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Background: This study aims to explore the adverse features and determine whether adjuvant 
chemoradiation after surgical resection can benefit stage IV hypopharyngeal squamous cell carcinoma 
(HSCC) patients.
Methods: We conducted a retrospective review covering 267 patients with stage IV HSCC. Propensity 
score-matched analysis was employed to reduce selection bias.
Results: T3–T4 or N2c–N3 stage, positive surgical margin, extracapsular spread and lymphovascular 
invasion were adverse features for overall survival (OS) in stage IV HSCC patients. For patients possessing 
these adverse features, those who received postoperative adjuvant treatment (PAT) had significantly better 
OS and recurrence-free survival (RFS) than patients who did not (P value =0.000 and 0.007, respectively). 
In addition, adjuvant chemoradiation demonstrated better OS and RFS compared to adjuvant radiation 
(P value =0.030 and 0.017, respectively). However, PAT showed no significant impact on OS and RFS (P 
value =0.776 and 0.847, respectively) in patients without adverse features.
Conclusions: Adjuvant treatments are recommended for stage IV HSCC patients that possess adverse 
features of pT3 and pT4 stages, N2c and N3 stages, positive surgical margin, extracapsular spread and 
lymphovascular invasion. For these patients, postoperative adjuvant chemoradiotherapy (CRT) is preferred. 
For patients without adverse features, observation and regular re-examination is sufficient post tumour 
resection. 
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Introduction

Hypopharyngeal squamous cell carcinoma (HSCC) is a 
rare entity accounting for less than 5% of all head and 
neck squamous cell carcinomas (HNSCC) (1). However, 

HSCC has a poorer prognosis than other types of HNSCC 

due to being asymptomatic during earlier stages and are 

caught only during advanced stages for most patients. The 

rich lymphatic network in the pharyngeal region and the 
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propensity for submucosal spread leads to higher risk in 
lymph node metastases, with reported statistics of 60–80% 
ipsilateral nodal metastasis, and 40% contralateral occult 
nodal metastasis (2-4). Over 50% of patients present 
with stage IV HSCC, and 5-year survival for stage III/IV 
HSCC hovers at 15–45% (1,5). As HSCC is relatively rare 
amongst all head and neck cancers, there is a lack of studies 
with significant stage IV HSCC sample size, and optimal 
treatment strategies for patients with stage IV HSCC 
remain controversial.

 In recent years, definitive chemoradiotherapy (CRT) 
and induction chemotherapy followed by radiotherapy 
(RT) have been introduced as new strategies preferable 
over surgery for many types of advanced HNSCC (6-8), 
including advanced HSCC (5,9-12). These non-surgical 
treatments offer patients the opportunity to preserve 
their laryngeal function. Considering the extremely 
poor prognosis for all stages of HSCC, further trials are 
required to assess the oncological outcome of non-surgical 
strategies. However, few previous studies have focused on 
stage IV HSCC, especially those with adverse features. 
Patients with stage IV HSCC have a significant tendency 
to relapse, yet the tissue damage due to RT makes salvage 
surgery rather difficult, leading to higher morbidity when 
compared to patients with other types of HNSCC (13). 
Thus, surgery-based treatment remains the most common 
therapeutic strategy in China. The surgery includes 
laryngopharyngectomy plus neck dissection, with optional 
PATs. Although the National Comprehensive Cancer 
Network (NCCN) guidelines recommend both adjuvant 
RT and CRT for stage IV HSCC patients following 
tumour resection (14), it remains unknown if adjuvant 
chemotherapy can benefit patients with high-risk stage IV 
HSCC. To investigate this, our study compares the clinical 
outcomes of surgery alone and surgery followed by RT or 
CRT in patients with stage IV HSCC. 

Methods

The study has been submitted to Chinese Clinical Trial 
Registry chictr.org.cn. The assigned Unique Identifying 
Number is ChiCTR1900022847.

Study population

Between 2003 and 2015, 553 patients with untreated 
HSCC received both primary tumour resection and neck 
dissection at Department of Otorhinolaryngology, Head 

and Neck Surgery at the Eye, Ear, Nose and Throat 
Hospital of Fudan University. Among them, 332 (60.0%) 
patients had stage IV HSCC as confirmed by postoperative 
pathology. Patients were excluded if they had multiple 
primary hypopharyngeal carcinoma or distant metastasis 
when diagnosed, has received any neoadjuvant RT or 
chemotherapy, or were lost to follow-up. Consequently, 
267 patients were included in our statistical analysis 
(Figure 1). This study was approved by the Institutional 
Ethics Committee of the Eye & ENT Hospital of Fudan 
University. All participants gave informed consent to take 
part in the study. 

Collected information

We reviewed the patients’ medical records to acquire their 
baseline clinical and disease characteristics, including sex, 
age, smoking history, use of alcohol, tumour location, 
surgical options and location of neck dissection, grade 
of differentiation, depth of tumour invasion, number 
of lymphatic metastases, lymphovascular invasion, 
extracapsular spread, fixation of hemilarynx, and adjuvant 
treatment. A multidisciplinary team re-evaluated the 
patients every 3 to 4 months for the first year after 
completion of treatment, and every 6 months thereafter. 
Each follow-up included a physical examination, blood 
test, laryngeal and gastrointestinal endoscopy, chest 
radiography, and computed tomography (CT) or magnetic 
resonance imaging (MRI) of the neck and chest. Overall 
survival (OS) and recurrence-free survival (RFS) were used 
as the end events of this study; data on site of recurrence, 
time to recurrence and death were also obtained during 
the follow-up.

Treatment methods

A l l  p a t i e n t s  r e c e i v e d  s u r g i c a l  t r e a t m e n t ,  w i t h 
recommendation for postoperative adjuvant therapies 
made clear. However, taking patient’s postoperative 
status such as low KPS score and patient’s preference into 
consideration, some received surgical treatment only. Three 
classifications were thus established: surgery alone, surgery 
plus postoperative radiotherapy (pRT) and surgery plus 
postoperative chemoradiotherapy (pCRT).

Postoperative adjuvant therapy included pRT and 
pCRT. pRT was conducted with a fractionation of 2 Gy/
fraction once a day, five times a week. The curative dose was  
66–70 Gy for both the primary tumour site and the involved 



Annals of Translational Medicine, Vol 8, No 5 March 2020 Page 3 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2020;8(5):189 | http://dx.doi.org/10.21037/atm.2020.01.102

lymph nodes (including possible local subclinical infiltration 
of the primary site and high-risk lymph nodes).

The preferred pCRT strategy for local advanced 
HNSCC is concurrent chemoradiotherapy (CCRT), which 
is platinum-based. Most patients received a DDP regimen 
where cisplatin (DDP) (45–50 mg/day) was delivered across 
3 consecutive days on day 1–3, day 22–24, and day 43–45, 
with an average total amount of 197.9mg/m2 cisplatin 
administered to patients receiving this regimen in our 
study. Two other patients received PF regimen consisting of 
cisplatin and 5-Fluorouracil (5-FU) in our study, and were 
also enrolled in our research. 

While most patients received CCRT, another pCRT 
approach, sequential chemoradiotherapy (seq-CRT), was 
used at our institution for a few patients. In seq-CRT, 
platinum-based induction chemotherapy was applied, 
followed by radiation-based locoregional strategy. 

Statistical analysis

OS was defined as the time from the first date of treatment 
to the last contact or death of any cause. RFS was defined 
as the time from the first date of treatment to local/regional 
recurrence or distant metastasis. Univariate analysis was 
used to evaluate the tumour characteristics to obtain the 
prognostic values of OS; variables with P values <0.10 in 

the univariate analysis were investigated using multivariate 
Cox regression to determine the impact of adverse features 
on survival outcomes. Propensity score matching (PSM) 
was used to balance the patients’ characteristics, including 
age, pT stage, pN stage, smoking history, drinking history, 
differentiation degree, lymph nodal fusion, cervical nodal 
necrosis, fixation of hemilarynx, and internal jugular vein 
adhesion with the aim of collecting bias of the pRT group 
and the pCRT group. We adopted a caliper width of 0.2 
of standard deviation for the nearest neighbour matching; 
the 1:1 matching method was conducted using the MatchIt 
package of R (version 3.5.1; R Development Core Team). 

Survival rates (including OS and RFS) were calculated 
at 5 years. Actuarial OS and RFS rates were calculated 
according to the Kaplan-Meier method using SPSS 24.0 
software (SPSS Inc., Chicago, IL, USA). Hazard ratio 
and the relative 95% confidence interval (CI) were also 
calculated. Statistical differences between the different 
treatment strategies were calculated using the log-rank test, 
and a P value <0.05 was considered statistically significant.

Results

Patients and characteristics 

A total of 267 patients were included in this study. The 

Stage IV hypopharyngeal squamous cell 
carcinoma confirmed by surgery (n=332)

267 patients were enrolled into our study

Patients without advance features (n=21)

Observation group (n=70)

Observation vs. PAT  
Propensity score analysis (n=140, 70 pairs)

pRT vs. pCRT 
Propensity score analysis (n=118, 59 pairs)

PAT group (n=176)

Patients with advance features (n=246)

Excluded:
Neo-adjuvant chemotherapy (n=29)
With distant metastasis when diagnosed (n=4)
Multiple primary hypopharyngeal carcinoma (n=9)
Loss to follow-up (n=23)   

Figure 1 Flow diagram of case selection steps. PAT, postoperative adjuvant treatment; pRT, postoperative radiotherapy; pCRT, postoperative 
chemoradiotherapy.
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patients and characteristics are presented in Table 1. The 
median OS of all the patients in this study was 33.5 months 
(range, 2.0–148.0 months). All patients underwent surgical 
treatment, including both primary tumour resection and 
neck dissection. Patients’ treatment characteristics are 
shown in Table S1. 

Treatment outcomes

Five-year OS and RFS for all patients were 37.5% and 
35.3%, respectively. Kaplan-Meier analysis results for OS 
in patients with stages T1, T2, T3 and T4 are shown in 
Figure S1A,B. OS was lower for patients with stages T3/
T4 than for those with stages T1/T2 (P value <0.0001); 
however, no difference in OS was observed between 
stages T1 and T2, and stages T3 and T4 (P value =0.896 
and 0.204, respectively). OS for stages N0, N1, N2 and N3 
are shown in Figure S1C,D. OS are higher for stages N0-
N2b than stages N2c/N3 for all patients (P value =0.0076, 
Figure S1E); this was also observed for patients with stages 
T1 and T2, and stages T3 and T4 (P value =0.0209 and 
0.0085, respectively. Figure S1F,G,H,I).

Adverse features of patients with stage IV HSCC
We conducted a univariate analysis to determine the 
variables that influence OS. Age (HR, 0.742; 95% CI, 
0.517–1.066; P value =0.102), history of smoking (HR, 
0.855; 95% CI, 0.588–1.243; P value =0.412), history of 
drinking alcohol (HR, 0.991; 95% CI, 0.687–1.431; P 
value =0.963), tumor differentiation (HR, 1.002; 95% CI, 
0.592–1.697; P value =0.993), tumor invasive depth (HR, 
1.242; 95% CI, 0.804–1.918; P value =0.329), cervical nodal 
necrosis (HR, 1.236; 95% CI, 0.854–1.790; P value =0.261), 
fixation of hemilarynx (HR, 1.346; 95% CI, 0.940–1.927; 
P value =0.105), and thyroid gland invasion (HR, 1.612; 
95% CI, 0.889–2.923; P value =0.116) were excluded by 
univariate analysis. Multivariate analysis was conducted to 
determine whether the factor showed a P value <0.100 in 
the univariate analysis, as shown in Figure 2. The results 
suggest that patients with stages T3–T4 (HR, 3.808; 95% 
CI, 2.163–6.704; P value =0.000) or N2c–N3 stages (HR, 
1.958; 95% CI, 1.275–3.006; P value =0.001), positive 
surgical margin (HR, 1.916; 95% CI, 1.161–3.162; P 
value =0.011), extracapsular spread (HR, 1.543; 95% CI, 
1.042–2.467; P value =0.035) and lymphovascular invasion 
(HR, 1.666; 95% CI, 1.050–2.644; P value =0.030) had 
significantly worse survival outcomes. These five variables 
could be adverse features for patients with stage IV HSCC.

Survival outcomes based on whether a patient received 
PAT or not
Based on the results of the analysis presented above, 
the patients were divided into two groups: those with 
adverse features and those without adverse features. 
Thus, 21 patients were assigned to the non-adverse 
features group and 246 patients were assigned to the 
adverse features group. In the non-adverse features 
group, 13 of the 21 patients received PAT, including 
pRT and pCRT. In the non-adverse features group, no 
statistically significant difference in OS and RFS was 
found for the patients receiving adjuvant treatment 
and those not receiving it (P value =0.776 and 0.847, 
respectively), as seen in Figure 3. In the adverse features 
group, 176 of the 246 patients received PAT and 70 received 
surgical treatment only. To verify whether PAT could 
improve the overall survival of stage IV HSCC patients 
with adverse features, we used PSM analysis to balance 
the other clinical characteristics, including age, alcohol 
drinking history, smoking history, tumour differentiation, 
lymph nodal fusion, tumour invasive depth, cervical nodal 
necrosis, fixation of hemilarynx, and internal jugular vein 
adhesion. Consequently, we included 70 pairs of patients in 
the analysis (Table 2). The multivariate analysis results for 
the matched patients are shown in Figure 4, indicating that 
PAT was associated with increased OS (HR, 0.337; 95% CI, 
0.193–0.587; P value =0.000) and RFS (HR, 0.450; 95% CI, 
0.252–0.806; P value =0.007) in stage IV HSCC patients 
with adverse features. 

Comparison of two different PAT strategies
Among patients receiving PAT, an additional PSM analysis 
was conducted to compare the clinical outcomes of surgery 
followed by RT and CRT. The basic characteristics of the 
matched patients are shown in Table 2. The multivariate 
analysis results for the matched pRT and pCRT patients, 
presented in Figure 5, showed that the pCRT group had 
better OS (HR, 0.539; 95% CI, 0.308–0.942; P value 
=0.030) and better RFS (HR, 0.518; 95% CI, 0.301–0.890; 
P value =0.017) than the pRT group. 

Locoregional and distant control
The patterns for recurrence in all patients are summarised 
in Table S2 .  For patients with tumour recurrence, 
locoregional recurrence was the most common type of 
recurrence; it accounted for 53.9% of the cases, followed by 
distant metastases (33.8%). The lung was the most common 
site of distant metastases for patients with stage IV HSCC. 
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Table 1 Patients and characteristics

Characteristics n %

Age

<60 147 55.1

≥60 120 44.9

History of smoking

Yes 175 65.5

No 92 34.5

History of drinking alcohol

Yes 154 57.7

No 113 42.3

Primary site

Pryform sinus 223 83.5

Posterior pharyngeal wall 30 11.2

Postcricoid region 14 5.2

T-classification

T1 9 3.4

T2 56 21.0

T3 96 36.0

T4 106 39.7

N-classification

N0 21 7.9

N1 22 8.2

N2 183 68.5

N3 42 15.7

Pathological stage

IVa 222 83.1

IVb 45 16.9

Tumor differentiation

Well or moderately 242 90.6

Poorly 25 9.4

Extracapsular spread

Presence 112 41.9

Absence 155 58.1

Lymphovascular invasion

Presence 41 15.4

Absence 226 84.6

Table 1 (continued)

Table 1 (continued)

Characteristics n %

Tumor invasive depth

Muscular layer 50 18.7

No muscular layer 217 81.3

Cervical nodal necrosis

Yes 91 34.1

No 176 65.9

Fixation of hemilarynx

Yes 118 44.2

Limited 45 16.9

No 104 39.0

Thyroid gland invasion

Yes 33 12.4

No 234 87.6

Esophageal invasion

Yes 30 11.2

No 237 88.8

Lymph nodal fusion

Yes 134 50.2

No 133 49.8

Internal jugular vein adhesion

Yes 115 43.1

No 152 56.9

Positive surgical margin

Presence 35 13.1

Absence 232 86.9

Discussion

Although survival has improved for patients with HSCC 
over the past three decades (15), the prognosis of patients 
with this disease remains unfavourable, especially for those 
with stage IV disease (16). Given the rarity of tumours in 
this region, very few studies have investigated large sample 
of patients in advanced stages; thus, research on stage IV 
HSCC is urgently needed to establish optimal strategy. 

In recent years, the trend of using RT instead of 
surgical treatment has resulted in high rates of laryngeal 
preservation along with survival outcomes comparable 
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to pharyngolaryngectomy. However, some studies have 
reported that the long-term survival achieved by surgical 
treatment was superior to that achieved by non-surgical 
ones (15,17-20). Consideration of an optimal initial 
treatment for stage IV HSCC has not been assessed in any 
large, prospective and randomised study, thus, additional 
trials are needed to confirm the efficiency of a non-
surgical strategy for treating advanced HSCC. Here in our 
country, surgery-based strategies remain the most common 
therapeutic treatment for patients with stage IV HSCC. 

Adjuvant RT is recommended for stage IV HSCC 
patients with advanced features, including positive surgical 
margins or extracapsular spread. Inadequate resection is 
reported to be correlated with increased risk of tumour 
recurrence and poorer survival outcome for patients (21-23). 
Recently, Harris has shown that all patients with involved 
margins had tumour recurrences no longer than 5 years 
after initial treatment, and the 5-year DFS of patients with 
negative margins was 48%, which was significantly better 
than the DFS of patients with positive margins (24). In 

Figure 2 Univariate and multivariate analysis of factors associated with OS. OS, overall survival.

Figure 3 OS (A) and RFS (B) curves of stage IV patients without adverse features stratified by receiving postoperative adjuvant treatment 
(pRT or pCRT) or not. OS, overall survival; RFS, recurrence-free survival; pRT, plus postoperative radiotherapy; pCRT, plus postoperative 
chemoradiotherapy.
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Figure 4 Multivariate analysis of factors associated with OS (A) and RFS (C) for matched patients from PAT group and Observation group; 
OS (B) and RFS (D) curves of stage IV patients with high-risk factors after PSM (70 pairs, PAT group vs. Observation group). OS, overall 
survival; RFS, recurrence-free survival; PSM, propensity score matching.

Figure 5 Multivariate analysis of factors associated with OS (A) and RFS (C) for matched patients from pRT group and pCRT group; OS (B) 
and RFS (D) curves of stage IV patients with high-risk factors after PSM (59 pairs, pRT group vs. pCRT group). OS, overall survival; RFS, 
recurrence-free survival; pRT, plus postoperative radiotherapy; pCRT plus postoperative chemoradiotherapy.
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our study, similar results were obtained; positive surgical 
margins were also significantly associated with worse OS 
rates on multivariate analysis. Submucosal extension has 
a high probability of presenting in HSCC. Recently, Jang 
et al. (25) found that there was a significant correlation 
between the degree of microscopic tumour extension from 
the gross tumour border and the sizes of primary tumour, 
with a median (range) of 0.84 (0.14–2.32) mm, 1.06 (0.20–
4.34) mm and 1.77 (0.13–4.70) mm in T1, T2 and T3–4 
stages respectively. Incidentally, most patients with stage IV 
HSCC are T3–4 stages (75.7% in our cohort). Considering 
the high risk of recurrence, for patients with T4 tumours, 
large surgical ranges are commonly performed for adequate 
safe margins. But for T3 diseases, the surgical excision is 
relatively conservative for function retention, which may 
increase the possibility of positive margins. Given the worse 
survival outcome due to increased risk of positive margins 
in patients with stage IV HSCC, suitable postoperative 
management is crucial.

Previous studies have identified extracapsular spread, 
defined as a tumour extending outside the lymph node 
capsule, to be another negative prognostic factor for 
survival in patients with laryngeal and hypopharyngeal 
cancer (26,27). In our study, the multivariate analysis results 
showed that the OS rate was significantly higher in patients 
without extracapsular spread. However, Coatesworth 
and MacLennan (28) reported that 10.5–25% of patients 
with cN0 disease were found to have extracapsular 
spread. Considering the poor survival outcome caused by 
extracapsular spread, the preoperative diagnosis of this 
factor seems crucial especially for those with clinically 
negative neck diseases. Nowadays, although diagnostic 
accuracy remains unsatisfactory, the combination of 
contrast-enhanced CT-scan and presence of central node 
necrosis is considered the most efficient diagnostic modality 
for clinical diagnosis of extracapsular spread (29). In our 
view, more specific indicators such as characteristic protein 
biomarkers for preoperative detection of extracapsular 
spread should be explored to achieve higher diagnostic 
accuracy. An internationally accepted grading criteria 
should also be created for differentiating the severity of 
extracapsular spread to help determine optimal treatment 
strategies for HSCC patients. 

According to the 7th American Joint Committee 
on Cancer (AJCC) Staging Manual (14), stage pT4 is 
considered to be a risk factor. Invasion of cricoid cartilage 
or central compartment soft tissue is classified as stage 
T4a, and invasion of the prevertebral fascia or mediastinal 

structures or encasing carotid artery is classified as T4b. In 
our study, among patients with stage IV HSCC, the survival 
outcomes of patients with stage T3 disease were found 
to be similar to those with stage T4 disease. Moreover, 
multivariate analysis confirmed that patients with stages 
T3–T4 showed a significant correlation with decreased 
OS. Stage T3 of this disease is defined as a tumour with a 
diameter >4 cm or with fixation of hemilarynx or extension 
of the oesophagus. With stages T3–T4, a tumour usually 
means deeper infiltration and a large oesophagus extension, 
which could explain the results of our study that showed 
patients with stages T3–T4 HSCC had poor survival 
outcomes in terms of OS.

The level of lymph node metastasis (LNM) has been 
reported to be an independent prognostic factor for survival 
in patients with advanced HNSCC (30), and cervical 
lymph node management is an important factor that affects 
the outcomes of HSCC treatment (31). A previous study 
reported that, in locally advanced HNSCC, patients with 
metastatic lymph nodes classified as N2/N3 have poorer 
tumour outcomes than patients classified as N0/N1 (32). 
However, no previous study has focused on the treatment 
outcomes of HSCC patients with bulky N disease. 

In this study, we paid attention to the outcomes of 
management for patients with different levels of LNM. A 
survival rate comparison between patients with different 
N stages showed that the survival outcome was worse for 
patients classified as N3 than patients classified as N0–
N2, and patients with N2 disease showed similar survival 
outcomes as those with N0–N1 disease. To further study 
bulky N disease amongst stage IV HSCC patients, patients 
with N2 disease were subdivided into N2a, N2b and N2c 
groups, and the Kaplan-Meier analysis of OS in patients 
with N2–N3 disease showed that OS was significantly 
worse for N2c/N3 patients than N2a/N2b patients. The 
multivariate analysis results also confirmed that patients 
with N2c/N3 disease had a significantly poorer OS than 
patients with N0-N2b disease. Patients with N2c disease 
all have bilateral or contralateral lymph nodal metastasis, 
while the metastatic lymph nodes are confined to one side 
in patients with N2a disease and N2b disease, which may be 
the reason for the poor OS finding.

Lymphovascular invasion includes lymphatic invasion 
and vascular invasion. Michikawa et al. (33) reported that 
lymphovascular invasion can be used to predict lymph node 
metastasis, and is associated with poor prognosis. Similar 
results were obtained in our research. The discovery of 
lymphovascular invasion signifies a number of cancer cells 
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were invading into the vascular cavity and may indicate the 
development of metastasis, which can explain the poorer 
survival outcome in patients with this factor. Saito (34) 
evaluated the correlation of lymphatic invasion and vascular 
invasion with treatment outcomes separately, and found 
vascular invasion was a strong prognostic biomarker for 
patients with advanced HSCC while lymphatic invasion was 
not. In view of the small sample size of their study, more 
multicenter, large-sample studies are needed to confirm 
the separate prognostic values of lymphatic and vascular 
invasion. 

Af ter  determining the  r i sk  fac tors ,  t reatment 
strategies should be discussed. According to the National 
Comprehensive Cancer Network guidelines, postoperative 
CRT is recommended after surgical resection for patients 
with high-risk adverse features, including positive surgical 
margins or extracapsular spread of nodal metastasis (35). 
However, for risk factors that are considered to be 
intermediate, such as pT3 or pT4 primary stages, N2 
or N3 classification and lymphovascular invasion, there 
are no definite consensus on the use of postoperative 
chemotherapy, so explicit indications for postoperative 
treatment strategy remain undetermined. Several published 
studies have reported that PAT could provide satisfactory 
locoregional control and survival rates in locally advanced 
HNSCC (36,37). Randomised trials have also indicated that 
postoperative CRT can result in a better survival outcome 
in HNSCC patients with adverse features, mainly including 
extracapsular spread of nodal disease and microscopically 
positive mucosal margins of resection (38,39). 

In this study, we determined the factors that significantly 
influence the survival outcomes of stage IV HSCC, 
including extracapsular spread and positive margins, which 
have been regarded as adverse features in most previous 
studies. We also concluded adverse features of pT3 and pT4 
stages, N2c and N3 stages, and lymphovascular invasion 
that significantly impact survival outcomes. We found that 
PAT can significantly reduce the risk of recurrence and 
increase survival rate for patients in this group, but has little 
influence on survival outcomes in the non-adverse features 
group, as it is generally believed that RT can efficiently 
prevent cancer cell residual and microscopic deposits, 
which would lead to tumour recurrence if mismanaged (36). 
Recently, researchers have been investigating advanced 
techniques of RT, such as intensity modulated radiation 
therapy (IMRT) as an adjuvant strategy for HNSCC (40). 
However, information on IMRT in a postoperative setting 
for advanced HSCC is scarce; thus, additional studies are 

needed to evaluate the efficiency of this strategy. 
In regards to use of chemotherapy, for patients with 

adverse features in our study, those who received pCRT 
(including CCRT and seq-CRT) achieved better RFS and 
better OR than patients who only received postoperative 
RT. Locoregional failure was the major recurrence pattern 
for advanced HNSCC patients according to previous 
report (41). Similarly, in our study, the majority of the 
recurrence patterns were locoregional failures (53.9%) 
in patients with stage IV HSCC, indicating the high risk 
of tumour recurrence and metastasis in patients with this 
disease. Chemotherapy can efficiently kill residual cancer 
cells in subclinical metastatic lesions, which may explain the 
preferable survival outcome when using pCRT instead of 
only using pRT. 

Study limitations

Our study has some limitations. First, selection bias 
is unavoidable due to the study’s retrospective design 
and single institution participation. Although PSM was 
conducted, which can reduce bias to some extent in each 
group, some unknown confounders which were not 
included in the database may affect the outcomes, such as 
the patients’ socioeconomic status. Second, in regards to 
lymphovascular invasion, we did not differentiate between 
vascular invasion and lymphatic invasion. It has been 
reported that vascular invasion is a stronger prognostic 
biomarker for advanced hypopharyngeal carcinoma (34); 
however, there are very few studies with a large sample 
size that aim to assess the separated influence of vascular 
invasion and lymphatic invasion in patients receiving 
tumour resection for hypopharyngeal carcinoma. Third, 
we administered 1–2 cycles of treatment for patients as an 
efficient chemotherapy strategy, but we did not investigate 
how the regimens and dosage affected the survival outcome. 
Fourth, details on the extent that smokers and drinkers 
engage in their respective activities are not known. We 
believe future multicentric and prospective studies are 
needed to validate our conclusions.

Conclusions

The listed factors are seen as adverse features: pT3 and 
pT4 stages, N2c and N3 classifications, positive surgical 
margins, extracapsular spread of nodal disease and 
lymphovascular invasion. For patients that possess these 
factors, PATs are necessary even though patients underwent 
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complete resection with no evidence of residual cancer 
inspected macroscopically or microscopically. Of the 
possible PATs, pCRT is considered to be the best choice. 
However, for patients without these adverse features (T1-
2N2a-2b, without positive surgical margins, extracapsular 
spread of nodal disease and lymphovascular invasion) PATs 
seem unnecessary; instead, observation and regular  re-
examination should suffice after tumour resection.
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Supplementary

Table S1 Treatment characteristics of all patients

Treatment n %

Type of primary surgery

LF preservation laryngectomy 61 22.8

Total laryngectomy 206 77.2

Type of neck dissection

Unilateral 216 80.9

Bilateral 51 19.1

Postoperative adjuvant therapy

pCRT (CCRT/seq-CRT/unknow) 69/42/12 46.1

RT alone 48 18.0

No 96 36.0

pCRT, postoperative chemoradiotherapy; CCRT, concurrent chemoradiotherapy; CRT, chemoradiotherapy.

Figure S1 OS curves of stage IV HSCC patients. (A,B) OS curves of patients with stage IV HSCC stratified by T-classification; (C,D,E) OS 
curves of patients with stage IV HSCC stratified by N-classification; (F,G) OS curves of stage IVHSCC patients with T1/2 stage stratified 
by N-classification: (H,I); OS curves of stage IV HSCC patients with T3/4 stage stratified by N-classification.
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Table S2 Patterns of recurrence

Recurrent site No. %

All 154 100.0

Primary 19 12.3

Locoregional 83 53.9

Distant 52 33.8

Lung 33 21.4

Liver 8 5.2

Bone 11 7.1

Brain 4 2.6

Intestine 1 0.6

Esophagus 5 3.2

Other 3 1.9
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