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Abstract

Purpose—Recent advances in head and neck cancer (HNC) treatment, such as increased use of
organ-preserving advanced radiation treatments, the approval of cetuximab for HNC treatment,
and the increase in human papillomavirus (HPV)-related HNC, have changed clinical approaches
to HNC management. We sought to identify treatment trends in a population-based cohort of HNC
patients.

Methods—The Surveillance, Epidemiology, and End Results Patterns of Care program collected
additional treatment and HPV testing information on stratified random samples of HNC patients
diagnosed in 1997 (n=473), 2004 (n=1,317), and 2009 (n=1,128). Rao-Scott chi-square tests were
used to examine unadjusted associations between year of diagnosis and patient sociodemographic,
tumor, and treatment characteristics. Cochran-Armitage tests for trend were used to examine the
hypothesis that certain treatments were used increasingly (or decreasingly) over the time period,
while logistic regression was used to examine factors associated with particular treatments.

Results—Use of radiation and chemotherapy without surgery significantly increased for all HNC
sites between 1997 and 2009. Cetuximab and taxane use also showed a significantly increasing
trend. Lack of insurance was associated with not receiving treatment in multivariate models. The
majority (64%) of cases undergoing radiation in 2009 received an advanced treatment, with 55%
receiving intensity modulated. The majority of oropharyngeal cases with known HPV status
received chemotherapy and radiation only (62%) and nearly all were insured and had one or fewer
co-morbidities.

Conclusions—Treatment patterns have changed for HNC, leading to increased incorporation of
systemic therapy and newer radiation techniques. HPV testing should be targeted for more
widespread use, especially in traditionally underserved groups.

Corresponding Author: Mary E. Charlton, PhD, mary-charlton@uiowa.edu, Telephone number: 319-384-1564.
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Introduction

Treatment of head and neck cancer (HNC) has been evolving in recent decades under several
concurrent influences. Treatment selection is based on the location and stage of the tumor.
Early stage tumors are usually treated with surgery or radiation therapy (RT), while
advanced tumors are usually treated with multiple modalities, often including systemic
agents [1].

There has been increasing use of organ preservation therapy based on studies of tumor
control, functional outcomes, and survival from RT and chemotherapy with RT [2-6].
However, RT can also result in conditions such as pharyngeal strictures, dysphagia and
xerostomia [7-10]. Intensity-modulated RT (IMRT), an advanced form of external beam RT
where beams are manipulated to better conform to the shape of the tumor and thus spare
more normal tissue, was introduced in the early 2000s [11, 12]. Studies have shown that the
use of IMRT in HNC management has increased between 2000 and 2005 [13, 14] and is
associated with improved survival [15]. Hyperfractionated RT (HRT) entails delivery of
radiation in a twice-daily schedule rather than once daily, and has been reported to lower
toxicity and improve the effectiveness of RT over standard fractionation and other altered
fractionation methods [16, 17]. HRT and IMRT are also being increasingly used together in
HNC RT regimens. Small scale studies thus far have found HRT-IMRT to be well tolerated
with marginally improved locoregional control in patients with locally advanced HNC [18—
20]. Given the recent incorporation of HRT and IMRT into HNC treatment, more research is
needed to determine factors affecting treatment selection, prognosis and survival associated
with these forms of therapy.

Chemotherapy and other systemic therapies have also been increasingly incorporated in
curative HNC therapy, with guidelines now recommending patients with locally advanced
disease be offered chemotherapy and radiation either as first line treatment or following
surgery, in order to preserve organ function and improve locoregional control [21, 22].
Induction chemotherapy with cisplatin/5-fluorouracil (5-FU) has been in use since the
1980s, with taxanes being added to these regimens with United States (US) Food and Drug
Administration (FDA) approval in the mid-1990s after three phase 111 trials showed superior
outcomes for those receiving a combination of cisplatin, 5-FU, and docetaxel or paclitaxel
[23]. More recently, the epidermal growth factor receptor inhibitor cetuximab was FDA
approved in 2006 as an initial treatment in combination with RT for locally or regionally
advanced squamous cell HNC after being shown to improve locoregional control and overall
survival with no increase in side effects beyond RT treatment alone [24, 25]. Furthermore, in
a 2008 trial, cetuximab was shown to improve overall survival for patients with recurrent or
metastatic squamous cell HNC when added to standard platinum/5-FU chemotherapy [26].
Dansky et al. (2012) predicted that the use of cetuximab and taxanes would increase due to
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research that has shown the benefits of these agents in the management of advanced stage
HNC [27].

Another major shift in the landscape of HNC treatment is the recent increase in human
papillomavirus (HPV) associated cancers [28-30]. HPV-positive oropharyngeal cancers are
associated with improved survival compared to HPV-negative cancers [31, 32]. Recently
updated National Comprehensive Cancer Network (NCCN) guidelines now require HPV
testing for oropharyngeal cancers [23]. Saraiya et al. (2015) showed that approximately 70%
of oropharyngeal cancers were HPV positive using cancer registry samples collected
between 1993 and 2005 [33]. However, Surveillance, Epidemiology, and End Results
(SEER) Patterns of Care (POC) data showed that few (14%) oropharyngeal cancer cases
diagnosed in 2009 had known HPV status [34]. An audit of oropharyngeal squamous cell
carcinoma patients from the lowa Cancer Registry diagnosed 2010-2014 showed the rate of
testing increased from 45% in 2010 to 55% in 2014 [35]. Results of a recent survey of
otolaryngologists who were members of three professional associations in North America
showed that 67% of respondents systematically test HNC patients for HPV or p16, and
suggested that hospital characteristics such as presence of residency training programs were
associated with receipt of HPV testing [36]. Previous studies have also shown that treatment
selection is associated with hospital teaching status [37].

For patients with locally advanced disease, concurrent cisplatin and radiation is generally
guideline recommended, with a body of evidence describing the use of taxanes and
cetuximab in the primary setting as well as in recurrent, metastatic, and unresectable HNC.
Accordingly, depending on site and stage, platinum-based therapy in combination with
taxanes and/or cetuximab are also guideline-recommended clinical options. Radiation
techniques such as IMRT or 3-D conformal are guideline preferred to minimize damage to
nearby structures for most cancers,. While HRT is a recommended option in cases of high
risk disease and/or where radiation is the definitive treatment, its use in combination with
IMRT is also evolving, with modified dose plans incorporating HRT, such as the
Concomitant Boost Accelerated schedule where for six weeks subclinical targets are
delivered a once daily dose and then over the last twelve days of treatment a second daily
fraction. HPV testing by p16 immunohistochemistry is guideline recommended in the work-
up for oropharyngeal cases [[22]].

HNC treatment is further affected by patient and area-level sociodemographic factors. A
study of Medicaid claims from 2002-2006 linked to cancer registry data in California and
Georgia showed Medicaid patients (who generally qualify as low income) were less likely to
receive a diagnosis at an early stage, while black patients were less likely to receive surgical
treatment and have greater mortality [38]. Another study of newly diagnosed HNC patients
from three hospitals in Michigan recruited between January 2003 and November 2008 and
followed through April 1, 2009 found that black patients were less likely to receive
chemotherapy, while having lower income and educational attainment was associated with
poorer survival [39]. In addition, a 2017 study found HNC patients residing in the most
socioeconomically deprived areas also had to travel the longest to reach a cancer treatment
center, adding to the cost and overall burden of patients already experiencing baseline
disadvantage [40]. Nevertheless, there is still a paucity of knowledge on current HNC
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patterns of treatment selection and care in the wider US HNC patient population, who are
treated in both academic and community medical centers and vary in a wide array of
sociodemographic factors.

Therefore, the purpose of this study is to analyze the patterns of care for HNC patients
diagnosed in 1997, 2004, and 2009, with a particular focus on receiving advanced radiation
therapy, taxanes, platinum-based regimens, and cetuximab among all HNC cases and HPV-
testing among oropharyngeal cases. Treatment trends for surgery, radiation, and
chemotherapy (alone and in combination) are examined along with patient
sociodemographic and tumor characteristics associated with receiving any treatment,
surgical vs. non-surgical treatment, particular forms of radiation, cetuximab, and HPV
testing.

The SEER POC program collected additional information from 473, 1,317, and 1,128 HNC
patients in 1997, 2004, and 2009, respectively (2,918 total), all of whom were included in
this analysis. The National Cancer Institute’s Division of Cancer Control and Population
Sciences and the Division of Cancer Treatment and Diagnosis decide annually which cancer
sites to conduct POC studies on based on a need to determine dissemination of state of the
art treatment across the US, especially in community practices [41]. With the beginning of
the HNC POC studies in 1997, there was growing interest in the use of non-surgical organ
preservation therapy and the increasing use of chemotherapy agents such as taxanes. In
2004, information on HRT and cetuximab was incorporated, while in 2009, advances in RT
such as IMRT and 3-D conformal were incorporated into the survey along with HPV status
with the growing body of literature showing it as an important prognostic factor [42].

SEER Registry areas included the states of California, Connecticut, Hawaii, lowa, New
Mexico, Utah, Kentucky, Louisiana, and New Jersey as well as the metropolitan areas of
Detroit, Seattle, and Atlanta. SEER registries currently cover 28% of the US population,
including 26% of African Americans, 44% of the Hispanic and 50% of the Asian American
population [43].

SEER POC datasets are comprised of random samples of HNC patients selected within each
registry stratified on age, sex, race/ethnicity, and stage for diagnosis years 1997, 2004, and
2009. In addition to the data available in the SEER public use data set, HNC POC datasets
contain information on systemic therapies such as cetuximab, taxanes, 5-FU, and platinum-
based drugs cisplatin and carboplatin. They also contain data on advanced radiation
treatment including HRT, IMRT, image-guided, and 3-D conformal. Chemo- and immune-
therapy sequence with surgery and radiation along with specific chemo- and
immunotherapies used requires outpatient verification in POC datasets. SEER abstractors
collect this information from patient medical records up to two years post-diagnosis. The
patient’s treating physician is also mailed a form to verify all treatments abstracted and to
report any treatments administered in an outpatient setting and not already included in the
initial record abstraction [42]. Other variables included age at diagnosis, race/ethnicity, sex,
insurance and marital status, Charlson co-morbidity score, HNC site, tumor grade, HPV
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status, smoking history, and treating hospital size (<499 vs. =500 beds) and presence of a
residency program.

HNC site was divided into four categories (oral cavity, oropharyngeal, laryngeal, and all
other sites) as the number of cases was too small to subdivide into finer categories. Oral
cavity was defined by International Classification of Diseases for Oncology, 3" Edition
(ICD-0-3) codes C02.0, C02.1, C02.2, C02.3, C02.8, C02.9, C03.0, C03.1, C03.9, C04.0,
C04.1, C04.8, C04.9, C05.0, C06.0, C06.1, and C06.2. Oropharyngeal included 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, and C10.9. Laryngeal was defined by ICD-O-3 codes C32.0, C32.1,
and C32.2, while all other ICD-0-3 HNC codes were included in the all other sites category
[44].

Probability sampling weights, the inverse of the sampling proportion for each stratum, were
used in order to obtain results representative of the SEER HNC patient population while
avoiding underestimation of the standard error. Analyses were conducted using SAS 9.4
(Cary, NC); weighted survey procedures were used for all analyses except the Cochran-
Armitage trend analysis. Rao-Scott chi-square tests were used to examine unadjusted
associations between year of diagnosis and patient sociodemographic, tumor, and treatment
characteristics as well as for factors associated with cetuximab use and HPV-testing.
Cochran-Armitage two-sided tests for trend were used to examine the hypothesis that certain
treatments were used increasingly (or decreasingly) over the time period, and provide greater
power to detect linear trends over Pearson chi-square tests for independence. Logistic
regression was used to examine factors associated with receiving no treatment vs. any
treatment among all cases and non-surgical vs. surgical treatment among those who received
any treatment. Similarly, multinomial logistic regression was used to examine associations
with receipt of advanced radiation treatments vs. usual external beam (referent) or no
radiation therapy/unknown. The Human Subjects Office did not consider this study to be
human subjects’ research and it was therefore exempt from review.

The average age of patients across all three surveys was 61.1 years (95% Confidence
Interval (CI): 60.4, 61.8). There were significant differences in patients’ race/ethnicity and
insurance status over time, as well as in stage at diagnosis and treatments received (Table 1).
Advanced RT, HPV status, and smoking history were only measured in 2009. Forty-two
percent of patients received HRT, IMRT, image-guided RT (IGRT), and/or 3-D conformal
RT in 2009. The majority (86%) of oropharyngeal cancer patients did not have a known
HPV status in 2009, with a third being positive among those with known status. Sixty-nine
percent (n=763) of HNC patients in 2009 were current or former smokers. Treating hospital
size did not differ across the study years, though the presence of residency programs was
marginally significant in unadjusted analysis (Table 1).

Figure 1 shows the weighted proportion of patients receiving specific treatment types by
year and site. Among oral cavity patients (panel 1A), there was a significant trend of patients
receiving radiation and chemotherapy without surgery, going from only <1% in 1997 up to
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13% and 9% in 2004 and 2009, respectively (Cochran-Armitage test for trend p=0.02). With
the increasing incorporation of chemotherapy into oral cavity tumor treatment, there was a
concurrent decrease in patients receiving only RT, going from 13% in 1997 down to just 2%
in 2009 (Cochran-Armitage test for trend p=0.0001). There was a significant decrease in the
proportion of oropharyngeal patients (panel 1B) receiving surgery with adjuvant treatment,
going from 45% in 1997 to 23% in 2004 and 2009 (Cochran-Armitage test for trend
p=0.006). There was a decreases well in those receiving RT only, with 12% and 22%
receiving in 1997 and 2004, respectively, and just 10% receiving in 2009 (Cochran-Armitage
test for trend p=0.0002). Concurrent with the two aforementioned trends in oropharyngeal
treatment, the proportion of oropharyngeal cases receiving RT and chemotherapy without
surgery increased from 22% in 1997 to 54% in 2009. Similarly, the proportion of laryngeal
cases (panel 1C) receiving surgery with adjuvant treatment showed a significantly
decreasing trend, going from 28% in 1997 down to 17% in 2009 (Cochran-Armitage test for
trend p=0.005). The proportion of laryngeal patients receiving RT and chemotherapy
without surgery showed an increasing trend, going from 13% in 1997 to 28% in 2009
(Cochran-Armitage test for trend p=0.0001). For all other sites (panel 1D), there was a
significant decreasing trend in the proportion of patients receiving surgery with adjuvant
treatment (Cochran-Armitage test for trend p<0.0001) and surgery only (Cochran-Armitage
test for trend p=0.0007). In contrast, the proportion receiving only RT and chemotherapy
(Cochran-Armitage test for trend p<0.0001) and no treatment (Cochran-Armitage test for
trend p=0.04) increased.

Figure 2 shows the proportion of those receiving cetuximab (not measured in 1997), taxanes,
5-FU, and cisplatin/carboplatin by year among those who received chemotherapy (n=1,222).
While cetuximab and taxane use increased significantly over the study period, platinum-
based therapy use decreased between 2004 and 2009 and 5-FU use decreased between 1997
and 2004 and 2004 to 2009 (all Cochran-Armitage trend tests p < 0.01).

Table 2 shows 2009 treatment by site and stage. A higher proportion (82%) of patients with
oral cavity tumors received surgery with or without adjuvant treatment as compared to other
sites. Fifty-four percent of oropharyngeal patients received radiation and chemotherapy only.
A relatively high proportion of laryngeal cases also received non-surgical treatment, with
30% receiving radiation only and 28% receiving radiation and chemotherapy only. Half of
cases diagnosed at other anatomical HNC sites received radiation and chemotherapy only,
with 20% receiving surgery.

Table 3 shows models examining factors associated with receiving no treatment (vs. any
treatment) among all cases and non-surgical (vs. surgical) treatment among those who
received any treatment. Both non-surgical treatment and no treatment were more likely to
occur in 2004 and 2009. Those with insurance were less likely to receive no treatment (OR:
0.47, 95% CI: 0.23-0.96). Patients with oral cavity tumors were less likely to receive non-
surgical treatment only (OR: 0.12, 95% CI: 0.08-0.19). Diagnosis at advanced or unknown
stage increased the likelihood of receiving non-surgical treatment only or no treatment, as
well as did having an unknown tumor grade.
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HRT was measured beginning in 2004, while IMRT, IGRT, and 3-D conformal RT were
measured only in 2009. Among those receiving radiation diagnosed in 2004 and 2009, 3%
underwent HRT, while among those diagnosed in 2009, the majority (55%) received IMRT,
with 2% receiving IGRT, 4% 3D conformal, 3% IMRT and IGRT, 1% other/unknown, and
35% receiving usual external beam not otherwise specified (EB, NOS). HRT can be given as
standard EB or using more advanced techniques such IMRT, IGRT, or 3D-conformal RT.
Among those receiving hyperfractionated radiation in 2009, 49% received IMRT, 2%
received IGRT, 12% received 3D-conformal, and 36% received EB, NOS.

Receiving advanced RT techniques such as HRT, IMRT, IGRT, and/or 3-D conformal RT
(2009 only) vs. usual external beam radiation was more likely in female patients (OR: 1.65,
95% Cl: 1.03-2.65) and those who received chemotherapy (OR: 2.52, 95% ClI: 1.34-4.73)
and less likely in laryngeal cases (OR:0.49, 95% CI: 0.25-0.96). Non-Hispanic Black
patients were less likely to receive no radiation (OR: 0.41, 95% CI: 0.23-0.74) as were those
who received chemotherapy (OR: 0.24, 95% CI: 0.11-0.52), while stage 1\VC patients were
more likely to receive no radiation (OR: 4.50, 95% CI: 1.15-17.54) (multinomial logistic
regression results not shown).

Cetuximab use was included on the 2004 and 2009 surveys. Of those receiving cetuximab,
26% also received 5-FU, 48% received a platinum-based drug, and 31% received a taxane,
with only 2% of patients receiving cetuximab with no chemotherapeutic agents. The
majority of those receiving cetuximab received RT and chemotherapy with no surgery
(73%). Of those receiving cetuximab, the majority (66%) were married (Rao-Scott Chi-
Square p=.006), had oropharyngeal cancer (57%, Rao-Scott Chi-Square p=.001), and were
diagnosed at stage 111 (30%) or IVA-B (50%, Rao-Scott Chi-Square p<.0001).

There was no significant difference in average age between those who received (62.5 years)
vs. those who did not receive (61.0 years) cetuximab. T-tests showed those receiving
taxanes, cisplatin or carboplatin, and 5-FU were significantly younger than those who did
not receive these agents (p<.0001 for all). The average age of those who received taxanes
was six years younger than those who did not (55.9 years vs. 61.9 years), with a similar
difference seen for platinum-based drugs (57.3 years vs. 63.2 years) and 5-FU (55.1 years
vs. 62.1 years).

Among oropharyngeal cases diagnosed in 2009, the average age of those with known HPV
status was 58.1 (95% CI: 56.0-59.6), with no significant difference in age between those
with known and unknown HPV status. Of the oropharyngeal cases diagnosed in 2009 with
known HPV status, 62% received radiation and chemotherapy only and 31% received
surgery with adjuvant RT or chemoradiation, with the rest falling into other treatment
categories. Almost all (99.6%) of those with known HPV status had some form of insurance
(Rao-Scott Chi-Square p=.005) and a Charlson co-morbidity score <1 (99.5%, Rao-Scott
Chi-Square p=.007).

Although HPV status was only available for 2009, we examined base of tongue and tonsil
subsite (ICD-0O-3 codes [39] C01.9, C02.4, C09.0, C09.1, C09.8, and C09.9) across the three
survey years as a surrogate for HPV positive status. The weighted percent of base of tongue
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and tonsil cancers increased from 19% in 1997 to 30% in 2004 and 31% in 2009 (Cochhran-
Armitage test for trend=.03).

Discussion

SEER POC data provide a description of the recent state of practice across the population.
There have been significant changes in HNC treatment including introduction of systemic
therapy and advanced RT techniques, as well as the growing etiologic role of HPV. Starting
with the 1997 HNC POC study, there was growing interest in the use of non-surgical
approaches with state of the art chemoradiation agents and techniques, specifically taxanes
in combination with platinum based agents, in order to preserve organ function. With the
follow-up in 2004, HRT and the EGFR inhibitor cetuximab were increasingly being
incorporated into HNC treatment, while the 2009 survey sought to quantify the increasing
incorporation of HPV testing and targeted radiation techniques such as IMRT and 3-D
conformal into HNC treatment [42]. Practice patterns at academic centers are described in
the literature and are reflected in guidelines, but it is also important to understand how
practices have changed across the entire US population, and these data provide a
representative assessment of the recent state of HNC treatment across all US cancer patients
[45].

Although guidelines and formal benchmarks for quality HNC care are evolving, a recent
study found utility in using NCCN guidelines as quality indicators during multidisciplinary
cancer treatment conference. This single institution study found generally high compliance
with NCCN guidelines, with 99.1% of conference recommendations compliant for laryngeal
cancer, 93.8% for oropharyngeal, 86.6% for oral cavity, and 84.2% for nasopharyngeal [46].
For the current population-based nationwide study, there was wider range in treatment
protocols although a high proportion of cases in 2009 also met NCCN guideline-
recommended treatment, with the majority of early stage laryngeal cases receiving radiation
only and the majority of early stage oral cavity and oropharyngeal patients receiving surgery.
Later stage laryngeal cases most often received chemoradiation only, while the majority of
later stage oral cavity patients received surgery with adjuvant radiation or chemoradiation
and oropharyngeal receiving a combination of surgery with adjuvant radiation or
chemoradiation, or chemoradiation only, with all being options under NCCN guidelines.

Close to 70% of HNC patients received RT in 2009, and of those, over 60% received more
advanced form(s) of RT beyond usual external beam such as HRT, IMRT, IGRT, and/or 3-D
conformal. These techniques have shown improved local-regional control and overall- and
cancer-specific survival while causing fewer or equivalent side effects [3-4, 15-17]. While
guidelines are still evolving, the NCCN generally recommends more targeted therapies such
as IMRT in order to reduce long-term toxicity in oropharyngeal, paranasal sinus, and
nasopharyngeal cancers, while HRT or other altered fractionation schedules can be used for
high risk tumors and/or where RT is the definitive treatment [22]. IMRT in particular was
shown previously to have rapid uptake between 2000 and 2005 in the SEER and SEER-
Medicare database [13-14]. While these previous studies found there was geographic
variation in uptake and those in lower socioeconomic census tracts were less likely to
receive IMRT, in our study of 2009 SEER POC HNC patients incorporating multiple

Cancer Causes Control. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Schlichting et al.

Page 9

advanced RT modalities, only male patients, those not receiving chemotherapy, and
laryngeal cases were less likely to receive advanced RT, likely reflecting wider diffusion of
these RT modalities in the proceeding years.

This study demonstrates the increase in utilization of chemotherapy after publication of
several large studies in the 2000s showing concomitant chemoradiation reduces locoregional
failure rates and improves organ preservation [21, 27]. Chemoradiation is guideline
recommended for locally advanced tumors, with various platinum-based regimens
incorporating taxanes and cetuximab included as clinical options depending on site and
stage [22]. Expanding systemic therapy use has allowed for cancer treatment to take place in
the absence of surgical specialists, and possibly across a wider range of practice sites. The
data also show that nearly 20% of HNC patients received cetuximab in 2009, just three years
after its FDA approval for use in HNC [25], indicating the strength of its appeal in selected
patients.

Also of interest is the difference in the direction of association between age and use of
chemotherapy agents versus cetuximab. Platinum agents, 5-FU, and taxanes were all
significantly less likely to be used in older patients, while cetuximab was used more in older
patients, though this difference was not significant. This practice likely reflects the
significant toxicities of chemotherapy and evidence that cetuximab potentiates the effect of
RT while being better tolerated than chemotherapy [21, 24, 26].

It should be noted that the introduction of immunotherapy, specifically PD-1 checkpoint
inhibitors, in the treatment of recurrent or metastatic HNC has shown promise in improving
overall survival while being generally well tolerated by patients as compared to standard
treatment [47]. Pembrolizumab and nivolumab, two anti-PD-1 antibodies, are both guideline
recommended as second-line treatments in patients with recurrent or metastatic squamous
cell HNC where platinum-based chemotherapy fails to stop progression [22]. Both of these
agents are also currently being examined in trials for use in earlier stage HNC at high risk of
recurrence [47].

The International Agency for Research on Cancer first listed HPV type 16 as a cause of
oropharyngeal and oral cavity cancer in 2005 [48]. However, due to findings of better
response to treatment and prognosis for HPV-positive patients, it is only recently that major
guidelines require or recommend routine HPV-testing via p16 immunohistochemistry for all
newly diagnosed oropharyngeal squamous cell carcinomas [22, 49]. As we show in this and
our previous analysis [34], in 2009 (first year HPV testing measured in SEER HNC POC
data) a small proportion (14%) of oropharyngeal patients received testing. Given the wide
availability of clinical tests for p16 expression [22] and new lines of research into HPV
specific treatment regimens, especially de-intensifying therapies to better preserve function
and quality of life in younger oropharyngeal patients more likely to be diagnosed with HPV-
positive cancer [50], it is likely the proportion of patients tested will significantly increase.

While not statistically significant, our results suggest Non-Hispanic Black HNC patients are
more likely to receive no treatment as well as non-surgical treatment. Previous studies have
reported US Black patients have higher age-adjusted incidence and are more likely to
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present with advanced disease and have lower survival [38, 51]. They are also less likely to
receive surgery and chemotherapy [38, 39]. Alternatively, being of Hispanic or Chinese race/
ethnicity has been shown to confer improved survival [52].

Despite the aforementioned strengths of the SEER HNC POC data, a few limitations should
be noted. While SEER POC data includes information beyond what is included in the SEER
public use database, such as detailed chemotherapy/systemic treatment data, it does not
include patient preference information, so it is unable to fully explain if trends such as
increasing use of organ-preserving therapies are due to physician recommendation, patient
preference, or a combination of both. HNC POC data for 2016 (most recent data collection
year) are not yet available for analysis, so we are unable to include a more recent data point,
though it is likely the use of systemic therapies such as cetuximab and advanced RT
techniques have continued in an upward trend. Furthermore, our data showing increased
usage of more advanced, targeted RT, cetuximab, especially among older patients, and the
advent of HPV testing for HNC, point to more individualized approaches to treatment taking
into account each patient’s unique characteristics and preferences as well as the traits of
their particular tumor. Advances in classification of HNC tumors combined with information
on HPV status will lead to increasingly personalized treatments that target the underlying
anatomy, genetics, and histology of individual tumors. Personalized HNC therapy will affect
how clinicians not only approach first-line, but also secondary treatment and drug resistance
as more knowledge regarding specific tumor and pharmacologic pathways is gathered and
incorporated into multistage treatment regimens [53, 54].

Unfortunately, HPV status was only recorded for the 2009 data, and the majority of patients
at that time (86%) had an unknown status. Going forward, it is likely testing will become
more widespread as HPV status is increasingly used as a prognostic marker and incorporated
into treatment plans. Despite these limitations, SEER HNC POC data are a representative
sample of the US HNC patient population, including those treated in both academic and
community centers and among younger patients not included in SEER-Medicare datasets,
and thus are a valuable tool for examining population-based treatment trends [27, 45].

Our results extend those of Dansky-Ullmann et al. [27] by adding a data point five years
after their description. Their expectation that use of taxanes and cetuximab would continue
to increase [27] is shown in the present data. As newer, more refined and targeted RT
modalities and systemic treatments are incorporated into clinical practice, along with the
increase in HPV-related HNC, the treatment of HNC is likely to even more rapidly evolve
over the next decade. In addition to developing more refined, less toxic treatment regimens
to both improve disease-free survival and quality of life, future studies should examine how
to make sure HPV testing and advanced therapies reach all populations, including those
traditionally underserved.
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