1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Head Neck. Author manuscript; available in PMC 2022 November 03.

-, HHS Public Access
«

Published in final edited form as:
Head Neck. 2021 October ; 43(10): 3042-3052. doi:10.1002/hed.26793.

Prognostic significance of HPV status and treatment modality in
hypopharyngeal cancer

Nina Burbure, MD1, Elizabeth Handorf, PhD?, John A Ridge, MD PhD3, Jessica Bauman,
MD?, Jeffrey C Liu, MD34, Anshu Giri, MD®, Thomas J Galloway, MD?

1Department of Radiation Oncology, Fox Chase Cancer Center, Philadelphia, PA
2Department of Biostatistics, Fox Chase Cancer Center, Philadelphia, PA
SDepartment of Surgical Oncology, Fox Chase Cancer Center, Philadelphia, PA

4Department of Otolaryngology-Head and Neck Surgery, Lewis Katz School of Medicine at
Temple University, Philadelphia, PA

SDepartment of Medical Oncology, Fox Chase Cancer Center, Philadelphia, PA

Abstract

Background—Management of hypopharynx cancer is often extrapolated from larynx cancer.
This report analyses treatment patterns and survival limited to hypopharynx cancer using the
National Cancer Database (NCDB).

Methods—There are 9314 patients diagnosed with hypopharynx cancer between 2004-2016
in the NCDB. The association between treatment modality and survival was analyzed using
Kaplan-Meier survival curves and multivariable Cox regression.

Results—Five-year overall survival ranged from 45% for stage | to 21% for stage IVB.
Treatment modality did not influence survival in stage I/11. For stage I11/1V, chemoradiation and
surgery + adjuvant therapy were equivalent. Surgery yielded improved survival for T4 disease.
Human papillomavirus (HPV) positive tumors were present in 21% and were associated with
improved hazard ratio of death (0.60, p=<0.0001).

Conclusions—Survival is superior for T4 hypopharynx cancer managed with surgery, while
treatment modality does not impact outcomes for other T-stages. HPV-positive tumors are
associated with improved survival regardless of treatment.
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INTRODUCTION

Squamous cell carcinoma of the hypopharynx is uncommon, accounting for less than 5%

of upper aerodigestive tract primary tumors.! It is generally associated with poor survival
with higher rates of advanced disease and distant spread at diagnosis; however, the natural
history of the disease is not well understood.1~* Due to its low incidence in North America
there are limited data addressing hypopharynx cancer and hence the lessons learned from
advanced larynx cancer are typically applied directly to advanced hypopharynx cancer. This
is not entirely unjustified — the single randomized prospective study evaluating hypopharynx
cancer® 8 employed a similar treatment paradigm to that of the VA larynx study? and
similarly reported equivalent survival for sequential chemotherapy/radiation and primary
surgery + adjuvant RT. However, while subsequent trials of different treatment regimens

for advanced laryngeal cancer have been conducted there have been no similar follow-

ups surrounding hypopharynx cancer. Studies limited to hypopharyngeal cancer suggest a
different clinical course compared to that seen with larynx cancer;* hypopharyngeal cancer
may have a somewhat worse outcome than that of the larynx so treatment strategies may not
be interchangeable.

Several retrospective single institution studies have suggested high locoregional control
with nonsurgical management of T1-2 pyriform sinus cancer8-10 with outcomes similar

to those seen with T1-2 cancers of the supraglottic larynx.1! Evaluation of a Canadian
cancer registryl2 and the Surveillance Epidemiology End Results (SEER) database in

the USAL3 demonstrated equivalent survival outcomes for patients treated with either
resection or radiation for all stages of hypopharynx cancer. However, recent analysis of

the NCDB demonstrated a reduced survival associated with non-surgical therapy for T4a
larynx cancerl# despite its frequent application. Single institution reports similarly suggest
improved outcomes for hypopharynx cancer managed with primary surgery.1® To date there
has been no analysis of the NCDB specifically dedicated to hypopharynx cancer. It is
unclear how hypopharynx cancer is managed nationwide and whether a particular approach
confers a survival advantage. Data from single institution and city level cancer registries
have reported 4-29% of hypopharyngeal cancers as HPV associated,16-21 often with a
survival benefit.19-21 The NCDB began recording HPV status in 2010. Since the database
likely reflects the largest experience with HPV-associated hypopharynx cancer, we evaluated
the incidence and survival of the subset of patients treated from 2010-2016 with known
HPV status separately.

MATERIALS AND METHODS

The NCDB is a clinical oncology database jointly sponsored by the American College of
Surgeons and the American Cancer Society. It includes hospital registry data collected in
more than 1,500 Commission on Cancer (CoC)-accredited facilities, and represents more
than 70% of newly diagnosed cancer cases nationwide.

Patient Selection

We used the NCDB to find patients with clinical stage 1-1VVB squamous cell carcinoma of the
hypopharynx. We included patients diagnosed between 2004-2016. Patients were identified
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on the basis of International Classification of Diseases for Oncology, 3rd edition (ICD-O-3)
histology codes (8070, 8071, 8072, 8074, 8075, 8076, 8083, 8084) and site codes (C129,
C130, C132, C138, C139). For the NCDB, clinical staging is coded in accordance with

the AJCC Cancer Staging Manual edition in use at the time of diagnosis. Only patients
receiving treatment typically undertaken with curative intent were included. Treatment
regimens were classified as: surgery, radiation alone (RT) and chemoradiation (CRT).

For analyses of locally advanced hypopharyngeal cancer, surgery was further divided into
surgery alone and surgery + adjuvant CRT/RT. Patients receiving surgery + chemotherapy
(without RT) were excluded in these analyses. For primary surgical therapy procedures
considered to be definitive included: local tumor excision, pharyngectomy (partial or total),
pharyngectomy with laryngectomy, radical pharyngectomy, surgery NOS. For radiation
therapy, only patients receiving external beam radiation or radiation NOS with dose > 60 Gy
were included. The primary outcome was overall survival (OS); the NCDB does not collect
information on recurrence patterns, cancer-specific survival or salvage therapy. HPV status
was available for some patients diagnosed after 2010. It is unknown why some patients were
tested and others were not; thus the subset of patients tested may not be representative of
the general population of hypopharynx cancer patients. “HPV-positive” status was defined
by showing HPV high-risk type 16, type 18, both types 16 and 18, or another high-risk type
(site-specific factor codes 20-60). Patients considered “HPV-negative” were those without
high-risk types, without high-risk and low-risk types, or positive only for low-risk types
(site-specific factor codes 0 and 10).

Statistical methods

Statistical analyses were performed using SAS software version 9.4 and Stata version 15.1.
Kaplan-Meier survival analysis and the log-rank test were used to determine the unadjusted
association between treatment modality and overall survival. Multivariable analysis was
conducted using Cox regression analysis, with an interaction between stage and treatment
to allow for different effects of treatments by stage. Overall clinical stage and clinical
T-category were considered in separate models. The proportional hazards assumption was
assessed via a test of the Schoenfeld residuals. Additional multivariable models were fit in
the subset of patients with HPV status known.

Covariates used in adjusted analyses of the entire cohort include: age, gender, race,
Charlson/Deyo score, regional income, regional education level, insurance status, year of
diagnosis, facility type, tumor grade, and AJCC clinical stage. Age effects were estimated
using an increase in 10 years of age. Charlson/Deyo score is recorded as 0 (no comorbid
conditions), 1, 2, or 3 (greater than 2). Income was divided into four quartiles and education
level captured the percent of adults who did not graduate high school in a patient’s zip
code. Insurance status was classified as: uninsured, private, Medicare, Medicaid, other
government insurance or unknown. Facility types included community cancer program,
comprehensive community cancer program, academic/research program, integrated network
cancer program, and other or unknown. In the subgroup with HPV status known, adjusted
analyses included HPV status as a covariate in addition to the covariates listed above.
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RESULTS

We identified 9314 patients treated with curative intent for clinical stage I-1VB squamous
cell carcinoma of the hypopharynx (Table 1). The majority of patients were male (80%) and
at diagnosis 1591 (17%) were AJCC clinical stage I-11, 2061 (22%) were stage 111, 5662
(61%) were stage V. Stage | cancer was rare and treated with RT alone or primary surgery
with similar frequency (~38%), and with CRT around a quarter of the time. Stage Il cancer
was most commonly treated with CRT (42%). The most common management technique
of advanced stage was primary chemoradiation (67%). When evaluated in terms of larynx
preservation, 75% of T3 tumors were managed with RT/CRT and 25% with primary surgery,
while 63% of T4 tumors were managed with RT/CRT and 37% with primary surgery. For
those managed with resection, adjuvant RT/CRT followed surgery for 46% of T3 patients
and 54% of T4 patients. The percentage of patients receiving a given treatment for each
AJCC clinical stage and T category is shown in Tables 2 and 3.

Overall survival at one year was 86% for AJCC clinical stage I, 86% for 11, 81% for 11,
78% for IVA and 68% for IVB. Overall survival at 5 years was 45% for AJCC clinical stage
I, 41% for 11, 38% for I11, 33% for IVA and 21% for IVVB (Figure 1). Unadjusted overall
survival stratified by treatment modality is shown in Figure 2. A stage-by-stage analysis
was performed to assess overall survival as a function of treatment modality while adjusting
for known pertinent factors (Table 2). Treatment modality did not significantly influence
adjusted survival for either stage | or stage Il disease. Radiation alone was consistently
associated with worse survival for clinical stages 11, IVA, and IVB when compared to CRT.
Primary surgery was equivalent to CRT for stage Il, IVA, and VB disease.

Treatment modality did not significantly impact hazard ratio of death for clinical T1-T2. For
T3-4 primary tumors, radiation alone was associated with worse OS than CRT (Table 3). For
T3 disease, primary surgery and CRT resulted in equivalent outcomes, while for T4 disease
outcomes were superior with primary surgery (HR 0.864, p = 0.0108).

For locally advanced disease, analysis of the impact of treatment modality showed HR of
death varied over time, with primary surgery patients doing worse than CRT in the early
follow up period. Further refinement of the primary surgery group into surgery + adjuvant
RT/CRT and surgery alone groups showed that the driver of poor early outcomes was the
surgery alone group. For both stages 111 and IV, surgery + adjuvant therapy and CRT were
equivalent, while surgery alone was associated with worse outcomes (HR for surgery alone
1.237, p = 0.05 for stage 11l and 1.288, p = 0.0002 for stage IV). Similar results were
obtained for T3 disease (HR for surgery alone 1.25, p = 0.027). For T4 disease, surgery
alone and CRT had equivalent and worse outcomes than surgery +adjuvant therapy (HR
0.78, p = 0.001).

On multivariable analysis, age, gender, race, tumor grade, year of diagnosis, median income,
charlson/deyo score, facility type, and insurance status were considered. On MVA, having
Charlson/Deyo score >0 and being older were associated with worse outcomes (Table 4).
The hazard ratio of death was 1.16, 1.21, and 1.42 for CCI of 1, 2 or 3+ respectively when
compared to a CCl of 0 (p = <0.0001, 0.0071, 0.0017, respectively). Private insurance was
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associated with better outcomes, with no insurance, Medicaid, and Medicare showing worse
survival (HR 1.49, 1.40, 1.24, respectively; p = <0.0001 for all three).

HPV status for hypopharynx cancer was first entered in 2010 and has since been assigned
a field as a matter of course for all patients. From 2010-2016, HPV status was reported for
21% of patients in the cohort (1,985 patients), and found to be positive for 21%. Overall
survival was better for HPV-positive status (Figure 3). On MVA, the hazard ratio of death
was significantly improved for patients with HPV-positive tumors (0.60, p = <0.0001).
More detailed evaluation of the effects of treatment modality and stage were not possible,
as dividing the 417 HPV-positive patients into separate stage designation and treatment
modality sub-categories resulted in very small strata.

DISCUSSION

While the rarity of primary squamous cell carcinoma of the hypopharynx limits the ability of
single institutions to report outcomes, this NCBD analysis of more than 9000 patients over
12 years provides important information surrounding hypopharynx cancer patterns of care
and results. Unfortunately early stage (Stage I/11) hypopharynx cancers are uncommon (17%
of those with hypopharynx cancer). The disease is often advanced at diagnosis and typically
managed similarly to advanced squamous cell carcinoma of the larynx. However, due to

its apparently distinct natural history and patterns of spread we believe that hypopharynx
squamous cell carcinoma should be evaluated and considered separately.

Patient characteristics

The hazard ratio of death increases with increasing comorbidity score (HR = 1.16, 1.21, and
1.42 for CCl of 1, 2 or 3 respectively). This has been established in several prior studies of
head and neck cancer.22: 23 Insurance status predicts survival and only private insurance was
associated with better outcomes. Similar results were seen in an analysis of 1231 head and
neck cancer patients.24 Medicaid/uninsured (HR 1.50) and medicare (HR 1.69) patients had
significantly lower overall survival compared to patients with private insurance.

Treatment patterns

Close to two-thirds of patients in the United States with hypopharynx cancer are initially
managed with primary chemoradiation. This includes 36% of stage I-11 hypopharynx
cancer patients, who do not have traditional risk factors interpreted as indications for
chemoradiation (T3-4 primary disease or nodal disease) and have acceptable reported
outcomes for RT alone.8-10 The NCDB does not capture reasons for treatment decisions
but patients managed with CRT rather than RT alone were more likely to be younger

males with a Charlson comorbidity score of 0. Perhaps due to the prevailing notion

that hypopharynx cancer has poor outcomes in general,* it seems likely that patients
thought able to tolerate treatment intensification were approached with CRT without firm
indication. Different factors seemed to influence the choice of surgery — the percent of
patients managed with resection did not vary with age (~25%) but increased with increasing
Charlson comorbidity score. Treatment with an operation depended largely on the category
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of the hospital administering care. In this series there was no association between facility
type and overall survival but 35% of patients received surgery at academic centers while
only 13% and 16% of patients at community and comprehensive community cancer centers
underwent resection. A similar effect was found in a study comparing treatment patterns in
non-teaching to teaching hospitals in the United States.2> From 2000-2010 the proportion
of patients submitted to major ablative surgical procedures decreased for non-teaching
hospitals, while remaining stable for teaching centers.

Stage /1l disease and the impact of treatment modality on survival

The poor survival of early hypopharynx cancer is noteworthy. More than half of Stage |
patients (a majority of whom have a Charlson comorbidity index of 0) are no longer alive
within five years of diagnosis. While single institution reports document encouraging relapse
free survival (RFS) in early hypopharynx cancer, these reports similarly demonstrate poor
survival at 5 years, even for the uncommon T1-2 NO lesions.8 This is markedly different
from the survival seen with T1-2 NO glottic and supraglottic cancers.2% Consistent with
other analyses of early stage hypopharynx cancer?”- 28 the current analysis shows no survival
advantage from any modality (eg surgery, radiation, or chemoradiation). Chemoradiation

is not generally indicated for early stage disease. Indeed, the NCDB suggests that the
addition of chemotherapy does not improve survival for limited stage hypopharynx cancer.
Conventional methods to intensify radiation do not result in improved outcomes, but

the increase in morbidity is certain. Because the NCDB does not report cancer-specific
outcomes it is not possible to report RFS. The overall survival of stage I-11 hypopharynx
cancer is poor by comparison to other head and neck sites.

Advanced disease

Concurrent chemoradiation is the recommended organ preservation therapy for stage 11/IV
hypopharynx cancer?® and thus not surprisingly RT alone for advanced HPC was associated
with an increased risk of death compared to surgery or chemoradiation. Comparison of the
two recommended treatment regimens for advanced stage hypopharynx cancer, concurrent
CRT and surgery + adjuvant RT/CRT demonstrated equivalence. Surgery without adjuvant
radiation was, as expected, associated with worse survival. Surprisingly, only 40% of
patients with stage 111 disease and 58% with stage IV disease received adjuvant RT or CRT.
As mentioned above, the NCDB does not capture the rationale behind treatment decisions,
thus it is not possible to determine why such a large proportion of patients with locally
advanced disease did not receive adjuvant radiation.

Prior literature often suggests equivalently poor outcomes for primary surgery and CRT.
Lefebvre et al did not find a significant difference in 5-year (38% v 32.6%,) or 10-year
(13.1% v 13.8%) overall survival between induction chemotherapy followed by RT versus
primary surgery in a prospective trial of patients with stage I11-1V HPC.5 Recent retrospective
studies also suggest equivalent overall survival between surgery and CRT for patients with
locally advanced hypopharyngeal cancerl3: 27. 30. 31 byt some series have suggested a benefit
to primary surgery. A retrospective analysis of 137 patients with HPC (87% had T3-4
disease) found that resection resulted in a reduction in the risk of death by 48% (p=0.02).1°
Improvement in 3-year overall survival for surgically managed patients with stage IVA
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disease was demonstrated in a small single institution retrospective analysis (75% v 55%, p
=0.04).32

Although this analysis demonstrated equivalence for surgery + adjuvant therapy and CRT
for stage 111 and IV disease, there was a survival benefit to primary surgery + adjuvant
RT/CRT over CRT for T4 disease specifically. This is consistent with prior studies. A SEER
database analysis33 showed a benefit to surgery over CRT, although median survival with
either treatment was poor (25 v 20 months, p<.001). On multivariable Cox regression, a
significant survival benefit was only seen for T4 disease as in the current analysis. Similarly,
several series have demonstrated improved outcomes with surgical management in T4 larynx
cancer both in terms of locoregional control®* and overall survival3®: 36,

HPV is the most important prognostic factor in the management of oropharynx cancer.37:38
It is known that there is a subset of non-oropharyngeal primary tumors that are p16 and
HPV-1SH positive. p16-positive non-oropharyngeal tumors have been demonstrated to have
improved OS when compared to p16-negative tumors.3%-41 While NCDB HPV data is
limited to patients treated after 2010, this represents a large group of hypopharynx cancer
patients (n=1,985). This dataset includes a much higher rate of HPV-positivity than the
series from multiple RTOG trials, but the NCDB number is much larger and not subject

to protocol entry. Hence the current series is likely a more reliable indicator of the true

rate of HPV-positivity among patients with hypopharynx cancer. Although the relative
incidence is different, the hazard ratio for OS in this series (HR 0.60, p = <0.0001) is very
similar to that of a prior RTOG secondary analysis (HR 0.56, p = 0.01)3° which included
oral cavity, hypopharyngeal and laryngeal cancers. (Figure 3). Because most patients in

the current study were HPV-negative and the HPV status data was collected in only a
minority of patients (with different stages and managed with different modalities), we
were unable to determine whether there was an interaction between treatment type and
HPV status. However, perhaps one-fifth of hypopharynx cancer patients have HPV-positive
disease and survival of those patients is better. The College of American Pathologists
recommends staining oropharynx cancer for p16 reflexively, but not other subsites of the
upper aerodigestive tract*? — this data suggests that perhaps hypopharynx squamous cell
carcinoma should similarly be evaluated for HPV routinely.

CONCLUSIONS

Overall survival for hypopharyngeal cancer is poor, even for early stage disease where
adding chemotherapy to radiation does not significantly alter the hazard ratio of death, with
similar outcomes for CRT, RT and surgery. For advanced stage, radiation or surgery alone
are associated with worse survival but surgery + adjuvant therapy and CRT are equivalent.
A statistically significant benefit to surgical management was seen for T4 disease. In this
analysis, 21% of patients with hypopharynx cancer are HPV-positive and this appears to be
associated with improved survival.
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OS by Clinical Stage
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FIGURE 1.
Overall survival by AJCC clinical stage; p=<0.0001
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OS by HPV
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Patient Characteristics

TABLE 1

Characteristic

Age

<60 years
>60 years
Gender
Male
Female
Charlson/Deyo
0

1

22
Clinical T
1

2

3

4
unknown
Clinical N
0

1

2

3
unknown
Overall AJCC stage
|

1

11

v

IVA

VB

Treatment modality

Surgery (n=2383)

864 (36%)
1519 (64%)

1958 (82%)
425 (18%)

1674 (70%)
530 (22%)
179 (8%)

304 (13%)
563 (24%)
597 (25%)
857 (36%)
56 (2%)

1061 (44%)
323 (14%)
863 (36%)
76 (3%)

60 (3%)

199 (8%)
333 (14%)
499 (21%)
50 (2%)
1178 (50%)
124 (5%)

CRT (n=5766)

2419 (42%)
3347(58%)

4686 (81%)
1080 (19%)

4478 (78%)
971 (17%)
317 (5%)

677 (12%)
2018 (35%)
1610 (28%)
1297 (22%)
154 (3%)

1193 (21%)
1079 (19%)
2963 (51%)
406 (7%)
125 (2%)

123 (2%)
449 (8%)
1331 (23%)
107 (2%)
3105 (54%)
651 (11%)

RT alone (n=1165)

271 (23%)
894 (77%)

852 (73%)
313 (27%)

857 (73%)
210 (18%)
98 (8%)

279 (24%)
484 (42%)
207 (18%)
155 (13%)
37 (3%)

597 (51%)
168 (14%)
336 (29%)
32 (3%)
32 (3%)

191 (16%)
296 (25%)
231 (20%)
16 (1%)
366 (32%)
65 (6%)

p value

<.0001

<.0001

<.0001

<.0001

<.0001

<.0001
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Hazard ratio of death by treatment modality for each AJCC clinical stage

TABLE 2

1(n=513)  2(1078) 3 (2061) 4A (4649) 4B (840)
% HR % HR % HR % HR % HR
Surg 39 1077 31 1082 24 1055 25 1023 15 1214
CRT (ref) 24 - 42 - 65 - 67 - 7 -
RT 37 0802 27 1037 11 13g* 8 1393 8 1645%
(0.0008) (<.0001) (.0011)

*
statistically significant with p value in parenthesis
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Hazard ratio of death by treatment modality for each AJCC clinical T category

TABLE 3

1(n=1260) 2(3065) 3 (2414) 4(2309)
% HR % HR % HR % HR
Surg 24 0995 18 1024 25 1004 37 (gea*
(0.0108)
CRT (ref) 54 - 66 - 67 - 56 -
RT 22 0887 16 1013 8 1gs1* 7 1515%
(<.0001) (0.0002)

*
statistically significant with p value in parenthesis
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TABLE 4

Results of multivariable analysis

Characteristic HR of death  p value

Age 1.22 <.0001

Gender

Male 1.039 0.2979

Female

Charlson/Deyo

0

1 1.157 <.0001

2 1.214 0.0071

3 1.421 0.0017

Tumor Grade

1

2 1.014 0.8506

3 0.929 0.3187

4 1.065 0.7103

Insurance

Uninsured 1.488 <.0001

Private

Medicaid 1.397 <.0001

Medicare 1.239 <.0001

Other Government 1.199 0.0624

Facility Type

Community 0.976 0.7243

Comprehensive Community 1.012 0.8116

Academic/Research 0.959 0.39%4

Integrated Network Cancer Program
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Results of multivariable analysis for entire cohort

Integrated network cancer program

Characteristic HR  pValue
Age 122 <0.0001
Gender
Male 1.04 0.2979
Female
Charlson/Deyo
0
1 1.16 <0.0001
2 1.21 0.0071
3(>2) 142 0.0017
Tumor grade
1
2 1.01 0.8506
3 0.93 0.3187
4 1.07 0.7103
Insurance
Uninsured 1.49  <0.0001
Private
Medicaid 140 <0.0001
Medicare 1.24  <0.0001
Other government 1.20 0.0624
Facility type
Community 0.98 0.7243
Comprehensive community 1.01 0.8116
Academic/research 0.96 0.394

Abbreviation: HR, hazard ratio of death.
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TABLE 6.

Patient characteristics for cohort with HPV status known

Characteristic No. (%) of patients by HPV status p Value
HPV negative (n = 1568) HPV positive (n = 417)
Age
<60 years 614 (39) 187 (45) 0.0354
>60 years 954 (61) 230 (55)
Gender
Male 1265 (81) 339 (81) 0.7755
Female 303 (19) 78 (19)
Charlson/Deyo
0 1158 (74) 333 (80) 0.0833
1 293 (19) 61 (15)
>2 117 (7) 23 (5)
Clinical T
1 238 (15) 74(18) 0.0044
2 518 (33) 160(38)
3 398 (26) 93(22)
4 394 (25) 79(19)
Unknown 20 (1) 11 (3)
Clinical N
0 500 (32) 94 (23) 0.0059
1 241 (15) 75 (18)
2 753 (48) 225 (54)
3 67 (5) 22 (5)
Overall AJCC stage
I 94 (6) 18 (4) 0.0259
I 197 (13) 30 (7)
1] 313 (20) 86 (21)
v 964 (61) 283 (68)

Abbreviation: HPV, human papillomavirus.
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TABLE 7.

Results of multivariable analysis for subset of patients with known HPV status (no. of patients = 1589)
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Characteristic HR  pValue
Age 126  <0.0001
Gender
Male 1.14 0.1626
Female
HPV status
Positive 0.6  <0.0001
Negative
Charlson/Deyo
0
1 1.16 0.0836
2+ 1.45 0.0099
Tumor grade
1
2 0.72  0.0603
3 0.68 0.0387
4 0.8 0.5652
Insurance
Uninsured 1.66  0.0063
Private
Medicaid 1.44 0.0014
Medicare 119 0.081
Other government 0.8 0.3512
Facility type
Community 1.08 0.6382
Comprehensive community 1.02 0.8923
Academic/research 0.97 0.8004
Integrated network cancer program

Abbreviation: HR, hazard ratio of death.
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