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Head and neck cancer (HNC) risk prediction models based on risk factor profiles have not yet been developed.
We took advantage of the large database of the International Head and Neck Cancer Epidemiology (INHANCE)
Consortium, including 14 US studies from 1981–2010, to develop HNC risk prediction models. Seventy percent
of the data were used to develop the risk prediction models; the remaining 30% were used to validate the
models. We used competing-risk models to calculate absolute risks. The predictors included age, sex, education,
race/ethnicity, alcohol drinking intensity, cigarette smoking duration and intensity, and/or family history of HNC.
The 20-year absolute risk of HNC was 7.61% for a 60-year-old woman who smoked more than 20 cigarettes
per day for over 20 years, consumed 3 or more alcoholic drinks per day, was a high school graduate, had a
family history of HNC, and was non-Hispanic white. The 20-year risk for men with a similar profile was 6.85%.
The absolute risks of oropharyngeal and hypopharyngeal cancers were generally lower than those of oral cavity
and laryngeal cancers. Statistics for the area under the receiver operating characteristic curve (AUC) were 0.70
or higher, except for oropharyngeal cancer in men. This HNC risk prediction model may be useful in promoting
healthier behaviors such as smoking cessation or in aiding persons with a family history of HNC to evaluate
their risks.

absolute risk; head and neck cancer; hypopharyngeal cancer; laryngeal cancer; oral cavity cancer;
oropharyngeal cancer; risk prediction

Abbreviations: AF, attributable fraction; AUC, area under the receiver operating characteristic curve; HNC, head and neck cancer;
HPV, human papillomavirus; INHANCE, International Head and Neck Cancer Epidemiology; PAR, population attributable risk;
SEER, Surveillance, Epidemiology, and End Results.

Head and neck cancer (HNC) includes malignancies
of the oral cavity, oropharynx, hypopharynx, and larynx.
Worldwide, more than half a million HNC cases (706,000
cases) and 358,000 deaths due to HNC are estimated to
occur each year (1). In the United States in 2018, 47,650
HNC cases were diagnosed among men and 17,040 among
women (64,690 HNC cases in total) (2). Tobacco and
alcohol accounted for a large proportion of HNC cases in

Latin America (82.9%) and Europe (84.3%), whereas in the
United States they accounted for 50.5% (3).

Additional HNC risk factors include family history of
HNC (4), socioeconomic status (5), exposure to asbestos
and inorganic acid mists (occupational) for laryngeal cancer
(6, 7), and allelic variation in the alcohol metabolism genes
alcohol dehydrogenase 1B (ADH1B) and alcohol dehydro-
genase 7 (ADH7) (8). Although HNC incidence rates have



Over Time (HOTSPOT) (see Web Table 1, available at
https://academic.oup.com/aje).

Patients were included in this analysis if their cancers
were classified by the original study’s investigators as an
invasive tumor of the oral cavity, oropharynx, hypopharynx,
or larynx. Patients with cancers of the major salivary glands
(parotid, submandibular, or sublingual glands) or of the
nasal cavity/ear/paranasal sinuses were not included in this
analysis. International Classification of Diseases (Ninth and
Tenth Revisions) codes were used to classify cancers into
subsites and were then converted to the following Inter-
national Classification of Diseases for Oncology, Second
Edition, codes: 1) for cancers of the oral cavity (includes lip,
tongue, gum, floor of mouth, and hard palate): codes C00.3–
C00.9, C02.0–C02.3, C03.0, C03.1, C03.9, C04.0, C04.1,
C04.8, C04.9, C05.0, C06.0–C06.2, C06.8, and C06.9; 2) for
cancers of the oropharynx (includes base of the tongue, lin-
gual tonsil, soft palate, uvula, tonsil, and oropharynx): codes
C01.9, C02.4, C05.1, C05.2, C09.0, C09.1, C09.8, C09.9,
C10.0, C10.2–C10.4, C10.8, and C10.9; 3) for cancers of the
hypopharynx (includes pyriform sinus and hypopharynx):
codes C12.9, C13.0–C13.2, C13.8, and C13.9; and 4) for
cancers of the larynx (includes glottis, supraglottis, and
subglottis): codes C10.1, C32.0–C32.3, and C32.8–C32.9.

Statistical analysis

Seventy percent of the data were randomly selected across
all studies as the training data set, whereas 30% were ran-
domly selected as the testing data set for the purpose of
validating the established risk prediction models. On the
basis of a randomly selected 70% of the study population,
we estimated odds ratios for each risk factor using general-
ized linear mixed models (PROC GLIMMIX in SAS (SAS
Institute, Inc., Cary, North Carolina)) for each subsite and
for HNC overall. We tested interactions between identified
risk factors by including the product terms of the risk fac-
tors in the logistic regression models. Attributable fractions
(AFs) for all identified risk factors were calculated using the
equation AF = 1− (1/x)

∑
(xj/Rj) (37), where x is the total

number of cases, xj is the number of cases in the jth stratum,
and Rj is the odds ratio estimate for the jth stratum.

The baseline hazard rate was defined as the hazard rate for
persons with the lowest level of each identified risk factor.
The age-specific baseline hazard rates for HNC overall and
for each subsite were computed by multiplying the age-
specific (<45, 45–49, 50–54, 55–59, 60–64, 65–69, 70–74,
75–79, 80–84, or ≥85 years) and sex-specific Surveillance,
Epidemiology, and End Results (SEER) incidence rates (38)
by (1 − (total AF across all of the risk factors for each HNC
subsite)) (39). Competing mortality hazards from causes
other than HNC were obtained from the National Center
for Health Statistics (40). The SEER incidence rates from
1981–2009 were used to correspond to the time periods of
recruitment in the studies pooled for this analysis.

On the basis of the Freedman et al. (39) model, we
developed an HNC risk prediction model for the US pop-
ulation that accounted for competing risks of death from
causes other than the cancer of interest and considered tumor

been decreasing with the decreasing prevalence of tobacco 
smoking in the United States over the last few decades, 
the incidence of oropharyngeal cancer has been increas-
ing because of human papillomavirus (HPV) infection (9). 
Suspected HNC risk factors include passive tobacco smoke 
exposure (10), marijuana use (11), low (≤18.5 vs. 18.6–
25.0) body mass index (weight (kg)/height (m)2) (12), no 
coffee intake (vs. >4 cups/day) (13), poor oral hygiene for 
oral cavity cancer (14, 15), a low level (<2 hours/week or 
≤1 time/week) of physical activity (16), and certain sexual 
behaviors (such as having ≥4 lifetime oral sex partners) (17).

Risk prediction models have been developed for cancers 
of the breast, colorectum, prostate, lung, ovary, and esopha-
gus (18, 19). To date, 1 tool for HNC risk prediction based 
on age, sex, and clinical signs/symptoms has been developed 
(20). In a recent study, Koyanagi et al. (21) considered 
both genetic and environmental risk factors in the prediction 
of risk of upper aerodigestive tract cancer in Japan, but 
HNC subsites were not evaluated separately. Thus, HNC risk 
prediction models or tools based on risk factor profiles that 
separate results by subsite have not been developed, possibly 
because of the limited sample sizes in individual studies. 
The International Head and Neck Cancer Epidemiology 
(INHANCE) Consortium provides a unique opportunity for 
risk prediction modeling, with a large sample of HNC cases 
and controls included in the pooled database (22). In this 
study, we aimed to take advantage of this large collaboration 
to develop risk prediction models for HNC, both overall 
and for each major HNC subsite (oral cavity, oropharynx, 
hypopharynx, and larynx), for the US population.

METHODS

Study population

To analyze risk factors and to develop a model for pre-
diction of HNC risk in the US population, we used the 
pooled individual data (version 1.5) within the INHANCE 
Consortium (22). Written informed consent was obtained 
from every study participant. In addition, investigators at 
each study site obtained approval from their institutional 
review board. Questionnaires from each individual study 
were examined to assess the comparability of the data and 
of the wording of questions among the studies. Each vari-
able was checked for illogical or missing values, and data 
inconsistencies were resolved through communication with 
study investigators.

Of the 35 HNC studies in the INHANCE database, 
there were 14 studies with required information on well-
established and suspected HNC risk factors from the United 
States, including 7,299 HNC cases and 10,301 controls 
(23–36). The studies included were those from Seattle, 
Washington; Iowa; Tampa, Florida; Los Angeles, California; 
Houston, Texas; Boston, Massachusetts; Baltimore, Mary-
land; and North Carolina (2 studies: 1994–1997 and 2002–
2006), as well as a New York State multicenter study, a 
US multicenter study, a Memorial Sloan Kettering Cancer 
Center (New York, New York) study, the Seattle–Larynx, 
Esophagus, and Oral Cavity (LEO) Study, and the Human 
Papillomavirus (HPV) Oral Transmission Study in Partners

https://academic.oup.com/aje


subsites separately. This method allowed us to consider the
competing risks for cancer at the other HNC subsites (oral
cavity, oropharynx, hypopharynx, and larynx) to estimate
the probability of HNC development (absolute risk). Each
HNC subsite was modeled separately to account for risk
factor variation in the different subsites.

The absolute risk Pr(a, b) of HNC in the age interval (a,
b) is the probability of being diagnosed with a first primary
HNC during that age interval for an individual, given that
the person is alive and has no HNC at the beginning of the
interval (a). The mathematical equation for the absolute risk
of HNC is

Pr(a, b) =
∫ b

a
λHNC(u, x)S(u)du/S(a), (1)

where S(a) = exp[−∫
0a{λHNC(u, x) + λM(u)}du], x is

a vector of covariates, and λHNC(a, x) = λoral(a, x) +
λoropharynx(a, x) + λhypopharynx(a, x) + λlarynx(a, x). The
main components of our model are the hazard rates λHNC
for HNC incidence and the hazard rates λM for competing
causes of death other than HNC. We modeled λi(a, x) =
λi(a)RRi(a, x), which is the product of the age-specific
baseline hazard rate (rate from SEER × (1 − AF)) and the
relative risk (RR), including covariates (i = HNC, oral, oro-
pharynx, hypopharynx, or larynx). RRi(a, x) is the product
of odds ratios from the individual’s risk profile, including
tobacco smoking, alcohol drinking, etc. Four separate rela-
tive risk models were fitted for the HNC subsites (oral cavity,
oropharynx, hypopharynx and larynx) and were combined
as shown in the equation to generate the HNC overall risk
prediction model. Covariates in the hazard for competing
causes of death other than HNC were not included.

For example, using equation 1, the probability that men
aged 50 years will develop oral cancer in the next 10 years is

Pr(50, 10, 0.2)

=
[ h1 50 × r

(h1 50 × r) + h2 50
×

{(S1 50

S1 50
×

(S2 50

S2 50

× [1 − exp{−5(h1 50 × r + h2 50)}]

+
[ h1 55 × r

(h1 55 × r) + h2 55
×

{(S1 55

S1 50
×

(S2 50

S2 50

× [1 − exp{−5(h1 55 × r + h2 55)}] ,

where h1 is the baseline hazard rate (i.e., the rate at age 50
or 55 years in this example) for getting oral cancer and h2 is
the baseline hazard rate for dying of causes other than oral
cancer, respectively. The variable r represents the relative
risk (0.2 in this example). S1 and S2 are age-specific survival
probabilities from oral cancer and causes other than oral
cancer, respectively. The first part of the calculation in the
equation is for the age interval 50–54 years, and the second
part is for the age interval 55–59 years. Summing the 2 parts
generates the probability of developing first primary oral
cancer in the next 10 years for men who are 50 years of age.

The first set of risk prediction models for the HNC
subsites included the well-established risk factors, such
as age (<45, 45–49, 50–54, 55–59, 60–64, 65–69, 70–
74, 75–79, 80–84, or ≥85 years), sex (male, female),
race/ethnicity (non-Hispanic white, other), education (less
than high school, high school, more than high school),
cigarette smoking duration (never smoker, ≤20 years, or
>20 years) and intensity (never smoker, ≤20 cigarettes/day,
or >20 cigarettes/day), and/or alcohol drinking intensity
(never or light drinker, 1–<3 drinks/day, or ≥3 drinks/day),
whereas the second set of models additionally included
family history of HNC, except for oropharyngeal cancer
in both sexes and laryngeal cancer in men, where a clear
risk was not observed in our current data. The models were
examined for model fit using the area under the receiver
operating characteristic curve (AUC) (Web Table 2). Family
history of HNC was included in the second set of models
because of its associations with HNC risk in our previous
INHANCE study (4). For all models stratified by sex, the
logistic regression coefficients for age <50 years and age
≥50 years were used. The AFs were age- and sex-specific on
the basis of the assumption that the AFs were the same for all
persons under age 50 years and all persons aged 50 years or
over. Although we would have liked to use finer age strata,
we would have needed even larger sample sizes to delineate
the risks for finer strata. For the models with family history
of HNC, however, the same logistic regression coefficients
were used for all ages because of sparse data. Absolute risks
by 5-year increments were estimated by subsite and overall.

Although HPV infection is an important risk factor for
oropharyngeal cancer, we decided not to include HPV infec-
tion status in the current risk prediction models, since most
people in a general population do not know their HPV 16
or HPV 18 infection status and the purpose of the risk
prediction is for individuals to assess their risks. HPV assess-
ment in the HNC studies included in the current data was
largely based on serological assessment of HPV 16. With
the multiple testing methods (HPV DNA, p16) and variation
in biosample sources (blood, tumor tissue) that can be used
to assess HPV infection status, each having a different sensi-
tivity and specificity, we did not feel it would be appropriate
to create a risk prediction model based on serology, with
the general population possibly using information on HPV
status based on other types of tests. We assessed the impact
of HPV 16 infection status on the HNC risk prediction model
for oropharyngeal cancer separately for research purposes.
Inclusion of HPV 16 infection status in the HNC risk predic-
tion model was beyond the scope of this current report, since
we would like to develop a risk prediction model that the
general public can use with basic information about lifestyle
habits that would not require a laboratory test. However, for
reference purposes, we have provided the absolute risks for
oropharyngeal cancer with consideration of HPV 16 status
in Web Table 3.

In order to validate the HNC risk prediction models devel-
oped with the testing database, we used the remaining 30%
of the pooled database for the US population to calculate
AUC statistics (41) for oral cavity, oropharyngeal, hypopha-
ryngeal, and laryngeal cancer. In addition, we prepared
calibration plots to compare the mean predicted probability



oral cavity, from 0.31% to 0.60% for the oropharynx, from
1.97% to 4.07% for the hypopharynx, from 1.63% to 3.50%
for the larynx, and from 6.40% to 11.26% for HNC overall.

Figure 1 shows the receiver operating characteristic
curves for validation of the HNC risk prediction models
by cancer subsite, based on the remaining 30% of the
INHANCE consortium database for the US population. The
AUC statistics were 0.70 or higher, except for oropharyngeal
cancer in men. In addition, the calibration plots by decile
of predicted probability demonstrated that the predicted
probability was similar to the mean observed probability
through the confidence intervals overlapping with the 45o

line (Figure 2).

DISCUSSION

Our INHANCE HNC risk prediction models included
the variables age, sex, alcohol drinking intensity, cigarette
smoking intensity and duration, education, race/ethnicity,
and/or family history of HNC. Among all of the factors
included, cigarette smoking, alcohol drinking, and education
were the strongest predictors. As expected, the impacts of
increased intensity of alcohol drinking and/or increased
intensity and duration of cigarette smoking were much
greater than those of the other characteristics included in the
risk profile. In general, the absolute risks of HNC increased
with age. However, the absolute risks decreased starting
from age 65 or 70 years. Such decreasing trends may be due
to competing risk of death from diseases other than HNC at
older ages, since we accounted for the probability of dying
from diseases other than HNC.

To our knowledge, this HNC risk prediction model is the
first to use demographic characteristics and lifestyle habits
(cigarette smoking and alcohol drinking) and family history
of HNC with consideration of HNC subsites. The only other
HNC risk calculator currently available was developed on
the basis of age, sex, and clinical symptoms, which most
likely are present when HNC is developing or has developed
(20). Thus, it was meant for referral purposes. Our HNC risk
prediction model aimed to provide absolute risks in order
to facilitate early primary prevention intervention, such as
motivation for behavioral changes.

The observed associations with education, cigarette
smoking, and alcohol drinking suggested that these fac-
tors have a stronger impact on the absolute risks of
hypopharyngeal cancer and laryngeal cancer than on those
for oral cavity cancer and oropharyngeal cancer. Such
observations are consistent with the previous literature
(43, 44). Anantharaman et al. (43) reported that a larger
proportion of hypopharyngeal/laryngeal cancer (population
attributable risk (PAR) = 85%) is attributable to tobacco and
alcohol use together than the proportions of oropharyngeal
(PAR = 74%), esophageal (PAR = 67%), and oral cavity
(PAR = 61%) cancer. Our previous INHANCE study on edu-
cation suggested stronger associations with hypopharyngeal
and laryngeal cancer than with oral cavity and oropharyngeal
cancer (44). Consequently, increased cigarette smoking
intensity and duration resulted in a greater increase in the
absolute risk of laryngeal cancer than for the other HNC

and the mean observed probability by decile of predicted 
probability. A good prediction model should produce a plot 
in which predicted probability and observed probability are 
equal (42).

Analyses were performed using SAS, version 9.4, with 2-
sided P values.

RESULTS

Our study included 7,299 HNC cases (5,349 men and 
1,950 women) and 10,301 controls (6,864 men and 3,437 
women) (Table 1). By subsite, there were 2,388 oral cavity, 
2,820 oropharynx, 459 hypopharynx, and 1,632 larynx can-
cer cases. The majority (>80%) of the study population was 
non-Hispanic white among both cases and controls. Controls 
had a higher level of education than cases among both men 
and women.

Web Table 2 shows the fit statistics greater than 0.75 for 
the models with family history of HNC, except for oropha-
ryngeal cancer in men. The tobacco × alcohol interaction 
was included only for oral cavity cancer in both men and 
women and laryngeal cancer in men, because the interaction 
was not detected for the other subsites. In addition, we 
also kept the risk prediction models without family history 
of HNC in case people do not know their family history 
of HNC. The odds ratio estimates based on the prediction 
models for men and women by HNC subsite are presented 
in Web Tables 4 and 5. The risk factors with odds ratios 
showing increased risks as expected were included in the risk 
prediction.

Examples of 20-year absolute risk estimates from HNC 
risk prediction models with different risk factor profiles 
among men and women are shown in Table 2 and Table 3, 
respectively. The highest 20-year risk of HNC observed for 
women was 8.09%, for a 60-year-old woman who smoked 
more than 20 cigarettes per day for over 20 years, consumed 
3 or more alcoholic drinks per day, had a high school 
education, had a family history of HNC, and was of “other” 
race/ethnicity. For men, the corresponding 20-year risk for 
HNC was 9.31%. For a person with the same risk profile 
regardless of sex, in general the absolute risks of getting 
oropharyngeal and hypopharyngeal cancers were smaller 
than those for oral cavity and laryngeal cancers. Absolute 
risk predictions by subsite for all combinations of risk pro-
files (more than 5,000 combinations) are provided in Web 
Table 6.

Examples of risk profile changes were also compared for 
men and women at age 60 years across HNC subsites and for 
HNC overall. Web Figures 1 and 2 show that higher alco-
hol drinking intensity and higher cigarette smoking inten-
sity and duration increased an individual’s absolute 20-year 
risk. For men, when smoking intensity increased from ≤20 
cigarettes/day to >20 cigarettes/day, the 20-year absolute 
risks increased from 2.73% to 4.60% for cancer of the oral 
cavity, from 0.56% to 0.74% for the oropharynx, from 1.89%
to 2.50% for the hypopharynx, from 2.99% to 5.52% for 
the larynx, and from 7.92% to 12.70% for HNC overall. For 
women, for the same increase in smoking intensity, the 20-
year absolute risks increased from 2.61% to 3.54% for the



Table 1. Demographic Characteristics of Head and Neck Cancer Cases and Controls, by Sex and Tumor Subsite, INHANCE Consortium,
1981–2010

Characteristic
Controls

Cases

Total
Tumor Subsite

Oral Cavity Oropharynx Hypopharynx Larynx

No. % No. % No. % No. % No. % No. %

Men (n = 6,864)

Age, years

<50 1,412 20.6 1,065 19.9 337 21.7 505 23.3 50 14.2 173 13.5

50–59 2,290 33.4 1,842 34.4 504 32.4 832 38.4 105 29.9 401 31.4

60–69 2,091 30.5 1,670 31.2 457 29.4 630 29.1 118 33.6 465 36.4

≥70 1,071 15.6 772 14.4 256 16.5 200 9.2 78 22.2 238 18.6

Race/ethnicity

nHW 5,837 85.4 4,431 83.1 1,320 85.4 1,839 84.9 257 73.6 1,015 80.0

Other 1,000 14.6 898 16.9 226 14.6 326 15.1 92 26.4 254 20.0

Education

>HS 4,348 63.4 2,448 46.2 716 46.6 1,141 53.0 137 39.6 454 35.9

HS 1,314 19.1 1,320 24.9 360 23.4 476 22.1 81 23.4 403 31.9

<HS 1,200 17.5 1,529 28.9 460 29.9 535 24.9 128 37.0 406 32.1

Women (n = 3,437)

Age, years

<50 844 24.6 351 18.0 139 16.7 132 20.2 11 10.2 69 19.4

50–59 1,097 31.9 589 30.2 211 25.3 231 35.4 32 29.6 115 32.4

60–69 923 26.9 613 31.4 254 30.5 192 29.4 42 38.9 125 35.2

≥70 573 16.7 397 20.4 230 27.6 98 15.0 23 21.3 46 13.0

Race/ethnicity

nHW 2,843 83.1 1,682 86.3 740 88.7 562 86.3 86 79.6 294 82.8

Other 579 16.9 266 13.7 94 11.3 89 13.7 22 20.4 61 17.2

Education

>HS 2,051 59.7 873 44.9 382 46.1 341 52.4 54 50.0 96 27.0

HS 824 24.0 535 27.5 236 28.5 152 23.3 23 21.3 124 34.9

<HS 561 16.3 535 27.5 211 25.5 158 24.3 31 28.7 135 38.0

Abbreviations: HS, high school; INHANCE, International Head and Neck Cancer Epidemiology; nHW, non-Hispanic white.

subsites. In this analysis, these subsite differences were more
apparent in men than in women.

It is beneficial for individuals to understand their absolute
risks of HNC to aid in decisions on behavioral changes.
However, the manner in which the absolute risks are com-
municated to each person is important. Gigerenzer et al. (45)
suggested that some health professionals may not under-
stand health statistics correctly and may draw incorrect
conclusions, and they recommended using absolute risks
instead of relative risks. Thus, the aim of our risk predictions
was to assist in the evaluation of a person’s HNC risk based
on his/her risk factor profile, which may lead to personalized
prevention intervention strategies. For example, a 50-year-
old non-Hispanic white man who consumed 3 alcoholic

drinks per day, smoked more than 20 cigarettes per day for
10 years, had less than a high school education, and had
a family history of HNC might consider quitting smoking,
so that his 20-year risk of HNC at age 60 years would be
2.27% instead of 3.58%. However, the impact on individual
decisions should be evaluated to understand the extent of
the benefit conferred by the risk prediction through efficacy
demonstration as part of a clinical trial of risk reduction
strategies. A broader assessment of risk along with other
endpoints for patients in clinical settings may also be valu-
able, as suggested by Wentzensen et al. (46).

A recent study based on data from the Prostate, Lung, Col-
orectal, and Ovarian Cancer Screening Trial suggested that
lung cancer risk prediction models may perform better than
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Figure 1. Receiver operating characteristic curve for models of head and neck cancer risk based on a validating data set (30% of INHANCE 
Consortium cases and controls), 1981–2010. A) Male oral cavity cancer (AUC = 0.752); B) female oral cavity cancer (AUC = 0.718); C) male 
oropharyngeal cancer (AUC = 0.643); D) female oropharyngeal cancer (AUC = 0.745); E) male hypopharyngeal cancer (AUC = 0.784); F) female 
hypopharyngeal cancer (AUC = 0.820); G) male laryngeal cancer (AUC = 0.794); H) female laryngeal cancer (AUC = 0.870). AUC, area under 
the receiver operating characteristic curve; INHANCE, International Head and Neck Cancer Epidemiology.



Figure 2. Calibration plots comparing the predicted probability of head and neck cancer with the observed probability in risk models based on
a validating data set (30% of INHANCE Consortium cases and controls), 1981–2010. A) Male oral cavity cancer; B) female oral cavity cancer;
C) male oropharyngeal cancer; D) female oropharyngeal cancer; E) male hypopharyngeal cancer; F) female hypopharyngeal cancer; G) male
laryngeal cancer; H) female laryngeal cancer. Bars, 95% confidence intervals. INHANCE, International Head and Neck Cancer Epidemiology.



was observed when the AFs were evaluated by study design
and time period (Web Table 7). Thus, we carried out all of the
prediction analyses with random-effects models to account
for variances across studies. Finally, the incidence rates from
the SEER statistics showed changes over time, although the
changes were less extensive than those for laryngeal cancer.
This suggests that absolute risk calculation for individuals
will require the utilization of the latest available rates in
order to capture accurate absolute risks of HNC. We aim
to develop a tool that will accommodate such a changing
variable for individuals to obtain their absolute risks in the
future.

The major strength of our study was that the INHANCE
Consortium has the largest sample size available for HNC
cases, as well as for cancers at HNC subsites, for per-
formance of risk prediction modeling. To the best of our
knowledge, this is the first risk prediction model for HNC
with detailed estimation of risks for each subsite (oral cavity,
oropharynx, hypopharynx, and larynx) and for the com-
bined risks based on age, sex, education, race/ethnicity,
alcohol drinking intensity, cigarette smoking duration and
intensity, and/or family history of HNC. We have provided
the risk prediction for over 5,000 different combinations
of risk profiles as a supplemental file (Web Table 6). For
the prediction validation, we conducted internal validation
within INHANCE by splitting the database randomly across
all studies into a model development data set (70%) and a
validation data set (30%) in order to use independent obser-
vations to obtain the AUC statistics for validation purposes.
Since we restricted the analysis to the United States, our
results are less vulnerable to heterogeneity of risk factor
prevalence across world regions and countries. However, our
results may not be generalizable to populations outside of
the United States. We hope to pursue HNC risk prediction
for Europe and East Asia as a future research direction.

In summary, we have developed an INHANCE HNC risk
prediction model that includes age, sex, alcohol drinking
intensity, cigarette smoking intensity and duration, educa-
tion, race/ethnicity, and/or family history of HNC. We cal-
culated individualized risk estimates specifically for HNC
subsites, including oral cavity, oropharyngeal, hypopharyn-
geal, and laryngeal cancer, with respect to these specific risk
factors. This HNC risk prediction model may be useful in
a clinical setting for identifying high-risk individuals, for
promoting healthier behaviors such as smoking or alcohol
drinking cessation/reduction, or for aiding people with a
family history of HNC to evaluate their HNC risks.
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the current lung cancer screening guidelines in identifying 
persons at high risk of lung cancer (47). In addition, another, 
more recent study also suggested 4 lung cancer risk models 
that helped to select US ever smokers for screening (48). 
Although the current US Preventive Services Task Force 
does not recommend screening for oral cancer (49), a previ-
ous study in India demonstrated that oral cancer screening 
among tobacco smokers and alcohol drinkers is effective 
in high-risk populations (50). In the future, as more HNC 
risk prediction models are developed, it would be of interest 
to test whether these risk prediction models can be used to 
identify high-risk individuals for behavioral intervention or 
oral cancer screening.

There were some limitations with regard to our study. 
First, there were sparse data for HNC subsites, even though 
our overall data set was large. Thus, selected variables, 
such as race/ethnicity or family history of HNC, were not 
included in the models, as indicated in Web Table 2. How-
ever, the AUCs of the predicting models suggested that the 
models were good to fair. Although the 95% confidence 
intervals for women might have been wide due to sparse 
data when stratified by subsite and consequently may have 
affected the absolute risk estimates, this was the largest 
available HNC data set compiled to date that could be used 
for HNC risk prediction in the US population. Second, 
since the data were from case-control studies, recall bias 
on responses to questionnaires might be a concern. HNC 
patients may have exaggerated their tobacco or alcohol use 
in comparison with controls. However, our risk estimates 
were comparable to those of a previous cohort study carried 
out in the United States (51); thus, recall bias may not be a 
major issue. Third, we could only calculate the relative risks 
from the data of pooled case-control studies. Nonetheless, 
since HNC is considered a rare cancer outcome, the odds 
ratio estimates were comparable to those of previous studies. 
Furthermore, this was the largest study population available 
for HNC risk prediction estimation in the US population.

Fourth, hospital-based controls may be a concern for gen-
eralizability of the results. Thus, we performed some com-
parisons of cigarette smoking and alcohol drinking preva-
lence between our study hospital-based control population 
and our study population-based control population, as well 
as the US general population. On the basis of data from 
the 2009 National Health Interview Survey, 62% of par-
ticipants had ever smoked at least 100 cigarettes in their 
lifetime (52). In our data, 61% of persons in our overall 
control populations (ranging from 51% to 66%, except for 
1 study with 37%) had ever smoked at least 100 cigarettes 
in their lifetime (62% of the population-based controls and 
59% of the hospital-based controls). On the basis of the 
same national survey, 80% had ever consumed alcohol, 
whereas 75% of our overall control population (ranging 
from 53%–93%) had ever consumed alcohol. These com-
parisons supported the generalizability of our data to the 
US population. In any case, in the future, development of 
risk prediction models in pooled analysis of cohort studies 
would be valuable. Alternatively, it would be valuable to 
apply data from the cohort studies to our model and assess 
how accurately the results track with the observed data from 
the cohorts. Fifth, heterogeneity by study and time period
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