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Simple Summary: Oral infection with high-risk human papillomaviruses is one of the known risk
factors for oropharyngeal cancer. Human papillomavirus-related oropharyngeal cancer is a rising
trend in many Western countries. Hong Kong is a vibrant Chinese cosmopolitan city in East Asia
where data on the trend of change in human papillomavirus-related oropharyngeal cancer are not
available. This study found that oropharyngeal cancer cases have increased persistently over the last
three decades in Hong Kong, despite a notable decrease in other head and neck cancers such as the
laryngeal cancer. By testing a series of cancer samples collected over the past several years, this study
found that the proportion of oropharyngeal cancer infected with high-risk human papillomaviruses
has increased substantially over the last decade. Strategies to prevent oral human papillomavirus
infection and its associated diseases including oropharyngeal cancer are urgently needed. Research
on the early detection of oropharyngeal cancer is a priority.

Abstract: The incidence of human papillomavirus (HPV)-associated oropharyngeal squamous cell
carcinoma (OPSCC) is rising in the West, but little is known in Asia. This study elucidated changes in
the incidence and HPV-positive portion of OPSCC in Hong Kong. Data from population-based cancer
registry were used to analyze the incidence of OPSCC in association with other head and neck cancers.
Archived tumor tissues were tested for HPV. From 1986 to 2020, there was a marked decrease in the
incidence of nasopharyngeal and laryngeal cancers, but a persistent increase in OPSCC from 36 cases
in 1986 to 116 cases in 2020. The average positive rate for high-risk HPV was 36.1% (112/310) among
OPSCC diagnosed in 2010–2020. The HPV-positive rate in recent years was significantly higher
than earlier cases (tonsil SCC: 64.7% (55/85) in 2016–2020 vs. 40.4% (19/47) in 2010–2015, p = 0.007).
Patients with HPV-positive tonsil cancers were significantly younger than those negative (mean [SD]:
58.9 [9.9] vs. 64.3 [13.3] years, p = 0.006), but no significant difference was observed between genders.
A persistent increase in the incidence of oropharyngeal cancer over the last few decades was observed
in Hong Kong, which can be explained by the remarkable increase in HPV-positive tonsil cancers.

Keywords: HPV; oropharyngeal cancer; tonsil cancer; head and neck cancers; OPSCC; Hong
Kong; Chinese
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1. Introduction

The etiological association between infection with high-risk types of human papillo-
maviruses (HPV) and cancers of the anogenital area including uterine cervix, anus, penis,
vagina, and vulva is well known; and there is growing concern over oropharyngeal can-
cer [1–3]. Oropharyngeal cancer is a subtype of head and neck cancer that affects the base
of the tongue, palatine tonsils, lingual tonsils, soft palate, uvula, and posterior pharyn-
geal wall. The accumulated evidence indicates that there are two causal mechanisms for
oropharyngeal cancer, one in the common risk factors for other head and neck cancers such
as tobacco, alcohol, and pollutants; and the other related to infection with high-risk types
of HPV. HPV is sexually acquired, and an early sexual debut, higher number of sexual
partners, including oral sex partners, and previous genital warts are associated with an
increased risk for HPV-positive oropharyngeal cancer [4,5]. An alert of a cancer epidemic
due to HPV-associated oropharyngeal squamous cell carcinoma (OPSCC) especially for the
young age group was raised in 2010 [6]. Worldwide, 98,400 new cases and 48,100 deaths
of oropharyngeal cancer were estimated in 2020, with age-standardized rates of 1.1 and
0.51 per 100,000 for incidence and mortality, respectively [1]. Reports published over the
last decade confirm the increasing burden of OPSCC with high incidence rates observed
particularly in Europe, North America, Australia, and New Zealand [1,7,8]; whereas most
parts of Asia are still at a relatively low incidence. At present, context-specific data for
Hong Kong are still scarcely available [9]. To achieve precise public health planning to
combat the possible increase in OPSCC, we set the objectives of this study to depict the
temporal trends in changes in the incidence and HPV prevalence in OPSCC over the recent
decades in Hong Kong, a metropolitan city in East Asia.

2. Materials and Methods

A retrospective study was conducted to determine changes in the incidence of OPSCC
and the portion infected with HPV in Hong Kong.

The first part of the study was based on the territory-wide cancer statistics captured by
the Hong Kong Cancer Registry [10]. The Hong Kong Cancer registry, established in 1963, is
a population-based registry committed to collecting and conducting analyses on data from
all cancer cases in Hong Kong, and providing data resources to support the planning and
evaluation of cancer services in the healthcare system. The registered cases are primarily
based upon local residents’ cases occurring and being diagnosed in the territory, including
all types of invasive cancers. The registry collects information on the patient demographics,
anatomical site, histology, and stage of every cancer case diagnosed in Hong Kong.

Age-standardized incidence rates of major types of head and neck squamous cell
carcinoma (HNSCC) in Hong Kong from 1986 to 2020 obtained from the Hong Kong
Registry were analyzed. The age-standardized rate (ASR, per 100,000 population) in
accordance with the direct method was calculated by summing up the products of the
age-specific rates (ai, where i denotes the ith age class) and the number of persons (or
weight) (wi) in the same age subgroup i of the chosen reference standard population, then
dividing by the sum of the standard population weights [11].

To elucidate any differences between HPV- and non-HPV-associated head and neck
cancers, the annual number of new cases of OPSCC and laryngeal SCC were further
analyzed. Laryngeal SCC was selected as it shares common risk factors, such as tobacco,
with OPSCC; but it is not HPV-associated.

The second part of the study was to examine changes in the proportion of OPSCC that
were positive for high-risk HPV DNA. To achieve this, we identified histology-confirmed
OPSCC cases that were diagnosed between 2010 and 2020 from four major hospitals.
Paraffin-embedded tissues were retrieved for testing. The study was approved by the Joint
Chinese University of Hong Kong—New Territories East Cluster Ethics Committee (CREC
Ref. No.: 2020.481), and the ethics committees of the hospitals.

The first and last sections of the formalin-fixed paraffin-embedded tumor tissue blocks
were examined to ensure a sufficient tumor mass was obtained. For each sample, 5 sections



Cancers 2024, 16, 226 3 of 12

of 5 µm tissue roll were sectioned for DNA extraction using the QIAamp DNA FFPE Tissue
Kit (Qiagen, Valencia, CA, USA) following the manufacturer’s protocol.

The quality of extracted DNA was assessed by a real-time PCR targeting the prostaglandin
transporter (PGT) gene. A TaqMan primer/probe set targeting the host prostaglandin trans-
porter (PGT) gene 1 was used to monitor the quality of DNA extracted from the FFPE
samples. The one-step real-time RT-PCR contained 2 µL of the extracted DNA, 10 µL of
2X TaqMan™ Master Mix (Applied Biosystems, Foster City, CA, USA), 0.15 µM forward
primer (5′-ATC CCC AAA GCA CCT GGT TT-3′), 0.15 µM reverser primer (5′-AGA GGC
CAA GAT AGT CCT GGT AA-3′), and 0.25 µM probe (5′-FAM-CC ATC CAT G -ZEN- T
CCT CAT CTC -IABkFQ-3′) in a final reaction volume of 20 µL. The cycling conditions were
50 ◦C for 2 min, 95 ◦C for 10 min, followed by 40 cycles of 95 ◦C for 15 s and 60 ◦C for 1 min,
and performed with the StepOnePlus Real-Time PCR System (Applied Biosystems, Foster
City, CA, USA). Samples were considered negative if the Ct values exceeded 39.9 cycles.
Extracted preparations with sufficient DNA quality were submitted for next-generation
sequencing to detect HPV DNA.

HPV detection and genotyping was performed using two PCR-based amplicon se-
quencing assays targeting the conserved L1 open reading frame (ORF) of HPV as previously
described [12]. In brief, a pair of dual 12 bp barcodes was indexed to the PCR amplicon
using forward and reverse primers for demultiplexing. Short reads generated by Illu-
mina MiSeq PE150 were blasted against a comprehensive PV reference database using
UPARSE [13]. An operational taxonomic unit (OTU) count table was created using a 90%
identity threshold, assigning each OTU with a PV type. Based on the International Agency
for Research on Cancer (IARC) classification, 12 HPV types (HPV16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, 59) were ranked as high risk (HR) and considered oncogenic [14].

Confidence intervals of the observed HPV positive rates were calculated using the
Wilson score method without continuity correction [15]. Differences in proportion were
assessed by Chi-squared test or Fisher’s exact test as appropriate, and the trend of change
in positive rates was assessed by the Chi-squared test for trend (Statcalc, Epi Info Version
7.2.5.0, Centre for Disease Control and Prevention, US). Two-tailed P-values less than 0.05
were regarded as statistically significant. Age distribution was assessed by a t-test [16].

3. Results

Figure 1 shows changes in the incidence rates of major types of head and neck squa-
mous cell carcinoma from 1986 to 2020 in Hong Kong. In contrast to a marked decrease
in the incidence rates of nasopharyngeal cancer and laryngeal cancer, where the 5-year
average annual age-standardized incidence rates dropped from 18.5 to 6.6 per 100,000 and
4.6 to 1.2 per 100,000, respectively, such a trend of decrease was not observed for cancers of
the oropharynx and oral cavity.

We then took a closer look at OPSCC with reference to laryngeal SCC that serves as a
proxy for non-HPV-associated head and neck cancers. As shown in Figure 2, a contrasting
trend of change between these two types of head and neck cancers was noted. The annual
number of new cases of OPSCC increased consistently from 36 cases in 1986 to 116 cases in
2020, whereas those of laryngeal cancer decreased from 300 cases to 162 cases.

Since infection with high-risk HPV is a known etiological factor for OPSCC, we further
examined changes in the proportion of OPSCC harboring HPV over the past years. In this
regard, 310 cases diagnosed between 2010 and 2020 and with adequate DNA quality were
analyzed (Table 1). These cases included 132 tonsil SCC and 178 non-tonsil OPSCC from
patients aged 31–94 years (mean, 62; standard deviation [SD], 11.4); and the majority were
men (256/310, 82.6%). The age distribution of study cases is shown in Figure 3A.

Of the 310 tumor samples, 121 (39.0%) were positive for HPV DNA with a vast
majority (92.6%) 112/121) being high-risk types. The positive rates for high-risk HPV were
36.1%, 56.1%, and 21.3% for all OPSCC, tonsil SCC, and non-tonsil OPSCC, respectively.
Two samples harbored co-infection with both HPV16 and HPV58, others were single-
type infections. HPV16 was the most common high-risk type, being detected in 79.3%
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(96/121) of positive samples, followed by HPV58 (10/121, 8.3%), HPV33 (5/121, 4.1%),
HPV35 (2/121, 1.7%), and HPV52 (1/121, 0.8%). Of note, HPV26, a type with uncertain
carcinogenicity, was detected in six cases of tonsil SCC. The distribution of HPV types in
tonsil and non-tonsil SCC is shown in Figure 4.
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Figure 1. Changes in the incidence of head and neck squamous cell carcinoma (SCC) in Hong Kong,
1986–2020.

Two samples with HPV16 and 58 co-infection were counted twice. Non-tonsil OPSCC
includes the oropharyngeal wall, tongue base, and soft palate. Numbers above the bars
indicate the number of HPV-positive samples.

Further analyses on the correlation between high-risk HPV infection and sex and age
were performed. The positive rates for high-risk HPV of all OPSCC cases combined were
similar between the two genders (36.3% [93/256] for males, 35.2% [19/54] for females,
p = 0.874 by Chi-squared test). A comparison based on the male-to-female ratio also did not
reveal any significant difference (male-to-female ratio = 4.9 [93/19] for the HPV-positive
group; 4.6 [163/35] for the HPV-negative group, p = 0.873 by Chi-squared test). There
was also no significant difference in age between patient groups positive or negative for
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high-risk HPV (mean, range [SD]: 60, 35–82 [9.8] vs. 62, 31–94 [12.1] years, p = 0.118 by
t-test). Female, but not male, patients positive for high-risk HPV DNA displayed a bi-modal
age distribution (Figure 3B).
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Figure 2. Changes in the number of new cases of oropharyngeal and laryngeal squamous cell
carcinoma (SCC) in Hong Kong, 1986–2020.

Table 1. Characteristics of 310 oropharyngeal squamous cell cancer (OPSCC) cases examined for HPV
DNA.

Characteristic
Gender Distribution, N (%)

Total (N = 310) Male (N = 256) Female (N = 54)

Age group (years)
31–40 7 (2.3) 5 (2.0) 2 (3.7)
41–50 41 (13.2) 30 (11.7) 11 (20.4)
51–60 100 (32.3) 83 (32.4) 17 (31.5)
61–70 95 (30.6) 79 (30.9) 16 (29.6)
≥71 67 (21.6) 59 (23.0) 8 (14.8)

Subsite
Tonsil 132 (42.9) 108 (42.2) 24 (44.4)

Tongue base 111 (35.8) 90 (35.2) 21 (38.9)
Oropharynx 42 (13.5) 37 (14.5) 5 (9.3)
Soft palate 25 (8.1) 21 (8.2) 4 (7.4)

Further subgroup analyses restricted to the 132 patients with tonsil SCC revealed
that the age of the high-risk HPV-positive group was significantly younger than those of
high-risk HPV-negative group (mean, range [SD]: 58.9, 35–79 [9.9] vs. 64.3, 36–94 [13.3]
years, p = 0.006 by t-test), whereas no significant difference between genders was observed
(male/female: 4.7 [61/13] vs 4.3 [47/11], p = 0.836 by Chi-squared test, for high-risk
HPV-positive and -negative groups, respectively).

We observed a significantly higher positive rate for high-risk HPV among OPSCC
(all sites combined) and tonsil SCC cases diagnosed between 2016 and 2020 compared to
those diagnosed between 2010 and 2015 (all-site OPSCC: 41.9% [95% CI: 34.9–49.2] vs 28.2%
[21.2–36.5], p = 0.013 by Chi-squared test; tonsil SCC: 64.7% [54.1–74.0] vs. 40.4 [27.6–54.7],
p = 0.007 by Chi-squared test); whereas no significant increase was observed for non-tonsil
SCC (Table 2). Figure 5 incorporated the findings of a previous local study based on similar
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methodologies to exhibit the trend of change in high-risk HPV-positive rates [17]. Of
note, there was a significant linear trend of increase in the proportion of OPSCC (all-site
combined) and tonsil SCC positive for high-risk HPV from 2005 to 2020 (p < 0.001 for both
by Chi-squared test for linear trend).
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human papillomavirus. (A) All cases. (B) High-risk HPV positive cases.

Table 2. Proportion of oropharyngeal cancers positive for high-risk human papillomavirus according
to the year of diagnosis.

Oropharyngeal Squamous Cell Carcinoma (OPSCC),
No. Positive for High-Risk HPV/No. Tested (%)

Year of Diagnosis All Sites within Oropharynx Tonsil Non-Tonsil

2010 3/15 (20.0) 1/3 (33.3) 2/12 (16.7)

2011 6/18 (33.3) 3/5 (60.0) 3/13 (23.1)

2012 6/19 (31.6) 3/8 (37.5) 3/11 (27.3)

2013 6/26 (23.1) 4/11 (36.4) 2/15 (13.3)

2014 6/21 (28.6) 4/11 (36.4) 2/10 (20.0)

2015 10/32 (31.3) 4/9 (44.4) 6/23 (26.1)

2010–2015 37/131 (28.2) 19/47 (40.4) 18/84 (21.4)

2016 8/30 (26.7) 6/12 (50.0) 2/18 (11.1)

2017 19/35 (54.3) 15/17 (88.2) 4/18 (22.2)

2018 9/32 (28.1) 6/14 (42.9) 3/18 (16.7)

2019 17/40 (42.5) 11/18 (61.1) 6/22 (27.3)

2020 22/42 (52.4) 17/24 (70.8) 5/18 (27.8)

2016–2020 75/179 (41.9) 55/85 (64.7) 20/94 (21.3)



Cancers 2024, 16, 226 7 of 12
Cancers 2024, 16, x FOR PEER REVIEW 7 of 13 
 

 

 
Figure 4. Distribution of human papillomavirus (HPV) types in oropharyngeal squamous cell car-
cinoma (OPSCC) in Hong Kong. 

Two samples with HPV16 and 58 co-infection were counted twice. Non-tonsil OP-
SCC includes the oropharyngeal wall, tongue base, and soft palate. Numbers above the 
bars indicate the number of HPV-positive samples. 

Further analyses on the correlation between high-risk HPV infection and sex and age 
were performed. The positive rates for high-risk HPV of all OPSCC cases combined were 
similar between the two genders (36.3% [93/256] for males, 35.2% [19/54] for females, p = 
0.874 by Chi-squared test). A comparison based on the male-to-female ratio also did not 
reveal any significant difference (male-to-female ratio = 4.9 [93/19] for the HPV-positive 
group; 4.6 [163/35] for the HPV-negative group, p = 0.873 by Chi-squared test). There was 
also no significant difference in age between patient groups positive or negative for high-
risk HPV (mean, range [SD]: 60, 35–82 [9.8] vs. 62, 31–94 [12.1] years, p = 0.118 by t-test). 
Female, but not male, patients positive for high-risk HPV DNA displayed a bi-modal age 
distribution (Figure 3B). 

Further subgroup analyses restricted to the 132 patients with tonsil SCC revealed that 
the age of the high-risk HPV-positive group was significantly younger than those of high-
risk HPV-negative group (mean, range [SD]: 58.9, 35–79 [9.9] vs. 64.3, 36–94 [13.3] years, 
p = 0.006 by t-test), whereas no significant difference between genders was observed 
(male/female: 4.7 [61/13] vs 4.3 [47/11], p = 0.836 by Chi-squared test, for high-risk HPV-
positive and -negative groups, respectively). 

We observed a significantly higher positive rate for high-risk HPV among OPSCC 
(all sites combined) and tonsil SCC cases diagnosed between 2016 and 2020 compared to 
those diagnosed between 2010 and 2015 (all-site OPSCC: 41.9% [95% CI: 34.9–49.2] vs 
28.2% [21.2–36.5], p = 0.013 by Chi-squared test; tonsil SCC: 64.7% [54.1–74.0] vs. 40.4 [27.6–
54.7], p = 0.007 by Chi-squared test); whereas no significant increase was observed for non-
tonsil SCC (Table 2). Figure 5 incorporated the findings of a previous local study based on 
similar methodologies to exhibit the trend of change in high-risk HPV-positive rates [17]. 
Of note, there was a significant linear trend of increase in the proportion of OPSCC (all-

Figure 4. Distribution of human papillomavirus (HPV) types in oropharyngeal squamous cell
carcinoma (OPSCC) in Hong Kong.

The positive rate of 2005-2009 was based on a previous local study using similar
methodologies [17].
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4. Discussion

There is a good body of evidence to demonstrate the success of the HPV vaccine
in preventing cervical cancer. However, similar efficacy data for oropharyngeal cancer
are not yet available. The lack of a readily detectable pre-cancerous stage as an efficacy
trial end-point and the long lag time between oral infection and cancer development are
the key bottlenecks [18]. Nevertheless, current circumstantial evidence suggests that the
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HPV vaccine may play a role in preventing oropharyngeal and other HPV-associated
head and neck cancers. While several health authorities have included the prevention of
HPV-associated head and neck cancers as part of the indication for HPV vaccination, a
gender-neutral vaccination program is still not widely available. Since the 2019/20 school
year, the Hong Kong SAR government have started to provide free HPV vaccination to
Primary Five school girls, but not boys. In this context, solid data on the local trend of
change in incidence of HPV-associated head and neck cancers can support an informed
public health decision as to whether the HPV vaccination program should be expanded to
a gender-neutral one.

It has been estimated that about 30% of oropharyngeal cancers across the globe are
driven by HPV [19,20]. In the United Sates, the population-level incidence of HPV-positive
oropharyngeal cancers increased by 225% from 1988 to 2004 [21]. In Canada, the proportion
of tonsillar cancers that were HPV-positive increased from 25% in 1993–1999 to 62% in 2006–
2011 [22]. Both the incidence of oropharyngeal cancer and the proportion positive for HPV
varies across Europe. Based on data collected between 1990 and 2012, an estimated 41.9% of
all OPSCC cases in Europe are driven by HPV, and this is higher in Northern and Central-
Eastern European countries than in Southern and Western European countries [23,24].
Reports from Australia also indicate an increase in OPSCC [25], and the HPV-positive
proportion increased from 20% to 63% between 1987 and 2010 [26].

While a notable trend of increase in the incidence of HPV-associated oropharyngeal
cancer has been reported across North America, Europe, and Australia, the findings from
Asia are more varied. The age-standardized incidence of OPSCC in Asia is on the low side
of 0.49 and 0.10 per 100,000 population in males and females, respectively [19]. However, a
report from Taiwan showed that both HPV-related and -unrelated head and neck cancers
increased during 1995–2009, with the fastest increase in tonsil cancer, particularly among
men. The incidence of HPV-related head and neck cancers among Taiwanese men increased
from 2.24 per 100,000 in 1995 to 6.15 per 100,000 in 2009, which was similar to those of
Western countries [27]. A study from Korea based on the Health Insurance Review and
Assessment (HIRA) database showed an increase in male oropharyngeal cancer from
2.7 to 3.1 per 100,000 from 2013 to 2016 [28]. While studies from mainland China and
Japan have also reported an increase in incidence, the magnitude of change was relatively
small. A study from mainland China based on the Chinese Cancer Registry Annual Report
covering 2007–2015 observed an increase in male oropharyngeal cancer incidence by 3.1%
annually [29]. In Japan, between 1993 and 2015, an annual 5% increase in the incidence of
male oropharyngeal cancer was reported [30].

The current study represents the first of its kind in Hong Kong where changes in
the incidence rate, as well as the HPV-positive proportion of oropharyngeal cancer, were
examined. The 310 cases available for an HPV test in this study accounted for 34.7% of all
OPSCC cases recorded by the Hong Kong Cancer Registry during the study period 2010–
2020 [10]. Our findings should be representative of the whole Hong Kong population. We
found a remarkable increase in the proportion of tonsil cancers that were positive for high-
risk HPV, whereas the positive rate among OPSCC of non-tonsil sites remained unchanged
over the years. This is in line with the current understanding that tonsils are the most
preferred site within the head and neck region for HPV-mediated carcinogenesis [31,32].
The incidence of OPSCC in Hong Kong and its trend of increase in HPV-positive proportion
appear to be lower than Western countries [19]. This could be a result of a difference in
exposure to oral HPV infection due to cultural differences in sexual, especially oral, sexual
practices. When compared to other Chinese populations in Asia, the magnitude of increase
in HPV-associated OPSCC in Hong Kong is faster that mainland China, but slower than
Taiwan [27–30].

Oropharyngeal cancer and laryngeal cancer share common risk factors such as tobacco,
and yet the former but not the latter has a strong etiological association with HPV [33,34].
Our finding of an opposite direction of change in incidence of these two cancers further
support that HPV is the driving force for the consistent increase in the incidence of oropha-
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ryngeal cancer over the last few decades in Hong Kong. Given the strong carcinogenicity
of HPV, tobacco control alone is unlikely to achieve a satisfactory effect on combating
oropharyngeal cancer. While the current number of new cases of oropharyngeal cancer
in Hong Kong is relatively low, at around a hundred cases per year, actions should be
taken early to prevent a further upsurge in the coming decades. A gender-neutral HPV
vaccination program in Hong Kong is worth considering.

Our study revealed a difference in the distribution of HPV types in oropharyngeal
cancer compared to those reported in the West. While HPV16 was the most common type
found both in our locality and the West [18,31], HPV58 which is rarely detected in the
West was ranked the second in our locality. Such a ranking of high-risk HPV types in
oropharyngeal cancer in Hong Kong is reminiscent of cervical cancer [35]. It would be
worthwhile to investigate whether HPV58 is also more prevalent in oropharyngeal cancer
in other cities in East Asia and Latin America where HPV58 also ranks high in cervical
cancer [36,37].

HPV26 is an HPV type with uncertain carcinogenicity. For the purpose of analysis in
this study, we classified the six tonsil SCC harboring HPV26 into the non-high-risk HPV
group. Of note, HPV26 was reported to be the third most common type, following HPV16
and HPV33, detected from 1090 oropharyngeal cancer cases collected from 29 countries in
Europe, Africa, Asia, and America [24]. The true oncogenicity of HPV26 in oropharyngeal
cancer deserves further investigation, particularly in view of the lack of coverage of current
vaccines for this type.

Our study has limitations. Firstly, there was an underestimation in the incidence of
oropharyngeal cancer in Hong Kong since those cancers originating from the base, i.e.,
posterior one-third, of the tongue could be counted under “tongue” rather “oropharyngeal”
squamous cell carcinoma in the Hong Kong Cancer Registry. Secondly, we used a sensitive
method to detect HPV DNA that may reveal bystander infections that were not the culprit
of carcinogenesis. Our study did not include testing for HPV E6/E7 mRNA and p16 to
verify the role of the HPV detected. Nevertheless, the trend of increase in HPV positivity
observed in this study is likely a reflection of a genuine increase in HPV attribution in
oropharyngeal cancer in Hong Kong over the last few decades.

5. Conclusions

The burden of HPV-associated oropharyngeal cancer is escalating worldwide, and
Hong Kong is not an exception. Despite the recent advances in new devices such the
exoscope and the VITOM 3D system to achieve more precise surgery for the head and
neck region [38], primary prevention is still an important aspect. While a great effort has
been focused on the control of tobacco consumption, the other important carcinogen, HPV
infection, should not be neglected. Research studies to generate more direct and indirect
evidence on the protection offered by HPV vaccination would enhance an evidence-based
decision of policy makers to broaden the scope of vaccination programs against other
health needs. With the increase in HPV-associated OPSCC, the development of biomarker
panels incorporating HPV DNA/mRNA testing for early cancer screening is an urgent
priority [39,40]. Given the difference in epidemiology, available infrastructure, and quality
of life issues, management guidelines and public health strategies developed in the West
may not be the best for Asian patients [41]. Further studies focused on monitoring the
trend of change in HPV-associated OPSCC, the efficacy of de-escalation of treatment, and
including HPV genotyping information in cancer registries, particularly of Asian countries
and cities, are needed. Our study documented and highlighted the increase in the disease
burden of HPV-associated oropharyngeal cancer, which supports the need for a gender-
neutral HPV vaccination program in Hong Kong.



Cancers 2024, 16, 226 10 of 12

Author Contributions: Conceptualization, P.K.S.C. and E.W.H.L.; methodology, Z.C., S.S.B. and
W.C.S.H.; resources, A.B.W.C., L.-S.K., M.-H.C., W.-T.L., B.L. and S.L.; formal analysis, Z.C., J.Y.K.C.,
S.S.B., R.W.Y.N. and C.K.C.L.; investigation, C.C., C.X. and W.C.S.H.; writing—original draft prepara-
tion, P.K.S.C. and Z.C.; writing—review and editing, all authors; supervision, R.W.Y.N. and C.K.C.L.;
project administration, W.C.S.H.; funding acquisition, P.K.S.C. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was supported by the Investigator Studies Program (MISP59351) from Merck
Sharp and Dohme LLC, a subsidiary of Merck & Co., Inc., 35 Rahway, NJ, USA.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki, and approved by Joint Chinese University of Hong Kong—New Territories East Cluster
Ethics Committee (Ref. No. 2020.481, date of approval: 14 December 2020), and the ethics committees
of Tuen Mun Hospital (Ref. No. NTWC/REC/21047, date of approval 17 June 2021), Yan Chai
Hospital (KWC-REC Ref. No.: KW/EX-21-164(166-06), date of approval: 5 January 2022), and Queen
Elizabeth Hospital (KC/KE-21-0281/ER-4, date of approval: 13 January 2022).

Informed Consent Statement: The ethics committees approved the waiving of consent from par-
ticipants for the following reasons: (1) the study is anonymized and no personal identifiers will be
collected, (2) no additional specimen will be collected from participants, and (3) the study is retro-
spective and only involves remaining tissues that have been submitted to the pathology laboratory
under clinical indications. Only remaining specimens that are no longer required for clinical will be
retrieved for this study.

Data Availability Statement: The cancer statistics data underlying this study are available in the
public domain: https://www3.ha.org.hk/cancereg/default.asp (accessed on 1 September 2023).

Conflicts of Interest: P.K.S.C. received an honorarium from Merck Sharp and Dohme, GlaxoSmithK-
line, Moderna, and Pfizer for serving as speaker, advisor, or consultant. J.Y.K.C. and E.W.H.L. received
an honorarium from Merck Sharp and Dohme for serving as a speaker, advisor, interpretation of data;
in the writing of the manuscript; or in the decision to publish the results.

References
1. Berman, T.A.; Schiller, J.T. Human papillomavirus in cervical cancer and oropharyngeal cancer: One cause, two diseases. Cancer

2017, 123, 2219–2229. [CrossRef] [PubMed]
2. Gillison, M.L.; Koch, W.M.; Capone, R.B.; Spafford, M.; Westra, W.H.; Wu, L.; Zahurak, M.L.; Daniel, R.W.; Viglione, M.; Symer,

D.E.; et al. Evidence for a causal association between human papillomavirus and a subset of head and neck cancers. J. Natl.
Cancer Inst. 2000, 92, 709–720. [CrossRef] [PubMed]

3. Walvik, L.; Svensson, A.B.; Friborg, J.; Lajer, C.B. The association between human papillomavirus and oropharyngeal squamous
cell Carcinoma: Reviewed according to the Bradford Hill criteria for causality. Oral Oncol. 2016, 63, 61–65. [CrossRef]

4. Syrjänen, S.; Syrjänen, K. HPV in Head and Neck Carcinomas: Different HPV Profiles in Oropharyngeal Carcinomas—Why? Acta
Cytol. 2019, 63, 124–142. [CrossRef] [PubMed]

5. Chen, S.Y.; Massa, S.; Mazul, A.L.; Kallogjeri, D.; Yaeger, L.; Jackson, R.S.; Zevallos, J.; Pipkorn, P. The association of smoking and
outcomes in HPV-positive oropharyngeal cancer: A systematic review. Am. J. Otolaryngol. 2020, 41, 102592. [CrossRef] [PubMed]

6. Marur, S.; D’Souza, G.; Westra, W.H.; Forastiere, A.A. HPV-associated head and neck cancer: A virus-related cancer epidemic.
Lancet Oncol. 2010, 11, 781–789. [CrossRef]

7. Lorenzoni, V.; Chaturvedi, A.K.; Vignat, J.; Laversanne, M.; Bray, F.; Vaccarella, S. The Current Burden of Oropharyngeal Cancer:
A Global Assessment Based on GLOBOCAN 2020. Cancer Epidemiol. Biomark. Prev. 2022, 31, 2054–2062. [CrossRef]

8. Roman, B.R.; Aragones, A. Epidemiology and incidence of HPV-related cancers of the head and neck. J. Surg. Oncol. 2021, 124,
920–922. [CrossRef]

9. Ng, W.T.; Wong, E.C.Y.; Lee, V.H.F.; Chan, J.Y.W.; Lee, A.W.M. Head and neck cancer in Hong Kong. Jpn. J. Clin. Oncol. 2018, 1,
13–21. [CrossRef]

10. Hong Kong Cancer Statistics. Hong Kong Cancer Registry, Hospital Authority. Available online: https://www3.ha.org.hk/
cancereg/default.asp (accessed on 1 September 2023).

11. Glossary. Hong Kong Cancer Registry, Hospital Authority. Available online: https://www3.ha.org.hk/cancereg/glossary.html
(accessed on 7 December 2023).

12. Wong, M.C.S.; Vlantis, A.C.; Liang, M.; Wong, P.Y.; Ho, W.C.S.; Boon, S.S.; Sze, R.K.H.; Leung, C.; Chan, P.K.S.; Chen, Z. Prevalence
and Epidemiologic Profile of Oral Infection with Alpha, Beta, and Gamma Papillomaviruses in an Asian Chinese Population.
J. Infect. Dis. 2018, 218, 388–397. [CrossRef]

13. Edgar, R.C. UPARSE: Highly accurate OTU sequences from microbial amplicon reads. Nat. Methods 2013, 10, 996–998. [CrossRef]
[PubMed]

https://www3.ha.org.hk/cancereg/default.asp
https://doi.org/10.1002/cncr.30588
https://www.ncbi.nlm.nih.gov/pubmed/28346680
https://doi.org/10.1093/jnci/92.9.709
https://www.ncbi.nlm.nih.gov/pubmed/10793107
https://doi.org/10.1016/j.oraloncology.2016.11.003
https://doi.org/10.1159/000495727
https://www.ncbi.nlm.nih.gov/pubmed/30861518
https://doi.org/10.1016/j.amjoto.2020.102592
https://www.ncbi.nlm.nih.gov/pubmed/32521295
https://doi.org/10.1016/S1470-2045(10)70017-6
https://doi.org/10.1158/1055-9965.EPI-22-0642
https://doi.org/10.1002/jso.26687
https://doi.org/10.1093/jjco/hyx151
https://www3.ha.org.hk/cancereg/default.asp
https://www3.ha.org.hk/cancereg/default.asp
https://www3.ha.org.hk/cancereg/glossary.html
https://doi.org/10.1093/infdis/jiy160
https://doi.org/10.1038/nmeth.2604
https://www.ncbi.nlm.nih.gov/pubmed/23955772


Cancers 2024, 16, 226 11 of 12

14. IARC Working Group on the Evaluation of Carcinogenic Risks to Humans. Biological agents. IARC Monogr. Eval. Carcinog. Risks
Hum. 2012, 100, 1–441.

15. Newcombe, R.G. Two-sided confidence intervals for the single proportion: Comparison of seven methods. Stat. Med. 1998, 17,
857–872. [CrossRef]

16. T-Test Calculator. Social Science Statistics. Available online: https://www.socscistatistics.com/tests/studentttest/default2.aspx
(accessed on 30 August 2023).

17. Lam, E.W.; Chan, J.Y.; Chan, A.B.; Ng, C.S.; Lo, S.T.; Lam, V.S.; Chan, M.M.; Ngai, C.M.; Vlantis, A.C.; Ma, R.K.; et al. Prevalence,
Clinicopathological Characteristics, and Outcome of Human Papillomavirus-Associated Oropharyngeal Cancer in Southern
Chinese Patients. Cancer Epidemiol. Biomark. Prev. 2016, 25, 165–173. [CrossRef] [PubMed]

18. Gillison, M.L.; Chaturvedi, A.K.; Anderson, W.F.; Fakhry, C. Epidemiology of Human Papillomavirus-Positive Head and Neck
Squamous Cell Carcinoma. J. Clin. Oncol. 2015, 33, 3235–3242. [CrossRef] [PubMed]

19. Ndon, S.; Singh, A.; Ha, P.K.; Aswani, J.; Chan, J.Y.-K.; Xu, M.J. Human Papillomavirus-Associated Oropharyngeal Cancer: Global
Epidemiology and Public Policy Implications. Cancers 2023, 15, 4080. [CrossRef]

20. De Martel, C.; Plummer, M.; Vignat, J.; Franceschi, S. Worldwide burden of cancer attributable to HPV by site, country and HPV
type. Int. J. Cancer 2017, 141, 664–670. [CrossRef]

21. Chaturvedi, A.K.; Engels, E.A.; Pfeiffer, R.M.; Hernandez, B.Y.; Xiao, W.; Kim, E.; Jiang, B.; Goodman, M.T.; Sibug-Saber, M.;
Cozen, W.; et al. Human Papillomavirus and Rising Oropharyngeal Cancer Incidence in the United States. J. Clin. Oncol. 2011, 29,
4294–4301. [CrossRef]

22. Nichols, A.; Palma, D.; Dhaliwal, S.; Tan, S.; Theuer, J.; Chow, W.; Rajakumar, C.; Um, S.; Mundi, N.; Berk, S.; et al. The Epidemic
of Human Papillomavirus and Oropharyngeal Cancer in a Canadian Population. Curr. Oncol. 2013, 20, 212–219. [CrossRef]

23. Scott-Wittenborn, N.; Fakhry, C. Epidemiology of HPV Related Malignancies. Semin. Radiat. Oncol. 2021, 31, 286–296. [CrossRef]
24. Castellsagué, X.; Alemany, L.; Quer, M.; Halec, G.; Quirós, B.; Tous, S.; Clavero, O.; Alòs, L.; Biegner, T.; Szafarowski, T.; et al.

HPV Involvement in Head and Neck Cancers: Comprehensive Assessment of Biomarkers in 3680 Patients. J. Natl. Cancer Inst.
2016, 108, djv403. [CrossRef] [PubMed]

25. Hocking, J.S.; Stein, A.; Conway, E.L.; Regan, D.; Grulich, A.; Law, M.; Brotherton, J.M.L. Head and neck cancer in Australia
between 1982 and 2005 show increasing incidence of potentially HPV-associated oropharyngeal cancers. Br. J. Cancer 2011, 104,
886–891. [CrossRef] [PubMed]

26. Hong, A.; Lee, C.S.; Jones, D.; Veillard, A.-S.; Zhang, M.; Zhang, X.; Smee, R.; Corry, J.; Porceddu, S.; Milross, C.; et al. Rising
prevalence of human papillomavirus-related oropharyngeal cancer in Australia over the last 2 decades. Head Neck 2016, 38,
743–750. [CrossRef] [PubMed]

27. Hwang, T.Z.; Hsiao, J.R.; Tsai, C.R.; Chang, J.S. Incidence trends of human papillomavirus-related head and neck cancer in
Taiwan, 1995–2009. Int. J. Cancer 2015, 137, 395–408. [CrossRef] [PubMed]

28. Choi, I.; Lee, D.; Son, K.B.; Bae, S. Incidence, cost and gender differences of oropharyngeal and noncervical anogenital cancers in
South Korea. BMC Public Health 2020, 20, 1035. [CrossRef] [PubMed]

29. Duan, R.; Xu, K.; Huang, L.; Yuan, M.; Wang, H.; Qiao, Y.; Zhao, F. Temporal Trends and Projection of Cancer Attributable to
Human Papillomavirus Infection in China, 2007–2030. Cancer Epidemiol. Biomark. Prev. 2022, 31, 1130–1136. [CrossRef] [PubMed]

30. Kawakita, D.; Oze, I.; Iwasaki, S.; Matsuda, T.; Matsuo, K.; Ito, H. Trends in the incidence of head and neck cancer by subsite
between 1993 and 2015 in Japan. Cancer Med. 2022, 11, 1553–1560. [CrossRef]

31. Sabatini, M.E.; Chiocca, S. Human papillomavirus as a driver of head and neck cancers. Br. J. Cancer 2020, 122, 306–314. [CrossRef]
32. Donà, M.G.; Rollo, F.; Pichi, B.; Spriano, G.; Moretto, S.; Covello, R.; Pellini, R.; Benevolo, M. Evolving Profile of HPV-Driven

Oropharyngeal Squamous Cell Carcinoma in a National Cancer Institute in Italy: A 10-Year Retrospective Study. Microorganisms
2020, 29, 1498. [CrossRef]

33. Yang, D.; Shi, Y.; Tang, Y.; Yin, H.; Guo, Y.; Wen, S.; Wang, B.; An, C.; Wu, Y.; Gao, W. Effect of HPV Infection on the Occurrence
and Development of Laryngeal Cancer: A Review. J. Cancer 2019, 10, 4455–4462. [CrossRef]

34. Fusconi, M.; Campo, F.; Gallo, A.; Zambetti, G.; Martellucci, S.; Seccia, A.; de Vincentiis, M. Laryngeal Cancer, HPV DNA vs
E6/E7 mRNA Test: A Systematic Review. J. Voice 2017, 31, 248.e1–248.e5. [CrossRef] [PubMed]

35. Chan, P.K.; Cheung, T.H.; Tam, A.O.; Lo, K.W.; Yim, S.F.; Yu, M.M.; To, K.F.; Wong, Y.F.; Cheung, J.L.; Chan, D.P.; et al. Biases in
human papillomavirus genotype prevalence assessment associated with commonly used consensus primers. Int. J. Cancer 2006,
118, 243–245. [CrossRef] [PubMed]

36. Chan, P.K.; Ho, W.C.; Chan, M.C.; Wong, M.C.; Yeung, A.C.; Chor, J.S.; Hui, M. Meta-Analysis on Prevalence and Attribution of
Human Papillomavirus Types 52 and 58 in Cervical Neoplasia Worldwide. PLoS ONE 2014, 9, e107573. [CrossRef] [PubMed]

37. Chan, P.K.; Zhang, C.; Park, J.S.; Smith-McCune, K.K.; Palefsky, J.M.; Giovannelli, L.; Coutlée, F.; Hibbitts, S.; Konno, R.;
Settheetham-Ishida, W.; et al. Geographical distribution and oncogenic risk association of human papillomavirus type 58 E6 and
E7 sequence variations. Int. J. Cancer 2013, 132, 2528–2536. [CrossRef] [PubMed]

38. Ferlito, S.; La Mantia, I.; Caruso, S.; Cammaroto, G.; Chiesa-Estomba, C.M.; Iannella, G.; Nocera, F.; Ingrassia, A.; Cocuzza, S.;
Vicini, C.; et al. High Definition Three-Dimensional Exoscope (VITOM 3D) in E.N.T. Surgery: A Systematic Review of Current
Experience. J. Clin. Med. 2022, 11, 3639. [CrossRef] [PubMed]

39. Wuerdemann, N.; Jain, R.; Adams, A.; Speel, E.J.M.; Wagner, S.; Joosse, S.A.; Klussmann, J.P. Cell-Free HPV-DNA as a Biomarker
for Oropharyngeal Squamous Cell Carcinoma—A Step Towards Personalized Medicine? Cancers 2020, 12, 2997. [CrossRef]

https://doi.org/10.1002/(SICI)1097-0258(19980430)17:8%3C857::AID-SIM777%3E3.0.CO;2-E
https://www.socscistatistics.com/tests/studentttest/default2.aspx
https://doi.org/10.1158/1055-9965.EPI-15-0869
https://www.ncbi.nlm.nih.gov/pubmed/26604268
https://doi.org/10.1200/JCO.2015.61.6995
https://www.ncbi.nlm.nih.gov/pubmed/26351338
https://doi.org/10.3390/cancers15164080
https://doi.org/10.1002/ijc.30716
https://doi.org/10.1200/JCO.2011.36.4596
https://doi.org/10.3747/co.20.1375
https://doi.org/10.1016/j.semradonc.2021.04.001
https://doi.org/10.1093/jnci/djv403
https://www.ncbi.nlm.nih.gov/pubmed/26823521
https://doi.org/10.1038/sj.bjc.6606091
https://www.ncbi.nlm.nih.gov/pubmed/21285981
https://doi.org/10.1002/hed.23942
https://www.ncbi.nlm.nih.gov/pubmed/25521312
https://doi.org/10.1002/ijc.29330
https://www.ncbi.nlm.nih.gov/pubmed/25395239
https://doi.org/10.1186/s12889-020-09161-y
https://www.ncbi.nlm.nih.gov/pubmed/32600300
https://doi.org/10.1158/1055-9965.EPI-21-1124
https://www.ncbi.nlm.nih.gov/pubmed/35266990
https://doi.org/10.1002/cam4.4539
https://doi.org/10.1038/s41416-019-0602-7
https://doi.org/10.3390/microorganisms8101498
https://doi.org/10.7150/jca.34016
https://doi.org/10.1016/j.jvoice.2016.08.002
https://www.ncbi.nlm.nih.gov/pubmed/27613249
https://doi.org/10.1002/ijc.21299
https://www.ncbi.nlm.nih.gov/pubmed/16032705
https://doi.org/10.1371/journal.pone.0107573
https://www.ncbi.nlm.nih.gov/pubmed/25229350
https://doi.org/10.1002/ijc.27932
https://www.ncbi.nlm.nih.gov/pubmed/23136059
https://doi.org/10.3390/jcm11133639
https://www.ncbi.nlm.nih.gov/pubmed/35806924
https://doi.org/10.3390/cancers12102997


Cancers 2024, 16, 226 12 of 12

40. Lee, S.C.; Leung, K.K.C.; Chung, A.C.Y.; Wong, E.S.Y.; Meehan, K.L.; Chan, J.Y.K. Fluid Biomarkers in HPV and Non-HPV Related
Oropharyngeal Carcinomas: From Diagnosis and Monitoring to Prognostication—A Systematic Review. Int. J. Mol. Sci. 2022, 23,
14336. [CrossRef]

41. D’cruz, A.; Lin, T.; Anand, A.K.; Atmakusuma, D.; Calaguas, M.J.; Chitapanarux, I.; Cho, B.C.; Goh, B.C.; Guo, Y.; Hsieh, W.S.; et al.
Consensus recommendations for management of head and neck cancer in Asian countries: A review of international guidelines.
Oral Oncol. 2013, 49, 872–877. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ijms232214336
https://doi.org/10.1016/j.oraloncology.2013.05.010

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

