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Purpose: To investigate the influence of human papillomavirus (HPV) status on survival
outcomes and treatment decisions for patients with de novo stage IV head and neck
squamous cell cancers (HNSCC).

Methods: Patients initially diagnosed with de novo stage IVC HNSCC between 2010 and
2015 were identified from the Surveillance, Epidemiology, and End Results database. Cox
multivariable analyses were performed to determine prognostic factors associated with
head and neck cancers specific survival (HNCSS) and overall survival (OS).

Results: We identified 303 patients who received chemotherapy in this study, including
52.5% of them had HPV-positive disease. HPV-positive HNSCC had better HNCSS (P <
0.001) and OS (P < 0.001) compared to those with HPV-negative disease. The results of
Cox multivariable analyses showed that HPV-negative status (P = 0.007), N3 stage (P =
0.004), bone metastases (P < 0.001), and lung metastases (P = 0.003) were associated
with worse HNCSS. Similar results were found regarding the OS. The sensitivity analyses
indicated that HPV-positive HNSCC patients who were treated with radiotherapy had
better survival outcomes. However, no survival benefits were found in those with HPV-
positive disease receiving surgery. For HPV-negative patients, no survival benefit was
observed among those treated with radiotherapy or surgery.

Conclusions: Approximately half of the stage IVC HNSCC patients are HPV-related. The
presence of HPV infection appears to be strongly associated with the survival outcome in
patients with de novo stage IV HNSCC. Determination of HPV status may help guide
clinicians in prognostic assessment and treatment decision-making in this population.
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INTRODUCTION

Head and neck cancers (HNC) are the sixth most common solid
cancer in the world (1), and the most common pathology type in
HNC is squamous cell carcinoma (HNSCC). An estimated over
600,000 new cases of HNC patients and approximately 330,000
HNC-related deaths in 2018 (2). The main reasons for HNC
treatment failure are local recurrence and distant metastasis. In
addition, approximately 10% of patients have diagnosed with
stage IVC disease at the initial diagnosis of HNC (de novo stage
IVC disease) (3). Patients who presented with stage IVC disease
had a dismal prognosis, with a median overall survival (OS) of 10
months (4).

Although tobacco was considered to be an important risk
factor for HNSCC, the infection of human papillomavirus (HPV)
was identified as a carcinogenic factor for the development of
oropharyngeal SCC (OPSCC) (5). A National Cancer Data Base
(NCDB) study showed that HPV-positive rates were 62.9, 17.7,
11.0, and 10.6% in patients with oropharynx, hypopharynx,
larynx, and oral cavity tumors, respectively (6). Better
prognostic effect of HPV-positive OPSCC has been confirmed
in recent decades, and its therapeutic effect is significantly better
than that of HPV-negative patients (5). However, limited studies
have investigated the role of HPV status in patients with de novo
stage IVC disease (7). Therefore, it is necessary to determine the
impact of HPV status on prognosis and treatment decision-
making in de novo stage IVC HNC patients. In this study, we
aimed to evaluate the prevalence, survival outcomes, and
treatment decision-making by HPV status for this patient
subset using a population-based cohort.
MATERIAL AND METHODS

Database and Patient’s Selection Criteria
In 2018, the SEER program released the database of HPV status
regarding the HNC (8). It includes the HPV records and
additional treatment fields in 40,866 HNC patients from 2010
to 2016. This database includes patients with the following
primary tumor sites: Nasopharynx, Oropharynx, Pharyngeal
Tonsil, Pharynx Other, Soft Palate, and Tongue Base,
Hypopharynx. The database included HPV status, which were
categorized as HPV-positive, HPV-negative, and unknown
status. Selection criteria for the current study cohort included:
1) de novo stage IVC oropharyngeal SCC or hypopharyngeal
SCC; 2) diagnosed between 2010 and 2015; 3) received
chemotherapy; 4) known HPV status. Patients with tumors
developed in the nasopharynx were excluded. The flow
diagram of patient selection is shown in Figure 1.

Data Collection
We examined the demographics, clinicopathological characteristics,
and treatment data of patients, including age at diagnosis, gender,
race/ethnicity, tumor sites, tumor grade, tumor (T) stage, nodal
(N) stage, HPV status, the use of surgery, the use of radiotherapy,
and distant metastases sites. The tumor sites of patients were
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divided into the oropharynx (including pharyngeal tonsil, pharynx
other, soft palate, and tongue base) and hypopharynx. The
classification of TNM staging was in accordance with the
seventh edition of the American Joint Committee on Cancer
staging. SEER database only recorded four metastatic sites,
including bone, liver, lung, and brain, so we only analyzed the
impact of these four metastatic sites on survival. The primary
endpoints of this study were head and neck cancers specific
survival (HNCSS) and OS. HNCSS was identified as the time
from the initial diagnosis of HNSCC to the death of HNC. OS was
defined as the time from the initial diagnosis of HNSCC to death
from various causes.

Statistical Analysis
The Chi-square test or Fisher’s exact test were used to compare
the difference including demographics, clinicopathological
characteristics, and treatment strategy. The Kaplan-Meier
methods were used to depict survival curves with log-rank
testing. Multivariable Cox regression models were performed
to determine whether HPV positive HNSCC was related to better
survival outcomes, adjusting for age, gender, race/ethnicity, T
stage, N stage, tumor sites, tumor grade, therapeutic strategies,
and distant metastases sites. SPSS statistical software (version
25.0, IBM Corporation, Armonk, NY, USA) was used for data
analysis. A P < 0.05 was considered to be statistically significant.
RESULTS

Patients Clinicopathological
Characteristics and Therapeutic Strategies
A total of 303 patients were identified in this study, including 159
patients (52.5%) and 144 (47.5%) patients who had HPV-
positive and HPV-negative tumors, respectively. Table 1 lists
the baseline characteristics of patients. Of these patients, the
majority were male (n = 253, 83.5%) or Whites (n = 250, 82.5%).
There were 182 patients aged younger than 65 years (60.1%).
Oropharynx predominated with 89.1% in tumor primary site. In
patients with available tumor grade (n = 226), 58.0, 39.4, and
2.7% of them were poorly or undifferentiated, moderately
differentiated, and well differentiated, respectively. Most of the
patients had nodal positive disease, including 47 (15.8%), 193
(65.0%), and 38 (12.8%) patients who had N1, N2, and N3
diseases, respectively.

In patients with available the four mentioned metastatic
sites (n = 294), the most common site of distant metastasis was
the lung (n = 143, 48.6%), followed by bone (n = 75, 25.5%),
liver (n = 41, 13.9%), and brain (n = 6, 2.0%). Of these patients,
59.9% (n = 176), 11.6% (n = 34), and 2.4% (n = 7) of patients
metastasized to one site, two, and three sites, respectively. No
patients had four metastatic sites.

All patients were treated by chemotherapy, and 72.9% of
patients received additional therapies, including radiotherapy
(59.7%), surgery (3.6%), and both (9.6%). A total of 40 patients
were treated with local surgery. In those with tumors located in
the oropharynx, 12 received local tumor excision, 22 treated with
May 2021 | Volume 11 | Article 668066
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pharyngectomy, and 2 patients with unknown surgery
procedures. In patients with tumors located in the
hypopharynx, three patients received local tumor excision and
one patient received pharyngectomy. The demographic factors,
clinicopathological characteristics, or treatment factors were not
associated with the receipt of surgery.

In general, patients with HPV-related disease were more
likely to be OPSCC (P < 0.001), higher tumor grade (P =
0.046), and advanced N stage (P = 0.001). Moreover, HPV-
positive patients received more aggressive local treatments
including local surgery and radiotherapy compared to those
with HPV-negative tumors (13.8 vs. 4.9%, P = 0.033). No
significant differences were found between patients with HPV-
positive and HPV-negative diseases regarding age at diagnosis
(P = 0.556), race/ethnicity (P = 0.052), gender (P = 0.488),
T stage (P = 0.082), and distant metastatic sites (all P > 0.05).

Survival Outcomes
The median follow-up time was 15 months (range, 0–78 months).
There were 212 deaths observed, of which 173 patients died for
HNC-related disease. The Kaplan-Meier survival curves for HPV-
positive and HPV-negative tumors are shown in Figure 2. Patients
Frontiers in Oncology | www.frontiersin.org 3
with HPV-positive diseases had better survival outcomes
compared to those with HPV-negative diseases. The 3-year
HNCSS was 42.2 and 27.7% in those with HPV-positive and
HPV-negative diseases, respectively (P < 0.001, Figure 2A), with a
median HNCSS of 29 and 13 months, respectively. Unadjusted
median OS was 12 months for HPV-negative patients compared
to 23months for HPV-positive patients (P < 0.001). The 3-year OS
was 34.1 and 18.9% in those with HPV-positive and HPV-negative
diseases, respectively (P < 0.001, Figure 2B).

Prognostic Analyses
Using multivariate Cox regression analysis, prognostic factors
related to HNCSS and OS were investigated (Table 2). The
results showed that HPV status, bone metastasis, lung
metastasis, and advanced nodal stage were the independent
prognostic factors associated with HNCSS and OS. HPV-
positive patients had better HNCSS (hazard ratio [HR] 0.600,
95% confidence interval [CI] 0.415–0.867, P = 0.007) and OS (HR
0.560, 95% CI 0.401–0.782, P = 0.001) compared to those HPV-
negative patients. Compared to patients with HPV-negative
disease, those with HPV-positive disease had a 40 and 44%
decreased risk of HNC-specific mortality and overall mortality,
FIGURE 1 | Flow diagram of patient selection and exclusion criteria from the Surveillance, Epidemiology, and End Results database.
May 2021 | Volume 11 | Article 668066
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respectively. However, age at diagnosis, race/ethnicity, gender,
tumor sites, grade, T stage, the addition of local treatment to
chemotherapy, brain metastatic disease, and liver metastatic
disease were not associated with survival outcomes.
Frontiers in Oncology | www.frontiersin.org 4
Effect of HPV Status on Prognosis After
Stratification by Tumor Location
Furthermore, we performed the sensitivity analyses to determine
the effect of HPV status on survival outcomes after stratification
by tumor location (Table 3). The results showed that HPV status
was an independent prognostic factor for oropharyngeal cancer,
but not for hypopharyngeal cancer. In OPSCC, patients with
HPV-positive disease had better HNCSS (HR 0.573, 95% CI
0.416–0.789, P = 0.001) and OS (HR 0.524, 95% CI 0.392–0.701,
P < 0.001) compared to those with HPV-negative disease.
Comparable survival outcomes were found between HPV-
negative and HPV-related tumors in hypopharyngeal cancer.
The Kaplan-Meier survival curves for HNCSS and OS by
sensitivity analyses are listed in Figure 3.

Effect of Local Treatment on Survival
According to HPV Status
Finally, we performed sensitivity analyses to determine the effect
of local treatment on survival according to HPV status (Table 3).
For patients with HPV-positive tumors, additional radiotherapy
was associated with a better HNCSS (HR 0.569, 95% CI 0.358–
0.905, P = 0.017) and OS (HR 0.569, 95% CI 0.371–0.872, P =
0.010) compared to those without receiving radiotherapy.
However, comparable HNCSS (HR 0.549, 95% CI 0.274–1.099,
P = 0.091) and OS (HR 0.745, 95% CI 0.422–1.314, P = 0.309)
were found between surgery and no surgery cohorts. For HPV-
negative patients, no survival benefits were found in those treated
with radiotherapy or surgery. The Kaplan-Meier survival curves
for HNCSS and OS by sensitivity analyses are listed in Figures 4
and 5.
DISCUSSION

In the study, we aimed to explore the effect of HPV status on
prognosis and treatment decision-making in patients with de
novo stage IVC HNSCC. Our study showed that 52.5% of de novo
stage IVC HNSCC patients were HPV-related, and patients with
HPV-positive tumors had significantly better survival outcomes
compared to HPV-negative patients, especially for those with
OPSCC. Additional radiotherapy improved survival for this
patient subset with HPV-positive disease.

The history of HPV in HNC can be traced date back to 1901
(9). In 1983, HPV infection was found in a subtype of OPSCC
(10). With the increasing knowledge of HPV in HNC, we could
find that different primary tumor sites of HNSCC showed
significant differences regarding the HPV status (6, 11). In
addition, the incidence of HPV infection also has a significant
difference between Westerns and Asians (6, 11–13). A previous
study by Chaturvedi et al. included patients from the United
States, they found that the incidence of HPV infection increased
by 225% from 1988 to 2004 among OPSCC patients (14). A large
cohort by Tian et al. from NCDB included 247,040 HNSCC
patients, they found that 62.9, 17.7, 11.0, and 10.6% of patients
tumor located in the oropharynx, hypopharynx, larynx, and oral
TABLE 1 | Patient and treatment characteristics by HPV Status.

Variables n HPV-negative
(%)

HPV-positive
(%)

P-value

Age
<65 years 182 (60.1) 89 (61.8) 93 (58.5) 0.556
≥65 years 121 (39.9) 55 (38.2) 66 (41.5)

Race/ethnicity
White 250 (82.5) 111 (77.1) 139 (87.4) 0.052
Black 40 (13.2) 24 (16.7) 16 (10.1)
Other 13 (4.3) 9 (6.3) 4 (2.5)

Gender
Male 253 (83.5) 118 (81.9) 135 (84.9) 0.488
Female 50 (16.5) 26 (18.1) 24 (15.1)

Primary Site
Oropharynx 270 (89.1) 118 (81.9) 152 (95.6) 0.000
Hypopharynx 33 (10.9) 26 (18.1) 7 (4.4)

Grade
Well differentiated 6 (2.7) 4 (3.5) 2 (1.8) 0.046
Moderately

differentiated
89 (39.4) 53 (46.5) 36 (32.1)

Poorly/
undifferentiated

131(58.0) 57 (50.0) 74 (66.1)

Unknown 77 30 47
Tumor stage
T1 32 (12.6) 16 (13.9) 16 (11.6) 0.082
T2 78 (30.8) 26 (22.6) 52 (37.7)
T3 58 (22.9) 30 (26.1) 28 (20.3)
T4 85 (33.6) 43 (37.4) 42 (30.4)
TX 50 29 21

Nodal stage
N0 19 (6.4) 11 (7.9) 8 (5.1) 0.001
N1 47 (15.8) 33 (23.7) 14 (8.9)
N2 193 (65.0) 75 (54.0) 118 (74.7)
N3 38 (12.8) 20 (14.4) 18 (11.4)
NX 6 5 1

Treatment paradigm
C 82 (27.1) 44 (30.6) 38 (23.9) 0.033
C+R 181 (59.7) 86 (59.6) 95 (59.7)
C+S 11 (3.6) 7 (4.9) 4 (2.5)
C+R+S 29 (9.6) 7 (4.9) 22 (13.8)

Bone metastases
No 220 (74.3) 103 (73.0) 117 (75.5) 0.632
Yes 76 (25.7) 38 (27.0) 38 (24.5)
Unknown 7 3 4

Brain metastases
No 289 (98.0) 135 (96.4) 154 (99.4) 0.172
Yes 6 (2.0) 5 (3.6) 1 (0.6)
Unknown 8 4 4

Liver metastases
No 254 (86.1) 119 (85.0) 135 (87.1) 0.603
Yes 41 (13.9) 21 (15.0) 20 (12.9)
Unknown 8 4 4

Lung metastases
No 151 (51.0) 68 (47.9) 83 (53.9) 0.302
Yes 145 (49.0) 74 (52.1) 71 (46.1)
Unknown 7 2 5
C, Chemotherapy; N, nodal; R, Radiotherapy; S, Surgery; T, tumor; X, unknown.
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cavity were HPV-related (6). A higher rate of HPV infection
(70%) was also found in Sweden among those with tonsillar and
base of tongue SCC (12). However, in southern China, HPV
infection was only detected in 26.4% of HNSCC, and 38.6% of
OPSCC patients were HPV-related (11). A study from Japan
showed that HPV-positive diseases arising in the oropharynx,
oral cavity, nasopharynx, hypopharynx, larynx were 34.4, 0, 2.0,
3.5, and 3.9%, respectively (13). In this study, we only included
patients with de novo stage IVC HNSCC, and we found that the
incidence of HPV-positive OPSCC was higher than the Asians
studies (56.3 vs. 34.4–38.6%) and lower than the Western study
(56.3 vs. 62.9–70.0%) (6, 11–13). The underlying reason was that
HPV might affect the staging of patients (15), HPV-positive
patients may have a lower risk of distant metastases (16).
However, our study indicated there was no significant
difference in the incidence of HPV-positive between patients
with and without distant metastasis when initially diagnosed. In
addition, the patient inclusion criterion and the measuring
method of the HPV status probably also take part in this
variability. Moreover, tobacco use which was not mentioned in
the SEER study may also contribute to the discrepancy in HPV
status (17).

There were several distinct clinicopathological features in
HPV-related tumors compared to those with HPV-negative
tumors. HPV-positive patients were younger and rarely
overindulged in alcohol consumption or tobacco use (17).
Additionally, HPV-positive tumors were more common in the
oropharynx, while smoking-related tumors were more common
in the non-oropharyngeal (18). A large cohort study that
included 41,950 HNSCC patients collected from NCDB
showed that HPV-positive patients were more likely to be
younger age, Caucasians, male, and poor tumor differentiation
(19). A study showed that advanced stage HPV-positive OPSCC
patients had an earlier T stage than HPV negative patients (20).
HPV-related OPSCC patients often presented with advanced N
stage (15). In our study, we found a higher proportion of HPV-
positive de novo stage IVC HNSCC patients were poor
differentiation, which was similar to those patients with non-
Frontiers in Oncology | www.frontiersin.org 5
metastatic HNSCC (17–19). In addition, we also found that
HPV-positive tumors were more likely to be diagnosed with the
advanced nodal stage (N2 and N3), which was similar to the
previous studies in patients with non-metastatic disease (15).

Better prognostic effect of HPV-positive OPSCC has been
confirmed in a recent decade (5, 19, 20). However, the prognostic
value of HPV status in other sites of HNC remains unclear. Ni G
et al. found that HPV-related HNSCC was a remarkably longer
stage-specific survival time than patients without HPV infection
(11). Burr et al. identified 708 stage IVC non-OPSCC patients
selected from the NCDB found that HPV-positive patients in
oral cavity disease had improved prognosis, but no survival
benefit was found in HPV-positive tumors located in the
hypopharynx and larynx (7). Similar results were found in
stage III-IV laryngeal/hypopharyngeal cancers who receiving
primary radiotherapy (21). A study including 218 advanced
HNSCC patients found that there was no notable relation
between response to therapy and survival outcomes regarding
the HPV status (22). Most of the current researches focus on
nonmetastatic HNSCC patients. However, in our cohort, we
suggested that HPV status was also an important prognostic
factor for de novo stage IVC oropharyngeal carcinoma patients.
In the new AJCC staging (23), HPV status was added in
oropharyngeal cancer staging, but it did not stratify the risk of
IVC patients. Therefore, the HPV status might be also integrated
into the staging of de novo stage IVC oropharyngeal carcinoma
patients in the future edition of the AJCC staging system.

Regarding distant metastases, Bollig et al. also found that the
lung and bone were the most common metastatic sites of HNC,
and bone metastasis was the independent prognostic factor for
worse outcomes (24). Similar results were found in our study. An
inferior prognosis in patients with bone metastasis was also
found in the study by Schulz et al. (25). The reasons for
inferior outcomes for patients with bone metastasis remain
unclear, potential confounding factors that may have
contributed to this phenomenon. In addition, several studies
have shown that bone metastasis often shows a rapidly
deteriorating clinical course and extremely poor survival
A B

FIGURE 2 | Kaplan-Meier plots of head and neck carcinoma specific survival (A) and overall survival (B) by HPV status.
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outcomes, which is related to the fact that bone metastasis is easy
to combine with bone marrow metastasis and cause serious
hematologic abnormalities such as disseminated intravascular
coagulation (26–29).

With increasing trends of HPV testing in patients with
HNSCC, current studies focused on the adjustment of HPV-
related treatment strategies to reduce treatment-related toxicity.
There were several treatment strategies including a reduction in
the dose of radiotherapy, the replacement of cisplatin in
concurrent chemoradiotherapy, less invasive surgical options,
Frontiers in Oncology | www.frontiersin.org 6
and immunotherapy (29–32). However, it raised the question
that whether the HPV status should be considered in decision-
making in patients with stage IVC disease. To our knowledge,
there was no research to explore the treatment decision-making
for patients with stage IVC according to HPV status. According to
NCCN guidelines, systemic chemotherapy and supportive care
was the primary treatment mode, surgical or radiation therapy
could be considered for selected metastatic patients (33). In this
study, we further analyzed the impact of HPV status on survival in
different local treatment strategies. Our results showed that for de
TABLE 2 | Multivariate Cox proportional hazards models of overall survival and head and neck squamous cell carcinoma specific survival.

Variables OS HNCSS

HR (95% CI) P-value HR (95% CI) P-value

Age
<65 years Ref. Ref.
≥65 years 0.803 (0.593–1.088) 0.157 0.728 (0.517–1.024) 0.068

Race
White Ref. Ref.
Black 0.855 (0.557–1.311) 0.472 0.927 (0.578–1.486) 0.753
Other 0.937 (0.445–1.972) 0.864 1.217 (0.571–2.597) 0.611

Gender
Male Ref. Ref.
Female 1.051 (0.710–1.555) 0.806 0.916 (0.576–1.458) 0.713

Primary Site
Oropharynx Ref. Ref.
Hypopharynx 1.156 (0.740–1.806) 0.524 1.116 (0.673–1.851) 0.671

Grade
Well differentiated Ref. Ref.
Moderately differentiated 0.724 (0.273–1.917) 0.515 0.562 (0.210–1.504) 0.251
Poorly/undifferentiated 0.598 (0.226–1.583) 0.301 0.441 (0.165–1.181) 0.103

Tumor stage
T1 Ref. Ref.
T2 1.215 (0.687–2.150) 0.503 1.200 (0.341–2.273) 0.575
T3 1.486 (0.829–2.663) 0.184 1.365 (0.711–2.660) 0.349
T4 1.635 (0.920–2.809) 0.095 1.511 (0.811–2.815) 0.193

Nodal Stage
N0 Ref. Ref.
N1 1.072 (0.558–2.060) 0.835 1.105 (0.500–2.438) 0.805
N2 1.241 (0.715–2.156) 0.443 1.526 (0.784–2.973) 0.214
N3 2.390 (1.259–4.536) 0.008 3.016 (1.422–6.397) 0.004

Treatment paradigm
C Ref. Ref.
C+R 0.909 (0.650–1.271) 0.577 0.920 (0.637–1.328) 0.655
C+S 1.861 (0.918–3.776) 0.085 1.392 (0.573–3.385) 0.465
C+R+S 0.710 (0.390–1.292) 0.262 0.698 (0.361–1.348) 0.284

Bone metastases
No Ref. Ref.
Yes 2.199 (1.563–3.093) 0.000 2.482 (1.719–3.584) 0.000

Brain metastases
No Ref. Ref.
Yes 0.794 (0.303–2.080) 0.639 0.857 (0.322–2.279) 0.757

Liver metastases
No Ref. Ref.
Yes 1.241 (0.798–1.930) 0.339 1.380 (0.961–2.213) 0.181

Lung metastases
No Ref. Ref.
Yes 1.533 (1.115–2.108) 0.008 1.702 (1.201–2.401) 0.003

HPV status
Negative Ref. Ref.
Positive 0.560 (0.401–0.782) 0.001 0.600 (0.415–0.867) 0.007
May 2021 | Volume 11 | Article
C, Chemotherapy; CI, confidence interval; HNCSS, head and neck cancers specific survival; HR, hazard ratio; HPV, human papillomavirus; Ref., reference; OS, overall survival;
R, Radiotherapy; S, Surgery.
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novo stage IVC HNSCC patients, after treated by chemotherapy,
the addition of radiotherapy had a better outcome in HPV-
positive patients but not in HPV-negative patients. However, the
addition of surgery didn’t bring survival benefits in HPV-positive
or negative patients. It is a hypothesis that HPV-positive patients
receive more aggressive local treatment, which may be related to a
higher radiation sensitivity and a better prognosis in HPV
related-disease.

Higher survival outcomes in HPV-positive oropharyngeal
cancer patients may partly because of the greater locoregional
control induced by radiation with higher inherent radiosensitivity
or better radiosensitivity induced by cisplatin (5). Furthermore,
lower TP53 mutations, a decrease of cell repairability, lower
expression of SMG-1 protein, dysregulation of the cell cycle, and
Frontiers in Oncology | www.frontiersin.org 7
response for DNA damage were associated with radiosensitivity
for HPV positive patients (34–37). Regarding hypopharyngeal
carcinoma, it seems that HPV status was not associated with the
prognosis in this study. It was still controversial whether there was
a prognostic value in non-metastatic hypopharyngeal carcinoma.
Previous studies regarding the role of HPV status on the prognosis
of hypopharyngeal carcinoma including the small size of patients
(21, 22). Therefore, it is necessary to further study the value of
HPV status in stage IVC patients with hypopharyngeal cancer.

Our study provides important data for the discrepancy with
different HPV status in the patients with de novo stage IVC
HNSCC. However, there were several limitations in the current
study. First, the findings came from a retrospective observational
study with a relatively small sample size. Second, the non-
A B

FIGURE 3 | Kaplan-Meier plots of head and neck carcinoma specific survival (A) and overall survival (B) in oropharyngeal carcinoma by HPV status.
TABLE 3 | Sensitivity analyses.

Variables OS HNCSS

HR (95% CI) P-value HR (95% CI) P-value

Primary site
Oropharynx

HPV-negative Ref. Ref.
HPV-positive 0.524 (0.392–0.701) 0 0.573 (0.416–0.789) 0.001

Hypopharynx
HPV-negative Ref. Ref.
HPV-positive 0.810 (0.304–2.159) 0.601 0.621 (0.180–2.141) 0.451

HPV-positive tumors
Radiotherapy

No Ref. Ref.
Yes 0.569 (0.371–0.872) 0.01 0.569 (0.358–0.905) 0.017

Surgery
No Ref. Ref.
Yes 0.745 (0.422–1.314) 0.309 0.549 (0.274–1.099) 0.091

HPV-negative tumors
Radiotherapy

No Ref. Ref.
Yes 0.712 (0.489–1.037) 0.077 0.736 (0.483–1.124) 0.156

Surgery
No Ref. Ref.
Yes 1.150 (0.631–2.096) 0.648 1.184 (0.613–2.289) 0.615
May 2021 | Volume 11 | Article
CI, confidence interval; HNCSS, head and neck cancers specific survival; HR, hazard ratio; HPV, human papillomavirus; Ref., reference; OS, overall survival.
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A B

DC

FIGURE 4 | The effect of additional radiotherapy in head and neck cancer-specific survival by HPV status (A, HPV-positive; C, HPV-negative) and overall survival
(B, HPV-positive; D, HPV-negative).
A B

DC

FIGURE 5 | The effect of additional surgery in head and neck cancer-specific survival by HPV status (A, HPV-positive; C, HPV-negative) and overall survival
(B, HPV-positive; D, HPV-negative).
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randomized allocation of local treatment may raise selection bias.
Third, the methods of HPV testing may be heterogeneous. In
addition, the additional abuse of tobacco and alcohol was also
not recorded in the SEER database, which might influence the
results. Finally, SEER also lacks information regarding the
chemotherapy regimen, molecular targeting therapy, sequence
of systemic and local treatments, the number of chemotherapy
cycles, response of treatment, tobacco/alcohol addiction, and
patient’s performance status. Despite these limitations, we
believe that our findings are enlightening enough to further
study the impact of HPV status on prognosis and decision-
making. The primary strength of our study was that we used a
population-based cohort to investigate explore the effect of HPV
status on prognosis and treatment decision making in patients
with de novo stage IVC HNSCC, which may help clinicians to
develop a better risk stratification and precise treatment
decision-making for this patient subset.
CONCLUSION

In conclusion, our study suggests that approximately half of the
stage IVC HNSCC patients are HPV-related. The presence of
HPV infection appears to be strongly associated with the survival
outcome in patients with de novo stage IV HNSCC.
Determination of HPV status may help guide clinicians in
prognostic assessment and treatment decision-making in this
population. Future studies on HPV testing in patients with de
novo stage IV HNSCC are needed to determine the risk
stratification and treatment recommendations in this population.
Frontiers in Oncology | www.frontiersin.org 9
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