
Introduction 

In the United States, there are approximately 3,000 patients per 
year diagnosed with hypopharynx cancer with most cases present-
ing with locally advanced disease [1,2]. Radiotherapy (RT)-based 
management of locally advanced disease is the predominant treat-
ment approach [3]. The intimate association of the hypopharynx 
with dysphagia and aspiration risk structures (DARS) such as the 
larynx, pharyngeal constrictors, and cricopharyngeus muscle [4-8] 

Purpose: Optimal radiotherapy treatment volumes for patients with locally advanced hypopharynx 
squamous cell carcinoma should ensure maximal tumor coverage with minimal inclusion of normal 
surrounding structures. Here we evaluated the effectiveness of a direct 3-mm high-dose gross tumor 
volume to planning target volume expansion on clinical outcomes for hypopharynx cancers. 
Materials and Methods: We performed a retrospective analysis of patients with hypopharynx carci-
noma treated between 2004 and 2018 with primary radiotherapy using a direct high-dose gross tu-
mor volume to planning target volume expansion and with or without concurrent systemic therapy. 
Diagnostic imaging of recurrences was co-registered with the planning CT. Spatial and volumetric 
analyses of contoured recurrences were compared with planned isodose lines. Failures were initially 
defined as in field, marginal, elective nodal, and out of field. Each failure was further classified as 
central high-dose, peripheral high-dose, central intermediate/low-dose, peripheral intermediate/low-
dose, and extraneous. Clinical outcomes were analyzed by Kaplan-Meier estimation. 
Results: Thirty-six patients were identified. At a median follow-up at 52.4 months, estimated 5-year 
overall survival was 59.3% (95% confidence interval [CI], 36.3%–74.1%), 5-year local and nodal con-
trol was 71.7% (95% CI, 47.1%–86.3%) and 69.9% (95% CI, 57.0%–82.6%), respectively. The most 
common failure was in the high-dose primary target volume. The gastrostomy tube retention rate at 
1 year among patients without recurrence was 13.0% (95% CI, 3.2%–29.7%). 
Conclusion: Minimal high-dose target volume expansions for hypopharynx cancers were associated 
with favorable locoregional control. This approach may enable therapy intensification to improve 
clinical outcomes. 
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challenges the normal tissue sparing capabilities associated with 
intensity-modulated radiotherapy (IMRT) [9]. This difficulty is fur-
ther complicated by the submucosal extension and numerous 
pathways of tumor spread associated with hypopharynx cancers 
leading to recommendations for generous high- and intermedi-
ate-dose RT treatment volumes [10-12]. Therefore, patients with 
hypopharynx cancer treated with RT are at increased risk for devel-
oping significant long-term toxicities compared to other head and 
neck subsites [13,14]. 
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There is limited data on patterns of failure in the IMRT era for 
patients receiving curative intent therapy for hypopharynx cancer. 
The series that have been reported, however, demonstrate favorable 
local control with most failures occurring within the high-dose 
clinical target volume (CTV) generated by a 5–10 mm expansion 
from the gross tumor volume (GTV) [15,16]. Despite favorable local 
control, the large high-dose CTV increases dose to nearby DARS 
placing patients at risk for long-term aspiration and dysphagia. Al-
ternative methods of reducing risk to DARS from high-dose RT be-
yond that achieved with IMRT-generated steep dose gradients are 
required. 

We recently reported our experience of patients with oropharynx 
and larynx cancer treated with a high-dose planning target volume 
(PTV) created by a direct 3-mm expansion of the GTV without an 
intermittent high-dose CTV. The high-dose PTV was surrounded by 
an intermediate-dose CTV created by a 10-mm expansion of the 
GTV to cover microscopic tumor spread [17,18]. Local control was 
excellent in both oropharynx and larynx cohorts with nearly all 
failures occurring in the high-dose target volume and dose to adja-
cent organs-at-risk was decreased. Given the unique submucosal 
spread, tumor extension pathways, and anatomic relationship with 
DARS, the efficacy of minimal high-dose target volume expansion 
for patients with hypopharynx cancer was evaluated. 

Materials and Methods 

This study was approved by the University of Wisconsin-Madison 
Institutional Review Board (No. UW17001). The informed consent 
was waived. We identified 36 patients with squamous cell carcino-
ma of the hypopharynx treated with definitive IMRT with or with-
out systemic therapy between 2004 and 2018. The American Joint 
Committee on Cancer (AJCC) 8th staging system was used for re-
porting of patient data. 

1. Treatment 
Patients were immobilized with a thermoplastic head and neck 
mask for simulation using. Intravenous contrast was used unless 
medically contraindicated. The high-dose gross tumor volume 
(HD-GTV70Gy) included the primary tumor and pathologic lymph 
nodes determined by the treating radiation oncologist using physi-
cal exam findings and cross-sectional imaging. The intermedi-
ate-dose CTV (ID-CTV60Gy) was generated by a 10-mm expansion of 
the HD-GTV70Gy, trimmed from air, bone and areas considered as 
natural borders against tumor extension, and involved high-risk 
nodal stations. A low-dose CTV (LD-CTV54-56Gy) was used for prophy-
lactic coverage of low-risk uninvolved nodal stations. HD-GTV70Gy 
and all CTVs were volumetrically expanded by 3 mm to create re-

spective PTVs. Patients received radiotherapy to total doses of 70 
Gy, 60–63 Gy, and 54–56 Gy to the HD-, ID-, and LD-PTVs, respec-
tively, in 33–35 fractions using TomoTherapy with daily CT im-
age-guidance. The most common concurrent systemic therapies 
consisted of either weekly cisplatin at 30–40 mg/m2, cisplatin at 
100 mg/m2 given every three weeks, or cetuximab with a 400 mg/
m2 loading dose followed by weekly doses of 250 mg/m2 weekly. 
Less common systemic regimens are listed in Table 1. 

Table 1. Patient and treatment characteristics

n (%)
Age (yr) Median 65
 ≥65 20 (55.6)
Sex
 Female 8 (22.2)
 Male 28 (77.8)
Tobacco use
 Never 2 (5.6)
 Former smoker 19 (52.8)
 Current smoker 15 (41.7)
Pack-years Median 42.5
Alcohol
 Never drinker 2 (5.6)
 0–21 drinks per week 22 (61.1)
 >21 drinks per week 12 (33.3)
T stage
 T1 7 (19.4)
 T2 15 (41.7)
 T3 6 (16.7)
 T4 8 (22.2)
N stage
 N0 7 (8.3)
 N1 6 (16.7)
 N2 22 (61.1)
 N3 1 (2.8)
Stage
 I 2 (5.6)
 II 2 (5.6)
 III 8 (22.2)
 IV 24 (66.6)
Chemotherapy
 Concurrent cisplatin 19 (52.8)
 Concurrent cetuximab 4 (11.1)
 Concurrent docetaxel 1 (2.8)
 Concurrent lapatinib 1 (2.8)
 Concurrent lapatinib and cisplatin 1 (2.8)
 Concurrent platinum and cetuximab 1 (2.8)
 None 9 (25)
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2. Patterns of failure 
We initially analyzed patterns of first recurrence in 15 patients 
who developed recurrent or metastatic disease. Seven patients de-
veloped metastatic disease of which two patients had isolated 
metastatic disease, four patients developed metastatic and nodal 
recurrence, and one patient developed primary and metastatic re-
currence. There were eight locoregional recurrences with two in 
the primary and nodal regions and six with only primary recur-
rence. There were no isolated nodal recurrences in this cohort (Fig. 
2A). Of the initial 15 recurrent patients, 13 had a component of lo-
coregional failure with 12 having analyzable treatment plans. We 
further characterized these recurrences to determine if they oc-
curred within the high-dose region defined as 95% of the recurrent 
tumor volume within the 95% isodose line of the 70 Gy field. We 
found that 9 of 12 analyzable failures occurred within the high-
dose field with 8 of 9 occurring at the primary site. One failure was 
classified as marginal failure because only 91% of the failure was 
within the high-dose region. The recurrent lesion was well centered 
in the high-dose volume but did extend into the cervical esophagus 
inferiorly, which was out of the high-dose field (Fig. 3). One patient 
recurred in the intermediate dose elective region in level IV with 
additional widespread metastatic disease. The final recurrence was 
out of field in level V (Fig. 2B). 

3. Salvage 
Thirteen patients had a component of locoregional recurrence at 
first recurrence, eight were able to undergo salvage surgery. All sal-
vage surgeries involved a total laryngectomy with five undergoing 
concurrent neck dissection. No patients developed isolated nodal 
failure; thus, no patients were salvaged with neck dissection alone. 
There was one perioperative death due to arrythmia with the rest 

2. Patterns of failure determination 
Imaging at the time of failure was deformably co-registered with 
the treatment planning CT and 95% isodose lines using MIM soft-
ware (MIM Software Inc., Cleveland, OH, USA) as previously de-
scribed [19]. Failures were defined as in field, marginal, elective 
nodal, and out of field. Treatment volumes were further classified 
as central high-dose, peripheral high-dose, central intermediate/
low-dose, peripheral intermediate/low-dose, and extraneous. If 
<95% of the contoured recurrent tumor volume was located 
within the 95% isodose line of the high-dose, intermediate-dose, 
or low-dose, it was considered a marginal failure. Conversely, if ≥  
to 95% of the volume was located within the 95% isodose line of 
the prescription, the failure was considered to be central.  

3. Statistics 
Time to local, regional, and distant failure was defined from the 
date of diagnosis. Overall survival, local and regional control, and 
gastrostomy tube placement was analyzed by the Kaplan-Meier 
method. Gastrostomy tube rate was analyzed for the subgroup of 
patients without recurrence or death at one year. 

Results 

1. Patient data and clinical outcomes 
We identified 36 patients with squamous cell carcinoma of the hy-
popharynx who received RT-based treatment. Patient, disease, and 
treatment characteristics are detailed in Table 1. At a median fol-
low-up of 52.4 months, the estimated 5-year overall survival was 
59.3% (95% confidence interval [CI], 36.3%–74.1%). Five-year lo-
cal and nodal control were 69.9% (95% CI, 57.0%–82.6%) and 
71.7% (95% CI, 47.1%–86.3%), respectively (Fig. 1A, 1B). 

Fig. 1. Clinical outcomes of hypopharynx patients treated with a minimal high-dose radiation target volume. (A) Overall survival at 5 years was 
59.3% (95% CI, 36.3%–74.1%). (B) Local and nodal control at 5 years was 69.9% (95% CI, 57.0%–82.6%) and 71.7% (95% CI, 47.1%–86.3%), 
respectively. CI, confidence interval.
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of the salvage surgeries representing negative margin resections. 
The locoregional recurrence free survival at 1 year was 42.9% (95% 
CI, 9.8%–73.5%). Ultimately six of seven patients who underwent 
savaged surgery experienced further locoregional recurrence. Over-
all survival at one year was 37.5% (95% CI, 8.8%–67.5%) with a 
median overall survival of 9.3 months. One patient is alive without 
recurrence following salvage with 3.5 years of follow-up.  

4. Toxicity  
Late toxicity data was gathered for 33 patients with at least 1 year 
of follow-up. The gastrostomy tube retention rate at 1 year among 
patients without recurrence was 13.0% (95% CI, 3.2%–29.7%). 
Among patients without recurrence, only two patients required 

tracheostomy tube placement. One patient had a tracheostomy 6 
months after radiation therapy due to laryngeal edema. A second 
patient had a tracheostomy prior to radiation therapy, which was 
removed after 3 months. Seven patients (21.2%) developed hypo-
pharyngeal stricture requiring dilation. Seven patients also devel-
oped aspiration pneumonia (21.2%) while three additional patients 
developed aspiration without pneumonia. 

Discussion and Conclusion 

RT-based management of hypopharynx cancer is well established 
and represents the most common treatment approach [3,20,21]. 
Historically, locoregional control rates of 40%–70% were achieved 
with 2D and 3D conformal radiotherapy with or without systemic 
therapy [21-28]. These rates have been maintained or improved 
with decreased long-term toxicity using IMRT despite the risk for 
marginal misses given its inherent steep dose gradient. These series 
and current consensus guidelines [11] recommend a 0.5–1.5 cm 
expansion of the GTV to create a high-dose CTV to account for 
subclinical tumor spread. We demonstrate that replacing a gross 
tumor and high-dose CTV with a GTV encompassed by a 1-cm in-
termediate-dose CTV resulted in clinical outcomes similar to other 
reported contemporaneous IMRT series that used larger high-dose 
target volumes. This approach was associated with excellent lo-
coregional control and a favorable toxicity profile. 

GTV expansions are created to account for tumor cells not ap-
parent on imaging or direct visualization. Histopathologic data 
suggests that the extent of microscopic tumor spread beyond gross 
disease is 5 mm in greater than 90% of cases [29]. Primary tumor 
failures identified in this series were nearly all within the high-dose 

Fig. 2. (A) Venn diagram depicting location of first failure. (B) Diagram depicting types of failure. In field is defined when 95% of the recurrence 
occurred within the 95% isodose line of the highest dose region. Marginal failure is defined when the recurrence was is in the high-dose region 
but <95% of the recurrence was contained within the 95% isodose line of the highest dose region. Elective failure is defined when the recur-
rence occurs in a low-dose region. Out of field failure is defined by a recurrence in a nodal region not receiving radiation.

Fig. 3. A single marginal failure was identified. Green represents the 
planning target volume, and the red outline corresponds to the con-
toured recurrence. It was classified as a marginal failure because only 
91% of the failure was within the high-dose region.
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target volume suggesting that microscopic disease was sterilized 
by the intermediate dose expansion that received doses of approxi-
mately 60 Gy to 66 Gy, which are the recommended doses used for 
microscopic disease in the postoperative setting [30,31]. 

Beyond the sterilizing capacity of microscopic tumor extension 
using 60 Gy to 66 Gy in the definitive setting, another consider-
ation for eliminating a high-dose GTV expansion is the documented 
discrepancy of histopathologic tumor volumes and those generated 
using modern imaging. In a robust study looking at resected hypo-
pharynx specimens processed in a fashion to eliminate tissue re-
traction demonstrated that contoured GTVs on axial images gener-
ated by CT, MRI, and PET scans were all larger than the actual tu-
mor [32]. Therefore, the contoured GTV receiving 70 Gy may in fact 
cover microscopic tumor extension. 

In further support of limiting the 70 Gy volume to the GTV, re-
cent data suggests that doses as low as 40 Gy (equivalent dose in 2 
Gy fractions) is sufficient to sterilize microscopic tumor cells. In a 
randomized study of reduced dose to the elective neck in patients 
with head and neck squamous cell carcinomas, at 5 years there 
was no difference in overall survival, local control, regional control, 
nor distant metastases between those that received 40 Gy versus 
50 Gy [33]. 

The proposed benefit of a refined high-dose target volume is re-
duced dose to DARS. Indeed, here we report 1-year gastrostomy 
tube retention of 13% and a 21% risk of aspiration induced pneu-
monia. These rates are similar to historical rates of 28% and 24% 
of gastrostomy tube dependence and aspiration induced pneumo-
nia, respectively [34,35]. Additional patients are necessary to con-
firm a significant reduction in toxicity. 

The interpretation of the results of this study must be interpreted 
in the context of its relatively small size and retrospective nature. We 
attempted to utilize objective metrics of toxicity to mitigate the un-
certainty associated with interpreting toxicity from a retrospective 
study. These findings require confirmation in a prospective setting. 

In conclusion, we demonstrate expected rates of locoregional 
disease control using minimal high-dose target volumes for pa-
tients with hypopharyngeal squamous cell carcinoma with favor-
able long-term toxicity. Despite these findings, patients with hypo-
pharynx cancer exhibit worse clinical outcomes and toxicities com-
pared to other head and neck disease sites. Therefore, there is a 
pressing need for novel approaches to improve clinical manage-
ment and toxicity profiles. 
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