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Background: Post radiation nasopharyngeal necrosis (PRNN) invading the internal carotid artery (ICA) contributes to the death of

69.2-72.7% of PRNN patients. ICA occlusion is an effective treatment to avoid fatalbleeding, while some patients are intolerant.

We present a novel method that allows for these patients without interrupting blood flow through the ICA.

Methodology: This study enrolled patients with PRNN-invaded ICAwho were not suitable for ICA occlusion from April 2020 to

November 2022. ICA stent pretreatment was performed in the'36 patients and followed the endoscopic nasopharyngectomy

(ENPG) or conservative treatment for PRNN. We report the survivaloutcomeiand incidence of complications after stent implanta-

tion and compare the survival outcomes of ENPG and conservative treatment for PRNN followed by stent implantation.

Results: ICA stent pretreatment was performed in the 36 enrolled patients, among which 14 underwent ENPG, and 22 received

conservative treatment. 27.8% patients died after a median follow-up of 15 months. The Kaplan-Meier estimates of overall survival

were higher in the ENPG group than in the conservative treatment group. Karnofsky performance status (KPS) was significantly

higher in the ENPG group than in the non-ENPG group.

Conclusions: The innovative application of ICA stents is a promising treatment to improve outcomes in patients with PRNN

invading the ICA who are unsuitable for ICA'embolization, especially when followed by endoscopic surgery. However, methods to

avoid postoperative cerebral ischemia and nasopharyngeal hemorrhage still require further study.
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Introduction

Nasopharyngeal carcinoma (NPC) is a head and neck cancer
with unique geographical, etiological, and biological features.
Sequential chemoradiotherapy is a fundamental treatment for
NPC, resulting in an approximately 80% 5-year overall survival
rate . Radiotherapy may exert serious adverse effects on the
normal tissues and bones surrounding the nasopharynx @, As
the most severe adverse event in patients with NPC, post radi-
ation nasopharyngeal necrosis (PRNN) is observed in some pa-
tients with NPC after high-dose irradiation or reirradiation. PRNN
is commonly accompanied by a severe headache, foul odor, and

epistaxis, which seriously affect the patients’ quality of life. As
reported by Chen et al., 41.8-42.9% of patients with PRNN die
due to various complications, and the risk of death is increased
by 69.2%-72.7% when PRNN invades the ICA due to massive
nasopharyngeal bleeding ©?”. Endoscopic nasopharyngectomy
(ENPG) is considered the standard treatment option for PRNN
@8 However, we also found that a considerable proportion of
lesions remain unresectable because they infringe on the ICA
), Performing endoscopic surgery is still a challenge in patients
with lesions invading the ICA because the ICA must be located
or protected during surgery, the tissue needs to be separated
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carefully to prevent rupture of the ICA, and a large extent of
resection may cause ICA injury, which could be life-threatening.
Some novel techniques, such as pretreatment of the ICA, are
needed to prevent massive nasopharyngeal bleeding or enable
ENPG to be suitable for more patients with PRNN. ICA emboli-
zation successfully overcomes concerns about ICA rupture. In
2018, we reported the application of ICA embolization followed
by radical endoscopic necrectomy to treat nasopharyngeal
necrosis adjacent to or invading the ICA, wherein the lesions
invading the ICA were completely excised to promote nasopha-
ryngeal tissue healing and prolong the survival of the patients @
19, However, patients with positive balloon occlusion test (BOT)
results and patients with negative BOT results who have under-
gone unilateral ICA embolization are not suitable for ICA em-
bolization. The application of endovascular stent grafting was
considered an ideal technique to address the matter, and it had
been successfully used for endovascular repair in patients with
ICA aneurysm who could not undergo a radical operation. There
are two case reports of neck malignancy invading the ICA trea-
ted with carotid stents before tumor resection without massive
arterial bleeding observed during dissection "', Theoretically,
the endovascular stent should be effective at protecting the ICA
from rupture in the invasion of necrosis or surgical resection.

In this study, we present a novel method that facilitates na-
sopharyngeal lesion removal without interrupting blood flow
through the ICA. The purpose of this retrospective study was to
summarize the clinical features and evaluate the management
approaches and prognostic factors of patients with PRNN.inva-
ding the ICA who were treated with ICA stents.

Materials and methods

Patients

From April 2020 to November 2022, 36/patients with NPC who
had ICA stents placed as a pretreatment followed by radical
endoscopic necrectomy or conservative treatment at the Sun
Yat-sen University Cancer Center were selected for enrollment.
This study was approved by the ethics committee of Sun Yat-
sen University-Cancer Center. Written informed consent was
obtained from all patients.

The selection criteria were as follows: 1) a history of radiotherapy
in the nasopharynx; 2) nasopharyngeal necrosis was proven
clinically and pathologically, 3) PRNN lesions invaded the ICA,
and 4) patients were not suitable for occlusion of the ICA, such
as a positive BOT result, lesions invading both the left and right
ICA, or patients who had undergone unilateral ICA emboliza-
tion. The exclusion criteria for this study were as follows: 1) The
patients whose MRI and CT results showed that broad necrosis
invaded the cavernous segment of the ICA were excluded, 2)
Physical conditions unsuitable for surgery, such as heart failure
and cardiac function>grade 3 (New York Heart Association) were
excluded.

BOT procedure and stent pretreatment

The balloon was maintained in place for 30 minutes, during
which neurological symptoms were observed (Figure 2). ICA oc-
clusion is the first choice for those patients with PRNN invading
the ICA to avoid fatal bleeding but is not suitable when BOT is
positive, the necrotic lesions invaded both the left and right
ICA, or the patients had undergone unilateral ICA embolization.
Then, stent pretreatment was performed as an alternative.

An 8-French guiding catheter (90 cm, Cordis, USA) was posi-
tioned in the targeted ICA through a right femoral approach.
Control angiograms were performed to illustrate the changes

in vessels and select the appropriate stent version. The C1-2
segment is suitable for VIABAHN stents, and WILLIS stents are
mainly used for ICA segments C2-4.The position, length, and
size of stents are determined based on radiography results by
nasopharyngeal cancer specialists and neurosurgeons. AV-18
microwire (200 cm, Boston Scientific, USA) was delivered to

the cavernous sinus segment of the ICA using a VIABAHN stent
based on the roadmap. An angiogram confirmed the position of
the self-expanding stent. A 0.014-inch Transend microwire (200
cm, Boston Scientific, USA) was delivered to the cavernous sinus
segment of the ICA using a WILLIS stent based on the roadmap.
After an angiogram, the position of the stent was confirmed
(Figure.1). The balloon was inflated to deploy the stent. An
angiogram was immediately performed to evaluate the imaging
results. If an endoleak was detected, then the balloon was infla-
ted a second time. If the endoleak disappeared or diminished

to a slight flow volume, then the procedure would be ceased.
Otherwise, another stent was considered.

Two seasoned neurosurgeons performed all the procedures
described in this study. Upon discharge, patients were placed on
a 3-month course of dual antiplatelet agents, followed by aspirin
therapy for at least 9 months.

Treatment of PRNN

Bacterial cultivation from nasopharyngeal secretions and drug
sensitivity assays were performed in patients with PRNN to
identify antibiotics to be used. Conservative treatment for PRNN
included daily nasopharyngeal irrigation with 2% aqueous hy-
drogen dioxide or saline, intravenous or gastrostomy nutrition,
and systematic antibiotic therapy. Endoscopic cleaning of the
necrotic tissues under local anesthesia was also considered con-
servative treatment, and this procedure was usually performed
every 2 or 4 weeks. hyperbaric oxygen therapy was done in 6
patients.

ENPG (Figure 4) for PRNN followed by reconstruction using the
posterior pedicle nasal septum and floor mucoperiosteum flap
was performed after stent pretreatment in some patients. Since
coated stents were used, our strategy is to stop using antipla-
telet and anticoagulant medications 72 hours before ENPG and
restore 48 hours after surgery when confirming that there is no



Stent pretreatment for ICA exposed to PRNN

Figure 1. Application of ICA stents in patients with PRNN lesions invading the ICA. (A) The ICA was exposed to PRNN. (B) The stent covered the

exposed segment of the ICA.

active bleeding. ENPG could be performed 2 weeks after the
stents are placed according to the clinical needs of the patients.
The nasopharyngeal necrotic tissue was completely resected
until underlying normal fresh tissue was observed. Surgical
specimens from the lateral and basal surgical margins, any tissue
suspected to be a malignancy, and the necrotic tissues were
sent for pathological examination. After the necrotic tissues
around was removed, the nasal septum and floor mucosal flaps
were often used to recover the nasopharyngeal defect. If the
one-side flap was not large enough to cover the defect, the flap
on the opposite side of the nasal septum was simultaneously
harvested with the inferior turbinate mucoperiosteum being se-
parated to cover the oropharyngeal defect, especially when the
necrotic anteriorarch of the atlas was removed ¥, Magnetic
resonance angiography (MRA) of the nasopharynx and nasop-
haryngoscope was performed within 1 week after surgery to
evaluate the ICA bloodsupply and flap blood supply.

Evaluation of treatment efficacy

For patientswho underwent stent pretreatment after BOT,
additional clinical data were collected until the last follow-up.
The occurrence of ipsilateral ischemic stroke was recorded as
the outcome. The following data were also collected from these
patients: timing of symptom onset, infarct location, and medical
management of the patient preceding and during the ische-
mic event. Ipsilateral ischemic stroke was defined as weakness,
numbness or paralysis in the face, arm or leg, slurred or garbled

speech or difficulty understanding others, blindness in one or
both eyes or double vision, vertigo or loss of balance or coordi-
nation.

Follow-up

All patients were followed to assess the surgical outcomes,
disease status, and performance status every month. Follow-up
examinations included complete physical examinations, MRA of
the head and neck, and/or whole-body bone scans. All patients
in the ENPG group underwent endoscopies to remove nasal
secretions and assess wound reconstruction every 2 weeks after
surgery until the wound was completely reepithelialized.

Statistical analysis

Categorical variables were compared by Chi-square or Fisher’s
exact test. A two-tailed P value < 0.05 was considered statistical-
ly significant. The Cox proportional-hazards model was used to
calculate the HRs and 95% Cls "¥. Overall survival was calculated
using the Kaplan—-Meier method. Data are presented as mean +
SD unless otherwise stated. All statistical testing was completed
using SPSS software (Statistical Package for the Social Sciences
version 25.0; Chicago, IL, USA) and the R language environment
for statistical computing version 3.1.3 (open source).

Results
Patient characteristics

The demographic, preoperative, and postoperative characteris-
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Figure 2. Imagingfindings of ICA stents. (A) Horizontal enhanced MRI shows that the ICA was exposed to PRNN. (B) Cerebral angiography shows a

positive BOT result. (C) Stents are observed on coronal enhanced CT scans. (D) CT scan with 3D reconstruction showing the location of the ICA stent.

tics of the patients and operations are shown in Table 1. Clinical
records of 36 patients, including 30 males and 6 females, with

a median age of 53 years (range, 31-78 years) were selected.
Concerning the initial diagnosis and therapy, all patients were
pathologically diagnosed with NPC and received radical radio-
therapy with chemotherapy. All of 36 patients received initial ra-
diotherapy, 19 of them developed recurrence after the primary
treatment. 16 of the recurrence were in nasopharynx, 3 were in
both nasopharynx and neck. Fifteen of them received reirra-
diation and 4 received surgery for their recurrence. The initial

radiation dose and reirradiation dose to nasopharynx were 69.6
+ 2.3 Gy and 63.4 £ 3.1 Gy, respectively. All 36 patients received
initial chemotherapy and 15 patients received chemotherapy for
their recurrence. The initial radiation dose to neck was 65.1 + 4.6
Gy, 3 patients developed both neck and nasopharynx recurren-
ce after primary treatment in our cohort, all of them underwent
selective neck dissection followed by ENPG.

Thirty-one patients had pseudoaneurysm, and 17 patients had
ICA stenosis. The ICA of all patients was exposed in their necrotic
lesions and received stent pretreatment, among which 23



Table 1. Characteristics and clinical data of the patients.

Patient characteristics Patients (%)

Patients 36

Demographics

Gender(%male) 30 (83.3%)
Smoking 7 (19.4%)
BMI 20.0+2.9
Age 5332k 123
Diabetes 6(16.7%)
Hypertension 7 (16%)
Initial radiotherapy dose to nasopharynx 69.6+23
Initial radiotherapy dose to neck 65.1+4.6
Initial chemotherapy
Yes 36 (100.0%)
No 0
Treatment of recurrence 19 (52.8%)
Reirradiation 15 (41.6%)
Surgery 4 (13.3%)
Reirradiation dose to nasopharynx 63.4+3.1
Chemotherapy for recurrence
Yes 15 (41.6%)
No 4(11.1%)
Endoscopic nasopharyngectomy 14 (38.9%)
Internal carotid artery (ICA) stenosis 16 (44.4%)
Pseudoaneurysm 30 (83.3%)
BOT results
Positive 23 (63.9%)
Negative 13 (36:1%)
Pretreatment 36 (100.0%)
Unilateral stent implantation 23 (63.9%)
Bilateral stent implantation 6 (16.7%)
ICA embolization and contralateral stent implanta+ 7 (19.4%)

tion

patients underwent unilateral ICA stent implantation, 7 patients
underwent unilateral ICA stent implantation and'contralateral
ICA embolization, and 6 patients underwent bilateral ICA

stent implantation. 14 patients experienced ENPG, all of which
followed by reconstruction using the posterior pedicle nasal
septum and floormucoperiosteum flap, 2 patients had large
defect involved oropharyngeal and had their inferior turbinate
mucoperiosteum combined with the flap separated. 22 patients
experienced endoscopic cleaning or antibiotic therapy followed
by stent pretreatment (Table 1).

Qutcomes. of the pretreatment

Before surgery, the BOT was performed for every patient (23
with positive results and 13 with negative results). Among the
patients with negative BOT results, 7 patients had undergone
unilateral ICA embolization before the stent pretreatment, and 6
patients had lesions invading the bilateral ICA. During follow-up,
8 (22.2%) patients developed stroke (6 with positive BOT results
and 2 with negative BOT results), and 3 (8.3%) developed TIA

Stent pretreatment for ICA exposed to PRNN

Table 2. Relevant information of cerebral ischemic patients.

Variables Cerebral Normal P
ischemic

Sex 0:899
Male 9 20
Female 2 5

Age 0.454
>53 7 19
<53 4 6

Reirradiation <0.001
Yes 7 3
No 4 22

Hemoglobin, g 0.017
>90 5 21
<90 6 4

Serum albumin, g 0.531
>30 9 18
<30 2 7

Intracranial Aneurysm < 0.001
Yes 5 0
No 0 31

ICA Stenosis 0.006
Yes 9 8
No 2 17

Body:mass index, kg/m? 0.018
>20 4 21
<20 7 5

(2 with positive BOT results and 1 with negative BOT results).
Among these patients, 7 were detected to have stent occlusion.
A lower body mass index (BMI) <20 kg/m? (P=0.018), hemoglo-
bin level <90 g (P=0.017), reirradiation (P<0.001), pseudoaneu-
rysm (P<0.001), and ICA stenosis (P=0.006) were associated with
the increased occurrence of postoperative cerebral ischemic
events, but similar associations were not observed for sex, age,
or hypoproteinemia (Table 2).

Outcomes of ENPG and conservative treatment:

The median ENPG surgical time was 180 minutes (range 60-300
minutes), with a 30 ml median blood loss (range 20-80 mL).
Fourteen patients received ENPG followed by reconstruction
using a posterior pedicle nasal septum and floor mucoperi-
osteum flap. Overall, the flap survived in 13 (92.9%) patients, and
1 (7.1%) patient underwent a reoperation to harvest the flap on
the opposite side of the nasal septum because the one-sided
flap necrotized after the surgery. The clinical outcomes at the
3-month follow-up examination showed that KPS significantly
differ between the ENPG group (81.4 + 16.1) and non-ENPG
group (61.4 + 23.4) (P=0.012), Numeric Rating Scale (NRS) of
headache was significantly lower in the ENPG group (2.8 + 0.9)
than in the non-ENPG group (6.3 + 1.6) (P<0.001). The remaining
22 patients received irrigation and antibiotic therapy, among
which 3 (13.6%) recovered, 19 (86.4%) patients did not recover,
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Figure 3. Overall survival. (A) Overall survival of patients with PRNN pretreated with stents. (B) Kaplan-Meier curves showing the survival of patients

with PRNN in the stents + ENPG and stents + conservative treatment groups. Plan A = stents+ endoscopic nasopharyngectomy and Plan B= conserva-

tive treatment.

and their headache was not relieved.

Survival

Among the 36 patients enrolled in this study, 3 (8.3%) patients.in
the conservative treatment group died due to massive nasopha-
ryngeal bleeding (2 with contralateral ICA ruptured, 1 with ipsi-
lateral ICA beyond the coverage of the stent ruptured). Among
which, 1 case experienced massive bleeding in the contralateral
ICA 1 month after stent implantation. Nasal endoscopy showed
that the range of nasopharyngeal necrosis was enlarged. The
patient refused ENPG and received stent implantation in the
contralateral ICA and died of repeated massive bleeding after

5 months. The other two patients diedof a severe bleeding at

8 and 12 months respectively. Four (11.1%) died of pulmonary
infection, 2 (5.6%) died of stroke, and 1(2.8%) died of asp-

hyxia due to aspiration. The Kaplan-Meier estimates of overall
survival were higher in the ENPG group than in the conservative
treatment group.((HR 0.12 95% Cl 0.02-0.97, log-rank P=0.018)
(Figure 3).

Discussion

To our knowledge, this study is the first to report stent pretreat-
ment in patients with PRNN followed the ENPG or conservative
treatment.

Stent pretreatment might be an effective measure in patients
with PRNN invading the ICA. Compared with conservative
treatment, stent pretreatment followed by ENPG produced a
promising overall survival rate and quality of life.

ENPG is considered the standard treatment option for PRNN.
However, performing endoscopic surgery is still a challenge in
patients with lesions invading the ICA. In patients with PRNN

invading the ICA, the exposure of the ICA and the pretreatment
for ICA invasion before or during surgery must be determined
because ICA‘rupture may cause intraoperative bleeding, which
is deadly. As a method address these matters, Wei et al. perfor-
med extracranial intracranial vascular bypass before the cra-
niofacial approach to treat patients with rNPC lesions adjacent
to the ICA and achieved a clear resection margin in 13 patients
(46.4%) 19. Although this approach provides new hope for
patients with lesions invaded ICA, it may result in severe compli-
cations, and this surgery can only be performed in a few cancer
centers. Thus, lesion invasion of the ICA has been considered a
restricted indication for nasopharyngeal endoscopic surgery,
which is an important limit on options for these patients. Some
novel techniques, such as vascular intervention, are needed to
enlarge the resectable area to enable ENPG to be suitable for
more patients with PRNN.

Over the years, we have been working with interventional
surgeons to provide surgical treatment for patients with PRNN
invading the ICA. We proposed the application of ICA emboliza-
tion followed by radical endoscopic necrectomy to treat PRNN
involving the ICA @19,

However, some patients who have experienced unilateral ICA
embolization or with positive BOT results are not suitable for ICA
embolization. Moreover, the rate of ischemic stroke following
carotid sacrifice in patients who have passed a BOT protocol of
intraprocedural neurological assessment and angiographic tes-
ting remains significant. Whisenant and colleagues summarized
their experience in ICA embolization; 150 BOTs were performed
during the study period, after which 37 patients (25%) had
permanent occlusion of the tested ICA. 6 of the 37 patients ex-
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Figure 4. ENPG after ICA stent pretreatment. (A) The ICA was exposed. (B) The stent was exposed after rupture of the carotid wall.

perienced ipsilateral stroke (16.2%), and 3 experienced transient
ischemia attack (TIA) (8.1%) 9. Other treatment options must
be considered. Currently, endovascular stent grafting has been
used for artery pretreatment before tumor resection, which was
originally indicated for endovascular repair of ICA aneurysms in
patients who could not undergo a radical operation (7.

We proposed ICA stent pretreatment before ENPG as a proce-
dure to expand the extent of surgical resection (Figure 1). When
the preoperative pathological result showed necrosis and the
distance between the necrotic lesion and ICA was 0 mm, ICA
pretreatment was needed to ensure that the lesions invading
the ICA could be completely excised to promotenasopharyn-
geal tissue healing. We divided these patients into 3 categories
according to the BOT results and invasion pattern of lesions into
the ICA: 1. the BOT result was positive; 2. the lesions invaded
both the left andright ICA, and 3. when patients had undergone
unilateral ICA embolization, ICA stenting was used regardless

of whether the BOT result was positive or negative. In these
cases, extracranial intracranial vascular bypass might also be a
choice if the center was able to perform this surgery. We used
stents as an ICA pretreatment before ENPG, and all the proce-
dures were performed safely without ICA bleeding (Figure 4).
With a median follow-up of 15 months, 3 (8.3%) patients died of
massive nasopharyngeal bleeding, 4 (11.1%) died of pulmonary
infection, 2 (5.6%) died of stroke, and 1 (2.8%) died of asphyxia
due to aspiration, which was obviously decreased compared
with the rate in historic cohort. A retrospective study by Chen
et al. showed that PRNN invading the ICA contributed to the
death of 69.2-72.7% of patients with PRNN because of mas-

sive nasopharyngeal bleeding © 7. Stent pretreatment for those
lesions invading the ICA might improve survival rates. After the
operation, 7 (19.4%) patients developed ipsilateral stroke, and
3(8.3%)/developed TIA. Our findings indicate that preoperative
nutrition may reduce the incidence of stroke, and ICA pseudo-
aneurysm and ICA stenosis may suggest a high probability of
postoperative stroke. We suggest that nutritional deficiencies,
anemia and hypoalbuminemia should be actively treated before
surgery to reduce the incidence of postoperative stroke. Clini-
cians should be more vigilant when the patient is observed to
have ICA stenosis or aneurysm through imaging.

Compared with conservative treatment, ENPG was reported

as a more effective traditional treatment for PRNN (70.8% of
these patients were cured vs. 13.4-28.6% undergoing endosco-
pic debridement) ©# 1820, ENPG was considered the standard
treatment option for improving the quality of life and for curing
PRNN 28, In our study, the necrotic lesions invading the ICA
were completely excised in 14 patients to promote nasopha-
ryngeal tissue healing and prolong survival. Compared with
conservative treatment, ENPG improved the overall survival rate
and quality of life of patients with PRNN invading the ICA and
significantly reduced the pain caused by necrosis. We also sug-
gest posterior pedicle nasal septum and floor mucoperiosteum
flap construction followed by PRNN resection. A retrospective
study by Zou et al. showed that ENPG followed by construction
using the posterior pedicle nasal septum and floor mucope-
riosteum flap is a safe and effective treatment for PRNN ©. In
our study, we used a floor mucoperiosteum flap to reconstruct
the nasopharyngeal mucosa and relined the nasopharyngeal
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mucosa in most cases.

Limitations and challenges associated with ICA stent pretre-
atment before ENPG still exist. Our findings should also be
considered in the context of the limitations of this retrospective
study. Although ICA stenting can effectively prevent intraope-
rative bleeding, a risk of stent thrombosis persists after surgery.
Based on the results of the present study, when the result of BOT
is positive, PRNN invading the ICA, which was considered in-
operable in the past, may be feasibly treated, but the number of
patients was relatively small and the follow-up time was short.

In our study, a considerable proportion of patients developed
cerebral ischemia following pretreatment, and the main cause of
death in our case series was secondary to pulmonary infection,
stroke and asphyxia, which raised the concern regarding the
need for multidisciplinary therapy after surgery. More prospec-
tive studies are needed to refine the regimens and reduce the
risks of hemorrhagic and thromboembolic complications.

Conclusion

The innovative application of ICA stents is effective at preven-
ting massive nasopharyngeal bleeding of the ICA exposed to
PRNN. Therefore, this treatment may be an effective method
with the potential to improve outcomes in patients with PRNN
invading the ICA. Multidisciplinary therapy is needed to reduce
cerebral ischemia after pretreatment. Compared with conser-
vative treatment, stent pretreatment followed by endoscopic
surgery resulted in a promising increase in the overall survival
rate and quality of life of patients with PRNN invading the ICA.

Authorship contribution

Study concepts: MYC, JHC; Study design: MYC, JHC, RS; Data
acquisition: WBW, YPL, XZ, XBZ; Quality control of data and algo-
rithms: WBW, RY, XZ; Data analysis and interpretation: WBW, YPL
and MYG; Statistical analysis: WBW, YPL and MYC; Manuscript
preparation: WBW, YPL and MYC; Manuscript editing: WBW, YPL
and MYC; Manuscript review: all the authors.

Acknowledgement
Not applicable

Conflict of interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper:

Funding

Funding was providedby the Program of Sun Yat-Sen Univer-
sity.for Clinical Research 5010 Program (N0.201310, 2018015,
2018029), the National Natural Science Foundation of China (No.
81772895, 81874134), the National Postdoctoral Program for
Innovative Talents (BX2021387), Guangdong Province Science
and Technology Development Special Funds (Frontier and Key
Technology Innovation Direction — Major Science and Techno-
logy Project) (No. 2017B020226004), The Key-Area Research
and Development of Guangdong Province (2020B1111190001),
CSCO-JunShi Cancer Immunotherapy Clinical Research Fund
(No.Y-JS2019-002).

References

tradiation nasopharyngeal necrosis. Chin J

5:481-4.

1. ChenY-P, Chan ATC, Le Q-T, BlanchardP. Sun: Cancer. 2013; 32: 533-8. 12. Nussbaum ES LS, Hamlar D, Madison MT.
Y, Ma J. Nasopharyngeal carcinoma. Lancet. 7. Hua YJ, Chen MY, Qian CN, et al. Carotid stenting and "extarterectomy" in
2019; 394: 64-80. Postradiation nasopharyngeal necrosis in the management of head and neck can-

2. Ding X, Lin QG, Zou X, etral. Transoral the patients with nasopharyngeal carci- cer involving the internal carotid artery:
robotic retropharyngeallymph node dis- noma. Head Neck. 2009; 31: 807-12. technical case report. Neurosurgery. 2000:
section in nasopharyngeal carcinoma with 8. Zou X, Wang SL, Liu YP, et al. A curative- 47(4):981-4.
retropharyngeal lymph node recurrence. intent endoscopic surgery for postradia- 13. Chen MY, Wen WP, Guo X, et al. Endoscopic
Laryngoscope. 2021; 131: E1895-E902. tion nasopharyngeal necrosis in patients nasopharyngectomy for locally recurrent

3. Lee AW, Ma BB, Ng WT, Chan AT. with nasopharyngeal carcinoma. Cancer nasopharyngeal carcinoma. Laryngoscope.
Management of nasopharyngeal carcino- Commun (Lond). 2018; 38: 74. 2009; 119: 516-22.
ma: cdrrent practice and future perspective. 9. You R, Zou X, Hua YJ, et al. Salvage endo- 14. Concato J, Peduzzi P, Holford TR, Feinstein
J Clin Oncol. 2015;33: 3356-64. scopic nasopharyngectomy is superior to AR. Importance of events per independent

4. You R, Zou X, Wang SL, et al. New surgical intensity-modulated radiation therapy for variable in proportional hazards analysis. .
staging system for patients with recurrent local recurrence of selected T1-T3 naso- Background, goals, and general strategy. J
nasopharyngeal carcinoma based on the pharyngeal carcinoma - A case-matched Clin Epidemiol. 1995; 48: 1495-501.
AJCC/UICC rTNM classification system. Eur J comparison. Radiother Oncol. 2015; 115: 15. Chan JY, Wong ST, Chan RC, Wei WI.
Cancer2015;51:1771-9. 399-406. Extracranial/intracranial vascular bypass

5. Hong S ZY,Yu G, Peng P, et al. Gemcitabine 10. Wang ZQ, Xie YL, Liu YP, et al. Endoscopic and craniofacial resection: New hope for
plus cisplatin versus fluorouracil plus cis- nasopharyngectomy combined with inter- patients with locally advanced recurrent
platin as first-line therapy for recurrent or nal carotid artery pretreatment for recurrent nasopharyngeal carcinoma. Head Neck.
metastatic nasopharyngeal carcinoma: final nasopharyngeal carcinoma. Otolaryngol 2016; 38 Suppl 1: E1404-12.
overall survival analysis of GEM20110714 Head Neck Surg. 2021: 1945998211011076. 16. Whisenant JT, Kadkhodayan Y, Cross DT,
phase Il study. J Clin Oncol. 2021: 39(29), 11. Algaim M, Puri AS, Vaezi AE, Schanzer A. Moran CJ, Derdeyn CP. Incidence and
3273-82. Carotid body tumor resection utilizing a mechanisms of stroke after permanent

6. Chen MY, Mai HQ, Sun R, et al. Clinical covered stent graft to enable resection of carotid artery occlusion following tempo-

findings and imaging features of 67 naso-
pharyngeal carcinoma patients with pos-

the tumor en bloc with the internal carotid
artery. J Vasc Surg Cases Innov Tech. 2019;

rary occlusion testing. J Neurolntervent
Surg. 2015; 7:395-401.



17

. Hilditch CA, Brinjikji W, Schaafsma J, et al.

Flow-diverter stents for internal carotid
artery reconstruction following sponta-
neous dissection: a technical report. Clin
Neuroradiol. 2019; 29: 707-15.

. Xiao Y, Peng S, Tang Y, et al. Retrospective

analysis of a modified irrigation method for

Prof. Ming-Yuan Chen

Department of Nasopharyngeal Carci-
noma

Sun Yat-sen University Cancer Center
651 Dongfeng East Road, Guangzhou
Guangdong 510060

P.R. China

Tel: +86-20-8734-3361
Fax: +86-20-8734-3624
E-mail: chmingy@mail.sysu.edu.cn

nasopharyngeal carcinoma patients with
post-radiation nasopharyngeal necrosis.
Front Oncol. 2021; 11: 663132.

Chen MY, Wang SL, Zhu YL, et al. Use of a
posterior pedicle nasal septum and floor
mucoperiosteum flap to resurface the naso-
pharynx after endoscopic nasopharyngec-

20.

Stent pretreatment for ICA exposed to PRNN

tomy for recurrent nasopharyngeal carci-
noma. Head Neck. 2012; 34: 1383-8.

Na'ara S, Amit M, Billan S, Cohen JT, Gil Z.
Outcome of patients undergoing salvage
surgery for recurrent nasopharyngeal car-
cinoma: a meta-analysis. Ann Surg Oncol.
2014; 21: 3056-62.

Prof. Jin-Hua Chen

Department of Neurosurgery

The third affiliated hospital of Southern
Medical University

183 Zhongshan West Road

Guangzhou 510060

P.R. China

Tel: +86-139-2885-1974
E-mail: onyxchen@gmail.com

Prof. Rui Sun

Department of Nasopharyngeal Carci-
noma

Sun Yat-sen University Cancer Center
651 Dongfeng East Road

Guangzhou

Guangdong /510060

P.R. China

Tel: +86-133-8006-5806
E-mail: sunrui@sysucc.org.cn





