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Abstract

survival (DFS).

0.44-0.78) than patients with p16-negative tumors.

Objective: To evaluate whether the presence of human papillomavirus (HPV) DNA and p16 might be associated with
better prognosis in patients with hypopharyngeal carcinoma (HPC), especially on overall survival (OS) and disease-free

Method: PubMed, the Cochrane Library, the Web of Science and EMBASE were searched from inception to April
2021 to search for HPV DNA- and p16-related prognostic articles on HPC. Meta-analysis was performed on the
selected articles according to the inclusion and exclusion criteria. Publication bias was assessed for the included stud-
ies with Egger’s test. All studies were analyzed by using Stata 16.0 statistical software.

Results: A total of 18 studies were included, including 12 HPV DNA studies and 11 p16 studies. Meta-analysis showed
that HPV DNA positivity was a strong prognostic factor for improved OS in patients with HPC, with a pooled hazard
ratio (HR) of 0.61 (95% Cl, 0.54-0.69), but there was no statistically significant difference in DFS (HR, 0.60; 95% Cl,
0.31-1.16). Patients with p16-positive tumors had better OS (HR, 0.66; 95% Cl, 0.49-0.89) and DFS (HR, 0.59; 95% Cl,

Conclusions: This study suggests that the presence of HPV DNA leads to better OS in patients with HPC, and the
presence of p16 also corresponds to better OS and DFS. Our results provide up-to-date evidence to clinicians and
researchers. Larger studies adjusting for prognostic factors are needed in subsequent studies.
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Introduction

Hypopharyngeal carcinoma (HPC) is a relatively rare
type of tumor and comprises less than 5% of all head and
neck squamous cell carcinomas (HNSCCs) [1]. However,
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due to its aggressiveness and hidden location, HPC is
often diagnosed at an advanced stage. The operative and
postoperative treatment of HPC are difficult, resulting in
a relatively low overall survival rate, so it is considered
one of the head and neck tumors with poor prognosis [2].

Human papillomavirus (HPV) is a type of DNA virus
that can infect human mucosa and skin, and it is related
to the occurrence of many human diseases. Since HPV
DNA was first detected in human head tissue [3], the
relationship between HPV infection and HNSCC has
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received more attention. In addition to HPV, pl6 as
an immunohistochemical (IHC) marker, has potential
value in the prediction of prognosis in some cancers.
Based on the integration of viral DNA leads to inter-
ruption of E2, a silencer of viral DNA translation, thus
leading to enhanced E6 and E7 oncogene production.
The latter (E7) again interferes with cellcycle regulation
leading to overexpression of an inhibitor of cdk, namely
pl6. Therefore, overexpression of p16 measured by p16
immunohistochemistry, has been considered as a sur-
rogate marker of oncogenic HPV infection in many
studies [4—6]. However, studies have found that there
was a certain degree of mismatch between P16 immu-
nohistochemistry and HPV DNA detection methods
[7]. Therefore, in order to gain insight into the impact
of HPV and p16 on cancer, many studies have chosen to
analyze HPV and P16 separately [8, 9].

Interestingly, HPV is not only a risk factor for some
diseases but may also be a good predictor of some can-
cers. Multiple studies have reported that HPV is a posi-
tive prognostic indicator in oropharyngeal squamous
cell carcinoma (OPSCC), and the risk of death in HPV-
positive OPSCC patients was reduced by approximately
half compared to patients with HPV-negative tumors
[10-12]. In addition, p16 has also been suggested as a
prognostic factor in head and neck squamous cell car-
cinoma. In OPSCC, patients with p16 over expressing
tumors have shown better diseases-free survival (DFS)
compared to tumors which lack p16 expression [13, 14].
Meanwhile, some studies have found that p16 expres-
sion was identified as an independent prognostic factor
associated with OS and DSS in laryngeal squamous cell
carcinoma [15, 16].

However, the effect of either HPV or pl6 status on
prognosis in HPC has not been clearly concluded. To
date, many studies have examined the relationship
between HPV infection and the prognosis of HPC, with
some suggesting that HPV-positive HPC patients have
a better prognosis [17, 18]. Some research, however,
has shown that there is no obvious correlation between
HPV infection and the prognosis of HPC [19, 20], and
some studies even drew opposite conclusions [21]. Sim-
ilarly, the relationship between p16 and HPC prognosis
is also unclear.

To our knowledge, it has not been determined
whether HPV and pl6 status have prognostic signifi-
cance in HPC as it does in oropharyngeal cancer. This
may be due to the low prevalence of HPV- and p16-pos-
itive status in hypopharyngeal cancer patients [22,
23], and the results of some studies with small sample
sizes may cause confusion with unreliable conclusions.
Therefore, the objective of our study was to perform a
meta-analysis to examine whether there is a survival
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advantage of HPV DNA positivity or pl6 positivity in
HPC patients.

Materials and methods
Search strategy and selection criteria

This meta-analysis was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines. We performed a
systematic literature search in the PubMed, the Cochrane
Library, the Web of Science and EMBASE databases.
The search was restricted to publications in English. We
searched all of the literature up to April 7, 2021 for the
combined medical subject headings (MeSH) “Alphapapil-
lomavirus” and “Hypopharyngeal Neoplasms”. The search
terms included MeSH terms and their entry terms.

Two researchers independently selected the articles for
full review based on the following inclusion criteria: the
study population included patients with hypopharyngeal
cancer; the article assessed HPV or p16 status in a popu-
lation with hypopharyngeal cancer; the total number of
patients was more than 20; the study measured at least
one primary outcome: overall survival (OS), which is
generally considered the best efficacy endpoint for oncol-
ogy clinical trials; or disease-free survival (DES), which
is most commonly used in adjuvant therapy after radical
surgery or radiotherapy, is also widely used in prognosis
of hypopharyngeal cancer.

The researchers performed a detailed review of the full
text of the selected articles. Studies were excluded based
on the following criteria: studies that were case reports,
reviews, or meta-analyses; studies that included other
types of head and neck tumors; HPV was not the prog-
nostic factor; the patients had distant metastatic disease;
the exposed group cases were less than 5; studies with
insufficient survival data for the calculation of the haz-
ard ratio (HR); studies with low quality assessments; and
studies without full-text.

Data abstraction
Two researchers independently assessed the included
articles and conducted the data extraction. If there was
a disagreement, help was sought from a third person,
Professor Bo Li, who is an expert in evidence-based
medicine. Data extraction from each article included
(1) first authors, region, year of publication, and year of
sample collection; (2) the number of HPV DNA-positive
and HPV DNA-negative patients and pl6-positive and
pl6-negative patients; (3) the stage of the cancer in the
subjects; (4) the HPV assessment method; pl6 testing
technique; and (5) the survival outcome (OS or DFS), and
hazard ratio (HR) with 95% Cls.

For studies without HRs or Cls, we preferentially
extracted their Kaplan—Meier curves using Engauge
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Digitizer 11.1 software to extract the survival data from
their survival curves. Then, we used the method reported
by Jayne F. Tierney [24] to estimate HRs and Cls. His arti-
cle also provided a variety of methods to calculate the
HRs for studies without survival curves. Since the HR
obtained by some studies was the reverse HR defined by
our study, this study also adopted the method used in
Tierney’s paper to recalculate the HRs.

Quality assessment

The Newcastle—Ottawa Scale (NOS) was used to esti-
mate the quality of the included articles. The follow-
ing information was evaluated in each study: the study
population, comparability, and assessment of outcomes.
Articles scoring at least 6 out of 9 points were considered
high-quality studies. Low scores (score < 6) were excluded
from the study.

Statistical analysis

Meta-analysis was performed using the statistical soft-
ware Stata version 16.0. We used HRs and their 95% Cls
to measure the survival outcomes in the HPV DNA- or
pl6-positive group compared with the HPV DNA- or
pl6-negative group. Statistical heterogeneity across stud-
ies was evaluated by Cochrane’s Q statistic and I* sta-
tistics. If the Q test two-sided P value was <0.05 or the
I> was >50%, which suggested heterogeneity, we used
a random-effect model to calculate the pooled HR. If
there was no significant heterogeneity, we applied a
fixed-effect model. For the pooled HRs, an HR>1 sug-
gested that HPV was a risk factor for poor survival, an
HR<1 indicated that HPV infection was a prognostic
factor that improved survival, and HR=1 suggested no
significant difference in survival. Since the survival out-
comes of the collected studies existed in different years,
subgroup analysis of survival indicators in different years
will be conducted in this study. A funnel plot and Egger’s
test were used to assess publication bias, and we used
the trim-and-fill method (sensitivity analysis) to correct
outcomes and evaluate the impact of bias on the out-
comes. Significance level was set at a=0.05, all tests were
two-sided.

Results

Search results

We searched a total of 1195 relevant articles from four
databases. After duplicates were excluded, we reviewed
the titles and abstracts of 754 articles. According to
the inclusion and exclusion criteria, 653 articles were
excluded. Finally, by carefully browsing the full text of the
remaining 101 articles, we included 18 articles in total
[17-21, 25-37]. Among them, 12 articles were related to
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HPV DNA status, and 11 articles were related to p16 sta-
tus (Fig. 1).

The characteristics of the 12 included articles on HPV
DNA status [17-21, 25-31] and the 11 included articles
on plé6 status [20, 21, 25, 28, 29, 32-37] are summa-
rized in Tables 1 and 2. All of the studies were published
between 2011 and 2020. HPV DNA was detected by
polymerase chain reaction (PCR) and in situ hybridiza-
tion (ISH), whereas the detection methods of four stud-
ies were unknown. The HPV genotypes detected in the
included studies were shown in Table S1 of the Sup-
plementary materials. All pl6 status were detected by
immunohistochemistry (IHC) and the definition crite-
ria for p16 positivity in each included study were shown
in Table S2 of the Supplementary materials. All studies
reported at least one survival outcome in OS and DFS.
A total of 6098 patients with HPC were tested for HPV
DNA status, and 805 patients with HPC were tested for
pl6 expression in this meta-analysis. Based on the qual-
ity assessment of NOS, all included studies scored higher
than six, and no studies were excluded.

Survival according to HPV DNA status

Overall survival

Eleven studies [17-20, 25-31] examined the OS of
patients with HPC (Fig. 2). We found that there was a
statistically significant difference in OS between the
HPV DNA-positive and HPV DNA-negative groups
(HR=0.61, 95% CI [0.54, 0.69], p=0.0001), and HPV
infection was beneficial to the survival of hypopharyn-
geal cancer patients. In addition, we performed subgroup
analysis based on survival outcomes in different years,
and statistically significant differences were found in the
subgroup of 3-year OS (HR=0.48, 95% CI [0.34-0.69],
p=0.0001), 5-year OS (HR, 0.54; 95% CI, 0.43-0.66;
p=0.0001) and >5-year OS (HR=0.71, 95% CI [0.60—
0.85], p=0.0001).

Disease-free survival

Three studies [18, 21, 30] examined 5-year DFS for
patients with HPC (Fig. 3). There was no statistically sig-
nificant difference in 5-year DFS between the HPV-neg-
ative and HPV DNA-positive groups (HR=0.60, 95% CI
[0.31-1.16], p=0.13).

Survival according to p16 status

Overall survival

Ten studies [20, 25, 28, 29, 32—37] examined the rela-
tionship between OS and pl6 status (Fig. 4). In the
meta-analysis, we found that HPC patients who were
pl6-positive had a significantly superior DFS compared
with pl6-negative patients (HR=0.66, 95% CI [0.49-
0.89], p=0.007). In the subgroup analysis by survival
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Fig. 1 Flow diagram of the literature retrieval and selection for this study
Table 1 Characteristics of the Included Studies (HPV DNA)
Study Region No. of patients  Disease HPV diagnostic ~ HPV prevalence, % Outcome Quality score
stage, No method
- -1v Positive  Negative
Hong et al, 201827 the US. 1931 NS NS NS 16.9 83.1 5-0S 8
Joo et al, 2013 [30] Korea 64 NS NS ISH 10.9 89.1 5-0S,5-DFS 7
Ernoux et al, 2011 [21] France 61 0 61 PCR 82.0 18.0 5-DFS 9
Lassen et al,, 2017 [28] Denmark 35 0 35 PCR 14.3 85.7 5-0S 7
Yang et al, 2016 [20] China 46 9 37 PCR 26.1 739 >5-0S 8
Burretal, 2018 [19] the US. 63 NS NS NS 15.9 84.1 3-0S 7
Dalianis et al.,2015 [29] Sweden 142 NS NS PCR 49 95.1 3-0S 7
Marshall et al, 2020 [17]  the US. 640 85 555 PCR,ISH 26.1 739 3-0S 9
Abdel et al.,, 2020 [31] the US. 1157 491 666 NS 239 76.1 >5-0S 7
Tian et al, 2019 [26] the US. 1805 165 1640 NS 10.6 495 5-0S 8
Jooetal, 2014 [18] Korea 45 NS NS ISH 11.1 88.9 5-0OS,5-DFS 7
Wendt et al., 2014 [33] Sweden 109 21 88 PCR 6.4 93.6 5-0S 7

Abbreviations: HPV human papillomavirus, ISH in situ hybridization, NS not specified, OS overall survival, DFS disease-free survival, PCR polymerase chain reaction.

outcomes in different years, significant differences were
found for 5-year OS in the subgroup (HR=0.59, 95% CI
[0.40-0.88]; p=0.009). However, no statistically signifi-
cant differences were found in 3-year OS (HR =0.83, 95%
CI[0.45-1.54], p=0.551) or >5-year OS (HR=0.71, 95%
CI[0.37-1.37], p=0.307).

Disease-free survival

Five studies [20, 21, 25, 32, 33] reported DFS accord-
ing to pl6 status (Fig. 5). DFS was significantly associ-
ated with p16 positivity (HR =0.59, 95% CI [0.44-0.78],
p=0.001), and pl6 infection was beneficial to the
survival of HPC patients. In the subgroup analysis by
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Table 2 Characteristics of the Included Studies (p16)

Page 5 of 10

Study Region No. of patients  Disease p16 p16 prevalence, % Outcome Quality score

stage, No diagnostic

— method

- -V Positive  Negative
Ernoux et al,, 2011 [21] France 75 0 75 IHC 9.3 90.7 5-DFS 9
Lassen et al, 2017 [28] Denmark 35 0 35 IHC 14.3 85.7 5-0S 7
Yang et al, 2016 [20] China 46 9 37 IHC 26.1 739 >5-0S,>5-DFS 8
Dalianis et al,, 2015 [29]  Sweden 142 NS NS IHC 155 84.5 3-0S 7
Lassen et al,, 2014 [35] Denmark 158 0 158 NS 133 86.7 5-0S 7
Ang et al, 2015 [37] Singapore 75 70 HC 6.7 933 >5-0S 7
Lee etal, 2018 [34] Korea 45 0 45 IHC 244 756 >5-0S 7
Wilson et al,, 2012 [32] the US. 27 7 20 IHC 333 66.7 >5-0S>5-DFS 7
Wilson et al, 2014 [24] the US. 32 NS NS IHC 344 65.6 3-0S,3-DFS 7
Wendt et al., 2014 [33] Sweden 109 46 63 IHC 16.5 835 5-0S,5-DFS 7
Chung et al, 2014 [36] the US. 61 0 61 HC 164 83.6 5-0S 7

Abbreviations: HPV human papillomavirus, IHC immunohistochemistry, NS not specified, OS overall survival, DFS disease-free survival

Study %
ID HR (95% CI) Weight
3 year-0S ;
Burr, A R. (2018) — 0.47 (0.10,2.11) 0.68
Kanyilmaz, G. (2015) € - 0.55 (0.06,4.93) 0.33
Marshall, D. C. (2020) — 0.48 (0.33,0.69) 11.66
Subtotal (I-squared = 0.0%, p = 0.992) <>:> 0.48(0.34,0.69) 12.67
1
5 year-0S E
Hong Li (2018) —— 0.59 (0.45,0.77) 21.98
Joo, Y. H. (2013) —_— 0.56 (0.17,1.78) 1.15
Lassen, P. (2017) g - 0.30(0.09,0.99) 1.10
Tian, S. (2019) — 0.52(0.35,0.77) 10.20
Joo, Y. H. (2014) € + : 0.24 (0.06,0.97) 0.82
Wendt, M. (2014) + ' 0.25(0.06, 1.02) 0.80
Subtotal (I-squared = 0.0%, p = 0.575) O} 0.54 (0.43,0.66) 36.06
1
=5 year-0S E
Yang, Jun-Quan (2016) —e 0.71(0.11,4.66) 0.45
Abdel-Rahman, O. (2020) - 0.71(0.59, 0.84) 50.82
Subtotal (l-squared = 0.0%, p = 1.000) K> 0.71(0.60,0.85) 51.28
1
1
Heterogeneity between groups: p = 0.048 i
Overall (I-squared = 0.0%, p = 0.447) ¢ 0.61(0.54, 0.69) 100.00
i
T ! T
.06 1 16.7
Fig. 2 Forest plot of OS in patients with HPV DNA-positive hypopharyngeal cancer compared with HPV DNA-negative

survival outcomes, significant differences were found
in the subgroup of 5-year DFS (HR=0.35, 95% CI
[0.14-0.85, p=0.02) and >5-year DFS (HR=0.62,
95% CI [0.46—0.84], p=0.002). No statistically signifi-
cant difference was found in the subgroup of 3-year
DFS (HR=0.63, 95% CI [0.17-2.31], p=0.485). Since
there was only one study in this group, the relationship

between DFS and plé status remains to be further
explored.

The publication bias of the included studies

Publication bias was evaluated by funnel plots and Egg-
er’s test, as shown in Table 3. Publication biases were
observed in the studies reporting OS according to p16
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Fig. 3 Forest plot of DFS in patients with HPV DNA-positive hypopharyngeal cancer compared with HPV DNA-negative

Study %
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Fig. 4 Forest plot of OS in patients with p16-positive hypopharyngeal cancer compared with p16-negative
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Fig. 5 Forest plot of DFS in patients with p16-positive hypopharyngeal cancer compared with p16-negative
Table 3 Publication bias (Egger test) and sensitivity analysis (trim and fill method) performed for included studies
Egger test (t,P) Number of trim and fill HR (95%(Cl), P° HR (95%Cl), P°
HPV DNA-OS -2.75,0.023 0 0.610(0.538,0.692),0.0001 0.610(0.538,0.692) ,0.0001
HPV DNA-DFS -0.23,0.855 - 0.601(0.311,1.161),0.130 -
p16-0S -2.47,0.039 0 0.663(0.493,0.892),0.007 0.663(0.493,0.892),0.007
p16-DFS -2.53,0.086 - 0.587(0.443,0.778),0.0001 -

Abbreviations: HPV DNA Human papilloma virus DNA, OS overall survival (OS), DFS disease-free survival

2 Original variation. ® Variation after trim and fill

status and HPV DNA status. However, there was no sig-
nificant difference in the HRs before and after trim and
fill. Therefore, the risk of publication bias was considered
low, and the results were stable.

Discussion

Multiple studies have highlighted the prognostic sig-
nificance of HPV status in some HNSCCs, while studies
on the relationship between HPV and the prognosis of
hypopharyngeal carcinoma have failed to reach a unified
conclusion after years of research. Currently, in various

HPC studies, HPV has been detected in a variety of ways.
At the DNA level, PCR and ISH are often used to detect
HPV DNA. At the protein level, p16 is used as the main
detection indicator, and p16 is usually detected by IHC.
In this study, both of these levels were included to com-
prehensively evaluate the effect of HPV infection in
hypopharyngeal carcinoma.

At present, many studies have examined the relation-
ship between HPV infection and survival indicators such
as OS and DFS. OS is considered to be the best endpoint
to measure tumor efficacy and is the preferred survival
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indicator. In our study, we found that there was a sta-
tistically significant difference in OS between the HPV
DNA-positive and HPV DNA-negative groups. HPV
DNA has a higher predictive value for the short-term
survival of patients with HPC. Axel Sahovaler’s research
[38] points out that in laryngeal and hypopharyngeal
locations, patients with HPV DNA-positive tumors had
an improved OS. An HPV-related study of HPC was
recently published [39], and the results of this article
showed that survival rates for HPV DNA-positive HPC
patients improved regardless of treatment, which further
confirms the reliability of our research results.

DES was defined as the length of time after treatment
during which there was no disease recurrence or death
due to disease progression. At one institution in the
southern United States, 13% of patients with laryngeal
or HPC were found to be HPV positive. This institution
found that HPV infection was associated with improve-
ments in patients’ OS and DEFS, but none of these asso-
ciations was statistically significant [40]. In our study,
we were unable to find any difference in DFS of HPV in
patients with HPC. However, in addition to Ernoux-Neu-
fcoeur’s study [21], two other studies showed significant
differences in DFS of HPV in patients with HPC, possibly
because Ernoux-Neufcoeur’s study only included resect-
able stage IV hypopharyngeal cancers, which has a higher
survival rate. In addition, there were only three articles
related to DEFS, so the results of this meta-analysis need
to be verified by more studies. It is worth mentioning that
the HPV DNA-positive group in this group was high-risk
HPV positive. High-risk HPV status was also associated
with prognosis in multiple non-OPSCC populations [26].
In a cohort study of primary HNSCC [41], prognosis in
OPSCC patients with salivary high-risk HPV-positive
have better prognosis, especially event-free survival, than
those with high-risk HPV-negative. In addition, Licitra
et al. [12] found that high-risk HPV-associated OPSCC
had a reduced tendency to develop second tumors com-
pared with HPV-negative tumors. He surmised that the
reduction in carcinogens exposure in patients with high-
risk HPV-associated tumors reduced the occurrence of
second tumors.

p16 has been a controversial prognostic factor for HPC.
According to the article of Meshan et al. [42], although
the survival rate of p16-positive patients was higher than
that of pl6-negative patients, the difference between
them was not statistically significant [43]. However, many
related studies have proposed that pl6, as a surrogate
marker of HPV, is an important prognostic marker of
HNSCC and should be considered to increase the detec-
tion of p16 in the hypopharynx and other sites [44—46].

Similarly, our study found significant improvement
in both OS and DFS in patients with p16-positive HPC.
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In the subgroup analysis of OS, only the 5-year OS was
statistically significant, and the absence of statistical
significance in the other two subgroups may be due to
differences between studies in patient population charac-
teristics such as age, sex distribution, race and ethnicity.
The pooled HRs of all groups were less than 1, suggesting
that p16 positivity had a certain beneficial effect on the
OS of patients with HPC., 5-year DFS and >5-year DES
were statistically significant, but only one of the five arti-
cles showed statistical significance. Our study suggested
that p16 could improve the prognosis of DFES in patients
with HPC to a certain extent, but one group of DFS sub-
group analysis results was not statistically significant, so
more studies are still needed to confirm the relationship
between them.

Our results support the hypothesis that HPV-positive
and HPV-negative hypopharyngeal carcinoma differ in
relation to survival outcomes, which has also been found
in other HPV-associated cancers, including laryngeal
and oropharyngeal squamous cell carcinomas [12, 47].
Several studies have discussed the mechanisms by which
HPV status influences the prognosis of related cancers.
Studies have shown that TP53 was the most frequently
mutated gene in non-HPV-associated HNSCC, and TP53
mutations were conducive to increased tumor aggressive-
ness [48]. However, TP53 mutations were rarely observed
in HPV-positive HNSCC, and there was a specific T cell-
mediated immune response in HPV-positive tumors,
which significantly improves disease-specific survival
[49].

Currently, there is no literature on the mechanism by
which HPV infection affects the prognosis of patients
with HPC, but some studies have proposed the mecha-
nism by which HPV affects prognosis in patients with
HNSCC, suggesting that HPV-positive cancers may have
a lower degree of serious genetic changes than HPV-
negative cancers. Because of impaired DNA repair ability
and radiation-induced immune responses, HPV-positive
cancers are more sensitive to radiation than HPV-nega-
tive cancers, which could affect the response to treatment
[50, 51]. One study showed that patients with HPV-
positive oropharyngeal cancer responded to induction
chemotherapy at a higher rate than patients with HPV-
negative tumors [52].

However, our study has some limitations that should be
considered. In our study, the HRs for some articles were
calculated by extracting the data from Kaplan—Meier
curves [24]. There may be some inaccuracies in using
this method to estimate HRs, thus adding some uncer-
tainty to the calculated HRs. In addition, both adjusted
and unadjusted HRs for each study were included in our
analysis, and the lack of adjustment for other prognos-
tic factors in some HRs can also introduce bias in the
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assessment results. Larger studies adjusting for prognos-
tic factors are needed in subsequent studies.

Conclusion

The presence of HPV DNA leads to better OS in patients
with hypopharyngeal cancer, and the presence of p16
plays a certain role in improving OS and DFS. To the best
of our knowledge, this is the largest and most compre-
hensive meta-analysis of HPV DNA and p16 survival out-
comes in HPC, confirming the impact of HPV infection
on the prognosis of hypopharyngeal cancer and provid-
ing up-to-date evidence to clinicians and researchers.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512885-022-09769-w.

[ Additional file 1. }

Acknowledgements
Thanks to Professor Li Bo and Professor Zhu Wei for their valuable discussion.

Authors’ contributions

BL, ZW and SJ made the study design; SJ conducted the study; SJ LW and

NY conducted literature screening and data collection; SJ and LW analyzed
the data and wrote the manuscript; SJ, LS, WH, YY, XL and YW attended the
manuscript revision. All authors had full access to the data, contributed to the
study, approved the final version for publication, and take responsibility for its
accuracy and integrity.

Funding
The author(s) received no specific funding for this work.

Availability of data and materials
All data generated or analysed during this study are included in this published
article (and its Supplementary Information files).

Declarations

Ethics approval and consent to participate

This article does not contain any studies with human participants or animals
performed by any of the authors, articles do not require a clinical trial registra-
tion number.

Consent for publication
Not applicable.

Competing interests
All authors have disclosed no conflicts of interest.

Received: 18 February 2022 Accepted: 13 June 2022
Published online: 15 June 2022

References

1. Jakobsen KK, et al. Incidence and survival of hypopharyngeal cancer:
a Danish Nation-Wide Study from 1980 to 2014. Acta Oncologica.
2019;58(11):1570-6.

2. Kwon DI, Miles BA. Hypopharyngeal carcinoma: Do you know your
guidelines? Head Neck. 2019;41(3):569-76.

3. Gissmann L, et al. Human papillomavirus types 6 and 11 DNA sequences
in genital and laryngeal papillomas and in some cervical cancers. Proc
Natl Acad Sci U S A. 1983;80(2):560-3.

20.

22.

23.

24.

25.

26.

Page 9 of 10

Duncan LD, et al. 16 immunohistochemistry can be used to detect
human papillomavirus in oral cavity squamous cell carcinoma. J Oral
Maxillofac Surg. 2013;71(8):1367-75.

Konig F, et al. Relation between human papillomavirus positivity and
p16 expression in head and neck carcinomas-a tissue microarray study.
Anticancer Res. 2007;27(1a):283-8.

Ralli M, et al. Assessment and clinicopathological correlation of p16
expression in head and neck squamous cell carcinoma. J Cancer Res
Therapeutics. 2016;12(1):232-7.

Quabius ES, et al. Geographical and anatomical influences on human
papillomavirus prevalence diversity in head and neck squamous cell
carcinoma in Germany. Int J Oncol. 2015;46(1):414-22.

Urbute A, et al. Prognostic Significance of HPV DNA and p16(INK4a) in
Anal Cancer: A Systematic Review and Meta-Analysis. Cancer Epidemiol
Biomarkers Prev. 2020;29(4):703-10.

Sand FL, et al. Prognostic Significance of HPV and p16 Status in Men
Diagnosed with Penile Cancer: A Systematic Review and Meta-analysis.
Cancer Epidemiol Biomarkers Prev. 2018;27(10):1123-32.

Mahal BA, et al. Incidence and Demographic Burden of HPV-Associated
Oropharyngeal Head and Neck Cancers in the United States. Cancer
Epidemiol Biomarkers Prev. 2019;28(10):1660-7.

. DuE, etal. Long-term Survival in Head and Neck Cancer: Impact of

Site, Stage, Smoking, and Human Papillomavirus Status. Laryngoscope.
2019;129(11):2506-13.

Licitra L, et al. High-risk human papillomavirus affects prognosis in
patients with surgically treated oropharyngeal squamous cell carcinoma.
J Clin Oncol. 2006;24(36):5630-6.

Cai C, et al. Keratinizing-type squamous cell carcinoma of the oropharynx:
p16 overexpression is associated with positive high-risk HPV status and
improved survival. Am J Surg Pathol. 2014;38(6):809-15.

Lewis JS Jr, et al. 16 positive oropharyngeal squamous cell carcinoma:an
entity with a favorable prognosis regardless of tumor HPV status. Am J
Surg Pathol. 2010;34(8):1088-96.

Allegra E, et al. Role of P16 Expression in the Prognosis of Patients With
Laryngeal Cancer: A Single Retrospective Analysis. Cancer Control.
2021;28:10732748211033544.

Wang X, Yin Z, Wang P. The Prevalence and Prognostic Value of p16in
Non-Oropharyngeal Head and Neck Squamous Cell Carcinoma. Int J
Radiation Oncol Biol Physics. 2019;105(1):E385.

Marshall DC, et al. Prognostic role of human papilloma virus status in
hypopharyngeal squamous cell carcinoma. Laryngoscope Investigative
Otolaryngol. 2020;5(5):860-7.

Joo YH, et al. Association between the standardized uptake value and
high-risk HPV in hypopharyngeal squamous cell carcinoma. Acta Oto-
Laryngologica. 2014;134(10):1062-70.

Burr AR, Harari PM, Ko HC, Chen S, Yu M, Baschnagel AM, Kimple RJ,
Witek ME. HPV impacts survival of stage IVC non-oropharyngeal HNSCC
cancer patients. Otorhinolaryngol Head Neck Surg. 2018;3(1):10.15761/
OHNS.1000160. https://doi.org/10.15761/OHNS.1000160. Epub 2018 Feb
24.

Yang J-Q, et al. Correlation of HPV16 infection and p16 expression with
prognosis in patients with hypopharyngeal carcinoma. Int J Clin Experi-
ment Pathol. 2016;9(5):4978-85.

. Ernoux-Neufcoeur P, et al. Combined analysis of HPV DNA, p16, p21

and p53 to predict prognosis in patients with stage IV hypopharyngeal
carcinoma. J Cancer Res Clin Oncol. 2011;137(1):173-81.

Rodrigo JP, et al. Prevalence of human papillomavirus in laryngeal and
hypopharyngeal squamous cell carcinomas in northern Spain. Cancer
Epidemiol. 2015;39(1):37-41.

Bates JE, et al. Locally advanced hypopharyngeal and laryngeal cancer:
Influence of HPV status. Radiother Oncol. 2019;140:6-9.

Tierney JF, et al. Practical methods for incorporating summary time-to-
event data into meta-analysis. Trials. 2007;8:16.

Wilson DD, et al. Prognostic significance of p16 and its relationship with
human papillomavirus in pharyngeal squamous cell carcinomas. JAMA
Otolaryngol - Head Neck Surg. 2014;140(7):647-53.

Tian S, et al. Survival outcomes by high-risk human papillomavirus
status in nonoropharyngeal head and neck squamous cell carcinomas:
A propensity-scored analysis of the National Cancer Data Base. Cancer.
2019;125(16):2782-93.


https://doi.org/10.1186/s12885-022-09769-w
https://doi.org/10.1186/s12885-022-09769-w
https://doi.org/10.15761/OHNS.1000160

Shi et al. BMC Cancer (2022) 22:658

27.

28.

29.

30.

31

32.

33

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

LiH, et al. Association of Human Papillomavirus Status at Head and Neck
Carcinoma Subsites With Overall Survival. JAMA Otolaryngol Head Neck
Surg. 2018;144(6):519-25.

Lassen P, et al. Correlation and prognostic impact of HPV and p16

on RT-outcome in larynx and hypopharynx cancer. Radiother Oncol.
2017;,122:16-16.

Dalianis T, et al. Human papillomavirus DNA and p16(INK4a) expression in
hypopharyngeal cancer and in relation to clinical outcome, in Stockholm,
Sweden. Oral Oncol. 2015;51(9):857-61.

Joo YH, Lee YS, Cho KJ, Park JO, Nam IC, Kim CS, Kim SY, Kim MS.
Characteristics and prognostic implications of high-risk HPV-associated
hypopharyngeal cancers. PLoS One. 2013;8(11):e78718. https://doi.org/
10.1371/journal.pone.0078718.

Abdel-Rahman O. Prognostic value of HPV status among patients with
hypopharyngeal carcinoma: a population-based study. Clin Transl Oncol.
2020;22(9):1645-50.

Wilson DD, et al. p16 not a prognostic marker for hypopharyngeal
squamous cell carcinoma. Arch Otolaryngol - Head Neck Surg.
2012;138(6):556-61.

Wendt M, et al. Presence of human papillomaviruses and p16 expression
in hypopharyngeal cancer. Head and Neck. 2014;36(1):107-12.

Lee JK, et al. p16 as a prognostic factor for the response to induction
chemotherapy in advanced hypopharyngeal squamous cell carcinoma.
Oncol Lett. 2018;15(5):6571-7.

Lassen P, et al. Impact of HPV-associated p16-expression on radiotherapy
outcome in advanced oropharynx and non-oropharynx cancer. Radiother
Oncol. 2014;113(3):310-6.

Chung CH, et al. 16 protein expression and human papillomavirus status
as prognostic biomarkers of nonoropharyngeal head and neck squa-
mous cell carcinoma. J Clin Oncol. 2014;32(35):3930-8.

Ang SH, et al. Interactions between clinical factors, p16, and cyclin-D1
expression and survival outcomes in oropharyngeal and hypopharyngeal
squamous cell carcinoma. Head Neck. 2015;37(11):1650-9.

Sahovaler A, et al. Survival Outcomes in Human Papillomavirus-
Associated Nonoropharyngeal Squamous Cell Carcinomas: A System-
atic Review and Meta-analysis. JAMA Otolaryngol Head Neck Surg.
2020;146(12):1158-66.

Burbure N, Handorf E, Ridge JA, Bauman J, Liu JC, Giri A, Galloway TJ.
Prognostic significance of human papillomavirus status and treatment
modality in hypopharyngeal cancer. Head Neck. 2021;43(10):3042—

52. https://doi.org/10.1002/hed.26793. Epub 2021 Jun 24.

Hughes RT, et al. Human papillomavirus-associated squamous cell carci-
noma of the larynx or hypopharynx: Clinical outcomes and implications
for laryngeal preservation. Oral Oncol. 2019;98:20-7.

Ekanayake Weeramange C, et al. Salivary High-Risk Human Papillomavirus
(HPV) DNA as a Biomarker for HPV-Driven Head and Neck Cancers. J Mol
Diagn. 2021;23(10):1334-42.

Meshman J, et al. Prognostic significance of p16 in squamous cell
carcinoma of the larynx and hypopharynx. Am J Otolaryngol - Head Neck
Med Surg. 2017,38(1):31-7.

Dahm'V, et al. Cancer stage and pack-years, but not p16 or HPV, are
relevant for survival in hypopharyngeal and laryngeal squamous cell
carcinomas. Eur Arch Otorhinolaryngol. 2018;275(7):1837-43.

Bryant AK, et al. Prognostic Role of p16 in Nonoropharyngeal Head and
Neck Cancer. Jnci-J Natl Cancer Institute. 2018;110(12):1393-9.

Tehrany N, et al. High-grade acute organ toxicity and p16 INK4A expres-
sion as positive prognostic factors in primary radio(chemo)therapy for
patients with head and neck squamous cell carcinoma. Strahlentherapie
und Onkologie. 2015;191(7):566-72.

Stephen JK, et al. Significance of p16 in Site-specific HPV Positive and HPV
Negative Head and Neck Squamous Cell Carcinoma. Cancer Clin Oncol.
2013;2(1):51-61.

Wang H, et al. Role of human papillomavirus in laryngeal squa-

mous cell carcinoma: A meta-analysis of cohort study. Cancer Med.
2020;9(1):204-14.

Pisani P, et al. Metastatic disease in head & neck oncology. Acta Otorhi-
nolaryngol Ital. 2020;40(Suppl. 1):51-586.

Vargas-Ferreira F, et al. Etiologic factors associated with oral squamous
cell carcinoma in non-smokers and non-alcoholic drinkers: a brief
approach. Braz Dent J. 2012;23(5):586-90.

Page 10 of 10

50. Mirghani H, et al. Increased radiosensitivity of HPV-positive head and
neck cancers: Molecular basis and therapeutic perspectives. Cancer Treat
Rev. 2015;41(10):844-52.

51. Braakhuis BJ, et al. Genetic patterns in head and neck cancers that con-
tain or lack transcriptionally active human papillomavirus. J Natl Cancer
Inst. 2004;96(13):998-1006.

52. Fakhry C, et al. Improved survival of patients with human papillomavirus-
positive head and neck squamous cell carcinoma in a prospective clinical
trial. J Natl Cancer Inst. 2008;100(4):261-9.

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

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

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

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

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1371/journal.pone.0078718
https://doi.org/10.1371/journal.pone.0078718
https://doi.org/10.1002/hed.26793

	The effect of HPV DNA and p16 status on the prognosis of patients with hypopharyngeal carcinoma: a meta-analysis
	Abstract 
	Objective: 
	Method: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Search strategy and selection criteria
	Data abstraction
	Quality assessment
	Statistical analysis

	Results
	Search results
	Survival according to HPV DNA status
	Overall survival
	Disease-free survival

	Survival according to p16 status
	Overall survival
	Disease-free survival

	The publication bias of the included studies

	Discussion
	Conclusion
	Acknowledgements
	References


