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Abstract
Objective Patients with advanced hypopharyngeal squamous cell carcinomas (HSCCs) have poor prognoses. The use of 
surgical or non-surgical treatments for these patients remains a topic of debate. This study compared survival following 
surgical and non-surgical treatments of patients with advanced HSCC based on the Surveillance, Epidemiology and End 
Results (SEER) database.
Methods Patients diagnosed with hypopharyngeal cancer from 2004 to 2018 were identified from the SEER database. 
Patients were divided into non-surgical group and surgical group, and patients in the surgical group were further divided 
into three groups: surgery-only, surgery with adjuvant radiation therapy and surgery with adjuvant chemoradiation therapy. 
The primary endpoint was overall survival (OS), and the secondary outcome was cancer-specific survival (CSS). Outcomes 
were analyzed using Kaplan–Meier analysis. A multivariate Cox regression analysis was also used to identify independent 
prognostic factors.
Results The records of 1568 eligible patients with stage III or IV HSCC were examined. Receipt of surgery was associated 
with a longer OS [hazard ratio (HR) = 0.47, 95% confidence interval (CI): 0.4–0.56] and a longer CSS (HR = 0.47, 95% CI: 
0.38–0.57) after adjusting for age, sex, race, tumor site, tumor size, tumor grade, TNM stage, AJCC stage, number of carci-
nomas, prior cancer, receipt of radiotherapy, and receipt of chemotherapy. The results for OS were similar in an exploratory 
analysis of different patient subgroups.
Conclusion Among patients with advanced HSCC in the SEER database, treatment with surgery was associated with longer 
OS and CSS than treatment with a non-surgical modality.

Keywords Hypopharyngeal squamous cell carcinomas · Treatment · Outcomes · Overall survival · Cancer-specific 
survival · SEER database

Introduction

Hypopharyngeal squamous cell carcinoma (HSCC) accounts 
for only about 3 to 5% of all head and neck cancers, but it 
has the worst prognosis among the different types of these 
cancers [1]. The poor prognosis of patients with HSCC is 
mainly because these patients often have advanced-stage dis-
ease upon diagnosis. Early diagnosis of HSCC is difficult 
because insidious growth often occurs before the onset of 
symptoms, which first occur when there is a local invasion of 
the aerodigestive tract and nerves or when there are regional 
or distant metastases [2]. Neck node metastasis is common 
in HSCC because of the rich network of lymphatics in the 
hypopharyngeal region, and HSCC in all T stages commonly 
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spreads via unilateral and bilateral regional metastatic cervi-
cal nodes, and to paratracheal and retropharyngeal nodes. 
Thus, most patients have stage III/IV HSCC upon diagnosis 
[3, 4].

The treatment to be used for locally advanced HSCC is 
controversial. The traditional approach for locally advanced 
HSCC is laryngopharyngectomy and pharyngeal recon-
struction, although this causes the loss of natural speech 
[5]. Nonsurgical procedures, such as chemoradiation therapy 
(CRT) and primary radiotherapy, have become more com-
mon for patients with advanced HSCC, and these regimens 
provide similar cure and survival rates, and acceptable organ 
functional outcomes [6, 7]. Large clinical comparisons or 
randomized controlled studies are difficult to perform 
because these tumors are so rare. Thus, most publications 
that reported the surgery outcomes were case series. Only 
one randomized trial compared surgical with non-surgical 
approaches for the treatment of HSCC [8, 9]. Therefore, cur-
rently available data are insufficient to establish the optimal 
treatment for advanced HSCC.

This study compared the effects of surgical with non-
surgical treatments for patients with advanced HSCC. We 
retrieved clinical data from the updated Surveillance, Epi-
demiology and End Results (SEER) database, including 
demographics, clinicopathological parameters, and treat-
ment modalities, to compare the survival outcomes of HSCC 
patients who received surgical or non-surgical treatments.

Patients and methods

Patient selection

Data of patients who were initially diagnosed with HSCC 
from January 2004 to December 2018 were extracted from 
the SEER database. SEER*Stat version 8.3.9.2 (https:// seer. 
cancer. gov/ seers tat/ downl oad) was used to download these 
data. The presence of primary cancer in the hypopharynx 
was based on codes from the International Classification 
of Diseases for Oncology, Third Edition (ICD-O-3; C12.9, 
C13.0, C13.1, C13.2, C13.8, or C13.9).

The following patient variables were examined: age, year 
of diagnosis, sex, race, marital status, primary site, tumor 
size, American Joint Committee on Cancer (AJCC, 7th edi-
tion) stage, TNM stage, grade, and treatment. For statistical 
analyses, age at diagnosis was classified into four groups 
(< 60, 60–70,71–80, and > 80 years old), race was classified 
into four groups (White, Black, Asian or Pacific Islander, 
and American Indian/Alaska Native), the primary subsite 
was classified into four groups (pyriform sinus, postcricoid 
region, and posterior wall of hypopharynx, not otherwise 
specified), and tumor size was classified into four groups 
(< 2 cm, 2–4 cm, > 4 cm and unknown). Information on 

radiotherapy, chemotherapy and surgery was extracted 
from the following fields: radiation sequence with surgery, 
the reason for no cancer-directed surgery, radiation recode, 
chemotherapy recode and systemic therapy sequence with 
surgery.

Statistical analysis

Categorical data were presented as numbers and percentages 
and compared using the χ2 test. Univariate Cox analysis and 
the log-rank test were used for the analysis of qualitative and 
quantitative variables to determine the significance of differ-
ences among groups. The adjusted hazard ratios (aHRs) and 
95% confidence intervals (CIs) were calculated. Multivariate 
Cox regression analysis was used to assess the independ-
ent association of treatment with overall survival (OS) and 
cancer-specific survival (CSS). The multivariate models 
adjusted for demographic variables (Model I: age, sex and 
race); tumor-related variables (Model II: tumor site, tumor 
size, grade, TNM stage, AJCC stage, total cancer number 
and prior cancer); treatment variables (Model III: radiation 
and chemotherapy); and all of these variables (Model IV).

The primary endpoint was overall survival (OS), defined 
as the time from the initial diagnosis to death from any 
cause. The secondary endpoint was cancer-specific survival 
(CSS), defined as the interval from the initial diagnosis to 
death from HSCC. Kaplan–Meier plots and the log-rank test 
were used to compare the survival of the different groups. 
Subgroup analysis of demographic and clinical characteris-
tics was presented in a forest plot.

All statistical tests were 2-sided, and a p-value below 0.05 
was considered significant. All statistical analyses were per-
formed using R software (http:// www.R- proje ct. org, The R 
Foundation) and Free Statistics Software version 1.2.

Results

Patient characteristics

The study cohort consisted of 1568 eligible patients who 
were diagnosed with advanced HSCC between 2004 and 
2018 (Fig.  1). Patients were divided into non-surgical 
groups and surgical groups based on their medical his-
tory of whether or not initial surgery was performed. And 
patients underwent surgeries were further divided into four 
groups: surgery alone (OP alone), surgery with adjuvant 
radiation therapy (OP + aRT), surgery with adjuvant CRT 
(OP + aCRT) and radiation or chemotherapy before surgery 
(RT/chemotherapy + OP). The group of RT/chemother-
apy + OP was deleted for statistics since the sample was too 
small (n = 5).

https://seer.cancer.gov/seerstat/download
https://seer.cancer.gov/seerstat/download
http://www.R-project.org
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We compared the baseline characteristics of the dif-
ferent patient variables in groups that received various 
treatment modalities (Table 1). A total of 332 (21.2%) 
patients received surgery and 1236 (78.8%) received non-
surgical treatment. Overall, the median age was 65 years 
(IQR: 57–73), 80.0% of the patients were men, and most 
patients were white (74.0%). The median follow-up time 
was 17 months (IQR: 6–42.2). A total of 58.9% of the 
patients had tumors in the pyriform sinus, 2.8% had tumors 
in the post-cricoid region, and 6.5% had tumors in the pos-
terior wall of the pharynx. For statistical comparisons, we 
separately analyzed patients with tumors less than 20 mm 
(8.4%), 20 to 40  mm (33.9%), and more than 40  mm 
(29.8%). The four groups had significant differences in 
age, marital status, total number of carcinomas, prior can-
cer, receipt of radiotherapy, and receipt of chemotherapy 
(all P < 0.05).

Survival analyses

We then analyzed the relationship of OS and CSS with treat-
ment modality (Table 2). In the unadjusted model, patients 
who received surgery had a longer OS (HR: 0.7, 95% CI: 
0.60–0.82, P < 0.001) and a longer CSS (HR: 0.7, 95% CI: 
0.58–0.84, P < 0.001). The significance of these relation-
ships remained after multivariable analysis with adjustment 
for age, sex and race (model I), tumor site, tumor size, grade, 
TNM stage, AJCC stage, total cancer number, and prior can-
cer (model II), radiation and chemotherapy (model III), and 
all these variables (model IV). Both OS and CSS were also 
longer in three subgroups of the surgical group than in the 
non-surgical group.

The 5-year OS rate was 37.8% (95% CI: 32.2–44.3%) in 
the surgery group and 28.4% (95% CI: 25.7–31.3%) in the 
non-surgical group. The 5-year CSS rate was 50.6% (95% 

Fig. 1  Identification, disposition 
and enrollment of patients with 
advanced HSCC who received 
surgical or non-surgical treat-
ments
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Table 1  Baseline characteristics of study patients

Variables Total No-OP OP OP P

OP alone OP + aRT OP + aCRT 

Patients, n (%) 1568 1236 (78.8) 332 (21.2) 118 (7.5) 62 (4.0) 152 (9.7)
Age, n (%)  < 0.001
 < 60 507 (32.3) 405 (32.8) 102 (30.7) 405 (32.8) 22 (18.6) 12 (19.4)
 60–70 511 (32.6) 395 (32) 116 (34.9) 395 (32) 43 (36.4) 25 (40.3)
 71–80 378 (24.1) 294 (23.8) 84 (25.3) 294 (23.8) 39 (33.1) 15 (24.2)
 > 80 172 (11.0) 142 (11.5) 30 (9) 142 (11.5) 14 (11.9) 10 (16.1)

Sex, n (%) 0.196
 Female 313 (20.0) 233 (18.9) 80 (24.1) 233 (18.9) 27 (22.9) 15 (24.2)
 Male 1255 (80.0) 1003 (81.1) 252 (75.9) 1003 (81.1) 91 (77.1) 47 (75.8)

Race 0.323
 White 1161 (74.0) 908 (73.5) 253 (76.2) 908 (73.5) 94 (79.7) 48 (77.4)
 Black 259 (16.5) 209 (16.9) 50 (15.1) 209 (16.9) 14 (11.9) 6 (9.7)
 Asian or Pacific Islander 131 ( 8.4) 105 (8.5) 26 (7.8) 105 (8.5) 8 (6.8) 7 (11.3)
 American Indian/Alaska Native 14 ( 0.9) 12 (1) 2 (0.6) 12 (1) 2 (1.7) 0 (0)
 Unknown 3 ( 0.2) 2 (0.2) 1 (0.3) 2 (0.2) 0 (0) 1 (1.6)

Marital status, n (%) 0.014
 Married 723 (46.1) 545 (44.1) 178 (53.6) 545 (44.1) 67 (56.8) 36 (58.1)
 Unmarried 768 (49.0) 626 (50.6) 142 (42.8) 626 (50.6) 43 (36.4) 25 (40.3)
 Unknown 77 ( 4.9) 65 (5.3) 12 (3.6) 65 (5.3) 8 (6.8) 1 (1.6)

Primary site 0.699
 Pyriform sinus 924 (58.9) 719 (58.2) 205 (61.7) 719 (58.2) 75 (63.6) 34 (54.8)
 Postcricoid region 44 ( 2.8) 38 (3.1) 6 (1.8) 38 (3.1) 1 (0.8) 2 (3.2)
 Posterior wall of hypopharynx 102 ( 6.5) 83 (6.7) 19 (5.7) 83 (6.7) 4 (3.4) 5 (8.1)
 NOS 498 (31.8) 396 (32) 102 (30.7) 396 (32) 38 (32.2) 21 (33.9)

Tumor size, n (%) 0.459
 < 2 cm 132 ( 8.4) 104 (8.4) 28 (8.4) 104 (8.4) 7 (5.9) 10 (16.1)
 2–4 cm 532 (33.9) 412 (33.3) 120 (36.1) 412 (33.3) 45 (38.1) 20 (32.3)
 > 4 cm 467 (29.8) 376 (30.4) 91 (27.4) 376 (30.4) 36 (30.5) 16 (25.8)
 Unknown 437 (27.9) 344 (27.8) 93 (28) 344 (27.8) 30 (25.4) 16 (25.8)

Grade 0.63
 Grade I 63 ( 4.0) 54 (4.4) 9 (2.7) 54 (4.4) 1 (0.8) 2 (3.2)
 Grade II 605 (38.6) 477 (38.6) 128 (38.6) 477 (38.6) 48 (40.7) 24 (38.7)
 Grade III 511 (32.6) 408 (33) 103 (31) 408 (33) 39 (33.1) 16 (25.8)
 Grade IV 13 ( 0.8) 11 (0.9) 2 (0.6) 11 (0.9) 1 (0.8) 1 (1.6)
 Unknown 376 (24.0) 286 (23.1) 90 (27.1) 286 (23.1) 29 (24.6) 19 (30.6)

T stage, n (%) 0.846
 T1 115 ( 7.3) 91 (7.4) 24 (7.2) 91 (7.4) 8 (6.8) 3 (4.8)
 T2 463 (29.5) 364 (29.4) 99 (29.8) 364 (29.4) 32 (27.1) 20 (32.3)
 T3 354 (22.6) 279 (22.6) 75 (22.6) 279 (22.6) 33 (28) 15 (24.2)
 T4 636 (40.6) 502 (40.6) 134 (40.4) 502 (40.6) 45 (38.1) 24 (38.7)

N stage, n (%) 0.619
 N0 270 (17.2) 221 (17.9) 49 (14.8) 221 (17.9) 15 (12.7) 11 (17.7)
 N1 357 (22.8) 270 (21.8) 87 (26.2) 270 (21.8) 35 (29.7) 16 (25.8)
 N2 865 (55.2) 681 (55.1) 184 (55.4) 681 (55.1) 65 (55.1) 32 (51.6)
 N3 76 ( 4.8) 64 (5.2) 12 (3.6) 64 (5.2) 3 (2.5) 3 (4.8)

AJCC stage, n (%) 0.584
 III 346 (22.1) 266 (21.5) 80 (24.1) 266 (21.5) 31 (26.3) 16 (25.8)
 IV 1222 (77.9) 970 (78.5) 252 (75.9) 970 (78.5) 87 (73.7) 46 (74.2)
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CI: 44.6–57.5%) in the surgery group and 41.5% (95% CI: 
38.4–44.8%) in the non-surgical group. Kaplan–Meier sur-
vival analysis and the results of the log-rank test indicated 
the surgery group had a longer OS (P < 0.01, Fig. 2A, 2B) 
and a longer CSS (P < 0.01 Fig. 2C, 2D).

We also performed an exploratory analysis to assess the 
effect of treatment modality on the primary outcome in mul-
tiple subgroups (Fig. 3). The results of this stratified analysis 
indicated that the association of surgery with longer OS in 
the different subgroups was generally consistent with the 
results of the multivariable logistic regression analysis.

Discussion

HSCC is associated with the worst survival rate among 
all head and neck cancers, and the 5-year survival rate of 
patients with stage III/IV HSCC is only 15 to 45% [3]. The 
major reason for the poor prognoses of these patients is that 
symptoms only appear in those with advanced cancer, thus 
delaying diagnosis and allowing early lymphatic spread [10]. 
For patients with advanced HSCC, the NCCN guidelines 
recommend surgery with partial or total laryngopharyn-
gectomy, neck dissection and thyroidectomy, plus systemic 
therapy or radiotherapy, depending on the presence of cer-
tain adverse features. The alternatives are induction chemo-
therapy, concurrent systemic therapy, and enrollment in a 
clinical trial. The NCCN guidelines panel made a category 
4 recommendation regarding this cancer, indicating major 
disagreement about the most appropriate treatment [2]. The 
objective of our study was to compare the effects of different 
treatments in patients with HSCC.

In an effort to ensure organ preservation, oncologists now 
consider nonsurgical protocols, such as CRT, as a treatment 
option for patients with resectable advanced cancers [3, 11, 
12]. In particular, previous studies of HSCC using SEER 
data reported a transition toward radiation therapy (RT) and 
away from surgery since 1990, without a decline in 5-year 
survival [13]. A randomized controlled trial suggested there 
was no significant difference in the 5-year survival rate for 
patients with advanced HSCC who received radiotherapy/
chemotherapy (30%) vs. surgery/radiotherapy (35%) [8]. 
Jang et al. studied 177 patients with advanced HSCC and 
reported similar oncological outcomes but different func-
tional outcomes in groups that initially received surgical vs. 
non-surgical treatments [14].

Conversely, a recent retrospective study of advanced-
stage HSCC by Tassler et al. suggested primary surgery 
had a survival benefit over organ preservation treatment 
[15]. Moreover, a 20-year population-based study in the 
Netherlands examined the overall survival of patients with 
T1–T4 HSCC and reported similar survival rates after total 
laryngectomy and (chemo)radiotherapy for those with T3 
cancer, but a survival benefit for patients with T4 cancer 
who received primary surgery ± radiotherapy [10]. Our data 
confirmed equal oncological outcomes for the surgical and 
non-surgical groups, but we found that the surgical group 
had significantly longer OS and CSS after adjustment for 
major confounders. The same association of survival with 
treatment modality was evident in our subgroup analysis. 
But it should also be noted that because of our relatively 
small sample size, the power of detecting a moderate interac-
tion was limited so that a negative finding would not neces-
sarily confirm the absence of an interaction.

Table 1  (continued)

Variables Total No-OP OP OP P

OP alone OP + aRT OP + aCRT 

No. of carcinomas, n (%)  < 0.001
 1 903 (57.6) 748 (60.5) 155 (46.7) 748 (60.5) 26 (22) 26 (41.9)
 2 452 (28.8) 344 (27.8) 108 (32.5) 344 (27.8) 53 (44.9) 20 (32.3)
 3 155 ( 9.9) 106 (8.6) 49 (14.8) 106 (8.6) 27 (22.9) 10 (16.1)
 > 4 58 ( 3.7) 38 (3.1) 20 (6) 38 (3.1) 12 (10.2) 6 (9.7)

Prior cancer, n (%)  < 0.001
 No 475 (30.3) 331 (26.8) 144 (43.4) 331 (26.8) 83 (70.3) 28 (45.2)
 Yes 1093 (69.7) 905 (73.2) 188 (56.6) 905 (73.2) 35 (29.7) 34 (54.8)

Receipt of radiation, n (%)  < 0.001
 Yes 1156 (73.7) 954 (77.2) 202 (60.8) 954 (77.2) 0 (0) 62 (100)
 No 412 (26.3) 282 (22.8) 130 (39.2) 282 (22.8) 118 (100) 0 (0)

Receipt of chemotherapy, n (%)  < 0.001
 Yes 1031 (65.8) 879 (71.1) 152 (45.8) 879 (71.1) 0 (0) 0 (0)
 No 537 (34.2) 357 (28.9) 180 (54.2) 357 (28.9) 118 (100) 62 (100)

OP surgery, aRT adjuvant radiation therapy, aCRT  adjuvant chemoradiation therapy, RT radiation therapy. Numbers written in bold: P < 0.05
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For treatment of laryngeal and hypopharyngeal cancer, 
the NCCN recommended that patients beyond UICC stage 
III should receive adjuvant radio(chemo) after primary sur-
gery [16]. A total laryngopharyngectomy with adjuvant 
chemoradiation therapy (depending on pathology) is the 
most common treatment for patients with advanced HSCC 
[15, 17–19]. A population-based cohort study of 6647 
patients with HSCC found that a combination of surgery 
and radiotherapy led to the best 5-year OS (48.5%) [13]. Kuo 
et al. reported that laryngopharyngectomy alone led to better 
survival than no surgery and that surgery with radiotherapy 
led to an even better outcome than surgery alone [11]. The 
present study found that patients in the surgical group had 
a better prognosis than those without surgeries, either with 
surgery alone or with adjuvant radiotherapy or radiochemo-
therapy after surgery.

Laryngectomy with partial or circumferential pharyngec-
tomy and pharynx reconstruction is often favored for HSCC 
because it leads to better tumor control and improved post-
operative recovery of swallowing function without aspira-
tion [3, 20]. Total laryngectomy can cause total vocal dys-
function and lead to psychological distress, so many patients 
refuse this procedure. It is also important to consider that 
“organ preservation” and “function preservation” are not the 
same. In particular, the function may be better preserved 
after the removal of the larynx because it permits aspiration-
free deglutition and a prosthetic voice, which is preferable 
to leaving an intact but functionless larynx [3]. Moreover, 
function-preserving strategies for curative treatment are 
not exclusively nonsurgical. In particular, for patients with 
advanced HSCC, there is often serious degradation of laryn-
geal and hypopharyngeal function, and surgery that provides 
reconstruction followed by chemoradiation may provide 
good functional and oncologic outcomes.

A limitation of this study is that it was a SEER-based 
population cohort study. Patients with missing data were 
excluded, and this may have led to bias. A limitation of the 
SEER registry is that it does not include information about 
surgical modalities, radiation dosing, type or dose of chemo-
therapy drugs, delays in treatment, or treatment dates. There-
fore, we could not adjust for different surgical procedures, 
so our classification of the surgical and non-surgical groups 
was somewhat simplified.

Conclusion

Our results suggest that patients with advanced HSCC may 
have longer OS and CSS following surgery rather than non-
surgical treatment. Further well-designed prospective studies 
are needed to establish a definitive benefit of surgery for 
these patients.
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Fig. 2  Kaplan–Meier analysis of overall survival and cancer-specific 
survival. A Overall survival of patients who received surgical or non-
surgical treatments. B Overall survival of patients who received no 
surgery or surgery alone or surgery with adjuvant radiation or surgery 

with adjuvant chemoradiation. C Cancer-specific survival of patients 
who received surgical or non-surgical treatments. D Cancer-specific 
survival of patients who received no surgery or surgery alone or sur-
gery with adjuvant radiation or surgery with adjuvant chemoradiation
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