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Abstract

Introduction: The objective of this study was to use the American College of Surgeons’ National
Cancer Database (NCDB) to examine the association between primary treatment and overall
survival (OS) among patients with locoregionally advanced hypopharyngeal cancer.

Methods: 6,055 adult patients diagnosed between 2004-2015 with stage 111 or 1V, MO,
hypopharyngeal squamous cell carcinoma were identified within the NCDB. Patients who received
primary chemoradiation (CRT) were compared to those that received surgery with adjuvant
radiation or chemoradiation (S+Adj). OS was compared between treatment groups using Kaplan-
Meier analyses, propensity score adjustment, and Cox regression analyses.

Results: The median survival was 22.7 months (IQR 11.0-49.0). The S+Adj group had a
significantly higher comorbidity score, higher grade disease, and more advanced stage disease
than the CRT group. S+Adj was associated with significantly improved survival when compared to
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CRT (p<0.0001). A propensity score adjusting for facility type, facility location, care at multiple
facilities, histology, and T stage was developed. S+Adj was associated with longer survival (HR:
0.72, 95% CI: 0.64-0.80) when compared to CRT in a multivariable Cox regression analysis
(adjusting for age, race and ethnicity, insurance status, a comorbidity index, diagnosis year,
treatment delay, N stage, and the propensity score). S+Adj was associated with significantly
improved survival among those with T2 disease (p=0.02), T3 disease (p=0.02), and T4 disease
(p<0.0001) in sensitivity analyses examining these subcohorts independently.

Conclusions: Among patients with advanced hypopharyngeal cancer reported in NCDB,
treatment with S+Adj was associated with longer survival compared to those treated with primary

CRT.

Keywords

Hypopharynx; Squamous Cell Carcinoma of the Head and Neck; Hypopharyngeal Neoplasms;
Head and Neck Cancer

Introduction

Treatment of hypopharyngeal squamous cell carcinoma (HSCC) is guided by several
landmark randomized controlled clinical trials (RCT). The Veteran’s Affairs (VA) Triall
demonstrated that for locoregionally advanced laryngeal squamous cell carcinoma (LSCC),
organ preservation with induction chemotherapy (IC) followed by radiation therapy (RT)

did not have significantly different survival outcomes when compared to total laryngectomy
(TL) followed by RT. Subsequent larynx trials established that concurrent chemoradiation
therapy (CRT) was superior to induction chemotherapy followed by radiation therapy,

which has been confirmed by large meta-analyses2. Because of the limited number of trials
conducted on HSCC patients, findings of these larynx trials have been extrapolated to HSCC
patients and helped to shape treatment approaches. Though limited, a few trials have been
conducted exclusively on HSCC patients. These have shown no survival differences between
CRT and surgery3-5. Most notably the European Organization for Research and Treatment
of Cancer Trial #24891 (EORTC 24891) compared outcomes among patients with HSCC
managed with IC+RT or IC+surgery compared to surgery+RT and found initial survival
differences with those in the experimental arm surviving longer3. Long-term follow-up of
that cohort found no survival differences, and the CRT group had a functional laryngeal
preservation rate of only 8.7% at 10 years®. Though these RCTs demonstrated no survival
differences, subsequent observational studies suggest that organ-preservation with CRT may
come at a survival cost” with only a subset of hypopharyngeal patients able to achieve
long-term laryngeal preservation.

While the cohorts in these large RCTs included a subset of subjects with HSCC, they

were primarily composed of subjects with LSCC. There are key differences between HSCC
and LSCC that may impact treatment selection and outcome. Most HSCC is diagnosed as
stage IV disease (59.1%), while the rate is much lower in LSCC (26.8%)8. The 5-year
survival rate for HSCC is a dismal 33% while 62% of patients with LSCC survive at 5
years®. Studies of large databases and retrospective studies of hypopharyngeal cancer have
suggested a survival benefit to surgery with adjuvant RT or adjuvant CRT (S+Adj)%-12.
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These facts suggest further investigation into appropriate patient selection for CRT or S+Adj
is warranted among patients with HSCC.

The National Cancer Database (NCDB)3 is a national database maintained by the
Commission on Cancer of the American College of Surgeons and the American Cancer
Society, capturing an estimated 70% of all newly diagnosed cancers in the United States.
The NCDB has been previously used to investigate factors associated with survival in
locoregionally advanced HSCC. Kuo et a/19 investigated initial treatment and survival

in HSCC patients diagnosed between 2003-2006 and found a longer survival among
those that received surgery and adjuvant therapies after adjustments for age, sex, race,
insurance, Charlson-Deyo comorbidity score, and staging characteristics. Others have found
associations with insurance status413, treatment delays!®17, as well as HPV status'8
and survival among subjects with HSCC in NCDB. Though many have used NCDB to
investigate hypopharyngeal cancer, to our knowledge, our study is the first to focus on
the sequence of treatments received, and thus compare surgical and non-surgical standard
approaches for treating HSCC.

Recently, we utilized the Surveillance, Epidemiology and End-Results (SEER) database,

a large population-based database managed by the National Cancer Institute, to explore

the association between initial treatment modality (CRT vs. S+Adj) and disease-specific
survival (DSS) and overall survival (OS)12. We found that S+Adj was associated with

longer survival compared to those treated with CRT alonel2. Based on those findings, we
hypothesized that this survival advantage may be in part due to appropriate intensification of
adjuvant therapies based on pathologic staging and characterization. Compared to SEER, the
NCDB database contains information from approximately 3 times more patients!?, includes
subjects’ Charlson-Deyo comorbidity score2%, more detailed insurance variables, and more
details regarding treatment (including days between diagnosis and treatment initiation, and
radiation dosing). The objective of this study was to use data from the NCDB to validate

our previous findings, testing the hypothesis that S+Adj would be associated with longer
survival as compared to CRT.

Inclusion/Exclusion Criteria—

Data was collected on neoplasms of the hypopharynx (International Classification of
Diseases for Oncology, Third Edition?, site codes C13.0-C13.9) within the NCDB
diagnosed between 2004-2015. To be included, neoplasms had to be the subject’s first
malignancy and histologically confirmed squamous cell carcinoma (ICD- O-3 histology
codes 8050 to 8089)21. Staging criteria were defined using the American Joint Committee
on Cancer 6™ or 7t edition staging manual?2-23 depending on year of diagnosis. Since there
were no major changes between these guidelines, staging was not converted to a single
staging system. Cases were excluded if they were overall stage | or 11, had distant metastases
(M1), or were missing data. Details of inclusion and exclusion criteria?4 can be found in
Figure 1.
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Treatment Groups—

Treatment groups were defined using the variables for surgical procedure, radiation therapy,
and chemotherapy. Subjects were included in the CRT group if they received both
chemotherapy (CT) and RT with either no surgery or surgery after CRT. Subjects were
included in the surgery with adjuvant therapy group (S+Adj) if they received surgery prior to
receiving adjuvant RT (S+RT) or adjuvant CRT (S+CRT). Since these groups represent the
standard of care treatment approaches, all other regimens were excluded (Figure 1).

Sequence of CT and RT among those treated with CRT was evaluated. The CRT group was
divided into those that received induction chemotherapy with RT and those that received
concomitant CRT. Similar to other studies using NCDB datal?, IC was defined as CT that
began prior to RT, and concomitant CRT was defined as CT beginning during RT.

Other Variables—

Insurance status was divided into three categories for inclusion in multivariable models:
uninsured, insured with private insurance/Medicare, and insured with Medicaid. Delay in
treatment was defined as greater than 60 days from diagnosis to initiation of curative intent
treatment based on previously defined cut-offs16:25,

Statistical Analyses—

Analyses were carried out using STATA SE, version 15.1 (stata.com). Bivariate associations
between the primary treatment groups were tested using Kruskal-Wallis tests and Chi-square
tests.

Univariate Survival Analyses—

OS was calculated using vital status and follow-up time from diagnosis date. Kaplan-Meier
(KM) survival analyses and log-rank tests were used to assess for the association between
treatment and OS. Univariate Cox regression analyses were performed to select potential
variables for consideration in the multivariable model.

Propensity Score Analysis—

Propensity scores (PS) are used to adjust for potential sources of selection bias in
observational studies and to isolate treatment effects from the effect of patient traits on
treatment selection. A multivariable logistic model describing the probability of receiving
curative intent surgery as compared to CRT was built using a backwards-stepwise approach
with an exclusion criterion of p-value for Wald statistic of =0.05 and p-value for likelihood
ratio test >0.05. Excluded variables were re-assessed within the PS model for their ability
to reduce standardized differences between the treatment groups. Maximum standardized
differences for each variable within the quintiles of PS was defined as 25%. After the
iterative model building process, the final propensity score included variables for facility
type, geographic region, treatment at multiple locations, histology, and T stage and resulted
in improved balance of the covariates (Supplemental Table 1).
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Multivariable Survival Analyses with Propensity Score Adjustment—

A multivariable model was used to adjust for patient and disease characteristics which may
confound results but were not included in the propensity score. The propensity score was
included a priori, and a backwards stepwise approach was built using all variables found to
be significant in univariate analyses. Variables were excluded using an exclusion criterion of
p-value =0.05 on likelihood ratio tests. First-order interactions and the proportional hazards
assumption of the final model were assessed.

Multivariable Survival Analyses with Propensity Matching—

The final multivariable model was also assessed in a subset of the cohort which was built
using 1:1 nearest neighbor propensity score matching (N=1404) (Supplemental Table 2).
Given that these results were consistent with the results seen in the entire population, here
we describe the results of the multivariable model built using the entire cohort for ease of
interpretation.

Sensitivity Analyses:

1. Stratification by T Stage— Since T stage is one of the most important factors
in determining treatment approach, we stratified our cohort by T stage and
repeated Kaplan Meier analyses and re-assessed Cox regression models within
each sub-cohort.

2. Stratification by N Stage—We repeated analyses after stratified our cohort by
N stage and repeated Kaplan Meier analyses and re-assessed Cox regression
models within each sub-cohort.

3. Surgery Only Subjects—To approximate an intention to treat analysis, Kaplan
Meier analyses and Cox regression models were re-assessed with subjects
receiving surgery alone included in the S+Adj group.

4, Partial Pharyngectomy Subjects—In the primary analyses, subjects that received
curative intent limited/partial pharyngectomies were included in the S+Adj
group. In order to eliminate potentially misclassified subjects, results were
re-assessed with only those receiving a total pharyngectomy and/or a total
laryngectomy (PL).

5. Re-assessment using Alternate Survival Time—Survival time may be affected by
any delay in treatment or prolonged treatment course. As a sensitivity analysis,
survival time was calculated from the end of radiation therapy until last follow-
up date or death. This allowed for re-assessment of Kaplan-Meier analyses
to assess if the treatment effects were attributable to delays in treatment or
prolonged treatment course.

The cohort was composed of 6,055 subjects with 5,349 (88%) subjects in the CRT group
and 706 (12%) subjects in the S+Adj group. The cohort had a mean age of 61.13 (SD
+10.00) and was predominantly male (81.4%), of non-Hispanic white race (75.8%), and
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insured (92.8%). Most subjects were insured through Medicare (37.3%) followed by private
insurance (35.8%) and Medicaid (16.7%). The S+Adj subjects lived further from the
hospital, had a higher Charlson-Deyo Comorbidity score, and had a higher proportion with
high-grade tumors compared to the CRT group (each p<0.05). The S+Adj group contained a
higher proportion of patients with T4 disease (54.0%) compared to the CRT group (27.1%)
and had a higher proportion of patients with N2 disease (63.9% vs 57.2%), while the CRT
group carried a higher percentage with N3 disease (8.4% vs 4.6%). The groups differed in
overall stage (p<0.0001). The CRT group had a significantly higher percentage of patients
with stage 111 (25.5% vs. 15.3%), stage IVA (57.3% vs. 7.8%), and stage IVNOS disease
(1.6% vs. 0%). The S+Adj group had a higher proportion with stage 1'VB disease (76.9%

vs 15.6%). S+Adj had a longer median survival than CRT (27.3 months vs 22.0 months,
p<0.001). All of the selected cohort were treated according to NCCN treatment guidelines24
(100%). Cohort and treatment group characteristics are detailed in Table 1.

Unadjusted OS was significantly longer for the S+Adj group compared to the CRT group
(p=0.0001, Figure 2A). When re-assessed with S+Adj stratified into S+RT and S+CRT, both
S+RT and S+CRT were associated with longer OS compared to CRT (p=0.003, Figure 2.B.).
There was no significant difference observed between S+RT and S+CRT.

Univariable Cox regression analyses found that treatment at more than one CoC center, age,
race/ethnicity, Charlson-Deyo comorbidity score, insurance status, diagnosis year, histology,
extracapsular extension, HPV status, site of cancer, T stage, N stage, and delay in treatment
were all associated with significantly different survival between treatment groups (likelihood
ratio test p<0.05 for all). Treatment with S+Adj was associated with an 18% reduction in
hazard of death in univariable Cox regression analysis (95% CI: 0.74-0.90; Supplemental
Table 2).

In the multivariable model of OS with adjustment for propensity score, S+Adj was
associated with an independent 27% reduction in hazard of all-cause mortality as compared
to CRT after adjustments for age, sex, race and ethnicity, insurance through Medicaid,
comorbidity score, year of diagnosis, and N stage (HR: 0.72; 95% ClI: 0.64-0.80; p<0.001;
Table 2). When the model was re-developed with S+Adj stratified into S+RT and S+CRT,
both S+RT and S+CRT were associated with significantly longer OS after adjustments for
other model components (S+RT HR: 0.74; 95% CI: 0.63-0.87; p=0.001; S+CRT HR: 0.72;
95% CI: 0.63-0.83; p<0.001; Supplemental Table 3).

The final multivariable model was also assessed in a subset of the cohort which was built
using 1:1 nearest neighbor propensity score matching. These results were consistent with the
findings in the model with adjustments for propensity score and showed a 45% reduction in
the hazard of all-cause mortality with S+Adj compared to CRT (HR: 0.58 to 0.75, p<0.001,
N=1404, Supplemental Table 2).

After stratification by T stage, Kaplan-Meier analyses were reconsidered. S+Adj was
associated with longer OS in T2, T3 and T4 disease (log rank p<0.05 for all, Figure 3).

In multivariable models stratified by T-stage, S+Adj remained independently associated with
a reduction in hazard of all-cause mortality in models in the T2 disease, T3 disease, and
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T4 disease subcohorts after adjustments for age, sex, race and ethnicity, insurance through
Medicaid, year of diagnosis, N stage and the propensity score. Among patients with T2
disease, S+Adj was associated with a 36% reduction in hazard of death (HR: 0.64; 95%
Cl: 0.48-0.86; p=0.003; Supplemental Table 4). In T3 disease, S+Adj was associated with
a 21% reduction in hazard of death (HR: 0.79; 95% CI: 0.64-0.97; p=0.025), and in T4
disease, S+Adj was associated with a 25% reduction in hazard of death (HR: 0.75; 95% CI:
0.65-0.87; p<0.001; Supplemental Table 4).

After stratification by N stage, Kaplan-Meier analyses of unadjusted overall survival found
S+Adj was associated with longer OS in NO, N1, and N2 disease (log rank p<0.05 for

all, Supplemental Figure 1). In multivariable models stratified by N-stage, S+Adj remained
independently associated with a reduction in hazard of all-cause mortality (Supplemental
Table 5). For patients with NO disease, S+Adj was associated with a 36% reduction in hazard
of death (HR: 0.64; 95% CI: 0.47-0.86; p=0.003). In N1 disease, S+Adj was associated

with a 38% reduction in hazard of death (HR: 0.62; 95% CI: 0.46-0.82; p=0.001) and in

N2 disease, S+Adj was associated with a 24% reduction in hazard of death (HR: 0.76; 95%
Cl: 0.66-0.88; p<0.001). In N3 disease, S+Adj was associated with a non-significant 60%
reduction in hazard of death (HR: 0.40; 95% CI: 0.12-1.30; p=0.127).

The cohort was re-evaluated including subjects who received surgery alone in the S+Adj
group to evaluate for potential selection bias potentially caused by patients that died prior to
receiving planned adjuvant therapy. In this analysis, unadjusted OS was not significantly
different between S+Adj and CRT (p=0.11; Supplemental Figure 2). However, in the
multivariable model of OS with surgery-only subjects included in the S+Adj group, S+Adj
remained significantly associated with longer survival, with a 26% reduction in hazard of
all-cause mortality as compared to CRT after adjustments for other model components (HR:
0.74; 95% CI: 0.65-0.83; p<0.001; Supplemental Table 6).

There was potential selection bias if patients who received limited surgery were actually
diagnostic procedures that were mis-coded as surgical procedures, however when partial
laryngectomies were excluded, the results did not change substantially. OS remained

longer among those receiving S+Adj (p=0.04; Supplemental Figure 3). After adjustment

in multivariable Cox regression analysis of OS with partial laryngectomy/pharyngectomy
subjects excluded, S+Adj was associated with an independent 26% reduction in hazard of
all-cause mortality as compared to CRT after adjustments for other model components (HR:
0.74; 95% CI: 0.66-0.87; p<0.001; Supplemental Table 7).

Kaplan-Meier analysis comparing subjects receiving induction CT with RT to those that
received concurrent CRT found no difference in overall survival (p=0.54, Supplemental
Figure 4). Kaplan-Meier curves were re-assessed using an alternate calculation of survival
time, from end of radiation therapy until last follow-up or death. S+Adj remained associated
with a longer survival as compared to CRT (p=0.0065, Supplemental Figure 5).
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Discussion

In this study, we used the NCDB to compare OS between the two standard treatment
approaches for locoregionally advanced HSCC, carefully defining treatment groups with
consideration for treatment sequence. We defined our cohort to include only advanced
stage disease patients managed with standard of care treatment according to NCCN
guidelines?4. We found that first-line surgical intervention with adjuvant therapy was
associated with a significant increase in OS as compared to CRT after adjustment for key
confounders. We found that unadjusted OS was significantly longer among those managed
with S+Adj compared to CRT, despite S+Adj being associated with more advanced disease
characteristics.

Our findings here support our previously published findings comparing S+Adj and CRT
among subjects with locoregionally advanced HSCC in the SEER database!2. Studying
SEER, both OS and DSS were significantly longer with S+Adj as compared to CRT after
adjustments for confounding variables2. We similarly stratified by T stage and found that
S+Adj was associated with longer DSS among those with T1/T2, and in those with T4
disease, while the increase among those with T3 disease was a non-significant. Here, we
found that S+Adj was associated with significantly longer OS within the subcohorts of
subjects with T2, T3, and T4 disease. The larger sample size available in the NCDB may
have enabled detection of a significant difference in the T3 group.

In our study of SEER data, we found that survival was longest among those with S+CRT

as compared to those with S+RT12, Here, we found no significant difference in OS between
the S+CRT group versus those the S+RT group. This could reflect improved outcomes

after appropriate allocation of adjuvant treatment guided by pathologic findings, such as the
presence of extracapsular lymph node spread of disease, which is associated with treatment
failure and a clear indication for treatment escalation25. This may be due to inherent
differences between the SEER database and the NCDB (i.e., different patient populations,
treatment centers, etc.). SEER is captured from a smaller number of institutions, while

the NCDB reports data from a larger number of Commission on Cancer (CoC) sites!®.

The difference between S+CRT and S+RT in SEER may be due to differences in the
allocation of adjuvant therapies at SEER sites as compared to NCDB sites. The NCDB
reports treatment data if received at multiple CoC sites, while SEER only captures data from
single institutions. This may have resulted in misclassification in our SEER-based study.
There are several advantages of this NCDB-based study over our previous SEER-based
study, such as the ability to adjust for patient comorbidities, treatment delays, and a higher
degree of treatment detail in the NCDB - allowing for more accurate segregation of our
cohort into appropriate treatment groups.

EORTC 24891 found an initial survival advantage for patient with hypopharyngeal SCC
managed with IC followed by RT for responders or surgery for non-responders as compared
to patients managed with surgery followed by adjuvant RT, but 10-year follow-up found

no difference in survival, or progression-free survival34. Notably, that study had issues
with treatment adherence, whereas in this study we only considered outcomes based on
treatments received. The difference in our results maybe in part due to the high rate of cross
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over observed, highlighting the need for improved methods of allocating patients into their
individualized most optimal treatment.

In this study, only 52 CRT patients (0.9%) were reported as having received a salvage
surgery after organ-preservation with CRT. This is drastically lower than the expected rate
of salvage surgery. Similar to SEER, NCDB collects treatment data on initial planned
treatment and doesn’t uniformly collect data on unplanned treatments. Even so, this rate
of salvage surgery is lower than the expected rate of early failure rate seen with induction
CT plus RT in RTOG 91-11 (4.97%)2. This failure rate is also much lower than the long-
term failure rate described among hypopharynx SCC patients in EORTC 2489134, NCDB
describes treatment at multiple CoC institutions, it may miss other treatments received by
an individual at a non-CoC site leading to misclassification and may partially explain this
difference.

Our results support the findings of other retrospective studies of advanced HSCC. Tassler
et al> reported a survival advantage with front-line PL as compared to CRT in a
retrospective study of 137 subjects at a single institution. Other prior studies have reported
a survival advantage with surgery as compared to organ-preservation approaches using
data from both NCDB1! and SEER1012.27 Kim er a/28 reported no survival differences
in a study of locoregionally advanced HSCC using SEER data, but notably, they did not
consider sequence of treatments nor did they exclude subjects with a past history of other
malignancies, both issues that were addressed carefully by these analyses.

Toxicity is expected to be high in this patient population regardless of treatment path2°,

Toxicity, both early and long term, is not captured and cannot be evaluated using NCDB
data. Since outcomes are relatively poor and similar regardless of treatment rendered for
patients with advanced hypopharynx cancer, as evidenced by our data, it is important

to align treatment selection with patient goals and consideration of the consequences of

treatments on quality of life.

This study has limitations inherent to its design and the use of NCDB data. NCDB

does not include disease-specific survival measures, nor does it include information about
other meaningful endpoints, such as recurrence3, distant metastases, and second primary
head and neck cancers. We adjusted for Charlson-Deyo comorbidity score, but this only
described the number of chronic comorbidities and does not necessarily represent a subject’s
functional status. We could not adjust for several other important variables (i.e., smoking
history, operative findings, surgical complications other than death)3!. Additionally, the
proportion of subjects in the S+Adj group in this study was only 11.8% of the cohort. The
large discrepancy in size between the two treatment groups may be due to secular trends
in treatment, characteristics of the institutions included in the database, or may represent a
source of selection bias in these analyses. The retrospective nature of this study prohibits
causal interpretations. Though we used a propensity score to adjust for potential selection
bias in this observational study, randomization is the gold standard, and optimal means of
adjusting for all potential latent confounders. Despite these limitations, our findings were
consistent with our most recent work and with prior studies and suggest that front-line
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surgery with adjuvant therapy may be optimal for carefully selected patients with advanced
HSCC.

Conclusion

There is a role for all treatment modalities in management of hypopharyngeal cancer. The
survival difference between surgery and organ-preservation with CRT are not striking but
appear consistent. With careful allocation, primary surgery may optimize survival. Though
data suggest that the most aggressive approaches lead to optimal survival for patients with
HSCC, the overall poor outcomes we report suggest that novel treatments strategies that
substantially improve survival while preserving function are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

An observational study comparing survival in hypopharynx cancer by
treatment.

Treatments compared were chemoradiation and surgery with adjuvant
radiation.

Surgery was associated with improved survival when compared to
chemoradiation.
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NCDB Database

Cases identified by age > 18 years old when diagnosed
with hypopharyngeal squamous cell carcinoma as first
malignancy between 2004-2015 with identified using
ICD-0-3 codes for site (C13.0-C13.9), and histology

(8050-8089).
N = 13,648

Exclusions due to Missing Data:

TX (N =1,412)
NX (N = 182)
MX (N = 344)

Stage UNK (N = 62)
Any treatment modality as “Unknown”
(N =360)

A4

After Exclusion of Missing Data
N=11,288

NCDB PUF Data Item Names: TNM_CLIN_T, TNM_CLIN_N,
TNM_CLIN_M, TNM_CLIN_STAGE_GROUP, TNM_PATH_T,
TNM_PATH_N, TNM_PATH_M, TNM_PATH_STAGE_GROUP

Total Excluded = 2,360

Exclusions by Stage:
TO (N =16)
Stage 0 (N =11)
Stage I (N =451)
Stage II (N =989)
M1 (N =1,020)

After Stage Exclusions
N =8,801
[

Total Excluded = 2,487

NCDB PUF Data Item Names: RX_SUMM_SURG_PRIM_SITE,
REASON_FOR_NO_SURGERY, DX_DEFSURG_STARTED_DAYS,
RX_SUMM_RADIATION, REASON_FOR_NO_RADIATION,
RX_SUMM_SURGRAD_SEQ, RX_SUMM_CHEMO,
RX_SUMM_SYSTEMIC_SUR_SEQ, DX_RAD_STARTED_DAYS,
RAD_ELAPSED_RX_DAYS, DX_CHEMO_STARTED_DAYS

A
After Stage Exclusions and
Treatment Exclusions
N = 6,055

Exclusions by Treatment:

Local/Limited Surgery (N = 432)

Surgery, NOS (N = 125)
No treatment (N = 715)

Monotherapy Radiation (N = 792)
Monotherapy Surgery (N = 265)
Monotherapy Chemo (N = 358)

Surgery with only adjuvant chemotherapy (N =12)
Monotherapy Radiation first with salvage surgery +/-
chemotherapy (N = 20)
Intraoperative Radiation (N = 2)

Induction Chemotherapy followed by Surgery (N = 25)

Total Excluded = 2,746

|

Chemoradiation (CRT)

N = 5,349
|
A
CRT, with no CRT, with
surgery salvage
N =5,297 surgery
N= 52

Figure 1.

}

S + Adjuvant (Adj)
N =706
S+ RT S+ CRT
N =298 N =408

CONSORT diagram for the study cohort: selection of subjects with overall stage 111 or
stage 1V hypopharyngeal squamous cell carcinoma diagnosed between 2005 and 2015 in the

National Cancer Database (NCDB).
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Figure 2.

Survival of patients with stage 111 and stage IV hypopharyngeal squamous cell carcinoma
diagnosed between 2005 and 2015 in the National Cancer Database. Patients are grouped
by recorded treatment received. (A) Overall survival (OS). (B) OS with S + Adj split into
surgery with adjuvant radiation therapy (S + RT) and surgery with adjuvant chemoradiation
therapy (S + CRT).
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Figure 3.
Kaplan-Meier survival analysis stratified by American Joint Committee on Cancer (AJCC)

tumor (T) staging among cohort of subjects from the National Cancer Database (NCDB)
with overall stage 111 and stage IV hypopharyngeal squamous cell carcinoma diagnosed
between 2005 and 2015. Chemoradiation (CRT) was defined as primary radiation and
chemotherapy. S + Adj was defined as primary surgery with adjuvant CRT or adjuvant
radiation therapy. (A) Demonstrates overall survival (OS) among subjects with T1 disease.
(B) Demonstrates OS among those with T1 disease with S+Adj stratified into surgery
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with adjuvant radiation therapy (S+RT) and surgery with adjuvant chemoradiation therapy
(S+CRT). (C) OS among patients with T2 disease. (D) OS among patients with T2 disease,
where S+Adj was stratified by S+RT vs. S+CRT. (E) OS among patients with T3 disease.
(F) OS among patients with T3 disease with S+Adj stratified into S+RT and S+CRT groups.
(G) OS among patients with T4 disease. (H) OS among patients with T4 disease with S+Ad;]
stratified into S+RT and S+CRT groups.
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Table 1.

Characteristics of selected cohort of patients from the National Cancer Database (NCDB) * with stage 111 or IV
(MO0) hypopharyngeal squamous cell carcinoma (SCC) diagnosed between 2004 and 2015.

CRT S+Adj Total

Characteris’[icsT N =5,349 N =706 N = 6,055 P—Value1

Age 60 (54-68) 60 (54-66) 60 (54-68) 0.030

Sex 0.35
Female 1,002 (18.7%) 122 (17.3%) 1,124  (18.6%)

Male 4347  (81.3%) 584  (82.7%) 4,931  (81.4%)

Race/Ethnicity§ 0.50
NHW 3835  (75.6%) 513  (77.3%) 4,348  (75.8%)

NHB 847 (16.7%) 109  (16.4%) 956 (16.7%)
NHO 142 (2.8%) 18 (2.7%) 160 (2.8%)
Hispanic 250 (4.9%) 24 (3.6%) 274 (4.8%)

Distance to Hospital, miles 9 (3.9-219) 153 (5.6-45.5) 9.5 (4.0-23.9) <0.001

Insurance 0.15
Not Insured 382 (7.4%) 40 (5.9%) 422 (7.2%)

Private Insurance 1,845 (35.7%) 252 (37.0%) 2,097 (35.8%)
Medicaid 846 (16.4%) 132 (19.4%) 978 (16.7%)
Medicare 1,947  (37.6%) 239  (35.1%) 2,186  (37.3%)
Other Government 154 (3.0%) 18 (2.6%) 172 (2.9%)

Charlson-Deyo Score 0.001
0 4183  (782%) 510  (72.2%) 4693  (77.5%)

1 871 (16.3%) 157 (222%) 1,028  (17.0%)
2 217 (4.1%) 30 (4.2%) 247 (4.1%)
>=3 78 (1.5%) 9 (1.3%) 87 (1.4%)

Primary Site// 0.010
Piriform Sinus 2,754  (515%) 413 (585%) 3,167  (52.3%)
Post-Cricoid Region 92 (1.7%) 10 (1.4%) 102 (1.7%)

AE Fold 328 (6.1%) 29 (4.1%) 357 (5.9%)
Posterior Wall 301 (5.6%) 31 (4.4%) 332 (5.5%)
oL 246 (4.6%) 34 (4.8%) 280 (4.6%)
NOS 1,628  (30.4%) 189  (26.8%) 1,817  (30.0%)

HPV T 0.90

HPV- 711 (74.0%) 108 (74.5%) 819 (74.1%)
HPV+ 250 (26.0%) 37 (25.5%) 287 (25.9%)
0.002

Grade#
| 194 (4.9%) 15 (2.2%) 209 (4.5%)
1] 2,189  (55.7%) 368 (54.7%) 2557  (55.6%)
[ 1,510  (38.4%) 278 (41.3%) 1,788 (38.9%)
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CRT S+Adj Total
Characteristichr N =5,349 N =706 N = 6,055 P—Value1
v 35 (0.9%) 12 (1.8%) 47 (1.0%)
T Stage <0.001
T1 536 (10.0%) 44 (6.2%) 580 (9.6%)
T2 1627  (30.4%) 101  (143%) 1,728  (28.5%)
T3 1,741 (32.5%) 186  (26.3%) 1,927  (31.8%)
T4 1445  (27.0%) 375  (53.1%) 1,820  (30.1%)
N Stage <0.001
NO 749 (14.0%) 113 (16.0%) 862 (14.2%)
N1 1,104  (20.6%) 122 (17.3%) 1226  (20.2%)
N2 3076  (575%) 466  (66.0%) 3542  (58.5%)
N3 420 (7.9%) 5 (0.7%) 425 (7.0%)
Summary Stage <0.001
1] 1364  (255%) 108  (153%) 1,472 (24.3%)
IVA 3064  (57.3%) 55 (7.8%) 3119  (51.5%)
VB 834 (15.6%) 543  (76.9%) 1377  (22.7%)
IVNOS 87 (1.6%) 0 (0.0%) 87 (1.4%)
Survival Time, months 2205 (10.7-485) 27.3 (135-55.7) 227  (11.0-49.0)  <0.001

*

Subjects were included in the chemotherapy and radiation group (CRT) if they had received primary radiation and chemotherapy. Subjects were
included in the surgery with adjuvant therapy group (S+Adj) if they received primary surgery with either adjuvant radiation or adjuvant radiation
and chemotherapy.

Plus-minus values are mean + standard deviation for normally distributed continuous variables. Values for non-normal continuous variables are
reported as median (interquartile range). Frequencies are reported as number (proportion of overall group within column).

’tThe continuous variables all had non-normal distribution and were assessed with Kruskall-Wallis test. Chi-Square tests were used to assess
categorical variables.

§Abbreviati0ns: NHW—Non-Hispanic ethnicity, white race; NHB—Non-Hispanic ethnicity, black race; NHO—Non-Hispanic ethnicity, other
race; H—Hispanic ethnicity, all races

//Abbreviations: AE Fold—Aryepiglottic fold; OL—Overlapping lesion of the hypopharynx; NOS—Hypopharynx, not otherwise specified
”HPV Status was only available for the 1,123 subjects those diagnosed between 2010-2015.

#Grade was missing for 1,298 subjects (34 of these were in the S+Adj group and 1,264 were in the CRT group).

Oral Oncol. Author manuscript; available in PMC 2022 October 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hochfelder et al.

Table 2.

Page 20

Results of multivariable Cox regression of overall survival in selected cohort of patients from the National

Cancer Database (NCDB) with stage 11 or 1V (MO0) hypopharyngeal squamous cell carcinoma including

propensity score adjustment.

Overall Survival

HR 95% ClI P-Value

Age 1.02 1.02to01.03 <0.001
Gender

Female 1 (Reference)

Male 0.96 0.88t01.05 0.396
Race

Non-Hispanic, White 1 (Reference)

Non-Hispanic, Black 1.13 1.03t01.23 0.012

Non-Hispanic, Other 0.85 0.681t01.06 0.145

Hispanic, all Races 097 082to1.14 0.69%4
Insurance

Private Insurance/Medicare 1 (Reference)

Uninsured 136 1.19to0 1.56 <0.001

Medicaid 145 132t01.60  <0.001
Charlson-Deyo Comorbidity Score

0 1 (Reference)

1 113 1.04to1.24 0.005

2 117 0.99t01.37 0.063

>3 145 1.11t01.89 0.006
Year of Diagnosis

2004 1 (Reference)

2005 0.84 0.72t00.99 0.034

2006 0.86 0.74t01.01 0.065

2007 0.86 0.73t01.01 0.058

2008 0.88 0.76t01.03 0.110

2009 0.85 0.72t00.99 0.034

2010 090 0.77to01.05 0.182

2011 0.77 0.66t00.91 0.002

2012 0.75 0.64t00.88 <0.001

2013 0.68 0.58100.80 <0.001

2014 0.73 0.61t00.86 <0.001

2015 0.66 0.55t00.80 <0.001
Treatment Delay * 109 099t01.19  0.065
N Stage

NO 1 (Reference)

N1 095 0.84t01.07 0.401
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HR 95% ClI P-Value
N2 113 1.02to1.25 0.016
N3 1.67 1.44t01.94 <0.001
Propensity Score s 791 4.86t012.86 <0.001
Treatment¢
CRT 1 (Reference)
S+Adj 0.72 0.64t00.80 <0.001

Delay in treatment was defined as 60 days or longer from diagnosis to treatment based on the results published by Liao et a/. 2019.

fPropensity score included adjustments for facility type, geographic region, treatment at multiple locations, histology, and T stage.
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iSubjects were included in the chemotherapy and radiation group (CRT) if they had received primary radiation and chemotherapy. Subjects were
included in the surgery with adjuvant therapy group (S+Adj) if they received primary surgery with either adjuvant radiation or adjuvant radiation

and chemotherapy.
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