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Objective: To evaluate the feasibility and efficacy of low postoperative radiotherapy 
(PORT) dose in patients with advanced hypopharyngeal squamous cell carcinoma 
(HPSCC) and identify prognostic factors in this group.
Patients and Methods: Between January 2013 and September 2015, 110 consecutive 
patients with HPSCC with no high-risk factors were treated postoperatively to 50 Gy 
(n=89), 56 Gy (n=12), and 60 Gy (n=9) in 2 Gy/fraction. Overall survival (OS), 3-year 
progression-free survival (PFS), 3-year loco-regional recurrence-free survival (LRFS), and 
treatment-related toxicities were analyzed.
Results: Median follow-up time was 40 months (range=6–75 months). The 3-year local- 
regional control (LRC) and 3-year neck control rate were 86.3% and 91.8%, respectively. 
The 3-year OS, PFS, and LRFS were 69.9%, 65.5%, and 80.5%, respectively. In a univariate 
analysis, T stage showed a significant correlation with improved OS, PFS, and LRFS 
(P=0.008, P=0.039, P=0.034). On multivariate analysis, T stage showed a significant corre-
lation with improved OS and PFS. N stage showed a significant correlation with improved 
PFS. However, interval surgery-radiotherapy, reconstructive methods, and RT dose cannot 
serve as a significant prognostic factor for survival outcome.
Conclusion: This study suggests that treating no high-risk factors for locally advanced 
HPSCC with a dose of 50 Gy to the whole operative bed and elective lymph node levels 
cannot compromise disease control and survival.
Keywords: head and neck cancer, hypopharyngeal squamous cell carcinoma, postoperative 
radiotherapy, quality of care

Introduction
About 14,400 cases of pharyngeal SCC are diagnosed annually, of which approximately 
3400 new cases are HPSCC.1 It is well known that head and neck squamous cell 
carcinoma (HNSCC) requires a comprehensive treatment for the sake of improving 
the treatment results and survival. Prior to the 1980s, a number of studies have shown 
a correlation between pathologic features and the risk of recurrence, including surgical 
status, number, and location of positive neck nodes, presence of extranodal extension 
(ENE), and perineural invasion.2,4 In the meantime, studies from Memorial Sloan- 
Kettering Cancer Center5,6 and M. D. Anderson Hospital7,8 demonstrated that adjuvant 
radiotherapy greatly reduced the risk of local-regional recurrence after surgery alone. 
Subsequently, postoperative radiotherapy (PORT) became a standard of care for 
patients with locally advanced HNSCC who experienced surgical resection.
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The dose concept for the treatment of HNSCC by 
PORT has evolved with time. In the 1970s, one of the 
first convincing reports on the benefit of combining radio-
therapy with surgery was recorded by Fletcher,9 and he 
considered that 50 Gy in 25 fractions was adequate to 
control microscopic disease. In the 1990s, a dose guideline 
gained by Peters et al10 in a prospective clinical trial was 
that 57.6 Gy with daily fractions of 1.8 Gy to surgical bed 
was needed. Between 1995 and 2000, the EORTC and 
RTOG cooperative group recommended a dose range 
from 60–66 Gy according to high-risk status.11,12 At pre-
sent, the recommended dose of PORT for no high-risk 
factors HPSCC in 2019 NCCN guidelines is 44–50 Gy 
in 3D conformal RT or 54–63 Gy with IMRT technique,13 

in which recommendation for radiation dose in the tumor 
bed and drainage area are not detailed. Multiple literatures 
have confirmed the importance of PORT, but the dose of 
PORT with no high-risk factors is not clear. From 
January 2013, we give the intensity-modulated radiother-
apy (IMRT) dose of 50 Gy to HPSCC patients with no 
high-risk factors. The aim of the present study was to 
evaluate the clinical outcomes after this dose change.

Patients and Methods 
A total of 110 consecutive patients, who received PORT of 
the HPSCC between January 2013 and September 2015 in 
Shandong Provincial ENT Hospital affiliated to Shandong 
University, were analyzed. This study was carried out in 
accordance with the Declaration of Helsinki. Approval for 
this study was obtained from the ethical committee of 
Shandong Provincial ENT Hospital. Written informed con-
sent was obtained from all participants. All patients were 
evaluated preoperatively, including complete history and 
physical examination, head and neck laryngoscopy, and 
computed tomography (CT). The tumor stage was deter-
mined according to the 2010 American Joint Committee 
on Cancer (AJCC) TNM staging system (seventh edition). 
Their clinical characteristics are summarized in Table 1.

Surgery
All patients received electronic laryngoscopy before 
operation. Narrow band imaging (NBI) was used to eval-
uate the canceration range of hypopharyngeal mucosa, and 
enhanced CT to evaluate the extent of deep tumor inva-
sion. All of the patients in the study underwent surgical 
resection and unilateral or bilateral neck dissection, typi-
cally in nodal levels II–IV, but also in nodal levels I and V, 
if clinically indicated. The surgical approach was to 

achieve an oncologically complete resection of the pri-
mary tumor and the neck dissection was carried out 
according to clinical stage. The surgical defects were sui-
tably covered by a pectoralis major myocutaneous for the 
sake of cosmesis and physiological function.

Among all cases, 11 patients (10%) had the preservation 
of laryngeal functions after surgery and 99 patients (90%) 
with total pharyngectomy and total laryngectomy. All the 
patients received bilateral cervical lymph node dissection. 
Ninety-three cases were treated with different reconstructive 
methods, 32 patients were reconstructed with a pectoralis 
major myocutaneous flap. Fifty-eight patients were recon-
structed with free jejunum. Three patients had total phar-
yngo-larygo-oesophagectomy and gastric pull-up.

Pathology
The pathological report included the following: grade of 
differentiation, surgical margin, number of nodes with 

Table 1 Characteristics of 110 Patients

Characteristics Number of Cases (%)

Age (years) 56 (39–81)

Gender

Male 105
Female 5

ECGO performance status

0 39

1 56
2 15

T-stage (AJCC 7)
1 5

2 28

3 53
4 24

N-stage (AJCC 7)
0 21

1 18

2 69
3 2

Radiation dose
50 Gy 89

50–60 Gy 21

Interval surgery–radiotherapy

≤4 weeks 49

4–6 weeks 12
≥6 weeks 49

Abbreviations: ECOG, Eastern Cooperative Oncology Group; AJCC, American 
Joint Committee on Cancer; T, tumor; N, node.
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extranodal extension (ENE), soft tissue infiltration, and the 
number and location of positive nodes, pathologic T stage; 
and pathologic N stage. High-risk factors included extra-
nodal extension (ENE) and positive margins. T3 or T4 
tumors, stage N1, N2, or N3 nodes, perineural invasion, 
and vascular cancer embolus were regarded as low-risk 
features with an indication for postoperative RT.

Radiotherapy
All patients were treated using CT-based RT planning with 
intensity-modulated radiotherapy (IMRT). Radiotherapy 
was delivered with a 6 MV linear accelerator. Patients 
were immobilized from head to shoulders with thermoplas-
tic masks in the supine position. The time interval between 
surgery and the start of radiotherapy was <4 weeks in 49 
patients (44.5%), 4–6 weeks in 12 patients (10%), and >6 
weeks in 49 patients (44.5%). All patients have no adverse 
features, such as extranodal extension (ENE), close or posi-
tive surgical margins based on preclinical imaging, operative 
findings, and final pathologic findings.

Patients underwent the technique of whole-field IMRT. 
CTV included the surgical bed and elective lymph node chain 
of both necks. Elective nodal target volume included nodal 
areas of neck dissection (level II–V nodes and retropharyngeal 
nodes). The selective nodal target volume of the pN0 neck 
consisted of levels II–IV on both necks. CTV was expanded 
by 0.5 cm to create planning target volume (PTV). The total 
dose to the surgical bed was 50 Gy in 25 fractions of 2 Gy. 
The total dose delivered to selective nodal areas was 50–60 
Gy, including 50 Gy (n=89), 56 Gy (n=12), and 60 Gy (n=9).

Follow-Up
After PORT, patients were followed up every 2 months 
during the first year, every 3 months in the second year, 
and every 4–6 months thereafter. During each follow-up 
period, patients underwent general physical and clinical 
examinations of the head and neck, including fibrolaryn-
goscopy, and CT scans to assess the tumor bed, the neck, 
and to check for any metastases.

Statistical Analysis
The overall survival (OS) was calculated from the day of 
start of the adjuvant therapy until death from any cause. 
Progression-free survival (PFS) was calculated from 
the day of start of the adjuvant therapy until death from 
any cause or any relevant events including local, regional, 
distant recurrence and metastasis, or second tumor. Loco- 
regional recurrence-free survival (LRFS) was observed 

from the first day of treatment until local and regional 
recurrence. The statistical tests were performed using 
SPSS version 17.0. The Kaplan-Meier method was used 
to estimate OS, PFS, and LRFS. Multivariate analyses 
were computed using the Cox regression modeling.

Results
Late Toxicity
Table 2 shows toxicities in accordance to the Radiation 
Therapy Oncology Group (RTOG) common toxicity cri-
teria. The rate of grades 3 mucositis was 10% (11/110), the 
main of acute mucositis was grade 2 (62.7%). Grade 1 and 
2 dermatitis were recorded in the majority of patients (107/ 
110, 97.3%). No treatment related deaths were reported 
and no Grade 4 toxicities occurred among patients, which 
may be the dose of 50 Gy easily tolerated in our study.

Recurrence and Survival Outcome
The median study follow-up time was 40 months (range= 
6–75 months). Of 110 patients, 15 (13.6%) patients were 
observed to have developed the primary site and the neck 
failure, the actuarial 3-year local-regional control rate accord-
ing to dose is shown in Table 3. Conclusions from these data 
are that: patients receiving 50 Gy had a lower primary and 
neck failure rate than those receiving >50 Gy, but those 
differences did not reach statistical significance (P=0.082, 
P=0.369, respectively). The most pattern failure was distant 
metastasis (17 patients, 15.5%), the most common site was 
the lung. Six patients (5.4%) developed secondary cancer.

The OS, PFS, and LRFS are shown in figure 1–figure 
3, respectively. The 3-year OS, PFS, and LRFS rates were 
69.9%, 65.5%, and 80.5% respectively.

Prognostic Factors
We performed univariate and multivariate analysis using vari-
ables in this study, including age, sex, T classification, 
N classification, reconstructive methods, interval surgery– 

Table 2 Adverse Event Grade According to RTOG Grade

Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Dermatitis 61 46 3 0

Mucositis 30 69 11 0
Dysphagia 63 41 6 0

Nausea/Vomiting 76 30 4 0

Hematologic 
toxicity

85 25 0 0

Abbreviation: RTOG, Radiation Therapy Oncology Group.
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radiotherapy, and RT dose. By univariate analysis, T stage 
(P=0.008, P=0.039, P=0.034) was associated with improved 
OS, PFS, and LRFS, while N stage showed it was associated 
with PFS (P=0.029). N stage also showed a trend towards 
improved LRFS (P=0.052). On multivariate analysis, T stage 
was associated with OS and PFS (P=0.007, P=0.046), and 
N stage was associated with PFS and LRFS (P=0.035, 
P=0.043). However, interval surgery-radiotherapy, recon-
structive methods, and RT dose did not show as a significant 
prognostic factor for OS, PFS, and LRFS (Tables 4 and 5).

Discussion
Over the past two decades, information with regard to dose 
in the postoperative for no high-risk factors is relatively 
scarce. After observing excellent outcomes of patients 
with HPSCC at our institution,14 we reduced the intensity- 

modulated radiotherapy (IMRT) dose from 60 to 50 Gy for 
all postoperative patients with no high-risk. In the present 
study, the 3-year local-regional control (LRC), and 3-year 
neck control rates were 86% and 91.8%, respectively. In 
the Peters et al10 preliminary study, patients were divided 
into low risk or high-risk groups after primary surgery, and 
the low risk patients were irradiated to a total dose of 
52.2–54.0 Gy with a fraction size of 1.8 Gy. Based on 
the first interim analysis, the dose was increased to 57.6 
Gy on account of the high rate of recurrences. Biologically 
equivalent dose calculations show that 52.2 Gy/1.8 Gy per 
fraction is relatively similar to 51.3 Gy/2 Gy per fraction, 
54 Gy/1.8 Gy is similar to 53 Gy/2 Gy, and 57.6Gy/1.8 Gy 
is similar to 56.6 Gy/2 Gy. Although Peters et al10 used 
higher doses of 54 and 57.6 Gy compared with the 50 Gy 
used in our study, the LRC was not improved. Recently, 
the long-term and final result in the Rosenthal et al15 trial 
showed that increasing the dose did not evidently improve 
LRC. It is generally believed that doses of 50 Gy are 
adequate to control microscopic disease. Similarly, 
Vergeer et al16 reported a retrospective study describing 
the results of selective irradiation up to 50 Gy in the N0 
neck of HPSCC, the 3-year neck control rate was 90%. 
However, it should be pointed out that only 55 patients 

Table 3 3-Years Control Rates at the Primary Site and Neck

Primary Site Neck

Dose 
(Gy)

Recurrence Control 
Rate (%)

Recurrence Control 
Rate (%)

50 3 96 6 93
50–60 3 85 3 85

Figure 1 Overall survival (OS).
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Figure 2 Progression-free survival (PFS).

Figure 3 Loco-regional free survival (LRFS).
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were HPSCC. Similar results were reported by 
Langendijk et al17 and Smeele et al.18 By contrast, one 
finding of Lee et al19 was that 3-year LRC in patients 
receiving >60 Gy was better than in those receiving<60 
Gy in PORT group (48% vs 20%). A possible explanation 
for this discrepancy could be the difference of patient 
selection. It is noteworthing that one finding was better 
LRC for 50 Gy compared with >50 Gy in our study, which 
suggested that increasing dose was not necessary to 
improve tumor control. The possible explanation is that 
increasing the total time may offset any benefit of an 
increase in the dose.

Additionally, the rate of 3-yeas OS and PFS was 
69.9% and 65.5% in the current study. The survival 
outcomes being demonstrated in several studies were 
similar to our data. In the early 1990s, Frank et al20 

reported a retrospective analysis of 110 HPSCC treated 
with 4 meV photons, irradiating the primary site and 
bilateral neck using 1.8–2.0 Gy per fraction up to 
a total dose of median 60 Gy. The 5-year OS was 48%. 
The study by Kirke et al21 retrospectively analyzed 3518 
head and neck squamous cell carcinoma patients (111 
hypopharyngeal cancer) and found that the rate of 3-year 
OS for PORT was 67.5%. Huang et al22 conducted 
a comparison between surgery alone and PORT, finding 
that 3-year DFS was 45% in the PORT group. In one 
analysis of 74 patients with HPSCC, 44 patients received 
PORT with a dose of 60–66 Gy and 30 patients received 
concurrent chemoradiation, 3-year OS for PORT was 

44%.19 Although Lee et al19 delivered a higher dose of 
60–66 Gy compared with the 50 Gy in our research, the 
3-year OS was lower than our result. One reason could 
be that the delivered doses were likely less precise.

In this analysis, although we used a dose of 50 Gy to 
the whole operatived bed instead of a boost of 60 Gy, there 
was no reduction in locoregional control rate. This may be 
related to the following three likely reasons: 1) All patients 
analyzed in our study were HPSCC, the homogeneity of 
the cases improved the results of the study. 2) More 
refined techniques of intensity-modulated RT were used 
to deliver the PORT, and dose refinement with such 
advanced techniques had benefited a large number of 
patients. 3) Total hypopharyngeal resection or circumfer-
ential resection of hypopharyngeal could ensure the safe 
surgical margins and improved the local control rate.

In our study, no patients experienced grade 4 dermatitis, 
dysphagia, hematologic toxicity, or nausea/vomiting. The rate 
of grades 3 and 4 mucositis (10.6%, 10/94) was comparable 
with the 11.4% reported by Mohanti et al23 and the 19% 
reported by Lee et al,24 which did not raise the need for 
hospital care and nasogastric tube. The study by 
Machtay et al25 demonstrated patients receiving ≤50 Gy had 
a lower rate of severe toxicity than patients receiving >60 Gy. 
As evidenced in the Peters et al10 and Chin et al26 trials, there 
was a dose-response for complications.

The present study revealed that T staging was significantly 
associated with OS, PFS, and LRFS while N staging showed 
a significant correlation with improved PFS and LRFS. These 

Table 4 Univariate Analysis of OS, PFS, and LRFS

Factor OS HR (95% CI) P-value PFS HR (95% CI) P-value LRFS HR (95% CI) P-value

Age 1.000 (0.96–1.041) 0.984 0.992 (0.955–1.031) 0.682 1.024 (0.972–1.078) 0.373
T classification 1.934 (1.191–3.139) 0.008 1.588 (0.96–1.041) 0.039 1.951 (1.050–3.623) 0.034

N classification 1.500 (0.903–2.491) 0.118 1.792 (1.063–3.023) 0.029 2.160 (0.993–4.698) 0.052

Radiotherapy dose 1.088 (0.474–2.501) 0.842 1.009 (0.489–2.326) 0.872 1.584 (0.614–4.086) 0.341
Interval surgery–radiotherapy 1.002 (0.976–1.030) 0.857 1.000 (0.985–1.034) 0.454 0.991 (0.954–1.030) 0.655

Reconstructive methods 1.086 (0.771–1.531) 0.636 0.995 (0.714–1.388) 0.977 0.992 (0.837–1.947) 0.257

Table 5 Multivariate Analysis of OS, PFS, and LRFS

Factor OS HR (95% CI) P-value PFS HR (95% CI) P-value LRFS HR (95% CI) P-value

Age 1.021 (0.968–1.078) 0.441 1.021 (0.960–1.067) 1.012 1.030 (0.974–1.090) 0.301

T classification 2.489 (1.282–4.833) 0.007 1.801 (1.009–3.214) 0.046 1.841 (0.965–3.511) 0.064

N classification 1.484 (0.801–2.749) 0.209 1.994 (1.050–3.787) 0.035 2.129 (1.024–4.428) 0.043
Radiotherapy dose 1.195 (0.406–3.520) 0.747 1.243 (0.446–3.471) 0.677 1.533 (0.578–4.069) 0.391

Interval surgery–radiotherapy 1.404 (0.571–3.451) 0.459 2.313 (0.940–5.695) 0.068 1.008 (0.965–1.053) 0.706

Reconstructive methods 0.811 (0.411–1.600) 0.546 0.805 (0.422–1.536) 0.511 1.339 (0.675–2.657) 0.403

Tao et al                                                                                                                                                               Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 7558

http://www.dovepress.com
http://www.dovepress.com


discoveries accorded with the available data in the literature. 
T staging and N staging have been previously considered to be 
independent prognostic factors for LRC and for OS in patients 
with locally advanced HNSCC.27,28 However, interval sur-
gery-radiotherapy was not a significantly prognostic factor in 
this analysis. Prior published studies have shown the effects of 
different time-to-PORT intervals on locoregional recurrence 
and survival were beneficial in some cases,29–32 and ineffec-
tive in others.33–35 Possible explanations were a retrospective 
and small sample size. Most importantly, both multivariate and 
univariate analysis revealed that RT dose was not predictive of 
treatment outcomes, and the difference dose did not influence 
survival outcome. This finding further supports the view that 
patients with no high-risk factors treated to 50 Gy was 
sufficient.

In conclusion, we presently suggest that treating no 
high-risk factors for locally advanced HPSCC with 
a dose of 50 Gy in 25 fractions of 2 Gy each to the surgical 
bed and elective lymph node levels cannot compromise 
disease control and survival. A larger series of patients and 
longer-term follow-up result remain necessary.

Disclosure
The authors report no conflicts of interest in this work.
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