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Abstract 

Background Smoking, alcohol consumption, and human papillomavirus (HPV) infection are known risk factors for 
oral squamous cell carcinoma (OSCC) including SCC of oropharynx (SCCOP) and SCC of oral cavity (SCCOC). Research-
ers have examined each of these risk factors independently, but few have observed the potential risk of their interac-
tion. This study investigated the interactions among these risk factors and risk of OSCC.

Methods Totally 377 patients with newly diagnosed SCCOP and SCCOC and 433 frequency-matched cancer-free 
controls by age and sex were included. Multivariable logistic regression was performed to calculate ORs and 95% CIs.

Results We found that overall OSCC risk was independently associated with smoking (adjusted OR(aOR), 1.4; 95%CI, 
1.0–2.0), alcohol consumption (aOR, 1.6; 95%CI, 1.1–2.2), and HPV16 seropositivity (aOR, 3.3; 95%CI, 2.2–4.9), respec-
tively. Additionally, we found that HPV16 seropositivity increased the risk of overall OSCC in ever-smokers (aOR, 6.8; 
95%CI, 3.4–13.4) and ever-drinkers (aOR, 4.8; 95%CI, 2.9–8.0), while HPV16-seronegative ever-smokers and ever-drink-
ers had less than a twofold increase in risk of overall OSCC (aORs, 1.2; 95%CI, 0.8–1.7 and 1.8; 95%CI, 1.2–2.7, respec-
tively). Furthermore, the increased risk was particularly high for SCCOP in HPV16-seropositive ever-smokers (aOR, 13.0; 
95%CI, 6.0–27.7) and in HPV16-seropositive ever-drinkers (aOR, 10.8; 95%CI, 5.8–20.1), while the similar increased risk 
was not found in SCCOC.

Conclusion These results suggest a strong combined effect of HPV16 exposure, smoking, and alcohol on overall 
OSCC, which may indicate a strong interaction between HPV16 infection and smoking and alcohol consumption, 
particularly for SCCOP.
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Introduction
Oral squamous cell carcinoma (OSCC) includes SCC 
of the oropharynx (SCCOP) and SCC of oral cav-
ity (SCCOC) and affects more than 53,000 men and 
women each year in the United States, accounting for 
an estimated 10,860 deaths in the year 2019 [1]. Studies 
have consistently demonstrated that smoking and alco-
hol consumption increase the risk of SCC of the head 
and neck [2]. More recently, epidemiologic and molec-
ular data suggested that infection with human papillo-
mavirus (HPV) is also associated with increased risk of 
OSCC [3]. Other factors, including genetic factors, oral 
hygiene, diet, and high-risk sexual behavior, also con-
tribute to the risk of OSCC, suggesting a multifactorial 
etiology for oral carcinogenesis [2, 4, 5].

Smoking and alcohol drinking are two well-known 
independent risk factors for OSCC, while smoking may 
contribute to approximately 25% of all head and neck 
cancer patients, who are never-drinkers [6, 7]. Although 
the association of alcohol drinking with OSCC is not as 
significant as that of smoking, the risk associated with 
alcohol drinking is in a dose–response relationship and 
site-specific [5, 7, 8]. Previous studies have shown that 
smoking and alcohol drinking may have a joint effect 
on OSCC [5, 6]. Smoking or drinking cessation mark-
edly reduces the risk of OSCC, further emphasizing 
the significance of these risk factors [5]. Additionally, 
investigators showed that cigarette smoking increases 
the incidence of p53 mutations, leading to inactiva-
tion of the p53 gene and increased oral tumorigenesis 
[9]. Alcohol is proposed to play a role in tumorigenesis 
directly as a carcinogen in its metabolite form (acetal-
dehyde) or indirectly by causing mucosal damage and 
leading to increased absorption of other toxins, includ-
ing those produced in cigarette smoke [9].

In addition to smoking and alcohol use, HPV infec-
tion is an independent risk factor for SCCOP [10]. 
Researchers have found DNA from high-risk HPV 
types in nearly 30% of OSCC, and high-risk HPV type 
16 (HPV16) in particular accounts for more than 90% 
of HPV-related SCCOP [11]. The incidence of HPV-
related SCCOP is increasing, particularly in the young, 
never-smokers, and never-drinkers, suggesting that the 
oncogenic nature of HPV contributes to increased inci-
dence of SCCOP despite trends of decreasing tobacco 
and alcohol use [12–14]. Genomic DNA from high-risk 
HPV types integrates into host DNA and encode the 
viral E6 and E7 oncoproteins that degrade and inhibit 
tumor suppressors p53 and Rb, respectively, providing 
a clear molecular mechanism of development of HPV-
associated malignancy [3]. Because more than 30% of 
HPV-positive OSCC patients are smokers and drink-
ers, smoking, alcohol consumption, and HPV infection 

may have a combined or interactive effect on the risk of 
OSCC, particularly SCCOP.

Despite recent studies of the incidence of HPV-related 
OSCC in never-smokers and never-drinkers, the associa-
tion of HPV infection, smoking, and alcohol consump-
tion with increased risk of OSCC remains controversial. 
In previous case–control studies of this association, some 
reported an increased risk of OSCC in the presence of 
smoking and HPV infection and described a multiplica-
tive effect of heavy alcohol consumption and HPV infec-
tion on risk of OSCC [15, 16]. Conversely, others did not 
observe an increased risk of HPV-positive OSCC with 
exposure to tobacco or alcohol and suggested two distinct 
carcinogenic pathways between HPV-related and -unre-
lated OSCC [10, 17, 18]. In the study described herein, 
we further confirmed whether HPV exposure combined 
with smoking and alcohol consumption to increase risk 
of overall OSCC and stratified analysis by tumor subsites 
including SCCOP and SCCOC.

Material and methods
Study subjects
Patients at The University of Texas MD Anderson Cancer 
Center were recruited from April 1996 to April 2002 as a 
part of a molecular epidemiologic study of head and neck 
squamous cell carcinoma. Eligible patients included those 
with newly diagnosed, histopathologically confirmed, 
untreated OSCC. In this study, a total of 377 OSCC 
patients with different subsites included 211 SCCOP 
(e.g., base of tongue and tonsils) and 166 SCCOC (e.g., 
tongue, floor of mouth, palate, buccal mucosa, and gin-
givae) cases. The accrual rate was 81%. The control par-
ticipants comprised two groups of cancer-free patients. 
One group consisted of healthy patients seen for benign 
conditions at the Kelsey-Seybold Clinic, a multispecialty 
physician practice with multiple locations throughout the 
metropolitan Houston area (75% overall response rate). 
The second group consisted of healthy, genetically unre-
lated visitors of cancer patients at the outpatient clinics at 
MD Anderson (80% overall response rate). Eligible con-
trols were individuals with no previous history of can-
cer except for nonmelanoma skin cancer. Four hundred 
thirty-three eligible controls were frequency-matched 
with 377 eligible cases according to age and sex.

Eligible participants completed a questionnaire on 
demographic characteristics, medical history, and life-
time tobacco and alcohol use. Participants who had 
smoked more than 100 cigarettes throughout their life-
times were categorized as ever-smokers, whereas the 
remaining participants were categorized as never-smok-
ers. Also, participants who had consumed alcoholic bev-
erages at least once a week for more than 1  year were 
categorized as ever-drinkers, and the remaining were 
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categorized as never-drinkers. The detailed recruitment 
methods for this case–control study were carried out 
as described previously [19, 20]. After signing informed 
consent forms, which had been approved by the insti-
tutional review boards (IRB) of both M.D. Anderson 
Cancer Center and Kelsey-Seybold, study participants 
completed a questionnaire regarding demographic and 
relevant risk factors and donated 30 ml of blood for bio-
logical testing. All methods were conducted in accord-
ance with the Declaration of Helsinki (1964 and later 
versions). Written information consent was obtained 
from all study subjects.

HPV16 serologic testing
HPV16 L1 virus-like particles generated from recombi-
nant baculovirus-infected insect cells were used to test 
for antibodies against HPV16 in the plasma of study 
subjects using a standard enzyme-linked immunosorb-
ent assay [21, 22]. About 10% of the plasma specimens 
were randomly selected for retesting to confirm the 
original findings. To eliminate potential binding inter-
ference by heparin, the plasma specimens were treated 
with 43 U/ml heparinase I (Sigma, St. Louis, MO) 
before testing [23].

Tumor HPV16 detection
We extracted DNA from patients’ paraffin-embedded tis-
sue specimens or biopsies and analyzed for the presence 
of HPV16 using specific polymerase chain reaction (PCR) 
and in situ hybridization (ISH) assays as described previ-
ously [20]. For some patients, the tumor HPV16 status 
was available from the patients’ clinical records on ISH 
and p16 immunohistochemical determination, which 
had become standard practice at the UT MD Anderson’s 
pathology laboratory. Quality control was maintained by 
re-assaying a subset of samples, and the retested samples 
matched the original results 100%. 

Statistical analysis
The differences in the distribution of selected demo-
graphic variables (age, sex, ethnicity), smoking, alcohol 
consumption, and HPV16 status between the cases and 
controls were evaluated using the χ2 test. Both univari-
ate and multivariable logistic regression analyses were 
used to calculate odds ratios (ORs) and 95% confidence 
intervals (CIs) for the cases and controls. The stratified 
analysis was also performed according to tumor site, 
smoking, drinking, and HPV16 status. In the multivari-
able logistic regression model, the ORs and 95% CIs were 
adjusted for age sex, and ethnicity. The combined effect 
of smoking, alcohol consumption, and HPV16 infection 
on risk of overall OSCC and stratified tumor subsites 
evaluated. The similar analysis was further stratified by 

tumor subsites including SCCOP and SCCOC. All tests 
were two-sided, with significance defined at P levels less 
than 0.05. All statistical analyses were performed using 
the SAS software program (version 9.4; SAS Institute, 
Cary, NC).

Results
All 377 case subjects with newly diagnosed OSCC and 
433 cancer-free control subjects were self-reported indi-
viduals. Their demographic variables and risk factors are 
listed in Table  1. Our analyses illustrated case–control 
frequency matching according to age and sex (P = 0.170 
and P = 0.393, respectively). Smoking, alcohol consump-
tion, and HPV16 seropositivity were significantly more 
common in the cases than in the controls (28.9% versus 
11.4%) (P = 0.033, P = 0.001, and P < 0.001, respectively), 
particularly in SCCOP (42.6% versus 11.4% between 
SCCOP and SCCOC).

The associations of smoking, alcohol consumption, 
and HPV16 infection with risk of OSCC, SCCOP, and 
SCCOC are summarized, respectively in Table  2. After 
adjusting for age, sex, ethnicity, alcohol and HPv16 
serology, smoking was associated with increased risk 
of OSCC independent of alcohol use and HPV16 status 
(aOR, 1.4; 95% CI, 1.0–2.0). Similarly, alcohol consump-
tion was independently associated with increased risk of 
OSCC (aOR, 1.6; 95% CI, 1.1–2.2). HPV16 seropositiv-
ity was more significantly associated with increased risk 
of OSCC (aOR, 3.3; 95% CI, 2.2–4.9) than were smoking 
and alcohol use, particularly for SCCOP (aOR, 6.6; 95% 
CI, 4.2–10.3) compared with SCCOC (aOR, 1.0; 95% CI, 
0.5–1.6).

Because smoking, alcohol consumption, and HPV16 
infection appeared to be independently associated with 
increased risk of OSCC, and because there was a clear 
difference between SCCOC and SCCOP with respect to 
HPV-16 L1 serostatus and cancer risk (Table 2), any fur-
ther analysis was performed separately for these groups. 
Thus, we performed a multivariable analysis of the inter-
action of these three variables and its effect on risk of 
OSCC, and such an analysis was further stratified by 
tumor subsites. As shown in Table 3, after adjusting for 
age, sex, and ethnicity, we observed significantly greater 
OSCC risk in patients who were HPV16-seropositive 
and ever-smokers (aOR, 6.8; 95% CI, 3.4–13.4) or ever-
drinkers (aOR, 4.8; 95% CI, 2.9–8.0) than in those who 
were HPV16-seropositive and never-smokers (aOR, 2.1; 
1.2–3.6) or never-drinkers (aOR: 2.3; 1.7–8.8). In com-
parison, the risk of OSCC in patients who were HPV16-
seronegative and ever-smokers or ever-drinkers was less 
than twofold (aOR, 1.2; 95% CI: 0.8–1.7 and 1.8, 95% CI, 
1.2–2.7, respectively). Furthermore, such significantly 
increased risk was even higher in SCCOP patients who 
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were HPV16-seropositive and ever-smokers (aOR, 13.0; 
95% CI, 6.0–27.7) or ever-drinkers (aOR, 10.8; 95% CI, 
5.8–20.1) than in those who were HPV16-seroposi-
tive and never-smokers (aOR, 4.9; 2.6–9.2) or never-
drinkers (aOR: 5.1; 3.0–20.7) (Table  3). In contrast, 
risk for SCCOP in patients who were seronegative was 
not increased among ever smokers and only slightly so 

among ever drinkers (aOR, 1.4; 95% CI: 0.8–2.4 and 1.8, 
95% CI, 1.2–4.1, respectively; Table  3). Among SCCOC 
patients, we did not observe significant interactions 
between L1 serostatus and smoking or alcohol, except for 
a slightly protective effect of seropositivity among never-
smokers and increased risk among HPV16-seropositive 
ever-smokers (Table 3).

Table 1 Demographic variables and risk factors in the OSCC patients and the controls

* Two-sided χ2 test

Variable Cases (n = 377) Controls (n = 433) P*

OSCC
(All cases)

SCCOP SCCOC

Age (years) n % n % n % n %

  < 54 158 41.9 97 46.0 61 36.7 161 37.2 .170

  ≥ 54 219 58.1 114 54.0 105 63.3 272 62.8

Sex

 Male 280 74.3 173 82.0 107 64.5 310 71.6 .393

 Female 97 25.7 38 18.0 59 35.5 123 28.4

Ethnicity

 Non-Hispanic White 327 86.7 188 89.1 139 83.7 421 97.2  < .001

 Others 50 13.3 23 10.9 27 16.3 12 2.80

Smoking

 Never 115 30.5 72 34.1 43 25.9 146 33.7 .033

 Ever 262 69.5 139 65.9 123 74.1 287 66.3

Alcohol consumption

 Never 88 23.3 42 19.9 46 27.7 152 35.1 .0003

 Ever 289 76.7 169 80.1 120 72.3 281 64.9

HPV16 serology

 Seronegative 268 71.1 121 57.4 147 88.6 379 87.5  < .001

 Seropositive 109 28.9 90 42.6 19 11.4 54 12.5

Table 2 Effect of smoking, alcohol consumption, and HPV16 serology on risk of OSCC, stratified by tumor sites

a aORs: Adjusted ORs by age, sex, ethnicity, and/or smoking, alcohol consumption, and HPV16 serology in logistic regression models

Risk factors Controls 
(n = 433)

Cases (n = 377)

n % OSCC (All cases) SCCOP SCCOC

n % aORa

(95% CI)
n % aORa

(95% CI)
n % aORa

(95% CI)
433 100 377 100 211 56.0 166 44.0

Smoking

 Never 146 33.7 115 30.5 1.0 72 34.1 1.0 43 25.9 1.0

 Ever 287 66.3 262 69.5 1.4 (1.0–2.0) 139 65.9 1.6 (1.1–2.6) 123 74.1 1.4 (1.1–2.2)

Alcohol consumption

 Never 152 35.1 88 23.3 1.0 42 19.9 1.0 46 27.7 1.0

 Ever 281 64.9 289 76.7 1.6 (1.1–2.2) 169 80.1 1.7 (1.1–2.7) 120 72.3 1.4 (1.1–2.3)

HPV16 status

 Seronegative 379 87.5 268 71.1 1.0 121 57.4 1.0 147 88.5 1.0

 Seropositive 54 12.5 109 28.9 3.3 (2.2–4.9) 90 42.6 6.6 (4.2–10.3) 19 11.5 1.0 (0.5–1.6)
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Discussion
In this case–control analysis, more patients with OSCC 
than cancer-free controls had a history of smoking, 
alcohol consumption, or HPV infection. We found that 
smoking, alcohol consumption, and HPV16 infection 
independently increased the risk of OSCC, particularly 
for SCCOP. Smoking and alcohol use as the traditional 
OSCC risk factors were independently associated with a 
moderately increase in risk of OSCC, and HPV16 sero-
positivity was associated with a great increase in risk of 
it, which were consistent with results of prior studies 
[10, 24]. However, the results of previous investigations 
have been unclear regarding the combined effect of HPV 
exposure with tobacco and alcohol use on risk of OSCC 
and their tumor subsites. In this combined study of HPV 
exposure with traditional OSCC risk factors, we found 
that among patients who were HPV16-seropositive, 
ever-smokers and -drinkers had a markedly greater risk 
of OSCC than did never-smokers and -drinkers, particu-
larly among those with SCCOP patients.

In a study of HPV DNA in exfoliated oral cells, Smith 
et  al. reported a synergistic effect of heavy alcohol con-
sumption and HPV infection on risk of OSCC but did 
not observe such an effect of smoking and HPV infection 
[16]. Alternatively, others observed an increased risk of 
SCCOP patients who were seropositive for anti-HPV16 
antibodies and had tobacco exposure [15, 25, 26]. Other 
studies of the interactions among tobacco and alcohol 
use and HPV16 infection demonstrated no evidence of 
synergistic interactions [10, 24–29]. In the present study, 
we observed a strong combined effect of HPV16 sero-
positivity with tobacco or alcohol use on risk of OSCC, 

particularly for SCCOP, while such combined effect was 
not found in SCCOC. This suggests that the carcino-
genic effects of smoking and alcohol consumption and 
the genomic instability caused by HPV infection and 
p53 inactivation act at different tumor sites and stages of 
carcinogenesis, resulting in a multiplicative rather than 
additive effect on tumorigenesis.

One possible reason for recent disparate conclusions 
in the literature regarding the interaction among risk fac-
tors for OSCC is use of different methodologies of HPV 
detection combined with different types of HPV. HPV 
markers can be detected as HPV DNA in exfoliated oral 
cells and biopsy specimens and as anti-HPV antibodies 
in serum. Smith et al. examined HPV DNA in exfoliated 
oral cells and found that detection of HPV DNA in them 
was associated with increased risk of OSCC [16], whereas 
Herrero et al. found no association between HPV DNA in 
exfoliated cells and detection of HPV DNA in oral tumor 
biopsy specimens [27]. Other studies support the findings 
described by Herrero and colleagues, suggesting that HPV 
DNA in exfoliated cells is a poor marker of tumor HPV 
status [15]. In addition, Gillison et al. stratified head and 
neck squamous cell carcinomas according to tumor HPV 
status and found no associations among tobacco and alco-
hol use and HPV16-positive tumor biopsy specimens [28]. 
We conceded that detection of anti-HPV16 antibodies in 
serum suggests exposure with HPV at any mucosal site, 
not specifically the oral mucosa, and HPV16 L1 serology 
is a marker for past infection and may not be associated 
with the tumor HPV status. Also, whereas anti-HPV anti-
bodies generally indicate invasive HPV infection, some 
individuals may not undergo seroconversion. Additionally, 

Table 3 Combined effect of smoking, alcohol consumption, and HPV16 serology on risk of OSCC, stratified by tumor sites

a aORs: Adjusted by age, sex, ethnicity and/or smoking, alcohol consumption, and HPV16 serology in logistic regression models

Risk factors HPV16 status Controls
(n = 433)

Cases (n = 377)

n % OSCC (All cases) SCCOP SCCOC

n % aORa (95% CI) n % aORa (95% CI) n % aORa (95% CI)

211 56.0 166 44.0

Smoking

 Never  − 106 24.5 65 17.2 1.0 27 12.8 1.0 38 22.9 1.0

 + 40 9.2 50 13.3 2.1 (1.2–3.6) 45 21.3 4.9 (2.6–9.2) 5 3.0 0.3 (0.1–0.9)

 Ever  − 273 63.1 203 53.9 1.2 (0.8–1.7) 94 44.6 1.4 (0.8–2.4) 109 65.7 1.2 (0.7–1.9)

 + 14 3.2 59 15.6 6.8 (3.4–13.4) 45 21.3 13.0 (6.0–27.7) 14 8.4 2.5 (1.0–6.1)

Alcohol consumption

 Never  − 137 31.6 60 15.9 1.00 22 10.4 1.0 38 22.9 1.0

 + 15 3.5 28 7.4 2.3 (1.7–8.8) 20 9.5 5.1 (3.0–20.7) 8 4.8 1.5 (0.6–4.0)

 Ever  − 242 55.9 208 55.2 1.8 (1.2–2.7) 99 46.9 1.8 (1.2–4.1) 109 65.7 1.4 (0.8–2.2)

 + 39 9.0 81 21.5 4.8 (2.9–8.0) 70 33.3 10.8 (5.8–20.1) 11 6.6 0.8 (0.3–1.8)
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antibody levels may not be maintained over time, mak-
ing anti-HPV16 antibodies in serum difficult markers to 
interpret. Nonetheless, antibodies are minimally invasive 
markers predictive of exposure to HPV and invasive HPV 
infection [30]. In this current study, HPV L1 seropositiv-
ity was similar among controls and patients with SCCOC 
(12.5% vs. 11.4%), while almost 43% of SCCOP patients 
were seropositive. Given the difference between SCCOC 
and SCCOP, we analyzed these separately. Moreover, 
our additional analysis found a significant association 
and correlation between HPV16 L1 serology and tumor 
HPV16 status among 156 SCCOP patients whose tumor 
HPV16 status are available (aOR, 3.4 and 95% CI, 1.5–7.8 
and correlation efficient: r = 0.262 and p = 0.001) (Table 4). 
Nevertheless, we will validate these findings in our future 
larger study.

Discrepancies in the findings describing the interac-
tions among HPV infection, smoking, and alcohol con-
sumption may also be related to different subsites of 
OSCC, such as the oral cavity (tongue, floor of mouth, 
palate, buccal mucosa, and gingivae) and oropharynx 
(base of tongue and tonsils), which are associated with 
different cancer risk factors. In a pooled case–control 
series, Lubin et al. demonstrated similarly increased risk 
of SCCOC and SCCOP with smoking and drinking [8]. 
This is consistent with historical evidence that smoking 
and alcohol consumption are strongly associated with 
OSCC at all subsites. Conversely, the rate of infection 
with HPV has varied depending on the head and neck 
cancer subsite. Consistent with previous meta-analyses 
[31, 32]. For example, in a study of 92 head and neck 
squamous cell carcinomas patients, their findings dem-
onstrated that patients with SCCOP had a higher HPV 
infection rate than did patients with SCCOC [33]. These 
results suggest that stratification of patients according to 
head and neck cancer subsite is important in classifying 
specific cancer risk and associated risk factors.

In this case–control study, we controlled for the con-
founding variables of, age and sex by frequency-matched 

on these variables and adjusted with these variables with 
additional ethnicity to HPV exposure between the con-
trols and cases, who had not undergone treatment. The 
limitations of this hospital-based study include possible 
selection bias due to the selection of cases and controls 
from different populations. Another limitation of this 
study is the use of L1 serology as a marker for an HPV-
related cancer. The presence of L1 antibodies indicates 
past exposure to HPV16 that may not necessarily be 
related to an oral HPV infection or HPV-related tumor, 
while we indeed observed high L1 seropositivity among 
SCCOP patients relative to both cancer-free controls and 
SCCOC patients (not typically HPV-related). Therefore, 
we believe that L1 may serve as a potential surrogate 
marker for an HPV-related SCCOP in this population. 
Also, small sample sizes may also limit the statistical 
power of data analysis, which could restrict the general-
izability of the findings. Furthermore, although the use 
of HPV serology enabled us to use a cancer-free control 
group, HPV serology we used is not specific to OSCC 
tumor status but is rather a reasonable indication of HPV 
exposure [27, 30]. Infection with high-risk HPV types 
other than HPV16 may also be associated with OSCC, 
but we limited this study to anti-HPV16 antibodies. 
Finally, patients’ self-reporting of previous alcohol and 
tobacco use may have resulted in recall bias, in which 
case the estimates of association between smoking and 
alcohol consumption exposure alone or in combination 
with HPV exposure and risk of OSCC may have been 
underestimated.

Conclusion
Whether smoking and alcohol use are associated with 
higher risk in HPV positive OSCC, particularly for 
SCCOP remains unclear. This is one of few case‐control 
studies to investigate the role of tobacco smoking, alco-
hol drinking and oral HPV infection in development of 
OSCC with further stratification of tumor subsite. The 
combined tobacco and alcohol with HPV16 exposure 
produced a significant synergistic effect on the risk of 
OSCC, particularly for SCCOP rather than SCCOC. 
Oral infection with HPV16 exposure increased the risk 
of OSCC in ever smokers and ever drinkers, and the 
effects of tobacco and alcohol were substantially higher 
in HPV16 seropositive than in HPV16 seronegative 
OSCC, particularly for SCCOP. This multiplicative effect 
of combined risk factors suggests that HPV infection 
and tobacco and alcohol carcinogens may affect differ-
ent steps in multistep tumorigenesis for OSCC, especially 
for SCCOP. Further investigations are warranted nota-
bly on the interaction of these three risk factors in well-
designed, larger, and prospective studies.

Table 4 Association and correlation between HPV16 L1 serology 
and HPV16 status in tumor tissue among 156 SCCOP patients

a ORs were adjusted for age, sex, ethnicity, tobacco smoking and alcohol 
drinking in logistic regression model

HPV16 serology Tumor HPV16 status

HPV16 (-) 
cases (n = 89)

HPV16( +) cases 
(n = 67)

Adjusted 
 ORa, 95% 
CI

N % N %

L1 serology (-) 76 85.4 42 62.7 1.0

L1 serology ( +) 13 14.6 25 37.3 3.4

Correlation Correlation efficient; r = 0.262 and p = 0.001
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SCCOC  SCC of oral cavity
OR  Odds ratio

Acknowledgements
Not applicable.

Authors’ contributions
All authors contributed to the study’s conception and design. Material 
preparation, data collection, and analysis were performed by Zheng Yang, 
Peng Sun and Guojun Li. The first draft of the manuscript and all tables were 
written by Zheng Yang, Peng Sun, and Guojun Li and all authors commented 
on previous versions of the manuscript. All authors read and approved the 
final manuscript.

Funding
No sources of funding were required for this work.

Availability of data and materials
The data underlying this article will be shared on reasonable request to the 
corresponding author.

Declarations

Ethics approval and consent to participate
Written informed consent was obtained for all participants and ethical 
approval was obtained from the IRB of both University of Texas MD Anderson 
Cancer Center and Kelsey-Seybold. All methods were conducted in accord-
ance with the Declaration of Helsinki (1964 and later versions).

Consent for publication
Not applicable.

Competing interests
The authors have no conflict of interest to declare.

Received: 17 January 2023   Accepted: 11 May 2023

References
 1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. 

2019;69(1):7–34. https:// doi. org/ 10. 3322/ caac. 21551.
 2. Gillison ML. Current topics in the epidemiology of oral cavity and oro-

pharyngeal cancers. Head Neck. 2007;29(8):779–92. https:// doi. org/ 10. 
1002/ hed. 20573.

 3. Lechner M, Liu J, Masterson L, Fenton TR. HPV-associated oropharyn-
geal cancer: epidemiology, molecular biology and clinical manage-
ment. Nat Rev Clin Oncol. 2022;19(5):306–27. https:// doi. org/ 10. 1038/ 
s41571- 022- 00603-7.

 4. Simonato LE, Garcia JF, Sundefeld ML, Mattar NJ, Veronese LA, Miyahara 
GI. Detection of HPV in mouth floor squamous cell carcinoma and its cor-
relation with clinicopathologic variables, risk factors and survival. J Oral 
Pathol Med. 2008;37(10):593–8. https:// doi. org/ 10. 1111/j. 1600- 0714. 2008. 
00704.x.

 5. Castellsagué X, Quintana MJ, Martínez MC, Nieto A, Sánchez MJ, Juan A, 
et al. The role of type of tobacco and type of alcoholic beverage in oral 
carcinogenesis. Int J Cancer. 2004;108(5):741–9. https:// doi. org/ 10. 1002/ 
ijc. 11627.

 6. Preston-Martin S. Epidemiology of primary CNS neoplasms. Neurol Clin. 
1996;14(2):273–90. https:// doi. org/ 10. 1016/ s0733- 8619(05) 70256-5.

 7. Hashibe M, Brennan P, Benhamou S, Castellsague X, Chen C, Curado MP, 
et al. Alcohol drinking in never users of tobacco, cigarette smoking in 

never drinkers, and the risk of head and neck cancer: pooled analysis in 
the International Head and Neck Cancer Epidemiology Consortium. J 
Natl Cancer Inst. 2007;99(10):777–89. https:// doi. org/ 10. 1093/ jnci/ djk179.

 8. Lubin JH, Purdue M, Kelsey K, Zhang ZF, Winn D, Wei Q, et al. Total 
exposure and exposure rate effects for alcohol and smoking and risk of 
head and neck cancer: a pooled analysis of case-control studies. Am J 
Epidemiol. 2009;170(8):937–47. https:// doi. org/ 10. 1093/ aje/ kwp222.

 9. Brennan JA, Boyle JO, Koch WM, Goodman SN, Hruban RH, Eby YJ, 
et al. Association between cigarette smoking and mutation of the p53 
gene in squamous-cell carcinoma of the head and neck. N Engl J Med. 
1995;332(11):712–7. https:// doi. org/ 10. 1056/ NEJM1 99503 16332 1104.

 10. D’Souza G, Kreimer AR, Viscidi R, Pawlita M, Fakhry C, Koch WM, et al. 
Case-control study of human papillomavirus and oropharyngeal cancer. 
N Engl J Med. 2007;356(19):1944–56. https:// doi. org/ 10. 1056/ NEJMo 
a0654 97.

 11. LiverTox: Clinical and Research Information on Drug-Induced Liver Injury. 
Bethesda (MD): National Institute of Diabetes and Digestive and Kidney 
Diseases. 2012. Bookshelf ID: NBK547852.

 12. Andrews E, Seaman WT, Webster-Cyriaque J. Oropharyngeal carci-
noma in non-smokers and non-drinkers: a role for HPV. Oral Oncol. 
2009;45(6):486–91. https:// doi. org/ 10. 1016/j. oralo ncolo gy. 2008. 07. 008.

 13. Chaturvedi AK, Engels EA, Anderson WF, Gillison ML. Incidence trends for 
human papillomavirus-related and -unrelated oral squamous cell carcino-
mas in the United States. J Clin Oncol. 2008;26(4):612–9. https:// doi. org/ 
10. 1200/ JCO. 2007. 14. 1713.

 14. Attner P, Du J, Näsman A, Hammarstedt L, Ramqvist T, Lindholm J, et al. 
The role of human papillomavirus in the increased incidence of base of 
tongue cancer. Int J Cancer. 2010;126(12):2879–84. https:// doi. org/ 10. 
1002/ ijc. 24994.

 15. Schwartz SM, Daling JR, Doody DR, Wipf GC, Carter JJ, Madeleine MM, 
et al. Oral cancer risk in relation to sexual history and evidence of human 
papillomavirus infection. J Natl Cancer Inst. 1998;90(21):1626–36. https:// 
doi. org/ 10. 1093/ jnci/ 90. 21. 1626.

 16. Prasad JL, Robbins TJ, Vargo RJ, Sosovicka M, Summersgill KF. Intraoral 
Herniation of a Sinonasal Polyp: An Underreported Complication of 
Maxillary Extraction. J Oral Maxillofac Surg. 2020;78(11):1909–18. https:// 
doi. org/ 10. 1016/j. joms. 2020. 06. 005.

 17. Auguste A, Deloumeaux J, Joachim C, Gaete S, Michineau L, Herrmann-
Storck C, et al. Joint effect of tobacco, alcohol, and oral HPV infection 
on head and neck cancer risk in the French West Indies. Cancer Med. 
2020;9(18):6854–63. https:// doi. org/ 10. 1002/ cam4. 3327.

 18. Arif RT, Mogaddam MA, Merdad LA, Farsi NJ. Does human papillomavirus 
modify the risk of oropharyngeal cancer related to smoking and alcohol 
drinking? A systematic review and meta-analysis. Laryngoscope Investig 
Otolaryngol. 2022;7(5):1391–401. https:// doi. org/ 10. 1002/ lio2. 877.

 19. Li G, Liu Z, Sturgis EM, Shi Q, Chamberlain RM, Spitz MR, et al. Genetic pol-
ymorphisms of p21 are associated with risk of squamous cell carcinoma 
of the head and neck. Carcinogenesis. 2005;26(9):1596–602. https:// doi. 
org/ 10. 1093/ carcin/ bgi105.

 20. Ji X, Sturgis EM, Zhao C, Etzel CJ, Wei Q, Li G. Association of p73 G4C14-
to-A4T14 polymorphism with human papillomavirus type 16 status in 
squamous cell carcinoma of the head and neck in non-Hispanic whites. 
Cancer. 2009;115(8):1660–8.

 21. Luger TA, Kock A, Kirnbauer R, Schwarz T, Ansel JC. Keratinocyte-derived 
interleukin 3. Ann N Y Acad Sci. 1988;548:253–61. https:// doi. org/ 10. 
1111/j. 1749- 6632. 1988. tb188 13.x.

 22. Dahlstrom KR, Adler-Storthz K, Etzel CJ, Liu Z, Dillon L, El-Naggar AK, et al. 
Human papillomavirus type 16 infection and squamous cell carcinoma of 
the head and neck in never-smokers: a matched pair analysis. Clin Cancer 
Res. 2003;9(7):2620–6.

 23. Alcantara FF, Iglehart DJ, Ochs RL. Heparin in plasma samples causes 
nonspecific binding to histones on Western blots. J Immunol Methods. 
1999;226(1–2):11–8. https:// doi. org/ 10. 1016/ s0022- 1759(99) 00043-5.

 24. Applebaum KM, Furniss CS, Zeka A, Posner MR, Smith JF, Bryan J, et al. 
Lack of association of alcohol and tobacco with HPV16-associated head 
and neck cancer. J Natl Cancer Inst. 2007;99(23):1801–10. https:// doi. org/ 
10. 1093/ jnci/ djm233.

 25. Eldridge RC, Pawlita M, Wilson L, Castle PE, Waterboer T, Gravitt PE, et al. 
Smoking and subsequent human papillomavirus infection: a mediation 
analysis. Ann Epidemiol. 2017;27(11):724-30.e1. https:// doi. org/ 10. 1016/j. 
annep idem. 2017. 10. 004.

https://doi.org/10.3322/caac.21551
https://doi.org/10.1002/hed.20573
https://doi.org/10.1002/hed.20573
https://doi.org/10.1038/s41571-022-00603-7
https://doi.org/10.1038/s41571-022-00603-7
https://doi.org/10.1111/j.1600-0714.2008.00704.x
https://doi.org/10.1111/j.1600-0714.2008.00704.x
https://doi.org/10.1002/ijc.11627
https://doi.org/10.1002/ijc.11627
https://doi.org/10.1016/s0733-8619(05)70256-5
https://doi.org/10.1093/jnci/djk179
https://doi.org/10.1093/aje/kwp222
https://doi.org/10.1056/NEJM199503163321104
https://doi.org/10.1056/NEJMoa065497
https://doi.org/10.1056/NEJMoa065497
https://doi.org/10.1016/j.oraloncology.2008.07.008
https://doi.org/10.1200/JCO.2007.14.1713
https://doi.org/10.1200/JCO.2007.14.1713
https://doi.org/10.1002/ijc.24994
https://doi.org/10.1002/ijc.24994
https://doi.org/10.1093/jnci/90.21.1626
https://doi.org/10.1093/jnci/90.21.1626
https://doi.org/10.1016/j.joms.2020.06.005
https://doi.org/10.1016/j.joms.2020.06.005
https://doi.org/10.1002/cam4.3327
https://doi.org/10.1002/lio2.877
https://doi.org/10.1093/carcin/bgi105
https://doi.org/10.1093/carcin/bgi105
https://doi.org/10.1111/j.1749-6632.1988.tb18813.x
https://doi.org/10.1111/j.1749-6632.1988.tb18813.x
https://doi.org/10.1016/s0022-1759(99)00043-5
https://doi.org/10.1093/jnci/djm233
https://doi.org/10.1093/jnci/djm233
https://doi.org/10.1016/j.annepidem.2017.10.004
https://doi.org/10.1016/j.annepidem.2017.10.004


Page 8 of 8Yang et al. BMC Cancer          (2023) 23:457 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 26. Chen SY, Last A, Ettyreddy A, Kallogjeri D, Wahle B, Chidambaram S, et al. 
20 pack-year smoking history as strongest smoking metric predictive 
of HPV-positive oropharyngeal cancer outcomes. Am J Otolaryngol. 
2021;42(3):102915. https:// doi. org/ 10. 1016/j. amjoto. 2021. 102915.

 27. Liu K, Mansor A, Ruppert N, Lee CY, Azman NM, Fadzly N. Rattan litter-
collecting structures attract nest-building and defending ants. Plant 
Signal Behav. 2019;14(8):1621245. https:// doi. org/ 10. 1080/ 15592 324. 
2019. 16212 45.

 28. Gillison ML, D’Souza G, Westra W, Sugar E, Xiao W, Begum S, et al. Distinct 
risk factor profiles for human papillomavirus type 16-positive and human 
papillomavirus type 16-negative head and neck cancers. J Natl Cancer 
Inst. 2008;100(6):407–20. https:// doi. org/ 10. 1093/ jnci/ djn025.

 29. Furniss CS, McClean MD, Smith JF, Bryan J, Applebaum KM, Nelson HH, 
et al. Human papillomavirus 6 seropositivity is associated with risk of 
head and neck squamous cell carcinoma, independent of tobacco and 
alcohol use. Ann Oncol. 2009;20(3):534–41. https:// doi. org/ 10. 1093/ 
annonc/ mdn643.

 30. Barnabas RV, Brown ER, Onono MA, Bukusi EA, Njoroge B, Winer RL, et al. 
Efficacy of single-dose HPV vaccination among young African women. 
NEJM Evid. 2022;1(5):EVIDoa2100056. https:// doi. org/ 10. 1056/ EVIDo 
a2100 056.

 31. Hammond NE, Finfer SR, Li Q, Taylor C, Cohen J, Arabi Y, et al. Health-
related quality of life in survivors of septic shock: 6-month follow-up from 
the ADRENAL trial. Intensive Care Med. 2020;46(9):1696–706. https:// doi. 
org/ 10. 1007/ s00134- 020- 06169-1.

 32. Kreimer AR, Clifford GM, Boyle P, Franceschi S. Human papillomavirus 
types in head and neck squamous cell carcinomas worldwide: a system-
atic review. Cancer Epidemiol Biomarkers Prev. 2005;14(2):467–75. https:// 
doi. org/ 10. 1158/ 1055- 9965. EPI- 04- 0551.

 33. Jennings LJ, Arcila ME, Corless C, Kamel-Reid S, Lubin IM, Pfeifer J, et al. 
Guidelines for Validation of Next-Generation Sequencing-Based Oncol-
ogy Panels: A Joint Consensus Recommendation of the Association for 
Molecular Pathology and College of American Pathologists. J Mol Diagn. 
2017;19(3):341–65. https:// doi. org/ 10. 1016/j. jmoldx. 2017. 01. 011.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.amjoto.2021.102915
https://doi.org/10.1080/15592324.2019.1621245
https://doi.org/10.1080/15592324.2019.1621245
https://doi.org/10.1093/jnci/djn025
https://doi.org/10.1093/annonc/mdn643
https://doi.org/10.1093/annonc/mdn643
https://doi.org/10.1056/EVIDoa2100056
https://doi.org/10.1056/EVIDoa2100056
https://doi.org/10.1007/s00134-020-06169-1
https://doi.org/10.1007/s00134-020-06169-1
https://doi.org/10.1158/1055-9965.EPI-04-0551
https://doi.org/10.1158/1055-9965.EPI-04-0551
https://doi.org/10.1016/j.jmoldx.2017.01.011

	Joint effect of human papillomavirus exposure, smoking and alcohol on risk of oral squamous cell carcinoma
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Study subjects
	HPV16 serologic testing
	Tumor HPV16 detection

	Statistical analysis

	Results
	Discussion
	Conclusion
	Acknowledgements
	References


