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Locally recurrent nasopharyngeal carcinoma (NPC) presents substantial challenges in clinical management. Although
postoperative re-irradiation (re-RT) has been acknowledged as a potential treatment option, standardized guidelines and
consensus regarding the use of re-RT in this context are lacking. This article provides a comprehensive review and sum-
mary of international recommendations on postoperative management for potentially resectable locally recurrent NPC,
with a special focus on postoperative re-RT. A thorough search was conducted to identify relevant studies on postopera-
tive re-RT for locally recurrent NPC. Controversial issues, including resectability criteria, margin assessment, indications
for postoperative re-RT, and the optimal dose and method of re-RT, were addressed through a Delphi consensus process.
The consensus recommendations emphasize the need for a clearer and broader definition of resectability, highlighting the
importance of achieving clear surgical margins, preferably through an en bloc approach with frozen section margin assess-
ment. Furthermore, these guidelines suggest considering re-RT for patients with positive or close margins. Optimal post-
operative re-RT doses typically range around 60 Gy, and hyperfractionation has shown promise in reducing toxicity.
These guidelines aim to assist clinicians in making evidence-based decisions and improving patient outcomes in the man-
agement of potentially resectable locally recurrent NPC. By addressing key areas of controversy and providing recommen-
dations on resectability, margin assessment, and re-RT parameters, these guidelines serve as a valuable resource for
clinical experts involved in the treatment of locally recurrent NPC. � 2024 The Authors. Published by Elsevier Inc. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
Background
Locally recurrent nasopharyngeal carcinoma (NPC) poses
substantial challenges in terms of both treatment and man-
agement. The disease exhibits high curability in the primary
setting, and advancements in intensity modulated radiation
therapy (IMRT) have resulted in relatively low rates of local
recurrence.1,2 When local recurrences do occur, they fre-
quently manifest within the previously irradiated high-dose
zone.3,4 Notably, the incidences of marginal failure and geo-
graphical miss are ≤2% and 0% to 1%, respectively, suggest-
ing that these local relapses are predominantly associated
with radiation resistance.5 With improvements in imaging
and blood-based surveillance methods, many of these local
recurrences are potentially detectable at an earlier stage,
possibly making them salvageable through surgical means.
Endoscopic nasopharyngectomy is recently regarded as the
preferred option for resectable locally recurrent NPC.6,7

Small recurrent tumors confined to the nasopharyngeal cav-
ity, the postnaris or nasal septum, the superficial paraphar-
yngeal space, or the sphenoid sinus floor are usually readily
resectable. However, the resectability criteria vary consider-
ably for more advanced lesions, especially if the tumor is
close to the carotid vessel or involves other parts of the skull
base beyond the sphenoid sinus floor. Accurate histopatho-
logical margin assessment is also challenging as it is more
difficult to carry out en bloc resection with more extensive
skull base involvement.

To eradicate residual disease and enhance local control,
postoperative re-irradiation (re-RT) may be necessary for
patients with positive or close resection margins. However,
late complications related to re-RT are not uncommon, and
high-quality data supporting its efficacy are lacking. There
is currently no consensus on which patients would benefit
from postoperative re-RT.

In this study, we aimed to establish a consensus guideline
on resectability criteria, margin assessment, indications for
postoperative re-RT, and the dose and method of re-RT. A
systematic literature review was first conducted to formulate
pertinent questions, and a modified Delphi process was
then used to build consensus among internationally
regarded clinical opinion leaders from major centers world-
wide. The goal of this process was to enhance treatment out-
comes, minimize complications, and guide clinicians in
making informed decisions regarding the management of
locally recurrent NPC.
Methods and Materials
This study was composed of 3 parts. First, a comprehensive
literature search was conducted using EMBASE, Cochrane
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CENTRAL, CINAHL Plus, and PubMed databases to investi-
gate the clinical outcomes of recurrent NPC treated with sal-
vage operations, with or without re-RT. The search covered
publications from the inception of the databases up to
December 10, 2022. The search terms used were “recurrent
nasopharyngeal carcinoma” OR “rnpc” OR “nasopharyngeal
cancer” AND “recurrence” (Table E1). Additionally, the
CNKI and Weipu (VIP) databases were searched for studies
published in Chinese. Both prospective and retrospective
studies published between January 2000 and December 2022
were reviewed, and data on the operation, failure pattern, sur-
vival, and/or toxicity outcomes were tabulated. Publications in
languages other than Chinese and English were excluded.
Furthermore, the references of included research articles were
examined for potentially eligible studies. The literature review
followed the PRISMA workflow,8 as depicted in Figure 1. The
extracted information included characteristics of patients, fol-
low-up period, details of postoperative treatments, recurrence
rate, as well as survival data. Tables E2 and E3 provide further
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Fig. 1. PRISMA
details on the research articles included in the first part of the
study.

Second, an initial list of questions related to resectability
criteria, margin assessment, indications for postoperative
re-RT, and dose and method of re-RT was compiled based
on the findings from the literature review. This list of ques-
tions was then distributed to a panel of international
experts, including surgeons and oncologists specializing in
recurrent NPC from Asia, Europe, and North America.
The experts participated in an initial voting process and
exchanged comments using a modified Delphi process.
The decision-making process of the panelists was facili-
tated by considering 2 criteria from the evidence-to-deci-
sion framework: benefits and feasibility.9 The experts were
then asked to give a final rating on each research question
using a 4-point Likert scale, ranging from “Fully agree,”
“Agree,” “Not agree,” to “Strongly disagree.” They were
also invited to provide qualitative comments explaining
their rating.
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Fig. 2. (A) Random-effects meta-analysis of 5-year overall survival rate of open nasopharyngectomy.36,39,42,46−48,50 (B) Ran-
dom-effects meta-analysis of 5-year overall survival rate of endoscopic nasopharyngectomy.12−16,18,22

ARTICLE IN PRESS
4 Li et al. International Journal of Radiation Oncology � Biology � Physics
Lastly, after repeated iterations and summarizing the
feedback received, a follow-up list of questions addressing
specific aspects of controversial issues was recirculated for a
second round of voting if initial agreement on the subject
was below the cut-off of 75%. Considering the limited avail-
ability of high-quality published data on this specific clinical
problem,10,11 this consensus-building process served as the
fundamental basis for the group’s final recommendations.
Results and Discussion
The systematic literature search identified a total of 47 stud-
ies that met the inclusion criteria and were included in the
review. The included studies consisted of 46 retrospective
cohort or case series studies and 1 prospective trial. The
number of patients included in the studies ranged from 2 to
312. The studies reported on surgical methods, the rate of
positive margins, postoperative modalities, local control
rates, overall survival (OS), disease-free survival, and treat-
ment-related toxicity. The pooled analysis showed that the
5-year OS rates were respectively 48% (95% CI, 39%-57%;
I2 = 79%; P < .01) for the era of open surgery and 59% (95%
CI, 45%-72%; I2 = 90%; P < .01) for endoscopic nasophar-
yngectomy (Fig. 2A, B). However, there was significant het-
erogeneity in both meta-analyses.

Preparation of the list of research questions and
voting results

During the literature search, a single open-label phase III
trial was identified,16 which randomly assigned 200 patients
with recurrent NPC to undergo endoscopic nasopharyngec-
tomy or re-RT with IMRT. This trial included patients with
tumors limited to the nasopharyngeal cavity, postnaris or
nasal septum, superficial parapharyngeal space, or the floor
of the sphenoid sinus. The findings showed that the majority
of patients who underwent surgery (94%) did not require
additional adjuvant radiation therapy or chemotherapy.
Similarly, most patients who received IMRT completed the
full course of treatment, with the majority (71%) receiving
cisplatin as concurrent chemotherapy. Patients undergoing
endoscopic nasopharyngectomy had a 3-year OS rate of
86%, compared to 68% for those receiving IMRT (hazard



ARTICLE IN PRESS
Volume 00 � Number 00 � 2024 Recommendations on post-op re-RT for NPC 5
ratio, 0.47; 95% CI, 0.29-0.76). However, the survival benefit
was observed only in patients with T1 and T2 tumors, and
not in those with T3 tumors. Furthermore, endoscopic naso-
pharyngectomy was associated with lower rates of grade ≥3
overall adverse events and late adverse events when com-
pared to IMRT (13% versus 37% for both outcomes). Based
on the results of this randomized trial, endoscopic naso-
pharyngectomy could be used for readily resectable disease,
such as rT1 disease, rT2 disease with limited parapharyngeal
space involvement, and rT3 disease confined to the floor of
the sphenoid sinus.

However, resectability criteria for advanced diseases
involving the internal carotid artery (ICA), skull base other
than the floor of the sphenoid sinus, and rT4 were not well-
defined. There was a lack of standardization in the assess-
ment of surgical margins, resulting in variable rates of
reporting close and positive margins. Furthermore, indica-
tions for postoperative radiation therapy and the dose and
methods of re-RT were also poorly described. The lack of
uniformity in re-RT approaches highlighted the necessity
for proposing guidelines to bridge these gaps and optimize
treatment outcomes. Hence, voting questions were focused
on the following 5 areas (Table 1): definition of resectability,
assessment of surgical margins, definition of the surgical
margin, indications for postoperative re-RT, and method
and dose for postoperative re-RT. Instead of restricting the
voting on surgical questions to surgeons and radiation ther-
apy questions to radiation oncologists (except for specific
questions on carotid artery protection, radiation dose, and
re-RT method), our study involved the participation of both
professions in rating each research question, similar to a
multidisciplinary tumor board. This approach ensures that
expertise from both specialties is comprehensively consid-
ered when formulating the treatment plan for postoperative
management of locally recurrent NPC.

During round 1, a total of 12 questions and their sub-
questions achieved positive consensus, with an agreement
level of more than 75%.17 However, the remaining 11 ques-
tions required additional discussion and iteration. The
subsequent agreement percentage in round 2 represented
the final voting results for those specific questions after fur-
ther deliberation and consideration by the expert panel
(Table E4).
Consensus recommendations
Definition of resectability

Building upon the commonly accepted resectability criteria
as stated in the randomized study by Liu et al,16 we sug-
gested further expanding the resectability criteria for rT3
NPC to include the posterior maxillary sinus, pterygoid pro-
cess, and outer table of the clivus as resectable regions.

Regarding the relationship between the recurrent lesion
and the ICA, surgeons commonly considered lesions that
were at least 5 mm away from the ICA as resectable, while
“close to” referred to locations less than 5 mm from the
ICA, which was also one of the exclusion criteria in the ran-
domized trial.16 There was a high consensus among sur-
geons that rT2 lesions close to the ICA were resectable. For
cases of more advanced rT2 disease in close proximity to
the ICA, a balloon occlusion test was proposed to assess the
collateral blood flow in the brain during temporary occlu-
sion of the ICA.18 By evaluating cerebral blood flow and col-
lateral circulation, the surgeon could make informed
decisions regarding the risks of ICA manipulation during
the resection.

The assessment of resectability in cases involving the ICA
varied among surgeons and oncologists, highlighting the
importance of a multidisciplinary approach to decision-mak-
ing.19 Although the majority of oncologists considered tumors
involving the ICA as unresectable, more than half of the sur-
geons still viewed them as potentially resectable. Managing
the ICA presented the greatest challenge in salvage opera-
tions, and specialized cancer centers have reported several
case series exploring this issue.18 The surgical technique used
in these cases was extracranial-intracranial vascular bypass,
which involved bypassing the affected section of the ICA by
means of a vascular graft connecting the carotid vessel in the
neck to the middle cerebral artery intracranially.20 This bypass
procedure established a new route of anterior cerebral circula-
tion and hence enabled safe resection of the tumor with the
old route, that is, the affected ICA. However, it is noteworthy
that the surgeon’s expertise and performance were key deter-
minants of surgical success. Hence, the generalizability of this
highly sophisticated surgical technique in different health care
settings would be limited.

The role of endoscopic nasopharyngectomy has been
generally limited in cases of more advanced rT3 (such as
multiple areas of skull base involvement) and rT4 disease.
Specifically, lesions involving the foramen lacerum, petrous
apex, or the lateral wall of the sphenoid sinus might pose
challenges because of their proximity to critical structures
such as the cavernous sinus, which comprises multiple cra-
nial nerves and the ICA. It was more difficult to perform
resection in these cases. Additionally, repairing the dura in a
watertight manner could be challenging if it was inadver-
tently damaged during the resection of tumors invading
both cortices of the clivus.

Surgeons might consider performing such surgery given
their strong expertise in neurosurgery and skull base sur-
gery, coupled with access to vascular surgical support.18,21,22

However, such high-level expertise was lacking globally and
only a few successful cases have been reported.

For instance, a reported series of endoscopic endonasal
nasopharyngectomy for 15 patients with rT3 to rT4 disease
was conducted at the University Malaya Medical Centre.
This procedure was performed without encountering severe
operative complications. The 2-year OS and disease-free
survival rates were found to be 66.7% and 40%, respectively.
Among the cohort, 53.8% of the rT4 patients achieved nega-
tive margins. Additionally, the reported 5-year OS and



Table 1 Results of the 2-round Delphi survey on formulating the recommendations on postoperative management for locally recurrent NPC

Category Recommendation with positive consensus Recommendation without consensus

1. Definition of resectability Potentially resectable disease includes:
a. rT3 with posterior maxillary sinus and pterygoid process invasion
(surgeons’ agreement: 89% [8 of 9 voters]; oncologists’ agreement: 86%
[18 of 21 voters]; reached consensus in round 1)

b. rT3 cases involve the “outer table” of the clivus but do not invade the
marrow (where the outer table refers to the bony surface facing the
nasopharynx) (surgeons’ agreement: 100% [9 of 9 voters]; oncologists’
agreement: 75% [15 of 20 voters]; reached consensus in round 2)

c. rT2 with an extension close to the ICA
(surgeons’ agreement: 100% [9 of 9 voters]; oncologists’ agreement: 85%
[17 of 20 voters]; reached consensus in round 2)

Potentially resectable disease includes:
a. rT2 with an extension involving the ICA
(surgeons’ agreement: 56% [5 of 9 voters];
oncologists’ agreement: 5% [1 of 21 voters]; did
not reach consensus after 2 rounds)

Unresectable diseases are as follows:
a. rT3 with tumor invading both cortices of the clivus (surgeons’
agreement: 100% [9 of 9 voters]; oncologists’ agreement: 76% [16 of 21
voters]; reached consensus in round 1)

b. rT3 with significant involvement of the lateral wall of the sphenoid
sinus (surgeons’ agreement: 100% [9 of 9 voters]; oncologists’
agreement: 76% [16 of 21 voters]; reached consensus in round 1)

c. rT4 with frank cavernous sinus or intracranial invasion
(surgeons’ agreement: 100% [9 of 9 voters]; oncologists’ agreement: 81%
[17 of 21 voters]; reached consensus in round 1)

d. rT3 with multiple areas of skull base involvement (surgeons’
agreement: 89% [8 of 9 voters]; oncologists’ agreement: 85% [17 of 20
voters]; reached consensus in round 2)

Unresectable diseases are as follows:
a. rT3 with foramen lacerum and petrous apex
involvement
(surgeons’ agreement: 67% [6 of 9 voters];
oncologists’ agreement: 95% [19 of 20 voters];
reached consensus among oncologists only, but
not surgeons after 2 rounds)

a. Carotid artery protection/embolization should be considered in
recurrent lesion abutting/involving the ICA
(surgeons’ agreement: 89% [8 of 9 voters]; reached consensus in
round 1)

b. Some form of carotid artery protection should be considered in
recurrent lesions located less than 5 mm from ICA
(surgeons’ agreement: 89% [8 of 9 voters]; reached consensus in round
2)

Not applicable

2. Assessment of surgical margins a. Routine frozen section examination of the soft tissue resection margins
should be performed (surgeons’ agreement: 89% (8 of 9 voters);
oncologists’ agreement: 100% (21 of 21 voters); reached consensus in
round 1)

b. En bloc resection is the preferred approach whenever possible, but
piece-meal removal may be necessary, especially for infiltrative

Not applicable

(Continued)
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Table 1 (Continued)

Category Recommendation with positive consensus Recommendation without consensus

recurrence (surgeons’ agreement: 89% [8 of 9 voters]; oncologists’
agreement: 85% [17 of 20 voters]; reached consensus in round 2)

3. Definition of the surgical margin a. Close margin should be defined as >1 and <3 mm (surgeons’
agreement: 100% [9 of 9 voters]; oncologists’ agreement: 90% [19 of 21
voters]; reached consensus in round 1)

a. A margin that is ≤1 mm but doesn’t actually
reach the margin should be classified as a “close”
margin rather than a “positive”margin
(surgeons’ agreement: 89% [8 of 9 voters];
oncologists’ agreement: 65% [13 of 20 voters];
reached consensus among surgeons only, but not
oncologists after 2 rounds)

4. Indications for postoperative re-RT a. Postoperative re-RT should be offered for tumor cells seen on the
surgical margin
(Surgeons’ agreement: 78% [7 of 9 voters]; oncologists’ agreement: 95%
[20 of 21 voters]; reached consensus in round 1)

b. Postoperative re-RT should be considered for margins less than 1 mm
after a thorough evaluation of the prior RT plan and dosimetric
feasibility
(surgeons’ agreement: 100% [9 of 9 voters]; oncologists’ agreement: 95%
(19 of 20 voters); reached consensus in round 2)

a. Postoperative re-RT is not recommended if the
margin is >1 mm but less than <3 mm.
(surgeons’ agreement: 67% [6 of 9 voters];
oncologists’ agreement: 85% [17 of 20 voters];
reached consensus among oncologists only, but
not surgeons after 2 rounds)

5. Method and dose for postoperative re-
RT

a. CTV should include the postoperative tumor bed with a 5 mm margin
(to account for microscopic disease extension) while respecting the
adjacent critical organs at risk
(oncologists’ agreement: 100% [21 of 21 voters]; reached consensus in
round 1)

b. A dose of ≥60 Gy (in EQD2) should be given, but should not exceed 66
Gy (EQD2) (oncologists’ agreement: 81% [17 of 21 voters]; reached
consensus in round 1)

c. Conventional fractionation is an acceptable treatment technique in the
postoperative setting
(oncologists’ agreement: 76% [16 of 21 voters]; reached consensus in
round 1)

d. Doses>2 Gy per fraction should be avoided
(oncologists’ consensus: 76% [16 of 21 voters]; reached consensus in
round 1)

a. Hyperfractionated IMRT should be the preferred
treatment technique if resources allow
(oncologists’ agreement: 70% [14 of 20 voters];
did not reach consensus after 2 rounds)

Abbreviations: CTV = clinical target volume; EQD2 = equivalent dose in 2 Gy fractions; ICA = internal carotid artery; IMRT = intensity modulated radiation therapy; NPC = nasopharyngeal carcinoma; re-
RT = re-irradiation.
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Progression Free Survival (PFS) rates for 12 patients within
the same period were 50% and 20%, respectively.21

Notably, a meta-analysis conducted on patients with
recurrent rT3 to rT4 NPC indicated that endoscopic surgery
might improve survival outcomes compared to IMRT in
cases of recurrent NPC with rT3 to rT4 disease. The 5-year
OS rates were 52% for patients receiving endoscopic surgery
and 31% for IMRT. However, specific details regarding post-
operative re-RT in the context of rT3 to rT4 disease follow-
ing the surgical procedure were not reported in the study.23

Carotid artery protection techniques have been recom-
mended to safeguard the integrity of the ICA during endo-
scopic resection of recurrent NPC. These techniques involved
measures to prevent injury to the ICA and minimize the risk
of carotid blowout syndrome, a potentially life-threatening
complication. For instance, the use of a vascularized flap to
cover the exposed ICA posttumor extirpation was found to
minimize the risk of ICA blowout bleeding.24−26

Pretreatment ICA embolization was another strategy that
can be employed in managing recurrent NPC with ICA
involvement. This technique selectively blocked the tumor’s
blood supply by injecting embolic agents into the ICA
before surgery. Embolization reduced tumor vascularity,
making subsequent tumor resection safer and more effec-
tive. By decreasing blood flow to the tumor, embolization
could facilitate complete tumor excision, achieve negative
margins, and improve patient outcomes.18,27 A case-
matched study demonstrated that pretreatment with ICA
embolization significantly improved the 2-year OS and PFS
rates (90.5% vs 53.3% and 71.3% vs 33.0%, respectively;
P = .022 and P = .006). Furthermore, it reduced the inci-
dence of treatment-related complications such as nasopha-
ryngeal hemorrhage and necrosis.28

Recommendations that received a positive consensus under
the category of “Definition of resectability” are as follows:

� Potentially resectable disease includes the following

1. rT3 with posterior maxillary sinus and pterygoid pro-
cess invasion;

2. rT3 cases involve the “outer table” of the clivus but
not invading the marrow;

3. rT2 with an extension close to the ICA.

� Unresectable diseases are as follows:

1. rT3 with tumor invading both cortices of the clivus;
2. rT3 with significant involvement of the lateral wall of

the sphenoid sinus;
3. rT4 with frank cavernous sinus or intracranial inva-

sion;
4. rT3 with multiple areas of skull base involvement.
� Carotid artery protection/embolization should be con-
sidered in recurrent lesions abutting/involving the ICA.

� Some form of carotid artery protection should be con-
sidered in recurrent lesions located less than 5 mm
from the ICA.
Assessment of surgical margins

Achieving microscopically clear margins following salvage
surgery for recurrent NPC was crucial for effective local dis-
ease control and improved survival.29 Several practices
could increase the likelihood of achieving clear margins in
these cases. These included accurate pre-operative assess-
ment of tumor extent, ensuring adequate exposure of the
tumor during surgery, performing en bloc resection with
wide margins whenever possible, and conducting frozen sec-
tion examination of resection margins to ensure the absence
of microscopic tumor deposits.30

The concept of en bloc resection was found to be suitable
for early rT1 and selected rT2 cases, demonstrating relatively
encouraging short-term outcomes.31 In selected rT2 scenarios,
a careful en bloc resection could be performed by expanding
the surgical field and ensuring a clear view of the anatomy
associated with the ICA, which was crucial. However, achiev-
ing en bloc resection for rT3 tumors with skull base involve-
ment was challenging, and conducting a frozen section for
bony margin assessment was not feasible. One criticism of
endoscopic approaches was the difficulty in achieving en bloc
resection, and in some cases, piece-meal resection might be
necessary, especially in deep and critical locations of recurrent
tumors close to vital structures. However, some existing stud-
ies have shown that the survival outcomes of endoscopic
resection for sinonasal and skull base tumors were compara-
ble or even better than those of open resection.32,33

Frozen section analysis (FSA) was commonly employed
during salvage surgery for recurrent or residual NPC to
assist in margin assessment. Tissue-based analysis revealed
that FSA exhibited a sensitivity, specificity, positive predic-
tive value, negative predictive value, and accuracy of 70.6%,
100%, 100%, 95.2%, and 95.7%, respectively. However, it
was important to note that only 37% of inconclusive FSA
results were negative on permanent histology.34

The expert panel highly agreed that en bloc resection was
the preferred approach whenever feasible. However, piece-
meal removal might be necessary, particularly for infiltrative
recurrence. Routine frozen section examination of soft tissue
resection margins should be performed to ensure optimal
surgical outcomes and margin assessment. However, the
FSA was taken randomly without a definite protocol. It was
recommended to take the circumstantial and deep margin
for FSA routinely in the Chinese surgical consensus for
recurrent NPC.35

Recommendations that received a positive consensus
under the category of “Assessment of surgical margins”
include the following:
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� Routine frozen section examination of the soft tissue
resection margins should be performed.

� En bloc resection is the preferred approach whenever
possible, but piece-meal removal may be necessary,
especially for infiltrative recurrence.
Definition of the surgical margin

Although the presence of tumor cells on the resected surgi-
cal margin is typically defined as a positive margin, the defi-
nition of a close margin and the indication for re-RT under
such circumstances are poorly described in the literature. In
a study by Vlantis et al,36 the following cut-off values were
used to define margin statuses: clear (≥3 mm), close (>1
and <3 mm), and positive (≤1 mm).22 Results were ana-
lyzed based on these margin statuses. According to the
study, the 5-year OS for patients with clear, close, and posi-
tive margins were 77%, 46% (P = .05), and 23% (P < .001),
respectively. Another cohort reported by Chan et al37

showed that the chances of clear, close, and involved resec-
tion margins at nasopharyngectomy were 44.4%, 31.0%, and
24.6%, respectively. At follow-up, the corresponding risks of
local tumor recurrence were 10.7%, 38.5%, and 67.7%,
respectively.

It is important to consider that the interpretation of mar-
gin status can be complicated by previous radiation therapy,
which may require a broader definition than the classic
“tumor on ink” approach. Additionally, depending on the
methodology used during resection, the final histological
margin may be less than the actual distance of the tumor
from the edge of the resection. Specific ablation techniques,
such as the plasma knife, can vaporize a certain amount of
tissue, approximately 2 to 10 mm.38 Therefore, if the
reported margin was 1 mm from the edge of the resection
specimen, the actual margin might be wider than 3 mm.

During the Delphi consensus process, discrepancies
emerged between surgeons and oncologists regarding the
definition of a positive margin. In the first round, 33% of
surgeons disagreed with classifying a “positive margin” as
≤1 mm, whereas 90% of oncologists agreed. In the second
round, the statement was revised to classify a margin
≤1 mm, but not reaching the margin, as a “close” margin
rather than a “positive” margin. Discrepancies persisted
between surgeons and oncologists in this regard. Surgeons
tended to use a stricter definition (ie, tumor on ink) for a
positive margin in the postoperative margin assessment of
recurrent NPC, whereas oncologists preferred labeling a
margin as positive when the tumor was within 1 mm from
the margin.

This discrepancy highlights the critical need for clear def-
initions of margin assessment and the importance of trans-
parent reporting of these definitions in the literature,
especially when re-RT is considered a treatment option.
Standardized classification would enhance the comparability
of studies and promote a better understanding of the impact
of margin status on treatment outcomes in these cases.
The recommendation that received a positive consensus
under the category of “Definition of the surgical margin” is
as follows:

� Close margin should be defined as >1 and <3 mm
Indications for postoperative re-RT

There was a significant difference in decision-making regarding
postoperative re-RT between the eras of open surgery and endo-
scopic surgery. In the open surgery series, nearly 50% (45.8%,
222/485) of patients received postoperative re-RT, and the indi-
cations were not limited to patients with positive margins,
which accounted for approximately 50% of cases (Table
E2).20,29,36,39−54 In a study conducted by Chan et al55 in Hong
Kong, the overall crude local recurrence rate after nasopharyng-
ectomy was 13.1%, with a significantly higher risk in patients
with positive resection margins (39.6% vs 6.9%; P = .006).
Patients who received postoperative chemoradiation had a sig-
nificantly lower chance of developing local recurrence com-
pared to those who did not (29.4% vs 64.3%; P = .04). A meta-
analysis conducted in 2014, based on 17 studies conducted
between 1990 and 2012, demonstrated the benefits of postoper-
ative adjuvant therapy, primarily based on data from open sur-
gery series. Patients receiving surgery and postoperative re-RT
had a significantly higher 5-year OS rate (63%) than those
receiving surgery alone (39%, P = .05).56 Nonetheless, it is
important to note that this meta-analysis included studies pub-
lished before 2012 and may not include the most up-to-date
treatment options. Patient selection for surgery has been evolv-
ing rapidly, especially with the advent of IMRT, which is often
preferred for bulky locoregional recurrent disease.57

However, in cohorts of patients who underwent endoscopic
surgery, the proportion of patients receiving postoperative re-
RT was considerably lower (only 52 out of approximately 900
patients, 5.8%) (Table E3). Consistent with these findings, a
meta-analysis reported that postoperative re-RT was used in
33 out of 95 patients (34.7%) following open surgery, and 8
out of 91 patients (9.7%) following endoscopic surgery.58

Although all patients who received postoperative re-RT had
positive resection margins, details of close margins were rarely
reported in the case series treated by endoscopic surgery.

The differences in the proportion of patients receiving
postoperative re-RT might be attributed to several factors,
including the following: (1) a selective patient population
with small-volume recurrence that was most suitable for the
endoscopic approach; 2) a higher likelihood of achieving
clear margins in the endoscopy era; (3) challenges in accu-
rately evaluating close/positive margins; and (4) increased
awareness of the potential side effects of second-course radi-
ation therapy.59 Pooled analysis revealed that a free margin
was achieved in 69% of patients after open surgery and 84%
after endoscopic surgery (P = .4).56

In the current Delphi survey, both surgeons and radiation
oncologists were inclined to reserve postoperative re-RT for
cases with truly positive margins or margins less than 1 mm,



ARTICLE IN PRESS
10 Li et al. International Journal of Radiation Oncology � Biology � Physics
following a thorough evaluation of the prior radiation therapy
plan and dosimetric feasibility, as well as whether a vascular-
ized flap has been employed to protect the underlying surgical
wound.60 Additionally, there are considerations for avoiding
or deferring re-RT, especially in cases with a short latency of
less than 6 to 12 months following the completion of primary
RT or with existingmajor RT-induced late toxicity.61

Recommendations that received a positive consensus
under the category of “Indications for postoperative re-RT”
include the following:

� Postoperative Re-RT should be offered for tumor cells
seen on the surgical margin.

� Postoperative Re-RT should be considered for margins
less than 1 mm after a thorough evaluation of the prior
RT plan and dosimetric feasibility.
Method and dose for postoperative re-RT

Precision re-RT techniques such as IMRT and stereotactic
radiation therapy have been commonly employed when
residual microscopic disease is suspected after surgery.
Preoperative MRI
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However, the existing literature lacks detailed information
on the specific application in these cases. Although the clini-
cal target volume (CTV) for such situations has not been
clearly defined, experts generally agreed that it should
encompass the tumor bed with a 5 mm margin to account
for the potential extension of microscopic disease (Fig. 3). It
is important to consider the adjacent critical organs at risk
(OARs) and natural barriers while defining the CTV. Addi-
tionally, the recommended treatment technique, dose, and
fractionation are generally aligned with those used in radical
radiation therapy for recurrent NPC.61 Precision radiation
therapy is most commonly delivered using IMRT under
image guidance, which is widely available worldwide. The
optimal approach would be to deliver an equivalent dose in
2 Gy fractions (EQD2) of 60 Gy,62 preferably utilizing
hyperfractionation (twice daily), if possible.63,64 However,
conventional fractionation may also be considered, espe-
cially in resource-limited conditions. Dose constraints for
OARs and considerations of late toxicities can be found in
our previous recommendations.61

Recent high-level evidence supports the use of hyperfrac-
tionated IMRT, which is expected to reduce the incidence of
severe late complications and improve OS in patients with
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locally advanced recurrent NPC. In a trial that randomly
assigned 144 patients to receive hyperfractionation (65 Gy in
54 fractions, given twice daily) or standard fractionation (60
Gy in 27 fractions, given once a day), the hyperfractionation
group exhibited a significantly lower incidence of grade 3 or
worse late radiation-induced toxicity (34% vs 57%) and better
3-year OS (74.6% vs 55.0%) than the standard fractionation
group after a median follow-up of 45.0 months. Moreover, the
hyperfractionation group experienced a lower occurrence of
grade 5 late complications (7% vs 24%) when compared to its
counterpart.65 Similar promising results were also observed
among patients using hypofractionated stereotactic body radi-
ation therapy (SBRT). For example, a retrospective study
involving 51 patients with locally recurrent NPC showed that
the 2-year cancer-specific survival rates were 64% for the
robotic SBRT arm and 47% for the 3-dimensional conformal
radiation therapy (3D-CRT) arm (P = .4), and the SBRT group
had significantly fewer serious late toxicities (grade 3 and
above) than the 3D-CRT arm (21% vs 48%, P = .04).66 The
SBRT treatment was delivered using CyberKnife, with patients
in the SBRT arm receiving a dose of 30 Gy over 5 consecutive
days. The median follow-up period was 24 months. However,
it is important to note that the 3D-CRT used in the study
might not be the most updated technology. This may poten-
tially exaggerate the effectiveness of SBRT. Furthermore, indi-
vidual experiences with SBRT should be taken into account,
because some studies have reported noticeable negative late
effects on vasculature, bone, and soft tissues at 2 to 3 years,
particularly for large-volume treatments or in proximity to
oropharyngeal or laryngeal soft tissues.67 Nevertheless, both
studies focused on salvage treatment with re-RT to intact
tumors and may not be directly applied to the postoperative
setting. Emerging technologies such as proton therapy might
offer additional advantages over IMRT.68−70 Further research
would be mandatory to explore these emerging treatment
approaches and evaluate their efficacy in managing recurrent
NPC.

Recommendations that received a positive consensus
under the category of “Method and dose for postoperative
re-RT” include the following:

� CTV should include the postoperative tumor bed with
a 5 mm margin (to account for microscopic disease
extension) while respecting the adjacent critical OARs.

� A dose of ≥60 Gy (in EQD2) should be given, but
should not exceed 66 Gy (EQD2).

� Conventional fractionation is an acceptable treatment
technique in the postoperative setting.

� Doses >2 Gy per fraction should be avoided.
Further consideration on the combined
treatment for locally recurrent NPC

Systemic therapy plays a crucial role in the treatment of
NPC, serving as induction therapy, concurrent therapy with
radiation therapy, adjuvant/maintenance therapy in the
primary setting, and palliative intent in recurrent disease.
With the advent of immunotherapy, the combination of
checkpoint inhibitors and the cisplatin/gemcitabine regimen
has emerged as the first-line systemic treatment for recur-
rent/metastatic NPC in clinical trials such as JUPITER-02,71

CAPTAIN-1st,72 and RATIONALE-309.73 However,
because of the lack of concrete evidence regarding the use of
systemic treatment after resection of locally recurrent NPC,
this aspect was not considered in the Delphi consensus pro-
cess for this study. Further exploration is needed to better
understand the incorporation of systemic treatment in this
context.

In the concurrent setting, several treatment options have
been suggested, such as cisplatin74 or weekly docetaxel and
cetuximab.75 A single-arm, phase II trial demonstrated that
the combination of toripalimab and IMRT was well-toler-
ated and showed promising antitumor activity in patients
with recurrent NPC.76 Limited data also suggested the
potential benefits of combining SBRT with
immunotherapy,77,78 Additionally, ongoing phase II clinical
trials (NCT05011227, NCT05092217, NCT04778956,
NCT05350891) are currently investigating the benefits of
applying immunotherapy as induction and/or adjuvant
therapy after endoscopic resection for recurrent NPC. These
trials may help shed light on the optimal integration of sys-
temic therapy in resectable locally recurrent NPC.
Conclusions
The 2-round Delphi survey demonstrated a high consensus
regarding the expanded criteria of resectability. Whenever
feasible, en bloc resection should be the preferred approach,
although piece-meal removal may be necessary, particularly
for infiltrative recurrence. A margin that is ≤1 mm but does
not actually involve the margin should be classified as a
“close” margin rather than a “positive” margin, and postop-
erative re-RT was recommended when the margin is
≤1 mm. The most optimal postoperative re-RT approach
was to deliver an equivalent dose to the tumor bed of EQD2
of 60 Gy, preferably using hyperfractionation (twice daily).
This treatment regimen has shown strikingly favorable out-
comes in the nonoperated re-RT setting. However, the effec-
tiveness of techniques such as the combined use of
immunotherapy or novel systemic approaches with SBRT
and proton or other heavy ion therapy is currently being
investigated. Further research is needed to fully understand
the efficacy and benefits of these emerging approaches in
the management of recurrent NPC.
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