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Abstract

IMPORTANCE—Comorbidity affects the prognosis of patients with cancer through the direct
effects of the comorbid illness and by influencing the patients’ ability to tolerate treatment and
mount a host response. However, the prognostic importance of comorbidity in oropharyngeal
squamous cell carcinoma is not well characterized in the era of human papillomavirus infection.

OBJECTIVE—To determine the prognostic importance of comorbidity in both p16-positive and
pl6-negative oropharyngeal squamous cell carcinoma and to explore the relationship between
comorbidity and p16.

DESIGN, SETTING, AND PARTICIPANTS—Retrospective cohort study of 305 patients at a
single tertiary referral center diagnosed as having oropharyngeal squamous cell carcinoma
between June 1996 and June 2010, but without a history of head and neck cancer or distant
metastasis at time of diagnosis. The data were analyzed from August 1, 2014, through April 30,
2015.

EXPOSURES—Patients were grouped according to p16 status.
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MAIN OUTCOMES AND MEASURES—Overall survival, defined as the time from diagnosis
to death from any cause. Disease-free survival, defined as the time from diagnosis to either death
from any cause or the first documented local, regional, or distant recurrence.

RESULTS—Of the 305 patients who met eligibility criteria, 230 were p16-positive, 70 were p16-
negative, and 5 were not evaluable for p16 status. The final cohort of 300 patients had a mean (SD)
age of 56.3 (9.3) years and 262 (87%) were male. In Kaplan-Meier analysis, the 5-year overall
survival rates were 71%(95% CI, 65%—76%) for 232 patients with no comorbidity to mild
comorbidity and 49%(95% ClI, 36%—61%) for 63 patients with moderate to severe comorbidity. In
multivariate Cox proportional hazards analysis, moderate to severe comorbidity was associated
with an increased risk of death from any cause (adjusted hazards ratio [aHR], 1.52 [95% CI, 0.99-
2.32]) and increased risk of death or recurrence (aHR, 1.71 [95% Cl, 1.13-2.59]). After stratifying
by p16 status and controlling for other variables, moderate to severe comorbidity was significantly
associated with increased risk of death from any cause among p16-negative patients (aHR, 1.90
[95% CI, 1.03-3.50]) but not among p16-positive patients (aHR, 1.11 [95% CI, 0.61-2.02]).

CONCLUSIONS AND RELEVANCE—Comorbidity is important to consider when assessing
the prognosis of patients with oropharyngeal squamous cell carcinoma and is of greater prognostic
value in p16-negative than p16-positive cancer.

The incidence of oropharyngeal squamous cell carcinoma (OPSCC) has risen dramatically
in recent years coinciding with the increasing rates of human papillomavirus (HPV)
infection.1~* HPV-related OPSCC is a biologically, epidemiologically, and clinically unique
disease entity.>8 HPV-positive OPSCC tends to arise in young, healthy, white males and is
associated with sexual risk factors. These cancers often present as high-grade, small primary
tumors with nodal metastasis. In contrast, traditional, HPV-negative OPSCC afflicts older
patients, is associated with tobacco and alcohol use, and metastasizes to regional lymph
nodes later in the disease process. While HPV-negative OPSCC portends a very poor
prognosis, HPV-positive OPSCC is associated with favorable outcomes.”-%-12 The molecular
profile of HPV-positive OPSCC is characterized by overexpression of the tumor suppressor
protein, p16. Conversely, HPV-negative tumors rarely exhibit p16 overexpression. Thus, p16
is useful as a sensitive and specific marker of HPV in OPSCC.13.14

Compared with HPV-negative OPSCC, HPV-positive cancers are known to arise in patients
with less comorbidity.> Comorbidity is important to consider when assessing the prognosis
of patients with cancer because it can have an impact on survival both through the direct
effects of the comorbid illness and by influencing the patient’s ability to tolerate treatment
and mount a host response.1® In addition, comorbidity often influences treatment selection1®
and may affect treatment adherence.> Comorbidity has been shown to be an important
prognostic factor in numerous cancers,1” including cancers of the colon,18 breast,19.20
lung,21-22 cervix,22 and head and neck.24-28 In OPSCC, the prognostic importance of
comorbidity is not well defined. Some investigators have shown comorbidity to be an
important prognostic factor independent of HPV status,26:29:30 while others have found that
among HPV-positive patients, comorbidity is not prognostic.3!

In the present study, we evaluated the impact of comorbidity on survival in a large cohort of
patients with OPSCC with known p16 status. We hypothesized that the presence of
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comorbid illness would adversely affect survival, with p16 status modifying this effect. We
predicted that comorbidity would be of greater prognostic importance among p16-negative
patients compared with p16-positive patients.

Methods

Patients and Study Design

Approval was received from Washington University School of Medicine’s Human Research
Protection Office to assemble and analyze a cohort of 305 patients with pathologically
confirmed OPSCC, not previously treated, who were identified through a search of separate
patient databases maintained by the Departments of Pathology, Otolaryngology, and
Radiation Oncology. All data were deidentified. All patients were diagnosed and treated
with curative intent at Barnes-Jewish Hospital in St Louis, Missouri, between June 1996 and
June 2010. Prospectively gathered demographic, comorbid health, clinicopathological, and
outcome data were obtained from the Oncology Data Services tumor registry (Table 1). Vital
status was updated through December 2014 using the electronic medical record, and the date
of death was confirmed using the Social Security Death Index. Missing values were
investigated and resolved when possible using the electronic medical record. Patients with
remaining missing values after querying the medical record did not differ from patients with
known values in either of the 2 study end points, overall survival (OS) and disease-free
survival (DFS). Patients were not compensated and did not provide written informed
consent.

Because racial disparities exist in survival of head and neck cancer,32 patient-reported race
was included in our analysis and was classified as white vs nonwhite. Smoking history was
recorded at the time of diagnosis and was dichotomized into nonsmokers and smokers with
either a current or former history of smoking. Comorbidity was assessed using the Adult
Comorbidity Evaluation-27 (ACE-27) index.1” Clinical stage was assigned according to the
American Joint Committee on Cancer (AJCC) Cancer Staging Manual, Seventh edition,
criteria33 and incorporated all information available at the time of diagnosis. Patients who
presented with pathologically confirmed squamous cell carcinoma metastatic to regional
neck lymph nodes but with a primary tumor of unknown origin were included in the study
and designated as having clinical stage TX disease. Head and neck cancers of unknown
primary are often treated as occult oropharyngeal cancers and are often subsequently
identified as having originated from the oropharynx, especially in p16-positive cancers.34-36
In our cohort, 34 of 37 patients with cancer of unknown primary (92%) were p16-positive.
Initial treatment regimens included definitive radiotherapy or chemoradiotherapy, surgery
alone, and surgery with adjuvant radiotherapy or chemoradiotherapy. One patient refused
surgery and received chemotherapy alone and was excluded from analysis. Patients with a
history of head and neck cancer or distant metastases at the time of presentation were
excluded.

p16 Immunohistochemical Analysis

p16 Immunohistochemical analysis was conducted by a single pathologist (J.S.L.), blinded
to the diagnosis and clinical characteristics of the patients, following standard protocols.3”
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Representative 4-um sections cut from formalin-fixed, paraffin-embedded tissue blocks were
stained using a monoclonal antibody to p16 (MTM Laboratories CINTEC) on a Ventana
Benchmark immunostainer (MVentana Inc) with appropriate positive controls. A specimen
was considered p16 positive if at least 50% of tumor cells showed strong and diffuse
staining. Of the 230 specimens that were considered positive, 221 (96%) exhibited strong
staining in greater than 75% of cells. Of the 70 specimens that were considered negative, 69
(99%) showed staining in less than 25% of tumor cells.

Study End Points

The primary study end point was duration of OS, which was defined as the time from
diagnosis to death from any cause. A secondary study end point was duration of DFS, which
was defined as the time from diagnosis to either death from any cause or the first
documented recurrence. Recurrences were classified as either locoregional failure or distant
metastasis and were considered only in patients declared disease-free following initial
treatment. Patients who were never disease-free were not classified as having had a
locoregional failure or metastasis.

Statistical Analysis

Standard descriptive statistics were used to describe the distribution of characteristics
between p16-positive and pl6-negative patients. Heterogeneity between these 2 groups was
tested using Pearson XZ or Fisher exact test for categorical data and independent #test for
continuous data. The Kaplan-Meier method with the log-rank test and Cox proportional
hazards (PH) regression analysis were used for univariate survival analysis. Multivariate Cox
PH analysis was conducted to evaluate the independent effect of comorbidity on survival.
All variables that were statistically significant predictors of survival at the a = .10 in
bivariate analysis were included in the multivariate analysis. Additional Cox PH multivariate
analyses were conducted to evaluate the prognostic importance of comorbidity after
stratifying by p16 status. The independent prognostic value of comorbidity was expressed as
an adjusted hazard ratio (aHR) with a 95% CI. The assumption of proportionality was
visually tested for all variables using log — log plots, and the models’ discriminative power
was evaluated using Harrell’s c-index.38 All statistical tests were evaluated at the 2-sided a
=.05. Statistical analyses were performed using SPSS software (version 22.0; SPSS Inc).

Results

Description of the Cohort

Of the 305 patients initially identified, 300 had tumor specimense valuable for p16
immunohistochemical analysis and were included in the data analysis. Our final cohort of
300 patients consisted of 230 p16-positive patients (77%) and 70 p16-negative patients
(23%). Characteristics of the cohort stratified by p16 status are listed in Table 1. Compared
with p16-negative patients, p16-positive patients were more likely to be male, white, and a
nonsmoker, and have less comorbidity. In addition, p16-positive cancers tended to present as
small primary tumors with advanced nodal disease. Among patients who were alive at last
follow-up, the median follow-up was 88 months (interquartile range, 68-117 months).
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Vital status at last follow-up and the presence of documented recurrence are displayed in
Table 2. In Kaplan-Meier analysis, the 5-year OS rates were 77% (95% CI, 72%-82%) for
pl6-positive patients and 30% (95% Cl, 19%-41%) for p16-negative patients for an absolute
difference of 47% (95% ClI, 35%-59%). The 5-year DFS rates were 74% (95% CI, 68%-—
79%) for p16-positive patients and 26% (95% CI, 15%-36%) for p16-negative patients
resulting in an absolute difference of 48% (95% CI, 36%—-60%).

Effect of Baseline Features on Survival

In univariate Cox PH analysis, race, smoking history, comorbidity, p16 status, clinical T
stage, and treatment were identified as statistically significant predictors of OS and DFS
(Table 3). In addition, age and clinical N stage were statistically significant predictors of OS
but were not significant for DFS (Table 3). In multivariate Cox PH analysis, smoking
history, p16 status, clinical T stage, clinical N stage, and treatment remained independent
prognostic factors for OS, while smoking, comorbidity, p16 status, clinical T stage, and
treatment were independently prognostic for DFS (Table 3). p16 status was the most robust
prognostic variable in both the OS (aHR, 3.16 [95% ClI, 1.97-5.08]) and DFS models (aHR,
2.92 [95% CI, 1.82-4.68]) (Table 3).

Effect of Comorbidity on Survival

In Kaplan-Meier analysis, comorbidity was a statistically significant predictor of OS and
DFS (P< .001 for both end points). As shown in Figure 1, patients with no comorbidity or
mild comorbidity had similarly favorable out comes while patients with moderate or severe
comorbidity had poor survival. For patients with no comorbidity to mild comorbidity, the 5-
year OS rate was 71% (95% CI, 65%-76%) and the 5-year DFS rate was 68% (95% ClI,
62%—74%). For patients with moderate to severe comorbidity, the 5-year OS rate was 49%
(95% ClI, 36%—-61%) and the 5-year DFS rate was 44% (95% ClI, 31%-57%). In multivariate
Cox PH analysis, patients with moderate to severe comorbidity compared with patients with
no comorbidity to mild comorbidity had a statistically insignificant yet clinically significant
1.5-fold increased risk of death (aHR, 1.51 [95% CI, 0.99-2.32]) and a statistically
significant and clinically meaningful 1.7-fold increased risk of death or recurrence (aHR,
1.71 [95% CI, 1.13-2.59]) (Table 3).

To investigate the relationship between comorbidity and p16 status, multivariate Cox PH
analyses were conducted after stratification by p16 status. Among p16-positive patients,
moderate to severe comorbidity was associated with a statistically insignificant worse OS
(aHR, 1.11 [95% ClI, 0.61-2.02]) and DFS (aHR, 1.34 [95% ClI, 0.74-2.43]) after
controlling for age, smoking, clinical T stage, clinical N stage, and treatment. Among p16-
negative patients, moderate to severe comorbidity was associated with a statistically
significant and clinically meaningful 1.9-fold increased risk of death (aHR, 1.90 [95% ClI,
1.03-3.50]) and a 2.1-foldincreased risk of death or recurrence (aHR, 2.07 [95% CI, 1.13—
3.80]) compared with no comorbidity to mild comorbidity after controlling for age, race,
clinical T stage, and treatment. Adjusted survival curves for comorbidity stratified by p16
status are shown in Figure 2. As can be seen, the presence of moderate to severe comorbidity
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confers a poor prognosis in p16-negative patients (Figure 2, B and D) but has little effect on
pl6-positive patients (Figure 2, A and C).

Discussion

In our investigation of comorbidity and survival among patients with OPSCC, comorbidity
was found to be an important prognostic variable overall, but not among p16-positive
patients. In the full OS and DFS multivariate models, patients with moderate to severe
comorbidity had a 50% increased risk of death from any cause and 70% increased risk of
death or recurrence compared with patients with no comorbidity to mild comorbidity.
Furthermore, given the upper bound of the 95% ClI, it is plausible that moderate to severe
comorbidity may increase the risk of death from any cause or recurrence by more than 2-
fold compared with no comorbidity to mild comorbidity.

These findings indicate the substantial impact that comorbidity has on prognosis and are
consistent with results from recent studies. For example, Habbous and colleagues,26 in their
study of 525 patients with oropharyngeal cancer, found that after controlling for all other
variables including p16 status, a Charlson Comorbidity Index3° (CCI) score of 2 or greater
was associated with a 31% increased risk of death from any cause (aHR, 1.31 [95% ClI,
1.02-1.70]) compared with CClI scores of 0 or 1. Likewise, in a recent study by Rietbergen
and colleagues?® that evaluated 841 patients with oropharyngeal cancer with known HPV
status, moderate to severe comorbidity, as assessed by ACE-27 scores, was associated with a
62% increased risk of death from any cause (aHR, 1.62 [95% CI, 1.31-2.01]) compared with
no comorbidity to mild comorbidity.

In the present study, multivariate analyses demonstrated a differential effect of comorbidity
on survival between p16-negative and p16-positive patients. Comorbidity was the most
important prognostic factor among p16-negative patients but was not associated with
survival among p16-positive patients. There are at least 2 potential explanations for these
findings. First, there are relatively few p16-positive patients with moderate or severe
comorbidity. In our cohort, 38 of 230 p16-positive patients (17%) had moderate or severe
comorbidity at the time of diagnosis. In contrast, 25 of 70 p16-negative patients (35%) had
moderate or severe comorbidity. The small absolute number of p16-positive patients with
moderate or severe comorbidity reduces the statistical ability to detect an impact of
comorbidity among these patients. Another potential reason that comorbidity is
prognostically more important among p16-negative patients is the strong differential effect
of smoking on survival in p16-positive but not in p16-negative patients. The prognostic value
of comorbidity may be statistically overpowered by smoking among p16-postive patients.
However, among p16-negative patients in whom smoking is not prognostic, because very
nearly all p16-negative patients are smokers, comorbidity is the most important prognostic
variable. In contrast to our results, Rietbergen and colleagues?® found that comorbidity is
prognostically important among HPV-positive patients. However, their Dutch cohort
consisted almost entirely of smokers, and thus they did not find smoking to be
prognostically important. It is possible that among European populations in which smoking
rates are high, smoking is less prognostic than comorbidity; but among American
populations in which smoking rates are lower, smoking as a prognostic factor outweighs
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comorbidity. Indeed, in our multivariate analysis smoking was the most prognostic variable
after p16 status.

To our knowledge, our study is the first to thoroughly investigate the effect of comorbidity
on survival and the relationship between comorbidity and p16 status among patients with
OPSCC. Our findings are important because they demonstrate the necessity of considering
comorbidity when evaluating prognosis and comparative treatment effectiveness of patients
with OPSCC, particularly p16-negative OPSCC. Given the superior prognosis of p16-
positive OPSCC, current research is focusing on refining the current AJCC staging system to
more accurately stratify p16-positive patients into prognostic groups.® Some investigators
have suggested incorporating comorbidity into prognostic models for p16-positive
patients2?; however, our results indicate that comorbidity may be less important for risk
stratification of p16-positive patients. Future research is necessary to confirm the most
important prognostic variables for p16-positive OPSCC and to accurately determine which
patients have the best prognosis and would benefit the most from treatment de-escalation
trials.41

The reliance on observational data is the greatest limitation of this study. Observational data
are inherently susceptible to bias from confounding variables. For example, Hess and
colleagues® reported that adherence to radiotherapy may confound the relationship between
comorbidity and survival among p16-negative patients. Such confounding variables may
lead to an underestimation or overestimation of the effect of comorbidity on survival. In
addition, misclassification bias could affect our results because p16 immunohistochemical
analysis is not a perfectly sensitive or specific marker of HPV. However, because p16
immunohistochemical analysis was conducted in a blinded fashion, any misclassification
bias is likely nondirectional and would bias our results toward the null. Likewise,
comorbidity is also susceptible to misclassification bias. However, comorbidity was assessed
prospectively without knowledge of outcome status. Thus, any misclassification of
comorbidity would also likely be nondirectional and would bias our results toward the null.

Conclusions

Comorbidity is an important prognostic factor to consider when assessing the prognosis of
patients with OPSCC. After controlling for other factors, including p16 status, moderate to
severe comorbidity is associated with a statistically insignificant yet clinically relevant
increased risk of death from any cause. Comorbidity is of greater prognostic importance in
pl6-negative than p16-positive OPSCC. Our findings should help inform future studies that
seek to build predictive models and stratify risk for p16-positive OPSCC.
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Key Points
Question

What is the effect of comorbidity on survival among p16-positive and p16-negative
patients with oropharyngeal squamous cell carcinoma?

Findings

In this retrospective cohort study of 300 patients, moderate to severe comorbidity was
associated with significantly worse survival than none to mild comorbidity after
controlling for other variables including p16 status. In a stratified analysis, comorbidity
was significantly associated with survival among p16-negative patients but not among
pl6-positive patients.

Meaning

Comorbidity is important to consider when assessing the prognosis of patients with
oropharyngeal squamous cell carcinoma and is of greater prognostic importance in p16-
negative patients than p16-positive patients.
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Figure 1. Effect of Comorbidity on Survival
A, Kaplan-Meier overall survival curves. B, Disease-free survival curves. Patients with no

comorbidity and those with mild, moderate, and severe comorbidity are compared. The
reported Pvalues indicate the differences among groups by log-rank test.
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Figure 2. Effect of Comorbidity on Survival asa Function of p16 Status and Adjustment for

Other Prognostic Factors

A, Adjusted overall survival curves for none to mild comorbidity and moderate to severe
comorbidity among p16-positive patients. B, Adjusted overall survival curves for none to
mild comorbidity and moderate to severe comorbidity among p16-negative patients. C,

Adjusted disease-free survival curves for no comorbidity to mild comorbidity and moderate
to severe comorbidity among p16-positive patients. D, Adjusted disease-free survival curves
for no comorbidity to mild comorbidity and moderate to severe comorbidity among p16-
negative patients. aHR indicates adjusted hazards ratio.
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Baseline Characteristics of the Cohort Stratified by p16 Status?

Table 1

p16 Status
Total Cohort  Positive Negative
Characteristic (n=3000 (n=230) (n=70) P Value
Age, mean (SD), y 56.3 (9.3) 56.2 (9.0) 56.4(10.4) .87
Sex .09
Male 262 (87) 205 (89) 57 (81)
Female 38 (13) 25 (11) 13 (19)
Race <.001
White 259 (86) 218 (95) 41 (59)
Nonwhite 41 (14) 12 (5) 29 (41)
Smoking <.001
Yes 215 (72) 150 (65) 65 (93)
No 71 (24) 67 (29) 4 (6)
Unknown 14 (5) 13 (6) 1(1)
Comorbidity .005
None 119 (40) 99 (43) 20 (29)
Mild 113 (38) 90 (39) 23 (33)
Moderate 42 (14) 25(11) 17 (24)
Severe 21 (7) 13 (6) 8 (11)
Unknown 5(2) 3(1) 2(3)
Clinical T stage .003
X 37 (12) 34 (15) 3(4)
T1 59 (20) 52 (23) 7 (10)
T2 85 (28) 67 (29) 18 (26)
T3 53 (18) 35 (15) 18 (26)
T4 44 (15) 27 (12) 17 (24)
Unknown 22 (7) 15 (6) 7 (10)
Clinical N stage <.001
NO 44 (15) 23 (10) 21 (30)
N1 53 (18) 41 (18) 12 (17)
N2A 38 (13) 33 (14) 5(7)
N2B 73 (24) 67 (29) 6(9)
N2C 46 (15) 33 (14) 13 (18)
N3 22(7) 15 (7) 7(10)
Unknown 24 (8) 18 (8) 6 (9)
Overall clinical stage 43
I 6(2) 4(2) 2(3)
I 15 (5) 10 (4) 5(7)
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p16 Status
Total Cohort  Positive Negative

Characteristic (n=3000 (n=230) (n=70) PValue

1T 51 (17) 36 (16) 15 (21)

Y, 195 (65) 154 (67) 41 (59)

Unknown 33 (11) 26 (11) 7 (10)
Treatment® <.001

Surgery + CRT 100 (33) 90 (39) 10 (14)

Surgery + RT 108 (36) 88 (38) 20 (29)

Surgery alone 26 (9) 17 (7) 9 (13)

RT/CRT 65 (22) 35 (15) 30 (43)

Abbreviations: CRT, chemoradiotherapy; RT, radiotherapy.

Page 15

a - A . . .
Unless indicated otherwise, data represent number (%) of patients. Instances of column percentages not adding to 100% are owing to round-off

error.

vaaIue comparing p16-positive and p16-negative groups.

c . . .
One p16-negative patient received chemotherapy alone.
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Vital Status and Presence of Documented Recurrence Stratified by p16 Status?

Table 2

p16 Status
Total Cohort  Positive  Negative
Characteristic (n = 300) (n=230) (n=70) Difference, % (95% CI)b
Vital status
Alive 181 (60) 163 (71)  18(26)
45 (32 to 56)
Dead 119 (40) 67 (29) 52 (74)
Locoregional failure
No 282 (94) 222 (97) 60 (86)
Yes 16 (5) 7(3) 9 (13) 11 (3 to 20)
Unknown 2(1) 1(0) 1(1)
Distant metastasis
No 271 (90) 211(92) 60 (86)
Yes 27 (9) 18 (8) 9 (13) 6 (-2 to 16)
Unknown 2(1) 1(0) 1(1)

Page 16

a - . . . .
Unless indicated otherwise, data represent number (%) of patients. Instances of column percentages not adding to 100% are owing to round-off

error.

bPercentage of difference (95% CI) between p16-positive and p16-negative groups.
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Table 3

Univariate and Multivariate Survival Analysis of the Full Cohort

Characteristic

Univariate Analysis

Multivariate Analysis®

HR (95% CI)

aHR (95% ClI)

Overall survival

Age: continuous

1.02 (1.00-1.04)

1.00 (0.98-1.02)

Sex: male vs female

1.31 (0.74-2.34)

Race: nonwhite vs white

2.09 (1.34-3.25)

0.74 (0.43-1.28)

Smoking: yes vs no

4.15 (2.23-7.72)

2.27 (1.14-4.52)

Comorbidity: moderate/severe vs none/mild

2.18 (1.48-3.21)

1.52 (0.99-2.32)

p16: Negative vs positive

4.18 (2.90-6.04)

3.16 (1.97-5.08)

Clinical T stage: T3-T4 vs TX-T2

2.70 (1.85-3.93)

1.98 (1.32-2.98)

Clinical N stage: N2B-N3 vs NO-N2A

1.61 (1.10-2.36)

1.77 (1.15-2.72)

Treatment

Surgery alone vs RT/CRT

0.43 (0.22-0.85)

1.24 (0.57-2.69)

Surgery + RT vs RT/CRT

0.40 (0.26-0.61)

0.71 (0.44-1.16)

Surgery + CRT vs RT/CRT

0.27 (0.17-0.45)

0.44 (0.25-0.77)

Disease-free survival

Age: continuous

1.02 (0.99-1.03)

0.98 (0.96-1.00)

Sex: male vs female

1.32 (0.76-2.31)

Race: nonwhite vs white

1.95 (1.27-3.00)

0.72 (0.42-1.24)

Smoking: yes vs no

3.61 (2.03-6.42)

2.04 (1.07-3.87)

Comorbidity: moderate/severe vs none/mild

2.12 (1.45-3.09)

1.71 (1.13-2.59)

p16: Negative vs positive

3.97 (2.78-5.67)

2.92 (1.82-4.68)

Clinical T stage: T3-T4 vs TX-T2

2.45 (1.71-3.53)

213 (1.42-3.19)

Clinical N stage: N2B-N3 vs NO-N2A

1.39 (0.96-2.00)

1.45 (0.96-2.19)

Treatment

Surgery alone vs RT/CRT

0.72 (0.39-1.31)

2.31 (1.12-4.74)

Surgery + RT vs RT/CRT

0.45 (0.30-0.69)

0.78 (0.48-1.25)
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Univariate Analysis  pytivariate Analysis?

Characteristic HR (95% CI) aHR (95% ClI)

Surgery + CRT vs RT/CRT 0.29 (0.17-0.47) 0.42 (0.24-0.73)

Abbreviations: aHR, adjusted hazard ratio; CRT, chemoradiotherapy; HR, hazard ratio; RT, radiotherapy.

a\/ariables that were significant at the a < .10 level in univariate analysis were included in the multivariate model.
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