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Abstract

Background: To identify the spatial patterns of regional lymph node failure of locally advanced hypopharyngeal
squamous cell carcinoma (SCC) after first-line treatment with surgery and/or intensity-modulated radiotherapy
(IMRT).

Methods: We retrospectively obtained the clinicopathological characters of 123 hypopharyngeal SCC patients, and
investigated the patterns of regional lymph node failure. Univariate and multivariate logistic regression were used
to determine the risk factors of regional lymph node failure.

Results: Forty patients (32.5% of total patients) were suffered regional lymph node failure. In these patients, the
ipsilateral neck level Il nodal failure account for 55.0% (22/40) followed by level Ill 30.0% (12/40), level Vib 15.0% (6/
40), level VII 15.0% (6/40), and level IV 5.0% (2/40). In addition, 17.5% (7/40) patients suffered contralateral neck level
Il nodal failure and 7.5% (3/40) patients suffered level Il nodal failure. The common failure levels were the Il (7/46,
15.2%), Il (4/46, 8.7%), VIb (4/46, 8.7%), and VII (5/46, 10.9%) for treatment by surgery. The lymph node recurrence
and persistent disease at levels Il (19/77, 24.7%) and Ill (10/77, 13.0%) remained the major cause of failure following
curative intent of IMRT. The postoperative radiation significantly decreased the risk of regional lymph node failure
(OR=0.082, 95% Cl: 0.007-1.000, P=0.049); and the radiologic extranodal extension significantly increased the risk
of regional lymph node failure (OR=11.07, 95% Cl: 2.870-42.69, P < 0.001).

Conclusions: Whatever the treatment modality, the lymph node failure at level Il and Ill was the most popular
pattern for hypopharyngeal SCC. Moreover, for patients who underwent surgery, the nodal failure at level VIb and
VIl was frequent. Thus, postoperative radiation of level VIb and VI may give rise to benefit to locally advanced
hypopharyngeal SCC patients.
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Background

Squamous cell carcinoma (SCC) of the hypopharynx is
relatively rare and accounts for 3 to 7% of all head and
neck cancers [1-3]. Notably, the hypopharyngeal SCC is
a lethal disease and the 10-year overall survival is only
13.8% [4, 5]. The poor prognosis of hypopharyngeal SCC
may result from the facts that early stage of hypopharyn-
geal SCC often fails to cause any signs or symptoms, and
this delays the diagnosis of hypopharyngeal carcinoma
[1-3]. Currently, the standard treatment for locally ad-
vanced hypopharyngeal SCC is multimodality treatment,
including induction chemotherapy, partial or total laryn-
gopharyngectomy with lymph node dissection, and post-
operative radiation or chemoradiation as dictated by
pathologic risk features, such as, positive margins or
extranodal extension (ENE) [6, 7]. As for advanced unre-
sectable tumors, such as stage IVb diseases, and for pa-
tients requiring organ preservation, concurrent
radiotherapy (RT) and high-dose cisplatin is recom-
mended treatment schedule in national comprehensive
cancer network (NCCN) guideline for cancer of hypo-
pharynx [7].

The intensity-modulated radiotherapy (IMRT) plays
an important role as an adjunct to surgery or concurrent
with chemotherapy. Accurate target volume delineation
is critical to achieve favourable clinical outcomes. Re-
cently, Biau et al. [8] updated the international consen-
sus guidelines for the delineation of the neck node levels
of head and neck cancers. However, there is still no con-
sensus on the extent to which prophylactic treatment re-
gional nodal basin needs to be included in adjuvant

Page 2 of 11

IMRT. Moreover, the pattern of the lymph node failure
is still unclear in hypopharyngeal SCC patients.

In present study, we reported the follow-up results of
frequency and distribution of lymph node failure at each
nodal level for 123 patients with locally advanced hypo-
pharyngeal SCC undergoing first-line treatment with
surgery and/or IMRT.

Methods

Population

Patients who were diagnosed as hypopharyngeal SCC
and confirmed by pathology at the Shandong Cancer
Hospital from January 2012 to November 2018 were
retrospectively reviewed. The inclusion criteria for the
present study were: (1) Clinical or pathological TNM
stage II-1V}, according to AJCC 7th TNM classification
without distant metastasis, and (2) patients undergoing
radical surgery or IMRT. As indicated in Fig. 1, we ex-
cluded the patients (1) who presented with organ metas-
tasis; (2) the radiation dose lower to 50Gy; and (3)
imaging studies unavailable for review at the time of ini-
tial treatment failure. The protocol of this study was
approved by the Institutional Review Board of the
Shandong Cancer Hospital.

Surgery treatment

Totally, 20 patients received total pharyngolaryngectomy
with unilateral neck dissection for 14 patients, bilateral
neck dissection for 6 patients. In addition, 20 patients
received partial pharyngolaryngectomy with unilateral
neck dissection for 15 patients, bilateral neck dissection

-

224 patients with hypopharynx SCC

excluded due to imaging studies (CT,and/or MR) unavailable
for review obtained at the time of initial treatment failure

(88 patients), or presented with distant metastasis at the time of
diagnosis (8 patients), or total dose lower to 50Gy for treatment
with radiotherapy(RT) (5 patients)

123 patients

concurrent systemic therapy/RT

31 patients

laryngopharyngectomy
and neck disssection

induction chemotherapy

54 patients

laryngopharyngectomy
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postoperative RT
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Fig. 1 The flow diagram for the inclusion
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for 5 patients. Notably, 6 patients were not treated by
laryngopharyngectomy after induction chemotherapy,
and only underwent the isolated unilateral neck dissec-
tion and postoperative RT. One patient could not be
treated by laryngopharyngectomy for his poor cardiopul-
monary function. One patient with stage T{N»,M, ac-
quired disease progression for nodal disease, and
complete response for primary tumor after induction
chemotherapy. Four patients would like to preserve the
larynx and only removed the lymph node. The type of
performed neck dissection was selective dissection. Gen-
erally, neck dissection involved levels II, III, IV and V.
Level I and VIb were removed in partial patients accord-
ing to tumor site, T stage, and lymph node metastasis
on preoperative imaging.

Radiotherapy treatment

A total 117 (95.1%) patients received IMRT during the
whole treatment procedure. Of these patients, 77 re-
ceived chemoradiotherapy or definitive radiotherapy
alone, 40 received postoperative radiotherapy. Irradiation
is applied as a step and shoot IMRT technique using 6-
MV X ray in daily fractions of 1.8-2.2 Gy from Monday
to Friday. For definitive radiation therapy, the gross
tumor volume (GTV) encompass the primary tumor and
involved nodes. The clinical target volume (CTV) con-
tains the GTV and areas of potential microscopic spread
as well as the lymph node areas for elective lymph node
irradiation. The planning target volume (PTV) accounts
for set-up variations by a margin of 0.3 cm. Generally,
we prescribe median dose 70Gy to gross tumor, 60Gy to
high-risk subclinical regions, 50Gy to low-risk subclin-
ical regions. As for postoperative radiation therapy,
high-risk regions (CTVygn) were given 60-66 Gy, and
the low-risk regions (CTVy,,) 50 Gy in daily fractions of
1.8-2.0 Gy. The extension of the CTVs was defining by
radiation oncologists taking into account of clinical fac-
tors including TNM stage, number and distribution of
positive lymph nodes, size of metastatic lymph nodes,
extension of primary tumor beyond the midline, patho-
logical resection status, and existence of extra-capsular
spread of nodal disease.

Systemic therapy

Twenty-eight (22.8%) patients received concurrent che-
moradiotherapy, of 25 patients received cisplatin 75 mg/
m? as concurrent agents, 2 received nimotuzumab and 1
received cetuximab. Fifty-four patients (43.9%) received
induction chemotherapy. The induction chemotherapy
regimens were as follows: (1) cisplatin 75 mg/m?® plus 5-
fluorouracil (5-FU) 750-1000 mg/m?*/d from days 1—4
infusion, (2) docetaxel 75 mg/m?* on day 1 plus cisplatin
75mg/m?. Three patients received cisplatin 75 mg/m>
plus docetaxel 75 mg/m?* plus 5-FU 500 mg/m?*/d from
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days 1-4 infusion. Induction chemotherapy was admin-
istered in 1-3 cycles every 3 weeks.

Regional lymph node failure

The location of lymph nodes metastasis was divided into
several levels in the present study according to the
DAHANCA, EORTC, HKNPCSG, NCIC CTG, NCRI,
RTOG, TROG consensus guidelines for the delineation
of the neck node levels [9]: Ia, submental group; Ib, sub-
mandibular group; II, upper jugular group, and level II is
further subdivided into level Ila and level IIb by the pos-
terior edge of the internal jugular vein; III, middle jugu-
lar group; IV, lower jugular group; V, posterior triangle
group, and level V is further subdivided into levels Va
(upper posterior triangle nodes) and Vb (lower posterior
triangle nodes) using the caudal edge of the cricoid car-
tilage as an anatomic landmark; VIa, anterior jugular
nodes; VIb, prelaryngeal, pretracheal, and paratracheal
nodes; VII, retropharyngeal nodes.

Local recurrence was defined as recurrence at the site of
the initial primary tumor, and regional failure was defined
as the development of recurrence in cervical lymph nodes.
Distant failure was defined as metastasis in an organ out-
side of the head and neck. The presence of failure was de-
termined based on the information of a clinical evaluation,
systemic radiographic imaging and biopsy, and it was eval-
uated by Dongqing Wang and Shui Yu.

Lymphatic metastasis intensity (LMI) was used to de-
scribe as the ratio of the number of positive lymph
nodes to the number of examined lymph nodes. Lymph-
atic metastasis ratio (LMR) was defined as the ratio of
the number of patients with positive lymph node diag-
nosed by contrast-enhanced CT and/or magnetic reson-
ance imaging divided by the number of the whole
population.

Follow-up

After completion of treatment, patients were followed by
every 3 months for the initial 3 years, and every 6 months
after 3 years. Progression-free survival (PFS) was consid-
ered as the time period from treatment completion to
the initial treatment failure.

Statistical analysis

Statistical analysis was performed using the SPSS statis-
tical software, version 20.0 (IBM Corporation, Armonk,
NY, USA). LMI and LMR were presented as the fre-
quencies and percentages. The mean PFS were deter-
mined by the Kaplan-Meier curve (log-rank test). The
lymph node recurrence rate at respective level in patient
treated with surgery, with or without postoperative RT
was analyzed by Chi-square test. The univariate and
multivariate logistic regression were used to determine
the risk factors of lymph nodal failure. The factors
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Table 1 Patient, disease, and treatment characteristics

Characteristics N (%)
Age, years
Median (range) 58 (41-82)
Gender
Male 118 (95.9%)
Female 5 (4.1%)
Tumor site

Pyriform sinus 106 (86.2%)

Posterior pharyngeal wall 9 (7.3%)
Postcricoid area 8 (6.5%)
TNM stage
Il 7 (5.7%)
11l 25 (20.3%)
IV, 83 (67.5%)
Ve 8 (6.5%)
Clincal T stage
T 7 (5.7%)
T 19 (15.4%)
T3 29 (23.6%)
Ts 28 (22.8%)
Pathological T stage
T 5 (4.1%)
T, 12 (9.8%)
T3 10 (8.1%)
Ty 13 (10.6%)
Clincal N stage
No 12 (9.8%)
N, 16 (13.0%)
Nos 2 (1.6%)
Nap 25 (20.3%)
Nac 19 (154%)
N 3 (24%)
Pathological N stage
No 6 (4.9%)
N, 7 (5.7%)
Naa 1 (0.8%)
Nop 26 (21.1%)
Noe 5 (4.1%)
N, 1(0.8%)
Surgery
Total laryngopharyngectomy and neck dissection 20 (16.3%)
Partial laryngopharyngectomy and neck dissection 20 (16.3%)
Isolated neck dissection 6 (4.9%)

Node dissection

Ipsilateral 35 (28.5%)
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Table 1 Patient, disease, and treatment characteristics
(Continued)

Characteristics

N (%)
11 (8.9%)

Bilateral

Intensity-modulated radiotherapy

Postoperative 40 (32.5%)

Definitive 77 (62.6%)
Chemotherapy

Induction 54 (43.9%)

Concurrent 28 (22.8%)

included age, TNM stage, adjuvant treatment with post-
operative RT and chemotherapy, and radiologic extrano-
dal extension (rENE). P values of <0.05 indicated
significant difference.

Results

Clinicopathological characters

The clinicopathological characters were summarized in
Table 1. The median age was 58 years (range, 41 to 82
years) and majority was males (95.9%). Hypopharyngeal
subsite was piriform sinus in 106 cases (86.2%), posterior
hypopharyngeal wall in 9 (7.3%), and retrocricoid in 8
(6.5%). According to AJCC 7th criteria, clinical or patho-
logical staging were 7 (5.7%) for stage II, 25 (20.3%) for
stage III and 91 (74.0%) for stage IV. One hundred and
seventeen (95.1%) patients underwent IMRT, 40 (32.5%)
postoperatively and 77 (62.6%) definitively. Forty pa-
tients (32.5%) received total or partial pharyngolaryn-
gectomy with neck dissection, 6 received isolated
unilateral neck dissection. Twenty-eight (22.8%) patients
received concurrent chemoradiotherapy, and 54 (43.9%)
received induction chemotherapy. In addition, we sum-
marized the treatment schedule based on the T and N
classification (Table 2).

Metastasis of lymph node

Forty-six neck dissections were performed: 35 ipsi- and
11 bi-lateral, 1148 lymph nodes were analyzed. A total
of 169 nodes in 40 (40/46, 86.9%) patients confirmed
lymphatic metastasis, the overall LMI was 14.7% (169/
1148). The LMI for ipsilateral neck was 16.4% (160/976),
whereas, only 52% (9/172) for contralateral neck. In
addition, we evaluated the LMI based on the level of
lymph node. We observed that the LMI was 20.0% (14/
70) for level II, 14.9% (7/47) for level 1II, 5.9% (3/51) for
level IV, 0% (0/27) for level V, 8.0% (2/25) for level VI,
and 0% (0/5) for level VII. Seventy-seven patients did
not receive resection of neck, and the LMR were 66.2%
(51/77) for level 11, 48.1% (37/77) for level 111, 13.0% (10/
77) for level 1V, 5.2% (4/77) for level V, 13.0% (10/77)
for level VI, and 15.6% (12/77) for level VIL.
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Table 2 Treatment schedule by clinical/pathological T and N
classification

T N
T No 7

Treatment schedule (N, %)

S£RT (3, 42.8%)
RT (2, 28.6%)
IC+RT (2, 28.6%)

IC+S+RT (2, 5.6%)
IC+ RT/CRT (14, 38.9%)
S £ RT/CRT (14, 38.9%)
RT/CRT (6, 16.6%)

IC+S+RT (4, 10.3%)
IC+ RT/CRT (16, 41.0%)
S+ RT/CRT (9, 23.1%)
RT/CRT (10, 25.6%)

IC+S+RT (2, 49%)
IC+ RT/CRT (14, 34.1%)
S+ RT/CRT (12, 29.3%)
RT/CRT (13, 31.7%)

Note: S Surgery, RT Radiotherapy, CRT Chemoradiotherapy, IC
Induction chemotherapy

Cases

Tio Ni-3 36

IR No._ 39

T4 No,g 41

Regional lymph node failure

All patients were followed up for median time 12 months
(3—84. months). The median PFS rates were 13 months
(95% CI 6.4-19.6 months) for surgery treatment, and 11
months (95% CI 9.1-12.9 months) for non-surgery treat-
ment, no significant difference was observed (P =0.732)
(Fig. 2). For all patients, local recurrence, cervical lymph
node failure, and distant metastasis accounted for 13.0%
(16/123), 32.5% (40/123), and 13.8% (17/123), respectively.
Of the cervical lymph node failure, 26 patients were iso-
lated regional lymph node failure, 9 were both nodal fail-
ure and local recurrence, and 5 were both nodal failure
and distant metastasis (Fig. 3). The second primary can-
cers were found in 19 patients (15.4%), with esophagus
cancer 18 patients, and lung cancer one patient.

Of the 40 regional nodal failures, failures involved ipsi-
lateral neck level II in 22 patients (55.0%), III in 12 pa-
tients (30.0%), IV in 2 patients (5%), VIb and VII both in
6 patients (15.0%). The nodal failures involved contralat-
eral neck level II in 7 patients (17.5%), III in 3 patients
(7.5%). Furthermore, respective one patient was found
nodal failure at level Ib and Va in ipsilateral neck, and
level VIb and VII in contralateral neck (Fig. 4). Notably,
another one patient occurred axillary lymphatic failure
accompanied by bone metastasis. For patients undergo-
ing surgery, the most commonly failure levels were the
II (7/46, 15.2%), III (4/46, 8.7%), VIb (4/46, 8.7%), and
VII (5/46, 10.9%). The detailed results of lymph node re-
currence at respective level was reported in Table 3 for
patients undergoing surgery with or without postopera-
tive RT. The rate of lymph node failure at levels II, III,
VIb, and VII was observed higher for patients who did
not receive postoperative irradiation (Fig. 5), however,
probably because of small sample size (N = 6), borderline
significant difference was observed at level VII (33.3% vs.
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Fig. 2 Progression-free survival of hypopharyngeal carcinoma
following radical surgery and/or radiotherapy

7.5%, P=0.058, OR =0.162, 95% CI: 0.021-0.128), and
no significant difference at level III (Table 3). In con-
trast, for patients undergoing IMRT, the most com-
monly failure levels were the II (19/77, 24.7%), and III
(10/77, 13.0%), then followed by VIb (2/77, 2.6%), VII
(1/77, 1.3%), and 1V (1/77, 1.3%).

Risk factors for lymph node failure
Table 4 showed the risk factors of lymph node failure
for patients treated by surgery. The postoperative

regional lymph
node failure
26 patients

local recurrence
6 patients

distant failure
11 patients

Fig. 3 Patterns of failure of hypopharyngeal carcinoma following

radical surgery and/or radiotherapy
- J




Wang et al. BMC Cancer (2020) 20:283

Page 6 of 11

251

Cumulative number of patients

l.---L

204
15 1
104
il
04

ill illl cIl

iVIb iVII

Level of lymph node failure

Fig. 4 The spatial patterns of lymph node failure of hypopharyngeal carcinoma following radical surgery and/or radiotherapy

cIII iv iIb iVa cVIb cVII

radiation strongly associated with lower risk nodal failure
(OR =0.086, 95% CI: 0.009-0.814, P=0.012), and patho-
logic N stage had a trend towards significance on univari-
ate analysis (OR =0.218, 95% CI: 0.042-1.142, P =0.057).
In multivariate analysis, non postoperative radiation was
an independent risk factor (OR =0.082, 95% CI: 0.007—
1.000, P =0.049). Table 5 reported the radiologic extrano-
dal extension (OR = 11.07, 95%: CI 2.870-42.69, P < 0.001)
was significantly increased the lymph node recurrence and
persistence for patients treated by IMRT.

Discussion

Our results demonstrate that 47.2% of the hypopharyn-
geal SCC patients were found local-regional failure and
distant metastasis with median time to the initial treat-
ment failure was 13 months (95% CI 6.4—19.6 months)
for surgery, and 11 months (95% CI 9.1-12.9 months)

for IMRT. The most commonly failures in hypopharyn-
geal SCC are mainly attributed to cervical lymph node
failure, account for 32.5% of patients.

It is well know that hypopharyngeal carcinoma charac-
terized by aggressive clinical behavior and high risk ten-
dency to invade cervical lymph nodes. The lymph node
metastasis is an important prognostic factor, therefore,
control of regional metastasis is an essential part of
treatment for hypopharyngeal cancer. Presently, there is
no agreement on the best treatment approach for hypo-
pharyngeal SCC. Definitive chemoradiation strategy
arose from the RTOG 91-11 trial [10, 11] which demon-
strated improved loco-regional control and laryngeal
preservation rates has become an important approach
for locally advanced hypopharyngeal cancer. By means
of prophylactic neck irradiation (PNI), the incidence of
nodal failure can be reduced to 4% in head and neck

Table 3 The lymph node recurrence (N, %) at respective level in patient with hypopharyngeal carcinoma treated by surgery with or

without postoperative RT

Nodal level Postoperative RT Non postoperative RT Total P value Odds ratio (95% Cl)
N=40 N=6 N=46

ilb 0 1(16.7%) 1(2.2%)

ill 3 (7.5%) 2 (33.3%) 5 (10.9%) 0.058 0.162 (0.021-0.128)
illl 1 (2.5%) 1(16.7%) 2 (4.3%) 0.113 0.128 (0.007-2.387)
iv 1 (2.5%) 0 1 (2.2%)

iVa 1 (2.5%) 0 1(2.2%)

iVib 2 (5.0%) 2 (33.3%) 4 (8.7%) 0.022 0.105 (0.011-0.964)
ivil 3 (7.5%) 2 (33.3%) 5 (10.9%) 0.058 0.162 (0.021-0.128)
cll 1 (2.5%) 3 (50.0%) 4 (8.7%) <0.001 0.026 (0.002-0.328)
clll 2 (5.0%) 1(16.7%) 3 (6.5%) 0.280 0.263 (0.020-3.456)
cv 0 0 0

a% 0 0 0

cVib 1 (2.5%) 0 1 (2.2%)

eVl 1 (2.5%) 0 1 (2.2%)

Note: i ipsilateral neck, ¢ contralateral neck, RT Radiotherapy
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cancers [12]. Therefore, PNI is an important IMRT com-
ponent in the treatment of hypopharyngeal cancer.

In the present study, nodal involvement mainly con-
cerned levels II (66.2%) and III (48.1%), then followed by
levels IV (13.0%), VI (13.0%), and VII (15.6%), while level
V showed involvement in 5.2% of patients. As comparing
with ipsilateral neck, the risk of metastasis for contralat-
eral neck tend to be lower (LMI: 16.4% vs. 5.2%). These

results are in agreement with our previous study and the
literature [13]. However, few studies have reported the
outcomes of regional lymph node failure for locally ad-
vanced hypopharynx SCC after treatment with IMRT.
Sommat et al. [14] reported a retrospective analysis of
58 patients (III-IV}, 95%) with hypopharyngeal cancer
treated with curative intent RT. In Sommat’s study, 88%
of patients managed to achieve complete response 3

Table 4 Univariate and multivariate analysis of lymph node failure in patient with hypopharyngeal carcinoma treated by surgery

(N =46)
Variable Ipsilateral nodal failure Contralateral/Bilateral Univariate P value Multivariate P value
N=10 nodal failure QOdds ratio (95% Cl) Odds ratio (95% Cl)
N=6

Age (years) 2.852 (0.666-12.22) 0.149 1.727 (0.348-8.563) 0.503
41-58 8 6
58-82 2 0

TNM stage 1.654 (1.299-2.106) 0.170 1.045 (0.508-2.151) 0.905
Il 0 0
-1V 10 6

Pathologic T stage 0.862 (0.256-2.894) 0.809 1.126 (0.054-23.63) 0.939
T 4 2
Tsa 6 4

Pathologic N stage 0.218 (0.042-1.142) 0.057 0.201 (0.006-6.691) 0.370
No-1 0 2
N_; 10 4

Postoperative radiation 0.086 (0.009-0.814) 0.012 0.082 (0.007-1.000) 0.049
Yes 8 3
No 2 3

Chemotherapy 1.008 (0.299-3.403) 0.989 1.559 (0.311-7.813) 0.589
Yes 5 4

No 5 2
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Table 5 Univariate and multivariate analysis of lymph node failure in patient with hypopharyngeal carcinoma treated by intensity-

modulated radiotherapy (N=77)

Variable Ipsilateral nodal failure Contralateral/Bilateral nodal failure Univariate P value Multivariate P value
N=21 N=3 Odds ratio Odds ratio
(95% CI) (95% Cl)
Age (years) 1488 (0.555-3.992) 0429 1.777 (0.545-5.797) 0.340
41-58 12 2
58-82 9 1
TNM stage 1.104 (1.012-1.204)  0.120 0.875 (0.141-5.420)  0.886
Il 0 0
Il 5 0
v 16 3
Clinical T stage 1.520 (0.548-4.215) 0420 1414 (0.749-2.670) 0.285
T 3 1
T, 5 0
T, 8 2
Ty 5 0
Clinical N stage 0.627 (0.222-1.772) 0377 0.812 (0.225-2.937) 0.751
No 1 0
Ny 5 0
N, 13 3
N 2 0
rENE 12.25 (3.353-44.75) < 0.001 11.07 (2.870-42.69) <0.001
Yes 11 1
No 10 2
Chemotherapy 0.761 (0.200-2.894)  0.668 0.500 (0.106-2.359)  0.381
Yes 17 3
No 4 0

Note: rENE Radiologic extranodal extension

months after completion of treatment, loco-regional re-
currence remained the major cause of failure following
curative intent RT. Most deaths occurred in patients
who succumbed to loco-regional rather than systemic
failure. However, only 50% of patients undergone IMRT
in Sommat’s study, half part of patients treated using a
2-dimensional technique. Daly et al. [15] recruited 42
patients with newly diagnosed SCC of hypopharynx (23
patients) and larynx (19 patients) underwent IMRT, 11
postoperatively and 31 definitively at Stanford University
Medical Center. Median follow-up was 30 months, 5 pa-
tients developed a loco-regional failure or had persistent
disease, with a median time to failure of 12.1 months.
Three local failures occurred within the high-dose region
and 3 occurred in regional nodes. No marginal misses
were observed. The author considered that loco-regional
relapses occurred in the high-dose volumes, suggesting
that target volume delineation was adequate but further
dose-escalation and more aggressive treatment may be
needed. Huang et al. [16] retrospectively reviewed 47 pa-
tients with locally advanced resectable SCC of

hypopharynx underwent primary surgery or definitive
IMRT with concurrent platinum-based chemotherapy
(CCRT). The 5-year survival rate, disease-free survival,
and loco-regional progression-free survival of surgery
and CCRT group was 33 and 56%, 25 and 41%, 15 and
53%, respectively. Loco-regional progression was the
main cause of failure in both groups. Eleven patients had
neck failure; 8 in the ipsilateral neck, 2 in the contralat-
eral neck, and 1 in the tracheostoma site. All were in-
field failure in the PTV, (60Gy). One retrospective study
[17] reported by Chun et al. included 54 patients receiv-
ing definitive radiotherapy with or without chemother-
apy. Thirty patients received IMRT and 24 patients
received three dimensional conformal radiotherapy.
With median follow-up time 42.3 months, there were 20
loco-regional failures discovered. Estimated crude loco-
regional recurrence free survival at 3 years were 64.1%.
Of the 20 loco-regional failures, 14 were isolated local
failures, 4 were isolated regional nodal failures, and 2
were both. Of the 6 regional nodal failures, failures in-
volved ipsilateral neck level II in 3 patients, ipsilateral
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neck level IIT in 1 patient, paraesophageal lymph node in
1 patient, and bilateral neck level II in 1 patient. Among
the loco-regional failures, 17 were observed in the PTV
high region, while 2 were in the PTV intermediate re-
gion and 1 patient had out-of-feld failure (paraesopha-
geal lymph node), but was also accompanied by local
failure within the PTV High region. Pignon et al. [18]
found that IMRT failure in the low-neck supraclavicular
field was very uncommon.

Our center has employed IMRT for the definitive
treatment of head and neck cancers nearly for 10 years.
Our study results demonstrated the poor outcome ex-
pected in hypopharyngeal cancer with median PES rates
were approximately 1 year after first-line treatment. The
regional cervical lymph node recurrence and persistent
disease remained the major cause of failure following
curative intent of IMRT. Approximately 70% of nodal
failures were observed in the PTV high or intermediate
regions. In our study, the most commonly failure levels
were the II (24.7%), and III (13.0%). However, the nodal
failures at level IV, VIb and VII was uncommon, the rate
of nodal failure only 1.3-2.6%. In our study, lymph node
failure was mostly involved in ipsilateral neck, only 2 pa-
tients developed isolated level II failure in contralateral
neck, and one patient developed level II failure in bilat-
eral necks. Regarding our patients received IMRT en-
rolled in this study, more than half of patients have
severe lymph node involvement and were not suitable
candidates for selective lymph node dissection. Approxi-
mately 80% of them displayed lymph node metastasis
with liquefactive necrosis in lymph nodes. After comple-
tion of IMRT treatment, majority of them in our cohort
presented nodal residue. In our study, ENE with radio-
logical evidence was observed significantly associated
with lymph node recurrence and persistent diseases. In
the recently released eighth edition of the AJCC TNM
staging, ENE has been added as a prognostic variable for
regional lymph node metastasis in addition to the num-
ber and size of metastatic lymph nodes [19]. Pitifully, be-
cause of extra capsular extension (for example vessels
and soft tissue invasion), or nodal failures accompanied
by local recurrence or distant metastasis, or severe late
treatment toxicities, ultimately only 2 patients received a
salvage node dissection within 6 months of follow-up
time. Aside from 5 patients with local-regional failure re-
ceived salvage surgery after definitive radiotherapy, most
patients were received chemotherapy or combining with
targeted therapy. Chun et al. [17] suggest that salvage
surgery after definitive radiotherapy should be consid-
ered for patients who show residual disease after 6
months, because residual tumors show progression soon
after 6 months.

In patients undergoing surgical resection with or with-
out postoperative adjuvant IMRT. Seventeen patients
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were observed regional lymph node failure, 10 of them
were isolated nodal failure, 4 patients accompanied by
local recurrence, and 3 patients accompanied by distant
metastasis (one patients occurred axillary lymphatic and
scapula metastasis). Of the 16 patients with nodal failure,
failures involved level II in 7 patients, levels III and VIb
both in 4 patients, level VII in 5 patients. Furthermore,
nodal failure involved in ipsilateral neck level IV and V
was both one patient.

Regarding 46 patients undergone lymph node dissec-
tion with 35 ips- and 11 bilateral neck dissection in this
study. Six of them observed contralateral neck failure,
with level II in 4 patients, level III in 3 patients, level
VIb and VII both in one patient. Among these 6 pa-
tients, 3 patients had received postoperative radiation
with radiation dose of 50-66Gy. Previously multi-center
randomized clinical trials have confirmed post-operative
radiation or chemoradiation improves loco-regional con-
trol and overall survival in the presence of extra-
capsular nodal extension [6, 7]. Although we fail to ana-
lyzed the correlation of pathologic ENE with node failure
after surgery in our study, we found that the most com-
monly failure levels were the II (15.2%), III (8.7%), VIb
(8.7%), and VII (10.9%). Comparing with patients receiv-
ing definitive radiotherapy, node failure rates at levels II
and IIT were lower for patients receiving surgery as first-
line treatment (15.2% vs. 24.7%; 8.7% vs. 13.0%),
whereas, node failure at levels VIb and VII were exhib-
ited higher (8.7% vs. 2.6%; 10.9% vs. 1.3%). The reason
probably because the selective neck dissection always in-
cluded the nodes in level II and III, whereas, the nodes
in level VI and VII failed to remove from patients rou-
tinely in our study.

One retrospective study [13] include larynx (110 pa-
tients) and hypopharynx (26 patients) SCC undergoing
total laryngectomy or pharyngolaryngectomy with neck
dissection. Levels Ila and III were invaded in 28.7 and
25.7% of patients, respectively. Level VIb lymph-node in-
volvement was 23.8% in patients who underwent level
VIb neck dissection. Lymph-node recurrence rate was
10.3% in levels II to IV, and 13.2% in VIb. The author
concluded that because high rate of involvement and re-
currence of level VIb, systematic elective bilateral neck
dissection might be needed. Previous retrospective stud-
ies [20, 21] indicated that pyriform sinus apex or postcri-
coid invasion, or tumor diameter exceeding 3.5cm
showed a trend in favor of paratracheal lymph node in-
volvement. In our previous study, esophagus invasion
was also highly correlated with increased risk of develop-
ing level VIb metastasis. It is noteworthy that lymph
node at level VII (retropharyngeal lymph node) can not
be removed routinely by surgery, and hardly be detected
by imaging before surgery. Currently, there is no consen-
sus regarding the delineation of lymphatic clinical target
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volume for post-operative radiation therapy for hypo-
pharyngeal cancer. In present study, we found that not
receiving postoperative radiation therapy was strongly
associated with higher risk nodal failure. Five in 6 pa-
tients who failed to receiving postoperative radiation oc-
curred nodal failure. Compared to the patients who
received postoperative RT, the lymph node recurrence
rate of level VII and VIb in ipsilateral neck was higher in
patients who did not recevive postoperative RT (33.3%
vs. 7.5%, P = 0.058; 33.3% vs. 5.0%, P = 0.022, Fig. 5). Fur-
thermore, three patients (50.0%) occured nodal failure at
level II in contralateral or bilateral necks for patients not
receiving adjuvant radiation therapy, which was much
higher than patients who recevive postoperative RT
(50.0% vs. 2.5%, P<0.001; OR=0.026, 95%CIL: 0.002—
0.328). Based on results found in our study, irradiation
of the level VIb and VII should be recommended, espe-
cially for the primary tumors originated from posterior
pharyngeal wall (PPW), PPW invasion, postcricoid inva-
sion, and esophagus invasion [22, 23].

The limitations of our study include its retrospective
nature. The follow up time is relatively short. We did
not perform the dosimetric analysis of the patterns of
failure, and fail to confirm if CTV delineation is ad-
equate. The prognosis associated factors, including the
evaluation of the surgical margins, perineural invasion
for hypopharyngeal cancer could not be taken into
account.

Conclusions

Based on our results, we concluded that whatever the
treatment modality, levels II and III in ipsilateral neck
were most commonly failure regions. The regional cervical
lymph node recurrence and persistent disease remained
the major cause of failure following curative intent of de-
finitive IMRT. Because of high rate of node failure of level
VIb and VII after surgery, post-operative radiation field
should be include these territories, particularly in the set-
ting of locally advanced disease. Our results provide a
clear rationale for efforts in the future aimed at improving
local-regional control, which including accurate target vol-
ume delineation, optimal prescribed radiation dose and
fraction, possibly identification areas of radio-resistance
within the tumour. Further clinical research is needed to
assess the utilization of IMRT combined with novel sys-
temic agents in locally advanced hypopharyngeal SCC.
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