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Primary Results: Multivariable Analysis Adjusting for Competing Factors

v S+Adj was associated with a 26% 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, N stage 
and the propensity score (HR: 0.74; 95% CI: 0.65-0.83; p<0.001). 

v When the model was redeveloped 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: 0.71; 95% CI: 0.58-0.87; 
p=0.001; S+CRT HR: 0.75; 95% CI: 0.65-0.87; p<0.001).

Study Population
v The final cohort was made up of 6,179 subjects. The mean age was 61.1 years (SD ±

10.0 years), predominantly male (81.7%) and non-Hispanic white (76.0%) with cancers
of the pyriform sinus (52.4%). Most subjects were insured through Medicare (37.2%)
followed by private insurance (35.9%) and Medicaid (16.8%).

v The median overall survival was 22.7 months (IQR: 11.1-48.9).
v 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 (p < 0.05 for all).

v 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%).

v The CRT group had a significantly higher percentage of patients with stage IVA
disease as compared to the S+Adj group (56.6% vs 7.2%), and the S+Adj group had a
higher proportion with stage IVB (71.4% vs 15.4%) and IVC disease (7.2% vs 1.3%).
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Management of locoregionally advanced hypopharyngeal squamous cell
carcinoma (SCC) is an area of controversy in the field of head and neck
oncology1-2. Prior reviews of large cancer databases such as the National
Cancer Database (NCDB) and the Surveillance, Epidemiology and End
Results (SEER) database have demonstrated a trend towards increased
use of primary chemoradiation (CRT) in the management of
hypopharyngeal cancer3-6.

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.

v Subjects with hypopharyngeal squamous cell carcinoma as their first malignancy were
identified within the NCDB between 2004-2015 (Figure 1).

v Patients who received primary chemoradiation (CRT) were compared to those that
received surgery with either adjuvant radiation or chemoradiation (S+Adj). Treatment
groups were defined using similar to previously published methods6. OS was
compared between treatment groups using Kaplan-Meier analyses, propensity score
adjustment, and Cox regression analyses. All statistical analysis was done using
STATA, version 15.1.

Propensity Score:
v A propensity score (PS) was built

to adjust for potential sources of
selection bias in observational
studies. The PS was built using a
multivariable logistic model of the
probability of receiving curative-
intent surgery as compared to
CRT. Variables were included for
their ability to reduce standardized
differences between the treatment
groups. The final PS included
variables for facility type,
geographic region, treatment at
multiple locations, histology, and T
stage.

Primary Analyses:
v Overall survival (OS) were defined

as date of diagnosis until death or
subject was lost to follow-up. OS
was assessed using Kaplan-Meier
(KM) survival curves, and log rank
tests.

Figure 2. Kaplan-Meier survival estimates of subjects managed with chemoradiation
(CRT) compared to surgery with adjuvant CRT or radiation (S+Adj). A. S+Adj grouped
and B. shows S+Adj split into surgery with adjuvant radiation therapy (S+RT) and
surgery with adjuvant CRT (S+CRT).

Table I. Results of multivariable cox regression analysis for overall survival in
selected cohort of patients with stage III or IV (M0) hypopharyngeal squamous cell
carcinoma in the NCDB.

v The majority of patients with locoregionally advanced hypopharynx cancer
received primary radiation and chemotherapy (CRT) (87.7%) compared to
S+Adj (12.3%).

v Despite primary surgery being used for more advanced disease, there was
an independently longer overall survival associated with primary surgery
followed by adjuvant treatment when compared to CRT. This trend was
consistent throughout sensitivity analyses.

v Prospective studies would be required to determine a true survival benefit
with up-front surgery.

v Further studies are necessary to optimize the application of standard
treatment modalities to balance quality of life and function with survival.
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v Multivariable Cox regression models of OS were built using variables with significant
univariate Cox regression results.

v Sensitivity analyses for survival outcomes were conducted after stratifying subjects by
T stage, including subjects that received only surgery following an intention-to-treat
analysis, inclusion of partial pharyngectomy subjects, and assessing using survival
time beginning at the end of radiation treatment.

Overall	Survival
HR 95%	CI P-Value

Age	 1.02 1.02	to	1.03 <0.001
Gender 0.5419
Female 1 (Reference)
Male 0.97 0.88	to	1.07 0.542

Race* 0.0899
NHW 1 (Reference)
NHB 1.10 1.01	to	1.24 0.060
NHO 0.83 0.66	to	1.05 0.121
H 1.00 0.84	to	1.20 0.958

Insurance <0.0001
Private	Insurance/Medicare 1 (Reference)
Uninsured 1.33 1.15	to	1.55 <0.001
Medicaid 1.45 1.31	to	1.61 <0.001

Comorbidity 0.0007
0 1 (Reference)
1 1.15 1.05	to	1.26 0.003
2 1.18 0.99	to	1.41 0.061
>3 1.45 1.12	to	1.93 0.006

Year	of	Diagnosis 0.0069
2006 1 (Reference)
2007 0.99 0.84	to	1.15 0.862
2008 1.02 0.87	to	1.19 0.844
2009 0.95 0.82	to	1.11 0.533
2010 1.03 0.88	to	1.21 0.697
2011 0.89 0.76	to	1.04 0.151
2012 0.88 0.75	to	1.03 0.107
2013 0.80 0.67	to	0.94 0.007
2014 0.85 0.72	to	1.02 0.080
2015 0.78 0.65	to	0.94 0.010

Treatment	Delay† 1.10 1.00	to	1.21 0.056
N	Stage	 <0.0001
N0 1 (Reference)
N1 1.01 0.88	to	1.15 0.919
N2 1.17 1.04	to	1.31 0.007
N3 1.77 1.50	to	2.08 <0.001

Propensity	Score‡ 6.22 3.96	to	9.77 <0.001
Treatment§
CRT 1 (Reference)
S+Adj 0.74 0.65	to	0.83 <0.001

*	Race	Abbreviations:	NHW	- Non-Hispanic	White,	NHB	- Non-Hispanic	Black,	NHO	- Non-Hispanic,	Other	Race,	H	- Hispanic
†	Delay	in	treatment	was	defined	as	60	days	or	longer	from	diagnosis	to	treatment	based	on	the	results	published	by	Liao	et	al.	20197.	
‡	Propensity	score	included	adjustments	for	facility	type,	geographic	region,	treatment	at	multiple	locations,	histology,	and	T stage.
§ 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.

Sensitivity Analyses

v After stratification by T stage, OS was longer with S+Adj among those with T2 disease (HR: 
0.65; 95% CI: 0.46-0.92; p=0.0016), T3 disease (HR: 0.76; 95% CI: 0.46-0.97; p=0.025), and 
T4 disease (HR: 0.77; 95% CI: 0.66-0.91; p=0.002). 

v When surgery-only subjects were included in the S+Adj group, S+Adj remained significantly 
associated with longer survival (HR: 0.74; 95% CI: 0.65-0.83; p<0.001).

v When partial laryngectomy/pharyngectomy subjects were. included, 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).

v When Kaplan-Meier curves were re-assessed using 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).

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

Exclusions	by	Stage:
T0	(N	=	16)

Stage	0	(N	=	11)
Stage	I	(N	=	451)
Stage	II	(N	=	989)
M1	(N	=	896)

Total	Excluded	=	2,363

Chemoradiation	(CRT)
N	=	5,418

CRT,	with	no	
surgery	
N	=	5,356

CRT,	with	
salvage	
surgery	
N	=	62	

After	Stage	Exclusions
N	=	8,925

After	Stage	Exclusions	and	
Treatment	Exclusions

N	=	6,179

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-O-3 codes for site (C13.0-C13.9), and histology
(8050-8089).

N	=	13,648

S	+	Adjuvant	(Adj)
N	=	761

S	+	RT
N	=	305

S	+	CRT
N	=	456

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)

Total	Excluded	=	2,360

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

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

Figure 1. Subject selection.


