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ARTICLE INFO ABSTRACT

Keywords: Background: Human papillomavirus (HPV)-positive oropharyngeal squamous cell carcinoma (OPSCC) has dra-
HPV matically increased in incidence and prevalence among patients aged 70 and older. There are virtually no data
Oropharyngeal cancer regarding outcomes in this population, and thus optimal therapy, including the role of chemotherapy for those
Oropharynx cancer undergoing radiotherapy (RT), remains unclear.
}c?f:;ztt?;n Methods: The National Cancer Database was queried for older adults (defined as age 70 years and older) with
Chemoradiation locally advanced OPSCC (cT1-2N1-3, ¢T3-4N0-3) diagnosed from 2010 to 2014 with known HPV-status un-
Elderly dergoing definitive RT alone or chemoradiation (CRT).
Results: Overall, 1,965 older adults with locally advanced OPSCC met inclusion criteria, including 1,141 HPV-
positive (58%) and 824 HPV-negative (42%) patients. 1,211 patients (62%) received CRT. In multivariable
analysis, CRT was associated with improved survival in older patients when compared to RT alone (hazard ratio
[HR] = 0.74, 95% confidence interval [CI] 0.64-0.86, P < 0.001). CRT was associated with improved survival
in both HPV-positive (HR = 0.80, 95% CI: 0.64-1.00, P = 0.05) and HPV-negative (HR = 0.69, 95% CI:
0.56-0.85, P < 0.001) subgroups. There was no significant interaction between HPV status and the impact of
CRT on survival (P interaction = 0.57).
Conclusions: Despite the radiosensitivity of HPV-positive OPSCC and the challenges in delivering CRT to older
adults, CRT was associated with improved survival in older patients with HPV-positive OPSCC, similar in
magnitude to the benefit in HPV-negative patients. As the incidence of HPV-positive OPSCC in older patients
continues to increase, further studies are needed to investigate optimal therapeutic strategies in this population.

Introduction (CCRT) is the standard of care [5,6]. However, the role of CCRT in older

patients with HPV-positive OPSCC is uncertain for several reasons.

The epidemiologic landscape of oropharyngeal squamous cell car-
cinoma (OPSCC) has significantly evolved over the past decade [1].
Recent studies have shown that human papillomavirus (HPV)-positive
OPSCC, which has historically been associated with younger patients, is
now rapidly increasing in incidence in patients aged 70 and older [2-4].
There is very little data of any type that specifically focuses on this
increasingly common population. Thus, the optimal therapeutic
strategy for older patients with HPV-related OPSCC remains unclear.

For locally advanced OPSCC, concomitant chemoradiotherapy

First, it is well-established that older patients have more difficulty tol-
erating standard multimodality therapy than younger patients, in part
due to increased comorbidities and poorer performance status [6,10].
Moreover, older patients also have an increased risk of severe late
toxicity when undergoing CCRT [11]. Unplanned secondary analysis of
clinical trials have shown no improvement in survival with either
chemotherapy or cetuximab in older patients [6,7], presumably due to
toxicity outweighing oncologic benefit or inability to receive sufficient
therapeutic doses of systemic therapy. Although there are some
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retrospective data suggesting some older adults may in fact benefit from
CCRT with modern treatment [12,13], these studies do not consider
HPV-status, making it uncertain how applicable this data is to HPV-
positive cancers.

Given the radiosensitivity of HPV-associated tumors, which have
markedly improved locoregional control and survival following radio-
therapy in comparison to HPV-unrelated OPSCC [3], it is plausible that
older patients with HPV-positive OPSCC derive less oncologic benefit
from therapeutic intensifications like CCRT compared to those with
HPV-negative disease. This could possibly result in an even narrower
therapeutic window than other older adults with more radioresistant
head and neck cancers.

Given the near complete absence of data regarding the effect of
therapeutic intensification in older adults with HPV-associated OPSCC,
in combination with the rapid increase in the incidence and prevalence
of this of this disease in this population, more research is needed re-
garding the optimal therapeutic strategy for these patients. In the pre-
sent study, we compare survival outcomes for patients 70 years and
older with locally advanced OPSCC undergoing CCRT or RT alone in the
era of increasing HPV-prevalence.

Materials and methods
Database information

This study used de-identified patient data from the National Cancer
Database (NCDB), a database sponsored by the American College of
Surgeons and the American Cancer Society. The NCDB captures data
from more than 1,500 facilities and includes data for approximately
70% of new cancer diagnoses in the United States. The Commission on
Cancer’s NCDB and the hospitals participating in the NCDB are the
source of the de-identified data used herein; they have not been verified
and are not responsible for the statistical validity of the data analysis or
the conclusions derived by us. This study was deemed to be exempt
from the full institutional review board review by Cedars-Sinai Medical
Center.

Patient selection

The NCDB was queried for patients with locally advanced
(American Joint Commission on Cancer (AJCC) 8th edition clinical
stage T3-4NO-3 or T1-2N1-3) non-metastatic oropharyngeal cancers
(International Classification of Diseases for Oncology [ICD-O]-3 codes:
C01.9, C02.4, C05.1, C05.2, C09.0, C09.1, C09.8, C09.9, C10.0, C10.1,
C10.2, C10.3, C10.4, C10.8, C10.9, C14.2) with squamous cell carci-
noma histology (ICD-O-3 codes: 8050-8084) diagnosed from 2010 to
2014 (Supplementary Fig. 1). Patients with ambiguous anatomic site
codes (C02.8, C02.9, C05.8, C05.9, C14.0, C14.8) were excluded. In-
cluded patients underwent definitive RT with or without che-
motherapy. HPV status is coded in NCDB based on any type of HPV
testing performed, including p16 immunohistochemistry, HPV in situ
hybridization, or other methodologies. Concomitant chemoradiation
was defined as receipt of chemotherapy within seven days of the start of
RT. Older patients were defined as those aged 70years and older.
Clinical stage T1-2 NO patients were excluded, as definitive RT without
chemotherapy is the standard of care for this population. Patients who
underwent surgery before radiation, with unknown follow-up, or with
unknown timing of chemotherapy were excluded.

Statistical analysis

Baseline characteristics between patients undergoing RT alone and
CCRT were assessed using Welch’s t-test and the Pearson’s chi-squared
test for continuous and categorical covariates, respectively. Median
follow-up was determined using the reverse Kaplan-Meier method.
Survival functions were estimated using the Kaplan-Meier method and
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the Log-rank test was used to compare survival curves.

Univariate and multivariable survival analyses were performed with
a Cox proportional hazards model. Variable selection was performed
using a backwards stepwise selection on the full multivariable model
optimizing for Akaike information criterion (AIC) [14]. The propor-
tional hazards assumption was assessed using the scaled Schoenfeld
residuals, and the multicollinearity was assessed using the variable
inflation factor (VIF) [15].

To further account for confounding variables, propensity scores
were estimated for each patient using a multivariable logistic regression
model adjusting for all baseline patient clinical and demographical
characteristics [16]. The propensity scores were then matched with the
nearest neighbor method using a caliper of 0.2 [17]. Match diagnostics
were assessed by the standardized mean differences and visually with
histograms distributions of the propensity scores of the matched cohort.

Multivariable subgroup analyses were performed to assess the effect
of CCRT on HPV status. A test of interaction was performed to evaluate
differences in the effect of CCRT on survival among HPV-positive versus
HPV-negative patients. All statistical analyses were performed using R
statistical software (version 3.5.1; R Foundation, Vienna, Austria) with
two-sided tests and a significance level of 0.05 [18].

Results

Overall, 1,965 patients aged 70 and older diagnosed with locally
advanced OPSCC and known HPV status were included in this study,
including 1,141 HPV-positive (58%) and 824 HPV-negative (42%) pa-
tients. 754 (38.4%) patients received RT alone and 1,211 (61.6%) pa-
tients received CCRT. Comparisons of baseline characteristics between
patients undergoing CCRT versus RT alone are listed in Table 1. The
mean age for the entire cohort was 75.5 years.

The median follow-up was 36.8 months. After adjusting for other
covariates in multivariable analysis (Table 2), including HPV-status,
CCRT was independently associated with improved OS in patients aged
70years and older when compared to RT alone (HR 0.74, 95% CI
0.64-0.86; P < 0.001). Notably, HPV positivity was associated with
significantly increased OS in multivariate analysis compared to HPV-
negative disease in this population of older adults (HR 0.68, 95% CI
0.58-0.80; P < 0.001). In propensity score-matched cohorts (Supple-
mentary Table 1), 3-year OS was 65.8% (95% CI, 62.0%—-69.9%) versus
54.0% (95% CI, 50.0%-58.5%) in older adults receiving CCRT and RT
alone, respectively (P < 0.001) (Fig. 1).

We then analyzed the influence of CCRT on OS based on HPV status.
In subgroup analysis, CCRT was associated with improved survival in
both patients with HPV-positive (HR = 0.80, 95% CI: 0.64-1.00,
P =0.05) and HPV-negative (HR = 0.69, 95% CI: 0.56-0.85,
P < 0.001) disease. There was no significant interaction between HPV
status and the magnitude of the association of CCRT with improved
survival for older OPSCC patients (interaction P = 0.57) (Fig. 2A). In
propensity score-matched cohorts of patients with HPV-associated dis-
ease (Figs. 2B and 2C), 3-year OS was 70.3% versus 62.0% in older
adults with HPV-associated OPSCC receiving CCRT and RT alone, re-
spectively (P < 0.001). In HPV-negative propensity score-matched
cohorts, 3-year OS was 53.9% versus 43.0% in HPV-negative OPSCC
undergoing CCRT and RT alone, respectively (P < 0.001) (Supple-
mentary Tables 2 and 3).

Discussion

In this study, we found that CCRT was associated with improved
survival in patients aged 70years and older with locally advanced
OPSCC compared to RT alone, even when accounting for HPV-status. In
fact, the magnitude of improved survival associated with CCRT was
similar among HPV-positive and HPV-negative patients, with no sig-
nificant interaction between HPV-status and CCRT detected. In the
subgroup of patients aged 70 and older with HPV-positive OPSCC, there
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Table 1
Baseline characteristics in patients aged 70 or older with oropharyngeal squamous cell carcinoma undergoing definitive radiation with or without concurrent
chemotherapy.

Characteristics Overall Radiation alone Chemoradiation p*
N = 1965 N = 754 N =1211

Age (years)

Mean (SD) 75.5 (4.80) 76.5 (5.41) 74.8 (4.27) < 0.001
Median [IQR] 74.0 [72.0; 78.0] 75.0 [72.0; 79.0] 74.0 [71.0; 77.0] < 0.001
Sex 0.323
Male 1546 (78.7%) 584 (77.5%) 962 (79.4%)
Female 419 (21.3%) 170 (22.5%) 249 (20.6%)
Race 0.296
White 1804 (91.8%) 684 (90.7%) 1120 (92.5%)
Black 127 (6.46%) 57 (7.56%) 70 (5.78%)
Other/unknown 34 (1.73%) 13 (1.72%) 21 (1.73%)
T-Classification 0.058
T1 260 (13.2%) 102 (13.5%) 158 (13.0%)
T2 753 (38.3%) 262 (34.7%) 491 (40.5%)
T3 568 (28.9%) 227 (30.1%) 341 (28.2%)
T4 384 (19.5%) 163 (21.6%) 221 (18.2%)
N-Classification (AJCC 8th Edition) 0.240
NO 224 (11.4%) 95 (12.6%) 129 (10.7%)
N1 940 (47.8%) 356 (47.2%) 584 (48.2%)
N2 730 (37.2%) 270 (35.8%) 460 (38.0%)
N3 71 (3.61%) 33 (4.38%) 38 (3.14%)
Charlson/Deyo comorbidity score 0.002
0 1439 (73.2%) 542 (71.9%) 897 (74.1%)
1 371 (18.9%) 143 (19.0%) 228 (18.8%)
2 130 (6.62%) 50 (6.63%) 80 (6.61%)
=3 25 (1.27%) 19 (2.52%) 6 (0.50%)
Year of diagnosis 0.136
2010 138 (7.02%) 50 (6.63%) 88 (7.27%)
2011 279 (14.2%) 94 (12.5%) 185 (15.3%)
2012 404 (20.6%) 144 (19.1%) 260 (21.5%)
2013 507 (25.8%) 210 (27.9%) 297 (24.5%)
2014 637 (32.4%) 256 (34.0%) 381 (31.5%)
Academic center 0.272
No 1116 (56.8%) 416 (55.2%) 700 (57.8%)
Yes 849 (43.2%) 338 (44.8%) 511 (42.2%)
Facility volume 0.206
Lower volume 1735 (88.3%) 675 (89.5%) 1060 (87.5%)
High volume 230 (11.7%) 79 (10.5%) 151 (12.5%)
Anatomic site 0.114
Tonsil 667 (33.9%) 254 (33.7%) 413 (34.1%)
Base of tongue 1096 (55.8%) 409 (54.2%) 687 (56.7%)
Other 202 (10.3%) 91 (12.1%) 111 (9.17%)
Insurance status 0.143
No insurance 7 (0.36%) 1 (0.13%) 6 (0.50%)
Private 237 (12.1%) 94 (12.5%) 143 (11.8%)
Medicaid 24 (1.22%) 13 (1.72%) 11 (0.91%)
Medicare 1634 (83.2%) 616 (81.7%) 1018 (84.1%)
Other 63 (3.21%) 30 (3.98%) 33 (2.73%)
Zip-code Median income 0.242
< $46,000 928 (47.2%) 343 (45.5%) 585 (48.3%)
=$46,000 1037 (52.8%) 411 (54.5%) 626 (51.7%)
Zip-code Education 0.012
=<20% completed high school 1316 (67.0%) 479 (63.5%) 837 (69.1%)
> 20% completed high school 649 (33.0%) 275 (36.5%) 374 (30.9%)
Urban/rural 0.274
< 1 million people 1094 (55.7%) 432 (57.3%) 662 (54.7%)
=1 million people 871 (44.3%) 322 (42.7%) 549 (45.3%)
HPV status 0.125
Negative 824 (41.9%) 333 (44.2%) 491 (40.5%)
Positive 1141 (58.1%) 421 (55.8%) 720 (59.5%)

*P values are calculated by Pearson's chi-square test for categorical variables and Welch's t-test for continuous variables.

was an approximately 20% relative decrease in mortality with CCRT important potential avenue for future investigation.

versus RT alone in multivariable Cox regression, corresponding to a This is the only study we are aware of investigating the impact of
8.3% absolute improvement in 3-year OS propensity score matched concomitant systemic therapy specifically in HPV-positive OPSCC pa-
cohorts. Thus, this study supports the notion that CCRT should be tients aged 70 and older receiving RT. Nevertheless, our results are
considered in older adults deemed healthy enough for multimodality supported by evidence from RTOG 1016, a trial enrolling patients with
therapy irrespective of HPV-status. However, patient selection is critical locally advanced HPV-positive OPSCC. In this study, which included
for optimizing the therapeutic ratio in the heterogeneous older adult 14% of patients aged 66 or older (maximum age 83 years old), im-
population. Unfortunately, identifying which older patients are best proved survival was seen with cisplatin-based chemoradiation versus
suited for chemoradiation is poorly understood, representing an cetuximab-based bioradiation. There were essentially identical
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Table 2
Univariate and multivariable Cox regression analysis of overall survival for oropharyngeal squamous cell carcinoma patients aged 70 or older undergoing definitive
radiation.
Characteristics Univariate survival analysis Multivariable survival analysis
HR (95%CI) p HR (95%CI) p
Age (years) 1.08 (1.065-1.095) < 0.001 1.071 (1.056-1.087) < 0.001
Sex
Male 1.00 - *
Female 1.304 (1.104-1.539) 0.002
Race
White 1.00 - *
Black 1.555 (1.198-2.017) 0.001
Other 1.432 (0.858-2.39) 0.169
T-Classification
T1 1.00 - 1.00 -
T2 1.496 (1.125-1.991) 0.006 1.45 (1.087-1.934) 0.011
T3 2.356 (1.774-3.129) < 0.001 1.89 (1.408-2.538) < 0.001
T4 2.784 (2.079-3.727) < 0.001 2.46 (1.823-3.319) < 0.001
N-Classification (AJCC 8th Edition)
NO 1.00 - 1.00 -
N1 0.542 (0.436-0.675) < 0.001 0.919 (0.721-1.17) 0.493
N2 0.776 (0.624-0.965) 0.023 0.992 (0.788-1.249) 0.947
N3 0.941 (0.638-1.388) 0.76 1.511 (1.013-2.255) 0.043
Charlson/Deyo comorbidity score
0 1.00 - 1.00 -
1 1.398 (1.166-1.676) < 0.001 1.447 (1.206-1.736) < 0.001
2 1.854 (1.448-2.374) < 0.001 1.748 (1.358-2.249) < 0.001
=3 2.175 (1.226-3.857) 0.008 2.186 (1.227-3.895) 0.008
Year of diagnosis 0.975 (0.918-1.036) 0.412 *
Academic center
No 1.00 - 1.00 -
Yes 1.027 (0.888-1.188) 0.717 1.114 (0.961-1.291) 0.153
Facility volume
Lower volume 1.00 - 1.00 -
High volume 0.552 (0.425-0.718) < 0.001 0.601 (0.461-0.784) < 0.001
Anatomic site
Tonsil 1.00 - 1.00 -
Base of tongue 0.883 (0.752-1.035) 0.125 0.946 (0.804-1.113) 0.505
Other 1.612 (1.284-2.023) < 0.001 1.22 (0.963-1.544) 0.099
Insurance status
No insurance 1.00 - *
Private 0.848 (0.209-3.449) 0.818
Medicaid 1.355 (0.306-6.006) 0.689
Medicare 0.945 (0.236-3.786) 0.936
Other 0.706 (0.163-3.056) 0.641
Zip-code Median income
< $46,000 1.00 - 1.00 -
> $46,000 1.285 (1.11-1.486) 0.001 1.256 (1.083-1.457) 0.003
Zip-code Education
=<20% completed high school 1.00 -
> 20% completed high school 1.227 (1.056-1.425) 0.008
Urban/rural
< 1 million people 1.00 - *
=1 million people 1.057 (0.915-1.223) 0.45
Concurrent chemotherapy
No 1.00 - 1.00 -
Yes 0.662 (0.573-0.765) < 0.001 0.741 (0.639-0.859) < 0.001
HPV status
Negative 1.00 - 1.00 -
Positive 0.532 (0.460-0.615) < 0.001 0.682 (0.579-0.803) < 0.001

*Dropped from multivariable model through stepwise variable selection.

magnitudes of improvement in OS with cisplatin versus cetuximab in
patients 66 and older as in younger patients (interaction P = 0.99). This
implies that, at least for some older adults with HPV-positive OPSCC,
systemic therapy can improve outcomes, similar to our findings.

The results of our study and RTOG 1016 contrast with previous
historical studies showing no benefit to treatment intensification in
older adults with head and neck cancer undergoing definitive radio-
therapy [6,7,19]. This may be due to several reasons. First, there has
been a significant improvement in radiation techniques over the past
two decades, which may have improved the therapeutic window for
older patients. For example, intensity-modulated radiotherapy (IMRT),

now a standard of care, substantially reduces dose heterogeneity while
limiting the dose to surrounding normal structures, thereby decreasing
toxicity in multiple randomized phase III trials [20-22]. There is ret-
rospective evidence that the use of IMRT in treatment of older patients
with head and neck cancer is associated with improved survival [23].
Other advances, such as image guidance allowing the use of smaller
margins for set-up error and the wider availability of contouring atlases
for IMRT, may also potentially reduce toxicity. Collectively, these im-
provements in radiation delivery may result in better tolerance of CCRT
and a more favorable side effect profile for older adults in the modern
era [24]. There have also been substantial improvements in supportive
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m Radiation
= Chemoradiation

0 12 24 36 48 60
Time (Months)

0%

= 703 534 349 180 93 32

= 703 583 423 229 120 51

Fig. 1. Overall survival of propensity score-matched cohorts of patients with
oropharyngeal squamous cell carcinoma patients aged 70 or older undergoing
definitive radiation alone vs concurrent chemoradiation.

care, such as improved anti-nausea regimens with chemotherapy
[25-27] and mucositis treatments [28-31]. Lastly, the prevalence of
active smoking in North America has decreased from 1980 to 2012
[32], and thus it is likely that the prevalence of smoking among patients
with OPSCC is much lower in comparison to previous eras, which may
further improve toxicity profile.

There has been a dramatic increase in the prevalence and incidence
of HPV-associated OPSCC among older adults since the year 2000
[2—4]. This trend is likely to accelerate over the next decade as a result
of a birth cohort effect and an increase in the absolute number of older
adults due to ageing of the Baby Boom generation [1]. Therefore, it is
critical to understand the optimal therapeutic strategy in these patients.
However, there is a lack of available high-level evidence to guide
treatment decisions in older adults with HPV-positive OPSCC. Trials
specific to this population are needed, given the unique challenges
posed by cancer treatment in these patients. Moreover, although many
older adults with HPV-associated OPSCC likely benefit from CCRT,
there are some that certainly will not. Patient selection is critical, but
the best determinants of fitness for CCRT are unknown. There is on-
going research investigating whether multi-domain tools, such as the
geriatric assessment, are more useful in establishing fitness for multi-
modality treatment than more crude metrics like age, performance
status, and the “eye-ball test” [33], including EGeSOR trial
(NCT02025062), ELAN-FIT (NCT01864772), ELAN-UNFIT
(NCT01884623) and ELAN-RT (NCT01864850). Although these studies
are not specific to HPV-positive OPSCC, they may help establish prin-
ciples for patient selection that are applicable to this population.
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Fig. 2b. Overall survival of propensity score-matched cohorts of patients aged
70 or older with HPV-associated oropharyngeal squamous cell carcinoma pa-
tients undergoing definitive radiation with or without concurrent che-
motherapy.
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Fig. 2c. Overall survival of propensity score-matched cohorts of patients aged
70 or older with HPV-negative oropharyngeal squamous cell carcinoma un-
dergoing definitive radiation with or without concurrent chemotherapy.

Subgroups n HR (95% CI) P for interaction
HPV Status 0.574
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HPV Positive i 1141 0.799 (0.639 to 1.00)
T T T T 1
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Fig. 2a. Forrest Plot of the impact of concurrent chemoradiation on overall survival in oropharyngeal squamous cell carcinoma patients aged 70 or older based on

HPV status. P-values represent statistical tests of interaction.
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Nevertheless, much work needs to be done to optimize treatment de-
cisions in this relatively new and rapidly expanding population of pa-
tients.

There are several limitations in this study. First, this is a retro-
spective study, with all of the associated potential sources of bias that
accompany such study designs. Patient-, disease- and treatment-related
factors were not identical between groups undergoing CCRT and RT
alone and between HPV-positive and HPV-negative patients.
Specifically, patients that received CCRT were younger (mean age: 74.8
versus 76.5 years old) and had lower comorbidity (Charlson score = 0
in 74% versus 71%), although the absolute differences were relatively
small. We accounted for imbalances in prognostic factors by using
multivariable Cox regression and propensity score matching, but there
is still a possibility that unmeasured confounders could have affected
results. For example, smoking status, body mass index, performance
status, and marital status are variables that could plausibly affects
survival but are not captured in this database. Additionally, details
regarding specific aspects of treatment, including chemotherapy agents
and quality of radiation delivery, were not available, which may in-
fluence survival [34-39]. NCDB also does not provide cancer-specific
outcomes, such as locoregional recurrence, distant metastasis, and
cause-specific survival, which does not differentiate cancer-related
events and competing risks between groups. Finally, data on toxicity
and quality of life are also not reported in NCDB, which would be im-
portant and meaningful endpoints in older patients receiving multi-
modality therapy.

In summary, despite the radiosensitivity of HPV-associated OPSCC
and the challenges in delivering CCRT to older adults, we observed
significantly improved survival for locally advanced OPSCC patients
aged 70 and older undergoing CCRT compared to RT alone. The benefit
in survival with CCRT was similar in both HPV-positive and HPV-ne-
gative patients. Thus, CCRT should be considered in the management of
older patients with locally advanced OPSCC without contraindications
to treatmentirrespective of HPV-status. Ultimately, patient selection
will be critical in determining which patients within the cohort of pa-
tients aged 70 and older with HPV-positive OPSCC should receive
multimodality therapy, and much more research is needed. As the in-
cidence of OPSCC in the older population is projected to continue to
increase through at least 2030 [40], further randomized studies are
needed specifically in this population to optimize treatment and further
elucidate the benefit of CCRT in older patients.
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