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Abstract

Background The proportional trends of HPV-associated oropharyngeal squamous cell carcinoma (OPSCC) according
to various factors have not been analyzed in detail in previous studies. We aimed to evaluate the trends of HPV-associ-
ated OPSCC in the United States.

Methods This retrospective cohort study included 13,081 patients with OPSCC from large population-based data
using Surveillance, Epidemiology, and End Results (SEER) 2010-2017 database, 17 Registries. Patients were diag-
nosed with OPSCC primarily in the base of tongue (BOT), posterior pharyngeal wall (PPW), soft palate (SP), and tonsil
and were tested for HPV infection status. We analyzed how the proportional trends of patients with OPSCC changed
according to various demographic factors. Additionally, we forecasted and confirmed the trend of HPV (+) and ()
patients with OPSCC using the autoregressive integrated moving average (ARIMA) model.

Results The proportion of patients who performed the HPV testing increased every year, and it has exceeded

50% since 2014 (21.95% and 51.37% at 2010 and 2014, respectively). The HPV-positive rates tended to increase

over past 7 years (66.37% and 79.32% at 2010 and 2016, respectively). Positivity rates of HPV were significantly higher
in OPSCC located in the tonsil or BOT than in those located in PPW or SP. The ARIMA (2,1,0) and (0,1,0) models were
applied to forecast HPV (+) and (—) patients with OPSCC, respectively, and the predicted data generally matched

the actual data well.

Conclusion This large population-based study suggests that the proportional trends of HPV (+) patients with OPSCC
has increased and will continue to increase. However, the trends of HPV (+) and (=) patients differed greatly according
to various demographic factors. These results present a direction for establishing appropriate preventive measures

to deal with HPV-related OPSCC in more detail.
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Background

Head and neck squamous cell carcinoma (HNSCC) is
the sixth most common cancer worldwide and includes
all cancers occurring in the mucosa of the oral cavity,
oropharynx, larynx, and hypopharynx [1]. Unlike the
incidence rates of other HNSCCs, which have declined
in recent years, the incidence of oropharyngeal squa-
mous cell carcinoma (OPSCC) has shown a significant
increase worldwide [2]. This phenomenon is attributed
to greater prevalence of infections caused by human
papillomavirus (HPV), which is essential for the etiol-
ogy of cervical cancer. Transmission of HPV, which
occurs primarily through sexual contact, can lead to
oropharyngeal HPV infection [3]. Unlike HPV positive
(HPV (+)) OPSCC, HPV negative (HPV (—)) OPSCC is
mainly associated with tobacco and alcohol consump-
tion, and its incidence has reportedly decreased in
recent years [4].

Interestingly, HPV (+) status in patients with OPSCC is
associated with a better prognosis than an HPV (—) status
[5]. The American Joint Committee on Cancer (AJCC)
Staging Manual, 8th Edition, effective Jan 2018, defined
HPV (+) and HPV (—) OPSCCs as separate entities, con-
sidering molecular profiles, tumor characteristics, and
especially outcomes [6]. Various epidemiologic factors,
such as primary sites, age, sex, race, and birth year, can
also uniquely contribute to the differing characteristics of
patients with HPV-associated OPSCC. However, the pro-
portional trends of HPV-associated OPSCC according to
various factors have not been analyzed in detail in previ-
ous studies.

In this study, we aimed to examine the trends of HPV-
associated OPSCC using the Surveillance, Epidemiology,
and End Results (SEER) database. We hypothesized that
the number of HPV (+) and (—) patients with OPSCC
could be predicted by examining the trends of each
patient over the past few years. We also hypothesized
that comparison between each group classified according
to various demographic factors would help establish pre-
ventive measures.

Methods

Patient cohort

Patient clinical data were obtained from the SEER pro-
gram of the National Cancer Institute in the United
States (https://seer.cancer.gov/; approval number: 20922-
Nov 2019). The inclusion criteria were as follows: (1)
diagnosis of oropharyngeal cancer; (2) tumor site in the
base of the tongue (BOT), posterior pharyngeal wall
(PPW), soft palate (SP), or tonsil; (3) histologic behavior
of squamous cell carcinoma; and (4) testing for HPV sta-
tus between 2010 and 2017.
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Primary sites (BOT, PPW, SP, and tonsil) of OPSCC
were sub-categorized as follows: (1) BOT: “not otherwise
specified (NOS)” and “lingual tonsil”; (2) PPW: “lateral
wall of PPW,” “overlapping lesion of PPW, “posterior
wall of PPW, “vallecula;,” and “NOS”; (3) SP: “uvula” and
“NOS”; and (4) tonsil “overlapping lesion of tonsil,” “ton-
sillar fossa,” “tonsillar pillar,” “tonsil,” and “NOS” The age
of patients was categorized as <40, 40—44, 45-49, 50-54,
55-59, 60—64, 65-69, 70-74, 75-79, and > 80 years” The
diagnosis year of OPSCC was classified as 2010, 2011,
2012, 2013, 2014, 2015, or 2016. The race of the patients
was classified as American Indian/Alaska native, Asian
or Pacific Islander, Black, White, and unknown. Tumor
grade, sex, and TNM staging based on the American
Joint Committee on Cancer (AJCC) Staging Manual, 8th
edition, were also recorded.

The trends of HPV-associated OPSCC according to various
factors between 2010 and 2017

We analyzed how the HPV positivity rates and the pro-
portional trends of OPSCC patients changed according
to various factors from 2010 to 2017. First, HPV posi-
tivity was compared in each group classified according
to the primary tumor subsite and further subdivisions.
Next, the proportional trends of HPV (+) and HPV (-)
patients with OPSCC were analyzed according to age,
sex, and race from 2010 to 2017.

The autoregressive integrated moving average (ARIMA)
model

Based on the annual changes in HPV (+) and (—) patients,
we examined whether changes in the proportional trends
of patients can be appropriately predicted in the future.
Thus, we forecasted and confirmed the number of HPV
(+) and HPV (—) patients with OPSCC from 2015 to
2017 based on data from 2010 to 2015 using the ARIMA
model. ARIMA parameters p, d, and q were used in this
study. The parameters p, d, and q refer to the order of the
autoregressive, integrated, and moving average parts of
the model, respectively [7].

Appropriate p, d, and q values were selected using the
auto.arima function in R version 4.2.0. Through the auto.
arima function, the optimal model that showed either
the minimum Akaike information criterion (AIC), cor-
rected Akaike information criterion (AICc), or Bayesian
information criterion (BIC) was chosen [8]. The Box-
Ljung test was implemented to validate that the selected
model was statistically suitable (appropriate if p >0.05).
Thereafter, the predicted results for 2 years, expressed as
95%-lower confidence limits (95%-LCL) and 95%-upper
confidence limits (95%-UCL), were compared with the
actual number.
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Statistical analysis

HPV positivity rates between each group classified
according to several factors were compared using the
chi-square test. Bar and pie graphs were used to visual-
ize HPV positivity between each group classified accord-
ing to several factors, including primary tumor sites, age,
sex, and diagnosis year. A line graph was used to visualize
changes in the trends of HPV (+) and HPV () patients
from 2010 to 2017. The ARIMA model was used for
2-year time-series prediction with 95% confidence inter-
val (CI) in HPV (+) and (—) patients with OPSCC [9]. The
R software package (http://www.r-project.org) was used
for all statistical analyses. Tidyverse packages including
ggplot2, TTR, and forecast packages were used in this
study.

Results
The proportional trends of OPSCC according to various
demographic factors
Using SEER Research Data (17 Registries; Nov 2022 Sub),
it was confirmed that the overall number of patients
with OPSCC increased except for the subsite SP from
2000 to 2020 (Fig. S1). However, we analyzed the pro-
portional trends of patients with OPSCC from 2010 to
2017, because only the data during this period presented
whether or not testing for HPV status was performed.
During this period, 13,081 out of a total of 29,406 patients
with OPSCC were tested for HPV status. In detail, the
proportion of patients who performed the HPV test-
ing was 50.02% (6706 out of 13,407 patients) for located
in the tonsil, but 23.17% (303 out of 1308 patients) for
located in SP (Fig. S2a, b). The proportion of patients
who performed the HPV testing increased every year,
and it has exceeded 50% since 2014 (21.95% and 51.37%
at 2010 and 2014, respectively; Fig. S2c). The HPV-posi-
tive rates tended to increase from 2010 to 2017 (66.37%
and 79.32% at 2010 and 2016, respectively; Fig. S2d).
Overall, the number of HPV (+), HPV (-), and HPV-
unknown patients with OPSCC showed a tendency to
increase, maintain, and decrease, respectively (Fig. S2e).

A total of 13,081 patients with OPSCC who tested for
HPV status were enrolled and analyzed in this study.
The demographic characteristics of the patients are
summarized in Table 1. The mean age of the patients
was 60.02 years (SD, 9.80 years; range 0—99 years), and
83.55% were male. The overall HPV positivity rate was
73.57%. The TNM staging data for 2747 patients were
missing in the SEER database, and other TNM staging
data were rephrased according to the 8th edition of AJCC
guidelines.

Positivity rates of HPV were significantly higher in
OPSCC located in the tonsil or BOT than in those
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Table 1 Demographics of patients with oropharyngeal
squamous cell carcinoma (OPSCC) who tested for HPV status

Characteristics

N (total=13,081)

Age

<40 years

40-44

45-49

50-54

55-59

60-64

65-69

70-74

75-79

>80 years

Sex

Male

Female

Primary tumor site
Posterior pharyngeal wall (PPW)
Lateral wall of PPW
Overlapping lesion of PPW
Posterior wall of PPW
Vallecula

PPW; NOS

Soft palate

Soft palate; NOS

Uvula

Base of tongue

Base of tongue; NOS
Lingual tonsil

Tonsil

Overlapping lesion of tonsil
Tonsillar fossa

Tonsillar pillar

Tonsil; NOS

Diagnosis year

2010

2011

2012

2013

2014

2015

2016

Race

American Indian/Alaska native
Asian or Pacific islander
Black

White

Unknown

Tumor grade

Well differentiated
Moderately differentiated

183 (1.40%)
412 (3.15%)
1047 (8.00%)
2112 (16.15%
2798 (21.39%
2556 (19.54%
1912 (14.62%
1073 (8.20%)
545 (4.17%)
443 (3.39%)

11,067 (84.60%)
2014 (15.40%)

61 (0.47%)
122 (0.93%)
85 (0.65%)
94 (0.72%)
623 (4.76%)

257 (1.96%)
46 (0.35%)

4987 (38.12%)
100 (0.76%)

72 (0.55%)
672 (5.14%)
336 (2.57%)
5625 (43.01%)

800 (6.12%)

1231 (941%)
1592 (12.17%)
1968 (15.04%)
2317 (17.71%)
2430 (18.58%)
2743 (20.97%)

84 (0.64%)
390 (2.98%)
994 (7.60%)
11,524 (88.1%)
89 (0.68%)

401 (3.07%)
3733 (28.54%)
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Table 1 (continued)

Characteristics N (total=13,081)

5344 (40.85%)
150 (1.15%)

Poorly differentiated
Undifferentiated/anaplastic

Unknown 3453 (26.40%)
T stage (American Joint Committee on Cancer (AJCC)

8th edition)

T0 56 (0.43%)

X 1089 (8.33%)
T 2479 (18.95%)
T2 3553 (27.16%)
T3 1665 (12.73%)
T4 914 (6.99%)
T4a 416 (3.18%)
T4b 162 (1.24%)
Unknown 2747 (21.00%)
N stage (AJCC 8th edition)

NO 1546 (11.82%)
NX 99 (0.76%)

N1 5588 (42.72%)
N2 1100 (8.41%)
N2a 270 (2.06%)
N2b 791 (6.05%)
N2c 436 (3.33%)
N3 504 (3.85%)
Unknown 2747 (21.00%)
M stage (AJCC 8th edition)

MO 9978 (76.28%)
M1 356 (2.72%)
Unknown 2747 (21.00%)
Clinical stage (AJCC 8th edition)

Stage | 4819 (36.84%)
Stage |l 1748 (13.36%)
Stage lll 1702 (13.01%)
Stage IV 200 (1.53%)
Stage IVA 1450 (11.08%)
Stage IVB 260 (1.99%)
Stage IVC 155 (1.18%)
Unknown 2747 (21.00%)
HPV status

Positive 9624 (73.57%)
Negative 3457 (26.43%)

NOS, not otherwise specified

located in PPW or SP (78.09% and 73.97% in OPSCC
located in the tonsil and BOT vs. 56.65% and 21.78%
in OPSCC located in PPW and SP, respectively). The
proportional trends in sub-sites of each primary site
(BOT, PPW, SP, and tonsil) of patients with OPSCC
are described in Fig. la. Among them, three sub-sites
showed HPV-positive rates less than 25%; the HPV
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positivity rates for SP; uvula, SP; NOS, and PPW; poste-
rior wall were 19.57%, 22.18%, and 23.53%, respectively
(Fig. 1b). The proportional trends of HPV (+) and HPV
(—) patients with OPSCC according to each primary site
over the past 7 years are shown in Fig. 1c—d and Fig. S3.
The number of HPV (4) patients with OPSCC generally
increased over the past seven years in all age groups for
each site (Fig. S3a, ¢, e, g). However, the number of HPV
(—) patients increased until 2014 in all age groups for
each site but neither changed nor decreased since then
(Fig. S3b, d, g, h).

Most patients with OPSCC were in the age group
55-59 years, followed by 60—64 years and 50—54 years
(21.39%, 19.54%, and 16.15%, respectively; Fig. S4a).
However, the HPV-positive rates were highest in
the age group 45-49 years (77.27%) and showed an
approximately decreasing tendency with increasing
age (Fig. S4b). We analyzed the proportional trends of
HPV (+) and HPV (-) patients with OPSCC accord-
ing to sex and age group over the past 7 years (Fig. 2). In
all age groups, the number of male and female HPV (+)
patients with OPSCC increased steadily (Fig. 2a, c, e).
The increasing tendency in the number of male patients,
which was rapid and disproportionate to that observed in
female patients, may be attributed to the fact that there
were more male patients than female patients in the study
sample (11,067 vs. 2014; male vs. female patients from
2010 to 2017). The rate of increase was also greater in the
age groups with the highest actual number of patients
(50-59 years and 60-69 years). The trends of HPV (—)
patients with OPSCC were different from that of HPV
(+) patients (Fig. 2b). The number of HPV (—) patients
increased until 2014 in all age and sex groups, but did not
show clear increasing tendency since then (Fig. 2b, d, f).
Specifically, the number of male HPV (—) patients with
OPSCC has decreased between 2014 and 2015, whereas
the number of female HPV (—) patients has decreased
since 2015 (Fig. 2d, f).

The most predominant ethnicity was Caucasian (non-
hispanic White), followed by African American (Black),
and Asian and others (88.10%, 7.60%, and 4.30%, respec-
tively). The HPV-positive rates were 75.60%, 53.40%, and
67.70% in Caucasians, African Americans, and Asian and
other, respectively (Fig. S5).

Prediction model identification and forecast using ARIMA
The number of HPV (+4) patients with OPSCC have
approximately increased, but the number of HPV (-)
patients has not changed much from 2010 to 2017 years
(32 and 162 HPV (+) patients with OPSCC in Jan 2010
and Dec 2016 vs. 16 and 43 HPV (—) patients with
OPSCC in Jan 2010 and Dec 2016; Fig. 3).
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Fig. 1 The trends in HPV-positive and HPV-negative patients with OPSCC according to the primary sites. a The number of HPV-positive

and HPV-negative patients with OPSCC according to the sub-sites of each primary site. b The percentage of HPV positivity in patients with OPSCC
according to the sub-sites. ¢, d The trends of HPV-positive and HPV-negative patients with OPSCC according to the primary sites. OPSCC,
oropharyngeal squamous cell carcinoma; BOT, base of tongue; PPW, posterior pharyngeal wall; SP, soft palate

We hypothesized that the proportional trends of HPV
(+) and HPV (-) patients could be predicted based on the
pattern of the number of patients in the past. The time-
series data were divided into a training dataset (Jan 2010
to Dec 2014) and a test dataset (Jan 2015 to Dec 2016).
There was no obvious periodicity or seasonality between
2010 and 2015 in HPV (+) and HPV (—) patients.

The suitable ARIMA model constructed using the auto.
arima function in HPV (+) OPSCC was ARIMA (2,1,0)
(AIC=450.55, AICc=451.29, BIC=458.86). The ARIMA
(2,1,0) model was applied to forecast HPV (+) patients
with OPSCC, and its predicted data and 95% CI from
Jan 2015 to Dec 2016 are shown in Fig. 4a. The predicted
data generally matched the actual data well (all data
matched to the predicted data for each month with 95%
CI except in Jan 2015, Mar 2015, Apr 2015, and Jun 2015;
Table S1). Figure S6 shows that the ACF of the residual
sequence fell within the random CI. The Box-Ljung test
showed that its residual was white noise with p=0.3206
(x*=0.98663, df=1), indicating that the fitted data series
were random, stationary, and zero-related.

In contrast, the most suitable ARIMA model for
HPV (-) OPSCC was ARIMA (0,1,1) (AIC=402.99,

AICc=403.43, BIC=409.23). The ARIMA (0,1,1) model
was applied to forecast HPV (—) patients with OPSCC,
and its predicted data and 95% CI from Jan 2015 to Dec
2016 are shown in Fig. 4b. The predicted data generally
matched the actual data well (all data matched to the
predicted data for each month with 95% CI except in Jan
2015 and Aug 2015; Table S2). Figure S7 shows that the
ACEF of the residual sequence fell within the random CI.
The Box-Ljung test showed that its residual was white
noise with p=0.5245 (x>=0.40504, df=1), indicating
that the fitted data series were random, stationary, and
zero-related.

Discussion

In this large population-based proportional study using
the SEER database, we found that HPV-positive rates
were higher in male, Caucasian patients with tonsillar
OSCC and age between 45 and 49 years. The number
of HPV (+) and () patients with OPSCC did not differ
significantly in 2010. However, increasing proportional
trends of patients with OPSCC were only observed in not
HPV (-) group but HPV (+) group since then. Analyzing
past trends of HPV (+) and (—) patients with OPSCC, we
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could predict the trends of patients with OPSCC in the
future.

In a previous large cohort study, tonsillar OPSCC
showed a more favorable prognosis than non-tonsillar
OPSCC in HPV (+) patients [10]. One systemic review
found that lymphoepithelial sites of the oropharynx,
such as the tonsil and tongue base, showed significantly
higher HPV prevalence than non-lymphoepithelial sites
of the oropharynx [11]. Our study showed that HPV pos-
itivity rates were significantly higher in the tonsillar area

than in the oropharyngeal area in OPSCC. HPV-positive
rates were the highest in the tonsillar and NOS areas in
patients with OPSCC. We believe that further subdivi-
sion and investigation of the primary tumor location
would help better predict the prognosis of patients with
OPSCC.

HPV is a well-known cause of cervical, oropharyngeal,
vulvar, vaginal, penile, and anal cancer [12]. The avail-
ability of prophylactic HPV vaccines has provided pow-
erful tools for primary prevention of cervical cancers
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since the HPV vaccine was approved by the US Food
and Drug Administration in 2006 for women and 2009
for men [13, 14]. Cervical cancers are preventable with
HPV vaccine uptake and systemized screening, but other
HPV-associated cancers including OPSCC do not have
any screening guidelines. From 2001 to 2017, women
showed the decreasing incidence of cervical cancer and
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stable incidence of OPSCC. However, men showed sig-
nificant increase in incidence of OPSCC [14]. This may
be because of significant differences by sex and anatomic
sites as well as HPV vaccine policy [15]. Men seem to
remain at high risk of HPV infection regardless of age.
Additionally, the second peak in high-risk oropharyn-
geal HPV infection prevalence may occur at any age at
men. It is necessary to observe the proportional trends of
OPSCC for decades, because the HPV vaccine for men
has been introduce since 2009, and the period is still too
short for its effect to appear.

Data from the SEER database between 1973 and 2004
showed that the proportion of potentially HPV-related
oral squamous cell carcinoma (OSCC) increased stead-
ily, particularly among white men and at younger ages
[16]. Potentially HPV-unrelated OSCC declined in gen-
eral between 1973 and 2004. However, these previous
data do not contain information about HPV status; thus,
tumors arising from the oropharynx, including the tonsil
and tongue base, were defined as HPV-related OSCC. A
recent large population-based epidemiologic study using
the SEER database between 2013 and 2014 showed that
most HPV (+4) patients with OPSCC were white males
younger than 65 years [17]. In the present study, we spe-
cifically selected patients with OPSCC who had tested for
HPV status in the SEER database between 2010 and 2017.
We also found that the HPV-positive rates were higher
in middle-aged white males. However, patients older
than 70 years or of African American descent showed
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using ARIMA (0,1,1). OPSCC, oropharyngeal squamous cell carcinoma; ARIMA, autoregressive integrated moving average; Cl, confidence interval
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high HPV-positive rates (>50%). A possible explanation
for this finding could be that most OPSCCs in this study
were tonsillar and that the HPV-positive rates in patients
steadily increased every year. A large hospital-based
national cohort study confirmed that the prevalence of
HPV is increasing among male and female patients from
White, Black, and Hispanic ethnicities [18].

The ARIMA model has been widely used in time-series
analysis of various cancers [19, 20]. We also used the
ARIMA model to predict the trends of HPV (+) and (-)
OPSCC. To obtain appropriate ARIMA models for HPV
(+) and (=) OPSCC, we first decomposed a time series
into trend, seasonal, cyclical, and irregular components
[9]. In our study, a seasonal tendency was not observed
in both HPV (+) and (—) OPSCC; thus, the multiplicative
seasonal ARIMA model was not applied [7]. The optimal
ARIMA (p, d, q) model was confirmed using the auto.
arima function of R 4.2.0 software. Through this func-
tion, we found optimal ARIMA (2,1,0) and (0,1,1) models
for HPV (+) and HPV (-) patients with OPSCC, respec-
tively. To check the accuracy of each model in the predic-
tion of HPV (+) and (—) patients with OPSCC, 95% Cls
were described. Some outbreaks were observed during
the prediction of HPV (+) and (—) patients with OPSCC
in 2015, but the forecast of HPV (4) and (—) patients
matched the actual data in 2016.

Our study has the following limitations. First, we con-
ducted a retrospective analysis of data from the SEER
database, noting the absence of smoking and alcohol his-
tory, as well as molecular characterization. A systematic
review and meta-analysis indicated a negative interac-
tion between smoking and alcohol in the development of
HPV (+) OPSCC [21]. In a previous study involving 157
OPSCC patients, gene alterations associated with oxida-
tive stress were observed more frequently in HPV-posi-
tive cases, whereas those related to the p53 signaling and
cell cycle control pathways were more prevalent in HPV-
negative cases [22]. Furthermore, it revealed significant
disparities in immune characteristics, including B cells,
CD8+T cells, fibroblasts, and M2 macrophages, among
HPV-positive cancers across different anatomical sites,
such as the oropharynx, non-oropharynx, and cervix
[23]. Further investigation into these demographic and
molecular factors is imperative for a deeper understand-
ing of proportional trends in HPV (+) OPSCC.

Second, this study only included patients with OPSCC
diagnosed between 2010 and 2017. As this study explored
HPV positivity in OPSCC cases, which are already known
to be related with HPV infections, we only utilized data
from 2010 to 2017 because most SEER databases from
the 1990s and the 2000s contain no information about
HPV status. The proportion of patients who performed
the HPV testing steadily increased every year. From 2010
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to 2014, the HPV testing rates increased significantly
(21.95% to 51.37%), thus it is thought that the number of
both HPV (+) and (—) patients with OPSCC increased.
From 2014 to 2017, the HPV testing rates increase to
a relatively small extent (51.37% to 58.14%), and at this
time, the number of HPV (—) patients with OPSCC
remained unchanged. However, the number of HPV (+)
patients with OPSCC continued to increase regardless
of similar testing rates between this period. These phe-
nomena suggest proportional trends in HPV (+) and (-)
patients with OPSCC.

Additionally, the coronavirus disease 2019 (COVID-
19) pandemic, first diagnosed in December 2019, has
posed a significant threat to global public health [24]. A
single-institution retrospective study indicated a delay in
the diagnosis of HPV (+) OPSCC due to the COVID-19
pandemic, factors including restricted access to medical
centers and unavailability of clinic appointments [25].
However, the SEER databases do not include information
on the HPV status of OPSCC patients since 2017. Con-
sequently, the impact of the COVID-19 pandemic could
not be analyzed using SEER databases. Further studies
utilizing a large population database that includes HPV
status information up to recent periods are necessary
to comprehensively analyze the impact of the COVID-
19 pandemic on the proportional trends in HPV (+)
OPSCC.

Third, information on HPV status is site-specifically
disproportionate as HPV tests are often conducted only
in areas where HPV is suspected to be positive. This is
particularly relevant for tonsillar OPSCCs. In this study,
the HPV testing was performed in 50.02% and 42.96%
of patients with OPSCC located in the tonsil and BOT,
respectively, and the positivity rates of HPV were 78.09%
and 73.97% in patients. On the other hand, the HPV test-
ing was performed in 23.17% of patients located in SP,
and the positivity rates of HPV was 21.78%. Thus, the
HPV testing is required to be carried out in considera-
tion of the tumor subsites and other proportional factors
of patients with OPSCC.

Nevertheless, to the best of our knowledge, this is the
first study to predict future HPV trends by observing past
proportional trends of OPSCC patients using a large pop-
ulation database. Examining the changes in HPV status in
OPSCC raises the importance of preventive approaches.
Appropriate screening strategies based on various factors
are important to prevent the occurrence of OPSCC. Early
cancer detection with HPV testing, commercialization
of vaccination, and public awareness of causative fac-
tors other than HPV status are key factors in preventing
OPSCC. Further studies, including more detailed epide-
miological data, will help identify other factors affecting
HPYV status in OPSCC.
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Conclusions

In conclusion, we confirmed various proportional
trends of HPV (+) and HPV (-) patients with OPSCC
according to the subsite, age, sex, and ethnicity using
large population-based database. In particular, the
trends of HPV-related OPSCC could also be pre-
dicted by examining the trends of HPV-related OPSCC
patients over the past few years. It is necessary to estab-
lish appropriate preventive measures to deal with HPV-
related OPSCC more effectively according to various
epidemiological factors.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513027-024-00592-5.

Supplementary Material 1: Table 1. The predicted and actual values of the
ARIMA (2,1,0) model in HPV-positive patients with OPSCC. Supplementary
Table 2. The predicted and actual values of the ARIMA (0,1,1) model in
HPV-negative patients with OPSCC.

Supplementary Material 2. Figure 1. The trends in patients with OPSCC
from 2000 to 2020 based on SEER Research Data (17 Regjistries; Nov 2022
Sub). (@) The overall number of patients with OPSCC. (b) The number of
patients with OPSCC according to the primary sites. Supplementary Fig. 1
footnotes: OPSCC, oropharyngeal squamous cell carcinoma; BOT, base of
tongue; PPW, posterior pharyngeal wall; SP, soft palate.

Supplementary Material 3: Figure 2. The trends in testing for HPV status

in patients with OPSCC according to the primary subsites and diagnosis
year from 2010 to 2017. (a—c) The percentage of patients with OPSCC
who performed the HPV testing according to the primary sites, sub-sites,
and the diagnosis year. (d) The percentage of HPV positivity in patients
with OPSCC who performed the HPV testing according to the diagnosis
year. (e) Overall HPV status of patients with OPSCC. OPSCC, oropharyngeal
squamous cell carcinoma; BOT, base of tongue; PPW, posterior pharyngeal
wall; SP, soft palate.

Supplementary Material 4: Figure 3. The trends in HPV-positive and HPV-
negative patients with OPSCC according to age and primary sites. (a-b)
The trends of HPV-positive and HPV-negative patients with OPSCC that
originated in BOT, classified according to age group. (c—d) The trends of
HPV-positive and HPV-negative patients with OPSCC that originated in
PPW, classified according to age group. (e=f) The trends of HPV-positive
and HPV-negative patients with OPSCC that originated in SP, classified
according to age group. (g—h) The trends of HPV-positive and HPV-nega-
tive patients with OPSCC that originated in tonsils, classified according to
age group. OPSCC, oropharyngeal squamous cell carcinoma; BOT, base of
tongue; PPW, posterior pharyngeal wall; SP, soft palate.

Supplementary Material 5: Figure 4. HPV positive rates according to the
age and sex of patients with OPSCC. (a) The number of HPV-positive and
HPV-negative patients with OPSCC according to age and sex. (b) The
percentage of HPV positivity in patients with OPSCC according to age and
sex. OPSCC, oropharyngeal squamous cell carcinoma.

Supplementary Material 6: Figure 5. HPV positive rates according to the
races of patients with OPSCC. OPSCC, oropharyngeal squamous cell
carcinoma.

Supplementary Material 7: Figure 6. Validation of ARIMA (2,1,0) model
in HPV-positive patients with OPSCC. OPSCC, oropharyngeal squamous
cell carcinoma; ARIMA, autoregressive integrated moving average; ACF,
autocorrelation function.

Supplementary Material 8: Figure 7. Validation of ARIMA (0,1,1) model in
HPV-negative patients with OPSCC. OPSCC, oropharyngeal squamous
cell carcinoma; ARIMA, autoregressive integrated moving average; ACF,
autocorrelation function.

Page 9 of 10

Acknowledgements
Not applicable.

Author contributions

Study concepts: SIK, YCL. Study design: SIK, YCL. Data acquisition: SIK, JWL, YGE,
YCL. Quality control of data and algorithms: SIK, JWL, YGE, YCL. Data analysis
and interpretation: SIK, JWL, YGE, YCL. Statistical analysis: SIK, YCL. Manuscript
preparation: SIK. Manuscript editing: SIK, JWL, YGE, YCL. Manuscript review: SIK,
JWL, YGE, YCL.

Funding

This work was supported by the BK21 plus program "AgeTech-Service Conver-
gence Major”through the National Research Foundation (NRF) funded by the
Ministry of Education of Korea [5120200313836] and the National Research
Foundation of Korea (NRF) grant funded by the Korea government (MSIT) [RS-
2023-00241230]. This work was also supported by a grant of the Korea Health
Technology R&D Project through the Korea Health Industry Development
Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea
(grant number: HV22C0193).

Availability of data and materials

The data that support the findings of our study are available from the cor-
responding author upon reasonable request and with permission of the SEER
database.

Declarations

Ethics approval and consent to participate

The analysis was exempted from ethical review since the SEER database was
open-access and de-identifiable (The detailed information of data could be
found elsewhere: https://seer.cancer.gov/data/).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interest.

Author details

'Department of Otolaryngology-Head and Neck Surgery, Kyung Hee
University School of Medicine, Kyung Hee University Hospital at Gangdong,
#892 Dongnamro, Gangdong-gu, Seoul 05278, Korea. 2Department of Oral
and Maxillofacial Surgery, School of Dentistry, Kyung Hee University, Seoul,
Korea. >Department of Otolaryngology-Head and Neck Surgery, Kyung Hee
University School of Medicine, Kyung Hee University Medical Center, Seoul,
Korea. “Department of Age Service-Tech Convergence, College of Medicine,
Kyung Hee University, Seoul, Korea.

Received: 13 November 2023 Accepted: 19 June 2024
Published online: 28 June 2024

References

1. Kamangar F, Dores GM, Anderson WF. Patterns of cancer incidence,
mortality, and prevalence across five continents: defining priorities to
reduce cancer disparities in different geographic regions of the world.
J Clin Oncol. 2006;24(14):2137-50.

2. Rainsbury JW, Ahmed W, Williams HK, Roberts S, Paleri V, Mehanna
H. Prognostic biomarkers of survival in oropharyngeal squamous
cell carcinoma: systematic review and meta-analysis. Head Neck.
2013;35(7):1048-55.

3. Pytynia KB, Dahlstrom KR, Sturgis EM. Epidemiology of HPV-associated
oropharyngeal cancer. Oral Oncol. 2014;50(5):380-6.

4. 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.

5. Ragin CC, Taioli E. Survival of squamous cell carcinoma of the head and
neck in relation to human papillomavirus infection: review and meta-
analysis. Int J Cancer. 2007;121(8):1813-20.


https://doi.org/10.1186/s13027-024-00592-5
https://doi.org/10.1186/s13027-024-00592-5
https://seer.cancer.gov/data/

Kim et al. Infectious Agents and Cancer

20.

21

22.

23.

24.

25.

(2024) 19:29

Craig SG, Anderson LA, Schache AG, Moran M, Graham L, Currie K,
Rooney K, Robinson M, Upile NS, Brooker R. Recommendations for deter-
mining HPV status in patients with oropharyngeal cancers under TNM8
guidelines: a two-tier approach. Br J Cancer. 2019;120(8):827-33.

Liu L, Luan R, Yin F, Zhu X, LU Q. Predicting the incidence of hand, foot
and mouth disease in Sichuan province, China using the ARIMA model.
Epidemiol Infect. 2016;144(1):144-51.

Zeng Q, Li D, Huang G, Xia J, Wang X, Zhang Y, Tang W, Zhou H.Time
series analysis of temporal trends in the pertussis incidence in Mainland
China from 2005 to 2016. Sci Rep. 2016;6(1):1-8.

Chuijai P, Kerdprasop N, Kerdprasop K. Time series analysis of household
electric consumption with ARIMA and ARMA models. In: Proceedings of
the international multiconference of engineers and computer scientists:
2013: IAENG Hong Kong; 2013. pp. 295-300.

Tham T, Ahn S, Frank D, Kraus D, Costantino P. Anatomical subsite modi-
fies survival in oropharyngeal squamous cell carcinoma: National Cancer
Database study. Head Neck. 2020;42(3):434-45.

. Haeggblom L, Ramqyvist T, Tommasino M, Dalianis T, Ndsman A. Time

to change perspectives on HPV in oropharyngeal cancer. A systematic
review of HPV prevalence per oropharyngeal sub-site the last 3 years.
Papillomavirus Res. 2017;4:1-11.

Van Dyne EA, Henley SJ, Saraiya M, Thomas CC, Markowitz LE, Benard

VB. Trends in human papillomavirus—associated cancers—United States,
1999-2015. MMWR Morb Mort Wkly Rep. 2018;67(33):918.

Markowitz LE, Tsu V, Deeks SL, Cubie H, Wang SA, Vicari AS, Brotherton JM.
Human papillomavirus vaccine introduction-the first five years. Vaccine.
2012;30:F139-48.

Liao C-I, Francoeur AA, Kapp DS, Caesar MAP, Huh WK, Chan JK. Trends

in human papillomavirus-associated cancers, demographic charac-
teristics, and vaccinations in the US, 2001-2017. JAMA Netw Open.
2022;5(3):222530-e222530.

Gillison ML, Chaturvedi AK, Anderson WF, Fakhry C. Epidemiology of
human papillomavirus—positive head and neck squamous cell carcinoma.
J Clin Oncol. 2015;33(29):3235.

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.

Mahal BA, Catalano PJ, Haddad RI, Hanna GJ, Kass JI, Schoenfeld JD, Tishler
RB, Margalit DN. Incidence and demographic burden of HPV-associated
oropharyngeal head and neck cancers in the United States HPV-positive
oropharyngeal head and neck cancers in the US. Cancer Epidemiol
Biomark Prev. 2019:28(10):1660-7.

Faraji F, Rettig EM, Tsai HL, El Asmar M, Fung N, Eisele DW, Fakhry C.

The prevalence of human papillomavirus in oropharyngeal cancer is
increasing regardless of sex or race, and the influence of sex and race

on survival is modified by human papillomavirus tumor status. Cancer.
2019;125(5):761-9.

Earnest A, Evans SM, Sampurno F, Millar J. Forecasting annual incidence
and mortality rate for prostate cancer in Australia until 2022 using
autoregressive integrated moving average (ARIMA) models. BMJ Open.
2019;9(8):031331.

Xie L. Time series analysis and prediction on cancer incidence rates. J
Med Discov. 2017;2(3):1-10.

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.

Dogan S, Xu B, Middha S, Vanderbilt CM, Bowman AS, Migliacci J, Morris
LG, Seshan VE, Ganly I. Identification of prognostic molecular biomarkers
in 157 HPV-positive and HPV-negative squamous cell carcinomas of the
oropharynx. Int J Cancer. 2019;145(11):3152-62.

Zhu G, Amin N, Herberg ME, Maroun CA, Wang H, Guller M, Gourin CG,
Rooper LM, Vosler PS, Tan M. Association of tumor site with the prognosis
and immunogenomic landscape of human papillomavirus-related head
and neck and cervical cancers. JAMA Otolaryngol Head Neck Surg.
2022;148(1):70-9.

ShiY,Wang G, Cai X-P, Deng J-W, Zheng L, Zhu H-H, Zheng M,

Yang B, Chen Z. An overview of COVID-19. J Zhejiang Univ Sci B.
2020;21(5):343-60.

Ballal Y, Gete M, Su J, O'Sullivan B, Waldron JN, Irish J, Ringash J, Kim
J,Bratman S, Cho J. The collateral impact of the COVID-19 pandemic

Page 10 of 10

on HPV-positive oropharyngeal cancer diagnosis. Oral Oncol.
2023;138:106332.

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



	A SEER-based analysis of trends in HPV-associated oropharyngeal squamous cell carcinoma
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Patient cohort
	The trends of HPV-associated OPSCC according to various factors between 2010 and 2017
	The autoregressive integrated moving average (ARIMA) model
	Statistical analysis

	Results
	The proportional trends of OPSCC according to various demographic factors
	Prediction model identification and forecast using ARIMA

	Discussion
	Conclusions
	Acknowledgements
	References


