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Abstract

Background: Poor oral health has been identified as a prognostic factor potentially affecting the survival of patients with head and
neck squamous cell carcinoma. However, evidence to date supporting this association has emanated from studies based on single
cohorts with small-to-modest sample sizes.

Methods: Pooled analysis of 2449 head and neck squamous cell carcinoma participants from 4 studies of the International Head and
Neck Cancer Epidemiology Consortium included data on periodontal disease, tooth brushing frequency, mouthwash use, numbers of
natural teeth, and dental visits over the 10 years prior to diagnosis. Multivariable generalized linear regression models were used and
adjusted for age, sex, race, geographic region, tumor site, tumor-node-metastasis stage, treatment modality, education, and smoking
to estimate risk ratios (RR) of associations between measures of oral health and overall survival.
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Results: Remaining natural teeth (10-19 teeth: RR¼ 0.81, 95% confidence interval [CI]¼ 0.69 to 0.95; �20 teeth: RR¼ 0.88, 95% CI¼ 0.78
to 0.99) and frequent dental visits (>5 visits: RR¼ 0.77, 95% CI¼ 0.66 to 0.91) were associated with better overall survival. The inverse
association with natural teeth was most pronounced among patients with hypopharyngeal and/or laryngeal, and not otherwise
specified head and neck squamous cell carcinoma. The association with dental visits was most pronounced among patients with
oropharyngeal head and neck squamous cell carcinoma. Patient-reported gingival bleeding, tooth brushing, and report of ever use of
mouthwash were not associated with overall survival.

Conclusions: Good oral health as defined by maintenance of the natural dentition and frequent dental visits appears to be associated
with improved overall survival among head and neck squamous cell carcinoma patients.

Head and neck squamous cell carcinoma is the sixth most com-
mon malignancy worldwide, with 878 348 newly diagnosed
patient cases in 2020 (1). Although survival has improved over
the past decades, head and neck squamous cell carcinoma
remains one of the most lethal malignancies worldwide, with
444 347 reported deaths in 2020 (1). Variation in global head and
neck squamous cell carcinoma incidence (2) reflects differences
in the distribution of known risk factors including smoking and
tobacco exposure (3), alcohol (4), human papillomavirus (HPV)
(5), and low socioeconomic status (6,7). Importantly, these risk
factors have also been associated with survival differences of
head and neck squamous cell carcinoma patients (8-11).

Poor oral health has been reported as an independent risk fac-
tor for head and neck squamous cell carcinoma (12). Specifically,
measures of poor oral health including tooth loss, periodontal
disease, infrequent tooth brushing, and lack of dental visits have
been associated with weak to moderate increases in head and
neck squamous cell carcinoma risk (12,13). Although the mecha-
nisms underlying these associations remain unclear, chronic
trauma (14), oral inflammation (15), and alterations in the oral
microbiome (16) have been proposed. For example, oxidative
stress is found in periodontal inflammation (17) and epithelial
mutagenesis (18) and could link oral inflammation with cancer
initiation and progression. Also, Fusobacterium species known to
be increased in oral squamous cell carcinoma (19-21) were
recently reported to induce the upregulation of programmed cell
death ligand 1 and extracellular signal-regulated kinase 1 (ERK1)
pathway signaling to the MYC proto-oncogene in head and neck
squamous cell carcinoma and thus potentially affect tumor biol-
ogy and treatment responses (22).

Notably, data on the impact of oral health on head and neck
squamous cell carcinoma survival are currently limited and ema-
nate from single cohorts with relatively small to moderate sam-
ple sizes (23-25). The definition of oral hygiene varies by study,
and its association between poor oral hygiene and survival is
inconsistent (23,25). In this study, we sought to add to the evi-
dence base of oral health and determinants of overall survival in
head and neck squamous cell carcinoma patients by analyzing
demographic, clinicopathologic, oral health, treatment, and sur-
vival data from epidemiologic studies participating in the
International Head and Neck Cancer Epidemiology (INHANCE)
Consortium. This study reports the results of the largest pooled
analysis of oral health and head and neck squamous cell carci-
noma patient overall survival performed to date.

Methods
Participants and data
The pooled cohort of the INHANCE Consortium studies com-
prised 10 042 participants with head and neck cancer from 10
INHANCE case-control studies conducted in North America
(Seattle, Washington, USA; Los Angeles, California, USA;

HOTSPOT, CHANCE/North Carolina, USA), South America (Sao
Paulo 1, Sao Paulo 2, Latin America), and Europe (Central Europe,
Western Europe, Head and Neck 5000 [HN5000]). Data were
obtained via self-reported questionnaires and harmonized as pre-
viously described (12,26,27). Study participants provided written
informed consent, and studies were approved by the institutional
review board at each institution involved (28).

We used available information for participants’ age, sex, race,
smoking status, education level, year of diagnosis, tumor-node-
metastasis (TNM) stage (American Joint Committee on Cancer
7th edition), tumor site, and treatment modality. Age was meas-
ured as a continuous value (range¼ 21-92 years), sex was binary
(male, female), race was categorical (Asian and Pacific Islanders,
Black, Brazilian, Others, White), geographic region was categori-
cal (North America, South America, Europe), tumor site was cate-
gorical (oral cavity, oropharynx, hypopharynx and/or larynx,
head and neck squamous cell carcinoma not otherwise specified
[NOS]), TNM stage was categorical (I-IV), treatment was categori-
cal, and tumors located in overlapping regions within the head
and neck were termed as head and neck squamous cell carci-
noma NOS, education was categorical (less than junior high
school, some high school, high school graduate, technical school,
college graduate or above), and smoking was categorical (current,
former, never smokers).

Information on HPV status was available only for 1 study and
thus was not considered in this pooled analysis. Alcohol con-
sumption information was available only for a subset (568 of
2449; 23%) of participants. Educational level was used as surro-
gate for socioeconomic status. Participants diagnosed with a his-
tologic type other than head and neck squamous cell carcinoma
(n¼ 128), as well as those with missing data on race (n¼ 2640),
TNM stage (n¼ 940), treatment modality (n¼ 727), survival
(n¼ 303), education level (n¼ 220), smoking status (n¼ 200), sex
(n¼ 16), and availability of at least 1 health variable (ie, self-
reported gingival bleeding, toothbrushing frequency, mouthwash
use, number of remaining natural teeth, dental visits during the
past 10 years; n¼ 2419) were excluded (see Figure 1). A total of
2449 eligible head and neck squamous cell carcinoma patients
defined the analytical sample for survival analyses.

Information on patients’ oral health was available for self-
reported gingival bleeding, tooth brushing frequency, mouth-
wash use, number of natural teeth, and number of dental visits
during the past 10 years. Oral health measures were categorized
according to definitions employed in the contributing studies.
Whenever there was an incompatibility between individual study
definitions, we used the definition that allowed the inclusion of
the maximum number of participants. Specifically, self-reported
gingival bleeding (yes, no), toothbrushing frequency (brushing <1
per day or brushing �1 times per day), and mouthwash use (yes,
no) were dichotomized. The numbers of remaining natural teeth
(�20 teeth, 10-19 teeth, 1-9 teeth and no natural teeth) and dental
visits during the past 10 years (no dental visits, 1-5 visits, and >5
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visits) were treated as categorical variables. All measures referred

to a time frame prior to cancer diagnosis, as previously described

(10,12,29).

Statistical analysis
Summary statistics for demographic characteristics were com-

pared using frequencies and means. v2 tests were used to com-

pare dental visits during the past 10 years and early (stages I and

II) vs late (stages III and IV) head and neck squamous cell carci-

noma diagnosis. Survival time in years was compared using

medians and Kaplan–Meier curves. We attempted to estimate

hazard ratios (HRs) for various demographic and clinical predic-

tors using Cox proportional hazards regression and thereafter

tested for the proportionality assumption and discovered the
assumption was violated. Therefore, we estimated the 5-year and
10-year survival functions using the Kaplan–Meir curves and
examined between-group differences using the Wilcoxon–
Breslow–Gehan test. Crude 5- and 10-year survival rates were
estimated to compare survival based on key oral health variables
including gingival bleeding, tooth brushing frequency, mouth-
wash use, missing teeth, and dental visits during the past
10 years. A generalized linear regression model using a log-link
function with Poisson family and robust variance was used to
estimate associations between measures of oral health and sur-
vival. The model included age, sex, race, smoking status, educa-
tion level, TNM stage, tumor site, and treatment modality.

9611 HNSCC patients eligible for overall 
survival analysis Central Europe (n = 21); 
Seattle (n = 386); Los Angeles (n = 425); 

Latin America (n =554); Sao Paulo 
(n = 1406); Western Europe (n = 456); North 

Carolina (n = 1357); HOTSPOT (n = 47); 
Sao Paulo 2 (n = 632); HN5000 (n = 4327) 

10042 HNSCC patients 
Central Europe (n = 230); Seattle 

(n = 412); Los Angeles (n = 428); Latin 
America (n = 592); Sao Paulo (n = 1475); 
Western Europe (n = 471); North Carolina 

(n = 1357); HOTSPOT (n = 60); Sao 
Paulo 2 (n = 641); HN5000 (n = 4376) 

Excluded patients without 
squamous cell carcinoma (n = 128) 

or survival data (n = 303)

2449 patients eligible for multivariable 
analysis :Western Europe (n = 244); North 
Carolina (n = 1182); SaoPaulo 2 (n = 455); 

HN5000 (n = 568) 

Excluded patients without sex 
(n = 16), race (n = 2640), 
smoking status (n = 200), 

education level (n = 220), TNM 
stage (n = 940), ≥1 oral health 

variable (n = 2419), and 
treatment (n = 727) data 

2237 patients with
patient-reported 

gingival bleeding 
data 

1757 patients 
with tooth 
brushing 

frequency data 

1786 patients 
with 

mouthwash 
use data 

1737 patients 
with number of 

natural teeth 
data 

1448 patients 
with number of 

dental visits 
data 

Figure 1. Flowchart of head and neck squamous cell carcinoma patient selection from the International Head and Neck Cancer Epidemiology
Consortium for inclusion in the survival analysis. HN5000 ¼ Head and Neck 5000; HNSCC ¼ head and neck squamous cell carcinoma; HOTSPOT ¼
Human Papillomavirus (HPV) Oral Transmission Study in Partners Over Time.
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Incidence rate ratios (rate ratio [RR]) and corresponding 95% con-
fidence intervals (CI) of measures of oral health with overall sur-
vival were estimated. Age, sex, race, TNM stage, tumor site, and
treatment modality were selected a priori for the models based
on prior knowledge in the literature (12,21,24), whereas smoking
and education were included as plausible confounders of the
association between oral health survival. Analyses were carried
out using Stata 16.1 (StataCorp LP, College Station, TX, USA).

Results
The analytical sample included 2449 patients from the North
Carolina (48%), HN5000 (23%), Sao Paulo 2 (19%), and Western
Europe (10%) studies (Table 1). Participants were predominantly
male (78%), had a mean age of 59.8 years, were diagnosed
between 2002 and 2014, and were subsequently followed for a
median 4.2 years (patient reported gingival bleeding, 4 years;
toothbrushing frequency, 4 years; mouthwash use, 3.6 years;
number of natural teeth, 3.4; number of dental visits, 4.8 years)
(Table 2). Most participants were current (52%) or former (33%)
smokers and of low educational attainment (53% attended some
high school or less).

Most (35%) tumors were hypopharyngeal and/or laryngeal, fol-
lowed by oropharyngeal (30%) and oral (25%). Approximately
two-thirds (65%) of patient cases were late-stage (III and IV), and
51% of reported treatment modalities were surgery based (ie, sur-
gery alone, surgery plus adjuvant radiotherapy, surgery plus che-
moradiotherapy), and 45% were chemo- and/or radiotherapy
based (ie, chemotherapy alone, radiotherapy alone, chemoradio-
therapy). Surgery-based regimes were reported for 75% of oral,
39% of hypopharyngeal or laryngeal, and 38% of oropharyngeal
squamous cell carcinoma patients, and most included adjuvant
treatment (ie, chemotherapy, radiotherapy, or both)
(Supplementary Tables 1 and 2, available online).

In terms of oral health, most patients had more than 20 natu-
ral teeth, brushed less than once daily, used mouthwash, and vis-
ited their dentist 1-5 times over the past decade (Table 2). Among
patients with available data, gingival bleeding was reported by
approximately one-third of patients. The number of natural teeth
was associated with tumor location; patients diagnosed with
oral, hypopharyngeal, and laryngeal squamous cell carcinoma
had fewer natural teeth than those with tumors in other sites.
Smoking status was also statistically significantly associated
with the number of natural teeth; reports of at least 20 natural
teeth were 44% among current and 50% among former smokers,
compared with 65% among nonsmokers.

Comparisons of crude survival curves between strata of oral
health measures revealed statistically significant associations

with edentulism, maintenance of natural dentition, tooth brush-
ing, and dental visits (Figure 2, A-E). For example, a survival bene-
fit was found among participants who reported more than 5
dental visits during the past 10 years (5-year overall survival ¼
74% and 10-year overall survival ¼ 60%) compared with those
with no dental visits (5-year overall survival ¼ 54% and 10-year
overall survival ¼ 32%) (Figure 2, D). Of note, dental visits during
the past 10 years prior to diagnosis were also associated with
early vs late-stage diagnosis, with the percentage of early stage
patient cases diagnosed increasing from patients reporting no
dental visits (21%) to patients reporting 1-5 dental visits (37%)
and patients reporting more than 5 dental visits (42%) (P< .0005).
When stratifying by site, these differences persisted only among
patients with oral or hypopharyngeal and/or laryngeal head and
neck squamous cell carcinoma (Table 3). Moreover, having no
natural remaining teeth was associated with 15% lower 5-year
overall survival compared with at least 20 natural teeth (Figure 2,
E). Smaller survival differences (ie, <5%) were found for patient
reported gingival bleeding, tooth brushing, and mouthwash use.

Frequent dental visits and presence of natural teeth were
associated with better survival in fully adjusted multivariable
analyses (Table 4). Specifically, remaining natural teeth were
associated with improved survival compared with no natural
teeth (eg, RR¼ 0.81, 95% CI¼ 0.69 to 0.95). Dental visits were also
associated with better survival (eg, >5 visits during the last
10 years compared with none: RR¼ 0.77, 95% CI¼ 0.66 to 0.91).
These associations persisted after excluding edentulous patients.
Associations between natural teeth and survival were more pro-
nounced among hypopharyngeal/laryngeal (RR¼ 0.75, 95%
CI¼ 0.59 to 0.96) and NOS squamous cell carcinoma patient cases
(RR¼ 0.66, 95% CI¼ 0.46 to 0.94), whereas those for dental visits
were more pronounced among oropharyngeal and NOS squa-
mous cell carcinoma (Table 4). Patient-reported gingival bleeding,
tooth brushing, and mouthwash use did not show any important
associations. Patients located in South America or Europe had
statistically significantly decreased risk of dying compared with
patients located in North America, while associations between
oral health and survival were mostly similar (Supplementary
Table 3, available online).

Discussion
In this report, we present the results of a comprehensive analysis
of the largest cohort of head and neck squamous cell carcinoma
patients used to investigate the impact of oral health on survival.
We found that head and neck squamous cell carcinoma patients
with more than 10 natural teeth had better survival compared
with those with no teeth, while those with a history of more than

Table 1. Samples of patients with oral health measures in International Head and Neck Cancer Epidemiology contributing studies,
overall and according to tumor sitea

Entire sample Oral cavity Oropharynx Hypopharynx and/or Larynx Head and neck squamous
cell carcinoma NOS

No. (col. %) No. (row %) No. (row %) No. (row %) No. (row %)

All participants 2449 (100) 621 (25) 744 (30) 865 (35) 219 (9)

North Carolina 1182 (48) 167 (14) 324 (27) 476 (40) 215 (18)
Sao Paulo 2 455 (19) 202 (44) 110 (24) 143 (31) 0 (0)
Western Europe 244 (10) 84 (34) 62 (25) 94 (39) 4 (2)
Head and Neck 5000 568 (23) 168 (30) 248 (44) 152 (27) 0 (0)

a Col ¼ column; NOS¼not otherwise specified.
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5 dental visits during the past 10 years had better survival com-
pared with those with no dental visits. These associations per-
sisted after adjustment for potential confounders, including age,
sex, race, geographic region, tumor site, smoking status, and edu-
cation level with or without additional adjustments for TNM
stage and treatment modality. These results identify 2 important

measures of oral health—natural dentition and dental visits—as
independent prognostic factors in head and neck squamous cell
carcinoma. The important benefits of dental visits are further
illustrated by the finding of an association between frequent den-
tal visits and early stage head and neck squamous cell carcinoma
diagnosis. Collectively, these results identify a previously

Table 2. Demographic characteristics, smoking status, and oral health measures of head and neck squamous cell carcinoma patients
from the International Head and Neck Cancer Epidemiology Consortium studies in the entire sample and according to tumor site

Entire sample Oral cavity Oropharynx Hypopharynx and/or Larynx Head and neck squamous
cell carcinoma NOS

Characteristics No. (col. %) No. (col. %) No. (col. %) No. (col. %) No. (col. %)

Sex
Male 1921 (78) 433 (70) 606 (81) 726 (84) 156 (71)
Female 528 (22) 188 (30) 138 (19) 139 (16) 63 (29)

Age, mean (SD), y 59.8 (10.5) 60.3 (11.4) 57.3 (9.4) 61.9 (10.0) 58.2 (11.2)
Race

Asian and Pacific Islanders 16 (1) 9 (1) 3 (0) 4 (0) 0 (0)
Black 320 (13) 58 (9) 81 (11) 133 (15) 48 (22)
Braziliana 2 (9) 0 (0) 1 (0) 1 (0) 0 (0)
Othersb 138 (6) 47 (8) 41 (6) 46 (5) 4 (2)
White 1973 (81) 507 (82) 618 (83) 681 (79) 167 (76)

Education level
No more than junior high school 333 (14) 117 (19) 79 (11) 125 (14) 12 (5)
Some high school 945 (39) 262 (42) 272 (37) 362 (42) 49 (22)
High school graduate 466 (19) 107 (17) 122 (16) 177 (20) 60 (27)
Technical school 431 (18) 78 (13) 154 (21) 138 (16) 61 (28)
At least college graduate 274 (11) 57 (9) 117 (16) 63 (7) 37 (17)

Smoking status
Never smoker 355 (14) 105 (17) 156 (21) 43 (5) 51 (26)
Former smoker 816 (33) 190 (31) 285 (38) 290 (34) 51 (26)
Current smoker 1278 (52) 326 (52) 303 (41) 532 (62) 117 (53)

Gum bleeding
Yes 647 (29) 159 (29) 175 (25) 246 (31) 67 (31)
No 1590 (71) 386 (71) 512 (75) 541 (69) 151 (69)
Missing 212 76 57 78 1

Tooth brushing
<1 time/day 1224 (70) 200 (50) 330 (70) 486 (73) 208 (95)
�1 time/day 533 (30) 202 (50) 141 (30) 180 (27) 10 (5)
Missing 692 219 273 199 1

Mouthwash use
Yes 824 (46) 169 (40) 211 (45) 313 (46) 131 (60)
No 962 (54) 249 (60) 263 (55) 364 (54) 86 (40)
Missing 663 203 270 188 2

Dental visits in last 10 y
0 305 (21) 86 (22) 68 (17) 124 (25) 27 (18)
1-5 661 (46) 225 (57) 168 (42) 231 (46) 37 (24)
>5 482 (33) 81 (21) 162 (41) 151 (30) 88 (58)
Missing 1001 229 346 359 67

Natural teeth
0 395 (23) 83 (25) 90 (16) 180 (29) 42 (20)
1-9 166 (10) 28 (8) 46 (8) 77 (12) 15 (7)
10-19 312 (18) 64 (19) 119 (21) 106 (17) 23 (11)
�20 864 (50) 157 (47) 313 (55) 261 (42) 133 (62)
Missing 712 289 176 241 6

TNM stage
I 458 (19) 140 (23) 35 (5) 233 (27) 50 (23)
II 407 (17) 118 (19) 64 (9) 178 (21) 47 (21)
III 391 (16) 74 (12) 134 (18) 149 (17) 34 (16)
IV 1193 (49) 289 (47) 511 (69) 305 (35) 88 (40)

Treatment
Surgery 484 (20) 232 (37) 55 (7) 110 (13) 87 (40)
Surgery plus aRT 444 (18) 146 (24) 97 (13) 162 (19) 39 (18)
Surgery plus CRT 307 (13) 89 (14) 135 (18) 60 (7) 23 (11)
Surgery plus chemotherapy 9 (0) 2 (0) 1 (0) 6 (1) 0 (0)
Chemo only 82 (3) 25 (4) 25 (3) 30 (3) 2 (1)
Radiation only 366 (15) 24 (4) 72 (10) 251 (29) 19 (9)
CRT, no surgery 656 (27) 69 (11) 329 (44) 213 (25) 45 (21)
No treatment 101 (4) 34 (5) 30 (4) 33 (4) 4 (2)

a Brazilian: nationality, due lack of race/ethnicity information for the Sao Paulo study. aRT ¼ adjuvant radiotherapy; Col ¼ column; CRT ¼ chemoradiotherapy;
NOS¼not otherwise specified.

b Others: American Indian or Alaska Native.
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overlooked role of oral health in the survival of head and neck
cancer patients.

Although oral health and oral health proxies have been previ-
ously identified as risk factors in the pooled cohort of INHANCE
Consortium patients (12), data regarding the role of oral health
measures in head and neck squamous cell carcinoma patient
survival are limited. Farquhar et al. (24) analyzed data from the

CHANCE study (n¼ 1381 patient cases, also included in this
pooled analysis) and identified strong associations between den-
tal visits (>10 over the past decade) and overall survival
(HR¼ 0.63, 95% CI¼ 0.46 to 0.89), with the association being more
pronounced among patients with oral squamous cell carcinoma
(HR¼ 0.40, 95% CI¼ 0.17 to 0.93). Notably, factors associated with
an elevated risk, including periodontal disease, tooth mobility,

Figure 2. Kaplan–Meier curves for self-reported gingival bleeding (A), tooth brushing (B), mouthwash use (C), number of natural teeth (D), and number
of dental visits during the past 10 years (E).
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and no tooth brushing were not associated with survival in this
cohort. This, combined with the more pronounced effect of den-
tal visits among patients with oral squamous cell carcinoma,
indicates that dental visits are associated with survival in the
context of their role as an oral health proxy and not as a health-
maintenance proxy. This was further supported by the fact that
this study evaluated other routine screening exams (ie, physical
exams, eye exam, and colonoscopies), none of which was associ-
ated with survival. Chang et al. (23) analyzed a cohort of 740 head
and neck squamous cell carcinoma patients and identified an
association between a binary variable of regular dental visits and
a poor oral hygiene score, defined as brushing less than twice a
day, no use of dental floss, and no regular dental visits to be asso-
ciated with survival. Contrary, a study of 263 head and neck squ-
amous cell carcinoma cases by Friemel et al. (25) failed to find an
association between oral hygiene score or mouthwash use and
overall, disease-specific, or progression-free survival.

The small sample sizes of previous studies, the limited num-
ber of oral health measures examined, and the inconsistent

associations among different studies have limited the ability to
draw firm conclusions about the influence of oral health on
patient survival. This is also reflected in the recent guidelines of
the European Society of Medical Oncology–European Head and
Neck Society–European Society for Radiotherapy and Oncology
published in 2020 (30), which recommend dental screening only
in the context of staging and/or prevention of radiotherapy-
related adverse oral health outcomes [eg, osteonecrosis (31)]. On
the other hand, the American Society for Clinical Oncology 2017
guidelines define dental care as the “diagnosis and treatment of
dental caries, periodontal disease, and other intraoral conditions”
and endorse this practice along with smoking cessation for
patients diagnosed with head and neck squamous cell carcinoma
in the context of health promotion (32). The findings of our study
support this American Society for Clinical Oncology guideline by
highlighting the importance of dental care, not only for the pre-
vention of treatment-related adverse outcomes and improved
quality of life but also for tertiary prevention of head and neck
squamous cell carcinoma, and thus aiming to improve patient

Table 3. Associations between dental visits during the past 10 years and early (stages I and II) vs late (stages III and IV) head and neck
squamous cell carcinoma diagnosisa

Dental visits during the past 10 years

<1 1-5 >5

Site
Early stage

(row %)
Late stage

(row %)
Early stage

(row %)
Late stage

(row %)
Early stage

(row %)
Late stage

(row %) P

All sites 101 (7) 204 (14) 173 (12) 488 (34) 198 (14) 284 (20) <.0005
Oral cavity 28 (7) 58 (15) 56 (14) 169 (43) 45 (11) 36 (9) <.0005
Oropharynx 12 (3) 56 (14) 19 (5) 149 (37) 18 (5) 144 (36) .339
Hypopharynx and/or Larynx 50 (10) 74 (15) 84 (17) 147 (29) 87 (17) 64 (13) <.0005
Head and neck squamous cell carcinoma

NOS
11 (7) 16 (11) 14 (9) 23 (15) 48 (32) 40 (26) .164

a NOS ¼ not otherwise specified.

Table 4. Association of measures of oral health measures with overall survival estimated with a generalized linear regression model
using log-link function and Poisson family regression in head and neck squamous cell carcinoma patients from the International Head
and Neck Cancer Epidemiology Consortium studies

All sitesa Oral cavityb Oropharynxb Hypopharynx and/or Larynxb Head and neck
squamous cell

carcinoma NOSb

Risk ratio
(95% CI)

Risk ratio
(95% CI)

Risk ratio
(95% CI)

Risk ratio
(95% CI)

Risk ratio
(95% CI)

Patient reported gingival bleeding
No Referent Referent Referent Referent Referent
Yes 1.04 (0.95 to 1.14) 0.96 (0.78 to 1.18) 1.04 (0.85 to 1.28) 1.04 (0.90 to 1.20) 1.13 (0.89 to 1.45)
Tooth brushing
<1 time daily Referent Referent Referent Referent Referent
�1 time(s) daily 0.90 (0.74 to 1.09) 0.88 (0.60 to 1.28) 1.05 (0.76 to 1.47) 0.80 (0.56 to 1.14) 0.88 (0.45 to 1.71)
Mouthwash

No Referent Referent Referent Referent Referent
Yes 1.07 (0.98 to 1.18) 1.09 (0.87 to 1.36) 1.26 (1.01 to 1.57) 1.06 (0.91 to 1.22) 0.93 (0.76 to 1.15)

Natural teeth
0 Referent Referent Referent Referent Referent
1-9 0.90 (0.76 to 1.06) 0.95 (0.57 to 1.61) 0.83 (0.54 to 1.27) 0.82 (0.65 to 1.03) 1.29 (0.94 to 1.76)
10-19 0.81 (0.69 to 0.95) 0.93 (0.66 to 1.32) 0.80 (0.57 to 1.11) 0.75 (0.59 to 0.96) 0.66 (0.46 to 0.94)
�20 0.88 (0.78 to 0.99) 1.11 (0.85 to 1.43) 0.83 (0.64 to 1.08) 0.87 (0.73 to 1.04) 0.66 (0.50 to 0.88)

Dental visits during the last 10 y
0 Referent Referent Referent Referent Referent
1-5 0.95 (0.82 to 1.09) 1.10 (0.82 to 1.48) 0.77 (0.57 to 1.03) 1.01 (0.81 to 1.25) 0.71 (0.46 to 1.10)
>5 0.77 (0.66 to 0.91) 1.15 (0.78 to 1.68) 0.67 (0.49 to 0.93) 0.82 (0.64 to 1.05) 0.57 (0.38 to 0.85)

a All sites column is adjusted for age, sex, race, geographic region, tumor site, TNM stage, treatment, education, and smoking. CI¼ confidence intervals; NOS¼
not otherwise specified; TNM ¼ tumor-node-metastasis.

b Oral cavity, Oropharynx, Hypopharynx and/or Larynx, and head and neck squamous cell carcinoma NOS columns are stratified by tumor site and adjusted for
age, sex, race, TNM stage, treatment, education, and smoking.
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survival and ameliorate disease impact. Although the American
Dental Association is endorsing screening for oral cancer and pre-
malignant lesions on all patients (33), the current US Preventive
Service Task Force recommendation regarding oral cancer
screening states that the data on dental visits are insufficient to
endorse it as a secondary or tertiary preventive measure (34).
However, our results, and especially the associations between
frequency of dental visits prior to diagnosis and early stage diag-
nosis with improved survival, indicate that oral examination may
provide early disease detection and thus improve survival.
Recent evidence from a population-representative study (35) fur-
ther supports the links between oral health and cancer mortality,
wherein each 10 missing permanent teeth were associated with
19% higher risk for cancer mortality among US adults.

Potential explanations for the associations between oral
health and overall survival include either a mechanistic link
between oral health and head and neck squamous cell carcinoma
or an indirect association where oral health is a proxy for overall
wellness (eg, adherence to follow-up, more frequent screening
appointments). The retrospective nature of this study prohibits it
from answering this, but accumulating evidence supports a link
between inflammation and cancer (36). Our results also indicate
an association of geographic region with survival, with patients
living in South America or Europe having better survival than
patients living in North America, after adjusting for other demo-
graphic, clinicopathological, treatment, and oral health variables.
These associations could be attributed to several factors includ-
ing racial differences, different proportions of patients from rural
vs urban vs metropolitan context (37), access to health-care dif-
ferences (38), different proportion of HPV-positive head and neck
squamous cell carcinoma patient cases (39), and different times
that each study took place (the North American cohort was
established much earlier than some of the European [UK5000]
and all South American cohorts).

Although our study has several strengths, there are some limi-
tations. Not all INHANCE studies included information on all oral
health measures, and definitions and measurements of these
oral health parameters frequently varied. We addressed this by
opting for the definition that allowed the inclusion of the largest
number of patient cases. Also, most patients were missing post-
treatment oral hygiene data, and thus our estimates could not be
adjusted for this. In addition, alcohol consumption was available
for only a small subset of the entire cohort, and thus, the variable
was excluded from further analysis. The retrospective nature of
all studies introduces the possibilities of recall bias and risk of
exposure misclassification for some participants. However, given
that any association between oral health and head and neck squ-
amous cell carcinoma survival was probably not widely known
among study participants, any potential recall bias should be
minimal. Also, the evaluation of periodontal tissue status was
not done clinically but rather was based on patient-reported
bleeding in most studies. The absence of gingival bleeding when
evaluated with a periodontal probe by a trained dentist is an indi-
cator with very high (98%) negative predictive value for periodon-
tal health. Although there are no data to compare patient-
reported bleeding and bleeding on probing, it is reasonable to
assume that a reduction on sensitivity with the former. HPV sta-
tus and p16 expression were not available for most of the studies
included and thus were not part of the analysis. However, most
oropharyngeal squamous cell carcinoma are HPV positive, there-
fore it is possible that associations detected between measures of
oral health and oropharyngeal squamous cell carcinoma could
also be associated with HPV status. To address this limitation

and avoid the potential confounding effect of not adjusting for
HPV status, we performed supplementary analyses after exclud-
ing all oropharyngeal patient cases. The effect magnitude and
precision were similar between analytical samples including and
excluding oropharyngeal cases. Residual confounding by smok-
ing and socioeconomic status, which is represented by educa-
tional level, remains a possibility. Also, the lack of performance
status, comorbidity, and cancer treatment adherence variables
could confound the results.

In conclusion, we present an analysis of the largest cohort of
head and neck squamous cell carcinoma patients with oral
health measures, wherein we identify strong associations
between retention of natural teeth and dental visits with better
survival. These results emphasize the role of oral health mainte-
nance not only to avoid treatment-related adverse outcomes like
osteoradionecrosis but also as a potentially independent prog-
nostic parameter for head and neck squamous cell carcinoma
patients. Additional prospective studies are needed to replicate
and extend our findings and help elucidate mechanistic path-
ways at play.

Data availability
Description of the studies in the INHANCE Consortium can be
found in the consortium webpage (https://medicine.utah.edu/
dfpm/inhance/members/studies). Data are available from the
corresponding author upon reasonable request for scientific pur-
poses, with the permission of the INHANCE Consortium.

Author contributions
Jason Tasoulas, MD, DMD (Conceptualization; Data curation;
Formal analysis; Investigation; Methodology; Project administra-
tion; Validation; Visualization; Writing—original draft; Writing—
review & editing), Andrew F Olshan, PhD (Conceptualization;
Data curation; Investigation; Methodology; Project administra-
tion; Resources; Supervision; Validation; Writing—original draft;
Writing—review & editing), Paolo Boffetta, MD, MPH (Data cura-
tion; Methodology; Project administration; Resources; Validation;
Writing—review & editing), Mia Hashibe, PhD (Data curation;
Methodology; Project administration; Resources; Writing—review
& editing), Yuan-Chin Lee, PhD (Data curation; Methodology;
Project administration; Resources; Writing—review & editing),
Tom Dudding, BDS, PhD (Data curation; Methodology; Project
administration; Resources; Writing—review & editing), Steve
Thomas, PhD (Data curation; Methodology; Project administra-
tion; Resources; Writing—review & editing), Miranda Pring, PhD
(Data curation; Methodology; Project administration; Resources;
Writing—review & editing), Andy Ness, PhD (Data curation;
Methodology; Project administration; Resources; Writing—review
& editing), Jose P Zevallos, MD, MPH (Data curation; Methodology;
Project administration; Resources; Writing—review & editing),
Lorenzo Richiardi, PhD (Data curation; Methodology; Project
administration; Resources; Writing—review & editing), Cristina
Canova, PhD (Data curation; Methodology; Project administra-
tion; Resources; Writing—review & editing), Jerry Polesel, MD
(Data curation; Methodology; Project administration; Resources;
Writing—review & editing), Diego Serraino, MD (Methodology;
Project administration; Resources; Writing—review & editing),
Kimon Divaris, DDS, PhD (Conceptualization; Data curation;
Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Supervision;
Validation; Writing—original draft), Ivana Holc�atov�a, MD, PhD

112 | JNCI: Journal of the National Cancer Institute, 2024, Vol. 116, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/116/1/105/7275729 by guest on 19 Septem

ber 2024

https://medicine.utah.edu/dfpm/inhance/members/studies
https://medicine.utah.edu/dfpm/inhance/members/studies


(Methodology; Project administration; Resources; Writing—
review & editing), Marcos Brasilino de Carvalho, PhD (Data cura-
tion; Methodology; Project administration; Resources; Writing—
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