity and oropharynx subsite

Table 6 shows cigarette smoking status (ever vs. never) for more and
less developed countries separately for OCC and OPC. As expected,
the majority of cases for both subsites were ever smokers. The per-
cent ever smoking was lower for cancers of the gingiva and hard pal-
ate (59% for less developed countries and 78% for more developed
countries) than other subsites. The proportion of ever smoking was
also lower for oral tongue (72.9% for less developed countries and
75.2% for more developed countries) compared with other cancers
such as base of tongue. For floor of mouth cancer, ever smoking pro-
portion was 89.2% in less developed countries and 94.1% in more
developed counties. Within the oropharynx, the site most com-
monly associated with HPV (Parkin & Bray, 2006), 82.1% and 83.0%
of patients with base of tongue cancers were ever smokers in less

and more developed countries, respectively.

4 | DISCUSSION

We found that the odds ratios associated with >20 years (vs <20 years)
of cigarette smoking was greater in less developed countries for OPC
and HPC, whereas >20 years cigarette smoking conferred a greater
risk of OC and LC in more developed countries. In contrast, >20 years
of alcohol consumption increased the odds of all HNC subsites except
OC and overlapping HNC to a greater extent in less developed coun-
tries, compared with that in more developed countries.

When considering these findings, several factors need to be
considered. There may be different forms or brands of cigarettes
that vary by geography. Bidis (tobacco hand-wrapped in plant leaf)
are cigarettes commonly used in South and Southeast Asia. They are

packaged under different brand names and are often fruit-flavored.
Bidis cause OC, HC, and LC (Sapkota et al., 2007; Schottenfeld &
Fraumeni, 2008). Bidis are generally unfiltered and while they con-
tain less tobacco than conventional cigarettes, they emit higher
concentrations of tar and nicotine (Watson et al., 2003). INHANCE
subjects who might have smoked bidi cigarettes include participants
from India and Bangladesh. We did not assess the possible con-
founding effects of smokeless tobacco products. Chewing of betel
quid or “paan” is common in parts of Asia. The areca nut is placed in
a betel leaf, often in combination with smokeless tobacco products
such as khaini, zarda, mawa in south-central Asia. These products
have high concentrations of nitrosamines, and the OPC risk asso-
ciated with betel nut chewing is about eightfold when combined
with other smokeless tobacco, and about threefold when used ex-
clusively (Guha et al., 2014; Stepanov et al., 2005; Wen et al., 2005).
Betel quid use information was not routinely collected in INHANCE
studies from Asia. The combined association for tobacco smoking
and betel quid user is difficult to assess, as betel quid chewers are
mostly a subgroup of cigarette smokers in Taiwan. A recent report
found no evidence of a greater association than would be expected
under either a multiplicative or additive model (Lee et al., 2019).
Data from other studies suggest an interactive effect of smoking
and chewing (Liu et al., 2015; Thomas et al., 2007; Wen et al., 2005).
The OR for HNC with betel quid use in never tobacco smokers is
(OR = 13.71, 95% Cl 3.62, 51.92) with a greater effect possibly for
OC (Lee et al., 2019).

Likewise, there are smokeless tobacco products used in more
developed countries that are not used in less developed countries.
INHANCE studies showed that except for the oral cavity, chewing
tobacco in the United States was not a risk factor in never smokers
and did not modify HNC risk in ever smokers (Wyss et al., 2016).
Snuff use was associated with a threefold risk for OCC in never
smokers, but only about 2% of the U.S. study population used snuff,
whereas use of the more toxic smokeless product betel quid is com-
mon in some less developed populations.

The association of longer vs. shorter duration of alcohol con-
sumption was slightly higher for larynx and pharynx cancer in less
developed countries than in more developed countries. In many
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less developed countries, traditionally and locally prepared bev-
erages are being replaced by internationally marketed products,
especially beer. The risk of HNC did not vary much by beverage
type in a previous INHANCE study, although the analysis was lim-
ited mostly to European and North American study centers (Purdue
etal., 2009).

BMI was lower in cases than in controls for both developing and
developed countries. This is consistent with the literature. In the
prospective American Cancer Society Cancer Prevention Study-Il,
low BMI was associated with HNC mortality but not incidence
(Gaudet et al., 2012).

Differences in HPV infection by country type also need to
be considered. The attributable fraction of HPV-associated HNC
cancer (primarily OPC) has increased in more developed countries
compared to less developed countries, particularly in younger
men (Chaturvedi et al., 2013; Enomoto et al., 2016; Martel et al.,
2017). This is in contrast to the incidence of OCC in the same
populations, in which either no change or a decrease in incidence
was observed, as would be expected with decreased tobacco use
(Chaturvedi et al., 2013). Many of the INHANCE studies partic-
ularly in the more developed countries completed recruitment
in the early 2000’s when HPV-positive OPC was less common in
more developed countries than it is today. We did not have in-
formation on HPV status in most studies and it is unclear from
prior research whether there is an excess joint effect of smok-
ing and HPV on OPC risk. Some data indicate an additive effect
only, whereas other findings show that the odds ratio associated
with heavy smoking is higher in subjects who are HPV seronega-
tive than subjects who are HPV seropositive (Anantharaman et al.,
2016; Smith et al., 2012).

The mean age of HNC at diagnosis was slightly younger in less
developed countries, consistent with another report (Joshi et al.,
2014). It has been suggested that the etiology of HNC may differ
somewhat in people ages 45 and younger (Toporcov et al., 2015).
Our case-only analyses suggested that while some analyses showed
departure from multiplicativity between country type and age or
sex, the effect was small.

The current study did not measure other factors that are asso-
ciated with a country's degree of development or developmental
changes. Less developed and more developed countries are defined
according to assets, wealth, and industrialization. Increasing indus-
trial pollution in less developed countries poses a substantial cancer
risk including HNC, with estimates that the incidence of up to 20% of
all cancers is due to environmental chemical mixtures (https://www.
who.int/heli/risks/ehindevcoun/en/index1.html; Goodson et al.,
2015; Wong et al., 2014). An increasing but still small proportion of
cancer deaths in less developed countries are attributable to life-
style changes including diet and physical inactivity, which have been
associated with the risk of HNC (Freedman et al., 2008; Platek et al.,
2017; The Lancet Oncology, 2011).

The current study compares and contrasts overall and subsite-

specific associations between tobacco and alcohol use and HNC

risk between categories of less and more developed countries.
Several INHANCE publications have employed extensive and novel
statistical approaches to modeling cigarette smoking and other
exposures including spline and linear-exponential models, demon-
strating further variation in risks by HNC subsite (Di Credico et al.,
2019; Lubin et al., 2007). The current study was not designed to
recreate those analyses, but to take a first look at comparing the
associations as they may vary by country development. We did not
control for pipe and cigar smoking, which were previously found
not to increase HNC risk in current smokers in the INHANCE data
(Wyss et al., 2013).

The grouping of countries by level of development is often used
as a measure of health disparity, and differs from socioeconomic
status (SES) groupings, which is a measure of social position within
a defined geographic area (Anderson et al., 2015). The SES litera-
ture shows that HNC incidence is increased in lower SES relative
to higher SES populations in Western countries (Al-Dakkak, 2010;
Andersen et al., 2008; Edwards & Jones, 1999; Hwang et al., 2013;
Purkayastha et al., 2016; Tataru et al., 2017). Using the World Bank
classification system for developing and developed countries, low
SES was associated with oral cancer risk in both high- and lower-
income countries. In a previous INHANCE pooled analysis, low
education was associated with an increased risk which that was
not completely attenuated after adjusting for smoking and alcohol
(Conway et al., 2015). The INHANCE consortium pooled data pro-
vided the opportunity to examine a different aspect of economic
position, namely that which separates countries by wealth, assets,
and degree of industrialization. It should be noted that Argentina,
one of the sites in the current database is classified as a less de-
veloped country, although it has an emerging economy that may be
more similar to more developed countries.

While INHANCE pooled studies are unique for allowing this type
of comparison, there are several limitations. While the INHANCE
consortium is large and studies were conducted in many different
countries, the data are not a globally representative sample. For
example, there is low representation from Africa. The inclusion cri-
teria for age across studies was not uniform, usually defined as >18
or 18-80 years for most studies. This might have biased the age
analysis for the case-only comparisons. The case-only analyses are
also potentially biased if assumptions of independence between
country type and the exposures are violated. This approach is more
often used to assess gene-environment interactions, but has po-
tential utility in the current analysis. Misclassification is a concern
in case-only analysis but the variables for the current study are
well defined. Several (n = 13) but not all INHANCE studies had in-
formation on oral hygiene risk factors such as tooth loss and gum
disease. We were not able to adjust for these variables, although
the increased risks with poor hygiene indicators in INHANCE were
similar across different geographic regions in a previous report
(Hashim et al., 2016).

In addition, potential misclassification of HNC subsites needs to

be considered when interpreting findings (Sankaranarayanan et al.,
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1998). The head and neck area is contiguous with boundaries be-
tween different sites being somewhat subjective. Some tumors are
classified as overlapping but some site misclassification is described
in the Surveillance, Epidemiology, and End Results (SEER) database
(Fakhry et al., 2018).

In summary, our analyses of INHANCE data suggest that
longer exposure to cigarette smoking and alcohol consump-
tion confer somewhat higher risks among individuals from less
developed countries, and indicate the importance of sustained
tobacco control efforts in both developing and developed coun-
tries. However, the success of these programs in low SES areas
of some developing countries are considered to be dependent on
elimination of poverty and improving social inequality (Kurkure &
Yeole, 2006).

ACKNOWLEDGEMENTS
Xavier Castellsague, Catalan Institute of Oncology. Barcelona, Spain.

CONFLICTS OF INTEREST

The authors have no conflicts of interest to disclose.

AUTHOR CONTRIBUTIONS

Neerav Goyal: Data curation; Formal analysis; Writing - original
draft; Writing - review & editing. Max Hennessy: Data curation;
Formal analysis; Writing - original draft; Writing - review & edit-
ing. Erik Lehman: Data curation; Formal analysis; Writing - origi-
nal draft; Writing - review & editing. Wenxue Lin: Data curation;
Writing - review & editing. Antonio Agudo: Data curation; Writing -
review & editing. Wolfgang Ahrens: Data curation; Writing - re-
view & editing. Stefania Boccia: Data curation; Writing - review
& editing. Paul Brennan: Data curation; Writing - review & edit-
ing. Hermann Brenner: Data curation; Writing - review & edit-
ing. Gabriella Cadoni: Data curation; Writing - review & editing.
Cristina Canova: Data curation; Writing - review & editing. Chu
Chen: Data curation; Writing - review & editing. David Conway:
Data curation; Writing - review & editing. Maria Paula Curado:
Data curation; Writing - review & editing. Luigino Dal Maso: Data
curation; Writing - review & editing. Alexander W. Daudt: Data
curation; Writing - review & editing. Valeria Edefonti: Data cura-
tion; Writing - review & editing. Eleonora Fabianova: Data cura-
tion; Writing - review & editing. Leticia Fernandez: Data curation;
Writing - review & editing. Silvia Franceschi: Writing - review &
editing. Werner Garavello: Data curation; Writing - review & ed-
iting. Maura Gillison: Data curation; Writing - review & editing.
Richard B. Hayes: Data curation; Writing - review & editing. Claire
Healy: Data curation; Writing - review & editing. Rolando Herrero:
Data curation; Writing - review & editing. lvana Holcatova: Data
curation; Writing - review & editing. Jossy L. Kanda: Data curation;
Writing - review & editing. Karl Kelsey: Data curation; Writing - re-
view & editing. Bo T. Hansen: Data curation; Writing - review & ed-
iting. Rosalina Koifman: Data curation; Writing - review & editing.

Pagona Lagiou: Data curation; Writing - review & editing. Carlo

Leadingin0ral, Malofacal, Head & Neck Medicine

La Vecchia: Data curation; Writing - review & editing. Fabio Levi:
Data curation; Writing - review & editing. Jolanta Lissowska: Data
curation; Writing - review & editing. Rossana Mendonza Lépez:
Data curation; Writing - review & editing. Daniele Luce: Data cura-
tion; Writing - review & editing. Gary Macfarlane: Data curation;
Writing - review & editing. Dana Mates: Data curation; Writing -
review & editing. Keitaro Matsuo: Data curation; Writing - review
& editing. Michael McClean: Data curation; Writing - review &
editing. Ana Menezes: Data curation; Writing - review & editing.
Gwenn Menvielle: Data curation; Writing - review & editing. Hal
Morgenstern: Data curation; Writing - review & editing. Kirsten
Moysich: Data curation; Writing - review & editing. Eva Negri:
Data curation; Writing - review & editing. Andrew F. Olshan: Data
curation; Writing - review & editing. Tamas Pandics: Data curation;
Writing - review & editing. Jerry Polesel: Data curation; Writing -
review & editing. Mark Purdue: Data curation; Writing - review
& editing. Loredana Radoi: Data curation; Writing - review & ed-
iting. Heribert Ramroth: Conceptualization; Writing - review &
editing. Franco Merletti: Data curation; Writing - review & edit-
ing. Stimson Schantz: Data curation; Writing - review & editing.
Stephen Schwartz: Data curation; Writing - review & editing.
Diego Serraino: Data curation; Writing - review & editing. Oxana
Shangina: Data curation; Writing - review & editing. Elaine Smith:
Data curation; Writing - review & editing. Beata Swiatkowska:
Data curation; Writing - review & editing. Peter J. Thomson: Data
curation; Writing - review & editing. Thomas |. Vaughan: Data
curation; Writing - review & editing. Marta Vilensky: Data cura-
tion; Writing - review & editing. Deborah Winn: Data curation;
Writing - review & editing. Victor Wunsch-Filho: Data curation;
Writing - review & editing. Guo-Pei Yu: Data curation; Writing -
review & editing. José Zevallos: Data curation; Writing - review
& editing. Zuo-Feng Zhang: Data curation; Writing - review & ed-
iting. Tongzhang Zheng: Data curation; Writing - review & edit-
ing. Ariana Znaor: Data curation; Writing - review & editing. Paolo
Boffetta: Data curation; Writing - review & editing. Mia Hashibe:
Data curation; Writing - review & editing. Yuan-Chin A. Lee: Data
curation; Writing - review & editing. Joshua E. Muscat: Data cura-

tion; Writing - original draft; Writing - review & editing.

PATIENT CONSENT STATEMENT
Informed consent and institutional review board approval were ob-
tained at each study center, and all identifying information was re-

moved before data were transferred for pooling.

PEER REVIEW
The peer review history for this article is available at https://pub-
lons.com/publon/10.1111/0di.14196.

DATA AVAILABILITY STATEMENT

Descriptions of the studies included in the INHANCE Consortium
can be found on the database website (http://www.inhance.utah.
edu, accessed April 1, 2021).


https://publons.com/publon/10.1111/odi.14196
https://publons.com/publon/10.1111/odi.14196
http://www.inhance.utah.edu
http://www.inhance.utah.edu

GOYAL ET AL.

1576
—I—Wl LEY-

Leadingin Oral, Mailloacil, Head & Neck Medicine

ORCID
Neerav Goyal
Valeria Edefonti
Mia Hashibe

https://orcid.org/0000-0001-7783-1097
https://orcid.org/0000-0002-1995-1477
https://orcid.org/0000-0002-6903-2049

REFERENCES

Al-Dakkak, 1. (2010). Socioeconomic status and head and neck cancer.
Evidence-Based Dentistry, 11(2), 57-58. https://doi.org/10.1038/
sj.ebd.6400726

Anantharaman, D., Muller, D. C., Lagiou, P., Ahrens, W., Holcatova,
I., Merletti, F., Kjerheim, K., Polesel, J., Simonato, L., Canova,
C., Castellsague, X., Macfarlane, T. V., Znaor, A., Thomson, P,
Robinson, M., Conway, D. I, Healy, C. M., Tjgnneland, A., Westin,
U., ... Brennan, P. (2016). Combined effects of smoking and HPV16
in oropharyngeal cancer. International Journal of Epidemiology, 45(3),
752-761. https://doi.org/10.1093/ije/dyw069

Andersen, Z. J., Lassen, C. F., & Clemmensen, I. H. (2008). Social in-
equality and incidence of and survival from cancers of the mouth,
pharynx and larynx in a population-based study in Denmark, 1994-
2003. European Journal of Cancer, 44(14), 1950-1961. https://doi.
org/10.1016/j.ejca.2008.06.019

Anderson, C., Hildreth, J. A. D., & Howland, L. (2015). Is the desire
for status a fundamental human motive? A review of the empir-
ical literature. Psychological Bulletin, 141(3), 574-601. https://doi.
org/10.1037/a0038781

Bravi, F,, Lee, Y. A., Hashibe, M., Boffetta, P., Conway, D. I., Ferraroni, M.,
La Vecchia, C., Edefonti, V., Agudo, A., Ahrens, W., Benhamou, S.,
Boccia, S., Brennan, P., Brenner, H., Cadoni, G., Canova, C., Chen,
C.,Chuang, S.-C., Curado, M. P,, ... Znaor, A. (2021). Lessons learned
from the INHANCE consortium: An overview of recent results on
head and neck cancer. Oral Diseases, 27(1), 73-93. https://doi.
org/10.1111/0di.13502

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., & Jemal,
A. (2018). Global cancer statistics 2018: GLOBOCAN estimates
of incidence and mortality worldwide for 36 cancers in 185 coun-
tries. CA: A Cancer Journal for Clinicians, 68(6), 394-424. https://doi.
org/10.3322/caac.21492

Chaturvedi, A. K., Anderson, W. F., Lortet-Tieulent, J., Curado, M. P,
Ferlay, J., Franceschi, S., Rosenberg, P. S., Bray, F., & Gillison, M. L.
(2013). Worldwide trends in incidence rates for oral cavity and oro-
pharyngeal cancers. Journal of Clinical Oncology, 31(36), 4550-4559.
https://doi.org/10.1200/JC0O.2013.50.3870

Conway, D. I., Brenner, D. R., McMahon, A. D., Macpherson, L. M. D,
Agudo, A., Ahrens, W., Bosetti, C., Brenner, H., Castellsague, X.,
Chen, C., Curado, M. P., Curioni, O. A., Dal Maso, L., Daudt, A. W., de
Gois Filho, J. F., D'Souza, G., Edefonti, V., Fabianova, E., Fernandez,
L.,... Brennan, P. (2015). Estimating and explaining the effect of ed-
ucation and income on head and neck cancer risk: INHANCE con-
sortium pooled analysis of 31 case-control studies from 27 coun-
tries. International Journal of Cancer, 136(5), 1125-1139. https://doi.
org/10.1002/ijc.29063

Conway, D. I, Hashibe, M., Boffetta, P., Wunsch-Filho, V., Muscat,
J., Vecchia, C. L., & Winn, D. M. (2009). Enhancing epidemio-
logic research on head and neck cancer: INHANCE—The inter-
national head and neck cancer epidemiology consortium. Oral
Oncology, 45(9), 743-746. https://doi.org/10.1016/j.oraloncolo
gy.2009.02.007

de Martel, C., Plummer, M., Vignat, J., & Franceschi, S. (2017). Worldwide
burden of cancer attributable to HPV by site, country and HPV
type. International Journal of Cancer, 141(4), 664-670. https://doi.
org/10.1002/ijc.30716

DESA. (2017). World economic situation and prospects 2017. UN.

Di Credico, G., Edefonti, V., Polesel, J., Pauli, F., Torelli, N., Serraino, D.,
Negri, E., Luce, D., Stucker, |., Matsuo, K., Brennan, P., Vilensky,

M., Fernandez, L., Curado, M. P., Menezes, A., Daudt, A. W,,
Koifman, R., Wunsch-Filho, V., ... Dal Maso, L. (2019). Joint ef-
fects of intensity and duration of cigarette smoking on the risk
of head and neck cancer: A bivariate spline model approach.
Oral Oncology, 94, 47-57. https://doi.org/10.1016/j.oraloncolo
gy.2019.05.006

Edwards, D. M., & Jones, J. (1999). Incidence of and survival from upper
aerodigestive tract cancers in the U.K.: The influence of depriva-
tion. European Journal of Cancer, 35(6), 968-972.

Enomoto, L. M., Bann, D. V., Hollenbeak, C. S., & Goldenberg, D. (2016).
Trends in the incidence of oropharyngeal cancers in the United
States. Otolaryngology—Head and Neck Surgery, 154(6), 1034-1040.
https://doi.org/10.1177/0194599816633690

Fakhry, C., Krapcho, M., Eisele, D. W., & D'Souza, G. (2018). Head and neck
squamous cell cancers in the United States are rare and the risk now
is higher among white individuals compared with black individuals.
Cancer, 124(10), 2125-2133. https://doi.org/10.1002/cncr.31322

Fan, V. Y., Bloom, D. E., Ogbuoji, O., Prettner, K., & Yamey, G. (2018).
Valuing health as development: Going beyond gross domestic
product. BMJ, 363, k4371. https://doi.org/10.1136/bmj.k4371

Freedman, N. D., Park, Y., Subar, A. F., Hollenbeck, A. R., Leitzmann, M.
F., Schatzkin, A., & Abnet, C. C. (2008). Fruit and vegetable intake
and head and neck cancer risk in a large United States prospective
cohort study. International Journal of Cancer, 122(10), 2330-2336.
https://doi.org/10.1002/ijc.23319

Gaudet, M. M., Patel, A. V., Sun, J., Hildebrand, J. S., McCullough, M.
L., Chen, A. Y., & Gapstur, S. M. (2012). Prospective studies of
body mass index with head and neck cancer incidence and mortal-
ity. Cancer Epidemiology, Biomarkers & Prevention, 21(3), 497-503.
https://doi.org/10.1158/1055-9965.EPI-11-0935

Goodson W. H., Lowe L., Carpenter D. O., Gilbertson M., Manaf Ali A,,
Lopez de Cerain Salsamendi A., Lasfar A., Carnero A., Azqueta A.,
Amedei A., Charles A. K., Collins A. R., Ward A., Salzberg A. C,,
Colacci A. M., Olsen A. K., Berg A., Barclay B. J., Zhou B. P,, ... HuZ.
(2015). Assessing the carcinogenic potential of low-dose exposures
to chemical mixtures in the environment: the challenge ahead.
Carcinogenesis, 36(Suppl 1), s254-s296. https://doi.org/10.1093/
carcin/bgv039

Guha, N., Warnakulasuriya, S., Vlaanderen, J., & Straif, K. (2014). Betel
quid chewing and the risk of oral and oropharyngeal cancers: A
meta-analysis with implications for cancer control. International
Journal of Cancer, 135(6), 1433-1443. https://doi.org/10.1002/
ijc.28643

Gupta, B., Johnson, N. W., & Kumar, N. (2016). Global epidemiology of
head and neck cancers: A continuing challenge. Oncology, 91(1), 13-
23. https://doi.org/10.1159/000446117

Hanna, T. P, & Kangolle, A. C. (2010). Cancer control in developing coun-
tries: Using health data and health services research to measure and
improve access, quality and efficiency. BMC International Health and
Human Rights, 10, 24. https://doi.org/10.1186/1472-698X-10-24

Hashibe, M., Brennan, P., Benhamou, S., Castellsague, X., Chen, C.,
Curado, M. P, Maso, L. D, Daudt, A. W, Fabianova, E., Wunsch-
Filho, V., Franceschi, S., Hayes, R. B, Herrero, R., Koifman, S., La
Vecchia, C., Lazarus, P, Levi, F., Mates, D., Matos, E., ... Boffetta, P.
(2007). Alcohol drinking in never users of tobacco, cigarette smok-
ing in never drinkers, and the risk of head and neck cancer: Pooled
analysis in the International Head and Neck Cancer Epidemiology
Consortium. Journal of the National Cancer Institute, 99(10), 777-
789. https://doi.org/10.1093/jnci/djk179

Hashibe, M., Brennan, P., Chuang, S. C., Boccia, S., Castellsague, X.,
Chen, C., Curado, M. P., Dal Maso, L., Daudt, A. W., Fabianova,
E., Fernandez, L., Wiinsch-Filho, V., Franceschi, S., Hayes, R. B.,
Herrero, R., Kelsey, K., Koifman, S., La Vecchia, C., Lazarus, P, ...
Boffetta, P. (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.


https://orcid.org/0000-0001-7783-1097
https://orcid.org/0000-0001-7783-1097
https://orcid.org/0000-0002-1995-1477
https://orcid.org/0000-0002-1995-1477
https://orcid.org/0000-0002-6903-2049
https://orcid.org/0000-0002-6903-2049
https://doi.org/10.1038/sj.ebd.6400726
https://doi.org/10.1038/sj.ebd.6400726
https://doi.org/10.1093/ije/dyw069
https://doi.org/10.1016/j.ejca.2008.06.019
https://doi.org/10.1016/j.ejca.2008.06.019
https://doi.org/10.1037/a0038781
https://doi.org/10.1037/a0038781
https://doi.org/10.1111/odi.13502
https://doi.org/10.1111/odi.13502
https://doi.org/10.3322/caac.21492
https://doi.org/10.3322/caac.21492
https://doi.org/10.1200/JCO.2013.50.3870
https://doi.org/10.1002/ijc.29063
https://doi.org/10.1002/ijc.29063
https://doi.org/10.1016/j.oraloncology.2009.02.007
https://doi.org/10.1016/j.oraloncology.2009.02.007
https://doi.org/10.1002/ijc.30716
https://doi.org/10.1002/ijc.30716
https://doi.org/10.1016/j.oraloncology.2019.05.006
https://doi.org/10.1016/j.oraloncology.2019.05.006
https://doi.org/10.1177/0194599816633690
https://doi.org/10.1002/cncr.31322
https://doi.org/10.1136/bmj.k4371
https://doi.org/10.1002/ijc.23319
https://doi.org/10.1158/1055-9965.EPI-11-0935
https://doi.org/10.1093/carcin/bgv039
https://doi.org/10.1093/carcin/bgv039
https://doi.org/10.1002/ijc.28643
https://doi.org/10.1002/ijc.28643
https://doi.org/10.1159/000446117
https://doi.org/10.1186/1472-698X-10-24
https://doi.org/10.1093/jnci/djk179

GOYALET AL.

Cancer Epidemiology, Biomarkers & Prevention, 18(2), 541-550.
https://doi.org/10.1158/1055-9965.EPI-08-0347

Hashim, D., Sartori, S., Brennan, P., Curado, M. P., Winsch-Filho, V.,
Divaris, K., Olshan, A. F., Zevallos, J. P, Winn, D. M., Franceschi, S.,
Castellsagué, X., Lissowska, J., Rudnai, P., Matsuo, K., Morgenstern,
H., Chen, C., Vaughan, Tl, Hofmann, J. N, D'Souza, G., ... Boffetta,
P. (2016). The role of oral hygiene in head and neck cancer:
Results from International Head and Neck Cancer Epidemiology
(INHANCE) consortium. Annals of Oncology, 27(8), 1619-1625.
https://doi.org/10.1093/annonc/mdw224

Hwang, E., Johnson-Obaseki, S., McDonald, J. T., Connell, C., & Corsten,
M. (2013). Incidence of head and neck cancer and socioeconomic
status in Canada from 1992 to 2007. Oral Oncology, 49(11), 1072-
1076. https://doi.org/10.1016/j.oraloncology.2013.08.002

Joshi, P., Dutta, S., Chaturvedi, P., & Nair, S. (2014). Head and neck can-
cers in developing countries. Rambam Maimonides Medical Journal,
5(2), e0009. https://doi.org/10.5041/RMMJ.10143

Kurkure, A. P., & Yeole, B. B. (2006). Social inequalities in cancer with
special reference to South Asian countries. Asian Pacific Journal of
Cancer Prevention, 7(1), 36-40.

Landrigan, P. J., Fuller, R., Acosta, N. J. R., Adeyi, O., Arnold, R., Basu, N.,
Baldé, A. B., Bertollini, R., Bose-O'Reilly, S., Boufford, J. I., Breysse,
P. N., Chiles, T., Mahidol, C., Coll-Seck, A. M., Cropper, M. L., Fobil,
J., Fuster, V., Greenstone, M., Haines, A, ... Zhong, M. (2018). The
Lancet Commission on pollution and health. Lancet, 391(10119),
462-512. https://doi.org/10.1016/50140-6736(17)32345-0

Lee, Y. C., & Hashibe, M. (2014). Tobacco, alcohol, and cancer in low and
high income countries. Annals of Global Health, 80(5), 378-383.
https://doi.org/10.1016/j.a0gh.2014.09.010

Lee Y. C. A, Li S, Chen Y., Li Q, Chen C. J,, Hsu W. L., Lou P. J., Zhu
C., Pan J,, Shen H., Ma H., Cai L., He B., Wang Y., Zhou X., Ji Q,,
Zhou B., Wu W., Ma J,, ... Hashibe M. (2018). Tobacco smoking, al-
cohol drinking, betel quid chewing, and the risk of head and neck
cancer in an East Asian population. Head & Neck. http://dx.doi.
org/10.1002/hed.25383

Liu, B., Shen, M., Xiong, J., Yuan, Y., Wu, X., Gao, X., Xu, J., Guo, F., &
Jian, X. (2015). Synergistic effects of betel quid chewing, tobacco
use (in the form of cigarette smoking), and alcohol consumption
on the risk of malignant transformation of oral submucous fibrosis
(OSF): A case-control study in Hunan Province, China. Oral Surgery,
Oral Medicine, Oral Pathology and Oral Radiology, 120(3), 337-345.
https://doi.org/10.1016/j.0000.2015.04.013

Lubin, J. H., Alavanja, M. C., Caporaso, N., Brown, L. M., Brownson, R. C.,
Field, R.W., Garcia-Closas, M., Hartge, P., Hauptmann, M., Hayes, R. B.,
Kleinerman, R., Kogevinas, M., Krewski, D., Langholz, B., Letourneau,
E. G., Lynch, C. F, Malats, N., Sandler, D. P., Schaffrath-Rosario, A., ...
Zielinski, J. M. (2007). Cigarette smoking and cancer risk: Modeling
total exposure and intensity. American Journal of Epidemiology, 166(4),
479-489. https://doi.org/10.1093/aje/kwm089

Parkin, D. M., & Bray, F. (2006). Chapter 2: The burden of HPV-related
cancers. Vaccine, 2, S11-S25. https://doi.org/10.1016/j.vacci
ne.2006.05.111

Platek, A. J,, Cannioto, R. A, Etter, J. L., Kim, J., Joseph, J. M., Gulati, N.R.,
Schmitt, K. L., Callahan, E., Khachatryan, E., Nagy, R., Minlikeeva,
A., Brian Szender, J., Singh, A. K., Danziger, |., & Moysich, K. B.
(2017). The association of lifetime physical inactivity with head
and neck cancer: A hospital-based case-control analysis. European
Archives of Oto-Rhino-Laryngology, 274(10), 3773-3780. https://doi.
org/10.1007/s00405-017-4688-3

Purdue, M. P., Hashibe, M., Berthiller, J., La Vecchia, C., Maso, L. D.,
Herrero, R., Franceschi, S., Castellsague, X., Wei, Q., Sturgis, E.
M., Morgenstern, H., Zhang, Z.-F., Levi, F., Talamini, R., Smith, E.,
Muscat, J., Lazarus, P., Schwartz, S. M., Chen, C., ... Hayes, R. B.
(2009). Type of alcoholic beverage and risk of head and neck can-
cer-a pooled analysis within the INHANCE Consortium. American

—Wl LEYM

Journal of Epidemiology, 169(2), 132-142. https://doi.org/10.1093/
aje/kwn306

Purkayastha, M., McMahon, A. D., Gibson, J., & Conway, D. I. (2016).
Trends of oral cavity, oropharyngeal and laryngeal cancer inci-
dence in Scotland (1975-2012)—A socioeconomic perspective.
Oral Oncology, 61, 70-75. https://doi.org/10.1016/j.oraloncolo
gy.2016.08.015

Rettig, E. M., & D'Souza, G. (2015). Epidemiology of head and neck
cancer. Surgical Oncology Clinics of North America, 24(3), 379-396.
https://doi.org/10.1016/j.s0c.2015.03.001

Reynolds, J. (2018). Difference between developing countries & emerg-
ing countries. https://bizfluent.com/info-10002682-difference
-between-developing-countries-emerging-countries.html

Sankaranarayanan, R., Masuyer, E., Swaminathan, R., Ferlay, J., & Whelan,
S. (1998). Head and neck cancer: A global perspective on epidemi-
ology and prognosis. Anticancer Research, 18(6B), 4779-4786.

Sapkota, A., Gajalakshmi, V., Jetly, D. H., Roychowdhury, S., Dikshit, R.
P., Brennan, P., Hashibe, M., & Boffetta, P. (2007). Smokeless to-
bacco and increased risk of hypopharyngeal and laryngeal cancers:
A multicentric case-control study from India. International Journal of
Cancer, 121(8), 1793-1798. https://doi.org/10.1002/ijc.22832

Schottenfeld, D., & Fraumeni, J. F. (2008). Cancer epidemiology and pre-
vention. Oxford University Press.

Simard, E. P., Torre, L. A., & Jemal, A. (2014). International trends in
head and neck cancer incidence rates: Differences by country,
sex and anatomic site. Oral Oncology, 50(5), 387-403. https://doi.
org/10.1016/j.oraloncology.2014.01.016

Smith, E. M., Rubenstein, L. M., Haugen, T. H., Pawlita, M., & Turek, L.
P. (2012). Complex etiology underlies risk and survival in head and
neck cancer human papillomavirus, tobacco, and alcohol: A case for
multifactor disease. Journal of Oncology, 2012, 571862. https://doi.
org/10.1155/2012/571862

Stepanov, |., Hecht, S. S., Ramakrishnan, S., & Gupta, P. C. (2005).
Tobacco-specific nitrosamines in smokeless tobacco products mar-
keted in India. International Journal of Cancer, 116(1), 16-19. https://
doi.org/10.1002/ijc.20966

Syed, S. B., Dadwal, V., Rutter, P., Storr, J., Hightower, J. D., Gooden,
R., Carlet, J., Nejad, S. B., Kelley, E. T., Donaldson, L., & Pittet, D.
(2012). Developed-developing country partnerships: Benefits
to developed countries? Global Health, 8, 17. https://doi.
org/10.1186/1744-8603-8-17

Tataru, D., Mak, V., Simo, R., Davies, E. A., & Gallagher, J. E. (2017). Trends
in the epidemiology of head and neck cancer in London. Clinical
Otolaryngology, 42(1), 104-114. https://doi.org/10.1111/coa.12673

The Lancet Oncology. (2011). Cancer in developing countries: Can the
revolution begin? The Lancet Oncology, 12(3), 201. https://doi.
org/10.1016/51470-2045(11)70046-8

Thomas, S. J., Bain, C. J., Battistutta, D., Ness, A. R., Paissat, D., &
Maclennan, R. (2007). Betel quid not containing tobacco and oral
cancer: A report on a case-control study in Papua New Guinea and
a meta-analysis of current evidence. International Journal of Cancer,
120(6), 1318-1323. https://doi.org/10.1002/ijc.22304

Toporcov, T. N., Znaor, A., Zhang, Z. F., Yu, G.-P., Winn, D. M., Wei, Q.,
Vilensky, M., Vaughan, T., Thomson, P., Talamini, R., Szeszenia-
Dabrowska, N., Sturgis, E. M., Smith, E., Shangina, O., Schwartz, S.
M., Schantz, S., Rudnai, P., Richiardi, L., Ramroth, H., ... Filho, V. W.
(2015). Risk factors for head and neck cancer in young adults: A
pooled analysis in the INHANCE consortium. International Journal of
Epidemiology, 44(1), 169-185. https://doi.org/10.1093/ije/dyu255

Watson, C. H., Polzin, G. M., Calafat, A. M., & Ashley, D. L. (2003).
Determination of tar, nicotine, and carbon monoxide yields in the
smoke of bidi cigarettes. Nicotine & Tobacco Research, 5(5), 747-753.
https://doi.org/10.1080/1462220031000158591

Wen, C. P, Tsai, S. P, Cheng, T. Y., Chen, C. J,, Levy, D. T., Yang, H. J., &
Eriksen, M. P. (2005). Uncovering the relation between betel quid

cil, Head & Neck Medicine


https://doi.org/10.1158/1055-9965.EPI-08-0347
https://doi.org/10.1093/annonc/mdw224
https://doi.org/10.1016/j.oraloncology.2013.08.002
https://doi.org/10.5041/RMMJ.10143
https://doi.org/10.1016/S0140-6736(17)32345-0
https://doi.org/10.1016/j.aogh.2014.09.010
http://dx.doi.org/10.1002/hed.25383
http://dx.doi.org/10.1002/hed.25383
https://doi.org/10.1016/j.oooo.2015.04.013
https://doi.org/10.1093/aje/kwm089
https://doi.org/10.1016/j.vaccine.2006.05.111
https://doi.org/10.1016/j.vaccine.2006.05.111
https://doi.org/10.1007/s00405-017-4688-3
https://doi.org/10.1007/s00405-017-4688-3
https://doi.org/10.1093/aje/kwn306
https://doi.org/10.1093/aje/kwn306
https://doi.org/10.1016/j.oraloncology.2016.08.015
https://doi.org/10.1016/j.oraloncology.2016.08.015
https://doi.org/10.1016/j.soc.2015.03.001
https://bizfluent.com/info-10002682-difference-between-developing-countries-emerging-countries.html
https://bizfluent.com/info-10002682-difference-between-developing-countries-emerging-countries.html
https://doi.org/10.1002/ijc.22832
https://doi.org/10.1016/j.oraloncology.2014.01.016
https://doi.org/10.1016/j.oraloncology.2014.01.016
https://doi.org/10.1155/2012/571862
https://doi.org/10.1155/2012/571862
https://doi.org/10.1002/ijc.20966
https://doi.org/10.1002/ijc.20966
https://doi.org/10.1186/1744-8603-8-17
https://doi.org/10.1186/1744-8603-8-17
https://doi.org/10.1111/coa.12673
https://doi.org/10.1016/S1470-2045(11)70046-8
https://doi.org/10.1016/S1470-2045(11)70046-8
https://doi.org/10.1002/ijc.22304
https://doi.org/10.1093/ije/dyu255
https://doi.org/10.1080/1462220031000158591

GOYAL ET AL.

1578
—I—WI LEY-

chewing and cigarette smoking in Taiwan. Tobacco Control, 14(suppl
1),i16-i22. https://doi.org/10.1136/tc.2004.008003

Wong, I. C., Ng, Y. K., & Lui, V. W. (2014). Cancers of the lung, head
and neck on the rise: Perspectives on the genotoxicity of air pol-
lution. Chinese Journal of Cancer, 33(10), 476-480. https://doi.
org/10.5732/cjc.014.10093

Wyss, A., Hashibe, M., Chuang, S. C., Lee, Y.-C. A,, Zhang, Z.-F., Yu, G.-P.,
Winn, D. M., Wei, Q., Talamini, R., Szeszenia-Dabrowska, N., Sturgis,
E. M., Smith, E., Shangina, O., Schwartz, S. M., Schantz, S., Rudnai,
P., Purdue, M. P, Eluf-Neto, J., Muscat, J., ... Olshan, A. F. (2013).
Cigarette, cigar, and pipe smoking and the risk of head and neck
cancers: Pooled analysis in the International Head and Neck Cancer
Epidemiology Consortium. American Journal of Epidemiology, 178(5),
679-690. https://doi.org/10.1093/aje/kwt029

Wyss, A. B., Hashibe, M., Lee, Y. A., Chuang, S.-C., Muscat, J., Chen, C.,
Schwartz, S. M., Smith, E., Zhang, Z.-F., Morgenstern, H., Wei, Q., Li, G.,
Kelsey, K. T., McClean, M., Winn, D. M., Schantz, S., Yu, G.-P,, Gillison,

Leadingin Oral, Mailloacil, Head & Neck Medicine

M. L., Zevallos, J. P, ... Olshan, A. F. (2016). Smokeless tobacco use
and the risk of head and neck cancer: Pooled analysis of US studies in
the INHANCE consortium. American Journal of Epidemiology, 184(10),
703-716. https://doi.org/10.1093/aje/kww075

How to cite this article: Goyal, N., Hennessy, M., Lehman, E.,
Lin, W., Agudo, A., Ahrens, W., Boccia, S., Brennan, P,,
Brenner, H., Cadoni, G., Canova, C., Chen, C., Conway, D.,
Curado, M. P, Dal Maso, L., Daudt, A. W., Edefonti, V.,
Fabianova, E., Fernandez, L., ... Muscat, J. E. (2023). Risk
factors for head and neck cancer in more and less developed
countries: Analysis from the INHANCE consortium. Oral
Diseases, 29, 1565-1578. https://doi.org/10.1111/0di.14196



https://doi.org/10.1136/tc.2004.008003
https://doi.org/10.5732/cjc.014.10093
https://doi.org/10.5732/cjc.014.10093
https://doi.org/10.1093/aje/kwt029
https://doi.org/10.1093/aje/kww075
https://doi.org/10.1111/odi.14196

	Risk factors for head and neck cancer in more and less developed countries: Analysis from the INHANCE consortium
	Abstract
	1|INTRODUCTION
	2|Methods
	2.1|THE INHANCE DATABASE
	2.2|Variable definitions
	2.3|Statistical analysis

	3|RESULTS
	3.1|Smoking and alcohol on HNC
	3.2|Oral cavity cancer (OCC)
	3.3|Oropharyngeal cancer (OPC)
	3.4|Hypopharyngeal cancer (HC)
	3.5|Laryngeal cancer (LC)
	3.6|Overlapping HNC
	3.7|Case-­series analysis of ever smoking by oral cavity and oropharynx subsite

	4|DISCUSSION
	ACKNOWLEDGEMENTS
	CONFLICTS OF INTEREST
	AUTHOR CONTRIBUTIONS
	PATIENT CONSENT STATEMENT
	PEER REVIEW
	DATA AVAILABILITY STATEMENT

	REFERENCES


